® BOTAY MOLL, 2014/15, 3akntounTenbHbli 31an, 10 knacc

MOCKOBCKASA OIMMNUALA LWWKOJIBHUKOB MO ®U3UKE

MOLL, 2014/15, 3aknouutenbHbi 3tan, 10 kKnacc

BonHbI OT KaTepa y 6epera

ITo cIOKOIIHO IMTOBEPXHOCTH 03€epa IVIBIBET Ma/IeHbKUI KaTep, TPaeKTOPMSI KOTOPOTro napaieibHa
TIPSIMOJA IMHUY O6epera U JIeKUT OT Hero Ha paccTossHum L. CTosmmii B TOuKe A Hab/IogaTeNnb yBU-
IleJ1, 4TO TiepBas BOJIHA OT KaTepa JOCTUIIA TOUKU A CITyCTS BpeMs ¢ TI0Cjie TOTO, KaK KaTep repecek
pssMyio A B, TepIeHaIuKy/IIpHy0 6epery (cMm. puc). ITocie 3TOro BOJTHBI yaapsiii 0 6eper B 3TOM
MecTe ¢ repuogoM 71'. PaccTostHMe MeXIy CoceqHMMM rpebHSIMY BOJIH paBHO \. Haiigure cKOpoCTh
Karepa.

Karep

beper 4

@) bycuuka Ha BepTMKaNbHOM KonbLie

B BepTuUKaIbHO IIJIOCKOCTY 3aKpeIUIeHO KPYIJIoe KOMbLIo painycoM R, Ha KOTOpOe B BepXHeil TouKe
HajzeTa 6ycuMHKa Maccoit m. [locie HeGOMBIIOTO TOMUKA OYCMHKA HAUMHAET COCKaIb3bIBAaTh BHU3 110
KOJIbLLY TIOJL IeJICTBMEM CUJIBbI TSKeCTU. Bcemu cumaMu TpeHMs MOKHO IpeHeOpeyb.

1. C kaxKoii cuo¥ 6ycMHKa JaBUT Ha KOJIbIIO B TOUKE, JIEXKallleil Ha ero ropy30HTaIbHOM AMaMeT-
pe?

2. Yemy paBeH MOJY/Ib MUMITYJIbca OYCMHKM B MOMEHT, KOTZIa OHA He JaBUT Ha KOJIbL0?

2
1) F' = 2mg, cuja HarpaBJieHa 10 paguycy OT LieHTpa Koibla; 2) pg =m 3 R.
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E) Cmecurens ¢ agymsa kpaHamm

Ha BomonmpoBogHOM cMecHuTe e yCTaHOBJIEHBI IBA KpaHa — XOJIOHBIN U ropsiunii. KpaHsl oguHaKo-
BbI I10 CBOEJI KOHCTPYKLIMM — OHA TAKOBAa, YTO KOJIMYECTBO BOAbI, TPOTEKAlolee uepes KaXkablil KpaH
3a OJHY CeKyHZY, MPOTIOPLIMOHAIBHO YTy TOBOPOTA KpaHa NP ero OTKPbIBaHUN. EC/IM MOBEPHYTH
XOJIO[IHBIN KpaH Ha yroa «; = 180°, a ropssumii KpaH — Ha yroi 31 = 60°, U3 KpaHa IMOTEeUET BOAA TeEM-
neparyporii t; = 36 °C. Ecin ke mOBEepHYTb XOJMOLHBIN KPaH Ha Yrom ap = 120°, a ropsiumii KpaH — Ha
yroi o = 90°, TO U3 KpaHa MOTEYET BOZa TeMIIepaTypon to = 48 °C. Haiiaurte temrepaTtypy BOABI,
TeKYyIIel 13 KpaHa, KOTrJa XOJOLHBIM KpaH MOBEPHYT Ha Yol ag = 160°, a ropsiunii KpaH MOBEPHYT
Ha yron 33 = 80°. [ToTepssMM TEIUIOTHI B CMECUTeJIe TIpeHe6peyb.

t3 = 41,6 °C.

AproH nop, nopLIHeM ¢ BOAO#

B HMKHel 4acTu BepTUKAIbHOTO IIMJIMHAPUUECKOTO COCYZa, PasfieI€HHOTO TOABMKHBIM JIETKUM
MOPIITHEM, HaXOAUTCSI apTOH. BepXHsIs 4acTh COCya IMOTHOCTHIO 3alI0OTHEHa BOJ0I Maccoi m = 1 KT
1 OTKpbITa B aTMocdepy. [Ipu TemriepaTtype t; = 27 °C nmopiiieHb paciojioskeH Ha BbICOTe, COCTABJISIIO-
et 1/4 BpicOoThI cocya. [Toce HarpeBaHusI BCeii CUCTEMBI 10 TeMITepaTypsl to = 127 °C paBHOBecue
NOCTUTAeTCsI IPU PacCIioIOKeHUM OPILIHS Ha 1/2 BbICOTHI cocyna. HaiinuTe miomanb S monepevyHo-
ro ceuyeHus cocyza u Beicoty H cocyma. ATmocdepHoe masienue py = 10° I1a. AGCOMIOTHBIN HYIIb

cuuTariTe paBHbIM tg = —273 °C, IIOTHOCTb BOABI p = 1000 Kr/M3, yCKOpeHMe CBOOOIHOTO MageHMsI
g = 10 m/c?.
4 T;
S=— " 9104 M2 = 2cm; :1’()(21—1)%6,71\4.
o1 3pg \ T
Pbo 7

) nNepepesanHbiit nposoa B uenu

YyacTok AB 371eKTpUYeCcKOoil [lenu, cxeMa KOTOPOTO IT0Ka3aHa Ha PUCYHKe, COCTOUT U3 OOMHAKOBbBIX
Pe3UCTOPOB ¥ MIPOBOMIOB, COMPOTUBIIEHME KOTOPBIX MpeHebpexkuMo Mayio. COMPOTUBIIEHNE 3TOTO
yJacTka nenu paBHo Ry = 219 Om. [locse Toro, Kak mKO/JIbHMUK Bacs repepesan oguH 13 NpoOBOIOB,
COIPOTHUBJIEHME yUyacTKa AB crano paBHbIM Ry = 255 OM. B kakux Toukax Bacs mMor nepepesaTtb
MpoBoa? YKaxkuTe ABe Takue Touku. OTBET 060CHYIITE.

le

T+
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Bacs mor nepepesatb IpoBoj, Bo3jie pesuctopa N22 ¢ 10601 13 CTOPOH OT Hero (COOTBETCTBYIOIIME
MecCTa MTOKa3aHbl Ha PUCYHKE KPeCTUKAMM).
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3 Cucrema 6n0okoB ¢ Tpema rpyzamu

Cucrema, moKa3aHHasi Ha PUCYHKe, COCTOUT U3 TPEX 6JIOKOB, TPEX OAMHAKOBBIX I'PY30B, IBYX HUTEM
(TmepBast HUTh MTOKa3aHAa HAa pUCYHKe CIJIOIIHON JMHMeN!, BTOpasi — IMMYHKTUPHOI) ¥ KOPOTKOJ Bepe-
BOuKM. K KOHITY I1epBoit HUTH, IEPEKUHYTON Yepe3 CpeHNI U JIEBbIN 610K, IPUKPEIIEH TTePBBIi
rpy3 Maccoii m. K KOHIly BTOpOii HUTHU, TIepeKMHYTO Yepes MpaBblii U cpegHuit 6I0KM, TIPUKPEN-
JIEH BTOPOTI Ipy3 Maccoit m. TpeTuii rpy3 Takoii ke Maccoii MoABeIlleH Ha BepEBOUKE K OCHU MTPABOTO
6710Kka. YUacTKM HUTeI, He Jekale Ha 6JI0KaX, BepTUKaIbHbI. Bce GIOKM 1 HUTM MOXKHO CUMTATh
HEBECOMBIMMU, HUTU ¥ BEPEBOUYKY HEPACTSKMMBIMMY, @ CYJIbl TPEHUS IPeHeOPEesKMMO MajbiMu. [Tpn
BpallleHn! cpeJHero 6;10ka mepBasi ¥ BTOpasi HUTY He MelllalT Apyr Apyry. HaiinuTte Momynn ycKo-
peHui Ipy30B.

LLL A,

g
70

o

Monynu yckopeHUi Bcex Tpy30B O MHAKOBBI M PaBHbI a = g/3.

botay.pro — ¢u3uka ¢ pazbopamu 3apau 3


https://botay.pro/olimpiady/mosh/2014-15-zakl-10/
https://botay.pro/olimpiady/mosh/2014-15-zakl-10/

® BOTAY MOLL, 2014/15, 3akntounTenbHbli 31an, 10 knacc

BycuHKa Ha napa6osiMuyeckoi NpoBooKe

OTpe30K MPOBOIOKM M30THYT B BUIE CUMMETPUYHOTO yYaCTKa IapabosIbl M pacIToNoKeH Tak, YTO OCh
eé CMMeTpUM BepTuKaabHa. Ha 3TOT OTpe30K HaieBal0T MaleHbKYI0 OYCUMHKY Maccoit m, yaepsKu-
Basi €€ y OMHOI0 U3 KpaéB MPOBOJIOKM. 3aTeM OYCMHKY OTITyCKalOT 6e3 HauaJbHOI CKOPOCTHU, ¥ OHA
HauMHaeT CKOJIb3UTh I10 TIPOBOJIOKE IO, AeViCTBMEM CUJIbI TsxkeCcTu. HaiiguTe MoOmy/ib CUIIbI, C KO-
TOpOJi OycMHKA OyIeT JaBUTh Ha IIPOBOJIOKY, HAXOSICh B CAMOJ HYDKHEI TOUKE CBOEI TPAeKTOPUNA.
Tpenue npeHebpexkmo majno. Pasmepst L u H, ykazaHHbIe Ha PUCYHKe, U3BECTHBI.

16H?
N =mg <1+ Iz >

€3 Uukn us nonutponHbix npoueccos

OnuH MOIb UOeaJIbHOTO ra3a y4acTBYeT B IMKIMYECKOM mporecce 1 — 2 — 3 — 1 TeIUioBO# mMa-
IIMHbI, paboTalolleit B pexkuMe TeIIoBOro ABuUratesis. B coctosiHuu 1 ra3 umMeet temrieparypy 11 1
00b€M V7. MI3BeCTHO, UTO BCe MePexXoAbl Ta3a M3 OJHOTO COCTOSIHMS B IPYTroe — IOIUTPOIINYECKIe.
[Toka3aTesb MOIUTPOIIBI TIpoIlecca 2 — 3 Ha eOUMHUILY OOJIbIlle TTOKa3aTesIsl MMOJIUTPOIIbI ITpoIecca
3 — 1 1 Ha eOMHMUITY MEeHbIIIe TTI0OKa3aTeJsl ITOJIMTPOIIbI mporiecca 1 — 2. B mporecce 1 — 2 06bEM ra-
3a yBeqimuMBaeTcs B k pa3. OIVH U3 MPOIeCCOB IIMKIa — U30TepMUIECKUIL, TPUYEM B 3TOM Ipoiiecce
00BEM Ta3a U3MeHsIeT CBOE 3HaUeHMe B MAKCMMAaJIbHO IIMPOKUX TIpeesiax B 9TOM IIUKJIe.

1. OmpepenuTe 06bEM U TEMITEPATYPy Ta3a B COCTOSIHUMA 3.

2. Nsob6pasute Ha pV -muarpaMme IIMUKII, COOTBETCTBYIOIIMI YCIOBMIO 3aauM, yKasaB JIJIs Kaxk-
JIOTO 13 IIPOLIECCOB ero MoKa3aTeab IIOIUTPOIIHI.

CripaBka: [TomuTponnyeckuM Ha3bIBaETCS MPOLIECC, B TeUeHMe KOTOPOTO TeIJIOEMKOCTh ra3a He U3MeHSIeTC s :
C = const. YpaBHeHMe Takoro npouecca umeet By pV" = const, win p; V;* = poVy'. Bennunny n Ha3bIBalOT
ToKasaTeseM MOJIUTPOIIbI.
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1) Vs = Vi/k, T3 = Ti/k; 2) quarpaMma Ha pUCyHKe: ng; = 0 (M306apa), n1a = 2, nog = 1
(usotepma, 1> = const).

€) Mownocts B uenu ACDEFB

Hajigyte TenaoBYy10 MOIIHOCTb, BBIAEISIONIYIOCS B yuacTke AC D EF B 1ienu, MOAK/IIOYEHHOM B TOU-
Kax A u B x 6atapee ¢ OIC £ = 5 B v BHyTpeHHUM conpoTuBieHnem r = 1,04 Om. COnmpoTUBIeHNUS
PEe3UCTOPOB yKa3aHbl HA cxeme B OM, COMPOTUBIEHEM COeAVMHUTENbHBIX ITPOBOAOB MOXHO IpeHe-
6peub. [IpoBOIa COeIMHEHDI TOTBKO B MeCTaX, 0003HAUYEHHBIX TOUKAMM.

Ha oTrmenbHbIX pe3sucTOpax BhIAENSIOTCS MOIHOCTU: Pac = Pop = 1,44 Bt, Parp = Prp = 0,36 BT,
PAD = PDB = 0,72 BT, PAE = PEB = 0,48 BT, PCD = PCE = PDE = PDF = PEF = 0. Ha Bcex
pesuctopax uenu ACDEF B BbienseTcs TeI0Basi MOITHOCTb P = 6 BT.
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Manouka B XXMAKOCTU U Na3epHbIN Nyy

OrmnmyHMK Tumodeit ypaBHOBECIT TOHKYIO OJJHOPOIHYIO ITaJIOUKY, TPUKPEIUIEHHYIO OJHUM KOHI[OM
K IIIapPHMPY, OIYCTUB IPYTOii €€ KOHEll B BepPTUKAIbHbII COCYI, C JKUIKOCThIO. [Ipy 3TOM IMasiouKa Ha-
XOAMIach B PAaBHOBECUM, PACITOAraaach Mof YIJIOM « K BepTUKAIM 1 6bl1a TIOTPY)KeHa B JKUIKOCTh
Ha 1/n yacTb cBOeit IyinHbI. [I101ab TOPM30HTATIBHOTO ITONIEPEYHOTr0 CeUeHUsI cocyaa S, AJIMHA Ta-
JIOUKM L, TIJIOTHOCTD € MaTepuana p. CTeHKM COCy/ia U MTOBEPXHOCTD MaJOUKy ITocepeGpeHbl.

B HekoTOpOJi TOuke A HaJ MOBEPXHOCTBHIO KUAKOCTU, HA OOHOM BBICOTE C TOYKOW KpeIvieHUsI Ta-
JIOUKU, 3KcriepuMeHTaTop Tumodeit pacmonokus BbIXOLHOe OKHO JIa3epHOI YKa3Ku, M HalTpaBUI OT
Heé Ha CTeHKY COCyIa y3Kuii CBeTOBOI JIy4, UAYILIMIA Mapasiae/bHO HajJouke. ITOT JIyd, pacpoCcTpa-
HSISICh TOJIBKO B BO3[yXe, OTPa3suiICs OT CTEHKM COCY[a, 3aTeM OTPasmics OT I1aJl0UKM, ¥ BEPHYIICS
obpaTtHO B TOuky A. Ho TyT «mob6pasi» moapyra AHduca pemnia mpuBieub BHMMaHue Tumodest u
MIPUOTKpPbIIA KPaH, uepe3 KOTOPbIN XXUAKOCTb Hauajaa MeJJIeHHO BbIIMBATbCS U3 cocyaa. Tumodeit
CHayaja paccepauiicsi, HO OBICTPO YCITOKOMJICS, TaK KaK MOHSII, YTO Yepe3 HEKOTOpOe BpeMsl JTy4 BCE
PaBHO BEPHETCS B TOUKY A — IVIaBHOe, BOBpPeMsI 3aKpbITh KpaH! Kakyto Maccy >KMIKOCTH CielyeT BbI-
JIUTh U3 COCY[Ia IJISI TOTO, YTOOBI IIPM HEM3MEHHOM YIJie MaieHMs CBeTa Ha CTEeHKY COCyZa JIy4 CBeTa,
UCTYIIEHHBIN 13 TOUKU A, paCIPOCTPAHSISICh TOMBKO B BO3/IyXe, OMSITh BEPHYJICS B 3Ty TOUKY?

my = px S AH = pSL nin—1)

o 1 (sin o — cos «v); pellieHMe CYILIeCTBYeT IpU o > /4.
n J—

McTouHmk: MocKkoBCKas onnMMnuaaa WKoNbHUKOB no dusnke, 2014/15, 3akntountensHbii 3tan, 10 knacc — ycnosus (1), ycnosus
(2), peweHus (1), pewenuns (2). 3agaum nepeHabpaHbl Ha botay.pro, peweHns — No opULMANBHBIM.
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