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1%t Problem (6 Points)
A wax candle has 18 cm length and 10 mm diameter. The time of its complete combustion
Is 30 minutes. It was lowered into the water and a load was attached to the lower end to
ensure its vertical stability. What must be the mass of the load in order to make the burning
time of the candle maximum? The density of the candle is 0.9 g/cm?.

Banayb13 maMbIHBIH Y3bIHIBIFBL 18 cM, nuameTpi 10 MM. AJT OHBIH TOJBIK JKaHY YaKbIThl 30
MUHYTTHI Kypaisl. [llam cyra Tycipiienl, OHbIH BEPTUKANIb TETE-TEHIIKTE OOIybIH
KaMTaMachl3 €Ty YIIIH OHbIH TOMEHT VIIIbIHA KYK Oaiinianapl. [IlaMHBIH j)kKaHY yaKbIThI
MakcHUMaJl 00JTyBI YIIIiH I1amMFa OailJlaHaThIH KYKTIH MaccachlH aHbIKTaHIap.banaysi3
IIAMHBIH THIFBI3ABIFEI 0,9 T/cMe.

BockoBas cBeua umeet quny 18 cM u quametp 10 mm. Bpemsi ee mosiHoro cropanus 30
MUHYT. Ee onyCTuiIM B BOJy ¥ K HUJKHEMY KOHITY MPUKPEINUIIN TPY3UK, YTOOBI 00ECTIEUUTh
€l BEpTUKAJIBbHYIO0 YCTOMYMBOCTh. Onpenenure, Mpyu Kakori Macce rpy3a BpeMs TOpEHHs
cBeud OyaeT MakcuMaibHbIM. [I1oTHOCTE cBeun 0,9 r/cMS.

3agaua Ne2 (7 6a/110B)
2"d Problem (7 Points)

A bullet enters into a 0,5m-thick sandbag with a speed of 600m/s and flies out at a speed of
300m/s.. The resistive force to the movement of the bullet inside the sandbag is given as F=-



kx, where k is a positive number. Determine the time it takes the bullet to pass through the
sandbag.

Kaneiaapire! 0,5 M 60J1aThIH TOIBIpaK KabaTeiHa OK 600 M/c kburaamabIKIeH Kipir, 300 m/c
KBLIIaM/IBIKICH IIbIFaAbl. OKTBIH KO3FaJIbIChIHA dCep €TeTiH Keaepri Kym F=-KX, MyHarbl
K- mpomopuuoHanaplk Kodpduiuenti.  OKThIH TONbIpaK KaOaTblHAH OTY YaKbIThIH
AHBIKTaHbI3.

[lyns BaeTaeT B 3eMJIEHHOM Bajll cO CKOpocThio 600M/C 1 BbIIETaeT co CKOpocThio 300m/c.
[Mupura Bana 0,5m. Cuia conpoTuBieHus ABWKeHHUI0 ynu F=-kx, rae kK xoadduruent
MPONOPLHMOHAIBHOCTH. OTNIPEACIUTh BPEMS MPOXOKIACHUS MM Yepe3 Bal.

3anaya 3 (8 0ass10B).
3" Problem (8 Points).

A dielectric material with dielectric constant k=4 is pushed into a parallel plate capacitor with
a capacitance Co=4 mF. The capacitor is connected into an electrical circuit. It turned out that
the current Iy flowing through the E; is constant and equal to 5A. Both batteries are ideal.
How fast is the dielectric plate moving?

When calculating, take E; = 30 V, E;= 60V, R1=R,=R=20 Q, the length of the plates L= 40cm

CoiiibiMabUibiFbl Co=4M® 3xa3blK KOHAEHCATOP/ABIH IUIACTHHAJIAPHI apachlHAa JUAIEKTPIIK
OTIMILIIT €=4 Ke TeH AMAJICKTPNIK IiacThHa Kipeai. KonaeHcartop siekTp TizOeriHe
KocbltraH. Ocwl ke3ne E; DKK-HeHn oTeTiH lo TOK Kyl TYpakThl )KOHE MoHI 5 A-Te TEH.
DnekTp Ti30eriHaeri eki Oarapes uuean. J(MAIEKTPIIIK TUIaCTHHA KaHJAW KbUIIaMJIBIKIICH
ko3ramanpl? E; = 30B, Ex= 60B, R1=R,=R=20 Owm, nmactuHamapasiH y3bIHIBIKTapbl L=
40cM.

B miockuii koHaeHcatop eMKOCThio Co=4M®D BABUTaeTCs AMAJICKTPUYECKas MJIaCTUHA C
TUAJIEKTpUYECKON mpoHuiaeMocThio €=4. KoHaeHcaTop BKIIIOUYEH B AJICKTPUUYECKYIO IIETb.
[Tpu aTOM OKazanock, uto cuia Toka lo mporekaromias uepe3 IJIC E; moctossHHa 1 paBHa SA.
O6e GaTtapeu naeanbHbl. C Kakoi CKOPOCTBIO IBUKETCA AMAJIEKTpUUeckas riactuHa? Ilpu
pacuerax cuutath, uto E1 = 30B  Ez= 60B, R1=R,=R=20 Owm, nynuna L nactun= 40cm.

pt=
1

—

4™ Problem (9 Points)
3agauaNed (9 6anioB)



plano-convex lens is completely sunk into the water with its convex side.

The radius of curvature of the lens is 12 cm and the focal length is 16 cm. At what distance
from the lens will be seen the image of an object located at infinity on the continuation of
the perpendicular to the water surface? Refractive index of water n=1.33

Ka3bIk-0Hec MMH3a TOHEC KaFbIMEH CyFa TOJIBIK OaThIpbuIa ibl. JIMH3aHBIH KUCHIKTHIK
paauychl 12 cm, ain pokyc apasbirsl 16 cM. AJTBICTaFbI )KapbIK KO31HIH Cy OeTiHE
TYPFBI3bUIFAH TEPICHANKYISIPMEH JKaJFacaThlH TY3y/1H OOMBIH/IA )KaTKaH KECKiH1 JTMH3a
OeTiHeH KaHJal KambIKThIKTa 0onaasi? CyablH ChIHY KepceTkimn N=1,33.

[1710CKOBBIMYKITYIO JTUH3Y TMOJHOCTBIO MMPUTOMNHIINA B BOJY BBIITYKJIONH CTOPOHOM.
Panuyc xpuBu3HbBI TUH3HI 12 cM, pokycHoe paccTosiHre 16¢cM. Ha kakoMm paccTosiHuu ot
JIMH3BI OYAET HAXOIUThCS N300paKEeHNE YIAaICHHOTO HCTOYHUKA, HAXOIAIEeTOCs Ha

HpOI[OJ'DKCHI/II/I nepneHz[HKynﬂpa K HOBerHOCTI/I BOIHGI. HOK&B&TCJ’IB HpeJ'IOMJ'IeHI/IH BOIObI
n=1,33.

Methodical Part

Identify the errors in solutions of the problems.
Show the correct solutions and answers (15 points).
This block consists of three parts that are not related to each other.

gaicreMeik 0JI0K

EcenTepain memyJsepinaeri karejepai anbIKTaHbi3aap. Ecenrepain aypbic memimMin
JKOHE IYPBIC JKayanTapbiH KepceTiHizaep. (15 6amw).
By 6s10k 0ip-0ipiMeH 0ailjiaHbICHI 2KOK YII 06JIIKTEH TYPaAbl

MeToau4yecKu 0JI0K

Onpenenure ook B pemieHusx 3ajaad. [loxka:kure npaBuwibHOE pelieHue
3aJa4 ¥ NpaBuJibHbIe 0TBeTHI (15 6a10B).
ITOT OJIOK COCTOUT M3 TPeX YacTeil, He CBA3AHHBIX APYT € APYroM



15t Problem (3 points)

A body with a mass of 1 kg, thrown vertically upwards from the surface of the Earth with
an initial speed of 11 m/s, is subjected to a constant resistance force with magnitude of 1 N.
Determine the work done by the gravity during the rise of the body to its maximum height.

A possible solution for the 1% Problem:

Two forces act on a body: gravity and air resistance.

Then the expression for work energy relationship will be:
mgh-Fh=mv?/2 (1)
The work done by gravity: A=mgh

From the equation (1)

(mg-F)h=mv?/2

h=2mv?/(mg-F) (2)
As a result: A=2m?v?g/ (mg-F) =2.112.10/(10-1)=269 J (3)

3agaua-Bonpoc Nel (3 6asa)
XKep OGeTiHeH BepTUKAJIb KOFaphbl Kapail 11 M/c 6acTankbl ®KbUIIaMIBIKIIEH Maccachl 1 Kr
neHe JakTeippuiaasl. Jlenere moayii 1 H-Fa TeH TypakTsl Keepri Kyl acep eteai. JleHeHin
MakcuMaJ OMIKTIKKE KOTEpUTylHE ACHIHT1 yaKbITTaFbl aybIpPJIbIK KYILIHIH jKacaraH
’KYMBICBIHBIH MOJYJIIH aHBIKTaHbI3.

JleHere exi KyIII ocep €Te/Ii: aybIpIIbIK KYII )KOHE ayaHbIH KeJepri KYIIIi.

ConJia OHBI MBIHA TypJie JKa3cak, 6omagst: mg-h—F-h=mv?/2 (1)
AYBIPIIBIK KYIIiHIH )KYMBICBIHBIH MOy Ti: A=mgh

(1) Tenneynen (mg-F)h=mv?/2
h=2mv?/(mg-F) (2)
XKaya6sr: A=2m?v?g/ (mg-F)=2*11210/(10-1)=269 Ix (3)

Ha Teno maccoii 1 kr, OporieHHOe ¢ TOBEPXHOCTH 3eMJIM BEPTUKAIBHO BBEPX C HAYAIBHOM
ckopocThio 11 m/c, neficTByeT mocTOsTHHAs CUjla CONTPOTUBIICHMS, paBHas o Moayio 1 H.
OnpenenuTs MO MOIYJIIO pabOTy CUIIBI TSYKECTH 332 BpeMsI MOJbeMa Tella 0 MaKCUMaIbHOU
BBICOTHI.

Ha teno nencTByroT ABE CUIIBbL: CUJIa TSKECTU U CUila CONTPOTUBIICHUS Bo3ayxa. Toraa
BBIpaXKeHUE rpuMet Bux: mgh—-Fh=mv?/2 1)

Moyib paboThI CHITBI TsKecTH: A=mgh

U3 ypasuenns (1) (mg-F)h=mv?/2



h=2mv?/(mg-F) )
B urore: A=2m?v2g/ (mg-F) =2*11210/(10-1)=269 T 3)

2" Problem (5 Points)
A driver travels from point A to point B at a constant speed of 80 km/h. On the way back
from point B to A, he initially drives with 30 km/h during a time interval equal to time he
traveled from A to B. Then he drives the rest of the section at a speed of 100 km / h.
Determine the average speed for the entire journey from A to B and back.

A possible solution for the 2"¢ Problem:
Let L be the distance from point A to point B. Then the time spent on the first half of the
journey is:
t1=L/2v1 (1)
The distance that the driver travels with speed v; =100kwm/4, is equal to:
Ls= (v2/v1) L= (3/8)L (2)
and it takes time:
ts=Lalv3 (3)
Average speed for whole journey:
Vav = L/(2t1+t3)=L/(L/v1+3L/8v3) (4)
Vav = 1/(1/80 +1/267) =60,7 xm/u (5)

3agaua Ne2 (5 6an10B)
Kyprizyu A 6exerinen B 0eketine 80 km/car TypakThl )KbUITaMIBIKIIEH KO3Fasabl. B
OekeTiHeH A OekeTiHe KaiTap >kosja 30 KM/car KbUITaMIBIKIIEH KO3Fajia OThIPHIT
anramsiHaa A 1aH B-ra jxiOepreH yakbITKa TeH yakbIT kyMcaibl. CollaH COH JKOJIbIH
kasraH Oeirid 100 km/car XbULIaMIBIKIICH KYpin oTeai. A naH B -ra sxoHe kepi Kapaii
OapIbIK KOJAAFbl OpTAIlla KbUIIaM/IBIFBIH aHBIKTAHBI3.

Hlenryi:

L-A mMen B OekeTTepiHiH apachlHIarbl KalIbIKTHIK. OHIIa >KOJIBIH OIpIHIII KapThIChIHA
KYMCaJIFaH yaKbIT:
t1=L/2v1 (1)
Kyprizymrinig Vi =100xM/car )KbITIaAMIBIKIICH KYPIN OTKSH KAIIBIKTHIFBI:
Ls= (v2/vi)L=(3/8)L (2)
OraH xymcanFaH yakbIT:
ts=La/v3 (3)
BapbIK skOIBIH OpTalia KbIITaM IbIFbI.
Vep= L/(2t1+t3)=L/(L/v1+3L/8V3) 4)
Vep=1/(1/80 +1/267) =60,7 xm/4 (5)



W3 nynkra A B myHKT B BoauTtens exan ¢ nmoctostHHOM ckopocThio 80 kM/4. Ha oOpaTtHoM
nyTH U3 NyHKkTa B B A, OH BHauase 3aTpaThil CTOJIbKO BPEMEHHU, CKOJIBKO 3aTPaTUil Ha MyTh
u3 A B B, co ckopoctbio 30 kM/4. 3aTeM OCTaBIIMMNCS y4aCTOK OH MPOEXaJl CO CKOPOCThIO
100 xM/4. OnpenenuTe CpeHer0 CKOPOCTh Ha BceM IyTH oT A 10 B 1 o6patHo.

Pewmenne.

[Tycts L-paccTostnue ot myHkta A no nmyHkta B. Torga Bpems 3aTpadyeHHOE Ha MEPBYIO
MOJIOBUHY MYTH PaBHO:

ti=L/2v, (1)
Paccrosinue, kKoTOpoe BOAUTENH €Xall CO CKOPOCThIo V3 =100kM/4, paBHO:

Ls= (v2/v1) L= (3/8)L (2)
Ha a1o 3arpaueno Bpems:

ta=Ls/v3 (3)
CpenHsisi CKOpOCTh Ha BCEM ITYTH:

Vep = L/(2t1+t3)=L/(L/v1+3L/8v3) 4)
Vep = 1/(1/80 +1/267) =60,7 km/4 (5)

3" Problem (7 Points).

A cyclic process is carried out with one mole of helium, consisting two isothermal and
two isochoric processes. During isochoric heating, the gas receives Q1=1000 J in the form of
heat and during the isothermal expansion another Q,=500 J. The minimum temperature of
the cyclic process is T=300K. Find the maximum temperature of the process and the
efficiency of the cycle.

A possible solution for the 3" Problem:
The heat given to the gas is used to increase its internal energy.
Qi1+ Q2=3/2v R( Tmax =T ) = Tmax=( 2Q1+2Q2)/3R +T (1)
Tmax=3000/24,9 +300=420K (2)
The efficiency of the cycle is: n=A/( Q1+ Q) , where A is the work done by the gas per cycle,
and Q; +Q- - heat given to the gas per cycle. Let A, — the work done by the during isothermal
expansion at Trax , A1 — work done by the gas during isothermal expansion at T (the change
in volume is the same for both cases), then:
A=A+ A 3)
For the work done by the gas during isothermal process, we can write:
A1=VRT|nV2/V1 1 A=VvRT yux |nV2/V1 =
A1 [A=Tyaxd T 4)
By the first law of thermodynamics, taking into account that the internal energy of the gas
does not change during isothermal expansion, we obtain:
A= Qo= A= Aot A= Aot AoT/ Tmax=Q2 (1+ T/Tmax) (5)
n = {Q2/ (Qut+ Q2)} (1+ T/Tmax) (6)



n= (500/1500) (1+300/380) =59% 0

3agaua Ne3 (7 6asii0B).
["enuitaiy 61p MOJIbIMEH €Ki M30TepMaJiaH KOHE €K1 M30X0pajaH TYPAThIH IUKIIIK ITPOIIECC
*acanbiHael. M3oxopanbik KeI3aeIpy kesinae raz Q1=1000 [ Kbury MeJIepiH KoHe
M30TEePMUSIIBIK ViIFaro ke3inae Tarbl Q=500 /[ *xbuTy Memmmepin anaasl. Erep mporecc
ke3igaeri muauman temmneparypa T=300 K -tex 601ca, oH1a ra3abpiH MaKCUMal
TeMIiepaTypachid sxoHe MUKIAIH [TOK-1H aHbIKTaHbI3.

Hemyi:
["azra GepiireH >KbLTy OHBIH 1K1 SHEPTUSACHIH 63TePTyTe KYMCala Ibl.
Q1+ Q2=3/2v R( Tmax =T ) = Tmax=( 2Q1+2Q2)/3R +T (1)
Tmax=3000/24,9 +300=420K (2)

HMuxnaig [TOK-1: n=A/( Q1+ Q) , myHaarsl A — ra3piH Oip IUKIIIAFI )KacaFaH KYMBICHI,
Q1 +Q2 — Oip nmkIIa razra OepiareH *Kouty. Ay — ra3ibiH [ max TEMIEpaTypachiHia
M30TEPMHUSIIBIK YIIFAIObI KE31HEC aTKapFaH KYMBICHI, A; - Ta3aelH | TeMIepaTypaja
M30TEPMUSIIBIK YJIFAIObl KE€31H/Ie aTKapFaH KyMBICH (KOJIEMHIH ©3repici ekl skaraaiaa 1a
Oipneit), oHa:

A=A+ A; 3)
N3oTepMUSIIBIK TTPOIIECC KEe31HIET1 T'a3 IbIH KYMBICHI:

A1:VRT|HV2/V1 KOHC AQZVRTMaX Inv2/v1 —

A1 /A2=TM3x/T (4)
TepmoanHaMUKaHBIH O1p1HIIT 3aHbI OOMBIHIIIA, U30TEPMUSIIBIK YIIFAI0 KE31H]I€ Ta3/bIH 111IKI
AHEPTUSCHl ©3TEPMENUTIHIH €CKEPE OTBIPHIN, MbIHA/Iall TEHACYIEP/I Ka3aMbl3:

Ax= Qo= A= Ao+ A= Ao+ALT/ Tmax= Q2(1+ T/ Tmax) (5)
n ={ Q2/( Q1+ Q2)H(1+ T/ Tmax) (6)
n=(500/1500)(1+300/380) =59% 7

C ogHUM MOJIEM TeNHS TPOBOIAT HUKINYECKUM MPOLIECC, COCTOSAIINN U3 IBYX U30TEPM U
nByx n3oxop. IIpu nzoxoprnueckom HarpeBanuu ra3 nomydaer Q:=1000 /I B Buzae temia,
pu  U30TepMuUeckoM pacmmpennn eme Q=500 [Ix. MuHumanbHasg Ttemmeparypa B
npouecce cocrapisier T=300K. Haittu makcumanbHyto Temneparypy raza u KIIJ[ nukina.

Pemenue:
TCHJ'IO, MMpCaaHHOC ra3dy, HACT Ha UBMCHCHHC CTO BHYTpeHHeﬁ OHCPI'UH.
Qi+t Q2=3/2v R( Tmax =T ) = Trmax=(2Q1+2Q2)/3R +T (1)
Tmax=3000/24,9 +300=420K (2)

KII[ rukoaa paBen: n=A/( Q1+ Q2) ,rae A - paboTa rasa 3a nuki, Q; +Q; - Terio, npeganHoe
ra3y 3a muki. [Iycts A, - paboTa raza nmpu H30TEPMHUSCKOM PACIIMPEHUN TIPH Tmax , A1 -
paboTa raza mpu U30TePMHUECKOM paciiupeHun mpu T (Uu3MeHeHne 00beMa B 000UX CITydasx
OJIMHAKOBO), TOT/1A!

A=A+ A (3)



JUist paboThI Ta3a NpHu U30TEPMUYECKOM IIPOLIECCE NUMEEM:

A1=vRTInvo/vi 1 A,=vRT,ux INVo/V, =

A1 IA=T v T (4)

I1o IICPBOMY 3aKOHY TCPMOAWMHAMHUKHU, YUUTHIBAA, UYTO IIPH U30TCPMUYCCKOM PACIHINPCHUU
BHYTPCHHA OHCPIUA I'a3a HC UBMCHACTCA, ITIOJTYUHUM:

A= Q= A= Ao+ A= Axt+ALT/ Tmax=Q2 (1+ T/Tmax) (5)

n-= {QZ/ (Q1+ QZ)} (l+ T/Tmax) (6)
1= (500/1500) (1+300/380) =59% @



