XXIX Mexaynapoanas oaumnuana «Tyiimaaga». @u3nka
Kpurepuu oneHuBanusi
Muaaamas Jiura

3agaua 1. Hentp Macc 3arpy:kaeMoii miat@opmsi

No Kpurepun bannbl
ABTOpCKOE pelICHUE
1 | B3aumogeiicTBue Mexay miaT(HOpMOil U BBICHITAIOMUMCS IIEOHEM 3
SBJISIETCS BHYTPEHHUM.
2 | HaiineHna 3aBUCMMOCTh KOOPJMHATHI LIEHTPA MACC OT BPEMEHH. 2
3 | HalimeHa ckopocCTh IIEHTpa Macc B 00IIIEM BHUJIEC. 5
4 | Haitnena ckopoCTh IIEHTpa MAacC UCXOJIsS U3 YUCIEHHBIX 3HAUCHUM.

AJIbTEPHATHBHOE pellIeHUe
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3CU:
(1) Mvy, = (M + ut)v orcroaa ciaeayer, uTo v = v M’f#t :

Mvgy t d(ﬂ.t) _ Mv,

(2) y(©) = fyvde="=2 [ 8

maTgopMy 1eOHs (ITyTh TENEKKH).
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M
yo(t) = #t — [IEHTP MACC BBICHIMABIIETOCS HA TIATPOPMY IICOHSI.
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[ToacraBuB, BMeCTO Y, (t) 1 y(t) moaydeHHbIC BRIPAKEHUS, IOTyUaeM:
L
_ Mugt—pt]
(4) x0(t) = "Mt

[Tponuddepennripyem nojiydeHHOE BEIPAXKEHHE 110 BPEMEHU:




__KBL

(5) vy = x46(t) = vy '_(1:%;(2)'
Ne Kpurepun bannbl
1 | 3akon coxpanenue umnyinsca (1). 1
2 | JlnvHa BeICHIABIIETOCs Ha TiaTdopmy meOHs (MyTh TelekKu) (2). 2
3 | ITonoxeHue 11.M. BBICHITIaBIIEerocs meoHs (3). 3
4 | Haitnena ckopocThb I.M. “TiieOeHb+Tenexka” (5). 4
3anaua 2. PackpyunBaHue pe3MHOBOI0 KoOJIbIa
Ne Kpurepuun bambl
1 | OObsicHEHHE CYIIECTBOBAHUSI MAKCUMAJIBHOM CKOPOCTH. 2
2 | IIpaBuibHO clieiaH PUCYHOK C ICHCTBYIOIIMMHE CUJIAMH. 2
3 | Ykazano, uro F;, = S *T. 1
4 | Mcnonb3oBaH BTOpo# 3akoH HbroTOHA 17151 yyacTKa KoJiblla Maccoi 2
m.
5 | YkazaHo, 4To npu MakcuManbHo# ckopoctu N = 0. 1
6 . T 1
[ToydyeHo BbIpakeHHUE /7 MAKCUMAIbHOU CKOPOCTH U = \/;.
[ | IlomyyeH uncaeHHBINA OTBET V = 2 M/C. 1
3anava 3. HeoqHOpPOAHBIH HUJIHHAP
Ne | Kpurepun ‘ bajutel
ABTOpPCKHUI BAPUAHT PELICHUS
1 | Hamucano obmas popmyna KUHETHYECKOM dHEeprun nuiauHapa (3), 11udo 3
anajoruyas ¢popmyna (treopema Kénura).
2 | Vicnonib30BaH 3aKOH COXpaHEHUsI YHEPTHUH. 3
3 | BeiBOJ 3aBUCUMOCTH CKOPOCTH V(X) OCH IIUJIMHJIPA. 2
4 | BpiBOJ MaKCHMAIBHOTO YCKOPEHUS Q. 2
3anaua 4. HarpeBaHue mapukaMu
Ne ‘ Kpurepun ‘ bauisl
ABTOpPCKHUI BapHAHT PEIICHUS
1 | Hammucano ypaBHEHHE TEIJIOBOro OajaHca TPH TMOMENIEHUU TIEPBOTO 1
IIapuKa.
2 | TemmepaTypa TEIIOBOTO paBHOBECHS TTOCIIE MTOMEIIEHHSI IIEPBOTO IIaprKa 1
(hopmyira).
3 | Monyuens! Beipaxkenust: C1(ATh.1 - ATy) = Co(AT, - 0), 2




Gy

AT, = . +C, AT, ;.
4 | Tlomy4yeHO BbIpaKEHUE:
C n
AT, = (—1) - AT,
Ci+ G,
5 | [TomyueHo BeipaxkeHue:
ln(;:;z) _ In2 73
In(1+2) " 11" 77
6 | OGocHOBaH M MOJTY4YeH OTBET: N = 8.
AJbTEpHATUBHOE PELICHUE
1 | Hamucano ypaBHEHHE TEIIOBOrO OajlaHCa NpHU IMOMEUIEHUU TIEPBOTO
HIapuKa.
2 | PaccunTtaHo 3Hau€HUE TEMIIEpaTyphbl TEIUIOBOTO PABHOBECHS IIOCIHE
noMelieHus nepporo mapuka 71 = 25,5 °C = 299 K.
3 | PaccuntaHo 3HaueHHWE TEMIEpPaTypbl TEIUIOBOIO PaBHOBECUS IIOCHE
3aMeHbl nepBoro mapuka BTopeiM 72 = 30,4 °C = 304 K.
4 | PaccuMTaHO 3HAYE€HHUE TEMIIEPATypbl TEIUIOBOTO pPABHOBECUS IIOCIIE
3aMeHbI BToporo mapuka TpetbuM 73 = 35 °C = 308 K.
5 | Paccuntano 3HaueHHWE TeMIeEpaTypbl TEIUIOBOIO pPaBHOBECUS IIOCHE
3aMeHbl TPeThero mapuka 4etBEpThiM T4 = 39 °C = 312 K.
6 | Paccuntano 3HaueHuWe TeMIepaTyphl TEIUIOBOTO PABHOBECHS IOCIHE
3aMeHbI 4eTBEPTOTrO Imapuka nsateiM 75 = 43 °C = 316 K.
7 | PaccuntaHo 3HaueHue TeMIEpaTyphbl TEIJIOBOTO pPAaBHOBECHS TMOCIE
3aMeHBI TIATOTO Tapuka mecthiM T = 46 °C = 319 K.
8 | Paccuntano 3HaueHHWE TeMIeEpaTypbl TEIJIOBOIO PaBHOBECUS IIOCTE
3aMeHbI IIECTOro mapuka ceapbMbiM 77 = 49 °C = 322 K.
9 | Paccuntano 3HaueHWE TEMIIEpaTyphl TEIUIOBOTO PABHOBECHS IOCIHE
3aMEHBI CeIbMOT0 mapuka BocbMbIM T3 = 52 °C = 325 K.
10 | O6ocHOBaH U TOJTyYeH OTBET: N = 8
3anava S. Harpes asiekTpomMocra
No Kpurepun bajuisl
1 | Ucnonb3oBana popmysia CBA3U COMPOTUBICHUS C JJIMHOMN U 0.5
IJIOMIA/IBIO CeUeHUsI MPoBOJIOKH R=p*1/S
2 | [IpaBunbHO 3anucanbl npaBuia Kupxroda nmis 18yX BapuaHTOB 2
CXEM M COCTaBJICHBI YPAaBHEHUS C MTOCJICTYIONTUMHU TOTBITKAMH HX
perieHus (mo 16 3a KaxAyI0 CHCTEMY YpaBHEHU)
3 | Ucnonb3oBaHa uzest TOro, 4TO MPH MaJIOM BPEMEHU TETLIIOBBIX 1

MOTEPh B OKPYKAIOIIYIO CPely HET U BCSI MOIIHOCTD, BhIJIEJsIeMast
Ha pe3ucTope UIET HA ero HarpeB (€CiM ecTh siBHast hopMyJia).




Hcnonp3oBaHa ujest TOro, 4To Mpu OOJBIITNX BPEMEHAaX MOIITHOCTh
TETUIOBBIX OTEPH B OKPYKAIOLIYIO CPEY CPABHUBAETCSA C
MOIIIHOCTBIO, BBIJICTISIEMON Ha pe3rcTope (HyKHa siBHas popmyna).

1.5

®opmyIibl pacueToB U3MeHeHui Temmneparyp (mo 0.560 3a Kaxabii u3
ciydaeB (Maoe u 6ombIioe BpeMs)) (hopmyist (6) u (7) B
pElIeHUN).

[TosrydeHbI OTBETHI I Pa3HOCTH MaKCUMAaTbHOW 1 MUHUMAJIBHOM
temmneparypamu (1o 0.50 3a KaXbIil U3 4-eX CITy4aeB)

(-0.56 ot cymMmBl, eciii oHa He MeHblie 0.50 1 pe3ynbTaThl He
OKpYTJIEHBI 10 11enoro uncia MK).

B xaxmoM 13 MyHKTOB yKa3aHO | JI0Ka3aHO Ha KaKUX PEe3UCTOpax
JOCTUTAIOTCSI MAKCUMAJTLHBIN 1 MUHUMAJIBHBIA TEMITepaTyphlI (110
0.506 3a KaXJblil MYHKT).

3agaya 6. Kocmuueckmnii jayu

Kpurepun

bamsr

3aKOH MpeIOMIICHHS TOHKOM chepruecKoM ciaoe: Sinai/Sindi«1=Njs1/Ni

2

N*sina=const

sina=p/R, T11e p — IPUIIETBHBINA apaMeTp.

n*p=const

OB |WIN|F-

1*H=ng * Pmin,  Pmin= D, no=H/D.

NINININ

3agaya 7. OnHopa3oBas uaeajbHas JHH3A

Kpurepun

bamer

Pucynok: Crienan pucyHOK JIMH3BI, HA KOTOPOM 0003Ha4YeH MTPaBUIIbHBIN

X0/ IByX Jyueid. BeiOpana cuctema koopauHaT. O003HaueHbI

KOOPJAMHATHI TOYKH (TOYEK) BBITYKJIOW MTOBEPXHOCTH JIMH3BI,

0003HaYCHBI MApAMETPhI, BXOAIINE B YCIOBUE 3a/1a49H.
[TosicHeHus:

e bayel 3a pUCYHOK JArOTCS TOJIBKO B TOM CiIydae, €Ciiu OJarofaps
HEMY CTPOUTCS MaTeMaTHIECKast MOJICNb BBITYKJION TTOBEPXHOCTH
JIUH3BI,

e VYyacTHUK aBTOMaTthyecku noiydaet () 0aaioB 1Mo 3TOMY MyHKTY,
€CJIM B €T0 PEIIEHUHU TIPUHSITO, YTO BBIMTYKJIasi TOBEPXHOCTh
chepuieckas;

e VYYacTHUK aBTOMaTHYECKH MmoaydaeT O OaIoB 10 3TOMY ITyHKTY,
€CJIM B €T0 PEIISHUU IPHHSITO, YTO JTMH3a TOHKAI.

N

Nest 0 paBEeHCTBE ONTHUYECKUX MYTEM.

N

YpaBHEHHE PAaBEHCTBA ONTUYECKUX MTYTEH.

YHPOH_ICHI/IC " IPUBCACHUC OTOTI'O YPABHCHHA KBAIPATHOMY YPABHCHUIO.




Pemenne ypaBHeHHs 1 HaxoxaeHue Y(X):

—2f(n—1)+/4f2(n-1)2+4(n2-1)x2

y(x) - 2(n%-1)
—14V1+5x2
wim y(x) = BEr

Haiinena rommmusl mma3el H = 0,2 m.




XXIX International Olympiad "Tuymaada'. Physics
Evaluation criteria
Junior league

Problem 1. Mass center of loading platform

Criteria Points
Author's solution
The interaction between the platform and the falling crushed stone 3
IS internal.
The dependence x(t) is found. 2
The speed of the center of mass is found in general terms. 5
The speed of the center of mass is found based on numerical values.

Alternative Solution

Law of conservation of momentum:

M
M+ut

1) Mvyy=M+ut)v => v=uy,-

(2) The length of the section of crushed stone spilled onto the platform (the length

of the path of the platform): y(t) = fot vdt = M:‘) Ot I‘\i/l(fz = M:‘) ‘In(1 4+ ”ﬁt

The center of mass of the falling crashed stone onto the platform:

Mvo M+ut
fudt In—

/,Lt

Yo(t) =

After integrating:

(3) yo(t) =

(1+ )+%-ln(1+%>—%

,ut[%-ln(l+‘uﬁt)—%—yo(t)]+M-y(t)
M + ut

xo(t) =

Substitute y, (t) and y(t) into Xo(t):




Mvot—ﬂt%

(4) x0(t) =

Differentiate with respect to time:

M+ut

— ”L
! Mv
(5) vem. = xo(t) = v iy :%t);’
No Criteria Points
1 | Law of conservation of momentum (1). 1
2 | Formula (2). 2
3 | Formula (3). 3
4 | The velocity for the center of mass is found (5). 4
Problem 2. Unrolling the rubbing ring
Ne Criteria Points
1 | Explanation of the existence of the maximum speed is given. 2
2 | Correctly made drawing with acting forces. 2
3 |ltisstated that F,j 5050 = S * T. 1
4 | Newton's second law is used to determine the mass m. 2
5 | Itis shown that the maximum speed is reached at N=0. 1
. . . : 1
0 An expression for the maximum speed is obtained: v = \/%.
7 | The numerical value for v is found. 1
Problem 3. Inhomogeneous cylinder
Ne | Criteria | Points
Author's solution
1 | The kinetic energy formula of the cylinder (16) or a similar formula 3
(Koenig's theorem) is used.
2 | The law of conservation of energy is used. 3
3 | The dependence of the velocity v(x) of the cylinder axis is obtained. 2
4 | An expression for the maximum acceleration & is found. 2
Problem 4. Heating by balls
No | Criteria | Points
Author's solution
1 | Heat balance expression for the first ball. |1




Expression for the thermal equilibrium temperature after placing the first
ball.

The expression for C1(ATy.1 - ATy) = Co(AT, - 0),

AT, = G AT
"Tc+c, "V

The expression for:

Cy

The expression for

1“(;:;2) _ In2 _ 73
)

n= 1n(1+g—i) T 11

Substantiated and received an answer for n.

Alternative Solution

Heat balance expression for the first ball.

The value of the thermal equilibrium temperature after placing the first ball
is calculated: 71 =~ 25,5 °C = 299 K.

The value of the thermal equilibrium temperature after replacing the first
ball with the second one is calculated 7, ~ 30,4 °C ~ 304 K.

The value of the thermal equilibrium temperature after replacing the
second ball with the third one is calculated: 75 = 35 °C = 308 K.

The obtainment of numerical answer 7, = 39 °C = 312 K.

The obtainment of numerical answer 75 = 43 °C =~ 316 K.

The obtainment of numerical answer 75 = 46 °C ~ 319 K.

The obtainment of numerical answer 77 = 49 °C = 322 K.

O O|IN | O

The obtainment of numerical answer 75 =~ 52 °C ~ 325 K.

10

Substantiated and received an answer for n.

S I

Problem 5. Heating of the electric bridge

Criteria Points

The formula for the connection of resistance with the length and 0.5
cross-sectional area of the wire R=p*1/S is used

Kirchhoff's rules for two variants of schemes are correctly written 2
down and equations are compiled with subsequent attempts to solve
them (1 point for each system of equations)

The idea is used that for a short time there is no heat loss to the 1
environment and all the power released to the resistor goes to its
heating (if there is an explicit formula).

The idea is used that at long times the power of heat losses to the 1.5
environment is equal to the power released on the resistor (an
explicit formula is needed).




5 | Formulas for calculating temperature changes (0.5 points for each of | 1
the cases (small and long time)) (formulas (6) and (7) in the
solution).
6 | The answers (0.5 for each of the 4 cases) 2
(-0.5 of the sum, if the sum is not less than 0.5 and the results are not
rounded to an integer mK).
7 | In each of the cases, it is indicated and proved on which resistors the | 2
maximum and minimum temperatures are reached (0.5 points for
each case).
Problem 6. Cosmic ray
Ne Criteria Points
1 The general formula for sinai/Sinai+1=Nj+1/N;. 2
2 n*sino=const. 2
3 sino=p/R, where p is the impact parameter. 2
4 n*p=const. 2
5 1*H=no*pmin, pmin=D, ne=H/D. 2
Problem 7. A disposable ideal lens
Ne Criteria Points
1 Figure: An image of a lens was made, on which the correct course of
two rays is indicated. Coordinate system selected. The coordinates of
the point (points) of the convex surface of the lens are indicated and
the parameters included in the condition of the problem are shown.
Explanations:
e Points for the drawing are added if it is used to find a mathematical 2
model of the convex surface of the lens;
e The participant automatically receives 0 points for this item if it is
accepted in his solution that the convex surface is spherical;
e The participant automatically receives 0 for this item if the
solution assumes that the lens is thin.
2 The idea of equality of optical paths. 2
3 An equation for the equality of optical lengths for two beams is 3
written.
4 Transformation of the equation to a quadratic form. 1
5 The equation is solved and y(x) is found: 1
—2f(n—1)+/4f2(n—1)2+4(n%2-1)x?2
y(x) = 2@ )+ 2f(n(zn_l)) +4(n?-Dx
—1+V1+5x2
or y(X) = 2,—5
6 Lens thickness found. 1




XXIX Mexaynapoanas oaumnuana «Tyiimaaga». @u3nka
Kpurepuu oneHuBanusi
Crapumas jqura

3apaua Nel. IlenTp macc 3arpy:xaemoil miatGopmsl

No Kpurepun bannbl
ABTOpCKOE pelICHUE
1 | B3aumogeiicTBue Mexay m1aTGOpMOi U BBICHITAIOIIUMCS IIIeOHEM 3
SBJISIETCS BHYTPEHHUM.
2 | HaiineHna 3aBUCMMOCTh KOOPJMHATHI LIEHTPA MACC OT BPEMEHH. 2
3 | HalimeHa ckopocCTh IIEHTpa Macc B 00IIIEM BHUJIEC. 5
4 | Haitnena ckopoCTh IIEHTpa MAacC UCXOJIsS U3 YUCIEHHBIX 3HAUCHUM.

AJIbTEPHATHBHOE pellIeHUe

. | |=
~ 0
Yo
y
3CH:
(1) Mvy, = (M + ut)v orcroaa ciaeayer, uTo v = v MI-:-/Iut

d
2 y() = fot vdt = 2 Ot M(f;)t = M:‘) -In(1 + %t) - JUTMHA BBICBHITIABIIETOCS HA

matgopmy 1eOHs (ITyTh TEIEKKH )

t Mvg . M+ut
Jo pdt = =

ut

Yo(t) = — IIEHTP MacC BBICHINABIIErOCs Ha mIaTdGopMy ieOHs

[IponHTErpUpOBaB, NOIYYAEM:

_ M, BEY | Mo, HEY _ Mvo
(3) ¥o(0) =2 ln(1+M)+ - ln(1+M) -

ut[M:(’-ln(1+HMt)—%—yo(t)]+M-y(t)

M + ut

xo(t) =

[ToacraBus, BMeCTO Vo (t) 1 y(t) moaydeHHbIC BRIPAKEHHS, IOTYUaeM:

Mvot—ut%

(4) x0(t) =

M+ut




[Iponuddepeniripyem nosrydeHHOE BEIPAXKEHHE 110 BPEMEHU:

__HL
_ /] _ ] 4Mvg
(5) ULLM - xO(t) - vO Ut o
(1+30
No Kpurepun bannbl
1 | 3akoH coxpaHeHue umnyibca (1). 1
2 | Jlnuna BeICHIIABIIErocs Ha miatdopmy 1mebHs (myTh miardopmsl) (2). 2
3 | ITonoxenue 11.M. BeIChIIaBIerocs meoHs (3). 3
4 | Haiigena ckopocTsb 11.M. “tiie0enb+renexka’ (5). 4
3amaua 2. PackpyyuBaHue pe3MHOBOI0 KOJbIA
Ne Kpurepun bambl
1 | OObsicHeHHUE CYIIeCTBOBAHNS MAaKCUMAJIBHON CKOPOCTH. 2
2 | [IpaBWJIbHO clieJlaH PUCYHOK C JIEHCTBYIOIMMU CUJIAMHU. 2
3 | VkasaHo, uro F,;, = S = T. 1
4 | 3anucan BTOpo# 3akoH HpIOTOHA /U1 yUacTKa KOJIbIla Maccoi m. 2
5 | YkazaHo, 4To npu MakcuMaibHO# ckopoct N = 0. 1
6 . T 1
[TonydeHo BbIpak€HUE JIJI1 MAKCUMAJIBHOU CKOPOCTH UV = >
7 | IlosmyyeH unMCIeHHBINA OTBET UV = 2 M/C. 1
3agava 3. HeoqHOpPOAHBIH HUJIHHAP
Ne \ Kpurepun ‘ bannel
ABTOpPCKHUI BAPUAHT PELICHUS
1 | Hanncano obmas popmyiia KHHETHYECKOU SHEpTUH HuiauHApa (3), 11d0 3
aHajoruyHas popmyina (treopema Kénura).
2 | Mcronp30BaH 3aKOH COXpaHEHHsI SHEPTHUH. 3
3 | BeiBOJ 3aBUCUMOCTH CKOPOCTH V(X) OCH IIUJIMHJIPA. 2
4 | BbIBOJ MAaKCHUMAJIBHOTO YCKOPEHHUS Q. 2
3ajgaua 4. AxnadaTnuyeckoe najeHue TAKEI0ro MopuIHA
No \ Kpurepun ‘ bannel
ABTOpPCKHUI BapHAHT PEIICHUS
1 | 3anucaH 3aKOH COXpaHEHUS PHEPTHH (C YIETOM aauadaTUYHOCTH) IS 3

CUCTEMBI I'a3 -IMIOPUIEHb.
Bo3MokeH BapuaHT JOTUKH: SHEPIHs Ta3a U BHEIIHS padoTa NOPIIHS
(4TO IPUBOJIUT K TOMY K€ YPABHEHHUIO).




3anucaHo ypaBHeHUE aana0daThl IJis1 HAYAIBHOTO U KOHEYHOTO COCTOSIHUN 1
CUCTEMBI.

Pemenue cucrteMsl ypaBHEHU (SHEPrun U aauadaThl) 4

e [IpeoOpa3oBanue ypaBHEHUI k mapamerpam h, p, t. — 1 6amr

o [IpuOnwkEéHHOE pEIICHWE HEIMHEHHOTO ypaBHEHUs uid h (wim
JPYroro mapamMerpa) METOJOM UTepaluid (MM UHBIM CIIOCOOOM) — 2

Oaia
e Pemrenuve u Berumciienue st P — 1 Gam.
1. Perienne W BhIUMCICHHWE Uit (WCIIOJNB30BaHHWE ypaBHEHUS 2

COCTOSIHHSI MJICaJIbHOTO Ta3a M 3HaueHui h, p).

3apava S. Harpes asiekTpomocra

Kpurepun bann
Hcnons3oBana hopmysia CBA3U COMPOTUBICHUS C JJIMHOMN U 0.5
TJIONIA/IbIO CeUeHUsI MPoBOJIOKU R=p*1/S

[IpaBuibHO 3anucansl npaBuiia Kupxroda muis 1ByX BapHaHTOB 2

CXEM U COCTAaBJICHBI YPABHEHHUSI C MOCIIEIYIOIIUMH MOMBITKAMH UX
perieHus (mo 10 3a Kaxayr0 CUCTEMY YPaBHEHHH)

Hcnonp3oBaHa ujied TOro, 4To Ipv MajiOM BPEMEHU TEILTOBBIX 1
NOTEPH B OKPYKAIOLIYIO CPEly HET U BCSI MOIIHOCTD, BBIJIEIIsIEMast
Ha pe3uCcTOpe UIET Ha ero HarpeB (eciu ecTh siBHas hopmyia).

Hcnonbs3oBaHa ujest Toro, 4To npu OOJBIIMX BpEMEHAX MOIIHOCTh | 1.5
TEIJIOBBIX MOTEPH B OKPYKAIOIIYIO CPEy CPABHUBAETCS C
MOIIHOCTBIO, BBIJIEISIEMOM Ha pe3ucTope (HyKHa siBHas popmyiia).

dopMyIbl pacueToB u3MeHeHui Temmeparyp (rmo 0.56 3a kaxapii u3 | 1
ciydaeB (Manoe u 6ombinoe BpeMs)) (popmysl (6) u (7) B
PEIICHUHN).

[Tosmy4yeHbl OTBETHI I pA3HOCTU MaKCUMAJIbHOW U MUHUMAJIbHOU 2
Temriepatypamu (o 0.50 3a kaxapIit U3 4-ex ciy4yaen)

(-0.56 ot cymmBl, eciii oHa He MeHbIe 0.50 1 pe3ynbTaThl He
OKpYIJIEHBI 10 1enoro yncia MK).

B kaxoM 13 MyHKTOB yKa3aHO U JOKa3aHO Ha KaKUX PE3UCTOpax 2
JOCTUTAIOTCS] MAKCUMAJIBHBIN 1 MUHUMAJIBHBIN TeMIepaTypsl (TI0
(0.56 3a KaXJbIil MYHKT).

3anaua 6. KocMmnueckuii 1yq

0 Kpurepun bamsl
1 3aKOH IMPEJIOMJICHHUSI TOHKOM C(hepUUECKOM ClIoe: Sinai/Sindi+1=Ni+1/N; 2
2 N*sina=const. 2
3 sina=p/R, T1e p — NPHUIIEIbHBINA TapaMeTp. 2
4 n*p=const. 2
5 1*H=ng * pmin, pPmin=D, ne=H/D. 2




3agaua 7. OqHopa3oBasi ujaeajJbHasi JUH3A

Kpurepun

bansr

Pucynok: Crenan pucyHOK JIMH3BI, HA KOTOPOM 0003Ha4YeH MPaBUIIbHBIN
X0J1 IByX Jydeit. BeiOpana cucrema koopauHaTt. O603HaueHbI
KOOPJAMHATHI TOYKH (TOYEK) BBITYKJIONW MOBEPXHOCTHU JIUH3HI,
0003HaYECHBI MMApaMETPhI, BXOAAIINE B YCIOBUE 3a/1a4H.

ITosicunenus:

e bamnnwl 3a PUCYHOK AAarOTCA TOJIBKO B TOM CJIydac, CCJIN 6J1ar0z[ap$1

HEMY CTPOMTCSI MaTeMaTUYECKasi MOJICJIb BBIMTYKJION MOBEPXHOCTH
JIMH3HL;

e YYacTHHUK aBTOMaTUYECKHU IIOJIy4acT 0 6am10B 1Mo 9TOMY IIYHKTY,

€CIIM B €T0 PEUICHUH MTPUHSTO, YTO BBITYKJIasi IOBEPXHOCTH
chepuueckas;

e VYyacTHUK aBTOMaTu4yecku noiyyaer 0 60amioB o 3TOMY IMyHKTY,

CCJIM B €T0 PCIICHUH IIPHUHATO, YTO JIMH3d TOHKAI.

Wnes o paBeHCTBE ONTHYECKUX MyTEH

N

YPaBHGHI/IG PaBCHCTBA OIITUYCCKUX HYTGﬁ.

10.

YHpOIHCHHe U IIPUBCACHUC 2TOI'0 YPABHCHUA KBAAPATHOMY YPABHCHUIO.

11.

Perrenue ypaBHeHus 1 HaxoxaeHue Y(X):
_ —2f(n—-1)+/4f2(n—-1)2+4(n2—1)x2
y(x) - 2(712—1)

14+VT¥ERT
Ui y(X) = T

12,

Haiinena Tommmas! mua3el H = 0,2 M.

3anaua 8. IlpoBoJ104YHBIH KYD

Kpurepun

bamel

[Tonyyena dopmymna (11)

2

[Tonygyena dopmymna (12)

Omnpeneneasl M um (13)

Cnenan 1. 1.

Cnenad 1.2.

OO IWINF

Hatinena 3aBucumocts (U(t)

R ININ PN




XXIX International Olympiad "Tuymaada'. Physics
Evaluation criteria
Senior League

Problem 1. Mass center of loading platform

Criteria Points
Author's solution
The interaction between the platform and the falling crushed stone 3
IS internal.
The dependence x(t) is found. 2
The speed of the center of mass is found in general terms. 5
The speed of the center of mass is found based on numerical values.

Alternative Solution

Law of conservation of momentum:

M
M+ut

1) Mvyy=M+ut)v => v=uy,-

(2) The length of the section of crushed stone spilled onto the platform (the length

of the path of the platform): y(t) = fot vdt = M:‘) Ot I‘\i/l(fz = M:‘) ‘In(1 4+ ”ﬁt

The center of mass of the crash stone spilled onto the platform:

Mvo M+ut
fudt In—

/,Lt

Yo(t) =

After integrating:

(3) yo(t) =

(1+ )+%-ln(1+%>—%

,ut[%-ln(l+‘uﬁt)—%—yo(t)]+M-y(t)
M + ut

xo(t) =

Substitute y, (t) and y(t) into Xo(t):




Mvot—ﬂt%

(4) x0(t) =

Differentiate with respect to time:

M+ut

— ”L
(5) Ve = x(l) (t) =vo- %
No Criteria Points
1 | Law of conservation of momentum (1). 1
2 | Formula (2). 2
3 | Formula (3). 3
4 | The speed of the center of mass is found (5). 4
Problem 2. Unrolling the rubbing ring

Ne Criteria Points
1 | Explanation of the existence of the maximum speed is given. 2
2 | Correctly made drawing with acting forces. 2
3 |ltisstated that F,j 5050 = S * T. 1
4 | Newton's second law is used to determine the mass m. 2
5 | Itis shown that the maximum speed is reached at N=0. 1

. . : : 1
0 An expression for the maximum speed is obtained: v = \/%.
7 | The numerical value for v is found. 1

Problem 3. Inhomogeneous cylinder
Ne | Criteria | Points
Author's solution
1 | The kinetic energy formula of the cylinder (16) or a similar formula 3
(Koenig's theorem) is used.

2 | The law of conservation of energy is used. 3
3 | The dependence of the velocity v(x) of the cylinder axis is obtained. 2
4 | An expression for the maximum acceleration & is found. 2




Problem 4. Adiabatic fall of a heavy piston

| Criteria

| Points

Author's solution

The law of conservation of energy (taking into account adiabaticity) for the
gas-piston system is used.

A variant of the logic for solving the problem is possible: the energy of the
gas and the external work of the piston (which leads to the same equation).

The adiabatic equation for the initial and final states of the system is used.

Solved system of equations (energy and adiabats):
e Transformation of equations to parameters h, p, t. (1 point);
e Approximate solution of a non-linear equation for h (or another
parameter) by iteration (or in another way) (2 points);
e An equation for p is found and its value is calculated (1 point).

An equation for m is found and its value is calculated (the Mendeleev-

Clapeyron equations for an ideal gas and the values of h, p are used).

Problem 5. Heating of the electric bridge

Criteria Points

The formula for the connection of resistance with the length and 0.5
cross-sectional area of the wire R=p*1/S is used

Kirchhoff's rules for two variants of schemes are correctly written 2
down and equations are compiled with subsequent attempts to solve
them (1 point for each system of equations)

The idea is used that for a short time there is no heat loss to the 1
environment and all the power released to the resistor goes to its
heating (if there is an explicit formula).

The idea is used that at long times the power of heat losses to the 1.5
environment is equal to the power released on the resistor (an
explicit formula is needed).

Formulas for calculating temperature changes (0.5 points for each of | 1
the cases (small and long time)) (formulas (6) and (7) in the
solution).

The answers (0.5 for each of the 4 cases) 2
(-0.5 of the sum, if the sum is not less than 0.5 and the results are not
rounded to an integer mK).

In each of the cases, it is indicated and proved on which resistors the | 2
maximum and minimum temperatures are reached (0.5 points for
each case).




Problem 6. Cosmic ray

No Criteria Points
1 The general formula for sinai/Sinai+1=Nj+1/N;. 2
2 n*sino=const. 2
3 sino=p/R, where p is the impact parameter. 2
4 n*p=const. 2
5 1*H=no*pmin, pmin=D, no=H/D. 2
Problem 7. A disposable ideal lens
Ne Criteria Points
1 Figure: An image of a lens was made, on which the correct course of
two rays is indicated. Coordinate system selected. The coordinates of
the point (points) of the convex surface of the lens are indicated and
the parameters included in the condition of the problem are shown.
Explanations:
e Points for the drawing are added if it is used to find a mathematical 2
model of the convex surface of the lens;
e The participant automatically receives 0 points for this item if it is
accepted in his solution that the convex surface is spherical,
e The participant automatically receives 0 for this item if the
solution assumes that the lens is thin.
2 The idea of equality of optical paths. 2
3 An equation for the equality of optical lengths for two beams is 3
written,
4 Transformation of the equation to a quadratic form. 1
5 The equation is solved and y(x) is found: 1
_ —2f(n—1)+/4f2(n—-1)2+4(n2-1)x?
y(x) = D)
—1+V1+5x2
or y(x) = 2,—5
6 Lens thickness found. 1
Problem 8. Wire cube
Ne Criteria Points
1 Formula (24) is defined. 2
2 Formula (25) is defined. 2
3 M and m are determined (26). 1
4 Point 1 done. 2
5 Point 2 done. 2
6 The dependence U(t) is found. 1




