Ответы: ЕГЭ по Физике
   1   

4
   2   

2
   3   

9
   4   

145
   5   

32
   6   

43
   7   

450
   8   

1,3
   9   

100
  10  

14
  11  

12
  12  

4
  13  

0,4
  14  

200000
  15  

13
  16  

21
  17  

32
  18  

1 0
  19  

31
  20  

234
  21  

245
  22  

(7,0 ± 0,2)
  23  

35
  24  

Возможное решение
[image: ][image: ]
  25  

Возможное решение
[image: ]
  26  

Возможное решение
[image: ]
  27  

Возможное решение
[image: ][image: ]
  28  

Возможное решение
[image: ][image: ]
  29  

Возможное решение
[image: ]
  30  

Возможное решение
Обоснование
Будем считать нашу систему отсчёта инерциальной, все тела в ней – неподвижными, стержень жёстким, а тела – не касающимися стенок и дна сосудов. При таких предположениях можно пользоваться законами статики – в частности, выражениями для моментов сил относительно оси вращения, условиями равновесия твёрдого тела в ИСО, а также законом Архимеда. Поскольку нити невесомые, можно считать, что силы натяжения вдоль них не меняются.
Решение[image: ]
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1. TITockoJbKy CHa4alia CTEpKEHb CKOJIB3HT I10 TJIaJIKOH IIOJIOBUHE CTOJIA, HA HETO
Broimb ocu OX He JEHCTBYIOT HHUKakue CHIbL [lo3ToMy, B COOTBETCTBUM
co BTOphIM 3akoHOM HretoTona, mpu 0 <7< { NpoeKIMs @, YCKOPEHHs CTEPKHS
Ha ocb OX paBHa HyJIIO.

2.B MOMEHT BpeMeHH f={ KOHEI CTep)KHs mepecekacT rpanuny 4B. Hauunas
C 9TOro MOMEHTa, Ha CTEpXKEeHb MacCoil m U JANMNHOI L HauMHAeT JeHCTBOBAaTh CUIa
TpeHUs], HalpaBjIeHHas NpoTHBONOJI0XKHO ocu OX. IlycTs rpanuny AB nepecekia
4yacTh cTepkHA JUMHOM (0 <x<[. Tak Kak cTepXeHb OJHOPOIHBINA, TO MOXKHO
CUNTATh, YTO CHJIa PEaKI[UH CTOJIa PABHOMEPHO paclpezielieHa BIoib cTepikHs. Cuta
CYXOro TPEHHUs CKOJIbKEHMs JEHCTBYeT TOJIBKO Ha Ty 4YacTh CTEpXKHS, KOTOpas
niepecekiia AB. TloatoMy 1o 3akoHy AMoHTOHa-KynoHa MpoeKius yka3aHHOH CHIIbL
TpeHus Ha ock OX B 3TOT MOMEHT paBHa F,=—{IAmg, rie Am — Macca 4YacTH
CTEp)KHS JUIMHOW X, € — MOJIYJIb YCKOPEHHUSI CBOOOINHOro majeHus. 1o BTopoMy
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3akoHy HbloToHa a, = F./m = —pg-Am/m. Tlockonsky Am/m = x/L, 10 a, = —(ug/L)x.

3. TlonydyeHo ypaBHEHHE rapMOHMYECKUX Kolebanmii. ClieJoBaTelbHO, B IIpoLiecce
nepecedeHus CTEPKHEM IPaHULbI 4B BeIMYMHA X BO3PACTAeT C TEYCHUEM BPEMEHH ¢
Mo  rapMOHMYECKOMY  3akoHYy:  x(f)=x,sino(t—t), TIe ©=+/ug/L,
a K03 PUIMEHT Xo — HEKOTOpasi IIOJIOXKHUTENbHAs aMIUIHTYia. [TosToMy mpu # <t < £
TPOEKIIHS YCKOPEHHsI CTepskHst Ha och OX paBHa a, = —o'x(t) = -0’ X, sino(t —1,) .
4. B MOMEHT BpEMEHH ¢ = t», IPEBBIIIAIOLIHIA /| HA YETBEPTh EPHO/Ia MOITYYECHHBIX
TapMOHHYECKHX «KOJeOaHMI», CTep)KEHb LEIUKOM OKaXKeTCs Ha ILEePOXOBaTOH
MOJIOBUHE CTONA. B 3TOT MOMEHT IpoeKLus CHIIbl TpeHHst Ha ock OX cTaHeT paBHa
F,=—mg, a mpoeKkuus yCKOPEHUs CTepxHs OyAeT MaKCHMAaJbHOH MO MO0
U PABHOH Gmax = —0%X0 = —{1g. Jlajiee 10 OCTAHOBKU CTEPXKHS, TO €CTh B T€YCHHE
BpPeMEHU £, <¢<{;, NPOEKLMSA CHIbl TpeHHss Ha ocb OX OyneT MOCTOSHHA.
TTosTOoMy mpoekiust yCKOpeHUst CTepskHs Ha ock OX He OyJeT H3MEHSThCS, TO €CTh
OH OyzieT ABUraThCsl PaBHO3aMEICHHO 10 CBOE OCTAHOBKH.

5.Tlocae OCTaHOBKM CTEpXKHS IIPH ! ={3 CHJa TPEHHS CTaHET PaBHOH HYIIO,
M BMeCTe C Hell CKAauKOM OOpaTHTCs B HOJNIb NPOEKLHs YCKOPeHHS dx. I'paduk

3aBHCHMOCTH TIPOEKIMH YCKOPEHHSI @, CTepXkHsS Ha och OX OT BpeMeHH !
H300paKEH HA PUCYHKE.
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Vyactku rpaduka 1-2 u 3—4 — uzo0apHble NpollecChl, MPUYEM HU3MEHEHUE
00BEMOB Ha 000MX y4YacTKax olMHaKoBoe. PaboTa raza npu m3o00apHOM Mpoliecce
HaxoauTcsl mo gopmyne A = p-AV. Tak kak 0 MOAYNIIO pabOThl OTIIMYAIOTCS B
3 pa3a, TO U JaBJIEHUS TaK ke omInyaroTes B 3 pa3a. Ha yyactke 2—3 nmpoucxoaut
M30XOpHBIN Tpolece, cleqoBaTelbHO, Ta3 pabdoTy He coBepuiaer. [lo mepBomy

3aKOHY TEpPMOIUHAMUKU () 3 =AU, 3 = 5VR(T3 —T). Tlpu u30XOpHOM

npouecce ? = const. 3HaAUUT, NIpU YBEIIMYEHUU JIaBJIIEHUS B 3 pa3a TeMIeparypa

yBeIUYUTCS Tak ke B 3paza, T.e. T3=3T,. Takum o6pa3zom,
3

Q2_3 = EVR(:STZ — Tz) = 3VRT2 =

=3.0,2-8,31-300 ~ 1496 /I:x. [lomyyeHHOE KOJIWYECTBO TEIUIOTHI HAa y4acTKe
2—3 paBHo 1496 k.
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[Ipu 3amKHYTOM KITfoue oOlee CONPOTHUBIICHHE IIENU PaBHO Rogm = 2 4R = 2,5 Om. Tlo

2
. & 7
3akoHy OMa JIUIsI TIOJTHOM LeNu Ccuia Toka paBHa [ = ———— = —— =2 A, Ilo 3akony Oma uis
R06m, +r 3,5

yUuacTKa IEIIN HaIlpAKEHUC Ha YUAaCTKE, K KOTOPOMY IapaJUICJIbHO IIPUCOCIUHCH BOJIBTMETP paBHO
U:I-R06m:2-2,5:5 B.

HpI/I PA3OMKHYTOM KIJIFOU€ B HCIU 6yI[eT MOCJICIOBATCIIbHOE COCAUHCHHUE JIBYX PE3UCTOPOB,
ofI1ee CONpOTUBICHHE KOTOPBIX PaBHO Rogy = Rj + Ry =4 Om. Cuita Toka mo 3akoHy Oma juist

. & 7
nojgHoM nenu papHa | = — = — = 1,4 A. Hanpsbkenue Haxomum 1o 3akoHy Owma JuIs

R06m, +r 5
yuactka e U =1 -Rygy = 1,4-4 =15,6 B. Orcrona cienyer, 4ro HalpsbKeHHE yBEINYMIOCh Ha
0,6 B.

OtBeT: 0,6.
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BHravarne noacuntaem, Kakoe KOJHMYECTBO TEIUIOTH () BBIICIHUTCS B PE3yJIbTaTe
HEYIIPYTOro CTOJIKHOBEHHUS! CBHHIIOBOW MYJIH C MeIHOW cdepoit u JbIoMm
BHYTpU He€ U MOUIET B AabHEHIIIEM Ha IJIaBJICHHE JIbJa W HarpeBaHHUE BCEH
CUCTEMBI.

. Ilo 3akoHy coxpaHeHUs MPOEKIMH HUMITyJIbca Ha HaIpaBJICHHE MOJIETA MyTU
HMEEM: miv=m;+my+m3)V, OTKYyJa CKOpPOCTh CHUCTEMBI
«chepa + 1€ + mynmsa» noclie coyIapeHus Oyner paBHa
V= le/(ml + my + m3).

. KonuuectBo Temnotsl Q paBHO pa3sHOCTU KUHETHYECKUX DHEPTHM CUCTEMBI 10
¥ nocse cTonkHoBeHus: Q = mv3/2 — (mv*/2) mi/(m; + my +m3) =

= (m1V?*/2) (ma + m3)/(m, + ma + m3) = 1202 JIx.
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4. CpaBHUM 35T0 () C KOJWYECTBOM TEIUIOTHI, HEOOXOIUMBIM IS TUTABJICHUS
maccel m3 =501 npga: Qu = Ams =3,3-10°-0,05=16,5-10° JI)x, 4ro Ha
nopsiiok  Oonpiie ) — TOITOMY Bech JEA HE pacraer, U HE TOMOXKET
HeOoubIasi J100aBKa TEIUIOTHI ¢ 3a cu€T oxjaxzaeHuss nymu Ha 100 °C
(ynenbHas TtermnoémkocTh cBuHNA ¢ paBHa 130 [x/(xrK): g=cm AT =
130-0,01-100 = 130 dx.

5. Takum obpa3zom, B cuctemMe ycTaHoBUTCs Temneparypa ¢z = 0 °C.

OTBeT: B cUcTEME YCTaHOBHUTCS Temmneparypa 3 = 0 °C
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1) ITocne nonananus B obmacTk 1 yacTuna OyjeT ABHraThes B Hell Mox AeiicTBHEM
cunbl JIOpeHIa ¢ TMOCTOSHHOM 110 MOJYJIO CKOPOCTBIO J/ MO Jyre OKpYKHOCTH
c uertpoM O;. Pamuyc R 5Tolf OKpYXHOCTH MOXHO HAalTH M3 BTOPOTO 3aKOHA

2
my = ‘q‘VB, oTKyma R= ﬂ Jlinst onpe/ieneHusl HalpaBJICHHUS CHIIBI

la|B
JlopeHIa HCIOIb3yeM MPABHIIO JIEBO PYKH.
2) K MoMeHTy nepecedeHHs qacTHueil rpaHull obnacteil 1 u 2 (Touka N) Bektop
CKOPOCTH 4acTHIbl TOBEPHETCS — OHA BBUICTHT M3 oOmacTH | mox yrioM o,

[Bd _2-10°Kn-2Tn-02m _1

Herorona:

o : 9
TpUIEM Smu:l . CMelenye 4acTHIBI BJOJTB

mV 810" kr-20me 2
TpaHHIIBI 00nacTel 1 1 2 K 95TOMY MOMEHTY COCTaBHT X, = R(1—cosa).

OGnacts

3) B obmactu 2 wacthia OyneT ABMraThCs B HAIpPABICHHM MONEPEK JHHHI
DIIEKTPUUECKOTO TIONIsS C TMOCTOSHHOM CKOPOCTBIO F/sinct, a BAOMb JHHHII 5TOro

q|E
Mol — PaBHO3aMEUICHHO C YCKOPCHHEM a = H— TlosToMy 4acTHIa, ABHrasich
m

nmo mapaGone, CMECTHTCS BIONb TpaHMIBI obmacteii 1 u 2 Ha paccrosHHE
21 sina.cosa
X, =————————, TIoCIIc YeTO BJICTHT B TOuKe P 06paTHO B 06nacTh 1 mox Tem
a

7K€ YIJIOM OL M € TOMH %K€ CKOpOCThIo V.
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4) CrenoBarenbHo, B obmactn | dacThma Oyaer aBuratbcss B 0OpaTHOM
HANpaBICHHH CHOBA BJONL JYTH OKPYKHOCTH pamuycoM R. M3 cooOGpakeHmii
CHMMETpPHH SICHO, YTO TIPH 3TOM YacCTHIIA, T0JIETeB 10 TOUKH (), CMECTHTCS BIOMb
TpaHHLB obnacTeil | 1 2 omsTh Ha pacCTOSIHUE X|.

5) IMonHoe cmemmenne MQ YacTHIIBI BIOJb IPaHALE! o6macTeit 1 1 2 coctaBuT

21 sinocosa

x=2x,+x,=2R(1-cosa) +
a

2mV (1 Vsina. 1
==—| —+cosa, -—|
ld \B E B

HOJICTB.BHHS] YHCJICHHBIC 3HAYCHMUS, ITOJTYYHM OTBET:
2810 kr-20m/c[ 1 B(20mc-05 1
x= + - =0,8 ™.

210" Kn 2Tn 2 20BM 2Tn

Ortser: .7(:M i+<:osnt(Vsmm—lJ =0,8 M
q \B E B
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4.

5.

. Ecu Bo BpeMs CHCromaaa CMOTpETh BAaJlb, TO CHEXKUHKHU 6y,I[}IT HNEepCKphIBATh

«1y4 3peHus». Ecnmu 17t mo6oro HampaBiieHUsl B 3TOT Jyd JUTMHOW L momagaet
XOTs1 OBbI O/IHa CHEeXXKMHKA, TO JaJIbIlle PacIoIoKEeHHbBIE TIPEIMETHI YKe He OyayT
BUIHEIL

. O0BEM, MpUXOAIIUICS B JaHHOM CiTydae Ha OJHY CHEXHHKY C MOIEPEYHBIM

ceuenueM s| = nd*/4 = 7,854-10 M?, oueBuaHO, paBeH V| =s(L, a B eIUHHIIE
06néma 1 M° Haxomures 1/V| = n CHEXKUHOK — 3TO UX KOHIIEHTPALIHS.

. [Hoatomy st HaxoXaeHUs L HaJo HallTH KOHIICHTPAIMIO CHE)KUHOK B BO3JlyXe

BO BpeMs cHeronaja. CHeXHHKH MaJIaloT CO CKOPOCTBIO V= hi/t; =2 mM/c u 3a
BpeMs £, = 3 ¢ IPOXOISAT pacCTOsSIHUE /1 = Vi, = 6 M U NOMAIal0T Ha (haHepKy.
Takum oOpazoM, B 00béme V' =Sh=3 M CI[I/IHOBpeMeHHO Haxoxgarca N =50

CHEXHMHOK, U UX KoHIeHTpawus n = N/V = 16,7 M.
OxonuarenbHo nonydaeM: L = 1/(nsy) = 4h16,5/(nd?Nt,) = 764 m = 760 wm.

OtBet: L = 4h,6,5/(nd*Nt,) =~ 760 m
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1. BBeném MHepUUaNbHYIO CUCTEMY OTCYETa, B KOTOpPOH OyleM paccMaTpuBaTh
NPOEKIUU BCEX CUJI Ha BEPTHKAJbHYIO OCb, IIOCKOJIbKY CHJI, HalpaBJIEHHbBIX
10 TOPU30HTAJIH, HET.
2. CrepikeHb B 000HX CITy4asiX HEMOJBUKEH, I03TOMY MOMEHTbI cuJl T" HAaTsKEHUS
HUTEH clleBa M cCIpaBa OT TOYKH OIOPbl HAIpaBIIEHbl IIPOTUBOIOIOXHO
u opuHakoBsl: T-1/3 = T,-21/3, otkyna cinemyet, 4to B oboux ciydasx 17 =27,.
3. Ha xaxnplii rpy3 1o BepTHKalu JeHCTBYeT BHU3 CUJIa TshHKecTH mg (31ech
m = plV — macca rpy3sa, V' — ero o0béMm), a BBepX — 7, K KOTOPOii BO BTOPOM ClIy4ae
nobaBsieTcss MO 3aKOHY ApX¥MeJa BbITaJKHMBamoIas cuia Fapx = pxgl (31ech
P — INIOTHOCTB BOJIBI Py MIIM KEPOCHHA Py).
4. YcnoBus paBHOBeCHs JUIS KaXIOTO U3 IPY30B B IEPBOM Cllydyae UMEIOT BHI:
Ty =mg=pigV, To=myg = pogV>, otkyzna ¢ yuérom cBsi3u I = 2T, noinydaeM

1V1 2p2V2,PIJIPI V1/2V2— Z/Pl
5. Bo BTopoM cityyae ¢ y4€TOM CBSI3M M3MEHUBLIMXCS CHJI HaTsDKEHHsS HUTEH
T,'=2T," aHaJlOTUYHO TOJIydaeM:

Ti'=mig— Fapa = p1gV1 — psgl1 = (p1 — ps)gV1,
To'=mag — Fapo = p2gla — pugl2 = (p2 — p)gh 2,
otkyna (p1 — ps)V1 = 2(p2 — pi) V2.
6. Bpluuras M3 IIpeIIOCIENHEr0 COOTHOIIEHHUS, IOJYYEHHOrO B IIYHKTE 4,
aHAJIOTMYHOE COOTHOIIICHUE U3 ITHKTa 5, UMEeM:
psV1 =2piVa, otkyna Vi/2V, = pu/ps = p2/pi.

7. Tloncrapnsin —Tabnuumble 3Hadenus py = 1000 kM’ u  py =800 kr/v?,
OKOHYATEIIbHO MojTydaeM: p,/p; = 800/1000 = 0,8.
OtBeT: pa/p1 = pu/ps = 0,8




