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A hollow cylinder of mass M and radius R rests on a rough horizontal surface. A projectile of
mass m < M having a velocity u directed horizontally exactly towards the middle of the cylinder
as shown in the figure. The shell gets stuck in the cylinder wall, after which the shell starts to
move, slipping on the surface. The coefficient of static and kinetic friction between the cylinder
and the horizontal surface are the same, and are equal to L < 2

I

In which direction does the cylinder rotate? State your answers for different values of .

Find its angular acceleration about the center of the cylinder just after the impact.

It is known that some time after the impact, the horizontal projection of the velocity of the
center of mass of the system is equal to v, and the angular velocity of the cylinder is Q. Till this
point, the cylinder has rotated through an angle ¢. How much heat was released in the system
till this point, if the cylinder all the time after the impact moved with slipping, rotating in one
direction? Assume that all energy losses are dissipated in the form of heat.

An insulated cylindrical container of length 2L and base area A is placed with its bottom in the
horizontal plane, standing upright. It is divided equally by a heat-insulated frictionless movable
piston with mass M, and both chambers are filled with a diatomic gas at temperature Toand
pressure Po. At the beginning the piston hold at height L from the bottom the released under the
effect of gravity

J

A

After releasing the piston, determine its position as a function of time t. Assume that the
piston's movement is very small compared to the length of the cylinder.
What is the maximum speed the piston will reach during this movement?
At the initial moment, just before releasing the piston, the upper chamber is entirely evacuated.
The piston is released when there is gas at temperature To and pressure Po in the lower chamber.
What is the maximum speed that the piston will reach during this motion?



3.

A solid conducting sphere of radius a and a spherical conductive shell of radius b are placed such
that their centers coincide. The sphere inside and outside spheres are kept under potentials /4
and V, respectively.

v

Find the surface charge densities on the inner and outer spheres.

Find the expressions for electric field and potential in the regionsr<a, b>r>aandr>b
Find the energy stored between the spheres.

Find the pressure acting on the outer sphere.

Two objects each with mass m attached to the ends of rigid, massless rods of length L to the
same point O so that they can move freely in the vertical plane. The entire system is under the
influence of gravity. There is a repulsive interaction potential energy between the two masses. U
= -kx>where k > 0 is a constant and x is the distance between masses. Given that mg # 2kL .

Write the equations of motion of the masses at angles a; and a,.

State all equilibrium positions(angles) for angles a; and ax.

For each of all equilibrium positions, indicate which are stable and which are not, by
examining the small vibration equilibrium positions

Find its period of small vibrations around stable equilibrium positions
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®uzukanan VI xajasikapaiabiK 01uMNuaAa. KaTTbIKTHIPYIIBLIAP JUTACHI.

(8 ynai) Maccacbl M kaHe paanycbl R KybiC UMAMHAP Keaip-byablip ropusoHTanb 6eTTe KaTbip. Maccacbl m
< M 6onaTbiH CHapA4, U Xbl1A4aMAbIFbIMEH, CYypPeTTe KepCeTiIreHAen UMAMHAPAIH OpTacbiHA rOPM30OHTaNb

Typa 6afbiTTanfaH. CHapsag uMAMHAP KabblpFacbiHAa TYPbIN Kasbin, cbipFaHalt Kosfana 6actangpbl. Lnannap
MeH KengeHeH 6eT apacbiHAaFbl CTaTUKA/bIK KoHE KMHETUKANbIK YNKenic KoapduumneHTi bipaei aHe U< 2

M R

H

i. Umannap kan 6afbiTTa aHanaapl? Y-4iH ap TYp/i MaHAepiHe KayanTapblHbI3bl KOPCETIH,i3.
ii. COKKblAaH KeNiHri uMAMHAPAiIH LEHTPIHE KaTbICTbl OHbIH, BYPbIWTBIK YaeyiH TabblHbI3.

CoKKblAaH 6ipa3 yaKbITTaH KeWiH XKyMWeHiH, Mmaccanap LeHTPiHiH, XKbl1AaMAbIFbIHbIH, FOPU30HTA b NPOEKLUACHI
v-re TeH, an WMANHAPAIH Oy pbIWTbIK *Kblngamaplfbl Q 6onatbiHbl 6erini. Ocbl yakbITKa AeWiH LuanHap ¢
OypbiWKa bypbiabl.

iii. UnnmHap coKKblAaH KeiniH 6apablK yaKbITTa cbipFaHan, 6ip 6afbITTa altHaNbIN KO3Fasica, OCbl YaKbITKA
OeWiH Xyleae KaHLwa Xblay 6eniHai? bapnblk aHeprus WbiFbIHAAPbI XKblAy TypiHae 6eniHeni aenik

(7 ynait) ¥3biHabIFbl 2 L KaHe TabaHbIHbIH, aygaHbl A OKLaynaHFaH UMAMHAPAIK biAbIC TiK TYPFaH Kyinge
Tyb6iMeH KengeHeH, Ka3blKTbIKTa OpHanacTbipblafaH. On maccacbl M »Kblly OKLIaynaHFaH yikeniccis
XbI/IXKbIManbl NopieHbMeH bipael 6eniHesi *KaHe eki Kamepa aa To TemnepaTypacbiHaa XaHe Pg
KbICbIMbIHAA €Ki aToMApl ra3beH TonTblpblaaabl. bacTankbiaa noplweHb L OUiKTIKTEH TOMeHre Kapai ayblpAbIK,
KYLiHiH 9CepiHeH KO3fanaapl.

4

A

i MopweHbai 6ocaTKaHHaH KeliH OHbIH OPHbIH t yaKbITKa 6ali1aHbICTbl aHbIKTaHbI3. [ToplIeHbAaiH,
KO3FanbICbl ULMAUMHAPAIH Y3bIHAbIFbIMEH CANbICTbIPFAHAA ©Te a3 Aen ecenTemik.
ii. Byn Ko3fanbic KesiHae NopLUIEeHbAIH MaKCMManabl Xblagamabiebl KaHaam 6onaapl?

BacTankbl caTTe, NopweHbai 6ocaTty anablHAa, *KOFapFbl KAMEPaSafbl ras TO/bIFbIMEH WbIFAPbINAAbI.
MopLlueHb TemeHri Kamepaga To TemnepaTypacbiHAa XaHe Py KbiCbIMbIHAA ra3 6onfaH Ke3ge xibepinea;.

iii. Byn Kosfanbic KesiHge nopleHbaiH, MakcMmanapl Xblaaamablebl KaHgam 6onagpl?



3. (9 ynait) Paanycbl a 6onaTbiH ©TKI3riW Wap meH paanycbl b chepanbik eTKisril KabbiKwa onapabiH,
LeHTpAepi coMKec KeneTiHael eTin opHanacTbipbiaFaH. [WKi XXaHe cbipTKbl chepanap calikeciHwe Vi xaHe IV,
noteHuMangapsl 6ap.

V

i [LLKi ¥K2He CbIpTKbl Wapapaarbl 6eTTik 3apAaaTapAblH, TbIFbi3AblfbiH TabblHbI3.

ii. r<a,b>r>axaHe r >b alMmaKTapblHAaFbl SNEKTP 6PiCi MeH NOTEHLMNA/bIHbIH, MaHAEPIH TabblHbI3.
iii. LWapnap apacbiHAa ¥XUHaKTaNFaH NOTEHUMANABIK SHEPTUSHbI TabbIHbI3.

iv. CbIpTKbl LUApPFa acep eTeTiH KbiCbiMAbl TAObIHbI3.

4. (6 ynaii) OpKalcbICbiHbIH Maccacbl m 60naTbIH €Ki 3aT TiK *Ka3bIKTbIKTa €PKiH KO3Fanybl YLWiH y3blHAbIFbI L
KaTTbl, Maccacbl *KOK CTeprKeHb yLTapblHa 6ip O HyKTeciHae 6eKiTinreH. ByKin xKyie rpaBUTaLUAHbIH,
acepiHge. EKi maccaHblH apacbiHAa Kepi acepiecy noTeHumanablK sHepruacel 6ap. U = —kx*> myHaarbl k > 0 —
TYPaKTbl WaMa, aNn X — maccanap apacblHAafbl KALbIKTbIK. Mg # 2kL 60n1aTbIHbIH ecKepcek.

i. a1KaHe @, bypblWTapbiHAaFbl MaccanapablH KO3fFanbiC TEHAEYNEPIH XKa3blHbI3.
il. a1 XKoHe a, OypbIWTapbIHbIH, 6APAbIK TeENe-TEeHAIK OpbIHAAPbIH (BYPbILTAPbLIH) KOPCETIH,3.
iii. Bapnblk Tene-TeH4iK No3MUMANaPbIHbIH PKANCHICHI YLWIiH WafblH Tepbenic Tene-TeHAiK No3nLmMANapbIH

3epTTey apKblabl KAUCbIChl TYPAKTbI, KaCbICbl TYPAKTbl EMEC eKEHiH KOPCETIHI3.
iv. OHbIH, TYPaKTbl Tene-TeHAiK NO3NLMANAPbIHbIH, alHaNacbiHAafbl WafblH Tepbenic nepnoabiH TabbliHbI3
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VI MexayHapoaHas oauMnuaga no ¢pusuke. Jliaura tpenepos.

1. (8 6annos.) Monbit uMANHAP maccbl M 1 pagmyca R 1eXKUT Ha LIepOoXoBaTO rOPU30OHTaIbHOM NOBEPXHOCTH.
CHapsg maccbl m < M, UMEIOLLMIA CKOPOCTb U, HanpaB/IeHHY0 FOPM30HTa/IbHO TOYHO K CcepeamHe UMANHAPA,
KaK NOKa3aHO Ha pucyHke. CHaps 3acTpeBaeT B CTEHKE LWMANHAPA, MOC/Ie YEero HauMHaeT ABuraTbea
npocKanb3biBasn. KoaddULMeHTbI CTaTUYECKOTO U KUHETUYECKOTO TPEHUSA MEXKAY LMIUHAPOM U
rOpM30HTa/IbHOM MOBEPXHOCTbIO OAMHAKOBbI M PaBHbI U< 2.

1

i. B KaKom HanpaBneHMM Bpawaetca UMAnHAP? Chopmynmpyiite CBOM OTBETLI 418 PA3HbIX 3HAYEHUN |L.
ii. HalauTe ero yrnosoe ycKkopeHue OTHOCUTE/IbHO LeHTpa UuaMHapa cpasy nocse yaapa.

iii. M3BECTHO, YTO Yepes HeKOTOPOE BpeMsA NoC/e yAapa roPM30oHTaIbHan NPOEKLMA CKOPOCTU LiEHTPa MacC CUCTEMDI
paBHa V, a YI0BaA CKOPOCTb LMAMHAPA paBHa Q. [lo 3TOro MOMeHTa LMANHAP NOBEPHYACA Ha yron ¢. CKonbKo Tenna
BbIAE/IMNOCH B CUCTEME A0 3TOr0 MOMEHTA, eCAWN LUAUHAP BCE BPEMA NOCAE yAapa ABUraACA CO CKObKEHNEM,
BPALLAAChb B O4HY CTOPOHY? MpeanonoKmMm, YTo BCe NOTEPU SHEPrMM paccenBatoTcs B BUAE Tena.

2. (7 6annos.) Tennon30NNMPOBAHHbIN LNANHAPUYECKUIA KOHTEMHEP ANMHOM 2L 1 nnowanbio ocHoBaHMA A
NOMeLLLaoT ZHOM B FOPU3OHTA/IbHYIO NIOCKOCTb M CTaBAT BEPTMKAIbHO. OHA pasgeneHa NopoBHY
NoABMUXKHbIM MOPLUHEM, KOTOPbIN ABUKeTcA 6e3 TpeHusa, maccolt M, n 0be Kamepbl 3aN0/HEHDI
ABYXaTOMHbIM ra3om npu temnepatype Tou AasneHnmn Po. BHayane nopLueHb yaepK1UBatoT Ha BbicoTe L
CHU3Y WU HAYMHAET ABUraTbCA MNOA AENCTBMEM CUbI TAXKECTU NOC/IE TOTO KaK ero oTnycTuau.

<

A

i. Mocne TOro Kak ero OTNYCTUAN, OnpesennTe NoAoKeEHNE MOPLLUHA B 3aBUCUMOCTU OT BpemeHu t. MNpeanonoxum, 4to
nepemeleHne nopwHA o4eHb Mazio No CPpaBHEHUIO C ,CI,I]MHOI\;I unanHgpa.

ii. Kakyto MaKcMMaibHY CKOPOCTb AOCTUIHET NOPLUEHb NPU 3TOM ABUMKEHUU?

B Haya/IbHbIM MOMEHT, HEMNOCPEACTBEHHO Nepes, OTNyCKaHNMEM NOPLLHSA, BEPXHASA Kamepa MNOSIHOCTbIO OMOPOXKHEHA.
MopLlueHb ocBO6OXKAAETCA, KOFAa B HUMKHEN Kamepe MMeeTcA ras ¢ Temnepatypoi To n gasneHnem Po.

iii. KaKylo MaKCMMabHYI0 CKOPOCTb AOCTUIHET MOPLUEHb MPU 3TOM ABUNKEHUN?



3. (9 6annos) Teepaplit NpoBOAALLMIA WAP paauyca a n chepryeckas nposoasallas obonovka paanyca b
pacnoioXkeHbl TaK, YTO UX LeHTPbI coBnagatoT. Chepa BHYTPU 1 CHAPYXU cdhepbl HaXoaAUTCA Nog,
noteHumnanamu Vi n V, cootBeTcTBEHHO.

V

i. HagmTe NnoBepPXHOCTHYHO NAOTHOCTb 3apAAa Ha BHYTPEHHEN N BHeLWHen cdhepax.
ii. HaiguTe BbipaskeHUs Ans 3NeKTPMYECKOoro Nosia M noTeHuMana B obnactaxr<a, b>r>avr>b.
iii. Hanagute saHepruto, 3anaceHHyto mexay chepamu.

iv. Hangute pasneHue, AencTeyloLlee Ha BHELWHIOW chepy.

4. (6 6annos) [ia npeameTa KaxKAbli MacCon m NpUKpPenaeHbl K KOHLAM YKECTKUX HEMACCOBbIX CTEPIKHEN
O/MHOM L K 0gHOM 1 TOW e Touke O TaK, YTO OHWM MOTyT CBOOOAHO NepemMeLL,aTbCs B BEPTUKAIbHOM
NJ0CKOCTU. Bca cuctema HaxoguTca nog AencTBMemM rpasuTtaumn. Mexay AByMA Maccamu CyLlecTsyet
noTeHUManbHas sHeprusa oTTaskMBatoLwero Bsanmogencrems. U = —kx?, rae k > 0 — KoHCTaHTa, @ X —
paccToAHMEe Mexay Maccamu. YuntbiBas, 4to mg # 2kL.

i. HanuwwuTe ypaBHEHUS ABUKEHUS MACC NOA YINaMU a1 U aa.
ii. YKaxKuTe BCe No0oXKeHUs paBHoBeCUA (yrabl) ANA YIOB a1 U da.

iii. [na Kaxgoro ns scex NONOXEHMUM PaBHOBECUA YKaXXUTe, KakKne U3 HUX yCTOﬁ‘-IMBbI, a Kakune HeT, nccneaya
NONOXEeHUA PpaBHOBECKUA NPU MaJiblX Bl/l6paLl,I/I‘r'IX.

iv. Hanaute nepunog ero manbix KonebaHnit 0KOJ1I0 NONOXKEHMIN YCTOMUYMBOIO paBHOBECUA.



	impact2024_English_trainer
	impact2024_Kazakh_trainer
	impact2024_Russian_trainer

