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MOCKOBCKASA OIMMNUALA LWWKOJIBHUKOB MO ®U3UKE

MOLL, 2010/11, 3aknouutenbHbin 31an, 11 kKnacc

LLIapu1K M KNWMH paBHO# Macchl

Ha rnagkoii ropu30HTaabHOT MTOBEPXHOCTY HAXOOUTCS XKeCTKUI KIMH Maccoi M, ipudeM ero riaj-
Kasl HAKJIOHHAsl MMOBEPXHOCTh COCTABJSIET YTONA «v C TOPU30HTOM. Ha 3TOT KIMH HajleTaeT KeCTKUi
IIapUK TO¥ >XKe Macchl M, y KOTOPOTO 3a MTHOBEHMeE /10 CTOJIKHOBEHMS C HAKJIOHHOT TIOBEPXHOCTHIO
KJIMHA CKOPOCTH OblIa TOPM30HTaIbHOI. IIpoucxoanuT abcomoTHO yrpyruit yaap. Kakoii yron 3 ¢ ro-
PU30HTOM COCTaBUT CKOPOCTD LIapMKa Ccpasy rnocie yaapa?

tgpf =2tga.

lPy3MK B TOPMO3SILLEM BaroHe

IToes, MOAXOASALINIA K CTAHLIAM, IBUKETCS paBHO3aMe/IJIeHHO C ycKopeHueM a = 0,2 M/c2, BIVIOTb [0
MOMEHTa OCTaHOBKM. Ha abCOMIOTHO I/1aIKOM TOPM30HTATbHOM CTOJIe BHYTPYM BaroHa roesja Haxo-
IUTCS TPY3UK, COEAMHEHHBIN MIPY>KMHOM C HETIOABUKHO OTIOpO¥ (CM. puc.). [Toka roes[ gBmxKeTcs,
IPY3MK HETIOABWKEH OTHOCUTE/IbHO BaroHa. B MOMeHT, KorAa 1moes3 s, OCTaHaBIMBAETCSI, TPY3UK MIPU-
XOOUT B IBVDKEHME U HAUMHAET KoyebaThes ¢ repuogomM 7' = 1 ¢. Haligure aMIiUTymy KoaebaHmi

rpy3mnka.
al? N

B Uukn B kKoopauHaTax BI-T

C ogHMM MOJIEM OOHOATOMHOTIO UAeaTbHOr0 ra3a CoBepIiaT LIMKINYeCKHii mporecc 1-2-3-4-1, kak
ITOKA3aHO Ha PUCYHKe B KOopAMHaTaxX p—1 (IVIOTHOCTh-TeMIIepaTypa). Y4acTok 2-3 — rumnepbona.
TemmnepaTypsl B TOUuKax 1, 2 u 3 paBHbI, COOTBeTCTBeHHO, 77 = 300 K, 7, = 500 K, T3 = 800 K. Ha
yuacTke 4-1 ra3 oTnaeT XOI04UIbHUKY KOJIMYECTBO TEIUIOTHI Q41 ~ 1172 [Ixk. HaviTu KIIJI nukia.
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[Mop B Lenu nepeMeHHOro Toka

YuacTok AB a/ieKTpu4ecKoii IIel COCTOUT U3 Pe3UCTOPOB C COMPOTUBAeHUSIMU Ry = Ry, Ro = 9Ry,
Rs = 9Ry, Ry = Ry, tme Ry = 1 kOM, u ngeanbHoro auoga CD (cM. puc.). igeanbHblil A1OL, Ipo-
ITyCKaeT TOK 0e3 CONMpOTMUBjIeHMs B HampasjaeHuu oT C K D 1 He IMpomyckaeT COBCEM B 0OpaTHOM
Harpas/ieHun. YUyacToKk AB moAK/II0UaoT K MCTOYHUKY TTepeMeHHOIr0 CMHYCOUAAAbHOTO HaTpske-
Hus Uy p(t) = Uy, sinwt, aMmanTtyzna Kotoporo pasHa U, = 300 B. Kakas TerioBast MOIIHOCTb O6y7eT
BBIJIEISITHCS HA 3TOM y4yacTKe?

p_ 1702
90 Ro

= 17 Br.

B3 3apaxenHas 6ycuHKa Ha HAK/IOHHOM CTEpXKHe

bycuHka, HaHM3aHHAs HA HEITOABVDKHBIN CTepykKeHb, 00pa3yoIINii yToJl oo C TOPU3OHTOM (CM. PUC.),
MMeeT Maccy m U 3apsif, . BycMHKa MOKeT CKOJIb3UTh BIIOIb CTEPXKHS ¢ KOADOUIMEHTOM TpeHUs
¥ HAUMHAET OBVKEHME U3 COCTOSTHUS TTOKOSI, IIpuueM p < tg . CucrteMa HaxXOAUTCS B OGHOPOAHOM
MarHuTHOM I10JIe C MUHOYKLMEN B, IMHUU KOTOPOT'O TOPU30HTAaJbHbI (TIePIIeHAUKYIISPHBI IIJIOCKOCTU
PUCYHKA U HallpaBJieHbl BHYTPb PUCYHKA). KaKkyl0 MakCMMa/IbHYIO CKOPOCTb M KaKoe MaKCUMMaJIbHOe
ycKopeHMe OymeT MMeTh OycMHKA TIpy aBMkeHMn? CTepskeHb He TTPOBOIMUT TOK. PaccMOTpeTh IBa
cayvdad: g > 0ug < 0.

&

m, q
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Ipu ¢ > 0: Vmax = mg (sina + pCcos @), amax = gSina; pn ¢ < 0: Umax = mg (sina — pcosa),
ngB nlq|B

amax = g(Sina — pcos a).

3 Bnoku, HuTM M npyxuHa (11 knacc)

B cucreme, n306pakeHHO Ha PUCYHKe, Bce 6JI0KM — HEeBECOMbIE M BpalaloTcs 6e3 TpeHus, BCe HUTH
— HeBeCOMbIe U HepacTsDKMMbIe (MX YKECTKOCTb BelMKa [0 CPAaBHEHUIO C SKeCTKOCTbIO MPY>KUHDI).
[Mpy>kmuHa Taxke HeBecoma. CucteMa HaxoaAuTCS B mokoe. [Ipu Kakoit macce rpy3a M rpys 1 cpasy
Moc/ie epeXXnuraHust HUTU B TOUKe A 6yJieT MMeTb YCKOpeHMe OoJbliiee 10 MOAY/I0, YeM g?

M > 6m.

TennoBas MaliMHa Ha BOAE M nape

Pabourm TesoM TeruIoBO¥ MalIMHbI CJIYSKUT HEKOTOPOEe KOJMUeCTBO BOMbI. LIVKII, 0 KOTOpOMY pa-
60oTaeT MalllMHa, TOKa3aH Ha PUCYHKe B p—T KoopauHaTax (IyHKTMPOM M300paskeHa 3aBUCUMOCTb
IaBJIEHMST HACBIIIEHHBIX TTAPOB BOIbI OT TeMIiepaTypsl). OH cocTouUT 13 nsobapuueckoro (1-2-3),
U30X0pUUeCcKoro (3—4) n nuzorepmmudeckoro (4—1) yuactkoB. Harigute KI1/ sTOro 1iuKia, camMras BO-
Iy MPakTU4YeCky HeCKMMaeMOo XXUIKOCThIO.
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Hamomuuanus: p; = 101,3 kIla — HOpMabHOe aTMOchepHOe IaBjIeHne, yaeabHas TEIIOTa TapooOopa3soBaHMs
BogpbI (1ipu 100 °C) L ~ 2,26 - 10° JIk/Kr, MOISIpHAs Macca BOIbI /& = 18 I/MO/Ib, YeIbHas TeIJIOEMKOCTb BObI
¢ ~ 4,19 - 10° Ix/(xr-K), yuuBepcanbHas ra3osas MocTossHHasA R ~ 8,31 IIxx/(Moib-K), TeIJI0eMKOCTb OHOTO
MOJIS1 BOOSHOTrO I1apa Ipy IMOCTOSIHHOM JIaBJIEHUM paBHA 4 R.

n ~ 0,029 = 2,9%.

) Gepxenb, wapuk u HUTL

TOHKMIA K€CTKMII HeIIPOBOSIINIA CTeP)KEeHb IJIMHON L HeceT Ha cebe 3JIeKTpuIecKuii 3apsy, (), Ko-
TOPBIVi pABHOMEPHO pacIlipeesieH Mo AJHe CTep>KHS. MaJleHbKUii MapuK MMeeT 3JIeKTPUYeCKUit
3aps ¢ M MPUKPETIJIEH K OHOMY M3 KOHIIOB CTEPYKHS TOHKOV HETIPOBO/SIIEl 1 He3apskKeHHOM HU -
ThIO OAMHONM R. KakoBa cuiia HaTS>KEHUSI HUTH, eCJIM CUCTeMa HaXOOUTCSl B paBHOBecuun? CUMTaThb,
uyTOo Q/q > 0. CUiTy TSIKECTU He YUUTHIBATb.

F(R) = k 9Q 9Q

R(R+L) A4reoR(R+ L)

€D Mansie kone6aHus 3apsHKeHHOro WapHKa

Ha ToHKOi HempoBOALLEei HUTK OJINHOM [ TOABelleH MaJIeHbKMI IlIapuK MacCco m, KOTOPBIii 3apsi-
SKeH 3apsaoMm +q. CiieBa K apuKy IMpUKpeIJieHa HEIIPOBOASAIAs IPYKMHKA KECTKOCTbIO k, pacIio-
NO’KeHHast TOPU30HTAIbHO. IllapyK HAXOLUTCS B OHOPOLHOM IEeKTPUUECKOM Mone E, HarpaB/eH-
HOM TaK, KaK [IOKa3aHOo Ha pUCYHKe. B COCTOSTHUM paBHOBECUSI HUTD C IAPUKOM BUCUT BEPTUKAILHO.
Haiitu mepmop Masbix KojebaHMii mapyuKa B INIOCKOCTY PUCYHKA.
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CBY-aHTeHHa U3 usnyyatenei

CBY-aHTeHHa paAynoa0KaTopa YCTPOeHa CIemyoIIuM o6pa3oM: BIOIb MPSIMOV JIMHUM Ha PaBHBIX
paccTossHUSAX d = 2,5 CM APYT OT Apyra pacronaoxkeHbl N = 100 usmydaresein 3J1eKTPOMariHuTHBIX
BOJTH IJIMHOM A = 2d (cM. puc.). Kaxkmplit M3 HUX M3aydaeT chepuyeckyio BOIHY, IPUYeM MOIY/Ib
HampspKeHHOCTH oS n-ro usnydatens (0 < n < N) u3MeHsieTcs 1o 3aKoHy E(t) = Asin(wt —

™
kry, + n§ cos (), rae r, — pacCcTOsIHMe OT NaHHOTO u3jayuaress, k = 27/\ — BOTHOBOE YMCIIO, a

) < w. Haiinure, Kak 3aBUCUT OT BpeMeHM YToll MeKAY JTYy4OM, U3Ty4aeMbIM paili0IOKaTOPOM B
TJIOCKOCTY PUCYHKA, M HOPMaJIblo K 1ierouyKe u3iaydyareseit. OlieHUTe YIJIOBYIO MIMPUHY Jydya U ero
YIJIOBYIO CKOPOCTb.

Llenouka m3irydyaTeseli — HalpaBJeHHas aHTeHHa, ucITyckaromas y3kuii CBU-myd; yrosn ¢ ero oTkio-

. 1 .. .
HEHMsI OT HOPMA/IV K LeTOUKe MeHSeTCs 110 3aKOHY sin ¢ = 7 cos Qt, TPUYEM pmax = arcsin 5= 30°.
. 1
[Ipn ¢ = 0 MaKCMMaJIbHAs YIJIOBAsi CKOPOCTb KAYaHUS JIyUa Pmax = §Q, a yIJIoBast MIMPUHA JIy4ya

2
Apmin = N 0,02 paguaHa ~ 1°.

McTouHmk: MockoBCKas onnMnuaaa WkonbHUkoB no dusnke, 2010/11, 3akntountensHbiit 3tan, 11 knacc — ycnosus (1), ycnosus
(2), peweHus (1), pewenuns (2). 3agaum nepeHabpaHbl Ha botay.pro, peweHns — No opULMANBHBIM.
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