S

CAMAPCKMW YHUBEPRPCUTET
MUHHUCTEPCTBO HAYKU U BBICIIEI'O OBPAZOBAHM S POCCUMCKON
®EJEPALINU
®EJIEPAJIBHOE T'OCYJAPCTBEHHOE ABTOHOMHOE
OBPA3OBATEJILHOE YYPEKJIEHUE BBICILIEI'O OBPA3OBAHUSI
«CAMAPCKHUHN HAIIMOHAJIBHBIN UCCJIEJJOBATEJbCKHUM
YHUBEPCUTET
UMEHU AKAJJEMUKA C. I1. KOPOJIEBA»
Tect no ¢puzuke Ned-25 1eMOHCTPAIMOHHBIN BapHaHT 1O TpeaMeTy «Duznukar»

HNHCcTpyKIuA 11 NOCTYNAKIIHMX

Bapuant tecra cocrouT m3 AByx yacted. IIpu BBIIIOJIHEHMM BapuaHTa pa3peracTcs
I10JIb30BAThCS HENPOIPaMMUPYEMBIM KaJIbKYJIATOPOM. Bo BCeX 3alaHusAX, €ciy ClenuanbHO HE
OTOBOPEHO B YCIIOBUH, COIPOTUBICHUEM BO3/lyXa IPU JBUKEHUU TEN IPEHEOPEUb.

Hwmxe npuBeneHbl CcIpaBOYHBIE JaHHBIE, KOTOPBIE MOIYT IPUTOJUTBHCS BaM IpHU
BBITIOJIHCHUH PAa0OTHI.

I[eCﬂTI/I'{HbIe NMPpUCTABKHA

HaumenoBa | O6o3Haye | MHOKHTEIb HaumenoBa | O0o3Haue | MHOKHUTEIb

HHE HHE HHE HHE
rura r 10° CaHTHU c 10?2
Mera M 106 MUJIIA M 103
KHJIO K 10° MHUKPO MK 10 -°
TeKTO r 102 HaHO H 10°°
Jenu i 1071 ITHKO T 1012

Koncmanmeot

YHUCIIO TC n=314

YCKOpeHHue CBOOOIHOTO Ma/IeHUs Ha 3emiie g =10 m/c?

rpaBUTAIMOHHAS MOCTOSIHHAS
ra3oBas IIOCTOSIHHAS
mocTostHHasA bonsiiMana
MOCTOSIHHAs: ABOTaJIpo
CKOpPOCTb CBETA B BAKyyMe€

K03 (UIIMEHT NPONOPIHOHAIBHOCTH B 3akoHe Kynona

MOJYJIb 3apsijia JIEKTPOHA

nmocrosgsuHas [1nanka

Macca 3emMiIu

Macca ComnHita

paccTostHue Mexay 3emiieid u CosHLEM
MIPUMEPHOE YUCIIO CEKYH]T B TOTY

G =6,7-10'* H-m%/xr?
R = 8,31 JIx/(mons-K)
k =1,38-10"2% JIm/K
Na = 6-10%° monp*
c=3-108 m/c

k= =9-10° H-m? /Ki?

dne,
e=16-10"°Kn
h=6,6-10"3 JIx-c
6-10%* kr
2-10% kr
lae.~1510"m
310" ¢




Coomnouwenue mexicoy pa3iudHoIMu eOUHUUAMU

TeMIeparypa 0 K=-273,15°C
aTOMHasl €MHHIA MACCHI 1 a.em. =1,66-10"2" kr
1 aToMHas eqUHUIIA MacChl DKBUBAJICHTHA 931,5 M»>B

1 SIeKTPOHBOILT 15B=1,610"2 JIx

Macca wacmuy

7EKTPOHA 9,1-10 3kr ~ 5,5-10 *a.e.m.

MpOTOHA 1,673-10%" xr ~ 1,007 a.e.m.

HeHTpoHa 1,675-107%" xr ~ 1,008 a.e.Mm.

Ilnomnocmo

BOJIBI 1000 xr/m3 napaduna 900 xr/m

poOKH 250 kr/m® ATFOMUHHS 2700 kr/m®

npesecussl (cocHa) 400 kr/m3 xeres3a 7870 kr/m°

KepOoCHHa 800 xr/m° pTYyTH 13600 kr/m®
Yacts 1

Yacmo 1 codepocum 20 3a0anuii. K 3aoanusm 1, 2, 4-6, 8-11, 13, 14, 16, 17, 19, 20
oaemcs 4 sapuanma omeema, U3z KOMopPvIX MOAbKO 00UH Aeisemcs npaguivhbim. K 3aoanuio 3
oaemcs 5 6apuanmos omeemad, U3 KOMopwvlx MoabKo 064 AGNAOMCA NPAGUIbHLIMU. B 3a0anusax
7,12, 15, 18 neobxo0umo k kasicootl 6ykee no0odopams cOOmeemcmayouyro yuppy.

1.
Bbraucnure myTh, NMPOWACHHBIA TEIOM IO MPSMOM 3a BpeMs HaOIroAeHus, eciu rpaduk
3aBHCHUMOCTH IPOEKIUU CKOPOCTHU TEJIa OT BPEMEHU NPUBEJEH HA PUCYHKE.

Vx . M/c
15
\
10 \
5
\V

1 2 3 4 t, ¢
1) 15 2) 375w 3) 225m 4) 25w

2.

Y cKopeHHe BeoCHTIENCTa Ha OJHOM U3 CITyCKOB Tpacchl paBHO 1,2 M/c2. Ha 3ToM crycke ero
CKOpOCTh yBenuunBaercs Ha 18 m/c. CKOJIbKO BpEMEHH MPOIOIIKAIICS CITYCK?

1) 007¢ 2) 7,5¢ 3) 15¢ 4) 21.6¢

3.

Hebonpmoe Teno nBuxercs BAoiab ocu OX. Ha pucyHke mnokaszaH rpapuk 3aBUCUMOCTH
MPOEKIIMU CKOPOCTH Vx 3TOro Tela Ha yKa3aHHYI0 ocb OT BpemeHH {. Bribepute Bce BepHbIE
YTBEP)KJCHHS HA OCHOBAHUY aHaIN3a rpaduka.



K., mic

1) 3a nepBbie 30 ceKyH1 ABUKEHUS TEJO MPOXOAUT TAKOM K€ MYTh, 10
Kak U 3a nociegnue 30 ceKyH ABUKECHUS 5 \

2) B unrepBaiie Bpemenu ot t = 20 ¢ go t = 35 ¢ Teno nBuKeTCA T e
PaBHOMEPHO 5 N

3) B momenT Bpemenu t = 30 ¢ Tes10 ocTaHaBIMBAETCS -10
4) Teno oka3bIBacTCS Ha MAaKCHMAaIbHOM PACCTOSHHH OT CBOETO

HaYaJIbHOTO MOJI0KEeHUs uepe3 60 ceKyH]1 ociie Havaa JIBHKCHHS
5) B momenThl Bpemenu t =23 ¢ u t =33 ¢ Ten0 UMeeT 0JMHAKOBOE YCKOPECHHE

4.
Ipy»xwuna xectkocthio k = 10* H/m mop meiicteuem cunst 1000 H pactsanercs Ha ...

1) 1wm 2) lem 3) 10em  4) 1wmm

5.
Teno nBwxercs npsMonuueiHo. Ilox neiicTBUeM mNocTOAHHOM cuibl 5 H wummnynsc Tena
YMEHbBIIUJICS OT 25 (kr-M)/c 1o 15 (kr-m)/c. 3a Kakoe BpeMsi TPOU30ILIO H3MECHCHHE UMITYJIbCA?

1) 1c 2) 2c 3) 3c 4) 4c

6.

[lap, 10 MOJOBUHBI MOTPYKEHHBIH B BOAY, JIEKUT Ha JHE COCyJa M JAaBUT HAa HEro C CHJIOW,
paBHO# 1/3 meiicTByromIeil Ha HEro CHJIBI TsKeCTH. Yemy paBHA IUIOTHOCTH mapa? [InoTHOCTH
BozbI 1000 kr/Mm°,

1) 250 kr/m® 2) 333kr/m® 3) 667 kr/im® 4) 750 xr/m®

7.

OnnoatoMHBIM HjeanbHbI Ta3 B kommuectBe 0,04 MoJib, HAXOASAIIMIICS B COCyA€ TOJ
MOJIBUKHBIM TOPILHEM, M30TEPMHUYECKU paciuupsiercs npu temmneparype 450 K. Macca raza B
COCYJI€ OCTAETCsI HEM3MEHHOM.

VYCcTaHOBUTE COOTBETCTBHE MEXAY (PU3MUECKUMH BEIMYMHAMHU, XapaKTEPU3YIOIIMMHU ra3, U
dbopMynaMu, BBIpaXKaIOIMMU X 3aBUCUMOCTh OT o0bema raza V. K kaxxaoil nmo3unuu nepBoro
cTos01a MoAGepUTE COOTBETCTBYIOILYIO MO3UIMIO U3 BTOPOrO CTOJIOLA M 3alUIINTE B TaOIUILY
BbIOpaHHbIEe U PBHI 10T COOTBETCTBYIOLIUMHU OYKBaMH.

OUBNYECKUE BEJIMUYNHBI OGOPMVJIbI
A) naBnenue raza p(V) 1 149,58 2) 27
b) BHyTpennss sHeprus raza U(V) ) vV )
3) 224,37 4)18-V

8.

OIIHOATOMHBIN ra3 B KOJIMYECTBE 4 MOJIE MOTJIONAeT KoauuecTBO TermioThl 2 kJ[xk. [Ipu atom
Temmneparypa ra3a mnossimaercs Ha 20 K. Uemy paBHa paboTa rasa, coBepiiaemas B 3TOM
npouecce?

1) 0,5 x/Ix 2) 1,0 xJIx 3)  L,5k/x 4) 2,0 xIx




9.
Boxy maccoii 2 kr, B3sryio npu Temnepatype 20°C, Harpemu, coobums eif 84 kJ[X TEIUIOTHL
Onpenenure TeMIEpaTypy Mocie HarpeBaHus. Y aenbHas TeroeMkocTb Boabl 4200 Ix/(kr-K).

1) 20°C  2) 30°C 3) 45°C 4) 500°C

10.

Ha pucynke npezacrabiensl rpaduky 3aBUCUMOCTH KOOPJIMHATHI X LIEHTPOB Macc Teja a U Tena O
OT BpPEMEHH IpPH TapMOHHUYECKHX KojeOaHusax Baonb ocu OX. Ha kakoMm paccTosiHUM ApPYr OT
Jpyra HaXOJSTCs LIEHTPBI MAacc TeJl B MOMEHT BpeMeHH t=1 c?

X, oM X, oM
2 ! /-\ 2
I
1] [' z\:hy.i ;,..'; ol 1 3 4 e
—EL —————— . -2
a (3]

1) 4em 2) 2cem 3) Ocm 4) -2cm

11.

JIBa ToueUHBIX 3apsiia (1 M (2 HaXOAATCs Ha paccrosiHuu L apyr ot apyra. Ecnu paccrosinue
MEXy HUMH YBEJIHUUTh Ha 50 cM, TO CHIIa B3aUMOJIEHCTBUS yMEHbIIUTCS B 4 pa3a. Uemy paBHO
paccrosinue L?

1) 0,5wm 2) 0,7wm 3) 1,0m 4) 1,5m

12.

[Inockuii BO3AYIIHBIN KOHAEHCATOp o0Opa3oBaH [BYMs IUIaCTUHAMHM C 3apsaamMu +q U —(,
HaXoJAIMUMuUCS Ha paccTossHuM d apyr oT npyra. He u3mensis 3apsiia Ha I1acTUHaX KOHJIEHcaTopa U
IUIOIIAIM €T0 IIACTHH, PACCTOSHUE MEX]y IUIACTUHAMHU YBEJIMYMBAIOT B /1Ba pa3a. Kak mamensrcs
IpPU 3TOM 3JIEKTPOEMKOCTh KOHJEHCATOpa, MOAYJIb PAa3HOCTH MOTEHIMAJIOB MEXAY IUIACTUHAMHU U
MOJyJIb HAIIPSPKEHHOCTHU IEKTPUYECKOrO MOJIs BHYTpU KoHAeHcaTopa? K Kakaoi NO3ULMK [1EPBOro
cTos01a Mo10epuTe COOTBETCTBYIONIYIO MO3UIMIO BTOPOTO CTOJIOA U 3alUIINTE BEIOpaHHbIE U (PBI
HOJ] COOTBETCTBYIOIIUMH OYKBaMH.

OUSNYECKUE BEJIMYMHbI NX USMEHEHME
A) 371€KTPOEMKOCTh KOHJICHCATOPa 1) yBenuuurcs
b) Moxyne pa3HOCTH MOTEHIIMAIOB MEXK Y 2) yMEHBIIUTCS
IUTACTHHAMU 3) He U3MEHUTCS
B) Moxynb HanpsKEHHOCTH AIIEKTPUYECKOTO
10JIs1 BHYTPH KOH/IEHCATOpa

A b B




13.

JBa pe3uctopa c conpotuBieHusMu R1 = 18 Om u R2 =9 Om noaxmtouens! k ucrounuky 3/C = 15
B ¢ BHyTrpennum compotuBienueM I = 3 OM, Kak IMOKa3aHO Ha pUCyHKe. UeMy paBHa Cuiia TOKa,
TEKYIIEero B enu?

—
R R,

1) 01A 2) 05A 3) 15A 4) 25A

14.

[Ipy moakiIrOYeHMH K MCTOYHUKY TOKAa C BHYTPEHHHUM CONpPOTHBICHHEM [ = 2 OM JaMIOYKH
compotuBiieHHeM R B 1ienu Tevet Tok cuioi [ = 1 A. Yemy paBno 3Hauenue J/IC ucrounuka, eciu
BO BHEITHEH IeNH BhIAEsAETCA KoauuecTBo TermnoThl Q = 600 [k 3a 1 munyty?

1) 6B 2) 12B 3) 15B 4) 24B

15.

3apspKeHHasl yacTHLa Maccoi M, Hecylasi MOJOXKUTEIbHbIN 3apsi 0, ABMXKETCS MepHeHIUKYIIPHO
JMHUSIM MHAYKIUU OJHOPOJHOTO MAarHUTHOTO IOJIsl B M0 OKPYKHOCTH CO CKOPOCTBIO V. JleficTBueM
CHJIBI TSKECTH PeHeOpeyb.

VYCcTaHOBUTE COOTBETCTBHE MEXIY (U3MYECKUMM BeIMYMHAMU U (GopMyrnamMu, MO KOTOPBIM HX
MOXHO paccyutarh. K ka0l No3uuK nepBoro cTojidia noadepure COOTBETCTBYIOILYIO TO3HLIUIO
BTOPOT'O U 3aMUIINTE B TaOJIMIly BEIOpaHHBIE U(PHI 0] COOTBETCTBYIOIUMH OYKBAMHU.

OU3NMYECKHE BEJIMYMHBI OOPMYVIJIbI
A) MHIYKIMS MarHUTHOTO TIOJIS 1) mo 2) mo 3) 27m 4) quB
b) nepuox  oOpameHuss 4acTHLBl  II0 qB grR qB
OKPYXHOCTHU
Alb
16.

OOBeKTUB MPOEKIIMOHHOIO anmnapara uMeeT (OKyCHOe paccTosHUE 25 cM. DKpaH pacrloiokeH
Ha paccTosHUU 1 M oT 0ObekTHBa. ONpenenuTe pacCTOsHUE OT IpeIMeTa 10 00bEKTHBA.

1) 033m 2) 02Im 3) 025m 4) 09m

17.
Hudpakuuonnas pemerka coaepxuT 120 mTpuxoB Ha | mM. HaiiTu anuHy BOJIHBI
MOHOXPOMAaTHYECKOI0 CBETa, MAJalolIero Ha PELIETKY, €CIU Yrojl MEXIy NBYMS CIIEKTpaMu

TIEpPBOTO TIOPSIKA paBeH § .
1) 786um 2) 483mm 3) 1160um 4) 581 um

18.

ATOM BOZOpO/Aa TMpH NEpexoje B OCHOBHOE cOCTOSIHME E1 M3 BO30YXAEHHOTO COCTOSIHMA E»
n3ny4daer ¢GoTtoH. UeMy paBHBI [JIMHA BOJHBI M MOJIYJh HUMITyJIbCca 3TOro (oToHA? YCTaHOBUTE
COOTBETCTBHE MeXIy (HU3MUEeCKMMU BeIHMYMHAMH W (POopMyrnamMu, 1O KOTOPBIM HX MOXKHO




paccuntath. K Kaxmoil mo3ummu mepBoro crtoilia mnoAadepuTe COOTBETCTBYIOIIYIO IO3HIIUIO
BTOPOTO U 3alUIINTE B TAOIUIy BbIOpaHHBIE IIU(PHI O], COOTBETCTBYIOIIUMHU OYKBaMH.

OU3NYECKAS BEJIMYNHA O®OPMVIJIA
A) JlnunHa BomHBI (hOTOHA 1) E,-E 2) E,-E,
c h
Bb) Moayns umnynbsca ¢porona he h
3) 4)
Ez B El Ez B El
A b
19.

t
PagnoakTHBHBIN pacnag TPOMCXOJUT TIO0 3aKOHY paauoakTuBHOro pacmamza N =N,-2 7.

[lepuon momypacnana m3oromna coctaBisier 2 MUH. CKOJBKO siIep UCHBITAIOT PaauOaKTUBHBIN
pacnaz uepe3 4 munytbl? HauansHoe uucio saunep 100.

1) 25 2) 50 3) 75 4) 100

20.

[Ipy mnomomuM MuUIMAMIEPMETpa U3MEpsieTcss TOK B HEKOTOPOM AJIEKTPUYECKOW  LIEMu.
MunnamnepmeTp u300paxEéH Ha pUCyHKe. UeMy paBeH TOK B IENH, €CIIU MOTPEIIHOCTh IPSMOTO
U3MEpEHMsI TOKA paBHA LIEHE JieleHns Muutmamnepmerpa? OTBET NpUBEIUTE B MUIIIUAMIIEPaXx.

200 30
10 Vi, 40
7 e
mlA

O

1) (26+) md  2) (23,0£0) md 3) (26+2)md 4) (26+01) md

YacTts 2
B 3a0anusx 21-26 omeemom asisemcs 4ucio, pagHoe 3HaueHuro Qu3uieckoll 6eluiuHbl 8
coomeemcmeyouen eounuye usmepenus. Kaowcoyio yugpy u 3max «mumycy, eciu qucio
ompuyamenvHoe, nuwiume 6 0moeibHou Kiemouxe. EOunuyvl usmepenus guzuyeckux eenudun
nUcamo He HYICHO.

21.

B crakan nHamuta pTyTh, @ MOBEepX Hee — BoAa. OJHOPOAHBIM JKEIE3HbIM IIap IJIaBaer,
MOTPY)KeHHBIH B 00€ >kumkoctu. Kakas gacth oOb€Ma mrapa Haxomutcs B prytu? OTBeT
OKpYTJIUTE JI0 AeCATHIX. B 0TBeT 3anuIumTe TOJBKO YHCJIO.

Ortser:



22.

B Boxy oowsemom V = 20 11, Haxomsmiyrocs mpu Temmeparype t1 = 27 °C, Bmmm HekoTopoe
KOIIMYECTBO KHIISITKA, B Pe3yNbTaTeé dYero yCTAHOBMIACh TeMIiepaTypa Boael t, = 60 °C.
Onpenenuth 00beM JOOABICHHOTO KUIISITKA. B 0TBET 3amuIIMTE TOJIBKO YUCJIO.

OrtBerT: 1

23.

[ToNoKHUTENLHO 3apsyKeHHas YacTuna maccod m = 1,6:10% xr u 3apsagom ¢ = 4,8-10° Kx
JBIDKETCS. 10 OKPY)KHOCTH NEPHEHAMKYISPHO JIMHUSM HMHAYKIMA OJHOPOAHOTO MAarHUTHOTO
TOJIs ¢ YITIOBOM cKOpocThio ® = 6-10°8 pan/c. Onpenenute MOLYIb MHAYKIMH MATHATHOTO HOJIS.
PenstuBuctckumu 3¢ dexramu npenedpeys. B oTBeT 3anuIINTE TOJIBKO YHCIIO.

OrtBerT: Tn

24,

JIBa MIacTUIMHOBBIX IIApHKa MaccaMu M1 = 15 ru Mz = 25 r, geTsnme HaBCcTpeuy Apyr APYTy C
OJIMHAKOBBIMH 10 MOAYJIIO CKOPOCTAMHU V1 = V2 = 4 M/C, IpU CTOJIKHOBEHUH ciunaroTcs. Kakoi
CTAHOBUTCS UX CKOPOCTh Cpa3zy IOCie CTOJKHOBeHUs? CUMTaTh, YTO BpPEMsI B3aUMOJCUCTBUS
HIapuKOB Mayo. B oTBeT 3anuumuTe TOJBKO YHCJIO0.

OrtBerT: m/c

25.

KonebarenbHbII KOHTYP COIEPKHUT KOHAEHcATop 3nekTpoeMkocThio C = 8§ nm®d u Karymky
uayktuBHocThto L = 0,5 MI'H. KakoBo makcumanbHoe HamnpsikeHHe Umax Ha OOKIagKax
KOHJIEHCATOpa, €CIM MakcuMaibHasi cuiia Toka Imax = 40 MA? OtBeT okpyriauTe a0 Lenbix. B
OTBeT 3alMIIUTe TOJbKO YMCJI0.

OrtBer: B

26.

Haiinute HomMep OOpOBCKON OpOUTHI, COOTBETCTBYIOIIEH BO30YXJIEHHOMY COCTOSHUIO aroma
BOJIOPOJA, €CIIM U3BECTHO, YTO IPU NEPEXOJIE B OCHOBHOE COCTOSIHUE 3TOT aTOM MCITYCTHJI JBa
dorona. Mmmynsc mepBoro dorona 1,35-10%" kr-m/c, a BTOPOMY COOTBETCTBYET 4YaCTOTa,
paBHas KpacHOi rpanune Gotoaddexra 111 MaTepuana, paboTa BbIX0/1a JIEKTPOHA U3 KOTOPOTO
A=10,2 3B. B oTBeT 3anHIINTE TOJbLKO YHCJIO.

OrTBer:

OTtBernI YacTh 1
1 2 3 4 5 6 7 8 9 10 11 12
2 3 35 3 2 4 13 2 2 2 1 213

13 14 15 16 17 18 19 20

2 2 23 1 4 31 3 3

OTBeTbI YacThb 2

21 22 23 24 25 26

0,5 16,5 2 1 316 4




PHYSICS DEMO VERSION
Instructions for applicants

The test version consists of two parts. When performing this option, you can use a non-
programmable calculator. In all tasks, unless specifically specified in the condition, the air
resistance during the movement of bodies is ignored.

Below you will find some background information that may be useful for your work.

Decimal prefixes

Name Designation | Multiplier Name Designation Multiplier
oiga G 10° centi c 1077
mega M 106 milli m 10°°
kilo k 10 micro i 10-°
hecto h 10° nano n 1077
deci d 10°1 pico o 10-12-12
Constants
n 3.14
Gravitational acceleration on Earth g=10m/s’

gravitation constant
Molar gas constant

Boltzmann constant
Avogadro’s number

G=6.7-10-11"" N-m?/ kg’
R=8317/(molK)
k=13810-232T1/K
Na Na=6-10" mol!

speed of light =310 m/s
) 's law k= —=0-10109
Coulomb constant o, e
N*m- /CI
Charge of electron e=1.6-1007Cl

Planck’s constant
Earth mass

h=6.6-10" J*s
6'1010 1024 ke

Solar mass 2100 kg
Mean distance — Earth to the Sun 1 aux1.5-101'm
1l year 310107 s

Ratio between different units of
temperature

atomic mass constant

1 atomic mass unit 1s equivalent to

1 electronvolt

0=K-273.15°With
1aem =1.6610 kg

931.5 MeV

leV=1610177

the particle Mass

electron 0.1-10° kg ~ 5.5-10% a.e.m.
proton 1.673-107kg ~ 1.007 a.e.m.
neutron 1.675-10ke ~ and 1.008.e.m.




The density

water 1000 kg/m’ paraffin 900 kg/m*

cork 250 kg/m® aluminum 2700 kg/m’

wood (pine) 400 kg /™ ron 7870 kg™

kerosene 800 kg™ mercury 13600 kg/m3’
Part 1

Part 1 contains 20 tasks. To tasks 1, 2, 4-6, 8-11, 13, 14, 16, 17, 19, 20 there are 4
possible answers, of which only one is correct. For task 3, 5 possible answers are given, of
which only two are correct. In tasks 7, 12, 15, and 18, you need to match each letter with the
corresponding number.

1.
Calculate the path traveled by the body in a straight line during the observation period, if the
graph of the dependence of the projection of the body's velocity on time is shown in the figure.

Vi . e
15
\
10 N
5
\\/

- 1 2 3 4 t,c
1) 15m 2) 37.5m 3) 225m 4) 25m

2.

The acceleration of a cyclist on one of the downhill sections of the track is 1.2 m/s%. On this
downhill section, his speed increases by 18 m/s. How long did the downhill section last?
1)0.07s 2)75s 3)15s 4)21.6s

3.

A small body moves along the OX axis. The figure shows a graph of the projection of the

velocity Vy of this body onto the indicated axis as a function of time t. Based on the analysis of

the graph, select all the correct statements. _—
10

1) During the first 30 seconds of motion, the body covers the same 5 \

distance as during the last 30 seconds of motion. 0

2) In the time in%[]erval fromt =20 s tot =35 s, the body moves s \MJ "

with uniform velocity. -10

3) At time t = 30 s, the body comes to a stop.

4) The body is at the maximum distance from its initial position 60 seconds after the start of

motion.

5) Attimes t = 23 s and t = 33 s, the body has the same acceleration.

4.
A spring with stiffness k = 10* N/m under the action of a force of 1000 N will stretch by ...

1) 1m 2) 1lcm 3) 10cm 4) 1mm



5.
A body moves in a straight line. Under the action of a constant force of 5 N, the momentum of
the body decreased from 25 kg-m/s to 15 kg-m/s. How long did this change in momentum take?

1) 1s 2) 2s 3) 3s 4) 4s

6.

A ball, half submerged in water, rests on the bottom of a container and presses on it with a force
equal to 1/3 of the gravitational force acting on it. What is the density of the ball? The density of
water is 1000 kg/m?.

1) 250kg/m®. 2) 333kg/m’. 3) 667 kg/m’. 4) 750 kg/m’.

7.

A monatomic ideal gas in the amount of 0.04 mol, located in a vessel under a movable piston,
isothermically expands at a temperature of 450 K. The mass of gas in the vessel remains
unchanged.

Establish a correspondence between the physical quantities that characterize the gas and the
formulas that express their dependence on the volume V of the gas.

For each position in the first column, select the corresponding position from the second column
and write down the selected numbers under the corresponding letters in the table.

PHYSICAL QUANTITIES FORMULAS
A) Gas pressure p (V) 1 149,58 2) 27
B) Internal energy of the gas U (V) ) v )
3) 224,37 4)18-V
A B
8

A monatomic gas in an amount of 4 moles absorbs 2 kJ of heat. The temperature of the gas
increases by 20 K. What is the work done by the gas in this process?

1) 05kJ 2) 1,0k 3) 1,5x/Ix 4) 2,0 xkIx

9.

Supplying 84 kJ of heat heats water with a mass of 2 kg, initially at a temperature of 20°C.
Determine the temperature of the water after heating. The specific heat capacity of water is 4200
J/(kg'K).

1) 20°C 2) 30°C 3) 45°C 4) 500°C

10.

The figure shows graphs of the coordinate x of the centers of mass of body A and body B as a
function of time for harmonic oscillations along the Ox axis. What is the distance between the
centers of mass of the bodies at time t=1 s?

1) 4cm 2) 2cm 3) Ocm 4) -2cm




11.
Two point charges q: and g2 are separated by a distance L. If the distance between them is
increased by 50 cm, the force of interaction decreases by a factor of 4. What is the distance L?

1) 05m 2) 0,7m 3) 10m 4) 15m

12.

A parallel-plate air capacitor consists of two plates with charges +q and —q separated by a
distance d. Without changing the charge on the plates or the area of the plates, the distance
between the plates is doubled. How will the following quantities change: the capacitance of the
capacitor, the magnitude of the potential difference between the plates, and the magnitude of the
electric field strength inside the capacitor? For each item in the first column, select the
corresponding item in the second column and write down the chosen numbers next to the letters.

PHYSICAL QUANTITIES THEIR CHANGE
A) Capacitance of the capacitor
B) Magnitude of the potential difference 1) increases
between the plates 2) decreases
B) Magnitude of the electric field strength 3) remains unchanged
inside the capacitor

13.

Two resistors with resistances R; = 18 ohms and R> = 9 ohms are connected to a source with
EMF ¢ = 15 V and internal resistance r = 3 ohms as shown in the figure. What is the current
flowing in the circuit?

1) 01A 2) 0,5A 3) 1,5A 4 25A

14,

When a lamp with resistance R is connected to a current source with internal resistance r = 2
ohms, a current 1 = 1A flows in the circuit. What is the EMF of the source if the amount of heat
generated in the external circuit is Q = 600 J over 1 minute?

1) 6V 2) 12V 3) 15V 4) 24V

15.

A charged particle of mass m, carrying a positive charge ¢, moves perpendicular to the field lines
of a uniform magnetic field B in a circle with speed v. Neglect gravity.

Match the physical quantities with the formulas by which they can be calculated. For each
position in the first column, select the corresponding position in the second column and write
down the chosen numbers in the table under the corresponding letters.

PHYSICAL QUANTITIES FORMULAS

A) Magnetic field induction mo mo 27m
B) Orbital period of the particle 1) q_B 2) q_R 3) B 4) quB

A|B




16.
The lens of the projection device has a focal length of 25 cm. The screen is located at a distance
of 1 m from the lens. Determine the distance from the subject to the lens.

1) 033m 2) 02lm 3) 025m 4) 09m

17.
A diffraction grating has 120 lines per 1 mm. Find the wavelength of monochromatic light
incident on the grating if the angle between the two first-order spectra is 8°.

1) 786nm 2) 483nm 3) 1160nm 4) 581 nm

18.

A hydrogen atom emits a photon when it passes to the ground state E; from the excited state Ea.
What is the wavelength and momentum modulus of this photon? Establish a correspondence
between physical quantities and the formulas that can be used to calculate them. For each
position of the first column, select the corresponding position of the second column and write
down the selected numbers under the corresponding letters in the table.

PHYSICAL QUANTITY FORMULA

A) Photon wavelength 1) E,-E 2) E,-E,
c h

B) Photon momentum modulus he h

3) 4)
2 El Ez o El
A B
19.

t
Radioactive decay follows the law of radioactive decay N =N -2 7. The half-life of the

isotope is 2 minutes. How many nuclei will undergo radioactive decay after 4 minutes? The
initial number of nuclei is 100.

1) 25 2) 50 3) 75 4) 100

20.

A milliammeter measures the current in an electrical circuit. The milliammeter is shown in the
figure. What is the current in the circuit if the error of direct current measurement is half the
price of dividing a milliammeter? Give the answer in milliamps.

20 30

10 'JJ-I’-‘I‘-LQ 40
|

I %

o

@)

1) (26 + 1) mA 2) (23,0 + 0,1) mA 3) (26 £ 2) mA 4) (26 = 0,1) mA



Part 2
In tasks 21-26, the answer is a number equal to the value of a physical quantity in the
corresponding unit of measurement. Each digit and minus sign, if the number is negative, write
in a separate box. You don't need to write units of measurement for physical quantities.

21.

A glass contains mercury, and water is poured on top of it. A homogeneous iron ball floats,
partially immersed in both liquids. What fraction of the ball's volume is in the mercury? Round
up the answer to tenths. Write only the number as your answer.

Answer:

22.

Water with a volume of V = 20 L at a temperature t; = 27 °C has a certain amount of boiling
water added to it. As a result, the final temperature of the water becomes t, = 60 °C. Determine
the volume of boiling water added. Write only the number as your answer.

Answer: L

23.

A positively charged particle of mass m = 1.6x102° kg and charge q = 4.8x10~° C moves in a
circle perpendicular to the field lines of a uniform magnetic field with an angular velocity © =
6x10° rad/s. Determine the magnitude of the magnetic field induction. Neglect relativistic
effects. Write only the number as your answer.

Answer: T

24.

Two plasticine balls with masses my = 15 g and m2 = 25 g, flying toward each other with equal
speeds vi = V2 = 4 m/s, stick together upon collision. What is their speed immediately after the
collision? Assume the interaction time is short. Write only the number as your answer.

Answer: m/s

25.

An oscillatory circuit contains a capacitor with capacitance C = 8 pF and an inductor with
inductance L = 0.5 mH. What is the maximum voltage Umax across the capacitor plates if the
maximum current is Imax = 40mA? Round your answer to integer. Write only the number as
your answer.

Answer: V

26.

Find the number of the Bohr orbit corresponding to the excited state of a hydrogen atom, if it is
known that upon transitioning to the ground state, this atom emitted two photons. The
momentum of the first photon is 1.35x10727 kg-m/s, and the second photon has a frequency



equal to the red threshold of the photoelectric effect for a material with a work function A=10.2
eV. Write only the number as your answer.

Answer:

Answers Part 1
1 2 3 4 5 6 7 8 9 10 11 12
2 3 35 3 2 4 13 2 2 2 1 213

Answers Part 2

21 22 23 24 25 26
0,5 16,5 2 1 316 4




