Mexynapojnas pusndeckas OJTUMITHAIA
«@opmyna Equncreay / «Tperbe Thicsdenernes
2022-2023 yuebubrit rog. OTOOPOUHBIN STAIT

Pemienns 3agau a1 9 Kijaacca

9.1. (3 6amma)  Iloesn, ormpasusimiics ¢ Bok3asa Kunre-Kpoce,
1/8 wacTh myTH mpOMIET CO CKOPOCThIO v = 52 KM/4. CpejHsis CKOPOCTh
Hoes/la Ha BCEM IIyTH OKa3asach paBHoil (v) = 34 km/d.

[1] C kakoit mocTosgHHON CKOPOCTBIO TI0€3/] JBUTAJICS HA OCTaBIIeHCs da-
CTU IyTH, €CJM M3BeCTHO, 4To 1/10 4YacTh BCEro BpEMEHH JIBHIKE-
HUSI [10€3]1 CTOsiJI, POIyCcKasi sKcrpecce n3 Xorsaprca? Orser jaiite
B KM/, OKPYIVIUB JI0 JECATHIX. (T. A. Andpeesa)

OtBerT: 36,4.

Peirenne. CyMM&pHOG BpeMd IIYTU CKJIaAbIBa€TCd U3 BpEeMEHU JIBUZKEHNA CO CKOPOCTbIO U1 OXKH/1a-

HUuA 1 IBUZKEHUA CO CKOPOCTBLIO U3:
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Kpurepun. Orser, okpyriaénubiii 10 1esbix («36»), onenuBaercs B 1 6amt. OTeeTsl ¢ omubKol B

JIECATYIO JIOJIIO, BBI3BAHHON OKpyryieHusMu («36,3» u «36,5» ), onenuatorcs B 2 6asuia. [IpaBuibHbIii

OTBET, OKPYIJIEHHBIN JI0 cOTBIX («36,36» ), OleHMBAETCsI B MOJIHBINA AL,

9.2. (3 6ama)  I'pys maccoit M = 10 Kr HOJHUMAIOT, UCIIOIB3YsI CHCTEMY
6JIOKOB, TTOKa3aHHYIO Ha pucyHke. K Kanaty B TedeHne 2 ¢ NPUKJ/IA/IBIBAINA [TOCTOSH-
nyto cury 50 H, morom kanaT cirydaitHO OTIYCTHIA M CMOTJIA TIOUMATh TOJIBKO CITYCTS
4 ¢, mocJie 9ero moHaI00MIOCH eIé H ¢, YTOObI, MPUKJ/IAIbIBagd Ty K€ CUJIy, BCE-TaKu
[IOJIHATH TPY3 HA HEOOXOIUMYIO BBICOTY.

[2] Ha kakywo BbICOTY OBLI HOJHAT I'PY3 OT €ro HaYaJbLHOTO mosiokeHusa? OTser
JaiTe B MeTpax.

3ameuanue. Tpennem B 06JI0KaX U CONPOTHBIEHNEM BO3/yxXa IpeHeOpernte, OJIOKH

cUYUTAlTe HEBECOMBIMU, HUTU — JIETKUME U HEPACTSIKUMBIMU, YIaCTKU HUTEH, He Jie-

JKarme Ha 6JI0KaxX — BEPTUKAJIBHBIMU. YCKOpPeHUe CBOOOTHOTO T IeHUS CUUTANTE PaB-

ubiv 10 m/c?. (M. A. Kpynuna)
OtBer: 45.

F

Pemenne. 3anumem YpaBHEHUA JIBU2KCHHSA TeJla U 6JIOKOB, YIUTbIBad 9TO UX MaCCbl paBHBI HYJIIO

1 CHJIbI HaTA>KEHUA B KaX(,HOﬁ HHUTH ITIOCTOAHHBI:

Ma =Ty — Mg,
T, = 215,
T, = 2713,

T3 =F

(3mech Ty — cuiia HATSXKeHUsI B TPaBoil HuTH, T3 — Cujla HaTsXKeHus B JieBoil HuTH). [Ipeobpasyem



1 HafiJIéEM yCKOpeHHue:

F 20 M
Ma=4F — M = =4-——g=4-——-10=10 —.
¢ g M YT 0 2
OrnpeiesuM BBICOTY IO IbEMA U CKOPOCTb B KOHIIE TIEPBBIX JIBYX CEKYH/I:
at?  10-4
T = 7 = T =20 M,

M
v = Cbtl =20 —.
C
OHpeﬂeﬂI/IM BBICOTY HOZ[”béMa 1 CKOPOCTbB IIOCJIE CJIEIYIOIINX 4 CEKYH/I:

gts 10 - 16
$2:$1+U1t2—7:20+204—TZQOM,

M
02:U1—9t2:20—10'4:—20—.
C

OHpe,ILeJH/IM KOHEYHYIO BBICOTY HO,IL’béMaI

t2 10- 25
x3=x2+02t3+%:20—20-5+T=45M.

Kputepuu. Heepunlit oTBeT «44», BHI3BAHHBIN OMMOKOI OKPYTJIEHUsI, OIIEHUBAETCA B 2 OaJjia.

9.3. (3 Gasta) Jletn kararorcs Ha cankax. AHjapeil TamuT canku ¢ Mameit 3a BepéBKy
oy, yriioM « = 30° kK ropmzonty, a Ilers Toskaer Takme ke camku c¢ Jlameii, HampaBigsa Cuiy
F5 = 140 H Bau3 nox yriaom o = 30° K TOPU30HTY.

[8] Kaxkyto cury F| moikeH mpukiaabiBarh AHJpeii, 9TOObI JI€BOYKH JBUTAJINCH C OJMHAKOBBIM
yckoperuem? Otset jaiite B HpioTonax, OKpyriiuB 0 MesbIX.

Macca Mammu Bmecte ¢ cankamu my = 40 Kr, Mmacca /lamm BMecTe ¢ canKaMu mg = 35 KI. YCKOpeHue
cBoGoIHOTO TajieHus cunTafite pasabiM 10 M/c?. Koaddunuent tpenus p = 0,20.

(M. A. Kpynuna, C. A. Cmaposoiimos)
OrtBet: 127.
Pemienne. Paccmorpum neuzkenune canok ¢ Mareii. Bropoit 3akon HpioToHa B IpoeKIusax Ha TOPH-
30HTAJIBHYIO U BEPTUKAJIBHYIO OCH:

Fycosa — Fipy = ma,

Fisina+ Ny = mqg.
Kpowme Toro, Fr,, = u/Ny. Pemag cucremy ypaBHeHuii, HoJLyaum

Fycosa — pmyg + pFi sina = mya. ()

Paccmorpum jiBuzkenune canok c Jlamei:

F;cosa — Fopy = maa,

Fisina+ myg = No,

F

Tpy — IUN 2:
Pemas BTOpyIo cucTeMy, BhIpa3uM yCKOpPEHUE:
. Fycosa — pumog — ks sina‘
may
[MoxcraBum yckopenue B hopmyty (k) u, mocje npeobpa3oBaHuUil, MOy IUM

my(cosa — psin )

Fy,=F,- =127 H.

ma(cos a + psin ar)

Kpurtepuu. Henpasuibabie orBeThl B jmaria3zone ot 120 o 135 onenuBatorcsd B 1 0aJur; oTBeT
«126» onenuBaercs B 2 6asia (KIOPH MIPEJIIOJIArAeT, YTO ONMOKN BBI3BAHBI TOUHOCTHIO BBIYUCIEHUI
TPUTOHOMETPUYIECKUX (PYHKITHIA).



9.4. (3 basmma)  lea Masaii ciacaet 7 3aiilieB B BeCEHHEe TI0-
J0Bojibe. Vcrryranuble 3aiilibl CHJIAT Ha KOPMe JIOJIKH, a Jiej Maszait cro-
ut Ha Hocy. /lmmna sogkm — 3,4 M, macca — 110 kr. Macca neymkn
B Tynyne — 90 Kr.

Henaneko ot 6epera Jiojika octanoBuiach, Mazail 1 3aii1ibl HOMEHSINCD
MeCTaMM: JIe/IyIIKa OKasaJscsd Ha KopMe, a 3affllbl Ha Hocy Jojku. B

pesy/braTe JIoJKa MpudIn3uiach K oepery Ha 1 M.

[4] Haiigure cpeanioro mMaccy 3aiina. OTBer jaiiTe B KHIOrpaMMax, OKPYTJIHB JIO JIECSTHIX.

(T. A. Andpeesa)
OtserT: 3.4.
Pemnenne. Ilentp macc cucrembr «Jlonka + Ma3sait + 3aiiiibl» He CMeNmaeTcst IpU TepeIBUKeHNN
Mazas u 3aiineB mo joake. Haiiiém meHTp mMacc cucTteMbl B 000OUX CIydasix OTHOCHTEIBHO KOPMBI

JIOJIKI:
( Mﬂ-é+MMz
= MH+J}/IM—|—nm’
M - 2 + nml
"2 T My + My + nm’

B1eck m — Macca 3aiina, M — macca jtogaku, My — macca Masast, | — anuna joaku. Torma cmerenne
JIOJIKY PABHO

= m=
My + My + nm n(l + Azx)
Kpurepuu. OtBernl B quamnazone ot 3 110 3,8 onenuBaiorcs B 1 0a/ur; oTBeTHI B jinamnal3one 3,3 10

Ax =121 — 29 = = 3.4 Kr.

3,5 orenuBaroTcs B 2 6a/ta (JKIOPU [IPEIIoIaraeT, ITo OMUOKNA BBI3BAHBI TOYHOCTHIO OKPYIJICHHIT).

9.5. (4 6ama)  ToHKOCTEHHBIN IUIMHAPUIECKII CTaKaH, Ha 1/4 HATOJTHEHHBII
KJIEHOBBIM CHPOIIOM, IJIABAET B COCYJIE C BOJIOM, MOIPY3UBIIHCH JI0 cepeuHbL. ToT ke cra-
KaH, HO HAIIOJHEHHBIN Ha 1/2 BOJOI, mIaBaeT B COCYJE ¢ CHPOIIOM, TaKzKe HOTDY3HUBIINCH
JIO0 CE€PEJINHBL.

[5] Kakyro gacrb crakana MOXKHO HAIIOJIHUTH CHPOIIOM, YTOObI OH HE YTOHYJI B Boje?

[6] U kakyio yacTh crakana MOKHO HAIIOJHUTEH CUPOIIOM, YTOOBI OH HE YTOHYJI B cHpOIe?
Oba oTBeTa JaiiTe B BUIE JECATHIHBIX JIPOOEil ¢ OKPYTJIEHHEM JI0 ThICSIHBIX. (T. A. Andpeesa)
Ortsertsi: [5] 0,625. [6] 0,875.

Pemenne [5]. Boimumiem yciioBust paBHOBeCHSI JJIsT CTAKAHA MACCOI m:

JIUIST TIEPBOTO CJIydast: mg+ — - psgV = = - pgV, (9.5.1)

1

4 2
1 1

JIUIST BTOPOTO CJIydast: mg + 5 pgV = 3 P59V, (9.5.2)

rje V — 00béM cTakaHa, g — YCKOPeHHe CBOOOIHOIO TaIeHHs, p — IJIOTHOCTb BOJBI, Ps — IJIOTHOCTD

cuporia. Beranras n3 mepBoro ypaBHEHHS BTOPOE, MOJTydaeM

% psgV = pgV,
p=5p (9.5.3)
pszg‘p:1333 =
[Moncrasiss (9.5.3) B (9.5.1) mam (9.5.2), nmeem
IR



Yrobbl cTakaH C CUDOIIOM HE€ YTOHYJI B BOJIE, HalO, YTOOBI

mg + xpsgV < pgV,

1 4
g PV x5 pgV < pgV,

T.e. He 6osiee 5/8 0bbEMa crakaHa.
Pemntenne [6]. YT0o0bI cTakaH ¢ cupornoM He YTOHYJ B CHPOIE, HAJIO, ITOOBI

mg + xpsgV < psgV,

1
3 psgV + xpsgV < psgV,
7

<L _og875
TN

T.e. me Gosee 7/8 0ObEMa cTakaHa.

Kpurepuu. Oba Borpoca ctosT 110 2 6asiia Kaxkibiit. OTBEThI, OKPYTJIEHHBIE 10 JECATHIX WU COTHIX
(re. «0,6%, «0,62» nmm «0,63» Ha Bompoc [5] u «0,9», «0,87» u «0,88» Ha Bompoc [6]), onenuBarorcs
B 1 Gam.

9.6. (3 basma)  [Ba cryTHHKA JBUZKYTCS 110 KPYTOBBIM OpOMTAM B IIPO-
THUBOIOJIO?KHBIX HallpaBjleHudaX BOKPYT ItaHeThl [lenessaka ¢ jmHeiinbIMU CKOPO-
cravmu v; = b KM/c u vy = 8 kM/c. Pagmyc mranerst pasen R = 17,4 Toic. KM,

yCKOpeHue cBOOOIHOTO HajieHust Ha eé nopepxHoctu ¢ = 14 m/c?,

[7] Haiimure narepBan Bpemenu, Uepe3 KOTOPBIH CIyTHUKU MEPHOIUIECKE COMMKAIOTCA JIPYT C
JIPYrOM Ha MHHHMAJILHOE PacCTOsHUe. Pe3ysbraT BeIpa3uTe B 9acaX, OKPYIJIUB JI0 JICCATHIX.
(M. I1. Kopobros, T. A. Andpeesa)

Ortget: 11,6.
Pernenue. 3amnuiiem cOOTHOIIEHE MEXK Ty TPABUTAIIMOHHON CUJION U CHJION TSXKECTH Ha TIOBEPXHOCTH
ILJTAHETH:
mM
G- = MY = gR?*=GM.
3amnurieM ypaBHEHUS JIBUKEHUs CIIyTHUKOB Ha OpOUTAX:
mM vl GM  gR?
G —=m-— = n=-—5="5,
mM v3 GM  gR?
G- 5 = m - — = o = 5 = T3

B MoMenT HamboabIero cOIM>KeHnA (HOCJIe Hpeabmymero) CIIYTHHUKH «Ha JIBOUX» OIIUIIYT yI'OJI 2T

v (
I = Wit + wot = — -t + —= - 1,

™ T2
IJIe Wy M Wy — YIJIOBbIE CKOPOCTH CITyTHUKOB.
[Tocsie ojicTaHOBKY U TTPe0OPA30BAHUI TTOJTY IUM
2w g R?
t = ———5 = 11,6 uaca.
vy + vy

Kpurepun. Otser, oKpyréHHBIH 10 11e71010 («125 ), orneHuBaercst B 2 GaJuia.

9.7. (4 6anmsa)  Pura m Mapycsa cBapuim 2 JuTpa KITIOKBEH-
Horo mopca. Jlo mpuxoja rocreit ocTaBajgoch COBCEM HEMHOIO BPEMEHH,
a Mopc Bcé emé 661 TémibiM (40°C). [JeBouku XoTe/u OXJIaJuTh ero mo-
OpicTpee ¢ moMoIbio 20 MIaCTMACCOBBIX MIAPUKOB €O JbJoM (—20°C), Ho
ITOCTIOPUJIN U PA3/Ie/IMIN MOPC U IMapuKu Mezk 1y coboit nmoposny. Pura
HOJIOZKUJIa Cpa3y BCe Mapuku B Mopc, a Mapycst pasimia Mopc B JBa

O/IMHaKOBbBIX KYBHIMHa W IIOJIO2KHJIa MapUKW B OAWH U3 HUX, IIOJ02K1aJIa,



MIOMEINBasi MOPC, TIOKa TEMIIEPATYPhI MAPUKOB U MOPCA CPABHSIIOTCS, U TEPEJIOXKIUIA UX BO BTOPOI

KyBinH. Korja remiepaTypbl CHOBA CPaBHSIUCH, Mapycs cjinjia MOPC B OJIMH OOJIBINOM KYBIINH.

[8] Ueit mopc okazascs B urore xosonuee? B orBere ykaxkure 6ykBy P, eciu y Purel, wim M,
ecau y Mapycu.

[9] Ha ckosnbko rpajycoB Mope okaszascs xosoaaee? OTBeT OKPYIJIUTE J0 MEIbIX.

Macca sibsia B ojgHoM mapuke — 20 rpaMMOB.

Tk
kr-K?

2,0 %, yZeIbHas TEeIIoTa IiaBienus ibaa — 340 kJIx/Kr. (T. A. Andpeesa)
Orsersr: [8] M. [9] 2.

Pemenne. 3anumem YpaBHEHUA TEIJIOBOI'O PpaBHOBECUA JIA MaHI/IHyﬂHILI/Iﬁ Purwr:

Bameuanue. YejbHas TEIJIOEMKOCTh BOJbI (1 Mopca) — 4,2 yJeJIbHAS TEILIOEMKOCTD JIba —

p.%.c(tl_tglzma):g,mcﬂ(o_tﬂ)_i_g.m)\+%,mc(t§yna_o)7

rJe ¢ — yJeJabHas TeIJIOEMKOCTD BOJIbI, p — IJIOTHOCTH BOJIBI, V' — 00BEM BOJIBI, M — Macca IapuKa
JbJa, N — KOJIMYECTBO IIAPUKOB, t; — Hada/JbHasg TeMIepaTypa JibJla, A — yIAeJIbHas TeIIoTa
IJIaBJEHUS JibJla, t1 — HadajJbHas TeMIlepaTypa Mopca, ¢y — Yy/eJbHas TEILIOEMKOCTD JIbJA.

Torma
pura _ PVl = Nm(cn(0 —tn) +A) 184 .
ty " = = ~ 18°C.
pVe+ Nme 10,08

AHaJIOrTIHO HAIUIIEM YpaBHEHUsI TEILJIOBOI'O paBHOBecHs st MaHumysannii Mapycu. st mepporo

KyBHOINHA:

V N N N
p-z-c(tl—té):E-mcn(()—tﬂ)+5-m)\+5-mc(té—O),

~cty — Nm(ep(0 —tn) + A) 16
5,88

p .

ol <

ty = =2,72°C.

Vv
p-E-c—I—ch

J11st BTOpOro KyBIIIKHA:

%4

1% N
pr—-clti—t3) == -me(t;—t;) = t5= = 29,35°C.
4 2 % 1,4
P E + Nm
JJId TPpEeThero KyBIIMHa
V V tl t2
prp 3 =BT = o (B 1) = B = % ~ 16°C.

Takum obpazom, y Mapycu Mopc okaxKkercst xosoaree Ha 18 — 16 = 2°C.
Kpurepun. O6a Borpoca croar 1o 2 6asuia kaxeii. Orser Ha Bompoc [9], okpyriénubiit e 10
esioro (Hampumep, «2,1» ), OleHUBaeTCs B TOJIHBIH OaJuL.

9.8. (2 6anmura) B komte mapososa Bozja ¢ HadasbHOI Temmeparypoii 20°C moBouTes 10
KUIIEHNUsI, NCIIapsieTcst U B maporeperpesarese Harpesaercs ;10 300°C. Ileperpersrit map nmocrynaer B
ApPOBYIO MAINKMHY, KO3(MMUIMEHT IT0JIe3HOro JeiicTBus KoTopoii pasen 30%.

[10] Yemy paBma mommocTh mapoBoil MaIMHBL, ec/im pacxoj BoAbl pasen 7,2 m>/4? Orser maiire

B MBT, okpyriuB J10 mesbIx.
kJIx

yJleJIbHas TeIUIoTa Mapoodpa30BaHus BO-

kr-K’?
Jel — 2,3 MJIk/Kr, cpesiHsist TEmI0EMKOCTh BOJgHOrO mapa B juanasone 100-300°C pasha 4,2 I}f—fg

(T. A. Andpeesa)

3ameuaHwme. YjeibHasg TEIIOEMKOCTb BOJILI — 4,2

Otser: 2.
Pentenmne. [lo onpesenenuio koadduimenTa 1moJie3H0ro0 JeiicTBusd,
P

77—?3-



Brerancimm «3aTpPavdY€HHYI0» MOITHOCTD:

P3 _ % _ pVC(tK — to) -+ ,OVT -+ pHVHcH(tH — tK)
t t ’

3/1ech ¢ — yreabHas TEIIOEMKOCTD BOJIBI, €] — Y/eIbHas TEIJI0EMKOCTh mapa, V' — 00bEeM BOJIBI, p —

IJIOTHOCTH BOJIbI, tx — TeMmIleparypa KulleHus, tp — Temueparypa napa, Vi — o0béM napa, prp —
IJIOTHOCTH TTapa.
YuutsiBas, 9to Vippn = V p, BBIYUCIAM TIOJIE3HYIO MOITHOCTb:

>
PH: UT% = ,0? (C(tK—t0)+T+CH(tH—tK)) = 2 MBr.
Kpurepuu. OKpyri€HHbBII JI0 JeCATHIX J0Jeil oTBeT «2,1» oreHmBaercs B 2 Haia.
9.9. (3 6ama)  Illecth pe3smcTopoB COMPOTHB-
geanayu Ry =1 0w, Ry = 2 Om, R3 = 3 Om, Ry = 4 Owm, Ry =2 Ou

Rs =5 OMmu Rg = 6 OM coenHeHbl IIOCIEI0BATEILHO U
SaMKHyTbI KOJIBIIOM. K JABYM KOHTaKTaM HOﬂquBﬂleﬁCﬂ
ey (IEpHBIE TOUYKH HA PUCYHKE) TTOK/IFOUIIN HCTOTHIK
IIOCTOAHHOI'O HaHpH)KeHI/IH Ta,K, 9To COHpOTI/IB.HeHI/Ie memnm

MEXKAY 3TUMU KOHTaKTaMl MaKCUMAaJIbHO. HaHpH}KeHI/Ie

Rs =5 Om

ucrounuka U = 36 B.

[11] Haiigure mormpocts Ps, Bbiessitontytocs Ha pesuctope R3. Oreer npuseaure B Br, okpyrius
JI0 TEJIBIX. (C. A. Cmaposotimos)

OtserT: 39.

Pemmenune. Mex iy 1000it Tapoii KOHTAKTOB UMeeM JBe MapaJsiiebHble BeTBU pe3nucTopoB. Corpo-

TUBJICHUE TAKOW CXEMDbI

RIRH
R; + RH.

[Tpu 1060M HOJKIIIOYEHUN CyMMa COIPOTUBJIeHNi 0benx BeTseil ounakosa (21 Om). [Ipoussenenue

Ro6m =

MakcumaabHO i ciaydas 10 - 11 = 110. ITostomy conmpoTnBienue Bceil cxeMbl MaKCUMAaJIbHO IIPU
MOJIK/IIOYEHNN K TaKOil Iape KOHTAKTOB, KOTJIa B OJIHON BETBU CTOAT IIOCJIE/IOBATEIHHO PE3UCTOPHI
10OMm+2Om+ 3 Om+4 Om = 10 Owm, a B apyroit BerBu — pesuctopbl 5 Om 4+ 6 Om = 11 Owm.
Tok B 1epBoii BeTBU:

U 36

Riyg34 10
MoIHOCTh, BBIJEAIONIAACT Ha TPETheM PEe3UCTOPE:

Py = I},3,R3 = 3,6* - 3 = 38,88 ~ 39 Br.

Kpurepun. Heokpyruiénnsrit orBer (Hampumep, «38,88») OleHHBAETCSI B MOTHBINA OaJLI.

= 3,6 A.

11234 =



International Physics Olympiad
«Formula of Unity» / «The Third Millennium»
Year 2022/2023. Qualifying round

Solutions of the problems for R9

9.1. (3 points)  The train that started from Kings Cross railway
station has travelled 1/8 of its way at the speed of v; = 52 km/h. The
average velocity of the train on its whole way has made (v) = 34 km/h.

[1] At what speed has the train made the rest of its way if we know that
1/10 of the whole time it took him to make its way the train has been

stopped to let the Hogwarts Express go? Give the answer in km/h,
rounded to tenths. (T. Andreeva)
Answer: 36.4.
Solution. The total travel time is the sum of the time of movement at the speed v; of waiting and

movement at speed vs:

10 87}1 10 81)3 72’01 721)3
From the definition of average speed:
<U> _ § _ S _ S _ 72U1U3
t 108 N 0s s (E N E) 10vs + 700y’
72’[)1 72?)3 72 U1 U3
_ Ol gy ko
7201 — 10(0) h
Criteria. The right answer rounded to integers («36») costs 1 point; rounded to hundreds («36.36»)

U3

costs 3 points. Answers with a tenth of an error («36.3» and «36.5») cost 2 points.

9.2. (3 points)  The load of M = 10 kg in mass has been lifted using the
block system shown in the picture. The constant force of 50 N has been applied to
the tightrope within 2 sec and then the tightrope has been dropped by accident and
it could only get back under control 4 sec later. It afterwards took 5 sec more to get
the load to the necessary level with the same force applied.

[2] At what level has the load been lifted from its initial position? Give the answer

in meters.

Remark. Neglect the friction of pulleys and air resistance. Consider the pulleys as

weightless, the ropes as light and inextensible, and the parts of ropes that are free of F

pulleys positioned vertically. Consider the acceleration of gravity to be 10 m/sec?.
(M. Krupina)

Answer: 45.

Solution. The equations of motion of the body and blocks, considering that their masses are equal

to zero and the tension forces in each thread are constant:

(Ma =T, — Mgy,
T, = 2T,
T, = 275,

(I3 =F

(here Ty is the tension force in the right thread, T3 is the tension force in the left thread). Transform



and find the acceleration:

F 50 m
Ma=4F — M =4-— —g=4-——-10=10 —.
¢ g = ¢ MY 10 0 0 sec?
The height level and speed at the end of the first two seconds:
at? 104
I = 7 = T = 20 m,
m
v = at1 =20 —.
sec

The height level and speed after next 4 seconds:
gt 10-1
) :$1+U1t2—7:20+204—7220 m,
m
ngvl—gt2:20—10'42—20 —_—.

sec
therefore, the final height level:

12 10 - 25
$3:$2+v2t3+%:20—20-5+T:45m.

Criteria. Incorrectly rounded answer «44» costs 2 points.

9.3. (3 points) The kids are sledging. Andrew is pulling the sledge with Mary by the
rope at the angle o = 30° to the horizon while Pete is pushing the same kind of sledge with Daria
on it directing the force of F;, = 140 N downwards at the angle a = 30° to the horizon.

[8] What force F; should Adrew apply so that the girls moved with the same acceleration? Give
the answer in Newtons, rounded to integers.
The mass of Mary together with her sledge makes m; = 40 kg, Daria weighs ms = 35 kg together
with her sledge. Consider the acceleration of gravity to be 10 m/sec?. Friction coefficient is u = 0.20.
(M. Krupina, S. Starovoytov)
Answer: 127.
Solution. The movement of the sledge with Mary. Newton’s second law in projections on the
horizontal and vertical axes:
Fycosa — Iy = mya,
Fisina+ Ny = mqg.
Besides, Fi.; = puN;. Solving the system of equations, we get
Fycosa — pmyg + pFi sina = mya. ()
The movement of the sledge with Daria:
Fycosa — Fig = maa,
Fisina+mig = N,
Fho = pNs.

When solving the second system, we express the acceleration:
_ Fycosa— pmag — plssina

mo
Substitute the acceleration into formula (%) and after transformations we get

my(cosa — psina) 197 N

F=F.
! " may(cos o+ psina)

Criteria. Incorrect answers from 120 to 135 cost 1 point, except for the answer «126», which costs
2 points (the jury assumes that these errors are caused by incorrect roundings of the trigonometric
values).



9.4. (3 points)  Grandpa Mazai is saving seven hares in the
spring floods. Frightened hares are sitting at the stern of the boat,
and grandpa Mazai is standing on the bow. The boat is 3.4 m long
and weighs 110 kg. The mass of grandpa in his sheepskin coat makes
90 kg.

Not far from the land, the boat stops and Mazai and the hares change

their places: grandpa gats to the stern, and the hares get to the bow
of the boat. As a result, the boat approaches the land by 1 m.

[4] Find out the average weight of a hare. Give the answer in kilos, rounded to tenths.

(T. Andreeva)
Answer: 3.4.
Solution. The center of mass of the system «Boat + Mazai+ Hares» does not shift when Mazai and
hares move around the boat. Let us find the center of mass of the system in both cases relative to
the stern of the boat:

( MB~é+MMl

= MB+J}/[M+nm’
MB-§+nml

\x2: Mg + My + nm’

Here m is the hare’s weight, Mg is the mass of the boat, M) is the Mazai’s weight, [ is the length
of the boat. Then, the shift of the boat makes

Myl — nml o o Myl — Ax(My + M)
Mg + My + nm n(l + Ax)
Criteria. All wrong answers from 3 to 3,8 cost 1 point, between 3,3 and 3,5 — 2 points (the jury

Ar =21 — 29 = = 3.4 kg.

assumes that these errors are caused by incorrect roundings).

9.5. (4 points) A thin-walled cylindrical glass filled with maple syrup to its
quarter (1/4) is floating in a vessel of water, being immersed to its middle. The same
glass, but filled with water to its half (1/2), is floating in a vessel with syrup, also being

immersed to its middle.
[5] What part of the glass can be filled with syrup so that it does not sink in water?

[6] And what part of the glass can be filled with syrup so that it does not sink in syrup?
Give answers as decimals, rounded to thousandths. (T. Andreeva)
Answers: [5] 0.625. [6] 0.875.

Solution [5]. Balance conditions for a glass of mass m:

1
in the 15 case: mg+ — - psgV = = - pgV, (9.5.1)

4
1
in the 2" case: mg + 3 pgV = = psqgV, (9.5.2)

where V' is the volume of the glass, g is the free fall acceleration, p is the density of water, pg is the

N =N

density of the syrup. By subtracting the second from the first equation we get

3
1 psgV = pgV,
4
4 kg
= —.p=1333 =,
Ps 3 p 3



Substituting (9.5.3) in (9.5.1) or (9.5.2), we get

1 1
In order the glass of syrup doesn’t sink in water there has to be

mg + xpsgV < pgV,

1 4
g-ng+w-§-ng<ng7

T < g = 0.625.
So no more that 5/8 of the glass volume.
Solution [6]. In order the glass of syrup doesn’t sink in syrup there has to be
mg + xpsgV’ < psgV,

1
3 psgV + xpsgV < psgV,

x < g = 0.875.
So no more that 7/8 of the glass volume.
Criteria. Both questions cost 2 points each. The answers, rounded to tenths or hundreds («0.6»,
«0.62» and «0.63» for the question [5] and «0,9», «0.87» and «0.88» for the question [6]), cost 1
point.

9.6. (3 points)  Two satellites move in circular orbits in opposite direc-
tions around some planet with linear velocities v; = 5 km/sec and vy = 8 km/sec.
The radius of the planet equals R = 17.4 thousand km and the acceleration of free

fall on its surface makes g = 14 m/sec?.

[7] Find out the time interval within which the satellites periodically approach each other at a
minimum distance. Give your answer in hours, rounded to tenths.
(M. Korobkov, T. Andreeva)

Answer: 11.6.
Solution. The correlation between the gravitational force and the force of gravity on the surface of
the planet:
mM
G- e =mg = gR*>=GM.

The equations of motion of satellites in orbits:

mM v? GM R?

G lr=me s ==t
mM v3 GM R?

At the moment of closest approach (after the previous one), the two satellites together will outline
the angle 27:

v v
2T = w1t + wet = —1~t+—2-t,
™ ()
where w; and wy are the satellites’ angle velocities.
After the substitution and transformations we get
2mgR?
t=— g 3 = 11.6 hours.
vy + U5

Criteria. The right answer, rounded to integers («12»), costs 2 points.



9.7. (4 points) Ruth and Mary cooked 2 liters of cranberry
juice. There was very little time left before the arrival of the guests, and
the fruit drink was still warm (40°C). The girls wanted to cool it down
quickly with the help of 20 plastic balls filled with ice (—20°C), but then
they argued and divided the fruit drink and the balls equally between
themselves. Ruth put all the balls into the fruit drink at once, and Mary

poured her fruit drink into two identical jugs and put the balls into one

of them, then waited, stirring the fruit drink, until the temperatures of the balls and the fruit drink

got equal, and then replaced the balls to the second jug. When the temperatures equalized again,

Mary poured the drink into one large jug.

[8] Whose drink turned out to be colder in the end? Put either the letter R if Ruth’s drink is
colder, or M if otherwise.

[9] By how many degrees that drink turned out to be colder? Round your answer to integers.

The mass of ice in a ball is 20 g.

Remark. The specific heat capacity of water (and the fruit drink) is 4.2 kg%K, the specific heat

capacity of ice is 2.0 kg%K, and the specific heat of fusion of ice is 340 kJ/kg. (T. Andreeva)

Answers: [8] M. [9] 2.
Solution. The equations of thermal equilibrium for Ruth’s actions:

14 Ruth N N N Ruth
pr—=-c(ti—t ):E-mcI(O—tI)qL—-m)\—i——-mc(t2 -0),

2 2 2
where ¢ is specific heat capacity of water, p is density of water, V' is water volume, m is the ball

of ice weight, N is the number of balls, #; is the initial ice temperature, A is the specific heat of ice
melting, ¢; is the initial fruit juice temperature, ¢; is the specific heat capacity of ice.

Then

ruth PVttt — Nm(ci(0 —t1) + A) 184 o
pVe+ Nme 10.08

Now the equations of thermal equilibrium for Mary’s actions. For the first jug:

V N N N
p'z-c(tl—té):5~mcI(O—t1)+§~m/\+5-mc(t%—O),

V
p-—-cty — Nm(cr(0—t1) + ) 16

th=—2 — = 272°C.
2 5.88

V
p-E-chch

For the second jug:

v t, + Nmtk
174 N pPr5 Mty 41.09
prp el —B) =5 me(B3—t) = 1= 2 = = 29.35°C.

y
4 oY 4 N 1.4

For the third jug:

ty + 8 ~ 16°C

P % ety — ™) =p- % co(B)Y gy = My =
Therefore, in the end Mary’s juice is colder by 18 — 16 = 2°C.
Criteria. Both questions cost 2 points each. The right answer for the question [9], not rounded to
integers (e.g. «2.1»), costs 2 points.

9.8. (2 points)  The initial temperature of water of 20°C in the boiler of the steam locomo-
tive 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%.

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



kJ
kg- K’

2.3 MJ /kg, the average heat capacity of water vapor in the range 100-300°C is 4.2 klg‘—j]K.
(T. Andreeva)

Remark. The specific heat capacity of water is 4.2 the specific heat of water vaporization is

Answer: 2.

Solution. According to the definition of efficiency
POut

PIn.

7] g
Calculate the spent power:

P Qu _ pVeltr —to) + pV1r + psVscs(ts — tr)
In — —, — .
t t

Here ¢ 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, tg 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:

n 4
FPous = ncfl =np (c(tp —to) + 1+ cs(ts — tr)) = 2 MW.

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

9.9. (3 points)  Six resistors By = 1 Q, Ry =
:2Q,R3:BQ,R4:4Q,R5:5QandR6:6Q

are connected in series one by one and are closed in a

Ry =2Q

Ry =14Q Ry =3Q

ring. A constant voltage source was connected to two

contacts of the circuit (black dots in the picture) so that 7
. o . Rg = 6 Ry =14 Q

the resistance of the circuit between these contacts is at

maximum. The source voltage is U = 36 V. Rs =5 Q

[11] Find out the power P; produced in the resistor R3. Give the answer in watts, rounded to
integers. (S. Starovoytov)

Answer: 39.

Solution. Between any pair of contacts we have two parallel branches of resistors. The resistance

of such a circuit makes

RI RII

With any connection, the sum of the resistances of both branches is the same (21 Q). Product is at

Rtotal =

maximum for the case 10-11 = 110. Therefore, the resistance of the entire circuit is maximum being
connected to such a pair of contacts when resistors are in series in one branch: 1 Q +2 Q + 3 Q +
+4 Q=10 €, and in the other branch — resistors 5 2 +6 2 = 11 €.

The current in the first branch:
U 36

= — =236A.
Rigsq 10

T34 =
Power dissipated in the third resistor:
Py =17, R3 =3.6"-3=3888~39W.

Criteria. The right answer, not rounded to integers (e.g. «38.88»), costs 2 points.



[6] Find out the time interval within which the satellites periodically approach each other at a
minimum distance. Give your answer in hours, rounded to tenths.
(M. Korobkov, T. Andreeva)

Answer: 11.6.
Solution. The correlation between the gravitational force and the force of gravity on the surface of
the planet:
mM
G- =M = gR?=GM.
The equations of motion of satellites in orbits:
mM v? GM R?
G- 5 =m: -1 = r = 5 = 9—2,
mM V3 GM R?
G . 3 =m - _2 :> 7’2 g 5 et —g 5

At the moment of closest approach (after the previous one), the two satellites together will outline

the angle 27:
U1 V2
2 =wit +wet = — -t + —
8] )

-t

where w; and wy are the satellites’” angle velocities.
After the substitution and transformations we get
27 g R?
b= v} + vl
1 2

Criteria. The right answer, rounded to integers («12»), costs 2 points.

= 11.6 hours.

10.7. (3 points) The figure shows a cycle carried out with a p

monatomic ideal gas. it is known that the efficiency of the Carnot cycle carried — Pof------ 2 3
out in the same temperature range is 64%, and with isobaric expansion the
volume of the gas increases by 2 times. P 1

if----------- ]

[7] Find out the efficiency of the cycle. Give the answer in percentages with i

an accuracy of tenths. (S. Starovoytov) Vi
Answer: 4.8.

)
S -_——
<<wv

Solution. From the formula for the efficiency of the Carnot cycle, we determine the temperature
ratio:

R =1 =0.36
TCarnot T3 TCarnot T3 -9V,

where T} and T3 are the temperatures at points 1 and 3.
The useful work obtained in the cycle is equal to the area inside the cycle, that is, the area of the
triangle:

1 vR (T
Weye = 5 Va(Pe = P1) = — <§ - T1> .

Here the equations of state at points 1 and 3 and the ratio of volumes at these points are taken into
account.
Calculate the work for an isobaric process:

1 1
W23=P2(V3—V1)=P2V1=§'P3V3=§'VRT3-

Here the equation of state at point 3 and the ratios of volumes at points 1 and 3 are taken into
account.
The total change in the internal energy of a monatomic gas in isochoric and isobaric processes:

3
AU13 = 5 : VR(Tg - Tl)
Now determine the total amount of heat supplied in isochoric and isobaric processes:

1
Qrotal = Wag + AU;3 = 5" vR(4T; — 317),



