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Pemienns 3agau a1 8 KJjacca

8.1. (2 6asuta)  JIBa OIMHAKOBBIX KOJIOOKA KATATCS C OJIMHAKOBBIMU
CKOPOCTSMHU TIO TMapaJlIeIbHBIM TOPU30HTAIBLHBIM JIOpoKKaM. Ha myTn nep- 1/\.4
BOIO KOJIOOKa — IOpKa, Ha IIyTH BTOPOro — siMKa (CM. PHCYHOK). Bbicora
rOpKH ¥ TiybuHa SMKU 0JinHAKOBBI. O0a KOJI00Ka IIPEo0/Ien IPEnsaTCTBUS M

7 OKa3a/Inch B TOUKax A u B cOOTBETCTBEHHO.

[1] Cpasuure ckopoctn kK0100K0B B TouKax A u B:

A) U1 > V2, B) V1 = V2, C) V1 < Vg
[2] Cpasuure Bpemena, 3aTpateHHbIe KOJTOOKAME HA IIPEOJIOJICHNS IIPENSITCTBUIL:

A) t1 > to, B) t1 = to, C) t1 < to.
[Ipockanb3pIBaHUS PU JABUKEHUN KOJOOKOB OTCYTCTBYIOT. B 0060MX BOIpocax B OTBeTe YKayKHTe
TOJIbKO OyKBY IIPABHJIBHOI'O BAPUAHTA. (C. A. Cmaposotimos)

Ortsersi: [1] B. [2] A.

Permtenue [1]. CkopocTh mepBoro KoJjiobka MpH JBUZKEHUI [0 TOPKe CHAYAJIa yMEHbIIAeTCsl, 3aTeM
YBEJIMIUBACTCS U B TOUKe A CTaHOBUTCS paBHON HadabHON cKOpocTH. CKOPOCTH BTOPOIO KOJIOO-
Ka I[P JIBIKCHUU 110 AMKE CHAYaJIa YBEJIUUUBACTCHA, 3aT€M YMEHDLIIAeTCsd U B TOUKe B CTaHOBUTCH
PAaBHOI HaYaJIbHOU CKOPOCTH.

N3 3akona coxpaHneHus SHEPruu MOHATHO, UTO U1 = vUy. KadecTBeH-
HbIE€ 3aBUCUMOCTU CKOPOCTH KOJIOOKOB OT BPEMEHU IIPU JIBUKEHUH
Yepes3 Mperpa/ibl MpeJICTaB/IeHbl Ha PHCYHKAX. "
Pertenue [2]. Ilyru, npoiisentbie KOJOOKAMI OJMMHAKOBBI, 3HAUUT, [JIOMIAIN IO/l KPUBBIMI OJIMHA-
KoBbI. Torma t; > ts.

Kpurtepun. Kaxpiit Borrpoc crout 1 6aJut.

PBIX IIpEJICTaBJICHBI HA PUCYHKE, BJIMIN OJIMHAKOBBIN 00BEM BOJIBI Tak, 9TO BOJIA
U3 CTAKAHINKOB HE BBIIMBAJIAC.

8.2. (3 6amta) B Tpu cTeRJISIHHBIX CTaKaHINKA, OCEBBIE CEUEHUsT KOTO- | |\ / , ‘
1 2 3

[3] Boibepure u3 npeIoyKeHHBIX BEPHBIN OTBET JJisi THPOCTATUIECKUX JIaBJICHUN BOJIbI (P1, Pa, P3)
Ha JIHO CTAKaHIUKOB:
A) p1 = p2 = p3, B) p2 > p1 > ps, C) ps > p1 > po.
[4] Beibepure u3 npeIoKeHHBIX BEPHBIH OTBET it BemduH cuil pasiaenus (Fy, Fy, F3) crakan-
YUKOB C BOJION HA TOPU30HTAJIBLHYIO ITOBEPXHOCTH OCHOBAHUS:
A>F1:F2:F37 B) F2>F1>F3, C) F3>F1>F2.
Bricora cTakaHINKOB, JUaMETP OCHOBAHUSI M TOJIIIMHA CTEKISTHHBIX CTEHOK OJIMHAKOBBI. YTOJI HAKJIO-
Ha OOKOBBIX CTEHOK OoJibItie 45°. B 060oux Bolpocax B OTBETE YKayKUTE TOJILKO OYKBY MPaBUILHOTO
BapHUaHTa. (C. A. Cmaposotimos)
Ortsetsr: [3] C. [4] B.
Permtenue [3]. T'mapocrarmaeckoe naBierne p = pgh 3aBUCHT OT BBICOTHI YPOBHS KUJIKOCTH, a OHA
HauOOJIbINIas B TPEThEeM CTaKaHIMKe U HAMMEHbIasi BO BTOPOM.
Pemtenne [4]. na moboro yria HakJIOHA IUIOMA/b GOKOBO MOBEPXHOCTH Yy BTOPOIO CTaKaHA
O0JIbIlIe, YeM Y IepBOro u Tperhero. [Ipu yKazaHHBIX yriiax HaK/JIOHa CTEHOK M MaJIOil BEJIMIHHE OT-
HOIIIEHUsI PAJINYCOB MOPJIBIIIKA 1 OCHOBAHUSI Y TPETHEro cTakaHa (KakK Ha PUCYHKE) ILIOMIA b GOKOBOI
MMOBEPXHOCTHU Y TPETHETO CTaKaHa MEHbBIIE, YeM y 1mepBoro. Tak Kak Macchl BOJbI BO BCEX CTaKAHYH-
KaxX OJIMHAKOBBI, TO BeCa CTAKAHIMKOB C BOJION OYIyT OOJIBIIE JjIsd CTAKAHIUKOB ¢ OOJIbIIEil Maccoii
OOKOBBIX CTEHOK. TakuM 00pa30M, BEPHBIM dBJIgeTcd OTBET B.
3ameuanwme. [[pu MaJ0ii BbICOTE CTAKAHOB U, COOTBETCTBEHHO, OOJIBINON BEJIMYINHE OTHOIICHUS Pa/Ii-
YCOB IOPJIBIIIKA U OCHOBAHUS Y TPEThEro CTaKaHa ILJIOINIa b OOKOBOI IIOBEPXHOCTH Yy TPETHEIO CTaKaHA
OoJiblle, UeM y 1epBoro. B aTom ciiydae ObL10 ObI BEpHBIM JiBOiiHOE HepaBeHcTBO Fy > F3 > Fj. Ho
TaKOI'0 HEPpaBEHCTBa B IPEJJIOKEHHBIX Ha BHIOOpP oTBeTax HeT. [1oaTOMYy, eIMHCTBEHHBIN BO3MOXKHBI



BapUaHT 3TO OTBET B.
Kpurepun. Borpoc [3] crour 1 6amn. Orer «B» B Bonpoce [4] crout 2 6amna, oreer «A» crout 1
oas.

8.3. (3 6amma)  Typucr Hukomait Ilerposuu omosgan Ha 5 MUHYT K OT-
IJIBITHIO CBOET'O TEII0X0/1a, OTIIPABUBIIErocs BHU3 110 peke. Ha cuacTbe x03siuH ObICT-
POXOJIHOTO KaTepa corjacusicd nmomoub Hukosaro IlerpoBuuy. /lornas Terioxojr u
BBICAJIVB HE33,/ a9/ IUBOTO TYPHUCTA, KATEP TYT Ke OTIPABUJICA B OOPATHBINA My Th.

[5] Ckousbko BpemeHH MpONIO ¢ MOMEHTA OTIUIBITHS KaTepa Jio ero Bospparienus! OTser jafite B

MUHYTaX.
CunTaiiTe, 4TO CKOPOCTH TEILJIOXO0Ja OTHOCUTEJLHO BOJILI B 3 pa3a 6oJIblle CKOPOCTH TeYeHUsI PeKH,
a CKOpOCThb KaTepa — B 5 pas. (C. A. Cmaposotimos)

OrtBet: 25 MUHYT.
Pentenne. B momenT, korjia KaTep JOTOHUT TEILJIOXO/T, TEILIOXOJ IPOHIET PACCTOsTHIE B/I0JIb TEIEHUS
peKu:
S = So + (’UT + Up)tl = (’UT + Up)(to + tl).

Taxoit ke 1yTh TPOHJIET U KaTep:

S = (’UK + ’Up)tl.
31ech t; — BpeMs JIBIKEHUsT KaTepa «Tyaay, tg — BpeMs OIO3IaHUsT TMaCCaKupa.
[IpupaBuuBas myTn u yIuTbIBas, 910 Uk /vp = b, vr/vp = 3, mosyanm t; = 2t.
[IyTs kaTepa obparTHO:

S - (UK - Up)tg,
rae to — BpeMsi JBMKEHHsSI KaTepa 00paTHO.
[IpupaBHuBas myTn KaTepa Ty/ia 1 0OpaTHO, MOy IUM

to = 1,5t = 3tp.
[Tonnoe BpeMs JIBUKeHUS KaTepa Tyjaa U 00OpaTHO

t:tl—f—tg :5t0 = 25 MuH.

8.4. (4 6anua)  Ilapuku, cienaHHbie U3 pasHbIX MATEPUAJIOB, ypaB-
HoBecmyin Ha pbrdare. O0béM mapa cieBa B 1,25 pasa Oosblie o0béMa mapa
cupasa, a mwiedo AO B 2,5 paza menbine mireda OB.

[6] Ha ckosbko HaO yBEMUUTL 0O6BEM MIPABOTO IMIapa, YT00 MPH MOMEIIeHUN
BCeil CHCTEMBI B BOJy paBHOBECHE Ha HAPYIIMJIOCh, €CJIM €ro IJIOTHOCTH B
JiBa paza 00JIbIIe IJIOTHOCTH BOAbI! OTBET JaiiTe B MPOIEHTaX, OKPYTJINB
JIO TEJIBIX. (M. A. Kpynuna)
Orsert: 50%.

Pemtenne. YcioBre paBHOBECHS B BO3ILyXe:
p1Vigl = paVagls,

OTKY/Ia HAXO/IM

p1 = 2p2
(nHzIEKC «1» OTHOCHUTCS K JIEBOMY IIApY, HHJEKC «2» — K IIPABOMY ).
YcnoBue paBHOBeCUS B BOJIE:

* *
p1Vagly — poVigls = p2Vy gla — poVy gla,

rJie po — IJIOTHOCTB BOJBI, V5 — HOBBIIl O0BEM IIPABOTO IIApa.
[Tocie HEXUTPBIX TTpeodpa30BaHMl HAXOMUM

* J—

Ve =1,5Vs.

CuienoBarenibio, yeeaudenue Ha 50%.

8.5. (2 6amta) Massunku (TpoiiHamku) mocrpomsn wior. Korga onn
3a0paJIICh Ha IJIOT BCE BMECTE, IJIOT MOIPY3UJICS B BOJY MOJTHOCTHIO. A BOT eciiu
KaTaTbCd BJIBOEM, TO IJIOT HOrpyzKaeTcd B Boay Ha 1) = 0,8 cBoeil TOIINHBI.

[7] Onpenemure maorHocTh Jepesa, u3 Koroporo cienan mwior. Oreer Jaiire B
Kr/M>, OKPYTJIUB JI0 TIEJIBIX.




Bameuanmue. [Liornocts Boasr — 1000 kr/ M3, Tosmmuna mwiora h = 20 cuM.
(T. B. Bopobwvesa, C. A. Cmaposotimos)
Otrser: 400.

Pemmenne. 3amnuiiem ypaBHeHUsT PABHOBECUS It 3 MAJIBIUKOB U JJIsI 2 MAJILIUKOB:
3mg + Mg = pogSh,
2mg + Mg = pogSAh,

rje m — Macca KaxkJI0ro M3 MaJbIukoB, M — Mmacca miora, S — ILUIOMAAb IioTta, Ah — TOJIIIHA
YaCTH IJIOTa, OTPY?KEHHON B BOLY, JJIsI CJIy4as 2 MAJIBINKOB. BeIITEM M3 IepBOro ypaBHEHHS BTOPOE:

mg = pogS(h — Ah),
", TIOJICTaBUB B IIEPBOE, TOJTYIUM
Mg = pogS(h — 3(h — Ah)).

Mcnonb3ys onpeenenne MacChl IJI0Ta 9epe3 ero INIOTHOCTD p, MOJTY JHM:
Ah KT
= po (1—3(1—7» — po(L—3(1 — ) = 400 5.

8.6. (3 basma)  OTKpbIB 6aHKY CO CIYIIEHKON 1 cheB mosioBuny, Cia-
BUK IIOJlyMaJI, 9TO HEIJIOXO OBbLIO Obl cBapuTh octaToK. OIycTuB OaHKY B KU-
msyo Boay, CiaBuk 3aMeTus1, 4To 6aHKa MOrpy3uyiach B BoJy Ha 5/6 cBoero
obbéma. Bpems 1o, cryménka Beé He TeMuesa, u CIaBUK Chel ellé 9eTBEPTh
banku. Tenepb OanKa 1J1aBaJa, MOTPY3UBIIUCH HAIIOJOBUHY.

[8] Ckoubko Becumia mosnast 6anka, ecau eé 06béM paser 300 mu? OTer jajiTe B KujorpaMmax ¢
TOYHOCTBIO JI0 COTHIX.

Bamevanue. Cunraiite 6aHKY TOHKOCTEHHOI. (T. A. Andpeesa)

Otsert: 0,45.

Pemnenune. O6o3na91M IJIOTHOCTD CTYIEHKT — pP¢, INIOTHOCTH BOJIBI — pPg, MaCCy IIyCTO# OaHKUT — M,

00bém — V. Banka TOHKOCTeHHAas1, 3HAYNT BHYTPEHHUHN 1 BHEIITHUH 00 bEMBI TPAKTUIECKH OJIMHAKOBDI.

C yuérom Toro, 4ro cHadasa ObL10 1/2 6anku, a morom crajo 1/4, numem 3akoH Apxumesa:

1 5
mg + 5'/)0‘/9 = g'pBV%
1 1
mg + Z'PCVQ = 5'/3BV9'
BoruuraeMm U3 BepXHEro ypaBHEHHs] HUXKHEE:

1 1
Z o oeVa==-pmVa.
4PC9 3PB9

T.o., MIOTHOCTD CrYHIEHKU pPaBHA

4 KT
= - = 1330 —.
pc =73 /B NG

sz IEPBOI'O ypaBHEHNA JIgd 3aKOHA ApXI/IMe,ILa HaXOIMM

5 1 1
=2 nV — 2 peV =2 pnV.
m 6 PB B PcC 6 PB

N macca nmonHoit OaHKM paBHA
1
M = pcV + 6 pV = 0,45 kr.

Kpurepuu. OkpyrieHHblii J0 JecaThix jgoJieit orser «0,5» ormenmBaercss B 1 Gar.

8.7. (2 6amta) Tpu muIMHIPUYECKHX COOBIAIOIINXCS COCY/Aa B BHJIE ) TRTIL
oykBbl «I11» Halo/IHeHbl pacTHTEIBHBIM MacjoM II0THOCTBIO 900 Kr/M® 1 3akpbl- ‘iﬁ U‘L&J-LI
THI HEBECOMBIMHU TOHKMME noputHamu. Cedenne KazkIo0ro u3 cocy1oB pasao 60 cm?. lzy J
Ha noprirenn, 3akpbIiBatoIuii cpetHuil cocy/t, KjIajyT rpy3uk maccoit 600 r. oo

[9] Ha kakyto BbicOTY (IO OTHOIIEHMIO K MEPBOHAYAJIBLHOMY YPOBHIO) MOJHUMYTCS MOCJE STOTO
HOPINHU B Kpaitaux cocymax? OTBer jaiite B MUJLIIMETPaX, OKPYIJIUB JIO IEJIbIX.

3ameuanue. Tperuem MopIrHer 0 CTEHKN COCY/IOB IIPEeHEOpErnTe. (C. A. Cmaposotimos)
OrtBer: 37.



Pemenne. /lasenue B cpefuenM cocyze HOJ HOpIIHeM pasHO P, = mg/s, rne m — macca rpysa. B
KpalfHIX MOPIIHSAX Ha TAKOM K€ YPOBHE BBICOTHI gasienue Py, = pg(h + ), tae h — paccrosiue,
HA KOTOPOE OITyCTUTCsI CPEJTHUI MOPIIEHb, T — BBICOTA, HA KOTOPYIO MOJHUMYTCS KpalHue MOPIITHH.
N3 paBencrsa jgaBiaeHuit OJTyIrIM

myg
— =pg(h + ).
Kpowme Toro, *KuakocTh, BEITECHEHHAsI U3 CPEJHErO cocyjla, rneperedér B Kpaiinue. CjeaoBaTesibHO,

h = 2z. lloxcraBigsa B mpeblIyIiee paBeHCTBO U BbIpaxKasl &, TIOJIYIIM

$_3T;LS_37MM

Kpurepun. Henpapuiibubie orBeThl «36» 1 «74» oneHuBatoTcss B 1 6aJuI.

8.8. (4 6amsia) Mawma npusesia Madbia zHa 6eper pexn. CoutHie Ha-
rpesio kamun 10 40°C, HO Boja B peke Oblta xosoaaoi (18°C). Urobbl neky-
narTh MaJiblllla, MaTh Habpaja B BEJAEPKO D JI BOJALI M CTaja I'PeTh €€, OIyC-
Kasi B BEJIEPKO KaMHHM. TOObI BOJIa HE BBIILIECKHMBAJIACH, OHA KJaJja B BEJIPO

TOJIbKO OJIMH KaMeHb, KJlaJjla, [I0Ka TeMIIePATypPbl BBIDOBHAIOTCS, BBIHUMAaJIa KaMeHb U KJlaJla Caely-

TOIIHIA.

[10] Kaxoit 6ymer remneparypa BOJbI, KOTJia U3 HEE JOCTAHYT Y€TBEPTHINH KAMEHb?

[11] o xaxoit Temmeparypbl Harpegach ObI BoJia, €I Bce 4 KaMHsI MOXKHO OBLIO ObI MOJIOKUTH B
BEJIEPKO OJIHOBPEMEHHO?!

O6a orBera maiite B rpajycax llesbcusi, OKPYIJIUB JI0 TEJbIX (OKPYIJISHTE TOJBKO OKOHYATEbHBII

pesysbrar). Macca KaxKJ10ro kamHsi paBHa 2,8 Kr, yJejbHas TermoéMKocTb — 900 'H , yJeJabHas

TEIIOEMKOCTb BOJBI — 4,2 KIL’K (T A. AHdpeeGa)

OrtBetsi: [10] 26°C. [11] 25°

Pemenne [10]. Onpejennm TeMueparypy BOJBI ¢ Hepe/| yIaIeHHeM [ePBOrO KaMH:

pVetg + mexty _ 21184+ 100,8 — 90.36°C,
pVe+ mex 23,52

rJ1e m — Macca KaMas, V' — 06bEM BOJIbL, ¢ — yeIbHas TEIJIOEMKOCTD BOJIBI, CK — Y/IeJIbHAST TEILII0OEM-

KOCTDb KaMIs, tg — TeMIIepaTypa KaMHsd, p — IIOTHOCTD BOJBI. AHAJIOTUYIHO OIIPE/IC/IUM TeMIIEPATyPy

BOJIBI II€PE/] y/IaleHueM OCTAJILHBIX KaMHeit:

ch(t1 — tB) = mcK(tK — tl) =1t =

pVety +megtx  21-20,36 + 100,88

2 L oVe(ty — 1) = tk —ty) =ty = = = 22.46°C.
Kamenb: pVc(ty 1) = mex(tk 2) 2 Vet mex 2352
pVCtQ + mcKtK 21 - 22,46 + 100,8 °
3 : Ve(ts —ts) = tk — 1t =1 = = 24.34°C.
Kamenb:  pV(ts — ty) = mek(tx — t3) 3= Vet mex 2352 ,
pVts + megtk 21 -24,34 + 100,8 o
4 : Ve(lty —ts) = tk — 1t =t = = ~ 26°C.
KaMmenb:  pVc(ty 3) = mexk (tx 4) 4 Ve + mex 2352
Pemenne [11]. Oupejenum TemiepaTypy Bojbl £ IIPH OIlyCKaHUH BCEX KaMHeii:
Vet 4 t 21-18+4-100,8
PVe(th — t) = dmex(ti — t1) = ¢h = PLAB T IMOKIK i 2~ 25°C,

pVe+dmex 31,08
Kpurepun. [Ipasusbubiii oreer Ha Bonpoc [10] crour 3 6asuia, moydeHHbIH B pe3yibraTe Helpa-
BUJIbHBIX OKpyIienuii orser «25°Cy» mmu «27°Cy» onenusaercs B 1 6amt. Bompoc [11] crour 1 6asu.

8.9. (3 bamta) B komwie mapoBosa Boja ¢ HadaJ bHON TEMIIEPATYpPOi
20°C moBomuTCA JI0 KUIICHUS, UCIAPSIeTCs W B IapolieperpeBaTesie HarpeBaeT-
ca 1o 300°C. Ileperperslit map mocrymaer B HAPOBYIO MAaIuHy, KOI(MDUIUEHT
0JIE3HOTO JeiicTBusa KoTopoil pasen 30%.

[12] Yemy paBHa MONIHOCTH MAPOBOM MAIMHBI, €CJIH PACXOJ BOJbI DaBeH
7,2 M3 /u? Oter naitre B MBT, OKpyTJIMB J10 HEJIBIX.
gk

3ameuaHue. YieiabHas TEIIOEMKOCTb BOIALI — 4,2 yJieJibHas TeIioTa Mapoodpa30BaHus BO-

kr-K?
sl — 2,3 MJIk /Kr, cpejiHsisi TEIII0EMKOCTD BojisiHOTO Tapa B puanasone 100-300°C pasua 4,2 I}f?

(T. A. Andpeesa)

OTBer: 2.



Pemmenne. Tlo onpesenennio KoaguipenTa mOJIe3HOr0 JeiCTBIs,
Py
n=—-
Ps

Boeraucmm «3arpadeHHy0» MONTHOCTD:
Qs  pVeltk —to) + pVr + paVien(tn — tx)
Py=—= .
t t

3/1ech ¢ — yaeabHas TEIIOEMKOCTD BOJIBI, €] — Y/eAbHas TEIJI0EMKOCTE mapa, V' — o0bEeM BOJIbI, p —
IJIOTHOCTH BOJIBI, tx — TeMIlepaTypa KHUIeHUs, t;p — TemiepaTrypa napa, Vi — o0béM mapa, pr —
IJIOTHOCTH TIapa.
YunteBad, aTo Vijprn = V p, BBIYACINM TOJIE3HYIO MOITHOCTE!

nQs _

o
Pn= == =mnp- — - (c(tc —to) +r + en(fn — tx)) = 2 MBr.

Kpurtepuu. OKpyryi€éHHBIH 10 JeCATHIX JI0Jeil OTBET «2,1» olleHnBaeTcs B 2 OaJiia.
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Solutions of the problems for R8

8.1. (2 points) Two identical circular gingerbread buns (<«kolo-
boks») roll at the same velocity along parallel horizontal tracks. On the 1
way of the first gingerbread bun there is a hill, on the way of the second one m
there is a hole (see pic.). The height of the hill and the depth of the hole are M
the same. Both gingerbread buns overcame their obstacles and ended up at

points A and B, respectively.
[1] Compare the velocities of the gingerbread buns at points A and B:

A) vy > vy, B) v; = vg, C) vy < vs.
[2] Compare the times it took the gingerbread buns to overcome obstacles:

A) t1 > t9, B) t1 = 1o, C) t1 < to.
There is no slippage while the buns are moving. In both questions give only the letter of the correct
answer from those given. (S. Starovoytov)

Answers: [1] B. [2] A.

Solution [1]. The velocity of the first gingerbread bun, while it’s moving along the hill, decreases
first, then the velocity increases and at the point A it equals the initial velocity. The velocity of the
second gingerbread bun, when moving along the hole, increases first and later decreases, and then at
point B becomes equal to the initial velocity.

From the law of energy conservation it’s evident that v; = vy. Qual-
itative dependences of the gingerbread buns’ velocity on time when .
moving through obstacles are shown in the pictures. L tQ
Solution [2]. The paths traveled by the gingerbread buns are the same, which means that the
squares under the curves equal one another. Then t; > ts.

Criteria. Both questions cost 1 point each.

cups, the axial sections of which are shown in the picture, in the way so that the
water did not spill out of the cups.

8.2. (3 points)  An equal volume of water was poured into three glass | |\ / A
1 2 3

[8] Choose from the suggested answers the correct one for the hydrostatic pressures of water
(p1,p2, p3) on the bottoms of the cups:
A) p1 = p2 = p3, B) p2 > p1 > ps, C) p3 > p1 > pa.
[4] Choose from the suggested answers the correct one for the pressure forces (Fy, Fy, F3) of the
cups with water in them on the horizontal surface of the base:
A) F1:F2:F3, B) F2>F1>F3, C) Fs > Fy, > F5.
The height of the cups, the diameter of the base and the thickness of the glass walls are equal. The
angle of inclination of the side walls is more than 45°. In both questions give only the letter of the
correct answer from those given. (S. Starovoytov)
Answers: [3] C. [4] B.
Solution [3]. The hydrostatic pressure p = pgh depends on the height of the liquid level, and it is
the largest in the third cup and the smallest in the second.
Solution [4]. For any angle of inclination, the lateral surface area of the second glass is larger than
that of the first and the third. At the indicated angles of inclination of the walls and a small value
of the ratio of the radii of the neck and base of the third glass (as in the figure), the side surface area
of the third glass is less than that of the first. Since the masses of water in all cups are the same,
the weights of cups with water will be bigger for cups with a larger mass of side walls. Therefore,
the correct answer is B.
Remark. Note that with a small height of the glasses and, respectively, a large value of the ratio of
the radii of the neck and base of the third glass, the lateral surface area of the third glass is larger



than that of the first. In this case, the double inequality Fy, > F3 > F; would be true. But there is
no such inequality in the answers offered for choice. Therefore, the only possible answer is B.
Criteria. Question [3] costs 1 point. For the question [4]: answer «B» costs 2 points, answer «A»
costs 1 point.

8.3. (3 points)  Tourist Nikolai Petrovich was 5 minutes late to the de-
parture of his cruise ship, which went down the river. Fortunately, the owner of
the speedboat agreed to help Nikolai Petrovich. Having caught up with the cruise
ship and left the unlucky tourist on board of it, the speedboat immediately set
off back on the return journey.

[5] How long did it take from the moment the speedboat started until it returned? Give the answer
in minutes.
Assume that the speed of the cruise ship in relation to the water is 3 times bigger than the speed of
the river current, and the speed of the boat is 5 times bigger than that of the river. (. Starovoytov)
Answer: 25 minutes.
Solution. At the very moment when the speedboat catches up with the cruise ship, the cruise ship
will have covered the distance down the river:
S =5+ (ch + UR)tl = (ch + UR) (to + tl).

The speedboat will pass the same way:

S = (vsB + VR ).
Here t; is the time it took the speedboat to get «to» the cruise ship and ty is how much time the
tourist was late.
Equating the distances and considering vsg/vr = 5, vcs/vr = 3, we get t; = 2t.
The way back of the speedboat

S = (vsp — vr)ta,
where 5 is the time it took the speedboat to get back.
Equating the distances of the speedboat to and back from we get

t2 = 15t1 = 3t0
Total time for the speedboat to and from
t:t1+t2 :5t0 = 25 min.

8.4. (4 points)  Balls made of different materials are balanced on a
lever. The volume of the left ball is 1.25 times bigger than the volume of the
ball on the right, and the arm AQ is 2.5 times less than the arm OB.

[6] By how much should the volume of the right sphere be increased so that
when the entire system is placed in water, the balance will not get dis-
turbed provided the system density is twice as big as that of water? Give
your answer as a percentage, rounded to integers. (M. Krupina)

Answer: 50%.

Solution. Condition of balance in air:

p1Viglh = p2Vagls,
therefore,
p1 = 2p2
(index «1» refers to the left ball, index «2» refers to the right one).
Condition of balance in water:
p1Vigl — poVigh = p2Vy'gla — poVy gla.
Here pg is the density of water, V," is the new volume of the right ball.
After simple transformations we come to

vy = 1.5Vs.
Therefore, the increase is by 50%.



8.5. (2 points)  The boys (triplets) built a raft. When they climbed
onto the raft all together, the raft sank completely into the water. But if only two
of them ride it, then the raft is immersed in water for n = 0.8 of its thickness.
[7] Find out the density of the wood from which the raft is made. Give your

answer in kg/m? rounded to integers.
Remark. The density of water is 1000 kg/m?, the thickness of the raft is h = 20 cm.
(T. Vorobyeva, S. Starovoytov)

Answer: 400.
Solution. Write down the equilibrium equations first for 3 boys and then for 2 boys:

3mg + Mg = pogSh,

2mg + Mg = pogSAh,
where m is the mass of each of the boys, M is the mass of the raft, S is the area of the raft, Ah
is the thickness of the submerged part of the raft in the case of 2 boys on it. Subtract the second
equation from the first one:

mg = pogS(h — Ah).
Substituting into the first equation, we get
Mg = pogS(h — 3(h — Ah)).

By using the definition of the raft mass through its density p we get

p=po|1-3 1—M :p0(1—3(1—n)):400§.
< ( h)) m?

8.6. (3 points)  Having opened a jar of condensed milk and eaten
the half of it, Slavik thought that it would be nice to cook the rest. Having
dipped the jar into boiling water, Slavik noticed that the jar was immersed in
water for 5/6 of its volume. Time has passed but the milk hasn’t turned dark,
so Slavik has eaten a quarter more of the milk in the jar. Now the jar started
floating being immersed in water on its half only.

[8] How much did the full jar weigh provided its volume is 300 ml? Give the answer of the mass
in kilos rounded to hundredths.

Remark. Consider that the jar is thin-walled. (T. Andreeva)
Answer: 0.45.

Solution. The density of condensed milk is pcy, the density of water is pw, the empty jar weighs
m, its volume is V. The jar is thin-walled so their inside and outside volumes are almost equal.
Considering that when in water, initially the jar was half full and later only quarter full, we write
the law of Archimedes:

1 5
mg+ =-pemVg = =-pwVy,

2 6
1 1
mg + 1 pemV g = 5 pwVg.
Subtract the lower equation from the upper equation:
1 1
1 “pemV g = 3 pwVg.
Therefore, the density of condensed milk is

4 kg
POM = 30 PW = 1330 5
From the first equation to the law of Archimedes we find out, that

) 1 1

— 2. | 7 V==. 1%
m 6 W 5 PCM 6 pwV,

and the full jar weighs
1
M = PCMV + 6 . pwV = 0.45 kg.

Criteria. If the given answer is correct but rounded to tenths («0.5»), it costs 1 point.



8.7. (2 points)  Three cylindrical communicating vessels in the form of o
the cyrillic letter «III» are filled with oil of 900 kg/m? density and are shut with ¢ \! u%u_r
weightless thin pistons. The cross section of each of the vessels makes 60 cm?. A = LJ
weight of 600 g is being placed over the piston that shuts the middle vessel. e

[9] What height (in relation to their initial level) will the side pistons rise at after this? Give the
answer in millimeters, rounded to integers.

Remark. The friction of the pistons over the vessel walls should be neglected. (S. Starovoytov)
Answer: 37.

Solution. The pressure under the piston in the middle vessel makes P;q = mg/s, where m is the
mass of the weight. The pressure of the side pistons at the same height is Pegge = pg(h + x), where
h is the depth at which the middle piston goes down, x is the height at which the side pistons will

rise. From the equality of the pressures we get

myg
~ pg(h+ ).

Besides, the liquid squeezed from the middle vessel will go to the side ones. Therefore, h = 2zx.
Substitute it to the equation and getting out x, we have

T = = 37 mm.

m
3pS
Criteria. The wrong answers «36» and «74» cost 1 point each.

8.8. (4 points)  Mother took her baby to the river shore. The sun
heated the stones by the shore up to 40°C, but the water remained cold (18°C).
To bathe the baby, mother got 5 L of water into a small bucket and started
heating it by placing the stones in the bucket. Not to spill the water over, she
put only one stone in the bucket and then waited until the temperatures of
water and a stone equalized. Then she took the stone out and placed in a new one.

[10] How much will the temperature of water be after the fourth stone is out of it?
[11] Up to what temperature could the water heat up if all the four stones had been possible to be
placed in it at once?
Give both answers in degrees Celsius, rounded to integers (but only round up the final results). The
mass of each stone is 2.8 kg, the heat capacity of them is 900 kg%w and the specific heat capacity of
water is 4.2 . (T. Andreeva)
g
Answers: [10] 26°C. [11] 25°C.
Solution [10]. Let’s determine the water temperature ¢, before removing the first stone:
Vet t 21-18 +100.8

prctw +merty i — 20.36°C,

pVe+ mep 23.52
where m is the mass of the stone, V' is the volume of water, ¢ is the specific heat of water, cp is

the specific heat of the stone, tr is the temperature of the stone, p is the density of water. We can

pVC(tl — tw) = mcF(tF — tl) = tl =

determine the water temperatures before removing other stones the same way:

2" stone:  pVe(ty —ty) = mep(te —ty) =ty = Vet me 5359 = 22.46°C,
3" stone:  pVe(ts —ty) = mep(tp —t3) = t3 = ngiinw:iztl: ELE 22;;6.35—; 1008 _ 24.34°C,
4™ stone:  pVe(ty —t3) = mep(tp —ty) =ty = p‘;ﬁiizth = 21 242?5_; 100.8 ~ 26°C.
Solution [11]. Determine the temperature of the water ¢; when submerging all 4 stones:
pVelth — tw) = dmep(te — 1) = th=" ‘;?Zijggf _2b 185.3‘8' 1008 _ 95°c

Criteria. The right answer in question [10] costs 3 points, incorrectly rounded answers «25°C» and
«27°C» cost 1 point. Question [11] costs 1 point.



8.9. (3 points)  The initial temperature of water of 20°C in the boiler
of the steam locomotive is heated up until it boils and evaporates. And then
it is heated up to 300°C in the superheater. Superheated vapor goes into the
steam engine the efficiency of which makes 30%.

[12] How much is the power of the steam engine, provided its water consump-
tion is 7.2 m®/h? Give the answer in MW, rounded to integers.

Remark. The specific heat capacity of water is 4.2 kg—.JK, the specific heat of water vaporization is
2.3 MJ /kg, the average heat capacity of water vapor in the range 100-300°C is 4.2 kl;—_JK.
(T. Andreeva)
Answer: 2.
Solution. According to the definition of efficiency
o POut
- PIn .

Calculate the spent power:

po_ Qmn B pVe(ty —to) + pVr + psVses(ts — tr)
In — —— — .
t t

Here c is the specific heat of water, cg is the specific heat of steam, V' is the volume of water, p is
the density of water, tr is the boiling point, tg is the temperature of the steam, Vg is the volume of
the steam, pg is the density of the steam.

Taking into account that Vsps = Vp, calculate the useful power:

\%4
POut:T:np‘?'(C(tF—to)—FT—l-Cs(ts—tF))ZQMW.

Criteria. If the given answer is correct but rounded to tenths («2.1»), it costs 2 points.
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