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MOCKOBCKASA OIMMNUALA LWWKOJIBHUKOB MO ®U3UKE

MOLL, 2022/23, 3aknouuTenbHbIX 3Tan, 9 Knacc

Yacrora ynbTpasByka

1a. VICTOYHMK yJIbTPa3BYKOBbIX MMITYJILCOB JBVXKETCS 10 MIPSIMOI CO CKOPOCTBIO v HABCTPeUy Hello-
IBVDKHOMY MTPUEMHMKY, PACIIONArarIiemMycs Ha TOM ke IpsaMoii. ICTOYHMK U3/TydaeT KOPOTKYUE UM-
IYJIbChI C YACTOTOM fy. C KaKOW 4acTOTOM f UX NIPUHUMAET NPUEMHUK? Kak M3MEHUTCS OTBET, eC/In
MCTOUHMK OyIeT yoansiTbCs OT MpuéMHMKa? CKOPOCTb pacipoCcTpaHeHMsl yAbTpa3ByKa paBHa ¢, pu
9TOM ¢ > v.

Ha mHe MOpsi yCTaHOBJIEH YIbTPa3BYKOBOII eTeKTop. CyIHO ABMUKETCS IPSIMOIMHEIHO C TIOCTOSIH-
HOJ CKOPOCTBIO v, TTPOXOAST B HEKOTOPBI/i MOMEHT BpeMeHM IIPSIMO Haf, JeTeKTopom. Ha cymHe ycra-
HOBJIEH MICTOYHMK Y/IbTPa3BYKOBBIX MMITYJIbCOB, M3/Ty4aIOMIUii UX C YaCTOTO fi C OMMHAKOBOI MH-
TEHCUMBHOCTBIO B JTI0O0M HarpaBieHMn. [leTeKTop MpUHMUMAaeT UMITY/IbChI C YaCTOTOM [, OTIMUHO
OT YaCTOTBHI M3JTy4aeMbIX UMITYyJIbCOB. O603HAUMM n = -~ OTHOIIEHME 3TUX 4YacToT. Ha pucyHke,

0
IIpeagCcTaBJIeHHOM HMXKe, ITOKa3aH (l)paI‘MeHT 3aBUCMMOCTHM OTHOIIEHMS n OT BpeMeHMU IIpU OBMKe-

HuM cygHa. CKOpoCTh y/IbTpa3ByKa B Bojge paBHa 1500 m/c.
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1b. Yemy paBHa cKOpocCTb cymHa? Ha Kakoii riry6uHe pacIioynaraeTcs JeTeKTop?

Vkazarue. TTpu perieHUM 3a0a4y MOTYT OKa3aThCsI IIOJIE3HBIMM CIIeyIoLIe MPUOIMKEHHBIE PopMy-
JIbI, CIIpaBeJIMBbIe IIPY MaJbIX 3HaUeHUSIX x (|z]| < 1)

. x? 1
sinz =~ z, cosr~1——, ~1l—=x
2 14z
la) f = : J;FOv (pu ¢ > v Takke f ~ fo (1+Y)), BePXHMIt 3HAK NPU COMVDKEHUM, HUOKHMIA TIpY
C
2
yoaneunu; 1b) v = (9,0 £0,3) m/c, h = YT~ (410 £ 50) M.
cAn
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Mowna Ha aHO

B GyTBUIKY C JOCTAaTOYHO TOJICTBIMM CTEHKaMM BMECTUMOCTBIO V' = 700 MJI HAJIMBAIOT HEKOTOPOE KO-
JM4YeCcTBO BoAbl. [IpMKPBIB rOPJIBILIKO MMaJiblieM, OYyThUIKY IepeBOPaYMBaIOT BBEPX JHOM, ITOTPY3KAIOT
B BeZpO C BOZIOV U yOMpaloT pyKy. ByThliiKa 171aBaeT, coxpaHsisi BepTuKajlbHOe nonoxkeHue. Hax mo-
BEPXHOCTbHIO BOJbI BBICTYIIAET YaCTh OYTHUTKM 00b€MOM AV = 15 Mi1. Beipo ¢ 6YThITIKOI BBIHOCSIT U3
KOMHAThbI, TeMIlepaTypa BO34yxa B KOTOPOi1 paBHa ty = 25 °C, Ha MOp03. MOXXHO CUMTaTh, YTO B IIPO-
1[ecce OXJIaKAEHUS BO3AYX, HAXOASIINIACS BHYTPU OYTHUIKM, CKMMAETCSI, ¥ er0 00bEM M3MEHSIeTCs
no 3akoHy V = Vj (1 + «(t — tp)), roe V) — 06bE€M BO3[yxa IIpU TeMIiepartype tg, o« — Koabduim-
eHT, paBHbIii 3,6 - 1072 1/°C. HaiimuTe Temmeparypy BO3ayXa BHYTpU 6yTUIKM B TOT MOMEHT, KOT/a
OyTbUIKA MMOJTHOCTBHIO MOTPY3UTCS B Boay. Macca 6yToiikM paBHa 300 T, INIOTHOCTb MaTepuasia, 13
KOTOPOTO OHA U3TOTOBJIEHA, p = 2600 KI/M?, INIOTHOCTb BOABI pg = 1000 Kr/m>.

t~4,2°C.

3 Uenb u3 Heckonbkux 3BeHbEB

OnexkTpuyeckas 1ellb, TOKa3aHHas Ha pUCYHKe, COCTaB/ieHa U3 TSITY OJMHAKOBbIX 3BeHbEB, B KASKIOM
13 KOTOPBIX COTEPXKUTCS TPU OOMHAKOBBIX Pe3UCTOpa CONPOTUBIeHneM R. BeiBonsl A u D, a Takke
C' ¥ B coenyHSIOT TPOBOIHUKAMM ITPEHEOPEKMMO MaJIOro CONPOTUBIIEHMS TTonapHo. OnpenennuTe
COTIPOTUBIIEHME MEXIY TOUKaMu A 1 B 06pa30BaBIIeiiCs LEIN.

ERAEE

19R
Rap = =3

CTONKHOBEHMSA HA NIOCKOCTU

Ha paccrosstium L = 10 cM IpyT OT Apyra Ha AOCTaTOYHO MPOTSKEHHO HAKIOHHOW TIJIOCKOCTH, CO-
CTaBJISIIONIEN Yyrol o = 30° ¢ TOPU30HTAJIbIO, YAEPKMBAIOTCS IBA a6COTIOTHO OJMHAKOBBIX OpycKa.
B MmoMeHT BpemeHu ¢ = (0 6pyCKM OCBOOOXKIAIOT M OHM HAUMHAIOT ABUTATHCS. BellMunmHbI, OTHOCS-
yecst K BepXHeMY B HayajIbHbI/i MOMEHT GPYCKY, ajiee TIoMeYaeM MHIEKCOM 1, a OTHOCSIIMeCsS K
HIDKHeMY MHIIeKcoM 2. O603HauMM v (t) 1 vy (t) CKOpoCTy 6pycKOB B MOMEHT BpeMeH ¢. Koadbduiiu-
V3 3

eHTbI TPEHJS O IIOCKOCTb PABHBI jig = —= M iz = —~. VckopeHue CBOOOTHOTO TTaieHUST CUMTAETCS
paBHbIM 10 M/c?. Pasmepbl 6PYCKOB IIPEHEOPEXMMO MaJibl, CTOJIKHOBEHMUS MEXIY HUMMU SBJISIOTCS
abCOJTIIOTHO YIIPYTUMMA.

4a. [ nepBoii CeKYHIbI ABMKEHMS M1300pa3uTe rpaduky 3aBUCUMOCTeN vy (t) 1 vo(t). B kKakue mMo-
MEeHTbI BpeMeHU ITPOUCXOAST CTOTKHOBEHUSI 6PYCKOB?

4b. Kakoe paccTosiHue IIPOXOANUT MEPBbIi OPYCOK (BepXHMI B MCXOIHOM KOHUIYypaluu) K MOMEHTY
1n-TO CTOJIKHOBEHUS?
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4a)t1:”%’%O,QSC,tk:”%@k—l); 4b) S, = L (2n% — 2n + 1).
g g

B Oonpenenure no dpotorpadum

Ha cTpobockonmyeckoit potorpadun (CM. pUCYHOK) MOKHO BUJIETH ITOJIOKEHVE IBVIKYILETOCS B T10-
JIe TSDKeCTU 3eMJIU MsIYa, CTAIKUBAIOLIETroCs C TOPU30HTAIbHOM ITOBEPXHOCTHIO, B pa3Hble MOMEHTHI
BpemMeHN. [IpOMEXYTKM BpeMeHM MeXIy OBYMS IOC/IeI0BaTeIbHbIMM BCITBIIIKAMM CTPOOOCKOMIN-
YyecKoit JlaMIibl ogvHaKoBbl. ®oTorpadust MHBEPTHMpPOBaHa (UEPHBIN 1IBET M3MEeHEH Ha Oesblit, Oe-
JIbIi 3aMEeHEH Ha YEPHBIIA), CeTKa HaJIo’KeHa B rpadmueckoM pegaKkTope Mo3ske AJIs yIo6CcTBa pacué-
TOB. CTOIKHOBEHUS MsI4a C TOPU30HTAJIbHON ITOBEPXHOCTHIO HEJIL3S CUMTATH YIIPYTUMMU, B IIPOLIecce
CTOJIKHOBEHMSI KMHETUYECKAasl SHePrus MOCTYIIaTeIbHOTO ABVKEHUS MS4Ya YMEHbIIAeTCsI.
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5a. [Tasiee Be3me B 3TOJN 3a7aue Mbl IIpeIIojaraeM, UTo Cuia COIMPOTUBIIEHNST BO3ayxXa ITpeHeobpe-
kMo Masa. M3yums dororpaduio, KpaTKo 0ObSICHMUTE, HACKOJIBKO CITPAaBeIJIMBO Hallle TTPearioso-
xeHue?

. V1 .
5b. HaiimuTe oTHOIIEHNE —, TAE v; U v3 — CKOPOCTU MsIUua B HaUBBICIIEI TOUKE TPAEKTOPUM TTOCTIe

U3

MEepPBOTO U TPETHETO YAAPOB O MOBEPXHOCTh COOTBETCTBEHHO.
5c. OnpenenuTe Kak MOKHO TOUHEe yTojl MeKIy CKOPOCTbIO Msiua cpasy I1oc/ie IepBOro CTOJKHOBe-
HMS Y TOPU30HTOM.

5d. Bo cKO/BbKO pa3 M3MeHSIeTCSI KUHEeTHMYecKasi SHEPTMs MsTua B ITPOIeCce BTOPOTO CTOJIKHOBEHMS C
MMOBEPXHOCTBIO?

Lot E
5b) L =B 0 10401; 5¢)a; ~81°+3°;  5d) =2 = 0,75+ 0,15.
V3 l3 t1 El

McTouHmk: MOCKOBCKas onuMnuaga WKOAbHUKOB No Gusnke, 2022/23, 3akN0UUTENbHbIM 3Tan, 9 KNnacc — YCN0BUS, peLleHus.
3apaum nepeHabpaHbl Ha botay.pro, peweHns — No oduLMaNbHbIM.

botay.pro — ¢u3uka ¢ pazbopamu 3apau 3


https://botay.pro/olimpiady/mosh/2022-23-zakl-9/
https://mos.olimpiada.ru/upload/files/Archive_tasks_2013-.../2022-23/phys/tasks-phys-9-tur2-final-22-23.pdf
https://mos.olimpiada.ru/upload/files/Archive_tasks_2013-.../2022-23/phys/sol-phys-9-tur2-final-22-23.pdf
https://botay.pro/olimpiady/mosh/2022-23-zakl-9/
https://botay.pro/olimpiady/mosh/2022-23-zakl-9/

