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MOCKOBCKASA OIMMNUALA LWWKOJIBHUKOB MO ®U3UKE

MOLL, 2022/23, 3aknouutenbHbi 3tan, 10 Knacc

Kasanocb 6bl, npu 4éMm 3aecb $\pi$?

Ha riiaikoM rop130HTaaIbHOM CTOJIe TTOKOSITCS IBa MaJleHbKUX OpycKa, MacChl KOTOPBIX PAaBHbBI 11 =
1 kr umgy = 10V kr, rme N — HeKoTopasi KOHCTaHTa. B MOMeHT BpemMeHu ¢ = 0 BTOPOMY 6PyCKy CO06-
IAI0T CKOPOCTH vy (CM. PUCYHOK). CTOIKHOBEHMSI 6PYCKOB APYT C IPYTOM U CO CTE@HKOI B Mpoliecce
IaabHEeNIIero JBVDKeHNST CUMTAIOTCST aOCOMIOTHO YITPYTYMMA.
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[Iycts ocb OX HampasjieHa BIIpaBO, KOOPAMHATA CTEHKM paBHa HyI10. [Ipocienum 3a OBUKeHMUEM
OpPYCKOB, pacCCMOTPEB 3aBUCUMOCTD x2(x1) — KOOPAMHATHI BTOPOTO OPYCKAa B HEKOTOPbI/f MOMEHT
BpeMeHM OT KOOPAMHATHI IIEPBOTO B TOT ke MOMeHT. [1ookeHMI0 6pPYCKOB, IIPY KOTOPOM MX KOOP-
IOVHATBI PaBHBI 1 U T9, COOTBETCTBYET TOUKa M ¢ KoopauHaTtamu (x1, x2). Co BpeMeHeM KOOpAMHaA-
ThI OPYCKOB M3MEHSIIOTCSI, @ TOUKA M IBUKETCS I10 TI0CKoCTU X10 Xo.

a) Haiaure ckopocTb TOUkM M B MOMEHT, KOT/Ia IIPOEKIMY CKOPOCTelt 6pyckoB Ha ocb OX paB-
HbI v] U v COOTBETCTBEHHO. Kakoii yroj cocras/isieT BEKTOP CKOPOCTU TOUKU M ¢ ocbio O X1 ?
Hapucyiite TpaekTOpuio ABVOKEHMS TOUKU M 110 TUIOCKOCTU X1 O X5 Aj1 3HaYeHUI MacC my =
mg = 1 KT (/N = 0).

BBeném B paccMoOTpeHMe KOOPAMHATHI (Z1,T2), CBSI3aHHbIE C KOOpAMHATAMU (x1,x2) GopmynaMu
T1 = /mi1x1 U Tg = /Mg xo. [IOIOKeHNIO0 OPYCKOB, ITPY KOTOPOM MX KOOPAMHATHI PaBHbBI 21 U o,
COOTBETCTBYET TOUKa M € KOOpAMHATAMU (1, T9) HA TWIOCKOCTU X710 X)5.

b) Bocmoib30BaBIINCh 3aKOHOM COXPaHEHMS SHEPTUU, IOKAKNATE, UTO BEJIMUMHA CKOPOCTY TOUKMU
M coxpaHsieTcst Impy abCOMIOTHO YIIPYTOM yaape 6pyCcKOB.

[TycTb 32 MrHOBEHMeE Tepe[] CTOIKHOBEeHEeM OPYCKOB OCTPBIN yroyl MeXIy MpsIMOii, 3a/1aBae-

" - ma _ ~
MO ypaBHEHUEM To = Z1, Y CKOPOCTBIO TOUKM M paBeH «. MICIonb3ys 3aKOHbI COXpaHe-
mi

HUSI UMITYJIbCA M S9HEPTUU, JOKAKUTE, YTO IMOC/Ie CTOJIKHOBEHMSI GPYCKOB OCTPBIN YTOT MEXIY

S

TIPSIMOIA Ty = #1 ¥ CKOPOCTBIO TOUKM M TaKKe paBeH .

$

¢) Ha KakKOM pacCTOSTHMM OT CTE€HKM MTPOMU3O0IIET MSATOE CTOTKHOBEHME GPYCKOB, €C/u IapamMeTp
N paseH 2?

d) CKOJIBKO pa3 CTOJIKHETCSI GPYCOK Maccoit my ¢ GpyCKOM Maccoit mso ¥ CTeHKOM mpu N = 47?

VkazaHue. MoxkeT 0Ka3aTbCs TI0Ie3HOI MpUOMskeHHas hopmyna tg x = sinx ~ x, CIIpaBeAIMBast IPU MaJIbIX
z (x < 1).
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a)v=/v]{ +vi,tga=wvg/vy; ©)0,13L; d)314.

TAHYT KaHaT

BHYTpU 3aKperuIEHHO TOPU30HTAIBHOM TOHKOM TPYOKM, MU30OTHYTOM B (hOpMe ITOTYOKPYKHOCTM pa-
nuyca R, pacronoskeH OJHOPOIHbIV r'MOKMiI KaHAT OAMHOI mR, Macca KOTOporo paBHa m. KaHat
HAauMHAIOT TSHYTb 32 CBOOOMHBIN KOHeI A, TPUKIIaAbIBasi CUITY IO KacaTeabHO, Kak MOKa3aHo Ha
PUCYHKE.

Uemy paBHa M KyJa HalpaBjieHa CyMMapHasi Cuja peakuuy TPyoOKHu, AeCTBYIOIIas Ha KaHaT, ec-
JIV YCKOpeHMe TOUKM A KaHaTa paBHO a? CumMTaiiTe BHyTpEHHME CT€HKM TPYOKM IIaAKMMU, a KaHaT
HepacTsKMMBIM. PaccMOTpuTe HaualbHbII MOMEHT BpeMeHM, KOIZla CKOPOCTh KaHaTa paBHa HYJIIO.
CuJ10Ji TSDKeCTU MOXKHO ITpeHeOpeub.

V4 + 72 T
Rp :maT, Oé:arctgg.

€3 bBannon Ha nnatpopme

Teneskka ycTaHOBJIEHA Ha TOPU30HTAIbHBIX TIPSIMOJIMHEMHBIX PEIbCaX U MOXET IBUTATHCS 10 HUM
6e3 corpoTuBieHns. Ha Teyeskke 3aKperuviéH cocyl IMIMHAPUUECKOi hopMbl, OCbh KOTOPOTO Iapa-
JiellbHA pesyibcaMm. JIMHa UMAMHIAPA M er0 paauyc paBHbI L U r COOTBETCTBEHHO. Macca TeieskKu C
MyCThIM cocynoM paBHa M. Cocyn 3allONHSIOT UAealbHbIM ra30M Maccoii m Mpu TeMmrieparype 1.
OnmHO OCHOBaHMe COCyaa MOAAeps;KMBAIOT IIpU TeMIiepaTtype 1p. TeMiepaTypa Apyroro OCHOBaHMS B
HayaJbHbI MOMEHT TakXe paBHa Ty, HO 3aTeM €€ MeJlJIeHHO YBeJIMUMBAIOT 0 BeIuunHbl Ty + AT
(Ipm 3TOM U3BeCTHO, UTO AT < Tj). BOKOBasi MOBEPXHOCTD COCYAA TEMJIOMU30IMPOBaHa.

Beném ocb O X, HanmpaBuB €€ BAOJIb OCU IIMJIMHAPA OT OCHOBAaHMUS € TemIiiepatypoii Tp + AT K OCHO-
BaHMIO € TeMmepaTtypoii 7. [lycTp Hauasmo KOOpAMHAT COBIafaeT C OCHOBaAaHMEM LIWJIMHJPA C TeMIIe-
patypoit Ty + AT. 3agauy pemiaiiTe mpuOIKEHHO, IpeHebperast BCeMU cIaraeMbIMM, IPOITOPIO-

T
HaJIbHBIMM KBaIpaTy Majioro napamerpa d1 = 7 M €ro CTapliiM CTereHsM. MO’KHO 1CITO/Ib30BaTh
npubmokeéHHyo dopmyny (1 + x)" ~ 1 + na, cipaBeIJIMBYI0 IpU MajbIX x (|z| < 1).

a) OnpenenMTe 3aBUCMMOCTD INIOTHOCTM I'a3d B IMJIMHAPE OT KOOPAMHATBI p(l‘)

b) Haiimute cMeleHMe TeJIeKKM d OTHOCUTETbHO HAYaTbHOTO ITOJI0KEHMSI.
m 2z m L

.y
a)p(w)_m%(H 2L 5T>’ D= 10T
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BapomeTp JloMoHocOBa

s usmepeHnst HeOOIbIINX M3MEHEeHNH YCKOPeHMsI CBOOOIHOTO TaieHus g (00YC/IOBIEHHbIX, Ha-
MIpUMep, M3MEHEHMEM BbICOTHI HaJl YPOBHEM MOPS MM NPUTssKeHreM JIyHbl) Muxauia BacuabeBuy
JIOMOHOCOB TIPeJIOKIII CO30aTh TIPMUOOP (YHUBEPCAlbHbLl Oapomemp), KOHCTPYKIIMIO KOTOPOTO OITH-
caJ Tak: «Bo3bMEM CTEKJISIHHBIN I1ap AB C TOJICTBIMU CTEHKAMM M BHYTPEHHUM AMAaMETPOM B TPU
II0iMa; COeIHUM C HUM 6apoMeTpuueckyto TpyoKy BC' Tako# OJIMHBI, YTOOBI OT IIeHTpa 1apa g0
n3ruba C 6s110 28 AI0MIMOB; MOCIe 3aruba MyCTh UIET TOPU30HTAIbHAsS Tpyoouka C' P OuHOI0 B (YT
MM GOJIbIIe CO CTEK/ISTHHBIM IIapoM S AMaMeTpoOM B HIOVM; MPOCBeT B Tpybouke C'P mycTh O6yaeT

1
ayaMeTpoM B 1 JIMHUM». CXEM&, COIIPOBOXXOaBIIas OnMMcaHme, IpUBOONUTCS HMKE.

TR

R

[Ipenmonaraaochk, UTO B MIPUOOP 3aIMBaETCs PTYTh TaK, YTOOBI TPV BEPTUKATIbHOM ITOJIOKEHUY TPYO-
K1 BC 667b1mii map 6611 3aII0IHEH HATOJIOBMHY (IIpM 9TOM HaJ, PTYThIO HE OCTaBaJIOCh BO3/IyXa),
a Tpybka PC 6buta 3aronHeHa 10 Touku () (cepegmua PC'). ITocse 3TOro Masblit map repMeTu3un-
poBasics, 06a Iapa pasMeIiaanch B CIIENMaIbHbIX SIIMKaX, 3aII0JTHEHHBIX TAIOMIVIM JIbIoM. Okuia-
JIOCh, UTO M3MeHeHMe YCKOPeHMsI CBOOOTHOTO MafileHMsI MOKHO OyfeT 06Hapy>KUTh 110 M3MEHEHUIO
TTOJIOKEHUSI TPAHUIIBI CTOJI6A PTYTH B TOPU3OHTAIBHO TPYOKe, KOTOpPOe (MKCHMPOBAIOCh JIMHEMKOIA,
PaCITONIOKEHHO PSIAOM C TPYOKOiA. [Ipubop He ObLT M3TOTOBJIEH, BEPOSITHO 3asiBKa JIOMOHOCOBA ObI-
JIa OTKJIOHEHa.

a) HYCTb pacCTossHME MEeXXAy COCeOAHVMMMU OEJI€eHNAMMN LIKaJIbl JIMHEeNKM cocTasiisieT 1 mMHMIO. Ka-

0
KOe MMHIMMAaJIbHOE€ OTHOCUTEJIbHOE M3MEeHEeHNe %9 YCKOpeHUA CBO60}1HOI‘O nageHmsa MOXHO
g

Ob17I0 6B OGHAPYKUTD TPV ITOMOIIY YHUBEPCATBHOTO 6apomeTpa?

1 ¢yt = 12 mroiimos, 1 goitm = 10 nuHMit, 1 goiim = 2,54 cM. IDIOTHOCTb PTYTHU U JaBjieHNUe eé
HachleHHbIX napos npu 0 °C paBHbI 13,6 r/cm? 1 0,25 KI1a COOTBETCTBEHHO.

b) Ha Kakoii MMHMMAJIbHO BbICOTE HaJ, YPOBHEM MOPSI MOKHO ObIJIO ObI M3MEPUTDH U3MEHEHIE
YCKOpEeHMSI CBOOOTHOrO IMaJeHusT PV ITOMOIIM OIMMCAHHOIO Mpubopa C OTHOCUTENbHON I10-
TPEIHOCThIO He 6osbiie, uem 20 %? CumraiiTe, YTO IMOrPEIIHOCTb ONpPeNessieTCsl TOJIbKO I10-
TPEIIHOCTBIO CUNTHIBAHMS JIMHENKM, pagnyc 3eMyin paBeH 6400 KM.
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a)
LIeHbl meneHus); b) H ~ 900 m.

A
291~ 104 (MM B IBa pa3a MeHblIIle, eCJIi CUMTAETCs, YTO I71a3 CII0COOeH pas3IMUUTh ITOJIOBUHY
g

&) Konbuo u crepxensb

B omHOpOAHOM OM3IEKTPUUECKOM LIMAUHIPE AJMHON 2L U inamMmeTpoM 2 R caenaH HMINHAPUYECKUIA
KaHa/I MaJIOTO paauyca r (r < R), COOCHbIV UMJINMHAPY (CM. PUCYHOK, TIpeACTaBJI€HHbIN HIKE).

2L

B kaHas BcTaB/ieH OOHOPOAHO 3apsI’KeHHbIV CTepsKeHb IJIMHO 21 KPYTJIOTO CeUeHMs, AMaMeTpP CTEPK-
HS 9yThb MeHbIIle AuaMeTpa KaHaaa. CTepskeHb MOXKET ABUTaTbCsS CBOOOMHO BIOOJb OCM KaHama. Ha
UWIMHAPE 3aKpeIyieHO TOHKOe OOHOPOAHO 3apsi’KeHHOE KOJIbI0, MJIOCKOCTh KOTOPOTO MeprieH -
KYJISIpHA OCHU IIMJIMHApPA U OeJIUT HUIMHAP mornonam. Konmbiio u cTepskeHb Ha pUCYHKe He M300pa-
>KkeHbl. Macca IWIMHApPaA C KOJbIIOM paBHA mMacce cTep>kHs U paBHa M. CTepykeHb U KOJIbIIO HECYT
OIVIHAKOBbIE 3apSIAbl Pa3HbIX 3HAKOB, paBHbIE M0 a0COMIOTHON BenunHe . CTepskeHb CMeIaloT Ha
He6OJIbIIIOe PACCTOSTHIE 1 (19 < L) OT IOJIOKEHUST PABHOBECHST U OTITYCKAIOT.

a) Yemy paBHa MaKCUMaJIbHasi CKOPOCTb CTEPyKHSI, €CIU IIMJIMHIP 3aKPeIyieH?

b) UYemy paBHa MakcuMasbHast CKOPOCTb CTEP3KHS TI0C/Ie OCBOOOXKIEeHMSI CUCTEMbI, /I LIVINHAD
He yIepXXMBaeTCs BHEIIHel CUIIoi?

I'paBuTaLMeEli, BCEMU BUAAMY TPEHMS, a Takke 3 deKTaMu, CBI3aHHBIMU C TTOJISIpU3alei I1sJek-
TPUKAa, MOKHO ITpeHe6peyb.

2 2

a) v = xq S b) v = xg q .
m(L2 4 R2)3/2’ 2m (L2 +R2)3/2

NcTouHmK: MOCKOBCKasi OnMMNMAAa LWKOAbHUKOB No ¢usmke, 2022/23, 3akntoumTtenbHblii 31an, 10 knacc — ycnosus, peleHus.
3apaum nepeHabpaHbl Ha botay.pro, peweHns — No oduLMaNbHbIM.

botay.pro — ¢u3uka ¢ pazbopamu 3apau 4


https://botay.pro/olimpiady/mosh/2022-23-zakl-10/
https://mos.olimpiada.ru/upload/files/Archive_tasks_2013-.../2022-23/phys/tasks-phys-10-tur2-final-22-23.pdf
https://mos.olimpiada.ru/upload/files/Archive_tasks_2013-.../2022-23/phys/sol-phys-10-tur2-final-22-23.pdf
https://botay.pro/olimpiady/mosh/2022-23-zakl-10/
https://botay.pro/olimpiady/mosh/2022-23-zakl-10/

