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Ot aBTOpOB

Hauunas ¢ 2015 roga EI'D no MaTemariKe pa3aesiéH Ha 2 ypoBHs: 6a30Bbli
H NPOQHJIBHBIH.

JlaHnasi KHHra npejHa3HayeHa s pyH1aMeHTalbHOH NoAroToBkH K EI'D
no MateMaTuke. OHa HanucaHa B COOTBEeTCTBHH ¢ npoektoM KUM npodub-
Horo EI'3-2016.

Jas noaroroBku k EI'D no MatemaTike KHHIy MOTYT HCHIO/Ib30BaTh pa3-
JIHYHbIE IPYTIIbl YYALHXCS.

» Ecau caaua EI'D no maTemMaTHKe Hy:KHa TOJIbKO ISl TOJyYeHHs aT-
TECTaTa W IO KaKOH-TO NPHYHHE BHIOPaH MPOQHILHBIA 3K3aMeH, TO HYXKHO
COCPeNIOTOYHTbLCS Ha BHLINONHEHHH 3afaHHi 1—8, 06pa3ylollHX NepBylo YacTb
KaX>X/10ro BAPHAHTA JAHHOH KHHTH.

» Ecuii Heo6xoauM BhICOKHH 6asn Ha EI'D anst mocTynsieHHs Ha TexHHYe-
CKYIO HJIH COLIHOJIOTHYECKYIO CMeLHaJbHOCTb, TO Hy>KHO JJOGHTbCS yBePEHHOIo
BLINOJIHEHHA 3allaHui 1—15, a TakKe 06paTHTb BHHMaHHe Ha 3alaHue 17 3Tol
KHHTH.

» Ecau npeanosaraercsi nponoskeHHe MaTeMaTHYeCKoro o6pa3oBaHHs
B BY3e uaH nocrymn/eHne Ha NpecTHKHYI0 S3KOHOMHYECKYIO CNEeLHaJbHOCTD
(uesbio sBasiioTcA 90—100 6a/s10B), TO HeOGXOAHMO HAYYHTbCSl peluaTh BCe
3aJlaHHs JaHHOTO NOCOGHS.

KHura conepxur:

¢ 40 HOBbIX aBTOPCKHX Y4€6HO-TPEHHPOBOYHbLIX TECTOB, COCTaBJIeH-
HBIX N0 NpoeKTy cneuxgHkauud EI3-2016;

e pewenHe 10 BApHAHTOB TeCTa;

e KPaTKHA CNPaBOYHHK MO 3JleMEHTapHOH MaTeMaTHKe, COJEpXKallHH
TeopeTHYECKHH MaTepHaJl, AOCTATOYHBIH /151 BHINOJIHEHHS] BCeX 3aJJaHHH JaH-
HOro NnocoGHs.

Ko Bcem BapHaHTaM AaHbl oTBeTbl. OHOBpPeME@HHO ¢ JaHHOH KHHIOH H3-
JaTeJbCTBO BhIMYyCKaeT pelle6GHHK, B KOTOPOM NnpeacTaBJieHbl NOAPOOHbIE pe-
LIEHHs BCEX OCTaJIbHLIX BAPHAHTOB H JJaHbl METOIHYECKHE PEKOMEHIALIHH.

OTMeTHM, YTO BapHaHThbI TECTOBBIX 3aaHHH HOCAT NapHLIA XapakKTep, TO
€CTb fIBJIAIOTCS NONapHO NOJOGHBIMH (TaK, HanpHMep, Noa06HL! 5-H H 6-# Ba-
PHaHTBI, 7-# H 8-H H T. A.). TO YAOGHO AJIf1 YYHTeJISA, TaK KaK ONTHMH3HpYeT
npouecc noarotoBkH. IlpopewaB ¢ yyamuMHcs B KJacce OHH H3 HEUYETHBIX
BapHaHTOB, Lie1ecO06Pa3HO 3aaTh Ha AOM CJIEyIOLUHi (YETHLIHA ) BAPHAHT.

BapnaHTH B KHHre pacnoJiaraioTcsi 0 BO3paCTaHHIO YPOBHS CJOXKHOCTH
3ananui. [1pH 3TOM ypoBeHb CJI03KHOCTH H TeMbl 33JJaHHi C KPaTKHM OTBETOM
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(paHee cocTaBasiBLUIHE YacTb B) COOTBETCTBYIOT NpesiaraeMbiM 3aiaHHsIM OT-
KpBITOro GaHKa'.

[Tocobue sBisercss yacTbio KoMIJeKca «MaremaTuka. [TomrotoBka K
ET'3», BbimyckaeMoro H3faTenLCTBOM «JIerHoH».

Komnaekc «eMaremarnka. [Moaroroska k EI'9»: ocHoBHble nocobusa
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aTeMaTHka, EI'D-2016. TemaTHuecKHA TpEHHHT. it ++| + |BMOB

10—11 knaccul

Maremarnka. INogroroska k EI'9-2016. [1podpuns-
Hblll ypoBeHb. 40 TpeRMPOBOUYHBIX BAPHAHTOB M0 J€- +++|++| + |BIIB
MoBepcHH Ha 2016 roa

Maremaruka. Ilogrotoska EI'3-2016. DazoBui#ft

+++|++ BIIB
YPOBEHb
Maremarska. Pelie6HHK ¢ MeTOIHUECKHMH peKOMEH-
nAaunsamu. TloarotoBka k EI'9-2016. IpoduapHuit +++|BI1B
ypoBeHb. 40 TpEHHPOBOUHbIX BAPHAHTOB ‘
Maremarnka. 10-11 knaccel. Tpenaxkép ans noaro- e+ B

ToBKH K EI'3: anre6pa, nnanumerpusi, cTepeoMeTprs
Maremaruka. ET3-2016. Tlpoduabhbifi ypoBeHb.
Tpenaxxép no TpHroHOMeTpHH (3ajaHKe C pa3BépHy-|+++ I
ThIM OTBETOM )

Maremarnka. EF9-2016. Matematika. ET'3. INpo-
¢unbHBI ypoBeHb. 10—11 knaccn. Hepapenctsa.|+++ I1
Tpenaxkép.

Maremarnka. ET3-2016. TlpodunbHblfi ypoBeHb.
TemaTnueckHe TecTH. YpaBHeHHs, HepaBeHCTBa, CH- | +++ + | I
CTeMb!

Maremarnka. ET'3-2016. TlpodmabHblfi ypoBeHb.
Y4HMCsi BLINOJIHATD 33/1aHKA C Pa3BEPHYTHIM OTBETOM
Maremaruka. 7-11 knaccul. KapmaHHhi# cripaBoYHHK ++
KME;%MTHK& Bovib1iofi cipaBoYHHK 1151 TOANOTOBKH + ++| ++ |BMB

*B — 6a30Bbiii, [1 — noBbillieHHbl, B — BbICOKHH YPOBeHb CJI0XKHOCTH

++ ++| ++ | 1B

! Noctynen na cafite http://mathege.ru
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Komnaexc «Maremarunka. lToaroroska k EI'9»
[TepeunciuM KHHrH, BXoIsiLIHe B KoMleke «Maremarnka. [loarotoBka k
EI'3», BoinycKaeMbiit H31aTeJIbCTBOM «JIerHOH»:

e Martemathka. EI'2-2016. TemaTHyeckHii TpeHHHT. 10—11 Kaacchl.
C6bopHuk mpeHuposouHux 3adanuli, ccpynnuposBarHblx NO Memam u
npedna3nauennuil 013 nodeomosku k 6a3080my u npoguasnomy EI3.

e Marematuka. [Toarotoeka k EI'3-2016. [TpoduabHbiil yposetb. 40 TpeHH-
POBOYHBLIX BapHAHTOB 10 JeMoBepcHH Ha 2016 rop.
Hacmoawas kruea.

e Martemarnka. PelleGHHK C MeTOLHYECKHMH peKoMeHaauusiMK. [ToaroToska
k ET3-2016. [Tpoduabhbiit ypoBeHb. 40 TpeHHPOBOYHHIX BAPHAHTOB.
[Tocobue codepxcum peuienus ecex sapuanmos mecmoeux 3adarnull
kHueu «Mamemamuka. [Todeomoska k E[3-2016. [Tpogurenuil ypo-
seHb. 40 mpenuposounvix sapuarnmos no demosepcuu Ha 2016 200».

e Maremaruka. [ToaroroBka k EI'2-2016. BasoBbiit ypoBeHb.
CbopHuk asmopcKkux mecmos, COCMasAeHHbX no nocaedHed cneyu-
¢uxayuu EI'3 no mamemamuxe na 6a3080M YposHe, OONOAHEHHbLL
Mmeopemu4ecKum CnpasoHHUKOM.

e Maremarnka. 10—11 knaccul. TpeHaxép ansa noarotoskH Kk EI'3: anre6pa,
TUJIaHHMeTpHS, cTepeoMeTpus. Tpenaxcép Oan n0020MOBKU K PeeHLIO
3adanul EI'3 c kpamxum omsemon.

e Maremaruka. 7—11 knaccol. KapMaHHbIf CIPaBOYHHK.
[Tocobue codepacum Heobxolumwvili cnpasounull mamepuar 048 ca-
mocmoamenvroll nodeomosku k EI'3 no mamemamuke, a makme
Pa3AULHBM POPMAM NPOMENCYMOUHO20 KOHMPOAS nNO arzebpe u eeo-
mempuu 8 7—11 kaaccax.

e Maremarnka. Bosbloh cnpaBoynnk a5 noarorosku K ET'D.
[Tocobue codepaum meopemuueckuil mamepuan, nooKpenséHHbii
npumepamu e2o UcCnoAb308aKuUs npu pewenuu 3adanud ET3.

e Maremaruxka. E'3-2016. [Tpodunbhbiii ypoBeHb. TeMaTHuecKHe TeCThI.
YpaBHeHHS, HepaBeHCTBa, CHCTEMHL.
[ocobue codepxcum 3adarus no ypasHeHUAM U HEPABEHCMBOM, MPa-
OUYUOHHO BKAIOHaEMOIM 8 Yucao 3a0aruli EI'3 ¢ pa3séprymoim omee-
Mmos.

e Maremarnka. EI'9-2016. [TpodunbHblli ypoBeHb. TpeHaxkép no TpHroHo-
MeTpHH (3alaHHe ¢ pa3BEPHYTbIM OTBETOM).
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[Tocobue codepacum okoro 300 3adau no mpuzonomempuu, npedHa-
SHAYEHHbLX 03 NOO2OMOBKU K BbLNOAHEHUIO nepso2o u3 aadarnuli EI'3
C PA3BEPHYMBIM OMBEMOM.

Maremarnka. ET 3. ITpoduabhbiit yposenb. 10—11 knaccel. HepaBencTBa.
Tpenaxxép.

[Tocobue codepmum 6Goavwoe kKoauuwecmso 3a0aHull NO pPeuleHuro
HepaseHcms, npeOHA3HAUEeHHbLX 04 N0J20MOBKU K BBLINOAHEHUIO CO-
omgemcmayoweeo 3adanus EI3 c pazgéprymoen omseemox.

Marematuka. E['3-2016. [TpoduabHeli ypoBeHb. YYHMCS BbINOJHATD 3a-
JIaHHsl C Pa3BEPHYTHIM OTBETOM.

Camoyuumens u 3a0a4HuK 018 NOG2OMOBKU K PEULEHUIO HepABeHCmSs,
IKOHOMUYECKU OPpUEHMUPOBAHHBLX 3aday, 3a0aHUll ¢ napamempon,
uccaedosamensckux 3adau, npeorazaemvix Ha ET3.

JlonoaHeHneM K KOMIIEKCY NOCAYXKAT caeaylouiHe Nocobus:

Maremaruka. 11-# knacc. [ToBTopeHne MaTepHaJia cpeaHel IKOJbl H M0OA-
FOTOBKa K MTOrOBOH aTTeCTauMH. MIHTeHCHBHBIA Kypc M/1A yuHTesled H 00y~
YaKOLLHXCS.

Maremarnka. [Toaroroska k EI'9-2015. Teopus BeposiTHOCTEH.

Maremaruka. [Moaroroka k EI'D. PeleHue 3a1au no cTepeoMeTpHH MeTO-
JIOM KOODJIMHAT.

Maremarnka. [Toaroroska k EI'D: cekpeTbl oLieHKH 3a4aHHH NOBbILLIEHHOTO
H BbICOKOTO YPOBHEH CJI0XKHOCTH. PellleHHsl H KOMMEHTapHH.

Maremaruka. [loaroroeka k ET'. TpuroHoMeTpHueckne ypaBHEeHHS: METO-
[bl peleHHH H OTOOP KODHEeH.

Maremartuka. [ToaroroBka k EI'3: 3ananne 16. MHOrorpaHHHKH: THIbI 3a-
Aa4 H METO/lbl HX pelleHHH.

Maremaruka. [Toaroroska k EI'9: 3ananue 17. PeleHne HepaBeHCTB € 01-
HOM MepeMeHHOH.

Maremarnka. [Togroroeka k EI'D: pelieHHe nnaHnMeTpHuecKHx 3anau.
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MeToaHnKa paboTbl C OCHOBHbLIMH NOCOGHAMH KOMMNJEKCA
«Maremartuka. [Togroroska Kk EI'9»

[MoaroroBky k EI'D caenyer Haunnath ¢ noco6uit «Marematuxa. ET'9-
2016. TemaTHyeckHui TpeHuHr. 10—11 knacco» H « Maremaruka. 10—11 kaac-
cbl. Tpenaxkép anisa noaroToBkd K ET'D: anrebpa, niaHHMeTpHs, cTepeoMeT-
pusi». O6a 3THX NOCOGHS MOTYT HCII0JIb30BAaThCA B TEYEHHE JBYX y4eOHbIX JIeT
(10 1 11 Knaccbl), a cnoco6 OpraHH3alMH npouecca o6yyeHHs 3aBHCHT OT Ipe-
nogasartessi. HanpuMep, ncnoJb3ys TpeHaxép, yyallyecst MOTYT BbIMOJIHHTD
Ha ypoke 60JbLLOe YHCJIO 3a7aHHi 6330BOTO YPOBHS CJIOXKHOCTH NO olnpeje-
JIEHHOH TeMe WJH NO pa3JiHyHbIM TeMaM. Kuury «Maremaruka. E32-2016.
Tematnuecknit TpeHHHr. 10—11 KJ1acchi» MOXKHO HCIOJIb30BATD /1Sl 03HAKOM-
JIEHHS1 C MEeTOJJaMH pellieHHs 3aa4 6a30BOr0, MOBBILLIEHHOTO H BbICOKOTO YPOB-
HSl CJIOXKHOCTH, /151 OPraHH3aLHH AHAaTHOCTHKH H KOHTPOJIs (CaMOKOHTPOJIS).
Eé ucnosib3oBante Liesiecoo6pa3Ho He TONLKO Ha YPOKax, HO H NPH CaMOMNOA-
TOTOBKeE.

C6opuuk TecToB «Maremarika. [ToarotoBka k EI'9-2016. [TpoguabHbIf
ypoBeHb. 40 TpeHHPOBOYHBIX BaPHAHTOB 110 ieMoBepcHH Ha 2016 ron» caemyer
HCTI0J/1b30BaTh N0CJIe OCBOEHHS 60JIbllieH YaCTH MaTepHaJsia H3 pacCMOTPEHHbIX
Bbillle noco6Hil. [1peanaraemplie B HEM TPeHHPOBOYHblE BapHaHTHl B hopMmare
npoguJbHoro ypoBHsi EI'D Moryt ucnosib3oBaThes Mo npHHUHMIY pa3bopa Ba-
pHaHTa B KJlacCe H OCTaBJIeHHsl [IAPHOTO BapHaHTa LUKOJIbHHKAM B KayecTBe
AoMallHeH paboTbl, @ MOTYT — H ISl TPOBEAEHHS PENeTHLHH 3K3aMeHa HJIH
IJ1si OPraHH3aLUMH AHarHOCTHKH H KOHTPOJIA.

K yka3aHHOMY COOPHHKY TECTOB OTHEJIbHO Npeanaraercs peweGHHK C no-
JAPOOHBIMH NOSICHEHHSIMH, KOTOPbIH MOXeT HCI0J/Ib30BaTbCsl Kak MNpernojaBa-
TeJjleM — 111 pa36opa pelleHHi 3alaHuH NOBBILLIEHHOTO H BBICOKOTO YPOBHEH
CJI0XKHOCTH, TaK H Y4aLMMCS TIPH CaMOCTOSITeJIbHOH MOArOTOBKeE.

Jlas moarotoBkH K caave 6a3oBoro ypoBHs EI'D caemyer ucnonbsoBaTh
kHHry «Marematnka. [loaroroska x EI'9-2016. Basosbiit ypoBenb». MeTo-
AHKa paboTbl C 5THM COOPHHKOM TeCTOB Ta e, YTO H C paCCMOTPEHHbIM paHee
COOPHHKOM TecTOB 1151 NpodHIbHOro ypoBHs EI'D.

[Toco6us «MaTemaTHka. 7—11 knaccol. KapmaHHbli cripaBoyHHK» H «Ma-
TeMaTHKa. boJblloi cnpaBounHk st noarotToBkH K EI'9» yno6Ho ucnosb-
30BaTb JJIf T10JydeHHs] HEOOXONHMOro TeOPeTHYECKOro MarepHala B fepHon
noarotoBkd K EI'D. Boabuiol cnpaBouHKk, KpoMe Toro, 6yzeT nosie3eH s
OpraHH3allMH NOBTOPEHHS TEOPHH: 10 NpHJIaraeMbiM TaM NIpHMepaM 3a]aHHi
MOXHO OTIPE/IeJIHTb BaXKHOCTb 3aIlIOMHHAHHA TeX HJIH HHbIX POPMYJI H TeopeM
IJ151 yCTIeIHOH CAAa4H 9K3aMeHa.
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Caenyloune noco6us npeHa3HadeHbl 1 NOAFOTOBKH K 3a1aHHSAM C pa3-
BEPHYThIM oTBeTOM. HaunHartb 3pech ciiefyet ¢ IByx TpeHaképoB: «Mare-
maTHKa. E['9-2016. IIpoduabHbiii ypoBehb. TpeHaXKép Mo TPHrOHOMETPHH
(3ananne c pa3BépHyThiM oTBeTOM)» H «MarteMartuka. ET'3. Ilpoduabhbiit
yposeHb. 10—11 xnacchl. HepaBenctBa. TpeHaxép». O6a 3THX TpeHaxképa
TNIOCTPOEHbI N0 MPHHLIHITY OT IPOCTOrO — K CJIOKHOMY, H HX CJIeyeT HCTIO/b30-
BaTb He TOJILKO 1l TPEHHPOBKH H KOHTPOJIS, HO H NPH H3y4YeHHH COOTBETCTBY-
owHx TeM. Hanpumep, TpeHaxép no TPHrOHOMETPHH MOXKHO HCIIO/Ib30BaTh B
KayecTBe TPeHHPOBOYHOH TeTpaJy Ha YpoKax anre6Gpbl (MaTeMaTHKH), MOCBS-
IUEHHDBIX H3YYEHHIO TPHTOHOMETPHH.

Kuury «Maremathka. [1poduabhbifi ypoBeHb EI'D-2016. TemaTHueckune
TeCThl. YPaBHEHHs, HepaBEHCTBA, CHCTEMbI» PEKOMEHIYeTCS HCI0J/b30BaTh
COBMECTHO C TPeHaXKépaMH 151 JHarHOCTHYECKHX H KOHTPOJIbHBIX paboT J1H60
TIPH BblJa4e YYaLHMCs 3a1aHHH Ha IOM.

K nocobuio «Maremaruka. EI'9-2016. IpoduibHbifi ypoBeHb. YuuMest
BbIMOJIHATb 3alaHHSA C Pa3BEPHYTHIM OTBETOM> CJIeIyeT NepeXOAHTb MpH pa-
6oTe ¢ HaHOoJ/Iee NOArOTOBJIEHHBIMH YYaLIHMHCS, MPeTeHIYOLHMH Ha BbICO-
ket 6ana EI'3. PaccMoTpeHHble B HEM TeMbl MOXKHO KaK OTAaBaTb Ha CaMo-
CTOSITeJIbHOE H3yYeHHe OT[eJIbHbIM LIKOJbHHKAM, TaK H NMPHMEHATb B KJac-
cax/11Ko/1aX ¢ YrTyG/NEHHbIM H3yYeHHEM MaTeMaTHKH.

O6c¢cyanTb nMoco6Hs, OCTAaBHTb CBOH 3aMeYaHHsl H NPELIOXKeHHs, 3a1aTb
BOMPOCKHI MOXXHO Ha O(HUHAJbHBIX POPYMax H3aTebCTBA
http://f.legionr.ru,
http://legion-posobiya.livejournal.com.

Crenure 3a 6eCnJIaTHBIMH JONO/HEHHAMH H METOJHYECKHMH PEKOMeH/1a-
LMSIMH Ha caiTe H3JaTesIbcTBa http://legionr.ru B CBSA3H C BO3MOXXHBIMH
M3MEHEHHAMH CrieUH(pHKaUHA 9K3aMeHaUHOHHbIX pa6oT, pa3pabaTbiBaeMbiX
SUIIHN.

3aMeuaHHs H MOXKeJIAHHUA MOXKHO HanpasJsThb No aapecy: 344000, r. Poc-
ToB-Ha-J{oHy, a/a 550 uau Ha e-mail: legionrus@legionrus.com.
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HHcTpyKuns no BoinoaHeHHI0 paboTsl

DK3aMeHalHOHHasi paboTa COCTOHT H3 ABYX YacTeH, BKJIOYAIOLIHX B ce-
65 19 3apanuil. YacTb 1 conepkHT 8 3a1aHHA 6a30BOro YpPOBHS CJIOXKHOCTH C
KpaTkHM oTBeTOM. HacTb 2 comepkuT 4 3a71aHHs NOBBILIEHHOTO YPOBHS CJIOXK-
HOCTH C KPaTKHM OTBeTOM, 5 3aJaHHH MOBBILIEHHOTO YPOBHS CJIOXKHOCTH C
Pa3BEPHYTbIM OTBETOM H 2 3aJlaHHS BLICOKOTO YPOBHS CJIOXKHOCTH C pa3Bép-
HYTBbIM OTBETOM.

Ha BuimosiHeHHe 3K3aMEeHALHOHHOH PaGOThI MO MaTEeMaTHKE OTBOAMTCS
3 yaca 55 MHHYT (235 MHHYT).

OTBeThl K 3ajaHHAM 1—12 3anHCHIBAIOTCA B BHIE LIEJIOTO YHCJIA HJIH KO-
HEYHOMN JeCATHYHON APOGH.

[Tpu BrinonHeHHH 3ananui 13—19 TpeGyeTca 3anHcaTh NOJHOE pellleHHe H
oTBeT B 6J1aHKe 0TBeTOB Ne 2.

Bce 6aanku EI'D 3anoJHs0TCS pKHMH YEPHBIMH YepHHJIaMH. Jlomycka-
€TCs HCI0JIb30BaHHe reJieBoH, KanHJVIIPHOH HJIH IepbeBOH pyyexk.

ITpH BbINOJIHEHHH 3a1aHHIH MOXKHO NM0JIb30BATLCS] YePHOBHKOM. 3aIHCH B
YepHOBHKE He YYHTHIBAIOTCS IIPH OLIEHHBAHHH PaGOTHI.

Basuibl, nosyyennsie Bamu 3a BoinosiHeHHble 3aaHHs1, cyMMHpYyloTcst. [To-
cTapaiiTech BLINOJHHTb KakK MOXKHO GoJibllie 3a1aHHA H HabpaTb HaHboJIblIee
KOJIH4eCTBO 6aJlJIOB.

JKeaaem ycnexa!



[maBal. YyeOHO-TpEeHMPOBOUYHbDIE TECTbI

Bapnant Ne 1

OtBeToM K 3ajaHuaM 1—12 aBasieTcs LeJ0e YHCAO HAH KOHeuHas
AecATHYHASA Apo6b.

Yacts 1
1. B wkoJie HeMeUKHH s3bIK H3YyYaloT 94 yyaluxcs, 4yto coctapaset 25 % ot
YHCJIa BCeX YYallHXcs WKoJbl. CKObKO yYalllHXCsi B LIKoJIe?

2. Ha pucynke | ToukaMn noka3aHa cpeiHecyTo4Hast BJIQXKHOCTb Bo3ayXa ¢ 10
no 18 ¢espans 2011 rona. [To ropH3oHTa M yKa3uBalOTCS YHC/IA Mecsilia, Mo
BEPTHKaAJIH — BJIaXXHOCTb BO3/lyXa B rpoLeHTax. [l HarIfAMHOCTH TOYKH Ha
PHCYHKe COellMHeHbl JHHHAMH. OnpefesinTe Nno pUCYHKY HaHMEHbILYIO CpeA-
HECYTOYHYIO BJIa>KHOCTb BO3/IyXa (B NPOLIEHTAaX ) 3a yKa3aHHbIA NepPHOL.
& A
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Puc. 1

3. HafanTe naoanp TpeyrosibHHKA, H306paXk€HHOrO Ha KJeTuaTol Gymare ¢
pa3MepoM KJ1eTkH 1 cM x 1 cM (cM. prc. 2). OTBeT aalTe B KBaApaTHbIX CaH-
THMeTpax.

4. B cpenHem 13 2000 canoBbix HaCOCOB, MOCTYMHBILUHX B Npoaaxy, 28 noare-
KaoT. HafiauTe BepoOsAITHOCTb TOro, YTO OAMH CJIy4aHHO BbIOpaHHBIH A1 KOH-
TPOJISt HACOC He [TOATEKaeT.

5. Haiinute KopeHb ypaBHenHs 222 — 17z — 9 = 0. Ecan ypasHenHe HMeer
60Jiee OHOTO KOPHS, YKaXKHTe MeHbIUHH H3 HHX.
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6. B TynoyronbHoM tpeyronbiuke ABC AC = BC = 15, Bhicota AH paB-
Ha 12. Haiiaure sin ZACB.

7. Ha pucyHke 3 H306pax«éH rpacuk dyHKuHH y = f(z) H KacaTeslbHas K HeMy
B Touke ¢ abcumccon zg. Hafinure snaueHHe npou3BoaHod GyHKuMH f(z) B
TOUKe Tg. :

b4
|
i
D |
/
AREPREAEN/
X o] I N/ |X
[ I

8. Bo ckosibKo pa3 yBesHuHTCs 06bEM Ky6a (CM. pHcC. 4), ecain Bce ero pébpa
YBEJIHUHTb B CEMb pa3?
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Puc. 4



14 Inasa I. YueGHo-TpeHHpOBOUHBIE TECTHI

Yacts 2
9. Haiiure sHauenre Boipaxenns v/ 146% — 1102,

10. PaccrosiHne (B KM) OT Ha6uIoAaTeNs, HAXOAAILErOCs Ha HeGOJIbLION Bbl-
cote h (B M) OT NOBepXHOCTH 3eMJIH, A0 HAGJIOAAEMOM UM JIHHHH MOPH30HTA

R-h
500
Ha kaxo#i BeicoTe (B M) HaXoOHTCsl HabJ/0AaTeNb, eCJH | = 8 kM?

BblYHCJIsieTCs1 o dopMmyqe: [ = , e R = 6400 kM — paauyc 3eMJH.

11. U3 roponos A u B, paccTosiHie MeXIy KOTOPbIMH 270 KM, OJHOBPEMEHHO
HaBCTpeyy ApYT ApYyTy BblexaJiH ABa aBTo0yca, KOTOpble BCTPETHJHCDH Ha pac-
crosiHnd 140 kM ot A. Hafiaure ckopoctb aBTo6yca (B KM/uac), BbleXaBLLero
H3 MyHKTa B, ecsin aBTO6YCHI BCTPETHJIHCH Yepes 2,5 yaca.

12. Haiaute HauMeHblilee 3HaueHHe GYHKIHH ¥ = v/z2 + 10z + 106.

lMpu BbinoaneHHH 3anaHuii 13—19 Tpebyercs 3anHcaTb NOJHOe
pelleHHe H 0TBeT. 3anHUINTEe CHa4Yaja HOMep BbINOJHAEMOro 3aiaHHsA
(13,14 u . 1.), 2a 3aTeM NoJHoe 060CHOBaHHOE pelieHHe H oTBeT. OT-
BeTbl 3aNHCbHIBaHTE YETKO H pa3bopuuBo.

13. a) Peunte ypaBHeHHe cos 2z + 3\/§sm( + :v) -5=0.

2

6) YKaxKHTe KOPHH 3TOr0 ypaBHeHHsl, PHHAAJIeXalllHe OTPe3Ky [27r 72 ]

14. B npaBuJibHO#N TpeyrosbHoH nupamuae SABC co cTOpoHOH OCHOBaHHs
BC = 12 n 60koBbIM pe6poM SB = 8 Ha pé6pax SB n SC B3sTbl TOUkH E
H F' COOTBETCTBEHHO, BJISAIOLLHECS cepeMHaMH pébep. [1aockocTh a, conep-
Xalas npsamMy1o EF, neprneHauKy/spHa JI0CKOCTH OCHOBAHHS TIHPaMH/bL.

a) JlokaxHTe, 4TO NJIOCKOCTb & A€JHT GHcCeKTpHCY AA; OCHOBaHHS MH-
pPaMH/Ibl B OTHOLIEHHH 5 : 1, CYHTAsA OT TOUKH A.

6) HahauTte nuowanp cevenus nupamuabl SABC M0oCKoCThIO o

42 47 8 <0

15. PewurTe HepaBeHCTBO T strEr 3t #7332 S
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16. [1Be OKpYKHOCTH KacaloTCsi BHyTpeHHHM 06pa3oM B Touke A, MpH 3TOM
MeHblUasi OKPY?KHOCTb NPOXOAMT yepe3 LieHTp Goabluel. Xopaa BC Goabued
OKDY?KHOCTH KacaeTcsi MeHblluell OKpy»KHOCTH B Touke R. Xopawl AB n AC
TiepecekaioT MeHblLYI0 OKPY>KHOCTb B Toukax D H E cOOTBETCTBEHHO.

a) Iokaxwure, ytro DE napaanenbho BC.

6) L — Touka nepeceyenusi RA n DE. Haiiaure AL, eciu pagHyc 60/1b-
ek okpyxxHocTtH 17, a BC = 30.

17. 10 nioHsi B 6aHKe B35JIH KpeuT Ha 15 mecsiues. [1pH 3ToM 3-T0 UHCAa Kax-
JI0TO Mecsla JOJIr Bo3pacTaer Ha a % Mo CpPaBHEHHIO C KOHLIOM Npe/blayilero
Mecsua, ¢ 4 no 9-e YHCJIO KaXKAOT0 MeCfilla Hy>KHO BbINJIATHTb YacTb J0Jra,
npu 31oM 10-ro 4Hcsa 0T JO/KeH ObiThb HAa ONHY H Ty XK€ CyMMy MeHbllie
Jo/ra Ha 10-e 4HCJ10 npenblayllero Mecsua.

Haifinure a, ecan o6iias cyMma BbINJAT NocJe MOJHONO MOTALEHHA Kpe-
auTa Ha 16 % Goablie CyMMbl, B3ATOI B KPEIHT.

18. Haiiante Bce 3HaueHHs a, NpH KaXIOM H3 KOTOPbIX CHCTEMA YPaBHEHHH

8z — 8y — 40 = |z2 + y? — 25|,
y=ax—95

HMeeT 6oJiee IBYX pellieHHH.

19. Y4eHHKH HEKOTOPO# LIKOJIbI HANHCAJH TeCT. Y UeHHK 3a 3TOT TeCT MOT Mo-
JIYYHTD LleJIO€ HEOTPHUATebHOe YHCJI0 6a/iioB. CuHTaeTcs, YTO YYeHHK clal
TecT, ecJii Ha6pas He MeHee 50 GasyoB. UToObl pe3y/ibTaThl YJyHLIHJHCh,
Ka>XIOMy YY4aCTHHKY TECTHPOBaHHA 106aBHJ/IH No 5 6aJ/10B, NO3TOMY KOJIHYe-
CTBO CAABUIHX TECT YBEJHYHJIOCD.

a) Mor JiH nocJie 3TOro MOHU3HUTLCA CPeAHHIl 6aJl1 y4aCTHHKOB, He CllaB-
LLIHX TECT?

6) Mor JiH nocJie 3TOro NOHH3UTbLCS CPEAHHHA 6aJl1 y4aCTHHKOB, He CaB-
HIKHX TECT, H NIPH 3TOM CPeAHHH 6aJ1 yYaCTHHKOB, CAABLLUHX TECT, TOXe IOHH-
3UTbCA?

B) [lycTb nepBoHauanbHO cpenHHii 6a1 YYaCTHHKOB, CAABLIHX TeCT, CO-
craBHa 60 6as10B, He caaBlHX TecT — 40 Gaanos, a cpeiHHH 6anan Bcex
YY4acTHHKOB cocTaBHs 50 6annoB. ITocsie fo6aBaenus 6a//10B cpelHHA 6an
YUYaCTHHKOB, CaBLUKX TECT, CTaJ paBeH 63 6aJjaMm, a He CIABLUHX TecT — 43.
[Tpn KakoM HaHMeHbl1ieM YHCJIe YYaCTHHKOB BO3MOXKHA TaKasi CHTyaLHs?
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Bapnant Ne 2

OtBeTom K 3azaHHam 1—12 aBasercs LeJ0e YHCAO HIH KOHEYHas
AeCATHYHAA Apo0b.

Yacts 1
1. 63 BbIMyCcKHHKA LIKOJIbI COGHPAIOTCS YYHTbCSl B TeXHHYECKHX By3ax. OHH
cocTapJsoT 70 % oT uncaa BbinyCKHHKOB. CKOJIBKO B LIKOJIE BbiyCKHHKOB?

2. Ha pucyHke 5 ToukaMH noka3aHa CpefHecyTouHasi CKOpocTb BeTpa ¢ 20 fH-
Baps no 7 deBpasis 2011 ropa. [To ropH3oHTa/IH yKa3bIBAOTCA YHCJIa MeCsLa,
110 BePTHKaJIH — CKOPOCTb BeTpa B M/c. JI/Isi HATMISIHOCTH TOYKH Ha PHCYHKe
coefHHeHbl JHHUAMH. OnpefiesiHTe 0 PHCYHKY HaHOOJIbILYIO CPeAHeCYTOUHYIO
CKOpOCTb BeTpa (B M/C) 3a yKa3aHHbIii IEpHOL.

A
§20 ’
g 15 / / \\
S /\ [ hY
3 1\
.nlo \ A
B
P /
= 57
o

20 22 24 26 28 30 1 3 5 7 Anu
Puc.5

3. HaiinnTe naiowanb Tpeyro/ibHHKa, H306paXXE€HHOTO Ha KjeTyaToH bymare ¢
pa3MepoMm KaieTkH 1 cM X 1 cM (cM. puc. 6). OTBer paiiTe B KBaJpaTHbIX CaH-
THMeTpax.

4. ®abpuka BbilycKaeT KoxaHble noptdesn. B cpentem 6 noprdeneit 3 150
HMeIOT CKpbITble fedeKTbl. Halure BepoATHOCTb TOrO, UTO KyIIJIEHHbIH NIOPT-
tesb okaxkeTcs 6e3 fedeKToB.

5. Haiiante kopeHb ypaBHenHsi 422 + 23z — 6 = 0. EcsiH ypaBHeHHe uMeeT
60J1ee OJIHOTO KOPHS, YKaX<HTe 6OJIbLIHHA H3 HHX.

6. B TynoyrosbHom Tpeyroabiuke ABC AC = BC = 10, Bbicota AH pas-
Ha 8. Harinure cos ZACB.
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7. Ha pucyHke 7 n306pax<éH rpaduk ¢pyHKuHH y = f(z) 1 KacaTesibHasi K HeMy
B TOUKe ¢ abcupccoll xo. Hailaure 3HaueHne npousBoaHoi ¢yHKuuH f(z) B
TOUKE Zo.
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8. Bo ckoabKo pa3 yBesHuHTCS! 06'bEM MPaBHABHOIO TeTpasapa (cM. puc. 8),
ecJIH Bce ero péépa yBeJIHUHTL B IBeHaalaTh pas3?

Puc. 8
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Yactb 2
9. Haiinute 3nauenne Bupaxenns (v29 — v/9)(v/29 + v9).

10. PaccTosinue (B kM) oT Ha6JioaTesIs, HaXOAALIErocs Ha BbicoTe h (B M) OoT
NOBEPXHOCTH 3eMJIH, 10 Ha6J1101aeMOil HM JIHHHH TOPH30HTa BbIYHCJISETCS MO
b .1 [|R-h _ _

opMmyae: | = 500 * Re R = 6400 km — pamnyc 3emsn. Habmonarens,
HaXOIALUHACA Ha HeGOJIbLIOMA BHICOTE, BHAHT FOPH3OHT HA PacCTOAHHH 13,6 kM.
Ha ckosibko MeTpoB ellé Hafio NOAHATLC A, YTOObI FOPH3OHT Gblsl BHEH Ha pac-
CTOSIHHH 16 KM?

11. M3 roponos A u B, paccTosiiHe Mexay KOTOpbIMH 280 KM, 0JIHOBpPeMeH-
HO HaBCTpeYy APYT APYTy BbleXa/H [Ba MOTOLHKJHCTA H BCTPETHJHCh Yepe3
4 yaca Ha paccrtosiiHH 80 KM oT ropoja B. Haliznte CKOpoCTb MOTOUHKJIHCTA,
BblexaBluero u3 ropoaa A. OTser jaiite B KM/u.

12. Hafiure san6osiblee 3HaueHHe GyHKUHH y = v/40 + 6 — 2.

lNpu BbinoaHenun 3anaHui 13—19 TpebGyerca 3anHcaTh noOJHOE
pelleHHe H OTBeT. 3aNHLIHTE CHaYaja HOMep BbiNOJHAEMOro 3aJaHHA
(13,141 1. 1.), a 3areM noaHoe o6ocHoBaHHoe peweHHe H oreeT. OT-
BeTbl 3aNHCbiBaiTe Y€TKO H pa3bopunso.

13. a) Pelunre ypaBHeHHe cos 2z — ﬂsin(3—27r— - x) -1=0.

6) YKaxkHTe KOPHH 3TOro ypaBHeHHsl, IPHHALIEXKALLIHEe OTPe3Ky [?’21, 37r] .
14. B npaBusabHo# TpeyrosbHo# nupaMuse DABC co cTOPOHOH OCHOBaHHS
AB, pasHoi 30, 60koBoe pe6po paBHo 20. Touku N u M nensar pé6épa DA u
DB B oTHOLIeHHH 2 : 1, cuHTas oT BepiuuHbl D. [lnockocTb a , conepxaiuas
npsmyio M N, nepneHauKyasipHa NJIOCKOCTH OCHOBaHHS THPAMH/bL.

a) JlokaxkuTe, YTo MJIOCKOCTb & AeJHT BblcoTy C' E OCHOBaHHSA B OTHOLLe-
HHH 8 : 1, cyHTas ot Touku C.

6) HafAnnte niowmans cevenns nupamuasl D ABC niocKocTsio a.

11= 117 411

x
15. PelunTe HepaBeHCTBO + + 117 4+ 121

<0
11=-11 ° 11" -3 121" - 14-11* + 33 0

16. [IBe OKPY>KHOCTH KacaloTcs BHYTPEHHHM 06pa3oM B Touke A, NpH 3TOM
MeHbLasi OKPY>KHOCTb MPOXOAHT yepe3 UeHTp GoJbuiedi. Xopaa BC 6obuieit
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OKPY>KHOCTH KacaeTcsi MeHbllleH OKpy»HOCTH B Touke T'. Xopabi AB n AC
TnepeceKaloT MeHbLLYIO OKPY>KHOCTb B Toukax M H K COOTBETCTBEHHO.

a) Jlokaxmure, uto M K napannensso BC.

6) T A nepecekaer M K B Touke N. Hafizure AN, ecsi1 paaHyc 6oJbLiedt
oKpyxHocTH 41, a BC = 80.

17. 15 siuBaps B 6aHKe B35JH KpeaHT Ha 25 Jiet. [1pn 3Tom 30 siHBaps KaxKaoro
rozia 6aHk HauHcJseT a % rofoBbIX (10T yBeIHYHBaeTCs Ha a % 110 CpaBHEHHIO
c noJirom Ha 15 siHBaps). C eBpasisi No geKabpb KaXI0ro rofia KJIHEeHT J0JKeH
BBIMJIaTHTb TaKylO 4acTb J0Jra, 4To6bl 15 sHBapA NOJTr CTajl Ha ONHY H Ty Xe
CYMMY MeHbllle fIoJira Ha 15 siHBaps npe/piayLiero roaa.

Haiinure a, ecan o6luas cyMMa BbIIJIAT 0CJIe MOJHOTO FOrallleHHs Kpe-
nuTa Ha 65 % Gosibliie CyMMb, B3AITOH B KPEIHT.

18. HaiimnTe Bce 3HaueHHs a, NPH KaXAOM H3 KOTOPbIX CHCTEMA yPaBHEHHH

? +8y+y? —8ly+z+2 =4,
y+6=a(z-4)

HMEET POBHO 2 PA3JIHYHbBIX PELLIEHHS.

19. YyeHHKH HEKOTOPOH LIKOJIbl HAMTHCAJIH TeCT. YYeHHK 3a 3TOT TeCT MOr M0-
JIYYHTb LieJ10€ HEeOTpHUATeNbHoe yHcio 6anoB. CYHTAETCs, YTO YYEHHK caas
TeCT, eC/iH Habpas He MeHee 45 6anoB. UTo6bl pe3ysbTaThl YJIYYILHJHCD,
KaXIOMy Y4aCTHHKY TECTHPOBaHHS J06aBHJIH N0 7 6aJJI0B, NO3TOMY KOJIHYe-
CTBO CHABLIHX TECT YBEJHYHJIOCH.

a) Mor JiH nocJsie 3TOro NOHU3UTLCA CpeHHH 6aJlyl yYaCTHHKOB, He ClaB-
HIHX TecT?

6) Mor 11 nocJie 3TOro NOHH3HUTLCA CPeAHHH 6aJslJl y4JaCTHHKOB, He CAaB-
LIMX TECT, H NPH 3TOM CPeiHHi 6aJu1 yHaCTHHKOB, CAABIIHX TECT, TOXKE [TOHH-
3uics?

B) [lycTb nepBoHayasbHO cpenHHil 6ajll yYaCTHHKOB, CAABLIHX TeCT, CO-
CTaBHJ 55 6a/iIoB, He caaBUIMX TecT — 30 6aJsioB, a cpelHHH GaJjil Bcex
Y4aCTHHKOB COCTaBHJ 45 6aJsuioB. [Tocsnie no6asnenust 6anioB cpenHui 6as
YYaCTHHKOB, CIABLUHX TeCT, CTaJ paBeH 60 6aJuiaM, a He CAABUIKX TeCT — 32.
[1pH KaKOM HaHMeHbllIEM YHCJIe YYACTHHKOB BO3MOXKHA TaKasl CHTyaLHs ?
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Bapunant Ne 3

OtBeToM K 3aauuam 1—12 aBasercd uejoe YHCIA0 HIAH KOHeYHas
necATHYHasA Apobb.

Yacrp 1
1. B nauke 500 siucToB 6ymarn popmara A4. 3a Heaeslo B opHce pacxomyer-
ca 1700 sncroB. Kakoro HaHMeHbLUero KoJIHYeCTBa nauek 6yMarH XBaTHT Ha
9 Hemenb?

2. Ha pucynke 9 Toukamu noka3saHa UeHa akuHA komnanHH «[a3npom» Ha Mo-
MEHT 3aKpbiTHs1 GHP>KeBbIX TOProB BO Bce paGouHe AHH fHBapsa 2011 rona. Ilo
FOpH30HTa/IH YKa3bIBalOTCS YHCJIa MeCsilla, 10 BEPTHKAJIH — LieHa aKUMH B
py6asix. [lns HarJsAHOCTH TOYKH Ha PHCYHKe COeiHHeHbl JinHHeR. Onpenenure
M0 PHCYHKY, KAKOrO YHCJIa PacCMaTpPHBaeMOro MepHo/ia LieHa akuui «lasnpo-
Ma» Ha MOMEHT 3aKpbITHsI TOProB 6blJla HAaHMeHblLLeH,

Py6.
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Puc. 9

3. Ha knetuaroii 6yMare ¢ Ki1eTKaMH pa3MepoM 1 cM X 1 cM H306paxéH Tpe-
yroJibHHK (cM. pHc. 10). Hafinure ero nyiommaas B KBafipaTHbIX CAHTHMETPAX.

1

T

L 11 em »

Puc. 10
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4. B 6oJsiblLOK NapTHH HAaCOCOB B CPeiIHEM Ha KaXkible 2 472 HCnpaBHbIX NpH-
XOIHUTCH 28 HeHCIIPaBHbIX HacocoB. HaliauTe BepOATHOCTD TOTO, YTO CJyYyaHHO
BbIOpaHHbIH HaCOC OKaXKeTCsl HEHCTIPABHBIM.

1 _ 1
Tz —23 33

6. B tTpeyrosibuike ABC £C = 90°, CH — Buicota, AB = 12,tgA = 3
(cM. puc. 11). Haiaure AH.

5. HaiiguTte KopeHb ypaBHeHHs

B

C A
Puc. 11
7. Ha pucynxe 12 uso6paxkennl rpaduk dyHkunu y = f(z) H KacareJibHas K

HeMy B TOuKe ¢ abcLHccof xo. Hafinute 3HaueHHe npon3BoaHo# GYHKUHH f(z)
B TOYKE Tg.

Puc. 12

8. Bo ckonbko pa3 ymeHbluHTCS 06'bEM KOHYyca (cM. pHc. 13), ecs ero BeicoTa
yMeHbIUHTCS B 17,1 pa3a, a pafHyc OCHOBaAHHS OCTAHETCS IPEXKHHM?

Yactb 2

. 478 . 998
9. Haiinnte 3HaueHHe BbipaxKeHHs “3F
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Puc. 13

10. PefiTHHT R HHTepHeT-MarasHHa BblYHCJISieTCs 110 (hopmy.te

0,04K
= —_— —_
R = ryox— —ﬂ%—?#%( K 3) roem = 102 Tnok — CPEHfs OLIEHKAa MarasuHa

TNIOKYNATeJISIMH, T5. — OLEHKa MarasHHa, JaHHast sKcrepTami, K — yYHC-
JIO NOKyTaTeJled, OLleHHBLIMX Mara3uH. Hafaure peATHHr HHTepHeT-MarasHHa,
€CJIH YHCJIO NOKyTaTeJieH, OLleHHBLUHX MarasHH, paBHO 13, HX CpeaHss OUeHKa
paBHa 0,84, a oueHka 3KkcneproB paBHa 0,24.

11. Cmewanu 3 autpa 12 %-ro Boaxoro pactsopa H 5 autpos 20 %-ro BogHo-
ro pactBopa. CKOJIbKO IPOLIEHTOB COCTABJISAET KOHLIEHTPALIMS T0JIy4YHBLLIErocs
pacTtBopa?

o 2
12. HafiauTe HauMeHbllIee 3HaueHHe QyHKUMH y = 2 +1002+2503

[lpn BbInOAHeHHH 3ajzanuin 13—19 TpebyeTcs 3anucaTh noJHoe
pelieHHe H OTBeT. 3aNHIlIHTe CHaYyaJa HoOMep BbINOJHSEMOro 3aJaHHs
(13, 14 u 1. n.), a 3aTem noJsiHoe 060cHOBaHHOe pelwleHHe H oTBeT. OT-
BeTbl 3aNHCbIBaHTe YETKO H pa3bopuHBo.

13. a) PewunTe ypaBHeHHe
1 COS T X
( ) — 112 sin 2:1:.
121
6) Hadoute Bce KOpPHH 3TOro ypaBHeHHs,, TNpHHaJIeXalllie OTpe3Ky
s

-2 -5,
14. B npaBuibHOH TpeyrosbHOH nupamuae SABC Bbicota paBHa 12, a ano-
¢ema paBHa 20. Touku P u T — cepennnbl pé6ep SB u SC cooTBeTCTBEHHO.
[lnockoceTs a comepxkut npsiMyto PT' v napaJjiesibHa BbicoTe nHpaMHabl SH.

a) JlokaxHTe, YTO MJIOCKOCTb (x A&JIHT BbICOTY OCHOBaHHs BB B oTHOllle-
HHH 1 : 2, cYHTas oT TOUKH B.

6) Haiinure paccrosiine oT TOYKH B 10 NJIOCKOCTH cx.

4771 4 60 S
15. Pelwunre HepaBeHCTBO T 4% 65 45 716 +0,25 > 0.
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16. Touka P siexxHT Ha cTopoHe BC' BHIMYKJI0TO YeTbipéxyrosbHuka ABCD,
ToukH B 1 C siBJIAI0TCS BepIIHHAMH PaBHOGEAPEHHBIX TPEYTOMbHHKOB C OCHO-
BaHHsiIMH AP v D P cooTBeTcTBeHHO, a yroa AP D npsamos.

a) Jlokaxkute, 4To GHCCEKTPHCH YIJIOB NpH BepluHHax B u C uyeTblpex-
yroabHHka ABC D nepecekalorcs Ha cTtopoHe AD.

6) ITycTb 3TH 6GHCCeKTpHCHI NepeceKaloTes B Touke £ u BP : PC =2 : 5.
Hafinure nnowans vetbipexyronbHika ABCD, ecau nioliaib 4YeTbipex-
yTOJIbHHKA, CTOPOHBI KOTOpOro JiexaT Ha npsameix AP, DP, BE u CE, pas-
Ha 20.

17. CrouMocTb pa3paGOTKH 3/1eKTPOHHOH BEPCHH yueOHHKA HEKOTOPOTo H3/1a-
TesibcTBa paBHa 800 Teicsiy py6Jieli. 3aTpaThl Ha MPOH3BOACTBO T THICAY TAKHX
3/IEKTPOHHBIX Y4eGHHKOB B 9TOM H3/IaTe/IbCTBE paBHa x2 + 6z + 22100 Thicsy
py6Jeii B ron. Ecan a/1eKTPOHHBIN yueGHHK NMpoAaBaTh NO LeHe a py6Jaed 3a
e[MHHLLY, TO NPpHOLLIb H3AaTeIbCTBA (B Thicsiuax py6Jeil) 3a OOMH rof CocTa-
BUT ax — (22 + 6z + 22100). M3aaTenncTBo 6yer BbIMyCKaTh 3/1€KTPOHHLIE
Yue6HHKH B TaKOM KOJIHYeCTBe, YTOOH NpHOLIIL Gblia HanGo bien. I1pH ka-
KOM HaHMeHbllleM 3HaYeHHH a pa3paboTka yueGHHKA OKyNnHTCA He 6oJiee, yeM
3a Baroja?

18. HafiauTe Bce 3HaueHHs a, NPH KAXA0M H3 KOTOPhIX CHCTEMA

T+y=a,
y? — 2z — 8 = |z - 2z - 8|

HMeeT GoJiee IBYX peLleHHH.

19. B neTckom Jsiarepe BoxkatoMy TpeGyeTcs BblIATh AEHEXKHbIE NIPH3bl y4acT-
HHKaM HEKOTOPOH Hrpbl Ha obuiyto cymmy 600 py6sedi (pa3mep npH3a Kax-
noro pe6éHka — ueJsioe YHCJI0 py6Jed, MoxeT ObiTb H 0). Boxxartbit noa-
>KeH BblIaTb MPH3bl 6e3 caayH H pa3meHa, umes 100 moHer no 1 py6Jio
H 100 MoHer no 5 pyGJiedi.

a) MoXxHO JIH BbilaTh PH3bI, €CJIH B Hrpe yuacTBYIOT 30 AeTel H BCe 0K~
Hbl MOJYYHTb NOPOBHY?

6) YnacTcs JIH BblIaTb NPEMHH, €CJH 4 WieHaM XKIOPH Haflo BbiAaTh 1o 10
py6Jielt, a oCcTaNbHOE MOAEJIHTb NMOPOBHY Ha 80 y4acTHHKOB?

B) I'1pH KaKoM HaHG6o0/bLIEM KOJIHYECTBE YYACTHHKOB HIPbl NPH3bI yAacT-
csl BbIJATb MpH JIO6OM pacnpeje/ieHHH pa3MepoB NPH30B?
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BapuanT Ne 4

OtBeTOM K 3asaHuaAM 1—12 aBafercq ueJoe YHCAO HAH KOHeyHas
AecATHYHasA ApoObb.

Yacrs |
1. BosbHOMY NPONHCAHO JIEKapCTBO, KOTOPOE HYXKHO NPHHHMAaTD 1o 0,4 r 4 pa-
3a B JleHb B TeueHHe 28 nHeii. B onHo# ynakoBke 12 TabsieTok JiekapcTBa 1o
0,4 r. Kaxoro HanMeHbLLEro KoJiH4eCTBa yNIakOBOK XBATHT Ha BeChb KypC Jleye-
HHA?

2. Ha pucyHke 14 ToukaMH NMokKa3aHo CyTOYHOe KOJIHYECTBO OCAJKOB, Bbilla-
naBwHx ¢ 16 no 28 mapra. 1o ropH3oHTanH yKasbiBalOTCS YHCJA MeCsLa,
N0 BEepPTHKAJH — KOJIHYeCTBO OCAZKOB B MHJIJIMMETpPAX, BbifiaBllee B COOT-
BETCTBYIOLUHH NeHb. J1/1 HAaIVIAAHOCTH TOYKH Ha PHCYHKe COeMHEHbl JIHHHEH.
OnpepesHTe MO PHCYHKY, KAKOIO YHCJa B YKAa3aHHbIA N€PHOJ BbINajo HaH-
6oJ1bL1Ie€ KOJIHYECTBO OCAAKOB.

5 i

TN T

; \/\\ T /F
: VIVIV AN,

16 17 18 19 20 21 22 23 24 25 26 27 28
mapm

Puc. 14

3. Ha xnetuaroii 6ymare c kiietkaMH pasmepoM 1 cM x 1 cM H306paxéH Tpe-
YTOJIbHHK (cM. pHe. 15). HalinuTe ero nsiomanpy B KBaApaTHbIX CAHTHMETPAX.

4. ®abpuka BhinycKaeT CyMKH. B cpeaHeM Ha 981 kauecTBeHHYIO CYMKY IpH-
xoautcs 19 cymok, HMeloLIMX CKpbiThle fedekTol. Hafnute BeposiTHOCTb TOrO,
yTO BbIOpaHHas B Mara3HHe CyMKa OKaxeTcsl C ieheKTaMH.

=5.

5. Halinute kopeHb ypaBHeHHA -
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Puc. 15

6. B Tpeyronsauke ABC' ZC = 90°, CH — BbicoTa, AB = 24,tg A =
Haiigure BH.

1
7

7. Ha pucynke 16 nsoGpaxéH rpadpuk GyHkuMH y = f(z) n KacaTeJbHasi K
HeMy B TOUKe ¢ ab6CUHCCol Tp. Haflaure 3HaueHHe NPOH3BOAHOM byHKUMH f(z)
B TOUKE To.

AN
NN
| N
[N | >
O] 1] [*% X
W\
y=fkx)
[T 1]
Puc. 16

8. Bo cxoabko pa3 yBesiHuuTCst 06bEM KOHYyca (cM. pHc. 17), ecan paauyc ero
OCHOBAHHS$ YBEJIHYHTCS B 1,6 pa3a, a BbICOTa OCTaHeTCs NpexKHeH?

Puc. 17
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16. Touka R siexxuT Ha ctopoHe AD BbIMYKJOTO YeThipéxyroJibHika ABCD,
TOYkH A H D ABAAIOTCA BepLIHHAMH paBHOGEeIPeHHBIX TPEYTOJIbHHKOB C OCHO-
BaHHsAMH BR u C R cooTBeTCTBeHHO, a yroa BRC npsMofi.

a) JlokaxHTe, 4To GHCCEKTPHCHI YIJIOB NpPH BepliHHaXx A H D ueTbipéx-
yronbHHKa ABC' D nepecekatorcsi Ha ctopoHe BC.

6) I[TycTb 3TH 6HCCeKTPHCH NepecekaloTcsi B Touke QU DR : RA=7:3.
Hafinnre nuowans uersipexyroibHHka ABCD, ecid naoulaap 4eThIpéx-
YTOJIbHHKA, CTOPOHBI KOTOPOTO JiexkaT Ha npsaiMbix BR, CR, AQ n DQ, pas-
Ha 63.

17. CtpouTenbcTBO HOBOTO LieXa CTOUT 39 MJIH py6Jsiell. 3aTpaThl Ha IPOH3BO/L-
CTBO Z ThIC. e[l. POAYKLKH B 3ToM Liexe paBHbi 0, 522 + 4z + 19 MaH py6aei
B rofl. Ecax nponykumio Lexa npoaath o LeHe a ThiC. py6Jiel 3a eIHHHLY, TO
TIPUGLLIL GHPMBI (B MJIH py6Jiedt) 3a ofmH rof cocTaBuT az — (0, 522 441 +19).
Korna uex 6yzner noctpoeH, pupMa CTaHeT BbIyCKaTb NPOLYKLHIO B TAKOM
KOJIHYeCTBe, UTOOb! NpUOBIIb Oblla HanOoJblued. [1IpH KkakoM HaHMeHbLieM
3HAUEHHH a CTPOHTEJILCTBO LieXa OKyNHUTCS He 6oJiee, yeM 3a 3 roaa?

18. HaiinnTe Bce 3HaueHHs @, NPH KaX0M H3 KOTOPbIX CHCTeMA

y—r=a,
y? — 3z — 4 = |z? — 3z — 4|
UMeeT 6oJiee IBYX peLIeHHH.

19. B oaHo# H3 pupM Gyxraatepy TpeGyeTcs BblaTh IPEMHH COTPYAHHKaM
Ha obuyyto cymmy 60000 pyGaeii (pasMep NpeMHH KaXIOro COTPyAHHKA —
11eJ10e yHca1o, KpaTHoe 100). Byxranrep noskeH BblgaTh NpeMHH 6e3 clayH
H pa3meHa, HMes 100 kymiop no 100 py6aiest H 100 kymop no 500 py6aen.

a) M0XXHO JIH BblIATh NPeMHH, ecJId B prHpMe 40 COTPYIHHKOB H BCe JOJ/LK-~
Hbl TOJYUHTb NOPOBHY?

6) Ynactcst 1M mpeMHPOBAaThb COTPYAHHKOB, €CJIH BelylleMy ClelLHaJsH-
cTy Hano BbaaTh 4 000 py6Jiedt, a ocTanbHOe MOAEAHTL TOPOBHY Ha 70 yesio-
BeK?

B) [IpH KakoM HaH6oOJIbllieM KOJHYeCTBe COTPYAHHKOB B (HpMe Tmipe-
MHH yacTCsl BblIAaTb MPH JIOOOM pacrpefiesieHHH pa3MepoB MpeMHH?
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Bapuant Ne 5

OTtBeToM K 3apanuaM 1—12 gaBasercs neJoe YUCAO HAH KOHEYHAs
AeCATHYHaA APpolb.

Yacrsb 1
1. ®yt6oiKa cTonna 600 py6aeit. [Tocie CHHXKeHHsI LIeHbl OHA CTasla CTOHTb
480 py6aiei. Ha ckosbko npoLieHTOB 6blyla CHHXK€EHa LieHa Ha (pyT6OoJKy?

2. Ha gnarpamme (cM. prc. 18) noka3aHa cpeniHeMecsiyHasi TeMnepartypa Bo3-
nyxa B PoctoBe-Ha-IloHy 3a Kaxapii Mecsin 2010 roga. Ilo ropusoHrasu
YKa3blBalOTCs Mecsilibl, N0 BePTHKaJH — TeMrepaTypa B rpagycax Llesbcus.
Onpenennre no qHarpaMme Homep Mecsilia, B KOTOPOM CpeiHeMecsiYHas TeM-
nepatypa GblJ1a caMOH BLICOKOH.

Ny
*20 7 \\%
O N

T3 T4 ls |67
210

N
N

%

éQ\\‘,,
9 {10 |11]}12
2910210‘)

Puc. 18

3. Hafiaute niiowans TpeyroibHHKA, BEPLIHHBI KOTOPOro HMEIOT KOOPAHHATLI
(1;4), (4;10), (6;4) (cM. puc. 19).
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4. Muwa, bops, Boa 1 [lnma 6pocuiin xpe6Hit — KoMy HauHHaTb Hrpy. Haii-
JHUTe BEPOSITHOCTb TOFO, YTO HAYHHATbL HIpy GyaeT MHLia.

5. Haitaute KopeHb ypaBHeHHs 1—319: = 27%.

6. B Tpeyrosbuuke ABC £C = 90°, CH — Bbicota, BC = 14,sin A = 0,7.
Hajinure BH.

7. Ha pucynke 20 n306paxéH rpaduk oyHKUMH y = f(z), onpenesiéHHOA Ha
HHTepBasne (—8; 8). Onpeze/nTe KOJHYECTBO LIeJIbIX TOYEK, B KOTOPbIX MPOH3-
BOJHAasi PyHKLHH NOJIOXKHTeJIbHA.

VA
AN
AR
A ) \
\ AEEI >
"8 1/ 0 1 ] 8
v N/
Puc. 20

8. Uepes cpenHIol0 JIHHHIO OCHOBAHHSl TPEYTOJbHOH NPH3MbI (CM. pHC. 21),
06BbEM KOTOpOH paBeH 36, MpoBeleHa IJIOCKOCTb, fMapaJiiesibHas 60KOBOMY
pe6py. Halinure 06b€M OTCEUEHHOMH TPEYroJbHOH MPH3MBbI.

Yacts 2

3 10 4
9. Haiinure 3HaueHHe BoipaXkeHHs 0,611 - 511 - 4571,

10. 3aBHcHMOCTb 06bEMa cnpoca ¢ Ha NPOLYKUHIO MPEANpPHSATHSA-MOHOMNO-
JIMCTa OT LieHbl p 3aaércs popmynol ¢ = 300 — 60p. MecsiyHas Boipyyka 7
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onpepeasietcsi Kak r(p) = ¢ - p (Thic. py6.). Onpenennre MakcHMaJbHbIH
YPOBEHb LieHbl p (TbiC. pY6. ), NPH KOTOPOM BeJIHUHHA MECSIYHON BLIPYUKH Npel-
MPHATHS COCTABHT He MeHee 315 Thic. pyo.

11. B pesyabrarte cMeunBanus 25 %-ro 1 15 %-ro pacTBOpOB CEPHOH KHCJIOTbI
nosyunny 750 r 20 %-ro pactsopa. CkosbKo rpammoB 15 %-ro pacTeopa 6b110
B3ATO?

12. Haiinute Touky MuHHMyMa QyHKIMH Yy = (T + 24)e®~ 70,

lMpn BbinoaHennn 3agaHui 13—19 Tpebyercs 3anucath noJHoe
pelleHHe H 0TBET. 3aNHLIMTE CHAYala HOMep BbINOJHSAEMOro 3aaHHS
(13,14 1 1. 1.), a 3aTeM noaHoe 06ocHOBaHHOE pelleHHe H oTBeT. OT-
BETbl 3ANHCbIBAHTE YETKO H pa3bopunso.

13. a) Pelwunre ypaBHenue cos 2z — 2\/§sin(% + :1:) -2=0.

6) YKaXkuTe KOPHH 3TOr0 YpaBHeHHs, IPHHA/IeXKALINE OTPE3KY [7r; 5777] .
14. B ocHoBaHuH yeTblpéxyroabHoH nupaMuabl SABC D neXHuT npsMoyrosb-
HHK co cTopoHaMH AB = 12, BC = 5. Bokosble pé6pa SA = 3/3,
SB = /171, SD = 2V/13.

a) [lokaxkure, 4yto S A — BbICOTa NMHPaMHbI.

6) Haiaure yron mexxny SC u BD.

7

8
@%ﬁ_lf—zbﬁ_l+1>o

15. Peuinte HepaBeHCTBO

16. B npsimoyroabHo# Tpaneunn ABCD ¢ npsiMbiM YIJIOM NPH BepLiHHe A
pacrnosioxkeHbl 1Be OKpYy>KHOCTH. OlHa H3 HHX KacaeTcsi 60KOBbIX CTOPOH H
6oJsibLiero ocHoBaHHsi AD, BTopasi — GOKOBbIX CTOPOH, MEHbLUIEro OCHOBaHH$
BC 1 nepBo#i OKpY»HOCTH.

a) [1psiMas, npoxozsiluas yepes LEHTPbl OKPYKHOCTEH, [lepeceKaeT OCHOBaHHe

AD B Touke P. Jlokaxkute, 4yTO % =sinD.

6) HaiiauTe niowianp TpanewyH, eCaH paidychl OKpY>KHOCTEH paBHbI g H —é—
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17. B uionie nnanupyetcs B3siTh KpeaUT B 6aHKe Ha cymMy 10 MJH py6Jieli Ha
HEKOTOPbIH CPOK (1leJ10e YHCJIO JIeT). YCJIOBHS ero BO3BpaTa TaKOBbI:

— KaXK/Iblii siHBapb A0Jr Bo3pacTaeT Ha 20 % Nno cpaBHEHHIO C KOHLIOM Npen-
Iyliero roaa;

— ¢ (peBpaJisi N0 HIOHb KAXKIOT0 rofla He0O6XOAHMO BHITJIATHTb YaCThb A0JIra;
—- B HI0JIe Ka)KI0T0 Tofia JOJIT JO/KeH OblTb Ha OIHY H TY Xe CYMMY MeHblle
IOJITa Ha HIOJIb NPeAblayLIero roaa.

Ha ckosibKo J1eT nJIaHHpyeTCs B3SITh KPeJIHT, €CJIH H3BECTHO, 4TO o01Uas CyMMa
BBINJIAT MOCJIE €ro MOJIHOTO MoralleHHst COCTaBHT 18 MJTH pyGJiefi?

18. Hafinure Bce 3HaueHHs napaMerpa a, NPH KaX/A0M H3 KOTOPBIX CHCTeMa
ypaBHEHHH

r? + 16z + y° + 16y + 48 = |22 + y° — 16,
rT+y=a

“MeeT 6oJiee OJJHOro peLueHHs.

19. Ha nocke 6bl10 HanHcaHo 30 HaTypaJbHBIX YHCes (HeoOA3aTesIbHO pas-
JIHYHLIX), KaXK[ioe H3 KOTOpbIX GoJblue 14, HO He npeBocxomuT 54. Cpensee
aprdMeTHYeCKOe HaMHCAHHBIX YHCes paBHJIoCh 18. BMecTO Kaxkaoro H3 uH-
ceJ Ha IOCKe HaMHCaJIH YHCJIO, B JIBa Pa3a MeHblilee NiepBoHayanabHoro. Yucaa,
KOTOpbIe [10CJIe 3TOr0 OKa3aJIHCh MeHblle 8, C IOCKH CTEDJIH.

a) MorJio 11 0Ka3aTbC#l TaK, YTO cpeliHee apH(METHIECKOe YHCeJl, OCTaBILHX-
cs1 Ha JocKe, GoJblle 16?

6) Moruio 14 cpeniHee apH(pMeTHYECKOe OCTaBLUHXCS Ha IOCKe YHCeJ OKa3aTb-
cs 6oabiue 14, Ho MeHblue 157

B) Haiimure HanGoJbliee BO3MOXKHOE 3HAYeHHe CpPelHero apHpMeTHYeCKoro
YHCeJl, KOTOpble OCTAJIHCD Ha JIOCKe.
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BapnauTt Ne 6

OrBeToM K 3agannam [—12 sBasercd uen0e YHCAO HIAH KOHEYHas
JecATHYHas Apobb.

Yacrb 1
1. Mo6usbHbIH TestedoH cTonn 4600 py6aed. Hepes nekoTopoe BpeMs LieHY Ha
3Ty MOJ&JIb CHH3HJIH 10 3 910 py6.reit. Ha ckoJsibKO NpoLIeHTOB 6bisia CHHXKEHa
leHa’

2. Ha nnarpamme (cM. puc. 22) noka3aHo 4yucJio noceturenei canta «Mugo-
HOBOCTH» 3a Kax<ibii Mecsill 2010 roaa. 1o ropH3oHTaIH yKa3bIBaIOTCA Mecsi-
Libl, 0 BEPTHKAAH — YHCJO noceTHTes1ed. OnpenesnTe No AarpaMme HoMep
Mecsilla, KOraa CalT MnoceTnJio 60Jblile BCero JioaeH.

Yucno

nocemwzoe.noci)tz)ﬂk //
0 N ———
30 000 4=y % /-%_/_%._/ S
woo e
oot e,
'0 I 2 3 4 5 6 7 8 9 10 11 23000900,

Pnc. 22

3. Haiinute nyowanp TpeyroJibHHKa, BepLIHHbI KOTOPOTO HMEIOT KOOPIHHATbI
(2;2), (10;6), (10;2) (cM. puc. 23).

YA
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4. B yeMnuoHate MHpa yyacTBYIoT 20 KoMaHA. C nmoMolpbio XKpeGHsi HX HYy>KHO
pa3fesIMTb Ha NATb IPYIIN 110 YeTbipe KOMaH/bl B KAXXA0H. B sAllMKe BnepeMell-
Ky JIeXKaT KapTO4KH ¢ HomepamH rpynm: 1,1,1,1,2,2,2,2,3,3, 3, 3,4, 4, 4,4,
5, 5, 5, 5. KannuTaHbl KOMaHA TAHYT M0 OfHOH KapTouyke. KakoBa BepOATHOCTb
TOro, 4T0 KOMaHJa PoccHu okakeTcsi BO BTOPOH rpymnmne?

4

5. Haiinure KopeHb ypaBHeHHs —ZT= 13%

6. B tpeyronenuke ABC ZC = 90°, CH — Bnicota, BC = 10,
cos A= g Hafinure AH.
7. Ha pucynke 24 u3o6paxén rpacduk ¢pyHkunn y = f(z), onpenenéHHor Ha

nHTepBaJe (—6;6). Onpenenure KOJHIECTBO LIEMbIX TOYEK, B KOTOPBIX NPOH3-
BoHas QYHKUMH OTPHLATENbHA.

P

Puc. 24

8. Uepe3s cpeHIO0 JIHHHIO OCHOBAHHSI TPEYroJIbHOH NPH3MBbI TPOBEIeHa NJI0C-
KOCTb (cM. pHc. 25), napasenbHasi 60koBoMy pe6Gpy. Haiinure 06BbéM 3ToH
TNPH3MBI, €CJIH O0BEM OTCEUEHHOI TPEYToJIbHOH NPH3MBI 9,5.

3. 3ak. Ne 41
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Yacrs 2
N 7 .4 z
9. Haiinure 3HayeHHe BblpaXkeHHs 3,59 - 79 - 149,

10. HekoTopas KoMnanHs npojaér CBOIO NMPOAYKLHIO Mo LeHe p = 750 pyo6.
3a enHHHLYy. [lepeMeHHble 3aTpaThl Ha NMPOH3BOACTBO OJHOH €IHHHLLI NPO-
IOYKUHH COCTaBJAT v = 250 py6., NOCTOSIHHbIE PACXOAbl MPEATNPHATHS —
f = 800000 py6. B Mecau. MecsiuHas onepalHOHHAsi PHObIIbL NMPEANPHS -
Thsi (B PyG6.) Bbluncasiercs no ¢opmyde w(g) = ¢q(p — v) — f. Onpenennre
HaHMEHbIIHA MeCsUHbIi 00bEM NPOH3BOACTBA ¢ (EAHHHIL MPOMYKLHH), NPH
KOTOPOM MeCSiYHasl ornepalHOHHas NPHObLIb NPeAnpHATHA OyAeT He MeHbllie
400 000 py6.

11. MIMeeTcs KycoK CrJiaBa MeZlH C 0JIOBOM 00Lei MaccoH 24 Kr, CofepXKal1H
45 % Mmenn. CKOJIbKO KHJIOrPaMMOB UHCTOrO 0JIOBa Hallo NPHOABHTL K 3TOMY
KYCKY, YTOGbI TI0/Ty4€eHHbIi HOBbIii cnuias cogepxkan 40 % meau?

12. Haiinure Touky MakcuMyMa dyHkupH y = (20 — z)e® 110,

Ilpn BbinoaHennn 3anannint 13—19 Tpebyerca 3anucatbh noaHoe
pelleHHe H OTBeT. 3aNHIIHTe CHaYaJa HOMep BbiNOJHAEMOro 3alaHHs
(13, 14 M T. 8.), a 3aTem nojHoe o6ocHOBaHHOE pelleHHe H oTBeT. OT-
BETbI 3aNHCbiBadTe Y€TKO H pa3bopuuBo.

13. a) Pewnte ypaBHenne 2 cos 2z + 8cos(§7—r + :c) +3=0.

2
6) YKaxHTe KOPHH 3TOrO YPaBHEHHs, NPHHALIEXalUHe OTPe3Ky
S

14. B ocHoBaHHH YeTbIpéxyrosbHol nupamuisl SABC D J1eXKHT NpsMOYroJib-
HHK co ctopoHamH AB = 12, BC = 9. BokoBble pé6pa SA = V31,
SB =57,SD = 4V/7.

a) JlokaxkuTe, uto SA — BbICOTa NHPaMHABI.

6) Haiiaure yron mexxay SC w BD.

45 _ 18
(@ 1) & 1

15. PelunTe HepaBeHCTBO +120.
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16. B npsimoyrosibHoH Tpaneunn ABCD c npsiMbIM yIJIOM NpH BepliiHe A
pacrnoJioZKeHbl JABe OKPY>KHOCTH. Oll.Ha H3 HHX KacaeTcsi 60KOBbIX CTOPOH H
6oJbLero oCHOBaHHsA AD, Bropasi — GOKOBbIX CTOPOH, MeHbLLEro OCHOBAHHs

BC 1 nepBoii OKpY>KHOCTH.
a) Ilpsimas, npoxozsiuas yepe3 LEHTPbl OKPY>KHOCTeH, epeceKaeT OCHOBaHHe
BC B Touke P. lokaxxure, 4to % =sinC.

6) HaitanTe nuoiuazp TpaneusH, ec/id paaHychl OKpY>KHOCTeH pPaBHbI % H %

17. B nioJe nnanupyercs B3siTb KpeAuT B 6aHKe Ha cCyMMy 8 MJIH py6Jieil Ha
HEKOTOPbIH CPOK (LieJ10€ YHCJIO JIEeT). YCJIOBHS ero BO3BpPaTa TaKoOBbI:

— KaXK[plii AHBapb J0JT Bo3pacTaer Ha 25 % 10 CpaBHEHHIO C KOHLIOM Ipeibi-
Jyluero roza;

— ¢ (eBpaJis N0 HIOHb KaXX10ro rofia He06X0JHMO BbIIJIATHTb YaCTb JI0JITa;
— B HI0Jle KaXXJI0ro rojia I0Jr JoJ/uKeH ObiTh Ha OJIHY H Ty XK€ CyMMY MeHblle
JI0JIra Ha HI0Jb NPe/IbIAYLIero roaa.

Ha ckoJibko s1eT nnaHHpyeTcs B3fATh KPEHT, €CJIH H3BECTHO, YTO o611ast CyMMa
BbINJIAT NOCJIE ero MOJIHOIO NorauleHHst COCTaBHT 21 MJIH py6Jeii?

18. Haligute Bce 3HaueHHs napaMeTpa a, NPH KaXKIOM H3 KOTOPbIX CHCTEMa
ypaBHeHH#H

{:c2—4\/§:c+y2+4\/§y+6=|a:2+y2—2|,
T-y=a

HMeeT 6oJiee OHOrO PELUECHHA.

19. Ha nocke 6bi10 HanHcano 30 HaTypaJbHbIX YHCel (Heo6A3aTesIbHO pa3-
JIHYHBIX), KaXKJ10€ H3 KOTOpbiX GoJiblie 2, HO He mpeBocxomut 42. Cpentee
apH(MeTHYECKOe HaMHCaHHbIX YHCes paBHAJOCh 6. BMecTo Kaxcaoro u3 uu-
CeJl Ha I0CKe HaMHCaJIk YHCII0, B 1Ba pa3a MeHblllee epBoHayaabHoro. Uncaa,
KOTOpbI€ 110CJIE 3TOTr0 0Ka3aJHCh MeHbllle 2, C JOCKH CTEPJIH.

a) Moruio 1M 0Ka3aTbCsl TaK, UTO CpeiHee apHpMeTHYECKOe UHCEe, OCTaBLUHX-
csl Ha Aocke, 6oJblie 10?

6) MorJi0 14 cpeiHee apHbMeTHYeCKOE OCTABLIHXCS Ha AOCKe YHCeJ] 0Ka3aTh-
cs 60Jbllie 8, HO MeHblle 9?

B) Ha#aure HauGoJbluee BO3MOXKHOe 3HaueHHe cpeliHero apH{MeTHYeCKoro
YHceJ1, KOTOpble OCTAJHCh Ha JIOCKe.

4. 3ak. Ne 41
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Bapunant Ne 7

OTtBeTOoM K 3agannsM 1—12 aBasercs 1LeJ0e YHCJIO HJAH KOHEuYHas
JecATHYHas Apo6b.

Yacm |
1. Knnent B3sia B 6aHke Kpeaut 18 000 py6.eit Ha roa noa 14 %. OH nosxen
TNOrauiaTh KpeIuT, BHOCS B 6aHK e)KeMeCHYHO OJHHAKOBYIO CYMMY JIEHET, C TEM
4TOGH Yepe3 rojl BLIMJIATHTDL BCIO CYMMY, B3AITYIO B KPEJIHT, BMeCTe C NMpOoLeH-
TaMH. CKoJsbKO py6Jieft OH JOJ/KEH BHOCHTb B 6aHK €XKeMeCsyHO?

2. Ha pucyHke 26 noka3aHo H3MeHeHHe TeMInepaTypbl BO3yXa Ha NPOTSAXKEHHH
Tpéx cyTok. [1o ropH3oHTa/H yka3piBaeTcs 1aTa H BpeMs CYTOK, IO BEpPTHKa-
JIH — 3HaueHHe TeMnepaTypbl B rpagycax Llesbcus. Onpenennte no pHCYHKY
HaHO60/IbILYIO TeMIepaTypy Bo3yXa 8 aBrycta. OTBer AaiTe B rpagycax Lieas-
cHs.

tC

y / \ I/ \

20 % N/
e N 7 v

10 s

0:00 6:0012:00 18:00 0:00 6:0012:00 18:00 0:00 6:00 12:00 18:00
7 aszycma | 8 aszycma ' 9 aszycma

Puc. 26

3. Haitasre nowsanp Tpaneuyt, BepLiMHbI KOTOPO#H HMEIOT KoopanHaThl (1;1),
(1;4), (10;0), (10;7) (cM. puc. 27).

Puc. 27
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4. BeposiTHOCTb TOTO, YTO Ha TECTHPOBAHHH MO 6HOJIOTHH yualHicsi C. BepHO
peluHT Gosbilie 12 3apay, paBHa 0,68. BepositHocTb Toro, yto C. BepHO pe-
KT GoJibiLie 11 3anau, paBHa 0,72. HaianTe BeposTHOCTD TOro, uto C. BepHO
pelHT poBHO 12 3azay.

5. Haiizute kopeHb ypaBHeHus 42:—?:5— = 1. Ecsan ypaBHeHHe HMmeeT GoJiee

OJLHOTO KOPHS, B OTBeTe 3alHLIHTe MEHbLUHIT H3 KOPHEeH.

6. B tpeyronbiuke ABC AC = BC, AB = 12, sin BAC = 0,8. Hafigurte
BhicoTy AH.

7. Ha pucynke 28 n3o6paxén rpaduk npousogHoin dynkuuu f(x), onpene-
JI€HHOM Ha HHTepBane (—5;5). B kako# Touke oTpeska [—2; 3] dyukuus f(z)
TIPHHHMAeT HauGoJlbllee 3HaueHHe?

=10y

JW Y

M

5 0 T 1%
Al LA

TV
A\
Puc. 28

8. O61béM npaBHJIbHOH 4eThipéXyroibHOA nHpaMuanl SABC D pasen 18. Tou-
ka E — cepenuHa pe6pa SB (cM. puc. 29). Halizure 06béM TpeyroJibHOR
nupamuanl EABC.

Yactp 2

48 sin 29° - cos 29°
sin 58° )

9. Hafinure 3HaueHHe BblpaXkeHHs

10. He3aBHCHMOe areHTCTBO HaMepeHO BBECTH PEHTHHr R HOBOCTHBIX H3-
INaHHA Ha OCHOBe NoKasatejied HHGOPMAaTHBHOCTH In, onepaTHBHOCTH Op
H 0ObeKTHBHOCTH T'r nyOJqukauui. Kaxkaplii noka3aTesnb OLEHHBaercs Lie-
JbIMH YHCJaMH OT —3 0 3. AHa/INTHK, COCTaBJSIOLHHA QOPMYJy, CYHTa-
€T, YTO O6bEKTHBHOCTb My6JIHKALMH LIEHHTCS BBOE, a HHPOPMATHBHOCTD —
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S

Puc. 29

BYETBEPO JI0POXKeE, YEM OMNEepaTHBHOCTb. B pesysibTaTe opMyna npHMeT BHI

R= 4In+ Op+ 2Tr
- A

TOPOTO BCE NOKa3aTeJIH HanGoJbILIKe, NOJMyYnI0 pefitHHr 105?

. Kaknm 10/KHO 6bITh YHCNIO A, YTOObI H3[laHHe, Y KO-

11. LleHa xosl00H/IbHHKA B Mara3HHe eXeroflHo yMeHbLUAeTCsi Ha OIHO H TO Xe
YHCJIO MPOLIEHTOB OT Npeablayllel ueHbl. OnpenesnTe, Ha CKOALKO NPOLEHTOB
KaXXIbiH MO/l YMEHb1LIaJ1ach LieHa X0JI0JHJIbHHKA, €CJIH, BhICTaBJIeHHbIA Ha Npo-
naxcy 3a 25 000 py6Jiei, yepe3 1Ba roa oH 6bl1 npoaaH 3a 21 622,5 py6ues.

12. Hajizute Touxky MuHuMyMa bysKuH y = (z — 9)%e2®~1,

lpn BbinoaHennn 3anaHHd 13—19 TpebyeTcs 3anHcaTh NOJHOE
pelieHHe H OTBeT. 3aNHIIKTE CHaYaJa HOMep BbillOJHSEMOro 3aJaHHA
(13,14 1. 4.), a 3aTeM nojaHoe 06ocHoBaHHOe pelwieHue H oTBert. OT-
BeThbl 3aNHCbIBaATe YETKO H pa3bopunso.

13. a) Petunte ypasnenne 3cos 2z + 0,5 = cos? r.

6) YKaXKHTe KOpPHH 3TOr0 YpaBHeHMsl, MNpHHaAJexallde OTpe3Ky

3]

14. B ocHOBaHHH 4eTbIpEXyTo/IbHOH nMHpaMuabl SABC D J1eXHT NpSMOYTo/ib-
HHK co cTopoHaMn AB = 8, BC = 15. BokoBule pé6pa SB = 6v/2,
SC =3V/33,5A = 2V34.

a) Jlokaxkute, yto SB — BbICOTa MHPaMH/bI.

6) Haiinute yron mexxny SD n AC.
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16 16
- +3
(31-2" +1)° 3= 41
16. B npamoyrosbHo# Tpaneundn ABCD c npsiMbIM YIVIOM NpH BepluiHe A

PacmnoJiO2KeHb! 1Bé OKPY>KHOCTH. Ol.lHa K3 HHX Kacaercsi 60KOBBIX CTOPOH H
60J1b111ero OCHOBAHHA AD, BTOpasg — 6OKOBBIX CTOPOH, MEHbLIEro OCHOBAHHA

15. Pewunte HepaBeHCTBO

BC v nepBo# OKPY>KHOCTH.
a) Ilpsimas, npoxo/silas Yepes LLeHTPbl OKPY>KHOCTeH, epeceKaeT OCHOBAaHHE
AD B Touke P. [JokaxTe, 4To % = sin D.

6) HafinnTe nepuMerp TpaneLHH, ec/iH paaHychl OKPY>KHOCTe#H paBHbl 4 H 1.

17. B nione naanHpyeTcs B3ATb KPEAHT B 6aHKe Ha cyMMy 8 MJIH pyOJel Ha
HEKOTOpbIfi CPOK. YCJIOBHSA ero Bo3BpaTa TaKOBbI:
— KaXK[plil AHBApb A0JT Bo3pacTaeT Ha 20 % 1o CpaBHEHHIO C KOHLIOM Tpelibi-
Iyluero roja;
— ¢ (heBpaJIsi MO HIOHb KaX0r0 rola He06XOAHMO BBITIATHTDb YacTh A0JIra;
— B HI0JI€ KaXKA0T0 I'0Zia IOJIT A0JLKEeH ObITh Ha OJHY H Ty Xe BeJIHUHHY MeHbllle
J0JITa Ha HIOJIb NIPebIAy1Iero roja.

Ha kakofi MHHHMaJIbHBIf CPOK CJlefyeT 6paTh KPeauT, YTo6bl HAHOOJIbILHA
TrOZI0BO# NJIaTEX N0 KPEAHTY He NpPEBLICHA 2,4 MJIH py6Jiefi?

18. Hafinnre Bce 3HaueHHsl napaMeTpa a, MPH KaXKAOM H3 KOTOPLIX CHCTeMa
ypaBHeHHH

T2 +122+36 = |22 + 4% - 9| —y? + 12y + 9,
y=x—a

UMeet 6oJiee OJHOTO pellEeHHs.

19. Ha nocke 6bi10 HanmucaHo 20 HaTypaJsibHbIX YHces (Heo6s3aTe/IbHO pa3-
JIHYHBIX ), KaXK0€e H3 KOTOopbIX He npeBocXoauT 30. CpenHee apHpMeTHUeCKOe
HalHCaHHbIX YHCeJ1 PaBHANOCH 8. BMeCTo KaXI0ro H3 YHCeJ Ha JOCKe HamnH-
CaJlH YHCJIO, B JBa pa3a MeHblllee epBOHauaJbHoro. Yucsa, koropble nocse
3TOro OKa3ajHCh MeHbllie 1, C JOCKH CTEPJIH.

a) MorJ10 /11 0Ka3aTbCs TaK, YTO CpeiHee apHPMETHYECKOE YHCeJl, OCTABLUIHX-
sl Ha JocKe, 6oabiue 10?

6) MorJio /11 cpeaHee apH(pMeTHUECKOE OCTaBLUHXCS Ha IOCKe YHCeJs OKa3aTb-
cs1 6osbuie 11, HO MeHbie 127

B) Haiiayte HanGosbluee BO3MOXKHOe 3HaYeHHe CpeHero apH$pMeTHYECKOro
yuceJ1, KOTOpble OCTAJIHCh Ha I0CKe.
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Bapuant Ne 8

OtBeTrom K 3agaHHam 1—12 sBasieTcs Leao0e YHCAO HJIH KOHeyHas
AecsATHYHas Apolb.

Yactb 1
1. Knnenr B3sin B 6aHke Kpexut 24 000 py6aedi Ha roa noa 18 %. OH nosxken
ToraulaTh KpeaHT, BHOCS B 6aHK eXKeMeCSIUHO OAHHAKOBYIO CYMMY JIeHeT, C TeM
YTOObI Yepe3 rofl BLITJIaTHTb BCIO CYMMY, B3fITYIO B KPEIHT, BMeCTe C MPOLeH-
TaMH. CKOJIbKO py6Jieii OH 10/12KeH BHOCHTb B 6aHK €XXeMeCsuHO?

2. Ha pucynke 30 nokasaHo H3MeHeHHe TeMnepaTypbl BO3/yXa Ha NPOTAXKeHHH
Tpéx cyTok. 1o ropH3oHTa/H yKa3biBaeTCs aTa H BpeMs CYTOK, 10 BEpTHKa-
JIH — 3HayeHHe TeMneparyphl B rpagycax Llesbcus. OnpesnesnTe No pHCYHKY
HaHMeHbLUYIO TeMnepaTtypy Bo3ayxa 13 mas. Otser na¥irte Brpanycax Llesbcus.

A

T, C’ 30
25

20
15 AN A <

\\

10 / \ / \_4 \
5 4 N
000 6:00 12:00 18:00 0:00 6:0012:0018:00 000 6:0012:00 18:00
11 maa ! 12 mas 13 mas
Puc. 30

3. Haiimure muonanp yeTblpéXyroJibHHKA, BEPLIHHBI KOTOPOrO HMEIOT KOOPIH-
HaThl (2;6), (2;9), (8;5), (8;2) (cm. puc. 31).
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4. BeposATHOCTb TOrO, 4TO HOBBLIA (POHAPHK MPOCAYXKHT 60JbLU€ rOAa, PaBHa
0,92. BeposaTHOCTb TOro, 4TO OH MPOCJYXKHT 6ojblue ABYX JeT, paBHa 0,86.
Hailinure BeposITHOCTb TOrO, 4TO OH MPOCJTYXKHT MeHbllle ABYX JeT, Ho 60.b-
Le roaa.

7(z +3)
3z+95
OJJHOTO KOPH$, B OTBETE YKaXKHTe GOJIbILHHA H3 HHX.

5. Hafinnte KopeHb ypaBHeHHs z = . Ecsin ypaBHeHne uMeet GoJiee

6. B tpeyrosbike ABC AC = BC, AB = 15, sin BAC = % Haiignte
BblicoTy BH.

7. Ha pucynke 32 nzo6paxéu rpaduk npoussoasos GpyHkunu f(zx), onpene-
JIEHHOH Ha uHTepBaJe (—8;6). B Kakoit Touke oTpe3ka [—2; 4] pynkuns f(zx)
NPHHMMAET HaHMeHbllIee 3HaueHHe?

y‘ T T

y=f'lx
b \ TN\
1 [/ %
g Ol 1 6
Puc. 32

8. Touka E — cepeanna pe6pa S B npaBHJIbHOH YeThIPEXYTONLHON NTHPaMUIbI
SABCD (cm. puc. 33). O6bém TpeyrosbHo# nupamuast EABC paseh 2,7.
Haianre 06véM SABCD.

S

Puc. 33
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Yactb 2
28(sin®23° — c0s223°)
cos 46°

9. Hafinute 3HaueHHe BbIpaXKeHHs

10. He3aBHCHMOe areHTCTBO HaMepeHO BBECTH PEHTHHT HOBOCTHbIX HHTEPHET-
H3laHHH Ha OCHOBe OLIeHOK HH(POPMATHBHOCTH In, onepaTHBHOCTH Op, 06b-
eKTHBHOCTH My6ankauu# T'r, a Takke KauecTBa cadTa Q. Kaxapiii oTaeabHbINA
nokasareJib OLIEHHBAETCS YHTATEJIIMH N0 5-6aJVIbHOMH LIKaJe Le/IbIMH YHCa-
MH OT 1 10 5. AHa/lHTHKH, cocTaBJsiolHe GopMyJTy pefTHHra, CUHTAIOT, YTO
00bEKTHBHOCTb LIEHHTCS BYETBEPO, a OMEepaTHBHOCTb MyOJ/HKALUMA — BABOE
Jlopoxe, yeM HH(POPMATHBHOCTb H KayecTBO caita. TakHM o6pa3oM, dopmy-
+4Tr+Q
A

YyTOGhI H31aHHe, Y KOTOPOFO BCe OLIeHKH HaH6oJIbLIHe, NOMyuHao peAtuHr 100?

Jla npHHsAa BUA R = In +20p . Kakum po/nxHO 6bITh uHCIIO A,

11. LleHa Xo10A1/IbHHKA B Mara3HHe eXeroJHo yMeHbLIAeTCst Ha OJIHO H TO e
YHCJIO MPOLIEHTOB OT NpelblayLied LeHbl. OnpenenxTe, Ha CKOJIbLKO NPOLIEHTOB
KaX[blfl FOJl yMeHbllia/lach LleHa XOJOAH/IbHHKA, €CJIH, BbICTaBJ/IeHHbIH Ha Npo-
Aaxy 3a 22 000 py6aelt, yepe3 aBa roaa oH 6bw1 npoaaH 3a 19 027,8 py6aei.

12. Haitnute TouKy MakcHMyMa GyHKUHH y = (z + 8)%el7-=.

llpn BbinoaHeHnn 3apaHui 13—19 TpebGyeTca 3anucaTb MNoJHOe
pelleHHe H oTBeT. 3aNHILHTE CHa4YaJa HOMeP BbiNOJHAEMOro 3aaHHs
(13,14 n 1. n.), a 3aTeM noaHoe o6ocHoBaHHOe pelreHHe H oTBeT. OT-
BeThl 3anHcbiBaiTe 4€TKO H pa3bopunso.

13. a) Pewnte ypaBrenne 3cos 2z + 0,5 = sin’ .

6) YKa)KHTe KOPHH 3TOr0 ypaBHEHHSs!, PHHaIeXKallHe OTPe3Ky [——7r; %] .

14. B ocHOBaHHH YeTblpéxyro/bHoH NHpaMuabl SABC D JeXXHT NpsiMoyToJib-
HHK co ctopoHamMH AB = 21, BC = 20. Bokosue pé6pa SB = 2v/30,
SC = 2/130, SA = /561.

a) Jlokaxkure, uto SB — BbICOTa NHPAMHIBI.

6) Haiinute yron mexkxay SD u AC.

15. Peuinte HepaBeHCTBO 156 - 136 +520.

(52-=" +1)° 52% +1

16. B npsimoyrosibHo#t Tpaneuun ABCD c npsiMbIM yTJIOM NPH BepliHHe A
pacrnoJioXkeHbl JBe OKpY»KHOCTH. OfiHa H3 HHX KacaeTcsi 60KOBbIX CTOPOH H
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6osbiiero ocHoBaHHsA AD, Bropasi — GOKOBBIX CTOPOH, MEHbLIENO OCHOBaHHS
BC 1 nepBoi OKpY>HOCTH.
a) [1pamas, npoxoasiiuas yepe3 LEHTPH OKPY>KHOCTeH, NepeceKaeT OCHOBaHHe

BC B Touke P. Jlokaxure, 4TO BP _ sinC.
PC
6) Haiiaure nepuMeTp TpaneuuH, eciiy paaiychl OKPY>KHOCTEH paBHbI % H %

17. B niosie nnanHpyetcs B3ATb KpeOUT B 6aHKe Ha CyMMY 5 MJIH py6Jsiedl Ha
HEKOTODBIA CPOK. YCJIOBHUSI ero BO3BpaTa TaKOBbI:
— KaXX/IbIAl IHBapb 101 Bo3pacTaer Ha 25 % Mo CpaBHEHHIO C KOHLIOM Npepi-
Iyuiero roaa;
— ¢ ¢eBpaJIs N0 HIOHb Ka’KAOr0 roJa HeO6XOAUMO BHINJIATHTb YacTb JOJITa;
— B HIOJI€ KaXKI0ro rojia 0JIr AoJiKeH 6biThb Ha OJHY H TY XKe BeJIHUHHY MeHblile
JI0JIT'a Ha HIOJIb IpelblayLlero roja.

Ha xako#t MHHHMaJIbHBIA CPOK cJleqyeT 6paTh KPeAHT, YTOObI HAHOObLIHA
rofi0BO# MJIATEXK 110 KPEAUTY He NMPEeBbICHA 2,25 MJIH py6Jiei?

18. Haiimure Bce 3HaueHHst napaMeTpa a, NPH KaXKIOM H3 KOTOPbIX CHCTeMa
YpaBHeHHH

24y 4+ 9= |22 +y? - 3| +4V3(z +y),
y=a—1=

HMeeT 6oJiee OHOTO pelleHHs.

19. Ha nocke 6bl10 HanucaHo 20 HaTypaJsibHbIX 4HCe] (Heo6si3aTesIbHO pas-
JIMYHBIX), KaX/l0€ H3 KOTOpbIX GoJblie 24, HO He npeBocxomHT 54. Cpentee
apH(MeTHYeCKOe HalHCAHHBIX YHCeJs paBHsOCh 32. BMecTo Kaxxaoro us uH-
ceJl Ha J0CKe HalHKCaJlH YHCJIO, B IBa pa3a MeHbliee NepBoHayasibHoro. Uncaa,
KOTOpbIe 110CJie 3TOr0 OKa3aJHCh MeHblle 13, ¢ JOCKH CTEpJIH.

a) MorJio /11 0Ka3aTbes Tak, YTO cpeiHee apH(PMETHUECKOe YHCeJ], OCTaBLIHX-
cs1 Ha Jocke, 6oablie 227

6) Mornio /i cpenHee apH(MeTHIECKOE OCTABLIHXCS Ha JOCKe YHCeJl 0Ka3aTh-
cs1 6oJiblile 23, HO MeHblile 247

B) Haiiznre Hanbosibliee BO3MOXKHOe 3HaueHHe cpelHero apHdMeTHUeCKoro
YHCeJl, KOTOpble OCTAJIHCh Ha JOCKe.



44 InaBa I. Y4eOHo-TpeHHPOBOYHbE TECTH

BapuaHt Ne 9

OrBeToMm K 3agaHHuaAM |—12 aBasercd ueN0O€ YHCAO HJIH KOHeuHas
AEeCATHYHAA ApOo6b.

Yacrs 1
1. B nerneM narepe 258 neteit U 56 BocnuTaTesiel. ABTOOGYC pacCUHTaH He
6oJsiee yeM Ha 55 naccakHpoB. Kakoe HaHMeHbllIee KOJIH4eCTBO aBTO6YCOB MO~
Hazlo6HTCS, YTOGbl 32 OHH pa3 MepeBe3TH BCex H3 Jiareps B ropoa?

2. Ha rpaduke (cM. prc. 34) NoKa3aHo H3MeHeHHe yIeNbHOA TenJI0&MKOCTH
BOJIHOIO pacTBOpa HEKOTOPOrO BellleCTBAa B 3aBHCHMOCTH OT TemnepaTyphl. [To
TOPH3OHTAJIH yKa3blBaeTCsi TeMnepatypa B rpagycax LlesbcHs, no BepTuka-

JIH — yJIeJibHAs TEIJIOEMKOCTb B ;;&):—(C- Onpenennre no pHCYHKy HaHMeHb-
LLIYI0 BO3MOXKHYIO y/IeJIbHYIO TEeMJIOEMKOCTbL PaCTBOPA Ha HCCJIeyeMoM Axana-

30He TeMneparyp. OTBeT 1afiTe B E}{g‘%

Hxe

k2. C Kk
4240

4230
4220 \

4210 /
4200
4190 N e
4180 N ]

4170 » C
0 10 20 30 40 50 60 70 80 90 100

Puc. 34

3. Ha kneruaTo#i Gymare ¢ pa3mepoM kjeTkH 1 x 1 H3ob6paxkéH AABC
(cMm. puc. 35). Hafinute ajiMHy ero cpemHeli JIHHHH, NapaJiiesqbHOH CTO-
pone AB.

4. B rpynne TypucToB 50 yenoBeK. Hix BepTO/sIETOM B HECKOJIbKO NPHEMOB J10-
CTaBJISIIOT B TPYAHOAOCTYTIHBIi paiOH 1o 5 uesioBek 3a pefic. [Topsinok, B KoTo-
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. 1
B
Puc. 35

POM BepTOJIET ePeBO3UT TYPHCTOB, C/ayyaeH. Hafinure BeposATHOCTL TOTO, YTO
TypHCT 1. MONIeTHT nepBLIM peficoM BEPTONIETA.

5. Haitnure kopenb ypaBHenus 522732 = 625,

6. ¥Yroa C tpeyrosibiika ABC, BNHCAaHHOTO B OKPYXKHOCTb PaJIHyCOM 4, paBeH
30° (cM. puc. 36). Haiinure ctopoHy AB 3TOrO TPEYTOJIbHHKA.

C

A
B

Puc. 36

7. Ha pucynke 37 H3o6paxéH rpadMk npousBoHoH ¢yHKUHH f(x), ompe-
nenéHHOH Ha HHTepBase (—8;11). Haiiaute KoJIHuecTBO TOYeK MaKCHMyMa
dbyHKuHH f(x) Ha oTpeske [—7; 10).

8. Haiinute 06b€M MHOTOrpaHHHKA, BepLIHHAMH KOTOPOTO ABJISIOTCS TOUKH A,
D, A,, B, B, npsiMoyroibHoro napaanenenunensa ABCDA, B,Cy Dy, y Ko-
Toporo AB =8, AD =9, AA, =1T.

Yacrp 2
9. Haiigue snaueHue Boipaxkenns —22+/3 cos(—930°).
10. KoaddHument nonessoro aeficteus (KI1) HekoToporo ABHratess onpe-

neJsiercsi popMyJol n = -Tli—,—n -100%, rae T — TeMnepaTtypa HarpeBareJis
1
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Puc. 37

(B keabBHHAX), T, — TeMmepaTypa XOJIOAHJIbHHKA (B KesibBHHaX ). [1pH Kako#
Temneparype HarpeBaress T KI1/] storo asuratens 6yaet 36 %, ecaiu Temne-
patypa xosnoauiabHuka Ty = 352 K? OTBer pafiTe B KeJIbBHHAX.

11. ABTOMOGHJIHCT 1poexaJj pacCTOsIHHE MeXIy ABYMS FOPOAAMH 3a 3 [HSI.

B nepsuiii aeHb oH npoexasn % Bcero nyTH H ewé 100 KM, BO BTOPOH OH Npo-

exan é— Bcero nmyTH H ellé 200 KM, a B TPETHH JeHb OH npoexal % BCEro NMyTH H

ocraBiuHecs 50 kM. Haiinure paccrosinie MeXxay ropofaMH (B KM).

12. Hafigure nauGodbliee 3HauenHe gynkunn y = (22 + 12x + 33)e 3=
Ha oTpeske [—7; 0].

[lpn BbinoaHenun 3ananuii 13—19 Tpebyercs 3anucatb noaHoe
pellleHHe H OTBeT. 3aNHIIMTE CHAYaJa HOMep BbINOJHSAEMOro 3aJaHHus
(13,14 u . 1.), a 3aTeM noJHoe 060CHOBaHHOE peLieHHe H oTBeT. OT-
BETbl 3aNHCbIBaiTe YETKO H pa3bopuHBo.

13. a) Pewnte ypaBHenue 4 — cos? 2z = 3sin® 2z + 2sin 4z
6) Haiiante Bce KOpHH 3TOrO ypaBHeHHsl, PHHA//IeXKallHe IPOMEXYTKY
[0; 1].

14. B ocHoBaHuH npsiMoii pu3Mbl M N P M, Ny Py nexut TpeyroJbHuKk M N P
co ctopoamun MN = NP, MP = 6+/3. Ha pe6pe N N; Bri6pana Touka K
TaK, uto NK : N1yK = 3 : 4. Yroa mMexay niockoctsiMu MNP u MK P
paBeH 60°.

a) Jlokaxkure, 4TO paccTosiHHe Mexay npsiMbiIMH M'N u M, P, paBHo 60-
KOBOMY peGpy NPH3Mbl.

6) Ha#nure paccrosinne mexxiy npsiMbiMH MN 1 M1 Py, ecin KP = 9.
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15. Pewunte HepaBencTso logs_ . (x + 5) - log,, 4(4 — z) < 0.

16. B tpaneunn ABC' D 60koBasi cropoHa BC neprieHaHKyJ1sipHa OCHOBaHHIO
CD. OKpyXHOCTb NPOXOAMT Yepe3 ToUKH A M D u kacaercs npsimoit BC B
Touke M.

a) Hlokaxsure, uto AABF n AF BK nono6Hbl, ecii F' — TouKa nepece-
yeHHst npamolt AD c npsimoit BC, a BK — BbicoTa TpeyroJibHHKa ABF.

6) Haiinnre paccrosinne o ToukH M 1o npsimoit AD, ecsin AB = 5 cM,
aCD=4cm.

17. Buktop MuxaitsioBHy nosioxxun B 6ank 96 000 py6aeii. Heckosbko Jiet emy
HauHc/aaHch 7o 5 %, To 10 % ronoBsbix, a 3a NOCJAeAHHH rof, HauHCAHAH 25 %
ronosbix. [1pH 3TOM NpoLeHTb! HAYHCANIHCH B KOHLIE KaXKAOTO roja H 106aB-
JISVIHCh K CyMMe BKJafa. B pesyabrate ero Bkaaj ctan paBHbiM 160083 py6-
Jefi. CKoJIbKO JieT npoJiexkas Bkaaj B 6aHke?

18. TIpH KaKHX 3HaYeHHsIX [lapaMeTpa a 06/1acThb OnpeeeHHs (PYHKLHH
1
y = log1 (vVzlog, 5 — Valog, 5 — z2'°8=(8%) 1\ fglog 1)
q

COAEPXXHT POBHO 4 LieJIbIX YHCIa?

19. 3aBon BbimycKaeT KpecJia L1eCTH BHIOB U1 AETCKOH KPYIJIOH KapycedH.
Kapycesb paccuntana Ha 5 KpeceJl, KOTOpble HYX(HO YCTaHOBHTb. CKOJIbKHMH
cnoco6aMH 3TO MOXKHO ClleJ1aTh B KaK/IOM H3 NepeuHC/IeHHbIX CJyuaeB, eCcJH
CrocoObl, MOJy4aloliHecs ApYyT H3 Apyra NOBOPOTOM, CUHTATh OAHHAKOBBIMH?

a) Bce Kpecsia pa3siHuHbL

6) IlpencraieHnl KpecJsia 4 BUIOB.

B) Kaxxnoro BHza He GoJiee 2 Kpecedl.
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Bapuant Ne 10

OTBeToM K 3agaHusM |—12 aBaseTcs UeJOE YHCAO HIH KOHeyHas
JecsiTHYHas aApoOb.

Yacrb |
1. Tennoxon paccuyuTaH Ha 850 nmaccakupoB H 45 uleHOB KoMaHabl. Kax-
Jas cnacareJibHas LLJIIoNKa MOXKeT BMeCTHTb 35 yesioBek. Kakoe HaHMeHbllee
YHCJI0 LLJIONOK J0JDKHO ObiTh Ha TeMIoXoe, YToObl B cjyyae He0OXOIHMOCTH
B HHX MOXKHO OblJ1I0 pa3MeCTHTb BCeX N1aCCa>KHPOB H BCeX YJ1IeHOB KOMaH/bl?

2. Ha rpacdwuke (puc. 38) nokazaHo H3MeHeHHe yaeJIbHOH TENJOEMKOCTH BOA-
HOrO pacTBOpa HEKOTOPOTO BelLleCTBA B 3aBHCHMOCTH OT TeMnepaTypsi. [1o ro-
PH30HTaJIH yKa3biBaeTCsl TeMneparypa B rpagycax LleabcHs, no BepTHkaau —
yaeJibHas TeNnJIOEMKOCTb B ———Krﬂ’o"c. Onpenennte No PUCYHKY HAaHMEHbLIYIO
BO3MOXKHYIO YZeJIbHYIO TEIJIOEMKOCTb PAacTBOpA B JHaNa3oHe TeMIepaTyp OT

Tk

20° 1o 90°. OtBer pakite B —1—=.
kr-° C

4200

4180 N

4160
0' 20 40 60 80 100 120

Puc. 38

3. Ha wseryatoit 6ymare ¢ pa3MepoM KieTkH 1 x 1 u3obpaxkén AABC
(cM. puc. 39). Hahaute AinMHy ero cpeaHell JIHHHH, NapaJuiesibHOM CTO-
poHe AB.

4. Hayunas koHdepeHuus npoBoautcs B 5 gHedl. Beero 3anaannposano 120
JOK/aloB — TepBble TPH AHA N0 28 NOK/IAL0B, OCTajbHble paclpeiefieHbl
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C
Ve
X \
pd |
A \
/ |
A B
Puc. 39

TIOPOBHY MeXIy 4eTBEPTHIM H MATHIM AHAMH. Ha koHdepeHLnH naanupyercs
nokiaz npodeccopa O. [Topsinok foknanos onpenensieTcs xepe6bEBKOH. Ka-
KOBa BEpOSITHOCTb, YTO JoKJIaA npodeccopa O. okaxkeTcs 3aNJaHHPOBaHHbIM
Ha NocJIeIHHH JeHb KOH(epeHLIHH

5. Haiinure Kopens ypaBHenus 7-37+5% = 343,

6. Cropona AB Tpeyronbiika ABC paBHa 2. [IpotHBosexaluni et yron C
paBeH 150° (cm. puc. 40). Haliaute paanyc OKpPY»KHOCTH, OITHCAHHOH OKOJIO
3TOrO TPEYroJibHHKa.

C

Puc. 40

7. Ha pucynke 41 n3o6paxén rpaduk npou3BoaHoi ¢yHkuuH f(z), onpe-
JenéHHOH Ha HHTepBane (—9;12). Haliaute KoJHYUECTBO TOYeK MAKCHMyMa
¢dyHkuHH f(x) Ha oTpeske [—6; 10].
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vk
N A ) AN
- N
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[ 1 e 7]
<V T
™~V |
I
Puc. 41

8. Hafinure 06'b€M MHOTOrpaHHHKa, BePLUIHHAMH KOTOPOTO SIBJISIIOTCS TOUKH A,
B, C, D, npamoyroJsibHoro napasiesenunena ABC DA, B,C) D,, y koToporo
AB =8,AD =15, AA; = 1.

Yactp 2
9. Haiizure 3naueHHe BulpaxceHHs —38v/2 sin(—225°).
10. Koagduuuent nosesnoro aeiictusi (KI1I) HekoToporo aBHraTesis onpe-
nensietcsi GopMyJIon n = 1’17‘:;_?2 -100 %, roe T) — TeMniepaTypa HarpeBaress
(B KenbBHHAX), T, — TeMnepaTypa X0JI0fH/IbHHKA (B KesbBHHaAX ). [1pH Kako#

Temnepartype Harpesaresisi 77 KI11 atoro aBurartens 6yzer 22 %, ecsiu TeMrie-
patypa xoJqionuibHuka 1o = 390 K? Otser nafiTe B KeJibBHHAX.

11. ABTOMOGHJ/IHCT Mpoexaj pacCTOsIHHE MEXIY ABYyMsi rOpoJaMH 3a 3 IHs.

B nepBuiit aeHb OH mpoexai % BCero MmyTd H ewl€ 40 KM, BO BTOPOH OH Ipo-

exas % Bcero MyTH H ewwé 30 KM, a B TPETHH JleHb OH Mpoexall % BCEro MyTH U

ocTtaBLHecs 45 kM. Haliznte paccrosinne Mexy ropofiaMH (B KM).

12. Haioure HanMeHblLee 3HayerHe GYHKUHH y = (T —23)%e% 44 ya oTpeske
(1;23].

lMpr sBbinoanewnn 3ananuit 13—19 Tpebyerca 3anHcaTh noJHoe
pelleHHe H OTBeT. 3aNHUIHTE CHa4Yajla HOMeP BbINOJHAEMOro 3alaHis
(13,14 n 1. a.), a 3aTeM noaHoe o6ocHoBaHHOe peweHne H oTBeT. OT-
BeTbi 3aNHCbiBalTe Y€TKO H pa3bopunso.
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13. a) Pemmnre ypaBHeHHe 4v/3 cos — 4sinz = 2v/3cos? z — sin 2z
6) Hafiante Bce KOPHH 3TOro ypaBHeHHsi, NPHHAAJIEXKALLHE NPOMEXYTKY

-3)

14. B ocHoBannn npsimort npusmbl ABC A1 B;C) nexut paBHoGelpeHHbIA
tpeyronbHUK ABC, B kotopom AB = BC, AC = 16. Ha pe6pe BB, Bbi-
6paHa Touka F tak, uto BF : B} F = 3 : 5. Yroa Mexny njockoctamMu AA;C
H AFC paBeH 45°.

a) Jlokaxmure, yto paccrosinie Mexxiy AB u A;C, paBHO 60K0BOMY peGpy
TIPH3MBI.

6) Hafnure paccrosiine Mexxay AB u A,C, ecsti FC = 10.

15. Pewnre HepaBeHcTBo log, , 3(3 — z) - logg_.(z + 7) > 0.

16. B Tpaneunn MNPQ MQ || NP, touka E ecTb TOuKa nepeceyeHHsn aHa-
roHaJied Tpaneuut, A — Toyka nepeceueHusi cropod M N u PQ.

a) Hokaxnre, uto MF = FQ u NK = KP, ecad Touka F' — TouKa
nepeceuenusi AE ¢ MQ,a K —touka AEc NP.

6) Ha#aure niowans Tpaneuny, ecini MQ : NP =3 : 2, MN = 5c¢wm,
ZNMQ =60°, MQ = 12 cm.

17. HipaH IlerpoBru pasmectun B 6anke 640 Thicsiu py6Jeii. Heckosbko Jet
eMy HauncJisiH To 5 %, T0 10 % ronoBbix M 3a MOCJEAHHI rol HaUHCAHIH 25 %
ronoBblX. ITpH 3TOM NpoLIeHTbl HAYHC/IAIHCD B KOHLIe KaXKI0ro roja H 106as-
JISIACh K CyMMe BKJ1aJia. B pesyabrare ero Bksiaz cras paBHbIM 1173 942 py6-
J1siM. CKOJIbKO JieT TpoJiexkasl BKJaaa?

18. ITpn xakux 3HayeHHsAX napameTpa a 06JIacTb OnpefeJieHHs! (YHKLUMH
1
y = log1(v/Zlog, 3 — valog, 3 — z27'°8=(°6%) L  /5log, z) comepxut
2
POBHO 4 11eJIbIX YHCsIa?

19. Y canoBHHKA HMeIOTCS CaXKeHLIbl NITH BUIOB JepeBbeB (CaXKeHLbl OMHOro
BHIa CUHTAIOTCH ONMHAKOBbIMH ). CaNOBHHKY Halo BRICAJHTD 111€CTb JepPeBbeB
B psil — OT (POHTaHa A0 NaBOYKH. CKOJIbKHMH COCO6aMH MOXKHO BbICAJHTb
JepeBbsl B KAXK/IOM H3 CJIeyIOLIHX CJIyyaeB?

a) ¥ calOBHHKA HeT JONOJIHHTE/IbHbIX OrPAHHUYEHHH.

6) Bce BHIb! 1epeBbeB LO/DKHBI ObITb [PeJCTaBJIEHbI.

B) Jlo/kHO GHITh NPENCTaBJ/IEHO He MeHee 3 BHIOB [lePeBbEeB.
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Bapunant Ne 11

OrBerom Kk 3anaHuamM 1—12 aBasercs uenoe YHCAO HIAH KOHEYyHan
DeCATHYHaR Apobb.

Yacrs |
1. buner Ha BbicTaBKy Ast B3pocsoro cTouT 120 py6aeii. CtonmocTb 6HJeTa
IS IUKOJIbHHKA cocTaBasieT 50 % oT CTOMMOCTH GHJIeTa 115 B3pocJioro. Ipym-
1a COCTOHT H3 18 LIKOJIbHHKOB H 2 B3pocJiblXx. CKOJIbKO py6iied CTOAT GH/IEThI

Ha BCIO Irpynmy?
2. Ha nnarpamme (cM. puc. 42) nokasaHo 4HcJI0 noceTHTedel caiita «MHdo-
HOBOCTH» 32 Kaxapiil Mecsil, 2010 roaa. [To ropHsoHTanH yKa3nBaloTcst Me-
CALBL, 10 BEPTHKaJIH — YHCJ0 ToceTHTesed. OnpelesiuTe Mo AHarpaMMe HO-
Mep Mecsilia, KOTla YHCJIO MoceTHTe el caiTa BriepBbie NpeBbICHII0 40 ThicsY
YeJsIoBeK.
60 000 - - === -====msmmemr P e e
S0000 T~ =pn YT T
40 000 -
30000 1
20000 +
10 000 -
0

o~

YUCAO0 nocemumeileu

10 12
Mecaywyr 2010

Pnc. 42

3. Ha xneruatoii 6ymare ¢ paamepoM KJeTkKH 1 x 1 u3o6paxén AABC
(cM. puc. 43). Hafinnte pagsyc onHcaHHOH OKOJIO HEro OKPYXKHOCTH.

4. B marasuHe CTOAT 1Ba TepMHHaJa 415 ONJIaThi MOGHILHOH cBA3H. Kaxabif
H3 HHX MOXeT ObITb HEHCNpaBeH C BEPOATHOCTBIO 0,06 HE3aBHCHMO OT ApYToro
asroMaTa. HaiimsTe BeposiTHOCTD TOTO, Y4TO XOTS 6bl OHH TEPMHHAJ HCTIPaBeH.

5. Haitoure kopedb ypaBuenus (5z + 11)? = (5z + 24)2.

6. Haiinute cTOpOHY NpaBHJABLHOIO LLIECTHYTOJbHHKA, OMHCAHHOIO OKOJIO
OKPYXHOCTH, PaIHyC KOTOpoii 2v/3 (CM. pHc. 44).
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Puc. 44

7. Ha pucynke 45 usobpaxkén rpaduk y = f'(z) npousBonHoi yHKUMH
f(z), onpenenénHofi Ha nTepBadne (—4; 7). Haioute npomexxyTkn Bo3pacra-
HUA OyHKuHH f(z). B oTBeTe yKaxuTe cyMMy aGClUHCC LeJbIX TOYeK, BXOIs-
ILMX B 3TH NPOMEXKYTKH.

YA
EFIE)
J\ \ )
A
\\
v
Puc. 45

8. Inowanp Goabluoro kpyra wapa paHa 13,5 (cM. puc. 46). Hafimure nuo-
LLIab MOBEPXHOCTH LIApa.
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Puc. 46

Yactb 2

27
c0s%85° + sin®275°

9. Hafigure 3HaueHHe BoIpaXkeHHs

10. I'1pu Temnepatype 0 °C pesibc umeer winHy lo = 6 M. [1pu Bo3pacTanuu
TeMNepaTypbl NPOHCXOAHT pacLIHpPeHHe pesbCa H ero AJIHHA, BhIpaXKeHHas B
MeTpax, MeHsieTcs no 3akoHy [(t°) = lp(1+at®), raea = 1,2-107% (°C)~1 —
K03 HLUHEHT TeNJOBOro pacLIHpeHHsi, t° — TeMnepartypa (B rpagycax Lles-
cus). [Tpn kaxo#t Temnepartype penbc yAIHHHTCA Ha 3,24 MmM? OTBer nafiTe B
rpagycax Lleabcus.

11. Ons n [Inma yHTaI0T OAHY H Ty xKe KHHry. OJis yHTaeT 3a yac 50 cTpaHHil,
a Jluma Toabko 30. [let HauasH 4HTaTh KHHTY OJHOBPEMEHHO H He Mpephi-
BaJINCb, NMpH 3ToM OJifi 3aKOHYHJIAa 4yHTaTb Ha 36 MHHYT pasblue. CKOJbKO
CTPaHHIL TEKCTA COJEPXKHT KHHTa?

12. Haiiznre HanMenbluee 3Hauende ¢pyHkuuH y = 2z° — 150z Ha oTpeske
(2;10].

[lpn Bbinoanennn 3apannit 13—19 Tpebyercs 3anucaTh noaHoe
pelleHHe H oTBeT. 3aNHLIHTE CHAYada HOMEP BbINOJHAEMOro 3aaHHs
(13,14 1 1. 0.), a 3aTem nosanoe o6ocHoBaHHoOe pelueHHe H oTBeT. OT-
BeTbl 3aNHCbIBaATE YETKO H pa3bopunso.

13. a) Pewnre ypaBHenne 4 — cos? 3z = 3sin? 3z + 2sin 6z
6) Hahante BCe KOPHH 5TOrO ypaBHEHHs, NPHHAL/IEKAILHE IPOMEXKYTKY

[0;1].
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14. B ocHoBauuu npsmoii npuambl ABC A; B1C) Jiexut TpeyroibHik ABC
co cTopoHamu AB = BC, AC = 4+/2. Ha pe6pe BB, Bui6paHa Touka K TaK,
yto BK : B1 K = 2 : 3. ¥roa Mmexay naockoctaMi ABC u AKC pasen 45°.
a) JloxaxHTe, yTO paccTOstHHe Mex Iy NpsaMbiMH AB 1 A C1 paBHO 60KO-
BOMY pe6py NPH3MbI.
6) Hafnnte paccrosinne Mexxay npsiMbiMu AB 1 A;1Cy, ecin KC = 8.

15. Peiunre nepaBenctBo logz_,(z + 3) - log, . 5(5 — x) < 0.

16. B tpaneunn M N PQ 6okoBasi cropoHa N P nepneHIHKy/1fipHa OCHOBa-
HHI0 PQ. OKpy>HOCTb TPOXOJHT Yepe3 TOYKH M H Q) H Kacaercs npsiMmoit N P
B TOuKe A.
a) Jokaxure, yto AMNF u AFNK nonoGHbl, ecan F — Touka nepe-
ceveHHs npsmoit M Q) ¢ npsimoit NP, a N K — Bhicota TpeyrosibHHKa M N F.
6) Hainure paccrosinue oT ToukH A 1o npsimoit MQ, ecin MN = 8 cm,
a PQ =3cm.

17. Bukrop MuxaiisioBny noJsioxkui B 6atk 200 000 py6aeii. Heckosibko sieT oH
noJyyas 1o 4 %, To 8 % ronoBhIX, a 3a MOCAeHHHA o Noayun 25 % rofoBbiX.
[1pn 3TOM NpOLEHTH HAYHCJASVIHCH B KOHLE KaXKJA0ro rofa H 106aBJISJIHCh K
cyMMe BKJIana. B pesysbrare ero Bkiag ctan paBHbM 292 032 py6asm. Ckosib-
KO JIET npoJiexkasi BKjaa?

18. I'lpH kaknx 3HaueHHsAX nNapaMeTpa a 06J1acTb onpeeJieHHs PyHKUHH

10 1
y= \/aszo,zs — 70,254z log, & _ 48,25 4 g7\ q2

COZIEPKHT POBHO 7 LieJIbX YHCeJI?

19. 3aBoa BHITycKaeT Kpecsa CeMH BHIOB AJISi NE€TCKOH KPYIVIOA KapycCeJiH.
KapyceJsib paccunTaHa Ha 6 KpeceJl, KOTOpble Hy>KHO YCTaHOBHTb. CKOJLKHMH
€noco6aMH 3TO MOXKHO CHeJIaTh B KaXKJOM H3 NePeyHCeHHbIX CJyyaeB, eCH
Crnoco6bl, NOMy4aloLIMecs APYT H3 Apyra NOBOPOTOM, CYHTATh OHHAKOBLIMH?

a) Bce KpecJia pa3/iHuHbl.

6) I'lpencraBJienbl kpecsa 5 BHAOB.

B) Kaxznoro Buza He 6onee 2 KpeceJ.
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BapuanTt Ne 12

OrBeTOoM K 3aaaHUAM 1—12 gBiasgeTcs LeNoe YHCAO HJIH KOHe4Has
AecATHYHas Apo6b.

Yacrs |
1. Kene3nonopoxHbiii 6HaeT 115 B3pocsoro cToHT 1320 py6siei. CTonMocThb
6uJsieta /15 LIKOJbHHKA cocTaasieT 50 % oT cTOHMOCTH GHJIeTa /1St B3pOC/0-
ro. [pynna cocTout H3 12 1IKOIbHHKOB H 4 B3pocJbiX. CKoJIbKO py6Jielt CTosT
OuJsieTbl Ha BCIO IPynmy?

2. Ha puarpamme (cM. pHc. 47) MOKa3aHO YHCJIO aBTOMOGHJIEH, MPOLaHHbIX
¢dHupMo¥i 3a Kaxxabii Mecsil, 2010 roza. [To ropusoHTanH ykasbiBaloTcs Mecsi-
Libl, 110 BEPTHKAJIH — KOJIHYECTBO aBTOMOGHei. OnpesenuTe no a4arpamMmme
HoMep MecsiLa, Koraa snepsble 6b1710 nposaHo MeHee 3000 aBToMo6u/eN.

6000 1
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Konuuecmeo asmomobuneti
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|

7
/ / .
1 2 4 5 6 7 8 11 12
Mecayw 2010 2.
Puc. 47

3. Ha kueryaToii Gymare ¢ pa3mepoM KjeTkH 1 X 1 uzobpaxéd AABC
(cM. pHc. 48). Hafinure paanyc ONHCaHHOH OKOJIO HEro OKPYKHOCTH.
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/] N
\
pd \
- \
I~
N ™~ y
5
P S ——— o

Puc. 48
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4. IlomelnieHHe ck1ana ocBelaercs hoHapéM ¢ AByMs Jlamnami. BepositHocTs
TnieperopaHHsi O[IHOH J1aMNbl B TeyeHHe rofa paBHa 0,4. Haiinute BeposiTHOCTD
TOTrO, YTO B TEYEHHE roja XoTs Obl OHA J1aMIa HE NePETOPHT.

5. Haitaure Kopenb ypaBuenus (3z — 19)% = (3z + 22)%.

6. Haiinure paanyc OKpy>KHOCTH, BIHCAHHOH B NPaBHJIbHbBIH 11€CTHYTOJBHHK

co cmpouoﬁ%—?’- (cMm. puc. 49).
E D
F C
A B
Puc. 49

7. Ha pucynke 50 u3obpakén rpapuk y = f'(z) npousBoaHolt ¢pyHKUHH
f(z), onpenenéuHoi Ha uHTepBaje (—7;9). Hafinure npomexyTkn y6bIBaHHS
¢dynkuud f(z). B oTBeTe yKaXkuTe CyMMy LieJbIX TOYEK, BXOASLUMX B 3TH NPO-
MEXYTKH.

y
Yy Ifx
3
\ /
/
= BN 79
/\\ //
ZERN )4
NIlA
Puc. 50

8. [1nomanb noBepxHOCTH 1apa paBHa 12 (cM. puc. 51). Haliaure nnowans
60Jb1LIOrO KpyTa LIapa.
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Puc. 51

Yacrtb 2

38
sin®31° + cos?571°"

9. Hafinnre 3nauenHe BblpaXKeHHs

10. I1pu TemMneparype 0 °C pesibc uMeer WiHHY lp = 8 M. IlpH Bo3pacTanuu
TeMIepaTyphbl POHCXOJNT pPacIUHpeHHe peJibCa H ero AJIHHA, BblpaXkeHHas B
MeTpax, MeHsieTCsl 11O 3aKoHy U(t°) = lp(1+at®),raea = 1,2-10785 (° C)~1 —
K03 HUHEHT TeNn0BOro paciiMpeHHs, t© — TeMneparypa (B rpagycax Llesb-
cust). [1pu Kaxo# TeMneparype peabc yaHHHTCA Ha 3,84 Mm? OtTBer aafite B

rpangycax llenbcus.

11. Ans 1 TaHs YHTaKOT OAHY H Ty XKe KHHTY. AHSA YHTaeT 3a yac 42 CTPaHHLIbI,
a Tans 36. [letH Haya/H YHTaThb KHHTY OHOBPEMEHHO H He NPEePHIBAJIHCh, NPH
5TOM AHsl 3aKOHYHJIa YHTATh Ha 50 MHHYT paHblue. CKOJILKO CTPaHHLL TEKCTa
COIEPXKHT KHHra?

12. Haimte Han6onbluee 3nayenne byHkunn y = 5z — 135z + 20 Ha oTpeske
[—8;0].

Mpn BbinoaveHnwn 3anaHnk 13—19 Tpebyercs 3anucatb noaHoe
peweHHe H OTBeT. 3aNHLINTE CHAYaNa HOMEP BbINOJHAEMOro 3alaHus
(13,14 u 7. n.), a 3aTem noaHoe 06ocHOBaHHOe peweHHe H oTBeT. OT-
BeThbl 3anHcbiBaiTe 4ETKO 1 pa3bopuuBo.

13. a) Peunre ypaBuenue 4v/3sinz — sin 2z = 2v/3sin®z — 4cosz
6) Hafignte Bce KOpPHH 3TOr0 ypaBHEHHsl, NPHHA/IEXKaLHe POMEXYTKY

3]

14. B ocHoBanuu npsimo#i npuaMel M N PM, N, P, nexur paBHo6enpeHHbIH
TpeyrosibHHK M N P, B koropoM MN = NP, MP = 24. Ha pe6pe NN,
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Bbl6paHa Touka F' tak, yto NF : N1 F = 2 : 3. ¥Yroa Mexiy NJIOCKOCTAMH
MM, P u MFP paseH 60°.

a) Jlokaxkure, 4yTo pacctosinne Mexxay M N u M, P, paBHo 60KOBOMy pe6-
pY NPH3MBbI.

6) Ha#fnnre paccrosnne Mexxny M N u M, Py, ecan FP = 16.

15. Peunte HepaBeHcTBo log, , 4(4 — ) - logs_.(z + 6) < 0.

16. B tpaneunn ABCD AD || BC, Touka E ecTb TouKa nepeceueHHst JHaro-
HaJlel TpaneuuH, P — Touka nepeceueHusi cropod AB u CD.

a) Hoxaxwure, uto AF = FD uw BK = KC, ecin Toyka F — Touka
nepeceyeHuss PE ¢ AD, a K — Touka nepecevenuss PE ¢ BC.

6) Haiigure nuomwanp tpaneunn, ecnn AD : BC = 4 : 3, AB = 10 cm,
£ZBAD = 45°, AD = 18 cm.

17. MBan I1erpoBHy pa3mecTua B 6anke 400 Teicsiu py6sied. Heckosbko JieT oH
nosydas 1o 5 %, To 10 % ronoBeix, a 3a nocseaHu# roa nosyyus 20 % rofoBbix.
Ilpn 3TOM NpOLEHTh HAYHCJ/AIHCH B KOHLIE KAXIOro roja H A06aBJsJIHCh K
cymMMe BKJ1aaa. B pesysbrate ero Bkaaa ctas paBHbiM 640 332 py6asM. CKosb-
KO JIeT MpoJiexkaJl BKiaa?

18. IlpH kakHX 3HayeHHsX napaMerpa a 06J1acTb ONpefeseHHst (PYHKLHH
y = {/alz05 — 10.5+=log.a _ g45 | 4z, /5 conepKUT POBHO 3 LleJIbIX YHCTA?

19. Y canoBHHKA HMEIOTCS CaXKeHLbl LIeCTH BHIOB JepeBbeB (CaXKeHLIb! OIHOro
BH/la CYHTAIOTCH OJHHAKOBbIMH). CafloOBHHKY HaJl0 BbICAJHTb CeMb JepeBbeB
B pl — oT (oHTaHa 10 J1aBOYKH. CKOJIbKO CrIoCOGOB BbICAAHThb JepeBbsi B
Ka>K/JI0M 43 CJIeyIOLIHX CJIyyaeB?

a) y CaJloBHHKA HeT IONOJIHHTEJIbHbIX OrPaHHYEHHH

6) Bce BHIbI JepeBbeB JAO/KHbBI ObITh NpeACTaBJeHbl

B) JIOJDKHO OBITh IPeJICTABJIEHO He MeHee 3 BHIOB lepeBbeB
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Bapuant Ne 13

OtBeToM K 3amaHHaAM 1—12 sBaseTcA uen0e YHCJAO HJH KOHeyHas
JecaTHYHas aApobb.

Yacts |
1. Hanor Ha noxoam coctaBasier 13 % ot 3apabotHo# nuaTthl. 3apa6oTHas
naata Anekcanapa BanentHHoBHYa paBHa 22 800 py6aeii. Kakylo cymMy oH
TNOJIYYHT rocJie BblueTa HaJjlora Ha aoxoan? OTBer paiite B py6asx.

2. Ha anarpamme (cM. puc. 52) nokasaHa cpeaHeMecsiyHasi TeMrneparypa Bo3-
ayxa B PocroBe-Ha-IloHy 3a Kaxawli#i Mecsu 2010 ropa. Ilo ropH3onTanu
YKa3biBalOTCA Mecsillbl, 10 BEPTHKAJH — TeMnepaTypa B rpagycax Llesabcus.
Onpenennre no auarpamme, ckoJbko B 2010 r. 6bi10 MecsiLieB, KOTAa CpefHe-
MecsiyHas TeMrnepaTtypa onyckaJjach Huxke 10 rpamycos Llesibcus.

t,°C 4
+30
N
+20 YA
+13 112 Z&é\\é\ N s
-10 31415(6(7|8]9]10(11]12

Puc. 52

3. B yetbipéxyroabHuk ABC D Bnucana okpyxHocTb, AB = 29, BC = 27 H
CD = 28 (cM. puc. 53). HaitauTe yeTBEPTYIO CTOPOHY YETbIPEXYTOJIbHHKA.
A
D,

Puc. 53

4. Ha 3x3ameHe o iHTepaType IIKOJbHHK OTBeYaeT Ha OJIHH BOMPOC H3 CIIHC-
Ka 3K3aMeHaLHOHHKIX BONpOcoB. BeposTHOCTL TOrO, 4TO 3TO BONpOC 1O TeMe
«ITposa XIX Beka», paBHa 0,28. BeposiTHOCTb TOTO, YTO 3TO BONPOC MO TeMe
«[Tposa XX Beka», paBHa 0,15. BonpocoB, KOTOpble 0AHOBPeMEHHO OTHOCSTCS
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K 3THM JIBYM T€MaM, HeT. Haiioure BE€pPOATHOCTL TOIO, YTO Ha 3K3aMEHE LIKOJIb-
HHKY J0CTaHETCs BOIPOC 10 OHOH M3 3THX JABYX TEM.

5. Hajinure KopeHb ypaBHeHusi 4* 16 = 6147

6. Haiinure yron ABC (cM. puc. 54). OTBeT AafiTe B rpagycax.

T | PN

| &~ J
\

A4 /l |}
NERARY
NV A
C
Puc. 54

7. Ha pucynke 55 H306paxéH rpacduk npousBoiHoll ¢yHKuuH f(z), onpe-
nen€éHHON Ha uHTepBase (—7;10). Hafinute npoMexyTKH yObiBaHHsI (QyHK-
1K f(x). B oTBeTe yKaxKuTe J/IHHY HaHGOJIbLIETO H3 HHX.

vk

¥

Pnc. 55

8. Hafizire 061b6M MHOrorpaHHHKa, H306paXKEHHOTO Ha pHCyHKe 56 (Bce nBY-
rpaHHble YTJIbl IpsMble).

Yactb 2

9. Hatinure tg 3, ecsin cos § = — 4‘/_Hﬂ€( 3”)
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Puc. 56

10. EMKOCTB BBICOKOBOJILTHOTO KOH/IEHCATOpa B Te/leBH30pe

C = 3-107% ®. MNapannenbHo ¢ KOHAEHCATOPOM MOJK/IIOYEH PEIHCTOP C
conpotusjiedHeM R = 107 Om. Bo BpeMsi pa6oThl TeIeBU30pa HaNpsiKeHHe
Ha KoHzeHcatope Uy = 32 kB. [locJie BbiK/IOUeHHA TeJieBH30pa HarnpsikeHHe
Ha KOHZeHcarope yObiBaet 10 3HayeHust U (kB) 3a BpeMsi, onpenessiemoe Bbl-

paxennem t = aRC log, %Q (c), rae @ = 0,7 — noctosinHas. Onpegenure

Han6oJibllIee BO3MOXKHOE HaNpsKeHHe Ha KOHJeHcaTope (B KHJIOBOJIbTaX ), ec-
JIH TIOCJIe BLIKJIIOYEHHS TeJIeBH30pa NPOLLLJIO He MeHee 42 .

11. CtpoHTesibHble PHPMBI YUYPENHIH KOMIIAHHIO C YCTaBHbIM KallHTaJIoM
150 maH py6aeii. [lepBas ¢upma BHecna 20 % ycTaBHOro Kanuraja, BTOpas
¢dupma — 22,5 MJIH py6aeii, Tpetbst — 0,3 ycTaBHOTO KanHTaa, a OCTaBLIYIO-
Csl YacTb KanHTaJia BHecJ1a yeTBépTas pHpMa.

YupenuTesd NOrOBOPHJIHCbH [EJIHTb €XErojHyl0 NpHOLLIL NPOINOPLHO-
HaJIbHO BHECEHHOMY B YCTaBHbIH KanHTaJ Bkjaagy. Kakas cymma ot npHOblIH
B 100 MaH py6aieit npuuHTaeTcst yeTBEpToi pupme? OTBeT JaiiTe B MHJJIHOHAX
py6aei.

3
2

12. HaiaxTe TouKy MHHHMYMa QyHKUMH y = S22 — 5 + 24.

Wi

lpn BbINOAHeHHH 3ajaHHi 13—19 TpebyeTcs 3anucaTb mnoJHOe
pelieHHe H OTBeT. 3aNHUIHTE CHA4Yala HOMep BbillOJHAEMOro 3a]aHHs
(13,14 1 1. 10.), a 3aTeM nosHoe o6ocHoBaHHOe pelleHHe H oTBeT. OT-
BETbl 3aNHCbIBaiiTe YETKO H pa3bopunso.

lsin T |
13. a) PeiunTe ypaBHeHHe 1 — + 2 =2cosz.
sinz

6) HaiiauTe Bce KODHH 3TOTO ypaBHEHHsl, IPHHAJIEKALLHE NPOMEXKYTKY
[-1;8].



Bapuant Ne 13 63

14. B xy6e ABC DA, B,C} D, pe6po KoToporo paBHo 4, Touka M sBasieTcs
cepellHHol oTpeska BC).
a) [locrtpoiite ceueHHe Ky6a NJIOCKOCTbIO, NMpPOXOAslIEA uepe3 Npsi-
My1o AM, napaanenbHo npsamMo#i A; B.
6) Ha#inure paccrosiHne Mexxay npsiMbiMi A; B AM.
E”Q'— + log, z+2

+1 4
15. PelunTe HepaBeHCTBO T > 0.

16. Touka O nexxur B nockocTH kBaapata ABCD. UsBecTHo, uto Touka O
JeXHuT BHe KBaapaTa, OA = OB = 5, 0D = /13.

a) [lokaxkure, yTo riowanp kBagpara ABC D menbuie 36.

6) Hafaure naowany kBagpara ABCD.

17. B nepBoM otaesienun 6aHKa 45 % ot o611ero YHc/aa KIHEHTOB COCTaBJISA-
10T GI0/KeTHbIe OpraHu3aLHH H 55 % uyacTHbIE KJIHEeHTbI, BO BTOPOM OTAeJeHHH
10 % cocTaBaslOT KOPNOpPATHBHbIE KJHeHTbI, 40 % Glo1KeTHble OPraHH3aLHH H
50 % uacTHbie KIHEHTb, B TpeTbeM oTaeseHHH 30 % KopnopaTHBHbIE KJIHEHTH,
70 % uacTHble KaHeHTH. [Tocsie o6 bequHeHHsl TPEX OTHesIeHHA KOpNopaTHB-
Hble KJIHeHTHl cocTasasioT 15 %. Haiaure npoMexxyTok, B npeiesiax KOTOpOro
MOXXeT HAXOAHTbCS NMPOLEHT YaCTHbIX KJIHEHTOB.

18. Halimure Bce 3HaueHHs napaMeTpa a, NpH KOTOPbIX CHCTeMa YpPaBHEHHHA

72 + y? = 2a,
a:y=a—%,

HMeeT POBHO /1Ba peLleHH .

19. llan Ha6op H3 n pa3/IHYHbIX HaTypaJbHbIX uHces. Mi3BectHo, uTo n > 7,
HaHMeHblliee obLiee KpaTHOe BCex YHces paBHO 330 H A4J1S1 IOOLIX ABYX YHCEJ
HX HaHOOJbILIHHA O6LUHHA AeHTeNb Goslblle equHHUb. CyMMa Bcex YHCes JaH-
Horo Ha6opa paBHa 755.

a) IlpHHamieXxuT 11 naHHOMY Habopy 4HCes XOTA Obl OJHO H3 4Hcen 2
Hau 3?

6) [TpuHaniexxut u 10 naHHOMY Ha6opy uHcen?

B) YKaXKuTe Bce n YyuceJs JaHHOTO Habopa.
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Bapuant Ne 14

OT1BeTom K 3apaHnam 1—12 aBaserca unenoe YHCAO HAH KOHeuHas
JaecATHYHasa apo6b.

Yacrs |
1. Hanor Ha goxoasl coctasJstet 13 % ot 3apa6otHoii nniatsl. [Tocaie yaepxa-
HHA Hasora Ha goxozbl Mipuna Hukonaesna nomyunaa 24 360 py6aeii. Ckosb-
Ko py6Jiefi coctaBasier 3apadoTHas niata Mpunbl HukonaeBubi?

2. Ha puarpamme (cM. pHC. 57) noKasaHa MecsiyHasi HOpMa 0CaJKOB LIS r0-
pona KpacHosipcka. [To ropusoHTa/ Iy yKa3biBalOTCsi MeCsilibl, [10 BEPTHKAJIH —
KOJIHYEeCTBO 0CaZKOB B MM. OnpezesiuTe YUCJI0 MECALEB, 11 KAXKIO0T0 H3 KO-
TOPbIX HOPMa OCaJIKOB COCTaBJIseT MeHee 30 MM.

M‘;‘;A 7 /
60 e

a7
T
3 mn —
" mannnan
inla/w/nln/n/n/n/ :
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0 1 2 3

~3
[~ <}
o

Puc. 57

3. B yetnipéxyrosibHuk ABC D BriucaHa okpy»KHocTb, AB = 13, BC' =T7#n
CD = 19 (cM. puc. 58). Haiiaute nepumeTp 4eTbipéXyrosibHHKa.

4 D

C
Puc. 58

4. Ha 3k3amene 1o HCTOPHH LIKOJIbHHK OTBeYaeT Ha OOHH BOIPOC H3 CMHC-
Ka 3K3aME€HALHOHHBbIX BOIPOCOB. BepOHTHOCTb TOr'0, YTO 3TO BOIPOC NO TEME
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«Hcropus [1peBHero mupa», paBHa 0,06. BeposiTHOoCTb TOTrO, 4TO 3TO BOMpOC
no teMe «HMcropus snoxn Bospoxaenusa», paBHa 0,22. Bonpocos, kotopbie
OJHOBPEMEHHO OTHOCATCA K 3THM [BYM TeMaM, HeT. HakauTe BeposTHOCTD TO-
ro, YTO Ha 3K3aMeHe IUKOJLHHKY JOCTAHETCH BOMPOC MO OJHOM M3 3THX ABYX
TEM.

18—5z
5. Hafinute kopeHb ypaBHeHHs1 (%) = 9.

6. Haiinure rpagycHyio Mepy nyru AC OKpYKHOCTH, Ha KOTOPYIO ONHpaeTcs
yron ABC (cM. puc. 59). OtBet pafite B rpaaycax.

[ \
| ]
\
AN B
\\_—/
Puc. 59

7. Ha pucynke 60 n3o6paxkéH rpaduk npousBomHoit ¢pyHkuuu f(zx), onpe-
nenéHHoH Ha uHTepBasie (—10;4). Haiizute npoMexyTky yObiBaHHsI (yHK-
unH f(z). B oTBeTe yKaxuTe 0/iHHY HaHGOJIbILIErO H3 HHX.

YA [ ] ]
y=1x
JAmN
/ 1 \
-10, \ ol 11 4 a
Vi d \
Puc. 60

8. Hafinute 06b€M MHOrOrpaHHHKa, H306paXKEHHOTO Ha pHCYHKe 61 (Bce aBY-
rpaHHbIe YTJIbl MpsiMble).

5. 3ak. Ne 41
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9
INGS
!
!
S I L -4 4
<= \\
~ 3 ~
Puc. 61
Yacts 2

9. Haiipure tgy , ecain siny = 7419 HY € (g—, ﬂ).

10. Haxonsiumitcs B Boje BONOJIa3HbIA KOJNOKOJ, cofepXauHid v = 40 Mo-
Jieil Bo3[yXa MpH NaBJeHHH p; = 1,3 arMocdepbl, MeJIEHHO OIYCKaloT Ha
IHO BonoéMa. [lIpH 3TOM NpPOHCXOAHT H30TepMHUecKoe CXKaTHe Bo3fyxa. Pa-
6oTa, coBepllaeMas BOIOH NPH CXKATHH BO3ZlyXa, Onpe/e/isfieTcsl BhlpaXKeHHeM

A = avTlog, I;& (IDx), rae a = 3,5 — nocrosinHas, T = 300 K — Tem-
1

nepartypa BO3fiyxa, p; (aT™M) — HauaJibHOe JlaBJIeHHe, a P2 (aTM) — KOHeuHoe
JaBJieHHe BO3/yXa B KoJloKoJie. J1o Kakoro Han6oJbLIero JaBJeHHs P MOXKHO
CXKaTb BO3/yX B KOJIOKOJIe, eCJIH [IPH CXKaTHH BO3/IyXxa coBepuiaeTcsi pabora He
6oJiee yueM 126 000 x? OTBer npHBeauTe B aTMOChepax.

11. CrpontesibHble (HPMBbI YyUPeNHJH KOMIAHHIO C YCTAaBHbIM KAaITHTaJIOM
400 maH py6aed. [lepBas dupma BHecsa 40 % ycTaBHOro KamuTaja, Bropas
dupma — 40 maH py6aiedt, TpeTbsi — 0,2 YCTABHOTO KallHTaJ1a, a OCTaBLLIYIOCS
YacTb KanHTana BHecJ/1a yeTBépras ¢pupma.

YupeauTesl [IOrOBOPHJHCH AEJIHTb €XErofHyw MNpPHObLIb NPONOPLHO-
HaJIbHO BHECEHHOMY B yCTaBHbIH KanmHTaJa BKJ1amgy. Kakas cymMMa OT npHObLIH
B 250 MJIH pyOaielt npHuHTaercs 4eTBéprol ¢upme? OTBeT JalTe B MHJJIHOHAX
py6aeH.

3
12. Hafinnte TOuKy MakcHMyMma yHKUMH ¥y = 63 + 20z — !3932.

[lpn BbinoaHenun 3agannil 13—19 Tpebyercsa 3anucaTb nNoJHOe
pelleHHe H OTBET. 3anHLINTE CHaYajJa HOMep BbINOJHAEMOrO 3alaHHR
(13,14 u 1. n.), a 3aTeM noJHoe 060cHOBaHHOE pelieHHe H oTBeT. OT-
BeTbl 3anHcbiBaiTe YETKO U pa3bopunso.

g
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sinz
13. a) Pewuure ypaBHeHHe ]m[ —2=2cosz.

6) Hafinnte Bce KOPHH 3TOrO ypaBHEHHs, NPHHAJ/IEXKALLHE NTPOMEXYTKY
[—2;10].
14. B xy6e ABCDA; B, C;D; ¢ pe6poM 2 Touka M siBaisieTcsi cepelHHOH OT-
pe3ka A;C;.

a) [loctpoiite ceuenne ky6a ABC D Ay B;C) D, niocKocTblo, NPOXOAsi-
1eH yepes npsMylo BM napannenbHo npsimoii AB; .

6) Haiinute paccrosinne Mexxay npsiMbiMu ABy u BM.

15. Pewinrte HepaBeHCTBO /1 — a:(log3 z—-1+ 2:1:3— 1) > 0.
16. Touxka O nexxut B naockoctH KBaaparta ABCD. UsBecTHo, 4To nuowaib
KBazpara 6oJblue 225, OB = OD = 13, OC = 5v/2.

a) Jlokaxure, uyro Touka O JieXXHT BHYTpH KBagpata ABCD.

6) Hafinure anuHy ctoponsl kBagpata ABCD.

17. B nepBom oTzaesieHHH 6anka 30 % oT 06l11ero YHcJ1a KIHEHTOB COCTaBJSIOT
KOpriopaTHBHbIe KJIHeHThl H 70 % Glo/pKeTHble OpraHH3alliH, BO BTOPOM OTAe-
JeHnH — 10 % 6romxeTHbie oprann3auyy 1 90 % yacTHbIE KJIHEHTBI, B TPETbEM
otaenennn — 15 % xoprnopartHBHble KIHeHTbI, 25 % GlOmKeTHbIE OPraHH3aLHH,
60 % uacTHble kaHeHTbl. [Tocsie O6bEAHHEHHS] TPEX OTAEEHHHA YaCTHbIE KJIH-
eHTbl cocTaBasioT 40 %. Haliaure npoMexxyToK, B pejieiax KOTOPOTo MOXeT
HaXOMHTLCS MPOLEHT OI0[PKETHbIX OpraHH3al|H.

18. HafizyTe Bce 3HayeHHs napaMeTpa a, pH KOTOPbIX CHCTEMAa yPaBHEHHH
2 +y?=2(a+1),
(x + y) ’ = 14,

MMeEeT POBHO [IBa PELIEHHS.

19. JlaH Ha60p H3 1 pa3JIHYHLIX HaTypaJibHbIX UHces. Mi3BecTHO, uTO 1>7, HaH-
MeHblUee ofliee KpaTHOe BCex YHces paBHO 210 H 1A Mo6bIX ABYX YHCEN HX
HaHOO0JIbLIKA OOLUHA NesIuTesb Gosbllie endHHLUbL. [TIponsBeneHHe Bcex ynced
Aesntcst Ha 1920 M He siBJISIeTCSl KBaApaTOM HHKAKOIO LIeJIOro YHCJ1a.

a) [1punapnexxur s 3 naHHoMy Habopy uHcea?

6) [1prHannexHT JiM 2 AaHHOMY HaGOpy YHCeJ?

B) YKa)xKHTe BCe 1 YHCeJl JaHHOro Habopa.

6. 3ak. Ne 41
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BapuanTt Ne 15

OTBeTOoM K 3agaHHAM |—12 sBaseTca uUeN0€ YHCAO HJAH KOHe4yHas
AecATHYHaA 1po6b.

Yacts |
1. ®aakoH xkHAKOrO Mbiia cToHT 180 py6aieri. Kakoe HanGoJbluee yHc0 daia-
KOHOB MOXXHO KYTHTb Ha 1000 py6JieH Bo BpeMsi pacrpojaXxkH, Koria CKHiKa
coctasuser 25 %?

2. Ha rpadnke (cM. pHc. 62) nokaszaHo H3MeHeHHe CKOPOCTH IBHXKEHHS aB-
TOMOGHJ/IA B 3aBHCHMOCTH OoT BpeMeHH. Ha ocn aGcumcc otMeuaercs Bpems
IBHXKEHHS B Yacax, Ha OCH OpJIHHAT — CKOPOCTb B KHJIoMeTpax B yac. CKosb-
KO 4aCOB aBTOMOGH/Ib IBHa/ICS CO CKOPOCTbIO He GoJtee 70 km/u?

Vv, KM/4
100

80
60 \

N
\

40

'-rh.,‘-

20

Lt

0 2 4 6 8 10 12 gty
Puc. 62

3. OkoJsi0 TpanmeuHH OmHcaHa OKPYKHOCTb. IlepHMeTp Tpaneunn paseH 84,
CpenHss JHHHSA paBHa 17 (cM. pxc. 63). Hafnute 60K0BYIO CTOPOHY TpamneutH.

B C

A \_/D

Puc. 63
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4. I'lepen HauaJOM nepBOro Typa YeMNHOHATa MO LIAlIKaM YYaCTHHKOB pa3-
6HMBAIOT Ha HrPOBbIe Napbl CJayYaiHbLIM 06pa30M € NOMOLLbIO XKpebHs. Beero B
YeMITHOHAaTe y4acTByeT 26 HIPOKOB, CpeAiH KOTOPhIX 13 cnopTcMeHoB H3 Poc-
CHH, B ToM 4HcsIe ApTéM Becesios. Hafinute BeposiTHOCTD TOTO, YTO B NEPBOM
Type AptéM BeceJioB 6yeT HrpaTh ¢ KaKHM-JIH60 y4aCTHHKOM COPEBHOBAHHH
H3 PoccHH.

. / 1 1
5. Haiaute KopeHb ypaBHeHHs prny il

6. Xopaa AB crsaruBaet oyry okpyxHocTH B 84°. Hainure yron ABC mex-
Iy 3TOH XOPHOH H KacaTeJbHOH K OKPY»KHOCTH, NPOBEAEHHON 4Yepe3 TouKy B
(cM. puc. 64). OTBer nafiTe B rpagycax.

B Cc

Pnc. 64

7. llpsiMas y = —8z + 1 mapajiesnbHa KacaTeJbHOH K rpadHKy PyHKUHMH
y = 222 — 2z + 9. Hafinure aGeumccy TOYKH KacaHusl.

8. Hafiaute 06b€M MHOTOrpaHHHKA, H306paXKEHHOTO Ha pHCYHKe 65 (Bce ABY-
rpaHHbI€e YTVIbI IPAMBIE).
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Yactb 2
11 cos(m + B) + 4sin(337r- + B)
cos(B — 5m)

9. Haiiaure 3HaueHHe BhlpaxKeHHs

10. s cMaThiBaHHA Kabess Ha 3aBOJe HCIIOJb3YIOT JeOEIKy, KoTopast paB-
HOYCKOPeHHO HaMaTbIBaeT KabeJb Ha KaTyLKy. ¥ToJ1, Ha KOTOPbifi NOBOpayH-

2
BaeTCs KaTylluKa, H3MEHSIeTCSl CO BPEMEHEM I10 3aKOHY ¢ = wt + %— roet —

BpeMsi B MHHYTaX, w = 20°/MHH — HayanbHasi yIJIoBas CKOPOCTb BpallleHHs!
KaTylikd, a 3 = 4°/MHH2 — yIJIOBOE yCKOpeHHe, C KOTOPBIM HaMaThiBaeTCsl
KabeJsib. PabGounii 1o/1keH NPOBEPHTH X0J] ero HAMOTKH He N03Ke TOro MOMeH-
Ta, KOT/la yroJl HAMOTKH ¢ focTHrHeT 2400°. OnpenesnHTe BpeMsi nocJie Hayaaa
paboThl 1e6EKH, He N03>Ke KOTOporo paGouyHi J0J/DKeH NPOBepHTH e€ paGoTy.
OTBeT BhIpa3nTe B MHHyTaXx.

11. Bapxxa B 8:00 BbilIa H3 MyHKTa A B MyHKT B, pacnoJioxeHHbi B 21 kM
no peke ot myHKkta A. [1po6riB B myHkTe B 1 yac, 6ap»ka oTnpaBHJach Ha3aa H
BepHyJach B MyHKT A B 16:00. Onpenennre (B KM/4) CKOPOCTb TEUEHHSI PeKH,
€CJIH H3BECTHO, YTO COOGCTBEHHAst CKOPOCTb 6apKH 8 KM/u.

12. Hajigute HauMeHbluee 3HauyeHHe PYHKUMH ¥ = 4z/T — 24z + 38 Ha oT-
peske [1;16).

Mpu BbinoaHenHH 3ajanuit 13—19 TpebyeTca 3anucaTh mNoJHOe
pelleHHe H OTBeT. 3aNHUIMTE CHaYa1a HOMeP BbINOJHAEMOro 3a/1aHHs
(13,14 1 1. 1.), a 3aTeM noJsHoe 060CHOBaHHOe pelieHHe H oTBeT. O1-
BeTbl 3aNHCbIBaHTe YETKO H pa3bopuHBoO.

13. a) Pewnre ypaBHenue %}l —2=2sinz.

6) Haiiaure Bce KOpPHH 3TONO ypaBHEHHs, [IPHHAIEKALUHME TIPOMEXYTKY
-1;7).

14. Toukn M u N — cepenuHbl 60KkoBbIX pebep SA W SB npaBuiabHOMN Tpe-
yroJbHo# nupamuan SABC.

a) INocTpoiiTe ceueHHe NHpaMHABI NJI0CKOCTbIO, MTEPMNEHANKYISAPHOMN NJI0C-
KoctH ABC n npoxozsiuei yepe3 npsamyro MN.

6) Haiigure paccrosinde oT BepuiHHbl C O NJIOCKOCTH CE€YEHHS, eCJH
AB = 30, AS = 28.
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logy(3*—4-37—6)+3z

2z +1 1

15. PelunTe HepaBeHCTBO

\

16. MepuanblAA; H BB; Tpeyrosbiika ABC cooTBeTCTBeHHO paBHbl 9 H 12,
a BC = 14.

a) Jlokaxkute, YTo nJoLanpb TpeyroiibHuka A; OB B 1Ba pasa MeHbllle J10-
waay yethipéxyroibiiuka OA; C By, rae O — Touka niepeceyeHHst MeIHaH Tpe-
yrosibHuka ABC;,

6) BbiuncauTe nuiowanp Tpeyronbiika ABC.

17. 15 siHBaps nyIaHHpyeTCsl B3STb KPeAHT B 6aHKe Ha 24 MecsiLa. YcJIOBHS ero
BO3BpATa TaKOBhI:

— 1-ro yHcJa KaXnoro Mecsiua A0Jr BO3pacTaer Ha 1 % Mo CPaBHEHHIO C
KOHLIOM NpeabLIy1lero Mecsua,

— ¢0 2-r0 no 14-e yncJio MecsiLia He06X0AHMO BbINJIATHTb YACTb J10JITa;

— 15-T0 YHCJ1a KaXKIOro MeCsLla JOJT A0JIXKeH ObITb Ha OJHY H Ty Xe CyMMy
MeHbllie 10JIra Ha 15-e YHCJI0 npeablayLlero Mecsua.

HMa3BecTHo, uto 06L1asi CymMa NocJie MOJHOTO foralleHus Kpeauta Ha 30 %
6oJibllie CyMMb, B3STOH B KpeauT. Hafaure 7.

18. Hajinute Bce 3HaueHHs rnapaMeTpa a, NpH KaxKao0M H3 KOTOPbIX CHCTEMA

T=y+In l%l,
y+2(z+a)=z+2a+4
HMeeT eMHCTBEHHOE PelleHHe.

19. JlaH Ha6op U3 n pas/IHYHbIX HaTypaJbHbix YHces. H3BecTHo, yTo n > 7,
HaHMeHbluee obluee KpaTHOe Bcex yHces paBHO 510 H 415 /moO6biX ABYX YHCeN
HX HanGOJIbLUNA OOLUHMHA AesHTeNb Gonbile efHHHLB. CyMMa Beex YHCes JaH-
Horo Habopa paBHa 864.

a) [IpuHagnexuT 11 faHHOMY HaGopy YHCeJl YETHOE YHCJIO?

6) [puHanIeXXHT 11 AaHHOMY Ha6opy YHCe YHCJIo 5?

B) [1prHamnexHT ax yucao 30 faHHOMy Habopy YHces?
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OrBeToM K 3apaHusaM 1—12 aBaseTcsa LeJoe YHUCJAO HJIH KOHeyHas
JecATHYHas Apobb.

Yacrb 1
1. [eneBas pyuka ctout 15 py6aeii. Kakoe HanGoJblllee YHCIO TaKHX pydek
MOXHO 6yz1eT KynuTb Ha 800 py6iieit nmocJie noBbillieHHs UeHbl Ha 20 %?

2. Ha rpadmuke (cM. pHc. 66) nokasaHo H3MeHeHHe CKOPOCTH ABHXEHHS aB-
TOMOOHJIA B 3aBHCHMOCTH OT BpeMeHH. Ha ocu abGcuucc oTMeuaercs Bpemsi
IBHXEHHS B Yacax, Ha OCH OPAHHAT — CKOPOCTb B KHJIoMeTpax B yac. CKoJb-
KO 4aCOB aBTOMOGHJ/Ib IBUTaJ/ICSi CO CKOPOCTbIO He Meee 70 Km/u?

V,K)M/’-ln
100 PaN
sol LTINCLZ TN
60 / \
a0t
201 \\
\ .
0 2 4 6 8 10 12 ¢ty
Puc. 66

- 3. OKoJ10 TpaneuHH ONHCaHa OKPYKHOCTb. [1epuMeTp TpaneunH paseH 72, 6o-
KoBas cTopoHa AB = 8. HaiinuTte cpenHioio JHHHIO TpaneuuH (CM. pHc. 67).

NN
y I—

A

Puc. 67

4. ITepen HauyaJIOM NepBOro Typa YeMITHOHATa N0 HaCTOMbHOMY TEHHHCY y4acT-
HHKOB Pa3GMBAIOT HA UIPOBbIE Napbl CJAyYyaiHbiM 06Pa30OM C MOMOLIBI Kpe-
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6us. Bcero B ueMnHoHaTe yuacTByeT 46 CrIOPTCMEHOB, CpellH KOTOpbIX 19 —
u3 Poccun, B ToM yncae Mrops Jlo6poayuies. Hakinure BeposTHOCTD TOTO, UTO
B niepeoM Type Mropb Jlo6pomyuies 6yneT HrpaTh ¢ KAKHM-JIH60 CIOPTCMEHOM
u3 PoccuH.

" 1
5. Haitnure KopeHb ypaBHeHHs 9432 = 0,25.
6. Yron Mexny xopro# AB u KacatenbHoH BC K OKpPYXHOCTH paBeH 41°.
Hafaute BesinuMHYy MeHbluel QyrH, cTaruBaeMoi xopaod AB (cM. puc. 68).
OrtBer paiite B rpagycax.

B C
A
o
Puc. 68
7. [lpsmas y = 4z + 3 napajsesibHa KacaTeJbHOH K rpadHKy (PyHKUHH

y=1z%+5z+ 251- Ha#nure abeunccy ToUKH KacaHHs.

8. Haiinute 061EM MHOrorpaHHHKa, H306paxEHHOro Ha pHcyHke 69 (Bce aBy-
rpaHHble YTJIbl NIPsIMbIE).
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Yactp 2

2sin(a — 97) + 19cos(-72£ + a)

9. HafonTe 3HayeHHe BbIpaXKeHHR sin(a + 137)
10. 3aBHcHMOCTb TeMnepatypsl (B rpagycax KesibBHHA) OT BpeMeHH A/1fi Ha-
rpeBaTeJIbHOrO 3JIeMeHTa HeKoToporo npHéopa 6bijia MoJyyeHa SKCrepHMeH-
TaabHo. Ha HcenemyeMoM HHTepBasie TeMnepaTypa BblUHC/seTCS 1O GopMy-
ae T(t) = To + bt + at?, roe t — Bpema B muHytax, Tp = 1492 K,
a = —17 K/mun?, b = 153 K/Mun. M3BecTHo, 4To NpH TeMmepaType Ha-
rpeBarteJis cBbiile 1730 K npu6op MoxeT HCTIOPTHTLCS, TIO3TOMY €ro Hy»KHO
oTK/MouHTb. OnpesennTe HauboJbliee BpeMs NocJle Hayasa pa6oThl npHGopa,
yepe3 KOTOPOe ero HY»KHO OTK/IIOYHTb. OTBeT BbIpa3HTe B MHHYTaXx.

11. Bapxa B 6:00 Bbil1a H3 TyHKTa A B IYHKT B, pacnoyioxeHHbi# B 60 kM 1o
peke ot nyHKrta A. [Tpo6biB B myHkre B 3 yaca, 6ap»Ka oTIpaBHJach Ha3aj H
BepHysiach B MyHKT A B 20:00. Onipenesiute (B KM/4) CKOPOCTb TeueHHs! PeKH,
€CJIH U3BECTHO, YTO COGCTBEHHAs CKOPOCTb 6apxH 11 Km/u.

12. Haiimyite Han6osbLIee 3HaueHHe (PYHKLIHH y = ——%xﬁ + 12z + 6 Ha oT-

pe3ke [1;81].

Ilpn BbInOAHeHHH 3ananui 13—19 TpebyeTcAa 3anncaTb noJHoe
pelleHHe H OTBeT. 3aNHIIHTE CHaYaja HoOMep BbINOJAHAEMOr0 3aaHHs
(13, 14 n 1. 0.), a 3aTem nojHoe o6ocHoBaHHOe pelleHHe H oTBeT. OT-
BeTbl 3aNHCbIBaiTe YETKO H pa3bopuHBo.

13. a) PewunTe ypapHeHue L%:%l + 2 = 2sinz.

6) Hafinute Bce KOPHH 3TOro ypaBHeHHs, NPHHALJIEXKAlLHE TTPOMEXYTKY
[-1;9]

14. M — ToYKa nepeceyeHHss MeaHaH rpaHH SAB npaBH/IbHOHA YeTbIPEX-
yroabHo# nupamuapl SABC D c ocHoBannem ABCD.

a) ITocTpoiiTe ceueHne NHpaMHAbl MIOCKOCTbIO, IPOXOMsILLEH Yepe3 TOUKY
M, nepnenukynspso# nnockoctd ABC u napannensHo#t pe6py AB.

6) Haiinure paccrosiine ot pe6pa AB 10 MJOCKOCTH CEYEHHs!, €cJH
AB =52, AS = 13.

log,(2® —6-27% —7) + 2z > 1.
z+1

15. PelunTe HepaBeHCTBO
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5. Haiinute Kopenb ypaBhenus 33972 = 81.

6. Hadinure nuowany npsiMoyrosibHOH TpanelHH, OCHOBaHHA KOTODOH paB-
Hbl 8 H 4, 60/blIas 6OKOBasi CTOPOHA COCTaBJIfeT C OCHOBaHHeM yroJ 45°
(cM. puc. 72).

B C

Puc. 72

7. Ha pucynke 73 uso6paxéH rpaguk y = f’(z) nponsBoasoi GyHKumH f(z),
onpeneséHHOA Ha HHTepBaJe (—7;5). Haliaure abcuyccy TOUKH, B KOTOPOH
KacaTesibHast K rpauky y = f(z) napaJesnbHa npsiMor y = 3z — 3 HaH
COBMNAJAeT C HeH.

TIT 1Pk
T 1
y=f(x)
X N
T N\
0 N X
Puc. 73

8. B cocyn, uMmerownit hopMy NpaBHILHOM TPEYTOJIbHON NPH3MBI (CM. pHC. 74),
Hammau 357 cM3 BO/BI H MOJIHOCTBIO B Heé Norpy3uJu fetass. [1pu aToM ypo-
BeHb XKHJIKOCTH B COCYJie MOJHSJICS C OTMETKH 14 cM 10 oTMeTKH 18 cM. Hemy
paBeH 06béM Jetaan? OTBeT BhlpasHTe B CAHTHMETPAX KyOHUYECKHX.

Yacrtb 2
1622 — 25
4z — 5

10. IIpn c6aHXKEHHH HCTOUHHKA H NMPHEMHHKA 3BYKOBLIX CHIHAJIOB, IBHXKY-
IIMXCSl B HEKOTOPOH Cpelie Mo NpsiIMOii HAaBCTpeuy JAPYT ApYTY, 4acToTa 3By-

9. Haiiaure 3HayeHHe BblpaXKeHHs —4z +1.
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Puc. 74

KOBOTO CHTHaJla, PETHCTPHPYeMOro NPHEMHHKOM, He COBMaJaeT C YacTOTOH
HCXOIHOTO CHrHana fo = 250 [l K onpenesisercs CAeIyIOLIMM BbipaXKEeHH-

eM: f = fogj—;‘)‘ (1), rme ¢ — cKOpOCTb pacnpocTpaHeHHs CHIHaja B cpeje

(B M/c); u = 20 M/c H v = 5 M/c — CKOPOCTH NPHEMHHKA H HCTOUHHKA OT-
HOCHTEJIbHO Cpefibl cooTBeTCTBeHHO. IIpH Kakoll MakCHMaJIbHOH CKOPOCTH ¢
(B M/c) pacnipocTpaHeHHs CHFHaNa B Cpefie YacToTa CHrHa/a B NPHEMHHKe f
6yzet He menee 270 Iiy?

11. MoTouukaHcT npoexas pacctosiiue B 180 kM ot A 10 B ¢ nocrosiHHOH
ckopocTblo. Ha caienyiownii ieHb OH npoexast 3To Xe paccTosiHie ot B no A
O CKOpOCTbIO Ha 10 KM/4 MeHb1ue npexxHeit. [To Topore oH ces1an 0CTaHOBKY
Ha 24 MHHYTbI H Ha yTb U3 B B A 3aTpaTtuJj Ha 1 yac GoJiblile, YeM NOTPATHI Ha
nopory 3 A B B. Hafinure ckopocTb MOTOUMK/IHCTA Ha IyTH H3 A B B. OTBer
naiiTe B KM/u.

z2 4+ 19600

12. Hafinute TouKy MakcHMyMa QyHKUHH y = — po

flpu BbinoaHennH 3anaHuii 13—19 TpebyeTcs 3anHcaTb noJiHOe
peieHHe H OTBeT. 3aNHLIHTE CHaYaJa HOMep BbINOJHAEMOro 3alaHHA
(13,14 u 1. 10.), a 3aTeM noJHoe 060CHOBaHHOe pelleHHe H oTBeT. OT-
BeThbl 3aNHChIBaHTe YETKO U pa3GopuHBo.

13. a) Pewunte ypasuenne: 0,5 sin’ 6z — sin? ( 37“ — 3a:) = 0.

6) HaiinuTe KOpHH, NpHHAL/IeXKALLHE TPOMEXYTKY (0; —75).
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14. BokoBoe pe6po NNpaBHILHON YeTbipéxyroibHoii nupamuasl SABCD (S —
BepliHHa, BD — axaroHa’b OCHOBaHHA) oOpa3yeT ¢ OCHOBaHHeM yroJ 45°,
CTOPOHA OCHOBaHHA paBHa 4.

Yepes cpenHioo JHHHIO TpeyroiibHHka ABD, He nepecekawouyio BD u
cepeHHy BbICOTbI THPAMHIBL, pOBefeHa MIOCKOCTD ar.

a) IlocTpofite ceyeHHe NHPaMHIB! MJIOCKOCTbIO & U NIOKAXKHTE, YTO MJIOC-
KOCTb o NepneHaHKy IsipHa pe6py SC.

6) Haitnure o6bém nupamuabl SK LM ,roe K, L 0 M ToukH nepeceyeHHs
« COOTBETCTBEHHO ¢ pé6pamu SB, SD u SC.

1

15. Pewunre HepaBeHCTBO 3 log,_o(x2—10z+25)+logg_, (—x%+72-10) > 3.

16. B 3apaHHbIl yToJ1, BEJIHYHHON (x, He MPEeBOCXOsiILEeH 7, BMHCAHBI ABE MPO-
H3BOJIbHbIE, KacaloLHecs APYT APYra OKPY>KHOCTH.

a) JlokaxkuTe, 4TO OTHOLUEHHe MOJIYJIsl Pa3HOCTH PaJHyCOB K CYMMe paju-
YCOB 3THX OKPY>KHOCTe#H sIBJIsieTCSs IOCTOSTHHOW BeJTHYHHOH.

6) Haiiaure paaMyc MeHbluel 43 yKa3aHHbIX OKPYXKHOCTEH, eC/Ii paiHyc
6oJiblileli OKPY>KHOCTH paBeH 10, a yron a = %
17. JlBa uHAMBHAyaJbHbIX MNPEANPHHHMATEJS 3aHHMAJIMChb H3rOTOBJIEHHEM
3epkaJ.

B TeueHHe psina JieT nepBblii npeanpHHHMATeNb H3TOTABJIHBAA OLHO H TO
e (Ho He GoJiee 210) KOJIHYECTBO 3epKaJl 32 KaXKIblH Mo,

Bropoii npeanpuHHMaTesb B 3TOT MEPHOL H3rOTABJAMBAJ 33 KaXKAblH rof
90 % ot TOro KOANHYECTBA 3epKaJl, KOTOPOE H3rOTaB/IHBaJ NePBbIH MPeaNpPHHH-
MmareJib.

[Tocsie o6HOB/1€HHs 060PYNOBaHHS BTOPOH NpeANpHHHMATEb CTaJjl H3ro-
TaBJMBaTh 3a KaXKIbli rod Ha 80 % 6oJblie, YeM OH H3roTaBJHBaJ OO 3TOrO
OoGHOBJIEHHS, H OoJiee, ueM 244 3epkana.

Hafinute, kakoe KosHuecTBO 3epKaJs 32 KaXKIAblH roa nocje oGHOBJIEHHA
060pyI0BaHHS CTaJ BblIITyCKaTb BTOPOH NpeANpHHHMATEJIb?

Kaxxablii npeanpyHUMaresib 3a roa H3roTaB/AHBAET Lies10€e YHCJIO 3epKaJl.

18. Haiinute Bce 3HaueHusl mapaMeTpa a, PH KOTOPbIX CHCTEMA

(x — (3a% +1))? +y? = a?(9a® + 1),
y = az?;

HMeeT €JHHCTBEHHOE pElLLEeHHeE.
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19. Bunetel B 0HOM M3 JIOTepell CTaJH HyMepOBaTb MapaMH HATypPaJbHbIX
ynces1. HakaHyHe posbirpbiiia npocounsiach HHpOpMaLHs 0 cTpaTerusix ¢op-
MHPOBAHHS BbIHTPBILUHbIX GHJIETOB:

(1). Hapsiny ¢ KaxapiM BbIMIPLILIHBIM GHETOM (a; b) 6unet (b; a) Takxke
SIBJISIETCS BbIMTPBIILUHBIM.

(2). Ecin 6unetsl (a; b) u (b; ¢) ABASIIOTCS BHIATPBILLHBIMK, TO GuiteT (a; ¢)
TaKXe ABJISeTCSt BbIHTPbILLHbIM,

(3). Ecavt (a; b) siB/1sieTCS BBIMIPBILIHBIM, TO BHIMTPBILIHBIM SIBISETCA H GH-
JeT (a - ¢; b - ¢) misi Mo6oro HaTypasbHOrO YKCIA C.

OnxoMy MaTeMaTHKY AOMOJHHTENbHO CTAN0 H3BECTHO, UTo 6HJeT (6;9) siB-
JIAIETCS BHIMTPLILIHBIM. 13 Bcex 6U1eTOB, NpeioyKeHHbIX eMy L1 MOKYTIKH, OH
cTan BbIOHPATh TOJIbKO yYKa3aHHble HHxKe. JloKaXKuTe, 4TO BCE OHH ABJAIOTCH
BBIHIPbILIHBIMH.

a) (12;18); (12;27); (24;81).

6) (3-2%;3 - 3*) s mo6Goro HaTypanbHoro k.

B) (3-2™.3%3-27 .39, raem,n,p,ge Nm+n=p+q.
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BapuanT Ne 18

OTBeToM K 3apannam 1—12 geasercs ues0€ YHCAO HAH KOHEUHas
aecsaTHYHas apobb.

Yacrs |
1. B ropoze N xuser 280 000 xxkureneit. Cpeay HuxX 35 % nereli H NOAPOCTKOB.
Cpenn B3pocabix >xuTeseil 40 % He pa6otaeT (NeHCHOHePbI, CTYNEHTb], JOMO-
XO351MKH H T.1. ). CKOJIbKO B3pOCJIbIX XKHTeJel pa6oTaeT?

2. Ha pucyHke 75 ToYKaMH NMOKa3aHO KOJIHYECTBO 30J10TOBAIIOTHBIX pesep-
BoB B Poccuu 3a nepuoz ¢ 10 mo 20 ¢espans 2011 roma. ITo ropusonranu
YKa3bIBaIOTCS UHCJIa MeCSILIa, 110 BEPTHKAJIH — KOJIHYECTBO 30JI0TOBAIOTHBIX
pe3epBoB B MHJIHapAax dosapoB CLIA. [1ns HarisiAHOCTH TOYKH CO€IHHEHb
JuHHel. OnpenenyTe N0 PUCYHKY Pa3HOCTb MeXXAY HaHOOJIbLIHM H HaHMEHb-
LLIHM KOJIHUECTBAMH 30JI0TOBAJIIOTHBIX pe3epBOB B NepHoz ¢ 11 no 17 deBpans
(B Muasinapaax noaaapos CLIA).

A

3 490 /'\
VAR

O 488

§ 486 /
) /

R,484 1
S 482

480 + »

10 11 12 13 14 15 16 17 18 19 20 despanm
Puc. 75

3. B paBHOOepeHHON TpanelUxy JHaroHaJ H nepneHauKyaspHbl. Cpeanss au-
HUst Tpanelud paBHa 91 (cM. puc. 76). Haiinure eé BbicOTY.

BC
VN

Puc. 76

D
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4. MexaHHyecKHe Yyachl C JBeHaILaTHYacOBbIM LiHgep61aTOM B KaKOH-TO MO-
MEHT CJIOMAJIHCh H nepecTanH HATH. HalnHTe BepOATHOCTB TOro, yto yacoBas
CTpeJiKa CJIoMaJach, JOCTHTHYB OTMETKH 7, HO He JIORIA 10 OTMETKH 1.

5. Hafiure Kopenb ypaBHeHus 5457 = 2577,

6. OcHoBaHHs NpAMOYTO/bHON TpanelyH paBHbl 12 H 6 (cM. puc. 77). E€ mao-
waap paBHa 54. Haftaute octpeifi yros atoit tpaneund. OTBer nafite B rpany-
cax.

B C

Puc. 77

7. Ha pucynke 78 n3o6paxéH rpaduk y = f'(z) npoussoaHon dyHkumu f(z),
onpenes€HHON Ha HHTepBaje (—6;6). Hafnute aGcunccy TOUKH, B KOTOpPO#
KacaresibHas K rpadHky y = f(z) napaJjebHa ocH aGCLMCC HIH COBranaeT
C HeH.

W
y=fx) %
7N =
1
/ 0 J‘c>
|
Puc. 78

8. B unnuHapHyeckui cocyn Hanwam 5000 cM® Boabl (cM. puc. 79). Yposens
BOAbI NIPH 3TOM JOCTHraeT BbICOTH 24 cM. B xHaKOCTb NoJHOETbIO MOrpy3H-
2 getadb. [1pu 310M ypoBeHb XKHAKOCTH B COCYyZle NOAHsJICS Ha 18 cm. Yemy
paBeH 06béM neran? OTBeT Bblpasute B cM>.
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Puc. 79

Yactb 2

9 — 49z2
3—-Tx

10. Ilpu cOnHXKEHHH HCTOYHHKA H NPHEMHHKA 3BYKOBbIX CHTHAJIOB, ABHXKY-
IIMXCS B HEKOTOPOH Cpelle MO MpPSAMOH HABCTpeuy APYr ApPYry, YacToTa 3BYy-
KOBOTrO CHTHaJ/la, PErHCTPHPYEMOro MPHEMHHKOM, He COBMAJaeT C YacTOTOH
HCXOoHOro cHrHaia fo = 320 Il u onpenessieTcst c/edyiOLIMM BblpaXKeHH-

9. Hafinure 3HaueHHe BblpaXKeHHs - Tz +5.

eM: f = foz"'—z (Ix), rae ¢ — CKOPOCTb pacnpoCTpaHeHHsl CHTHazla B cpefie

(B M/c); u = 40 M/c Hv = 2 M/c — CKOPOCTH NMPHEMHHKA H HCTOYHHKA
OTHOCHTEJIbHO Cpebl COOTBETCTBEHHO. [IpH KaKoH MakCHMaJIbHOH CKOPOCTH
c(B M/ C) pacnpoCTpaHeHHs CHrHaJla B Cpejle YaCToTa CHrHaJjla B IpHEMHHKe f
6yner He meHee 360 [11?

11. Besocuneanct npoexan paccrosiide B 120 kM ot A 10 B ¢ nocrosiHHO#
ckopocTbio. Ha caienyrownit ieHb oH npoexaJ 3To e paccTosinie oT B no A
CO CKOPOCTbIO Ha 5 KM GoJiblue npexkHed. [To nopore oH ciesian aABe OCTaHOBKH
no 1 yacy, onHako B MyHKT A oH 106paJicsi 3a TO >Ke BpeMsl, YTO H NIOTPaTHJ Ha
nopory u3 A B B. Hafizure ckopocTb BeslocHneancTa Ha myth H3 B B A. Otser
JafiTe B KM/u.

_z% + 25600

12. HafinnTe TouKy MHHHMYMa QYHKUHHK y = o
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lMpun BbinoaHennn 3ananni 13—19 Tpebyercs 3anucarb NoJHOE
peweHHe ¥ 0TBeT. 3aNHWHKTE CHA4YaNa HOMEP BbINOJHAEMOro 3aaHNs
(13,14 u 1. 1.), a 3aTeM NoaHoe 060CHOBaHHOE pelleHHe H oTBeT. OT-
BeTbl 3aNHCbIBAHTE YETKO H pa36opuHBo.

13. a) PelunTe ypaBHeHue cos 6x + \/Qcos(%l - 33:) =1.

6) Hakinure KkopHH, nprHapIexalliie IPOMeXyTKY (0; %)
14. BokoBoe pe6po NpaBH/IbLHOH 4eTbIPEXYro/bHOH nHpamuabsl SABCD (S —
BepllHHa, BD — nuaroHajn oCHOBaHHs1) 06pa3yeT C OCHOBaHHeM yroJa 60°,
CTOpPOHa OCHOBaHHA paBHa 4,8.

Yepes cpesHIOl0 JIHHHIO TpeyrosbHHKa ABD, He nepecekawoulyo BD, u

o 1 .
TOYKY Ha BbICOTE NMHPAMHIbI, OTCTOSALLECH OT OCHOBAaHHA Ha 6 BCEH BbICOThHI ITH-

paMubl, NpoBeaeHa MJAOCKOCTh Q.
a) IlocTpofite ceueHHe NHpaMUIbl NJIOCKOCTbIO @ H JOKAXKHTE, YTO MJIOC-
KOCTb o NlepleHHKyIsipHa pebpy SC.
6) Haiinure 06béM nupamuasl SK LM , rae K, L 1 M ToukH NepeceyeHust
Q COOTBETCTBEHHO ¢ pébpamu SB, SD u SC.

15. Pelunte HepaBeHCTBO.
%logx(a:4 — 423 + 622 — 4z + 1) + log, _,(—z% +x) > 3
16. TpH OKPY>KHOCTH C 33alaHHBIMH PaJHYCaMH 1, To H T3 (1y < T2 < 73)
BIIHCaHbl B HEKOTOPbIA YToJ1, BeJIHYHHA KOTOPOro He npeBocXoauT w. OKpyxkK-
HOCTb C PaZIMyCOM T'3 KacaeTcsi OKPY2KHOCTH C PAHYCOM T2, a8 OKPYXHOCTb C
palHyCcoOM T2 KacaeTcs OKPY»KHOCTH C PalHyCOM .
a) JlokaxuTe, 4TO CpaBe/UIHBbI CJEAYIOlLHE PaBEeHCTBA:

T2 -1y _T3—T2 L B |
To+ T T3+ T2 r3 + 2rg +’I‘].

2-v3 . _
2+\/§,ar2—1.

6) Haiiaute BeJIHUHHY yKa3aHHOTO yraa, eCyH ) =
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17. B nponoBoJ/ibCTBEHHOM JIapbKe 3a OJHY HelleJIIo NpoaaJH 46 KHIorpamMo-
BbIX NayeK NnesibMeHe Kateropuit A, b u B.

ITpH 3TOM nesibMeHel KaTeropuu A nponaHo MeHbllie, YeM NesibMeHeH Ka-
TeropHH B, a nesbMeHel kateropus b npoaaHo B 10 pa3 GoJblie, ueM nejibMe-
Hel KaTeropHH B.

Harinute, ckosibKO nayek nesibMeHeil kaTeropun A GblJI0 NPOAAHO 3a yKa-
3aHHYI0 HeJleJio?

18. Haizure Bce 3Hauenus napaMeTpa a, NPH KOTOPbIX CHCTEMA

(z_ a2+2)2+ 2 _ a%(a®+1)
y - ]
4 16
y = az?
HMeeT €JHHCTBEHHOE pElUEHHE.

19. Ilyctb M — HeKOTOpOe MHOXKECTBO TOYeK KOOPAHHATHOH MJIOCKOCTH C Ha-
Typa/bHHIMH KOOpIIHHaTaMH, coaepxallee napy (4;6). Toukn MHOXXecTBa M
CHMMETPHYHB! OTHOCHTEJILHO NPSIMOA Y = T .

Kpome toro, M o6aanaer aByms CBOHCTBaMH:

(1). Ecan Touka (a;b) npuHamiexxut M, To nis J060r0 HaTypaJibHOro
yHcJsa ¢ TouKa (a - ¢; b - ¢) npuHapiexur M,

(2). Ecain ToukH (a; b) n (b; ¢) npunagnexar M, To Touka (a; c) TakxKe NpH-
HanjiexxuT M.

JlokarkuTe, UTO BCe YKa3aHHble HHXKe TOUKH NPHHALJ/IeXKAT MHOXKeCTBY M.

a) (8;12); (8;18); (16;54).

6) (2-2*;2-3%) n1a moGoro HatypanbHoro k.

B) (2-2™-3%2-27.3%, riem,n,p,g e Nym+n=p+gq.
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Bapuant Ne 19

OteeTom K 3aganuaM 1—12 aBasieTcs LeN0€ YHCJIO HJIAH KOHeYHas
AecsiTHYHas apolb.

Yacts |
1. B nome, B kKoTOopoM »HBéT JIH3a, oaun noave3n. Ha kaxiaom staxe no
wecTb KBapTHP. JIH3a xxuBET B KBapTHpe 57. Ha KakoM 3Taxe xHuBéT JIH3a?

2. Ha pucynke 80 nokasaHo H3MeHeHHe TeMIiepaTyphl BO3yXa Ha NPOTSXKEeHHH
TPéX cyTok. [1o ropH3oHTa/H yKa3nlBalOTCS JaTa H BpeMs CYTOK, 110 BepTHKa-
JIH — 3HauyeHHe TemniepaTypbl B rpagycax Llesbcusi. Onpenesiute no pHCyHKy,
Ha cKoJIbKo rpaxycos Llesibcus Han6odbias TeMnepaTypa 13 Mas npesbliuasa
HaHOOJIbUIYIO TemnepaTypy 11 masi.

tC
30
25
20 /
s AN / - /
10 / N / ~N S
5 y SN
0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00
11 mas [ 12 man ’ 13 mas
Puc. 80

3. Ha pucyske 81 yroa 1 pasen 32°, yroa 2 paseH 47°, yron 3 paBen 29°
(cm. puc. 81). Hafigure yroa 4. OTBer faiite B rpagycax.

/

Puc. 81

4. B veMnHoHaTe Mo rHMHacTHKe yyacTBYywT 40 crnioptcmenok: 19 u3 Poc-
cuH, 13 u3 CLIA, octanbhble — u3 Kuras. [Topsnok, B KOTOPOM BbICTYTIAIOT
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TMMHacCTKH, onpejeJssercs xpebueM. Haiinure BeposiTHOCTb TOro, YTO CHIOPT-
CMeHKa, BbiCTYl1alollas epBoH, oKaxkeTcs W3 Kurasi.

5. Haiaure kopeHb ypaBHeHus v/2z + 11 = —5.

6. Yros npu BepluHHe, NPOTHBOJEXKALLEA OCHOBAHHIO PaBHOGEIPEHHOIO Tpe-
yrosibHHKa, paBed 30° (cM. pHc. 82). BokoBas cTopoHa Tpeyro/bHHKa paBHa
11. Hafinute nJiomiaap 3Toro Tpeyro/ibHHKA.

B
c<}
A
Puc. 82

7. MarepHa/ibHasi TOYKa ABHXKETCS NPSIMOJIHHERHO N0 3aKOHY

z(t) = 2t3 + t2 — 5t, rie £ — paccTosHHE OT TOYKH OTCYETa B MeTpax, t —
BpeMsl B CeKyHJaX, H3MepsieMoe C Hayaja ABHxeHHs. Hafaure eé ckopocThb
(B MeTpax B CeKyHIy) B MOMEHT BpeMeHH t = 4 C.

8. Hafigure naiowanb noBepXHOCTH MHOMOrpaHHHKA, H306Pa)KEHHOIO HA PH-
cyHKe 83 (Bce AByrpaHHble YIJbl IPSIMblE).

4

35

re—----t-
1 Q
1

~

: AN AN
TR

1

1

|

50
Puc. 83

Yactb 2

vz+9 9/

9. Haiinute 3HaueHHe BblpaXKeHHs! 7 /z o pHT > 0.

10. K ucrounnky ¢ 3[1C £ = 100 B 1 BHyTpeHHHM conpoTHByieHHeM T = 1 OM
XOTAT NOAKJIIOUHTD Harpy3Kky c conpotisiesneM R Om. Hanpsokenne Ha sTo#

ER
R+r

Harpy3ke, BbIpa)kaeMoe B BOJIbTaX, 3agaércsi dopmynoin U = . [pu
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KaKOM HaHMeHbILeM 3HaYeHHH COMPOTHBJIEHHS HAarPY3KH HanpsDKeHHe Ha Heli
6yzet He MeHee 80 B? OTBer Bbipa3nTe B OMax.

11. Bropas Tpy6a nponyckaeT B MHHYTY Ha 6 Jl BoAbl MeHbllle, 4eM MepBasi.
CKOJ/IbKO JIHTPOB BOJbl B MHHYTY MpoITycKaeT rnepas Tpy6a, ecsH pe3epByap
06bEMOM 140 11 OHA 3aNOJIHHT Ha 5 MHHYT OLICTpee, ueM BTopasi Tpy6a 3amnoJ-
HsieT pe3epByap o6bémom 100 a1?

12. Haiioure Touky Makcumyma dyHKUMH y = 4z2 — 26z + 15Inz + 27.

Mpn BbimosHenwn 3agannii 13—19 TpebGyeTcs 3anHcaThb NoJHOE
peuieHne H oTBeT. 3aNHUWIKTE CHAYala HOMEP BbINOJHAEMOr0 3aJaHHA
(13,14 u 1. n.), a 3aTem nosaHoe 060CHOBaHHOE pewieHHe H oTBeT. OT-
BeTbl 3aNHCbIBaiTe YETKO H pa3bopuHBo.

1—cos?zx

13. a) Peunre ypaBueHue sin® z =
) yp 4cosz

6) YKa)kuTe Bce KOPHH, NPHHALIEXKAIIHE TPOMEIKYTKY [—37r; —gw].

14. CtopoHa 0CHOBAHHS NPaBUJIbHOH LIECTHYTOJIbHOH MHPAMH/Ibt

SABCDEF paBHa 6. bokoBoe pe6po HaK/JIOHEHO K OCHOBAHHIO MOJ YIJIOM
45°. Yepes MeHbllylo anaroHanb ocHoBaHHsi AC MpoBeNeHO CeueHHe, KOTo-
poe nepecekaeT MPOTHBOIOJOXKHOE K Hel pe6po NHpaMuabl S E Ha pacCTOSIHHH

% OT BepILHHbI THpaMHbI S.

a) Jlokaxkute, uTo 3T0 ceyeHHe NepreRAUKYJISAPHO GoKOBOMY pebpy SE.
6) HaiiguTe nuioniank ceuenus.

12-3 + 61 _
o7 —6.3 27 S 2%

15. Pelunite HepaBeHCTBO

16. JlBe OKpY>HOCTH O/IHHAKOBOTO pafiHyca KacalTCsi BHyTPEHHHM o6pa-
30M TPETbEH OKPY>KHOCTH B TOUKaX, ABJSIOLIMXCA KOHLAMH AyTH | Goabluel
OKPYXHOCTH, paBHOH 90°.

a) JloKaxXHTe, YTO OKPY2KHOCTH MEHBLIETO pafiiyca KacaloTcsi APYr Apy-
ra, ec/id paguyc 6oJblueil OKPYXKHOCTH paBeH 1 + /2, a paaHychl MEHbLIHX
OKPY2KHOCTeH paBHbl 1.

6) Hadnure niowans tpeyroabHnka 002K, rae Oy u Oy — UEHTPHI
MEeHbUIHX OKpYXXHOCTeH, a K nequt nyry U, nonoaxsiouryio ayry ! 10 noJiHOH
OKDPYXXHOCTH, B OTHOLLIEHHH 1 : S OT OHOH H3 TOYEK KaCaHHS.
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17. 15 Mas 6H3HeCMeH 3anJIaHHpPOBaJ B35ATb KpeIUT B 6aHKe B pa3Mepe 12 MaH
py6Jielt Ha 19 MecsiLeB.

¥Ycs0BHSA ero BO3BpaTa TaKOBI:

— 1-ro yHcsIa KaXI0ro Mecsila J0Jr Bo3pacTaer Ha 2 % Mo CpaBHEHHIO €
KOHLIOM MPOLLJIONO MecsLa;

— €0 2 no 14 yHCO Ka)KIoro Mecsilia HEOOXOAMMO BBINJIATHTL YacTb
J0JIra;

— 15-r0 4HCJ1a KaXKO0ro MeCsiLa 0T KOJDKEH ObiTb Ha OIHY H Ty XKe CyM-
My MeHbllle, 4YeM JOJII Ha 15 YHCJI0 NpeablayLiero Mecsia.

Ha ckosibko npouLeHTOB 60Jiblie M0 OTHOLUEHHIO K B3SITOMY KPEIMTY NpH-
JETCA 3an/1aTHTb GH3HECMeHy?

18. I1pH KaKknx 3HaYeHHsAX MapaMeTpa a CHCTeMa

{ (2 +y%)? - 2v2(z + y)(z? + ¥?) + 82y = 0,
y—r=a,

HMeeT POBHO YeTbipe pellieHHs?

19. [lns nosty4eHHs YJieHCTBA B OJJHOM NPECTHXKHOM Kiy6e MpOBOAMTCS 0T6OP.
Kaxkaplii H3 peTeHAeHTOB BHOCHT 3aJI0T, KOTOPbIH SIBJSIETCS LeJIbIM HEOTPH-
LiaTesIbHbIM YHCA0M Thicsiu. CymMa 3asiora B 150 ThiCSiU rapaHTHpyeT noJyye-
HHe YJIeHCTBa.

[Tocsie oKOHUaHHS CPOKOB NPHEMA 3aJ10ra C LIeJIbIO yBeJIHYeHHS YHCJIEHHO-
CTH KJ1y6a pyKOBOACTBO NIPHHAJIO pellieHHe 100aBHTb K CyMMe 3aJ10ra KaXKIA0ro
H3 npeteHaeHToB 10 ThiCAY.

a) Moruio JiH 0Ka3aTbCs Tak, YTO MOCJe ITOFO NOHH3HTCA CPENHSIS CyMMa
3aJ10ra y TeX, KTO He IOCTHT JI0CTaTOYHOH CyMMbI?

6) Moryio /1 0Ka3aTbCH TaK, YTO NOCJIE 3TOTO MIOHH3HTCA CPeHAs CyMMa
3aJ10ra y Tex, KTo JOCTHI JJOCTaTOYHOH CYMMBbI, H TeX, KTO He JOCTHT 10CTaToy-
HOH CyMMBbI?

B) K3BecTHO, 4TO nepBOHaya/sbHO CpelHsis CyMMa 3aJ/iora BCeX y4YacTHH-
KOB cocTaBHJa 130 TbicsY, CPEAHSAA CyMMa TeX, KTO cllasl JOCTATOUHYI0 CYMMY,
coctaBuJja 160 ThicsY, a y TeX, KTO He cJlaJl I0CTaTOYHOH CyMMbl, OHa COCTa-
BHJIA 125 TbicAY.

[Tocne no6aBneHns 10 Thicsiu cpeaHsia CyMMa 3aJiora cpeji Tex, KT0O A0-
CTHI OCTAaTOYHOH CyMMbl, COCTaBHJa 155 ThicsY, a CpelHss cyMMa 3aJiora y
TeX, KTO He JOCTHI AOCTATOYHOH CyMMbl, cocTaBuna 120 Teicay. Ilpy kakom
HaHMeHbLIEeM YHCJie YYaCTHHKOB BO3MOXKHA TaKas CHTyaUHs?



90 Thasa I. Yue6Ho-TpeHHpOBOYHbIE TECTH

Bapunant Ne 20

OtBeToM K 3aaannaM 1—12 sBasercs uesoe YHCAO HAH KOHEYHad
JdecATHYHas Apo6b.

Yacts |
1. B nome, B KotopoM xHuBET TaHsi, 12 sTa)ked H HecKoJbKo noabe3noB. Ha
KaX[IOM 3Ta)ke HaXOOWTCs NO 4 KBapTHpbl. Malua XHBET B KBapTHpe 184.
B kakom noxbesne xuBér Maiua?

2. Ha picyHke 84 noka3aHo H3MeHeHHe TeMIepaTypbl BO3/yXa Ha NPOTSAIKEHHH
Tpéx cyToK. [To ropusoHTa M yKa3biBaeTcs aTa H BpeMsl CyTOK, [0 BepTHKa-
JIH — 3HauyeHHe TeMmnepaTypbl B rpagycax Llesabcus. OnpenesnTe no pHCYHKY
Pa3HOCTb MexKy HaHOOJIbLIHM H HAHMEHbLIHM 3HaYeHHSIMH TeMnepaTypbl BO3-

nyxa 8 aerycta. OtBer naiite B rpagycax Lieabcus.
t°C
30

> 71T [\

h

s

10 V4 ‘\ U Y
N~V
5
0:006:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00
7 aezycma | 8 agzycma | 9 aszycma
Puc. 84

3. Ha pucynke 85 yroa 1 paBen 40°, yroan 2 paBen 28°, yros 4 pasen 105°
(cM. puc. 85). Haftmure yroa 3. OTBer faiite B rpagycax.

Puc. 85
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4. Ha cemnnap npuexann 5 yuéunix u3 LlIBeunn, 8 3 Poccuu u 7 u3 Mekcuku.
[Topsinok noknanos onpenensiercs xepe6beéskoii. Haitaute BeposaTHoCTs TOrO,
YTO LIECTHIM OKaXkeTcsl JOKJaj y4€Horo 3 PoccHH.

5. Hainure kopeHb ypaBHeHus /5z — 16 = 7.

6. Yron npu BeplHHe, NPOTHBOJIEKALLEN OCHOBAHHIO PABHOGEAPEHHOTO Tpe-
yrosibHHKa, paBen 30° (cM. puc. 86). Hafimnre 6okoByl0 cTOpOHy 3TOrO Tpe-
YTOJIbHHKA, €CJIH €ro IvIolaap paBHa 56,25.

B
C<}
A
Puc. 86

7. MarepHaJsibHast TOYKa ABHXKETCS NPSIMOJIMHERHO 10 3aKOHY

z(t) = 6t° — 44t + 9, rae z — paccTosiHHe OT TOYKH OTCYETa B MeTpax, t —
BpeMsi B CEKyHaX, H3MepsieMoe C HayaJa ABHxkeHHs. Hafinure eé ckopocTb
(B MeTpax B ceKyH/ly) B MOMEHT BpeMeHH t = 8 C.

8. Hajiaure niowans noBepXHOCTH MHOFOrPaHHHKA, H306PaXKEHHOTO Ha PH-
cyHKe 87 (BCe ABYrpaHHbIe yIJibl IpsiMble ).

6
' 5
f—)
\ ’
\ ’
R [ _ 5
4 10
20
Puc. 87
Yacts 2

9. Hafinure 3HaueHHe BblpaXKeHHst 2 _\/65\/5 - 5‘3{5 npuz = 2 + V3.

10. B po3eTky noaxsioueHbl 3JeKTPonpHGOPL, oblliee CONPOTHBJIEHHE KOTO-
pbix coctasJsier 60 OMm. [TapasnesibHO ¢ HHMH B PO3€TKY NJIaHHpPYeTCsl NoA-
KJIIOUHTb 3JieKTpooGorpesatesib. OnpesesiuTe HaUMeHblliee BO3MOXKHOE CO-
npoTHBJieRHe oborpesartessi (B OMax), ec/iH 415 HOPMaJlbHOrO (PYHKLIMOHH-
POBaHHS 3JIEKTPOCETH oblliee CONMPOTHBJIEHHe B HeH JOJ/DKHO GHITb He MeHee
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24 OM, a o611iee CONPOTHBJIEHHE IPOBOAHHKOB NPH NAapaJliebHOM NOAKJIOYe-
R\ R,

—————— rie R; 4 Ry — COMNpOTHBJIEHHA
R, + Ry P

HHH BbIYHCIseTCs No opMysie R =
3THX MPOBOJHHKOB.

11. [TepBas Tpy6a npornyckaeT B MHHYTy Ha 4 J1 BoAbl 60Jibllle, YeM BTOpasi.
CKOJIbKO JIMTPOB BOABI B MHHYTY NpOMNyCKaeT nepBas Tpy6a, ecyH pe3epByap

06béMoM 320 /1 oHa 3anoJHHT Ha 10 MuHYT GbiCTpee, yeM BTopast TpyOa 3anos-
HsieT pe3epByap 06béMoM 360 a?

12. Hajiaure TouKy MHHHMyMa GyHKIMH y = 522 — 9z + 2Inz — 24.

llpu BbInoaAHennn 3ananuin 13—19 TpebyeTcs 3anucate mnoJaHoOe
pelleHHe H OTBeT. 3aNHLIKTE CHaYana HoMep BbilOJHAEMOro 3aJaHHS
(13,14 1 1. 1.), a 3aTeM noJHoe 060CHOBaHHOe pelieHHe H oTBeT. OT-
BeTbl 3aNHCbiBafTe YETKO H pa3GopunBo.

)
31::1 sin a:;

13. a) Pewnre ypaBHeHHe cos Ssin e

6) Ykaxute Bce KOPHH, NPHHAIEXKALIHe TPOMEXYTKY [—w; _12(] .

14. CropoHa OCHOBaHHSA NPaBHJIbHOM ILIECTHYTOJNLHOM MHPAMHIbI
SABCDEF paHa 6. BokoBoe pe6po HakJIOHEHO K OCHOBAHHIO MO YTJIOM
60°. Uepe3 MeHblLylo 1HaroHasb ocHOBaHHs1 AC npoBesieHO ceyeHHe, KOTopoe
nepecekaeT BbICOTYy NHPaMHIbl B TOUKe, YAaJEHHOA OT OCHOBAHHSA Ha paccTo-
AHKe /3.

a) Ilokaxkure, 4TO 3TO CceyeHHe MeprneHAHKYJNSPHO NPOTHBOMOJOXKHOMY
Kk AC 60KoBOMy pe6py nHpamuibl SE.

6) Hafmure nnouwaap ceueHHs.

5% + 1 5 _1
-26-5*+57 11°

15. Pelunre HepaBeHCTBO ETFT

16. [lBe OKpPY>KHOCTH OJHHAKOBOTO pafiHyca KacaloTcs BHYTPeHHHM o6pa-
30M TpeTbed OKPY>KHOCTH B TOYKaXx, ABJIAIOLUHXCA KOHUAMH ayTH [ 6oblued
OKPY2KHOCTH, paBHO#H 90°.

a) JlokaxHTe, 4TO eCJIH pamHyC GoJblileli OKPYXKHOCTH paBeH 1 + v/2,
a pagHyc MeHbUIHX OKPY>KHOCTeH paBeH g, TO OKPY>KHOCTH MeHbllIero paiau-
yCa repeceKkaTcs B ABYX TOYKAX.
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6) Hajinure KBagpaT paccTossRHs MEXIY TOYKaMH NepeceyeHHs OKPY>KHO-
CTeH MeHblLEro paaxyca, NpH BbIMOJHEHHH YCJIOBHH YKa3aHHbIX B MyHKTe a).

17. 15 neka6ps GH3HeCMeH 3arnylaHHpOBaJ B3SITb KPeOUT B GaHKe B pa3Mepe
5 MJIH pybJieil Ha 9 MecsLieB.

Ycnosus ero Bo3BpaTa TakoBbI:

— 1-ro yHcaa KaXKIOoro Mecsilia 0T Bo3pacTaeT Ha 2,5 % no cpaBHeHHI0
C KOHLIOM NIPOULIJIOro MecsiLa;

— €0 2 no 14 YHCaI0 KaXaoro Mecslla HeOGXOAWMO BHIMJIATHTL 4acTb
J0Jra;

— 15-ro 4xCJa KaXKN0ro MecsiLia JOJII A0/KeH ObiTb Ha OJHY H TY XKe CyM-
MY MeHblle, 4eM J0JIT Ha 15 4HCJI0 npeaplayluero Mecsua.

Ha ckoJsibko py6Jiet 6oJiblie BbIMJIaTH GH3HECMEH 110 CPaBHEHHIO C CyM-
Mo# kpeauTa? OTBeT yKaXKHTe B MJIH pyGJiei.

18. [Ipn KakHx 3HaueHHsAX NapaMeTpa a CHCTeMa

{ 2t~ 2?(2vT - y* + 2v2y — y?) + (2v22 - ) (2V2y ~ ) = 0,

y+z=a,
HMeeT POBHO YeThIpe PelLeHHs ?

19. B copeBHOBaHHsX o cTpesib6e sl BbIX0Ja B pHHAJ AOCTAaTOYHO HabpaThb
128 oukos. [1o okoHuYaHHH cTpesibObl, BBHAY OOHApY>KeHHbIX HapylleHHH npa-
BHJI, OLIJIO MPHHSTO pellleHHe CHATb C KaXKA0ro H3 YUaCTHHKOB Mo 4 oyka.

a) Morvio /M 0Ka3aTbCsl TaK, YTO NOCJe 3TOr0 CpeaHHA 6aJjla TeX, KTO He
HabpaJ JOCTaTOYHOe YHCJIO OYKOB, MOBbICHJICH?

6) MorJio JiH 0Ka3aTbCA TaK, YTO MOCJIe 3TOTO CpelHee YHCIO OYKOB Y TeX,
y KOro okasaJjocb He MeHee 128 OYKOB, H CpeliHee KOJIHYECTBO OUYKOB Y TeX,
Y KOro oKa3saJiocb MeHee 128 0UKOB, NOBbICH/ICA?

B) M3BecTHO, 4TO NepBOHaYabHOE CpeliHee YHCI0 OYKOB, HaOPaHHBIX BCe-
MH YYaCTHHKaMH, paBHo 120. CpeaHee 4HCJ/I0 OYKOB Y TeX, KTO HabpaJl He MeHee
128 oukoB, paBHO 132, a cpenHee YHCJIO OYKOB y TeX, KTO Habpaj MeHblie
128 oukos, paBHO 118,

[Tocne cHATHA OYKOB CpeaHee YHCJIO OYKOB y TeX, Y KOro OCTaJochb He
MeHee 128 oukoB, cTaJio paBHO 128, a cpeiHee YHCJIO OYKOB Y TeX, y KOTO OKa-
3aJioch MeHee 128 0YkoB, €TaJ0 paBHo 114.

[Ipn kakoM HaMMeHblleM YHCJe YYaCTHHKOB COpPEBHOBAaHHH BO3MOXKHA
yKa3aHHasi CHTyaLHs ?



94 Ihaa I. Yye6GHo-TpeHHpPOBOYHBIE TECTH

Bapunant Ne 21

OtBeToM K 3agaHnaM 1—12 aBasercs Lejoe YHCIAO HJIH KOHeYyHas
AecsaTHYHas ApoOb.

Yactp 1
1. [Toe3n PocroB-na-Iony — Couu ornpasasercs B 15:50, a npHObiBaer B
4:50 Ha caeytolHi aeHb (BpeMst MOCKOBCKOe). CKOJIbKO 4acoB Moes, Haxo-
JHTCS B ITyTH?

2. Ha pnarpamme 88 noka3aHo pacnpeje/ieHHe NPOH3BOACTBA KapameJieK
Ha 10 crneuMasnu3HpoBaHHbIX aGpukax 3a 2014 roa. Cpean mpencTabJjieH-
HbIX (PHPM NEepBOE MECTO 10 KOJIHYECTBY NPOH3BOAHMBIX KapaMeJieK 3aHHMaeT
«Xpyct», necsitoe — «Becha». Kakoe MecTo 3aHnmaer «PanocTb aaHTHCTa»?

Ke &
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N N
1600 N\ X R
% & < N N\
].400%\%‘\\\ \\
120(>§“§i\§ N R
\\ \\
1000%55\\% f§§
N N N N N
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3 K 2
o
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Puc. 88
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3. Ha#taure noowlann YeTbIpEXyroJibHHKA, H306PAXKEHHOTO Ha KJeTyarToi 6y-
Mare c paamepaMH KJ1eTKH 1 cMx 1 cM (cM. pHc. 89). OTBer nafiTe B KBaAPaTHbIX
CaHTHMeTpax.

port—"1

Puc. 89

4. B HekotopoM ropoge H3 8000 nNOSIBHBIUMXCS Ha CBeT MJaJleHLEB
4 140 manbunkH. Halaute yacToTy poxxieHHs1 IeBOUeK B 3TOM ropofie. Pesyiib-
TaT OKPYIJIHTE A0 ThICAYHBIX.

5. Hafiaure kopeHb ypaBHeHus log, ,(z — 3) = log,,(8z — 31).

6. Y TpeyrosibHHKa cO CTOpPOHaMH 12 H 8 poBeieHb! BRICOThI K 3THM CTOPOHAM.
Bricota, npoBenénHas k nepBo# cropoHe, paBHa 4 (cM. puc. 90). UeMy paBHa
BbICOTa, NpOBeJEHHasA KO BTOPOH CTOPOHe?

Puc. 90

7. MarepHa/ibHasi TOYKA ABHXKETCS MPSAMOJIHHEHHO M0 3aKOHY
z(t) = %t3 — t2 — 5t + 18, re £ — paccTOsHHE OT TOUKH OTCYETa B MeTpax,

t — BpeMs B CeKyH/ax, H3MepseMoe C Hayajia ABHXeHHA. B KakoA MOMeHT
BpeMeHH (B ceKyHaax) eé cKopocTb 6klia paBHa 10 m/c?

8. B npsmoii npu3ame, H306pakéHHON Ha pHCyHKe 91, OCHOBaHHeM siBJIsieTCs
KBazpat co cTtopoHoii 4. bokoBoe pe6po npHamMbl — % Hafinnte 06béM uu-

JIHHAPA, ONHCAHHOI'0 OKOJIO 3TOH NNPH3MbIL.
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Puc. 91

Yacrtb 2

9. HaitouTe 3HaueHHe BbIpaXKeHHs ((7:c +5y)? — 4922 — 25y2) : 10zy.

10. a5t nosyyeHHs1 Ha 3KpaHe yBeJIHUEHHOr0 H306PaXKeHHs JIaMIIOYKH B Jla-
60paTOPHH HCIOJb3yeTCst COGUPAIOLLAs JIHH3A C [VIaBHbIM (DOKYCHBIM PaccTo-
sHHeM f = 50 cM. PaccTosiHue dy OT JIHH3bI A0 JIAMITOUKH MOXKET H3MEHSATbCS B
npezeax ot 50 g0 70 cM, a pacCTosiHHe dg OT JIHH3bl A0 9KpaHa — B Npejenax
ot 200 mo 250 cM. M3o6pakeHHe Ha 3KpaHe OYIeT YETKHM, €CJIH BbIIIOJHEHO

COOTHOLLIEHHE 1 + 1 = 1
d d f
OT JIMH3bl MOXKHO [10MECTHTD JIaMI10UKY, YTOObI €€ H306parkeHHe Ha SKpaHe Obl-

J10 y€TKHM. OTBeT BLIPA3HTE B CAHTHMETPAX.

. yKa)KHTe, Ha KaKOM HaHMeHbLIEM pAaCCTOSIHHH

11. [IBa Massipa MOTyT BBIIIOJIHHTb PabGoTy M0 NOKpacKe CTeH NMOMeLLeHHS 3a
15 aHeH, a nepBbIH H3 HHUX caMocTosTesIbHO — 3a 20 nHeH. CKo/bKO AHeH no-
HaJOOHTCS BTOPOMY MaJisipy, 4TOObl BEINOJHHTD 3Ty pab0oTy CaMOCTOSITE/IbHO?

12. Hafinure HaumeHbluee 3HaueHHe QyHKUMH y = 12z — In(12z) + 100

1. §]
Ha OTpe3Ke [36, .

lMpn BbinonneHnn 3agannhn 13—19 Tpebyercsa 3anHcaTh NOJHOeE
pelleHHEe H OTBET. 3anHIIKTE CHA4Yana HOMepP BbINOJHAEMOro 3alaHus
(13,14 u . 1.), a3aTem noaHoe o60cHOBaHHOE pewleHHe H oTBeT. OT-
BeTbl 3aNHUCbIBaNTE YETKO U pa3bopuHBo.

13. a) Pewre ypaBHenue sin (2x — %") =sinz.

6) Halinute Bce KOPHH 3TOr0 ypaBHeHHs, NpHHAJJieXKalllHe IPOMEXYTKY

53]
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14. B npsimoyrosibHoM napasinesnenunene ABCDA; B;Cy Dy u3BecTHo, 4TO
pébpa AB =24, BC =7, BB, = 4.

a) JlokaxuTe, yto paccTosiiHe oT Touek B u D no naockoctd AC D, oan-
HaKOBHbI.

6) Haiigute 310 paccrosinue.

3 4

. — s 2
15. Pewnte HepaBeHcTBO log;, p + T+ log, 9z 0

16. W3 BepuinH A 1 B tynoyroabHoro TpeyroJibHika A BC rnipoBeieHbi BbICOTH
BQw AH. W3BecTHo, uto ZB — 1ynoii, BH : BC =1:3, BH = BQ.

a) Jlokaxure, yto aHaMeTp onkcaHHOH BOKPYT AAB(Q OKpYXHOCTH B
/3 pa3 6oabine BQ.

6) Haiigure nuowwanp yeTbipéxyrosnbhuka AHBQ, ec njoliajb Tpe-
yrosnibHuka HQC paBHa 16.

17. 20 mapta Crtenad B35 B 6aHKe Kpemut. B Tabunue npeacTapiien rpadHk
€ro roratieHHs.

Jara 20.03 120.04 |20.05 |20.06 |20.07
Joar (B npoueHTax ot kpeauta) [100% [80% (60% [40% |0%

B koHLle KaXK1oro MecsiLa, HaulHas ¢ MapTa, TeKyLIHH J0JIT YBEJIHYHBaeTCA
Ha 3 %, a BbinsaThl No Kpeauty CrenaH npoBOaMT Mo rpaduky ¢ 1 no 20 yucJo
KaXXJ10ro Mecsilla, HauHHas ¢ anpeas. Ha ckoJibko npouenToB 60Jibllie CYMMbI
Kpeauta BbinnaTut CTenan?

18. HaiinuTe Bce 3HaueHHs apaMeTpa a, NPH KOTOPbIX CHCTEMA YPaBHEHHH

log,(z —y+1) =0,
a(z?+y* —10y+25)% — a2 +a+5) (x> +y%— 10y +25)+10a+5=0

HMeeT He 6oJiee OJHOIO PeLLeHHs.

19. Icuxosiorn paspaboTanu TecT, NPoiis KOTOPbIA KaXKAblH YeJIoBeK MoJTy-
YaeT OLleHKY — MOJIOKHTEJIbHOE 1eJIoe OHO3HAUHOe YHCJIO () — MoKasaTesb
ero YMCTBEHHbIX CIOCOOHOCTeH (4eM GoJibLie TaKOBbIX, TeM Bblllie (). 3a pei-
THHT TPYTINbl NPHHHMAaeTcs cpefiHee apudMeTHUECKOe 3HaUeHHH NoKa3aTesel
BCeX JIofleH, BXOAALUMX B 3Ty TPYTIITY.

a) Heckonbko yenoBek rpynnbl A nepewd B rpynmy b. Mor Jau npu 3tom
y o6eHx rpynni BbIpacCTH PeHTHHT, ecJiH B rpynnax GbljIo nepBoHaYaJbHO 1o 3
yesioBEKa?

7. 3ak. Ne 41
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6) Heckosbko yesoBek rpynnbt A nepewsd B rpynny b. ITocae storo
HeCKOJIbKO YeJIOBEK M3 rpyTinbl b (B uHCJ/le KOTOPBIX MOTYT GbiTh H ObIBLLHE JIH0-
Ax u3 A) nepeunio B rpynny A. Bo3MoxHO JH, YTOGbI peHTHHTH 0GeHX rpymnmn
BBIPOCJIH H B NepBbIH, H BO BTOPOH pas, ecJlH B rpynnax 6blJ1o NepBoOHa4aJbHO
no 10 yenoBek?

B) Heckosbko uesoBek rpynnbi A nepewan B rpynny b. Ha kakyio Hau-
60J1b1LYI0 BEJTHYHHY MOT YBEJIHUHTLCA PEATHHT IPyTinbl A, ec/i¥ peATHHT rpyT-
nbl b Toxe yBesinunncs H B Kaxnoi rpynmne 6bi10 nepsoHayanbHo no 10 veso-
BeK?

-
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OtBetoM K 3anannam 1—12 gBasercs 1en0e YHCAO HAH KOHeYHas
AeCATHYHaA APoOb.

Yacts |
1. [Toe3n BaanuBoctok — Xab6aposck oTnpasusiercs B 18:15, a npu6biBaeT B
8:15 Ha caeqyloILHA feHb (BpeMsi MOCKOBCKoe). CKOJIbKO 4acoB roes) Haxo-
JHTCS B IyTH?

2. Ha nnarpamme (cM. puc. 92) nokaszano pacnpejesieHHe Npojax LapHKOBbIX
pyuek B 10 Mara3HHax KaHUeJsIpCKHX ToBapoB 3a 2014 roa. Cpeau npencras-
JIEHHbIX MarasHHoOB MepBOe MeCTO MO MPOJa)KaM LIAPHKOBLIX pyuyeK 3aHHMaJl
marasuH «Bcé s mkoabi», necsitoe — «3HarKa H K°». Kakoe mecTo 3aHH-
MaJs marasiH «[TucbMo»?

4
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NS X §
:8 Dl
Q
Puc. 92

3. Haiignre nuiowiaap 4eTbipéXyrosibHHKa, H306paKE€HHOro Ha kjetyaTtod 6y-
Mare ¢ pa3mMepaMH Kkietkd 1 cmx 1 cM (cM. puc. 93). OTBer nafite B KBaapaTHbIX
CaHTHMeTpax.

4. B Hekotopo# crpaHe H3 30000 nNOSBHBLINXCS Ha CBeT MJIaJIeHIIEB
16 800 manbuuks. Hainure 4acToTy poXKeHHs J€BOYEK B 3TOM ropoje.

8. 3ak. Ne 41
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Puc. 93

5. Hafiuute Kopenb ypaBHenusi log,s (72 + 6z) = logys (22 + 126).

6. CropoHbl napaJuiesiorpaMma paBHb! 8 H 16. BricoTa, omnylieHHast Ha epBy1o
cTopoHy, paBHa 10 (cM. puc. 94). HaiinuTe BLICOTY, OMYLLEHHYIO Ha BTOPYIO
CTOPOHY napaJijieJiorpaMma.

D C
G
A
7 B
Puc. 94

7. MartepHa/bHas TOYKa ABHXXETCS NPSAMOJIHHERHO N0 3aKOHY

z(t) = t? — 9t + 12, rie T — pacCTOsIHHE OT TOYKH OTCYETa B MeTpax, ¢ —
BpeMsi B CeKyH/1aX, H3MepsieMoe C HavaJia JIBUXKeHHs1. B Kakoil MOMeHT BpeMeHH
(B cekyHzax) eé cKopocTb Gblia paBHa 3 M/c.

8. B ocHOBaHHH NpsiMO#i NPH3MBI JIEXHT NPaBHJbHBIH TPEYTOJIBHHK CO CTOPO-
HO# 7 (cM. puc. 95). bokoBoe peGpo npu3mbl paBHseTCS 1?2 Ha#nure 06béM

UHJIHHIPA, OTHCAHHOTO OKOJIO JAaHHOH MPH3MBI.

Yactp 2
9. Haiinure 3HaueHHe BbIpaXKeHHUs! ((Qx -8y)¥ —(9z + 8y)2) : 12zy.
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Puc. 95

10. 1151 nosryyeHHsl Ha 3KpaHe YBEJTHYEHHOTO H306paXkeHHs JIAMIOYKH B Ja-
60paTOpHH HCMOJb3yeTcA COGHpAIOLLAs HH3a C IVIaBHBIM (hOKYCHBIM paccTo-
sinueM f = 80 cM. PaccrosiHHe d; OT JIHH3bI 10 TAMIIOYKH MOXKET H3MEHSAIThCS B
npezenax ot 70 1o 120 cM, a paccTosiHde dz OT IHH3bI 10 3KpaHa — B npenesiax
ot 300 no 400 cM. M3o6paxenHe Ha 3KpaHe GyleT YETKHM, €CJIH BbIMOJHEHO

COOTHOLLUEHHE 1 + 1_1
d; ds f
OT JIHH3bl MOXKHO TIOMECTHTD JIAMIIOUKY, YTOOH €€ H306paxkeHHe Ha 3KpaHe Obl-

J10 uéTkHM. OTBeT BHIPa3HTE B CAHTHMETPAX.

. yKa)KHTe, Ha KakOM HanMeHbIueM pacCTOSAHHH

11. [IBa mMasisipa MOryT BBHINOJIHHTL paGoTy MO NOKpPAacKe CTeH NOMeLleHHs 3a
8 /HeR, a BTOPOH H3 HHX CaMOCTOsITe/IbHO — 3a 12 aHei. CKOJIbKO HeH NoHa-
JOGHTCS NIepBOMY MaJisipy, YTOGB! BLINOJIHHTL 3Ty paGoTy CaMOCTOSITE/IbHO?

12. Haiiaure HanGosibLuee 3HaueHHe ¢pyHKUHH y = In(18z) — 18z 4 29 Ha oT-

peske [%, %]

lMpyu BbinoaHeHHH 3anaHuit 13—19 TpebyeTcs 3anHcaThb MoJHoOe
pelleHHe H OTBeT. 3aNHUHKTE CHaYa/la HOMeP BbiNOJHAEMOro 3a1aHH
(13, 14 M 1. n.), a 3aTeM noaHoe 060cHoOBaHHOe peleHHe H oTBeT. O1-
BeTbl 3aNHCbiBaiTe YETKO H pa36GopuHBo.

5T

13. a) PewinTe ypaBHeHHe cos 2z = cos(7 + a;)

6) Hafinute Bce KOPHH 3TOro ypaBHEeHHSs, IPHHAIEXKALLHE MPOMEXYTKY

)
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14. B ueTbipéxyrosbHo# npaBuabHO#N npuame ABC DA; B1Cy D, u3BecTHbI
péépa AD = DC = 60, BB, = 11.

a) JlokaxkHTe, yTo paccTosinHe OoT Toyek By W Dp o naockoctu Ay BC)
OIMHAKOBBI.

6) Haiinnre 310 paccrosiHue.

15. Pewwnte HepaBeHcTBO logy 12522 — —3 <o
1+ logg %

16. B AABC 6uccekrpuca AE nenur ctopony BC wa orpesku BE u EC,
KOTOphle OTHOCATCS Kak 2 : 3 cooTBercTBeHHO. M3 Touek B H E nposeleHbl
napasjie/ibHbie NpsiMble, KOTopble nepecekaioT cTopoHy AC B Toukax D u F
COOTBETCTBEHHO, NpH4éM AD : DF : FC =1:2:3.

a) Joxkaxure, yto AB B 4 pa3a Goablie AD.

6) Haiaure niowans yerslpéxyronbiika DBEF, ecid O — Toyka nepe-
ceyeHust BD u AE v naowanp TpeyroibHika BAO paBHa 35.

17. JInous nos1oxkH/1a HEKOTOPYIO CyMMY Ha CuéT B GaHke Ha noJroja. I1o sto-

MYy BKJIaJly yCTaHOBJIEH <IIJJaBaIOLUHH» TIPOLIEHT, TO €CTb YHCJIO HAYHCJEHHBIX

NPOLIEHTOB 3aBHCHT OT YHCJIa MOJIHBIX MeCsLIeB HAXOXKIEHHS BKJ1aaa Ha cuére.
B Ta6.1Hue npeacTaB/eHbl yCI0BHA HaUHCJIEHHS! IPOLIEHTOB.

Cpok Bkaaga 1 — 2 Mecsua|3 — 4 Mecsua|5 — 6 MecsiLeB
Craska B % roaoBbix 6% 18% 12%

Ha ckoJs1bKo npoiieHTOB cyMMa Ha cuére JIMAHH NPH TaKHX YCJAOBHAX 60Jb-
11i€ CyMMbl, [I0JIO>KeHHOR JInguel Ha CuéT, ec/iH KaXKAbli MeCsLl, 3a HCKJIIoYe-
HHeM 1iocJle[iHero, nocJie HayHCJeHHs1 NpoLleHTOB 6aHKOM OHa A06aBJjisieT Ha
CUET TaKylo CyMMy, 4ToObl 32 Mecsll BKJaj yBeanuuics Ha 10 % ot nepBoHa-
YaJIbHOTO BKJ1aJa?

18. HafinnTe Bce 3HaueHHs napameTpa a, NPH KOTOPLIX CHCTEMa ypaBHEeHHH

10g7(:r+y+7) = 11
a(@?+y? -4z +4)2 + (60> -3a—-2)(z® +y> -4z +4) - 12a+6=0

HMeEeT He MeHee TPEX PelleHHA.

19. [Tcuxosorn pHpMbl pa3paboTals TecT, PO KOTOPhIA KaXAblH YeJloBeK
MoJTy4aeT OLEHKY — TMOJIOXKHTeJIbHOE LieJloe 0JHO3HAuYHOe YHC/I0 Q — roka-
3areJsib €ro yMCTBEHHbIX CIOCO6GHOCTeH (4eM 6oJiblie TaKOBHIX, TEM Bhilile Q).
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3a peHTHHT OTAesla NPHHHMAETCA CpefiHee apH(MeTHYeCKOe 3HaUeHHH MoKa-
3aTesiell BceX COTPYAHHKOB, BXOAALMX B 3TOT OTAE.

a) UacTb coTpyasukoB oTRena A nepeuina B otaes b. Moxer ain npu 3Tom
B ABYX OTZeJIaX CHH3HTbCS PEHTHHT, €CJIH B OTAeJaX GblJIO NepBOHAYaJbHO 10
4 cotpyaHHKa?

6) Yactb cotpyanHkoB oTaena A nepeuwia B otaen B. [locse 3toro
HECKOJIbKO COTPYIHHKOB H3 oTzieJ1a b (B uHCJie KOTOpbIX MOTYT ObITb H ObIBLIHE
COTPYAHHKH H3 A) nepeuuts B otaes A. Bo3MOXHO JiH, YTO peATHHIH 0GOHX
OTZEJIOB CHH3HJIHCD H B NEpBHIA, H BO BTOPOH pa3, ecJIH B oTAes1ax 6blIo nep-
BOHAYaJ/IbHO MO 5 COTPYAHHKOB?

B) YacTb coTpyanukos oTaesa A nepeuwna B otaen b. Ha kakyio Han6oab-
LUYIO BEJIHYHHY MOI' YMEHbIUHTLCA PeATHHT OTAeJsa A, ecslH PeATHHI BTOPOIro
OT[e/1a TOXKE YMEHbUIKJCS H B KOXIOM oTAese 6bljio NnepBoHavyaabHo no 10
COTPYIHHKOB?
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BapuanT Ne 23

OrBerom K 3ajlaHHsAM 1—12 gBasercs uesoe YHCJAO HAH KOHeyHas
AecATHYHan Apo6b.

Yacrs |
1. CriuiomMeTp aBTOMOGHJIS NOKa3biBaeT CKOPOCTb B MHJIAAX B Yac. Kakylo cko-
POCTb (B MHJISIX B 4ac) NOKa3biBaeT CMHJIOMETP, eCJH aBTOMOOH/Ib ABHXKETCS
co ckopocTbio 42 kM B yac? (CuuTaiite, uto 1 MHsa paBHa 1,6 kM.)

2. Ha pucynke 96 ToukaMH NOKa3aHO CYTOYHOE KOJHYECTBO OCAAKOB, Bblfla-
naBluHX ¢ 11 no 23 centsabps. [1o ropu3oHTanH yKa3bIBAIOTCS YHCAA Mecsla,
Mo BepPTHKAJH — KOJIHUeCTBO OC3JKOB B MHJUIMMETPAX, BbIMABUIHX B COOT-
BETCTBYIOLIHA JieHb. [l HAarIAAHOCTH TOYKH Ha PHCYHKe COeJIHHeHb! JIMHHEH.
Onpepnennte Nno pUCYHKY, CKOJIbKO MHJIIMMETPOB OCAAKOB Bbinajo 17 ceH-
TAGPS.

MM

N \
JARN VAR
\|_I/ / \

11 12 13 14 15 16 17 18 19 20 21 22 23
cenmabo

O —=NWH LR

Puc. 96

3. IlpsiMas a npoxomuT yepe3 TOYKH ¢ KoopauHaTamu (0;7) u (9;0)
(cM. puc. 97). IMpsiMas b npoxoauT Yepes Touky ¢ koopauHatamu (0;28) u
napaJjuieibHa npsimod a. Hafiaure aGcupccy TOUKH nepecedyeHHs NpsiMoi b ¢
ocbio Oz.

Yy

7(1

0 9\\5

Puc. 97
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4. 3a kpyriibiii cTos1 Ha 11 cTyJbeB B CJyYyaiHOM MOpsIIKe PacCa’KHBAIOTCH
9 MaJIbYHKOB H 2 1eBOYKH. HaliiHTe BEPOATHOCTD TOr0, YTO 06€e 1eBOYKH OYIyT
CHIETb PALOM.

5. Haiipute kopenb ypasHennsi /0,4 — 1,8 = —z. Ecan ypaBHeHHe HMeeT
60Jiee OHOTO KOPHS, YKaXKHTe GOJIbLIMI U3 HHX.

6. B tpeyroabunke ABC (LC = 90°), AC = 9v3, cos A = @ Hamure
AB.

7. Ha pucyske 98 H3o6paxéH rpacduk yHKUMH y = f() H OTMeUYeHb 1ecsiTb
TOYEK Ha OCH a6CUHUCC: Z1, X2, L3, - - -, L10- B CKOJBKHX H3 3THX TOYEK NPOH3-
BoaHas GyHKUHMH f(z) nosoKHTe/IbHA?

Ay

1 ]
: Xs /./-‘l\xs P -’fsr . >
3 Jg\/ Xy X, %_/ \/ X0 x

Puc. 98

1
1
[

[ |
[
[
) S T
Xy Xy X

8. Haiinnre pacctosinve mexay BepiunHaMH A n Co MHOTOrpaHHHKa, H306pa-
XEHHOro Ha pucyHKe 99. Bce aByrpaHHbie YIVIbl MHOTOTPaHHHKa NpsIMble.

D, 3
4 A G
A )
2 :Bz 6
[}
|
| G
12 :
:Al B]
|
,LD- ——————— - .- - C
A 10 B
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Yacts 2
9(m")® + 7(m?)*
5. (2m14)4 .

10. B xone pacnaaa pailHOaKTHBHOIO H30TOIa €ro Macca yMeHbllaeTca no 3a-

9. Hafinnre 3HayeHHe BbipaXkeHHR

KOHYy m(t) = mg - 2'7t‘ , TIe mg (Mr) — HayaJibHasi Macca H30Tona, ¢t (MHH) —
BpeMms, MpolLLe/iiiiee OT HayaJlbHoro MoMenTa, T' (MHH) — NepHOA noJypacna-
na. B HauanbHBIA MOMEHT BpeMeHH Macca u3oTona mg = 240 Mr. ITepHoa ero
nosypacnaga T = 4 MuH. Uepes CKOJIbKO MHHYT Macca H3oTona 6yaeT paBHa
15 mr?

11. TMoesxn, ABHrasch co ckopocThio 70 KM/u, MpoesKaeT MHMO I1aThOPMbI
3a 45 cekynn. Onpenesniute LHHY MIaTHOPMbI (B METpax), eCJ/IH JJIHHA Noe3ia
600 m.

12. Haiure HanGosnbllee 3HaueHHe GyHKIHH Y = gz5+8x3 —27z ua oTpeske

[—5;1].

Mpu BoinoaHeHHH 3ajganuin 13—19 TpeGyercs 3anHcaTh RoJdHoOe
pelieHHe H OTBeT. 3aNHLIHTE CHaYala HOMep BbiNOJHAEMOr0 3aJaHHA
(13,14 u 1. 4.), a 3aTeM noaHoe 06ocHOBaHHOE pelleHHe K oTBeT. OT-
BeTbl 3aNHCbiBaiTe 4Y€TKO H pa3bopunso.

13. a) Pewnre ypaBHenHe sin(g- - 2z) = cos(z + 4r).

6) Hahnnte Bce KOpHH 3TOro ypaBHeHHsl, NPHHALIEKALIHE TPOMEXKYTKY

3]

14. B npsamoyroabHom napaanenenunene ABC DA, B,C)D; H3BecTHO, uTO
péépa DC = 15, AD = 8, AA; = 6.

a) Jlokaxmure, uTo paccTosiive oT ToueK B 1 D a0 naockoctd AC D, onu-
HaKOBbI.

6) Hahnnte 310 paccrosinue.

4 12+ 32logysx

2
. 2 0.
15 lOgO’S 53' + logo,s 8T 0
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16. U3 sepuunn A n B TynoyroJsHoro TpeyroJibHHka A BC npoBefeHbl BbICOTbI
BRn AH. UsBecTHo, uto £/B — tyno#, BC : CH =4 :5, BH = BR.
a) [oxaxure, yTo nHaMeTp onHcaHHOH BOKpyr AABR OKpYXKHOCTH B

zf

6) Ha#fanre nnowans yerhipéxyroibHuka AH BR, ecau nJouiaap Tpe-
yrojbHHKa H RC paBHa 75.

pas 6osblie BR.

17. 10 mapra Cepre#i B3sJ1 B 6aHKe KpeaHT. B Tabanue npeacrasnen rpaduk
€ro norauleHHs.

Harta 10.03 |{10.04 |{10.05 {10.06 {10.07{10.08

Hdoar 100% |80% [60% |30% [10% [0%
(B npoueHTax OT KpeauTa)

" B KOHLIe KaXXa0ro Mecslia, HaYHHasi C MapTa, TEKYLIHHA JOJIT YBeJHUHBAeTC S
Ha 4 %, a BbinuaTsl no Kpeauty Cepreit npoBoaKT 1o rpaduky ¢ 1 no 10 yucsio
Ka)KIoro Mecsila, HayHHas ¢ anpens. Ha cKoJbKo NpoueHToB 60Jbilie CYMMb
KpenuTa BuinaatHt Cepreit?

18. HanauTe Bce 3HaueHHs napaMeTpa a, NPH KOTOPbIX CHCTEMA YpaBHEHHH

682+v+2 = 36,
{ 3a(2z® +y* - 33z)2 — (a +3)(222 - 33xr +y?) — 22 +3=0

HMeeT POBHO 2 peLUeHHs.

19. Tlcuxonorn pa3paGoTaJH TeCT, NPOHAA KOTOPbIH KaX/IblH YesI0BeK M10JTy-
yaer OLLeHKY — TOJIOXHTeJIbHOE LieJloe 0OJHO3HaYHOe YHCJIO () — noKasaTesb
€ro YMCTBEHHbIX CIOCOOHOCTEH (4eM GoJiblie TAKOBBIX, TeM Bbille Q). 3a pefi-
THHT OT/eJ1a IPHHHMaeTCs cpefHee apH¢MeTHYECKOe 3HaUeHHH NoKa3areJiel
BCeX JIIoJeH, BXOAALMX B 3TOT OTAEJI.

a) OIHH H3 COTPYAHHKOB OTZlesa A nepeluén B oTAesn B. Mor Jin npH 3ToM
y 0GOHX OT/€JI0B BLIPACTH PEHTHHT, €CJIH B OT/eJ1aX Gbl/10 TepBOHAYaJIbHO 110 3
yesloBeKa?

6) Otnenbl A v B 06'beHHHAN. BO3MOXKHO JIH, YTO PEHTHHT MOJIYYHBILIE-
rocsi OTAe]1a CTaJ MeHbille PEATHHIOB KakK OTAe]a A, Tak H otaena B, ecan
H3HaYaJbHO B 0T/JeJ1ax GblIO0 MO TPH YesoBeKa?

B) Otnenbl A v B o6bennHuan. Kakas nHan6oJibiias pa3HHLA MOXeT GbiTh
MeX/Ty HaYaJIbHbIM PEATHHTOM OTe1a A H peHTHHIOM TNOJyYHBIIErOCH OTAEea,
eCJIH PeHTHHT OTZesa A He MpeBbllIajl peATHHra oTAena B 1 B oTaenax A u B
6b110 Mo 3 yesloBeKa?
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OTBeTOM K 3ananHuaM 1—12 gBasercs uejoe YHCAO HAH KOHe4Has
AecsiTHYHas ApoOb.

Yacts 1
1. Iepman BopHcoBHY KynHJ aBTOMOGHJIb, CITHAOMETP KOTOPOTO MOKa3biBaer
CKOPOCTb B MHJIsIX B Yac. KakoBa CKOpoCTb aBTOMOGH/ISI B KHJIOMeTpax B 4ac,
eCJIH CIIHIOMeTp nokasbiBaeT 36 Musib B yac? CuHrafTe, yTo 1 MHJIA paBHa
1609 M. OTBeT OKpYIVIHTE 10 LIeJIOr0 YHCJIA.

2. Ha pucynke 100 ToukaMH noka3aHa CpeiHeCyTOYHasi TeMIepaTypa B ropofe
Beyenck exenneBHo ¢ 4 no 17 centsi6ps 1623 rozna. [To ropu3oHTaH yKasbi-
BalOTCA YHCJ1a MecsiLa, M0 BepTHKaJIH — TeMIepartypa B rpamycax Lleabcus.
Jlnsl HarAsIAHOCTH TOYKH coeauHeHbl JHHHeH. OnpeaesuTe, Kakas Gblia TeM-
nepatypa 11 centsi6ps. OTBer nafite B rpagycax Lleabcus.

c

22
20 \
18
16

14
12 V
10

4 567 891011121314151617
Puc. 100

n
»

3. Ilpsmas @ npoxoaxT uyepe3 ToukH ¢ KoopauHaTamH (0;12) u (—9;0)
(cM. puc. 101). IpsiMass b npoxoduT yepe3 Touky c¢ koopauHatamu (0; —8)
M napaJJiesibHa npsaMoH a. Hafinure a6cuyccy ToukH nepeceyeHHsi npsiMol b
c ocbio Oz.

4. 3a Kpyrblit CTOJ Ha 26 CTyJIbeB B CIYYaiHHOM MOPAKE pacCa)kMBaloTCs 24
MaJibyHKa H 2 JNECBOYKH. Hai’w,n’re BE€pPOATHOCTb TOro, 4YTO obe JE€BOYKH 6ym
CHIETb PSAOM.

5. Hafinute kopeHb ypaBHeHHs A / —3— - %?:c = z. Ecsin ypaBHeHHe uMeeT 6oJiee

OJHOTO KOPHS, B OTBETE 3aMNHLIHTE MEHbILIHHA H3 KODHEH.
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0; - 8)
Puc. 101

6. B tpeyrosibuike ABC yroa C pasen 90°, BC = 5v/3, cos A = 0,5. Haii-
nute AB.

7. Ha pucynke 102 H306paxéH rpaduk ¢yHkupH y = f(z) H OTMEUeHbl BOCEMb
TOYEK Ha OCH abCLHCC: Ty, T2, T3, . .., Ts. B CKOJBKHX H3 3THX TOYeK IPOH3-
BoaHast pyHKUHMH f () oTpHLATesIbHA?

34

Puc. 102

8. Haiinute kBagpat paccTosiins Mexny BepllHHaMH D u Cz MHOTOrpaHHH-
Ka, H306paxkéHHoro Ha pucyHke 103. Bce AByrpaHHble yTJibl MHOrOrpaHHHKA
npsimMble.

Yacrb 2

4\12 24\2
9. HaiinnTe 3HaueHHe BbipaXKeHHs 15(k%) @ kﬁﬁ;g(k ) .

10. B xone pacnana pagHOAKTHBHOI'O H30TOIa €ro Macca YMEHbLIAE€TCA 10 3a-

_t
KOHy m(t) = mg - 2™ T, rae mp (Mr) — HauaJibHasi Macca H30Tona, t (MHH) —
BpeMsl, NpoLueliee OT HauaJbHOro MomeHTa, 1" (MHH) — IepHO/ noJypacna-
Ja. B nauaspHbBIA MOMEHT BpeMeHH Macca H3oTtona mg = 150 mr. Ilepxoa ero
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Dz 4 Q
4,2
T
1
|
4
9 K E,
G| | G D
A EB
]
]
5 ,’-**"-r-z ----- - E
il C D
A B
Puc. 103

nosaypacnaga T = 3 muH. Hepe3 ckoJIbKO MHHYT Macca H3otona 6yaeT paBHa
18,75 mr?

11. [Toespn, ABHrasch co cKopocThbio 40 KM/4, IpoesXaeT MHMO NIaThOPMbI 32
4 MuHyTbl 12 cexyna. Onpezenure LIHHY M1aTGOpMbE (B METPAX), €CJIH JUIHHA
noesna 1600 m.

12. Haiigure HaumeHbluee 3HayeHHe yHKUMH y = x° + 2023 — 320z Ha o1-
peske [—2; 5].

lpu Bbinoanennn 3anannit 13—19 Tpebyercsa 3anucaTb noasHoe
pPE€WI€eHHEe H OTBET. 3anuiwuTe CHa4aJa HOMEp BbINOJHAEMOro 3aJaHHA
(13,14 n 1. 1.), a 3aTem nosHoe 060cHOBaHHOE pelleHHe H oTBeT. OT-
BeTbl 3aNHCbIBaATe YETKO H pa3bopuHBo.

13. a) Peuwnre ypaBHeHHe cos 2T = sin(%r + :v)

6) Hahaure Bce KOPHH 3TOro ypaBHeHHsl, IPHHAL/IEXKALLHE TIPOMEXYTKY
%-”; 57r].
14. B yetbipéxyronbHoii npaBuabHO# npuame ABCDA; B1C) D, u3BecTHb
péépa AB = BC =48, BB, = 14.
a) Jlokaxure, 4yTO paccTosiHHe OT ToueK By B D; o nsockoctd A1 DC,
OJHHAKOBBbI.
6) Hafaure 310 paccTosiHue.



Bapuant Ne 24 111

2 loggj2 z —9logy,z + 2
log »(25z)

16. B AABC 6uccexktpuca AM peaut cropoHy BC Ha otpe3kh BM v MC,
KOTOpble OTHOCATCA Kak 2 : 7 cooTBeTCTBeHHO. M3 Touek B H M npoBeneHbl
napaJiiie/ibHble NpsiMble, KOTopble nepecekaloT ctopoHy AC B Toukax D u F
COOTBETCTBEHHO, NpHuéM AD : FC = 3 : 14.

a) Jlokaxnre, uto AB B 2 pa3a 6obie AD.

6) Ha#haute naowans yetbipéxyronbiuka DBMF, ecaim O — TouKa ne-
peceuednss BD n AM u nuiowaab TpeyrosibHHka BAQO pasHa 27.

<0

15. log 5 (522) +

17. OxkcaHa nosioxH/1a HEKOTOPYIO CyMMY Ha cuér B GaHKe Ha noJroaa. [To
5TOMY BKJIa[y YCTaHOBJIEH «IJIaBAIOLIMA» POLIEHT, TO €CTh YHCJIO HAYHCJIeH-
HbIX NPOLIEHTOB 3aBHCHT OT YHCJIa NOJIHbIX MeCsilieB HaXOX/JEHHsA BKJaja Ha
cuére.

B Ta6.nue npencraBiiedbl yCJ0BHSA HaUHCJIEHHS NPOLEHTOB.

Cpok BKkaaaa 1 — 2 mecsua |3 — 4 Mecsina |5 — 6 mecsiLeB
CtaBKa B % rofoBbix 12% 15% 18%

Ha ckosbko mpoueHTOB cymMMa Ha cuére OKcaHbl MPH TaKHX YCJIOBHSX
60J1bLU€ CYMMbI, N0JI0KeHHOH OKCaHOH Ha CY&T, eCJIH KaXXbIA Mecsll, 3a HC-
KJIIOYEHHEM MOCJIeJHEr0, focJle HaUHCJIeHHsl NPoLleHTOB GaHKOM OHa n06aB-
JileT Ha CY€T TaKylo CyMMy, 4ToObl 3a Mecsl, BKJal YBe.ﬂH‘lHJICﬂ Ha 5% no
CPaBHEHHIO C IepPBOHAYAJIbHBIM BKJIQJIOM?

18. Hajiaute Bce 3HaueHHs napaMeTpa a, NpH KOTOPLIX CHCTEMA ypPaBHEHHH

\ 1—21'+y= ’
a(z?+3y+12-(a+1)(z2+3y+1)—22-1=0

He 6oJiee 3 peLLeHHH.

19. Icuxonoru pupMel paspaboTaJii TeCT, NPOAAA KOTOPBIA, KaXAbiH YesioBeK
rnoJiyyaeT OLleHKY — TOJIOXKHTeJIbHOe LieJloe OHO3HauHOoe YHCJ0 Q — MNokKa-
3aTellb ero YMCTBEHHBIX CIOCOGHOCTeH ( ueM GoJibilie TAKOBLIX, TEM Bbilue Q).
3a pelTHHT OTIe/1a IPHHHMAeTCs Cpe/iHee apH(PMeTHYECKOe 3HAUeHHH NoKa-
3areJiell BCeX COTPYAHHKOB, BXOAALINX B 3TOT OTAEN.

a) OmHH H3 COTPYIHHKOB OTAeNa A nepewén B otaes B. MoxeT JH npH
ITOM B IBYX OTA€JIaX CHH3HTbCS PEHTHHT, eCJIH B OTAeJ1ax Oblj10 NepBOHaYaslb-
HO N0 4 COTPYAHHKA?
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6) Otaenbl A v B 06bensHHIH. BO3MOXKHO JIH, YTO PEHTHHT NOJTy4HBLIe-
rocst oTae1a ctaj 6oJibllle peHTHHIOB KaK oTaena A, Tak H oTaena B, ecsi B
oTaesax 6610 Mo 4 yesioBeKa’?

B) Otaennl A u B o6beaunuin. Kakas Han6ouib1ias pasHiiia MoxeT ObITh
MEXKIy HayaJIbHbIM PEHTHHIOM oT/Ae1a A H PEHTHHIOM NOJTYYHBLLEroCs OTAeNa,
€CJIH PeATHHT OT/lesla A He TpeBblllaJ peATHHra otaena B v B otnenax Au B

6b1J10 1O 4 yenoBeka?
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OtBeTOM K 3apaHHsAM 1—12 aBasercs nenoe YHCJ0 WIH KOHEYHan
JecsTHYHas apobb.

Hacs |
1. B KBapTHpe ycTaHOBJIeH MPHOOP YuéTa pacxoja XOJ0JHOH BOIbI ( CUETUHK).
[lokasanus cuérunka 1 HioHs cocTaBasiu 279 Ky6. M Bonbl, a 1 Hioaa —
287 Ky6. M. CKOJIbKO Hy>KHO 3anJIaTHTb 3a XOJIOHYIO BOZy 32 HIOHb, €CJIH CTO-
HMOCTb 1 Ky6. M X0JI0HOH BoMIbl cocTapasier 24 py6. 40 kon.? OTer nafite B
py6asx.

2. Ha pucynke 104 Toukamu noka3aHO CYTOYHOe KOJIHUECTBO OCAIKOB, Bbl-
najasiux ¢ 16 no 28 mapra. [lo ropusoHTa/NH yKa3blBaloTCsl YHCJIA MeCsiLa,
N0 BepPTHKAJH — KOJIHUECTBO OCaJKOB B MHJIIMMETPAX, BbIMIaBIIHX B COOT-
BETCTBYIOLUHH AeHb. [1/151 HAarVIsiIHOCTH TOYKH HAa PUCYHKe COeHHEHbl JIHHHEH.
OnpenenxTe No pHCYHKY KOJIHYECTBO JIHEH pacCMaTPHBAeMOro NepHoAa, Koraa
BbINazano 4 v 6oJjiee MUJIJIMMETPOB OCAJIKOB.

5 I
) AT
: VAV AAVAR /-
1 L -

16 17 18 19 20 21 22 23 2425 26 27 28 Mapm
Puc. 104

3. Ha knietuaTtoit 6ymare HapHCOBaHoO JBa Kpyra. [1iolians BHyTpeHHero Kpyra

paBHa 97. Haiiaute nuowaab 3aliTpuxoBaHHOH QHurypsl. B oTBeTte 3anHuure
S,

pesysibTat _‘L';IE (cM. puc. 105).

4. Ha pucynke 106 u306paxkéH JaOGUpHHT. Jlowaas 3aXOOUT B JJAOHPHHT B

TouKe «Bxon». Pa3BopaunBaTbcA W HATH Ha3aj Jolafb He XOYeT, N03TOMY
Ha KaXX/IOM pa3BeTBJIEHHH OHa BbIOHPAeT OJHH U3 ITyTeH, M0 KOTOPOMY eLlE He
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7
\
7
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A s
/' - //I/
AL A
/,// 7/, L~
o e

Pnc. 105

wasa. CuMtas, yTo BHIGOP AasbHEHIIEro ny'm YHCTO CJy4aHHBIH, ONpejeuTe, ¢
KaKOH BEPOATHOCTDLIO JIOWAaAb PHAET K Bbixody B.

e —

\\ L \\

\\\\\\\\\

//////A

UJ

mx r

Brixon [
Puc. 106
2x+4 _ 2x+4
5. Hafinure kopeHb ypaBHe 17 = 172 + 3 Ecnu ypaBHeHne umeer

6oJiee OJIHOTO KOPHsl, B OTBeTe 3aNHILHTEe GOJbLINI H3 KOPHEH.
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6. I'nowanp napannenorpamma ABC D paBua 284 (cm. puc. 107). Touka E —
cepenrHa C'D. Haiigure naomans Tpeyroabinka ADE.

D E C

4 B
Puc. 107
7. Ha pucynxe 108 n3o6paxeén rpaduk y = f'(x) npon3BoaHo# yHKUHH f(x)

H OTMeUeHbl CeMb TOYeK Ha OCH aGCLHCC: T1, 22, Z3, - - - , T7. CKOJIBKO H3 3THX
TOYEK NPHHAL/IeIKAT IPOMeXKYTKaM BO3pacTaHHs dpyHkuuH f(z)?

y=f’(x)

Puc. 108

8. INomans, 60K0BOH NOBEPXHOCTH LIHJHHApPa paBHa 96m. Pagnyc ocHoBaHHs
paBeH 8. HaiiauTe BBICOTY LMJIHHApA.

Yacrp 2
9. Hajinure 3HauenHe BoipaxkeHns (logs125) - (log,49).

10. B 60x0BO# CTeHKe NPOMBILLIEHHOrO LHJIHHAPHUECKOro 6aKa y caMoro aHa
3aKpenJéH KpaH. [locJie ero OTKpbITHS BOJa HaUHHaeT BbiTeKaTb H3 6aka, NpH
3TOM BBICOTA CT0JI0a BO/IbI B HEM, BbIPaXKeHHasi B METPaXx, MEHSIETCS 110 3aKOHY

H(t) = Ho—kty/2gHo+ %kztz, rae Hy = 45 M — HayaJIbHbii YpoBeHb BOJbl,

t — BpeMsl B CeKyH/lax, polUe/lilee ¢ MOMEHTa OTKPBITHA KpaHa, k = —5—16 —

OTHOLLIeHHe TUI0oILaeH NonepeyHbiX ceYyeHHH KpaHa H 6aka, g = 10 M/ c?2 —
yCKopeHHe CBOGOIHOTO najeHHs. K kakoMy MOMeHTY BpeMeHH BbicOTa cToJi6a
BOAbI B 6aKe cOCTaBHT He 6oJiee 20 M? OTBeT NpHBeIHTE B CEKYHIaX.
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11. PeMOHT o110 H TOH ke KBapTHpbl BHKTOp M Aslexcet renaioT 3a 8 aHeH,
Kak u Angpeii BMecte ¢ BukropoMm, npy 3Tom Anekceli ¢ AHapeeM MOTyT Bbl-
NOJIHHTb 3TOT peMOHT 3a 12 nHeii. CkoJibKo aHel OyaeT LMHTLCA PEMOHT, €CJIH
Bce 3 MacTepa 6ymyT paboTaTb OJHOBPEMEHHO?

12. Haiinure TouKy MakxcHMyMa GyHKUHH y = log,(4 + 10z — z2) — 71.

lpn BbinoaHewnn 3ananun 13—19 Tpebyercs 3anucatb noJHOe
peuleHHe H OTBeT. 3aMHLUINTE CHA4YaJla HOMEP BbIMOJHAEMOro 3ajaHHA
(13,14 u 1. 2.), a 3aTem nosHoe 060cHOBaHHOE pelieHHe H oTBeT. OT-
BeTbl 3aNHCbIBAHTE YETKO H pa3bopunBo.

13. a) PewunTe ypaBHeHue 16 - 5°°5% — 6 - 10°°5% = 20°°% <,
6) HafnnTe Bce KOpPHH 3TOrO ypaBHeHHs, NMpHHaAJekKallHe NPOMEXYTKY

[ Lix, 3n)
2’27V

14. lana npaBH/ibHas YeTbipéxyrogbHas npusMa ABCD A, B,C1D;.

a) Jlokaxkure, yto nockoctd AD;C v B By D; nepneHiuKy/1spHbl.

6) Hafinure paccrosiiue o Touku B; o niockoct ADC, eciin AB = 5,
AA; = 6.

1

15. Pewinte HepaBeHCTBO |27 — 3| > 4 + 612 —3|"

16. B npsimoyrosnbHOM TpeyrosibHiKe ABC BHeBINHCaHHAS OKPY>KHOCTb C LieH-
TpoM O, H pafHycoM r, Kacaercsi KateTa BC B Touke T, BHEBNHCAHHas
OKDYKHOCTb ¢ ueHTpoM Oy H paaHycoM 1 KacaeTcs kateta AC B Touke T,

a) JlokaxuTe, 4TO MnJIoLLAAbL NPAMOYTOJILHOTO TpeyroJbHHKa ABC MoXeT
ObITh HakleHa No GopMmyJie S = rqTyp.

6) Hafiaure naowans yetsipéxyroabuuka AT, T, B, ecain Sagc = 30.

17. bank naanupyer Ha onuH rof BAOKHTb 20 % HMEIOLHMXCS Y HEro CpelcTB
KJIHEHTOB B NpoekT A, a ocTajbhble 80 % — B npoekr B. B 3aBHCHMOCTH
OT OGCTOATE/ILCTB [POEKT A MOXET IPHHECTH MpHObLIb B pa3mepe ot 27 %
no 32% roposuix, a npoekt B — ot 37% no 42% romosbix. B KoHlle roaa
6aHK 06513aH BEpPHYTb JeHbIH KJHEHTaM H BbIMJIATHTb HM NMPOLEHTHl N0 3a-
paHee YCTaHOBJIEHHOH CTaBKe, ypOBeHb KOTOPOH A0JDKEH HaXOOHTbCs OT 15 %
1o 20 % rogoBbix. OnpenenuTe, KaKylo HAaHMEHbILYI0 H HaHOOJIbLUYIO YHCTYIO
NPHOLLIb B NMPOLEHTAX MOAOBLIX OT CYMMapHbIX BJIOXKEHHH B MpoekThl A H B
MOJKET NPH 3TOM MOJYYHTb GAHK.
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18. I'lpn KaKHX 3HaueHHsIX MapaMeTpa a HepaBeHCTBO
logs(4 + a + (1 + 5a2 ~ cos® z) sinz — acos 2z) < 1 BbNOJIHSIETCS MPH BCex
3HaUeHHsX T?

19. MoXXHO JIH pacCTaBHTb 1 TIOCJ/IeIOBATE/IbHbIX HATYPaJlbHbIX UHcen oT 1 0
N B TaKOM MopsjKe, YToObl cpeiHee apHpMeTHYECKOe JIG0H IrPyNMbl H3 ABYX
HJTH 60J1ee MoAPSAA HAYLUHX YHCe He OblJIO LeJIbIM:

a)npun =T,
6)npun =2k + 1;
B)NpH n = 6;

r)npun = 2k?
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BapuauTt Ne 26

OrTBeToM K 3anaHHaM 1—12 aBaseTcs uenoe YHCAO HJAH KOHeYHas
JeCcATHYHaR Apo06b.

Yacrs |
1. Tloka3aHHsi CuéTuMKa 3JIeKTPO3HeprHH 1 aBrycra coctaBasay 14 341
KHJIOBATT-4ac, a 1 ceHTa6ps — 14 555 kusoBaTT-yacoB. CKOJMBKO HY>KHO 3a-
MJIaTHTb 3@ 3JIEKTPO3HEPTHIO 323 aBryCT, €CJIH 1 KHJI0BaTT-4ac 3JIeKTPOIHEPIHH
cTOHT 2 py6.1s1 40 Koneex? OTBeT naiite B py6Jsx.

2. Ha pucynke 109 ToukaMH noKasaHo CyTOYHOE KOJIHUECTBO OCAAKOB, BbINa-
naBwHX ¢ 6 no 24 centa6ps. [lo ropusoHTaNH yKasbiBalOTCH YHCJa Mecsla,
Nno BePTHKaJH — KOJIH4ECTBO OCAJKOB B MHJUIHMETpaX, BbIMABIUHX B COOT-
BETCTBYIOLIKH feHb. [l HAMIAAHOCTH TOYKH HAa PHCYHKe COeJIHHEHbl JIHHHE.
Onpenenyre No pHCYHKY KoJIHueCTBO AHeil B nepHos ¢ 8 no 20 ceHTsa6ps, Koraa
BbiNajaJo He 6oJiee 3 MHJIJIHMETPOB OCAKOB.

'—'NU«).&‘J'O\QOO§

67 8910111213 1415161718 192021222324=
cenmabpy

Puc. 109

3. Hainure (B cM?) nutomas S Kosblia, H306paXKEHHOTo Ha KJ1eTyaTol GyMare

C pa3aMepoM KJieTkH 1 cM x1 cM (cM. puc. 110). B oTBeTe 3anuiumte %

4. Ha pucynke 111 n3o6paxén naGupHHT. Kpbica 3anosi3aeT B JJaGHPHHT B
Touke «Bxoa». Pa3BepHyTbcsi H MATH Has3al Kpbica He MOXKeT, MO3TOMY Ha
KaXJIOM pPa3BeTBJIEHHH KDbICa BHIOHPAET OJHH H3 MMyTeH, 110 KOTOPOMY €eLlE He
wna. CunTas, 4yTo BLIGOD AajbHEHLLEero MyTH YHCTO CJyuaiiHbill, ONpeaeHTE,
C KaKo# BepOSITHOCTbIO KpbiCa NNPHAET K Bhixoay A.
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TN \‘
PAONNNNNNNE
N NN
NR NN
\\\ N
NN NN
\\ \\\
\\ \\'\
AYANN N\
NN ANV
ANDNNNNNNS
AN N
Puc. 110
BuxonB

MMMt
RAY N

Brixox A

Bexon b

//////A

Buxon r

Brixox II
Puc. 111

3r+12 _ 3z+12
9z —14 122z —23°
60J1ee OIHOTO KOPHS, B OTBeTE 3aMHLIHTe 60JbILHA B3 KOPHEii.

5. Hafinure KopeHb ypaBHeHHs Ecan ypaBHeHHe HMeeT

6. [Nsowanp napannenorpamma ABC D paHa 442 (cM. puc. 112). Touka £ —
cepeaxHa CD. Hafiaute naowanp yetsipéxyronibHika ABCE.

7. Ha pucynke 113 uzo6paxeén rpaguk y = f'(z) nponsBoaHo# GyHKLMHH
f(z) n oTMeueHbl JEBATH TOYEK HA OCH aBCLHCC: L1, X2, T3, - . . , Tg9. CKOIbKO
M3 3THX TOUeK NPHHAZEeXKAT NIPOMEXYTKaM YObiBaHHA QyHKUHH f(z)?
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D E C

A B
Puc. 112
4
! y=f"(x)
b
' !
) |
il Xs %1 X S
nhxn \ /% N ] o
'
]

Puc. 113

8. [niomany 60KOBOI NOBEPXHOCTH LMJIMHAPA paBHa 247, a BLICOTA LIMJIHHAPA
paBHa 5. Hafinute paauyc ocHOBaHHSA LUMJIHHAPA.

Yacrtp 2
9. Hafigure 3HaueHne BoipaxkeHHs (logz81) - (log,64).

10. B 60koBOJi cTeHKe BbICOKOIO LMJIMHAPHYECKOro 6aKa y caMoro fHa 3a-
KpernuiéH KpaH. [locsie ero OTKpBITHS BOJa HauWHaeT BbiTeKaTb M3 6aKa, mpy
3TOM BbICOTA CTOJ62 BOJbl B HEM, BbIpAXKEHHAs! B MeTPax, MeHseTCsl 110 3aKOHY

H(t) = Ho — kt+/2gH,y + %kztz, rae Hy = 5 M — HauanbHbIi YPOBEHD BO/LI,

1 _
200
OTHOLIEHHe TJIollajeli IoNepeuHbIX ceueHuis KpaHa H 6aka, g = 10 M/c? —
ycKopeHHe cBoO0HOrO naseHHs. K kakoMy MOMeHTy BpeMeHH BbicoTa cTosi6a
BOAbI B 6ake cocTaBHT He GoJiee 4,05 M? OTBeT NpHBeaHTe B CEKyHaX.

t— BpeMs B CeKyHaaXx, rpoliealiee ¢ MOMEHTAa OTKPbITHS KpaHa, k=

1'1. PeMoHT oaHo#t 4 Tol ke kBapTHpbl Erop n Tumode#n nenalot 3a 15 aned,
Erop Bmecte ¢ Hukuroit 3a 12 nuHe#t, npu 3ToM TuMmodeii ¢ Hukutoii MoryTt
BBITIOJIHHTb 3TOT PpeMOHT 3a 20 aHeH. CKoJbKO JHel GyleT LIHTHCS PEMOHT,
ecJsin Bce 3 MacTepa 6yayT pa6oTaTbh OAHOBPEMEHHO?

12. Haiigure Touky MUHHMYMa QyHKUMH y = logg(z? — 16z + 82) + 13.
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[lpn BbinonHennHn 3apannn 13—19 Tpebyercs 3anHcaTb MNOJAHOE
pelieHHe H OTBeT. 3aMHUINTE CHA4Yana HOMEp BbINOJHAEMOro 3aAaHHns
(13,14 n T 1.), a3areM nonHoe o60cHOBaHHOE pelieHne H oteeT. OT-
BeTbl 3aNHCbIBaiTe Y€TKO H pa3bopunso.

13. a) PewunTe ypaBHenne 3 - 25022 _ 9. @sin2z _ 1gsin2z — )
6) HaiinnTe Bce KOPHH 3TOro ypaBHeHHsi, NPHHALIEXKALUNE TPOMEXYTKY

[-4r-3r)

14. B npaBusibHOM TeTpasape SABC touka M — cepesuHa pebpa AB, a Tou-
Ka N pacrnosioxeHa Ha pebpe SC tak,yto SN : NC =3 : 1.

a) Jlokaxkute, 4to nockoctH SMC u AN B nepneHANKyAsIpHBI.

6) Haitnure anuny otpeska M N, eciu a1HHa pe6pa AB paBHa 8.
15. Pewnre HepaBeHcTBO |37 — 5| — 3 > 5_—|31$—_—5|
16. [1yctb O; — UEHTpP BIIHCAHHOH OKPYXKHOCTH TpeyroJbHuka ABC, O —
LLeHTP BHEBITHCAHHOH OKPY>KHOCTH 3TOr0 TpPeyroJibHHKa, KacaroleHcs: CTopo-
Hbl BC.

a) Hokaxure, yto O1M = MO,, rie M — TouKa nepeceuyeHHsi oTpes-
Ka 0107 H ONHCAHHOH OKPY>XHOCTH TpeyroJibHHKa ABC.

6) Haiigute 0104, ecnii BM = 5.

17. BaHk naaHHpyeT Ha OfiHH rofl BJ0XKHUTb 20 % HMeIOLMXCS y Hero CpeicTs B
npoekT A, 30 % cpeacts — B npoekT B, a octanbHbie 50 % — B npoekr C. B
3aBHCHMOCTH OT OOCTOSITENILCTB NMPOEKT A MoXKeT npHHecTH oT 25 % 1o 30 %
rogoBbix, npoekt B — ot 35 % no 42 % roaosbix, a npoekt C' — ot 32 % m0
48 % ronoBbix. B KoHLe rona 6aHK 06si3aH BEPHYTb A€HbIH KJIHEHTaM H Bbl-
MJIATHTb HM NPOLIEHTHI N0 3apaHee YCTAHOBJIEHHOH CTaBKe, YpOBeHb KOTOPOH
JI0JDKEH HaxoAHTbcs B npefenax oT 14 % 1o 22 % ronosbix.

Onpepnennre, Kakylo HaHMEHbUIYI0 H HaHOOJIbLUYIO YHCTYIO NPHObIIbL B
[POLIEHTaX FOAOBLIX OT CyMMAapHbIX BJIOXKEHHH B npoekThl A, B u C moxer
[1PH 3TOM NOJYYHTb GaHK.

18. I1pH Kakux 3HaueHHsIX napaMeTpa a HepaBeHCTBO

\/2cosa:+4a—sina:-sin2:c —4asin®z + 10a2cosz + 16 < 2v6

BbITIOJIHAA€TCA TIPDH BCEX 3HAUEHHUSAX z?
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19. Mox<Ho JIH paccTaBHTb n MOCJeIOBaTebHbIX HaTypasibHbIX 4Hces OT 1
1o n B TakoM nopsjKe, 4To6hl cpeaHee apH(pMeTHUeCcKoe J060H rpynmbl H3
ABYX HJIH 6oJiee NOAPSA HOYLUHX YHCEJ He ObiJIO LieJIbiM:

a)ynpun =5
6)npun = 2k + 1;
B)npun =8§;

r)npun = 2k?
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OtBeToM K 3apaHuaM 1—12 aBasercs uejoe YHCJIO HJIH KOHEYHas
AeCATHYHasn Apobb.

Yacts 1
1. Terpane crtout 28 pyGaeii. Ckosbko py6Jieli 3ansiaTHT MOKynaTesib 3a
40 Terpazeii, eCJIH NPH NOKyTIKe GoJiblIe 25 TeTpaaeH MarasHh JeJiaeT CKHI-
Ky 10 % OT CTOHMOCTH BCei MOKYNKH?

2. Ha pucyske 114 ToukaMy oKa3aHo CyTOYHOE KOJHYECTBO OCAJKOB, Bbilla-
JaBLHX ¢ 14 mo 26 HoAGps. 1o ropH3oHTaNH yKa3blBalOTCsA YHCJA MecsLa,
M0 BEPTHKAaJH — KOJIHYeCTBO OCAJKOB B MH/IJIMNMETPaX, BbIIABIUHX B COOT-
BETCTBYIOIUMA NeHb. 115 HarJISIHOCTH TOYKH HA PHCYHKe COeJHHEHbl JIMHH-
eil. OnpenennTte Mo PUCYHKY, CKOJILKO JHEH YKa3aHHOro nepHoia He Oblio
0CaJIKOB.

5

; f |
: N ]

AV :

1415 16 17 18 1920 21 22 23 24 25 26 Hosbpe
Puc. 114

3. Ha kneryaroii 6ymare ¢ kieTkaMH pa3mMepoM 1 cM X 1 cM H300paxkéH Tpe-
yroJibHHK (cM. pHc. 115). HafiauTe ero niowanp B KBapaTHbIX CAHTHMeETpax.

‘% [ 1

Puc. 115
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4. B caydaiiHom 3KcneprMmeHTe 6pocaloT iBe HrpaJsibHbie KocTH. Haianre Be-
POATHOCTb TOTO, YTO CyMMa BbillaBLUHX OYKOB paBHa 7. PesysibTaT OKpyrJiHTe
[0 COTBIX.

5. Haiinure KopeHb ypaBHenHs 5'982s(42-19) — g

6. [1Ba yrsia BNHCAHHOTO B OKPY>KHOCTb YeTbIPEXYTOJIbHHKA paBHbI 74° H 66°
(cM. puc. 116). Hafianre 6oablunii U3 ocTaBLUHXCS yraoB. OTBerT afiTe B rpa-
Jqycax.

B C

D
Puc. 116

7. Ha pucyske 117 n3o6paxéH rpapuk QyHKUHH y = f(x) H OTMEYEHbI TOUYKH
¢ abcunccamu —4, —3, —2, —1, 1. B Kakoii H3 3THX TOYeK 3HaYeHHe IPOH3BO/I-
HOH NaHHOH QYHKUHH HaHGoabluee? B oTBeTe yKaXKuTe aGCLUHCCY 3TOH TOUKH.

s G o o -

|
<N

|
(O3 F

|
N

|

Puc. 117

8. O61béM nepporo wapa B 8 000 pa3 Gosbuie 06EMa BTroporo (cM. puc. 118).
Bo ckosbko pas nuiowiazb NOBEPXHOCTH NEPBOro wapa GoJiblie MI0LALH 110~
BEPXHOCTH BTOpOro?

Yacts 2
9. HaiinuTe 3HaueHHe BuipaxkeHus 259858,
10. I1py HopManbHOM NaZileHHH CBETa C JJIHHOMA BOJIHB A = 420 HM Ha audpak-

LIHOHHYIO PelLETKY C MepHOJ0M d HM HabJII01aI0T CepHIo TG PAKLIMOHHBIX MaK-
cuMyMOB. [1pH 3TOM yTOJ1 0 (OTCUHTBIBaEMBIH OT NEPIIEHAHKYJIAPA K PELIETKE ),
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&

Puc. 118

N0l KOTOPbIM Ha6J10aeTcst MAaKCHMYM, H HOMep MakCHMyMa k CBsi3aHbl CO-
OTHoILeHHeM dsin ¢ = k. [1oa KakuM MHHHMAaJbHBIM YIJIOM ¢ (B rpagycax)
MOXHO Ha6Ji0aTb TPETHH MAKCHMYM Ha peLlETKe C MepHOJOM, He NPeBOCX0-
JALWAM 2520 HM?

11. CBexxHii 101 HHXHPA COAEPXKHUT 75 % Bojbl, a cyiénbii — 2,5 %. Ckoab-
KO KHJIOTPaMMOB CBEXXHX IJIOA0B NOTpebyeTcs A5 nosydeHHs 20 Kr CylEHoro
HHXHpa?

12. Halpure Hanboiblee 3HaueHHe hyHKUHH

y=4z +8cosz —4v/3 - 17— 2?” Ha oTpe3ke [0; %]

[pu BbinoAHeHHH 3anaHui 13—19 Tpebyercs 3anucaTbh noJHOeE
pelleHHe H OTBeT. 3anHUINTe CHa4YaJa HOMeP BbINOJHAEMOro 3aaHHs
(13,14 n 1. 0.), a 3aTeM noJHoe 060cHOBaHHOe peweHHe H oTBeT. OT-
BeTbl 3aNIHCbIBaHTE 4YETKO H pa3bopunso.

13. a) Peuinte ypaBHenHe log,(3sin 2z — 3sinz — 2cosz + 5) = 2.
6) Haiiaure Bce KOpPHH 3TOro ypaBHeHHsl, IPHHA//IEXKAlLlHe NTPOMEXYTKY

[

14. Ha pé6bpax AA,, CC,, CyD; napannenenunena ABCDA,B,C,D;
pacrnoJjiodXeHbl  COOTBeTCTBeHHO Toykk M, N uw P Tak, uTo
AMZAA] =ClN:010=Clechl =2:3.

a) [Toctpotite Touky H nepeceyenusi njockocti M N P c npsimoii BC.

6) Haiinure otHowienne BH : BC.

1
5—|log,z — 4|

15. Pewnte HepaBeHcTBO |logo x — 4] 2 3 +
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16. Han tpeyrosibiuk ABC.

a) JlokaxHTe, uTo paguyc BHeBNHCAHHOH OKPY?KHOCTH, KacalolleHCsl CTO-

S

poHbl BC tpeyrosibHuka ABC, BbiuncIsiercs no gopmyJie r, = 2= BC’ rae
S — naowan, AABC, p — ero nosynepumerp.

6) Hakaute pandyc BHeBNHCAHHOH OKPY?KHOCTH, KacaloLIeHC OCHOBAaHHS
paBHOGEeIPEHHOr0 TpPeyroJibHHKa, eCJ/H BbICOTA, ONyLIeHHas Ha OCHOBaHHe,
paBHa 25, a paJHyC BNHCAaHHOH B TPEYTOJIbHHK OKPY>KHOCTH paBeH 12.

17. Anekceii JleoHH10BHY HMeeT rOI0BO# BaJIIOTHbIM BKAAA Moj cTaBKy d % ro-
noBbix. Ec/IH BK/1a[ ¢ NpHYHTAIOIHMHCA NIPOLEHTaMH He GyaeT BocTpeGoBaH
Ha JIaTy OKOHYaHHsl, JOTOBOP CYHTAETCs MPOJIOHTHPOBaHHBIM (IPOIJIEHHbIM )
ell€ Ha oHH roa. ToaHynas cTaBka no py6JIéBoMy 1eNO3HTY ( BKIaIy) COCTaB-
asetr r %, Kypc LoJulapa Ha JaTy Hayala BO3MOXHOH npoJoHrauus — Ko,
a MPOTHO3WpYeMbIA KypC Ha 1aTy €€ okoHuaHusi — K. 3a nepeBoA BajIOT-
HOro BKJIaJla B pyOJiésbiii 6aHK B3HMaeT KOMHCCHOHHbIe (B py6Jisix) B pa3mepe
a% nepeBOAMMON CYMMBI.

a) Mcxons M3 naHHbIX, MOJyYHTE YCJIOBHE LIeJIeCOOGPA3HOCTH Nepesoaa
(Ha naTy BO3MOXKHOH NMPOJIOHIALMH ) BaIIOTHOTO BKJIaja S Ha roloBoi py6.ié-
BblH J€MIO3HT.

6) Onpenesnte, 4TO BbiroaHee — MpPOJIHTb BAMIOTHBIA BKJAM WIH Nepe-
JIOXXHTb JIEHbIH Ha pyOJIEBLIA BKJIAA, NPH YCJ0BHH, uTo Ky = 63; K7 = 64,
d=9r=12;a=0,7.

18. I'lpn Kakux 3HaueHHsIX TapaMeTpa a CHcTeMa

z? - (2a + 4)z + a? > -3 — 4a,
2 -~ (Ba—1)z < 22> —a+6

HMeeT XOTs 6bl OIHO pellleHHe?
19. B HaTypaJibHOM uHcJie Kaxaas uxgpa, KpoMe MepBOi H NocaenHel, 60Jb-
1€ CPe/IHero apHQMETHYECKOro COCEHHX C Hel LUHEp.

a) [IpuBennTe npHMep TaKoOro YeTHIpEX3HAYHOIO YHCA.

6) IpuBeauTe NpHMep TaKOro LIECTH3HAYHOTO YHCJIA.

8) Hafinure HaHGobllIee Takoe YuCJIO.
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OrBeToM K 3aaHHaAM 1—12 gaBasieTca uenoe YHCAO WJIH KOHeuHas
NecATHYHas Npobb.

Yactb |
1. Bynouka c MmakoM cToHT 16 py6aed. CKoJbKo py6ael 3aniaTHT MoKynaresb
3a 20 6yJ10uek, ecJiH NpH NoKynke 6oJbuie 10 6y/0uek MarasHH AeJ1aeT CKHIKY
15 % oT cToMMOCTH BCel NOKYNKH?

2. Ha pucynke 119 ToukaMH nokasaHo cyTouHOe KOJIHYeCTBO OCAJKOB, Bbl-
nagaswHx ¢ 10 no 20 oxkta6ps. [To ropH3oHTanH yKa3biBalOTCA YHCIA Me-
csAla, N0 BePTHKaJH — KOJHYECTBO OCalKOB B MHJUIHMETpax, BbINaBIIHX B
COOTBETCTBYIOLUHH JieHb. [1a HarnsAHOCTH TOYKH Ha PHCYHKe COeHHEHbI JH-
Hueit. OripeiesIHTe MO PHCYHKY, CKOJILKO JHEH yKa3aHHOro NepHoja He Gblio
0CalKOB.

\

1011 1213 14 15 16 17 18 19 20
oxmabpe

——Nu.zxuac\qoo§

Puc. 119

3. Haianre niowany kaapata ABC D, cunTas CTOPOHB KBaJIpaTHbIX KJETOK
paBHbIMH 1 (cM. puc. 120).

4. B cayuaiiHoM 3KcriepHMeHTe 6pocaloT TpH HrpaibHbie KOcTH. Halaure Be-
POSITHOCTb TOTO, YTO CyMMa BbINaBLIHX OYKOB paBHa 5. PesyasTaT OKpyriuTe
10 COTBIX.

5. Haiinure KopeHb ypasHenus 4'°616(72=6) — g,
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4 -~ I
Iy

Puc. 120

6. /lBa yry1a BIIHCAHHOTO B OKPY>KHOCTb YeThIPEXYroJibHHKA paBHbl 95° U 56°
(cM. puc. 121). Hafinure 60os1b1umii U3 ocTaBlukxcs yraos. OTBeT faiite B rpa-

aycax.

B C

D
Puc. 121

7. Ha pucynke 122 n306paxéH rpaduk GyHKUHH y = f(x) H OTMeYeHbl TOYKH
c abcukccaMu —5, —4, —2, —1, 3. B Kako# H3 3THX TOYeK 3HaYeHHe NNPOU3BO/1-
HOH HaHMeHblUee? B oTBeTe ykaxkuTte aGCLMCCY STOH TOUKH.

4)

Puc. 122

8. O6béM nepBoro ky6a B 343 pa3a GoJbiue 06bEMa BTOporo (cM. puc. 123).
Bo ckoJbKo pas nJolians NoBePXHOCTH NepBoro Ky6a 6oJiblie MJoLaiy no-
BEPXHOCTH BTOpOro?
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yo———mrmt—————

—— - ————

Puc. 123

Yactp 2
9. Haiinute 3HaueHHe BoipaxkeHHs 49'°872,

10. I1pu HopManbHOM NajileHHH CBeTa C JJIHHOH BOJIHBL A = 441 HM Ha audpak-
LIHOHHYIO PeLIETKY C NepHoioM d HM HabJII0AAIOT CePHIO AN PAaKUHOHHBIX MaK-
cHMyMoB. [1pH 3TOM yroJ ¢ (oTCUHTBIBaeMbIH OT NepreHANKYIsPa K peLlETKe),
MO KOTOPbIM Ha6J1l0[1aeTCsi MaKCHMYM, H HOMep MaKCcHMyMa k CBsi3aHhbl CO-
OTHOLLIEHHeM d sin ¢ = k. Tloa kakiM MHHHMaJIbHBIM YIJIOM ¢ (B rpagycax)
MOXXHO Ha6J110aTh TPETHH MaKCHMYM Ha pelléTKe ¢ MepHOJOM, He NPeBOCX0-
ISLHM 2 646 HM?

11. Ceexuit 1o HHXHpa cofiep>KUT 70 % Boabl, a CYLUEHBIN NJIOL HHXHpa —
3,4 %. CKOJIbKO KHJIOrPaMMOB HHXHpPa NoTpebyeTcs 15 noJydyenus 10 kr cy-
IEHOro HHXHpa?

12. Harignte HanMeHblLee 3HaueHHe GYHKUHH

y =53z + 10cosz — 10—‘3/—& + 14 na oTpeske [-725, 7r].

fMpu BbinonHeHHn 3agaHni 13—19 Tpebyercs 3anHcaTb NOJHOe
pewleHHe H oTBeT. 3aNHLIHTE CHa4a1la HOMep BbiNOJHSAEMOro 3alaHHs
(13,14 u 1. n.), a 3aTeM noJHOe 060CHOBaHHOE peleHHe H oTBeT. OT-
BEThbl 3aNHCbIBaiTe YETKO H pa3bopunso.

13. a) Pewnre ypaBHeHHe log,(4sin2z + 4cosz — 2sinz + 7) = 3.
6) Hafinnte Bce KOPHH 3TOro ypaBHeHHs, NIPHHA//IEXKAIlIHE TPOMEXKYTKY

[gw; 37r:|.

9. 3ak. Ne 41
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14. Ha pé6pax AA,, CC,, Ci1D; npsaMoyroibHOro napaiesentnena
ABCD A, B,C) Dy pacnoJioxkeHbl cOOTBETCTBeHHO ToukH M, N n P TaK, 410
A1M:MA=D1PZP01 =CN2N01=123.

a) [Toctposite Touky K nepeceueHust viockoctd M N P ¢ npsimoi AB.

6) Haiipure otHowenne AK : KB.

15. Pewnre HepaBeHcTBO | logy z + 1] — oz Ii =32 2 2.
2 —

16. lan npsaMoyrosbHbiii TpeyroiibHHK ABC ¢ npsiMbiM YrJioM MNpH Bep-
wHHe C. O — LeHTP BMHCAHHOH OKPYXHOCTH, T' — TOYKa KacaHHs BHe-
BITHCAHHON OKPY>KHOCTH Katera BC, M — TouKa nepecevenus npsamod TO
u apyroro Karera AC.

a) Jokaxure, uto AM = MC.

6) Hafaure nnowanpy tpeyronsuika TMC, ecin AC = 4, BC = 3.

17. HexTo xo4eT OTKpbITb BKJ1al B 6aHKe Ha OnpeaeJEHHYI0O CYMMY CPOKOM Ha
18 MecsiueB. Bank npennaraer caenath BaJiOTHBIA BKAaL B foaapax noa 4 %
FOOBBIX HJIH py6JaéBbiii BKaax noa 17 % rogosbix.

KakoMy yc/I0BHIO NO/DKEH YAOBJIETBOPATH NPOrHO3HPyeMbiii yepe3 18 me-
cAleB Kypc py6as K jpoanapy Ky, 4ToGbl 6oJiee BbIroAHbIM Obll pyOJ€BbLH
BKJ1all, €CJIH Ha MOMEHT BKJ1aaa Kypc cocTasasieTr Ko = 60 py6Jei 3a oauH
aosnap?

18. I1pH KaKkHX 3HaUeHHAX NapaMeTpa a CHCTeMa

72— (3a —-2)z +a? > 3a - 5,
72 - (3a—1)z+2a° < 3a+2

HMeeT XoTs Obl OJJHO pellieHHe?
19. B HaTypasbHOM uHcJ/Ie KaxKaan uxgpa, KpoMe rnepBoii H NocJieiHel, MeHb-
Lie cpeaHero apHHMETHYECKOTO COCEIHHX C HeH undp.

a) IIpuBeayTe NpHMEp TaKOro YETHIPEX3HAUHOTO YHCA.

6) [puBenuTe NpHMep TaKoro LIECTH3HAYHOTO YHCJA.

B) Hafinnre Han6oJbliee Takoe YHCIO.
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OtBeToM K 3ananuam 1—12 apaserca LeJ0Oe YHCAO HJAH KOHe4Has
aecsiTHYHas Apolb.

Yacts 1
1. Knsiorpamm Masunbl ctout 120 py6aeii. Mawa kynkaa 2 kr 400 r MaJIHHbI.
CkoJibKo py6Jieli clauH OHa 10J/KHA Gblia Nosy4HTh ¢ 500 py6iied?

2. Ha punarpamMe 124 nokasaHa cpeiHecyTOYHas TeMrepaTypa BO3lyXa B
ropoge PocroBe-Ha-Ilony ¢ 15 nmo 27 Hos6ps 2010 roga. [lo ropusoHTa-
JIH YKa3blBalOTCA JaThl, MO BepTHKaJH — TeMnepaTypa B rpaiycax Lle.b-
cusi. OnpenesiuTe No aMarpaMme HaHOGOMbLAIO CPEJHECYTOYHYIO TEMNEPaTypy
B PoctoBe-Ha-IloHy B nepnon ¢ 21 no 27 nos6ps 2010 roga BKJIOUHTEJLHO.
OrTser paiite B rpanycax Lleabcus.

C
12
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6-
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7

M.

Puc. 124

3. Touku O(0;0), B(15;4), C(0;18) u A sBisA0OTCS BepLIHHAMH NapaJlieso-
rpamma (cM. puc. 125). Hafinure opaunaTy Toukt A.

4. I'lepen HauasoM BOJIEHGOJIBHOMO MaTya KalHTaHbl KOMaHI TSHYT XpeOHH,
yTOGbl ONPENeIHTh, KaKasi H3 KOMaHJ HauHET Hrpy ¢ mauyom. Komanaa «Mo-
po3» 6yleT Nno oyepeny HrpaTh ¢ KOMaHaaMH «Merenb», «Cheronan» u «Jo-
Jgonén». Halaure BeposiTHOCTb Toro, yto «Mopo3» 6yner HauHHaTb TOJIBKO
[1epPBYIO H MOCJEIHIOI0 HIPhL.

5. Hafiznre KopeHb ypaBHenHs logg(5x + 27) = logg(3 + z) + 1.

10. 3ak. Ne 41
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37 3 4
C|[(0; 18)
B(15;4)
0 =x
Puc. 125

6. B tpeyronbuuke ABC yroa C pasen 90°, CH — Bbicota, BH = 7,

sinA = % Haiinure AB.

7. Ha pucynke 126 H3o6pax«éH rpadHk HekoTopo# pyHKUMH y = f(z). [ToJb-
3ysICb PHCYHKOM, BbIYHcaHTe F'(9) — F(3), roe F(z) — oaxa u3 nepBoo6pas-
HbIX GyHKUMH f(z).

ya

2

O
=V

4
Puc. 126

8. [siowanp noBepxHOCTH TeTpasapa paBHa 46 (cM. puc. 127). Haimure nuo-
1azib OBEPXHOCTH MHOMOTPAHHHKA, BePIUIHHAMH KOTOPOro ABJISIOTCS Cepet-
Hbl pé6ep aHHOTO TeTpaspa.

Yacrb 2
9. Hafinure 3nauenHe Bblpaxkenus log,84 — log,12.

10. J1aTyHK CKOHCTPYHPOBaH TaKHM 06pa30M, YTO €ro aHTeHHa JIOBHT PaHo-
CHTHaJl, KOTOphIH 3aTeM npeoGpasyeTcsi B 3JIEKTPHUECKHH CHIHaJI, H3MEHSsI-
IOLIHACA cO BpeMeHeM Mo 3akoHy U = Upcos(wt + ), rae ¢ — BpeMs B
ceKyHnax, amnautyna Up = 30 B, yactora w = 80°/c, taza ¢ = 30°. JaTunk
HaCTPOEeH Tak, YTO, eCJIH HanpsiXkeHHe B HEM He HHXKe ueM 15 B, 3aropaercs
namnouka. Kakyio yactb BpeMeHH (B NpoLIEHTax) Ha MPOTs>KEHHH NepBOH ce-
KYHIbI TIOCJie HayaJsla paGoThl JJaMIouKa GyzieT ropeTb?

10*
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Pue. 127

11. Ipy3oBoii aBTOMOGH/b MEPEBO3UT TEXHHKY H3 OJHOrO ropojia B IpYroi,
KaXk[blH JeHb [Tpoe3XKas Ha OIHO H TO XKe pacCTOsiHHe 60Jbliie, YeM B IIpefibl-
OywHA neHb. M3BecTHO, uTO 3a mepBbIii J€Hb IPy30BOK aBTOMOGHJb MpO-
wén 520 kM. OnpezesnTe, CKOMLKO KHIOMETPOB NIpoexaJl rpy30BOH aBTOMO-
6Hb 32 TPETHH JieHb, €CJIH BeCb MyTb OH NPOAeJaJ 32 5 HEH H PacCTOsIHHe
MeXIy ropoaMH cocTasJisieT 3270 kM.

12. Hangure Touky MakcHMyMa dyHkund y = (z — 7)%(z + 8) + 29.

[lpn BuinoaHennu 3anaHud 13—19 Tpebyercs 3anucatb noJHoe
pelleHHe R 0TBeT. 3aNHUIHTE CHaYaia HOMep BbINOJHAEMOro 3aJaHHSA
(13,14 1 1. a.), a 3aTeM nosiHoe 060CHOBaHHOE pelieHHe H oTBeT. OT-

BeTbl 3aNHCbiBaiTe Y€TKO U pa3bopunso.

13. a) Pewnre ypaBHenue sin’ z + sin 2z = 1;

6) YKaxkute KOPHH YpaBHEHHS], IPHHA/IeXKaLlHe OTPe3Ky [—w; %] .

14. B npaBHabHO# wecTHyroabHOH npusme ABCDEF Ay B,Cy D1 EyF Bce
pébpa paBHHI 1.

a) llokaxuTe, yTo yros Mexxay npsimbiMi BE) u E Dy npsiMoi.

6) Hasigure yron Mexxny niiockoctamu ABD, w BB, E.

x —
15. Pelunte HepaBeHCTBO 4% +logyz — 12 > 1
log, z — 2*
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16. B kaxnwlit yron paBHoGempeHHoro TpeyrojbHHka ABC, B KOTOpOM
AB = 10, AC = BC = 13, BnucaHa OKpPy>XHOCTb €HHHYHOTrO pajHyca,
Touks Oy, Oz 1 O3 LeHTPhI 3THX OKpYyKHOCcTel. HalaunTe:

a) pafiMyc OKpY>KHOCTH BITHCAHHOH B TpeyroibHHK ABC

6) naowmwasab TpeyroasHika O10203.

17. Ha noBepXHOCTH KOMMbIOTEPHOI MBILLKH B HHTepHeT-Kagde XHBET K0JIO-
nus U3 30 000 6axTepHil, KOTOpbIe pa3MHOXKAIOTCSA MPOCTHLIM JIEJIEHHEM, TO €CThb
KaXK[blH Yac HX yHcJ0 ynBauBaercs. [11a 60pbObl ¢ 6aKTEPHAMH IPOH3BOAHT-
sl exxeyacHas ne3uHeKius, BO BpeMst KOTOPOH MorH6aeT poBHO 1 6aKTEPHH.
Yncao 6aKTepHil yaBaHBaeTcsi HeMoCpeCTBEHHO nepef ae3HHpekuuel. Hai-
IXTE YHCJIO 7, €CJIH H3BECTHO, YTO BCe GAKTEPHH Ha MbllLIKE YHHUTOXEHHI 32
yerbipe Ae3HH(EKLHH.

18. Haiitn Bce 3HayeHHs @, MPH KaXIOM H3 KOTOPbIX CHCTeMa HMeeT eJHH-
CTBEHHOE pellieHHE:;

(lz] —4)* + (y - 3)* = 2,

y=lz-1+a

19. CtpaHHLbI TeTpay NPOHYMePOBaHb! Ha MosiHrpadHyeckod pabpHKe ykC-
JamH oT 1 o 96. ManbuHK Ha cJryyaiiHol cTpaHHLe 3anHcbiBaeT 0 H HyMepyeT
Jlanee CTPaHHLLI TeTpPaiH YHCJaMH 1, 2, 3 ... 00 KoHua TeTpanu 6e3 nporryc-
KOB, BO3BpallaeTcs K CTpaHHuLe ¢ 0 H, JHCTast CTPAHHLL! TeTPAIH Hasal, 3a-
NHCHIBAeT yHesa —1, —2, —3,... 10 Hayana Terpanu 6e3 npomyckoB. CyMma
YHCeJ1, KOTOpble 3aMucal Majb4YHK Ha CTPaHHLAX 3TOH TeTpaaH, paBHa S. Ha
KaKo# CTpaHHLe No Gpa6pHYHOH HyMepaLHH MajJbyHK 3anHcas yHcao 0, ecau
a)S =48;6)S =4560;B) S = 1968.
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OtBeTom K 3anaHHAM 1—12 sBaseTcs uUeJOe YHCAO HAH KOHeuHas
NecATHYHaA Apobb.

Yacts 1
1. Ha 6en3oxononke oauH JuTp GeH3nHa cTOHT 34 py6. 80 komn. Boaurenn 3a-
s B 6ak 40 auTpoB GeH3HHa H B3ss1 GyTbUIKY BOAbI 3a 68 py6ueil. CKoJbKO
py6uieit ciaun oH noJyyut ¢ 2000 pyGaeir?

2. Ha nnarpamme (cM. puc. 128) nokasana cpeaHecyToyHasi TeMneparypa Bo3-
ayxa B ropozie N ¢ 12 no 25 neka6ps 2013 roza. ['1o ropusoHTass yka3biBaoTcs
IaThi, N0 BepPTHKaJIH — TeMnepaTtypa B rpagycax Lleabcus. Onpenennte no
IHarpaMMe HaHMeHbILYIO CpeJHeCYTOYHY10 TeMnepartypy B N B nepHoa ¢ 14 no
21 nexaGps BkyoyHTeIbHO. OTBeT faiite B rpagycax Llenbcus.

oCA

9,0

6,0 <

3,0 N N § N\
0,0 &\ \\\N\KQ \\ && >

N\

N

-3,0
-6,0
—9,0
~12,0

%7
%7
%

\
N\

13 1415 16 17 18 1920 21 22 23 24 25
dexabpy 20132

Puc. 128

3. Touku O(0;0), A(30;50), B(30;12) n C sBasI0TCA BEpIIHHAMH napaJuie-
Jorpamma (cM. puc. 129). Haaaure opaunary Touku C.

4. Tlepen Hayanom ¢yT60/IbHOrO MaTya Cyabs 6pocaeT MOHETKy, 4TOGbI Onpe-
IeJINTh, KaKas H3 KOMaHA HayHér urpy ¢ mayoM. Komanna «Camonér» urpaer
TPH MaTya C pa3HbIMH KOMaHAamMHi. HalaxTe BepOATHOCTD TOTO, UTO B 3THX Hr-
pax «CaMoJ€ér>» BbiMrpaer xpeGHil pOBHO Ba pasa.

5. Haiinnte kopeHb ypaBHeHust logg (38 — 37z) = logg(4 — 5z) + 1.
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YA A(30; 50)
C
B(30; 12)
0 *x
Puc. 129

6. B tpeyrosibuuke ABC yroan C pased 90°, CH — Bbicota, AH = 7T,

cos A = % Haiigute AB.

7. Ha pucynke 130 H3o6paxéH rpacuk Hekotopoil byHKusH y = f(z). [Toab-
3ysicb PUCYHKOM, BbiuHcauTe F'(5) — F(1), rae F(x) — oxmHa 13 nepsoo6pas-
HbIX QYHKUHH f(z).
4
3

=V

3 5
Puc. 130

8. INioutanp noBepxHOCTH TeTpasapa paBHa 862 (cM. puc. 131). Haimure nio-
1a/ib NOBEPXHOCTH MHOTOTPaHHHKA, BepPLIHHAMH KOTOPOTO SABJISIOTCS Cepeli-
Hbl pébep JaHHOrO TeTpasapa.

Yactb 2
9. Haiinute 3HaueHHe BbipaxkeHusi logs 12,5 + logs 10.

10. [IaTyHK CKOHCTPYHPOBaH TaKHM 06Pa30M, UTO €ro aHT€HHA JIOBHT paaHoO-
CHrHaJ, KOTOprf:l 3aTeM npeoépasye’rca B QHQKTqueCKHﬁ CHrHaJ, U3MeHAK-
LIMHCS cO BpeMeHeM Mo 3akoHy U = Uy sin(wt+), Tie t — BpeMsi B CeKyHIaXx,
amnantyna Uy = 10 B, yacrora w = 100°/c, ¢aza ¢ = 0°. laTunk HacTpo-
€H TaK, 4TO ecJIH HanpsiXKeHHe B HEM He HHXke, yeM 5 B, 3aropaercs samnouka.
Kakyo yacTb BpeMeHH (B MpoLIeHTaX ) Ha NPOTSXKeHHH NepBOH CeKyHIbl NocJe
HayaJa pa6oTbl JJaMno4ka OyzeT ropeTh?
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Puc. 131

11. Kcrowa perinsa npoyects KHHry o6béMoM 672 cTpaHHubl. ExxenHeBHO
OHa YHTaeT Ha OJHO H TO XK€ KOJHYeCTBO CTPaHHL GoJiblle 110 CPaBHEHHIO C
npenplayinM JHEM. M3BecTHO, YTO B nmepBblf AeHb OHA Npousa 12 CTpaHHLL
Onpepennre, CKOJIbKO CTPAHHLL OHA POUJIa B OC/IeHHH J€Hb, €CJIH BCETO Ha
YTeHHe 3TOH KHHTH JleBouKa rnorpartiaa 16 aHed.

12. Haiiante Touky MuHuMyMa dyHkunn y = (z + 4)%(z — 11) — 76.

lMpn Bbinosnennn 3ananuin 13—19 Tpebyercs 3anHcaTb NoJHOe
peileHHe H OTBET. 3aNHIIHTE CHa4Yaja HOMEeP BbINOJHAEMOro 3aiaHHs
(13,14 u . n.), a 3aTeM noJsHoe 0o60CcHOBaHHOE pelieHHe H oTBeT. OT-
BeTbl 3aNHCbiBaiTe YETKO H pa3bopunso.

13. a) Pewnte ypaBHeHHe cos? x 4 cos 2z = 1;

6) YKa>knTe KOPHH YpaBHeHHsl, NpUHaLIeXKalliHe OTpe3Ky [—3—271; 0} )

14. B npaBu/bHON wWecTHyronbHOH npusmMe ABCDEF A, B,C, D, E 1 F, Bce
pé6pa paBHbl 1.

a) lokakure, 4To yros Mexay npsimbimu BE u A, D; paBeH 60°.

6) Harinute yrosn Mexxny niockoctamMu Ay BE u A, BD,.

9% +loggz—20 .,
loggz -3 7 7

15. Peunre HepaBeHCTBO

16. B kaxnapii yrosi paBHOGeApeHHOro TpeyroqbHHka ABC, B KOTOpOM
AB = 12, AC = BC = 10, BnHcaHa OKpPYKHOCTb PaJHycoM 7, ToukH O,
O2 1 O3 LeHTpPBI 3THX OKpYKHOCTel. HafiauTe:

a) paaHyC OKPYKHOCTH BITHCAHHOH B TpeyrosibHHK ABC

6) paguyc 7, eCJH IIowanb TpeyrosibHuKa O O,03 paBHa TPeTH NMJIOIAIH
TpeyroibHika ABC .
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17. B nyesquHOM yJibe fOCJe€ 3HMOBKH COXPaHHJIOCh HEKOTOpOe KOJHYECTBO
nuén. loToBsick K JieTHeMy Meloc6Opy, MUeJIHHAs CeMbsi €XeMeCAYHO yBe-
JiMyHBasach Ha 60 %, HO H3-3a Pa3NIHYHBIX HEG/IAronpHATHLIX aKTOPOB POH
exeMecsuHo Tepsas 1000 muen. HecMoTps Ha 3To, yepe3 yeThipe Mecslla KO-
JIHYECTBO MYEJN B yJibe cocTaBis0 56 280. Cko/bKO MuéJ 6bl/10 B yJ/be nocJe
3UMOBKH? [/ onpenesléHHOCTH 106aBHM, YTO eXeMeCslUHO CHavaJia MpoHC-
XOJIMT YBeJIHUeHHe MUeJIHHON ceMbH Ha 60 %, a 3ateM noteps 1000 nuéx, a He
Hao60poT.

18. Ha#iTH Bce 3HauyeHHs a , NPH KAXKIOM H3 KOTOPbIX CHCTeMa HMeeT elHH-
(Jz| — 10)? + (y — 5)* = 10,

CTBEHHOE pellieHHe:
P {y=a|:c—4|—3.

19. CtpaHHUbI TeTpan MpOHyMepoBaHbi Ha NMoJHrpadHyeckoi pabpHKe YHC-
Jamu ot 1 go 48. JleBouka Ha cJyyaHHON CTpaHHile 3anHcbiBaeT 0 H HyMmepyeT
Jajiee CTpPaHHUb! TeTpajH yucsaamH 1, 2, 3, .../10 KOHUA TeTpaiH Ge3 npo-
MYCKOB, BO3BpallaeTcs K cTpaHHile ¢ 0 W, JIHCTasi CTPaHHLbI TeTpald Hasaj,
3anHCbIBaeT yueaa —1, —2, —3,... 10 Hauana TerpanH 6e3 npomyckoB. Cymma
yHceJl, KOTOphIe 3aMKcalla IeBoYKa Ha CTpaHHLAaX 3ToH TeTpaaH, paBHa S. Ha
Kakol cTpaHuLe no ¢paGpHyHOH HyMepaLHy AeBOYKa 3anHcaa yuedo 0, ecu
a)S =24,6)S =1128;8)5 = 888.
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Bapuant Ne 31

OrBeToM K 3anaHnam 1—12 sapiasercs nenoe YHCJIO HIH KOHeuHas
JAecSATHYHas ApoObb.

Yactp |
1. CtonmocTb Mpoe3aHoro 6userTa Ha Mecsiil coctasJisier 580 py6Jeii, a cTo-
HMOCTb 6HJIeTa Ha OJHy noe3aky — 26 py6seil. HukuTa Kynua npoesnHo# H
coBepLIHA 3a Mecsll 39 noe3nok. Ha ckosibko py6.eii Gosblue oH 6bl OTpa-
THJI, €M Obl TOKYTIaJl GHJIEThI Ha OJHY TTOE3/IKY?

2. Ha rpaduke (cm. puc. 132) n3o6paxeHa 3aBHCHMOCTb KPYTSILLIETO MOMEHTa
JBHraTeJisi OT YHCJ1a 060poToB B MHHYTY. Ha ocH a6cunce OTK/IaAbIBAETCS YHC-
JI0 060POTOB B MHHYTY, Ha OCH OPAHHAT — KpyTsiHii MoMeHT B H-M. CkopocTb
aBTOMOGH/IA (B KM/4) NpHOIWXEHHO BhipaxkaeTcsi popMynoit v = 0,045n,
rae n — 4HCJI0 060pOTOB ABHraTesi B MHHYTY. C Kakoi HaHMeHblleH CKOpo-
CTbIO JOJDKEH ABHraTbCsl aBTOMOOHJIb, YTOObI KPYTSLUHH MOMEHT OblJl He MeHee
80 H-mM? OTBer paiiTe B KHJIOMETpax B yac.

HM
140
AY
100 N\
60
20
ol 1000 3000 5000 o6/MuH

Puc. 132

3. Hafinure TanreHc yrna BK A (cM. puc. 133).

4, B Hekortopo#i tHnorpadux 10 % oTneyaTaHHbIX CIPABOYHHKOB HMEIOT Jie-
¢ekr. [IpH KOHTpoJe KauecTBa MPOMYKUMH BbisiBasieTcss 60 % nedeKTHbIX
cripaBoyHHKOB. OcTasibHble CMIPAaBOYHHKH MOCTynaloT B npopaxy. Hadigure
BEPOSITHOCTb TOTO, YTO CJIy4aiHO BbIGpaHHBIH NPH NOKYTIKe CIPABOYHHK HMeeT
Jedext. OTBET OKPYIVIHTE OO ThICSYHbIX.
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]

—t

Puc. 133

5. Haiinue kopeHb ypaBHeHHs 31032 = 0,75 . 410-3=

6. OcHoBaHHsl paBHOO€EAPEHHOH TpanelUHH paBHb 53 1 75. BoKoBble CTOPOHbI
paBHbI 22. HafizsTe KOCHHYC OCTPOTrO yrJia TpaneumH.

7. Ha pHcyHke H306paxéH rpaduk dyHKuHH y = f(z), onpeaenéHHOMA Ha HH-
TepBaje (—5; 7). Halnute cyMMy Touek 3kcTpeMyMa GyHKUHH f(z).

yA
P o I \
LA
\'% S
/ 1
/ 1
-4 0 7 |x
Puc. 134

8. IpsiMoyroJipHbIH NapaJulesientnes ONHCAH OKOJIO LUHJHHAPA, PaHYC OCHO-
BaHHUsi H BBICOTA KOTOPOTo paBHb 5 (cM. puc. 135). Haitnure 06bém napae-
Jlenunesa.

Yacrts 2
9. Hafinute 3navenne Boipaxkenus 8(p(3z) — 3p(x + 2)), ecan p(z) = = + 8.

10. Msy GpocHiTH MOX YNIOM K TJIOCKOH TODH30OHTa/IbHOH MOBEPXHO-
CTH 3eMsH. Bpems nosnéra msua (B cekyHaax) omnpezensieTcsi no gopmyse

t = 2V ;ma. [Tpy kakom HauMeHblleM 3HaueHHH yrja a (B rpamgycax)
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Puc. 135

BpeMsi N0/1€Ta Gy/leT He MeHblue 7 ceKyH], ec/H MAY 6pocaloT C HauaJlbHOH
cKopocThio vp = 35 M/c? Cunraiite, 4TO yCKOpeHHe CBOGONHOMO MajeHHus
g = 10m/c2.

11. Komnanua «3Be3na» Haya/la HHBECTHPOBATb CPECTBA B NI€PCMEKTHBHYIO
oTpacsib B 2009 rozy, HMes KanutaJs B pa3mepe 480 000 py6aer. Kaxapid rog,
HauuHas ¢ 2010 roga, oHa noJsyyasna npuGbLIb, KOTOpas coctapasia 150 %
OT KamHTaJa npeabiayiero roga. A komnanHs «IlnaHera» Hauana HHBECTH-
poBaTb CpeiCTBa B Apyryio orpacib B 2011 romy, MMes KamuTaja B pa3Mepe
720 000 py6aeit, H, HaynHasA ¢ 2012 roja, exeroHo noJjyvasna npHObUIb, CO-
crasusioutyio 300 % ot kanuTana npegymyuiero rona. Ha ckosbko py6Jiesi Ka-
MHTaJ OAHON H3 KOoMINaHuH 6bia GoJbllie KanuTaJa apyro#l K KoHuy 2014 roaa,
€CJIH MPHOGbLIb H3 060pPOTa He H3bIMaslach?

12. Hainute HanMeHblee 3HayeHHe GyHKUHH y = (z + 2)%(z — 10) + 156
Ha oTpeske [—1; 20].

Mpu Bbinoanenun 3ananui 13—19 Ttpebyercs 3anucate mnoanoe
peleHHe H 0TBeT. 3aNHIIHTE CHA4Ya/a HOMEP BbINOJHAEMOro 3aJaHHA
(13, 14 u 1. 0.), a 3aTeM nosHoe o6ocHOBaHHOe peweHHe H oTBeT. OT-
BeTbi 3aNHCbIBaHTe YETKO H pa36opUHBO.

13. a) PewunTe ypaBHense cos? z + sin 2z = 1;

6) YKa)kxuTe KOPHH ypaBHeHHs, MPHHaL/IeXallHe OTPe3Ky [——%; 7r] .
14. B npaBusbHoii wectuyroabHoi npusme ABCDEF A B,C1D1E, Fy Bce
pé6pa paBHbl 4.

a) Jlokakure, 4yTo yroa Mexay npsimbiMi AD; u DC pasen 90°;

6) Haiinute yron Mexay niockoctsimu FAC; u AA; D.
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T 2
15. Peiunre HepaBeHCcTBO 3" +logzz — 6 - 6 > -1
logsx — 3
16. B kaxabii yron paBHOGenpeHHoro TpeyrosbHuka ABC, B KoTOpOM
AB = 16, AC = BC = 17, BnucaHa OKPY>KHOCTb €JHHHYHOro pajuyca,
ToukH Oq, Oz 1 O3 UeHTpbI 3THX OKpy>KHOcTeH. HaklnnTe:
a) paliHyC OKPY>KHOCTH BITHCaAHHOH B Tpeyro/bHHk ABC ;
6) ouwiaap TpeyroibHHKa 010203,

17. Ha noBepXHOCTH KOMIbIOTEPHOM MBIIKH B HHTepHeT-Kade XKHBET K0J10-
HHA u3 62 000 GakTepHH, KOTOpble Pa3MHOXKAIOTCS NPOCTbIM A€/EHHEM, TO
eCTb KaXK/IblH 4ac HX yHcao yaBanBaercs. [list 6opbObl ¢ GaKTepHSAMH MPOH3-
BOJHTCS eXXeuacHas fe3HH(]eKLHs, BO BpeMsi KOTOPOH NMoru6aeT poBHO 1 6akK-
TepuH. Hueno 6axkTepuil yapanBaeTcsi HeNIOCPeACTBEHHO Nepel Ae3HHGeKIHeH.
Haiigure uncao n, ecsiv H3BeCTHO, YTO Bce 6AaKTEPHH Ha MbILIKE YHHYTOXKEHbI
3a NATH Je3HHpeKUHH.

18. Hafiaute Bce nosoxKuTeNbHbIE 3HAYEHHS a, NIPH KaXIO0M H3 KOTOPbIX CH-
CTeMa HMeeT eIHHCTBEHHOe pellleHHe:

(lz| = 10)% + (y — 6)* = 10,

(z+4)2 +y? = a?

19. CTpaHHLIbI TeTpasH NMPOHYMepOBaHbl Ha NoJiHrpaduyeckoi gpabpuke ync-
J1aMH oT 1 10 84. Masbuuk Ha cJyualiHol cTpaHHLe 3anicbiBaeT 0 U HyMepyeT
Jlajee CTPaHHLb! TeTPaiH YHCJAMH 1, 2, 3 ... 00 KOHUa TeTpaiH 6e3 npomyc-
KOB, BO3Bpallaercs K cTpaHHue ¢ 0 H, JHCTas CTPAaHHUbI TeTPaiu Ha3al, 3a-
NUChIBaeT YHcaa —1, —2, —3,... 10 Havyasa Terpand 6e3 nponyckoB. CymMma
YHCeJl, KOTOpble 3alHcas MaJIbyHK Ha CTpaHHLaxX 3To# TeTpaaH, paBHa S. Ha
KaKo# CTpaHHLe 1o GpabpHYHOI HyMepaLHH MaJbyHK 3amucaJ Yucao 0, ecii
a)S=42;6)5 = 3486;8) S = 1890.
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OTBeToM K 3ajaHHaM |1—12 saBasieTcs LeENOe YHCAO HJIH KOHeyHas
JecsATHYHaS Ipo6b.

Yacts |
1. CTOMMOCTb NOJIYTOA0BOH MOANMCKH Ha XKypHaa cocTasisierT 430 py6Jei,
a CTOHMOCTb OJIHOrO HoMepa ypHasia — 32 py6.s. 3a nosrona Aus Kynusaa
18 HoMepoB XypHasa. Ha ckosbko pyGiieli MeHblle OHa Obl OTpaTHJA, €CJH
6bl TOANHKCANACh Ha KypHaJ?

2. Ha rpacuke (cM. pHc. 136) H306paXkeHa 3aBHCHMOCTb KPYTSILLIErO MOMEHTa
ABHrarteJisl OT YHCJ1a 060pOTOB B MHHYTY. Ha ocH aGecuncc oTkaaapiBaeTcs YiC-
J10 060pOTOB B MHHYTY, Ha OCH OpIHHAT — KpyTAILHHA MoMeHT B H-M. CKkopocTb
aBTOMOGHJS (B KM/u) NpHOJIMKEHHO BhIpaxkaeTcs opmysolt v = 0,045n,
riae n — 4Hcso0 060poToB ABHratess B MHHYTY. C KaKoH HaHMeHblUel CKOpo-
CTbIO 0JI’KEH BHTaTbCA aBTOMOOH/Ib, YTOOBI KPYTALLHA MOMEHT OblJ1 He MeHee
150 H-m? OrtBer naiite B KHJIOMeTpax B vac.

H'.M A

180
N

120 / \
60 K

4

800 1600 2400 3200 4050

06/ Mun
Puc. 136

3. Hafinute Tanrenc yria K ST (cM. puc. 137).

4. Ha ¢abprke kepamHuecko# nocynp! 15 % npon3BeaEHHBIX KPYXKeK HMEIOT
nedekr. IIpn KonTpose KavecTBa mpomyKuuH BbisiBasiercs 80 % medeKTHbIX
Kpyxek. OcTajbHble KPYXKKH NOCTyTaloT B npoaxy. Haiinxure BeposiTHOCTD
TOTr0, 4TO C/Iy4aiHHO BbLIGpaHHAas NPH MOKYTIKe KPy>KKa He HMeeT fedektoB. OT-
BeT OKPYTJIHTE 10 ThICSIYHBIX.
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| |k T

Puc. 137

5. Haitaure kopens ypaBuenus 34157 = 0,09 - 104+5%,

6. OcHoBaHHs1 paBHOGeIpeHHOH TpaneLHH paBHbl 55 1 85. KocHHyc ocTporo

yr/1a TpaneLuH paBeH S Haimure 60KOBYIO CTOPOHY.

8

7. Ha pucynke 138 u3o6paxéH rpaduk pyskuun y = f(z), onpenesiéHHol Ha
HHTepBasie (—11; 6). Haiizute cyMMy Touek skcTpemyma dyHkumH f(z).

oL
=
QS
i 4

o

Puc. 138

8. [NpsiMoyToabHBIi Napasiesientnes ONHCaH OKOJIO UHIHHAPA (cM. pHc. 139),
pagHyc oCHOBaHHSI KoToporo paBeH 5. O61béM napainesenunena paseH 400.
Ha#inure BoicoTy UHIHHApA.

Yacrs 2
9. Haitaure p(z + 2) + p(9 — z), ecmu p(z) = 3z - 7.

10. Msay 6pocHan Moz yryioM o K TNJIOCKOW TOPH3OHTaJbHOH MOBEPXHO-
CTH 3eMsH. BpeMsi nosiéta Msiya (B CeKyHAax) onpelessieTcs no ¢opmyse
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Vg sin
t = 2——0-—3-—3. [1pn KakoM HaHWMeHblieM 3HAYeHHH yryia a (B rpagycax)

BpeMsl 1oJI€Ta OyleT He MeHbllle 2 CeKyHJ, eC/H Msid 6pocaloT ¢ HauaJbHOH
cKopocTbio vy = 20 M/c? CuuTafiTe, YTO yCKOpeHHe CBOGOIHOTO MAaeHHS
g = 10m/c2.

11, Komnanns «flHtappb» Hauyasa HHBeCTHpPOBaTb CPeACTBA B IepCIEKTHB-
Hyto otpacab B 2009 roay, uMesi kanutan B pa3mepe 350000 pybaen. Kax-
Il ron, HauvHas ¢ 2010 roaa, ona noJsyyaJsa npHobUIL, KOTOpast CoCTaBsANa
200 % oT kamuTaJa npeablIyLIero roga. A KoMmnaHus «JlumMa» Hayasa HHBe-
CTHpPOBaTb CPEACTBA B APyryio oTpacJib B 2011 rofy, HMesl KarHTaJj B pa3mepe
700000 py6Jied, u, HaurHas ¢ 2012 rona, eXeroHo noJyyasna npHobLIb, CO-
crasasiougyo 400 % ot kanutana npeasimyliero roga. Ha ckosibko py6ueit
KaruTaJ OIHOH H3 KOMITaHHH Obia GoJiblie KalHTaga Apyro# K KoHwy 2014 ro-
11a, ecJIH NpHObLIL H3 060POTa He H3bIMaJslach?

12. Haiigure HauGosbliee 3Hayenne pyHkunH y = (z — 4)%(z + 8) — 206
Ha oTpe3ke [—8; 4].

lMpu BbinonHennn 3aganui 13—19 Tpebyerca 3anHcaTh noJHoOe
pewleHHe H OTBeT. 3aNHUIMTE CHayajJa HOMepP BbINOJHAEMOro 3alaHHsA
(13,14 u 1. 1.), a 3aTeM nojiHoe 060CcHOBaHHOe pelleHHe H oTBeT. O1-
BETbl 3aNHCbIBaAHTE YETKO H pa36opuHBo.

13. a) Pewunte ypaBHenue 2sin® £ — cos 2T = 2;

6) YKaXKHTe KOpHH ypaBHEHHS, MPHHALIEXKALLHE OTPE3KY [—%; %] .

14. B npapuJibHO# wWecTHyroabHo# npusme ABCDEF Ay B,C1 D1 EL Fy Bce
pé6pa paBHbi 4.

a) Jlokaxkure, yTo yroJ Mexxay npsiMmeiMi AD 4 B, E; paBen 60°.

6) HaiiauTe yron Mexxay nsockoctsaMi ByAD u B, AE;.
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5% +logZz — 20 S 1

15. Pewuute HepaBeHCTBO
P logsz -5 7

16. B xaxnbl#i yron paBHoGenpeHHoro TpeyroibHHKa ABC, B KOTOpOM
AB = 10, AC = BC = 13, BnHcaHa OKpPY>KHOCTb paJHycoM r, ToukH O,
O3 1 O3 UEHTpHI 5THX OKpYXHocTel. Hafiaure:

a) paaxyc OKPY>KHOCTH BIHCaHHOI B TpeyroJibhik ABC ;

6) pagHyc r, ecaH niowans TpeyroibHHka 010203 paBHa NoJOBHHE MJ10-
wany TpeyroabHuka ABC .

17. B nyesiHHOM yJ/ibe nocJle 3HMOBKH COXPaHHJIOCh HEKOTOpOe KOJIHYeCTBO
nues. ToToBACh K NeTHeMy MenocOopy, NyeJiHHAs CeMbsl eXeMeCs4YHO yBe-
JnunBajach Ha 40 %, HO H3-3a Pa3VIHUHBLIX HEGJAroNnpHATHLIX HaKTOPOB poii
exxeMecayHo Tepsa 2 000 nuen. HecMoTpa Ha 370, yepe3 yeThipe Mecslla Ko-
JIHYeCTBO MYEJ B yJ/be cocTaBH/0 62 624. CKONbKO Nyés 6GbLI0 B yJibe nocJje
3UMOBKH? L1111 onpefiesleHHOCTH 10GaBHM, YTO €XKeMeCsIYHO CHayasla NPOHC-
XOJIHT yBeJIHYeHHe MUesiHHO# ceMbH Ha 4 %, a 3aTem noteps 2 000 nuéx, a He
Hao60poT.

18. Hainure Bce nos1oxHTeNbHbIe 3HAYEHHS @ , TPH KaX/IOM H3 KOTOPbIX CH-
(2] =72+ (y=-3)* =17,

CTeMa HMeET €JUHCTBEHHOE peIleHHe:! { (23 + 1)2 + yz — (12

19. CrpaHHLUbI TeTpaaH NpoHyMepOBaHbl Ha NosHrpadHyecKoi pabpuke Yuc-
JlamH ot 1 10 36. leBouka Ha coryyaliHOH CTpaHHLe 3anHchiBaeT 0 H HyMepyeT
JaJjiee CTpaHHLibi TeTpaiH YHcJaaMH 1, 2, 3, ...10 KoHUa TeTpamu 6e3 npo-
yCKOB, BO3Bpallaercs K crpaHHue ¢ 0 H, JIHCTasl CTPaHHUL TeTpaiy Ha3saj,
3amnMchiBaeT yucaa —1, —2, —3,... 1o HavaJaa terpaay 6e3 npomyckoB. CymMa
YHCeJl, KOTOpble 3aMnucasa JeBoyKa Ha CTpaHHLIAX 3TOH TeTpajH, paBHa S. Ha
Kako# cTpaHHLe no ¢paGpHYHOH HyMepaluH AeBOoYKa 3anHcaJja Yuco 0, ecau
a)S =18;6) S = 630;8) S = 450.
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OtBetoM K 3apaHHAM 1—12 sBasieTCH UeJ0€ YHCAO HIH KOHEYHas
JAecATHYHas Apobb.

Yacrs |
1. Ha cyery ButHHOro MoGHJabHoro tesaedona 6bl10 52 py6.s, a rnocJje pas-
roBopa ¢ Hacre#t octanoch 16 py6seir. CKOAbKO MHHYT AJIHJICSI Pa3roBop C
Hacreit, ecsin onHa MHHYyTa pasroBopa cToHT 1 py6ub 20 koneek?

2. Ha nnarpamMMe nokasaHo KoJIH4eCTBO NOCETHTeJIel caiiTa «24-2» BO BCe IHH
¢ 1 no 20 Hos6psi 2014 roga. [o ropH3oHTaH yKa3bIBAIOTCS AHH MecsLa, 10
BEPTHKAJIH — KOJIMYEeCTBO TOCETHTeJIell caifiTa 3a JaHHbIH AeHb. Onpenesnre
10 HarpamMMe, Kakoro 4ucJia KoJIM4ecTBO NoceTHTesel caiTa «2+-2» Briepsble
NPHHSJIO HaHGosbilee 3HaYeHHe (cM. puc. 140).

A
30000 T— S <
N N N - N
25 000 N 3 S
20000 1R N NN N— NN
Y K N N
ol NN NN NN N BN NN
15 00 NN NN SEN +—] 3 S
N R N N NAANNNRNN N N
000 NN NNNNNN NNRNNNNNG NN
N NNNNHNNRN N R N N N N
so LNNNNNNNNNNNNNNNNNNNN
N N N N N Ny N N
DNNNNNNANANNNNNNANNN
T 1T 1T T 1T T 177 LR
123456 78 910111213141516 171819 20
Puc. 140

3. Hajliaute pnvHy DMaroHajM npsiMOyrosibHHKA, BepLIHHbl KOTOPOTO HMEIOT
xoopauHathl (3;7), (3;11), (6;7), (6;11).

4. OxotHuk aans HOpa nonaaaer B Myxy Ha CTeHe ¢ BeposiTHOCTbio 0,8, ec/iH
CTpeJsisieT H3 NpHcTpessiHHoro pyxbsi. Ecan aaaa lOpa ctpeasier u3 HenpH-
CTPEJITHHOTO PyXbsl, TO OH TONazaeT B MyXy ¢ BepositHocTbio 0,2. Ha ctone
JIeXHT 12 pyxeH, U3 HUX ToJIbKO 3 mpHcTpessHHble. OXoTHHK asas HOpa BH-
IMT Ha CTeHe MyXy, HayJauy XBaTaeT NepBoe Mornaslueecsi py»Kb€ H cTpeJisieT B
myxy. Hafiaute BepOATHOCTD TOTO, YTO OH NPOMAXHETCS.

5. Hafinure KopeHb ypaBHenHs logz (12 — z) = 4.
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6. OcHoBaHust paBHOGeipeHHO! TpaneLHH paBHbl 9 H 53. TaHreHc ocTporo yria

paBen 1—61 Ha#anre BoicoTy Tpaneuus.

7. Ha pucynke 141 uso6pakén rpaguk HekoTopoil pyHKuHH y = f(z). PyHK-
wis F(z) = 23 41822 + 2212 — % — OJIHa 3 [1epBoo6pa3HbIX PYHKUHMH f().
Hafiaute nioiaab 3aliTpHXoBaHHOH PHIYpbI.

24

113

0

Puc. 141

8. B npamoyrosibHoM napannenenunene ABC DA, ByCy D; H3BeCTHbl JUTHHBI
pébep AB =7, AD = 24, AA, = 18. Hafinute CHHyC yr/ia MeXXIy NpsiMbIMH
CDmu A1 Cl.

Yactb 2

a 9at+b _4

b 3a - 2b )

10. ABTOMOGH.Ib pa3roHsieTcsl Ha NPSIMOJIHHEHHOM y4acTKe Locce C TOCTOsIH-
HbIM ycKopeHHeM a kM/u?, CKopocTb v yBesHuHBaeTcsi o GopMyae v = v/2la,
rie | KM — npoiIeHHbIH aBTOMoOHeM myTb. Halinnte yckopeHne, ¢ KOTopbiM
JOJIXKeH ABHraThCsl aBTOMOGHJIb, YTOGbI, IPOEXaB TPH KHJIOMETPa, IPHOGPECTH
cKopocTb 60 KM/4. OTBeT Bulpasute B KM/uZ.

9. Haiipute =, ecan

11. TaHTOYHHK NOKeH YA0XKHTb 320 M2 nauTkH. Ecain oH 6yner yknaasiBath
Ha 6 M2 B JeHb 6oJibllie, YUeM 3aTJIAHHPOBaJI, TO paGOTy 3aKOHYHT Ha 12 aHed
paHbiue. CKObKO KBaApaTHbIX METPOB NJIHTKH B eHb NJIaHHPYyeT yKJIaAbBaTh
TVIHTOYHHK?
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12. HaiiznTe TouKy MHHHMyMa QYHKUHH y = % + 3z + 204.

lMpn BbinosHenHn 3anaunit 13—19 Tpebyercs 3anucaTb noJHoe
pelleHHe H oTBeT. 3aMHIIHTE CHAYaJa HOMep BbiNOJHAEMOro 3aJlaHHA
(13,14 n 1. n.), a 3aTeM noaHoe 060cHOBaHHOE pewieHHe H oTBeT. OT-
BeThbl 3aNHCbIBaiTe YETKO H pa3bopunBo.

13. a) Peunre ypaBHenHe 2sinz + | cosz| — 3cos = 0.
6) Haiaure Bce KOPHH 3TOrO ypaBHeHHs, NPHHALIEXKALUHE NPOMEXYTKY

]
14. B npaBunbHoM Tetpasape SABC Ha pebpe AC B3sita Touka F' Tak, 4To
AF:FC=2:1.

a) TocTpofiTe ceuenHe TeTpaspa NJOCKOCTbIO, NPOXOAsLIEH Yepe3 TOUKH
B, F u Beicoty rpand BSC, npoBenénnyio k pebpy SC.

6) Ha#lnure paccrosinve ot Toukn F' o naockoctH BSC, ecin pe6po TeT-
pasapa paBHo 12.

(3° — 27)(log,_; = — log,_; 3)
(7:L5+ T — V2 +5)(|]r + 2| - |z|)

16. B TpeyrosibHuke ABC oKpyKHOCTb NPOXOAHT Yepe3 ToukH B u C H nepe-
cekaet ctopoHbl AB n AC B Toukax M u N cootBerctBeHHo. OTpesoxk M N
KacaeTcsi OKPY>KHOCTH, BIIHCAHHOH B TpeyroJibHHK ABC.

a) Jokaxure, uto AABC ~ AANM.

6) Haiianre MN,eciiun AB =7, AC =8, BC =09.

2 0.

15. Peinre HepaBeHCTBO

17. B 6acceiine npose/eHbl TpH TpyGhl. [1epsas TpyGa Haausaer 20 M3 Boabl B
yac, BTopasi Tpy6a Ha/iuBaeT B yac Ha 2z M3 Menblue, yeM nepaasi (0 < z < 10),
TpeTbsi TPy6a HanuBaeT B yac Ha 10z M3 Gosiblue nepBoi. CHayana nepsas u
BTOpasi TpyOHl, paboTas BMecTe, HaauBaloT 20 % GacceiiHa, a 3aTeM Bce TpH
TpyOhnl, pa6oTasi BMecTe, HaJHBalT ocTaBwHecs 0,8 GaccefiHa. [1pH Kakom
3HauYeHHH z 6accedH ObICTpee BCero HaNoJIHHTCS YKa3aHHbIM CIOCOG0OM?

18. Hafinute Bce 3HaueHHs NnapameTpa a, NpPH KaXKI0OM H3 KOTOPbIX HepaBeH-
CTBO
2 + 3|z —a| - Tx < ~2a

HMeEeT €IHHCTBEHHOE pelLlIEHHE.
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19. ¥ Iletn ecTb kieTyaTasi nocka pa3mepom 9 x 9. CoceqHHMH CUHTAKOTCS
KJI€TKH, TPaHHLbl KOTOPBIX HMeIOT o6LIMH oTpe3ok. HavanbHol Kierkoi 6y-
JIeM CYHTaTb KJIeTKY, PacroJIO>KeHHYIO B JIEBOM HHXKHEM YIJTy LOCKH. B sieBom
HHXXHEM YTJTy NOCKH CTOHT ¢urypa «KeHraBp». « KeHTaBp» XOIHT MO KJ1eTKaM
JockH xooM (k; m), To ecTb CHayasa cMelllaeTcsl Ha k KJIeTOK 1Mo ropH30HTa-
JIH HJIH BEPTHKAJIH, a 3aTeM Ha M KJIETOK B NepreHIHKYIIPHOM HanpaBJIeHHH.
Uncna k ¥ m — 1enble HeoTpHLATE IbHBIE.

a) Moxer in «KeHTaBp» Yepe3 HECKOJIbKO X0J0B OKa3aThCsl B KJIETKE, COCE/l-
Hel ¢ HayaJbHOl, eciH k = 1, m = 2?

6) Moxer siH «KeHTaBp» yepe3 HECKOJILKO X00B OKa3aThCA B KJeTKe, Cocell-
HeHl ¢ HayaJbHOH, eciH k = 1, m = 3?

B) ITpu kakoM HanGosblueM k «KeHTaBp» yepes HECKOILKO XOJ10B MOXKET OKa-
3aTbCA B KJETKe, coceHed ¢ HayabHOH, eciH m = 8?
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OTtBeToM K 3aaanHam 1—12 gpiasercs uesoe YHCAO HJIH KOHe4Has
necATHYHAA Apo0b.

Yacts 1
1. bops otnpasun SMS-coo6LuieHHs ¢ NO3PaBAEHHAMH MO CJayyaio 8 MapTa
42 neBywikam. CToHMocTb oaHoro SMS-coo6uleHns coctaasieT 70 Korneek.
[Tepen ornpaBkoit cooGiennit Ha cuery y Bops 6bu1o 60,4 py6as. CKoabKO
pyGaeit octaHercs y BopH nocJie oTripaBKH BceX COOOLIEHHRA?

2. Ha nuarpamme (cM. pHc. 142) nokaszaHo KOJIHYECTBO MOCeTHTesel caiiTa
«2 + 2» Bo BCce OHH ¢ 15 no 30 mas 2014 roaa. [To ropusoHTanH yKa3biBa-
I0TCS IHH Mecsiila, 110 BEPTHKAJIH — KOJIHYEeCTBO MOCeTHTeJiel caiTa 3a JaH-
HbIA AeHb. OnpefesiHTe Mo AHarpaMme, KaKOro YHCJ/1a KOJIHYECTBO MOCETHTEEH
calTa «2 + 2» BriepBble IPHHAJIO HaHGoJIblliee 3HaueHHe.

4
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Puc. 142

3. Hafiqute pHHy AHAroHasn s npsiMoyrosibHHKA, BEPLIHHbI KOTOPOrO HMEKOT
KoopaHHaThi (4; 8), (4;29), (24; 8), (24; 29).

4. Ko6oii [eHa nonanaet B Myxy Ha CTeHe C BepOSTHOCTbIO 0,9, ecsiH cTpensiet
H3 NPHCTPEJISIHHOTO peBoJibBepa. Ecsiu eHa cTpesisieT H3 HENPHCTPEJIIHHOIO
peBoJsibBepa, TO OH Momnanaer B MyxXy ¢ BepoaTHocTbio 0,3. Ha croJe siexur
6 peBoJIbBEPOB, H3 HHX 4 NpHcTpessiHHble. KoB60# [eHa BUAHT Ha CTeHe MyXY,
HayJauy XBaTaeT NepBblii NoONaBlIKiCS peBOJIbBEp H cTpeasieT B MyXy. Halinure
BEPOATHOCTb TOro, 4To [eHa npoMaxHéTcs.

5. Hafinure KopeHb ypaBHeHns logg(144 + z) = 3.
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6. MeHbliee ocHOBaHKHe paBHOGeIPEHHOI TpaneLHH paBHo 25. BricoTa Tpane-

uMH paBHa 26. TaHreHc ocTporo yrJia paBeH % Haiinure Gosbliiee ocHOBaHHe.

7. Ha pucynke 143 n306pakén rpaduk HekoTopo# GyHKIMH y = f(x). PyHK-
s F(z) = —2x3 — 2722 — 108z + 1 — oaHa 13 nepBooGpa3HbIX BYHKLMH
f(z). Hafimnte nuoianp 3aluTpHXOBaHHOH (HIYPHI.

yll

Puc. 143

8. B npsimoyrosibHoM napansenennnene ABC DA B1Cy Dy u3BecTHbI LJIHHbI
pébep AB =9, AD = 80, AA; = 60. Haiimure CHHyC yryia MeX Iy NpsiMbIMH
DD] H B] C.

Yacty 2

5a — b b _
a+3b,ecnua— 3.

9. Hangure

10. ABTOMOGH.Ib PA3rOHSETCS Ha NPSIMOJHHEHHOM y4acTKe [LOocCe C MOCTOsIH-
HBIM YCKOPeHHeM a KM/u?. CxopocTb v BHIYHCAsIETCS 110 popMyJie v = V2la,
rae [ kM — npofiaeHHbll aBTOMOGKUIeM NMyThb. HaiiauTe ycKopeHHe, ¢ KOTOpPbIM
JOJIKEH ABHraTbCsi aBTOMOGHJIb, YTOOBI, poexas 0,5 KHaoMeTpa, IpHoGpecTH
ckopocTh 62 kM/u. OTBeT Bbipa3uTe B KM/u?.

11. T11MTOYHHKH f0KHBI yJ10XKHTh 300 M? AHTKH. EcaiM onM 6ymyT yKaaabl-
BaTh Ha 10 M? B enb GoJblle, yeM 3aNAaHHPOBAJIH, TO 3aKOHYaT paboTy Ha 1
JeHb paHblie. CKOJIbKO KBaJIpaTHbIX METPOB IVIHTKH B JIeHb [IJIaHHPYIOT YKJI1a-
JILIBATh MJIMTOYHHKH?

50

12. Hafinure Touky MakcHMyMa QYHKLMH y = = T 2z + 307.
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lpu BbinoaHewun 3anannit 13—19 Tpebyerca 3anucaTh noJHoe
pellleHHe H OTBeT. 3aNHILHTe CHaYala HoOMep BbiNOJHAEMOro 3aaHHs
(13,14 1 T. n.), a 3aTem noJiHoe 06ocHoBaHHOe pelueHHe H oTBeT. OT-
BeTbl 3aNHCbiBaATe 4€TKO H pa36opunBo.

13. a) Peunte ypaBHeHHe |sinz| — 5sinz + 4cosz = 0.
6) Ha#axTe BCe KOPHH 3TOro ypaBHeHHs], IPHHAJVIEKALLHE NPOMEXYTKY

o]

14. B npaBuabHOM TeTpasape SABC Ha pebpe AC B3sita Touka K Tak, 4to
AK : KC=2:1.

a) Ilocrporite ceyeHHe TeTpas/pa MJA0CKOCTHIO, TPOXOAsLLEH Yepe3 TOYKH
B, K u meanany rpaun BSC, npoBeznénnyto k pebpy SC.

6) Cekyluas MJIOCKOCTb AEJHT TeTpadAp Ha ABe yacTH. Hahante 06bém
60JibiLIel YaCTH, ecyIn pe6po TeTpasapa paBHo 6.

(57 —125)(log, _, z —log, ,13)
(Vo2 + 2z — V22 +10)(Jz - 8| — |z|) ~

16. B TpeyronbHike ABC OKpY>KHOCTb NPOXOAHT 4yepe3 ToukH B u C H ne-
pecekaet ctopoHsl AB 0 AC B Toukax K H L cootBercTBeHHO. OTpesok KL
KacaeTcsi OKpPY>KHOCTH, BIIHCAHHOH B TpeyrosibHHK ABC.

a) okaxure, uto AABC ~ AALK.

6) Haiigure KL, ecan AB =9, AC = 10, BC = 11.

15. Pemnre HepaBeHCTBO

17. B Gacceiine nposesenbl TpH Tpy6ul. [1epasi Tpy6a HasmBaet 40 M3 Bozb B
yac, BTopasi Tpy6a HaJMBaeT B yac Ha 2k M> MeHblLe, ueM nepsast (0 < k < 20),
TpeTbs Tpy6a HasimuBaeT B yac Ha 10k M3 Gosblie nepsoii. CHayasa nepsas
H BTOpas TpyObhl, paboTas BMecTe, HaanBaloT 0,2 6acceliHa, a 3aTeM Bce TPH
TpyGbi, paboTas BMecTe, HanHBaloT ocTaslutecst 80 % Gaccefina. [1pn kakom
3HayeHHH k 6acceliH GbICTPee BCEro HaMoJIHUTCH YKa3aHHbIM ClOco60M?

18. Haiizute Bce 3HaueHHst mapameTpa a, NPH KaXKA0OM H3 KOTOPBIX HepaBeH-
CTBO
7 + 5|z —a| - Tz < —4a

HMeEET €AHHCTBEHHOE pelleHHE.

19. ¥ MakcuMma ecTb KJleTuaTast 10cKa paamepoM 10 x 10. B kaetke, pacnoJio-
JKEHHOH B JIeBOM HHXXHEM yTJIy JOCKH, CTOHT urypa «KenraBp». «KenraBp»
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XOJIMT N0 KJIETKaM 0CKH xo10M (k; m), To eCTb CHayasa CMeLIaeTcsi Ha k Kie-
TOK 10 FOPH30HTaJIH HJIH BEPTHKAJIH, a 3aTeM Ha M KJETOK B NepreHAuKy.1sip-~
HOM HanpaBJieHHH. HYHcna k 1 m — LeJible HeOTPHLATENIbHbIE.

a) Moxer Jin «KeHTaBp» yepe3 HECKOJIbKO XOZIOB 0Ka3aTbCsl B IPaBOM HHXK-
HEM yTJIy IOCKH, eC/iH k = 1, m = 2?

6) Moxer ain «KeHTaBp» yepe3 HECKOJILKO XOJIOB OKa3aThCsl B [IPABOM HHXK-
HeM YTJIy OCKH, eciH k = 2, m = 4?

B) [Ipn KakoM Han6oJbLeM k «KeHTaBp» Yepe3 HeCKOILKO X0JI0B MOXKET OKa-
3aTbCsi B TIPAaBOM HHXKHEM YIVTy IOCKH, eCJiH m = 9?
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OtBeToM K 3apanuam 1—12 gBasercs uenoe YHCAO HJAH KOHEYHas
JeCATHYHas Apo6b.

Yacts 1
1. Ha neHb poXKneHHA NMPHHATO NapHTb GYKET H3 HEUETHOTO YHCJA LIBETOB.
Tionbnanw crosar 80 py6aed 3a wryky. ¥ Hukurbt ectb 1000 py6aeit. F13 ka-
KOro HaHG60JIbllIero YHCJIa TIObIIAHOB OH MOXKeT KymnuTb Gyker Ouie Ha eHb
pOXIeHHA?

2. Ha rpaguke (cM. puc. 144) n3o6parkeHa 3aBHCHMOCTb KPYTSLLErO MOMEHTa
aBTOMOOHJ/IbHOTO IBHraTeJisl OT YHCJIa ero 060poToB B MHHYTY. Ha ocu abeumce
OTKJIa/IbIBA€TCs YHCJI0 060poTOB B MHHYTY. Ha ocH opasHaT — KpyTALIMA MO-
MeHT B H-M. UT0G6bl aBTOMOGH/IL Hayas ABHXKEHHE, KPYTSILMH MOMEHT JOJDKEH
6biTh He MeHee 80 H-M. Kakoe HanMeHbLiee YHCJ10 060POTOB ABHIaTesl B MH-
HYTY JOCTaTOYHO, YTOOL! aBTOMOGHJIb HauaJsl IBHXKEHHe?

H-m a
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2388888
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Puc. 144

3. Ha xueryaroit 6ymare (cM. puc. 145) ¢ pa3MepoM KJeTKH 1 X 1 oTMeueHbl
ToukH A u B. Halaure ninny otpeska AB.

4. Bcero B 11-x knaccax 51 yyaluuiicsi, cpeJiH HUX 1Ba apyra — Anzpeii H Bu-
TaJIHA. YvaluHxcs cJy4aiiHbIM 06pa3oM LeJIST Ha 3 paBHble rpynnbl. Haiimure
BEPOSITHOCTb TOr0, uTo AHzIpelt H Buranuii okaxxyTcst B 0fHO#M rpymne.
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Puc. 145

m(x - 14

5. PelunTe ypaBHetHe sin 3

= 0,5. B oTBeTe HanHIIHTe HAaHOOJILLLIHA
OTPHLATeJIbHbIA KOPeHb.

6. OcHoBaHHsa paBHOGEIpeHHOH TpaneLxH paBHHI 26 H 8, a eé nepHMeTp paBeH
64 (cM. puc. 146). HalizuTe niowans TpaneuuH.

D, C

Puc. 146

7. llpamas y = 2z + 4 saBssieTcs KacaTeJbHOH K rpadHKy (YHKUHMH
v = ax? + 8z + 7. Haiinure a.

8. B cocyune, umetoweM popMy KoHyca (cM. puc. 147), ypoBeHb XKHIAKOCTH J10-

ctur 3 BhicoTsl. O6BEM 3ToM XKHIAKOCTH paBeH 54 MJ1. CKOJIbKO MHJLIHJIHTPOB

4
XHIKOCTH HAJI0 I0JIHTb, YTOObI HAMIOMHHTL COCY IOBEPXY?

Yactsb 2
9. HaiinuTe 3HauenHe Bolpaxenns 1/ (a + 7)2++/(a — 15)2 npu —7 < a < 15.

10. Jas onpenenenns 3¢ peKTHBHOH TeMrnepaTyphl 3B€3/l HCMOJb3YIOT 3aKOH
Crecdana-bosblumana, corsacHo kotopomy P = oST*, rae P — MOLIHOCTb

H3JTyYeHHs 3Be3fbl, o = 5,7-1078 v B.T

TR T NMOCTOAHHAA, S — NJA0IAAb NO-
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Puc. 147

BEPXHOCTH 3Be3/ibl, a T — TemnepaTypa. M3BecTHO, YTO IUIOwI@b NOBEPXHO-
CTH 3Be3/Ibl paBHa 135 +1023 M2, a MOILHOCTD €& H3JTyueHHsi paBHa 1,71-10%° Br.
Hafiure TeMnepaTypy 3TO# 3Be3/bl B KeJIbBHHAX.

11. CeMbsl COCTOHT H3 MyXa, XKeHbl H UX CblHa-CTyAeHTa. Ecsn 6bl 3apnsiaTa
MY?Ka YBEJIHYHJIACh BABOE, OGLIHIA N0X0[ CeMbH BbIpOC 6hl Ha 70 %. Ecsiu 6Gui
CTHIEHUA CblHAa YMEHbLIH/aCh BUETBEPO, OOLIHH JOXOA CEMbH COKPATHJICH Obl
Ha 3 %. CKOJIbKO NPOLIEHTOB OT 061Iero A0X0Ja CEMbH COCTaBJisieT 3aprJara
JKEHbI?

12. Haitaute Touky MakcHMyMa GyHKunH y = In(z + 14)3 — 3z + 19.

lNpu BbinonneHun 3ananui 13—19 rtpebyercs 3anucath NoJHOe
pelleHHe H OTBeT. 3aNHIIHTE CHA4YaJa HOMeP BbINOJHAEMOro 3aJaHHs
(13,14 n . 1.), a 3aTeM noaHoe o6ocHoBaHHOE pelleHHe H oTBeT. OT-
BeTbl 3aNHCbIBaiTe 4Y€TKO H pa3bopunso.

13. a) Petunte ypaBHeHne 8% — 3-4* — 4.2 +12 =0.
6) Hafiante Bce KOPHH 3TOTO YpaBHEHHsl, IPHHAVIeXKallHe MPOMeXYTKY (1; 2].

14. lana npaBuJbHas YeTblpéxyroJbHas nupamuaa SABCD. Uepes cepenn-
Hy pe6pa SD u BepluHHy A npoBejieHa NJ0CKOCTb napaJienbHo SB.
a) [Nocrpoiite ceyenHe NHPaMH/Ibl JAHHOH IJIOCKOCTHIO.
6) Haiinure niowans ceuenns, ecin AB = 3v/2, AS = 7.

15. Pewmnre HepaBeHcTBO (9% + 3%)2 — 8- (9% +3%) + 12 < 0.

16. Croponnl BC' v CD kBanpata ABC D aBASIIOTCSt CTOPOHAMH PaBHOCTO-
pOHHHX Tpeyro/ibHHKOB BCM n DCN cooTBeTCTBEHHO, TOUKH M H N Jiexat
BHe KBajparta. [Ipamasa AM nepecekaer BC B Touke K.

a) lokaxure, yto ZAMC = 45°.

6) Haitnnte KN, ecin AB = /8 + 33
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17. B narepb 79 nerteii Be3yT apyms aBToGycamu no 40 u 39 aeteit cooTBeT-
cTBeHHO. Kaxx1oMy pe6EHKY B Jopory noJsiaraetcsi poBHO ofiiH ¢pyKT. Mmeer-
csl 45 516710k H 34 rpywH. Kak HyxHO pacrnpenesintb ¢pyKThl o aBTobycam,
4yTO6bl NPOLIEHTHbIE COAEpXaHHA A6J0K B aBTo6ycax (OTHOCHTeNbHO 061Lero
YHCJ1a PPYKTOB B KaXKAOM aBTOGYCe) OT/IHYAJIHCh MHHHMAJ/bHO?

18. Hafinure Bce 3HaueHHst napaMeTpa a, NpH KaXKJ0M H3 KOTOPbIX ypaBHeHHe
V4 — 22 — 2|z — a| = a HMeeT POBHO OIHH KOPEHb.

19. a) [JaHbl 4 nepBbiX YJeHa HEMOCTOSHHOH apH(METHYECKOH MPOrpecCHH:
a1, a2, a3, a4. BoluHCAHIN cpentHe apH(MeTHYECKHE Nap COCENHHX YJIEHOB.
Mornu a1 TpH NosfyyeHHbIX YKHCJ1a 06pa30BaTh FeOMETPHYECKYIO POrpecCcHIo?

6) ai, ay, ..., g — NepBble WieHbl HEMOCTOSHHON Bo3pacTaloLled apHd-
METHYECKOH nporpeccHH. Mi3BecTHo, uTO 4HCaa a3, CpefiHee apHpMeTHUECKOe
YHCeJ ap, az H CpelHee apH(METHYECKOe YHCeJl a4, as, G SBJASIOTCS TpeMs
1nocJieIoBaTebHLIMH Y€HaMH HEKOTOPOH reoMeTPHUeCKOH rnporpeccHd. Hai-
IHTe, BO CKOJIbKO pa3 NnepBbli YleH apHdMeTHYeCKOH NporpeccHH 6oblie eé
Pa3HOCTH.

B) Ha nocke HanucaHbl uuchia aj, ag, ..., G, — TNepBLIe YJeHbl Hemno-
CTOSIHHOH apH(MeTHUeCKOH nporpeccHu. KaXxxibiM 111aroM BMeCTO 3aMHCaHHbIX
YHCeJl [THILYT CpelHHe apHMeTHYECKHE Nap COCEAHHX Y/IeHOB (Hanpumep, no-

a;+ap as+as
2 ’ 2 y

cJie NepBOro 1ara Ha focke 6yayT HalnHCaHbl YHCJIA

An_1 + ap
2

J10. H3B8CTHO, 4YTO nocJjeaHee YucJo CoOBnaJao ¢ OAHHM H3 YHCeJI, 3alTHCAHHbIX

Ha OOCKe MepBOHA4aJIbHO. Ha#inure, [[PH KaKHX 3HAYEHHAX M 3TO BO3MOXK-

HO, H IJI KaXKI0ro nn YKa>KuTte HoOMep 4JieHa, C KOTOPbIM COBMNAaJo nocjeaHee

YHCJ10.

). Tak penaior jo Tex Nnop, NOKa Ha JOCKe HE OCTAHETCs OJHO YHC-
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OTtBeToM K 3asanusaM 1—12 aBiageTcs ueJoe YHCJIO HIH KOHEYHas
AecATHYHas npobb.

YacTs 1
1. CryneHT noJsry4ns1 cBoH nepBbiii roHopap B paaMepe 2000 py6.ieit 3a Bui-
noJiHeHHbIA nepeBol. OH pelHs Ha Bce MOJY4YeHHble NEHbIH KYTIHTb GyKeT
TIOJIb1AHOB /I CBOEH YYHTeJIbHHLIbI HCTIAHCKOTO fi3bika. Kakoe HaHGoJbluee
KOJIHYECTBO TIOJIbIIAHOB CMOXET KYTIHTb CTYIEHT, €CJIH YepXKaHHbIA y Hero
HaJsior cocTtasasieT 13 % roHopapa, Tiosbnanbl cToaT 170 py6Jeii 3a WITYKy H
GyKeT 0J2KeH COCTOSITb H3 HEYETHOTO YHCJIa LIBETOB?

2. Ha rpaguke (cM. puc. 148) n3o6parkeHa 3aBHCHMOCTb KPYTSLUETO MOMEHTa
aBTOMOOHJIbHOTO AABHrareJs OT YucJa ero o6opotoB B MHHyTYy. Ha ocn abcumce
OTKJIa1bIBaeTCH YHCJI0 060p0oTOB B MHHYTY. Ha ocn opayMHaT — KpYTALUHHA MO-
MeHT B H-M. UTo6bl aBTOMOGK/IL Haua ABHMKEHHE, KPYTALUHA MOMEHT JOJDKEH
6biTh He MeHee 50 H-M. Kakoe HanMmeHbiiee 4ncio 060pOTOB ABHraTes1a B MH-
HYTY JOCTaTOYHO, YTOGH aBTOMOGH/Ib Hauasl ABHXKEHHe?

Hem
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3. Ha ksietuaroii 6ymare (cM. prc. 149) c paamepom kieTkH 1 X 1 OTMeyeHb!
Toukk A W B. Haiigure piivHy otpeska AB.

Puc. 149

4. B kaacce 16 yyaumxcs, cpean Hux aBa 6para — bBopuc u Apkaauii. Yua-
[LMXCS CJyyaliHbiM 06pa3oM aeasiT Ha 4 paBuble rpynnbl. Hafinure seposr-
HOCTB TOro, uto bopuc v Apkaauii oxaxKyTcs B OTHOH rpynne.

w(x +5 N
5. PeLinTe ypaBHeHHe cos —i—6+—2 = —%‘ B oTBeTte 3anuinTe HaHMEHbILHH

MOJIOXKHTEJNIbHBIH KOpEHb.

6. OcHoBaHKA paBHOOGeNPEHHON TpaneLuysH paBHbI 3 H 15, a e€ niowaap paBHa
72 (cM. puc. 150). Haiigute nepuMeTp TpaneuuH.

D C

Puc. 150

7. llpamass y = 10z — 1 sABAsieTcs KacaTeabHOH K rpadHKy (YHKLHH
y = Tx? — 4z + c. Hainure c.

8. B cocyne, umeroieM ¢opMy KoHyca (cM. puc. 151), HanoJiHeHHOM f0BepXy
>KHAKOCTbIO, 06 €M KOTOpPOH 160 MJI, OTKPBIVIK KPaH H BBIJIMJIH KHIAKOCTh 10

YPOBHA % BbICOTHI. CKOJIbKO MHJIJTHJHTPOB XKHAKOCTH BbIJIWJIH H3 cocyna?
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Puc. 151

Yactsb 2
9. Haitnute 3HaueHHe Bbipaxxenus v/(a — 2)2 + y/(a — 23)2 npu 2 < a < 23.

10. 1as onpeneneHns 3¢ deKTHBHON TeMIiepaTyphl 3BE3], HCIIOJb3YIOT 3aKOH
Credana-Bonbumana, cornacho kotopomy P = 0ST*, rne P — MouHocTb
H3JTy4eHHs 3Be3fibl, 0 = 5,7-1078 ;78_1\7‘ — NoCTOsiHHasA, S — nJouiajb no-
BEPXHOCTH 3Be3/bl, a T — TeMnepartypa. H3aBecTHo, yTo nJiomanp nosepxHo-
CTH 3Be3/Ibl paBHa 215—8 -10%! M2, a MoIHOCTb €€ u3myyenHs pasHa 1,52-10%7 Br.

Haiiaute Temnepatypy 3T0# 3Be3/bl B KeJIbBHHAX.

11. CeMbsl COCTOHT H3 My»Ka, XeHbl H HX CblHa-cTyaeHTa. Ecsin 6bl 3apnJiaTa
MY>Ka yBeJIHYHJIACh BTPOe, OGLLHMI 10X0/L CeMbH BBIpOC Gbl Ha 116 %. Ecuiu 6bi
CTHIIEH/IMA CbiHA YMeHbLUHJIACh BAABOE, OOILHA A0XO/] CeMbH COKPATHJCH Gbl
Ha 3 %. CKoJIbKO NPOLIEHTOB OT OGLLEro J0X0/a CEMbH COCTaBJIsieT 3apIiaTa
*eHbl?

12. Haiinute Touky MHHEMyMa dyHKLHH y = 10z — In(z — 7)10 + 131.

Ilpn BbinoaHeHHH 3agaHui 13—19 TpebyeTcs 3anucatb noJHoe
pelieHHe H OTBET. 3aNHIIHTE CHa4yaJja HOMep BbiNOJHAEMOr0 3aJaHHA
(13,14 u 1. 0.), a 3aTem noJHoe 060CcHOBaHHOe pewieHHe H oTeT. OT-
BeTbl 3aNHCbIBaiATe YETKO H pa3bopunso.

13. a) Pewnte ypaBHeHue 27° —4-9* — 3% + 4 = (.
6) Harigutre BCe KOpPHH 3TOro ypaBHeHHsi, NpPHHAAJIeXaAlllHe NPOMEXYTKY
(—0,5; 1]

11. 3ak. Ne 41
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14. [lana npaBu/ibHas 4eTblpéxyroabHas nupamuaa SABC D. Uepes Touky K
pébpa SD, rae SK : KD = 2 : 1, n BepwivHy A npoBeaeHa NJOCKOCTb na-
passiesibHo S B.

a) [locTpo#iTe ceyenHe MHpaMHIbl JAHHOH MJOCKOCTBIO.

6) Haiiaure K P, rae P — TouKa nepeceyeHHs JaHHOM MJIOCKOCTH peGpom
CD, ecan AB = 2, AS = 3/13.

15. Pewunte HepaBencTBo (4% — 27+1)2 — 11.(4° - 27+1) + 24 > 0.

16. Ha ctopodax BC n CD keagpata ABCD BOBHe ero noctpoeHbl pab-
HOCTOpOHHHe TpeyroabHHKH BCM u DCN. [lpamasa AM nepecekaer BC B
Touke K.

a) Hokaxwure, yuto BK : KC = @

6) Haiaure naowaap Tpeyronbiuka AK N, ecan niouaib KsagpaTa pas-

Ha V/3.

17. B narepb 81 pe6éHka Be3yT aByMs aBToOycamy no 40 u 41 pe6GéHky co-
OTBeTCTBeHHO. Kaxx1oMy pe6éHKy B 10pOry NoJaraeTcsi pOBHO OJIHH NTHPOXKOK.
Hmeercst 38 nHpoxKOB ¢ BHIIHEH H 43 nupoxKKa ¢ Kyparod. Kak Hy»Ho pac-
MNpeAe/IHTh MHPOXKKH N0 aBTo6YycaM, YTOOb! MPOLIEHTHbIE CONlePXKaHHSA MTHPOXK-
KOB C BHILUHeH B aBTO6YyCax (OTHOCHTE/IbHO O6LIEro YHCJIa MHPOXKKOB B KAXKIOM
aBTO0OyCe) OT/IHYAJIHCh MHHHMAJIbHO?

18. Haiiaure Bce 3HaueHHs napaMeTpa a, NPH KaXKIOM H3 KOTOPbIX ypaBHeHHe
3|z + a| — V9 — 22 4 a = 0 HMeeT POBHO O/IHH KOPEHb.

19. a) lanbl 4 nepBble ujleHa HEMOCTOSTHHONH reOMeTPHYECKOH MPOrpPecCHH C
MOJIOXKHTEJIbHBIMH U/leHaMH: by, be, b3, by. BuluHCAHAH CpeaHHe reoMeTpHye-
CKHe Map COCeJHHX 4JeHOB. MOIJIH JH TPH MOJyYeHHbIX YHcsa o6pa3oBaTh
apH(MeTHYeCKYIo NporpeccHio?

6) b1, bz, ..., bs — nepBble uJeHbl HEMOCTOSHHOH reOMeTPHYECKOH Mpo-
TPECCHH C MOJIOXKHTEJbHbIMH YleHaMHu. Bhimucain cpenHue apudMeTHYECKHe
nap coceaHHx ynceJ. [Tokaxure, 4yTo 4 NoJSyyeHHbIX YHCJIa 06PA3YIOT reoMeT-
PHUECKYI0 NPOrpecCHIO H HaHaHTe OTHOLLIEeHHe e€é 3HaMeHaTe s K 3HaMeHaTeJ1l10
HCXOJHOH MPOTPeCCHH.

B) Ha ndocke HanucaHbl yucaa by, ba, ..., by, — nepBble uJeHbl HENOCTO-
SIHHOH reOMeTpPHUYeCKOH NMpPOrpecCHH ¢ MOJIOKHTEbHbIMH uneHaMH. KaxabiM
1IaroM BMeCTO 3alHCaHHbIX YHCesl MHLIYT CpeHHe reOMeTpHYecKHe nap co-
CeIHHX UYJIeHOB (HamnpHmep, NocJie NepBoOro wara Ha AocKe GYAyT HarHCaHbl

yneaa vbrbg, Vbobs, ..., \/bn-1b,). Tak Aenalor mo Tex nop, rnoka Ha A0CKe

He OCTAHETCHA OHO YHCJIO. H3BeCTHO, 4yTO nocJjenHee 4ucJjo coBnaJjo ¢ OOJHHM

44+
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H3 YHCeJ1, 3aNTHCAaHHBbIX HA 10CKe NepBOHavaJIbHO. Haiinure, MIpH KaKHX 3Ha4e-
HHAX 11 3TO BO3MOXKHO, H DJIS1 KaXXJA0ro n YKaXKHTe HOMeEp 4JieHa, C KOTOPbIM
COBNaJoO nocJieaHee YHCJo.

12, 3ax. Ne 41
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BapuanT Ne 37

OtBeToM K 3apanHuaM 1—12 asasercs Lejioe YHCAO HJAH KOHeuHas
AecATHYHas Apobb.

Yacts |
1. ITpu onaate ycJyr uepe3 naaTéxXHbiil TepMHHAM B3HMaeTcst KOMHccHs 15 %.
Tepmunan npuHuMaeT cyMMbl, kpaTHble 10 py6asm. Bapsi xouer nosioxuTh Ha
CYéT CcBOero MoOH/bHOrO TejiedoHa He MeHblue 400 py6ael. Kakyio MHHH-
MaJibHy10 CyMMY (B py6Jisix) OHa LOJ/DKHA MOJIOXKHTb B PUEMHOE YCTPOHCTBO
JAHHOIO TepMHHaJja?

2. Ha rpaduke (cM. puc. 152) nokasas npouecc pasorpeBa ABHraTess Jierko-
BOro aBToMoOuas. Ha ocH abcuxce oTkaaabiBaeTcsl BpeMsi B MHHYyTax, Npo-
Lle/iee C MOMeHTa 3alycKa ABHrareJisi, Ha OCH OpIMHAT — TeMmIepaTypa ABH-
ratens B rpagycax llenbcus. Onpenenure no rpaHky, CKOJIbKO MHHYT ABMra~
TeJIb HarpeBaJics oT TemnepaTypsl 60 °C 1o Temneparypnl 90 °C.

o,

]
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80
70 / \
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>

1 23 45 6 7 8 9 1011 1213 14 MuH
Puc. 152

3. Hainute panyc okpy»KHOCTH, BriicarHo# B kBagpat ABC D, ecaiu cTopo-

Hbl KBaIpaTHbIX KJIETOK PaBHbl 12_2 (cM. puc. 153).

49
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L
Puc. 153

4. B Cka3oyHo#i cTpaHe GbiBaeT ABa THMA MOTO/Ibl: XOPOLIAs H OTJIHYHAS, PH-
4€M NOrojia, YCTAHOBHBILIHCb YTPOM, JAEPACHTCS HEH3MEHHOH BeCb JeHb. 13-
BECTHO, 4YTO ¢ BeposiTHoCTbIO 0,6 norozia 3aBTpa OyfieT TaKoH Xe, Kak H cero-
ans. Ceronnsi 18 centsi6ps, noroga B CkasouHol cTpane xopowasi. Haiiaute
BEPOSATHOCTb TOr'0, YTo 21 ceHTAGps B Cka3o4HOM cTpaHe 6yleT OT/IHYHAS N10-
rozga.

5. Hafanre kopeHb ypaBHeHust log, _, 81 = 2. Ecs ypaBHeHHe HMeeT GoJslee
OJIHOTO KOPHS$i, B OTBETE YKa)KHTE MEHbILIHHA U3 HHX.

6. BokoBbie CTOPOHbBI paBHOGEAPEHHOIO TPEYroJibHHKa paBHul 10, oCHOBaHHe
paBHo 12 (cm. puc. 154. HafiauTe pagnyc BNHCAHHOH OKPY>KHOCTH.

VAN
SN,

7. llpamas y = 5z + 17 sBAsiercs KacaTeJbHOH K rpatuKky (yHKUHH
y = 1222 + bz + 20. Haiimure b, yunTbiBasi, 4To a6CLHCCA TOYKH KacaHHs
6oablue 0.

8. Ecain kaxknoe pe6po Ky6a yBeJIHUHTb Ha 3, TO MJIOLIAflb €ro MOBEPXHOCTH
yBeJIMuHTCst Ha 306 (cM. puc. 155). Haiiaute pe6po Ky6a.
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Puc. 155

Yactb 2

9. HafiguTe 3HaueHHe BbIpaXKeHHS vk npH k = 343.
PO T T

10. AMnanTyza Kosie6aHHi MasiTHHKA 3aBUCHT OT YaCTOTH BHIHYKAAIOLLEH CH-

2
Agw

Jbl H onpenesisiercs o ¢opmyae A(w) = W—ﬁ:—l, rle w — 4acCTOTa Bbi-
z -

HyXzaaowei cuan (B ¢™1), Agp — MOCTOSHHBIA MOJIOXKHTEIbHbIN Napamerp,

wp = 420 ¢~ — pesoHaHcHas yacToTa. HailauTe MakcHManbHylo 4acToTy w,

MEHbLUYIO PE30HAHCHOH, /11 KOTOPOH aMIJIHTY/ia KoJleOaHHMA MPeBOCXOHT Be-

JHYHHY Ap He 6osiee, UeM Ha OiHy IBaalaTh yeTBEPTYIO oT Ag. OTBeT BbIpa3uTe

Bc L,

11. I'lo Mopio napaJJie/ibHbIMH KypcaMH B OJHOM HamnpaBJ/IeHHH CJEAyIOT JBa
cyxorpy3a: nepsbiil AjiHHOH 105 MeTpoB, BTOpoH — HIHHOA 100 MeTpoB.
B HekoTOphI/ MOMEHT BpeMeHH BTOPOH CyXOrpy3 OKasbiBaeTcsi 033y NepBo-
ro, H paCcCTOsIHHe OT KOPMbI N1€PBOI0 CyXOrpy3a A0 HOCa BTOPOro COCTaBJsET
500 merpoB. Uepes 13 MHHYT nocJie 3TOro y»Ke NnepBbiH CyXorpy3 oTCTaér oT
BTOPOI'O TaK, YTO PacCTOSIHHE OT KOPMbI BTOPOIO CyXOrpy3a 0 Hoca MepBoro
paBHo 400 metpaM. Ha ckosbKO KH/1I0METpPOB B Yac CKOPOCTb NEPBOIo CyXo-
rpy3a MeHbille CKOPOCTH BTOPOro?

12. HafianTe Touky MakcHMyMa QYHKUHH y = —mz—ggi.

lMpu BbinoOnHeHHH 3anaHui 13—19 Tpebyercs 3anucatb noJHoe
pelleHHe H OTBeT. 3aNHIIHTE CHAYajJa HOMeP BbINOJHAEMOro 3ajJaHus
(13,141 1. a.), a 3aTeM nonHoe 060cHOBaHHOE pelneHHe H oTBeT. OT-
BeTbl 3aNHCbIBaiTe YETKO H pa3bopunBo.

cos (2:::— %)
13. a) Pewinte ypaBHeHHe 7 = 49°9% %,
6) Halinute KOpHH 3TOr0 ypaBHeHHs, IPHHaIeXxallHe oTpe3Ky [—2; 4].
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14. O6pasyrollias KoHyca paBHa AHaMeTpy ero oCHoBaHHsi. B ocHoBaHHe KoHy-
ca BMHCaH NPaBHJ/bHbIA LWIECTHYTO/IbHHK. Uepe3 CTOpoHy 3TOro 1ieCTHyroJb-
HHKa H Cepe/iHHY BbICOTH KOHYCa POBE/IeHa MJIOCKOCTD Q.

a) [lokax<HTe, 4TO YToJ MEXKIY MJOCKOCTbIO OCHOBAHHSA KOHYCA H IMJIOCKO-
CTbIO o paBeH 45°.

6) Hadinure naioianp ceyeHns NIOCKOCTbIO ( Ll1apa, BMHCAHHOTO B KOHYC,
eCJIH paJHyC OCHOBAHHS KOHYCa paBeH 2.

15. Pewnre HepaBeHcTBO log,s (2% — 6z + 8) > log,_, (2% — 6z + 8).

16. M3BectHo, 10 ABC D E — BHINYKJbIA NATHYTOJAbHHK.

a) Joka)kuTe, YTO CyMMa [JIHH JHaroHaJ/ied NATHYTO/IbHHKA MeHbllUe yBO-
€HHOro NepHMeTpa.

6) Hafinute cyMMy IWIHH IHaroHaJieil AaHHOTO NATHYTO/LHHKA, €CJIH
ABED — pasHocTopoHunit, AB = AE = BC = CD = /3,
{BAE = LABC = £ZBCD.

17. B mara3uH npHBe3anH yuyeGHble NOCOGHS /1S IIKOJILHHKOB MO TPéM npes-
MeTaM: PYCCKHH fi3blK, MareMaTHKa, O6lUleCTBO3HAaHHe, — B COOTHOLLEHHH
9 : 8 : 7 cooTBeTCTBeHHO. 3a Henemo npodanu 60 % 3aBe3EHHBIX NOCOGHIH,
a KOJIHYeCTBO OCTABILHXCA 0Ka3aJI0Ch PACrpesielIeHO B COOTHOILIEHHH 3 : 1 : 2
MeXKIy TeMH e rnpeaMeTaMH (B ToM e nopsiake ). CKoJIbKO NPOLEHTOB yue6-
HbIX 10COGHH N0 MaTeMaTHKe GbLIO NpoaaHo?

18. IlpH Kaknx 3HaueHHAX NapamMeTpa a CHCTeMa

{ VE-9)Zzz+y,

(z —a?)? + (y — 6a + 8)? = 16!
HMeeT POBHO 2 pellleHHs ?

19. s Kaxa0ro HaTypasibHOro YHc1a BBeiéM yHcaon! = 1-2-. . .- n (Hanpu-
mep, 1! =1,5!=1.2-3-4-5=120). Onpenesnure Han6obliiee BOMOXKHOE
3HayeHHe B KaXKIOM H3 CJIeLYIOLUHX CTy4aes.

a) n! uMeeT He GoJiee 3 pa3’THUHHIX MPOCTHX AeJIHTEJeH (MPOCTHIMH Ha-
3bIBAIOTCA Te HaTypajibHbie YHCJA, KOTOpble AeJIATCA TOJbKO Ha ce6sl H Ha
eIMHHLLY, HCKJIl0Yasi CaMo YHcao 1).

6) n! He nenuTca Ha 512.

1\2
B) log7( K%L - 90n! + 3201) orpezie/IeHO H He IPeBOCXOAHT 4.
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Bapuant Ne 38

OtBeToM K 3anaHHAM 1—12 gBiaseTcs uejoe YHCAO HAH KOHeYHas
JecATHYHasA Apolb.

Yacts 1
1. [1pu onuaTe ycayr uepes muiaTéXHbl TePMHHAJ B3HMaeTcsi KOMHccHs 5 %.
TepmuHan npuHHMaeT cyMMbl KpaTHble 50 py6asim. [0TOBSCH K J/THTEJIbHOH KO-
MaHauposke, Mapusi [1e6oBHa XoueT MONOXKHTb Ha CUET CBOETO MOGHJILHOIO
TenedoHa He MeHble 3400 py6aei. Kakylo MHHHMaJIbHYI0 CyMMY (B py6Jisix)
OHa JI0JIXKHa M0JI0XKHTb B MPHEMHOE YCTPOHCTBO JaHHOTO TEPMHHaNa?

2. Ha rpacduke 90 °C (cm. puc. 156) noka3aH npoiiecc pa3orpesa JBHrareJis
JierkoBoro aBToMo6H/1s. Ha ocH abcuymce oTkaabiBaeTcs BpeMsl B MHHYTax,
npolle/illiee C MOMEHTA 3allyCKa [BHraTeJis, Ha OCH OpAHHAaT — TeMIepary-
pa asurateds B rpagycax Llesbcus. Onpenennte no rpaguky, CKOJbKO MHHYT
JIBHraTeJib HarpesaJics oT Temnepatypbt 30 °C no remneparypni 90°.

TC N

- \
100 ol \\
90 t
80
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50
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1 23 45 6 7 8 9 1011 1213 14 Mux
Puc. 156

3. Haiinute panuyc okpy»KHOCTH, BiicaHHok B kBaapat ABC D, ecsin cTopo-
Hbl KBAIPAaTHLIX K1TOK paBHbl 3v/5 (cM. puc. 157).

4. B UynecHo# cTpaHe 6biBaeT 1Ba THIA NOTObl: XOPOLIAs H OTJIHYHAsA, IPHUEM
Morozia, yCTaHOBHBLUHCb YTPOM, JEPXKHTCS HEH3MEHHOH BeCb JeHb. M3BecTHo,
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Puc. 157

yTO ¢ BeposiTHOCTbIO 0,9 norona 3aBTpa 6yZeT Tako# ke, Kak H cerogHs. Ce-
roaus 15 uioas, norofa B UynecHo# ctpaHe xopoluas. Haiaute BeposiTHOCTD
TOro, uTO 18 Hios1a B UynecHo# ctpaHe cHoBa Gyner xopoluas norozia.

5. Haitnure kopeHb ypaBHeHnusi log,, , 1, 625 = 4. Ecai ypaBHeHHe nmeeT GoJiee
OJIHOTO KOpH$, B OTBETE YKaXKHTe MEHbLUHH H3 HHX.

6. bokoBble cTopoHbl paBHOGEAPEHHOTO TPEYroJbHHKA PaBHbl 15, OCHOBaHHe
paBHo 18 (cm. puc. 158). Haliaute pagHyc BHCaHHON OKPY>KHOCTH.

o

PN

Puc. 158

7. Ilpamas y = 7z + 3 sBasiercs KacaTeJbHOH K rpaduky GyHKUHMH
y = 82 + bz + 11. HajinuTe b, yauTbiBas, yTo abCLHCCA TOUKH KaCaHHsi MEHb-
we 0.

8. Ecain kaxxaoe pe6po Ky6a yBeJHUHTb Ha 9, TO MJIOLAb €ro NOBepXHOCTH
yBesiHuuTcs Ha 810 (cm. puc. 159). Haiinute pe6po ky6a.
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Yactb 2

9. Haiipnre 3HaueHHe BblpaXkeHHs ﬁ/r—rﬁl_{’/'?ﬁ npu m = 1296.

10. AMninTysa KoleGanui MasTHHKA 3aBUCHT OT YaCTOTbI BhIHY/Jal0LLeH CH-

2
w,
Jibl H onpenensiercs no popmyse A(w) = |_2A0T52" rfe w — Y4acToTa Bbl-

“p

HyKzalowei cuabl (B ¢~1), Ag — NMOCTORHHBIA MOJIOXKHKTELHBIA NapaMmerp,
wp = 416 ¢~} — pesoHaHcHas yacTora. Hailaute MakcHManbHylo 4acToTy
W, MEHbIIYI0 Pe30HAHCHOH, /11 KOTOPOH aMIIHTYAa KOJIeGaHHA NMPeBOCXOAHT
BeJIHUHHY Ap He Gosiee, ueM Ha 576 %. OTBer Bblpasute B ¢~ 1.

11. Tlo Mopio napansiesibHLIMH KypcaMH B OJJHOM HamnpaBJIeHHH CJeyloT ABa
cyxorpysa: nepsbiii ,1HHO# 140 MeTpoB, BTOpo# anuHo# 80 MeTpoB. B HekoTo-
pbIA MOMEHT BpeMeHH BTOPOH CYXOrpy3 HaXOaHJ/CA NMO3ajH NMepBoro H paccTo-
sIHHe OT KOPMbI NepBOro Cyxorpyaa o Hoca BTOpOro cocrasJisieT 360 MeTpoB.
Yepes 9 MHHYT NocJ1e 3TOrO YXKe NepBbli CyXorpy3 OTCTaéT OT BTOPOTo Tak, YTO
paccTosiHHe OT KOPMbl BTOPOT'O CyXOrpy3a 10 Hoca nepsoro pasHo 500 MeTpam.
Ha cKo/IbKO KHJIOMETPOB B Yac CKOPOCTb NepBOro CyXorpy3a MeHblie CKOpo-
CTH BTOpOro?

12. Haiinnte TouKy MUHHMYMa QyHKUHH y = -57:2:_10—23'

lMpn BbinoaHennn 3apaHui 13—19 Ttpebyercs 3anucaTb noJHoe
peweHHe H oTBeT. 3aNHLHKTEe CHAYaNa HOMEP BbINOJHAEMOro 3a]aHHs
(13,14 n 1. n.), a 3aTem nosHoe 060cHoBaHHOe peuieHHe u oTeeT. OT1-
BeTbl 3aNHCbiBaiTe YETKO H pa3bopunso.

sin s —21:) cos? z
13. a) Pelunte ypaBHeHuHe 5 =252 .

6) Haiinnte KopHH 3TOro ypaBHeHHs, NPHHaL/IeXallHe oTpesKy [—11; —4].
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14. O6pasyioias KOHyca paBHa JHaMeTpy ero oCHoBaHHs. B ocHoBauue Ko-
Hyca BMHCaH MpaBHJbHLIA TpeyroJbHHK. Yepes cepesHy BbICOTHI KOHyca H
CTOPOHY TPEeyTOJIbHHKA [IPOBe/ieHa MJIOCKOCTD Or.

a) JIoKaXXHTe, YTO yToJ MeXKAY MJIOCKOCTbIO OCHOBAaHHS KOHYCA H IJIOCKO-
CTbIO «x paBeH 60°.

6) HafauTe niowanb ceyeHHs MIOCKOCTBIO ¢ LIapa, BIHCAHHOTO B KOHYC,
ecJ/IH paHyC OCHOBaHHsi KOHyca paBeH 4/3.

15. Pewnte HepaBeHcTBo log ) (z2 + Tz + 12) > log, , 5(2? + Tz + 12).
2

16. M3BecTHo, uto LK M N P — npaBHJIbHBIA NATHYroNbHHK. [Juaronans LM
H K N nepecekatorcs B Touke T

a) Jloxaxxure, 4TO ONHCaHHas OKPYXHOCTb TpeyroJibHHKa LNT Kacaetcs
npsimoit MN.

6) Ha#fgnre pomuy ML, ecin LT = 4.

17. B Mara3nH npHBe3JiH MauKH NeyeHbs TPEX BHIOB: KIIYOHHUHOE, KOKOCOBOE,
MaJIHHOBOe, — B cOoOTHOMIeHHH 8 : 1 : 3. K KoHLy aHsi npoaany 60 % nauek
MaJIHHOBOTO NneyeHbs H 60 % mayek KOKOCOBOTO, NPH 3TOM Bcero GbuIo Npo-
nano 70 % navek neuerbsi. CKOJIbKO NMPOLIEHTOB NayeK KIyOHHYHOTO NeyYeHbs
MarassH peajH30Baj K KOHILY IHA?

18. [Ipn KakHx 3HaUeHHSIX NTapaMeTpa a CHCTeMa
y2 - mz 2 01
a
(y—a®-3a+18)2+(z—6a) =3-|a|"2
HMeeT POBHO 2 pelLleHHs ?

19. [lns1 KaXKnoro HaTypaJbHOTO YHCJIa BBeAEM uncao n! = 1-2-...-n (HanpH-
mep, 1! =1;5!'=1-2-3-4.5 = 120). Onpenesnre HaH6oJIbLIee BOZMOXKHOE
7 B KaXKJIOM H3 CJIe[yIOlLHX CJIy4aeB.

!
a) (%—) He SIBJISETCS HATYPaJIbHbIM YHCJIOM.

6) (n+2)! — 42(n!) < 0.
B) ((n!)? — 12n!) He nenutcs Ha 13.
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Bapuaut Ne 39

OteeTom K 3anaHHaM 1—12 gBaserca uenoe YHCAO HIAH KOHeudHas
BecATHYHaA APpo6b.

Yacts 1
1. B o6MeHHOM NyHKTe 0fiHa NaaHra (AeHexxHas equHHUA KoposieBcta ToHra)
CTOHT 27 py6aiet 20 Koneek. OTabixalouiye OOMeHsIH Py6JiH Ha NaaHTH H Ky-
MHJIH 2 KHJIOrpaMMa MOJIJTIOCKOB 110 LieHe 4 aaHrH 3a KujorpaMM. Bo ckoabko
py6Jieii UM o6olunach nokynka? OTBeT OKpYTJIHTE [0 LEJIOro YHCJa.

2. B xolie XMUMHYeCKON peaKLHH KOJIHYeCTBO HCXOJHOTO BEllleCTBa (pearenra),
KOTOpOe ellé He BCTYTIHJIO B PeaKLHIO, CO BPEMEHEM OCTENEeHHO yMeHblla-
ercst. Ha pucynke 160 3T1a 3aBucHMocTb mpeacTaBneHa rpagukoM. Ha ocu
abcuMcC OTKJIAAbLIBAeTC BpeMsi B MHHYTax, Mpoluejlliee C MOMeHTa Hayaja
peaklyH, Ha OCH OPHHAT — Macca OCTaBLIEroCsl peareHTa, KOTOpLIA ellé He
BCTYIHJ B peakuu1o (B rpammax). Onpenenure no rpagHKy, CKOJIbKO rPaMMOB
peareHTa BCTYTIHJIO B PeaKLHIO 3a YeTbipe MHHYTHI.

M (g
24
201N
16+
12 N

8
4

.

123456 7T mun
Puc. 160

3. Haiinute (B cM?) nuiowanb S 3akpalieHHON (GUIYpH, H306paXKEHHOA Ha
KJeTyaTof Gymare ¢ pa3mepoM KJeTKH 1 cmx1 cM (cM. puc. 161). B otBere

S

3aIllHLIHTE —.
T

4. YT0o6bl NOCTYNHTb B HHCTHTYT Ha CMELHabHOCTb «NIPHKJIaAHAasA MaTeMaTH-
Ka», aGHTYPHEHT Jo/KeH HabpaTh Ha EI'D He MeHee 65 6a/10B N0 KaXXI0My H3
TPEX MpeIMETOB: MaTeMaTHKa, PyCCKHH A3blK H HHopMmaTHka. UToO6bl nocTty-
TMHTb Ha CMeLUHaIbHOCTh «MEeXaHHKa», HYXKHO Ha6paTb He MeHee 65 6aJu10B NO
KaXK[IOMy H3 TPéX NpeZIMEeTOB: MaTeMaTHKa, PYCCKHH A3bIK H ¢pH3HKa. Beposr-
HOCTb TOTO, YTO aGUTypHeHT A. MOJIyUHT He MeHee 65 6aJVI0B [0 MaTeMaTHKe,
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Puc. 161

pasHa 0,6, no pycckomy si3biky — 0,7, no undopmatuke — 0,6 1 no bu3nke —
0,5. Hafinure BepoATHOCTb TOrO, YTO A. CMOXKET NMOCTYNHTb XOTS Obl HA OfIHY
H3 IByX YIOMSIHYTBIX ClleUHaNbHOCTeR.

5. PewnTte ypaBHeHHe tg E—%ME = —+/3. B oTBeTe HanHILHTe HaHGOJb-

LKA OTPHLATE/IbHBIH KOPEHb.

6. KaTeTbi paBHOGeIpeHHOTO MPSIMOYTOJILHOTO TPEYroJIbHHKA PaBHbI 4642312
(cM. pxc. 162). Hafiaure paguyc OKpy>KHOCTH, BTHCAHHOH B 3TOT TPEYTOJIbHHUK.

B

Puc. 162

7. Ha pucynke 163 uso6paxkés rpaduk ¢pyukunn y = F(x) — onHoii u3 nep-
BooGpa3ubix GyHKuHH f(x), onpenesénHol Ha uHTepBane (—6;9). Haiaure
KOJIHUECTBO pelleHHi ypaBHeHHs f(x) = 0 Ha oTpe3ke [—-3; 6].

8. O61ém Terpasapa pasex 24. Hafinure 06bEM MHOTOrpaHHHKA, BEPLUHHAMH
KOTOPOTO ABJISIOTCA cepeliHbl péGep AaHHOTO TeTpasapa (CM. puc. 164).
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\ prd
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CF oY \
Puc. 163
Pnuc. 164
Yacrs 2

9. Haiigure 3HaueHHe BbipaXKeHHs ﬂ? npu p(b) = (b + lbg) (18b + %).
P\b
b#0.

10. [1pn ansabaTHueckoM mpoliecce ist HAeaJIbHOrO ra3a BbINOJIHAETCSt 3aKOH
pV* = const, rne p — naBnenHe B rase B nackansx, V — o6bEM rasa B KyGH-
YeCcKHX MeTpax. B xone 3kcrnepHMeHTa ¢ 0JHOATOMHBIM HI€AJIbHbIM Ia30M (115

Hero k = -g) H3 Ha4aJIbHOTO COCTOSIHHSA, B KOTOPOM const = 7,29 - 10° IMa-m5,

ra3 HaYyHHawT cxkHMaTb. Kakol Han6oJblIHI 06BEM V' MOXeT 3aHHMaThb ras
TpH JaBJieHHsX p He Hixke 3 - 107 [Ta? OTer Bhipa3uTe B KyGHYECKHX METpaXx.

11. IBa rpy3oBbix aBTOMOGHJIA Y4acTBYIOT B roHKax. FIM npeacToHT npoexatb
40 KpyroB 1o KOJIbLEBOMA Tpacce NpOTsKEHHOCTbIO 6 kM. O6a aBTOMOGHJIS
CTapTOBaJIH OHOBPEMEHHO, 3 HAa (PHHHLI MepBbIf MPHIIEN paHbllie BTOPOro
Ha 2 Yaca 42 muHyTbl. UeMy paBHsiach CKOPOCTb NepBOrO Ipy30BHKa, ec-
JIH H3BECTHO, 4YTO OH B MepBbIH pa3 060TrHaJ BTOPOH I'PY30BHK Ha KpYT uepe3
20 munyT? OTBer qafiTe B KM/4.



Bapunant Ne 39 175

12. Hafiaute Hanbosbluee 3HaueHHe GYHKUHH Yy = 6tg — 8z +2v3 —7— 4?"
T.T
Ha oTpe3Ke [ 7 4].

fMpn BoinosHennn 3amanni 13—19 Tpebyerca 3anHcath noJiHOe
peuwleHHe H OTBeT. 3aNHILIKTE CHaYala HOMep BbINOJHAEMOro 3a1aHHA
(13, 14 n 1. 1.), a 3aTem nosHoe 060CHOBaHHOE pelleHHe H oTBeT. OT-
BeTbl 3aNUCcbiBaATe 4€TKO H pa3bopunso.

3v2 2
13. a) Peiunre ypaBHeHune i - ——=2.
) yp sinr sin‘z
6) Hafinure MHHHMabHOE pacCcTOsiHHE H MHHHMAaJIbHYIO [UTHHY QyTH MeX-
Jly HeCOBMaAalOWHMH TOYKAMH eIHHHYHOH OKPYXXHOCTH, COOTBETCTBYIOLLIHMH

KOPHSIM ypaBHEHHS.

14. Tpu wapa KacaioTcsi Mexxay co60ii U NJOCKOCTeH AByrpaHHoro yrsa. Ha
OHOH H3 HHX TOYKH KacaHHs o6pa3yloT TPEYToJNbHHK CO CTOPOHOH § eIMHHLL H

NPHJEraloLMMH K Hel YTJIaMH & = arccos % H 3 = arctg % Haiigute paccro-

siHHE MeXJIy TOUKAMH KaCaHHS CaMOro MaJIeHbKOro M3 LAapoB C MJIOCKOCTSAMH
H YroJl MeXJy IJIOCKOCTAMH [BYTPaHHOrO yTiia.

1
15. PelunTe HepaBeHcTBO zlog; (4 — 3 -37) > 1.
3

16. Hafiznte paccrosiHHe d MeXIy LIEHTPAMH BMHCAHHOH B TPEYro/bHHK C
yraamu 40° u 80° OKPY>KHOCTH H OKPY>KHOCTH, OTHCAHHOH BOKPYT 3TOrO Tpe-
YTOJIbHHKA OKPYXKHOCTeH, ecii R = 1 — paaHyc ONHCaHHOH OKPY?KHOCTH.

17. Angpeft He MOCTYNH/I B YHHBepCHTeT Ha OlojykeTHoe otaesieHHe. CTo-
HMOCTb OOYYeHHsi B YHHBEpCHTETe Ha KOMMepYeckOH OCHOBe COCTaBJjserT
100 Toicsy py6aed B rof. Oteu Anapest B3sil KpeAHMT Ha 2 roaa B pa3Mepe
100000 py6aefi. B TeueHHe nByX JieT exxeMeCSYHO BbINJIaYHBAETCS OJIHA H Ta
ke cymma. OHa coCTOHT H3 nByX uacTeil. [lepBas siBNseTCA CyMMOH BbIMJIaT B
CYET MoralleHHsi OCHOBHOTO J10JIra 10 KpeIHTY, BTopasi cocTtanisier 2% OT CyM-
Mbl, OCTaBLIEACS MOCJIe BLIMJIAT B CYET MOrallieHHs KpeaHTa 3a NpeiblayLuHi
Mecsl. JJokaxkure, uTo:
a) exxeMecsyHasi IOCTOSIHHAsA CyMMa BbIIJIaT paBHa

140,02)%
100 000-0,02 -ﬁ——,zf—(HO,oz) -3

6) cymMa nepenJiat 1o KpeauTty He 6o.biue 48 000 py6Jei.
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18. [1pH KaKux 3HaueHHsIX NapaMeTpa a npsimble (2a —a? +4)z+2y+2 =0wu
(2a—a%+T7)y+2z+a+1 = 0 He COBNAAAIOT, HO Napa/lie/ibHbl, @ paCCTOSHHE

p MEXIy HHIMH MHHHMaJIbHO?

19. Haiigure Bce uesible KOpHH ypaBHeHus 2 + 2y2 + 322 — 4y — 122 = 0.
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OtBeToM Kk 3azaHHAM 1—12 gBAsieTcd UHeJoe YHCAO HIH KOHe4yHas
AecATHYHaA Apo6b.

Yacrs |
1. B o6MeHHOM MyHKTe OAMH BATYy (HeHexkHas eaMHHua Pecny6snkn Ba-
HyaTy) cTouT 0,54 pocchiicknx py6ued. Otapixaioume oO6MeHsaH py6-
JIH Ha BaHyaTCKHe BATYy H KyNHJH 3 KHJOrpaMMa BOJOPOCJeH Mo LeHe
15 Baty 3a kunorpamM. Bo ckosabko py6Jeit WM o6olusiach MOKymKa?
OTBeT OKpYIJIHTE 0 LIeJION0 YHCJIA,

2. B xone XHMHYeCKOH peaKUHH KOJIHYEeCTBO HCXOJHOTO BelllecTBa (peareHTa),
KOTOpOE ellE He BCTYIHJIO B PeaKLHIO, CO BpeMEHEM IOCTENEHHO yMeHbLUa-
ercsi. Ha pucyHke 165 3Ta 3aBHcHMocTb mpejcTtaBJsieHa rpagukom. Ha ocu
abCUHCC OTKJIAAbIBAETCS BPeMA B MHHYTAaX, Npollejiee ¢ MOMeHTa Hadaja
PeakliiH, Ha OCH OpPJHHAT — Macca OCTaBLIErocsl peareHTa, KOTOpbii ellé He
BCTYMNHJ B peakuHio (B rpammax). Onpenesiure no rpagHKy, CKOJAbKO IPaMMOB
peareHTta BCTYMHJIO B PEaKLHIO 32 LIECTb MHHYT.

M (),
24
20
161\

2] N\

8 ™
4

A

™~

1 23 4 5 6 7 T mun
Puc. 165

3. Haigure (B cM?) muowanp S 3aKpauieHHON (HIypbl, H300paXEHHOH Ha
KJeTyaToH 6ymare c pa3mepoM KjeTkd 1 cmx1 cm (cM. pHuc. 166). B orserte

sanuumTe .
s
4. Yto6bl OCTYNIHTb B HHCTHTYT Ha CrelHaJ/bHOCTb «3KOHOMHKa», aGHTYpH-

eHT J0J2KeH HabpaTb Ha EI'D He menee 60 6a/1710B 10 KaXI0My H3 TPéx npej-
MeTOB: MaTeMaTHKa, PyCCKHH A3blK H 0611leCTBO3HaHHe. UTo6bl MOCTYNHTb Ha
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Puc. 166

CMNELUHaNbHOCTD IOPHCNIPYAEHLHA», HY»KHO HabpaTh He meHee 60 6an/10B 110
KaXKJ0My H3 TPEX NpeJIMETOB: MaTeMaTHKa, PyCCKHH 3biK H HCTOPHSA. BeposT-
HOCTb TOTO, YTO aGUTYpHeHT K. no/yuHT He MeHee 60 6a/JIOB N0 MaTeMaTHKe,
paBHa 0,8, no pycckoMy s3biky — 0,6, no Hctopus — 0,2 H 1o oOLiecTBO3Ha-
HHlo — 0,5. Haiinute BeposiTHOCTDb TOro, yto K. CMOXXeT nocTynHTb XoTs 6bl
Ha OZIHY H3 [IByX YNIOMSIHYTbIX CMEeLHa/IbHOCTEH.

z+14) _ 1

5. Pewunte ypaBHeHHe tg‘rr( 9 7 B oTBeTe ykarkute HaHMeHbLLIHHA

NOJIOXKHTEJIbHBIA KOPEeHb.

6. Karerbl paBHOGeapeHHOro NpsIMOYro/bHOI0 TPeYro/ibHHKa paBHbl 54+27 V2
(cM. puc. 167). Hafinute paauyc OKpy»KHOCTH, BITHCAHHO! B 3TOT TPEYroJibHHK.

B

Puc. 167

7. Ha pucynke 168 n3o6pakén rpapuk ¢pyHKUMH y = F(z) — oaHOM U3 nep-
BOOOpa3Hbix PyHKUMH f(z), onpenenéHHON Ha HHTepBane (—7;8). Hafmure
KOJIHYECTBO pelueHHil ypaBHeHHs f(x) = 0 Ha oTpe3ke [—3; 6].
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A

Puc. 168

8. O61éM TeTpasapa paBeH 32. Hafinute 065M MHOrOrpaHHHKA, BEpILIHHAMH
KOTOPOTO ABJIAIOTCA CepeiHHbI péGep JaHHOTO TeTpasipa (cM. pHc. 169).

2

Puc. 169
Yactp 2
9. Hafinnte 3HaueHHe BhIpaXKeHHs i(-l{L npu p(b) = ( - 2_171) (—21b + %),
P\%
b#0.
10. ITpn apnaGaTHyueckoM npolecce LIS HAEANbHOTO ras3a BINIOJIHAETCS 3a-
koH pV* = const, rie p — naenenne B rase B nackaasx, V — 06b-

€M ra3a B Kyéuqecm{x MeETpax. B xome 3KCNECPHMEHTA C OJHOATOMHbLIM HIe-

aNbHbIM rasoM (4ns Hero k = g) H3 HayaJlbHOrO COCTOSIHHS, B KOTOPOM

const = 10,24 - 5000 [Ta-M°, ras HauHHAIOT CXKHMaTb. Kako# HaHGObILHI
06bEM V MOXeT 3aHMMATh ra3 NpH N1aBJeHHAX p He HiKe 1,6 - 103 [Ma? Otser
Bblpa3HTe B KyGHYECKHX MeTpax.

11. JIpa rosuiska yyacTByioT B roHKax. FIM npezactont npoexatb 75 KpyroB no
KOJIbLIEBOH Tpacce NpoTsKEHHOCTbIO 4 KM. O6a roHIIHKa CTapTOBaJIH OHO-
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BPEMeHHO, a Ha (DHHHIL NepBbif NPHLIEN paHblle BTOporo Ha 37,5 MHHYT. Uemy
paBHsJIaCb CKOPOCTb BTOPOTO FOHILHKKA, €CJIH H3BECTHO, YTO NePBbif FOHILHK B
nepBblii pa3 060THAJ BTOPOTO Ha KpyT uyepes 10 muuyt? OTBet paiite B KM/u.

12. Hafiaute HanMeHblIee 3HaueHHe GyHKUMH y = —16z + 8tgx + 4w + 9

Ha oTpesKe [—g-; %}

llpn BbINnOAHeHHH 3anaHni 13—19 TpebyeTcs 3anucaTb noJiHOe
pelieHHe H OTBeT. 3anHIIHTE CHA4YaJla HOMep BbINOJHAEMOro 3aJaHHs
(13,14 1 1. 0.), a 3aTeM noJiHoe 060CHOBaHHOE pelieHHe H oTBeT. OT-
BETbl 3aNHCbIBaATe YETKO H pa3bopunso.

V2T 3
13. a) Pelunte ypaBHeHHe snz  sala s 2.

1AHTe MHHHMaJIbHOE PacCTOsiHHE H MHHHMa, -
6) Haiaur HHMaJlb JUH TH MeX
[y HeCOBMAJalOLHMH TOYKAMH €HHHYHOH OKPY>KHOCTH, COOTBETCTBYIOILLHMH
KOPHSIM YDABHEHHS.
_ 10 _ 15 _6
14. Tpu wapa ¢ pagHycamu r; = 3 T2 = g HT3 = § eIHHHL KacawTes
Mexxy co60¥ H MI0CKOCTeN ABYTpaHHoro yraa. Hafnure paccrosinne p Mexxny
TOUKaMH KaCaHHsl CaMOr0 MaJIeHbKOTO H3 H1apOB C MJIOCKOCTAMH.
15. P 28 :
. Pewnre HepaBencTBo z log 3 3:3z) > 1.
3
16. Hafiznre papnyc R onxcaHHOM BOKpPYT TpeyroJibHHKa ¢ yrsiamu 40° u 80°
OKPY2KHOCTH, €CJIH PACCTOSIHHE MeXJy LIeHTPaMH BITHCAHHOH B TPEYroJIbHHK
OKPY>KHOCTH H OKPY2KHOCTH, OITHCAHHO# BOKPYT 3TOTO TPEYToJ/IbHHKa, d = 4.

17. Baaanmup npHo6pént HoyT6yK. [Lisi 3TOro oH B3/l KDEHT Ha FOfL C exe-
MecsiyHOH BbinaTol 4000 py6aeii Ha caemylolHX ycaoBHax. Kaxapi Mecsw
CYMMa BbITJIaT COCTOHT H3 IBYX YacCTeH: MepBas 4acTb ABJIAETCA CYMMOH Bbi-
MAaT B CYET MorauleHHsi OCHOBHOTO J0JiIra Mo KpeuTy, BTOpas COCTaBJ/seT
2,5% 0T CyMMbi, OCTaBLUEHCS MOCJe BbIMJIAT B CUET MOrallleHHsl KpeauTa 3a
TeKYLLH# MecsLL

JlokaxkuTe, 4TO:
4000 - ((1 +0,025)12 — 1)

0,025 - (1 +0,025)12
6) cymMma kpeaura 60Jblue, yeM 36 923 py6as.

a) cyMMa KpeaHTa paBHa
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18. [Tpy KaKHX 3HaueHHsIX NnapameTpa a npsiMbie (2a —a® +4)z+2y+2=0w
(2a—a%+7)y+2z+a+1 = 0cosnaaalor? [Ipu 3THX 3HaUeHHsIX NapaMeTpa
HafAHTe pacCTOSIHHE p MEXXIY NOJyYHBLIEHCH NPAMOH H Ha4aJlOM KOOPHHAT.

19. HafinTe Bee Lie/ible KODHH ypaBHeHHs T2+2y%+322—22—8y—182+25 = 0.
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Pewmenne BapuanTa 1

1. [lepauiil cnocob.

IMycts £ — umcsio Beex yyammxcs B wkose. Toraa 25% oT z paBHO
5% -z _
T00% = 0,25z.
M3 ycsioBus nosyuaem ypashenue 0,25 = 94. Otciona z = 69%5 = 376.
)

Bmopoii cnocob.

H3 ycnosus caemyer, uto 94 H3yyalomHX HEMELKHH A3bIK — 3TO YeTBepPThb
OT YHCJIa BCEX yHallHXCsA. 3HAUHT, BCeX ydalllixcs B 4 pa3a 6oJblue 94, To ecTb
94 -4 = 376.

Omeem: 376.
2. Haumenbluas cpeHecyTouHast BJaXKHOCTb BO3yXa 3a YKa3aHHBIH NepHOL
onpejesisieTcs MO0 caMol HHXXHeH Touke rpadHka. HenocpeacTBeHHo BHIHO,
4YTO TaKasi BIAXHOCTb Gblia 17 deBpassi H eé 3HaueHHe paBHo 71 %.

Omeem: T1.

3.S4aBc = %AB-CH = % -14-5 = 35(cm. puc. 1).

C

A

%

7
%
%

:’:\\\ik\\

Omeem: 35.
4. M3 2 000 HacocoB B cpefiHeM He noarekatoT 2 000 — 28 = 1972 Hacoca. To-
r1a BepOATHOCTb TOTO, YTO CJY4YaHHO BbIOpPAHHBIA HACOC He MOATeKaeT, paBHA
1972 _
2000 — 0,986.

Omaeaem: 0,986.
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5.202 - 172 -9 =0;
z =17i\/172—4~2-(-9)=17i:19.
1,2 2.9 4 '

17-19 _ 1, 17+19 _4

= —=, x2= 4

(N
[\"]

MenbLuni KopeHb pased —0,5.

Omegem: —0,5.

- _AH _12_4
6. B npsimoyronbHom AACH sin ZACH = AC =155 (cM. puc. 2).
H
C
4 B
Puc. 2

Torna sin ZACB = sin(m — ZACH) = sin ZACH = g =0,8.

Omeem: 0,8.

7. V13 reomeTpHYeCcKoro cMbicJia NPOH3BOJHOH CJIeyeT, YTo
BC _ 4

f'(z0) =tg LBAC = A0 =8 0,5 (cM. puc. 3).
b4 B
J
|
A D d/
Cl
ANEREA
JAREEE) /| ]
[
Puc.3

Omsem: 0,5.
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14. a) Ilpamas EF napaaiesnbia BC Kak cpeansns anHua ASBC H, 3HayuT,
EF napaJieJibHa NJI0CKOCTH ocHOBaHHsi ABC, No3ToMy ceueHHe nepeceKaer
nockoctb ABC no HekoTopoii npsimoii PQ, napaJsebHoit EF (cM. puc. 6).

PaccMmotpuMm niiockocTs SAA,.

Touka H — ueHTp ocHOBaHHA NHpamuabl, K — Toyka nepeceyeHus EF u
SA,, L — Touka nepeceyenuss PQ H niockoct SAA;.

[Mnockocth PEF w SAA; nepneHIuKyJIsipHbl OCHOBAHHIO, 3HAYHT,
KL 1 ABC u KL || SH. EF — cpeasxsa auaua ASBC, K — cepe-
IxMHa A.S, 3Hauut, L — cepemuHa A H, Tak Kak Ay H — npoekuusi A; S
Ha IJIOCKOCTb OCHOBaHHA. MeanaHa AA; aeadTca Toukoi H B OTHOLLUEHHH
AH :HA, =2:1. 3Hauutr, AL : LA; =5:1.

6) PEFQ — tpaneuus, EF = %BC =12:2 =6,

PQ:BC:AL:AA1=g,PQ=%=5‘TN=10.

— 244,22 Jap2_(lag) = 2.¥34p_ V3-12 _
AH-3AA1_3\/AB (2AB)-3 Sap= Y312 43
KL=%SH=%\/__—_5$A2—AH =% 82 — (4V3)2 = 2.
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SpEFQ = %(EF+PQ) -KL = %(6+ 10) - 2 = 16.

Omeem: 16.

t+2 t 8 <
-8 Ti—a @ tarr3 0
t+2)(t—-4) +t(t-8)+8 _ 2 +2t -4t -8+t -8t +8 _
(t-8)(t—4) <0 (t—8)(t—4) =
2t2 — 10t 2t(t —5)
<0 <
C-8-9 S E-8r-49 3°
PeinM  HepaBeHCTBO  MeTogoM  uHTepBasoB. Haiipém  OJI3:
(t-8)(t—4) #0,t # 8t # 4. Haiiném Hyan apobu: 2t(t — 5) = 0,
t=0,t=05.

15. Cuenaem 3aMeHy 4% = t, Toraa
y

+ - + +
0 4 5 8
Puc.7

0<t<4uand <t < 8(cM.puc.7).

Ecmn0<t<4,100<4°<4,4* <4,z <.

Ecind <t <8,105 <4 <8, log,5 <z <15

Omeem: (—o0;1) U [log, 5;1,5).
16. a) Ilycte O u O; — ueHTpbl GoJsibuleH W MeHblIeH OKpPY>KHOCTeH
coorBercTBeHHO (cM. pHc. 8). Toukn A, O u O, nexar Ha ofgHOH npsi-
moii, AO — pnuamerp, 3Hauur, ZODA = ZOFA = ZORA = 90°.
AODA = AOBD (no runoTeHy3e 1 KaTeTy), 3HauuT, BD = DA. AsaJioruu-
Ho AOEA = AOEC u E — cepepuia AC. DE — cpennss nuius AABC
= DE || BC.

6) IMycts OH 1 BC, 1orna us AOBH nonyyaem: OH? = OB? — BH?,
= /172 =152 = 8. R — Touka Kacanus, 3Hauut, O1R L CB, Toraa
01R || OH (xak neprneHAHKyJIApbl K ONHOH NPSMON ).

Ilposeném O1M 1 OH, OMHR — npsMoyroibiuk, O1R = MH.

OM = HM — OH = RO, — OH = &-0H=%—s=o,5.

MO, = /O,07=OM = \/(H)z- (l) = 6v2, RH = MO; = 6v/2.

2 2
IMoayyaem us AOHR: OR? = OH?+ HR? = 82+ (6v/2)? = 136. BAARO
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B

noayunm: AR? = AO? - OR? = 17?2 - 136 = 153. DE || BC, BD = DA =
AL=LR=JAR= Y15

5 -
V133

Omeem: CI

17. I1ycTb cymma KpenuTa paBra A. [TocJie BHIMIATH KIHEHTA 0T yMeHblLa-
eTCsl Ha OJIMHAKOBYIO CyMMy, uepe3 15 MecsieB OH cTaHer 0, 3HauHT, nocJje 1-#

BbINJIATH OH YMEHbLUHUTCS HA i’% H CTaHer %454 nocje 2-4 — % ..., nocJe
14-ii — A nocae 15-% — 0.
15’

Ecan  poar yBennuntcs Ha a%, To cyMMa pnoJara BbIpacTeT B

= %—q pa3. 3HauHT, 3 HIOJs1 JOJT CTaHeT paBeH A - ¢, yepe3 Me-
can— % - g, uepes 2 Mecsia — %q, ..., yepe3 14 mecsileB — -{%q.

BrinsaTtel — pa3HOCTb MeXXIy CyMMO# 10Jira 10 H NocJle BhillJaThi KJIH-
€HTa, TO eCTb B 1-i Mecsit A - ¢ — 1—44, BO 2-H Mecsl 44, 134

15 15 157777



Peuierine sapnanta | 189

B NPeANnoc/eHH MecsiLl %q - 1%, B MOCJICIHHH lf})q — 0. Bcero caenyer
_ 144 |  14A_ 134 24 A A
BbITIAaTHTL Aq 15 + 159”15 + ...+ 5915 + 159 0, yto no
ycJioBHIO paBHO 1,16A.
14,13 1y 13 1)

AL+ g+ B+ tig) -~ AR+ ) =
_ 14 , 13 1 _ (1541
A+ + B+ )la-D+A=A+ 4@ 1)£—-L—15 )

=A+A(g—-1)-8=A(1+(¢—-1)-8) =1,16A.
1+(g—1)-8=1,16,(g—1)-8=0,16,q— 1 =0,02,¢ =1,02,a = 2.
Omsem: a = 2.

18. M306pa3nM Ha KOOPAHHATHOMN MJOCKOCTH MHOXECTBO TOYEK, KOOPAHHATHI
KOTOPbIX Y/IOBJIETBOPSIIOT NEPBOMY YPaBHEHHIO CHCTEMBI.

1) Ecan 2 + y? — 25 > 0 (1aHHOMY HepaBeHCTBY Y/I0BJETBOPSAIOT TOYKH
BHE KpYyra H TOYKH OKPY?KHOCTH ¢ LieHTpoM (0; 0) H paxrHycoM 5), TO nosryyaeM
ypaBHeHue
8z — 8y — 40 = z% + y? — 25,
z2 — 8z + 16 + y2 + 8y + 16 = 32 — 40 + 25,

(-4 +(y+4)?2=11.

[TosyueHHOe ypaBHeHHe 3a1aéT OKPY>KHOCTb C LieHTpoM A(4; —4) u pamu-
ycom v/17. YuutbiBasi ycaoBue z2 4 y2 — 25 > 0, nosiyyaeMm ayry ¢ KOHLAMH B
Toukax M (0; —5) u N(5;0) (cm. puc. 9).

2) Ecan 22 + y2 — 25 < 0 (370 TOUKH Kpyra), TO NOJy4aeM ypaBHEHHe
8z — 8y — 40 = —z2 — y2? 4+ 25,

z? + 8z + y* — 8y = 65,

(x + 4)% + (y — 4)2 = 97. [NoyueHHOe ypaBHEHHE 3a/IaéT OKPY>KHOCTb C
ueHTpoM B(—4;4) n pamsycom v/97. YuuTbiBas yCJIOBHe, MOJydaeM Jyry C
KOHLAMH B TO4Kax M u N,

PaccMoTpuM BTOpOe ypaBHeHHe cucTeMbl y = az — 5. OHo 3apaér nps-
Myt I, npoxoasuiyo yepe3 Touky M(0; —5).

[lpu @ = 1 npsmMas npoxoauT yepe3 TOYKH M H N H HCXOAHAs CHCTeMa
HMeeT 2 pellieHHs, NIPH a > 1 npsiMas HMeeT C AyraMH eIHHCTBEHHYIO 06LUy1o
Touky M.

Ha#ném a, npu koTopoMm npsmasi [ kacaercsi OKpPYKHOCTH C LUEHTpOM B
B Touke M. Tornal L BM. IlpsiMble nepneHaHKYJISPHBI, €CJIH NPOH3Besie-
HHE HX YTJIOBbIX KO3()(HIUHEHTOB paBHO —1.
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Punc.9

Kppm = —%, Kpy-a=-1l,a= % [1pu sTOM NMpsiMas HMeeT ABe OGLLHe
TOUYKH C IYTaMH, TO €CTb B CHCTEMe 2 peLleHHs.
[lpua < % y NIpsIMOH ¢ MeHblleH DyTo# obluas Touka M, a ¢ 6osblueld —

M ¥y ewé He Gonee OHOH TOUKH. 3HAUHMT, CHCTeMa HMeeT He GoJblue ABYX
pelleHHH.

[Tpu % < a < 1 npsiMasi HMeeT C AyramH Mo JBe o6LHe TOUKH, OfHA H3
KOTOpbIX M.
4

3HauHT, HCXOHAs CHCTeMa HMeeT 6oJiee BYX pellieHHH NPH 9 <a<l

Omeem: (%, 1).

19. a) IlycTb TecTHpOBaNHChH TPOE yYaCTHHKOB, HabpaBluHx 20, 48 1 60 6asi-
JoB. Cpenxuit 6ann He caaBLIMX TeCT paBeH (20 + 48) : 2 = 34 6aana. [Tocae
npu6asJieHHs 6asuibl cTajH 25, 53 H 65. CpenHuii 6a/1 HecAaBLIHX CTa] paBeH
25, OH NOHH3WJICA.

6) PaccmoTpum npumep nyHkra a). Cpeansii 6a/J CAaBIIHX CTaJjl PaBeH
(53 + 65) : 2 = 59, uTo MeHbLLE cpeaHero 6aJula CAABLUHX OO NPHOABJIEHHS,
KOTODbIH Obizi paBeH 60.

B) IlycTs B TecTHpoBaHHH NpHHHMaJIO yyacTHe N y4acTHHKOB, He CIaJH
TeCT kK yYaCTHHKOB, MocJie 106aBJeHHs 6aJlJI0oB He CAJIH TECT P YUaCTHHKOB.
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[lyethb a3 € az € ... € ay — 6Gaaibl YYaCTHHKOB, TOTAA a, < 50,
ak+1 2 50, ap + 5 < 50, ap4+y + 5 = 50.
Cpennu#i 6a7a 10 106aBaeHHS:

necaapuwnx M-t t - ¥ Ok _ 40 cpapumx

k

ajtaz+...+ay _
N = 50.
Torna 40k +60(N ~k) = 50N, 40k+60N —60k—50N =0, 10N = 20k,
N = 2k.
Tak kak k 0 N uenvie, To N penutcs Ha 2.
Anasnornyso nocJe no6asJsenus nosyunM: 43p + 63(N — p) = 55N,
20p = 8N, 2N = 5p, N aenntcsa Ha 5.
N penutcsi Ha 2 v Ha 5. 3uayuT, N pesntesi Ha 10.
ITpumep nns 10 y4acTHHKOB.
4 nosyyunau no 38 6annos, 1 — 48, 5 — no 60 6asu108B.
Cpennnit 621 y TeX, KTO He ¢/iaJl N10CJ1e [OBbLILLIEHHs, —
(4-38 4+ 48) : 5 = 40 6annos.
Cpennnit 6a1 y HecJaBLIKX NOCJIe NOBbliIeHHs — 43 6asuia.
Cpennnii 6ay1 y caaBinx — (48 + 5 + 5 - 65) : 6 = 63 6asaa.
Yc10BHSA BbINOJIHEHbI.
Omeem: a) za; 6) na; B) 10.

Qk+1+...+an _
N & = 60,

BCE€X YHACTHHKOB

Pewenne Bapnanra 5

1. TTycTb uena ¢yr6onku 6bina cHixkena Ha = %. I3 ycsoBHA nosyuaeM, 4ro

OHa CHHXKeHa Ha 600 — 480 = 120 py6aeil, Toraa r = é(—z)%% +100% = 20 %.

Omegem: 20.

2. Han6osnbluan cpennsis TeMrnepaTtypa Bo3/yXa 3a Nofi oripefiesiieTcs 1o ca-
MOMY BBICOKOMY CTOJGHKY axarpaMmbl. HenocpeacTBeHHO BHAOHO, YTO TakKo#
TeMIepaType COOTBETCTBYET BOCbMOH MeCsil.

Omegem: 8.

3. Sapc = %AC - BH (cM. puc. 10).
AC=6-1=5 BH=10~4=6, Sapc = 28 =15.

Omesem: 15.
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Puc. 10
4. BeposATHOCTb TOrO, YTO HAUHHATb HIPy N0oJKeH MHLIa, paBHa i = 0,25.
Omaesem: 0,25.
3. _o79 __o79 .3 __306-11 __
5. 11:1:—2711, :r—-2711 T = 13 T = 102.
Omsem: 102.

6. B npsimoyrosibHoM Tpeyrosibhike ABC (cM. puc. 11) LA = 90° — 4B,
sin A = sin(90° — ZB) = cos ZB = 0,7.

A

B
¢ 14

Puc. 11

B ABHC cos /B = %, BH =BC-cos/B=14-07=98.

Omeaem: 9,8.
7. TIpou3BoaHas (YHKLHH [OJIOKHTENIbHA, ec/H (pyHKUHs Bo3pacTaeT. [1o pu-

CYHKy OTpejeJisieM LieJible TOUKH, B KOTOPbIX (yHKUHs Bo3pacrtaer: —6, —5,
-4,-3,-2,-1,4,5,6, 7.
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Takux Toyek 10.
Omegem: 10.

8. [lnockocTsb, napansesbHas 60KOBOMY pebpy, MPOXOOHT 4epe3 CPeaHIolo
JIHHHIO OCHOBAHHs1, 3HAYHT, MJIOILAb OCHOBAHHS OTCEYEHHOH NMPH3Mbl yMeHb-
wuiack B 22 pasa 1o CPaBHEHHIO C MIOLIAIbI0 OCHOBAHHS 33/laHHOH MPH3Mbl
(cpemnsist nuHKs B 2 pa3a MeHbLIe CTOPOHBI, KOTOPOH OHa napaJuiesibHa). Bbl-
COTa OTCEeYEHHOH MPH3Mbl paBHa BbICOTE 33aHHON NPH3MBI.

CuienoBaTesibHO, 06bEM OTCEYEHHON NPH3Mbl YMEHbILHJICA B 4 pasa ¥ cTal
paBHbIM 36 : 4 = 9.

Omeem: 9.

:3%+181 5"t tiI =3.5=15
Omeem: 15.

10. B dpopmyay r(p) = ¢ - p noacraBum g = 300 — 60p, nosry4unm:

r(p) = (300 — 60p)p.
[To ycnosHio 7(p) > 315, caenoparenbHo, 60p? — 300p + 315 < 0,
4p? — 20p + 21 < 0.
Pelunm HepaBeHCTBO MeTOJOM HHTEpBAJIOB (CM. pHC. 12).

4p? — 20p+21 = 0, p, = 0 '}100_84 = 102:4. p1 = 3,5,

p2 = 1,5.

+ PPN +
1,5 - 3,5

v

Puc. 12

MakcHManbHBIH ypoBeHb LeHH 3,5 Thic. py6.
Omsem: 3,5.

11. IycTs x r 6bs10 B3siTO 15 %-ro pactBopa, Toraa (750 — z) r 6bL10 B3STO

25 %-ro pacTBOpa. 3?1-0 })5 = (0,15z) r kucJaoThl cogepkal 15 %-ii pacTBop.
= ;03 % (187,5 — 0,25z) r KHCJIOTbI conepKan 25 %-# pacTBop.

13. 3ak. Ne 41



194 ThaBa Il. PelieHHs H30paHHNX BAPHAHTOB

B pesyssrate cMelunBanusa nosyunan 20 %-ii pacTBop, KOTOpbIil conep-

750 - 20
100

CocTaBHM H pellHM ypaBHEHHE.

0,15z + 187,5 - 0,25z = 150, 0,1z = 37,5, z = 375.
375 r — macca 15 %-ro pacTBopa.

Omesem: 375.

*Kan = 150 r KHCAOThI.

12.y = (z + 24)e=~"",
¥ = (2+24) e 0 4e> 0. (z—70) - (z+24) = e~ 04>~ "0(z +24) =
= e*~0(z + 25).

YpaBHenne y' = 0 HMeeT eAHHCTBEHHDIH KOPeHb T = —25.
M3 pucynka 13 cenyer, 4to £ = —25 — eHHCTBEHHast KPUTHYECKAs TOY-
Ka QYHKUHH y(Z) H 3TO TOYKA MHHHMYMa.
/
y(x) — ‘ +
} >
v (%) N -25 A
min
Puc. 13

Omesem: —25.

13. a) Hcnomb3ys dopMysry KocHHyca aBoiiHOrO yria cos2z = 2cos?z — 1

H $opMyJy TIpHBELEHHS sin(-’—zr- + a:) = cosz, rnpeo6pasyeM HCXOAHOE
yPaBHeHHe K BHIY:

2cos’z — 2v2cosz — 3 =0; (vV2cosz + 1)(v/2cosz — 3) = 0.

3HayHr, cosz = -ﬁ, OTKyla x = 3—} +2nk, k€ 2,

2
WIKZ = —%ﬂ +2nn,ne 7.
YpaBHeHue cos T = 3‘/— KOpHeH He HMeeT, TaK Kak M

6) C noMolLblo YHCAOBONH OKPYKHOCTH (CM. pHC. 14) 0T6epeM KOPHH, TIpH-
Ha/ieXallHe OTPe3Ky [w, 5277 ]

13+
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o
A

4
Puc. 14
I 57"
OJIYYHM YHCJIO -
. 4\ ST o
Omsem: a) = 4 + 27k, ke Z;,— 4 T +2nn, n€ Z; 6) T

14. a) 3ameTHM, 4TO TPEYroJbHHK SAB siBJsieTCS NIPSIMOYTOJIbHBIM, TaK KaK
B HEM SB? = 171 = 27 + 144 = SA? + AB2. AHaJOrH4YHO TPEYroJIbHHK
SAD Toxe ABJSETCS NPSMOYTOJLHLIM, TOCKOAbKY SD? = 52 = 27 + 25 =
= SA? + AD?. INosyyaem, yto npsimasi S A nepreHaHKy/IsipHa NpsiMbiM AB 1
AD, a 3HauuT, NepneHaHKyJIsipHa II0CKocTH ocHoBanuss ABCD.

6) Otaoxxum Ha npsimoit AD 3a Touky D otpe3ok DE, paBHbIH OTpe3Ky
AD (cm. pHc. 15). Toraa B uerbipéxyroabiuke BCED cropoint BC u DE
paBHbl H napasenbhnl. Cienosaresbio, BCE D sBasiercs napajejorpam-
MoM, nnostoMy BD||CE, u yroa mexxny SC 1 BD Gyzet paBeH yrity Mexxay SC
HCE.

Puc. 15

14, 3ak. Ne 41
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INo Teopeme [Mudaropa BD? = AB? + AD? = 144 + 25 = 169,
SC? = SA? + AC? = SA? + BD? = 27 + 169 = 196,
SE? = SA? + AE? = 27+ 100 = 127.
3Hauut, BD = CE = 13, SC = 14, SE = V127.
[Tycte ZSCE = c. Ilo TeopeMe KocHHycoB 115 TpeyrosibHHKa SC E nMe-
em: SE? = SC? + CE? - 25C - CE - cosa,
SC*+ CE* — SE? _ 196+ 169 — 127 _ 119

C8¢=""98C-CE ~ 2-13-14 182
— arecos 119
OTkyna a = arccos 182"
119
Omeem: 6) arccos +== 182

15. Myctp t = 93-2? _ 1, Torna HepaBeHCTBO NPHMET BHAL

2 —1)(t —
‘—‘f,t—tzzo, t ltt 7 >0,0tkynat <0, 0<t<1; t>7.

Mput < O noayunm: 23" =1 < 0; 3 — 22 < 0, otkyna z < —V/3;
T > /3.

Mpu0 <t < 1 nomyunm: 0 < 23" —1<1; 0<3-22< 1,
oTKyla —vV3 < z € —V2; V2 < z < V3.

[Mprt > 7 nonyuum: 23-2" _ >7 3-2%2>3 otkynaz =0.

PelenneM Hcxo1HOro HepaBeHCTBa 6yeT

V3 -V3<z< —V22=0; V2<z < V3 z> V3.

Omsem: (—o0; —v/3); (—V/3; =v2}; 0; [V2; V3); (V/3; +00).

16. a) ITycTb Q) — TOuKa nepeceyeHHs NPoaO/LKEHHH 60KOBLIX CTOPOH Tparne-
UMM (cM. pHc. 16). Touka @, UeHTPBI OKPYXKHOCTeli H TouKa P JiekaT Ha OHOH
npsiMOii, MpHYéM QP — GUCCeKTpHCa NPSIMOYTOJNbHOrO TpeyrosbHHKa AQD.
AP _ QA

PD = 0D =sinD.

[To cBOHCTBY GHCCEKTPHCHI TPEYTOJIbHHKA HMEEM:

6) IlycTb OKpY>XHOCTb C LieHTpoM B Touke O; pamHycoM R = 9 kaca-

2
ercsi 60KoBoii cTopoHnl AB B Touke E, a ocHoBaHHsi AD — B Touke M,

OKPY>KHOCTb C LIEHTPOM B Touke Oz paiuycoM 1 = % Kacaetcsi 60KOBOH

cTopoinl AB B Touke F, a ocHoBaHHi BC' — B Touke N. OmycTHM nep-
neHauKyasp Oz H U3 LeHTpa MeHblleH OKPY>KHOCTH Ha oTpe3ok Oy E. Torza

O1H=0,E-HE = O1E-0O2F = R—r = -g——-;— = 2. Tak kak npsimas, co-

14
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E
’ w
II
1
D P M A
Puc. 16
e[IHHAIOLLAN LEHTPbI ABYX OKPYXKHOCTeH, MPOXOJHT Yepe3 TOUKY KaCaHHs 3THX
oKpyxkHocTtedl, 70 0102 = R+r = -g-+% = 3. 3Haunr, no Teopeme [Tndaropa,

EF = O;H = /0,03 — O, H? = /5.
O H

_ _ _ _ 2
Mycts LZAQP = ZHO;0, = «a. Torma tga = O i 7—
+

£BQC = 2a, ZBCD = 90° + 20, LO,CN = 1/BCD = 45°
H3 tpeyronbHuka O;C N HaxoauM:

NC = O;N ctg(45° + a) = O;Ntg(45° — a) = % Jl-tga _ 9-4v6

l+tga 2

Cneposarenvio, BC = BN + NC = % + 9—_24—@ =5—2v5.
AnanoruuHo, Z01 DM = 45° — a.

Torma M D =01 M ctg(45°—a) = O; M tg(45°+a) = 3. 1118 _ 45420V

2 1-tga 2
CnenoBatenvho, AD = AM + MD = + o+ 20 = 25+ 10v/5.
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[lockonbky AB = AE+EF+FB = R+O;H+r = %+\/5_+% = 3+/5,

noyuaeM: Sapcp = %(AD+BC)-AB = %(30+8\/5)-(3+¢5) = 65+27V/5.
Omsem: 65 + 27V/5.

17. Tlyctb KpemuT nuanupyetcs B3siThb Ha n Jet. Joar nepen 6aHKoM (B MJH
py6Jiefi) no COCTOSIHHIO HA HIOJIb JOJDKEH YMEHbLIATbCS A0 HyJsi PaBHO-

mepHo: 10, Qﬂn?—ll,..., l(—)r—l-'—z, —17—?, 0. IMo ycaoBHIO Kaxknaplit sIHBapb

goar Bo3pactaetr Ha 20%, 3HAuHT, MOC/EJOBATEJLHOCTb Pa3MepoB J0J-

ra (B MAH py6uaeii) B siHBape TakoBa: 12, 12(nn— 1),..., 1211.2’ 1_n2, 0.

CuienoBaTesbHO, BBINAATHl (B MJIH py6sieil) NODKHBI ObTbh CJIETYIOLUHMH:

2 + 1—, 2An=1) + 10,..., 4+10, 2+10 peero caefyeT BLITIAaTHTb
n n n n

10+2- (" +(n - 1): ¥ 24 1) =10+2- 244 = n4 11 (wan py6ires).

OO6was cyMMa BblILIaT paBHa 18 MJH py6Jiel, mostomy n = 7.
Omeem: 7.

18. M306pa3nmM Ha KOOPAHHATHOH NJIOCKOCTH MHOXECTBO TOYEK, KOOPAHHAThI
KOTOPBIX y[I0BJIETBOPSIIOT IEPBOMY YPaBHEHHIO CHCTEMBI.
Paccmotpum aBa ciyuast:
1) Ecan 22 + y2 > 16, nosryyaeM ypaBHeHHe
724+ 16z +y? + 16y +48 = x2 + y? — 16, 16z + 16y = —64, y = - — 4.
DTo ypaBHeHHe NPH COOTBETCTBYIOLIHX 3HAYEHHAX T H Y, YLAOBJIETBOPS-
IOLIMX HepaBeHCTBY T2 + y° > 16, 3a1aér ABa Jyya, BHIXONALIMX H3 TOYeK
A(—4;0) n B(0; —4) H pacnoJoXKeHHbIX Ha NpsiMOil y = —x — 4 (cM. puc. 17).
2) Ecan 22 + y? < 16, To nosyyaeM ypaBHeHHe
22 + 16z +y% + 16y + 48 = 16 — 22 — 32, 222 + 162+ 2y%> + 16y + 32 = 0,
(z+4)?+ (y+4)? =42
DTo ypaBHeHHe MPH COOTBETCTBYIOLIHX 3HAYEHHSAX T H Y, YAOBJIETBOPSIO-
LIMX HepaBeHCTBY 2 +y? < 16, 3a1aéT Oyry w OKPY>KHOCTH C LIEHTPOM B TOUKe
O(—4; —4) 1 paauycoM 4 ¢ KOHUaMH B TouKax A H B (cM. puc. 17).
Paccmorpum BTOpoe ypaBHeHHe cHcTembl. OHO 3ajaér npsmyio
¥y = —Z + a, Napa/ie/bHyl0 NpsAMOH AB HJH COBNAajalollylo C HeH NpH
a = —4 (B 3TOM CJyyae CHCTeMa YpaBHeHHH UMeeT 6eCKOHEYHOe MHOXeCTBO
pelleHHH ).
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Puc. 17

OueBHaHO, 4TO NpH a < —4 CHCTeMa YpaBHEHHH pelleHHH HMeTb He GyeT.
Ilpn a > —4 cHcTeMa ypaBHeHH#H GynieT HMeTb 6oJiblile OHOTO pelleHHs

TOTZa H TOJILKO TOT/A, KOrAa npaMas y = —z + a 6yZeT nepecekarb IyTy w B
JBYX Pa3/IHuHbIX TOYKAX.
Haiiném, npu KakoM 3HaueHHH a NpsiMast y = —I + a Kacaercs Iy-

rH w. M3 cooGpaxkeHHA CHMMETpHH 3aMeTHM, YTO KacaHHe O6YleT npoHC-
xoouT B Touke C C KOOpAMHATaMH (Zo;Yo), KOTOpast HAXOMMTCS Ha Mps-
Mo y = =z (cMm. puc. 17), otkyma zo = yo. [loacraBasis koop-
auHathl ToukH C(zo;Zo) B ypaBHEHHe, KOTOpOe 3alaéT Hyry w, HMeeM:
($0+4)2+(.’1:0+4)2 =42, |$0+4' =2\/§, To =2\/§—4.$o = —2\/5—4
He NPHHAJIEXHT Jyre w.

Torma a = zo + yo = 279 = 4v2 — 8.

3uaunt, npi —4 < a < 4/2 — 8 cHcTeMa MMeeT [Ba pelleHHsl, NpH
a = 42 — 8 cHcTeMa HMeeT OIHO pellieHHe, TIpH a > 4v/2 — 8 cucTeMa
pellieHHH He HMeeT.

Omsem: [—4;4/2 — 8).

19. a) Ilyctb nepBoHavasbHO Ha Jocke 6blJI0 25 yHces, pPaBHBIX 15, H 5 unced,
25-15+5-33 _

paBubix 33. Mx cpennee apudMeTHUECKOE paBHO 30

_ 3754165 _ 540 _

30~ 30 %
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Cpennee apHdMeTHUECKOE NOJYYHBLUHXCH YHCEJ PABHO

-‘Lé—@é — 165> 16.

6) Ilyctb ¢ nocku 6blIO CTEPTO k YHCEJ, CyMMa OCTaBLIHXCSH Obla paB-

Ha S, a cTaja paBHa g Mo ycsioBHIO OKa3aiHCh CTEPTHI TOJIbKO YHCJA, MO-

JIy4HBILHeCs W3 15, nosTomy S+ 15k _ 18. Otciopa S = 540 — 15k.

30
S
CpenHee apHdMeTHYECKOe OCTaBLIHXCH YHCeJ pPaBHO 330 — k)’ Torna
540 — 15k ) _ _ _
14 < 2(30 = k) < 15; 840 — 28k < 540 — 15k < 900 — 30k.

[locnenHee nBofiHOE HE€pPaBE€HCTBO 3alHLUEM B BHIE€ CHCTE€Mbl HEPABEHCTB

840 — 28k < 540 — 15k, [ 13k > 300, k> 23%3, —
540 — 15k < 900 — 30k, | 15k < 360, :

k < 24.
yuceJ k Her.
B) Haiiném HauGoJiblliee BO3MOXHOe 3HaueHHe CpelHero apHpmeTHue-
ckoro A 52—%%6_—1%9 OCTaBLUHXCS YHCEJ] B 3aBHCHMOCTH OT LEJIOYHC-

JIEHHOI0 aprymeHta k — nepBOHAYaJbHOIO KOJIHYECTBA yHucesa 15 Ha poc-
15 2k —60) - 90

540 — 15k _ 15k —540 _ 2
2(30 - k) 2k - 60 2k — 60
_15 90 _ 15 + 45 )

2 2k-60 2  30-k

Uncao A 6ynet Han60JbLINM, €C/IH HAHGOJbILHM GyNeT 3HaueHHe apry-
MeHTa k. OueHHM 3T0 3HaueHHe. Ka)kioe H3 nepBOHAYaJbHO HANHCAHHbIX Ha
JIOCKe ynce 6bli1o He 60n1ee 54, B KOHLE Ha AocKe ocTasnoch 30 — k uHced, no-
3TOMY AJIsi CyMMBbl OCTaBLIKXCS YHces S = 540 — 15k NOJDKHO BHINOJHATLCS

HepaseHcTBO 540 — 15k < 54(30— k), 39k < 1080, k < % <28, k< 27.

ke. Umeem: A =

Torma A< B+ B _ _995
T2 1 30-27 ’
[TpuBeném npumep, NoKa3bIBAIOILHH, YTO CpeaHee apHMeTHYECKOe OCTaB-
LIHXCS HA JOCKE YHCeJl 1eHCTBHTEbHO MOIVIO CTaTh paBHbIM 22,5. [1ycTb nep-

BOHAa4aJIbHO Ha I0CKe ObIJIO HaMnHCaHo 27 4HceJ], paBHbIX 15, H 3 UHCa1a, paBHbIX
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27-154+3-45

45. Mix cpenxee apHdpMeTHUECKOE GbLIO PABHO 30 = 18. CpenHee
apH(MeTH4YeCKOe OCTaBLUHXCS YHCEJ CTaAJI0 PABHO 3——327§ = 22,5.

Omeem: a) pa; 6)Hert; B)22,5.

Pewenne Bapnanta 9

1. O611ee uHCIIO IeTeH H BOCTIHTaTesel Biarepe paBHo 258+56 = 314. B oaun
aBTOOYC noMenlaercs 55 naccaxHpos. YHcs10 aBTOOYCOB, HEOOXOAHMBIX 115

35154 5 < %154 < 6. IlosToMy 4151 NepeBO3KH BCeX HalO
MHHHMYM 6 aBTOOYCOB.

Omsgem: 6.

NepeBO3KH, paBHO

2. M3 rpacduka BHAHO, YTO HaHMeHbLLas yaeabHas TeNJ08MKOCTb NoJydaeTcs
npu TeMnepatype okoso 40 °C 1 paBHa 4 180.
Omeem: 4180.

3. Ianua croponbl AB paBHa 7, Tak Kak AB cocTaBJieHa H3 CTOPOH KJIETKH.
Cpennssi IMHUS paBHa noJsioBuHe AB, To ecTb 3,5.
Omsem: 3,5.

4. Yto6bl noJieTeTh NepBbIM PEACOM HYXKHO MOMACTb B UHCJ0 5 TYPHCTOB H3 50.
3HauuT, 61aroNpHATHBIX HCXOA0B 5 H3 50 BO3MOXKHbIX. [103TOMY BepOATHOCTDL

5 _ 1
PaBHa £5 = 75-
Omsem: 0,1.

5. Tak kaK 625 = 25-25 = 52.52 = 5% 10 nosydaem ypasnenue 522732 = 54,
Otcopa22 -3z =4, 3x =18, £ = 6.
Omesem: 6.

6. Yron B tpeyroabhika ABC BriHcaH B OKPYXHOCTb H OTHpaeTcst Ha Ayry
B 180°. ¥roan B pasen moJsioBHHe OyrH, To ecTb 90°. [ToaToMy TpeyroJbHHK
ABC — npsAMOYTOJILHBIH C NTPSIMbIM YTJIOM B.

AC — runotenysa, AC =2R =2-4=8.

48 —sincsc, A8 —sinz0° =1 aB=8.1=4
Omeem: 4.
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7. B Touke MaKcHMyMa NpOH3BOAHAs pPaBHA HYJIO H NPH fepexoje yepe3 Heé
MeHsIeT 3HaK C MJI0Ca «+» Ha MHHYC «—>». Kak BHAHO U3 rpadHKa NpoH3BOA-
HOH (CM. pHc. 18), Takux Touek ase (O H A).

=Y

> 11

Puc. 18
Omsem: 2.
8. PaccmotpuM pucyHok 19.
B A4
G N D
\
] \‘
o
oA 7
] \\
I TR
Pl ~ 9
Puc. 19

Muororpanunk DAA; By B siBasieTcs THpaMHIOH, B OCHOBAHHH KOTOPOH
JIEXKHT NIPAMOYTONLHHK AA; By B, a BbicoToH ABJasierca AD.

[ostoMy Vpaa, 5,5 = %sDM,B,B "AD = %— .7.8-9 =168,

Omeem: 168.
9. cos(—930°) = cos930°, 930° = 3 - 360° — 150°.
[To dpopmynam npuBenetus nosyunm: cos 930° = cos 150° =cos(180° —30°) =
= —c0s30° = —?. IosTomy —22v/3 cos(—930°) = —22-¢§-(——\/—§) = 33,

2
Omeem: 33.
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10. CornacHo NaHHbIM, YKa3aHHbBIM B 3aj1aue, 0JyuaeMm:

36 = Il%,loo, 9 = 5%@.25, 9Ty = 25T — 352 - 25,
) )

16T, = 352-25, Ty = 3521—'625 = 550.
Omeem: 550.

11, [Tycte S — paccrosinHe Mexy ropojlaMH, TOrza Mo yCJI0BHIO

1 1 1 _ _¢_9¢_3s_1
3S+100-+-6,5'+200-+-4S+50_S, 350 = 128—125—48,
S =350-4 =1400.

Omsem: 1400.

12. Haxonum npoussoauyto y':
v =2z+12)-e7 3% 4+ (22 + 120 + 33) - e737% - (-1),
Yy =e37%(2r + 12 — 22 — 122 — 33),
Y = (—2% — 10z — 21)e 3% = — (22 + 10z + 21)e3-=.
Y =0npuz=—-Tnz=-3, e 3% >0.
Ha npomexytke (—7;0) dyHkuns y = f(x) HMeeT OQHY CTaUHOHAPHYIO

TOUKy (cM. puc. 20) £ = —3, TOUKY MaKCHMyMa, CJIe[JOBaTeJIbHO, B HeH (PyHK-
LIMS NPHHHMAaeT HaHOo Iblliee 3HaYeHHe.
(x
Yy o _ N S
yx) N 7 i
Puc. 20

y(—3) = ((=3)2 + 12 (=3) + 33)e3-(-3) =,
Omsem: 6.

13. a) IMpencrasum 4 = 4(sin® 2 + cos? 2z).
IMosyunm sin? 2z + 3 cos? 2z — 4sin 2z - cos 2z = 0.
Ecau cos? 2z = 0, o sin? 2z = 0, yto HeBo3MOXHO. [ToaToMy cos? = # 0.
Pasniennm o6e 4acTH ypaBHeHHs Ha cos? 2.
tg? 2z + 3 — 4tg2x =0, tg22x — 4tg2x + 3 = 0.
tg2r=2+vE-3=2%1.

1) tg2:z:=1;2x=arctg1+7m;2:v=%+7m,x=%+7r—2n,n€Z.

2) tg2z = 3; 2z = arctg3 + 7k; z = %a.rcth—i— %k,k € Z.
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3
arctg 3
1
A 1 _1:_ | 2 art'tg 3

4/ /

I

8

i 0 .
Puc. 21

6) Hainém KopHH ypaBHeHHs, pHHaLNeXalLHe MPoMexXyTKy [0; 1]
(cMm. puc. 21).

1

5 arctg3 < T < 1,10 £ 1 arctg 3 saBJisiercd

Tak kKak 0 < arctg 3 < ,0< = ) 2

peweHHeM. 0 < % < % < 1, 3HauHT, %Tame IBJISIETCS PeLIeHHEM.
JlpyrHe peleHHs He MOMAXYT B MPOMexyToK [0; 1], Tak KaK OHH MOJy4aioT-

csi M3 umcen 1 arctg 3 u T npuGaBeHHeM UHCe], KpaTHbIX <.,

Omeem: a)—+ 2, neZz _C;jg__+7fk k € Z;6) %’arc;g3_

14. a) Tlpsamas MN nexut B niockoctH (M NN,), (MyP,) nepecekaer
(MNN,) B Touke M, ¥ Toraa no NPH3HaKy CKpEeLUHBAIOLHXCH NPAMBIX M N
H M P, — CcKpeluHBaloLIHecs npsiMble (CM. pHc. 22).
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Puc. 22

[Tnockocth MNP v M N; P napaJJiesibHbl KaK OCHOBaHH# NpH3MBl. [1o
YCJIOBHIO NIPH3Ma NpsAMas, 3HaYHT, Kaxkaoe 60KoBoe pe6po NeprieHIHKYJ/ISIpHO
OCHOBAHHSAM, CJIe[I0BaTe/IbHO, IBAAETCSA PACCTOSHHEM MeXIY CKPELLHBAaIOLLIH -
MHcs npaMbiMH M N u M; Py, uto u Tpe6oBaJjioCh 10Ka3arTh.

6) Ilpoeném NH L MP, torna NH — BbicOTa H Me[HaHa B paBHO-
6enpesiom AMNP. KH — menuana AMKP. NH — npoexuus KH Ha
(MPN)u NH 1L MP. Caeposateavdo, KH 1 MP (no TeopeMe o Tpéx
neprieHaHKy/spax).

ZKHN — JuHehHbli yros aByrpaHHoro yra KMPN, ortkyna
ZKHN = 60°.

B AKPH xater KH = VKP? — PH? = /81 — 27 = /54 = 3/6.

WUs AKNH kater KN = KH - sin 60° = 3v6 - 123 = 9-\2@

Mo ycaosuio NK : NyK = 3: 4. N\ K = %NK, MK =62
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NN, = NK + MK = 21V2

2

Omsem: %
15 O43:

(5-2>0, (z<5,

5—x#1, T #4,

z+5>0, x> -5, - _a.
Y4-z>0, Jz<g CHAUESD.
z+4>0, T > —4,
lz+4#] | z# -3

Ha O3 3nak log,b coBnamaer co 3HakoM (a — 1)(b — 1), no-
3TOMy HCXoAHoe HepaBeHcTBO Ha OJI3 paBHOCHJIBHO HepaBeHCTBY
G-z-1)(z+5-1)(z+4-1)4—-z-1)<0.

(4—z)(z +4)(z +3)(3 —z) < 0(cm. puc. 23).
=z € [-4;-3]U[3;4].

+ - + =+
-4 -3 3 4 x
Puc. 23

C yuérom O/13 nosyuaem: z € (—4; —3) U [3;4).
Omsem: (—4;-3) U[3;4).

16. He Hapywiasi 06LUHOCTH, MOXKHO pacCMOTPETh OIHY H3 BO3MOXHBIX KOH-
durypaunit (cM. pac. 24).

a) Beicora AABF BK 1| AF = AABF n AFBK — npsiMOyroJibHble,
OHH Noa06HbI (10 o61ueMy yriay F).

6) IlposenéM MN 1 AD. Torna MN — paccrosiiHe OT TOYKH M 10
npsimoit AD.

AABF, AMNF, ACDF — npsiMoyroJibHble, HX OCTpbIf yroa F' — 06-
IIHH, 3HAYHT, OHH NOJOOHBI.

AMNF ~ AABF = MN _ FM ,  FM-AB

AB ~ FA’ FA
MN _FM FM-CD
AMNF ~ ADCF = —+~ TD FD,MN- FD -

FM~AB-FM-C'D_FM2-AB~CD_

2 _
Torna nomyunm M N* = FA-FD ~ FA-FD
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B A
Puc. 24

ITo TeopeMe 0 ceKylLieil H KacaTeabHOH HMeeM:
FM? = AF - FD,torna MN? = AB-CD = 20.

MN = 20 = 24/5.
Omeem: 2/5.

17. IMycrb BrAaz aexadn nox 5 % ronosbix p et U k jeT Braas aexan noa 10 %
ronoebix. Tora nocJe p+k sieT Bklag coctasua 96 000-1,1%.1,057. [Tponexas
ellé rofl, BKJIaA A0CTHT 96 000 - 1,1% - 1,057 - 1,25 = 120000 - 1,1% - 1,057, nnpu
3TOM 06K CPOK XpaHeHHst paBeH (k + p + 1) Jier.

CocTaBHM ypaBHeHHe:

120000 - 1,1% - 1,05 = 160 083.

JlomMHOXHB 06e yacTu Ha 10F - 1007, nosydum:

120000 - 11* - 1057 = 160083 - 10* - 100,

40000 - 11% . 1057 = 53 361 - 10* - 1007,

40000 11% .37 . 57 . 77 = 53 361 - 10* - 1007,

40000 - 11%-37 - 52 . 7P = 32.72. 112 . 10* - 100”. (1)

[TpoBepum paBencTBo (1) npup =2H k = 2.

40000 - 25 = 1 000 000.

1000000 = 1000000 — paBeHCTBO BEPHO.

Yuesio Kaxaoro H3 MHOXKHTeNel 3, 7 v 11 B paBO# YaCTH paBeHCTBa paB-
HO 2, 3HauHT, p = 2 ¥ k = 2, NIpH 3TOM PaBEHCTBO BEPHO.

O6uiee koavyecTBO NeT: k +p+1=24+2+4+1=5.

Omegem: 5.
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18. O6aacTb onpeaeseHusi HCXOAHOH (PYHKUHH 3a1a€TCA CHCTEMOH Hepa-

BEHCTB
O0<a<lunina>1,

>0,

T#1,

log,z > 0,

Vvzlog, 5 — y/alog, 5 — 23 7108 (108, 2) +yalog,z > 0.

[Tpeo6pa3syem nocnenHee HepaBeHCTBO

1Oga 5(\/— - \/E) - \filogaz + \/Elogaz >0,

(v — v/a)(log, 5 — log, z) > 0, (z — a)(z — 5)(a — 1) < 0.(1)

EcmnO<a<1l,T0a—-1<0.

HepagenctBo (1) npumer Bua (z —a)(z —5) > 0, rae z € (0;a) U(5; +00),
NPH 3TOM NPH T > 5 ycJioBHe log, = > 0 HapylueHO A5 BCeX 3HaUeHHH T, a Ha
npoMmexxyTtke (0; a) HET LeJbIX YHCEJI.

Ecana >1,10(a—1) > 0.

HepaseHncTBo (1) npumer Bua (z — a)(z — 5) < 0.

a) Ilpu 1 < a < 5 uesbix KOpHe# Ha poMexyTkKe (a; 5) He 6oJblile 3.

6) Ecana > 5,10 x € (5;a) 1 4 uesbix KopHs 6ynet npH a € (9;10], Tak
Kak B IPOMEXYTOK (5; a) L0/KHbI BOHTH LeJble ydcaa 6, 7, 8 1 9, a 10 Bo#iTU
He IOJDKHO.

Omsem: (9;10].

19. a) Ecaun 6b1 Kpecaa cTosiin B psif, TO NepBOe KPecJo MOXHO Gblio Gbl
BbIOpATb LWECTbIO Crloco6aMH, BTOpoe — MATbIO, TpeTbe — YeTblpbMsA. Bee-
ro6b10 6616 -5 -4 -3 -2 = 720 cnoco60B.

OnHako 3a c4ET MOBOPOTA KaXKAblH Croco0 NMPH TAKOM NOJACUYETE CYHTAETCS

naTb pas, To eCThb Z%Q = 144 cnoco6a.

6) Ecan npencraBsieHbl Kpecsia YeTbIpEX BHIOB, TO TPH BHIA MpeNcTaB-
JieHbl OIHUM KpecJioM, a OfHH BHI — IByMsA. OJHH BHJ, NpelcTaB/eHHbIA
IBYMsi KpecJlaMi, Mbl MOXKeM BbIGpaTh WIeCTbio crioco6aMH. 3aTeM U3 MATH
OCTaBLIHXCS BbIOHPaeM TPH BHAA, 3TO MOXKHO C/1eJ1aTb TAKHM 2Ke UHCJIOM CIOo-
c0060B, KAKHM MOXHO BbIOPaTb ABAa HEUCIOJb3yeMbIX BHIA H3 MAITH, TO €CTb
5.4

2
3HauuT, cyuiecTByeT 60 crnoco60B BbiOpaTh OIWH BHI, NpelCTaB/eHHbIN
JIByMst KpecJiaMH, H TPH BHAA, NpeCTaBJeHHble OJHHM KPeCJIOM.

[TycTb onucaHHbii Bbllle BHIGOp ClesiaH, H y Hac yxe OTOGpaHO 5

kpecen. CHaya/la paccTaBMM HX B Psil, CUHTasi pasJiHuHbIMH. [losydum

= 10 cnoco6amH.
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9-4-3-2-1 = 120 cnocobos. Tenepb yuTEM TO, UTO OAHH BHJ MOBTOPSi-

eTca aAaxabl. [Toayunm: l—gg = 60 cnoco6oB. HakoHeL, y4yTéM NOBOPOTbI H
NOJIYYHM: %) = 12 cnoco60B. 3HayHT, Bcero 60 - 12 = 720 cnoco60os.

B) Bo3Moxbl 3 caryuas.

1) Bce kpecna pa3nuyhbl. Torma cOOTBETCTBYIOILMX Croco6oB — 144
(CM. MyHKT a).

2) Tpy BHAa npe[cTaB/eHbl OHHM KpPeCJIOM, a ONHH BHI — OBYMsl. Takux
crnoco60B — 720 (cM. NMyHKT 6).

3) OnuH BHI KpeceJ NpeacTaBJieH Ha Kapycesid OJIHHM KpecJsioM, a IBYM
BHJaM COOTBETCTBYET I10 ABa KpecJa. Bbol6paTh 0HH BHL, a 3aTeM /ABa APYTHX
MOXHO 60 crioco6aMH (He yYHTbIBasi NOPAAOK Bbl6OpA ABYX MOCJENHHX ).

Ecain 6b1 5 Kpeces 6blIH pa3JIHUHBIMH, TO HX MOXKHO GbL10 Gbl pacCTaBHTD
B pad 5! = 120 cnoco6amu. YuHTbIBasi NOBTOPSIOLIMECS KPecaa, MOJy4YHM:
120
2.2
3TOM cJrydae 6 - 60 = 360 cnioco60oB.

O6utee yucaio cnoco6oB pasro 720 + 360 + 144 = 1224.

Omeem: a) 144; 6) 720; B) 1224.

= 30 croco60B, a y4HTbIBast NOBOPOTbl — % = 6 cnoco6oB. Bcero B

Pewenne Bapnanra 13

1. Tak kak HaJsior Ha [oxoapl cocTtaasier 13 % oT 3apa6oTHO# Na1aThl, TO AJlek-

canapy BanentuHoBuuy octanetcst 100 % — 13 % = 87 % 3apa6oTHoii naiaThl.
Haiiném sty cymmy 22800 - 87 : 100 = 19 836 (py®6.). '
Omsem: 19836.

2. Hcnonb3yst anarpammy, HailéM KOJIMUECTBO MeCsiLEB, Kora cpeaemMecsi-
Has Temneparypa Hixke 10 °C, 3710 siHBapb, eBpaJib, MapT, OKTA6Pb, HOSOPD,
nexkabpb. To ecTb 6epéM Mecsiubl HHXKe MPSIMOH, Npoxonsilled yepe3 TOYKY
(+10 °C) n napa/yeJbHO NNPAMOK C 0603HaYeHHeM MecsiLieB. HMIx 6.

Omegem: 6.

3. EcJiH B yeTbIpéXyro/ibHHK MOXKHO BIIHCATh OKPY?KHOCTb, TO CYMMBI €ro Npo-
THBOIOJIOXXHBIX CTOPOH paBHbI (CM. pHC. 25).

AB+CD =BC+ AD.

29+ 28 =27+ AD, AD = 30.

Omsgem: 30.
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A

Puc. 25

4. TlycTb co6biTHe A 03HauYaeT, YTO LIKOJIbHHKY Ha 3K3aMeHe J0CTascsi BOMIPOC

no teme «[Ipo3a XIX Beka», co6biTHe B — Bomnpoc 1o TeMe «[1po3a XX Be-

ka». [To ycnosuio P(A) = 0,28, P(B) = 0,15 1 co6biTHss A 1 B HeCOBMECTHBbI.

Hckomas BeposiTHocTs paBHa P(AUB) = P(A)+P(B) = 0,28+0,15 = 0,43.
Omesem: 0,43.

5. 4::-16 = —6-1—4’ 41_16 = 4_3, r—16 = _3, I = 13

Omesem: 13.

6. Ilyra AC cocrasasier % JyTH OKPY>KHOCTH H paBHa 90° (cM. puc. 26).

ZABC = % — AC = 45°.

\

21\

Puc. 26

Omeem: 45.

7. Ha pucyHke 27 n3v0OpaxéH rpadHK npoH3BOLHOH, ONpPeAeNEHHOH Ha HH-
tepsasie (—7;10). f'(z) < 0 Ha npoMexyTKe oT 2 10 9, TO €CTb NPOMENKYTOK
yObiBaHHs (pyHKUHMH Oyaer oT 2 10 9 H ero [/iMHa paBHa 7.

Omsem: 7.
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b
N pd

Puc. 27

8. JlaHHBIA MHOTOrPaHHHK COCTOMT H3 YETbIPEX MHOIOrPaHHHKOB, H OGBEM
JaHHOTO MHOTOTPAHHHKA COCTOHT H3 CyMMbl OGbEMOB YeTHIPEX MHOIOIPaHHH -
KOB.

V=W+Vo+V3+V,

[lepBblii MHOrOrpaHHHK — ero H3mepeHusi 12 —8 = 4; 3;10 — 5 = 5.
Bropo#t MHororpanuuk — 8; 3; 5. TpeTHit MHororpaHuuk — 8; 4; 5.
YerBEpThIfi MHOTOTPAHHHK — 8; 3; 5.
V=4-3-54+8-3-5+8-4-5+8-3-5=060+120+ 160+ 120 = 460.
Omesem: 460.

900sﬂ-—é—\/: Be( 3_7r ,smﬂ<0

sinf=—-y/1—-cos?f = 1/ 1617217 17

_sing _ 17 _
tg B = oy -4\/_7 = (,25.
17
Omsgem: 0,25.

10.C =3-10"% &, R =107 Om, Uy = 32 kB, a = 0,7.

t = aRClog, Up 4 > 42.

U ’
IToacTaBuM Bce naHHble B hopmyJry.

- 32
0,7-107-3-10"%1log, 2= Tz > 42 21- log2 U > 42,
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32

log2U>2 Q

U
3HauuT, HaHMeHbllee BO3MOXKHOE HanpspkeHHe Ha KOHIeHCcaTope paBHo 8.
Omeem: 8.

24, U<8.

11. [NepBasi pupma — 150 - 20 : 100 = 30 (MJH py6.).
Bropas dupma — 22,5 (MJH pyé. ).
Tpetbst hupma — 0,3 - 150 = 45 (MaH py6.).
Uersépras pupma — 150 — (30 + 22, + 45) = 52,5 (MJH py6.).
YacTb OT yCTaBHOrO KamHTajla, KOTOPBIH COCTaBJIsieT B3HOC YeTBEPTOH

¢upMbl, — %bé = 0,35.

HaiinéM cyMMy oT npHObIIH, IPHYKTAIOLLYIOCS YeTBEPTOH UpMe.
100 - 0,35 = 35 (MJH py0.).
Omeem: 35.

3
12.y = %zi — 5z + 24 (cM. pHc. 28).

7

1
y=§%‘$§—5,y’=x7—5,y’=0.x'2'=5,x=25-
/
=Y %

o 25 el
Pnc. 28

t3 4

[lpn nepexone uepes Touky x = 25 NMPOH3BOAHASA MEHSIET 3HAK C «—» Ha
«+», T = 25 — TOYKA MHHHMYyMa.

Omeem: 25.

13. a) PaccmoTpum aa cayyasi:

1)sinz > 0, Toraa |sinz| = sinz u ypaBHeHHe NpuMeT BHA 2cosT = 3,

HJH COS T = % YpaBHeHHe He HMeeT KOpHel, TaK Kak —1 € cosz < 1.

2)sinz < 0, Torza |sinz| = — sin z ¥ ypaBHeHHe NPHMET BHA 2cos T = 1,
HIHCOST = -% T = :{:%+27rk, k € Z. YuntbiBasi ycsioBHe sin xz < 0, NOJyYHM:

z=—§+21rk,k€Z.
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6) OT6epéM KOPHH ypaBHeHHS, NpHHALEXKalllHe NPoMexyTKy [—1; 8].

3,14 < 7 < 3,15, caenoBaresibHo, —m < —3, 14, TO ecTb ——% < -1

—-g + 27 = §31 < 8, caenoBaresibHo, %’r € [-1;; 8]
T _1x
3 +4r = 3 >8.
Moayunau uncso ST _ enMHCTBeHHbIH KOpeHb Ha pacCMaTpPHBaEMOM Npo-

3
MeXyTKe.

Omasem: a) —% + 2k, k € Z;6) %E
14. a) B nnockoctu rpanu AA; By B uepe3 TouKy A npoBeléM npsimylo, na-

panneabHyto A B. Q 1 K — TOUKH nepeceyeHHst 3TOH NPSMOH COOTBETCTBEH-
HO C NpAMLIMH A; By ¥ BB (cM. pHc. 29).

K

Puc. 29

INpsimas K M nepecekaet pe6po BC B Touke N, a pe6po B1C; — B T04-
ke S. OTtpe3ok SQ nepecekaer pe6po A; D, B Touke T'.

YetuipéxyronbHik ATSN 06pa3syloT HCKOMOe ceYeHHe, Tak KaK BCe ero
BEpLIHHbI JIeXKaT B MJockocTH QSK, KoTopasi Npoxoaut yepes AM H npa-
myio AK, napaanenbhyio A; B, u, cnegosarenbHo, (QSK) || A1 B.

6) 1) B naockoctd rpavn AA; B; B noctpoum otpesok AK | A;B.
A1B || (AMK), AK = A1 B (cM. puc. 30).
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2) B naockoctd BCC, nposeném BR 1| MK, torzaa no Teopeme, o6paTHOH
TeopeMe O Tpéx nepnenaukyaspax, AR L MK xak HaKJOHHas K NJIOCKOCTH
BCC}, npoexunsi kotopod BR | M K 110 nocTpOeHHIO.

3) Ilnockocts ABR 1 MK, cnenoBaresibHO, Jiio6asi NpsiMast NIJIOCKOCTH
ABR nepnenarKyasipua npsiMmoit M K.

4) Ilposeném orpesok BH L AR. JlnuHa 3Toro oTpe3ka — HCKOMOe paccTo-
sIHHe.

JefcTBHTesbHO, OTpe3ok BH nepreHAHKY/NsipeH ABYM NepeceKarol1Mes
npambiM (AR 1 M K') niiockocth AM K, napajnienbHoi A, B.

5) U3 AM BK Hainném sbicoty BR (cM. puc. 31):

D] CI
/
I
4, ! B
i M
i
/) == /7¢€
A
H T]R
'K
Puc. 30

MB =2v?2, BK = 4, /MBK = 135°. 1o TeopeMe KOCHHYCOB
MK =VMB? + KB2 —2MB - KB -cos135° =

=\/8+16—2-2\/§-4-(—ﬁ)=2\/1_0-

2

SMBK=%MB-BK-Sin135°=%-2&-4-%:4’

SMBK=%MK-BR=%-2m-BR=BR-\/T6.

v10- BR = 4, otkyna BR = 2\-{5—1—‘6

M3 npsamoyrosbHoro TpeyrosibHHka ABR BoicoTy BH HaiiéM H3 YCJIOBHSA
AB-BR = AR - BH.
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C B
M N
C, B, K
Puc. 31

ITo Teopeme IMudaropa us AABR AR = vAB? + BR? = \/ §§, TOrAa
4. -&C = /% BH,BH = ihl@.

Omsem: 4—‘1/1—_
2w+1#0, | z#-1
15.0113: ¢ —z >0,
z4+2>0; z <0;
Tz > —2.
-2<z< —%, ——:‘12- < z < 0. [JaHHoe HepaBeHcTBO sl Bcex = W3 O113
PaBHOCHJIbHO HepaBeHCTBY log z+2 > — 3 .
2 4 2z +1

Pemmm nocnientee HEPABEHCTBO Ha KaxKIOM H3 TIPOMEXKYTKOB OIIB

l)-2<z< —%. OLeHHM JieByI0 H [IPaBYIO YaCTH HEpaBeHCTBA!

3
2z +1

T+ 2 3

log2 4 < 10g2 g < 0, - > 0.

Tak kak ana BCcex T H3 MpoMexyTka (—2; —%) BbIMNOJIHAIOTCA HepaBeH-

r+2  __3

T+2 __3
< 0 < —z———, To HepaBeHCTBO log, 7] TESN

4 2z +1°

cTBa log,

a cs1e[10BaTe/IbHO, H HCXOJHOe HepaBeHCTBO Ha MpomexyTke (—2; —% ) He HMe-

eT peLleHHH.
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2)Ecan —% < z < 0, TO BBIMOJIHAIOTCS HEPABEHCTBA

log, :612 > logzg > log, i— > =2

—23:‘3_ 7 < —3,TakKak 0 < 2z+1 < 1. 3HauHT, 060 3HaYEHHE H3 MPOo-
1, z+2 3
MeXYyTKa ( 2,0) IBJISIETCS pelueHHeM HepaBeHCTBa log, > Ta5n 1

a ¢J1e10BaTeJIbHO, H HCXOJHOI'0O HEPABEHCTBA.

]/ITaK, MHOX>XECTBOM peme}mﬁ HCXOJHOIro HepaBE€HCTBA ABJIAETCH INpPOMe-

o (- 0).

Omesem: (—

m)

16. Touka O paBHoyma/neHa OT TOYeK A M B, 3HAUHT, JIEKHT Ha CEpeHH-
HOM NepIeHHKysipe K oTpe3ky AB, To ectb O NpHHAA/NEXHT nipsaMoi M N
(cm. puc. 32).

D=

A a D
a V13
2
ME N 0
C
B
Puc. 32

a) I'sowans kBagpata He MoxeT GbiTb GoJiblle JH60 paBHA 36, Tak Kak
TOrZla CTOpOHa KBajpara Obia 6bl 60Jblue JIHOO paBHa 6, YTO HEBO3MOXKHO.
JleficTBHTEJIbHO, B NPSIMOYTOJILHOM TPEYTOJIbHHKE KaTeT BCET/ia MeHblile THIo-
TeHy3bl, I03TOMY B IPAMOYTOJIbHOM TpeyrosibHHke AOM BepHbl COOTHOLIEHHS
MO = MN + NO < AO, otkyna MN < AO,aTtakKak MN = AB,T0H
AB < AO,AB > 6, AB < 5 = AO. Torna 6 < 5, 4TO HeBepHO.

6) BBeném o6o3nauenns: AD = a, ON =z,
torna AM = MB = DN = %, MO = a + z. TlpuMeHss 1BaXKbl TeOpeMy
[Mudaropa s AAMO v ADNO, nosy4ynm cucreMy
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2 2
(a+xz)2+2% =25 | a®+2az+22+% =25

4 4
2 2
2 a” = . 2 a” = .
x-+4 13; m—+4 13;
a®+2azx-12=0,
2
2, 8% _ qa.
T+ 4 13;
U . 12—qa?
3 MepBOro YpaBHEHHA BLIPA3HM X H NOACTABHM BO BTOpOe: T = 5

12-a?\ |
(———za—) + T= 13. BbinosHUB TO2KAECTBEHHbIE TPe0Opa3oBaHHs, NOJy-

YMM GHKBaJpaTHoe ypasHeHue a* —38a?+72 = 0, otkyna a® = 36w a® = 2.
Hrak, naowanp kagpata ABC D paBHa 2.
Omsem: 2.

17. BHecéM naHHbIe B Ta6JIHLL.

OTtneaenne |Yucao KopnopaTHBHbie BroaxeTHbie YacTHble
6aHka | KaH- KAHEHTBI OpraHH3alHH KJHEHTbI
€HTOB
%] UYucao % Yncao %| Uuncao
KJIHEeHTOB KJHEHTOB KJAHEHTOB
I x 45| 0,45z 55 0,55z
I1 y |10 0,1y 40{ 0,4y 50 0,5y
111 z |30 0,32 70 0,7z
[locne |z+y+415|0,1y + 0,32 0,45z+0,4y | ? |0,552+0,5yH
06belMHe U HJIH +0,7z
0,15(z+y+2)

UHcno KOpNOpaTHBHLIX KJAHEHTOB OO0 OObLEJHHEHHs OTIesieHHH O6aH-
KOB H TNoCJie OJHO H TO Xe, NO3TOMYy MOXHO COCTABHTb YpaBHEHHe

0,1y+0,3z = 0,15(z+y+z), oTKyna z = y—+3—333 [Tocsie o6beHEeHHs OTAE-

0,55z + 0,5y + 0,72
r+y+z )

JieHHH 6aHKa J10J15 YaCTHBIX KJIHEHTOB CTaJ/la paBHa A =
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0,55x+0,5y+0,7-ﬁ3ﬂ 552 + 50y + 70 . Y1 3%

3
Torma A = = =
:c+y+y—'%§£ 100(x+y+L-+;3—3£>
11z + 10y + 14 £+32 75+44. ¥
_ 1 3 _ 1 Tz+d4dy 1 T _
20 T 20 6zx+4y 20 -
z+y+y—+§—3£ T 6+ 44
66+441‘zi . . .
36 + =55 |11+

6+4% 4¥ 46 4 + 6
T X T

fcHo, yto % > 0(no ycsioBuio z > 0,y > 0), npH 3TOM % MOXeT [PHHHU-

MaTh Jito6ble palHoHaJ/bHble 3HaueHHs!, 6oJblune 0).

4.¥46>6 0< —1 — <1
T 6
6+4 -4
T
11 <114 —3 <11+%=12,5.
41l%+6

3HauHT, NPOLEHT, KOTOPbIA MOIYT COCTaBJIATb YaCTHble KJIHEHThl, TO €CTh
A - 100%, ynossieTBopsieT IBOHHOMY HepaBeHCTBY.

1 1
2 11:100% < A-100% < 20 12,5 - 100 %.

55% < A-100% < 62,5 %.
Omeem: (55%;62,5%).

18. 3ameruM, uyTo ecnH napa (zo;yp) — pelUeHHe CHCTeMbl, TO HNaphl
(—zo; =¥0), (M0;Z0), (—Yo; —To) TAKXKe SBJSIOTCA PELICHHAMH TOH CHCTe-
Mbl. [Tapht (zo; yo) H (—Zo; —Yo) pa3/HUHBI, TaK KaK B IPOTHBHOM CJIyyae napa
(0;0) 6bli1a 6bl pellleHHeM CHCTEMBI, a 3TO He TaK (MHaye W3 NepBOro ypaBHe-
HHs 2a = 0, a = 0, 4 BTOpOe ypaBHeHHe He o6palilaeTcsi B BepHOE PaBEHCTBO
npi z = y = 0). Paccyxnas aHaJIorHYHO, MOJy4YHM, 4TO napul (yo; Zo) H
(—yo; —Zo) TOXKE Pa3THUHBI.
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CHcTeMa HMeeT 1Ba pellleHHsl, eCJIH COBNajaloT napsl (Zo;Yo) H (Yo; Zo)
HJH coBnafaoT napsl (Zo;Yo) H (—Yo; —Zo), TO €CTb NHGO BHINOJIHSAETCS pa-

BEHCTBO Zg = Yo, IGO0 BHIIOJIHSAETCS PABEHCTBO To = —Yo.
Ecau ¢ = yo, TO HCXOLHAs CHCTEMA YPABHEHHH NIPHMET BHA:
2y2 = 2a,
2 _ 1
Yo=0aa— §.

Sra cHcTeMa HeCOBMECTHA, TaK KakK paBeHCTBO a = a — % HEBEpHO.

Ecan 2o = —yp, TO HCXOAHAs CHCTeMa ypaBHEeHHH NPHMET BHA!
2y2 = 2a, . )
1 OTKyla HaxoouMa = = —@a; a = =.
-y¥=a- > 2 4
IMpua = —}i HCXOJHAasi CHCTEeMa yPaBHEHHH NPHHHMAET BHL:
1
1
Ty =—=.
v=74

YMHoOXasi BTopoe ypaBHeHHe Ha 2 H CKJI1a/iblBasi pe3yJIbTaT C [epBbIM YpaB-
HEHHeM CHCTEMbI, NTOJYYHM PaBHOCHJIbHYIO CHCTEMY

2,.,2_1 2 _1
Try =g 0TKyJa 2z -2
(z+y)* =0, z=-y.

3Ta cHCTeMa HMeeT [1Ba pellieHHs! (%, —-—21-) H (—%; %), 3HAYHT, JeHCTBH-

TE€JIbHO, @ = % — €JHHCTBC€HHOE€ 3HAU€HHE NapaMeTpa, I[IPH KOTOPOM CHCTEMA

HMeET POBHO Ba PELIECHHS.

.1

Omsem: 1
19. a) HauMeHblLee obliee KpaTHOe yKces JaHHOTO Habopa paBHO
330 =2-3-5-11. 3anuieM Bce BO3MOXKHbIE AeJIHTesH yucaa 330:

1; 2; 3; 5; 6; 10; 11; 15; 22; 30, 33, 55; 66; 110; 165; 330.

3aMeTHM, UTO eIHHHLILI CPeJH YHCeJl TAHHOIO Habopa HeT, TaK KakK I1o ycJio-
BHIO 1151 JIIOGBIX ABYX JIaHHBIX YHCEJI HX HAaHGOJIbIUIHH 0OLUMH JesIHTe b 60Jblle
eTHHHIbL.
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[Tpeanonoxum, uTo 2 npHHa/IEXKHT AaHHOMY Ha6OPY YHCeJ, TOr1a KaXa0e
JpYyroe YHCJIO H3 JaHHOTro Habopa YHCeJ, a CJ1eJ0BaTe/IbHO, H HX CyMMa Y€THOE,
TaK KakK Han6oJIblIHA OOLIHA AesHTeab LA JoObIX ABYX YHces 60Jiblue eqH-
HHubl. Ho, no ycsioBHIo, cyMMa paBHa 755. 3HaUHT, YHC/I0 2 He NPHHALIEKHT
JlaHHOMY Ha6opy YHceJI.

EcJiH npeanosioxuTh, YTo YHC/IO 3 NPHHALMEKHT JaHHOMY HaGopy YHcel,
TO OCTaJIbHble YHCJ1a Habopa, a cye]oBaTebHO, H HX CyMMa neniatcs Ha 3. Ho
755 He IeJINTCA Ha 3, C/lel0BaTe/IbHO, 3 He COAEPXKHTCS CPelH JaHHBIX YHCeI.

6) [1peanonoxum, yto 10 NpHHAIEKHT AaHHOMY Ha6opy uuces. Toraa oH
He MOXKeT coiepxaTb yHcaa 11 H 33, Tak Kak ux o61LHH JeIHTe b ¢ YHCaoM 10
paBeH 1.

Torna ocraércs 10 yncen (He cuuTas uHcaa 10), H3 KOTOPLIX Halo CoCTa-
BHTb TpeGyeMbli Habop — 3To yHcaa 5, 6, 15, 22, 30, 55, 66, 110, 165, 330.
Ecan uncno 5 Bxoaut B Ha6op, TO HA60P COCTOHT H3 YHCEJ, KpaTHbIX 5: 5, 10,
15, 30, 55, 110, 165, 330 (8 uHCes1, 3HAYHT, HH OJJHO HEJb3sl HCKMOYHTB ). CyM-
Ma YyHces 3Toro Ha6opa paBHa 720 # 755. TakuM o6pa3oMm, yHcJsI0 5 B HaGop
He BXOIHT.

SIcHo, uTo H3 yHces 15 H 22 B Ha6Op MOXKET BXOAHTb TOJIbKO OJHO, PaBHO
Kak H3 yHcea 6 H 55.

ITpeanonoxum, He Bxoasar 15 u 6. Toraa Ha6op: 10, 22, 30, 55, 66, 110, 165,
330; cymMa yncen HaGopa paBHa 788 # 755.

[1pennonoxum, e Bxoast 15 u 55. Toraa Ha6op: 6, 10, 22, 30, 66, 110, 165,
330, cymma uHces1 Habopa paBHa 739 # 755.

[Ipennonoxum, He Bxoasar 22 v 6. Toraa na6op: 10, 15, 30, 55, 66, 110, 165,
330; cymMma uHcen Habopa paBHa 781 # 755.

HakoHeu npearnonoxuM, uro He Bxoast 22 u 55. Toraa na6op: 6: 10, 15, 30,
66, 110, 165, 330; cymma uHces Habopa paBHa 732 # 755.

Taknm o6pasoM, 10 He BXOOHT B AaHHBIH HAGOP.

B) M3 npenplmylnx nyHKTOB caedyert, uto uncaa 1, 2, 3, 5, 10 He BX0oAAT B
AaHHbIH Ha6op. Ecax B Ha6op BXoaHT yKcJo 11, To Habop: 11, 22, 33, 55, 66,
110, 165, 330, cyMMa ero unces aeaHTCA Ha 11, a 755 — HeT. 3HauHT, Habop He
COIePXHT yHcaia 11. M3 uncen 15 1 22 B HaGop BXOIHT He 60J1ee OTHOTO YHCJIA,
KaK H H3 napsi (6, 55). [ToouepéaHo Hckouas napsi (15;6), (15; 55), (22;6),
(22;55), HaftnEM, YTO eIHHCTBEHHbIN MOAXOAALLHHA HAG0p COCTOHT H3 YHCes 6,
15, 30, 33, 66, 110, 165, 330.

Omeem: a)Het; 6) Her, B) 6, 15, 30, 33, 66, 110, 165; 330.
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Pewenne Bapunanra 17

1. To ycnoBHio 100% — 80 % = 20 % »kuTesneil HHTepecyloTcA (yTOOJIOM.

3To cocTaBJsieT 12000?%) - 60000 = 0,2 - 60000 = 12000 yenosek. 13
HHX 70 % cMoTpesio No TesieBH30py HHAJA JIHIH YEMITHOHOB, YTO COCTaBJIA-
0% =07 -
er 100 % 12000 = 0,7 - 12000 = 8 400.
Omsem: 8400.

2, [To rpaduKy BHAHO, 4TO HaHOOJIbLIAS TeMIepaTypa BO3AyXa Oblyia MPHMEPHO
25 nexabpsa H coctaBassa 4 °C, a HauMeHbluas Gblsia TpHMepHo 17 nekabps
H cocTapasia —10 °C. Toraa pasHocTb Mexay HaHGOJbIIHM H HAHMEHbILHM
3HayeHHSIMH TEMIEPATypHI 33 ITOT NepHoa paBHa 4—(—10) = 4+10 = 14 rpa-

JyCOB.
Omeem: 14.

3. Tak kak Tpaneuns ABCD pasHoGenpeHHasi, To AAOB = ADOC no
CTOPOHE H IByM NPHJIeralownm yrnam (cM. puc. 33). Torna AAOD paBHoGen-
peHHbli. Tak Kak oH ewwé U npAMoyrosibHblA, T0 ZADO = 45°. [lyctb BH —
BbicoTa Tpaneund ABCD. Toraa B npsiMoyrosibhoM ABH D yriibl nIpH runo-
TeHy3e BD paBHbl 0 45°. 3Hauut, A BH D TaKkXe paBHoGeIpEeHHbIA, TO eCTb
DH = BH =41.

B o
48 D
Puc. 33
B paBHoGenpenHo# Tpaneunws DH = BC + AH = BC + M =
= 2BC+ ‘éD —BC _ BC '; AD 4y, pH = 47, 3HayHT, CPeHAS JHHHA
TparneuuH paBHa BC+AD _ 47

2
Omeem: 47.



222 InaBa Il . Peiiennsi H36paHHBX BAPHAHTOB

4. CioMaBLLasiCs YacoOBas CTPEJIKAa MOXKET OCTAHOBHTLCH B JIIOGOM H3 JBEHA-
ALATH paBHbIX CEKTOPOB LiHGepbJiaTa (CEKTOPOB MEXKIY COCEIHHMH YHCJIaMH
Ha uHgepbaate). CoObiTHE, BEPOATHOCTb KOTOPOTro TpeGyeTcst HaHTH, HacTy-
TIHT, €CJIH 4acoBasi CTpeJIKa OCTAHOBHTCS B OTHOM H3 TPEX CEKTOPOB (CeKTOpa,
KOTOphIe pacroJioxKeHbl Ha Uxdep6aTe Mexxay unppamMH 4 H 5, 5H 6, 6 1 7).
3HauHT, HCKOMas BEpPOSITHOCTb paBHa % = i— = 0,25.

Omeem: 0,25.

5.339-72 = 81;339-7% = 34:39—7r =4, T =4-39; ~ Tz = —-35: 2 = 5.
Omeem: 5.

6. Ilyctb CH — BhicoTa Tpaneuns ABCD (cwm. puc. 34). Toraa B npsmo-
yronbHoM ACH D octpbiit ZCDH = 45°. 3HauHT, 3TOT TPEYrOJbHHK PaBHO-
6enpeHHbli, Toects CH = DH = AD - BC =8 -4 =4.

B 4 (C
4
h 4 h 4
A H D
Puc. 34

TornaSABCD = M—;ﬂ -CH = &;;‘1 -4=24.

Omesem: 24.

7. Ecan kacaresibHasi napasuiesibHa NMpsMol y = 3z — 3 WM coBnanaer ¢
He#, To e€ yr/IoBoH KO3 @HLHEHT paBeH yrJa0BoMy KO3(pdHLUHEHTY NPSMOH, To
ectb 3. CorJlacHO reoMeTpHYeCKOMY CMBICJTY TPOH3BOAHON 3TO 03HAYaeT, yTo
f'(xo) = 3, rae o — nckoMast abelpcca TouKH Kacauus. Ms qannoro rpadu-
Ka NpoH3BOJHOH Yy = f'(z) BHAHO, 4TO o = 2 (CM. pHc. 35).

Omeem: 2.

8. Iyctb V; — 061éM Bombl B npusme, V; — HCKOMBIH 06bEéM aetasH. 1o
ycnoBuw V; = 145, V, + V; = 185, rae S — nuiolazib OCHOBAHHS NIPH3MBI.

Tak kak V, = 14S = 357,10 S = % = -52—1 (cMm?).
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[T TPk
Ty =/(x)
T L
: N
o 1T %\, '
Puc. 35

Torna V, = (Va+Vy) -V, = 185—145 = 4S = 4-% = 2.51 = 102 (cm3).

Omeem: 102.

2 —
9. 16z —25_4x+1=§4j7 5)(437‘*‘5)..4;;+1=4x+5——4:c+1=6.
4z -5 4z -5

Omeem: 6.

10. £ > 270; foStY > 270; 250 - €120 > 970; ¢+ 20 > H(c - 5)

c—-95
mpue>5 (Z-1)e<20+5 2 c<(0+2). D = 225

¢ < 317,5. 3HaunT, MaKCHMaJIbHasi CKOPOCTb PacnpOCTPAHEHHs CHTHAJA B
cpente ¢ = 317,5 (M/c).

Omesem: 317,5.

11. [TycTb 2 (KM/4) — CKOPOCTb MOTOLMKJHKCTA Ha myTH H3 A B B. Torza pac-

cTosiHHe oT A 10 B oH npoexa 3a -118:—0 yacoB. Ha nytb ot B 10 A oH 3aTpaThJ

. 1_8(1 0 + %g- YacoB, YYHTBLIBAs OCTAHOBKY Ha 24 MHHYTHI. Tak KaK Ha NMyTb H3

B B A oH 3aTpartun Ha 1 yac 6oJbuile, YeM NOTpaTHA Ha aopory H3 A B B, o
180 180 24

N0J1y4HM ypaBHEeHHe — = +1= I-10 + 60" T > 10.
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Peluenune nonyueHHoOro ypaBHeHHs: 1—80 +1= 1_820 + %:

180 180 4 3 _ 0; 180 - 5(x — 10) — 180 - 5z + 3z (x — 10)
z 1-10 5 5z(z — 10)

322 — 30x — 180-50 = 0, > 10; %2 — 10z — 60 - 50 = 0.

[To Teopeme, o6paTHOi Teopeme Buera, KopHH ypaBHeHHsi £ = —50 H
r9 = 60. Tak xak z > 10, T0 £ = 60.

Omasem: 60.

2

12. HafinéM ToukH 3KcTpeMyMa GyHKUMH y = —ug@.

) _2z-x— (x*+19600)-1 _ 2 —19600 _ _(z — 140)(zx + 140)
y=- T D - z° '

W3 pucynka 36 BuaHo, uto z = 140 — Touka MaKCHMyMa 3alaHHOH dYHK-
LIMH.

-y Y - y'<x>~
- 0

Puc. 36

Omsem: 140.

13.2) 0,5 sin® 6z — sinz(%7r ~3z) =0,

2sin? 3z - cos? 3z — cos? 3z = 0, cos? 3z(2sin? 3z — 1) = 0.

l)c0823x=0,cos3z=0,3:v=%+k7r,x—%+%r-(kEZ).
2)2sin?3z — 1 = 0, 2sin% 3z = 1, sin 3z = i%,
=T, 1mm S

351:—4 3 (meZ), x 12+ (mEZ)

6) Pewunm HepaBEHCTBOO<$<%Mﬂ cepuuz—% 7"3k ke Z:
Tk ko1 _1 =T

O<6+ 3 <2’0<6+3<2‘ 2<k<1 k=0, T=¢-

PemHMHepaBEHCTBOO<IE<%MHCEPHH:L‘=1—7T2+%, me Z,
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ryam 1 m_ 5 _1 3
0<33+% <2 1356 <120 2°™<3%
m=20,1,2.
I'Ipum:OnonquM:czi’%,npum:lno.nyqumz:%,npum:Z
_ om
nonyuHM T = 1o
- )X Tk 1 mm :
Omeem: a)6+ 3,12+ 6 ,k,m,e Z;
T ® T 9%
6)6’12’4’12'

14. a) Ha ocHoBaHHH yc/10BHSI paccMOTPHM 4epTéx (cM. puc. 37), rae SO —
BbICOTa NHpaMHabl, PT — cpenHsisi IMHUSA TpeyronbHuka ABD, E — cepe-
anHa SO, LSAC = 45°, 01 — cepennna AO.

PT || BD (xak cpeanss auuuss AABD), nostomy PT || SBD. 3Ha-
YHT, @ NlepeceKaeT nJockocTb S BD no npsamoi napaieibHod PT (a 3HauHT,
H BD), npoxoasuieH yepes Touky E.

Puc. 37

O603HaunM TOUKH NepeceyeHHs 3TOH npsiMoii ¢ péépamu SB u SD yepes
K v L COOTBETCTBEHHO.

Toukn O, H E nexxar B NJIOCKOCTH «, 3HAyHT, npsiMas O) E TakKe JIeXKHT
B 3TOH nuyiocKocTH. O603HauuM yepe3 M TOuKy nepeceyeHHsi 3TOH NPsAMOH ¢

15. 3ax. Ne 41
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pe6poM SC. Coeaunsis nocaenobaresbio Toukd T', P, K, M, L n T, nosiyuum
HCKOMOE ceyeHHe.

DB 1 ASC,takkak DB 1L OSw DB 1 OA. LK || BD , coraacHo
BhllIeCKa3aHHOMY, no3Tomy LK | ASC. Ortcioga caenyet, yto LK L SM.

O\E || AS (OE — cpennsis aunnsa AASO), AS L SC, rak Kak
LASC = 90°, nostomy O, E L SC. Otcioza cienyer, uto o L SC (a npo-
XOIHMT Yepe3 nepecekatouecsi npsimele LK u Oy E, nepnenauky.aspHsie SC).

6) M3 noxasanHoro Bbillle yTBEepKIEeHHS caenyerT, 4yto SM sBJsieTcs BhICO-
ToH nupamuasl SKLM w KL L EM.

Tak kak ZESM = 45° 1 ASM E — npaMoyroabHbli, To SM = ME.

Vskim = -;-SKLM . SM = 31; : %KL "EM -SM = %KL . SM?2,

AASC ~ AOIMC, AO, = -}IAC, nostoMy SM = %sc.

3ameTHM, yTo TpeyrosbHHKH ASC u ADC paBHbl (N0 CTOPOHE H JBYM NpH-

nexaumm yraam), nostomy SC = CD =4uSM = i -4=1.

Hakoneu, KL = %BD = % - 4v/2 = 2+/2. Otciona nonyuaem:
VskLm =%-2\/§-12= %_5_
Omeem: \/Ti

15. 3ameTum cHayasa, 4To
2210 +25=(5-x)2u -2+ 7z - 10 = (5 - z)(z — 2).
O/13 HepaBeHCTBa ABJIAIOTCS BCE pellieHHsl CHCTEMBL:

(2-2>0,
T—-2#1,

4 x? — 10z + 25 > 0, {2<z<5,
5—z >0, T # 3,z #4.
S—x #1,

[ —z% + 7z — 10 > 0;

[Tpeo6pa3yeM HcxonHoe HepaBeHCTBO, yunThiBasi O13.
log, (56 —z)+ 1+logs_,(z—2) >3,
log, _,(5—x) +logs__(z—2)—-2>0.

15
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Crenaem 3ameHy log, _,(5 — ) = t. Torna HepaBeHCTBO MPHHHMAET BHLL
2 _ _1\2
t+%—2>0ﬁ——%il>mgng>Q

MHoxxecTBOM ero peleHHi saasercs MHoxecTso (0;1) U (1; +00).
Cnenaem 06paTHYIO 3aMeHy, MOJTYYHM:
[0 < log,_,(5—z) <1,
| log, (5 —1x) > 1;
[ log,_5(5 — z) > log,_»(z — 2),
log:l:-—2 1< 10gz—2(5 - .’IJ) < logzv2($ - 2)’
((z—-2-1)(5-z~(z-2))>0,
(z-2-1)(b-z-(z—-2)) <0,
|l z-2-1)1-(5-12)) <0

i 3<zr <35
(3—3)(7—233) >0, 19y
(z - 3)(7 - 22) < 0, [$<3’ [3<m<3,s,
(x—3)($—4)<0~ CL'>3,5, 3,5<$<4.
i ’ 3<zr<4;

YuurbiBast O[13, nosyunm, u4to pellieHHeM HePaBEHCTBA SIBJISIETCS MHOXe-
ctBo (3; 3,5) U (3,5; 4).
Omaem: (3; 3,5) U (3,5; 4).

16. a) O603HaunMm 3anaHHbIi yros yepe3 ABC, paauychl OKPY»KHOCTEA 1) H T
(r1 < r2), a ueHTpbI OKpYKHOCTeH Yyepe3 O; # Oz COOTBETCTBEHHO.

Tak kaK LeHTPbI OKPY>KHOCTEH paBHOYAAJIeHbl OT CTOPOH YTJIa, TO OHH Jie-
Kat Ha 6uccekTpHce yraa B. [IpoBeném H3 LIeHTPOB OKPY>KHOCTEH paiHyChl
O1T 1 O2F B TOUKH KacaHHs co CTopoHoi AB (cM. puc. 38).

Puc. 38

Torna O1T n Oz E nepneHauKyasipHbl AB.

16. 3ak, Na 41
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M3 ueutpa O; MeHblleil OKPYXKHOCTH onycTHM nepneHankyasp O; K Ha
panuyc Oz E 6oabuieit okpyxHocTH. [Tosyunm npamoyroibiuk O1TEK. To-
ria EK = TO, = r,. CaegoBareabho, O2K = OoE — KE =719 — 11.

Tak xak O, K || AB, 10 ZABO; = ZK0,02. OT™METHM TaKXe, UTO
0201 =19 +11.

Ortcroza cremyert, 4To :z ; :i = ((7)22(1)(1 = sin ZK0,0; = sin ZABO,.

Ho, ZABO, = 2, rie a — 3azanubiii yro, nostomy 22—11 = sin &,
2 T +T1 2
6) IToacTapasis 3a1aHHble 3HAYEHHS a U T2 B MOJYUEHHYIO Bbillle hopMy.Ty,
rnoJiyyaem:
0-n gnt_lsil. —10-p, 3r,=5r=10
105 sin ¢ 2.5-}— 571 10 — rq, 571 5,71 3

Omeem: Q_

3
17. O603HauHM yepe3 a TO KOJHYECTBO 3epKaJl, KOTOpOe H3roTaB/HBaJj 3a
Kax<Ibifl rof nepBbifi npeanpuHumarens (a < 210). Toraa Bropo# npeanpu-
HHMarTeJlb H3roTaBJIHBaJ 10 06HOBJIeHHs o6opynoBaHHs 0,9a 3epKaJ.

[Tocne o6HOB/IEHHA 060pYNOBaHHSA OH CTaJ W3rotasausath 0,9a - 1,8 3ep-
KaJl, To ecTb 1,62a 3epkad.

CornacHo ycJsioBHIo 3anaud 1,62a > 244, nostomy a > 150. Tak Kak ko-
JIH4eCTBO 3epKaJl ABJIsIeTCS HaTypaJibHbIM YHCJIOM, TO @ = 151.

Hrak, 151 € a < 210.

O6paTuM BHHMaHHe Ha TO, 4TO 1,62a ABJSIETCS LEJbIM YHCJIOM, TO3TOMY
162a nenurcs Hauedio Ha 100. Toraa 81a nenurcs Ha 50. Tak Kak B pa3JiokeHHH
yHcJsa 81 Ha NPOCTbie MHOXKHTEJIH HeT YHces 2 H 5, TO a AesnTes Ha 50.

3 ykaszaHHOro Bblllie NTpOMEXyYTKa, COAEPXKALIEro a, TOJIbKO OJHO YHCJIO
200 menntes Ha 50. OTclona nosyvaeM, yro 1,62a = 1,62 - 200 = 324.

Omesem: 324.

18. PaccMotpuM cucTemy
(z — (3a® +1))2 + a%z% = a?(9a? + 1),

{ y = az’;
PaBHOCHJIbHYIO HCXOAHOH CHCTEMe.

[1peo6pasyem nepBoe ypaBHeHHe:
((x — 1) — 3a?)? + a22® = 9a* + a2,
(x — 1)% — 6a%(z — 1) + 9a? + az® = 9a? + a?,
(x — 1)% — 6a%(z — 1) +a?2® —a? =0,

16
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(x-1)2-6a%*(z—1)+a%(z®-1)=0,
(x —1)® — 6a?(z — 1) + a%(z3 — 1)(z® + 1) = 0,
(z—1)2 — 6a%(x — 1) + a%(z — 1)(a? + 3+ 1)(z% + 1) = 0,
(z-1)(z-1)+a?@+2*+ 23+ 224+ 2 -5)) =0,
(z—1)((z —1) +a®(z — 1)(z* + 223 + 32 + 4z + 5)) = 0,
(x = 1)%(1 + a®(z* + 223 + 322 + 42+ 5)) = 0. (%)
Hccaenyem dyukunio f(x) = 4 + 223 + 322 + 4z + 5 ¢ nomoukIo npo-
H3BOJIHOH.
f'(z) = 4z + 622 + 62 + 4=(z + 1)(4x? + 2z + 4).
4z% + 2z + 4 > 0 aas moboro z, no3ToMy f'(z) obpaiaercs B 0 B eaHH-
CTBEHHOH TouKe —1.
Tak kax f'(x) < Onpu z < —1,10 f(x) y6biBaer npu Bcex z < —1. Tak
Kak f'(x) > Onpu z > —1, Tof(z) Bo3pacTaer npH Bcex z > —1.
Orciona caeayer, uto f(x) NpHHHMaeT HaHMeHbllLee 3HaYeHHe B TOuKe —1.
Ho f(—1) = 3 > 0, nostoMy f(z) > 0 Ha Bce# YHCJIOBOH MPAMOH.
Orciona caenyer, uto 1 + a?(z* 4+ 223 + 322 + 42+ 5) = 1 +af(z) > 0.
[Mostomy npu /060M a ypaBHeHHe (*) HMeEeT efHHCTBEHHOe pelleHHe
z = 1, CHCTeMa — eIMHCTBeHHOe pelueHHe (1; a) npH J060M a.
Omesem: (—00; +00).

19. a) Tak kak 6uJer (6;9) sBAAETCS BHIUIPLILIHLIM, TO, COIJIACHO CTpaTe-
ru# (3), (6 - 2;9 - 2) sABAsieTCS BHIHTPLILIHLIM, 3HAUHT, Guier (12; 18) sapasiercs
BBIHTPbILIHBIM.

Taxk kak (6;9) = (3 - 2;3 - 3), To, corsacHo cTpatertu (3), Guier
(3-2-2;3-3-2) siBasieTcsi BLIHIPBILHLIM. AHAJIOTHYHO, TaK KakK (3 - 2;3 - 3)
SIBJISIETCS BBIHTPBIIIHLIM, TO (32 - 3;3 - 3 - 3) AB/IAETCSH BbIUIPHILIHBIM.

3aMeTHM, YTO NOAYEPKHYThI€ ONHOH YepToH YHcAa 3 -3 - 21 3 - 2 - 3 paBHbl,
N03TOMY, COTJIaCHO CTpaTeruH (2), 6uner (3-2-2;3-3- 3) sBasercs BHHIPbILI-
HBIM, TO ecTb (12;27) AB/IsieTCSl BHIMIPbILUHbIM.

M3 npenpiayuiero, cornacHo crparteruu (3), noayyaeM, uro (24;54) sB-
JsieTcsi BHIMrpbILIHBIM. Tak Kak (3 - 2;3 - 3) siBASieTCS BBIMIPHILLUHBIM, TO
(3-2-3-3;3-3-3-3) ABAseTcs BLIMIPLIILIHLIM, TO ecTb (54; 81) sBasercs
BbIHrpbilHbIM. Torza, cornacHo crpareruu (2), 6uaer (24;81) sBasieTcs Bbi-
HTPbILLHBIM.

6) Buser (3 - 21;3 - 31) siBAsieTcA BLIMIPLILHLIM 110 yCJI0BHIO. Bbitue ycTa-
HOBJIEHO, 4TO 6HJleThl (12;27) = (3-22;3-32) u (24;81) = (3-23;3-33) rakxe
SIBJISIIOTCS BHIHTPLILIHBIMH.

PaccMmOTpHM Teneph BLIMIPHILHLI 6HJeT (3 - 23; 3 - 3%). YMHOKaeM uncaa
HOMepa Ha 2, MOJIyYHM, uTo Guner (3 - 24;3 - 33 - 2) ABaserca BHHIPHILHbIM.
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Tak KaK (3-2; 3-3) sBnseTcs BHHIPHHLM, TO (3 - 2 - 33; 3-3-33) siBasercs
BBIMIPLILHLIM. OTCI0OAa, 10 cTpaTeruH (2) noJydaeM, uyto 6uaer (3 - 24;3 - 34)
IBJISIETCS BBIHTPbILLIHBIM.

H BooGuie, ecan Guaer (3 - 2%;3 - 3°), s € N sBAsAeTCA BbIHIPHILLHBIM,
TO, YMHOKasi YHCJla HOMepa Ha 2, noJyuaeM, yto (3 - 261, 3 . 32 - 2) sipnser-
sl BHIHTPBILUHLIM Tak Kak (3 - 2;3 - 3) AB/AETCA BLIMIPHILHBIM, TO, YMHOXast
YHCJIa 3TOrO HOMepa Ha 3°, noJIyunM, uto 6uaet (3 -2 - 3%;3 - 3 - 3°) sBasercs
BBIHIPBILLHbIM.

Orcioza no ctpateruy (2) nosyyaeM, uto 6uier (3-2°+1; 3.3°+1) apnsercs
BLIHIPBILLIHLIM. TeM caMbiM JOKa3aHO, YTO GHJIETH ¢ HOMepoM (3 - 2k. 3. 3%)
SIBJIAIOTCS BbIHIPBILHBIMH 151 1I060T0 HaTypaJbHOTO K.

B) Bhllle ycTaHoBJeHo, uTo GuaeT ¢ HomepoMm (3 - 2™;3 - 3™) sBJsieT-
Cfl BHIMTPHILIHBIM. Torzaa, yMHOXasi YHcJ/la HoMepa Ha 3™, MOJTyuHM, YTo GHiIeT
(3-2™-37;3-3™*") BLIHIPLILIHBIH.

CoBeplLIEHHO aHaJIOTHYHO y6exaeMcsi, uTo Guiiet (3-27-39; 3-3719) apns-
eTcsi BBIHIphiliHBM. Ho m+n = p+¢q no ycaioBHio, nostoMy 3-3°+9 = 3.3m+7,
[yctb 3 - 3719 = A, Torna 6uanersi (3 - 2™ - 3™; A) u (3 - 2P - 39; A) sBasOT-
s BbIMTPhILIHBIMH. [IpHMensist cHauana ctpateruio (1), motom cTparertio (2),
TOJIy4HM, YTO GuJieT (3 - 2™ - 3"; 3 - 2P - 39) BNSAETCS BHMIPHILHBIM.

Pewenne BapuanTa 21

1. [Toesn Haxoaucs B myTH 13 4acoB, TaK Kak A0 KOHLIA [IEPBLIX CYTOK OH L&
8 yacoB 10 MHHYT, a 3aTeM elé 4 yaca 50 MHHYT.
Omeem: 13.

2. 1o muarpamme onpeneisieM, 4TO MO KOJIMYECTBY NPOH3BOAMMBIX KapaMe-
Jek «PanocTb nanTHCTa» npeBocxoasT «Xpyct», «Kopabnuk», «[IpasaHuk»,
«Chnagkoe BpeMs» H «JlerctBo». TakuM 06pa3oM, «PafocTh JaHTHCTa» 3aHH-
Maert 6-e MecTo.

Omegem: 6.

3. HoctpouM yernipéxyroibHik ABCD no npsimoyrosbHHka KBMN
(cM. pHc. 39).

Torna Sapcp = Skpmn — (Saxs + SBrLc + ScLmp + Sapn) =

=710—(204+3: 4,443 5, 84y 95 (7410417,5416) = 19,5,

2 2 2 2
Omeem: 19,5.
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Puc. 39
4, [leouex poausioch 8000 —4140 = 3860. HacToTa poxkaeHHs AeBOYEK paBHA
3860 _ ~
So00 = 0+4825 ~ 0,483.

Omsem: 0,483.

5.log 4(z — 3) = log4(8z — 11), z — 3 = 8z — 31, 7z = 28, z = 4. [1po-
BePKOH y6exaeMcsi, 4T0 £ = 4 NeACTBHTEJIbHO SBJISETCS KOPHEM HCXOJHOr0
yPaBHEHHS.

Omesem:- 4.

6. Ilo ycsioBuio 3anaun AB = 12, BC = 8, CH = 4 (cM. puc. 40).

H

Puc. 40

Haiiném niowanb Tpeyroabhuka ABC.

SaBc = AB '20H = 122' 4_9.cC ApYrofi CTOPOHB!,
BC-AK _ 8-AK
2 2

Omeem: 6.

SaBc = = 24, otkyna AK = 6.

7. Haitném ckopocTb IBHXeHHsi TOUkH: v(t) = 7' (t) = t2—2t—5. [1o ycsioBHio
v(t) = 10 M/c, 3HaunT, t2 — 2t —5=10, t2 -2t —15=0,¢t; =5, t; = —3.
Ilo cmbicay 3anaun t > 0, csienoBaTtesbHo, t = 5 C.
Omesem: 5.
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8. Pagxyc oKpyXHOCTH, OMHCAHHOW BOKpYT KBaJipaTa cO CTOPOHO# 4, paBeH

r= —\;1_5 = 2v/2. O61b&M LHAHHAPA paBeH

V=7rr2h=7r-(2\/§)2-%=7r-8.1§T=64,
Omsem: 64.
9. ((7:1: + 5y)? — 4922 — 25y2) 1 10zy =

_ 4922 + 70zy + 25y% — 4922 — 25y _ 10zy _ 7
10zy 10zy

Omeem: 7.

10. Hanmenbluee 3Hayense dy Gyner B ToM cJyyae, KOraa 3Hauenue do GyaeT

Hau6oJIbLIMM, TO ecTb dy = 250. Toraa noJyuum ypaBHeHHe
1 1 1 1 1 1 _5-1_ 4 2

4, 7250 50° 4, 50 350~ 250 — 250 ~ 125

Orciopa d; = %é = 62,5.
Omesem: 62.,5.

1. [TycTb £ — npoH3BOANTENILHOCTD TPYAa NEPBOTO MaJsipa, Yy — MPOH3BO-
OUTEJLHOCTL TpyAa BTOporo majspa. Toraa  + y — MPOH3BOAMTEIBLHOCTD
Tpyaa 0GOHX Ma/sipOB NPH COBMECTHOH pabote. O6G03HAUHB BCIO NpoAeJaH-
HyI0 paGoTy MO MOKpacke CTeH 3a 1, MOJyYHM, YTO NePBLIt Maasp NpojesaeT

3Ty pabOTy B OHHOYKY 3a % IIHeH, BTOpO# MaJisip — 3a i JIHeH, a /Ba MaJsisipa,

pa6GoTasi BMecTe, — 3a i AHel. COCTaBHM H PelliHM CHCTeMY YpaBHEHHH
T

1 _ _1 1
z+y > YT 13
1_ =1
z =2 =50
OTKYAa y = 6l0 % = 60 anei. Takum o6pa3oM, BTopoit Massip, paboTas ca-

MOCTOSITEJIbHO, BbITIOJIHHT BCIo paboTy 3a 60 aHed.
Omsem: 60.
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12.y = (12z — In(12z) + 100) = 12 — Tlgl = 12”‘1‘ L

y' = 0npu z = -, NpHYEM ' MEHSIeT 3HaK B ITOH TOUKE C «—>» Ha «+».

12

310 O3HaYaeT, UTo r = 11—2 SIBJISIETCH TOYKOH MHHHMYyMa.

1\ _ 1 1 _
y(lz) 12 - (12 l2)+100_1 0 + 100 = 101.
Omeem: 101.

13. a) [Ipeo6pasyem ypaBHeHHe:

sin(2:z:-— 37”) —sinz = 0; cos2z — sinz = 0; 1 — 2sin?z — sinz = 0;
2sin’z 4 sinz — 1 = 0; (2sinz — 1)(sinz + 1) = 0, oTKyna sinz = —1 uaH

sinz = %(CM. puc. 41).
M3 ypaBHeHus sinz = —1 Haxoaum z = —-% +2rk,tnek € Z.

M3 ypaBHeHusi sinz = % HaXomHM = = (— 1)’“ +wk,rnek € Z.

6) C noMolbIO YHCJIOBOH OKPYXHOCTH OTGePEM KOPHH ypaBHeHHs, PH-

Ha/lIeXKallHe POMEXYTKY [- %71; - 7—2"] :

Puc. 41
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M i m
: _—— e — .
OJlyyaeM 4JHcJia 6 9

Omeem: a) —ZX 4 27k, (—1)*Z + nk, k € Z;6) —7—", s
2 6 6 2
14. PaccmoTpuMm Tpeyrodbhyio nupamugy D1 AC D (cM. puc. 42).
B nanHol nupaMuze paccTosiHHe OT TOYKH D 10 MJOCKOCTH OCHOBaHHs
ACD, — DH — paBHo BbICOTe NHpaMH[bl, NPOBEAEHHOH H3 TOUKH D, K oc-
HoBaHHio ACD;.

Vp,aBC = %SACD; - DH, 13 3TOrO0 paBeHCTBa NoJyyaem

3V,
DH = D;ACD )
Sacp,
Paccmotpum nupamuny D, ABC. PaccTosiHre OT TOUKH B 0 MJI0CKOCTH
AC D, paBHo BbICOTe, OITyLLIeHHOH U3 BepluKHbl B K ocHoBaHHio ACD;. O6o-

3HayuM 3To pacctosiie BK. Torma Vp,apc = %SA(;D1 - BK, u3 3toro
3V
nonyuaem BK = “7RuABC Ho v, 4op = Vp,apc, TaK KaK, eca Cu-

ACD,
TaTb B NMHpaMHaax ocHoBaHusiMH ADC u ABC, Tto Bbicota Dy D obuiasi

Sapc = Sasc (AADC = AABC no aym katetam). 3Haunt, BK = DH.
6) Hafiném o06BEéM nHpaMHabl

D, ACD. D, G
Bb]COTf D,D = 4. 1 A1 g :\\\\\ B,
Sacp = -2—AD -DC = 2 247 =84 /,’ : “\ \.\ 4
V=18scp-DiD=1.84.4=112 SN
3 3 ) ,Q)‘:‘F“':::'—‘—' C
[Mnowany rpann ACD; pasHa o2l - _‘i‘f‘)‘ - 7
SAC - DiP. A 24 B

AD, = \/AD? + DD? = VT & = 65, AC = V5B TBO? =
= V242 + 72 = 25,

3Hasi, YTO KaTeT MpAMOYTONbHOrO TPEyroJbHHKA €CTb CpejHee Mpo-
MOpILIHOHAJIbHOE .15 anOTeHy3b’ H OTpe3Ka THITOTEHY3blI, 3aKJIO4YEHHOT 0
MEXIY KaTE€TOM H BblCOTOﬂ, rIpOBelléHHOﬁ H3 BEPUIHHbBI NMpsAMOro yrJja, B Tpe-

2 _ AC . - AD? _ 72 _ 49
yroabHHke ADC umeem AD“ = AC - AP, AP = AC - %% = o5
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3y

ONGIZCA c

Puc. 44

B npsiMoyrossHoM AABQ AB? = 22 +y% = 2y +y? = 3y%, AB = /3y.
Tax kax AABQ npsiMoyrosibHbIi, To AB sIB/IfieTC JHAMETPOM OMHCAHHOM

OKOJIO HEr0 OKPYXKHOCTH. MBI NIOJyUH/IH, YTO IHAMETP ONHCAHHON OKPYXKHO-
ctH AABQ pasen v3BQ.

6) SBQC = %BQ-QC= %y-2x=zy.

DO

SAHBQ =2S4ayB = 2 = - Ty = Ty, 3HAUHT, SAHBQ = SBQC-

Suqe = $HC-QC -sinC,

- lpo. & Sgc _ HC _ 4y _ 4
Spoc = 2BC QC - sinC, Toraa Snoc = B6 =3 ~ 3

SHqQc = %SBQC = %zy =16, zy = 12.

SAHBQ = 2SABQ =2- % -y =zy = 12.
Omeem: 12.

17. Ecan cyMma gosra Ha KoHell Mecsiua Obljla a, TOra MocJe yBeJiHue-
3
100
KpeauTa 6bia 100 %, nocae yBennueHHs Ha 3% B MapTe OHa COCTaBasJa
1,03 - 100 % = 103 % ot cymmbl Kpeauta. Ilocsie 20 anpessi goar ctana 80 %
OT CyMMbI KpeauTa, 3HaunT, Ctenan 3anaatia 103 % — 80 % = 23 %. B koHue
anpesst goar ctaa 1,03 - 80, a nocJsie BbIMIaTh AoJr cocraBua 60 %, 3HauwT,
B Mae CrenaH 3aniartua 1,03 - 80 — 60 = 22,4 % oT Kpeauta. AHaJIOTHYHO B
HIOHe OH 3amviaTha 1,03 - 60 — 40 = 21,8 % u B niose 1,03 - 40 = 41,2 %. Bcero
BbinJaThi coctaBuid 23% + 22,4 % + 21,8 % + 41,2% = 108,4 %.
Omesem: 8,4.

nug Ha 3% oHa cTaHeT a + a - = 1,03a. [1ycTb HauanbHasi cyMMma
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2 23 23 23
2a+1<2, 2a<2, a<4, a<4,
5 _ 25 1.5 2-5a _,. 2,
a<2, p 2<0, 2%a < 0 a<0,a>5,
2 23
a<0unu5 <a< 4
Peulenns cucreMbl 2) 106aBAT K MHOXKECTBY peLlleHHH cucTeMsbl 1) a = %

Pewenns cucrembl 3) 106aBAT K pellieHHIO CHCTeMbl 1) elé a = % Takum

06pa30M HCKOMbIe 3HauYeHHs a 06pa3yloT MHOXKeCTBO (—00; 0) U [%, 24—3] .

Omsem: (—o0;0] U [2; -2-—3-]
5 4

19. a) BoamoxxHo. [1pumep cTponTcs Tak: gocraToyHo, 4yto6bl H3 A B b nepe-

1IEJ1 BCEro OJIHH 4YeJIOBeK, HMEIOLIHH Noka3ateib (Q HHXKe, 4eM peHTHHT CTpaHbl

A, Ho Bbllue, yeM peATHHT rpynmsbl b.

[IycTb peATHHIH yuacTHHKOB rpynnbl b 6blaH: 1, 1, 1, peHTHHIH y4acTHH-
KoB rpynnbl A 6blH: 5, 8, 8. M3 rpynnbl A B rpynmy b nepewén yesioBek ¢
PeHTHHIOM 5. PedTHHT rpynmnbl A noBbicH/cs ¢ 1 10 2, peATHHT rpynnbl b no-
BBICHJICSI € 7 110 8.

6) okaxem 415 NpoH3BOJbHBIX rpynn A H B, 4to ecaH npu nepexone
HEeCKOJIbKHX YeJIoBeK H3 rpynmnsl A B rpynny B peTHHr o6enx rpynn pacTér, To:
1. o nepexoza peHTHHr rpynnsl A 6bisi 60Jibile peATHHra rpynmb! B;

2. Tlocnie nepexoza pedTHHT rpynmnbl A octaéres 6oJblue pedTHHra rpynnbl b.
BBeném o603Hauenus:

M — YHCJI0 JIIoJeH B HCXOIHOH rpynne A, A — cyMMa HX NoKa3aTeseH;

7 — YHCJIO JIIofiel B HCXOIHOH rpynne b, B — cymMa HX noka3aresel;

k — 4ucaio nepeweawtx mogei, X — cyMMa HX MokasareJieH.

[To ycnoBHIO peATHHr o6eux rPynm BbIPOC, TO €CTb -z > A,
m-—k m
B+z B
n+k n’
W3 HepaBeHCTBa A —-)IS > —T’;—t— TNoJTyyaeM:

m(A - X) > A(m — k), mX < Ak, 1‘—741- > —‘Z—, TO €CTb PEHTHHI H3HA-
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YaJibHO# IPyMIbl A Gonblie peHTHHra rpynnbl «nepeGexkunkoB». Kpome Toro,
u3 HepaBeHcTBa mX < Ak MoxHo nmoayunte: mX — kX < Ak — kX,
X(m - k) < k(A - X), —)E(- < %%)—IE' TO €CTb PEATHHF YMeHbLUIEHHOH
rpynnbl A Takxke 60Jble PEATHHIa IPYTITbI «Nlepe6erXKUHKOB Y.

B+X _ B i
AHaJIOrHYHO H3 HepaBeHCTBa ok q nodydaem:
n(B + X) > B(n+ k), nX > Bk, % > % TO €CTb PEATHHT H3Ha-

YaJbHOMH rpynnbl b MeHblle peliTHHra rpynnbi «nepe6exurkoB». Kpome To-
ro, u3 HepaBeHcTBa nX > Bk MoxHo nosayuntb: nX + kX < Bk + kX,
X(n+k) > k(B+X), —)]g > % TO €CTb PEHTHHT YBeJIHYEHHOH IPyNIbl
B Takke MeHbllle peHTHHTa rPYNIbl «epeGexYHKOB>.

Takum 06p830M, 06a HAIIHMX BCTMOMOTraTeJbHbIX YTBEPXKICHHA NOKa3aHbl

A X B A-X X B+ X

BBHOLY — > =— > — H ——— > — > ——
N m k n m-—k k n+k
MeHHOe yBeJIHYeHHe PeHTHHIrOB 06eHX FpyNI BO3MOXHO JIHWb NPH Nepexojax
Jiofieii B 0iHY CTOpoHy (M3 A B B) H HeBO3MOXXHO NPH Nnepexojie B APYTYIO CTO-

poHy (13 B B A).

. CnepoBatenbHo, 0HOBpe-

B) PacrosioxkuM no HeBO3pacTaHHIO MOKa3aTeJH JiofeH B rpymne A:
ay 2 az 2 .. 2 ayo. Torna peATHHr rpynnel A [0 nepexona paBeH
a1 +azx+...4+ayg

10
HHH PEHTHHI TPYMNNbl He MOXET MPeBOCXOAHTb HAHOOJIbLIHHA NOKa3aTesb eé
yyacTHuKoB). CiieoBaTesIbHO, MOC/Ie Nepexoa PeATHHT Fpymnmbl A yBeJHYHI-
atax+..+aj0 0,9a, — as +asz+ ... +a10'
10
3ameTHM, UTO cpa3sy BCe nepelUeIllie He MOTYT HMeTb NoKa3aTeslb yMCTBeH-
HbIX CNOCOGHOCTeH 1, TaK Kak B 3TOM CJyyae He TNPOH30HIET POCT peHTHHra
rpynnsl b. [ToatoMy a2 2> 2H az + as + ... + ajo = 10. I[losToMy npH pac-
CMaTpHBAeMOM Mepexojie Jo/ell peATHHT rpynnbl A pacTéT He GoJsiee yeM Ha
0’9‘11 _az +az +..+aj
10
npHMepe, KOTZa B rpynne A HaxoasTcs JIIOAH ¢ nokasarensmMu 9,2,1,1,1,1,1,
1,1, 1, a B rpynne b Bce uMeloT nokasaresib, paBHuiii 1. B rpynny B nepexoznsar

, @ 1ocJIe Tiepexo/ia OH He TIPEBOCXOMHT a; (TaK Kak cpea-

csl He 60J1ee yeM Ha a1 —

£0,9-9—-1=7,1. 3nHauenne 7,1 foCTHraercs B
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BCe H3 rpynnbl A, KpoMe yeJioBeKa ¢ nokasatesieM 9. Poct peiitiura rpynnb A

COCTaBJisieT 9_19_ 7,1.

1 10
Omeem: a) na, 6) uer, B) 7,1.

Pewenne BapuaHnTa 25

1. Iloxasanus c4éTuHKa 3a HIOHDb:
287 — 279 = 8 (ky6. M)
8-24,4 =195,2(py6.)

Omesem: 195,2.

2. 3a paccmarpHBaeMblii epHoA ¢ 16 no 28 MapTa Bbinagasno 4 H 6oJiee MHA-
JIHMETPOB 0CaAKoB — 3T0 16 Mapra, 20 Mapra, 22 mapta. Mtoro 3 aus.
Omeem: 3.

3. [Mnowaap Goablworo Kpyra paBHa -52 = 25 (Mo KJeTKaM cuuTaeM R = 5),
NJIoIaAb MeHbLIEro Kpyra paBHa 7 - 32 = 9 (110 KJIETKaM CuuTaeM r = 5),
Toraa 257 — 9r = 167 — nuiowaab 3aLITPHXOBAHHOH YaCTH.

S,
B oTBeTe 3anuuiem —9’17;125 = IST" = 16.

Omegem: 16.

4. Ha kaxxnoM H3 pa3BeTBJIeHHH JIOLIa b BbIGHPAET OJHO HaNpaBJleHHe H3 BYX
BO3MOXHbIX. Beero Bbi6op HanpaBJ/ieHHs AeJaercs 4 pa3a, KaxaplH pa3 He3a-
BHCHMO OT npefbiayiuero Bbibopa. BepoTHOCTb TOro, 4To Ka)Kabli pa3 BbiOH-

) 1111 _ 1 _
paeTcsl OJIHH MyThb H3 IBYX, a Pa3BETBJIEHHH 4, paBHa 2333 16" 0,0625.
Omesem: 0,0625.

5 2z +4 _ 2z+4
"3z+17 17z 43
(2z+4)(172+3) = 2z +4)(3z+17), 2z +4)(172+3 -3z -17) =0,
r=-2;14z-14=0,z = 1.
Boabunit KopeHb H3 ABYX paBeH 1.
Omsem: 1.
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6. Saps = @—'2-4—1‘1, AM 1 DC (cm. puc.45).
M D E C
y B

Puc. 45

Sapcp = AB-AM, AB = 2DF.
AB-AM = 284,2DFE - AM = 284.
DE-AM =142, Sopp = 2212 = 71.
Omeem: 71.

7. Ilpu ycnosun f'(z) > 0 Ha npomexyTke (a; b), DyHKUHA HA 5TOM NpoMe-
XyTKe Bo3pacraeT. PaccMoTpuM rpaduk y = f'(z). Toukn x4, 2, 23, 5, Zg
npHHagnexar rpaduky, rae f’'(z) > 0. Takux Touek — 5.

Omeem: 5.
— _ _ 967 _
8. Seokoson = 2mTh, 967 =27 - 8h, h = T6r = 6 (cm. puc.46).
NOBEPXHOCTH ™
h
2nr
Puc. 46
Omeem: 6.

9. (logs 125) - log, 49 = logs 5° - log; 72 = 3log; 5 - 2log, 7 = 6.
Omsem: 6.

10. H(t) = Ho — kt/2gH, + gk2t2, HCTOJIb3yA JaHHble Hy = 45 M, k = %,

g = 10m/c?, H < 20 M, nosyanm

2
45—516~t\/2-10—45+1701(—1—) 2 <20,
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_t A S <
45 50\/900+5 3500 t 20 £ 0,

30t , t2 2 2
25_5_0+Eﬁ < 0, 12500 — 300t + t2 < 0, t2 — 300t + 12500 < 0,

% = (150)2 —12500 = 22500—12500 = 10000 = 1002, t = 1504100,
t; = 250, to = 50. 50 < t <€ 250.
Omsem: 50.

1. TlpumeM 061béM paboTol 3a enuHuuy. [lycTb £ — KoJiHYeCTBO AHeH, 3a
KOTOpoe HeoOXOJHMO BBINOJIHHTbL BClO paboTy BHKropy; 3a y aHed pabory

BLINOJHHT AJiekceii, AHApel BbIMOJHHT BCIO paGoTy 3a z JHeH; Torna

ST
l

NPOH3BOAHUTEJILHOCTD BHK‘I‘Opa, l — [POH3BOIHTEJbHOCTDb AJIEKCEH,
y

MPOH3BOAHTENBHOCTb AHIpes.
[lo nepBomy ycaoBuio Bukrop u Anekceit caenaiot Bcio paboty 3a 8 aHei,

3HAYHT, HX 0611128 NPOH3BOAHTEJIBLHOCTD % CocTtaBuM ypaBHeHHe 51:— + % = %
[To BTOpoMy ycsioBHI0 BukTop H AHzpe#i caesaioT Bcio paboTy 3a 8 axed.
3HauuT, HX 0611as POH3BOJUTENLHOCTD % CocraBHM ypaBHeHHe. —;;+% = %

[To TperbeMy ycsioBHIO AHapel H AJieKceH BBIMOJHAT BClO paboTy 3a

12 nHefi. 3HauuT, UX 06LIAA NPOH3BOAHTENBHOCTD L Cocrasum ypaBHeHHe.

12

1,1_1
Tz 1

[Toayunm cHcTeMy ypaBHeHHH:
(1,1 _1

sty T®

1,1_1
ﬁ:::_*—,2_8’

1,1_ 1.

ky+z 12’

1 Ly i, 1.1
2z+y*7) s st

1,1,1\_1
2(E+y+z)—3’
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-1
ot =g

8|~
IS

Q[

1 "
1: 6 6 (nHeR).
Hrak, Bcio pa6oty Bukrop, Anekceit 1 AHapeii cienaloT 3a 6 aHed.

Omesem: 6.

12. u = log,(4 + 10z — z2) — 71.
O3: 4410z -22>0,22 - 102 -4 < 0,5— /29 < z < 5 + v/29.
Haliném nponssoaHyo 3anaHHOM (YHKUMH H CTalMOHapHbIe TOYKH

(cM. puc. 47).
o oy
v SVB w8 N s+

min
Puc. 47

- 10 — 2z
v (4+10z — z*)In2"
yY=0,10-2z=0,z=5.
Tak kak npu nepexosie yepe3 TOYKy £ = 5 NPOU3BOAHAS QYHKLUHH MeHseT
3HaK C + Ha —, TO £ = 5 ABJIAETCA TOYKOH MAaKCHMYyMa.

Omesem: 5.

13. a) Pasnesnm o6e yacTH ypaBHeHHst Ha 20°°*F > 0 H NOJIyYHM ypaBHeHHe

1 coszx 1 coszT 1 cosZT
16- (Z) —6- (5) —1=0.IIyctp (5) =t,rmet > 0. KsagparHoe

ypaBHeHHe 16t2 — 6t — 1 = 0 MMeeT KOpHH t; = —% (He ymoBaeTBopsieT

1 cosr 1
ycaosHio t > 0)uty = 2 W3 ypaBHenns (5) = ; NoJlyuaeM cosz = 1;

r=2m,n€ 2.

6) Haiinem kopHH B npoMexyTke [—%; 3?”] —%E <2mn < 327r, nedz,
——1‘-11 < n < :—i—; Orciona HaxoquM ny = —2H zy = —4mng = —1H
T =-2m;n3=0nz3=0.

Omsem: a)2wn,n € Z,6) —4m; —2m; 0.



244 Ihasa Il. Peietts H30paHHbIX BAPHAHTOB

14. a) Tak kak naHHas npuH3Ma npaBuabHas, To BB, L ABCD, orcioaa
BB; 1 AC. lockonsky ABCD — xsanpart, To AC L BD. Takum 06-
pasom, AC 1 BD u AC 1 BB,. Tak kak npsimple BD u BB, nepece-
KaloTcs, TO, COTVIAaCHO NPH3HAKY NepNeHHKYJIPHOCTH NMPSMOH H MJIOCKOCTH,
AC 1 BB;D;D. Tenepb no npH3Haxky neprneHavKy/spHOCTH TJIOCKOCTEH
AD;C 1 BB, D, (cMm. pHc. 48).

D] Cl
AR
Al / 'l A Bl
N P
, v N
7 ) N
/ ' RN
\ ~
I/ D1\‘ ———= ¢
/ 2L R
z - = >
% B
E
Puc. 48

6) OG6o3nauum uepe3 O TOuKy nepeceueHHss auaroHansed AC w BD
kBanparta ABCD. Ilanockocth AD,C n BB;D; nepecekaiorcsi o npsiMou
OD,. Ilycts By H — nepnexaHKyJsip, NpoBeleHHbIA B njiockoctH BB D) K
npsmoit OD,. Torna B1H L AD,C.Tlycts E = OD; N BB,;. 111 n1oa06HbIX
TpeyroJibHHKoB D) B; E v O BE (paBeHCTBO COOTBETCTBYIOLUHX YTJIOB CJeyeT

B,E _ BD; _ 2
u3 ycioBusi BO || By D; ) umeem BE B0 T

3Haunt, B, E = 2BE = 2- 6 = 12. Tak kak B, D; = 5v/2, T0 runoteny3a
D\E = /B1E? + B;D? = /122 4 (5v/2)2 = \/194. [lanee npuMens-

eM MeTOZ nJollaseii B TpeyronbHuke Dy By FE nns BoluHcaeHHs BbicoThl B H,
OIyLLIEHHOH Ha runoteHy3y Dy E:

Sp, 5.5 = %BlE .B\D; = %DIE .B,H; 12-5v2 = V104 B, H;
B p - 80v2 _ 60 _ 60v97
! V194~ 97T T 97

Omeem: Q%\_/fQ—_Z
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15. [Tycts |27 — 3| = ¢, Toraa nosyyaem HepaBeHCTBO ¢ > 4 + 6+ [Tpe-

1 t2 — 10t + 25
<
6-t <0 6—t <0

o6pasyeM nocJieHee HepaBeHCTBO: 4 — ¢ +

t—5)2 .
KG_—t)_ S 0. I/ICHOJ]bByS{ METon HHTepBaJIOB, HaHIeM pelI]eHHﬁ HepaBeHCTBa

C mepeMeHHOH t: t = S5 umu t > 6. Orciona |27 — 3| = 5 uan |27 — 3| > 6.
[Tyctb 2% = a, pewinm ypaBHeHHe U HepaBeHCTBO ¢ MogyJ/ieM. 13 ypaBHeHus
a—-3=5 a=38 2* =8
a — 3| = 5 nosyyaem e ’ asee PO
la =3 oA [a—3=—& [a=—2 A 2% = _2;
= 3. MomyJb |a — 3| ecTb paccTosiHHEe Ha KOOPAHHATHOM OCH OT TOUKH a
10 ToukH 3. [lns pelueHHs HepaBeHCTBa |a — 3| > 6 He06XOAUMO HANTH TaKHe
TOYKH, pacCTOsIHHE OT KOTOPbIX 10 TOYKH 3 6oJblie 6. CripaBa oT ToukH 3 pac-
MoJioyKeHa TouKa 9 Ha pacCTosiHHH 6 eauHHLL, a cieBa — Touka (—3). [Tostomy
2" < -3
H3 HepaBeHCTBa [a — 3| > 6 noJyyaeMa < —3 Wan a > 9. [lasee [ 2z > 9. '
?
& 2% > 29829 & 1 > log, 9.

Omesem: {3} U (log, 9; +00).

16. a) O6o3naunm AB = ¢, AC = b, CB = a, p — nonynepumerp AABC.
BeinosHsi0TCS caenyiolye paBeHcTBa (CM. puc. 49):

S = Sasc = So,ca + So,B4 — So,cB =
= %OGG AC + %O.,E .AB — %OaTa .BC =

=1 1 - lo="Ta -
= 2rab+ 5TaC = 5Tad = (c+b—a).
Ortcioga nosyyaem r, = c—_*_Zb‘S-':—E. AnasornyHo nosydaercsi popmysa
_ 28
= ta—b
_ 25 _ 28 — 2 L p2
Hcnonbays GopMyanl r, = T = —c+a_b,02 =a®+b%m
S== nonyqaeM
2 2 2 2
raTp = 45 _ 45 _ 45 _ 25° _ S, 10

b+c—a)a+c—b)  c*-(b—a)* ~ 2ab 28
ecTb S = 14Tp.
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A
— B
’ E
G (o)
Pnc. 49
6) Tak xak Sqpc = 7T,7Tp ¥ NJOW@AL NMPSIMOYTOJLHOIO TPeyroJibHHKa

T,CT, paBHa % -CT, - CTy = % - rqorp = 15, TO HCKOMasi MJlolaab paBHa
30 — 15 = 15.

Omeem: 15.

17. Tlyets N — cymMma BJioXKeHHil. B npoekt A Mo¥eT ObiTh BioxkeHo 0,2N,
a B npoekt B — 0,8N. Torzaa oT yuacTus B npoekte A 6aHK NOJYUUT CPeACTB
ot 1,27 - (0,2N) = 0,254N po 1,32 - (0,2N) = 0,264N, a oT yyacTusi B
npoekre B — ot 1,37 - (0,8N) = 1,096N no 1,42 - (0,8N) = 1,136 N. Cym-~
MapHo 6aHK MoxeT noJyuntb oT 1,35N no 1,4N. To ectb noxonapt P 6aHKa
1,36N € P < 14N. [lyctb npoueHTHas CTaBka 1o BKJ1ajaM, HauHCJse-
mast 6aHKOM, paBHa a. Torza B KOH1e rona 6aHK JOJDKEH BbIILIATHTb KJIHEHTaM
V=N (1 + l—a()ﬁ) . ILnsi BbINOJIHEHHSA YCJIOBHS 33/1aYH BbIMJIAThI KJIHEHTaM CO-
cTaBAT He MeHee 15 % u He Gosiee 20 % rooBbIX OT CYMMapHBIX BJIOXKEHH B
npoexkthl Au B, o ecth 1,15N < V < 1,2N.

Uucras npuObUIb 6aHKa paBHA Pa3HOCTH NOXOLOB H BBINJIAT KJHEH-
Tam, To ecTb P — V, a uncrasi npHOLIb B MPOLEHTAX OT BJIOXEHHH paBHa
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PV 100%. Mu MoJyynay, uto 1,35 < % < 1,4, 1,15 <

<
N S 112’

2=

12 —N‘i < -1,15.

P V
Cnoxum HepaBeHcTBa 1,35 + (—1,2) < N + (—-N) <14+ (-1,15).
0,15< £=Y <025, 15% < £=Y .100% < 25%.

N N
HanmeHbLias npu6biab 6aHka MoxeT 6biTh 15 %, HanGoabluas — 25 %.
Hanpumep, aas cymmbi 1,35N npu ctaske 20 % uucTasi IpHObIIL GaHKa

coctasut (1,35N — 1,2N) -100% : N = 15 %, ans cymmbl 1,4N npu cTaBke

15 % unctas npubbiib 6aHka coctaBut (1,4AN — 1,156N) - 100% : N = 25%.
Omeem: 15% un 25%.

18. JlaHHOe  HepaBeHCTBO  PABHOCHJIbHO  [BOWHOMY  HepaBEHCTBY
0<4+a+ (562 +sin’z)sinz + a(2sin’z — 1) < 5.

MycTb sin z = ¢, Toraa NoJy41M HepaBeHCTBO
—4 < t2 + 2at? + 5a%t < 1 (%), KOTOpPOE JOMKHO BBIMOJHATLCA MPH BCEX
3HaueHHaX —1 < t < 1. Ecan a = 0, To HepaBeHCTBO (*) BHIMOJHSAETCA LIS
Joboro t € [—1;1].

Ilyctb a # 0. Dynkuns f(t) = t3+2at>+5a%t Bo3pacTaeT Ha IpOMeXyTKe
[—1; 1], Tak kak npousBoanas f’(t) = 3t%+4at+5a® > 0 npu Bcex 3HAYEHHAX
t € Rua # 0(anckpuMuHaHT D < 0o ctapuini Ko3gdHUHEHT 60Jbliie HYs1).

HepaBeHcTBO (*) Oymer BbimosiHATbCA Wi ¢t € [—1;1] npu ycaoBusx

f(=1) > —4, —142a —5a% > —4, 5a2—2a—3<0,
f(1) <1, &< 1+2a+5a2<1, & ¢ 5a% +2a <0, &
a#0; a# 0 a # 0;

—-% <a<0.
Hrak, ycnoBue BbinoJHseTCs NpH —% £a<0.

Omeem: [—%; 0].

19. a) Hesb3s. CpenHee apHMeTHYECKOE BCEX CeMH YHCEJ PaBHO

1+4243+4+5+6+7
7

= 4, TO eCTb fIBJAETCS LieJIbIM YHCJIOM.
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6) Hesb3s. Cpenxee apudmetHueckoe Bcex 2k + 1 yncen paBHO

142+...+2k+1) _ 1+2k+1)(2k+1) . _
T = 3 :(2k+1) = k+1, 10 €CTB

SIBJISIETCA LIEJIbIM YHCJIOM.

B) MoxHo. Hanpumep, 2; 1; 4; 3; 6; 5. Cymmbl U3 1BYX uncen (3; 5;7;9; 11)
He JIeJIATCA Ha J1Ba, CYMMBI U3 Tpex unced (7; 8; 13; 14) He nessiTcsi Ha 3, CyMMbl
H3 uetblpex yuces (10; 14; 18) He aessitcs Ha 4, CyMMbI H3 NATH Ykcen (16; 19)
He [eJIATCA Ha 5, CyMMa BceX LlecTH yHced (21) He fesHTCs Ha 6.

r) Moxuo. Hanpumep, 2;1;4;3;... 2k; 2k — 1. PaccMoTpuM cpennee
apHdMeTHUECKOE MOAPSL HAYILMX 11 YETHBIX YHCEJT H ™ HEYETHBIX YHCEJI:
2k+2(k+1) + ... +2(k+m-D)+2k—D)+2k+1) - D +...+2(k+m-1)—1 _

2m
(2k=1)+2k+...+2(k+m=1) _ 2k=1)+2(k+m-1) o o _
2m 2
_ 4k + 22m =3 _ok4m— %, TO €CThb He LeJI0e YHCJIO.

Paccmotpum cpengee apugmeTHueckoe oApsA HIYILHX 1M YETHBIX YHCE
H (m — 1) Hey€THbIX uHcesa (m > 1):
2k+2(k+1) + ...+ 2(k+m—1)4 (2k~1)+2(*+1)-D + ... +2k+m—-2) -1 _
2m -1
2k-1)+2k+...+2(k+m—-1)—(2k+m—-1)-1) _
2m -1 -

((2k—1)+2(k+m—-1),2m
2

—(2(k+m—1)—1)):(2m-1)=
_(4k+2m—-3m —2k—-2m+3 _

2m -1
:(2m—1)m+2k(2m—1)—2(2m—1)+1=m+2k_2+ S,
2m -1 2m -1

€CTb HE HeJ10€ YHCJTO.

Paccmotpum cpentee apudmernueckoe noapaa Hoyumx (m — 1) uéTHsix
YHCes U M HeY€THbIX ynces (m > 1):
2(k+D)+2(k+2)+.. . +2(k+m—-1)+(2k—D+(2(k+D -1 +...+2(k+m-1)—-1 _

2m—~1
2k—1)+2k+...+2(k+m—-1)—2k _
2m -1 -

((2k—1)+2(k+m—1)
2

-2m—2k):(2m—1)=
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(4k+2m —3)m —2k _ (2m—1)m + dkm — 2k —2m _

2m -1 - 2m —1
_ (2m—-1)m+2k(2m—1)—2m+1—1=m+2k__1___1_
2m —1 2m -1

, TO €CTb

He LieJ10€ YHCJIO.
Omegem: a)HeT,; 6) HeT; B) 1a; T) Ja.

Pewenne BapuaHnra 29

1. 500 — 120 - 2,4 = 212 (py6ueit).
Omeseem: 212.

2. B nepHon ¢ 21 no 27 Hoa6psi HanGoJbLIasi CpefHeCyTouHas TeMnepaTypa
6bla1a 27 HOsI6ps H paBHsIach 10 °C.
Omeem: 10.

3. Cropoubl napannenorpamma CO U AB paBHbI ¥ MapaJliieibHbl OCH Op-
auHaT Oy. 3HAUHT, OPIMHATY TOYKH A MOXXHO HaTH CJledyloIHM 06pa3oM:
ya =yp + AB, npuatoM AB = OC = 18, yg = 4.

Tornays = 4 + 18 = 22.

Omsem: 22.

4. BeposiTHOCTb KOMaHAbl «Mopo3» HauaTb Hrpy B JI060H BcTpeue paBHa 0,5.
3HauHT, BEPOATHOCTb HauaTb NEPBYIO H TPeTbIO Hrpy pasHa 0,5 - 0,5, a Bepo-
ATHOCTb TOTO, UTO NPH 3TOM BTOPYIO HIPy KOMaHAa He OyJeT HaYHHATb, paBHa
0,5-0,5-0,5 = 0,125.

Omsem: 0,125.

5. logg(5z + 27) = logg(3 + z) + logg 6, logg(5x + 27) = logg(6 - (3 + z)),
logg(5z + 27) = logs(18 + 6z), 5z + 27 = 18 + 6z, z = 9.
[TpoBepka: logg(5 - 9+ 27) = logg(3 +9) + 1,
logg 72 = logg 12 + 1, logg 72 = logg 72.
Z = 9 — KOpeHb ypaBHEHHS.
Omesem: 9.

6. [To ycaioBHI0 sin A = 315— (cMm. puc. 50).

A = /BCH, 3Hauur, sin /BCH =
BC =3BH =3-7=21.

H

ol
L

3=
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Puc. 50

Boicora CH npoBeneHa 13 BepLidHbl npsiMoro yria AABC, no3toMy oHa
DeJIHT ero Ha ABa noao6HbIX TpeyroibHika CBH n ABC.

2
BH _ BC p,_ BC® _21% _ .o

M3 nopobus == BC ~ BA’ BE =7

Omegem: 63.
7. F(9) — F(3) = S, rae S — nuowazb GUrypbl, orpaHHyeHHol rpaHKoM
¢yHKuHH y = f(z), npsaMbiMHy = 0uz = 3,z = 9. PaccMOTpHM pHCYHOK 51.
ya
2 %
0 3 4 9 x
Puc. 51

HanHas ¢purypa — Tpaneuus ¢ ocHOBaHHAMH 6 H 1 H BricoToi 2. E€ nJo-

6+1 o _
5 -2=T1.

Omesem: 7.

1lagb paBHa —=——

8. [Nowanp noBepxXHOCTH TeTpasApa paBHA CymMMe ILIoOWafeH 4 OIHHAKOBBIX

rpaneft. [lnouwans rpany pasHa %? [1somaap NOBEPXHOCTH MHOTOrPaHHH-
Ka paBHa CyMMe MJowajed 8 ero rpaHei, NMpH 3TOM Kaxjasi €ro rpaHb —
TPeyroJibHHK, 06pa30BaHHbIH CPeHHMH JHHHAAMH IPaHH TeTpasipa, No3Tomy

nJolanb 3ToH rpaHH paBHa % TJIOLLAH TPaHH TeTpasapa.

Hckomas naoulaab paBHa % . % -8 =123.

Omeem: 23.
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9. log, 84 — log, 12 = log, % =log, 7= 1.
Omeem: 1.

10. ITo ycaoBuio U = 30 cos(80 °t + 30°). Jlamnouka ropur, ecan U 2> 15, To
ecTb cos(80 °t + 30°) > 0,5.

PaccmoTpHM npoMexyToK BpeMeni t € [0; 1].

IMpu stom 80°t + 30° wmensiercs or 30° npo 110°, mpu 3TOM
c0s(80°t + 30°) > 0,5, ec/IH apryMeHT mensiercs oT 30° 1o 60° (cM. pHc. 52).

110 60°
(o]

30

Puc. 52

Jlamrnouka 6ynet ropetb g—g NepBOH CEKYHIbl, HIH g—g -100% = 37,5%.

Omeem: 37,5 %.

11. PaccrosiiHe yBesiHUHBaeTCS KaXKIbli eHb Ha OJHY H Ty XKe BeJHUHHY d,
a 3HAYHT, 10CJ/Ie[IOBATE/IbHOCTb TAKHX PACCTOSIHHI — apH¢MeTHYeCKasi Ipo-

rpeccHs.
3a 5 aHeH NpoJeHHLIA MyTh paBeH w -5 = 3270, rne a;, ag H

a5 — MyTb, NPOAAEHHbIA B NEPBLIA, TPETHH H NATbIA JIHH COOTBETCTBEHHO.

ITo cBoiicTBy apndMeTHUECKOH NpOrpeccht az = ay + 2d, as = ay + 44,
3HAYHT, a3 = ‘—IL;—G-&. Toraa az = 3270 : 5 = 654 (kM).

Omeem: 654.

12. B Touke MakCHMyMa NpPOH3BOJHAsK (PYHKIIHH MEHSIeT 3HaK € «—>» Ha «+>.
Y=(z-7)2 - (z+8)+29) =2(x-T)(z+8) +(z-T7)? =
=(z-72+8 +((x—-T7)=(z-T7)(3z+9).
y =0npuz =T7uz = —3(cM. puc. 53).
Z = —3 — TOUKa MaKCHMYMa (YHKLIHH.
Omsem: —3.
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v

| 1 +
y(x) A -3 ~N 7
Puc. 53

13. a) Mcno/ib3ys 0CHOBHOE TPHTOHOMETPHYECKOE TOXKAECTBO H (hopMyJTy CH-

Hyca JIBOHHOTO apryMeHTa, MoJlyyuM YpaBHeHHe, JIEBYIO 4acTb KOTOPOro pas-
JIOXKHM Ha MHOXKHTeJIH cos (2 sinz — cos z) = 0. [Tosyunm 1Ba ypaBHEHHS.

1)cosz =0, oTKyna z = % 4+ mn,roen € Z;

2)2sinz — cosz = 0, KOTOpPOe paBHOCH/ILHO YPaBHEHHIO tg T = %, Toraa

:c=arctg%+1rk,r11ek€Z.

6) Ha cxeme H3o6pakeHa YHCJIOBasi OKPY»KHOCTb, Ha KOTOPOH BbljeJie-

Ha Oyra OT —m 10 % TpomexyTKy [—m; 2] npuHasiexaT yeTbipe KODHS,

T = arctg%— -, T = —%,IE;; = arctg % T4 = %(CM. pHc. 54).

n
x4 2

!

2

—n 0 >
X
A
2
Puc. 54

Omsem: a) 125 +7mn,n € Z; a:ctg% +7k,rnek € Z.6) a.rctg-21- -,

_T 1

T
2,a.rc1;g2,2.
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14. a) PaccMOTpHM pHCYHOK 55. 3aMeTHM, 4TO NapaJJieiennnen
ABB1A1EDD, E, sBasiercs npaBuibHOH 1npuamoit (ABB) A, — kBajpar).
BD | EDD,, torpa BD 1| ED,, ED, 1 ED kak 1uarosaji KBaapara,

3Hayut, ED, L A;BD, cnenoBatesivHo, ED; | BE), u yron Mexuay HHMH
npaAMoH.

D,
! " E, Dl
B | 2L E, n 7
| / )
Ay 2 h E \ y
T 14 e \ ~ - (D
(e Fr. 1 =~ \(/0
o :
s 1 ” \\ 1 \
2 a4z \ \ \
Ll DN I 2 I i \
/, - =77\ N !
Fo T N Ay N AL L
B - = e Y 4 \
————— E - \
————— V4 \J
A F 4 B
Pnc. 55

6) PaccmoTtpum aByrpaHubii yron EFy B D, v ero auHednsid yroa EOD;.
C NnoMouIbIo TeopeMbl KOCHHYCOB MOXHO HafiTH Bhicory AE = /3 napane-

Jenunena. Jlnaronasnb 60koBo# rpaid BE = v/ BA? + AE? = 2 y gHaroHanb
BE, = \/BE? + EE? = /5 napainenenunesa.

B npsiMOyroJibHOM TpeyToJIbHHKe C H3BeCTHbIMH KaTeTaMH BE = 2,
EE; = 1 urunoteny3oit BE; = /5 HaiiiéM BbicoTy

go~ BE-EE; _ 2
BE, V5

W3 pasenctsa tpeyronbuukos BEE; u Ey BD, ciiefyerT, 4To TPeyToJbHHK

EOD, ssasietcs paBHoGeapeHHbiM OF = OD; = % C OCHOBaHHEM

ED, = /ED?¥ DD? = /2.
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[Tpumensis TeopeMy Kocunycos ED? = EO4+OD?*2EQOD cos ZEOD;,,

Halaém cos FOD, = —% , 3HAYHT, yroJsl Mexny mJjiockoctiMi ABD, 1 BB, E

paB€H arccos i .

Omeem: arccos 711
15. OueBuaHo, uto £ > 0. 3ameTuM, uto log, z < 2% npu = > 0, rpaduk
¢GyHKUMH y = log, T JIEXHT HIXKe NPSMON § = &, a rpadHK PyHKLHH y = 27
JIEXKHT Bbillle 3TOH NPSAMOH, N103TOMy 3HaMeHaTeJsb APOGH PHHHMAET TOJIbKO
OTpHLATeJIbHble 3HayeHHs. JloKa)KeM, UTO 3TO BEPHO.

IokaxeMm, uto 2* > z. PaccmotpuM f(z) = 2% — z. f'(z) = 2*In2 - 1.

f(z)=0npu2*In2-1=0, 2* = z1 = log, Hlﬁ — TOYKa MHHHMYMa,

1

In2’

f(z1) — HanMeHbluee 3HaueHHe f(x).
Hokaxem, yto f(x1) > 0.

1 1

2 10g21 5 > 0; logye — logylogae > 0; logye > log,log,e;

e > log, e; 2° > e. DT0 BepHoO, TaK Kak 2¢ > 22 > e

Mbl nokasanu, yto 2* > z. Ho toraa log, 2* > logyz vz > log, .
2% > z > log, x, 3HAuHT, 2% — log, z > 0.

YMHOXHB 06e YacTH HepaBeHCTBa Ha log, T — 2%, NOJyYyHM HepaBeHCTBO
4% + logyx — 12 < logy x — 2%, KOTOpOE JEKO CBOAMTCSH K HEPaBEHCTBY
4% + 2° — 12 < 0. PewnB ero MeToi0M NOACTAaHOBKH, HaHIEM BCe ero pe-
weHns ¢ < log, 3. YuuThiBas, uto £ > 0, MOJy4HM BCe pelleHHs AaHHOro
HepaBeHcTBa: z € (0; log, 3.

Omegem: (0;log, 3.

16. a) Boicotry C H tpeyroabhnka A BC MoxHo HaiiTh no Teopeme [1ndaropa,
OHa paBHa 12.

Torna naowanp S Tpeyronbiuka ABC paBHa 60, nepuMerp P paseH 36,
25 _2.60 _ 10
P 36 3
6) Touka O — LiIeHTP OKPY>KHOCTH, BNIHCaHHOH B TpeyroJbHHK ABC , Toraa

PafHyC BMTHCAHHOH OKPY>KHOCTH pPaBeH 1 =

OH = 13—0 O 1 O, nexar Ha 6HccekTpHce L A.

Otpe3ku O1M u O2N — panpuychl, NMpoBe€HHble B TOUKH KacaHHs
OKpY»HOCTei#l co ctopoHoii AB.OM L AB,ON 1 AB (cm. puc. 56).
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Tpeyronbuukn AOH n AO1 M nopoGHbl MO JBYM yrJlaM, IO3TOMY HX CTO-

.OH _AH . 10_ _5 . -
POHBI NPONMOPUHOHAJIbHBI: OM - AM' 3 = AM,AM— 1,5.

0:0=MN=10-2-15=T.

/

0
\
N H M A4
Puc. 56
Tpeyronbuukn ABC 1 010203 nono6Hbl, NOTOMY UYTO HX COOTBETCTBEH-
Hble CTOpPOHBbI MapaJuiesbHbl. KoadduuneHt nonobus k = AB _ -1—0,
0,02 7

nosToMy rowanb So,0,05 = Sapc : k* = 60 - 1%96 = 29,4.

Omeem: a) 1—;); 6)29,4.

17. st kpaTKocTH 3anmHcH yKeao 30 000 o6o3Haunm depes N. Ha nosepxHo-
CTH MBILIKH:
nocJie 1-# nesHH@ekunH octanocb 2N — n GaKTepHH,;
nocJne 2-# fe3nHgpeKunH octagnoch 2(2N — n) — n = 4N — 3n GaKTepH#;
nocae 3-# ae3nHgpeKuuu ocranoch 2(4N — 3n) —n = 8N — 7n 6aKTepHi;
nocJe 4-i ne3ungekunt octanocb 2(8 N —7n)—n = 16 N —15n GakrepHii.

[To ycaoBuio 3agauu 16 N — 15n = 0, nosToMy n = 1_:@_51‘_{
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Ecmn N = 30000, To n = %‘SOOO = 32000 6axTepui norn6asno Bo

BPeMs KaXk10i Je3HH(EeKLHH.
Omeem: 32000.

18. Ecan z > 0, To ypasHenne (|z| — 4)? + (y — 3)% = 2 3a1aéT OKpyXHOCTb ¢
ueHTpom Co(4;3) panuycom /2. Ecin ¢ < 0, To 3T0 ypaBHeHHe 3a1aéT OKpYX-
HOCTb ¢ LienTpoM C1(—4; 3) pamnycom /2.

Bropoe ypaBHenne y = |z — 1| + a cHcTeMbl 3a5a€T NPSIMOIA YroJ1 € nepe-
MeHHOH BepLUHHON (1; a), HaxonslueHcs Ha NpsMoK = = 1.

s

Puc. 57

IpachHkH 3THX ypaBHeHHH HMEIOT eIMHCTBEHHYIO OOLLYI0 TOUKY TOTAA, KO-
Ta O1Ha CTOPOHA NMPSIMOrO YIV1a KacaeTcst OJHOH H3 OKPYXKHOCTeH, a BTopas
CTOPOHA 3TOTO YTJIa He HMeeT C OKPY>KHOCTAMH 06Liel TOUKH. DTO NPOH30HAET

B JABYX CJIy4asix.

[To pucyHKy 57 BUAHM, 4TO NPH 3TOM a@ = 2 HJIH a = —4. [1poBepuM, uto
TNPH 3THX 3HaYeHHAX JeACTBHTE/IbHO NPSAMas KacaeTcsi OKPY>KHOCTH.

l)a = 2, Torna npsiMasi y = x + 1 1 oKpyxHOCTb (T — 4)% + (y — 3)% = 2
HMEIOT OJIHY OOLLYIO TOUKY, IOTOMY YTO COOTBETCTBYIOIAS HM CHCTEMA ypaB-
HeRHil { z -4 +(y-3)" =2,

y=z+1 HMeeT eIHHCTBeHHOe pelueHHe (3;4).

2)a = —4, Toraa npsiMasi y = — — 3 H OKPY>KHOCTb
(x + 4)% + (y — 3)? = 2 uMe1oT 0aHY O6LIYIO TOUKY, TOTOMY UTO COOTBETCTBY -
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(z+4)?2+(y-3)? =2,
y=-z-3
HMeeT eJHHCTBeHHoe pellieHHe (—5; 2).
Omeem: —4;2.

oulast UM CHCTEMa ypaBHeHHﬁ {

19. a) OueBnaHo, uto cymma 96 uncen
(—47—-46—-...—1+0+1+...+ 46 4+ 47) + 48 paBHa 48, H NOHSTHO, 4YTO
0 3anHcaH Ha 48-1 CTpaHHLe TETPalH.

6) Ecan 0 3anHcaH Ha mnepBoH cTpaHHUe, TO cyMMa 96 uHcen
0+1+4+2+3+...+ 94+ 95 paBHa 4560. B 3ToM HeTpynHo y6enuTbes,
HCI0J1b3ysl HOPMYJly CYMMBI 1 IIEPBbIX YieHOB apH(PMETHYECKOH NPOrpecCHH.

B) PaccMoTpHM TabJHly, B nepBOi CTPOKe KOTOPOH 3alHCaHbl HOMepa
cTpaHHL 1o ¢aGpHYHON HyMepaLyH, a BO BTOPOH CTPOKe HoMepa, 3aliHCaHHble

MaJbYHKOM.
1 2 || k|k+1k+2|..] 2k {2k +1]2k + 22k 4 3|...| 95 96

“k-(k—1)...-1] 0 | 1 [..[k=1] k |k+1]|k+2]..[94—K95—k

2k + 1 uncen 95 — 2k yncen

Cymma nepsbix 2k + 1 uncen paBHa 0, CyMMy NMOCJIeIHHX YHCeJ], HAUH-
Hasi ¢ k + 1 no 95 — k, MOXXHO HalTH ¢ NOMOLLbIO HOPMYJIbl CYMMbI 72 TTEPBbIX
YJIeHOB apH(PMeTHYeCKOH nporpeccu. ITa cyMMa paBHa 48(95 — 2k) = S,
KOTOPYIO Halues MajbyHK. [TpupaBusB eé K yHciy 1968, noJiyuHMm ypaBHeHHe
48(95—2k) = 1968, nostoMy k = 27. UncJio 0 MasIbuKK 3anKcas Ha CTPaHHLEe
C HOMepoM k + 1, To ecTb Ha 28-# cTpaHHLLe.

Omeem: a)48;6)1; B) 28.

Pewenne Bapnanra 33

1. Tlo ycsioBHIO Ha TesledoHHbIH pa3roBop 3aTpayeHo 52 — 16 = 36 (py6ueit).
Tax kak 1 MHHyTa pasroBopa cToHT 1 py6sb 20 Koneek, TO pa3roBop AJIHJCS
36 : 1,2 = 30 (MuHYT).

Omeem: 30.

2. Kak BuaHO H3 auarpaMmbl, HanGodiblliee YHC0 nocetuteneit (30 000) 6uito
1 pa3 5 Hos6ps.
Omesem: 5.

17.3ax. Ne 41
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3. ¥ Touek (3;7) u (6;7) omuHaKoBble OPAUHATEI, IO3TOMY JUVIHHA OCHOBAHHSA
NpsIMOyroJibHHKa paBHa 6 — 3 = 3. AHaJIOTHYHO, BbICOTa MPSIMOYroJIbHHKA
paBHa 11 — 7 = 4. 3HauHT, AMaroHanb pasHa v/32 + 42 = 5 (cM. puc. 58).

G3; 11) (6; 11)

3;7 6;7)
Puc. 58

Omeem: 5.

4. BepoATHOCTb BLIGOPa NMPHCTPEJISIHHOIO PYXKbsl PaBHa [pH 3TOM Bepo-

12°

ATHOCTb NpOMaxa paBHa 1—2 d -1—6 = 1'56 = -26

BCPOﬂTHOCTb BbIGOpa HETNIPUCTPEJIAHHOTO PyKbsl paBHa 192 TpH 3TOM Be-

9 8 72 12
POATHOCTb NIPOMaxa paBKa 55 * 5 = I35 = 30"
[TosToMy BeposiTHOCTb MpoMaxa B JaHHOH CHTyallMH paBHa
1,12_13_ 65
20 ' 20 20 100
Omeem: 0,65.

5. Tak kak 4 = logz 3* = log, 81, 10 logs(12 — z) = log; 81, 12 — z = 81.
Orciona z = —69.

Omeem: ~69.

6. PaccMoTpuM pHcyHOK 59.

B 9 C
/—\
] ]
H h
A X % D

Puc. 59

17



Petuienne Bapranta 33 259

BKLADHCMLAD,TomaAK=MD=%:22.

BK _ -6 —AK-8 _990. 6 _
AK—thBAK—H,noaTomyBK AK 11 22 11 12.

Omesem: 12.
7. [To dopmye HolotoHa—Jleii6uuua S = F(—1) — F(-5).

F(=1) = (-1)3 + 18- (-=1)2 + 221 - (=1) — % = 204 — %
F(=5) = (—5)3+18-(—5)2+221-(—5)—% = —125+450—1 105—% =
—_780 -1
= 780 3.
5 = —904—1 _(_7s0_ 1) =
F(-1) - F(-5) = ~204 - ( 780 2) 576.
Omeem: 576.
8. PaccmoTpum pucyHok 60.
B C
Al : D]
i
1
!
18 !
z/‘g---':::::F::-- C
A 24 D

Puc. 60

Yroa mexxny npsimbiMi DC' 1 A;Cy COBNaziaeT C yIJIoM MeXy NPsAMbIMH
DC n AC, tak kak AC || A;C,.

. AD 24 24 24
LACD = = = = == = (,96.
sin AC = V17 V6 25
Omsgem: 0,96.

18. 3ax. N2 41
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9-¢+1
9. Tak Kak Jath _ 4, T0 =4,
-
a _ 9z +1 _ _ — —
I[lycTtb ;=% TOTJa 3.9 = 4, dx+1=12x -8, 3z =9, z = 3,
a _
b= 3.
Omsem: 3.
2
10. U3 dopmyabl v = v2la nosyuaem, 4To a = 357 Ho no ycaosuio | = 3,
_ _ 602 _ 3600 _
v = 60, nosToMy @ = 5.3- 6 = 600.

Omaem: 600.

11. Tlyets = (M?) — nnasMpyemast HopMa yKJalkH B JeHb. Toraa, corJacHo
YCJIOBHIO, NOJTyYaeM:

320 _ 320 _,, 320z+6)-320.z _,
z z+6 ’ z(z + 6) ’
320:6_ _ 4o _160 __; 2,6, 160=0,

z(z +6) 12, z(z + 6)

T12=—-3+9+160 = —3 +13.

Tak Kak z He ABJISIeTCS OTPHLIATEIbHBIM YHCJIOM, TO = = 10.
Omesem: 10.

12. O6aacTblo onpeeseHusi QYHKLHH SABJISETCS MHOXKECTBO
(—00;0) U (0; +00).
Haxonum Bce 3Hauenus x, npu KOTOpPLIX NpousBoaHas y’ = 0.

2
y=-B+3 B i3-0 B
—48+3z2 =0, 22 =16, £ = +4.

YkaxceM 3Hak nNpoH3BoaHOH (CM. puc. 61)
+ — —

»
>

+
AN O 4

Puc. 61

18*
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OTMeTHM, 4YTO 3HaK NMPOH3BOAHOH COBNajaeT co 3HaKOM —48 + 3z2, Tak
Kak z2 > 0.
Takkaky’ < 0npu0 < z < 4, To PpyHKLHSA Ha npoMexxyTKe (0; 4) yObiBaer,
aTakkaKy’ > 0npuz > 4, To OyHKLHsi Ha NpoMexKyTKe (4; +00) Bo3pacTaer.
Z = 4 — TOYKa MHHHMyMa QYHKLIHH.
Omegem: 4.
13.a)2sinz + |cosz| — 3cosz =0
1. cosz > 0, Torna | cos z| = cos T H ypaBHeHHe IIPHMeT BH],
2sinz +cosz — 3cosz = 0,
2sinz —2cosz = 0,sinz = cosz.
IpH cosz # Oumeemtgz = 1,

x=§+7rn,n€Z.

YuuthBas, yTocosz > 0, z = Z +2nn,n€ Z.

2. cosz < 0, Toraa | cos x| = — cos  H ypaBHeHHe IPHMeT BHJ,
2sinz —cost — 3cosz =0,
2sinz —4cosz =0, sinx = 2cosz.
[Mpucosz # 0tgz = 2,
z =arctg2+ 7k, k € Z.
YuutbiBas, yto cosz < 0, z = 7 + arctg 2 + 2wk, k € Z unu
z =arctg2+n(l1+2k), ke Z.
6) C NOMOILbIO YHCIOBOH OKPYXKHOCTH (CM. pHC. 62) 0TGepEéM KODHH, NpH-
HaJ/TeXKallHe IPOMEXYTKY |7 [ 527r ]

T, =27+ Z QI T2 = 7+ arctg 2.
AT
2 on
I
i 2n
n + arctg?
Puc. 62

Omeem: a) %+27rn, neZ;arctg2+n(1 4+ 2k), ke Z; 6) m+arctg2; %
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14. a) B tpeyrosnbuuke BSC nposeném Buicoty BE. Coenunnm Touky B, E
u F'(cM. prc. 63). ABEF — ncKoMoe ceyeHHe.

Puc. 63

6) 1. M306pa3um TeTpasmp TaK, KaK MoKa3aHo Ha pucyHke 64. [Tycts
AO — BricoTa npaBHIbHOTO TeTpasapa ABCS, AO L (BCS). Tak Kak TeT-
paszip NpaBU/bHLIA, TO O — LEHTP oNHCaHHOI oKpyKHOCTH ABC'S, CO — eé

pamnyc, CO = 93—\/3, rae a = 12 — CTOpOHa NPaBHJIBLHOIO TPEYroJbHHKa

SBC, CO = 4V3.

Puc. 64

2. ACAO — npamoyroabhblii, ZAOC = 90°. [1o Teopeme [Tudaropa
AO = VAC? - CO? = /144 — 48 = 4V/6.

3. Ilyets FK 1 CO. Toraa FK || AO, AO L (BSC), cnenoBatedibHo,
FK 1 (BSC). 3naunur, FK — HCKOMO€ pacCTOSIHHeE.
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4. 3ametum, uto AFCK ~ AAOC 1o 1ByM yraam

_ — 90°. 2C — obuui). roraa FE - FC _ __FC__
(LFKC = LAOC = 90°, ZC — o61uuit), TOraa A0 — AC ~ FC 1 AF
FK _ FC 1.

YuurbiBas, uto no ycnosrio AF = 2FC, nonyyaem

FK:A—O=4T‘/6.

A0 T FC+2FC ~ 3

3
Omeem: %6
15. (31 — 27)(1031——1 T — logz—l 3) > 0.
(V2 +z - VT2 +5)(jz + 2| — |z])
;
(2 >0, iill)’
;:};(1)’ z # 2, > 1,
0J13. < 7, ) { [z20, T # 2,
z +z20, r< -1 T # 5.
2+ # 2% + 5, a:;ég ’
|z + 2| # |x|; ’ )
\ L:1:24-41:+4752272,

z € (1;2) U (2;5) U (5; +00).
Ha OJ13 nasHoe HepaBeHCTBO PAaBHOCHJIBLHO HEPABEHCTBY
(z—=3)(xz—-1=1)(z-3)
(z* + z — z° - 5)((z + 2)? — z?)
(z-3)2(z-2)
(z-5)4z+4) "~

(z-3)%*(z—2)
8+l =

C. % ) .

- Fr AR5

> 0(cM. puc. 65),

PHnc. 65

z € (—1;2) U {3} U (5; +00).
Yuuteiasg OL13, nosmyuuMm z € (1;2) U {3} U (5; +00).
Omeem: (1;2) U {3} U (5; +00).
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16. a) OKpy>KHOCTb C 1IeHTPOM B TouKe (J; OMHCaHa OKOJIO YeThIPEXYToNbHHKA
BMNC, 3nauut, ZBCN + ZBMN = 180°, ZBMN = 180° — ZBCN.
ZAMN + ZBMN = 180° kak cMexHble, ZBM N = 180° - ZAMN.
Orciona ZBCN = LZAMN (cM. pc. 66).
Hmeem B Tpeyroabuukax ABC u ANM: LA — obuini,
LACB = ZNCB = ZAMN, 3naunt, AABC ~ AAN M no nepBoMy npH-
3HaKy noJo6Hs, YTO H TPe60BaNOCh J0KA3aTb.

Puc. 66

AB _ AC _ BC
AN AM MN’

Okpy»xHOCTb ¢ ueHTpoM B Touke O BnucaHa B AABC, 3Haunt, AF = AE,
BE = BP,CP = CF KakK oTpe3KH KacaTeJlbHbIX, TPOBEAEHHbIX K OKPYXHO~
CTH C LeHTpoM O H3 ToueK A, B U C COOTBETCTBEHHO.

[Myctb AF = AE =z,TornaBE=BP=7—-z,CP=CF =8 —z,

BP+CP=BC,7T-z+8—-x=9,x=3, AF = AE =3.

O6o3naunm MK =t, NK =p,torna ME=MK =t, NF=NK =p
KaK OTpe3KH KacaTeJIbHbIX, IPOBEIEHHBIX K OKPY?KHOCTH C LIeHTpoM O H3 ToueK
M u N COOTBETCTBEHHO.

[Toayunm AM = AE — ME =3 —t,

AN =AF - NF=3-p MN=MK + NK =t+p.

[Mepumerp AAMN paBen AM + AN+ MN =3—-t+3—-p+t+p=6.
[TeprMeTpbl MogO6GHBIX TPEYTOJLHHKOB OTHOCATCS TaK Ke, KAK HX CTOPOHbI,

6) W3 nono6us caemyer

noITOMY 77849~ 9 24
Omesem: 2,25.

6 _MN. yn__q95
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17. Tlpumem o6béM OacceiiHa 3a enuHuly. [lo ycsoBHio mepBas Tpy6a
HanuBaer 20 M3 Boaml B uyac, Bropas — (20 — 2z) M3, a Tpetbs —
(20 + 10z) m3. Pa6oras BMecTe, mepBasi H BTopasi TPyObl HaJIMBaIOT
(20 + 20 — 2z) M® = (40 — 22) m3 Boapl B uac, a paGoTas BMecTe, BCe TPH
Tpy6bl HasmBawT 20 + (20 — 2z) + (20 + 102) M3 = (60 + 82) M® Boab! B uac.
Tax kak 20% cocrasastiot 0,2 6acceiina, To nepsas H BTopas Tpy6sl, paboTas

2 .
BMeCTe, 3aTpaTaT Zbgl—zz- yacoB, a Ha octaBluHecs 0,8 6accefina TpH TpyObl,

0.8
a6oTasi BMecTe, 3aTpaTiT ———— YaCoB.
P PaTAT &0 + 82

0,2 0,8
40 -2z 60+ 8z

3ajgaya CBOAMTCS K HaX0XK/IEHHIO TAKOr0 3HaYeHHs Z, IPH KOTOPOM 3Ha4ye-

Becb 6acceiin 6yner HaJuT 3a ( ) 4acos.

HHe QYHKUMH t(z) = 400—’—22;: + 600-;—882’ 0 < z < 10 6yzeT HaHMEeHbLUHM.
P(z) = 04 64 _ 04(60+ 82)% — 6,4(40 — 2z)*
(40 — 22)>  (60+82)2 ~ (40 —22)%. (60 + 8z2)*
0,4(60 + 82)% — 6,4(40 — 22)? = 0,
yon 40 — 2z #0,
#(2)=0.9 60+8: 40
0 <z < 10.

(60 + 82)% — 16(40 — 22)2 =0
3600 + 960z + 6422 — 25600 + 2560z — 6422 =0
3520z = 22000, z = 6,25. 6,25 € (0;10).

t'(z) < Onpu z < 6,25 ut’(2z) > 0 npu 2z > 6,25, 3Haunt, z = 6,25 —
TOYKA MHHHMYMa QYHKLMH t(2).

BuicTpee Bcero 6accefiH HanoJHKUTCS NpH 2 = 6,25.
Omsem: 6,25.

18. HepaBeHcTBO paBHOCHJIbHO COBOKYNHOCTH CHCTEM HEPaBEHCTB

T 2 a, T 2 a,
z2 + 3z — 3a — Tz + 2a < 0; z?2 —4x —a <0
z < a, z < a,

22 -3z +3a-Tr+2a<0. z? — 10z + 5a < 0;



266 InaBa Il. Peluetns H36paHHNX BAPHAHTOB

as<z,
a>x2-4x;

a>r,

2
a<——%+2m.

B cucTeme koopanHat Oza noctpoum rpacuku dyHKUHH a = T,
z?
5

a=1z?—4z,a = —= + 2z (cM. puc. 67).

Puc. 67

[TosryueHHO# COBOKYTIHOCTH YIOBJ/IETBOPSIIOT TOUKH, 3aKJIIOUEHHBIE MEXKIY
2
I

=+ 2z Ha npomexyTke z € [0; 5)

rpadukami yHkuniia = 22 — 4z Ha = —

(3awrTpuxoBaHHas 06/1acCThb ).

ITo rpadHKy onpenesisieM: HCXoQHOE HepaBEHCTBO HMeeT eIHHCTBEHHOE pe-
UIeHHe NP @ = —4 H a = 5, TaK KaK B 3alUTPHXOBaHHOH obaacTH 6GyzeTr
€IMHCTBEeHHas TOYKa C OpJHHATOH a, paBHOH —4 H paBHOH 5.

Omesem: —4;5.

19. a) BBeném Ha KieTkax cHCTeMy KOOPAHHAT (KaK MOKa3aHO Ha PHCYH-
ke 68 a)). M3nauanbHo «Kentasp» crour B kierke (1;1). Torma nocaenosa-
TEIbHOCTb XOJ10B (cM. pHc. 68 6)) (1;1) — (2;3) — (4;2) — (2;1) npuBenér
ero B KJIeTKy (2; 1), cocenriolo ¢ HayaabHoil. [To cyTi xon «KeHTtaspa» cosna-
JdaeT ¢ X040M OOBbIYHOTO LIaXMATHOTO KOHS.



Peuienne BapHanta 33 267

a

— N W PN AN\
—_— N W A
»
/
— N WL AN 00\O

R O )
123456789 1 3 4 123456789

a) 6) 6
Puc. 68

v
x
2

6) He moxer. Ecan «KenraBp» cToHT B kJaeTke (i; ), To nocJie Xoa OH
OKaXXeTcsl B OJHOA H3 KJeToK (i £ 1;j £ 3) uan (¢ + 3;5 £ 1). Takum o6pa-
30M, CyMMa KOOpJIHHAT CTaHeT PaBHOH OJHOMY H3 YHceNt + j — 4,1+ 7 — 2,
i1+ 742,14+ j+ 4, T0 ecTb H3MEHHTCS HAa YETHOE UHCJIO MO CPABHEHHIO CO
3HayeHHeM i+ j. S3HaUHT, YETHOCTb CYMMbl KOODAHHAT KJIETKH, HAa KOTOPOH CTO-
HT «KeHTaBp», ocTaércsi HenameHHoH. CHavana «KeHTaBp» CTOHT Ha KJeTKe
(1;1). CaenoBaTe/ibHO, CyMMa KOOpPAHHAT 3aHHMaeMOH KJIeTKH Bceraa 6yner
YETHOM, B TO BPeMsi KaK COCEJHHe C HauyaJbHOH KieTkH (1;2) u (2;1) umeror
HEYETHYI0 CyMMy KOOPIHHAT.

B) OueBHaHo, uTO k < 8, HHaue «KeHTaBp» NepBbIM XK€ XOJOM BLICKOYHT
3a #ocKy. SicHO, 4TO A/ YéTHbIX k TpeGyeMoe HeBO3MOXKHO, TaK KaK B 3TOM
cayyae «KeHraBp» Bcerza 6yieT OKa3biBaTbCsl B KJ1€TKaX C 4ETHOH CyMMOH KO-
OpP/IMHAT H HHKOIIa He CMOXKET NonacTb HH B KieTky (1;2), HH B KieTky (2;1).
Kpome Toro, npu k > 4 nocne neporo xona «KeHTaBp» oKaxkeTcsi JIH60 B
Kietke (9; k+1), 60 B kietke (k+1;9) H ci1eqyIOLHM XOLO0M BbIHYXKI€eH 6y-
JET BePHYTbCS B KJ1eTKY (1; 1), Tak Kak 2k +1 > 9 H, C/IeI0BaTe/ILHO, Y HETO He
6ynet BriGopa. Torna Bce KJeTKH, Ha KOTOPbIX MOXKeT no6biBaTh «KeHTaBp»,
ucuepnbiBaloTes kaetkamu (1;1), (k + 1;9) u (9; k + 1), To ecTb B coceiHei ¢
HauyaJibHOM KJeTKe «KeHTaBp» HHKOr/Ja He OKaXKeTcs.

[Tpennonoxum, uto k = 3. Torma nocJsie nepsoro xona «KextaBp» oka-
XKeTcs B Kietke (9;4) unn (4;9). ByneM cuuTaTh, 4TO OH OKaXKeTcs B KJeTKe
(9; 4), TaK KaK BTOPOIi CJTy4al NoJHOCTbIo cHMMeTpHuYeH. K13 kneTkH (9; 4) BTo-
PbIM XOIOM OH MOXET JIH60 BepHYTbCS B HaYaJIbHYIO, JIHOO NEePeHTH B KJIETKY
(1;7), 43 KOTOpPOH CJIEMYIOLLHM XOAOM MOKHO JIHILIb BEPHYTbCS B KJETKY (9; 4).
3Hauurt, npu k = 3 «KeHTaBpy» mocTymnHbl ToIbKO KieTkH (1; 1), (9;4), (1;7),
(4;9), (7;1), u 3TOT CsTyya# He MOAXOIMT (CM. pHC. 68 B).
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Hakonew, npu k = 1 TpeGyeMoe BO3MOXKHO, YTO JJOKa3bIBaeTCsl IPHMEPOM
T0CJIeIOBATE/IbHOCTH 1LAroB, NpUBOAALMX «KeHTaBpa» B COCEIHIO K/ETKY
((151) = (2;9) — (3;1) = (4;9) — (51) — (6;9) — (7;1) — (8;9) —
= (9;1) — (1;2)).

Omeem: a) na; 6) Her; B) 1.

Pewenne Bapuanta 37
1. Tlyctb £ — cymMa, Kotopylo Bapsi no/pkHa NoJIOKHTb Ha CYéT, Toraa 1o
ycnosuio 0,85z 2> 400, = > 4%,
10 u ynosneTBopsilolune HepaBeHCTBY T > 470, paBHo 480.
Omeem: 480.

2. VI3 rpaguka caenyer, uto TemnepaTypa 60° nocturaercs uepe3 4 MHHYTHI
rnocJie 3amycka JBHraTeJis, a TeMrepatypa 90° — yepes 6 MHHYT Toc/le 3amyc-
Ka asHratens. [Toatomy ot Temneparypnl 60° no Temnepatypnl 90° asurartesn
nporpeJics 3a 6 — 4 = 2 (MHHyTHI).

Omsgem: 2.

z > 470. MHHHMaJIbHOE YHCJI0, KpaTHOe

3. lnaMeTp OKpY>KHOCTH, BITHCAHHOH B KBaZpaT, paBeH CTOpPOHe KBajpaTa
(cM. puc. 69).

TS
Y

Puc. 69

M3 pucyHka, Ha KOTOpPOM B YCJIOBHH 3ajaui H306paXKEH KBaJparT, Je1aeM
BLIBOJI, YTO CTOPOHA KBaJpaTa paBHa 5-TH JMaroHaJssiM KBaipata co CTOPOHOM

3? (cM. puc. 70).

[To Teopeme Iudaropa d = \/(ﬁ)2 + (ﬁ)z = 1/1 +io1

2 2 2 2

3HauuT, CTOpOHa KBaJpara paBHa 5, a paiHyC OKPY>KHOCTH paBeH 2,5.
Omeem: 2.,5.
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2

2
Puc. 70

4. Tak xak 18 ceHTa6ps noroaa xopouas, To 19 cenTn6ps ¢ BepositHocThbIO 0,6
rnorojia xopouuas, a ¢ BeposiTHocTbio 0,4 OT/IHYHas.

CorsacHo ycJioBHIO, ecaiH 19 ceHT6ps noroaa xopotuas, To 20 ceHTa6ps
BEpPOSAITHOCTb XOpOLUeH NMOrofn (Kak BepOATHOCTb NPOH3BeieHHA ) OyleT PaBHa
0,6 - 0,6 = 0,36, a BepoATHOCTb OTJIHYHOMH Noroxp! pasHa 0,6 - 0,4 = 0,24.

AHanoruuHo, ecan 19 ceHtssGpsi noroia OTJHYHAs, TO C BEPOSTHOCTBIO
0,4 - 0,6 = 0,24 oHa Gyzer oTanyHO#i H 20 centsiGpsi. Xopoiued 20 ceHTA6-
ps norozia B 3TOM cJyyae 6ynet c BepositHocTbio 0,4 - 0,4 = 0,16.

Jlanee, paccy»xast aHaJIOTHYHO, MOJy4aeM PHCYHOK 71.

20 /0216

0,36
19 / \ 0,144
\ 0096
omn
0,24
o 144
0096
xo
N‘” / 0,16
,064
\ 0,096
0242 P

N e

Puc. 71
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BeposiTHocTb oT/IHYHON morombl 21 ceHTsIGpPst GyneT (KaK BepoOSITHOCT
CymMmbl) paBHa 0,144 + 0,144 4 0,064 + 0,144 = 0,496.
Omesem: 0,496.

5. Cornacho onpenenenuio orapupma z — 7 > 0uz — 7 # 1, Tornaz > 71

T #8.
Tak kak 2 = log, _,(z — 7)? npu x > T = # 8, TO NosyuaeM ypaBHeHHe
log,_781 =log,_,(x —T7)%
IMoatomy (z - 7)2 =81,  — 7= 19,7, = 16,22 = —2.
ZTo = —2 pelileHHeM He ABJIAETCH, TaK Kak T > 7.

Omegem: 16.
6. M3BecTHO, uTO pagHyc T OKpPY>KHOCTH, BIHCAHHON B TPEYTOJIbHHK, BHIYHC-
Jsiercsi no ¢opmyse r = % rae S — mJoIab TPEYTOJNbHHKA, p — €ro

nosynepumerp (cM. puc. 72).

Puc. 72

Ilycte BH MennaHa paBHOGEIpPEHHOro TPEYroJibHHKA, NPOBeNEHHast
K OCHOBaHHWIO, Torna BH ssasiercsi Bbicotoii. [To Teopeme ITudaropa

BH = VIB?—6% = 64 = 8. 8 = %a-h = 1.12.8 = 43,

2
_104+104+12 _ _ 48 _
P———2 _16’T-16 .
Omeem: 3.

7. Kacareabhas y = 5z + 17 K napa6ose y = 12x2 + bx + 20 umeer
¢ napa6oJioll efHHCTBeHHYI0 o6lLylo Touky. [Tos3ToMy KBajapaTHoe ypaBHeHHe
5¢ + 17 = 1222 + bz + 20 HMeeT eIHHCTBEHHOE peiieHde. TeM caMbiM, AHC-
KPHMHHAHT 3TOro KBaIpaTHOro ypaBHeHHs paseH 0.

peo6pasyem ypaBuenue 5 + 17 = 12x? 4 bz + 20 K CTaHAAPTHOMY BHITY
1222 + (b—5)x + 3 =0.

D=(b-52%2-4-12-3=0, (b—5)? =144, b—5 = +12,



Petuerne Bapranra 37 271

b1 = 17, b2 = —T.

[Tpu b = 17 abcunccy TOYKH KacaHHsi HAXOAHM H3 YpaBHEHHs
1222+ (b-5)z+3=0, 1222+ 122+ 3 = 0.
6 1 1

-z, —= < 0, no3tomy b = 17

Peuiast ypaBHeHHe, nosiyyaeM z = — 5 ="% ~5

He ABJISA€TCA HCKOMbIM.

pu b = —7 nosyyaem ypasHerue 12z2 — 122 +3 =0, = = %, % > 0.

3HayHT, npH b = —7 abclUcca TOYKH KaCaHHs MOJIOXKHTEJbHA.
Omeem: 7.

8. [ToBepxHoCTb Ky6a COCTOMT H3 6 rpaHei, Kaxaasi H3 KOTOPbIX SIBJISIeTCS
KBapaToM, MO3TOMY Spop, ky6a = 6a2, rie a — pe6po Ky6a.

I'lo ycaioBHio

6(a+3)% —6a? = 306, (a+3)2—a? =51, (a+3—a)(a+3+a) =51,
3:-(a+3+a) =051,

204+3=17, a=1T.

Omeem: 7.

9. 3ametum, yto vk = Vk12, ¥k = ¥k3, nosromy
12 12
IV S ol

Omeem: T.

10. TTo ycsioBHIO HCKOMasi yacToTa w < 420, nostoMy 4202 — w? > 0,
|420% — w?| = 4202 — w2,

Kpome Toro, corsacHo yc/10BHIo,

Ag - 4202 1

207 -7 ~ A< 3540

Tak Kak Ag > 0, TO NI0JlydaeM HepaBeHCTBO

4202 1 4202 1 _ 925
—1gL <1+ L =22
P -2 1S oz St

Orciona, 4202 - 24 < 4202 - 25 — w? . 25,
420% - 25 — 420% - 24 > w? - 25,
4202(25 —24) > w? . 25,
4202 > w? - 25,

2 2
MakcHManbHoe 3HayeHHe w = 84.
Omeem: 84.
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11. Ha pucyhnke 73 yka3aHbi pacroJsioXKeHHsi CyXOrpy30B B TOT MOMEHT, KOria
BTOPOH CyXOrpy3 HaXOAHJICSi NO3a/IM [1EPBOTO H PACCTOSIHHE OT KOPMbi [TEPBOro
[0 Hoca BToporo 6610 500 M, a Tak »Xe HX pacnoJsoxeHHe uepe3 13 MHHYT

(3ameTHM, 4TO 13 MHHYT= %% yaca).

105

l s 105
l_ 500 105 l _! 400 100

""""""" ""C"""r'""'")"’"""""
\_ 5

Sz
Puc. 73

S — paccTosiHue (B M), KOTOpOe NpOoLIE& NMepBbli CyXorpy3 3a 13 MHHyT,
So — paccrosiHue (B M), KOTOpOe NpoLié BTOPOH CyXorpy3 3a 13 MUHYT.
Torpa S; = 500 + 105 + S; + 400 + 100 = S; + 1105.

3Haumr, S; — §; = 1105.

Orciona 22251 = 5 _ 5y _ 1105

13 ] 13
60 60 60 60
[TycTb v2 H v; —CKOPOCTH NIEPBOTrO H BTOPOTO CYXOTPY30B.

Vo — =“%3'60 = 8560 = 5100 M/u = 5,1 kM/u.

1-(z24961)—z-2z g2 — 961
(z* + 961)“ T (z* +961)%

12. Haxonum npoussoanyio: y' = —

z? — 961 2 2
Pelaem ypaBHeHne @ +961) =0, z°—-961 =0, z° = 961, z = £31.

2
Tak kak y npo6u (; ;ggll) 3HaMeHaTeJib 60J1blle HYJIs, TO €€ 3HaK COB-

najJaeT co 3HAKOM UHCJIHTEJS APOGH, SIBASIOLIErocst KBaAPaTHBIM TPEXUJIEHOM
z2 — 961 (cMm. puc. 74).
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. _
—31“/31 x

Puc. 74

Takum o6pasom, NpH y < —31 ¢yHKuxs BozpacTaet, a npy —31 < z < 31
yObiBaer, a npH = > 31 onsiTh Bo3pacTaer (CM. pHC. 75).

Yo+ - +

y A \3'1/'

Puc. 75

>

B Touke z = —31 6yaeT MaKCHMyM.

Omeem: —31.

13. a) [peo6pasyem 06e YaCTH ypaBHeHHs, MOJNyUHM 710 2% = 72C08Z orkyna
sin 2z = 2cos z;

2sinzcosz = 2cosz; 2cosz(sinz — 1) = 0. Takum o6pasom, 60

cosr =0uTornaz = er- + 7wk, k € Z,mbosinx = 1, Tormazx = er— + 2mn,

n € Z. 3aMeTHM, 4YTO BTOpast CepHsi pelleHHH MOJHOCTBIO BXOAHT B MepBYIO,

orctonax=%+7rk,k € 7.

6) 3ameTHM, yTo T < 4 Hno3TOMy Nnpuk = 0unpuk = -1z = —;— H ‘-%,

COOTBETCTBEHHO, 0 < T«c2= 2,0 > —% > —% > —2. Takum o6pa3om,

4
2 "2

T = :tg NPHHALIEXHT paCCMaTPHBAaEMOMY [IPOMEXYTKY.
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ﬂpnk;lnonylmmxz%+7rk>%+3k>%+3>4,

Z He MPHHALIEXKHT PacCMaTPHBAEMOMY NPOMENKYTKY.

Hpnk:s—2no.ny1nm:z=121'--1~7rlc<127---27r=~-:%71'<—§—é—3 < -2,

Z He MPHHAIJIEXKHT PaCCMaTPHBAEMOMY IIPOMEXYTKY.

Omsem: a) —725+k1r (k € Z),6) :i:%.

14. a) [Ilyctb pamuyc ocHoBaHHsi paBeH 7, O — LEHTP OCHOBaHHS
(cM. pHc. 76).

S

_..______gq___________; -

Puc. 76

PaccMoTpuM npaBuibHbIA wecTHyroibHik ABCDEF, OB = r,
ZBOA = 60°, AAOB — paBHOCTOPOHHHH, ero BbICOTa
OH = OL;\/:—& = T}/g (cM. puc. 77). Yepes npamyio OH # BHICOTY Ko-
Hyca OS npoBenéM oceBoe ceueHHe KOHyca (cM. pHc. 78), B ceueHHH noJy-
yiM ASMN.
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M H o N

Puc. 78

[Tycte K — cepennHa OS. ASMN — paBHOCTOPOHHHH (TaK Kak 06-
pasyiolllasi KOHyCca paBHa JHaMeTpy ero OCHOBaHHs) co cTopoHol 2r. Torza

SO = —2%‘/—5 = r/3, 0K = 1‘213, OK = OH, cienoBaTenbHO, IPSAMO-

yrospHbiit AOH K — paBHoGenpenHbidl, ZK HO = 45°. Tak kak OH — npo-
exuun K H Ha njaockocTb 0CHOBaHHs KoHyca, OH 1 AB no noCTpoeHHIo, TO
KH 1 AB noTteopeMe 0 TpéX NepreHAHKYAApax, caenopareibHo, ZKHO —
JIHHEHHBIA YroJ1 JBYTPAHHOTO YIJIa MEXIY MJIOCKOCTbIO (¢ H IJIOCKOCTbIO OC-
HOBaHHsl KOHyca. 3HauHT, [BYTPaHHbIA YroJ paBeH 45°, yTo H TpebGoBaJjoCh
J0Ka3aTb.

6) PaccmorpuM wiap, BIHCAHHBIA B KOHYC H OCeBOe ceyeHHe, ONHCaH-
Hoe Bbilie (CM. pHC. 79). B ceuennn wapa maockoctbio MSN noJyynm
OKPYKHOCTb, LIEHTP KOTOPO#H B TouKe () (Touke nepeceuenust Menuadi AMSN)

(cm. puc. 80), 0Q : QS = % 08 = V3 = 2v3,

X
sk

5Q=§\/§_5K=%OS=\/§,QK:SQ—SK=_3_=
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S

Puc. 79

oQ = %SO = 2-‘?{-——3- = QL — pamuyc BucanHoro wapa. [Tyets QQ' L HK,

toria AKQQ' — npsimoyrosibHblii B paBHoGeapeHublit (ZQKQ' = 45°),
_KQ_ 1 o12_012_ (0072 =7

QQ' =T = & QL' =QL - (QQ)*={.

S

/K

250
MHO N

Puc. 80
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z?2 — 6z +7=0,nomyunm 1 2 = 3 + /2.

Torna HepaBeHcTBO (1) npHMeT BHIL
(z=(3=VI)(z-B+VI)-16) .,

T—2 =

3aMeTHM, yTo 1 < V2 < 2, caefioBaTelbHO, 1 < 3 — V2 < 2,
4<3+V2<5.

Bocnosb3yeMcst MeToioM HHTepBaJIoB (cM. pHc. 81), mosyynm
T € (—00;3 — V2] U (2;3 4+ V2] U [16; +00).

L S OF N TR

Puc. 81

C yuwérom OJI3 3anuuleM pelleHHe HCXOJHOTO HepaBeHCTBa:
T € (1;3 - V2] U (4;3 4+ v2] U [16; +00).
Omeem: (1;3 — v/2] U (4;3 + v/2] U [16; +-00).

16. a) JokaxeM, 4TO CyMMa JJIHH JHaroHaJed MATHYTrOMbHHKA MeHblile YIBO-
€HHOTO NepHMeTpa.

M3 HepaBencTBa TpeyrosbHHKa caenyet, yto AC < AB + BC,
BD < BC+CD,CE <CD+ DE,AD < AE + DE, BE < AB + AE
(cM. pHc. 82).

Orciona cymma n1aroHanei

AC+BD+CE+ AD+BE<2(AB+BC+CD+ DE + AE).

6) Ilo ycaosuio ABE D — paBHOCTOPOHHHH,
AB = AE = BC = CD = v/3(cM. puc. 82), ZBAE = ZABC = /BCD.

B

Puc. 82

Torna /BED = /BDE = Z/DBE = 60°. [lyctb ZAEB = Za. Torna
ZABE = q, Tak kKak AABE — paBHoGezipeHHbifi. ZEAB = 180° - 2a.. Ho
AAEB = AABC = ABCD no iByM CTOPOHAM H YTy MeXXIy HUMH. TakuM
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o6pasoM, ZCBD = LCDB = a, £BCD = 180° — 2a. ZABC = 2o+ 60°.
CaenoBaTtenbHo, 60° 4 2a = 180° - 2a, a = 30°.

LAED = L/CDFE =a+60° LEAB = ZABC = /BCD = 120°,
LAED = LCDE = a+ 60° = 90°. B ABAE (cM. puc. 82) no teopeme
kocunycoB BE?2 = AB? + AE? —2AB- AE -cos ZBAE = (V3)? + (V3)?-
~2v3v3c0s120° =6 +3 =9, BE = 3.

3nauur, BE = AC = BD = 3.

B ACDE no teopeme [Tudaropa CE? = DE?+CD? = 324(V3)? = 12,
CE = 2v/3. Auanormuso, AD = 2+/3. Cymma 1JMH JMaroHaseii paBHa
3+3+3+2V/3+2/3=9+4V3.

Omsem: 9+ 4/3.

17. TlycTb B MarasuH 3aBesJjiH n NOCOOHMH, TOTAa No MaTeMaTHKe OblJIO 3aBe-

seHo —8——_n = T noco6ui. Yepe3s Hepmemo ocrasock 40 % nocobui, To

9+8+7 3

ecTb 0,4n. M3 HHX no MaTeMaTHkKe 6b110 1 -0,4n = 1, % = — [o-

3+14+2 7 6 15

co6uii. OTciona nponaHo 6bl10 .2 4n noco6HH No MaTeMaTHKe, 4TO

3715 15

-100% = 4. 100 % = 80 % oT X HAuaJbHOTO KOJIHYECTBA.

COCTaBJIAECT 5

s

Omesem: 80.

18. PaccmorpuM HepaBeHcTBO /(2 — y)? 2 z + y. [ToakopeHHoe Bhipaxe-
HHe HeOTPHLATeJbHO ISt BCeX 3HaYeHHH T H y. 2T0 HepaBEeHCTBO BLINOJHEHO
npuz +y < OHnpu (\/(m - )2)2 > (z +y , B [IEPBOM CJydae y < —z, BO
BTOpOM Z2 + 3% —2xy > 224 y? +2xy, 2y < 0, TO €CTb IM60 YHCAIA T H Y pas-
HbIX 3HAaKOB, JIH60 XOTs 6bl OIHO H3 HHX PaBHO HyJ1i0. 306 pa3uM LITPHXOBKOH
MHOXKECTBO pelUeHHH 3TOro HepaBeHCTBa Ha MJIocKOcTH Oy (cM. pHc. 83).

Tak kak 16°~1 > 0, BTOpoe ypaBHeHHe CHCTeMbl 3a[1aET OKPYXKHOCTb C
LIEHTPoM B Touke (a?; 6a — 8) H pamrycom V1691 = 421,

[ToaToMy cHcTeMa HMeeT pOBHO /1Ba peilieHHs JIHILb B TOM CJyyae, KOraa
3Ta OKPY>KHOCTb BIHcaHa B | koopauHatHbiii yros. Ho Torna ueHTp okpy»KHO-
CTH JIEXKHT Ha GHCCeKTpHCe | KoOpIHHATHOrO yIvia, a 3HAUHT, Ha IPAMOR Y = T
npuz > 0. Orciona a? = 6a — 8,a% > 0,Toectb a2 —6a+8 =0, a # 0,
cJleoBaTesbHO, @ = 2 WIH @ = 4. Ec/iH a = 2 HWJIH a = 4, TO OKPY>KHOCTb
6yneT KacaTbCsl CTOPOHBI | KOOpAHHATHOO yTJa B TOM H TOJILKO B TOM CJIyuae,
KOrza paguyc R OKpY>KHOCTH paBeH aOCLIMCCe LIeHTpPa OKPYXHOCTH, TO eCTb

2 = 4° Y [lpua = 2 nonyuum a? = 4,4% ! = 4. Ilpu a = 4 nosyynm
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v'

|
]
|
=
[

y=x

)

Puc. 83

a® = 16, 4°"1 = 64. Takum 0o6pa3oM, a = 2 — e[JHHCTBEHHOe Noaxonsuiee
3HadeHHe.

Omesem: 2.

19. a) IlepBble npocTbie uncaa 2, 3, 5, 7. Takum o6pa3om, NpH n > 7 YHCJIO
nl=1-2-3....-7-... -naeaurca Ha 2, 3, 5, 7, To eCTb HMeeT He MeHee 4
npocTbix Aeaureneil. [Ipu n = 6 nosyynm, uton! = 1-2-....6 ge1utca Ha 2, 3,
5 H He HMeeT JPYTHX NPOCThIX AeJHTeJel. 3HAUHT, 6 — HCKOMOe 3HaueHHe n.

6) SlcHo, uto 512 = 2°. 3ameTHM, 4TO MaKCHMaNbHasi CTeNeHb ABOHKH, Ha
KOTOPYIO IeJIMTCA n! paBHa CyMMe CTeleHed JBOeK, BXOAALUMX B Pa3JjioxKeHHe
Ha NpocTbie MHOXKHTeH uncen k < n. Toraa 2! nenntcs Ha 2!, 4! — Ha 23,
6! — ua 2%, 8! — na 27, 10! — Ha 28, 12! — na 210 > 512. Takum o6pa3som,
12! nenutcs Ha 512, a 11! — Hert. 3HauuT, 11 — HCKOMOe 3HaUeHHe 7.

12
B) 0 < E”—} —90n! + 3201 < 74. Tlycte ! = ¢.

Torma 0 < t2 — 360t + 12804 < 9604. PewiHM HepaBEHCTBO
t2 — 360t + 12804 < 9604, t*> — 360t + 3200 < 0.

[Tosryynm 180 — /29 200 < t < 180 + /29 200. Taxk Kak ¢ sABJIsieTCs HaTy-
pasbHBIM YHCJIOM, TO0 9 < t < 351.

Pewwum HepaseHcTBO t2 — 360t + 12804 > 0. [Toayuum, uTo 60
t < 180—v/19596, 160t > 180++1/19 596. Tak KaK ¢ sABNsieTCA HaTypaJbHbIM
YHCJIOM, TO JiH6O ¢t < 40, 1n6o t > 320.

[Tosyyaem, yto 160 9 < t < 40, 160 320 < t < 351.
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Tak kak t = n!, 5! = 120 u 6! = 720, To t He MOXeT yAOBJIETBOPATb
HepapeHcTBY 319 < £ < 351.

PaccmatpuBas HepasenctBo 9 < n! < 40, nosiyyaeM, 4to HaHGOJbILIEE
3HayeHHe 7, yI0BJIETBOPSIOLLEE STOMY HEPaBEHCTBY, PaBHO 4, Tak Kak 4! = 24,
a 5! =120.

Omesem: a) 6;6) 11;8) 4.
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Inaga I1l. CnpaBoOYHHK

[Tpemnaraembifi CpaBOYHHK COLEPIKHT OCHOBHBIE Pe3y/bTaThl H HOPMYJIbI, Npe-
AYCMOTpeHHble JeACTBYIOLEeH nporpaMMoii s 061eo6pa3oBaTeNbHBIX yUPeXKIeHHH.
B ocHoBy oT60pa MaTepHaJa nosioxeH Kypc B, no koTopoMy pa3pabatbiBaiic KMMpr
2002 - 2014 rogos. Oaxako kak npu noaroroske k EI'3, Tak 1 npu ero caave yyaumm-
Csl NOHAO6ATCA CBeJleHHs, KoTopble TPeOYylOT 3HAUHTE/IbHBIX YCHJHH MNPH HX A0Ka3sa-
TeJIbCTBE, BhIBOJIE, HecaeioBaHHH. OHH He BXOAAT B HOPMaTHBHbIe PaMKH Kypca B, Ho
GOJIbLIMHCTBO H3 HHX BKJIIOUEHO B KypC YTJIyGJIEHHOTO H3yueHHS] MATEMATHKH H OTMe-
yeHOo 3BE310YKOi (*).

§ 1. Ycaoshnbie 0603HauUEeHHUS

IIpu H3/0XKeHHH TeOpeTHUECKOro MaTepHalia, COAePXKALUErocs B 3TOH IJiaBe, Mbl
6ylieM Mo/b30BaTbCs CJAAYIOIHMH OGLLENPHHATLIMH MaTeMaTHYECKHMH 0603Ha4eHH -
IMH.

N — MHOXeCTBO BCeX HaTypaJsIbHbIX YHCeJl.
No — MHOXeCTBO BCeX HeOTPHLIATE/bHbIX LieJsIblX UHCe.
Z — MHOXEeCTBO BCeX LeJIbIX YHCeJ.
@Q — MHOXeCTBO Bcex pallMOHA/NbHBIX YHCe.
R — MHOXeCTBO BCexX JeHCTBHTEJIbHbIX (BelLeCTBERHbIX ) YHCE.
R* — MHOXeCTBO BCeX M0JI0XKHTEbHbBIX NeHCTBHTE/bHKbIX YHCE.
= — cJeayer.
<> — paBHOCHJIbHO; 3KBHUBAJIEHTHO; TOTa H TOJIbKO TOrAa.
def

— 110 OnpenesieRHI0 PaBHo.
D(f) — o6nactb onpenenenns pyHkusu y = f(z).
E(f) — MHoxecTBO (06J1acTb) 3HaueHHH QyHKUHH ¥ = f(z).
const — nocTosHHas BeJHYHHA.
€ — MPHHALJIENKHT, CONEPAKHTCH; HATIPHMED:

T€R—z NPHHAVIEXKHT MHOXECTBY JIEACTBUTENbHbIX YHCEJI, TO eCTb T ABJIAETCH
NeACTBHTEJIbHbLIM YHCJIOM.

n:m(man,m € Z) — YHCJO N AEJHTCA HALEJO Ha YHCJIO M.
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§ 2 CrenenH 1 KopHH

§ 2. CreneHn u KopHu

Onpenenenne creneHn H KOpHs
1.Tlyctba € R,n € N. Torna

a" = a-a-a-... a;
N

N COMHOXHTEJIeH
1, ecana #0;

o
=)
e

1
a = pct eciu a # 0;

0° He ofnpeneJeHo;
def .
Va = b b"™ =aunb > 0npun uéTHoM;

def
Va = b<> b" = a npH n HeyETHOM.

2.Tlyctba € RY;m € Z,n € N,n > 1. Toraa

m
n déf Ya™.

IIpaBuaa peficTBuil ¢ pagukanamu
Nyctb m,n,k € N,m,n > 1; a,b € R*. Torna

n %= m%; nk amk — nam;
Va a
Ya- Vb= Vab; —_—= P
Vb b
(Va)™ = Vatb< Ya+ Vb
INpaBuaa peficTBHA cO cTeneHAMH
Myctbp,q € Q, a,b € R*. Torna
alfal = a”+°; (ap)q = a9
a?
— =a’ Y (ab)? = a®bP.

q
He npuBonst onpenenieHHsi cTeneHH ¢ JeACTBHTENbHBIM NOKa3aTeseM, OTMETHM, 4TO
npaBusia AEACTBHHA C TAKHMH CTENEHSIMH <COXPaHSIOTCA», TO €CTb NPHBEAEHHBIE Mpa-

BHJIa BEPHHLH 1A D, ¢ € R.
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PopMyJIbl COKPALIEHHOTO YMHOXKEHHS

Myctb a,b € R. Torna
(a £ b)? = a® £ 2ab + b%;
(a £b)® = a® + 3a®b + 3ab® £ b°;
a’ —b* = (a - b)(a+b);
a® - b® = (a — b)(a® + ab + b?);
a® +b° = (a + b)(a® — ab + b?).

Ta6anua xBanpaToB

112 =121
122 = 144
132 = 169
142 = 196
15% = 225

162 = 256
172 = 289
18%2 = 324
19°% = 361
20% = 400

212 = 441
222 = 484
23% = 529
242 = 576
252 = 625

§ 3. Moayab 1 ero cBoHCTBa

1. Onpenenexxe Mooyast YHC1a.

z,
0,

._z,

lal =

ecnHz > 0;
ecqHz = 0;
ecaH z < 0

def
W |z] = {

262 = 676
272 =729
282 = 784
29% = 841
30% = 900

z, eciHz 2 0
—z, ecqaHz < 0.

2. TeoMeTpHYeCKH |z| ecTb pacCTOSIHHE OT TOYKH T YHCJIOBOH OCH 10 HayaJla OTCYé-

Ta — Toukk O.

3. |z — a| ecTb paccTosiHHe MeXIY TOUKAMH T H G YHCJIOBOM OCH.

4, MOJ.UJlb [POH3BE€IE€HHA, YACTHOTO H CTEMEHH.
T 0
I |_|| y#o; alxnlzlxln,nez'[:ﬂ# )

lzyl = || - |
5. Vz? = |z|.

n > 0.
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§ 4. TIlporpeccun

ApndmeTHueckas nporpeccus

1. Ecst an ecTb n-1i uieH, d — pasHOCTb H Sp — CyMMa n NepBbiX WieHOB apH(-
MEeTHYeCKOH NpOrpecCHH, TO

Gn+1 =an +d,an = a1 +d(n—1),
S = (a1 +an)n _ (201 +d(n—1))n
n - - .
2 2

ApudMeTHueckas nporpeccHs Bo3pactaer, ecsiH d > 0, H y6biBaerT, ecan d < 0.

2*. EcaH ag, a1, Gm, @n — 4J1€Hbl apH(PMETHIECKOA TPOrPECCHH C TAKHMH HOMe-
pamMy,uTok +1l=m<+n,10ak + a1 = am + an.

3. Kaxapifi une apu)MeTHUECKOM NPOrpecCHH, OTIHYHBIA OT NepBOro H nocJjen-
Hero, paBeH cpejlHeMy apH(pMETHYECKOMY COCEJHHX C HHM W1eHOB:

an = Qn-1+ Gnt1
2

leomeTpHyeckan nporpeccus

1. EcsH by, ecTb n-#i uieH, ¢ — 3HaMeHaTeslb H S, — CyMMa n NepBbiX YJIEHOB
reoMeTpHYeCKOM NPOrpeccHH, To

bn+1=bng,b1 #0,#0;  bn= big" !,
Sn, = %, q ?‘5 1.

2*. Ec bi, bi, b, bn — usieHbl reOMeTPHYECKOH NPOrpecCcHH C TAKHMH HOMepa-
MH,YTOk +l=m+n,To bk - by = b - bn.

3. KBazpat kaXa0ro ueHa reoMeTpHYeCKo# NPOrpeccHH, OTJHYHOIO OT NepPBOTO H
focsieiHero, pabeH NpOH3BEACHHIO COCEAHHX C HHM UJIEHOB!

b2 = bn1 " bns1.

Becxoneuno y6biBaowas reoMmeTpHyecKas nporpeccHs
Ecan S ecTb cyMMa GeckoHeuHo yGhiBaiollleli reOMeTpHUYECKOH NpOrpeccHH

=0
(lg) < 1),10 S Tog

§ 5. Jlorapugmbl

Onpenesenne norapudpma

JlorapnMoM NoJIoKHTENILHOTO YKCJIA T 10 OCHOBaHHIO a (a > 0, a # 1) Ha3biBa-
€TCsl [I0Ka3aTeJb CTeNeHH y, B KOTOPYIO HY)KHO BO3BECTH @, YTOOH MOJYYHTb YHCJIO Z:
y=log,z < a¥ =z

CaoficTsa norapudpmos

Myctba > 0,a # 1.

1. OcHoBHOe JlorapHpMHUECKOe TOXKAECTBO:
a8 =g sz > 0.
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2. Jlorapn¢M npoH3BeieHHs1, YaCTHOIO H CTENEHH:

log, (zy) = log, |z| + log, |y|, zy > 0;
z) - _ .
loga( y) log, |z| — log, |y, zy > 0;
log, (zy) = log, z +log, y,z > 0,y > 0;
log, (%) =log,z —log, y,z > 0,y > 0;
log, z* = alog, z,z > 0;
log, =* = klog, |z|, k — uéTHoe Lenoe.
3. dopmyna nepexona K HoBoMy ocHoBaHHI. I1yctb b > 0, b # 1, z > 0. Torna
log, xz = lo_gb_:c’ B 4aCTHOCTH log, z = ,
log, a log,a

Kpome Toro, log, z log, y = log, ylog, z.
4. Ilyctbb > 0,a #0,a # 1, Torna

np z # 1.

log,p b= % log,b,p #0;

1

log x b= A

log|,| b, k # 0, k — uérHoe uesice.

5. alogbc — clogb o
Ipu pelennn 3anau GuiBaer noJie3Ha CJeayolLas TeopeMa.

Ecain uncaia a # b Ha 4HCJI0BOT OCH PacnoJoxKeHbl Mo OIHY CTOPOHY OT eHHHIIL, TO
log, b > 0, a ecsiH no pashble, To log, b < 0.

§ 6. Teopus BeposiTHOCTEH

KnaccHueckoe onpeaeneHHe BepOATHOCTH
BepoAiTHOCTbIO COGLITHS A Ha3biBaeTCsl OTHOLLEHHE YHCJa GJIarONpHATHHX ais A
HCXOJIOB K YHCJIy BCEX PABHOBO3MOMKHBIX HCXOJ0B:

m
rae n — oblee YHCJIo PaBHOBO3MOXKHBHIX HCXO/O0B, 1M — UYHCJIO HCXO/0B, GJlal‘OIlpHHT—

CTBYIOLUHX COOMTHIO A.

MpoTHBoNnoIOXHbIE COOBITHS
Co6biTHe, NPOTHBOMNOJIOXKHOE COGHTHIO A, 0603HaualoT A. I1pH npoBeneHHH Huc-
NbITaHHS BCEr/1a MPOHCXOAHT POBHO OJHO H3 ABYX NPOTHBOMOJIOXHBIX COOHITHI H

P(A)+PA) =1, P(A)=1- P(A).
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O6beaHHeHHE HECOBMECTHBIX COOBITHA

JlBa co6biTHS A # B HasblBalOT HECOBMECTHBIMH, €CJiH OTCYTCTBYIOT HCXOAbI, 61a-
FONPHATCTBYIOLHE OLHOBPEMEHHO KaK COOHTHIO A, TaK H coObITHIO B.

Co6bite C Ha3sbiBaloT 06 beanHeHHeM coObiTHH A v B (nuwyr C = AU B), ecau
co6biTe C' 03HauaeT, YTO NMPOU30LLIO XOTs 6kl OJHO U3 coObITHI A H B.

Ecain co6biTHst A v B HeCOBMECTHbI, TO BEPOSTHOCTb HX 06'beIHHEeHHs paBHa CyMMe
BepOATHOCTeH coOnTHA A 1 B:

P(AU B) = P(A) + P(B).

IlepeceueHne He3aBHCHMBIX COOBITHH

JIBa co6bITHR A 1 B Ha3blBalOT He3aBHCHMBIMH, €CJIH BEPOSTHOCTb KaXKAOTO H3 HHX
He 3aBHCHT OT NOSIB/IEHHS HJIH HeTOsIBJIEHHs JPYroTo COGHITHS.

Co6mtHe C' Ha3biBaloT nepeceyeqneM coOuTHi A # B (nuwytr C = A N B), ecan
coOnitHe C 03HayaeT, YTo NPOH30oLLIH 06a COOHTHA A U B.

Ecan cobbits A H B He3aBHCHMBI, TO BEPOATHOCTD X NepeceyeH s paBHa MPOH3-
BeJleHHIO BepOSITHOCTeH coObITHA A 1 B:

P(ANB) = P(A) - P(B).

§ 7. TpuroHometpus

PaauanHoe namepenHe yriaos
OxnH pagnaH paBeH LEHTPATbHOMY YTJTy OKPYKHOCTH, JJIHHA AYTH KOTOPOTO paBHa
pannycy 3ToH OKPYMKHOCTH.

(<3

=~ 57°17'45".

| pagnan =

T

0__
1‘180

paanana =~ 0,017453 pagHaHa.

¥Yrabt B rpagycax ¥° 30° | 45° [ 60° | 90° | 180° | 270° | 360°

o

T o e o o o 3
¥Yran B pagHaHax e YlElzl3|32]| ™ w| 2w
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3HaueHHsi TPHFOHOMETPHUYECKHX DYHKIHIT HEKOTOPDLIX YIioB

s Lt s L 3
o 0 6 4 3 2 L
i 1 V2 V3 | 0 -1
sin 0 2 2 5
3 V2 1
P I I/ S S R RS )
cosa 5 5 5
tg o 0 3? 1 V3 — 0 -
ctga - V3 1 \/?5 0 - 0
OCHOBHbIE TPHIOHOMETPHUECKHE TOXKAeCTBa
sinz +cos’z=1; tgz-ctgz=1;
1 1
1+tglz=—5—; l14ctg’z=—7—.
&7 cos”“ T &= sin®x
POopMyaB CYMMBI H Pa3HOCTH aPTYMEHTOB
sin(z £ y) =sinz - cosy * cosz - siny;
cos(r £ y) =cosz-cosy Fsinz-siny;
tgx xtgy
tglzty) = ———.
1Ftgx- tgy
®opMyabl IBORHOTO H TPOAHOTO apryMeHTOB
cos2z = cos’z — sin’z = 1 — 2sin®z = 2cos’ = — 1;
sin2x = 2sinx - cos z;
. 2 1 —cos2z 2 1+ cos2x
sin“z = ——; cos“’r = —;
2 2
*sin3z = 3sinz — 4sin’ c; *cos3z = 4cos’ z — 3cosz;
2tgzx 3tgz —tg'
tg2x=——§—2—' *tg3r = g &

1—-tg’z’ 1-3tg’z
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Bblpa)xeuue TPHFOHOMETPHYECKHX (‘)YHKUHi yepe3 TAHreHC NOJOBHHHOIO

yraa
Ecmmzr #nw+2nk, k€ Z, 10
z —tg?2 Z
L 2tg2 . 1-tg 2
sinr = —————; cosT = .
2T 2z
1+tg 2 14tg 5

lIpeo6pa3oBaHne CyMMbi H pa3HOCTH TPHTOHOMETPHYECKHX PyHKLHH B Npo-
H3Bel€eHHE
zty TFY
os )

sinz £ siny = 2-sin 2 -C 5
2 -—
cosT + cosy = 2cos ;y-cosx2y;
cos:c—cosy=2sinx+y-siny_x;
2 2
*sinz + cosy = 2sin :z:—y+7r Ty _ T
y= 2 T31)®\T2 1)
. . (z+y T« rT—y
- =92 - -
SInT — Cos Yy sm( 2 4) cos( ) +4),
gz +igy = S2EEY)
COSZ - COSY

asinz + beosz = va? + b2 - sin(z + @), rae a® + b # 0, a p onpenensiercs U3

. b a
OPMYJIbI SiN P = ———=—;COS P = ————
bopwymsing = e Y = oy
asinz + beosz = Va2 + b2 - cos(z — ), rme a? + b® # 0, a @ onpeznenseTcs U3
. a b
OpMYJIH Sin @ = Jcosa = .
tbopmy ;;a2+b2 ;;a2+b2
Mpeo6pa3oBanne NPOH3BEJEHHR TPHTOHOMETPHYECKHX PYHKUMH B CyMMy

sinz -siny = %(cos(:c —y) —cos(z + y));
CoST - cosy = %(cos(x —y) + cos(z + v)):
sinz - cosy = %(sin(z —y) +sin(z + y)).

Onpepnenenne o6paTHLIX TPHIOHOMETPHUECKHX PYHKUHHA

def . .
y = arcsinr < r =siny H —%gysg;

def
y = arccosr < r =cosy H 0 <y < m;

18. 3ak. Ne 41
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def

Yy = arctgr =z =tgy H —%<y<£:

2
def

y = arcctgz S z=ctgy H 0 <y < m.

*CBoiicTBa 06PAaTHLIX TPHIOHOMETPHYECKHX PYyHKLHRA

D(arcsinz) = [-1;1]; E(arcsinz) = [_g; W];

2
D(arccosz) = [~1;1]; E(arccosz) = [0; 7];
- R . _(_m. 7\,
D(arctgz) = R; E(arctgz) ( X 2),
D(arcctgz) = R; E(arcctgz) = (0; 71');
arcsin(—z) = — arcsin z; arccos(—z) = 7 — arccos z;
arctg(—z) = — arctg z; arcctg(—z) = m — arcctg z;

arcsin z + arccos r = %, ez € [—1;1);
arctg T + arcctgz = g;
sin(arcsinz) = z,ecan z € [-1;1);

arcsin(sinz) = xo, rae o € [-%; %] usinzo = sinz;
cos(arccosz) = z, ecan z € [~1;1];

arccos(cos ) = o, r'iie o € [0; 7] H cos T = coS T;
tg(arctg z) = z, ctg(arcctg z) = «;

arctg(tg z) = zo, rae xo = (_12[; %) Htgzo = tgx;
arctg(ctg x) = o, rae zo € (0; ) uctgxo = ctgz.
sin(arccos ) = v/1 — z2; cos(arcsinz) = /1 — z3;

; 1
sin(arctg z) = 1;:_ p ; cos(arctgz) = — .1:2;

. 1 T
sin(arcctg z) = — ; cos(arcctgz) = —

HekoTopbie 3HaueHHA 06GPATHLIX TPHTOHOMETPHUECKHX DYHKUMHA

1| ¥2 | V8 _
T 0 3 5 2 1 1
. T T T T T
arcsin T 0 6 ) 3 2 5
T T T T
arccos 3 3 i 3 0 T

19+
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z 0 g 1 V3
T T T
arctg 0 6 1 3
s s T s
arcctg x 2 3 ! 6

GopMyasl LIS pelleHHA NPOCTEALIHX TPHTOHOMETPHYECKHX
ypaBHeHH

sinz =a; Ja] < 1;z=(-1)"arcsina + 7n, n € Z;
sint=0; z=nxk;k€2Z;

sinx = 1; x=—725+21rk;k€Z;
sinx:-—l;xz—%-{-Zwk;kEZ;

cosz = a;|a] € 1; z = tarccosa + 2mn, n € Z;

cosz = 0; a:=-72£+7rk;k€Z;
cosz =1, z=2rk;k€ Z
cosz=—-1;z=n+2nk; k € Z;
tgx =a; z=arctga+mn;ne€ Z;

ctgx =a; z =arcctga+mn;nc Z.

§ 8. MHorouJieHbl H HX KODHH

OnpeneneHne MHOrouneHa
MtHorounieHoM cTeneld n (n € No) HasbiBaeTcs BCSIKOe BIpaX<eHHe BHAA
f(x) = anz™ + @n-12”"' + ... + @12 + ao,

TA€ Gn,An—1,.-.,81,a0 € Ruan, #0.
Beskoe BellecTBeHHOE YHC/I0, OTJHYHOE OT HYJS, IPHHATO TPAKTOBATh KaK MHO-
rousieH HyJeBoil creneHd. Yueaa an, @n-1, - . ., a1, Go Ha3bIBAIOTCH KO3 PHLHEHTAMH

MHOrOuJIeHa, an ~— CTapIUHA KO3 DHIHMEHT, ag — CBOOOIHBIA YJIeH.

Yucano zo HasbiBaeTcst KOpHeM MHorouwnena f(z), ecaun f(zo) = 0.
KBaapaTtHbiit TpExunen

KBaapaTHblii TpéxuJieH — 3TO MHOTOYJIEH CTeMNeHH 2:
f(x) = ax® + bz +c.

-bx vb? —4dac
2a ’

ar’® + bz + c = a(z — 11)(x — 2);

Ecau 21,22 — KopuH f(z), T0 1,2 =

Ty +xg = —Q; z1z2 = £ (Teopema Buera).
a a

20.3ax. Na 41
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Ecsn BTopo#t Ko3thHLHEHT Je/IHTCH Ha 2, To ecTh

—k+ Vk?—-ac
- .

flx)=azx? +2kz +c 10 212 =

Ecan crapuwnit koaddrunent pasen |, 1o ecth f(z) = x2 + pr + g,

4 P\?
Toz12=—-=%4/(%) ~q.
1 2 2 q
Buipaxcenne b?> — 4ac Ha3wiBaeTcs JHCKPHMHHAHTOM COOTBETCTBYIOLLEIO MHOMOYJ/IEHA

f(z) (ypaBHenns f(z) = 0). JuCKPHMHHAHT NPHHATO 0603Ha4aTh GO/bLIOH GYKBOH

D.Ot™etiM,uT0 D = 0 k®* —ac=0 & (g)z—-q=0.
*Teopema Be3y n cxema lopHepa
Ilnsa mo6oro MHorouJieHa crenedn n > 0
f(z) = anz" + an-lx"-l +---+ax+ap
HJ/06oro YyHcaa o € R HaliéTcs Takoi MHOTOU/IeH CTeneHu 1w — 1
Q(x) = n—liliﬂ-1 + bn—zili‘"-2 +- 4+ b+ bo,
YTO CTpaBeJ/IHBO PaBeHCTBO
f(x) = (z = z0) g(z) + f(z0) (TeopemabBeay),
NpHYéM KO3 HLHEeHThl ¢(Z) MOTYT GhiTh BbIYHCJIEHB! N0 CJeNyIOLEeMY aJrOPHTMY:
bn_1 = an, bn-2 = Tobn-1 + an-1,
bn-3 = Tobn-2 + an-2,..., bi-1 = zobi +ai,. ..
.oy by = zob2 + a2, bo = zoby + a1, f(zo) = zobo + ao.
PeayabraThl BhiuHC/IeHHst KO3 (DHUMEHTOB MHOTOY/1eHa ¢(z) yAo6HO nomeluaTh B
tabauwy (cxemy lopHepa).

Qn Gn-1 | AQn-2 | *** | QGi41 a; e a2 @y ao
Zo [ bn-1 | bne2 | buoaz |-+ | b |bizy |-+ | b1 ] bo | f(xo)

[ToHATHO, YTO ecsiH To — KopeHb MHorouseHa f(z), 10 f(xo) = O H, clleoBaTebHO,

f(z) = (z — o) q(z) (chepcTBHe H3 Teopemni Beay).

TakHM 06pa3oM, uToObl BbIICHHTh, ABJSAETCHA JIH YHCJIO Zo KOPHEM MHOrouJieHa
f(z), HyXHO 3an0NHUTL NpHBeAEHHYIO Bbillle TabauLy (cxemy fopHepa). Ecan f(zo)
oKa)keTcs paBHbiM 0, To o — KopeHb. B npoTuBHOM cJyuae o — He KopeHb f(x).

[TpuBenéMm elle oaHy TeopeMy O MHOrOuJIeHax H CJIeICTBHe H3 Heé, Kacalollleecs
paLHOHaAbHBIX KOPHER MHOrou/leHa.

Teopema. [lyctb f(z) = anz™ + an-12 + -+ + a1 + ap — MHOrowieH
¢ ueJnMH KosddHuMenTaMn. Ecay HecokpaTHMasn Apo6b (palMOHaNbHOE YHCA0) p/g
IBISIETCH KOpHEM MHorouJieHa f(z), 1o

an:gq

n-—-1

2)ao EP-

20"
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Caeacteue. [lycth f(z) = 2" +an—12" " +- - - 4+ 21T + ap — MHOTOUNEH C Lie-
AbIMH Ko3ddHunentami. Toraa Bce palHOHaIbHbBIE KOPHH MHOrOU/IeHa f(z) ABNsIOTCR
LieJIbIMH H AIBJIAIOTCS JeJIHTeJISIMH CBOGOIHOIO UJeHa ag.

STH TeopeMbl 6YIyT O4eHb NOJIe3HBIMH MPH BLINOJHEHHH HEKOTOPbIX 3alaHHA 4aCTH
B 1 yacTi C, HX HCNIO/Ib30BaHHe CYILLECTBEHHO 3KOHOMHT BpeMsi pelleHHs .

NMpumep 1. Haiiaure uenbie kophy ypasHenus r + 3z° + 22 — 3z — 2 = 0.

Pewenwue. [1o caeacTBHIO LeJible KODHH HAXOAATCA Cpely feuTesell CBOGOLHOIO
yneHa: £1; *2. [IpoBepsem no cxeMe [opHepa Kax<10e H3 ITHX YHCeJl.

1(3 -3 | -2
1 114/ 5 2 0 KOpeHb
1 11510 { 12 He KopeHb (He KpaTHbIAi KOpeRb)
-1 [ 1{3] 2 0 KOpeHb
-1]11] 2 KopeHb (KpaTHOCTH 2)

' +328 + 2 -3z -2=(z - 1)(z+ 1)*(z +2).

JlaHHoe ypaBHeHHe HMeeT 3 KOpHA: 1; —1; —2, npHYéM —1 — KOpeHb KpaTHOCTH 2.
NMpumep 2. Pewnte ypapnenue 6z + 17z + 20x? + 14z + 3 = 0.

Pewenue. [To Teopeme Bce pauoHansHble KOPHH YpPaBHEHHS HAXOAATCH CPeJH UH-

cen g.meﬁfq, 33p.

Henurenn 3: £1; 3.
Henutenn 6: +1; +2; £3; £6.
B. 4.4l 41 41 44 43
Yucaa Braa q +1; :i:2. :§:3. :i:6, x3; :1:2.
BupuM, uTo KOPHAMH MOTYT GbITh JIHILL OTpHLATeJbHble YHcaa. [TosToMy npose-

1.1 _1 _3 3

psieM 4Hcna —1; -

2 T3 g T Ty
6 | 17| 20 | 14 3
-1 16111 9 5 —2 | He KopeHb
-1 51 3
2 6 | 14 | 13 2 7 | Hexopenb
-—% 6| 15| 15 9 0 KOpeHb
JlaHHoe ypaBHeHHe 3KBHBaJIEHTHO (z+%)(6z3+15x2+15m+9) =0.z; = —%;

223 + 522 + 5 +3=0.
Heanrenn 3: £1; +3.
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Hemrenn 2: +£1; +2.

Yncaa Buga 2: +1; i-l-; +3; :tg.
q 2 2

KopHAMH MOTyT GbITb IHLIb OTpHLIATETbHbBIE YHC/IA, IPHUEM —1 H —% He ABJIAITCA
KOPHSIMH ([IPOBEPHJIH Bbillie).

[TpoBepsiem uncna —3; —

W

2 5 5 3
-3 } 2| -1 | 8| —21 | HeKopeHb

——% 2 2 2 0 KOpeHb

JlaHHoe ypaBHeHHe 3KBHBAJIEHTHO (z + %)(2:2 +2x+2) =0, 22 = —

VL

+z+1=0— KOpHeH Her.
3

1.3
Ortser: Y

3

§9. YpaBHeHns

YpaBHeHHS ¢ O1HHM HEH3BECTHbIM

HanomHuwm, uyto B cooTBercTBHH ¢ [1], ypasneHuen Ha3bBaeTCs1 PaBeHCTBO, CO-
llepxalliee HeH3BeCTHOe, 0603HayaeMoe 6ykBoH. [Tob3ysich NOHATHEM (YHKUHH, MOX-
HO CKa3aTb, 4TO ypasHeHue (C OJHHM HEeH3BECTHbIM) — 3TO flapa (yHKLUHHA OT OHOH H
TOH Xe NnepeMeHHOH T, COe[HHEHHBIX 3HAKOM PaBEHCTBA:

f(z) = g(=).

O6racmoio donycmumbix 3navenuti (O[3) naHHOTO ypaBHeHHs Ha3bBaeTcs

nepeceyerHe o6sacTH onpenesienns Gyukumii f(x) 1 g(z):
D(f) N D(g).

Uucno a HasbiBaeTcsl KOpHem (Ul peuieruem) AaHHOTO ypaBHEHHS, €CJIH NPH
NONCTaHOBKe B ypaBHEHHe BMECTO KAXK/IOTO BXOXK/IeHHS T YHC/IA @ YpaBHeHHe ofpaiua-
eTcsl B BepHOe YHCJ/I0Boe paBeHcTBO: f(a) = g(a).

CylleCTBYIOT SKBHBaJIeHTHbIE ONpe/ie/leHHsl KOPHSA ypaBHeHHs, B KOTOPHIX TpeGy-
eTcsl NPHHAAIeXHOCTb YHcsa a Of13 HCXOAHOIO ypaBHEHHS.

Pewums ypasHeHue — 5T0 3HAYHT HANTH BCe ero KOPHH HJIH I0Ka3aTb, YTO JaH~-
Hoe ypaBHeHHe KOpHeiH He HMeeT. OTMETHM, YTO eC/IH MH HalWIH NMOAGOPOM KaKHe-TO
KOPHH YPaBHEHHs H [JOKa3aJiH, 4TO APYTHX KODHeH y JaHHOTO ypaBHeHHs OLITb He MO-
XeT, TO TeM CaMbIM Mbl YypaBHEHHe PeLHJIH.

JIBa ypaBHEeHHA Ha3bIBAIOTCH PABHOCUALHOIMU, €CTH MHOXKECTBA HX KOPHell COB-
najaiT. YpaBHeHHe A siBaisieTcs caedcmeues ypaBHerust B, ecsim Bce KOpHH ypaBHe-
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HHA B ABAAIOTCS KOPHAMH ypaBHeHHs A (HO, GbITb MOXeT, CpellH KOpPHeH ypaBHeHHs A
€CTb TaKHe, KOTOpble He SBJAIOTCS KOPHAMH B).

[1peo6Gpa3oBaHHe ypaBHEHHs1 Ha3blBaeTCsl PABHOCUAbLHBIM, €CJIH Tpeobpa3yeMoe
ypaBHeHHe PaBHOCHJIbHO HCXOLHOMY.

1. Ec/1H NpH pelleHHH YpaBHeHHs Bbl IPOH3BOHJIH JIHLIL PaBHOCHJIbHbIE NpeoGpa-
30BaHHA, TO JVIA HAAAEHHBIX KOPHEH HET HyXK/Ibl 1€J1aTh IPOBEPKY.

2. Ecs 8ol Hauwtw O/13 v B npenesiax OJ13 npoH3BoIH/IH paBHOCH/IbHbIE NPeo6-
pa30BaHHs ypaBHEHHs, TO NIPOBEPKY TaKXKe es1aTh He HY>KHO, HO HeO6XOJHMO BhIsC-
HHTb, BXOJAT JIH HalileHHble KopHH B OJ13.

3. Eca He Bce npeo6pa3oBaHHs GbIIH PaBHOCHIbHBIMH, HO KaX/10€e ypaBHeHHe Obl-
JIO CJIe[ICTBHEM Npe/blaylLero, To HeoGX0AHMO CeJ1aTh MPOBEPKY.

OTMeTHM, YTO O4eHb YacTo HaxomuTh OJ13 Heliesleco06pa3Ho, ecsTH SKOHOMHee (110
BPeMeHH ) HaliTH <KOPHH» (CpelIH KOTOPbIX, GbITb MOXKET, eCTb JIHLIHHE) H CAeJaTh Npo-
BepKY.

Bcé ckasanroe 8 omuowenuu nposepku cnpagedal80 ¢ HUCMO MamemMamu-
weckold mouku 3penus. To ecmes, ecau 8ce sawu npeobpazosarnusn 6o pagro-
CUNbHBL, MO NPUBOOUMb 8 KOHYE peuleHus npoeepky Hem neobxodumocmu. H
amomx cayuae (npu Haausvuu coomsemcmeyoujeli 02080pKku) saue pewerue 6y-
dem cmompemocs 60aee epAMOMHBIM C MOYKU 3PEHUSL MAMEMAMUKU.

Ho coscem unoe deno, ecau peus udém o camokonmpoane. 30ect Mol peKOMEN-
Jdyem Oeaamv 8 HEKOMOPHLX CAYHAAX HE OOHY, 4 HECKOAbKO NPO8epoK.

*INone3Hbie HepaBeHCTBa

OTMeTHM, 4TO TIPH pelleHHH ypaBHeHHH (H HepaBEeHCTB) HHOT/A ObIBAIOT N0JIE3HbI
cJleqyloluHe HepaBeHCTBa, HCTHHHble 1sia 2> 0, b > O

2 2 2

a” +1 a+b ~ a+b a®° +b
. > . g R

2’ 2 7 b 2 2

PaBeHcTBa 0CTHra0TCR NPH @ = b (B NepBoM ciIyyae npH a = 1).

ITonesnbt TakxKe HEKOTOPpbI€ HX CJE€ACTBHA:

a<

1 1
a+;>2npua>0; a+;s—-2npua<0.
PaBeHcTBa JOCTHraloTCs IpH @ = 1 B NepBOM CJy4yae ¥ NpH a = —1 BO BTOpOM.

CHcTeMbl ypaBHEHHI ¢ ABYMS HEH3BECTHBIMH
Ypasnenuem c O8YMA HeU3BeCMHBIMU T U Y HA3bIBAETCA Napa HyHKUHMI OT ABYX
TiepeMeHHbIX (& H ¥ ), COeIHHEHHBIX 3HaKOM PaBEHCTBA:
f(z,y) = g(z,v).
Pewenuen Takoro ypaBHeHHs Ha3biBaeTcsl BCsKasi napa unced (Zo, yo), noacra-
HOBKA KOTOPBIX B YPaBHEHHe BMECTO COOTBETCTBYIOLUMX HEeH3BECTHHIX o6pallaeT 3T0
ypaBHeHHe B BEPHOE YHCJIOBOE PABEHCTBO.
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Cucmenol deyx ypasHenuii ¢ O8YMs Heu3GeCMHuIMU Ha3bIBaeTCsi Napa ypaB-
HEHHH C 1ByMSA HeH3BECTHBIMH!
{ f(z,y) = 9(z,y),
h(z,y) = t(z,y)-
Peuwsenuen cucmembt HasbiBaeTCs BesiKasi Napa Yuced (Zo, Yo), ABAAIOLLAACH pe-
LLieHHeM H [IePBOT0, H BTOPOTO YpaBHEHHH CHCTeMbI.
Pewumo cucmemy — 3T0 3HAUHT HAaWTH BCe eé pellleHHs HJH [0Ka3aTb, YTO CH-

CTeMa peleHHH He HMeeT.
CHcTeMbl IHHEAHbIX YPABHEHHH

a1T + b1y = c,
a2x + bgy = C2.
1. ChcTeMa HMeeT eQMHCTBEHHOE pellieHHe TOoraa H TOJIbKO Torja, Korjaa
a1b2 bt azbl ;ﬁ 0.
2. Cucrema HMeeT 6eCKOHEYHOe MHOXKECTBO pememu?l TOTla H TOJIbKO TOraa, Koraa
a1b2 - agbl = O,
a1cz — azcy =0,
b1C2 - b2C1 =0.
3. Cucrtema He Hmeer pemeHm"l TOrA H TOJbKO TOraa, Koraa
albg — a2b1 = 0, HO a;C2 — azcC1 ?é 0 HIH blcz - szl # 0.

[lycTb naHa cucrema {

§ 10. HepaBencrBa

HepaBeHcTBa H cHCTeMb! HEpPaBeHCTB

Hepasencmeom ¢ 00num HeussecmHoim HasbiBaeTCs napa GyHKUHH OT 0AHOH H
TOH K€ NepeMeHHOH, COeIHHEHHAA OHHM H3 3HaKOB: >, 2, <, <, #.

Pewenuen nepasencmea (cHcTeMbl HEPaBEHCTB) Ha3biBaeTCsl BCAKOE AeHCTBH-
TeJIbHOE YHCJIO, NI0ICTAHOBKA KOTOPOTO B HEPaBEHCTBO (KAXKI0€ HEPABEHCTBO CHCTEMBI )
BMECTO KaXKJI0r0 BXOXKIEHHA HEH3BECTHOrO (NIepeMeHHOM ) o6palllaeT 3TO HepaBeHCTBO
(BCe HepaBeHCTBA CHCTEMbI) B BEPHOE YHCJIOBOE HEPaBeHCTBO (BePHble YHCJIOBbIE Hepa-
BEHCTBA).

Pewiumo nepasencmeo (CHCTeMy HepaBEHCTB) 3HaUHT HAHTH MHOXKECTBO BCEX pe-
1L€HHHA 3TOro HepaBeHCTBA (3TOM CHCTEMbl HepaBEHCTB) HJIH [I0OKa3aThb, YTO OHO (OHA)
pelleHH He HMeeT. J[IBa HepaBeHCTBa (Be CHCTEMbl HePaBEHCTB) Ha3bIBAIOTCS PAGHO-
CUAbHOLMU, €CJIH MHOXKECTBA HX pelleHHH coBnagalor. CoOTBETCTBEHHO, Npeo6pa3o-
BaHHA HepaBeHCTBA Ha3blBAIOTCH PABHOCUALHBLMU, €CJIH TIPH 3THX Npeo6pa3oBaHHAX
MHO2XeCTBO pelleHHi MOJyYeHHOTO HepaBeHCTBA COBMNAJAeT C MHOXKECTBOM pelleHHH
HCXOHOTO HePaBeHCTBa.

OTMeTHM, YTO NpoBepKa NPaBHJIbHOCTH BCeX HafleHHbIX pelleHHH HepaBeHCTBa
NOJACTAHOBKOH B HCXOIHble HepaBeHCTBA B MOAABJSAIOUEM OOJbLIHHCTBE CJIyyaeB
HeBO3MOXHA. [103TOMy npH pellieHHH HePaBEHCTB (CHCTEM HEPaBEHCTB) HYXHO NOJIb-
30BaTbCHl PABHOCHJbHbIMH NPe0OPa30BAHHAMH ( PABHOCH/bHbIMH Npeo6pa30BaHHAMH
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B paMkax OI13). HaxoxneHne OJ13 He 06s3aTeslbHO, €CJIH Bbl 110J1b3yeTech HCKIIOYH-
TeJIbHO PaBHOCHJ/IbHBIMH Ipeo6Gpa3oBaHHsiMH. B npoTHBHOM ciyuae Haxoxaenne OJ13
o6n3aresibHO. [TpH 3TOM BO3MOXKHb! iBa N0AX0Ma K 0OPMJIEHHIO PELIeHHS:

1. O113 B BHIe HepaBeHCTBA HJIM CHCTEMbl HEPABEHCTB NPHCOEAHHSIOT K JaHHOMY
HepaBeHCTBY (JaHHOH CHCTEMe) H MOJTyUeHHYIO CHCTEMY peLlaloT.

2. Haxopsar O13. PeluaioT 1aHHOe HepaBeHCTBO (CHCTEMY HepPaBEHCTB), N10J1b3YsACh
JIHIb PaBHOCH/IbHBIMH Npeo6pasoBaHusaMH B pamkax OJ13. M3 noayueHHLIX peLieHHH
YAaJsI0T Te, KoTopble He BXxoaaT B O[13.

O6beautHeHne HepaBeHCTB

OTMeTHM TaKXKe, UTO OYeHb YaCTO peleHHSIMH JAHHOTO HepaBeHCTBA (CHCTeMb
HepaBeHCTB) siBJIAeTCA oG beHHEHHe PElIeHHA ABYX HJH GoJjiee HepaBeHCTB (CHCTeM
f@)=g(z),
h)<u(z).

A1y 3anuch 6yneM Ha3biBaTh 06beduHeHem HepaBeHCTB. Pelnennem o6beaute-
HHSl IBYX HEPABEHCTB ABJSAETCS BCAKOE YHCJI0, IBJIAIOILEECS pelleHHeM XOTs 6bl 0JHOT0
M3 IBYX HEPaBEHCTB 00berHeHHs. FiHaye roBops, 415 pellleHHs 00beAMHEHHs HY>KHO
HaHTH MHOXKECTBa BCeX peLlieHHH NepBoro H BTOPOro HePABEHCTB H HAHAEHHbIe MHOXKe~
CTBAa OODEJIMHHTb.

HepaBeHCTB). B TakHx c/Tyuasx Mbl 6yneM ynoTpe6JIsTh 3aMHCh BHAA

PaunoHaabHbie HepaBeHCTBA
Pauuona.nbnbm Ha3blBaeTcsi BCAKOe HepaBeHCTBO, cBojslleecs K HepaBeHCTBY BH-

P(z) P(z)
na > 0 uav BHAA > 0, rae P(z), Q(x) — HeKOTOpble MHOTOUJIEHDI.
Q) Q) (#). Q) P
Mockoabky Pz) >0 P(z) Q(x) >0,
Q(z)
P(z) . 0 { P(z)-Q(z) 2 0,
Qz) = Q(z) # 0,
TO /15t pellleHHA PaLHOHAMbHbIX HEPABEHCTB YA0OHO PHMEHSATh METO HHTePBAJIOB.
2?—7r+10  6x—9
Tpumep. Pelunte HepaBeHCTBO P + z 71 <L
2 —Tx+10 , 6z -9
. -1<0,
Pewenne po— +z+1 1<0
(2 =Tz +10)(z+ 1)+ (62 -9 (z—3)—(z-3) - (z+1) <0
(z=3)(x+1) =

z® — 2% — 22z + 40
(z-3):-(z+1)

[Ton6opom HaxomHM, 4To T = 2 BJIAETCA KOPHEM MHOTOUJIeHa

x® — 22 — 22z + 40; pasne/nB AaHHbIH MHOrOU/IEH (YTOJIKOM HAH o cxeMe [opuepa)

Ha T — 2, nomyyaem z° — 2% — 22x + 40 = (x — 2) - (z® + z — 20) =

= (z —2) - (z — 4) - (z + 5). 3HaUHT, HCXOLHOE HEPABEHCTBO PABHOCHJIBHO CHCTEME

£ 0. YucauTenb nocsefiHeit Jpo6H pPa3jioKHM Ha MHOXKHTEJH.
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(z-2)-(z-4)-(z+5): (z-3)-(z+1) <0,
(x-3)-(z+1) #£0.
Peuias nepeoe HepaBeHCTBO 3TOH CHCTEMBl METOAOM HHTEpPBaJIOB (CM. pHC. 1) H BbIKa-

- + X - (+ X -¥+
-5 -1 2 3 4 x
Puc. |
JIbiBasi TOYKKH T = —1, £ = 3, MoJiyuaeM oTBeT

z € (—o0; -5 U (—1;2] U (3;4].
§ 11. PyHKuuu

O6aactb onpeneseHn GyHKUHH

Obaacmoio onpedesenus D(y) ¢ynkyuu y = f(z) HasbIBaeTCA MHOXKECTBO
BCEX 3HAYEHHA apryMmeHTa z, LI KOTOPbIX BbipaxkeHHe f(x) onpeneneHo (uMeer
cmbica). HanpuMep, paccmatpuBaercs dyHkuus y = sin x Ha otpe3ke [0; «]. B nau-
HoM cayyae D(y) = [0; =], Tak Kak gaHHO# ¢dpa3oi GyHKUHSA y = sin z onpenesieHa
JHLb Ha oTpeske [0; =]. Ecan xe paccMaTpuBaercs dyHKUMA y = sin z 6e3 KaKHX-
AH6O OroBOpOK, TO 3TO 03HayaeT, yTo D(y) = R. B 3ToM ciyuae roBopsaT Takke,
yTo PYHKUMA y = sinz onpejefieHa Ha Bcell yHca0Boil npsaMof. C apyrofi CTOPOHHI,

vz -1
MyCTb pacCMaTpHBaeTC PyHKIMA y = = B nanunoft ¢dpase Taxoke HeT KaKHX-
z —

JIH60 OroBOPOK OTHOCHTEJIbHO TOTO, HA KAKOM YHCJIOBOM NPOMEXYTKe paccMaTpHBaer-
csl GyHKUHA. BmecTe ¢ TeM Mbl BUIHM, YTO 3Ta QYHKUMA He onpefiefieHa Lid z < 1, Tak
Kak IpH £ < 1 noj KopHem 6y/eT OTpHLIATE/IbHOE HHCI0. 3Ta GYHKUHA TaKKe He onpe-
[ejeHa Npu £ = +2, TaK KaK Npu ¢ = +2 3HaMeHaTeJb 06pallaeTcs B Hy/b. TakuMm
oGpa3oM, Ast naHHo# dyHKUuHH D(y) = {1; 2) U (2; +00).

HanomHuuM o6aacti orpene/ieHHst OCHOBHBIX 3/1eMeHTapHbiX dyHkuui. O6aacTb
ornpeJeseHns J1060ro MHorousieHa — R.

D () = (=003 0) U (0; +o0). D (%/z) = [0; +oo).

D (2‘”'\1/;) =R. D (log, z) = (0; +00).
D (sinz) = D(cosz) = R. D(a®) =R.
*D (arcsinz) = D (arccosz) = [—-1; 1].

*D (arctgz) = D (arcctgz) = R.
=(-Z T n .3
D(tgz) = ( 3 + 2mk; 2 +211'k) U (2 +27rk,21r+27rk),k€Z.
Umn D (tgz) : z # g + 7k, ke€Z.
D (ctgz) = (27rk;7r + 21rk) U (7r + 27k; 27 + 27rk), ke Z.

Nmu D (ctgz): z#nk, ke Z.
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MHuoxecTBo 3HaYeHHA QYHKUHH

Mnoxcecmeom (obaracmero) anavenud E(y) ¢ynkyuu y = f(x) nasviBaercs
MHOXXECTBO BCEX TaKHX YHCeJ Yo, A5 KAXKAOTO H3 KOTOPHIX HaMAETCA TaKoe YHCJIO Zo,
uto f(zo) = yo-

Hanomuum o6s1acTi 3HaueH A OCHOBHBIX 3/1eMEHTapPHBIX GYHKLMI.

O6aacTblo 3HaueHHA BCAKOMO MHOrouJieHa YETHON CTeMeHH SIBASETCS MPOMEXKy-
TOK [m; +00), rae m — HauMeHblee 3HaueHHe ITOTO MHOTOYJIeHa, TMGO0 NPOMEKYTOK
(—o0; n), roe n — HaH6oJbLIEE 3HAYEHHE ITOrO MHOMOYJIEHA.

O621acThi0 3HaYeHHH BCAKOro MHOToO4JIeHa HeYéTHOM cTeneHH apJisieTcs: R.
E(2)= (-0 0)U(0; +00).  E(¥z) = [0; +o0).
E(**/z) =R, E (a%) = (0; +00).

E(log,z) = R. E (sinz) = E(cosz) = [-1; 1].
*E (arcsinz) = [—%; g] *E (arccosz) = [0; n].
E (tgz) = E(ctgz) = R. *E (arctgz) = (—% %)

"E (arcctg z) = (0; =).

OTmeTHM, YTO 3a7aHHs Ha HAXOX/EHHe MHOXECTBA 3HAUEHH KaKo#-TO QYHKIMH
pellaoTCs NpeHMYILEeCTBEHHO ABYMsI METOAAMH: aHAJIHTHYECKUM H areGpanyecKuM.

[puBeném onno 3amewarnue. [NpennonoxuM, uto GyHkuus f(x) aBasercs cIoK-
HOH (PyHKUHeH, B KOTODOH MOXHO BbIIEIHTh «noadymkumwo» t = t(z). Toraa
= f(t) = f(t(z)). OT™eTnM, 4To HeBaxHO, KaKO# siBsieTCs GYHKUMS ¢ = t(T)
(Bo3pacrarolLuef, Bo3pacTalowie-y6uiaiolleii 1 T. 4.). Eciit Ham H3BecTHa e€ o6aacThb
3HaveHHi E(t), TO IpH HaX0X/eHHH 061acTH 3Hauenni dynkun y = f(t) = f(t(x))
LesIecoo6pa3HO CYHTATh, YTO ¢ Bo3pacTaeT Ha FE(t) Kak KaKOH-TO HOBBIH apryMeHT.
B cootBercTBHH ¢ 3THM ¢yHKuMio ¥y = f(t) uesecoo6pa3HO CYHTaThb TaKoH, Ka-
KOBOH OHa siBJIsieTcsl OT apryMeHTa t Ha npoMexkytke E(t). Hanpumep, nyctb Ham
daHa QyHKUHA ¥ = 2cosz + 1. BBomum HoBylo nepemennyio t(x) = cosz. [lo-
HATHO, 4To E(t) = [-1; 1]. Torna dyskunio y(t) = 2t + 1 uesecoo6pasHo
CYHTaTh JIHHEAHOH Ha npoMexyTke {—1; 1]. DTo HHKaK He MOBJHAET Ha HaXOXIe-
une E(y), Ho, HanpoTHB, o6nerunT Ham 3Ty npouenypy. Haxomum E(y). ®yukums
y(t) = 2t + 1 Ha npomexyTKe [—1; 1] siB/I1I€TCS1 JIHHEAHOH H BO3pacTaloLIel, I0ITOMY
E(y)=[2(-1)+1; 2-1+1] =[-1; 3.
[1pn pelrennn 3anay aHaJMTHYECKHM MeTOLOM GyeM MOJb30BATLCSH CAEAYIOIHAMH
tdakramu.

1. Fycts f(x) — Kakasi-To hyHKUHMS H lim f(x) = 400, rue a — Kakoe-To YHCJI0

HJH a = 400, HiH a = —oo. Toraa lim ——— = 0, npHYéM NpH 3HAYEHHSX T, NOCTA-

z—a f( )
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TOYHO GJIH3KHX K @, BeJIHYHHA GyzneT 00CTaTOYHO GJIH3KOH K HyJII0, HO BMecTe ¢

f()

TeM GoJblile HYJIA. B atom cJiyuae Mbl 6y11€M FOBOPHTbD, YTO BEJIHYHHA }.—-(]'z—) CTPEMHT-

Cfl K HYJIIO CrIpaBa MpH T, cTpeMaAweMcs K a: lim ———= = +0. B 3ToM cMbic/ie Gynem

Jim )

1
TPeGAATH 3an —_— .
ynioTp HCb T +0

2. B anasorHuHoM cMbicie GyieM ynoTpe6/IATh TakKe 3alHCh BHAA
1
—w ) :
3. NycTb Teneps lim f(z) = 0, npuyém npu Bcex z, gocTaTouHo GJH3KHX K a,

dynkumns f(z) > 0. Toraa lim ——~ = +00. 3710T PakT Mb! GyIeM 3aMHCHIBATb HHO-

—a f ( )
i
rAa B BHIe 0 - +o00.
4. B nonoGHOM Xe cMbicjie Mbl Gy/eM yNoTpe6JsTh 3anHCh —-LO = —00.

5. Hixke Mbl NpHBOZMM 3anHCH, KOTOpble 6yleM B AajibHefillieM HCMONb30BaTh, HO
TIOHHMATDb 3TH 3aMHCH cJedyeT He B GyKBaJbHOM cMbicsie. DaKTHUECKHA CMBIC/ 3THX
3anHcel BaM NnpenJiaraeTcs NPHBECTH CAMHM.

ot = +oompua > 1, = = +0 npua > 1,
+0 npp0 < a < 1; 4+oonpu0 < a < 1;
+oconpue > 1,
—oonpu0<a<l1.

log, (+0) = —oonpHa > 1,
+oonpu0 <a <1l

YETHOCTD H HeudTHOCTb QYHKUHH

®ynkuusn y = f(x) Ha3biBaeTcsi vémuoid, ecin nas aoboro z € D(f) BepHo
paBeHcTBO f(—z) = f(z). [paduk yéTHOMH DYHKLIHH CHMMETPHYEH OTHOCHTEJILHO OCH
Oy.

®yHkunn y = f(x) Ha3biBaeTcs Hewémmod, ecm aas aoboro z € D(f) BepHO
paBeHcTBO f(—z) = — f(z). [paduk HeuéTHOH HYHKLHH CHMMETPHUYEH OTHOCHTE/BHO
Hava/la KOOpAHHAT.

Ipadnkn snementapubix dpyuxumuii. Ha pucynkax 2—7 uao6paxenn rpadHkH
OCHOBHBIX 3J1eMEHTapHbIX QYHKUH.

log, (+00) = {

MocTpoenne rpadpHxos pyHKUHA «MeXaHHYECKHMHD NpeoGpa3oBatHAMH

Ipaduk dyHkunn y = — f(x) nonyueH u3 rpaduka GyHKUHH y = f(z) oTpakeHH-
€M OTHOCHTeAbHO ocH Oz (cM. pHc. 8).

Ipaduk dyskunn y = f(—x) noayueH u3 rpadrka QyHKUHH y = f(x) oTpaKeHH-
€M OTHOCHTeAbHO ocH Oy (cM. puc. 9).
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YA yA
1
=
1 1
x 1 X
jo 1 -10 r‘)
Pue. 2
| y="Yx v by 2%
1 x 4! X
0’1 > 401 >
Puc. 3

Ipaduk dyHKkuMH y = m - f(z), m > 1, nosyueH u3 rpaduka dyHkunn y = f(x)
pacTsieHHeM B m pa3 BAoJb ocH Oy oT ock Oz (cM. puc. 10).

Ipaduk dyHxkuHH y =

m- f(z),0 < m < 1, noayyeH u3 rpaduka GpyHKUHH
y = f(x) cxxatHem B - Pa3 10 OcH Oy Kk och Oz (cM. puc. 11).

Ipaduk dyukunn y = f(kz), k > 1, noayueH u3 rpaduka pyHkunn y = f(z)
ckaTHeMm B k pa3 kK ocH Oy Boab ocH Oz (cM. pHc. 12).

Tpaduk pyukunu y = f(kz), 0 < k < 1, nosyuet u3 rpacduka dyHkunn y = f(x)
1

PacTsKeHHeM B 7 pa3 OT OCH Oy Baoas ocu Oz (cM. puc. 13).
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y=a,0<a<1 y=d,a>1

AY AY
L - __./1/ x
Puc. 4
y=logx,0<a<1 y=logx,a>1
Yy Yy

\i o

T 7

Puc. b

y Y=sinx Y Y=cos x

1
T X

/IO*R\/LX’/OI "

Puc. 6
y=1gx y=ctgx
YA yA
l" X l' x
% /o [&° o] N %
2 2 2
Puc. 7

Tpadux pynkunn y = f(x) + b nosyueH u3 rpadrka OyHKUHH y = f(z) caBHIOM
BBepX Ha yncjo b npu b > 0 1 ciBHrom BHH3 Ha uuciio (—b) npu b < 0 (cM. pHc. 14).

Ipaduk pynkunn y = f(x + a) nosyuen n3 rpacduka pynkunn y = f(z) casHrom
BMpaBO Ha YHCJO —a NpH a < 0 1 CABHIOM BJIEBO Ha YHCJIO a npH a > 0 (cM. puc. 15).
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Puc. 14

j(x+qL a<0

y
N

R

Puc. 15
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YA

™

0

\ B

y=fx)

Puc. 16
YA

N

y=lf)|

\

Puc. 17

Ipaduk oynkunn y = | f(z)| (cMm. puc. 17) nosyueH u3 rpaduka yHkumn y = f(z)
(cM. prc. 16) oTparkeHHeM oTHOCHTEIbHO ocH O YacTh 3Toro rpaduka, Jiexalues HH-
xe ocu Oz.

YA

1N\
VAN

y=flix)

Y=

Puc. 18

Ipaduk pyHxumn y = f(|z|) (cm. puc. 18) nonyyed u3 rpadpuka dyHkunn y = f(x)
(cM. pHc. 16) o6benHHeHHeM YacTH 3T0To0 rpadHka, Jiexaller npaeee ocH Oy, ¢ eé oT-
pakeHHeM OTHOCHTeJIbHO ocH Oy H yaaseHHeM YacTH, Jexallel sesee ocu Oy.

OnpepnesieHne NPOH3BOAHOM

IMyctb byHkuua y = f(z) onpenesiena B TOUKe T ¥ HEKOTOPOIi €€ OKPECTHOCTH
(nHTepBanie, comepaxalieM TOuKy x). [lagum aprymeHTy x npHpaiiesne Ax (10J10XKH-
TeJIbHOE HJIH 0TpuuaTe.anoe), Takoe, yTOoObl HE BLIHTH H3 )'KaSHHHOI:l OKPeCTHOCTH.
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Hafiném cootsercTByloluee npupaiuente pyrkunn Ay = f(x + Az) — f(z) u co-

CTaBHM OTHOILEHHe %;% Ecau cywecTsyer npefes 3Toro oTHolleHHst npH Az — 0,
TO 3TOT Npe/eJl Ha3biBaeTCs MPOH3BOAHOH QYHKLMHK y = f() B Touke T H 0603HaYaeT-

cs f'(z):

A z 4+ Az) - f(x
f'(z) = lim Y~ lim I )~ ).
Az—0 Az Az—0 Az
Ta6aH1a NPOH3BOAHBIX OCHOBHbIX 3J1eMEHTaPHBIX PYHKLHA
() =0 (c—const); (z*) =a-z°! (a — const);
D 1\ _ 1.
(Va) = 21’ (a:) T
(sinz)’ = cosz; (cosz) = —sinz;
' 1 . I 1 .
(tgz) pyw ot (ctgz) = ey ot
(a*) = a*lna; (e*) = e%;
' _ 1 . I _ _1_
(lOgaI) _:v-lna’ (ln:z:) —iE’
*(arcsinz)’ = Tl—?; *(arccos )’ = —W}T}?;
. ’ 1 N ’ 1
t = ; = - .
(arctge)’ = 77295 “larcctgz)' = -7y
OchosHbie npasuaa anpdepeHUHPOBaAHKS
(c-u) =c-u', ¢c— const; (uxv) =u' £
I ’
, , , o ouv—ww
(wv) =u'v +uv; (E) =—2u—;
v v

y = f(9(2)), ¥ = fu(u) - g(2), rne u = g(z).
OTMeTHM, 4TO CIIpaBeATHBO CJedylollee CBOHCTBO:
ecH PyHKUHS f(x) yéTHa (HeuéTHa) H AuddepeHLHpyeMa Ha Beeli 06J1acTH omnpe-
AeneHst, To dyHkuHs f'(z) ABaseTcs HeueTHOM (4ETHOR).

TeomeTpHUECKHH CMbIC] TPOH3BOAHON

f'(zo) siBnsieTcst yrnoBHIM Ko3GHIUHEHTOM KacaTesbHOM K rpadHKy $yHKLHH
y = f(z) B Touke c abcunccon xo. HanoMunM, 4o yrioBoi KoatdduuHeHT npsaMoi
paBeH TaHPeHCY yr/a, 06pa30BaHHOrO 3TOH MPAMOMH C MOJOXKHTEIbHBIM HallpaBJieHHeM
ocH Oz. YpaBHeHHe KacaTelbHOH K rpaduky GyHKUMH y = f(z) B Touke ¢ abcumc-
coit zo:

y = f(zo) + f'(zo)(z — zo0).
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MexaHH4Y€eCKHIi CMBIC NPOH3BOAHOMN

IMycts S = S(t) — ypaBHeHHe 3aBHCHMOCTH MYTH OT BPEMEHH NPH ABHXXEHHH
Kakoro-sn6o tena. Toraa S’'(t) — cKOpoCTb ABHIKEHHs! 3TOTO Tela B MOMEHT BpeMe-
HH t. S”(t) — yCKOpeHHe ABHXKYLIErocs Tela B MOMEHT BPEMEeHH t.

Bo3pacrtanue H y6biranne QyHKUHH

®yukuns y = f(x) so3pacmaem (y6vieaem) Ha MHOXKeCTBe A, eCsiH /15l JIIO-
6biX x1,T2 € A, TaKHX, YTO T < T2, BHINOJHsAETCs HepaBeHCTBO f(z1) < f(z2)
(f(z1) > f(z2)).

3ameuanue. Ecan dyHKums Bospacrtaer (yObiBaeT) Ha IBYX NPOMEXYTKAX, H3 3To-
ro elLE He CJIe/yeT, 4TO OHa BO3pacTaeT ( yGbiBaeT) Ha 00 beIMHEHHH 3THX IPOMEXYTKOB.

Hanpumep, byskuns y = % yGbiBaeT Ha npoMexyTkax (—oo; 0) i (0; +00), Ho OHa He

siBisieTcs y6biBaloiied Ha 06J1aCTH onpee/ieHHs!.

Ecsin Ha kakoM-To npoMexxyTKe GyHKuns y = f(z) Bo3pacTaer (y6uiBaer) H iud-
depenunpyema Ha sToM npomexxytke, To f'(z) = 0 (f'(z) < 0), npHuéMm paBeHCTBO
HYJII0 HEBO3MOXKHO Ha NPOMEXYTKe HEHYJIEBOH JJTHHDI.

BepHo 1 o6paTHOe yTBepxIeHHe, KOTopoe Mbl C(HOPMY/IHPYeM B YaCTHOM CJIyyae,
WMeHHo, ecai Ha KakoM-To poMexyTke f'(z) > 0 (f'(z) < 0), npuuém paBeHCTBO
f'(z) = 0 pocTHraercsi MiLb B KOHEYHOM YHCJI€ TOUEK ITOTO NIPOMEXKYTKA, TO PYHKLIHS
y = f(z) Ha 3TOM NpoMeXyTKe Bo3pacTaert (y6uiBaer). OTciofa cjedyer, YTo ecJiH
MPOH3BOAHAS B TOUKE To MEHSET 3HAK C «+» Ha «—» (C «—» Ha «+»), TO PYHKLHSA
y = f(x) B 3TO#i TOUKe MeHsIeT BO3pacTaHHe Ha YObiBaHUe (yObIBaHHe Ha BO3pacTaHHe).
A 3T0 3HAuHT, 4T0 DYHKUHA y = f(I) HMeeT B TOUKe To MaKCHMYM (MHHHMYM).

TpensiaraeM 10Ka3aTh CAMOCTOSITENLHO, HTO A5 C/I0KHOH GyHKwaH f (g(z)) aBYx
HenpepuiBHbIX GyHKUNE f(z) U g(z) cnpaBen/iHBa JaHHast HiXKe Ta6GJIHYKa, B KOTOPOH
«+>» 03HayaeT Bo3pacTaHue (yHKLHH, a «—» — yObIBaHHe.

flm) |+]+]-1|-
9() |+ |-+~
flg@) |+ |- -+

Han6Goabuwee, HaHMeHbilee 3HaYeHHA QYHKLHH

3uauenne f(zo) pyHKUHH f(z) B TOuKe zo HasbiBaeTCA HAUOOALUWUM (HAUMEHb-
wium) 3HaUeHHeM 3TOH QYHKUHH, ecliH Aas Mio6oro  H3 D( f) BeimosHsieTcst HepaBeH-
CTBO

f(xo) 2 f(z) (f(zo0) < f(2)).

CnpaBeasiHBa cJeLylollas TeopeMa.

Huddepenunpyemas Ha (a; b) v HenpepoiBHas Ha [a; b] dyHKkumsA y = f(z) RocTH-
raet cBoero HaH6oJblIero (HaHMeHbLLIEro) 3HaueHHs Ha rpaHHLE OTpe3Ka [a; b] HiH B
OJIHOM M3 CTALHOHAPHBIX TOUEK Ha HHTepBaJe (a; b).
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B yacTHOCTH, ec/iH YHKLMSA YLOBJETBOPSET YCJAOBHAM TeOpeMbl H HMeeT efHH-
CTBEHHYI0 KDHTHYECKYIO TOYKY, KOTOpast fIBJISIeTCS TOUKOH MaKCHMyMa (MHHHMYMa ), TO
B Heit nocTHraercs HaunboJblilee (HaHMeHblilee) 3HaueHHe.

Mpumenenne ceoficTs GyHKUKHA NPH pelIeHHH YPaBHEHHHA

Paccmotpum ypaBHenne f(x) = g(x).

1. Tlyctb Ha OJ13 ypashennn dyHkums f(x) Bo3pacTaert, a g(z) y6uiBaer. Torna
ypaBHeHHe He MOXKeT HMeTb 6oJiee OHOrO KOpHS.

2. Tlycts ¢ynkunn f(x) u g(x) HenpepbiBHb Ha oTpe3ke [a;b] H BINOAHAIOTCS
HepaBeHcTBa f(a) > g(a), f(b) < g(b). Torna ypaBHeHHe HMeeT 10 KpakiHeH mepe
OfIMH KOpeHb Ha HHTepBaJe (a; b).

3. Tyctb uncs0 A fiBAsieTcsi HAHGO/IbILIMM 3HaueHHeM GYHKUMH f(T) M HAHMeHb-
MM 3HaveHneM ¢yHkuMH g(z). Torna ucxoaHoe ypaBHeHHe paBHOCHAbHO Ha OJI3
CHCTEMe YpaBHEHHH { f@) = 4,

9(z) = A.

IlepsooGpa3nas

[Mycts f(z) — Hekortopast ¢yHKuUMS, 3aJaHHAsA HAa HEKOTOPOM HHCJIOBOM Mpo-
mexytke A. Ecan ¢yukuus F(z) TakoBa, yTo 415 J060ro M3 npomexytka A
F'(z) = f(z), To F(x) Ha3sbiBaetcs nepsoobpasnoi ¢ynxyued nis dyukunn f(z)
Ha POMeXKyTKe A.

OrMmeTuM, yTo IBe NepBooGpa3Hble A1 OQHOA H TOM Ke (YHKLHMH OTJHYAIOTCH Ha
nocrosiHuyio. U o6patho, ecan F(z) — nepsoo6pasnas ais f(x), To as ao6oro ¢ (¢
— const) pynkums F(z) + c Toxe neppooGpasHas a1 GyHKunH f(z).

[NpuBeném TaGauily nepBooGpasHbiX A/ OCHOBHBIX 3/1eMeHTapHbIX PYHKUMA. Byk-
BOH ¢ Bealie 0603HayaeTcsi NPOH3BOJIbHASA MOCTOSHHAS.

F(z®) = ;—“il- +ecla# ~1). F(i) =Inlz| +ec

+1
F(2)=mz+c, z>0. F(2) =In(-z) +¢, =<0,
T T
F(sinz) = —cosz + c. F(cosz) =sinz +c.
F( 12 ):tgz+c. F‘('l2 ):—ctga:+c.
cos’z sin’z
F(a™) = ﬁz +ec F(e®)=€e¢"+c.

* 1 . 1 .
F = arctgx + C. F| ——— ) = arcsinz +c.
(1+a:2) & (\/l—zﬁ)

Heonpenea&uubiit nuTerpan
HeonpenenénubiM nuTerpaiaoM ¢yHkuun f(x) Ha3blBaeTcsi MHOXeCTBO Bcex eé
nepsoo6Gpasubix. Heonpenenénnuiii uuterpan cdyukuun f(z) o6osHauaercs uepe3
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S f (x)dz 4 BbiuHCAsETCA NO dopMyne

f(z)dz = F(z) + c, rne F(z) — nepBooGpasnas ms dbyHkume f(z).
KpoMe Toro, MpH HaX0XAEHHH HHTErPaJiOB MOXHO M10/1b30BaTbCA HOPMYIaMH:

J
{(f@) +9(@)de = {f(z)dz + (g(z)ds;
(kf(e)dz =k S f(z)dz, rae k € R.

Onpeaea&nnbiit HHTErpan

OnpenenéHHbift  HHTerpan S f(z)dr moxHo HafiTH mno  ¢opmyne

b
Sf(a:)dz = F() — F(a), ecan f(z) HenpepmBHa Ha [a;b], a

F(x) — nepsoobpashas a1 f(z). Ins npuBenéHHol GopMyibl HCMoJb3yeTcs
COKpalléHHAasa 3anHCh:

[ f(z)ds = F(:c)li.

b
CnpaBeninBbl GOpMyJIbl: S kf(z)dz =k \ f(z)dz,rne k € R,

8 ey o

Sb (f(=) + g(z))dz = §f(a:)d.7: + fg(z)dz

a
Maowans KpHBOIHHEAHOH TPANeLHH (CM. PHC. 19) MOXKHO BLIYHC/IHTD N0 Hopmyae
b

5= [ (f@) - 9(@))dz

a

YA
y=£x)
/;//// %
I}:////Z//://// > /// t y=gx)
Va4 NN A
Vovov ///////////)
Ol T Na oV >
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§ 12. Ilnanumetpus

NMapaaneabHsie npambie

CBONACTBa H NPH3HAKH NApANIENbHbIX PAMBIX

1. AkcHoMa napannenbHbix. Uepes 1aHHY10 TOUKY MOXKHO [TPOBECTH He 60J1ee 01~
HOW NPAMOH, NapaJlebHOM JaHHOH.

2. Ecan 1Be npsiMble napaJsiesibHbl OXHOH H TOH XKe NPSAMOH, TO OHH NapaJJielibHbl
Mexxay cO60H.

3. lBe npsiMble, NneprieHAHKY/IsipHbIE OHOH H TOH >Ke NPSIMOH, NapaJiesbHbl.

4. Ecain n1Be napannesibHble IpsiMble Nepeceyb TpeTbel, TO 06pa3oBaHHble [IPH 3TOM
BHYTPEHHHE HaKpecCT JieXalllHe YIVIbl PaBHbl; COOTBETCTBEHHbIE YTJIbl PABHbI; BHyTPEH-
HHe OJHOCTOPOHHHe YTJIbl B CyMMe COCTaBJsioT 180°.

5. Ecs11 npH nepeceueHHH ABYX NPSIMbIX TpeTbeH 06pa3yloTCs paBHble BHYTPeHHHE
HaKpeCT JieXKalllHe YIJIbl, TO NPSAMble NapaJl/ieJibHbi.

6. Ecan npu nepeceyeHHH AByX NMpPAMBbIX TpeTbed 00pa3yloTcsi paBHble COOTBET-
CTBEHHbIE YIJIbI, TO NPAMbIE NapaJe/bHbl.

7. Ecav npH nepeceyennu IByx NpsiMbIX TPeTbeH CyMMa BHyTPEHHHX OAHOCTOPOH-
HHX YIVI0B paBHa 180°, To npsiMbie NapaJliebHbl.

Teopema ®aneca. Ecau Ha oaHO# CTOpPOHe yTJIa OTVIOXKHTb PaBHbIE OTPE3KH H
Yepe3 HX KOHLibl TPOBECTH NapaJiiesibHble MpsiMbie, NepeceKaloiliie BTOPYI CTOPOHY
yTJ1a, TO Ha BTOPOM CTOPOHE YIVIa OTJIOKATCH TAKXKe PaBHblE OTPE3KH.

Teopema O NPpONOPUHOHAJIbHLIX OTPEe3KaXx. ﬂapanneﬂbuble npsimMble, nepece-
KalliHe CTOPOHH! YTJia, BHICEKAlOT Ha HHX NMPONOpLUHOHAbHbBIE OTPE3KH.

TpeyroJbHuk

llpu3HakH paBeHCTBa TPeyroJbHHKOB

1. Ec/H aBe CTOPOHBI H yTOJ1 MeXy HAMH OIHOTO TPeYTOJbHHKA COOTBETCTBEHHO
paBHbl IBYM CTOPOHaM H YTJIy MeXIy HHMH [pyroro TPeyroJbHHKa, TO TPEyTrOJbHHKH
PaBHBI.

2. Ecain cTopoHa H JBa NpH/ieXKallHX K Hell yT/1a OAHOrO TPeyroJbHHKa COOTBET-
CTBEHHO PaBHBHl CTOPOHE H ABYM NPHJIEKALLHM K HEH yrjlaM ApYroro TpeyrojbHHKa, TO
TPEYTOJIbHHKH PaBHbI.

3. EcJiH TpH CTOPOHBI OHOTO TPEYTOJIbHHKA COOTBETCTBEHHO PaBHbI TPEM CTOPOHAM
DPYTOTO TPEYTOJIbHHKA, TO TPEYTOJIbHHKH PaBHbI.

[IpH3aHaku paBeHCTBa NPAMOYTOJbHBIX TPEYTONbHHKOB
1. I'lo nByM Karteram.

2. o kaTeTy 1 runoTeHy3e.

3. I'lo runoTeHy3e 1 OCTPOMY YTJIy.

4. I'lo karety H ocTpoMy yTJy.
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Teopema o cymme yri10B TpeyroibHHKa H CA€1CTBHSA H3 HeE

1. CyMMa BHYTpPeHHHX YIJIOB TPeyroJibHHKa paBHa 180°.

2. BHellHu yroJ TpeyrosibHHKa paBeH CyMMe [IByX BHYTPEHHHX He CMEXKHbIX C HHM
yTVI0B.

3. CyMMa BHYTpEHHHX YIJIOB BbIMyKJIOro n-YroJbHHKa paBHa 180°(n — 2).

4. CyMMa BHelLIHHX YIJIOB n~YroJibHHKa paBua 360°.

5. ¥YTIJbi CO B3aHMHO NepreH MKy PHBIMH CTOPOHAMH PaBHBI, €CJIH OHH 06a OCTpble
HJIH 06a Tynble.

6. Yroa Mexay GHCCEeKTPHCAMH CMEXHBIX yIJI0B paset 90°.

7. bHCceKTpHCBI BHYTPEHHHX OHOCTOPOHHHX YIJIOB NIPH NapaJlJieJibHblX NPAMbBIX H
CeKylleR neprneHanKyJ/ApHbI.

OcHoBHbIe CBOHCTBA H NPH3HAKH PaBHOGe1PEHHOrO TPeYro/ibHHKa

1. ¥Yrabl npH OCHOBaHHH PaBHOGELPEHHOTO TPEYTONbHHKA PaBHbI.

2. Ecau apa yrya TpeyrosibHHKa paBHbI, TO OH PaBHOGEAPEHHbIH.

3. B paBHOGenpeHHOM TpeyrosibHHKE MeaHaHa, GHCCEKTPHCA H BLICOTA, POBENEH-
Hbl€ K OCHOBAHHIO, COBMAAAIOT.

4. Ecaun B TpeyroJibHHKe coBnanaer ni06as napa OTPe3KOB H3 TPOHKH: MeaHaHa,
GHCCEKTpHCa, BBICOTA, — TO OH ABJIAETCA PAaBHOGEAPEHHBIM.

HepaBeHcTBO TPeyrosibHHKa H CAEACTBHA H3 Hero

1. CyMma ABYX CTOPOH TPeyroJibHHKa 60Jiblie ero TpeTbed CTOPOHbI.

2. CyMma 3BeHbeB JIOMaHOH 60JIbliie OTPe3Ka, COeIHHSIOLLEero HayaJo Nepeoro 3pe-
Ha ¢ KOHLOM MOCJIeIHero.

3. I1poTHB 6oJibLilero yrya TpeyroJibHHKa JIEXXHT 60JIbLIast CTOPOHa.

4. [1poTHB 60JbLLIEN CTOPOHBI TPEYTOJNbHUKA JEKHT OONBLLUNH yroJl.

5. [unoreHy3a npsiMOYTroJibHOrO TpeyroJibHHKa 60J1bllie KaTeTa.

6. Ec/in H3 04HOM TOYKH NPOBEEHbl K NPAMOH NEPIEHARKYIAP H HAKJIOHHbIE, TO

1) nepneHANKYyJIAp KOpOUe HaKJIOHHBIX;

2) 6oabLueil HAKJIOHHOH COOTBETCTBYeT (0Jibluast IPOEKLHA H Ha060POT.

CpenHss AHHHA TpeyroabHHKa. OTpe30K, COENHHAIOLINHA CepeluHbl ABYX CTO-
POH TpeyToJIbHHKA, Ha3blBaeTCs CpeHel IMHHEH TPeyrosibHHKa.

Teopema o cpenHei AHHHH TpeyroabHuKa. CpenHsisi JIHHHA TPeyroJbHHKa na-
paJJienibHa CTOPOHE TPeyroJibHHKa H paBHa eé M0JIOBHHE.

Teopembi 0 MeHaHAX TPeYTroOJdbHHKA

1. MennaHbl Tpeyro/ibHHKA NepeceKaloTCst B OLHOH TOUKE H 1eJIATCA elo B OTHOLUe-
HHH 2 : 1, cYHTas OT BEPLUHHBI.

2. Ecain MesinaHa TpeyroJibHHKa paBHa MOJIOBHHE CTOPOHBI, K KOTOPOH OHa Npose-
DleHa, TO TPEYTOJIbHHK NPSAMOYTOJbHbIMH.

3. MeanaHa npsAMOYroJibHOTO TPeyroJibHHKa, NPOBEAEHHAA U3 BEPLUHHbI MPAMOro
yTJia, paBHa MOJIOBHHE THIOTEHY3bl.
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CBOWCTBO CepeIHHHBIX NMEPNEHAHKYASAPOB K CTOPOHAM TpeyroabHHka. Ce-
Pe/iMHHbIE NepPreHANKYISAPbI K CTOPOHAM TPEYTOJIbHHKA NepeceKaloTcs B OJHOH TOUKe,
KOTOpast SIBJISIETCS LUEHTPOM OKPYXHOCTH, OTTHCAHHOH OKOJIO TPeyroJIbHHKaA.

Teopema o BbicOTax TpeyroabHuka. [Ipsimble, comepaliqe BbICOTbl TPEYIoMb-
HHKa, riepeceKaioTcs B OAHOH TOuKe.

Teopema o GHcceKTpHCax TpeyroabHHKa. DHCCeKTpHCHI TPeyroJibHHKA fle-
peceKaloTCsl B ONHOH TOYKe, KOTOpas fIB/IAETCA LIEHTPOM OKPYXKHOCTH, BITHCAHHOH B
TPeYroJIbHHK.

CBoiicTBo 6HCCEKTPHCHI TPeYroJbHHKA. BHCCEKTpHCA TPEYroJibHHKA AJHT ero
CTOPOHY Ha OTPEe3KH, NPONOPUHOHAbHBIE IBYM IPYTHM CTOPOHAM.

IIpu3HakH nono6Ha TpeyroabHHKOB

1. Ecau 1Ba yT/1a 0IHOro TPeyroJibHHKa COOTBETCTBEHHO PaBHbI BYM YIJ1aM pyTo-
ro, To TPEYTOIbHHKH NOJOGHBI.

2. Eciu 1Be CTOPOHBI OJHOrO TPeYrosibHHKa COOTBETCTBEHHO MPONOPLHOHAJbHbI
JIByM CTOPOHaM JpYyroro, a yrmibl, 3aKJiOUeHHble MeXIy 3THMH CTOPOHAMH, PaBHbI, TO
TPeYIOJIbHHKH [10A0GHBI.

3. Ecai TpH CTOpOHB! OMHOTO TPeyroJbHHKa COOTBETCTBEHHO NPONOPUHOHANbHDI
TPEM CTOPOHaM JPYTOro, TO TPeYTOJbHHKH MOAOGHBL.

Maowann noxoGHBIX TPEYroNbHHKOB

1. OTHoOLIEHHe TIIoLIazell MoJO6HBIX TPEYTOJbHHKOB PaBHO KBaApaTy KOIGQHLH-
eHTa nogo6Hs.

2. Ecain 1Ba TpeyrosibHHKA HMEIOT paBHHIe YIVIbl, TO HX IIOLLAKH OTHOCATCH Kak
NpOH3BeleHHs CTOPOH, 3aKJIIOYAOIIHX 3TH YIJIbL.

B npsiMmoyronbHoM TpeyroiabHHKe

1. KaTer npsAMOYToJ/IbHOTO TpeyYToJIbHHKa PaBeH [IPOH3Be/leHHIO THINOTeHy3bl Ha CH-
HyC NPOTHBOJIEXKALLIEI0 HJIH HAa KOCHHYC TpHJIeKallero K 3ToMy KaTeTy OCTpOro yraa.

2. Karer npsiMOyTOJILHOTO TPEYTOJIbHHKA PaBeH APYTOMY KaTeTy, YMHOXKE€HHOMY Ha
TaHreHC MPOTHBOJIEXKALLEr0 HJIH Ha KOTAHTeHC MPHJIeXKallero K 3ToMy KaTteTy OCTpoOro
yraa.

3. KateT npsiMoyro/ibHOT0 TPEYTO/bHHKA, JEXKalllHi poTHB yrJa B 30°, paBeH no-
JIOBHHE THNOTEHY3bl.

4. Ecau KaTeT npsaMOYroJIbHOro TpeyroJibHHKa paBeH MNOJOBHHE THIOTEHY3hi, TO
yTOJ1, NPOTHBOJIEXKALUHI 3TOMY KaTeTy, paBeH 30°.

c. a+b—c

5 R = T = 5
MOYT0J/IbHOTO TPeYroJIbHHKa; T H R — paityCbi BTHCAHHOH H OMTHCAHHOH OKPYXKHOCTEN
COOTBETCTBEHHO.

= p—c,TIaea, b— KaTeThbl, 8 ¢ — THINOTEHYy3a Nps-
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Teopema Indaropa n Teopema, o6parran Teopeme lndaropa

1. KBazpaT renoTeHy3bl NpsiMOYToJIbHOTO TPeYToJibHHKa paBeH CyMMe KBaLpaToB
KaTeToB.

2. Ecaiv KBazpaT CTOPOHBI TPEYTOJIbHHKA PaBeH CyMMe KBaApaToB ABYX APYTHX ero
CTOPOH, TO TPEYTOJbHHK — NPSAMOYTOJbHbIMA.

CpeaHHe NponopHHOHANbLHbBIE B NPAMOYTOJbHOM TPEYrodbHHKe

BbicoTa npsMOYTOJILHOIO TPeyroJibHHKa, IPOBEIEHHAA H3 BEPILHHK NIPAMOTO yTJa,
€CTb CpejlHee NPONOPUHOHAILHOE NPOEKUHA KaTeTOB Ha THIOTEHY3Y, a KaX(Ipll KaTeT
€CTb CpejlHee IPONIOPLUHOHaJIbHOE THIIOTEHY3bl H CBOEH NMPOEKIHH Ha THIOTEHY3Y.

MeTpHYeCKHe COOTHOILEHHSA B TPEYFOJbHHKE

1. Teopema KocHHycoB. KBaapaT CTOpPOHBI TPeyroJibHHKa paBeH CyMMe KBajpa-
TOB JBYX APYTHX CTOPOH 6e3 yABOEHHOIO POH3Be[leHHA ITHX CTOPOH Ha KOCHHYC YIVia
MEXIy HHMH.

2. CaepctBHe H3 Teopembl KocHHycoB. CyMMa KBajipaToB AHaroHajeli napasie-
JiorpaMMa paBHa CyMMe KBaJpaToB BCEX ero CTOPOH.

3. ®opmyaa ans MeanaHbl TpeyrodabHHKa. Ecau m — MmenuaHa Tpeyro.anHKa

MpoBeEHHas K CTOPOHe ¢, TO T = %\/Zaz + 2b2 — ¢2, rae a v b — ocTanbHble CTOPO-

HBI TPEYTOJILHHKA.
4. Teopema cHHycoB. CTOPOHbI TpeyroJibHHKA MPONOPLHOHAJbHB CHHyCaM Npo-
THBOJIEXKAILHX YTJIOB.
5. 0606w éHHan TeopeMa cuiycoB. OTHOLIEHHE CTOPOHB! TPEYTOJbHHKA K CHHY-
CY NPOTHBOJIEXKALLIErO YTJ1a PaBHO IHAMETPY OKPY>KHOCTH, OTTHCAHHOM OKOJIO TPeyToJIb-
HHKa.

®opMyJibl NJIOWMAAH TPEYTONAbHHKA

1. Inouane TpeyrolibHHKa paBHa MOJIOBHHE [IPOH3BE1eHHA OCHOBAHHA Ha BLICOTY.

2. [nowanp TpeyrosbHHKa paBHa MOJIOBHHE IPOH3BEIEHHA BYX €r0 CTOPOH Ha CH-
HYC YIJ1a MEXXIY HHMH.

3. Iyowanb, TpeyroJibHHKa paBHA NPOH3BEECHHIO €ro NoJyTiepHMeTpa Ha paaxyc
BMHCAHHOI OKPY>KHOCTH.

4. Maowanp TpeyrosbHHKA paBHa NPOH3BENEHHIO TPEX ero CTOPOH, AeNEHHOMY Ha
yyeTBepEHHbIH pajHyC ONHCaHHOH OKPYKHOCTH.

5. dopmyaa [epona: S = /p(p — a)(p — b)(p — c), rae p — noJiynepuMmerp; a, b,
€ — CTOPOHBI TPEYTOJIbHHKA.

3aeMeHTbl pPaBHOCTOPOHHETO TPEYTroJbHHKA
Hyctb h, S, 7, R — BbiCOTa, NJI0La/b, paJHyChl BMIHCAHHOH H ONHCaHHOMN OKPYX-
HOCTeH paBHOCTOPOHHEro TPeYToJIbHHKA cO cTopoHol a. Toraa

2
h=93, . _aV8 p_a/3 p_,. S=“—a;/§.

2’ 6 ' 3
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YeTbIpEXYroabHHK

Napanaenorpamm. [lapasnnesorpaMMoM HasbiBaeTcst YeThIPEXYTONLHHK, POTH-
BOMOJIOXHblE CTOPOHBI KOTOPOTO MOMAPHO NapaJulesbHbl.

CsoMcTBa H NPH3HAKHK Napasnesorpamma

1. lnarosanb pa36uBaeT napaJse/iorpaMM Ha Ba paBHbIX TPeyroJlbHHKa.

2. IlpoTHBOMOJIOMKHbIE CTOPOHbI NMapaJl/ieJIorpaMMa NMoMnapHO PaBHbI.

3. [IpoTHBONONOXKHBIE YTJIbI TAapaJieslorpaMMa MOMapHo PaBHbI.

4. JlnaroHasH mapaJinesiorpaMMa NepeceKaloTcs H AeNSTC TOYKOH NnepeceyeHHs
nonosiaM.

5. EcJIH NpOTHBOMNOJI0XKHbBIE CTOPOHbI YETIPEXYTO/bHHKA NONapHO PaBHbI, TO ITOT
YETHIPEXYTOJIbHHK — MTapaJlyieJlorpamM.

6. Ecan 1Be npoTHBONOJI0XHbIE CTOPOHBI YETHIPEXYTOJbHHKA PaBHbl H Napaeb-
Hbl, TO 3TOT YeTbIPEXYTO/IbHHK — MapaJieorpamMm.

7. Ecan nnaronany 4etbipéxyro/ibHHKa AeJIATCS TOUKOH NepeceyeHHs NonoJam, To
3TOT YeThiPEXYTOJIbHHK —= NapaJiesorpaMM.

CBOHCTBO cepenH CTOPOH 4eTuipéxyrojabHuka. CepelysHbl CTOPOH M060T0
YeThIPEXYTO/IbHHKA ABJIAIOTCA BepLUIHHAMH NapaJlieIorpamMMa, MJoLais KoToporo paB-
Ha T0JIOBHHE TJIOWAIH YeThbiPEXYroJbHHKA.

NpsamoyroavHuk. [1pAMOYroJbHHKOM Ha3blBA€TCA NMapasilesiorpaMM ¢ TNpPAMbIM
YTJIOM.

CBoficTBa H NPH3HAKHK NPAMOYrolbHHKA

1. lnaroHa iy npsiMoyroJlbHUKa paBHsl.

2. Ecsin gnaroHa/n napasjiiesniorpaMma paBHBI, TO 3TOT NapaJJlesiorpaMM ~— npsi-
MOYTOJIbHHK.

Knanpa‘r. KBaﬂpaTOM Ha3blBaeTCs NpsAMOYTOJIbHHK, BC€ CTOPOHbI KOTOPOI'0 paB-
HBbl.

Pom6. Pom6om Ha3biBaeTcs 4eTbIPEXYTOJbHHK, BCE CTOPOHb! KOTOPOTO PABHHI.

CeoiicTBa H NpH3HaKH pomba

1. InaroHann poM6a rieprneHaHKy/spHbI.

2. lnaroHany poM6a NeJIAT ero yIJibl IoNoJsaM.

3. EcaiH oMaroHasH napadijienorpaMma rneprieHaxKyJspHb, TO 3TOT NapaJieso-
rpaMM — pom6.

4. Ecan anaroHanu napannefiorpamMma AeJiST €0 Yr/bl ON0J1aM, TO 3TOT NapaJiie-
JlorpaMm — pomb.

Tpaneunsn. TpaneuneH Ha3biBaeTCs YETHIPEXYTONbLHHK, Y KOTOPOro TOJNbLKO ABe
NPOTHBOTOJIOXKHbIE CTOPOHBI (OCHOBaHHS) Napajnie/bHbl. Cpented IMHHEA TpanelHH
Ha3blBaeTCsl OTPE30K, COENHMHSIOWMH CepelHHbl HenapaJJebHbiX CTOPOH (6OKOBbIX
CTOpOH).
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1. TeopeMa o cpeaHeH JHHHH TpaneuHH. CpeHAS JHHHSA TPamneLyH napajieb-
Ha OCHOBAHHSIM H PAaBHA HX NOJIyCyMMe.

2. OTpe3oK, COEANHSAIOLINI CepefiHbl AHAroHaJel TpaneLHH, paBeH MoJypasHoCTH
OCHOBAaHHH.

3ameuyaTenbHOe CBOHCTBO TpaneunH. Touka nepeceyeHHs AHAroHaJe Tpane-
LIMH, TOYKA NepeceyeHHs NpoaoJDKeHHH 60KOBbIX CTOPOH H CepeIHHbl OCHOBaHHH J1eXaT
Ha OJIHOH MpAMOH.

PaBHoGenpeHnnas Tpaneuns. Tpaneuus Ha3biBaercs pasuoéenpeuuon €cJH eé
60KOBbIe CTOPOHB! PABHHI.

CBoACTBa K NPH3HAKH paBHOGEAPEHHON TPaneLHH

1. ¥rabl NpH OCHOBaHHH paBHOGeIpeHHOH TpareuHH paBHbl.

2. Ilnarosanu paBHo6eJpeHHOH TpaneLHH PaBHbI.

3. EcJin yribl NpH OCHOBaHHH TpalneLH paBHLI, TO OHa paBHOOepeHHas.

4. Ecan nuaroHany Tpaneusy paBHbl, TO OHa paBHOOepeHHas.

5. Ilpoekuns 60KOBOM CTOPOHBI paBHOGeNPEHHOH TparneLHH Ha OCHOBaHHe pPaBHa
NOJTyPa3HOCTH OCHOBAHHH, a TPOEKLIHA AHAroOHaJH — MOJyCyMMe OCHOBaHHH.

$opmyant nowaaH HeTHIPEXYroabHHKA

1. Inomanp napannesorpaMma paBHa NPOH3BeEHHIO OCHOBAHHA Ha BbICOTY.

2. [Tnomans napaJiesorpamma paBHa NpOH3BENEHHIO ero COCEHHX CTOPOH Ha CH-
HYC YTJ1a MeXy HHMH.

3. [1nowany NpsiMOyroJIbHHKA paBHa [IPOH3BENEHHIO ABYX €10 COCeJHHX CTOPOH.

4. [Tnowane pom6a paBHa NOJIOBHHE IPOH3BEEHHS €ro AHaroHaneH.

5. [Nyowans TpaneuxH paBHa NPOH3BeNEHHIO I0JyCYMMbl OCHOBAHHH Ha BLICOTY.

6. [Tnomans yeThipéxyroJbHHKA paBHa MOJIOBHHE MPOH3BENEHHA ero JHaroHaJjef
Ha CHHYC yTJ1a MEXIy HHMH.

7. dopmyna lepoHa s 4eTHIPEXYroJibHHKA, OKOJIO KOTOPOrO MOXKHO OMHCaThb
okpyxHoctb: S = /(p— a)(p — b)(p — c)(p — d), rze a, b, ¢, d — cTOpOHLI 3TOrO
YeTbIPEXyroJIbHHKa, p — NoJyniepHMeTp, a S — IJIoUafb.

Hoao6Hbie Gpurypol

1. OTHoLIEHHe COOTBETCTBYIOIIHX JIHHEHHBIX 3/1eMEHTOB MOJOGHBIX (PHIYp paBHO
K03 dHUHEHTY NoAOGHS.

2. OTHolueHHe nJIowwazed MOAOGHbIX PHIyp PaBHO KBapaTy Ko3thpHLHEHTa NoJo-
6us.

IIpaBHABLHBIK MHOTOYT0/IbHHK
[1ycTb a, — CTOpOHA NPAaBHJALHOMO T2-YTO/NbHHKA, @ Ty, H Ry, — paaHychl BIIHCAH-
HOIi H onHcaHHOH oKpyxHocTel. Toraa

n=2R, - sm180 ; n—2tg180°-rn; rn=Rﬂ=cosl%)—o-.
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OKpyXHOCTb
OKpY>XHOCTBIO Ha3bIBAETCA reOMETPHUECKOe MECTO TOYeK [JIOCKOCTH, PABHOYHA-
JIEHHBIX OT JAHHOM TOUKH, Ha3bIBAEMOMH LIEHTPOM OKPYXKHOCTH.

OcHoBHble CBOACTBA OKPYXHOCTH

1. lnametp, nepneHAHKySPHbIA XOp/ie, AeJIHT XOPAY H CTATHBaeMble elo Ayr4 no-
nosiam.

2. lnameTp, Npoxoasiuui uepe3 cepefHHY XOpbl, He ABJAIOIUIEACH AHMAMETPOM,
nepneHAHKy/1speH 3Tod xopae.

3. CepeHHHbIA NepneHaRKYASP K XOp/ie MPOXOIHT Yepe3 LEHTP OKPY>KHOCTH.

4. PaBHble XOp/ihl ya/leHbl OT LEHTPa OKPY>KHOCTH Ha PaBHble PaCCTOAHHS.

5. XopAbl OKpYXHOCTH, yaN€HHbIE OT LIEHTPa Ha paBHbie PACCTOSRHSA, PaBHbI.
6. OKpY>KHOCTb CHMMETPHYHA OTHOCHTEJIbHO J1060r0 CBOEro AHaMeTpa.

7. Jlyry OKPY»>KHOCTH, 3aKJIIOYEHHbIE MEeXIY NapaJJieIbHbiMH XOPAaMH, PaBHh.
8. M3 1Byx xopa GoJibLie Ta, KOTOpas MeHee yAasleHa OT LeHTpa.

9. [lnamerp ecTb HaHGObLIAsS XOP/A OKPYMHOCTH.

3ameyarteabHble CBOACTBA OKPYXHOCTH

1. TeoMeTpHueckoe MecTo Toyek M, H3 KOTOpbIX OTpe3oK AB BHIEH NoA NPSMbIM
yrioM (ZAM B = 90°), ecTb oKpYy»HOCTb C aameTpoM AB Ges Touex A u B.

2. TeomeTpHueckoe MecTo ToueK M, H3 KOTOPhIX 0Tpe3ok AB BHlEeH NOA OCTPbIM
yriaoM (ZAMB < 90°), ectb BHeWIHOCTb Kpyra ¢ auameTtpom AB Ge3 Touek nps-
Mol AB.

3. TeoMeTpHueckoe MecTo Touek M, H3 KOTOPHIX OTpe3oK AB BHAeH nod Tym;m
yraoM (ZAMB > 90°), ecTb BHyTPeHHOCTb Kpyra ¢ iHameTpoM A B Ge3 Touek oTpes-
Ka AB.

4. feomerpHyeckoe MeCTO TOYeK, H3 KOTOPLIX AAHHbIH OTPE30K BHEH NOJ AaHHLIM
YIVIOM, €CTb JiBE JyTH PaBHbLIX OKPYXHOCTef (6€3 KOHLOB ITHX OyT).

KacateabHasi K OKPYXHOCTH

MpsiMast, uMeroL1as C OKPYXKHOCTBIO eIHHCTBEHHYIO OOLIYIO TOUKY, Ha3bBaeTCH Ka-
CaTesIbHOM K OKPY>KHOCTH. '

1. KacaTesibHan nepnenauKy/spHa paauycy, NpoBe@HHOMY B TOYKY KaCaHHs.

2. Ecuin npsiMas a, npoxoasulas 4yepe3 TOUKY HAa OKPYXKHOCTH, NeprneHAHKyIsipHa
pajauycy, NpoBeEHHOMY B 3Ty TOUKY, TO NpSIMas a — KacaTesIbHasA K OKPY>KHOCTH.
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3. Ecain npsimble, npoxoasiine uepes Touky M, KacaloTcs OKPYXXHOCTH B TouKax A
HB,To MA=MBuZLAMO = ZBMQO, rae Touka O — LeHTP OKPYXHOCTH.

4. LleHTp OKpY>XHOCTH, BIIHCAaHHOH B YT0J1, JIEXKHT Ha GHCCEKTPHCE 3TOrO yria.

Kacawownecs OKPYXHOCTH

ToBOpAT, UTO [IBe OKPYXKHOCTH KacaloTCst, eCJIH OHH HMEIOT eIHHCTBEHHYIO OOLLyIO
TOUKY (TOYKY KACAHHS).

1. Touka KacaHHs AByX OKPYXHOCTeH JIEXKHT Ha JINHHH LIEHTPOB 3THX OKPY>KHOCTeH.

2. OKpyxHoCTH paziHycoB r H R ¢ uentpamu O) H Oz KacaioTcs BHELIHHM 06pa3oM
TOrJa ¥ TOAbKO TOrAa, Korna R+ r = 0,0;.

3. OxpyxHocTH paasycoB r 1 R (r < R)c uentpamu O; 1 Oz KacaloTcs BHYTpeH-
HHM 06pa30M TOr4a H TOJIbKO TorAa, koraa R — r = 010;.

4. OkpyxHOCTH ¢ ueHTpaMH O; H O KacaloTcsl BHelIHHM 06pa3oM B Touke K.
Hekotopas npsiMas Kacaercs 3THX OKPYXHOCTell B pa3JIHuHbIX TOUKax A H B H ne-
pecekaercs ¢ oblled KacaTteibHo#, mpoxoastiief uepe3d Touky K, B Touke C. Toraa
ZAKB =90°u Z0,CO; = 90°.

5. OTpesok o6uled BHelHeH KacaTeJbHOH K ABYM KacaloLLHMCS OKPY>KHOCTSIM pa-
adycos r H R paBeH oTpe3ky o6ule#t BHyTpeHHe#H KacaTeJbHON, 3aKJIIOYEHHOMY MeXIY
OGLIMMH BHEUIHHMH KacaTesibHbIMH. O6a STH 0Tpeska paBHul 2V Rr.

yl‘Jlbl, CBA3aHHbI€ C OKPYXHOCTbIO

1. BeJiMuHHa JyrH OKPY>XHOCTH paBHa BeJIHYMHE LEHTPAJIbHOIO YIJla, Ha Heé Onu-
palollerocs.

2. BnucaHHbifi yron paBeH NoJIOBHHe YI/10BOH BEJIHYHHbI IYTH, HA KOTOPYIO OH ONH-
paertcs.

3. BrnucanHble yIvibl, ONHPAIOLUHECS HA OMIHY H TY XKe IYTY, PaBHBI.

4. ¥ron Mexny nepeceKaioLIHMHCA XOPAaMH PaBeH MoJyCyMMe TPOTHBOMOJOMXKHbIX
IYT, BhiCEKAEMbiX XOP/aMH.

5. Yroa mexly AByMsi CeKYLUHMH, NepeceKaloLHMHCS BHe KpyTa, paBeH MoJypas-
HOCTH [T, BbICEKAEMbIX CEKYLUHMH Ha OKPYM(HOCTH.

6. ¥Yros1 meXiy KacaTeJsbHOM H XOpAoH, NPOBEAEHHON H3 TOYKH KaCaHHs, paBeH No-
JIOBHHE YTJIOBOH BEJIHYHHBI IyTH, BoICEKAEMOH Ha OKPYNKHOCTH 3TOH XOPOH.
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CBoOHCTBA XOpA OKPYXKHOCTH

1. JIHHHA LeHTPOB ABYX NepeceKaloMXCsl OKPYKKHOCTEN NeprneHHKyIsPHA HX 06-
1e# xopae.

2. lNpoussenenns pnmu otpeskos xopa AB #H CD oKpy>HOCTH, NepeceKalolnXcs
B Touke F, paBHbl, ToecTb AE- EB=CE - ED.

BnHcanHble H onHCcaHHbIe OKPYXKHOCTH

1. LleHTpH BMMCAaHHOM H ONHCAHHOH OKPYXHOCTEH NPAaBHJbLHOIO TPEYTOJbHHKA
COBMNAJaIoT.

2. L1eHTp OKpY?KHOCTH, OTIHCAHHOH OKOJIO NPSIMOYTOJILHOIO TPEYToJibHHKa, — ce-
peZlHHa THNOTeHy3bl.

3. EcaiH B 4eTbIpExyroJIbHHK MOXKHO BITHCATh OKPYXKHOCTb, TO CYMMAbI €T0 POTHBO-
MOJIOXXHBIX CTOPOH PaBHbI.

4. EcJii 4eTbipEXyroJIbHHK MOXKHO BITHCATb B OKPYKHOCTb, TO CyMMa €ro NpoTHBO-
TOJIOXKHBIX YTJIOB paBHa 180°.

5. Ecain cyMMa npoTHBONION0XKHBIX YIJIOB 4eThipEXyrosbHHKa paBHa 180°, To okoJ0
HEro MOXKHO OTTHCATb OKPYXHOCTb.

6. Ecu B Tpanelio MOXKHO BIHCATh OKPYXKHOCTb, TO 60KOBasi CTOPOHA TpamneuHH
BHIHA H3 LIEHTPA OKPY>KHOCTH NOA MPAMBIM YTJIOM.

7. Ecan B TpaneuHo MOXXHO BIHCATh OKPYXKHOCTb, TO PajHyC OKPY>KHOCTH eCTb
cpelHee MPOMOPLUHOHAJbHOE OTPe3KOB, Ha KOTOpLle TOYKA KaCaHHs AEJHT GOKOBYIO
CTOPOHY.

8. Ec/iH B MHOTOYFOJILHHK MOXKHO BIHCATb OKPYKHOCTb, TO €r0 IVIOWIa[lb PaBHA
NPOH3BEAEHHIO NOJTyTIEPHMETPa MHOIOYTOJIbHHKA Ha PaliHyC 3TOR OKPYAKHOCTH.

- TeopeMa 0 KacaTeJbHOM U CeKyllleft H CeACTBHE H3 HeE

1. Ecan H3 onHO# TOYKH NpoBefieHbl K OKPYXKHOCTH KacaTeJibHasi H ceKyllasi, TO
NpoH3Be/ieHHe BCel ceKylleH Ha e€ BHEILHIO YacTb PaBHO KBaApaTy KacaTesIbHOMH.

2. T1pon3BenienHe Bceli cekyllleHl Ha e€ BHEILHIOK YacCTb 4151 JAHHOH TOUYKH H JaHHOH
OKPY>KHOCTH NOCTOSIHHO.

JAnHa OKpYXHOCTH pamuyca R paBHa 2w R.

Maowans kpyra paaxyca R pasHa TR?.



§ 122 Ilnanumetpus

319

OcHoBHble phopmyabi
Janee S — nnowans Gurypsl, P — nepumerp, p — noayrnepHmerp.

Yeprexu

O603Hayenns

Popmyas

TpeyronsHHK

a, b, c — cTOpOHH;

A, B, C — npothBoJie-
JKalllHe HM YTJIbl;

ha, hs, he — BbHICO-
Tbl, TIpOBeJEHHBIE K CO-
OTBETCTBYIOLUIMM CTOPO-
HaM;

Na, Nb, Nc — OHCCEK-
TPHChbI, NpOBENEHHbIE K
COOTBETCTBYIOLIMM CTO-
poHaM;

ba ¥ b — oTpeskH, Ha
KOTOpbie AeJHTCA OHC-
CEKTPHCOM cTOpOHa b;
Mg, My, M — Me-
[MaHbl,  NpOBeNEHHbIE
K COOTBETCTBYIOLIMM
CTOPOHaM;

!ma+mb+mc2 _

b= 2
TIOJTyCyMMa Me[IHaH;

R — pansyc onHcaHHOH
OKPYHOCTH;

T — PagHyC BIIHCAHHOH
OKPY?KHOCTH.

_28

hs

b
me = 122 ¥ 22 — B
2

nb:aic'acP(p—b)
Ny = v/ ac¢ — babe
= %aha = %absinC
S = a®sin Bsin C
2sin A
S = 2R?sin Asin BsinC
=2 cte A cte B et €
S=r ctgzctg2c’cg2
— o = abc
S=r=71g
S=+/plp-a)p-b@-c)
S=§\/ﬁx

X /(1 = ma) (B — ms)(1 — me)

a, b, ¢, d — cTopons;
D,, Dz — pnaroHan;
~ — YroJI MeXJy IHaro-
HaJISIMH;

hi, he JJIHHB
TIeprIeHAHKYIAPOB,
OINYLUEHHbIX Ha JMaro-
Haab Dy

o, 3 — ABa NpOTHBOJIE-
XKalMX YIJla 4YeTblpéx-
YTOJibHHKa.

S= %D]Dz siny

S= %(absina + cdsin f3)
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D, D2 — nuaroHau;
Q — yroJ MexIy [Haro-

Yeprexu 0O603naueHnns $opmyabi
Tpaneups a, b — ocHoBaHHs; ~Llia+b)
¢, d — 6OKOBble CTOPO- m=gle
HHI, P=2m+c+d

§=1a+bh=mh

CTOpoHaMH b;

@ — yroJ mnapajeno-
rpamma;

D, D; — nuaroHas,

A — yroJ Mexmy Auaro-
HaJISIMH.

HaNSIMH; ) .
m — CpeaHsisl THHHS, S = §D1Dz sin &
h — BbicOTa.
apanni aMM
flap eII(Lr‘p a, b — cTOpOHbI; S =bh
h — paccrosinue Mexay|S = absina

S = %DIDZ siny

R — papuyc ONMHCaHHOM
OKPYKHOCTH;

r — pajaHyc BINHCaHHOW
OKPY>KHOCTH,

a = 180° — 2y —

YT0J1 MHOTOYTOJIbHHKA

('r = l§0—).

n

Pom6G
>D D a — CTOpOHa, S =a’sina
Q 2 o — yros poM6a; S = lDng
\1/ D, Dy — 14aroHasH. 2
IIpaBHIBHBIHA
MHOTOYTONBHMK |7~ “HCJIO CTOPOH, a=2VRZ =12
a — CTOpOHa; P =na

P =2nRsiny = 2nrtgy
S = ina2 ctgy

S =nrltgy

§ = inR?sin2y

S= %nar
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Yeprexu O6o3naueHHn dopmyani
K
T R — pannyc; S=nR?
| — L/HHa OKPYXHOCTH. |l = 2mR
Kpyrosoe . . s o
KOIBLIO r— BHy’I‘peHHHfl pazmyc‘, S =n(R*-r°)
R — Hapy>HbIil paiHyc; o2 g2
d — BHYTpEHHHH IHa- S= Z(D —d*)
METp; S = 2npd
D — HapyXHbli jaua-
MeTp; [o1anb YacTH KoJibla:
= %E —— CpelHH# | S = %%0‘6(}22 —r?)
paauyc;
6§ = R— r — wupnHa|S = %%(Dz—dz)
KOJIbLIA;
« — UEHTpaJbHbIf yrof| g = & 55
yacTH XoJblia (B rpamy- 180
cax).
Kpyrosoit
CErMeHT T — pamyc, P=l+a
" o — UEHTPalbHbIA yrollj o _ 1 2f ma __
‘—.h (B rpagycax); S 2" (180 sma)
r _ T, Jo_r(l—a)+ah
a l 180" " AHHa yTH, | S = -
g a — DJIMHa XOPAbl;
h — BHicOTA.
Kpyrosoi
CEeKTOp T — PajHyc; P=1+2r
l @ — UeHTpalbHbii yrol| g _ Ir
(B rpamycax), 2
2
[= Q. . = 7!'______1' o
a 1gg"  UmHa ™| S = T3gy
o

21.3ax. Ne 41
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§ 13. Crepeomerpus

AKCHOMDI CTEpEOMETPHH

OcHOBHbIE AKCHOMBI

1. Uepe3 /o6ble TPH TOUKH, He JieXalle Ha OGHOM MPsIMOH, MPOXOIHT NJIOCKOCTD,
H MPHTOM TOJIbKO O/IHA.

2. EcJin 1Be TOUKH NpsIMO# JIeXKAT B MJIOCKOCTH, TO BCE TOYKH NPSAMOH J1eXKaT B 3TOH
MJIOCKOCTH.

3. Ecau nBe nn0oCKOCTH HMEIOT O6LIYIO TOUYKY, TO OHH HMeloT o6LLylo NpsiMylo, Ha
KOTOPOH JiexaT Bce OO1LHe TOYKH 3THX MJIOCKOCTEH.

®akTbl, HeNOCPEACTBEHHO CBA3aHHbIE C aKCHOMaMH

1. Hepe3 npaMyo H TOUKY, He JieXKalIy Ha 3TOH NPAMOA, NPOXOLHT eAHHCTBEHHas
NJ0CKOCTb.

2. Yepes 1Be napasiesibHbie MpsMble IPOXOIHT €AHHCTBEHHAS MJIOCKOCTb.

3. Hepes Touky, He JieXKalllylo Ha AaHHOH NPSMON, IPOXOHT eAHHCTBEHHAS NpsAMast,
napaJJeJsibHas JaHHOM.

IMapaaneabHocTb B npocTpaHcTBe

1. [lpH3Hak napanneabHOCTH nNpAMoOR H naockocTH. Ecan npsiMas a napan-
JieJIbHa HeKOTOPOH NMpPSAMOA MJOCKOCTH a, TO NPAMast a NapaijejbHa MJ0CKOCTH .

2. Ecaix yepe3 npsimMylo a, napajijiesibHy10 MJIOCKOCTH ¢, [IPOBECTH IIOCKOCTb, Ne-
peceKaloLIylo IIOCKOCTb ¢ N0 MpAMOA b, To NpsiMble a H b NapaJi/iebHbi.

3. Ecain npsiMble a H b napaJnedbHbl, a [JIOCKOCTD, NPOXO/SiLLANA Yepe3 NpAMYIO a,
nepeceKaeTcsi C IJIOCKOCTbIO, IPOXOAsLIEH Yepe3 npsiMyio b, To NpAMas nepeceyeHus
NJIOCKOCTeH napaJJesibHa NpsAMbiM a H b.

4. TpaH3HTHBHOCTb NapaneALHOCTH NPAMBIX B NpocTpaHcTBe. Ecui npamas a
napaJiiesibHa npsaMof b, a npamas b napaJJenbHa NpsiMoii ¢, TO NpsAMas a napaJue/bHa
NpAMo# c.

5. lNpu3anax napanneabrocTH naockocTed. Ecan nBe nepecekawuyecs nps-
Mbi€ OJJHOH MI0CKOCTH COOTBETCTBEHHO NapaJl/iesibHbl ABYM NIepPeceKaioLIHMCs NPAMbIM
IpYTOH NJIOCKOCTH, TO MJIOCKOCTH NapaJileibHbt.

6. Ecain nBe napassiesibHble [JIOCKOCTH flepeceyeHbl TpeTbel, TO NpsiMbie nepece-
YeHHs napaJiiesibHbl.

7. TPaH3HTHBHOCTb NapaJjiebHOCTH naockocte#. Ecan niockocts a napan-
JleJlbHa NJIOCKOCTH (3, a MJOCKOCTb ( napaJjJieibHa NJOCKOCTH 7y, TO MJOCKOCTb o
napaJ/iesibHa IJJOCKOCTH 7.

8. OTpe3kH NapajieNbHbIX NPAMBIX, 3aKIIOUEHHKE MEX/TY NapaJJesbHbIMH MJ10C-
KOCTSIMH, PaBHb.

9. Uepe3 Touky, He JleXallylo B NJIOCKOCTH, IPOXOAHT €IHHCTBEHHAR MJOCKOCTL,
napaJiiesibHas AaHHOM.

21*
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CKpelunBaouiHecs npambie

1. Mpu3nak cKkpeulnBalOWHXCA NpAMbIX. EC/IH npsAMasn a JIeXHT B IVIOCKOCTH o,
a npaMast b nepecekaer 3Ty MJIOCKOCTb B TOYKe, He JIEXKallleH Ha npsiMoi a, Toa U b —
CKpelLHBaloLHecs npsiMble.

2. Uepes nBe cKpelIMBAIOILKECS MpsiMble MPOXOAMT €IMHCTBEHHAs Iapa napas-
JIeJIbHBIX MJIOCKOCTEH.

3. JeoMeTpHUeCKOe MeCTO cepetH OTPE3KOB C KOHLIAMH Ha BYX CKPeLIMBAIOLIMXCSH
NPAMbIX €CTh MJIOCKOCTb, NapaJlie/IbHasi 3THM MPSMbIM H NPOXoJsLIas Yepes cepelHHy
OJIHOTO H3 TAaKHX OTPE3KOB.

4. Yroa Mex Iy CKpeLUHBAaIOLLMMHCS MPAMBIMH (YroJl MeXXIy NepeceKalolHMHCS B
TNPOH3BOJIbHOH TouKe M NPAMBIMH, COOTBETCTBEHHO NapaJlie/ibHhIMH JaHHBIM) He 3a-
BHCHT OT BbI60pa TOYKH M.

5. J11s1 Mo6BIX ABYX CKPELLMBAIOILMXCSA NPSIMbIX CYLLIECTBYET €JHHCTBEHHbIH 061K
neprieHHKy/1sp (0TPe30K C KOHLIAMH Ha STHX NPAMBIX, NepreHAHKy/ISPHbIH 06eHM Npsi-
MbIM).

[MapanneabHoe npoeKTHpoBaHHE

1. [1psiMas, He napaJJie/ibHasi NPOEKTHPYIOLLEH, TEPEXOHT B IIPSIMYIO.

2. INapa napannesibKbix NPSIMbIX, He NapaJJiebHblX IPOEKTHPYIOLLEH, TEPEeXOIHT B
napy napaJuleJibHblX NPAMBIX HJIH B OHY MPSMYIO.

3. [1pH NpoeKTHPOBaHHH COXpaHsieTCs OTHOLLEHHe OTPe3KUB, JIeXKalllHX Ha OJHOHA
NIPSIMOH HJIH Ha MapaJiyie/IbHbIX NPAMbIX.

4. HaknoHHas nepecekaet 1j10CKOCTb B TOUKe, JexKallel Ha io6oH eé napaJJesb-
HOM NPOEKLIHH Ha 3Ty MJIOCKOCTb.

5. Ilnowanb opToroHaJbHOH NPOEKLHH NJIOCKOro MHOTOYTOJIbHHKA Ha NJIOCKOCTb
paBHa MpPOH3BELEHHIO MJIOLIAJH MPOEKTHPYeMOro MHOTOYIOJIbHHKA Ha KOCHHYC yria
MeXJ1y NJIOCKOCTBLIO 3TOr0 MHOTOYIOJ/IbHHKA H MJIOCKOCTBIO NPOEKLHH.

KoopaunaThi H BEeKTOPbI B IPOCTPAHCTBE

1. KoopanHaTbl BeKTOpa paBHbI pa3HOCTAM COOTBETCTBYIOILHX KOOPAHHAT KOHUA H
HayaJsia JaHHOrO BEKTOpa.

2. J1n5i TOro 4TOo6b! BEKTOPBI @ H b Obl/IH KOJIIHHEaPHbI, HEOGXOAHMO H JOCTATOUHO,
YTOGb! BBIMOJIHANOCH PaBEHCTBO & = k - b, rae k — HEKOTOpoe YHCJIO.

3. ins Toro yto6bl TPH BEKTOPA OblIH KOMIJaHapHbI, HEOGXOAHMO H JOCTaTOUHO,
4YTOGBI OIHH H3 HHX MOXKHO GbIJIO NPENCTABHTb B BHIE JIMHEAHOM KOMOGHHALINH BYX APy~
rHx(€ =z - b +y- C, rae x, y — HeKoTopble uHcsIa).

4. JTio6oH BEKTOp MOKHO €JHHCTBEHHLIM 06Pa30M Pa3JIoKHTh 10 TPEM HEKOMILIA-
HapHbIM BEKTOPaM.

5. Ecan M —— cepeanna AB, To OM = mTOB

6. Ecin M — cepenHa AB, a N — cepennda CD, 1o MN = AC 42- BD_

22. 3ax. Ne 41
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7. Ecan M — TouKa nepeceyeHust MeHaH Tpeyrojbiuka ABC, 1o
53 — OA+0B+0C
3 .
8. Ecan M — Touka nepeceueHHss AHaroHanell napanjenorpamma ABCD, To
53 —~ OA+ OB + 0OC + 0D
4 :
9. KoopanHatbl cepeartbl OTPe3Ka paBHbl CPEIHHM apHPMETHYECKHM KOOpIAHHAT
€ro KOHLOB.
10. CBoiicTBa CKaJSipPHOTO NPOH3BEAEHHA BEKTOPOB:
- 7 T -
a)a-b=1%-7;

o
B) @ - (
r|al=Vva?;
— -2
D(@+b)>2=82+2-(2-5)+ b ;
= T2 -2 T2 u
e)(d - b)? < @?- b", npHuéM pPaBeHCTBO OCTHraeTCA TOTAA H TOJIBKO TOTAa,

KOTZia BeKTOPb @ H b KOJLIHHEeapHbl,

X) HeHyJieBble BEKTOPhl @ H b NepreHAHKYIAPHB TOTAa H TOJIbKO TOrAa, KOrAa HX
CKa/IfipHO€ NIPOH3BeNeHHe PABHO HYJIIO.

11. Paccrosanne mMexay ToukaMH A(z1;y1; z1) H B(z2; y2; z2) paBHO

|AB| = /(22 — 21)? + (y2 — 91)? + (22 — 21)2.

12. ¥Yroa mexny HeHyaeBbIMH BeKTOpaMH. Ecan ¢ — yron Mexiuy neHyJieBbiMH

BeKTOpaMH @ (T1;y1;21) H b (z2;y2; 22), TO
T1T2 + 1Yz + 2122

Vel + i+ 3Vl i+ 23

13. YpaBHeHHe NA0OCKOCTH, Npoxoaswmei uepe3 Touky Mo(zo; yo; zo) Nepnen-
LHKYJISIPHO HEHYJIEBOMY BeKTOpY 7t (a; b; ¢) (BEKTOp HOpMaJIH ), HMeeT BHA

a(z — o) + b(y — yo) + ¢(z — z0) = 0.

14. TapameTpHueckHe ypaBHEHHS nNpPAMONH, TPOXOAALEH 4Yepe3 TOYKY
Mo(xo; yo;20) napannesbHO HeHyseBOMYy BekTopy wi(a;b;c) (HanpasisioWmi
BEKTOp), HMEIOT BH]I

cos @ =

T — xo = at,
¥ — yo = bt,
z—2p =ct.
15. YpaBHenHs npamof, npoxopswen uepe3 ABe TOYKH A(Z1;y1;21) H
B(z2; y2; z2), HMEIOT BHA

r—I = Y—U = z—2)
T:—T1 Y2—Y1  zm—21
16. [Ipamas KakK nepecevyeHHe ABYX NJNOCKOCTeH 3a1a€Tcsl CHCTEMOH
Az + B1y+ Ciz+ D, =0,
Az + By + C22 + D2 =0,

22
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rae A + B? + C? # 0u A% 4+ B2 + C? # 0, a K03 (hHUHEHTH! NIPH COOTBETCTBYIOLLHX
HEH3BECTHHIX HeNpONOPLUHOHANbHH.

17. ¥Yroa mexay naockoctamu. Ecin ¢ — yros Mexmy rjlocKOCTSIMH, 3aJaHHBIMH
ypaBHeHHsIMH A1z + By + Ciz + D; = 0w
Az + By + Cz+ D2 =0, 10

|A1A2 + B1B2 + C1C,|

VAAYBI+C?.\JAZ1 B2+ C3

18. ¥YpaBreHHne na0CKOCTH «B oTpe3Kax». Ecii miockocTh nepecexaer ocH Ko-
opaMHat B Toukax A(a;0;0), B(0;b;0) n C(0;0;¢) (a,b,c # 0), To eé ypaBHeHHe
MOXHO NpPeACTaBHTb B BUIE

cosp =

T 4
a b c
19. PaccrosHHe OT TOYKH A0 MAOCKOCTH. EciH p — paccrosiHHe OT TOYKH

Mo(zo; yo; 20) a0 nnockocth Az + By + Cz+ D =0, 10
__ |Azo + Byo + Cz0 + D)
= JEmxBic

IlepneRankyaspHOCTbL NPAMON H NJOCKOCTH

1. Tlpn3HaK nepneHAMKYAAPHOCTH NPAMOKH H MiaocKocTH. Ecan npamas nep-
NEeHIHKYJISIPHA ABYM NepeCceKalouIHMCs NPsIMbIM MJIOCKOCTH, TO OHa NeprneHAHKYJ/IsipHa
3TOH NJIOCKOCTH.

2. Ecain aBe npsiMble neprieHAHKY I PHbI OJHOH NJOCKOCTH, TO OHH NapaJjlJieJibHbl.

3. Ecav oiHa M3 IBYX napajJjiesIbHbIX NPSMbIX NMepreHAHKYJApHa NJOCKOCTH, TO
BTOpasi NPAAMast TAKXKe NepreHAHKYJ/ISIpHa 3TOH MJIOCKOCTH.

4. J1Be NAOCKOCTH, NepreHANKy IsipHbe OIHOH MPAMOH, NapaJJiesbHbl.

5. Ecan npsamas W NJIOCKOCTb NepreHauKyJsipHBL OOHOH NMpPSIMOH, TO OHH NapaJ-
JieJIbHBI.

6. Uepe3 naHHY10 TOYKY NPOXOAMT €IHHCTBEHHAR MJIOCKOCTb, NeprneHAHKy1ApHas
JaHHOM MpSIMOH.

7. Hepe3s naHHy10 TOYKY POXO/HT e IMHCTBEHHAs NPsiMasi, NeprieHAHKyAspHas AaH-
HOM NMJIOCKOCTH.

8. Teopema o Tp€x nepnenaukyaspax. [1psmas, Jexallas B IVIOCKOCTH, Nep-
NeHJUKYISPHA HAaKJIOHHOM K [IOCKOCTH TOT/la H TOJIbKO TOT/a, KOrla OHa NepreHanKy-
JISIPHa OPTOrOHAJIbHOH NMPOEKLHH HAKJIOHHON Ha 3Ty MJIOCKOCTb.

9. Ecsid H3 O1HOH TOYKH NMPOBeJeHH K MJOCKOCTH NEPNEeHIHKYJISP H HAKJIOHHKIE, TO

a) neprneHAHKYAAP KOpoUue HaKJIOHHbIX;

6) paBHble HAKJIOHHbIE HMEIOT PaBHble OPTONOHAJbHbIE NPOEKUHH;

B) 60JibLLIEH HAKJIOHHOH COOTBETCTBYeT 60JIbllasi OPTOrOHaJbHAsA NPOEKLIHA;

I') H3 ABYX HaKJIOHHbIX 60JIbllie Ta, OPTOrOHAJIbHARA NPOEKLHA KOTOPO# Goibille.

10. Teopema 06 yrae npsiMoi € NJAOCKOCTHIO. YT0J MeXIy HaKJIOHHOH H eé op-
TOrOHAaJbHOH MPOEKLIHEH Ha MJIOCKOCTb MEHbIUE YTJIa MEXJY 3TOH HAKJIOHHOH H J1I060#
IPYTOH NPSIMOH TJIOCKOCTH.




326 Ihasa Ill. CnpaBoyrnk

11. TeomeTpHUeCKOe MECTO TOYEK, PAaBHOY/AJIEHHBIX OT KOHLIOB OTpe3Ka, eCThb [I0C-
KOCTb, NeprieHAHKYJ/IsPHasi 5TOMY OTPe3KY H NPOXOSILAS Yepe3 ero cepe/iuHy.

12. TeoMeTpHyecKoe MecTO TOYEK, YAaJEHHbIX Ha NAHHOe PacCTOSIHHE OT JAHHOH
TJIOCKOCTH, €CTb JIBe flapaJjllieibHble NJIOCKOCTH.

13. TeoMeTpHYeCcKoe MeCTO TOYEK, paBHOYAAIEHHBIX OT BEPLUIHH TPEYTOJIbHHKA, eCThb
fpsiMasi, NPOXo/sillias Yepe3 LUeHTP ONHCAHHOH OKPYMKHOCTH TPEYTO/IbHHKA NepreHIH-
KYJIIPHO €T0 MJIOCKOCTH.

JByrpaHHbiit yroJ

1. JIMHeHHbIH Yo ABYTPAHHOTO YIJa (CeyeHHe NBYTPAHHOIO yTJla MJIOCKOCTBIO,
neprieHaHKYNsIpHOH ero pe6py) He 3aBHCHT OT BHIOOpPa TOYKH Ha pe6pe ABYrpaHHOro
yria.

2. TeoMeTpHueCKOe MecTO BHYTPEHHHX TOYEK ABYTPAHHOIO yrJa, paBHOYAANEHHbIX
OT ero rpasefi, eCTb GHCCEKTOPHas! NJIOCKOCTb JBYTPAHHOIO yria.

3. Heo6xoanumoe H 10CTaTOYHOE YCJAOBHE NEPHEHAHKYASPHOCTH NJIOCKOCTER.
JlBe nuiocKocTH mepreHAHKyJsipHbl (06pasyioT NpsIMOM IBYTPaHHBIA yToJ) Toraa H
TOJIbKO TOF/1a, KOr/1a OfHa H3 HHX MPOXO/UT Yepe3 NeprieHANKYIsp K APYTroH.

4. Ecan 1Be nepecekaiolliecs MJIOCKOCTH NepReHIHKYAsPHbl TPpeTbeH, TO OHH ne-
peceKaloTcs 1o NPSAIMOH, TaKxKe NepneHIHKyAPHOH 3TOA ILIOCKOCTH.

MHororpaHHbie yrabl

1. [1nockH#l yros TpEXrpaHHOro yriia MeHblie CyMMBI IBYX APYTHX €ro IIOCKHX yT-
JIOB.

2. CyMMa IJIOCKHX YIJIOB BHIYKJIOTO MHOTOIPAHHOTO yTJia MeHblue 360°.

Cdepa. KacaresabHas naockoctb. Kacaomnecs chepb

1. Ceyenne ctepbl MJIOCKOCTBIO, YIa/NEHHOMA OT LiEHTpa cepnl Ha paccTosiHHe,
MeHblUee pajfHyca, ecTb OKpyxHocTb. OCHOBaHHe NepreHIHKy/sapa, OMyLIeHHOTO H3
LieHTpa cepbl Ha CeKYLLYIO IOCKOCTb, eCTh LEHTP 3TOH OKPY>KHOCTH.

2. KacaresibHasi nockocTb K cepe (10CKOCTb, HMelollas co cepol efHHCTBEH-
Hy10 OOLIYIO TOYKY) NepreHAHKYspHa paauycy cdepbl, NpoBeIEHHOMY B TOUKY Kaca-
HHA.

3. KacartesbHas npsiMas K cepe (npsmMas, nMerollas co chepol eIHHCTBEHHYIO
oOLLYIO TOUKY) NepIeHAHKY.ISPHa pafiHycy cdepbl, IPoBeJIEHHOMY B TOUKY KaCaHHs.

4. lleHTp cepbi, BIHCAHHON B ABYTPAHHKIA YroJl, JJ&XKHT B GHCCEKTOPHOMH II0CKO-
CTH 3TOrO yTJIa.

5. OTpe3KH KacaTellbHBIX NPSIMbIX, TIPOBEEHHBIX K Cepe H3 OJHOH TOUKH, PaBHbI
MeXK Iy COOO0H.

6. JIHHHA UeHTPOB Kacawoluuxcsi cep (MMEIOLHX eIHHCTBEHHYIO OOLIYI0 TOYKY)
TNIPOXOAHT Yepe3 HX TOUKY KaCaHHs.

7. Ecai e passiHuHbie cepbl HMeloT 6oJiee OQHOH OGLLEH TOYKH, TO OHH Me-
peceKaloTCs M0 OKPYKHOCTH. [110CKOCTb 3TO OKPYMHOCTH NEpHeRAHKYJIAPHA JIHHHH
LIeHTPOB JaHHbIX Chep.
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Nupamnpa

lpaBHabHas nHpaMKaa

1. Ecin ABCD — npaBH/bHast TpeyroJisHast NHpaMKaa ¢ BepliHHo#i D, Bhico-
To#i DM ¥ cTOpOHON OCHOBaHHA a, a Ay, By n C) — cepeaytbl ctopod BC, ACu AB
COOTBETCTBEHHO, TO

a) LDAM = LDBM = £ZDCM — yron 60KoBoro pe6pa ¢ IJI0CKOCTbIO OCHO-
BaHHH,

6)/DA\M = /DB\M = £/DCy M — nuHefHNH yros AByrpaHHOro yrja 60Ko-
BOJi 'PaHH C NJIOCKOCTBIO OCHOBAHHS;

B) ZAF B (rze F — ocHOBaHHe NepneHaHKyJsipa, OMyLIEHHOIO H3 BepWHHH A
OCHOBaHHs Ha 60koBoe pe6po DC') — nHHefHbI# yToJ1 MeXIy 60KOBbIMH IPaHSAMH TH-
paMusl;

r)AA, = BB, =CC, = 932@- - BbICOTa TPEYTOJbHHKA OCHOBaHHS;

1) AM = BM =CM = %AAl = ‘53@ — OPTOrOHaJibHasi MPOeKLHA 60KOBOTO
pe6pa Ha ILIOCKOCTb OCHOBAHHS;

e)AIM = BIM =C1M = %1 = 3? ~- OpPTOrOHaJIbHas NpoeKuHs anode-

MBI Ha [JIOCKOCTb OCHOBAaHHS;
x) C1 F — o611l nepneHaxKyJIsip pOTHBOMNOJIOXHbIX pé6ep ABn CD.
2. IMporHBonoJioXkHbie pé6pa NpaBH/bLHONR TPeYroJbHOH MHPaMHAB NONIAPHO nep-
NeHHKYNAPHbL.

3. BuicoTa npaBHJ/IbHOro TeTpaszapa ¢ pe6poM a paBHa a\/g .

4. Eciu PABCD — npaBHJbHasA YeThiPEXyroJibHas MMHpaMHAa C BepLUHHOA P,
BbICOTOH PM H CTOPOHOH OCHOBaHHA a, a A1, By, C1 0 Dy — cepeauHnl cTopoH AB,
BC, CD n AD cooTBeTCTBEHHO, TO

a)ZPAM = /PBM = /PCM = /PDM — yroa 6okoBoro pe6pa ¢ njiocko-
CTbIO OCHOBAHHS;

6) LPA\M = LPBiM = /PC\M = £ZPDy M ~— nHHeRHbIA Yroa AByrpaHHO-
ro yrjia 60KOBOH I'paHH C IJIOCKOCTBIO OCHOBAHHA;

B) ZBFD (rne FF — ocHoBaHHe NnepneHIHKyAspa, OMyLeHHOro W3 BeplIHHb B
OCHOBaHHsA Ha 60KoBoe pe6po AP) — NHHeHHHA YT0J MeXIy COCeAHHMH GOKOBbIMH
rpaHsiMH NHPaMHAKL;

r) LA PC, = £ByPD; — axHeAHbIA Yo/ ABYTPAHHOTO YTJIa MeXKIY NPOTHBO-
NOJIOXKHBIMH GOKOBBIMH I'PaHAMH;

1) AM = BM = CM = DM = 922 = %Q — OpTOroHa/bHas MPOEKIHS
GoKoBoro petpa Ha NJOCKOCTb OCHOBAHHS;
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e)AiM = BiM = CiM = D)M = % — OpTOTrOHaJIbHast NPOEKLHA anodeMbl

Ha NJIOCKOCTE OCHOBAHHHA,

X) FM — o6unii nepneHauKynsip Adaronain BD ocHOBaHHS H CKpeLUMBalolle-
rocsi ¢ Heit 6okoBoro pe6pa AP.

5. BokoBoe pe6po NpaBH/IbHOH YETHIPEXYTOJBHOM MHPAMH/bI MePrNEeHAHKYJSAPHO
CKPeUIHBAIOLLEHACA ¢ HHM HATOHAJIH OCHOBAHHS.

[ipaBuabHbIA TeTpasaap. [lyctb @ — pe6po mnpaBH/bHOMO TeTpasipa,
a R v r — paauycsl onHcanHo#H 1 BnHcaHHok cdep, V — o06béM TeTpasapa. Torza
V6 V6 3
R=20 o0 gy v=2V2
4 12 12
Iupamnaa

1. Ecan 60okoBble rpaHH TPEYrosibHOH ITHpaMHAbl 00pa3yloT paBHbie ABYrpaHHble
YTJIbl C TJIOCKOCTBIO OCHOBAHHS, TO BbICOTA MHPaMHIbl NPOXOAHT JHOO uepe3 LeHTp
BITHCAHHOM OKPY>XHOCTH, JIN60 Yepe3 LIEHTP OJIHOH H3 BHEBITHCAHHLIX OKPYXHOCTEH oC-
HOBaHHS.

2. Ecain Bce 6okoBbie pé6pa nHpaMuabl 06pa3yloT ¢ OCHOBaHHEM PaBHbIE YIVIbl HAH
ec/iH Bce 60KOBble pé6pa paBHbl, TO BHICOTA [THPAMH/b! IPOXOAHT Yepes LEHTP OKPYX-
HOCTH, ONTHCAHHOH OKOJIO OCHOBAHHS.

3. Teopema o Meananax TeTpasapa. Meanannl TeTpasapa (OTPe3KH, COENHHSIO-
Lie BepLUHHbI TETPAa3/pa C TOYKAMH MepeceyeHHA MeIHaH MPOTHBOJIEXKALIHX rpaHei)
nepecekaloTCs B OIHOH TOUKe U JeJIATCA €10 B OTHOLLEHHH 3 : 1, cuuTasi OT BepLUHHHI.

4. Ecsin nepeceub nHpaMHuIy NnJocKOCTbIO, NapajjieibHOH OCHOBAHHIO, TO B ceye-
HUH 06pa3dyeTcA MHOTOYTOJIbHHK, NOJOGHBH OCHOBAHHIO.

5. B nupamnie H B KOHyce MJIOLAH CeYEHHH, NapaebHbiX OCHOBAHHIO, OTHO-
CATCH KaK KBaZApaThl HX PACCTOSIHHI 4O BEPLUIHHBI.

Mapaanenenunen

1. lNapannenenunen HasnBaeTcs NPSAMBIM, €CJIH ero G0KOBBIe PEGPa NepneHauKy-
JIIPHBI OCHOBAHHIO.

2. Ilpsamoi napasnesiennnes, B OCHOBAHHH KOTOPOrO JIEXKHT [PSIMOYTOJIbHHK, Ha-
3bIBaeTCs NPSAMOYTOJILHbIM.
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3. CBoficTBa AHaroHajlei NPAMOYroJabHOro Napajiienenunesa

a) AHaroHaJjH NpsSMOYTONLHOIO NapaJiieernHrena paBHsl,

6) KBaJpaT [HaroHa/H NMpPSAMOYrOJIbHOTO NapaJieieNinea paBeH CyMMe KBajpa-
TOB TPEX €ro H3MepeHHH (LTHH TPéx pébep c O6LLEH BEpLUHHON ).

4. CpoicTBa rpaneii M aHarosaned napanjesenunesa. [lporHBonosoxHbie
rpaHH NapaJi/iesieNHneaa paBHbl H napaJe/ibHbl. JIHaronasu napaijenentnena nepe-
CeKaloTCsl H JeNIITCA TOUKON TIepeceueH s Momnosam.

5. [lnaronans AC; napaaienenunena ABC DA, B1C1 D1 npoXoaHT yepe3 TOUKy
nepeceyeHns] MeIHaH TpeyroiibHHKa Ay BD H AeJIHTCA €10 B OTHOLLEeHHH 1 : 2, cyHTas
OT TOUKH A.

laowann noBepXHOCTH MHOTOTPAHHHKOB

1. Iniowwany 60k0BOA NOBEPXHOCTH NPH3Mbl paBHA IPOH3BE/IEHHIO NIEPHMETpa nep-
NIEHIHKYJIAPHOTO CeUeHHs NPH3MbI Ha 6GOKOBOe pe6po.

2. Inowans 60Kk0BOM NOBEPXHOCTH NPABH/IBLHOMA THPAMH/bI PaBHA NJIOLIAMH €€ oC-
HOBaHH#, NeJIEHHOH Ha KOCHHYC YT/1a 60KOBOH IPalH C MJIOCKOCTbIO OCHOBAHHS.

O6bEMbI MHOFOTPaHHHKOB

1. O6béM NpsIMOYTOJIbHOTO NapaJiieienynena paseH NPOU3BENEHHIO TPEX ero H3-
MepeHHH.

2. O6'bEM HaKJIOHHOH NPH3MBI paBeH NPOM3BeIEHHIO NJIOWA/IH NepreH AHKYIAPHOTO
ceueHHd Ha 60KOBoe peGpo.

3. O61éM NpH3MbI paBeH NPOH3BEJEHHIO NJIOLAAN OCHOBAHHS Ha BEICOTY.

4. O6b€M TPeyroJIbHOM NPH3MbI PaBeH T10JI0BHHE NPOH3BeAeHHs MJ10LLaAH GOKOBOH
rPaHH Ha pacCTOSIHHE MeX/y 3TOH rpaHblo H IPOTHBOJIEXKALUHM el GOKOBLIM PeGpOM.

5. O6b&M NHpaMHAK PaBeH TPETH NPOH3BENEHHs MJIOILAAH OCHOBAHHS Ha BLICOTY.

6. Iupamuzpl ¢ paBHBIMH BBICOTAMH U PaBHOBEJIHKHMH OCHOBAHHSIMH paBHOBEJIH-
KH.

7. [laockocTb, Npoxoasiias yepe3 BepLIHHY MHPAMHAbI H NPSAMYIO, JeXallylo B
OCHOBAHHH, JI€JIHT 06'bEM NMHPaMH/Ibl B TOM 2Ke OTHOLLEHHH, B KOTOPOM NpsiMast eJHT
TnJiollaab OCHOBAHHA.

8. Ecan Toukn A, By H C) nexar Ha 6okoBbix pé6pax DA, DB u DC co-
OTBETCTBEHHO TpPeyroJibHo# nupamuabl ABC D HJH Ha HX NPOAO/KEHHSIX, TO 06bEM
nHpamuapl Ay B1Cy Dy oTHocHTCs K 06BEMy nupamuabl A BC D Kak NpoH3BeeHHe OT-
DA, DB; DC,

DA DB DC’

9. OTHouleHHe 06'bEMOB NMOJOGHBIX MHOTOTPAHHHKOB PaBHO KyOy Ko3ddHumeHTa
nofo6Hs.

10. O6béM V TeTpaszapa paBeH LIeCTOH YaCTH NPOH3BeeHHS LJIHH JBYX IPOTHBO-
NI0JIOKHbBIX pE6ep a H b Ha pacCTosiHHE ¢ MeXIy HUMH H Ha CHHYC YIJ1a ¢ MeXIy HHMH,

HOILIEHHHA

ToecTb V = %abcsin ®.
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11. O6béM V TeTpasapa paBeH IBYM TPETSM MpPOK3BEJEHHsA MJIOLIAAEA ABYX Ipa-
Heil P U Q) Ha CHHYC yTJ1a ¢ MeXXAY HHMH, 1eEHHOMY Ha Hx obuiee pe6po a, TO ecTb

V= %PQ;ing‘

12. A. O61béM TeTpasapa paBeH TPeTH MPOH3BENEHHS ero NoJIHOA NOBEPXHOCTH Ha
panHyc BIIHCAHHOH cdepbl.
B. O61ém MHororpaHH1Ka, B KOTOPbIi MOXKHO BHCATb c(epy, paBeH TPeTH Npo-
H3BeJIeHHA MOJHON NOBEPXHOCTH MHOIMOTPAaHHHKA Ha PaAHYC BNHCAHHOH Cepbl.

OcHoBHbie hopmyanl
Hanee V — 061bEM Teda, 36 H S — ero 60KoBast H NOJIHasi TOBEPXHOCTH.

MHororpanHHku

Yeprexn 0O603nHaueHns ®opmyant

IIpu3ma

F — mnowmanp ocHoBa- |V = Fh = QI
HHS, S¢ = Pl

h — BbICOTa; S = Pl+2F
{ — 6okoBOe pebpo;

Q 4 P — nnowagb H
NepUMETP CceyeHusi, nep-
NeHANKYAAPHOro 60KOBO-

My peopy.

1 Fu P — nnowans K ne- |V = Fl
! PHMETP OCHOBaHHS; Sg = Pl
l — 60koBoe pe6po. S=Pl+2F
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F — niomans ocHOBaHHS;

h — BricoTa;

P — nepumeTp ocHOBaHuS;

a — anodyeMa (BbicoTa 6OKO-
BOH IPaHH NpaBHJ/IbHOH MHpa-
MHJbI ).

YeprexH 0603HayeHHs PopmMyab:
IIpn3Ma, yceuénnas
HenapaueJbHOo ! — nsmHa otpeska OO0y, co-|V = QI
OCHOBaHHIO eMHSIOLIETO UEHTPBl TSXKECTH
D OCHOBaHHH;
Q@ — owajk CeyeHHs,
NepreHAHKYIFPHOTO K OTpe3-
1 -
TpeyronsHas nmpusMa,
yced€HHas _ 3K
HemapanTeNsHo g;.b H ¢ — MapaJiesibHble pé6 V= %(a +b+0)Q
Q — nuowaap ceveHus, nep-
NeHAHKYAAPHOrO K pé6pam.
IIpsaMoyroapHbIH
napainenenunesn  |a, b c— pébpa; V = abe
N d — nHaroHaijb: S = 2(ab+bc+ ac)
; \\\d c d2 — a2 +b2 +02‘
g ) b
- KRy
a
Ilupamnna

=1
V=3Fh

[lpaBuabHas
NHpaMHJa;

Sg = %Pa
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Yeprexn 0603Hauenus Popmyanl
YceuénHas
IHpaMu/ia F, f — nnowanu oc- 1
(MNOCKOCTb CedeHHA ’ . V =zh(F VFT
napajyuieibHa ocHoBanHio) | HOBAHHH, 3 ( tIt )
h — BricoTa (paccTo- 1 2
sIHHEe MeXIYy OCHOBa- V= §hF (1 + % + (%) )
HHSIMH ),
A, a — [Be COOT-

BETCTBEHHbIE CTOPOHbI
OCHOBaHHH.

h

IpasbHas
yceucHHas F, f — naowany oc- 1
THpamMnzia HOBaHHUI; V= §h(F +/+VFj)
«» P, p — nepumerpsl P+
OCHOBAHHIA; S¢ = _22 ra
h — BhICOTa;
a — anodema (BbicO-
5 Ta 60KOBOJ rPaHH).
Tena BpauieHHs
Yeprexn O603HaueHHn Popmyabl
Cdepa
R — pannyc. V=%1rR3
S = 4nR?
xiuanp
R — panmyc ocHoBanusi, |V = mR?h
h — BhicoTa. Sg = 2mRh
S =2xR(h + R)




HwiHHIp, yceaénunii

HeTapa/LuleJIbHO OCHOBaHHIO

N

hy

R — panuyc ocHoBaHHs,
h; n hy — HanMeHbLIas
H HanO6oJbLIas 00pasyio-
LIHE.

V= %sz(hl + ha)
S6 =7nR(h1 + hz)

S=1rR(h1 + h2 + R+

/e (a52)7)

Konyc

R — papmnyc ocHoBaHHsR,
h — Bricora;
| = VR? + h? — ofpa-

3yI0LLan.

V= %WR%

Se = TRVEET R?
S = mRI
S=7nR(R+1)

Ycea€HHLIA KOHYC

| R—
I\
2
R
U \
[ SEER
= H
)
1)
A b

R 4 r — pammychl OCHO-
BaHHMIi;

h — BhicOTa;
l=h2+(R-1r) —
ofpasymoluas;

H — BbicoTa HeyceuéH-
HOTO KOHyca:

_ hr
H—h+————R_r.

V= %wh(R2+r2+Rr)

Sg = ml(R+ 1)
S = w(R*+r2+I(R+1))

IllapoBoit cerMeHT

>

R

h

h — BbICOTa cermenTa;

R — papnyc wapa;

a Vh2R-h) —
pagHyC OCHOBaHHMA cer-
MeHTa.

V= éwh(Saz + h?)

V= %wh2(3R —h)

Se = 2mRh

Sg = m(a® + h?)
S = m(2a% + h?)
S = n(a? + 2Rh)

LIapoBo# cexTop

h

0

2a

h — BHICOTa cerMeHTa;

R — panuyc wapa;

a — palHyC OCHOBaHHA
cerMeHTa.

V= %szh
S = mR(a + 2h)
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Jlutepartypa

10.

CreuHdHKaUHA KOHTPOJIbHHX H3MEPHTEJbHbIX MaTepHaJoB A1 NPOBENEHHs B
2016 rony EmnHoro rocynapcTBenHoro 3k3aMeHa no Martemarike. [IpoduibHbifi
ypoBeHb. [DsieKTpoHHbIH pecypc]. — 3JIeKTpoH. TeKCT. gaH. — Mocksa; ®H-
[MH. — 2015. — Pexxum noctyna: www.fipi.ru, cBoGOIHbIH.

JleMOHCTpaLHOHHbIA BAPHAHT KOHTPOJIbHBIX H3MEPHTEJIbHbIX MaTepHaJsioB EnpHo-
ro rocyaapcTBeHHoro sksamena 2016 roga mo martemathke. [IpoduibHbil ypo-
BeHb. [ DJIEKTPOHHMLIH pecypc]. — DsieKTpoH. TekcT. AaH. — Mocksa: PUTTH. —
2015. — Pexxum goctyna: www.fipi.ru, cBo6oaHbif.

Koandgukatop 3neMeHTOB colepxaHHsi MO MaTeMaTHKe I COCTAaBJEHHS KOH-
TPOJILHBIX H3MEPHTEJIbHbIX MaTePHAJIOB AJ1s1 IPOBENCHHS €JIMHOTO rOCYAApCTBEH-
HOTO 3K3aMeHa. [ D/1eKTPOHHHIA pecypc). — 3JIeKTPOH. TekCT. JaH. — Mocksa:
OUITH. — 2015. — Pexxum goctyna: www.fipi.ru, cBo6oaHbIH.

Konudrkarop Tpe6oBaHHH K YPOBHIO MOATOTOBKH BbITYCKHHKOB 0611eo6pa3oBa-
TeJIbHbIX YYpeXKaeHHH ISl IPOBeJleHHs! eMHOTO FOCy1apCTBEHHOTO 3K3aMeHa Mo
MateMaTHKe. [ DJIeKTPOHHBIH pecypc). — DJeKTpoH. TekcT. faH. — Mocksa: ®H-
TTH. — 2015. — Pexum goctyna: www.fipi.ru, cBo6oaHbIA.

depnepabHblil rocyiapcTBeHHbIH 06pa3oBaTe/bHbIA CTaHAAPT OCHOBHOIO 061Lero
o6pasoBaHHs (5—9 knaccnt). [Tpukas Muno6pHayku PO Ne 1897 ot 17.12.2010.

DepnepanbHbii KOMIOHEHT IOCyJapCTBEHHOTO CTaHAapTa obuiero o6pa3oBaHHS.
Maremarnka. OcHoBHOe o6llee 06pa3oBaHHe; cpeanee (foJHOe) obliee 06pa3o-
BatHe. 2004 r. [1pukaz MO P® Ne 1089 ot 05.03.04.

denepanbHblil rocynapcTBeHHbIA 06pa3oBaTesibHBIN CTaHAAPT CPeAHEro (MOMHOTO)
o6uiero o6pa3oBaHus. [1prka3 Muuo6pHaykn P® Ne 413 ot 17.05.2012.

Maremartuka. [Noarotoeka k EI'3-2015. Kusra 2: yue6Ho-MeToHYeCKOE MOCO-
6ue / Toxn penakuuneir ®. ®. Jucenko, C. 10. Kynabyxosa. — Poctos-Ha-loHy:
Jlernon, 2014. — 256 ¢c.

Maremaruka. bosbiuio# cnipaBounnk as nogrotoBkH K EI'D: yue6Ho-Meroauuec-
koe noco6ue / Mon penakumeit ®&.&. JIsicenko, C. }0. Kyna6yxora. — PocTos-
Ha-Jlony: Jlernon, 2015. — 256 c.

Maremaruka. E'9-2016. Tematuueckuit Tpenunr. 10—11 kaacch: yyeGHo-Me-
Tozmueckoe noco6ue / IMox penakumeit ®. . Jinicenko, C.10. Kynabyxopa. —
PocroB-Ha-[loHy: Jlernon, 2015. — 400 c.



ErD
YyebHOE u3nauue

Asunos Hukonait MBaHosuy, Boiita EneHa AllekcaHIpoBHa,
Hepe3un CpatocnaB Bukropobuu, Usanos Cepreit Onerobuy,
Konnosa Enena l'enpueBHa, Kopsanos Anatonuit leopruesuy,
Kpusenko Bukrop Muxaiinosuu, Kynadyxos Cepreit FOpbesuy,
Onbxoas Jltonmuna CepreesHa, OnbxoBoit Antekceit @enoponuy,
PesnnkoBa HuHa Muxaiinosxa, @puaman Enena MuxainoBHa,
Xanun Imutpuit Uropesuy

MATEMATHKA. [IOATOTOBKA K EI'9-2016.
[MTPOPUJIBHBIN YPOBEHD.
40 TpeHMPOBOYHDbIX BAPHAHTOB N0 AeMoBepcHH Ha 2016 rog

[Mon penakuunein @.P. Jlvicenxo, C.10. Kyrabyxosa

Hajnoroeas abrota: uaganue cootseTcTeyeT koay 95 3000 QK 005-93 (OKIT)

O6noxkka A. Bapmanos
Komunstotephasi sepetka O. Canoxcrukog
Koppektop JI. Andpeyosa

[Toanucano B neyats ¢ opuruHas-makera 10.09.2015.
®opmar 60x84'/|6. Bymara tunorpadckas.
lapuutypa Taitmc. [Teyats odceTHad. Yei. neyu. n. 20,46.

Hon. tupax 30000 3k3. 3akas N 41.

H3natensero OO0 «lernoH» BKIIOYEHO B flepeUueHb OpraHu3alHii,
OCVILECTBASIOWMX H3JaHHe y4eOHbIX NOCOOUH, KOTOPblE AOMYCKATCA
K HCIOJIb30BaHHID B 00pA30BaTEIbHOM M1POLECCE B MMEIOIIMX FOCYAapCTBEHHVIO
aKKpeIUTALHIO ¥ pead3YIolX 0O0pa3oBaTenbHble IPOrpaMMbl 0611 ro
0Opa3oBaHUs 00pa3oBaTeAbHBIX YUpeXacHusX. [Tpukas MuHobpHayku Poccuu
Ne 729 ot 14.12.2009 3apeructpupoBal B MuHtocT Poccuu 15.01.2010 Ne 15987.

000 «JIETMOH»
dns nuces: 344000, r. Poctos-Ha-JloHy, a/a 550.
Aapec penakuuu: 344082, r. PoctoB-Ha-[loHy, ya. Cornacus, 7.
www.legionr.ru e-mail: legionrus@legionrus.com

OTl’lC‘-lHT'dHO B COOTBECTCTBUH C KAYECTBOM IMPCJOCTABJIEHHbIX
auano3uTiBoB B 000 «[TonurpadodbbeanHeHUE»
347900, r. Taraupor, ya. JlecHas 6upxa, 6B.



