® BOTAY MOLLI, 2011/12, ot6opouHbIit 3Tan, 11 knacc

MOCKOBCKASA OIMMNUALA LWWKOJIBHUKOB MO ®U3UKE

MOLL, 2011/12, or6opouHblii 3Tan, 11 knacc

CronkHoBeHue wanb

Livnuaagpuyeckas 1iaiba, CKOJIb3MBIIAS 10 IVIAJIKOMY JIbIY CO CKOPOCTBIO vy = 2,2 M/C, UCIIbITAJIA
J1060BOE YIIPyTroe coyaapeHue ¢ MOKOUBIIENCS IVIMHAPUIECKOH 1maiiboit npyroit maccel. I[Toce co-
yIapeHusi mepsasi 1aiiba mpoao/sKiIa IBMKEeHNEe B TOM JKe HalpaBJIeHMM CO CKOPOCThIo v = 1,1 M/C.
C KaKoJi CKOPOCTBIO CTaJIa IBUTAThCS ITOC/Ie COyaapeHust BTopas mmaiba? OTBeT BbIpasuTe B IM/C U
OKPYIJIATE A0 11eJbIX.

33 om/c.

JlBa Kycka HUXpoMma

B pacnopsikeHUM OJHOTO JII0OOMBITHOTO MIKOIbHMKA 0Ka3aIMCh 1BA KycKa HUXPOMOBOJI ITPOBOJIOKA
pa3Horo ceueHust, UCTOYHMK I/IC ¢ mpeHeOPEKMMO MaIbIM BHYTPEHHMUM COTIPOTUBJIEHMEM U TTpaK-
TUUYECKU MaeanbHblii amrepmeTrp. CpaBHeHMe TTOKa3as10, UTo JJIMHA OJHOTO M3 KyCKOB POBHO B JIBa
pa3sa 60sbIire, yeM Apyroro. [IKOJTbHUK MOIK/IIOUMII K MCTOUHMKY MTOC/Ieq0BATEIbHO C aMIIEPMETPOM
60j1€€e IJIVHHBIN KyCOK ITPOBOJIOKM, 1 T10 TIOKa3aHMUSIM aMIlepMeTpa OIpe eI, YTO CMjIa TOKa B 1ie-
mu I; = 0,6 A. 3aTeM OH NapasuIeJIbHO AJIMHHOMY ITOAK/TIOUMT 60jiee KOPOTKMIA KYCOK ITPOBOJIOKU, U
ToKa3aHus aMIepMeTpa yBeIuuminch Ao I = 4,2 A. Bo cKoJIbKO pa3 IJIoIaab ITOIepevyHoro ceve-
HMS 6071ee KOPOTKOTO KyCcKa OT/IMYAeTCs OT IUIOMIaAV ceueHus 6osee mIMHHOTO? OTBET OKPYIJIATE
10 LIeJIbIX.

3 (B 3 pasa).

3 Nopowok kpucrannos B cocyae

[Tpu M3yUeHMM TOPOILIKA M3 MEJIKMX KPUCTAJVIOB HEM3BECTHO COMY, MMEIOI X HelTpaBUIbHYIO0 hop-
MY, €r0 IIOMEeCTMJIM B COCYZ, C IIOPIITHEM, 3aII0JIHEHHbBI BO3TyXOM ¥ CHaOKeHHbI TOYHBIM MaHOMET-
pOM [T M3MepeHMsI TaBaeHus BHYTpu cocyna. OKa3aaoch, YTO KOra 00beM COAeps>KMMOTo cocyaa
coctaBisan Vi = 506 cm?, maBneHnue B HeM pPaBHSIOCH p; = 1000 rlla, a mocie M30TepMMUIECKOTO
yMeHbIlIeHus o6beMa 10 Vo = 253 cM® IaBileHue YBEIMYUIIOCH 10 po = 2012 rITa. Macca nopoiika
m = 6,9 r. HaliauTe mIO0THOCTD 3TO¥ comnu. OTBET BhIpa3uTe B Kr/M° m OKPYIJINTE OO LIe/bIX.

2300 Kr/Mm°.

botay.pro — ¢u3uka ¢ pazbopamu 3apau 1


https://botay.pro/olimpiady/mosh/2011-12-otbor-11/
https://botay.pro/olimpiady/mosh/2011-12-otbor-11/

® BOTAY MOLLI, 2011/12, ot6opouHbIit 3Tan, 11 knacc

J[lBoiiHaRA ranakTmMkKa

ACTPOHOMBI OOHAPYKWIN TIapy HEGOMBIINX raJaKTUK, BPAIIAIOIIMXCS BOKPYT O6IIEro 1eHTpa Macc
c mepuogom T’ ~ 10° et (cm. poTorpaduio). LIeHTpbI 3TUX raJlaKTUK HAXOAATCS Ha PACCTOSHUM L ~
107 a.e. mpyr ot gpyra (1 a.e. — 3TO aCTpOHOMMYECKAs eAMHUIIA [IJIMHbI, PABHAS CPeIHEMY PafAyCy
op6utsl 3emin). O1leHUTe, HA CKOBKO MOPSIAKOB CYMMapHasi Macca 3TUX TaJlaKTUK MTPEBOCXOOUT

M
Maccy Comniia? (TakuM 06pa3oM, He06X0AMO ITPeCTaBUTh Pe3Y/IbTaT B BUJIE A ~ 10", u B OTBETE

C
yKa3aTh n, OKPYIJIUB €ro [0 Ie/TbIX.)

n = 11.

3 Konaencatopbi 1 kntoumn
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[Tepen c60pKo¥i CXeMbl, M300paKEHHOI Ha PUCYHKe, 002 KOHIeHcaTopa O0blIM paspspkeHbl. ITocme
cOOpKM CHavasia 3aMKHY/IM K04 K1, a 3aTeM, CITyCTs] HeKoTopoe BpeMsi, — K». Kakoe Komm4ecTBo
TEeIUIOTHI BhIAENUTCA B pesucTope R? EMkoctu konpeHcatopos C; = 5 MK® u Cy = 10 Mr®, 3]IC
6atapeu £ = 120 B, e€ BHyTpeHHee COITPOTUBJIEHNE Y COITPOTUBJIEHNE COeAMHUTETbHBIX TPOBOIOB
npeHe6pekrMO MaJjIo 10 cpaBHeHMIO ¢ R. OTBeT BbIpasuTe B MK ¥ OKPYIJIATE [0 LIeJIbIX.

48 mJIK.

3 Kone6anus nopwHs

B BepTUKaIbHOM LIMJIMHAPUYECKOM COCY/Ie C IJIaJKUMM CTeHKaMM MOXET CKOIb3UTb TSKEJbIN TTOP-
meHb. Iloa MopiiHeM HAaXOAUTCS TeINUiA, Cuia JaBJIeHUs HAPY>KHOTO BO3/lyXa Ha TOpIleHb MMpeHe-
OpeskMOo MaJia 1o CpaBHEHMIO ¢ ero Becom. CHavasia ImopIieHb MOKOUTCS Ha BbICOTE hg = 25 CM Ha[,
IHOM COCyZa. 3aTeM Ha HEro akKKypaTHO CTaBSAT HeOOJIBIIIOi TPy3, Macca KOTOPOTO MHOTO MEHbIIIe
Macchl TopIHs. HaiiTu nepuon BO3HUKIIMX IOC/Ie 3TOro Kojebaumii mopirHs. OTBeT BbhIpa3suUTe B
COTBIX JIOJSIX CeKYHIbI M OKPYIJIMTE IO 1eabiX. CUMTATh, YTO TEIZIOOOMEH COIEepPsKMMOI0 Cocya C
OKpY3Kamllleit cpefioii — MOCTaTOYHO ObICTPBIN, M TTIOITOMY TeMIlepaTypa rejys B Xofe KojaebaHuit
OCTAETCS MPaKTUUECKM HEM3MEeHHOIA.

YckopeHue cBOGOAHOTO NajieHus IPUMHATh PaBHBIM ¢ = 10 m/c?.

99 (COTBIX JONEN CeKYHIBbI).

CBepX3BYKOBO#i CaMONET

H-7?

CBepx3BYKOBOJ CaMOJIET ITpoJIeTesl TOUHO Haj, HabItoiaTesneM, a CIycTs BpeMs ¢ = 5 ¢ HabnogaTesnb
YCIIBIIIAJ 3BYK CaMOIETa. MI3BeCTHO, UTO CKOPOCTh caMoJiéTa B n = 1,25 pa3a mpeBbIlIaeT CKOPOCTh
3BYyKa B BO3yXe vsz = 330 M/c. Ha Kakoii BeicoTe JjieTesl camoieT? OTBET BbIpa3uUTe B METPAX U OKPYT-
JINTE [0 LeJIbIX.
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(Orser )
2750 M.

€) renuit B kononre

B BepTUKanbHOM repMeTUYHO KOJIOHHE BBICOTOM H = 8 M C IMIaAKMMU CTeHKaMU HaXOOUTCS B PaB-
HOBeCUY TOPU30HTA/IbHBIN ITOPILIEeHb. B IpoCTpaHCTBe Haf, MOPIIHEM U ITOJ, HUM HaXOOUTCS 10 Off-
HOMY MOJIIO reiiusl ¢ Temnepatypoit 7' = 294 K. Macca nopiHsg m =~ 83,1 kr. Ha kakoii BbicoTe (B
MeTpax) HaJl THOM KOJIOHHBI PAacCIojiaraeTcst mopiieHb? YCKOpeHue CBOOOIHOTO MafieHus IPUHSITh
paBHBIM g = 9,8 M/c. OTBeT BbIpasyuTe B MeTPax U OKPYIJIUTE JI0 LeJIbIX.

2 M.

€D Namnouka c BonbhPamMoBoOi HUTbIO

[Tpu M3MepeHUM CONPOTUBIIEHNS BOJIbGPAMOBOI HUTY JIAMITOUKY B «XOJIOJHOM» peskume (TIpU TeM-
repaTtype okosio 0 °C) OHO oKa3ajioch paBHbIM Ry = 31 OM. B «pabouem» pexxuMe JTaMITOUKY IO -
KJII0YaT K akkymyasaTopy ¢ JC £ = 100 B u BHyTpeHHUM conpoTuBiaeHueM r = 19 Om, u npu
9TOM OHa IoTpebssieTr MmontHOCTh N = 25 BT. HalimuTe TemnepaTypy HUTHU JJTaMITIOYKM B «pabouem»
peskume (B °C, ¢ OKpyIVIEHMEM 0 11eJbIX). TeMmnepaTypHbiii KO3(QOUIMEHT COIMPOTUBIEHNS BOJIb-
dpama o ~ 5 - 1072 K™}, usmeHeHneM OTHOIIeHMS J/IMHBI HUTY K IJIOLIAAM eé cedeHNs BeleCTBIe
TEIJIOBOT'O pacIIvpeHus Bojab(pama MOXKHO ITpeHeOpeyb.

(Oreer)
2129°C.

KNA uukna us usoxop u aama6ar

Hairty KI1J], TeryioBoii MalIMHbI, pabouyM TEJIOM KOTOPOJ SIBJISIETCS OAHOATOMHbIN MeabHbIN ras,
a IMKJI COCTaBJIeH U3 IBYX M30X0P U IBYX aayuabar. MI3BeCcTHO, YTO Ipy aanadaTUUYecKOM paciiupe-
HUM aOCOMIOTHASI TeMIIepaTypa ra3a YMEHbIIAeTCsI B n = 3 pasa, a mpu aguabaTMUeCKOM CKaTUU

abCoMIOTHAST TeMITepaTypa yBeJIMYMBaeTCsl B TaKoe ke uncio pa3. OTBeT BbIpa3uTe B MPOIEHTaX U
OKPYTJINTE JI0 1IeJIbIX.

(Orser ]
40%.

3apsKeHHble WapuKK Ha op6uTe

Heb6osnbioe Teso ¢ 3apsaom Q = +9 MKKIT 3aKperyieHO HeIoABVKHO. MasleHbKIi 3apssKeHHbI 111a-
PUK 3aIyCTUIM TaKUM 06pa3oM, UTO OH CTaJl BpallaTbCsl BOKPYT 3TOTO Tejia 10 KPYroBoii opoure.
Korga mBa Takux ske mapyuka 3amyCTUIM TaK, YTO OHM CTaIM BPallaThCs IO TO¥ ke caMoit opouTe,
TO MepuoJ, Ux obparieHus okazaucs Ha 20% 6osblile, YeM y OFHOTO Iapuka. Haiimure 3aps Kaxkmo-
rO 13 IIAPUKOB, BbIPa3uB ero B MKKJI ¥ OKPYIJIMB 10 LenbiX. JelicTBeM BO3HUKAIIINX MarHUTHBIX
rosneit mpeHebpeyb.
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—11 MkKi1.

Bpycok, AocKa U KY6UK

Ha rimagkoit ropu30HTaIbHOM OBEPXHOCTY ITOKOUTCS ITPSIMOYTOJIbHBI 6pycoK Mmaccoit M = 1 kr. Ha
OpycKe JISKUT IIepoxoBaTasi Jocka Maccoit m; = 400 I, a Ha Heil — KyOMK mMaccoii my = 100 T. Bpy-
COK ¥ JTOCKa COeIMHEHbI HAaTSIHYTO/ HEeBEeCOMOJ HepaCTSKMMOW HUTHIO, MIEPEKMHYTOI Yepe3 60K
(cM. pMCYHOK). BJIOK HEBeCOMbIii 1 MOKeT Bpamathcs 6e3 TpeHus. KoapduimeHT TpeHUS MEXTY
IIOCKO 1 OPYCKOM, TaK ke KaK M MeKIy TOCKOM 1 KyoukoM, paBeH p = 0,2. Eci 6pycoK MOTSIHYTb C
cunoii Fy = 3,92 H, HarpaB/IeHHO¥ rOpM30HTAIbHO B CTOPOHY OT 6JIOKa, OH OyIeT ABUTAThCS C HEKO-
TOPBbIM ycKOpeHeM. KakoB JoJiskeH ObITh MOAYI/Ib CUJIbI Fh, YTOOBI yCKOpeHMe 6pycKa ObIJI0 B TPU pa-
3a 6osblIle, YeM B TIepBOM caydae? YcKOpeHMe cBOGOIHOTO MafleHus CIMTAaTh PaBHBIM g = 9,8 m/c?.
OTBeT BbIpasute B MH 1 OKpyIJInTe A0 LEJI0TO YNCIa.

7644 MH.

flapo u cHapsa

u

C camornéTa, jeTeBInero Ha Bbicore H = 4800 M co cKOopocTbio u = 500 M/c, copocuiu ssapo. OmHOBpe-
MEHHO C 3TUM U3 TOYKU, PACIIONOXXEHHO MPSIMO MO, CAMOJIETOM, OpYyZA /e TTPOU3BeJIO BbICTPE CHA-
PSIIIOM B HallpaBJIeHUM T10[] YIVIOM « = 60° K TOpM30HTY. HavyanbHast CKOpOCThb CHapsaa vg = 500 m/c.
Ha kakoM MMHMMAaIbHOM PAacCTOSTHUM APYT OT APyra MPONETST AP0 U CHapsA,?

CompoTuBeHeM Bo3ayxa mpeHe6peub. OTBET BbIpa3uTe B METPax M OKPYIJIATE JI0 1IeJIOTO 3HaYe-
HUSL.

2400 M.
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Cxema ¢ naMno4kamu

®(%®
—) }+——{ "1

/3 HeCKOIbKMX OIMHAKOBBIX PE3UCTOPOB COMPOTHUBIeHeM R = 27 OM, IBYX MCTOYHMKOB TOKA C 00-
meit DIC £ = 48 B v omMHAKOBBIX JTAMITOUEK COOpaI CXeMy, ITOKa3aHHYIO Ha pucyHKe. COMpOTuUBIIe-
HMeE JIAMITOYeK MOXKHO CYUTATh IMOCTOSTHHBIM U paBHbIM Ry = 81 OM. HaiiT cyMmMapHY10 MOIIHOCTb,
BbIZIE/ISIEMYIO Ha BCEX JIAMITOYKaxX. BHyTpeHHee COMpPOTUBIIeHNE MCTOUHNKOB ITPeHe6PeXMO MaJIo.
OTBeT BbIpa3nuTe B BaTTax 1 OKpymJIMTe OO L€J0T0 3HAYEHMS.

10 Br.

MoBopoT pamMku B none

KBazpaTHas paMka co CTOpOHOM ¢ = 10 CM M3rOTOBIE€HA U3 MeLHOM MPOBOJIOKY C TIOIIAbIO TTOTIe-
peuHoro cedenus S = 0,34 mm>. OHa IoMeleHa B MarHUTHOE TI0JIe C uHaykuuen B = 0,1 Tn, niep-
MEeHIVIKY/ISIPHOV TVIOCKOCTM paMKM. Kakoii 3apsim mpoTeuéT yepes ceueHre NpoOBOIOKH, eCIU PAaMKY
MOBEPHYTH Ha 180° BOKPYT OAHON 13 CTOpOH? OTBeT BbipaduTe B MKKJI U OKPYIVIUTE [0 11€JI0TO 3Ha-
yeHust. YIeJlbHOe CONPOTUBIIEHME Mey CYUMTATh PaBHBIM p =~ 0,017 OM - MM? /M.

100 mkK1.

LWai16a B xenobe
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[llepoxoBaTasi II0CKasl 110JI0Ca, HAKJIOHEHHAS MOf, yITIoM « = arccos(0,8) ~ 36,87° K TOpU30HTY, 6e3
reperuba MmepexoauT B IJIagKuii 5kemob B hopmMe OKPYsKHOCTU paamycoM R = 30 cM (CM. pUCYHOK).
C KaKko¥ MMHMMAaJIbHO BBICOTHI (HaJl HMKHEN TOUKOJ Key00a) Ha/lo OTITYyCTUTh COCKa/Ib3bIBATh 10
rosioce 6e3 HauaaIbHOI CKOPOCTY HEOOJTBIIIYIO 11aii0y, UTOOBI OHA ITpOeXaJa Io KeIo0y, He OTPhIBASICh
oT Hero? KosdduiMeHT TpeHMsT MEXIY 111ait00i1 1 IJIOCKOI mosocoit 1 = 0,375. OTBeT BbIpa3uTe B
CaHTUMETPAaxX U OKPYIJINUTE A0 11eJI0r0 3HAUEHUSI.

144 cm.

Llukn ¢ aamabaToi

V

Ha pucyHKe rpeacraBieHa pV/ -auarpaMmMa HUK/IMYeCKOro Mpolilecca Hajl MaeaJlbHbIM OJHOATOMHBIM
ra3oM, HEKOTOPO€ KOJIMYECTBO KOTOPOTIO SIBJISIETCS pab0ouylMM TeJIOM TeIIOBOJ MalllMHbI. B 9TOM IIMK-
Jle CcKaTye rasa MpouUCXoauT aguabatudyecku. O6bEM rasa B Touke 1 Ha n% MeHbIlIe ero 00béMa B
TOUKe 2, a aB/ieH)e B TOUKe 3 Ha k% MeHbllle aB/ieHNs B TOUKe 2. MI3BecTHO, uTO n/k = 4/5. Haiitn
KIII nukmaa. OTBeT BbIpa3uTe B IIPOIIEHTAX M OKPYIJIUTE IO LIe/bIX.

25 %.

Bpycok Ha WwepoxoBaToii 06nacTu

OmHOPOAHBIV MPSIMOYTOIbHBIV GPYCOK CKOJIB3UT CO CKOPOCTBhIO vy = 1,4 M/C, HaIlpaBJI€HHO BIIOIb
ero 6osiee MIMHHBIX CTOPOH (IAMHOI L = 20 CM), 10 IJIaJKOM TOPU30HTAIbHON MMOBEPXHOCTH. B
HEKOTOPbII MOMEHT BpeMeH! OH BCTpeuaeT IpaHMITy OUeHb OOIIMPHOI IIIepOX0BaTOi 061aCTH, Iep-
MeHIVKY/SIPHYIO HallpaBJIeHUIO eT0 OBDKeHMsI. 3a KaKoe BpeMs MOC/ie 3TOTO OH OCTaHOBUTCS? Cum-
TaiTe, UTO CUJIA TPEHUS JIJIS YacTy OpycKa, HaXOASsIIIeicsl Ha 11epOX0BaTOi MTOBEPXHOCTH, ITPOIIOP-
[[MOHA/IbHA TUIOMIAAM 3TOM YacTH, a KoahduiMeHT TpeHUs Ijist 6pycKa, MOMTHOCTHI0 HAXOASIIEro-
cs1 B IIepoxoBaToit obmactu, p = 0,25. YCKOpeHMe CBOOOIHOTO MajieHus CJiefyeT MPUHSITh PaBHbIM
g ~ 9,8 M/c?. OTBeT BbIPa3uTe B COTHIX HOMSX CeKyH/bI (CAHTMCEOKYHAX) ¥ OKPYIJIUTE [0 IIeJI0TO
3HaYeHUS.

botay.pro — ¢u3uka ¢ pazbopamu 3apau 7


https://botay.pro/olimpiady/mosh/2011-12-otbor-11/
https://botay.pro/olimpiady/mosh/2011-12-otbor-11/

® BOTAY MOLL, 2011/12, ot6opoyHsiii 31an, 11 knacc

64 caHTUCeKyH[bI.

McTouHuk: MockoBCKkasi onMMnuaaa WKonbHUKOB no gusnke, 2011/12, otbopouHsblii 3Tan, 11 knacc — ycnosus, pelueHus. 3amayum
nepeHabpaHbl Ha botay.pro, pelweHus — No 0PULMANIbHBIM.
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