Задача 10. Профильный ЕГЭ по математике
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[image: image4.png]1. Ilpu TemnepaTtype 0°C pesnbc umeer gauHy ly = 10 m. IIpu
BO3pacTaHHH TEMIEPaTypbl IPOUCXOAUT TEIUIOBOE PaCHIMPEHHE
pesibca, M ero AJMHA, BhIpaKeHHasA B MeTpax, MEHAETCS 110 3aKOHY

1) =l(1+a-t%),

rae a =1,2-107° (°C)~! —xoadpduiuenT Terwosoro pacumpe-
Hu, t° — TemmnepaTypa (B rpasycax llenbcus). [Ipy Kakoil TeM-
neparype peabc yAIMHUTCA Ha 3 MM? OTBeT BhIPa3UTe B rpajycax
Ilenbcusa.

2. KamHeMeTaTe/IbHasA MallliHa BbICTpeIMBaeT KaMHHU I0J, HEKO-
TOPBHIM OCTPBIM YTJIOM K F'OPHU30HTY ¢ PUKCUPOBAaHHOW HayaJlbHOH
ckopocTbio. TpaekTopHs Monéra KaMHS B CUCTEME KOODAWHAT,
CBA3aHHOM ¢ MalIMHOM, oNUcbIBaeTcst GopMynoi

y = ax®+bx,

rae a = _'1'(1)'5 M~ !, b =1—nocrosHHbIe mapameTphl, x (M) —
cMellleHWe KaMHA MO F'OPU30HTaIH, ¥ (M) — BBICOTA KaMHA HaZJ
3emséii. Ha xakom HanbonbiieM paccTosiHuu (B MeTpax) OT Kpe-
IIOCTHOM CTeHbI BHICOTOM 8 M HY>KHO pacloNIOXUTh MALIUHY, YTO-
6B KAMHHM TIpOJIeTaNId HaJl CTEHOM Ha BHICOTE He MeHee 1 MeTpa?

3. lna onpeaenenus 3¢GeKTUBHON TeMIlepaTyphl 3BE€3/] UCIIONb-
3y1oT 3akoH CredaHa—DbonbiMaHa, COMIacCHO KOTOPOMY MOII-
HOCTB U3JIyY€HUA HarperToro tejaa P, uamepsieMast B BaTTax, npsi-
MO IPONOPLUMOHAIbHA IUVIOWAAX €ro NOBEPXHOCTH U YeTBEPTOH
CTeNleHU TEMITepaTyphl:

P =o0ST?,

- Br
rae o =5,7-10 8 NN IIOCTOsIHHAA, IUIOWAJb S U3MepsaeTcs

B KBaJpaTHBIX MeTpax, TeMreparypa T — B rpajgycax KejbBuHa,
a MoiHOCTh P — B BatTax. VI3aBecTHO, YTO HEKOTOpad 3B€3/ja UMe-

1
eT IUIOIaJb MOBEPXHOCTH S = 16" 10%° M2, a usnyyaemasn e

MoIHOCTb P He MeHee 9,12-10% Br. OnpeaesnynTe HaMeHBIIYIO
BO3MOXHYIO TeMIepaTypy 3Toi 3Be3zbl. [IpuBeAuTe OTBET B Ipa-
aycax KenbBHHA.



     [image: image5.png]4. Tlepex OTNpaBKOH TEIUIOBO3 H3Jal TyAOK C 4acTOTOH fy =
= 440 T'y. YyTs Mmo3xe u3gajl I'yAoK Nogbe3xaiouuii k mwiardop-
Me TemnoBo3. M3-3a a¢ppekra Jlorrepa yacrora BTOpPOro ryfika f
60J1blIIe TEpBOrO: OHA 3aBHCUT OT CKOPOCTH TEIUIOBO3a 10 3aKOHY

fo

c

f(v)—

rJie ¢ — CKOPOCTb 3ByKa B Bo3Ayxe (B M/c). HesoBeK, CTOAIIMHI Ha
wiaTdopMe, passmyaeT CUrHaJIbI 10 TOHY, €CJIM OHH OTVIMYaloTCs
He MeHee 4yeM Ha 10 I'i. Omnpegenure, ¢ Kakoii MHUHHMaJbHOMN
CKOPOCTBIO NMpUOIIKaicA K Iiardopme TeIIoB03, €C/IM YeJI0BEK
CMOT pa3jIMYMThb CUTHaJbI, a ¢ =315 M/c. OTBeT BbIpa3uTe B M/C.

5. CkopocTh aBTOMOOWIA, Pa3roOHAIOIIErocss ¢ MecTa CTapTa IO
HNPAMOJMHEMHOMY OTpe3Ky IYTH JJIUHOM | (B KWIOMeTpax) ¢ 1o-
CTOSTHHBIM YCKOpeHHeM a (B KM/4%), BhIUHC/IAeTCs 10 GopMye

2la.

Onpeaenure HaUMeHbllee YCKOpPeHUE, C KOTOPhIM AOMKEH JBU-
raTbCA aBTOMOOWIb, YTO6BI, TpOEXaB OAUH KWIOMETp, npuobpe-
CTH CKOPOCTDb He MeHee 100 kM/4. OTBeT BhHIpasuTe B KM/42,

6. B xoae pacrnaza pagHOaKTUBHOI'O M30TOIA €ro Macca yMeHb-
IIaeTcs MO 3aKOHY

m(t) = my-277,

rae my— HavaJabHasA Macca U30TOIla, t — BpeMs, Npolliejliee OT
Havasa pacnajga, T — repuoZ moaypacnaza B MUHyTax. B sa6o-
paTopuH NOMYYWIH BELIECTBO, coAepxkaiuee my =40 Mr usorona
asora-13, nepuoa noiypacnaza koroporo T =10 MuH. B Teue-
HHE CKOJIbKHX MHHYT Macca M30Toma a3oTa-13 6yaeT He MeHbile
10 mr?

7. lna oborpeBa nNoMelleHus, TeMreparypa B kotopom T, = 20°C,
yepe3 pajuaTOp MPOMYCKAIOT TrOpAYyI0 BOAY TeMIEepaTypoi
T, = 60°C. Yepe3 paguarop nmpoxoautr m = 0,3 kr/c Bogml. [Ipo-
XOJsl [0 pajuaTopPy pacCTossHUE X = 84 M, BOJa OXJIaXJaeTCA A0
temneparypul T(°C), npuuém

T,-T,
X = logZT T,
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Домашнее задание
[image: image7.png]Al.1. TIpu temnepatype 0°C penbc umeet AiauHy ln =15 M. IIpu
BO3pacTaHMM TeMIIepaTyphl IPOUCXOAUT TEIUIOBOE pacUIMpeHue
peJsibca, U ero AJMHa, BRIpaXKeHHas B METpaX, MEHSETCA M0 3aKOHY

1(t°) =l,(1+a-t°),

rae a=1,2-107° (°C)"! — k03¢ PHLHEHT TeILIOBOro paciuupe-
Hus, t° — teMnepartypa (B rpagycax Llenscus). [Ipu kakon Tem-
repartype pejbc YAJIUHUTCA Ha 9 MM? OTBeT BeIpasHTe B rpajycax
Lenbcus.

A1.2. 3aBUCHUMOCTh 06BEMA CIIPOCa g Ha MPOAYKLIMIO NpeATIpHs-
THUA-MOHOIIONINCTA OT LieHH p (ThIC. py6.) 3azaérca Gopmynon:

q = 130— 10p.

Boipyuka npeanpuATHA 3a Mecsal r (B ThiC. py6.) onpeaedeT-
ca kak r(p) = q - p. Onpegenure MakCUMajJbHbII YpPOBEHb Lie-
HBI p, TP KOTOPOM MeCS4Has BhIpy4Yka r(p) COCTaBUT HEe MeHee
360 Tric. py6. OTBET MPUBEAUTE B THIC. PYO.

[1.3. Ha Bepdu HHKeHepHl IPOEKTUPYIOT HOBHIM anmnapar AJs
NOrpy>keHus Ha HeOosbiive rnyOuHbl. KOHCTPYKUUA HUMEET Ky-
6uueckyio ¢dopMy, a 3HAUMT, cwia Apxumesa, JeHCTBYOLad Ha
ammapar, OyzeT onpezaeaaTbcs 1o ¢opmyne:

— nol3
Fp = pgl®,

rae p = 1000 KI'/M°> — IUIOTHOCTb BOJBI, | — JIMHEHHBIN pasMep

anrapaTa B MeTpax, a § — YCKOpeHHe CBOOOAHOro najaeHus (C4u-

taiite g =9,8 H/kr). KakoBbl MOTYT GBITH MAKCUMaJIbHbIE JIMHEH-

Hble pa3Mephl anmnapara, 4Tobbl o6ecneduTp ero SKCIUlyaTaluio

B YC/NIOBMSAX, KOTZA BhITAJTKUBAKOMiasA CWia MpU IOTPY>KEHUH He
6yaet npesocxoauTs 78,4 H? OTBeT Bripa3ure B MeTpax.

Al.4. Jlna nosydyeHUs1 Ha dKpaHe YBeJIWYEHHOro M300parkeHH:
JIAaMITOYKH B J1abOpaTOpUM HMCHOJNb3yeTcs CcOOMpalolas JIMH3a
¢ aBHBIM (OKYCHBIM paccrossHueM f =40 cMm. Paccrosuue d,
OT JIMH3BI JO JIaMIIOYKM MOXET M3MEHATbCA B Mpezenax ot 40
a0 60 cM, a paccTtosiHHMe d, OT JIMH3BI [0 3KpaHa — B Ipejeiax



     [image: image8.png]ot 200 10 240 cM. Mzo6paxkeHue Ha skpaHe OyaeT YETKUM, eCsin
BHIIIOJIHEHO COOTHOILEHHE

1
L4, = F
4 f
YKamm‘e, Ha KaKOM HavMeEHbIIeM pacCTOAHNH OT JIMH3bI MOYKHO

MTOMECTHUTh JIAMIIOYKY, YTOOLI €€ n3obpakeHue Ha dKpaHe ObUIO
yéTkUM. OTBET BhIpa3UTe B CAHTHMeETpax.

A1.5. CkopocTb aBTOMOGWIAA, pa3roHsAIoerocs ¢ MecTa crtapra o
NpsIMOJIMHEITHOMY OTpPe3Ky NMyTH AJIMHOM | (B KioMeTpax) C 1o-
CTOSHHBIM YCKOpeHHeM a (B KM/42), BLMUC/AETCA 10 GpopMmyIie

= /2la.

Onpezennte HaMMeHbllee YCKOPEHHME, C KOTOPbIM JOJDKEH ABH-
rathCs aBTOMOOWIb, 4YTOOBI, TpoexaB 0,4 KWioMeTpa, pHobpe-
CTH CKOpPOCTh He MeHee 100 kM/4. OTBeT BHIpasuTe B KM /42,

A1.6. Tlpu agnabaTruyeckoM Ipouecce AJMA WaeanbHOro rasa Bbl-
HOJTHAETCA 3aKOH

ka = const,

rge p (ITa) — paBneHnue B rase, V — o6béM raza B KyOMYeCKUX
MeTpax. B xoze 3xcnepnmema C TPEXaTOMHBIM HJeaJIbHBIM ra-

3oMm (An1a Hero k = —) U3 HaYaJbHOTO COCTOSIHMSA, B KOTOPOM

const=1,6-10° I1a-m*, ras HaunHatoT cxuMaTh. Kakoit Han6onb-
i 06b€M V MOXKeT 3aHMMAaTh ra3 Ipy AaBJIEHUSIX P He MEHbIIIe
6,25-10° MMa? OTBeT BhIpa3ure B KyOMueCKUX MeTpax.

A1.7. lna oborpesa nomeluieHus, TeMiieparypa B KOTopoM T, =
= 25°C, 4epe3 paguarop MpOIyCKalOT TOPSYyI0 BOAY TeMIepary-
poit T, = 49°C. Yepe3 paauatop npoxoaut m = 0,3 Kr/c BOABI.
[Tpoxoas no paguaropy pacCTosHUe X = 66 M, BoJa OxJaXKJaeTcs
Ao temrnepatypsl T (°C), mpuuém

T,-T,

X=a l°2TT’

rae ¢ =4200 Krﬂ’.)fc — TEIUVIOEMKOCTb BOJBL, ¥ =21 ?—é — k03¢ du-
LIMEHT TervioobMeHa, a a = 1,1 — nocrosAHHas. /lo kakoii Temre-
paTypsl (B rpaaycax llennscusa) oxiagurcs Boga?




[image: image9.png]A1.8. Ipu 6pocaruu MsAYa NOA OCTPLIM YIJIOM ¢ K IUIOCKOH ropu-
30HTQJIbHOM IMOBEPXHOCTH 3€MJIM €r0 BpeMA B IOJIETE, BhIPAKeH-
HOe B CeKyHZAaX, paBHO

[ = 2y, sina
g

[lpu xkakoM HauMeHbIlleM 3HauYeHHH yria a (B rpagycax) Bpe-
Ms B nosiéte 6yzeT He MeHblle 2,4 CeKyHAbl, €CIU MAY 6pocaloT
C HaYaJIbHOM CKOPOCTBIO Vy = 24 M/c? CunTalTe, YTO yCKOpEHHe
cBobogHOro mageHus g = 10 M/c?.

J11.9. TpakTOop TaluT caHU ¢ cwioil F = 80 xH, HanpaBsieHHON
MO/ OCTPHIM YIJIOM A K rOpM30HTy. Pabota TpakTOpa, BhIpaXKEH-
Hasl B KWIOMKOY/IAX, Ha yyacTKe JiMHoi S =80 M paBHa

A =FScosa.

[lpH KakKOM MaKCMMaJIbHOM yryie a (B rpafycax) cOoBepii€HHas
pa6Gora Oyzet He MeHee 3200 x/Dx?

J11.10. KaTtep ao/mkeH nepeceys peky ummpuHoi L = 60 M Tak, 4ToO-
OBl MPMYAJUTh TOYHO HANPOTHB MecTa OTIpasjieHHsda. CKOPOCTb
TeueHUa peku u =0,3 M/c. Bpema B yTH, U3mepsieMmoe B CEKYyH-
Jax, paBHO

L
t= Ectga,

IZie @ — OCTPHIH yros MeX/y OCblo KaTepa U JIMHHMeH 6epera (cMm.
puc. Ha ¢.59). Ilog kakuM MUHHMAJbHBIM yIJOM a K Gepery
HYXHO HalpaBUTh KaTep, 4yTOObI BpeMs B IyTH 6bUIO He 6osbllie
200 c? OrBerT AaiiTe B rpajgycax.




Дополнительные задачи

[image: image10.png][2.1. 3aBucuMocTh 00BbEMa CIIpoca g Ha MPOAYKIMIO NIPpEeANpHs-
THA-MOHOIIOJIMCTA OT LieHbl p (Thic. py6.) 3agaércsa GopMyIon:

qg=75—5p.

Belpyuka npeanpuaTusa 3a Mmecsn r (B Teic. py6.) onpezenser-
ca kak r(p) =q - p. Onpeaennte MaKCUMaIbHbIA ypOBEHb lie-
HBI p, IIPY KOTOPOM MeCs4Has Bblpy4Ka r(p) COCTaBUT HE MeHee
270 Toic. py6. OTBeT nprBegUTE B ThHIC. PyO.

J[12.2. Eciin 1ocTaTOYHO 6HICTPO BpalllaTh BeJEPKO C BOAOM Ha Be-
pEBKe B BEpTUKAJIbHOM IUIOCKOCTH, TO BOAA He 6yZeT BEUIMBAThCA.
[pu BpaleHuu BeJ€pKa ciuja AaBleHUs BOAbI HAa JHO HE OCTaéTCs
MMOCTOSAHHOM: OHa MaKCHMaJsibHa B HHDKHeH ToOYKe 1 MMHHMaJIbHa
B BepxHel. Boza He 6yaeT BbLIMBATbhCA, €CJIM CWIa €€ AaBJI€HU Ha
AHO OyZeT MoNOXKUTEIbHOM BO BceX TOYKAaX TPAaeKTOPHH, KpoMme
BEpXHEH, rJe OHa MOXeT ObITh paBHOM Hy/M0. B BepxHed Touke
CWia JaB/ieHHs, BhIpakeHHas B HbIOTOHaX, paBHa

v?
P=m(T-g)

rje m-—macca BOABI B KWIOrpamMMmax, v — CKOPOCThb JBWXKE€HHUS
BelépKa, L — AnrHa BEpEBKU B MeTpax, g§ — YCKOpeHue cBoboz-
Horo nageHuA (cuuraiite g =10 M/c?). C Kakoii MUHUMAaJIbHOMN
CKOPOCTBIO HaZl0 BpallaTh BeAE€PKO, YTOOLI BOJa He BbUIMBAIACh,
ec/i JJIMHa BepéBkM paBHa 1,6 M? OTBeT Brlpa3UTe B M/C.

A2.3. ina onpeaenenus 3¢p¢PeKTUBHON TeMIepaTypsl 3BE€3 HC-
noJib3y1oT 3akoH Credpana—bosnbliMaHa, COrIaCHO KOTOPOMY MOIIL-
HOCTb U3JIy4YE€HHS HarpeToro Tena P, usmepsieMas B BaTTax, IIps-
MO TpOIOpIIMOHANbHA IUIOLWAAUN €ro MOBEPXHOCTU M YEeTBEPTOU
CTeleHU TeMIlepaTyphl:

P = oST?,

- B
rae 0 =5,7-10 8 > TK4 — IOCTOAHHAA, IJIoAaAb S U3MepseTca

B KBa/IpaTHbBIX MeTpax, TeMmieparypa T — B rpagycax KeinbBuHa,
a MolHOCTb P — B BaTTax. M3BecTHO, YTO HEKOTOpas 3Be3za uMe-

_ 1 1420 2
eT IUVIoNaAb IMOBEPXHOCTU S = 195 10<¥ m*, a usiy4aemas ero

MOLIHOCTb P He MeHee 4,56 - 10%° Br. OnpezenTe HaMMEHbIIYIO
BO3MOXXHYIO TeMilepaTypy 3To{ 3Be3zbl. [IpMBeauTe OoTBeT B rpa-
aycax KenbBHHa.



   [image: image11.png]A2.4. Tlepe oTnpaBKOH TEIUIOBO3 U3AaJ T'YAOK C YaCTOTOM f =
=390 I'u. YyTb no3xe u3gaj Iryaok Noabe3xaolui K mwiatdop-
Me TeIv1oBo3. V3-3a addekta Joriepa yactora BTOPOro ryaka f
Gosblile MepBOro: OHa 3aBUCHUT OT CKOPOCTH TEILIOBO3a IO 3aKOHY

fo
fv)=—,

1—-

C
re ¢ — CKOpOCThb 3ByKa B BO3Ayxe (B M/C). YesIOBEK, CTOALIMI Ha
wiaTpopMme, pa3ndaeT CUIHAJIbI IO TOHY, €C/IM OHM OT/IMYAIOTCA
He MeHee 4yeM Ha 10 I'u. Onpegenurte, ¢ KaKOii MHMHMMa/bHOM
CKOPOCTBIO NpUbIKaaca K IaTdopMe TEeIUIOBO3, €CJIH YeIOBEK

CMOT pa3jIMuUTh CUTHaJIHL, a ¢ = 320 M/c. OTBeT BhIpa3vTe B M/C.

A2.5. Ilpu aBKeHUHU pakeThl e€ BUAYMAA AJisi HEIIOABUXHOTO
HabJofaTesA AJIMHa, U3MepsieMas B MeTpax, COKpalllaeTcs Io 3a-

KOHY
, V2
l — lO 1 —_ E?’

rae l, =25 M — pyMHa nokosmencs pakeTsl, ¢ =3 - 10° kM/Cc—
CKOpPOCTBb CBeTa, a v — CKOPOCTb pakeThl (B kM/C). KakoBa Jo/mX-
Ha 6HITh MHHHMaJIbHasA CKOPOCTb pakeThl, YTOOb! e€ Habmwojae-
Mas AjIuHa ctajna He 6osee 24 M? OTBeT BbIpa3uTe B KM/C.

[2.6. B xoae pacnaza paguoaKTUBHOrO M30TOIla €ro Macca
YMEHbIIAETCA 10 3aKOHY

m(t) = my-2747,

rje my— HayajibHas Macca U30TOINa, t — BpeMs, Npoulejiiee oT
Hayasa pacraga, T — nepuoj nojaypacnaja B MUHyTax. B sna6o-
PaTOPHH IOJMyYWIH BellleCTBO, coepikaliee mg = 20 Mr u3orormna
Kucjaopoza-15, nepuoz noixypacnaza koroporo T =2 MuH. B Te-
yeHHe CKOJIBKUX MHHYT Macca M30ToIa Kucjaopoza-15 Oyzer He
MeHbIIe 10 Mr?

J2.7. Haxopsmuiics B BoJe BOAOMA3HbIH KOJOKOJ, COAepXKalluit
B HAYaJbHLI MOMEHT BpPEeMEHH Vv = 2 MOJIA BO3JyXa O06BEMOM
V, =18 5, mefieHHO oITycKaloT Ha JHO Bogo€éMa. [1pu aTom mpo-
HCXOAUT U30TEPMHYECKOE CKaTHe BO3AyXa 0 KOHEYHOro o6néma
V,. Pabota (B mKOyiax), coBepluiaeMas BOAOK NpU CKaTHH BO3AY-
Xa, onpejesieTcs BEIpaXeHHeM

V
A =avTlog, 71,
2
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[image: image13.png]_ Jhx " Bt
rge c=4200 wr-°C — TEIUIOEMKOCTD BOAHL, ¥ =21 55 — k03¢ Pu-
LHeHT TeroobMeHa, a a = 0,7 — nocTosHHasi. Jlo kakoit TeMrie-
patyphl (B rpagycax Lenncus) oxsagurca Boga?

8. [1pu 6pocanun MAYa IO OCTPHIM YTJIOM & K TUIOCKO# rOPU30H-
TaJbHOM MOBEPXHOCTH 3€MJIK €ro BpeMs B ITOJIETe, BHpaXKeHHOE
B CeKyH/Jax, paBHO

__ 2yysina

8
[Ipn KakoM HauMeHblIEeM 3HaYeHUH yria a (B rpagycax) BpeMs
B nonéte GyzeT He MeHblle 3 CeKyHA, ecyin MAY HpocaloT ¢ Ha-
YaJIbHOH CKOPOCTBIO vV =30 M/c? CyMTaifTe, YTO YCKOpEeHHe CBO-
6ogHoro nazenna g =10 m/c?.

9. Ha pesibcax crout watdpopma. CKeidT60pAUCT NphiraeT Ha Heé
CO CKOpPOCTBIO V =3 M/C MHOJ OCTPBIM YIJIOM a K peyibcaM. OT
TOMYKA TuiaTdopma HaYMHAEeT exaThb CO CKOPOCTbIO

U= m
T m+M

vcosa,

rae m = 80 kr—macca ckeiTbopaucTa co ckeiitomM, a M =
= 400 xr — Mmacca riar¢popmsl. [Tog kakiM HanOOIBLINM YTJIOM A
(B rpajycax) Hy»HO TNpbIraTh, 4ToOb pa3orHarthb IUIaTHOpPMy A0
CKopocTH He MeHee yeMm 0,25 m/c?

10. KaTep so/mxeH nepeceyb pexy uripuHoii L = 100 M Tak, YToObI
MpUYIMTh TOYHO HAINPOTHMB MecTa OTIpasieHHusa. CKOPOCTh Te-
yeHMs peku u = 0,5 M/c. Bpem4 B ITyTH, U3MepsieMO€ B CEKyH/aX,
paBHO

L
t=Zctga,

I7ie @ — OCTPHIH YyTOJI MEXKAY OCbIO KaTepa u JTnHuel 6epera (cm.
puc. Ha ¢.59). [log xakMM MHHHMAJbHBIM yTJIoM a K Gepery
HY>KHO HalpaBUTb KaTep, YTOGHl BpeMd B IMyTH ObUIO He Gosblie
200 c? OTBeT gaiiTe B rpaaycax.



