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MOCKOBCKASA OIMMNUALA LWWKOJIBHUKOB MO ®U3UKE

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

Kasanocb 6bl, npu 4éMm 3aecb $\pi$?

Ha riiaikoM ropM30HTaIbHOM CTOJIe TTOKOSITCS [Ba MaJIeHbKMX OpyCcKa, MacChl KOTOPBIX PaBHbBI 1M1 =
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 ABVOKeHUS TOUKM M 110 TIOCKOCTU X1 O X9 A 3HaUEHUI MacC m; =
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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TAHYT KaHaT

BHYTpM 3aKpeIIEHHO TOPM30HTAIbHOI TOHKOM TPYOKM, M30THYTOI B OpMe IMOTYOKPY>KHOCTH pa-
nuyca R, pacrososkeH OJHOPOIHbBIV I'MOKMII KaHAT OAMHOI mR, Macca KOTOporo paBHa m. KaHaT
HAUMHAIOT TSHYTb 32 CBOOOMHBIN KOHEI A, IPUKIIaAbIBasi CUITY IO KacaTeabHOI, Kak ITOKa3aHo Ha
pUCYHKe.

YeMy paBHA M Kyfa HallpaBjJieHa CyMMapHasl CWjia peakluyuyu TPyoKu, HeiiCTBYIOIIAsl Ha KaHaT, ec-
JIX yCKOpeHMe TOUKM A KaHaTa paBHO a? CuMTaiiTe BHyTpeHHME CTEHKM TPYOKM IIaAKMMM, a KaHaT
HepacTsSHKMMBbIM. PacCMOTpuUTe Haua/IbHbIM MOMEHT BpeMeHM, KOTJIa CKOPOCTh KaHaTa paBHA HYJIO.
CWJ10i1 TSIDKeCTU MOXKHO IpeHeOpeyb.

&3 banno Ha nnatdopme

Tesneskka yCcTaHOBJIEHA Ha TOPU30HTABbHBIX MIPSIMOJIMHENHBIX PeIbCaxX U MOXET IBUTAThCS 10 HUM
6e3 compoTruieHus. Ha Tenexkke 3aKperuiéH coCy[ HUIMHAPUYeCcKoi GOpMbl, 0Ch KOTOPOTO Mmapa-
JlelibHA penbcaM. [iMHa UWIMHEAPA U ero paguyc paBHbI L U r COOTBETCTBEHHO. Macca TelesxKu ¢
MyCTBIM CcOCynoM paBHa M. Cocyn 3aloOHSIIOT UAeaIbHBIM ra30M MAaccoil m Mpu TeMmreparype 1.
OIHO OCHOBaHMe COCyLa MOAAePKUBAIOT IIpU TemIiepatype 1y. TemnepaTtypa SpPyroro OCHOBaHMS B
HAvyaJbHBIi MOMEHT TakKe paBHa Tj, HO 3aTeM €€ MeJlJIEHHO YBeJIUUNBAIOT 0 BeMuunHbl Ty + AT
(1pm 5TOM U3BeCTHO, UTO AT < Tj). BoKOBas MOBePXHOCTH COCYAa TeIJIOU30IMPOBaHa.

BBeném ocb O X, HaITpaBUB €€ BOOIb OCU LIMIMHAPA OT OCHOBaHMS € TeMmIiepaTypoii Ty + AT K OCHO-
BaHUIO ¢ TeMIiepaTypoii Ty. ITycTb Hauaso0 KOOpAMHAT COBIaAeT C OCHOBAHMEM ITUJIMHPA C TeMIIe-
patypoit Ty + AT. 3agauy periaiTe IpuOIVDKEHHO, ITpeHebperast BceMy cjiaraeMbIMU, ITPOITOPIIO-

HaJbHBIMU KBaIPATy MaJIOro mapamerpa 67" = ~~ W ro CTapIINM CTETIeHsM. MOKHO UCITONTb30BaTh
npuomoKEHHYI0 hopmyiny (1 + x)"™ ~ 1 + nx, CIpaBeIJIMBYIO MpK MajbIX x (|z| < 1).

a) OmpepenuTe 3aBUCUMOCTbD IJIOTHOCTY ra3a B UIMHIPE OT KOOPAMHATHI p(z:).

b) HaiiguTe cmelneHre TeaeXXKU d OTHOCUTEIbHO HAaYa/JIbHOTO ITOJIOXKEHMSI.

BapomeTp JloMoHOCOBa

st i3MepeHust HeGOMbIINX U3MEeHEHMI YCKOPeHsT CBOGOTHOTO MaieHus g (06yC/IOBI€HHBIX, Ha-
npuMep, M3MeHeHeM BbICOThI HaJ, yPOBHEM MODSI Wi NpuTskeHneM JIyHbr) Muxawmn BacumbeBuy
JIOMOHOCOB MPEAJIOKII CO3AaTh IPUOOP (YHUBEPCANbHBILI Gapomemp), KOHCTPYKIMIO KOTOPOTO OIH-
caJt Tak: «Bo3bMEM CTEKJISIHHBIN map AB C TOICTBIMY CTEHKAMM ¥ BHYTPEHHUM IMaMeTpPOM B TPU
II0jiMa; CoOeIMHUM C HUM 6apoMeTpuueckyto TpyoKy BC' Takoi OJIMHBI, YTOOBI OT IIeHTpa 1apa g0
n3ruba C 6s110 28 AI0MIMOB; MMOCIe 3aruba MyCTh UAET TOPU30HTAIbHAs Tpyoouka C' P OnHOIO0 B (YT
MU GOJIbIIIe CO CTEK/ISTHHBIM IIapoM S AuMaMeTpoM B AI0ViM; IPOCBeT B Tpybouke C' P MycTh O6yaeT

1
IaMeTpoM B 1 nuHUN». CXema, COITPOBOKIABIIAsT OMMCaHNe, TTIPUBOIUTCS HIIKE.
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[Ipenmonaraaochk, UYTO B MIPUOOP 3aIMBAETCS PTYTh TaK, YTOOBI ITPY BEPTUKATbHOM ITOJIOKEHUY TPYO-
K1 BC 66mb1mit map 6611 3a1I0/IHEH HATOJIOBMHY (IIPM 3TOM HaJ, PTYThIO He OCTaBaJ0Ch BO3/IyXa),
a Tpybka PC 6buta 3aronHeHa A0 Touku (Q (cepeguua PC'). ITocsie 3TOro Masiblit map repMeTusu-
poBasics, 06a mapa pasMelaanch B CrieliMaabHbIX SIIMKaX, 3aTI0THEHHbIX TAIOMIVM JIbIoM. Okuza-
JIOCh, UTO M3MEHEeHMe YCKOPEeHMSI CBOOOHOTO MaZieHMsI MOKHO OyIeT 0OHApY>KUTh 10 M3MEHEHUIO
TTOJIOKEeHUSI TPAHUIIbI CTOJI6A PTYTU B TOPU3OHTA/IbHOI TPyOKe, KOTOpOoe GUKCHUPOBAIOCh IMHEKOIA,
PaCIIONIOKEeHHO pSIAOM ¢ TPyOKOii. [Ipubop He 6bLT M3TOTOBJIEH, BEPOSITHO 3asiBKa JIOMOHOCOBA ObI-
JIa OTKJIOHEHa.

a) ITycTb paccTosiHME MEKAY COCETHMMM IeIeHUSIMU IIIKaJIbI TMHEKY cocTasisieT 1 mnamio. Ka-
)
Koe MUHUMATbHOe OTHOCUTENbHOe N3MEHe e YCKOpeHMs CBOOOTHOTO TMaieHUs] MOKHO

6b110 6bI OOHAPYKUTD IIPU ITOMOIIYM YHUBEPCATbHOIO 6bapomeTpa?

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

b) Ha kakoit MMHMMAaJIbHO BbICOTE HAJ, YPOBHEM MOPSI MOKHO ObIJIO ObI M3MEPUTh U3MEHeHe
YCKOpeHMs CBOOOTHOIO TMa/IeHNs IMPY MOMOIIM OMMCAHHOTO MPMOopa ¢ OTHOCUTETbHOI TM0-
TPEIHOCThIO He 6osbiie, uem 20 %? CumraiiTe, YTO IMOTPEITHOCTD OMpenesieTcsl TOJMbKO IT0-
TPENTHOCTBIO CYUTHIBAHUS TUHENKY, paanyc 3emau paBeH 6400 Km.

) Konbuo u crepxens

B ogHOpPOSHOM IM3/IEKTPUYECKOM HWIMHAPE OAUHOM 2L 1 auamMmeTpom 2 R caefiaH QUIMHIPUYEeCKUt
KaHaJI MJIOTO paauyca r (r < R), COOCHBIV MWJIVMHAPY (CM. PUCYHOK, TIPEeACTaBJIEHHbIN HUKE).

2L

B kaHa BCcTaB/ieH OTHOPOIHO 3apsKeHHbIN CTepKeHb IJIMHOM 2 L KPYIJIOTO CeUeHMsI, IMaMeTp CTepK-
HS 9yTb MeHbIlle AuaMeTpa KaHana. CTepskeHb MOXKeT ABUTaTbCsS CBOOOMHO BIOOJIb OCK KaHama. Ha
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UWIMHIPE 3aKpeIvieHO TOHKOe OGHOPOLHO 3apsbKeHHOE KOJbLO, IVIOCKOCTh KOTOPOTO TMepIieH -
KyJIIpHA OCY IWIVHIpPA U OeUT MUIMHAP rornojaaM. Kosmblio 1 cTepkeHb Ha pUCYHKe He M306pa-
>keHbl. Macca UunmMHApa ¢ KOJIbLOM paBHa Macce cTepkHs U paBHa M. CTepskeHb M KOJIbL,0 HECYT
OJIHAKOBbIE 3apsIIbl PA3HBIX 3HAKOB, PaBHbIE 110 aOCOMIOTHOI BesnumHe . CTepskeHb CMENaloT Ha
HeOOoJIbIIIOe pacCTosIHME X (xo < L) OT IMOJI0KeHMST pABHOBECHS U OTITYCKAIOT.

a) Uemy paBHa MaKCUMMaJbHasl CKOPOCTb CTEPKHSI, eC/TM IMIMHAD 3aKPervieH?

b) Yemy paBHa MakcUMMasbHast CKOPOCTb CTEPSKHS TIOC/Ie OCBOOOXKIEHMSI CUCTEeMBbI, /TN IIVIVHAD
He yAepXMBaeTCs BHELIHeN CUITO0i?

I'paBuTaLIMeit, BceMy BUAAMU TPeHMS, a Takke 3 dheKkTamu, CBI3aHHBIMU C TTOJISIpU3alueit Iuaek-
TPUKa, MOKHO TIpeHe6peYb.

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