INTERNATIONAL OLYMPIAD
.' OF TEACHERS AND TRAINERS

®usuka. Myrauaimaep jsuracsl. 11 kanTap 2026 kbl

TeoperukajabIK 00iM (30 0a11)

Ecen 1. (6 6a)
CyibIK OTTETIHIH TBIFBI3JIBIFBIH, MEHIIIKTI OYyJlaHy JKbUIYbIH JKOHE MOTECHIIMAIBIK
IIVHKBIPABIH ~ TEPEHMITIH  KapamalbIMJIATbUIFAaH ~ MOJEAb  OOHbIHIIA  OarajaHbI3.
MonekynanapablH ©3apa OpPEKEeTTECYIHIH MMOTEHIMAIABIK SHEPIrUsiChl KeJiecl OpHEKIECH

OepluIreH: . .
o= -))

myHzaarsl a = 406-10723 JIx, b =3,3-10"1"M. An r — wMonekyna ueHTpiepiHiH

apacblHAArbl KalBIKTBIK, d K9HEC b - och 3aTTbIH 6aﬁKaJIFaH KaCI/ICTTepiH CH JKaKChbl
r

CUINIATTANTBIH MapamMeTpiep. OTTEriHiH MOJSPIbIK Maccachl 32 :
MOJIb

Ecen 2. (7 6ana)
Maccacet 1 kr pgom 130 M OWIKTIKTEH 2 M/C KbUIJAMJIBIKIIEH TOPU30HTAIb

. . = - M . .
nakTeIpbuIanbl. Aya keaeprict F = —0,8v, MyHIarbl KbUTIAMIBIK U —-TeH oepuiren. bipas

yaKbITTaH KeWiH OJ1 TYPAKTHI KbUIIAM/IBIKIIEH KO3Fajia 6acTaibl.

2.1. JIonThIH YTy KallILIKTHIFBIH aHBIKTAHBI3.
2.2. JIonThIH YIITy YaKbIThIH TaOBIHBI3.

Ecen 3. (8 6as)

TeMmeneri Tiz0ekre: R —
£ =2B,& =5B,R=1000M,C;, =6-1073®,C, = " —
4-1073®. C, xoumeHcatopsl KaObpramapel L = 0,6 M
OOJIaTBIH IMIAPIILI METAUT IUIACTHHAJAPAAH TYPaJbl, OJIApIbIH (G
apacelHJAFbl  KCHICTIK  TOJBIFBIMEH  oTiMauIri &=25 | |
JTUDJICKTPUKIICH TOJITBIPBIIFAH. JIMdIeKTprK C,
KOHJICHCATOpbIHAH TYPaKThI KbLIIAMIBIKIICH Oasy
IIBIFAPBIIAIbL. I :EZ A
Jusnextpukti X = 0,1 M KalIbIKTHIKKA IIIbIFapFaH Ke31¢H | f‘

6acrtan, C; KoHIEHCATOpBIHAA 6 B TYpaKThl KEpHEY OpHATHIIAIbI
JIeTl oilacak, OPHBIKKAH PEXKHUM YIIIiH:



3.1. OKK-tepi £; xkoHe £, snmeMEHTTEpl apKbUIBl OTETIH TOKTAPIBIH MOHJIEPIH XKoHE &;
apKBIIbI OTETIH TOKTHIH OAaFBITHIH AHBIKTAHBI3.

3.2. Nuanektpukti x = 0,1 M-Te pIFbICThIpFaH Ke37ie C, KOHEHCATOPBIHBIH CHIMBIMIBLIBIFBIH
’KOHE OHBIH KepHEYiH TaOBIHBI3.

3.3. C, KOHIEHCATOPHIHBIH 3aPSIIBIH €CENTEHI3.

3.4. IupIMKTPUKTIH KbUIIaM/IBIFbIH aHBIKTAHbI3.

3.5. OpHBIKKaH pexXMMHEH 0acTar JUAIeKTPUK KOHJEHCATOPaH TOJBIK MIbIKKaHFa jaeii C,

KOH/ICHCATOPBIHBIH SHEPTHCH KaJlail o3rep1i?

Ecen 4. (9 6a71)

Bakyymie opHanackaH €Ki »arbl allbIK 00JIAThIH Y3bIH UIMH/P TEKTEC bIIBICTHIH 1IITH/E €Ki
KyKa Ka3blK JOHEC JuH3a Oap. BipiHIN JMH3aHBIH KUCBIKTHIK paauycel Ry = 20 cM xoHe
CBhIHY KopceTkimn n, = 1,33, an exinmriciniki — R, = 25 cM xoHe n, = 1,5. bactanks! ke3e
€K1 JIMH3a ’Ka3bIK XKaKTapbiMeH 01p-0ipine O HyKTeciHAe xaHackln Typ. Eki 11MH3a colikeciHe
v; = 10 C?M xKoHe v, = 30 CTM KBUIIAMJIBIKTAPMEH CypeTTe KOPCETUIreH OarbITTapAa Ko3raja

Oactanpl. S kapbIK K631 0 HYKTECIHEH L KalIbIKTHIKTa OpHAIACKAH.

- |1y H nzﬁ

4.1. t yakpIT Me3€TIHAET1 S *KapblK KO31HIH JUH3aIapAarel Keckinaepi O HYKTE€CIHEH KaHJan
KAaIIBIKTBIKTA OOJIabI.

4.2. t yakpIT Me3eTiHACT1 S JKapbIK KO31HIH JIMH3aJapAarkl KECKIHACPIHIH KbUIIaM IBIKTapbl
KaHgai 0oagpl.

4.3. ExiHII KecKiHHIH KaHJail yakbIT apaibIFbIHIA )KopaMail 00JIaThIHBIH aHBIKTaHbI3. CaHak
OaceiHaH 10 cexyHAKa MEHUIHT1 YaKbITThl KApPACTHIPHIHBI3.



MeToaukaabIk 06.iM (15 6asr)
Ecen wewimoepinoezi nemece ecen myxs#colpblmoapbiHOazbl Kameaepoi AHbIKMAanbl3.
Onapowt apoip snceke nynkmep 6ouiviHwa my3eminiz (0ipax, 03iHi30iH wieuty 20icini3oi
ycvinoanwiz!).

Ecen 1. (5 6a1)
Erep KinT TyHbIKTaIFaH Ke37¢ MIaMHBIH KapKbIpaybl ©3repMece, OHbIH KepHeyi U, MeH
KeIepricid R, aHBIKTaHbI3.

90 Om K

180 Om 90 Om

& &
a4 B

e

OKyubiHbIY WewiMi:

|. KinT askpIparaH »arai yIIiH 5KBUBAJICHTTI ChI30a!

90 O R,

&

o B o B
180 Om 90 Om

&
54 B

[¥1]
o

1. IlaMHBIH NapaJjIelib KaJFaHybIHAAFbI TI30€K 06JIIrHIH KEepHEYI:

U, =U,+900 U =54B
1= Y H IO OM oM T

2. Ocpl Ti30ek OoiriHaeri TOK KyIi:
fy = Ju
1T R
3. Ti30eKTiH KaJbl KepHEYi:
Ul = U2 = 54‘ B

I1. Kint TyiipIKTanFan *araai yiriH 5KBUBAJICHTTI CchI30a:
90 Ou B

] .
L 0 _
180 Om 90 Om

g -]
wal|



4. [apasnenp KaJlFaHFaH JJaMIla MEH PEe3UCTOP apKbUIbI aFaThlH TOK KYII:

f=2uy U
™R, 900M
5. Ti30eKTiH KaJlbl KepHEYi:
Uy +90 OMﬂ
U].H m m R]_]_[
Uy +900M—+900M| — + =54B

R, R, 90 Om

6. AJbIHFaH TEHJCYJIEP/IIH IICIIIMi:
U,=8B,R, =200m.

Kbuty okiiaynanraH HATUHAP/CH KOHE KbUDKBIMAJIBI TOPIICHHEH TYPAThIH KYPBUIFbI
imriHAe temrepatypachl t, = 0°C, 6actankel KbICBIMBI P, koHEe keyieMi V|, umean ras Oap.
AnapIMEH Ta3lbl TYPAaKThl KbICBIMIA t TeMmreparyfFa Kei3aesipansl. ComaH KeHiH
TeMITepaTypaHbl ©3repTIie, Ta3apl 0acTankel V, KejgeMre jKeTKi3y YIIH OFaH KOCHIMINA Pq
KbICbIM Tycipeai. KeiliH ra3 KbICBIMBIH ©3TrepTIiei, OHbl OacTankbpl TeMmIepaTrypara JeHiH
cankbIHAaTThl. COHBIH/IA Ta3/1bl OacTaNKbl KeJeMiHe KalTapy YIIIiH ra3 KbICHIMBIH KaHal 1a
0ip p, IIaMachbiHA KEMITTI. pP; KOHE P, KbICHIMAAPbIH CABICTHIPHIHBI3.

1. Ta3npl t TemmepaTyFa KbI3[bIpFaHia, OHBIH keyiemi V) = Vyyt Oonaabl, MyHJarbl y -
KOJIEMIIK YJIFar0 KO3 PUIIMeHTI.
2. Kenem GacTankbl MoHIHE Opajybl YIIIiH ra3fa TYCIPUIETIH Py KbICHIMBI:

PoVoYt = (Po + P10
PoYt = Po + P1
p1 = po(yt — 1)

3. 'a3nbl enpi t Temneparypara cybitambi3. COHZIa OHBIH TeMIiepaTypackl 6actanksel t, = 0°C,
an xeniemi V, = V(1 — yt) xoHe KpICbIMBI (P + P1) O0OaIBbI.

4. T"a3apl OacTarkpl KeJIeMiHe AC1H YJIFalUTy YILiH HOPIIEHbI'€ KOCHIMILIA Py KbICBIMBIH TYCIPY
kepek. Enji ra3apig kesemi Vy skoHe KbICBIMBI (P + Py + P2)-

5. boitnb-MapuoTT 3aHbl OOMBIHIIIA:

(Po + p1 + P2)Vo = poVo (1 — vt)

6. Erep p; = po(yt — 1) ekeHin eckepcek, oHA:



Po(yt —1) + po + P2 = Po — PoYt
7. Hemece P, = po(1 + 2yt)
p, 1+2yt

p, vyt—1
Ecen-naiisimaay 3. (5 6as)

CyperTte TOK Ko31 MEH | | "
KBIIITKBUTIAHIBIPBUTFAH CYBI 0ap 1 KIOBETTEH | !

(apHaiibl BIIBICTAH) TYPATBIH AKKyMYJISTOP R 1
oepinreH. Ti30ek apKbLIbl TOK O6TKEH Ke3JIe
T130ekTiH IIOK-1 KroBeT caHpHa Kajai R 2
TOyeJAl €KeHIH aHBIKTaHbI3. MyHIarel € — | TOK
ko3iHiH OKK-1, n — KIOBET caHBI, ' — TOK !
KO31HIH 111K Kejeprici, ait R — 6ip KIOBETTIH

KeJeprici. .

1. Ti306ekreri TOK KyIIi:
€

| =
r+nR

2. AKKyMYJISTOP/IBIH 3apsabl TYPAKThI Q 6oJica, OHAA pa3psATany yaKbIThI:

_g_Q(r+nR)

t
I E

3. Con cebenTi 2NeKTpoATapa TY3UIETIH 32T Maccachl:
m = nklt = nkQ

4. n apTKaH cailiblH OyJI 1aMa apTaJibl

5. Conna
nR

=r+nR

n

Bbipak Oys1 HEprusiHbIH CakTally 3aHbIHA KaMIbl KejeTiH cuakThl? [laiibiMaayiarel KaTemik
HeJle HeMece IIennmae KaTemikrep 6ap ma?



INTERNATIONAL OLYMPIAD
.' OF TEACHERS AND TRAINERS

®usuka. Jlura yuureseii. 11 asuBaps 2026 r.

Teopernueckas yacthb (30 6a,1710B)

3agaya 1. (6 6am10B)
O1leHUTe TIOTHOCTb KUAKOTO KHCIOPO/Ia, yISIbHYIO TEIUIOTY €ro Mapoo0pa3oBaHus U
rIyOuHY TOTCHIMAIBHON SMbI B YIPOIICHHONH MOJEIM, €CIM IOTCHIMAIbHAS SHEPrus

BBaHMOIIefICTBHH MOJICKYJI 3aJa€TCs BBIPAXKCHHUECM.
12 b 6

o=l )

re a=406-10"23 Jbx, b =3,3" 1071% M, 3necy r — pacCTOSTHUE MEXIY LEHTPaMHU
MOJICKYJI, @ U b — 3a7aHHBIC TTapaMeTPhl, JAIOIINE HAMIYYIIee COTIacue ¢ HaOI01aeMbIMU

) r
CBOMCTBaMH 3TOTO BellecTBa. MomsipHas Macca Kuciopoaa 32 —

3anaua 2. (7 6a/U10B)
Msta mMaccoit 1 kr 6pocuiiu co CKOpOCThIO 2 M/C TOPU3OHTAIBHO € BHICOTHI 130 M.

- N M
Conpotusnenne Bo3ayxa F = —0,8v, rae ckopocth v uaMmepsiercs B — YUepe3 HEKOTOpoe
C

BpEMS OH CTAJI IBUTATHCS C MIOCTOSHHOM MO MOJIYJIF0 CKOpocThio. Haiiaure:

2.1. JlanbHOCTH TOJICTA.
2.2. Bpems nornera.

3angaua 3. (8 6amn0B).

B npecTaBIeHHON HUXKE CXEME: | |51
£ =2B, & =5B, R=1000M, C;,=6-1073®, C, = 4- N —
1073 ®. Kongencatop C, COCTOMT U3  KBaJpaTHBIX
METANIMYECKUX  IUIACTUH  co  cTtopoHor L = 0,6 M, (G
MPOCTPAHCTBO MEXKJY KOTOPHIMH TIOJHOCTBIO  3aIMlOJIHEHO |
JTUDJICKTPUKOM, C JTUAJICKTPUYECKOW MPOHUIIAEMOCThIO € = 5.
N3 xonpaeHcaropa eMmkKocThio C, MEIJIEHHO BBIJBUTAIN C .
MTOCTOSTHHOM CKOPOCTBIO TUAJICKTPUK. [} 2 7
[Ipenmnonoxxum, Koraa AUAJICKTPUK BBIIBUHYJIM Ha PACCTOSTHUE | 6//‘

x =0,1M, Ha KoHaeHcaTOope eMKOCThIO (C; YCTaHOBWJIOCH
MOCTOSIHHOE HanpspkeHue 6 B. Mcxoas 3 JaHHOrO MPEAIonoKEHUs] paCCUUTANTE:

3.1. 3HaveHMs TOKOB, MPOTEeKaBIUX yepe3 daemenTsl DJ[C £; u €, 1 HanpaBIeHNEe TOKa Yepe3
E
1 .



3.2. Kakoit crana emkocth koHzaeHcaropa C, W HampspKeHHE Ha HEM, KOTJA JTUAJIEKTPHUK
BbIIBUHYJIM Ha X = 0,1 m.

3.3. Kakuwm crai 3apsn Ha koHaeHcaTope C,.

3.4. Haiitu ckopoCTh IepeMENIeHHs AUDIIEKTPUKA.

3.5. Kak u3menunach sHeprusi konjaeHcatopa C, ¢ MOMEHTa yCTaHOBJIEHUS MOCTOSIHHOTO
HaIPsHKEHUS 0 MOMEHTA TTOJTHOTO BBIXOJIa AUAJICKTPUKA M3 KOHJeHcaTopa?

3apava 4. (9 6a/J10B)

JIMTMHHBIA TUIMHAPUYECKAN COCYZ C IBYMSI OTKPBITBIMM KOHUAMH, HAXOASIIUNCS B
BAKyyME, COJEPKUT JBE TOHKHUE IUIOCKOBBITYKIJIBIE JMH3bI, U3TOTOBJIEHHBIX M3 CTEKOJ C
nokasarenieM npenomiienus n; = 1,33 u n, = 1,5. Paanyc KpuBHU3HBI TOBEPXHOCTH MEPBOM
nuH3bl paBeH R; = 20 cM, a BTOpol muH3BI — R, = 25 cM. IlepBoHAUanmbHO NBE JIMH3BI
COMpHUKAacaroTCs APYT C APYTOM C INIOCKUMHU TpaHsamu B Touke O. 3aTem 00a cTeksia HAUUHAIOT

CM CM
JIBUTaThCs B KaK MMOKA3aHO B PUCYHKE C MOCTOSHHBIMU CKOpocTsIMU ¥, = 10 —u v, = 30 —
C C

COOTBETCTBEHHO. MIcTOUHMK cBeTa S PAacCIIOJIOKCH Ha paCCTOAHHUH L =2 M ot Touku O.

0
nzﬁ

4.1. Ha kakoM paccTossHUM OT ToOUukd O OyIyT HaXOAUTHCS U300paKeHUs UCTOYHUKA CBeTa S
yepe3 Kaxayro JIMH3Yy B MOMEHT BpeMeHu t = 5 c?

4.2. KakoBbl OyayT CKOPOCTH HM300pa’kKeHHWH MCTOYHHKA CBeTa S depe3 KaXKIyro JIMH3Y B
MOMEHT BpemeHu t = 5 ¢?

4.3. OnpenenuTe B KaKOM IMPOMEXKYTKE BPEMEHH BTOpOE€ HM300pakeHHEe OyIeT MHHUMBIM.
PaccmoTtpets Bpems ot Hayana orcuera 110 10 c.



Metoanueckuii yacthb (15 0a/1/10B)
Haiioume owiuoku 6 pewtenuax unu paccyrcoenusnx zaoay. Hcnpaevme ux no nynkmam
(npu 3mom ceoit memoo pewienus ne npeonazams!).

3agaya 1. (5 6amn)

Onpenenute HanpsbkeHue U, 1 conpoTUBIeHUE R, IaMIIOYKH, €CIIM HaKall He MEHSETCS TIPU
3aMBIKaHUH KJIFO4a.

90 Om K

180 Om 90 Om

& &
B
Pewenue YUeHuKa.

|. DxBUBasEHTHAs cXxeMa MPU PA30MKHYTOM KIIIOYE:

90 Owm R,

{— H{
180 Om 90 Om

&
B

(1}
N

IIycts U, — HanpsikeHKe Ha JaMIIOUKe, a R; — CONPOTUBIICHUE JIAMITOYKH.
1. HanpspkeHue Ha ydacTKe, CoJIepKallleM MapauieIbHOE COETMHEHNE JTaMITOUKH:

U,
Uy = Uy +90 Om- 5o = 54 B

2. Cua TOoKa Ha ATOM y4YacTKe:
I = o
1= 5
R,

3. HanpsixkeHnue Bo BCel 1ETIH:

U1:U2=54B

I. DxBHUBaneHTHas cXeMa MPU 3aMKHYTOM KIIIOYE:
90 0u R

] .
180 Om a0 Owm
5

a4

well !



4. Cuna ToKa, TeKyILIEro 4Yepe3 COeMHEHHbIE TapaJIJIENIbHO JaMIly U PE3UCTOP, PaBHA:

=2iy U
1™ R, 900m
5. HanpsixkeHnue Bo BCel 11eTIH:
Un
U, +90 Om- 224900 U”+UH+9OOM.R_“ —54B
" "R, "R, 90 Om -

6. Pemenue mory4eHHBIX YPABHCHHUIA:

U,=8B,R, =20 0m.

JlaHO yCTpOMCTBO, COCTOSBILIEE U3 TEIJIOM30JUPOBAHHOTO LUIUHAPA, B KOTOPOM HAXOIUTCS
uaeanbHbld ra3 npu t, = 0°C, HeKOTOPOM HaYaJIBLHOM AABJIEHUH P, 00BbeMeE V) 1 OIBUKHBIN
nopiuieHb. CriepBa Harpeid ra3 NpH IMOCTOSHHOM JIaBJIGHMM Ha t, 3aTeM HE MEHss
TEMIIEpaTypbl CO3AAJIM JOMOJHUTENBHOE JABJICHUE Ha Ta3 pq TakK, YTOOBI JOBECTH €ro A0
npexxHero oosema V,. Oxjaawiu Teneps Ta3, HE MEHss JaBJICHUS JO0 TMEepPBOHAYAIBLHOMN
Temmeparypbl. UToOBI JOBECTH Ta3 0 MPEKHETo 00heMa, CHU3WIM C TOPIIHS HEKOTOpPOe
JaBJieHHE P,. CpaBHUTE P1 U Py.
1. Harpeem ra3 Ha t Torma ero ooseM Oyzaet paBeH V; = Vyyt, rae y — 3To kodpduiiueHt
00BEMHOTO pacIIUupeHus
2. Co3aauM JaBieHUE Py TaK, 9TOOBI 00bEM CTall IPEKHUM:
PoVovt = (po + P1)Vo
PoYt = Po + P1
p1 = po(yt — 1)
3. OxytaguM Teneph ra3 Ha t, TOT/Ia OH MPUOOPETET MPEXKHIOW TeMrneparypy  to = 0°C, HO
oobem ero cranet V, = V(1 — yt), naBnenue (py + py).
4. Yto0Bl JOBECTHU Ta3 J0 MpexHEero oobema, MpuaeTcs 100aBUTh JaBJICHHUE P, Ha MOPIIEHb.
Teneps 00beM raza V,,, naBinenue (py + p; + p2)
5. 1o 3akony boins-Mapuorra umeem:
(po + p1 + P2)Vo = poVo (1 — vt)
6. win, npuHUMAas B pacyeT, 4To p; = Po(Yt — 1) momyuum:
Po(Yt — 1) + po + P2 = Po — PoYt
7.uma py = po(1 + 2yt)
p, 142yt

p1 Y_l



3agaua- paccyxkaenue 3. (5 6amwn)

£ r
JlaH aKKyMyJIsITOp, 1 — YHCJIO KIOBET C | | P

MOJAKUCICHHOM Booi. HalTu xak 3aBuCUT | I KIIJI
OT YKCJIa KIOBET IIPU NPOITyCKaHUU TOKA B R 1

LICTIN.

[Tyctsh y Hac € - D./1.C. 6arapeu, n — 4uciIo R 2

KIOBET, T - BHyTPCHHEE COITPOTHBIICHHUEC
Oatapeu, R - COPOTUBIICHUE OTHOM

1
1
1
KIOBETHI.
R . n

1. Tok B nenu:

€
" r+nR

2. I1pu mocTosTHCTBE 3apsia akKyMyJiaTopa  BpeMst paspsa:

_Q_Q(r+nR)

t
I £

3. [ToaTomMy Ha 3J1eKTpOJIaX BBIACIUTCS Macca BEIIECTRA:
m = nklt = nkQ

4. DTa BeIMYMHA BO3PACTACT NIPU YBEITUUCHUH N

5. Torma
nR

n=r+nR

Ho ona Bpojie Obl HaXOAUTCS B MPOTUBOPEUYUH C 3aKOHOM COXpPaHEHUS dHepTrun? B uem
oImKOKa paccy>XJA€HUIN WU €CTh OIIMOKU B PEIICHUN?



INTERNATIONAL OLYMPIAD
.' OF TEACHERS AND TRAINERS
Physics. Teachers’ League. January 10, 2026.

Theoretical section (30 points)

Problem 1. (6 points)

Estimate the density of liquid oxygen, its specific latent heat of vaporization, and the
depth of the potential well in a simplified model, assuming that the potential energy of
interaction between molecules is given by:

b 12 b 6
U(r) = 4a ((;) -(2) )
where a = 406 - 10723 ], b = 3,3 - 10719 m. Here r is the distance between the centers of the

molecules, and a and b are given parameters that provide the best agreement with the observed
properties of this substance. The molar mass of oxygen is 32 g/mol.

Problem 2. (7 points)
A ball of mass of 1 kg is thrown horizontally with a speed of 2 m/s from a height of

130 m. The force of air resistance is F = —0,8% N, where velocity is measured in meters per
second. After some time, the rate of change of the ball’s speed becomes negligibly small. Find:

2.1. The horizontal range of the motion.

2.2. The time of flight.

Problem 3. (8 points).

In the circuit shown below: R —
& =2V, & =5V, R=100Q, C;=6-10"3F, C,=4" |’ =
1073 F. Capacitor C, consists of square metal plates with side
length L = 0,6 m, the space between which is completely filled c
with a dielectric of permittivity € = 5. The dielectric is slowly I I -
pulled out of capacitor C, at a constant speed.
Assume that when the dielectric is pulled out by a distance
x=0.1 m, a constant voltage of 6 V is established across the & A
capacitor with capacitance Cu. X f'

Based on this assumption, calculate:



3.1. The values of the currents flowing through the EMF sources &; and &,, and the direction
of the current through &, .

3.2. The capacitance of capacitor C, and the voltage across it when the dielectric has been
withdrawn by x = 0,1 m.

3.3. The charge on capacitor C, when x = 0,1 m.

3.4. The speed at which the dielectric plate is withdrawn.

3.5. How did the energy of capacitor C, change from the moment a constant voltage was
established until the dielectric was completely removed from the capacitor?

Problem 4. (9 points)

A long cylindrical vessel with two open ends, placed in vacuum, contains two thin
plano-convex lenses made of glass with refractive indices n; = 1,33 u n, = 1,5. The radius
of curvature of the curved surface of the first lens is R; = 20 cm, and that of the second lens
IS R, = 25 cm. Initially, the two lenses are in contact with each other by their plane faces at
point 0. Then both lenses begin to move as shown in the figure, with constant speeds v, =
10 cm/s and v, = 30 cm/s respectively. A light source S is located at a distance L = 2 m
from point 0.

0
nzﬁ

* - |1
|
|
|
|
|
|
|

4.1 — At what distance from point O will the images of the light source S formed by each lens
be located at time t = 5 s?

4.2 — What will be the velocities of the images of the light source S formed by each lens at
timet =5s?

4.3 — Determine during which time interval the second image will be virtual. Consider the time
interval from the start of motion up to 10 s.



Methodological section (15 points)

Find the errors in the solutions or in the reasoning of the problems. Identify and correct
each error individually (without proposing your own method of solution!).

Problem 1. (5 points)
Determine the voltage U, and the resistance R; of the light bulb if the filament temperature

does not change when the switch is closed.
90 Om K

180 Om 90 Om

[
a4 B

o
i

Student’s solution:

1. Equivalent circuit with the switch open:

90 O R,

I
180 Om 90 Owm

|

&
54 B

L

Let U, be the voltage across the light bulb, and R, the resistance of the light bulb. The voltage
across the section containing the parallel connection of the light bulb is:

Up=Up+90 Om- == =54V (1)
The current in this section is:
U
I = R_Z (2)
The voltage across the entire circuit is:

2. Equivalent circuit with the switch closed:
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The current flowing through the lamp and the resistor connected in parallel is:
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L= R, 90 Om (4)
L
The voltage across the entire circuit is:
U, U, UL+90R—L
U,+90—=+90(—=+—"=%| =54V (5)
Ry Ry 90

Solving the obtained equations:
UL = 8V,RL =20 Om.

Question-problem 2. (5 points)

||
A device is given consisting of a thermally insulated cylinder containing an ideal gas at
temperature t, = 0°C, with some initial pressure p,, volume V, and a movable piston. First,
the gas is heated at constant pressure by t, Then, without changing the temperature, an
additional pressure p, is applied to the gas so as to bring it back to its original volume V,,. The
gas is then cooled, keeping the pressure constant, to the initial temperature. To return the gas
to its original volume, some pressure p,. Compare p, and p,.

1. Heat the gas by t then its volume will be V; = V,yt, where y is the coefficient of volumetric
expansion.

2. Let’s apply the pressure p, so that the volume becomes equal to the original one:

PoVoyt = (po + P1)Vo
PoYt = Po + P1
p1 =po(yt —1)

3. Now let’s cool the gas by ¢; it returns to the original temperature t, = 0°C, but its volume
becomes V, = V,(1 — yt), and the pressure is (py + p41)-

4. To bring the gas back to its original volume, it is necessary to apply an additional pressure
p, to the piston. The gas volume is now V, and the pressure is

(Po + p1 + P2)
5. By Boyle—Mariotte’s law:

(Po + p1 +P2)Vo = poVo(1 —vt)

6. or, taking into account that p; = po(yt — 1) we obtain:

Po(yt —1) + po + P2 = Po — PoYt



7. Hence, p, = po(1 + 2yt)
p, 1+ 2yt
p1 Y— 1

Reasoning problem 3. (5 points)

An electric accumulator is given; n is the | | ~
number of cells containing acidified water. |
Determine how the efficiency depends on R 1 the
number of cells when current flows in the
circuit. R 2
Let € be the EMF of the battery, n the ,
number of cells, r the internal resistance of !
battery, and R the resistance of one cell. R .

n

the

1. The current in the circuit:
&

| =
r+nR

2. For a fixed charge Q of the accumulator, the discharge time is:

_g_Q(r+nR)

t
I E

3. Therefore, the mass of substance released at the electrodes is:
m = nklt = nkQ

4. This quantity increases as n increases.

5. Then
nR

" r+nR

n

But this seems to contradict the law of conservation of energy. What is the error in the
reasoning, or are there errors in the solution?
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