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OTBOPOYHBIN OTAII

3aganne piasa 10 — 11 kixaccoB

1. (20 63.11.11013) JlBa aBTOMOOWIISI emyT JApyr 3a JPYroM ¢ TIIOCTOSHHOH CKOPOCTBIO V10
: TOPU30HTAILHOMY TMPSMOJMHEHHOMY 1Iocce. AcdalbT Ha IIOCCE MOKPBIA H3-3a
HEAABHO MPOMICAIICTO JOXKIA. Ha xakoM MUHUMAaJIEHOM pacCcTossHNn Sor nepCaAHCTO
ABTOMOOWIIS JIOJKEH JepKaThCsl aBTOMOOWIIb, UAYIIMN MO3aau, YTOObI OpBI3TH OT
KOJIEC TIEPETHETO aBTOMOOMIISI Ha Hero He momnananu? [lpu pacuere ydarure, 9To A
BIIEpEIM HIYIIET0 aBTOMOOWJIS Yrojd MeEXAy TOPU30HTAIbI0O M KacaTelbHOW K
3alHEMy KoJieCy, IpPOBEJCHHOW uepe3 Kpall OpbI3roBUKa (CM. PUCYHOK), paBeH

0 =42°. BnusHueMm BO31yxa Ha ABW)KECHHE Karellb BOAbl MOXKHO MpeHeOpeub. Y CKOpeHHe CBOOOTHOTO
MaJieHus IPUMUTE paBHbIM g = 10 m/c’. OtBer NPUBEINUTE B METPAX, OKPYIIUB IO JECATHIX.

1. Pemrenue. [TockoybKy BIHsSIHUE BO3yXa Majlo, IBUKECHNE KATUIM TIOCJIE OTPHIBA OT KOJIEca aBTOMOOWIIS
IIPOUCXOJUT IOX JEHWCTBUEM TOJNBKO CHIJIBI TsDKECTH. B
HCHOI[BH)I(HOﬁ CUCTEMC OTCUECTA CKOPOCTH KaIlJIM TP OTPBIBE OT
Kolleca B TOYKe A paBHA CKOpocTd V 3TOM TOYKM Ha
MOBEPXHOCTU Koyieca (CM. pHCYHOK). [lo 3aKkOHy ClOKEeHHs

ckopocTeit V=u +V ,rae u — CKOpoCTb TOUYKU A OTHOCUTEIHHO
NOCTYNATeNbHO JBMXKYILIEHCS CHCTEMBI OTCUETa, CBA3aHHOH C

LIEHTPOM KoJieca, vV - CKOpOCTh aBTOMOOWIS. M3 ycioBus
OTCYTCTBUSI TPOCKaJb3bIBAaHUS KOJEC CIEAyeT, 4To u=»V .
PacrionoxuM KOOpPAMHATHYIO IUIOCKOCTh XOY B TJIOCKOCTH OJIHOTO U3 3aJHUX KOJIEC aBTOMOOWII,
nuayuero Bnepeau. Hauano koopamHaT COBMECTHM ¢ MTHOBEHHBIM MOJIO)KEHHEM LIEHTpa Kojieca, ocb OX
HalpaBUM TOPU30HTAIBHO B HAMNPABJICHUH JBM>KCHHUS MAIIUHBI, a ocb OY — BepTUKaIbHO BBEpX (pHC.).
OdeBHIHO, YTO NBIKEHUE KaIlUIM OyAeT MpoucxoauTh B tuiockoctu XOY. Ilycts BekTop u# oOpa3syer ¢
TOPU30HTAIIBIO HEKOTOPBIA yrona o. Kak cineayer u3 puCyHKa, MPOEKIHMH HA OCH KOOPAMHAT CKOPOCTH
Karuii, OTPBIBAIOIICICS OT KoJieca B TOUKE A, PaBHBI:

=V -Vcosa, Vv, = Vsino ,

TpaekTopusi Kariaum M300pakeHa Ha pUC. IITpUXoBoM nuHUEH. [IpeneOperas BwICOTOM TOUKM A HaJ
MOBEPXHOCTHIO IIOCCE MO CPABHEHUIO C BHICOTOM MOABEMA KaIUIH, MOJTy4YaeM BpeMsl MMoJeTa Karliu:
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I[aJ'IBHOCTB I1OJIC€Ta KaIljid COCTAaBJIACT BEJIMYUHY
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L=V t,=——(sina—sinocosa).
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[lepemenienue uaymero c3ajam aBTOMOOUIIS 32 BpeMsl MOJIeTa KaIllu £, PaBHO:

2 .
L=Vt = 2V “sino .
g
CrnenoBatenbHO, IS TOTO YTOOBI paccMaTpuBaeMasi Karuisg He Momnajia Ha STOT aBTOMOOWIIb, PaCCTOSTHUE
2
MEXIy aBTOMOOMISIMU JOJDKHO ObITb He MeHee S =L, —L=——sinocoso.. MakcuMyMm 3TOro
g

2 .
BBIp@XXEHUS JocTUraercs npu o =45° u cocraBuger S, =V"/g. C npyroil croponsl, npeaeabHOe
3Ha4YeHHE YIJIa O PAaBHO O, TaK KaK KalUlM, OTOPBAaBLIMECS OT KOJIeCa BBINIE TOYKH, B KOTOPOH
KacaTelbHas K OKPYXHOCTH KOJ€ca COCTaBIsIeT C TOPH30HTAIbIO YIol o, OyAyT 3aJepikKaHbl

OpBI3rOBUKOM M KOJIECHOM apKkoW, M Ha WAYyIIMH c3aaud aBTOMOOWIb He momaayT. Takum oOpasom,
MUHUMAaJIbHOE PACCTOSTHUE MEXIy aBTOMOOWIISIMHU, NMPU KOTOPOM KaIuld BOJbI, HMOJHSATHIE B BO3AYX



KOJecaMM IIepBOro aBTOMOOWIA, He OyayT ImomajaTh Ha BTOPOM AaBTOMOOWIIb, OIpPENENSIeTCs
2 2

COOTHOIIEHHEM § = ——sino,cosa,. OTBer: § =——sino,cosa,.
g g

2. (23 6anaa). C KaKUM MaKCUMAJIbHBIM YCKOPEHHEM dmax MOXKET TPOHYTHCS C MECTa aBTOMOOWIb C
3aJHUMM BEIYLIUMH KoJjecaMu, ecid Ko3(puUuEeHT TpeHus Mexay IIMHAMH M achaibToM [ .
Paccrosiane Mexmy mepenHel u 3agHell ocsiMu aBTOMOOWIIsE L =4 M, a ero MEHTP TSHKECTH PACTIOI0XKEH
MocepeIMHe MEXIy OCSIMH Ha paccTosHuu A= 0,8 M OT JOoporu. YCKOpeHHe CBOOOIHOTO MaJACHHS
NpUMHUTE paBHbIM g =10 m/c’. OtBer OKPYTJIMTE 10 COTHIX.

2.Pemenune. ABTOMOOMITL ABMXKETCS IO JICHCTBUEM CHWII, M300paKEHHBIX HAa PUCYHKE, Tae Mg — cuia

N’ TSOKECTH, N, U N, — HOPMAJIbHBIE COCTABJIAIOIIMAE CUJI B3aUMOIECHUCTBUSA
3 —
0 Ny 3aIHUX U TepeIHHX KOJIeC aBTOMOOWIISL C JOPOTOM, COOTBETCTBEHHO, FTp -
i
vh cujia TPeHUs MOKOs, MPUIIOKEHHas K 3aJHUM (Beayium) konecam. [lepeiianem
P B HEHMHEPIHAIBHYIO CHCTEMY OTCUETa, CBS3aHHYIO C aBTOMOOWJIEM, U
LL /2Ti+L /2»‘ 3alMIIEM B 3TOM CHCTEME YPAaBHEHHME MOMEHTOB OTHOCUTEIIBHO LIEHTPA MacC
L L
\ 2N asromobmiist (toukn O): N, —=N, —+F h.
Mg 2 2

3ameuanue. B mocTynaTteapHO JBUXKYLIEHCS CHCTEME OTCYETa CyMMApHBI MOMEHT CHJI MHEPLMH,
JEUCTBYIOIMX HA aBTOMOOMJIb, OTHOCUTENIBHO €ro IIEHTpa Macc paBeH Hyso. OGOCHOBAHHE ITOTrO
YTBEP)KIAECHUSI MOXXHO HaWTH, Hampumep, B kuure: [.f. Maxuwes. «®Puszuka: Mexanuka: 9 xi.»
VYuebnuk myist yriryoneHHoro udydenus puzuku. M.: Jlpoda, 1997, § 7.8.

YpaBHEHHE BIKEHUS aBTOMOOWIIS B HETIOJBMIKHOW CHCTEME OTCYeTa UMeeT BUI: Ma = FTP. YurteMm, uTO

MAaKCHUMaJbHO BO3MOXKHOE 3HAUE€HHME CHIIbI TPEHHs HOoKos (F =uN,,uuro N, + N, =Mg . Pemas

P )max

3alMCAaHHYI0 CUCTEMY YPaBHEHUH, IIOJIy4aeM, 9TO d,,. = — M Orger: a

™ 2(1-ph/L)

__ ne
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3. (21 6anaa). B rmagkoM mwimHape / MOj MOPIIHEM MAaccol m = 5 KI' HaXOIUTCA WACAIbHBINA ras.

Hununanp [ coequHeH TpyOKOH, CHaA0KEHHON KPaHOM, C TaKUM K€ IHIUHAPOM
/ 2 2, KaKk TOKa3aHO Ha pHUCyHKe. Bo BTOpOM HMIMHIpE IMOJ MOPIIHEM MacCOu
M =10 xr HaxoguTCs TaKOW XK€ Ta3, Kak W B IuMHApe /. B HavampHOM
cocTostHUM KpaH K 3akpsIT, a MOpIIEHs B IWIMHAPE 2 HAXOAUTCS HA BbicoTe H
ot aHa. Ha kakoe paccrossHue Ah mepeMecTuTCs MOpIIeHb B IMIIMHAPE / TocTe
oTKphIBaHUsl KpaHa? Temmeparypa rasa B MepBOM IWJIMHIPE B TEUCHUE BCETO
npoliiecca nojaepkuBaercss nocrossHHol u paBHou 77 =300 K, a Bo BTOpOM
WINHApPE — TOCTOssHHOW m paBHoW 7> =350 K. OO0bemMoM TpyOKHM € KpaHOM MOXXHO HpeHeOpeus,
atMoc(epHOe naBleHHE HE yuyuThIBaiiTe. ToNmMHA MOpIIHEH OOJbINe AUaMeTpa COEAUHHUTEIHHOM
TpyOku. OTBET NPUBEAUTE B CAHTUMETPAX, OKPYTIIUB J0 LETBIX.

3. Pemenune. Ilo ycrmoBuio 3amaum atMochepHOe NaBiIeHHWE He JeHCTByeT Ha mMOpIIHU. [loCKOIBKY
LWIMHIPBI SBISIOTCS TNIAAKAMU, @ HaXOIALIUICS B LHWIMHAPAX a3 CUYUTACTCA HICAIbHBIM, YPABHEHHUS
COCTOSIHUS raza B LWIMHApPAX A0 OTKPbIBAaHMS KpaHa MOXHO INpeAcTaBUTh B Bupe: mgh=v,RT|,
MgH =v,RT,, tne h — HauaibHas BBICOTAa IOPIIHS B HEPBOM COCYIE, g — MOAYJb YCKOPEHHs
CBOOOJHOIO mMajeHus, R — yHUBEpcalbHas ra3oBas IOCTOSHHAs, V, U V, — KOJIMYECTBAa raza B
mwnHApax. Ilocine oTkpbIBaHKs KpaHa MOPIIEHb BO BTOPOM LIWIMHJIpPE OyAeT MEAJICHHO OIyCKAThCs, T.K.



M: m
JaBJICHUE ra3a Tg B 9TOM ITWJIMHAPE OOJIbIIIE ABJICHUS raza Tg B IEPBOM IIWJIMHJpE. B mpuBeeHHbBIX

COOTHOIIEHUSAX S — IUIOIIAJb IONEPEYHOro0 CEYCHMs KakIoro M3 HUiauHApoB. IIponecc mepemenieHus
MOPIIHEH 3aKOHYHUTCA, KOraa 0osee TsDKENbI MOPIIeHb OMYyCTUTCS HAa JHO LWIMHApPA 2, TEPEKpHIB
COCIMHUTENIbHYIO TpyOKy, a MOpIIeHb B IMJIMHApPE [ YCTAaHOBUTCS Ha TakoW BwicoTe h+Ah mnpu
temneparype 1; raza B HeMm, uto mg(h+ Ah)= (v, +V,)RT,. IlogcTaBiuss B 3TO ypaBHEHUE 3HAYECHUS V,

n VvV, H3 ICPBbIX ABYX COOTHOI.HCHHﬁ, HaxXoIuM MCKOMYIO BBICOTY IIOJAHATHA IIOPIIHA B IICPBOM

nunuHape: Ah :ﬂH. OtBet: Ah =@H.
mT, mT,

4. (18 0an0B). ToHKOE TUAIEKTPUYECKOE KOJBLO paauyca R =10 cM paBHOMEPHO 3apsAWin 3apsaoM

qe Q. 3areM u3 KOJIbIIA BBIPE3ATM M YNATWIM HEOOJBIION KyCOUYeK, pa3Mep

0 h KOTOporo omnpenensercs MaiabsiM yriiom Ag = 0,01 pax. Ha paccrostuun £ = R ot

IJIOCKOCTH KOJIbIIa Ha €ro OCH IOMECTWJIM TOYeuHbIM 3apsa ¢ =+ 1 K.

Ag R Haiinure w™onyne F cunbl, JOeWCTBYIOIIEHM Ha 3apsi.  OJIeKTpUYECcKas

'/‘ nocTosiHHas & = 8,85 107'% @/m. OtBer MPUBEAUTE B HAHOHBIOTOHAX, OKPYTJIMB
710 LENbIX.

—

4. Pemenne. HampsokeHHOCTs FE|, 3JIEKTPUYECKOrO MOJIS, CO3/1aBa€MOI0 PaBHOMEPHO 3apsKEHHBIM

Iy 7 KOJIBIIOM Ha €ro OCH, HalpamjeHa Mo OocH Kojblla. Ee Momynb ompenensercs
:/ \ M3BECTHBIM BbIpaXKeHHem FE, = Oh . [oxpoOHbI1 BBIBOA 3TOM

“ad dmey(R? + %)
F1 h dbopmynel TIpHBEACH, Hampumep, B yueOHuke: Msaxuwes I'A., Cunaxos A.3.,
—AQ,// Cnoboockos I''A. O®uzuka: DnekrponuHamuka. 10— 11 kin.: YueOHUK s
- R yrayonenHoro usydyenus ¢usuku. — M.: Ipoda, 2001, §1.16. Ilpu h=R

MOJIYJIb CHJIBI, JICMCTBYIOIIEH HAa 3apsii ¢ CO CTOPOHBI IEJOr0 KOJbIA,

_ Yq .
F, —m. CornacHo TUPUHIMITY CYHEpPHO3ULUH, yJAJeHHE HEOOJBIION YacTh 3apsKEHHOTO
0

KOJIblIa KBUBAJICHTHO MOMEILEHUIO HA 1EJ0€ KOJbII0 B MECTE BhIpE3a TOUYEUHOIO 3apsija, paBHOTO MO
BenmunHe 3apsaay AQ = QA@/ 27 BBIpE3aHHOW YacTH M MPOTHBOIIOJIOKHOTO €My TI0 3HAKY. DTOT 3apsij

gAQ  _ _q0A¢
4re,(R* +h*) 16m°g R*

pucyHok). ITo Teopeme kocuHycoB umeem: F 2= FO2 + Fl2 —2F,F cosa.,rae o =45°.

JNCUCTBYET Ha 3apsan ¢ cuion F|= CnenosarensHo, F =F,+F (cMm.

OTtBer: F =L2
8\/§n80R

5. (18 6anuoB). Ha 3akpernieHHbIN 3epKaibHbId map paauycoM R = 10 cM nmagaer y3kuil napauieabHbINA
My4O0K cBeTa MOIIHOCTHIO N. OCh Maiaoniero Mmy4ka CBeTa MPOXOJIUT Ha PACCTOSIHUU a = 5 CM OT IIEHTpa
mapa. Haitgute Moayns F' CHiibl, ¢ KOTOpOW CBET NelcTByeT Ha map. CKOpocTh CBeTa ¢ = 3-10% m/c.
OTtBer MNPUBCANUTC B HAHOHBIOTOHAX, OKPYIJIUB 10 JCCATHIX.

5. Pemtenue. Ilpu pemenun 3amaun OyJaeM CUMTATh HIAp HEMOABMXKHBIM OTHOCHTEIBHO MHEPIHMATIBHOMN
cucteMbl orcuera. Kak m3BeCTHO, UMIyIbC (OTOHA, OOJATAIOMIEro SHEprHen £,

- ~ E - . .
paBeH p, =k,—, rae k, — €IUHUYHBIA BEKTOp, COBHAJAIOUIMN C HAlpaBICHUEM
c

ckopoctu ¢GoTtoHa. [lockonbKy Ha map majgaeT y3KUi MapajuieIbHbIM MyYOoK CBETA,
CKOPOCTH BCEX TMajaloumMx Ha Mmap (OTOHOB HAMpaBiCHBl OIMHAKOBO U




MMPOAOJIKCHUA X BCKTOPOB MPOXOJAAT HAa PACCTOAHHUU a OT LCHTPpA HIapa, KaK IIOKa3aHO Ha PHUCYHKE. IIo
3daKOHY 3C€pKaJIbHOTO OTPAKCHHUA YI'OJl MAaACHUA W YI'OJl OTPAXCHUS pPAaBHBI. HOBTOMy IIpUpacHnue

- ) -
UMITyJibca (POTOHA MpPH 3CPKAJIBHOM OTPAXKCHUU OT wapa Apy, = Ak — HampaBiCHO 10 HOPMalX 1 K
c

TOBEPXHOCTH IIapa B TOUKE MajeHus. 31ech Ak = lgl —lgo =27icosa, cosa=+1—a’/R* . 3a Bpems At

Ha [ap Majgaer n, = ¢oronoB. CnenoBareiabHO, MO 3aKOHY HM3MEHEHMsI UMITYJIbca U TPEThbEMY

—

- Ap
3akoHy HbI0TOHA Ha Imap co cTOpoHBI (POTOHOB JeicTBYeT cwia F =—n, A_(b Ora cuia HampaBleHa K
t

2 2
=% Orper: F=22 1-9.

[EHTPpY mapa, a €€ MOIyJab paBeH F—ZE
py mapa, YIIb p R B R
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