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S3AIJdAUYH

§ 1. KHHEMATHKA

1. IBa kaTepa, ABHraBILHeCH BAOJb PeKH, BCTPETHJIHCH Y MOCTa
i pasouiuck. [loBepHys yepes v==0,5 4 B 06paTHYI0O CTOPOHY, OHH
BHOBb BCTPETHJHCHL HA PaccTOsiHMM s =2 KM OT mocta. Onpenenntsb
CKOPOCTb DEKH, €C/IH M3BECTHO, YTO A0 H [10C/1e NOBOPOTA CKOPOCTH
KAaTePOB OTHOCHTEbHO BOJbl HE M3MEHHJHCh.

2. ApToMO6HMAL TpOeXas MOJOBHHY MYTH CO CKOPOCTbIO .Uy ==
= 60 KM /4, OCTABIUYIOCH YacTb MYTH OH TIOJOBHHY BPEMEHH LIed CO
CKOpPOCTbIO v, = 15 KM/4, & nocaelHHil Yy4acTOK — CO CKOPOCTHIO
vy =45 KM/u. HailTu cpesHiol cKkopocTh aBToMOGHIA HA BCEM MYTH.
[TocTpOHTH TpaUK 3aBMCUMOCTH MYTH, NPOHIAEHHOTO aBTOMOOUIIEM,
OT BPEMEHH.

3. M3 urpyuwedHod nywkKH, NOKOHBIUEHCS Ha MoOJy, BbICTPEJHIH
wapuxoM. MciblreiBas oTaauy, nyuka NPOABMHYJIACh 10 TOAY Ha
[ =2 cM, KOT[a lIapHK NOKHHYJ CTBOJ, MPOHAS 110 HeMy paccros-
Hue b= 10 cm. Haiitu paccrosiHue ¢, DNpOHLEHHOEe LWAPUKOM 34
BpeMsl JABHKEHHS B CTBOJIC B CHCTEMe OTCUeTa, CBSI3AHHOK C NOJIOM,
M yroa P, NMOA KOTOPbiM OH BblIeTeJ H3 CTBOJA MO OTHOWEHHIO K
nosy. CTBOJ NYLIKH HAKJOHEH K MOJY NMOL YIJOM w=30°.

4. K nepekpecTky Tmpub/MKaeTcs Trpy3oBasi MaulMHA CO CKO-
pocTbio v, = 10 M/C W JIErKOBasi MaLIHHA CO CKOPOCTHIO Uy = 20m/c

(puc. 1). OnpeneiuTb HanpasjaeHHe W MOAYJb CKOPOCTH JNEerKOBOH
MalIHMHbl OTHOCHTEJNBbHO IPY30BHKA.

5. Ha puc. 2 nokasanel cKopocTb kopabas ¥ CKOPOCTL BeTpa
v. Hafitu rpaguueckd Hanpas/ienne ¢paara Ha kopaod.e.
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6. Hacrnua asuxercs saoab ocu Ox co CKOpocThio ¢ (1), rpaduk
KOTOPOH B MPOEKLHH Ha 3Ty oCb 43o6paxkel Ha pHc. 3. Oauu non
ApYrHM MOCTPOHTb IPaMKM 3aBHCHMOCTEH OT BPEMEHH ! NPOEKUHI
yckopenusi a, (¥) u nepemewienus x (1), a Takxe nytu [ (%), npoxomsu-

Moro uactHued. HalTh cpeanee 3uaueHue MCayas CKOPOCTU <Zou>>
3a Bpems ABHXKeHHUHA oT T=0 g0 i = 21.

b U7

Puc. 3

7. B HayanbHbIA MOMEHT BpEMEHH T[pPOEKIHH CKOPOCTH Tena
Ha KOODIHHATHBlE OCH X H y paBHbl Ug, =1 mM/c H vy, = 0. Teao

ABMKETCH C MOCTOSHHBIM YCKOPEHHEeM, H uepe3 WHTEPBaJ BpeMeHH
Al=12c npCoeKUHH ero CKOPOCTH CTaJK DaBHBIMH o, ==2 M/C;

v, =3 m/c. HailTu Moay/b v Hanpas/iesHe yCKOpeHHS TeJla.

8. Bropoe Teso noabGpocHaH OT 3eMJH BepTHKAJbHO BBEpX
BCJEA 3a TMEePBbIM 4eped 1y=4 ¢ C TOH e CKOpoCTbio v,=49 M/c,
uTO H iepBoe Teno. Uepes kakoe Bpems T 1ocjie GPOCAHHA BTOPOro
TeJa M Ha Kakoil BblcoTe A 06a Teda CTOJKHYTCH?

9. Teso GpolleHO MOJ YIJIOM (. K TOPH3OHTY ¢ HauaJbHOH CKO-
pocrbio v, IlocTponTe rpadHku 3aBuUcHMOCTEeH OT BpeMeHM MPOeK-
LKl YCKODEHHT a, M d,. CKOPOCTH U, W U, KOODIAMHAT A H y Ha
BEPTHKAJMbHOH OCH y, HanpaBJeHHOH BBEpPX, M TOPH30HTAdbHOMH
ocH X.

10. 1Ba kamHusi GpoLueHkbl M0 Pa3IHYHLIMH YIJIAMH K FOPH3OHTY
CO CKOPOCTAMH U, U U,, KaK nokasaHo Ha pic. 4,a. He npuberas
K UHCJEHHOMY pacueTy, caenaTh BblBOA O TOM, KAKOH KaMeHb YJIeTHT

daibuie. Tpenuem o Bo3ayx npeHeGpeub. Kakoit M3 aByx Kamuew
MOJIETHT Jajblie, €ciH HX OpPOCHTH, KaK [0Ka3aHo Ha puc. 4, 8.

X
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11. lNywxa ¥ uear HaXOAATCH HA OJHOM YDOBHE Ha PacCTOAHHH
[==1,5 kM zpyr or jJpyra. Yepe3 cKOJbKO BpeMeHH CHapfija C iHa-
YaJbHOH ckopocTbio vy = 200 M/c nocturHer nenu? ConpoTHBAEHHEM
BO31yxa npeHeGpeub. YckopeHue CBOGOAHOTO TNAaJEHHS TMPHUHHSATH
g==10 m/c’

12. C aspocTaTta, NoAHMMAlOLIErocst ¢ yckopeHnem a = 0,5 m/c?,
yepes 1=4C mocje ero OTphiBa OT 3eMJH OpOcalOT KameHb CO
cKopocTblo 7y’ =5,5 M/c nog yraom o’ = 30° K TOpPHU3OHTY OTHO-
cuTeqbHO a’spoctara (puc. 5). Ha kakom paccrosinuu [ oT Mecta
noAbeMa as3pocrara ¢ 3eMJH ynajer KameHhb? OnpeaenuTb TakxKe
BpeMsl T/ HAXOX/eHHF kaMHHA B BO3]yXe C MOMeHTa ero cbpacbiza-
Hysl. CONpOTHBJIEHHEM BO3AyXa IpH M[aJeHHH KaMHS mnpeHebpeub.

[ *

Puc.b

13. Kartep nepecekaer peky UHMpHHOH b =360 M, Tekyliyw Co
CKOpOCThI0 U, =2 M/c. PyneBoli kartepa AEPMKHT KypC MNepreHan-
KyJsipHO Te4yeHHi0. JIBHraTtenb obeclieuHBAET NOCTOAHHOE YCKOpEHHe
a=0,1 M/c’, HauaJibHa® CKOPOCTb KaTepa OTHOCHTE/J]bHO BO/bl
pasHa nyat0. Uepes Kakoe Bpemst kaTep nepeceuer peky? Ha ckoabko
oH Gyner cHeceH TeuenneM? C KaKOH CKOPOCTbIO NMOACHAET KaTep K
MPOTHBONOJOXKHOMY Gepery W Mol KakuM K HeMmy yriom?

14. JIBurasich paBHOMEPHO TIO OKPYXKHOCTH CG CKOPOCTBIO,
paBHO¥ 110 Moayaw v ==10 M/c, Teq0 nepemMecTHIOCh H3 TOUKH | B
TouKy 2 mo ayre c¢ yraom pacrsopa ¢ = 30°. Hafitn Monyas u Ha-
NpaBJeHHe TPHPALIEHUS CKOPOCTH A U= U, -— v,. HanpapaeHue

BEKTOpa AU ONpeneasieTcst YrioM MeXAy 3THM BEKTOPOM H CKO-
pOCTBIO U|.
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15. ITo kpaw Bpawatueiics ¢ yriaoBoil ckopocTeld w=0,1 pan/c
Kapycead paauycom R =05M waraer MaiabuuK. Onpesenutb yckope-
HHe, C KOTOPBIM ABHXKETCS MaJIbUHK [0 OTHOLIEHHIO K 3eMJe, ec/H
H3BECTHO, YTO, MOBOpPauHBas 06pATHO M LIaras MO KapyceaH C Mpex-

Hell CKOPOCTbIO, MaJIbUHK [epecTaeT MNepeMellaTbcsl OTHOCHTEJbHO
3eMTH.

§ 2. IMHAMHKA

C i

16. Ilpu sanycke pakerhl maccod m =200 kr cuia TATH ee
apuratens, pasuas F=>5 xH, Hanpasnena noa yrmom a=60° k
ropusonty. Ilpunss g= 10 M/c?, HalTH yCKOpeHHe paKeThl a, T.e.
MOLY/1b YCKOPEHHSl ¥ YrOJl Mely G H TOPH30HTA/bHbIM Hanpasie-
HHUEM,

17. Bpycok Mmaccoit m =2 Kr, JeXKallHd Ha WepoXoBaToi ro-
PH30HTAJbHOH TOBEPXHOCTH, NMPHUXOAMT B JBHXKEHHE C YCKOPEHHEM
a=23 M/c?, Koria Ha Hero AeHCTBYIOT FOPH3OHTAJbHOH CUIOH F =
— 11 H. Kakod MHHHMMaJbHOW TrOpPH30HTANIBLHOH CHJOH F, HYXKHO

NOAEHCTBOBATb HA OpPYCOK, 4TOObI €ro TOJNbKO CABHHYTb C MecTa?

18. K 6pycky maccoil ni =1 Kkr, jJexallleMy Ha IOPH3OHTA/JIbHOM
noay, Npuaoxkuau cuay F nox yraom o ==30° x ropusonty. Kosd-
pHUMENT TpeHWst mexay 6pyckom u noaom k= 0.5. Haiitn yckope-
Hue 6pycKa AJs caydaes:

a) F=1H; 6) F=5H; 8) F=25H.
19. Kakoifi MHHHMaAbHOU CHJAOH F, H TNOA KakUM YIJIOM

HYKHO NOAEHCTBOBAaTb Ha Opycok (cm. 3agadvy 18), utoGbl TOJNLKO
CABHHYTb €ro ¢ mecTa?

20. Bpycok maccel mi=10,25 Kr JexHT Ha [MEPOXOBATOH M0~
CKOfl TIOBEPXHOCTH, HAKJOHEHHOH K FOPM3OHTY noa yriaom o==30°
C KakoH MHHHMAJbHOH IOPH30HTAJBHOA CHJIOH CJaedyeT MOTAHYTD
332 TOHKYIO HHTb, MPHUBSA3aHHYI0 K OpycKy, 4T06bl Ha4ajloCh €ro
ckoabxenue? KosgduunedT TpeHua 6pycka O 1EePOXOBATYO NOBEPX-
HOCTb Kk =0,8.

21. Ha nocke, aBHXKYIIEHCH B TOPH3OHTAJbHOM HAalpaBiCHUH
C YCKOpEeHHeM @y, HaXoAMTCA MaocKas waiba, KosQpGHUUEHT TPeHHs
KOTOPO# 0 AocKy paseH k. [TocTpouThb rpaduk 3aBUCHMOCTH yCKOpe-
HHS Wai6bl @ OT YCKOPEHHH AOCKH d.
6



22. BepTukanbHasi cTeHKa [BHXXETCH ro-
PH30HTaNbHO C YCKOpeHHeM a,. B KoHTakTe co

CTEHKOH Haxoautcsi 6pycok (puc. 6). Kosp-
GHUHEHT TPeHHsT MeXAy CTeHKOH U O6pyckoMm
k=0,4. Tlloctpoutb rpaduK 3aBHCHMOCTH
cunbl Tpenusi F., mexay OpYyCKOM H CTEHKOH

OT YCKOpeHHUSi CTeHKH a, OnpenesuTb MOLY/b
M HampaBjeHHe BeEKTOpa YycKopeHHs Opycka
a npH

a) a,=30m/c? 6) gy=10m/c%

23. Ha pocke aaunoit [=0,5M u Maccol
M=09kr y ee neBoro topua JsexHT HebOJIb-

mo# Opycox maccoi m==0,1 kr. Kaxkyio munu-
MaJbHYIC  CKOPOCTb U, HYXHO  COOGUWHThL

6pycky, uto0Obl OH COCKOJIb3HYJ C [OCKH Yy ee
npasoro rtopua? Kosadduunedt Ttpenus Gpycka
o pocky k=0,5. Jlocka HaxoAuTCcd Ha raal-
KOl TOpH3OHTAJbHOH TOBEPXHOCTH.

24. Ecau nepexxeub HHTb H, CBA3BIBAIOLLYIO
rpy3sl [ ¥ 2, BUCAILIME HA HEBECOMOM PE3HMHOBOM
WHype, BepXHHH rpy3 [/ NpPHXOAMT B JBHXKEeHHE
¢ yckopennem a,=4,9m/c® (puc.7,a). Haiitu
YCKOpeHHe, C KOTOpbiM Ipy3 2 npuierT B ABHXKe-
HHE MocJe MepeXUraHust HUTH H, ecau noaBelleH-
HBle K TOMY K€ DPe3HHOBOMY WHYPY Tpy3nl fio-
MeHSITb MecTaMH (pHc.7,6).

25. K notosaky aundra, 4BHXKYLUIETOCH C YCKO-
peHHEeM qQ, HafpapJeHHbIM BBEpX, MOABEILEH Ipy3
MaccoH m Ha ABYX HHTSAX, COCTABAAIOWIHX YyTJbl
¢ W f ¢ TOPHU3OHTAJbHbIM TOTOJKOM (pHuc. 8).
Onpepenuts cunnl T, u T, HATAXKEHUSA JeBOH U

MpaBOH HHTEH.

26. Korpa kocMMueckhid Kopabab coBepluaeT
MaHEBp 10 MepPeXoAy ¢ OJAHOH OPGHTHI Ha APYTYIO,
ero JBHraTejd pa3BHBAIOT MOCTOSIHHYIO CHJY THATH
F—=—1kH. Haittu Bec G KoCMOHaBTd, Haxols-
werocsi Ha Kopabnae, B INPOAOJIKEHHEe MaHeBpa
kopab.is, mojnas macca kotoporo M=>57. Has-
MEeHeHHeM Maccbhl kKopabasi BO BpeMsl ManeBpa
npene6peub. Macca xocmoHasta i = 100 kr.
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27. Isa Opycka MaccaMH m M 2mi, COeAMHEHHble Jerkoil
NPYKHHKOH, ABHXYTCA MO FOPH3OHTANBLHOH NialKOH MOBEPXHOCTH
(puc.9). B HekoTODPBIH MOMEHT yckoperue a, Jerkoro Gpycka Ha-
npasneHo BrnpaBo. HafiTn yckopeHue a,, ¢ KOTOPHIM B 3TOT MOMEHT
ABHXKeTCH ApPYrod Opycok. PacrsHyTa HaH cXKaTa NpyXHHKAa B 3TOT
MOMEHT?

—
a,

B
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/7777 /7777777 /7SS

28, llapuk, nopBeLieHHbIH HAa HHTH, OTK/JIOHHKJIH OT MOJOKEHHS
paBHOBecusi W oTmycTWaH. Kyaa HanpasieHa paBHoneiicTByoLlas
NPUJOXKEHHBIX K WIAPDHKY CHJ NMPH MAaKCHMaJjbHOM OTKJIOHEHHH OT
MOJIOXKEHHSE PABHOBECHS, lIDH NMPOXOXKAEHHHU MOJOXKEHHUS PAaBHOBECHS
H B {IPOMEKYTOYHOM [OJIOXKEHHH?

29. [lapuk, moaBelleHHbIH Ha HUTH, ABHKETCS 110 OKPYMKHOCTH
B TOPH3OHTA/JbHO# IJICCKOCTH. YKa3aTb AefCTBYIOUIHE Ha IlIapHK
CHJbl H Hanpap/jieHHe PaBHOACHCTBYICULEH 3THX CHJI.

30. lllogep BHesanHo yBHIesq mnepel aBTOMOGW/IEM LIKPOKYIO
credy. UTo emy BbirojHee clienath AJs [PENOTBPALUEHHS aBAPHH —
3aTOPMO3HUTb HJH noepHyThb? [lonpoGyliTe pewuTh 3Ty 3ajauy
YCTHO, He PacCUHTLIR&GS TOPMC3HOTO NMYTH U pajHyca NMOBOPOTA.

w 31. Tlonass cdepa paauyca R=04wm
BraliaeTcs BOKPYr ee BePTHKaJbHOrO JgHa-
MeTpa ¢ MNOCTOAHHGH YIJIOBCH CKOPOCTBIO
w=>5pan/c. Bmecre co cdepoii Ha ee
BHYTPEHHEH TIOBEepXHOCTH J[BH)KeTcs He-
OoJiblias Wainba, HAXOAALLAsiCA HA BLICOTE,
paBHOH noJoBHHe paauyca (puc.l10). Ou-
pele/IiTh MHHHMMAJbHOE 3HavyeHHe Ko3(-
(pMUMEHTaA TpeHHUs, NpPH KOTOPOM 3TO BO3-
MOXHO.

32. )Kectkana Jserkas uwItaHra AJIHHOH
\ {=0,5M C NpUKpemJeHHbIM K ee KOHIy He-
Puc. 10 | GoJibIIHM  TPY30OM Maccofl m =1 Kr npu-
BOAMTCS B PaBHOMEpHOE BpallleHHe CO CKOPOCThIO n==20 06/MHH
B BEDTHKAJIbHOH IJIOCKOCTH BOKPYT OCH, NMPOXOAfILEH uepe3 Apyroi
KoHen wTaHrd. Haity sauboabwyio T, U HauMeHbiiylo T, CHJbI, €
KOTOPEIMH HaTsHyTa LITAHra, a Takxe cHay F, ¢ KOTOpPOH rpy3 meii-
CTBYEeT Ha BpaulaloWYIOCA WTAHTY, KOTAA OHA [POXOMMT 4Yepe3 ro-

PH30OHTAJILHOE TOJOXKEHHE.
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Y % 33. lilranra u BepTHKaabHAs OCb 00pA3yIOT XKecT-
KYK KoHCTpyKud (puc. 11). Jlerkad npy»KuHa U npu-
KpenyieHHasi K Hell My(DTouka mMaccod /i = | Kr HaleTbl
Ha LITAHTY, IO KOTOPOH OHW MOTYT CKOJb3UTbL 6e3 Tpe-
HUA. Mydrouka [ABUARTCA PABHOMEPHO [0 TOpPH-
] 30HTANbHOH  OKpYXHOCTA paauyca r=30cm co
o cKopocTbio v =2 M/c. OnpefennTb AAUHY [, NPYXHUHbI
B HEPACTAHYTOM COCTOSIHHH, €CJM JKECTKOCTb MPY>KHUHbI

"\ k=40 H/m, u yroa a = 30°.

2 34. [oHouHbIH aBiomMOOUAb Maccod i == 600 kr

H> IBHKETCA BAOJb KBATOpa ¢ BOCTOKA Ha 3amnaj, a 3a-
TeM ¢ TOH Ke cKopocThio v =600 KM/4 OTHOCUTENbHO

A 3eMaH B HamnpaBJeHMHM ¢ 3anaja Ha BocTok. Hafitu

Puc.11 Pa3HOCTb CWJI [JaBjeHHs aBTOMOOHJIS Ha MOBEPXHOCTD
ecce B 3THX Cayuanx.

35. JIBa crmyTHHKA ABUXKYTCH BOKPYr 3€MJIH [0 KPYroBbIM Op-
611am, pacrno/JoKeHHbIM B OJHOH MJOCKOCTH, CO CKOPOCTAMH U, =
=78 KM/c # v,=7,7 km/c. Onpene/uTb HMHTEPBAS BPEMEHH T,
yepes KoTtopelit o6a cnyTHUKA PerydaapHO CONMKAKTCH HA MHHUMAJb-
HO€ PAcCTOXHHE APYFP OT Apyra. rafTH 3TO pacCcTOsHHe, €CJH pPaaunyc
3emaun R =6,4 - 10° ki, yCKOpEHHE CHJb TSXKECTH Yy MOMIOCOB 3eM/IH
go—=9,8 m/c”.

36. Onpesenutb YraoBYK CKOPOCTb v BPAUICHHST JBVXIJaHeT-
HOH cucTtembl. Maccel miadHer M, u M, paccTOfgHHe MeXKAY MX

ueHtpamMu R. Halltk TakKe yCKOpeHHst, ¢ KOTOPbIMM IBHXKYTCA
TJ1aHEeTLL.

37. Teao maccoit m = 0,2 Kr 6PONICHO C H&aYa/bHOH CKODOCTHIO
v, =230 M/c moa yraom «=30° K ropusoHty. Ha#itu npupawerue
UMNyJbca Tena: 1) 3a BpeMs 0T Hauvada noJeta Lo NajeHUA Ha
3ema; 2) 3a MOJAOBUHY 3TOr0o BpeMmeHHd. CONpPOTHB/EeHHE BO3/lyXa
He YUHTBIBATh.

38. Msuy maccoil m = 0,2 Kr noajeraer
K cTeHke nod yriaom o = 30" co CKOpOCTbIO
Vg =9 M/C W oTjeTaeT OT Hee noj TeM Ke
YIJIOM W C NPEeKHeHR M0 MOAYJI0 CKOPOCTbIO
(puc. 12). Bpems yaapa v=20,01 c. Hafitu
CPeAHIOI CHJAY, AEHCTBYIOILYH HA M%U BO
BpeM# viapa CO CTOPOHbI CTeHKHU.

Puc. 12



39. Ha canku maccol M, ABHXKYIIHECH (O CKOPOCTBIO ©, MO
TODH2OHTA/NbHOH MOBEPXHOCTH Ge3 Tpedus, nanaeT BepTHKaAbHO
rpy3 MaccoH mi, HMeWUHH cKOpocTb u nepei yaapom. Onpeaenuts
CKOPOCTL ¥ CAHOK C TPY30M [OC/A€ yaaDa H CPefHIo CHJIy JaBJe-
#ust N’ Ha gopory npu yaape. daureabHocTh yaapa T.

40. TlpeneGperasi 8 ycaoBHH 3anaun 39 AAMTENLHOCTBIO yaapa,
ONMpeJeJHTb MHHHMA.1bHOE 3HayedHe KospHUMeHTa TpeHHS 110-
JI03b€B CAHOK O CHET, MPH KOTOPOM C&HKH C YMABIUHM HA HEX TPY30M
OCTAHOBATCH NMPH Yaape.

§ 3. PABOTA
H MOLILHOCTb.
3AKOHDbI

COXPAHEHHSA 2HEPIHH
H UMITYJIbCA

41. TlpukaanelBasi Kk JexaileMy Ha CTOAe Teay MOCTOSHHYIO
FOPH3OHTAJLHYIO CH.IY [, OueHb MeNLJeHHO MepeMecTHAM Tedo Mo
OKPVKHOCTH paauvyca R. Kakywo paboTy COBEpUIMAH TIPH 3TOM Haj
TeJ0M CHJIbl TPEHHS?

42. Yepes HepecoMmbili 610K, YKpemelnbli d4a HEeNOLBHKHOH
FOPH3OHTAABLHOMN OCH, MEPEKHHYTA HEBECOMAS H HEDACTSXKHMAH HHTD,
K KOH!LAM KOTODPOH MPHKPENJIeHbl TPY3bl MACCAMU /iy M fiiy (120 = niy).
Onpeneanth MOUWHOCTL KOTOPYK) pa3BHBAeT CHJa  HATSIKEHHS,
NPUAOKEHHASA K NEePBOMY Tpy3v, uepe3 BpeMs T MOCJe HAauad A8H-
KEHUS CUCTEMBb,

43. Hafith MOMmHOCTL Citd  TPEHUS, NPHIGKEHHBIX K Tedy,
CKOJB3seMY O BeplikHe CchepHYeCKOH TOpKH paauyca R=—12m
CO CKOpOCcTblo U ==2,0 m/c. Macca teaa m =60 Kr, KO3PDOHIMEHT
Tpenus k£ =0,2.

44. C BbicoTt! i =5 M GpoOCalOT BEPTHKAILHO BHH3 TEJIO MacCoi
ni =10,2 Kr ¢ HauaabHOIl cKopocTbio v =2 wm/c. Teqo yraybasiercs
B rpyHT Ha [ == 0,05 m. HaiiTn cpeaniow cuay conpoTusienns rpyHra
JABHKEHHIO KAMHS.

Lo



45. Tlaockyo waiby TOAKHYAM TaK, UTO OHA HAYAAA CKOJABL3HTb
C Haya/lbHOH CKOPOCTBbIO v ==4 M/C BBepX 110 IIEPOXOBATON HAKJIOH-
HOH MI0CKOCTY ¢ yrioMm o= 30° npu ocHosauuu. CKOPOCTb WiaiiGbl

ofpartusacb B HyaAb, KOrla OHa npowsaa paccrosiive s= | m. Co-
CKOJI&3HeT Ji waiba BHU3?

Puc. 13 46. laii6y nmonoxuiu Ha BePXHHI

KpaH HaKJOHHOTID CTOJA BhicoTOH H =

R =1,2M ¥ uwHpHHOH# oOCHOBaHus [ =

S =0,8m (puc. 13). lUlaii6a ckonab3ur

\ no CcTeJy W najaer Ha noJ. Hailrtu

Y CKOpocTb 1walbbl nepej majeHueM,

{ ' e KO3 (PHUUHEHT TPEHHS MEXAY

,
TITITTTTTIT T T 77 77 aiboil uoctosioM k= 0,5.

47. Teno OpoCHIM 110A YIJIOM o K FOPH3OHTY C HayaaLHOM
CKOPOCTbIO Uy [leCTpouTh rpadvkd 3aBHCHMOCTH OT  BpEMEHH
MOJIHOH, KHHETHUECKON H [IOTEHLHMAJIbHOH SHEPTHH TeJa.

48. Llapuk nonsewen Ka HUTH M cOBepLIAET KONEOAHUS B BEpTH-
KaJbHOH m10CKoCTH. [IpH nNpoXoxaeHMM TNOJOKEHHS pABHOBeCHS
ero yckopesue paBHo a, = 10 m/c’. UeMy paBHO ycKopenue wapHka
Np¥ MAKCHMAJIbHOM OTK/JIOHEHHH O1 IOJOKEHH$ PaBHOBECHSN?

49. HeGonbwolt 1apuk maccsl = 2Kr, noaBelleHHb Ha
HHTH, OTBEJH B CTOPOHY TakK, 4TO HHUTb 06pa3oBaja NpPAMOil yroJa c
BEPTUKAJILIO U 3aTeM OTNYCTHJAH. HallTh yron mexay HHTbIO U BepTu-
KaJjbio, NpPH KOTOPOM HHTb OGOPBETCHA, €CJH HHTb BBIAEDKHBAET
HaTtsxenue T, = 30 H.

30. Teao maccoit m =0,1 Kkr cockanb3niBaeT Ge3s TPeHHA 1o
HAKJOHHOH IJIOCKOCTH, Mepexoisiulell B LKJIMHAPHYECKVIC NOBEpPX-
HOCTb pajuycoM R. OnpexejnTb CHJbl JaBjeHHsI TeAa Ha NGBepX-
HOCTb £, 1 Fy B Toukax A U B B cayuae, KOTAa TEJNO COCKANb3blBAET

¢ BblcoTbl H =3 R (puc. 14).

Puc. 14

51. Bpycok maccoft m =10,2 Kr HauudHaeT cocKa/ab3biBaTbh 6e3
HauajJbHOH CKOPOCTH € BHICOTH /{ =3 M 1o xeno6y, BbUIOJIHEHHOMY

B popMe «MepTBOH neTyu» pagnycoM R =05 m (cm. puc. 14). 1—[[;114



MPOXOXKAEHHH BepXHeHd TOUKH neTiu O6pycox elBa He 0TOpsajcs OT
xenoba. Kakywo pa6ory A COBepliHAM CHJIbI TpeHHS OT Haua.a
ABHXKEHHS 6DPYCKA A0 NPOXOKAEHHS UM BepXHeH TOUKH NMeT/H?

52. Bpycku maccamu mi; =0,1 Kr 0 my,=0,4 Kr noJjoXKeHbl Ha
1/1a1KYI0 TOPH30HTAILHYIO IOBEPXHOCTb H CBA3aHbl HHUTLIO, NNPOAETOH
yepes MpyxKHHKY KecTKocTbio £ =0,1 kH/m. Tlpu natauyToi nuru
MPYyXKHHKA cxKaTa BABOE NMPOTHB AAHHBI {,=10 cM B HeaepOpMH-
POBAHHOM COCTOAHUH. HalTH MakcuManbHble CKOPOCTH ABHIXKEHHS
OPYCKOB U H U, N10CJIe NepeKHTaHHA HHTH.

53. Teay macco#t m =25 Kr, JexauleMy Ha MOJY H COEHHEH-
HOMY €O CTEHOH HededOPMHPOBAHHOH [PYKHHON MKECTKOCTbIO R =
= 60 H/M, coofu1aT CKOpPOCTb Vg == 3 M/C MePNeHAHKY/JASPHO CTEHE.
Kosth$runent tpenust Mexay TeaoMm H nosoMm kR, == 0,6. Haltu cko-
POCTb T€Ja K MOMEHTY, KOrla OHo npoiger pacciosHue == 0,25 M.

54. bpycok Maccolt = 1,6 Kr, COELHHEHHbIA C JIETKOH MPYKH-
HOH JKecTKoCThio k=256 H/m, pacnoaaraior Ha BblcoTe f/=85cCm
or nosaa (puc. 15) u ornyckaior. J1uHa HeaeOpMHPOBAHHOH Npy-
uHbl 1, =50 <M. HaiiTy maxcumasabHyl ckopoctb 6pycka. Ocb
MPYXKHHBI BO BPEMSA ABHXKEHHH CHCTEMbl OCTAeTCS BEPTHKAJbHOM,
BJAHSIHHEM BO34yXa fipeHebpeub. YckopedHe CBOGOMHOMD HALSHHA
MOJIOKHTD NPHOIHKeHHO g = 10 m/c?.

55. Ha raanko#t ropH20HTAJbHOH IIJIOCKOCTH JIEXHT OpyCoK
Maccoil mi, WAapHUPHO COeJHHeHHbI ¢ Jerkoit Hexed@OpMHpPOBaHHOM
NpyAHUHKON AMHHOH {5 == 50 cM, moaseleHHol Haa 6pyckom Ha ocu 0
(puc. 16). JKecTKocTb TpPY:KHHKH k nogoOpana pasHoit 2nig/l,,
rae g — yckopeHue cpobonHoro najenus. Ha 6pycok moupeitcToBadnu
HOCTOSIHHOM TOPH30HTAMBHOH CH.a0H F;, MO MOAYII pPaBHOH /g,
Haiit ckopocTb 6pycka B MOMEHT OTPblB& €ro 0T MJIOCKOCTH.

///1//

#f;‘
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56. Teno A naneraeT Ha HenoaBHXKHoe Teac B W nocae yaapa
ABUXKETCH ¢ BABOe MeHbleHd CKOPOCTbIO B HATPaBJIEHHH, ilepIeHaH-
KYJAPDHOM K nepBoHauaiabHoMmy. OnpeienHTb Hanpab/jeHHe [JBHXKe-
HHA Tesa B nocsae ynapa. 3aBUCHT JIH OTBET OT TOI'O, COXPaHAETCH
NMpU ylape MeXxaHHYecKass 3HepTHs MHJiH HeT, T.e. sBJaseTcA ylap
YODYTHM HJH Heyunpyrum?

57. U3 nyiwkun maccon M =039 Kr, cxkonesduied 1no riagkoMy
nony, BblieTesq cHapsaa Mmaccod /i = 10T, KOTOpbIH yepe3s 1=1l¢
yra/Jd Ha pPacCTOSAHMW [==4 M OT NYWKH, OCTAHOBHBIUEACH B pe3yiib-
TaTe OTAAYH MpH BbicTpene. OnNpenesuTb CKOPOCTb U, C KOTOPOH
CKO/Ib3dJ1a NyUIKa Nepej BLICTPeJOM, CKOPOCTb U, C KOTOpPOH CHa-
pSIN MOKHHYJ CTBOJ, H YroJ o HAaKjJOHa CTBOJA K rOpH3oHTY. HaliTn
Tak)Xe€ MAKCHMAJBHYIO BBICOTY H OT noJja, Ha KOTOPYIO CHapsj
NOAHAJNCA BO BpeMms noJsiera, PasMepbl MyUIKH HE YUKTHIBATD.

58. KocmonaBT mMaccon mi, = |00 Kr HaXOAKTCA HA MOBEPXHOCTH

IWAPOBHIHOTO acTepouja paaHycoM R =1KM H JepXHT B pyKax
KaMeHb Maccol #iy= 10 kr. C Kakoil MakCcHMaJ/JIbHOA FOpPU30HTa/bHOH

CKOPOCTbIO U, OTHOCHTE/NbHO TMOBEPXHOCTH acTePOHAa KOCMOHABT
MOXeT GPOCUTb KaMeHb, He DHCKYS, UTO CAM OH BCJEACTBHE OTJauH
CTaHeT CilyTHHKOM acrepoupa? CpeaHsifi IJAOTHOCTb acTepoOuaad Q =
—=5.10° «r/m® rpaBuTaudonnas noctosinnas y=6,7-10""
M*/ (Kr - c?).

59. Ilyns maccod m = 10r, nereBulast rOPU3CHTANLHO CO CKO-
pocTblo v,= 150 M/c, mpocrpenuBaer JexalMi H3 cTojle Gpycox

maccoit M =25 Kr 4 TepsAeT MPH 3TOM I[OJOBHHY CBOeH KHHeTHue-
ckoil 3xeprud. Kakyo ckopocTb rnpuoGperaer Gpycok?

60. /Isa OZHMHAKOBBIX MaJNeHbKHX NJACTHJAHHOBBIX I1LHapuka
NoJiRelieHbl Ha CAHHAKOBbIX HepacTHAXHUMbIX HHTAX. OauH wapHK
OTKJOHSIIOT OT MOJIOXKEHHS DABHOBECHS TaK, YTO HUTb FOPK30OHTAJIbHA,
u ornyckalor. [IpH coypapenun wapukn caunatworcea. OnpeaenuTsb
MaKCHMAaJbHbBI yroJ, Ha KOTOPblH OTKJOHATCHA [OCJe yjapa CJ2HI-
IIHecsl 1Waphl.

61. Teao maccodn M= 0,1 kr, cnocoGHoe aBHratrbcs 6e3 TpPEHHUA
10 TFOPH30HTAJbHOMY CTEpPXKHIO, 3aKPEMJeHO Ha JIErKOH MpYyXHHe
KectkoeTolo k= 10*H/m (puc. 17). B Tes10 nonanaer nyJs Macco
m = 10r, nBuraBwascs moi YraoM ¢ = 60° K OCH CTep¥KHs CO CKO-
poCTbiO ¥, H 3acTpeBaeT B HeM. B pesyabraTte Tesio HAuMHAET KO-
Jebatbesi ¢ amnautyaoil a=>5cm. Onpenenuts CKOPOCTb MyJH 0.
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Puc. 17

62. Mcnoarsys nannble 3agaud 61, onpemenuts CKOpPOCThL MYJIH,
€CJIH NMpYXXHHA 3aKpenJieHa TakK, KaK NMokasaHo Ha puc. [8. Jlnuua
NPYXHHBl MPH DABHOBECHOM INOJOXEHHH IPy3a i—_15 CM, HJHHA
HePAaCTAHYTOH NMPYXHUHBI [; = 10 cMm.

Puc. 18

/7

Ll

63. Ha ckonbko coxmyrcsi 6ydepHble NPYyKHUHB NPH CTOJKHO-
BEHMH [BYX JKE/J€3HONOPOXKHBIX BaroHOB MaccaMu i, =20T H

iMy==60T, NBUTAIOLIHXCA HABCTPEUY APYr APYIY €O CKOPOCTSMH
vy =05M/c u v,=0,2m/c? [IpH CTOAKHOREHHUH B KaXJOM BaroHe
paGoOTAIOT MO [BE HPYXHHbl MKECTKOCTblo k= 2.10*H/wm. Onpe-
NeJHTbL TaKiKe YCKODEHH: BArOHOB B MOMGHT HaHOOJIbIIEro CXAaTWs
TIPYKHUH,

14



§ 4. CTATHKA.

YCJOBHA PABHOBECHA TEJI.

MOMEHT CHJIbI

64. Crepxene AB wmaccoit m=0,5 Kr, 3axkpenjeHHsil B uap-
liHpe A, yAepXuBaeTcsl B PaBHOBECHYU TOPH3OHTAABbHON MPOBOJOKON
BC. K kecHuy crepxHsi noaseied rpys maccoit M =23 kr. Oupe-
REJUTb HAETAXKCHHE NPOBOJOKKE T, eciu yron o, 06pasoBaHHbIH
CTEPXKHEM C BEPTHKaJbio, paBeH 45° (puc. 19).

£ B a

g ¢ |

e

o c

ZA I ST T T Puc. 90
Puc. 19 4 He.

65. Tonkasi wKad B TrOPH3OHTAJIBHOM HANpPaBAEHHH, UeJdOBEK
YCTEQHOBHJ, 4TO KA HAYHPAET ONPOKHABIBATBHCHA, CCIH YCHIHE MPH-
MOXKHTL BbIIe TOYKH C (puc. 20). Ecau Ke NpUS0XKHTb YCHIHE
HH2KE STOH TOYKH, TO WIKad HAUMHAET CKOJB3HTHL To noay. Ompe-
JeNHTD KO3(OOHUKEHT TPEHHS MEXLy I020M H wkadom, 3Has pas-
MEpbl ¢ M ¢, YKazaHHble Ha puc. 20. LleHTp THXKecTH wKada HAXOAHT-
Cfl B €r0 reOMeTPHUeCKOM LEeHTpe.

66. [lokynarear xouer npuoGpecrd ToBap Becom P. Y npo-
Aasva AMeTCA HepaBHoldedyHe Bechl. OH NPEIONKHUA, HCIOAb3YS
rHpI0 BecoM P/2, B3BECHTb 4acThb TOBapa Ha OJHOH 4Yalike BeCOB,
a 4acTh — Ha Apyro# (puc. 21). KTo BBHIMrpaeT npu Takom B3BellH-
BaHHU?

15



£ = e L8 &

Puc. 21

67. Ha kpalo ropH30HTAJbHOTO [HEPOXOBATOrO CTOJA JEKHT
najouka mMaccoii M= 0,3 kr, BbicTynasi 3a kpak crosna uwa n=1/3
yacTb cBoeH aauHe. Ha BbicTynamolleM ee KOHIle NMOjBELIeH Ha He-
BeCOMOH HepacTsKUMOH HUTH ManeHbkuH wapHk (puc. 22). llapuk
OTBOASIT B NOJIOXKEHUE, NIPH KOTOPOM HHTb HanpapJjeHa BAOJb Majoy-
ku. TIpM Kakux 3HAUEHHAX Macchl lapHka m najaouka He OGylaer
OTpPBIBATHCA OT CTBOJIA B mpouecce KojeGanuil umapuka? Cuutarts,
4yTO BeJecTBHE GOJbILOro TPEHHS MaJOuyKa He MOXET CKOJb3HTb MO
CTOJY.

AL
S S

-L[O J___:"_:_

Puc. 22

)
|ll
o
=
[
Do
(V]

68. K .1erkod npyxKHHKe, KecTKOCTb KoTopoi k=49 H/m,
noaseweHo Tano ofremoM V=70 cm’ Teno HaxomuTcs BHYTpH
cTakaHa W He kacaetrcd ero jaHa M creHokK. Haausas B crawan
MacJo, 3aMeualoT, YTO [PYXKHHKA MePecTaerT yKOpauHBAThCS NOCIE
Toro, Kak Teao MNOAHMMETCHA Ha A= |2 MM O7 NepBOHAYAJNBHOTO
mosioxkKeHHusl. Hailtu nsotHecTh Macaa o.

69. Toukas nanouxa ﬂ,JIHHOH [==40 cm, chaesaHHas H3 mare-
puana ¢ naotaocthio o = 0,22 cm®, wapHapHO noaBewera K MOTOJIKY
Ha BEICOTe A Tak, YTO HUMHHH ee KOHel IMOrPYKEeH B KHUAKOCTb,
NJIOTHOCTh KOTOpPOH paBHa g,=0,8 r/cm® (puc. 23). Onpegeauts
JUTAHY TIOTPYXKEHHOW YaCTH NaJjoukH .
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MOJIEKYJIIPHASL U3 HKA.
FA30BbIE 3AKOHDBI.
TEPMOOUHAMHKA

70. Kakoe noHaao6urcsi Bpems T, 4TOOB Ha INOBEPXHOCTb
CTeKJa HaHecTH cjoll cepe6pa TOMLHKHOA d==0 MKM, HCMNOJb3YS
ANST 5TOrO aToMapHb MyYoK ¢ KOHLEHTpaluedl aroMoB cepeGpa
n=—10'" M~% gBEKywmHXcs co cKopocTbo v = 0,39 km/c? Moasp-
Has macca cepebpa p= 108r/Moab, mioTHocTb @ = 10,5 10° kr/n°.

71. Onpepeauth MJIOTHOCTb BO3AyXa @ BOJU3H MOBEPXHOCTH
3eMIH MPH CTaHAApPTHBIX ycroBusax p,= 0,101 MIla, To=273 K.
MoasipHast macca Bo3ayxa p =29 r/moJb.

72. B 6Gangone ob6bwemom V =100 5 HaXOAHTCHA TeJHI TOA
papaesnem p,=>5 MIla npu rtemneparype T,=300 K. Beutnib
6aJJIOHA 1aJ Teub, H KOIAA HEHUCNPABHOCTb YCTPaHHJH, JAaBJeHHE B
GanjoHe OKasaJjocb paBHbM p,=5,1 MIila, Ho TemmepaTtypa no-
Boicunach a0 T,==340 K. HaiTh maccy rasa, BbiTeKLIero us 6an-
JoHa. Mossipnas macca renust w =4 r/MOJb.

73. Ha puc. 24a,6,8 ToukH [/ M 2 wH3006paxKamoT COCTOAHHE
OJHOIl M TOH K€ Macchl MAeaJbHOro raza. YCTaHOBHTb, B KAaKOM H3
yKazaHHblXx cocTosiiui (1 uau 2) Goablle naBJjeHne, o0beM, TeMmie-

patypa. v P P

0 o1 o Puc. 24
Vv

a F ]

74. Bopopoa maccoil m =1 kr npu temneparype T,= 300 K ox-
NaxaaeTcss M30XOPUUECKHM TakK, UTO €ro jaBJieHHe najaer B 1 =3
pasa. 3arem ras pacmgpsaercs H306apHUYECKH TakK, YTO KOHEuHasi
Temneparypa pasHa HayaabHoH 7,. HallTH npousBeseHHyl0 rasom

pa6ory.
17



75. Ha puc. 25 nokasan Kpyrosoil npouecc /—4 (uHKJI) He-
KOTGpPOH Macchl rasa Ha auarpamme (p, V). Hszo6pasuts sror
npotecc Ha (p, T)-nuarpamme, t.e. B Koopauuatax (p,T). Onpe-
ARJIHTb, MOJOXKHTENBHYIO MK OTPHLATEIbHYIO paGoTy coBepuiaeT ras
MPU BbLITOJHEHHH IHKJA,

p i
7 2
‘ Puc. 25
B ——a
v

76. [luaunapuyeckas npobupka aauuoh [ =30 cM, coaepxawasn
HEKOTOPOEe KOJIHYeCTBO BO3AYyXa NpPH TeMmIeparype T, =300 K,
MOJHOCTBIO MOrPy)eHa B [JIHUEPHH, MJIOTHOCTb KOTOporo ¢ ==1,3
r/cm®. TlpH 3TOM NOBEPXHOZTb IJIHUEPHHA BHYTPH TPYGKM HAXOAUTCS
B ee cepeautie (puc. 26,a). IlpoGUpKy BBHIHUMAIOT W3 TJHIEPHHA
TaK, YTO OHa €JBa KacaeTCsl [MOBEPXHOCTH XHUAKOCTH OTKPBITHIM
KOHiloM. Kak M HackoJibKO cjeayeT H3MeHHTb TeMmIepaTypy BO3-
nyxa B npo6GupKe, uTo6bl TJIMUEPHH MO-NpexXHeMy 3anoJif] noJo-
BUHY ee oObeMma (puc. 26,6)? BHewHee naBJeHHe PaBHO p,==

=1,0-10° Ia.

D)

] Puc. 27
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Puc.20 ./ . _—

77. B UMAHHAPHYECKOM COCYA€ MNOJ HeBeCOMbIM MOPLIHEM Ha-
xoauTca ras iupHu temneparype T,==300 K. Bbicora cronba rasa

/I =0,5 m. Hanp nopiuHeM, repMeTHYHO MPHAEralOWUM K TJaJKHM
18 ‘



CTEHKaM UMJIHHAPA, HAMUTa PTYTh, 3aNOJHAIOLLIAS COCYA JO Kpaes
(puc. 27). Bricora cronba pryt A=0,2 m. [lo Kako# Temneparypsl
T, ciaepyer MeAJeHHO HArpeThb ra3 noji NOpLIHEM, 4yToObl PTYTh H3
2 Y

cocyia BbUIMiack? TlaotHOCTh pryTd 0 = 13,6 - 10° kr/m°, artmo-
ccepHoe nasaenmne p, = 10° Ila.

78. B uMaHHIApE, OTKPLITOM CBepXy, MOiKeT 0Oe3 TpeHHsl IBH-
ratbCs mopuieHb maccoit mi = 10 Kr, repMeTHYHO fIpHJeras K CTeH-
kKam uuauaapa (puc. 28). TlpyxuHoli xectkoctbio k=2 kH/m
NOpPIIEHb COEHHEH C HHXKHHM TOPLOM UkJHHApA. [laomanb ceuedus
nopmwua S =1 am®, atmocdepHoe pasnenue p,=0,1 MIlla. B na-
Yya/JbHOM COCTOSIHHH NPYXHHA CXKATa BLBOE MO CPAaBHEHHIO C JJHHCH
l,—=0,2 M B HemebcpMUpPOBAaHHOM cOCTOAHHH. K Macce rasa mon
NMOpIUHEM HAYMHAKT NOABOLMTH Tenno. Haktu pabory A, npowus-

BELCHHYIO 'a30M K MOMEHTY, KOrja NnpyxHHa CTaHeT pacTArkBaTbeA,
a4 TakKxXe HauyaJbHOe JaBJjeHHe rd3a B HHJHHAPE.

N

7 T ')d'
Puc. 28 a Puc. 29

79. B BepTHKaJAbHO 3aKpelnJieHHOM HHJIMHApPE ¢ NIaAKHMH
cTeHKaMd BbicoTol [ =0,5 M HaXoAUTCH TeNJIOHENPOHHILAeMbIH
nopieHb Maccoil m = 10 Kr u maoianbio ceuenuss S==2 am% rep-
METHYHO MPHUJIEramiluil K CTeHKaM LWIMHIPa M 3AHUMAKLWHA cpel-
Hee mosioxende (puc. 29,a). K nopiuHio npHKpenaeH TOHKHH BEpPTH-
KaJbHBIH KAHATHK, NMepeKHHyThli uepe3 Osack. Koraa x cBoGogHOMY
KOHIIY KaHaTHKa NOABellMBaloT rpy3 maccod M =20 kr, cucrema
MPUXOAHT B JBHKEHHE, W NOPIUEHb BbL1eTAeT W3 LHUJHUHIPA CO CKO-
pocthio v =0,5 m/c (puc. 29,6). Hafitu pabory A, coBeplIeHHYIO
ra3oM, HaAXOASILLLUMCS NOJ TMOPIIHEM, 3a BPeMs €ro ABHXKEHHA B LH-
nuuape. HapyxHuoe nasjenue p,== 1 kila.
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80. B sakpemnenHoM noa yrioM o= 30° K FOPH3OHTY UHKJHH-
Ape C OTKPHTbIM BepXHHM KoHuom (puc. 30) Moxer 6e3 TpeHHs
ABHraTbcs TOpIIeHb MaccoH m = 1,0 Kr 1 NJowaabio S=10 c™?,
FepMETHYHO TpHJerast K cTeHkam uuauuapa. [oa nmopiineM HaxoaHT-
¢ Bo3ayx. [lopiuieHb BEIABHTAIOT HACTOJbKO, YTOOHI o6beM BO3AYyXa,

o Puc. 30

Pl

HAXOASLIErocsl NOJ HHM, YBeJWUHWACH BABoe, M ormyckaioT. Onpe-
AeJHTb YCKOpeHHe MOPIUiHs B 3TOT MOMEHT. ATMoctepHOe AaBierHe
po = 100 xI1a. TemnepaTtypa BO34yXa NOCTOAHHA.

81. Buytpu TpyGbl, HaMOJAHEHHOM BO3AYXOM H 3aKpHITOH ¢
OBOMX TOPLOB, MOXET CKOJb3uTb 6e€3 TpeHHA TMOpLUeHb MAacCoH
m = 4 Kr, FePMETHUYHO NPUJEraoliHil K BHYTPEHHAM CTEHKaM TpyObl.
B ropusontansHo Jexauled Tpy6e nopiieHb 3aHHMaeT cpefHee Iio-
JOMeHHe, a naBaeHHe Bo3dgyxa B TpyGe p=1,25 kila. [liowanb
nopwusi S =200 cm® Onpenesntb oTHOIeHHe 06BEMOB BO31yXa
V,/V, no o6e CTOPOHbI MOPLIHS B TPYGe, cocKaJb3biBalolledl mo Ha-
KJOHHCH IJJOCKOCTH, o6pasywolueit yroa o=60° c ropH3OHTOM
(puc. 31). KosddHuueHT TpeHHS MExXIy Tpy6Oil ¥ HAKJOHHOH
MI0CKOCTbIO paBed k== 0,25, Temmeparypa Bo3ayxa B TpyGe mo-
CTOSIHHA.

Puc. 31

82. B kaJjopuMeTp ¢ BOAOH NpH
temneparype T,=273 K morpyxa-
0T KyCOK aJIOMHHHS MAcCoH m =
= 0,1 kr, Harpetniii jo 7, =778 K.
Ipu 3TOM TemnepaTtypa BOAb B Ka-
JgopumeTpe MoBbilmaercs A0 T =

FFTITIITTTTITTII L — 978 K, a yacTb €€ BBbIKHIAeT.
OnpefenuTh Maccy BblKHMEBIUEH BOMbI, ecld BHayajie B KaJjopH-
Merpe Haxomuiocb M =1 Kr BOAblL. Y[e/bHble TEMJ0EMKOCTH BOILI
¥ anioMunusi pasubl ¢,=4,2 KAX/(xkr-K) # c,= 0,92 k1x/ (kr - K)
COOTBETCTBEHHO. Y/eJbHasl TemaoTa Napoo6pa3oBaHHsi BOAbl A =
— 2.2 MJIx/kr. TennoeMKOCTbIO KaJopumeTpa npeHeGpeyb.

83. [Ipu COG/IONEHHH HEKOTOPBIX YCJIOBHH MOXHO Harperb BOLY
IPH HOPMAJLHOM aTMOC(EPHOM JaBJEeHHH JIO TEMMEpAaTyphl Bbllle
T,= 373K Ges Toro, utoGbl BOJa 3aKunesna (neperpetas BOJAa).
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[Tpo6upky, conepxkawyio m = 100 r neperperoii Boabl npu T = 382 K
H HOPMAJbHOM aTtMochepHOM [aBJeHHH, cJerka BCTPAXHUBAIOT, OT-
4yero MPOHCXOAHMT OypHoe BCKumaHHe BoAbl. HalTH maccy BbKuMeB-
wed BoAbl mi’. YaenbHas TeNJ0OeMKOCTb BOAbLl B YKa3aHHOM HHTep-
BaJe temnepatyp ¢ = 2,3 M/l /kr, ynenbkas temjiora napoo6paso-
BaHHs A= 2,2 MJIXK/Kr.

§ 6. 3AIAUMH,
MPENJIATABLIHECS
HA BCTYMHTEJbHbIX

3K3AMEHAX B MU®H

84. /IBa MaJeHbKHX TeJa MaccaMH m;=2KI' H my==06Kr

COEelMHEHbl HHTBIO M pAacnoJioKeHbl Ha TJ3aAKOH LHIHHADHUYECKOH
NOBEPXHOCTH, KaK [OKaszaHo Ha puc. 32,a. Ecau Ttesa oTmycTHTD,

Puc. 32

ME

A

OHH HauHHAIT [BHraTbcd C YycKopeHHeM a,=6m/c’. C Kakum

yCKOpeHHeM a OyAyT LBHraThCsi Te/da, €CJH HX pacnojoXHTb Ha
NOBEPXHOCTH CHMMETPHUUHO, KaK MOKa3aHo Ha pHc. 32,67

85. JiBa 1ena A u B maccamu m,;=1,5kr

Uy ygs L, H my=0,45Kr COOTBETCTBEHHO MNOJBEIEHbl Ha

2o HHTAX K JIEFKOMY KOpPOMbICAY, IJIEYH KOTOPOro

< wumewt aaury [, =0,6m u [, = 1M, npHuem Teso

A nexut Ha noay (puc. 33). Ha kako#t MHHH-

MaJbHBIH Yros o cjaegyeT OTKJAOHHTb MOABeC Tesa

Puc. 33 B, uto6ul nocne ero ormyckaHus Teao A oroppa-

JOChb OT noJar
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86. CucteMa COCTOHT W3 HEBECOMOTrO CTepXKH$ AJHHBI [ = 35 CM,
MGJAOKEHHOr0 Ha HENMOABHXKHYIO MPU3MY, @ TAaKKe HeBecoMmoro HsokKa
¢ ABYMS Tpy3aMd rhi, 4 i, rpy3a maccbl M =2 kr, npHkpeil1eHHbIX

K KOHLaM crepxkusi (puc. 34), npuuem mi, + mi, = M. Ilpun nBuxe-
HHH TPY30B f1i; H 11, pPABHOBECHE CTepPKHS HMEET MEeCTO, €CJH TOUKa

OTOpbl CTEPXKHS CABHHYTa Ha paccTosinde A [==5cM JleBee OTHOCH-
TeJbHO CepelHHbl cTepxkHA. OnpenenuTh Macchl TPY30B i, H iy

Tpeuuem npeneGpeus.

my Puc. 34
M my

87. K nexkawemy Ha o4y Teqay maccoil m == |2 Kr, npukpenJe-
Ha TnpyxXHHa xectkocTblo x=300H/m. Kosdpduunenr TtpeHus
Mexay Tteaom d uoaom k=0,4. Buauane npyxuua Gbisa uege-
dopMupOBaHa. 3aTeM. NMPUKJAAAbIBAS K KOHIY MPY:KHHBI CHJY, Ha-
npaBJeHHYIO 1o, yraoMm a = 30° K noay (puc. 35), MemjieHHC nepe-
MECTHJH Teslo HA paccrosHue s= 0,4 m. Kakaa pabora Onina npw
ITOM COBeplIeHar

¥

¢ 4

| Puc. 36

Puc. 35 777777777777 77777 77777777775,

88. UlaiiGa neXHUT B KOHHYECKOH Halle Ha PacCrosiHku r= 20 cMm
OT BepTHKaJabHOH ocH KoHyca (puc. 36). Yroa mexay ob6pasyio-
ulefl 1 ocblo KoHyca o ==60°, kos((pruHeHT TpeHHsA MexXAy wahboH
4 yaweh k==0,8. C xako#i yrioBoll CKOPOCTbIO w CJielyeT BpalllaTb
yawy BOKPYr ee ocH, uTobbl 1afiba BbLIETEAa H3 YAUIH?

89. IMinockas wan6a maccodl m = 0,2 KT Ha4MHAET CKOJB3HTb C
Haya/liHOH CKOPOCTbIO Uy = 12 M/C BBepX NO HAKJOHHCH NJOCKOCTH,

cocraBasoed yroa o =30° ¢ rcpusontoMm. KoaddHuuueHT TpeHus
MeXAY Wakbod v naockoctee k= 0,3. Kakyw pabory copepuiar
HajJ waiOcH cd/bl TPEHUS B T€UCHHe HHTepBaJga BpeMeHM {=—3,5¢
nocje Hayana NBHIXKeHMA?
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90. I'pys maccoli m =230r, nouBeiuerHblii Ha NpYXKKHE, OTiy-
CKaIOT H3 MNOJOKEHHS, B KOTOPOM TpYXHHa HegedopmupoBana. Ue-
My FaBHa paboTa CH/bl TSIXKECTH H pabora YUPYro#t CHJBI, NPHJOMKEH-
HOH K TPy3y CO CTOPOHBI NPYXKHHbI, 3a BpeMsI €ro ABHXKEHHSA A0
TOYKH, B KOTOPOH €ro CKOpPOCTb MaKkcHMaibHa? JKecTKocTh MPYXKHHBI
k=3 H/m.

91. Ha nopcraBke sexut 6pycok maccol i = | Kr, jl0dBelleH-
HbIH K MOTOJIKY C MOMOIUBI0 TNPYXKHHbBI, MECTKOCTb KOTOpo# k=
==72,6 H/m (puc. 37). B Hayajibublii MOMeEHT Npy>XHHa HeaedopMH-
poBaHa. [loAcTaBKy HaYyHHAIOT ONYyCKaTb C yckopeHnem a = 5,8 m/c?.

HaiiTd MowHocTb cuaibl yapyrocty, AcHCTBYIOIeH Ha G6Pycok B
MOMEHT €r0 OTPbIBA OT MOLCTABKH.

_1%
oL

|

|

77 77 77T 7 7 7 77T 7

/4,

o —
Ri

Puc. 37 Prc. 38

92. Teno J/eKHT Ha TrJAAKOH TOPH3OHTAJIbLHOIN NOBEPXHOCTH.
K HeMy puBfA3@Ha Jierkast HepacTHXKHMAS HUTh, epeKaHyTas uepes
610K O4eHb Majoro paauyca. BJaok nopaselien Ha BbicoTe A— | M
Hal ilOBePXHOCThbiO. K Lpyromy Kotilty HHTH APUJIOXKH/IH HOCTOSH-
HYI0 ropusoHTatbHylo cuay 7 (puc. 38). [lepBoHauaabHO Te10 Ho-
KOHTCH, H HHTb 00pasyerT ¢ BepPTHKaAbio yroa a=60°. Onpenenurb
CKOPOCTL TeésJla B MOMEHT OTPbIBA FPy3a OT MOBEPXHOCTH, €CJAH W3-
BECTHO, UYTO YCKODEHHE rpy3a B HauadbHblii MOMeHT a= 15wm/c%
Maccoli 6/10ka 1 Tpekuem npeuetpeunb.

93. Ha KoHLax HeBeCOMOro CTepXKisl AJIHHOH [, KOTCPEIH MOMKET
CBOGOAHO BpallaThCsl BOKPYF TOPH3ONTAJbHOH OCH, npoxoasulei
Hepes ero CepeinHy, yKpernJeHbl ABa rpysa ¢ maccamu mi, == (},6 Kr
M Mg =2m,. B nepsoHayasbHOM MOJIOKEHUA CTepiKeHb pacnojarad-

Cs1 FOPH30HTANbHO, & 3aTeM Obll OTOYILEH € HVJEBOH CKOPOCTBIO.
Ha#tu cuny, ¢ kotopoit nepsuiil rpys neficTByer Ha CTepXeHb B TOT
MOMEHT, KOFA& CTEpXKEHb OKaXeTCA B BEPTHKAJLHOM MOJOMNKEHHH.
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94, 'nagkas ropka wmaccsl M, BuicoToH A =0,5M HaxonuTca
Ha IAafkofl TOPH3OHTanbHOU noBepxHocTH (puc. 39). Kakyio cko-
pOCTh U, Hafo coOOWHTL wWaibe macco# m, yTOGEl OHA CMOrJa

MOAHSITLCS HA BepiuMHy 3ToH ropku? OtHowenue m/M=0,21.

M h

TITTI777 777777777 2222277 77777717777 MirransErEnnRESAREErEE Y

Puc. 39 uc. 40

95. Tnaakas ropka maccbl M HaXOZWTCA Ha [J1aLKOM TOpH-
30HTaJbHOM mnoay. Ha ropky moJoXuAH H OTOYCTHJ/H 6e3 TONYKA
waii6y maccol m (puc. 40). OrHollleHHe wmacc m/M=n=0,6,
yKasaHHble HA pUCyHKe pasmepsl H =13 M, h = 0,6 m. Kakum Oyier
paccTosiHHe OT Waisl 0 NPABOr0 Kpasl FOPKH B MOMEHT MaleHHs
wai6sl Ha Noa?

96. Tlyns maccodt m==9r, HMeBllasg CKOPOCTb v, = 160 m/c,

HampaBJeHHyl 1101 yraom o==30° K TOPH30HTY (puc. 41), mpo-
GUBAeT JeXKABIIYIO HA NMOACTABKAX AOCKY Maccol m,=="03 Kr, nocae

Yero MOAHMMAETCs HAa MAKCHMagbHylo BbicoTy H = 45 M Hajl ypoBHEM
noacraBok. Ha kakyw BbicoTy A nopnpeirier pocka? ConpoTHpJe-
HHEM BO3JyXa npeHeOpeub.

iz

e /3 4 L4

o,
7
4 m, Puc. 41

97. loaBelIeHHOMY Ha HHTH IIAPHKY COOOUIMJAM HAuya/dbHY!O
CKOPOCTb B TOPHU3OHTA/IbHOM Hanpasiexu. Koria HHTb OTKJIOHHIACE
Ha yron a=30° OT BepTHKA/H, YCKOpeHHe LapHKa OKazajloch
Hanpap/eHHbiM ropuzonTanbho. HafiTh yrog [ MakCHMajbHOTO
OTKJOHEHHS HHUTH.

98. [llaii6a, cxonb3usuias MO TJagKoOMy [MOJYy CO CKOpPOCTBIO
vo= 12 M/c, noaHuMaeTcs Ha TPAMILIHH, BEPXHSS 4aCTb KOTOPOTro
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FOPH3OHTA/NbHA, H COCKakKuBaeT ¢ Hero (puc. 42). I1pu kakoi BhicoTe
TpaMmiJHHa h [aJbHOCTb NoJeTa waibel s 6yAeT MaKCHMaJ/bHOM?
KakoBa 3Ta pasibHOCTH?

99. Teny wmaccoit m = |«r, sexaimemMy Ha AJHHHCH TOpPH3OH-
TaabHOH AOCKe Maccoii M =2 kr, COOGIIHIN HAYANIBHYIO CKOPOCTb
vo=2M/c (puc. 43). Kako#i nyTb npoiiger Te/j0 OTHOCHTENLHO
AOCKH, eC/1H KG3(P(QHUHEHT TPeHHs Mexay HUMH k=02, a TpeHue
MEXKAY JOCKOH H MJIOCKOCTBIO OTCYTCTBYET?

[A
m 2w H} Puc. 43

100, [Tnockylo waify maccoit m = |0 Kr TOJKHYJH BBepX 10
JOCKe MJHHOA [==3M, ONHpaicwWwedcss HAa YCTYN Ha PacCTOAHHH
h= 1M ot KoHua (puc. 44). Macca nocku M = 20 kr, 10CK2a COCT3B-
Jasier yron o =30° ¢ rOpU30HTOM, TPEHHE MexKIY NOCKOH u waiboi
orcyTcTByeT. Kakyio ckepocTh v ciaepyer cobGWiuTb waibe, ytobbl
HUXKHHUHA KOHell JOCKH OTOpBAaJICH OT mnoja?

, o |
NONN NN NN Prc. 44 Puc. 45

101. [lapuk maccolt m ==50r npukpensies x AByM OAHHAKOBEIM
HEBECOMbBIM NPYXHHKaM W HUTH (puc. 45), yron a = 60°, KecTKOCTh
Kaxno# npyxuubl k=10 H/m. B HekcTOpblit MOMEHT HUTb 06-
pbIBAeTCH, H LIADHK HAYWHAET ABHXXEHHE C YCKopeHHeM a =2 m/c’.
Hafitu maxcumaibHy CKOPOCTb, KOTOPYIO nNpHoOpeTaeT WapHK
MPH CBOCM ABHXEHHH, EC/IHM DPACCTOSIHHE MEXAY TOYKaMH 3akperie-
HHA NMPYXHH He NpPEeRbllIaeT YABOEHHOH AJIMHBI HeledOpMHPOBAHHOM
npyxuubi. CHIOH TAXeCTH npeneGpeun.
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102. OnuH MoOJb HIeaNbHOro rasza nepeBedd U3 COCTOAHUA | B
coCTOsHHe 2 M30XOPHUECKH TakK, UTO €ro JaBJieHHe YMEeHbUIHIOCH
B n= 1,5 pa3a, a 3aTeM H306apHUeCKH HArpejH 00 NepBOHAYANbiHOH
temnepatypbl T,. [1pu stom ra3 coBepuua paGory 4 = 0,83 kI x.
Haiitu Temneparypy T,.

103. B unaunape ¢ maomanablo ocHopauns S = 100 cm® naxour-
cst ra3 npu temneparype ¢t = 27°C. Ha Bbicote A= 30 cM OT OCHOBa-
HUS UHAHHAPA PacrofoXKeH NMopuieHb Maccod m =60 kr (puc. 46).
Kakyw pa6oTy coBepIIHT ra3 MpH PaclUIHPEHHH, €CJH ero Temnepa-
TYpy MeIJeHHO noBbicHTb Ha A f=50°C? ArTmocdepHoe naBieHHe
po==1,0-10°TIla.

¢ ’
AT
LA
% N 1A
A
[ A Iv Puc.46
ﬁl'.."./
222

104. B rnaakoli ropu3oHTaNbHO 3aKpelvieHHOH Tpybe, npoduab
KOTOPOH MOKa3aH Ha puc. 47, HAXOAATCA B PAaBHOBECHH [1BA MOPLIHS,
repMeTHUHO TMpHJAEraiollHe K CTeHKaM TpyObl W COelHHEHHbie He-
BECOMbIM JKECTKHM cTep:KHeM aauHoll [=0,4mM. B obbeme mexay
NOPUIHAMH, MIOWAAH cedeHHsi KoTopbix S; = 0,1 M* u S, =03 v,
HaXOAHTCSl a3, KOTOPbIH HAUYWHAIGT OuYeHb MEAJIEHHO HarpeBath,
NpH 3TOM NMOPLIHH NEPEMELLAIOTCs H3 HAYaJbHOTO MOJOXEHHs (pHC.
47,a) B KoHeuHoe (puc. 47,6). Haittn npupaumenne AU = Us— U,
BHYTpPEHHeN HEpPruu rasza. TemoeMKOCTb BCEH MacChl rasa Mexiy
nopwhaMn C = 40 [ /K, atmocdeproe nabaenue p,==0,1 Mlla,
HayaJabHas Temnepartypa 1asa [, = 250 K.

Puc. 47
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105. B sakpuiTom ¢ o6ouX TOPUHOB UMJIMHApPe o6beMoM V =121
HaXo4uTCA BO3AYX Mpu pasaeHuu p, = 100 klla, kotopsiii pasnenen

HA /B€ OJMHAKOBHE MOJOBHMHBI TOHKHM MNOpIIHEM Macchl rm = 0,1 Kr.

Puc. 48

Y

Havna nuaungpa 2/ =04m. Uuauuap upusenu Bo BpauleHHue ¢
YIJ0BOH CKOPOCTbIO » BOKPYI BEDPTHKAJNbHOH OCH, NPOXOAsiiieil Hepes
ero cepeauHy. Ha#itu o, ecau nopuieHb okasancsi Ha PacCTOSAHHU

r=0,I M or ocu Bpawenus (puc. 48). Tpenus Her, Temneparypa
NMOCTOSIHHA.



OTBETHDI
H
PEIHEHHUA

I. 3agaua pewaercsl NPoOCTO B CHCTEME OTCYETA, CBSA3AHHON ¢
BOAOH B peke. B 310l cHcreme oTcueTa paccTaBaHHe M BCTPEYE Ka-
TEPOB. MPOHCXOAAT B onHOH Touke. Katepa pasolwauch Ha Bpems 21,
3a KOTOpOe MOCT (BMecTe ¢ OeperaMM) «OTbexaJsd» Ha PacCTOAHHE
§ CO CKOPOCTBIO, PaBHOW CKOpOCTH pekH u. Takum o6pasom u2t ==,
OTKyZaa

-—-..?—: I
U= 2 kM /4.

2, Tlo onpenesieHHIo cpenHAsi CKOPCCTh €CTh OTHOLIEHHE [10JIHOTO
nyTH s, MPOHAEHHOro aBTOMOSK/IEeM, K MOJHOMY BpPeMEHM BHKe-
HUA !:

CorsiacHO yCJOBHIO 3ajayM [Jsl NEpBOH M BTOPOH MNGJOBHHBI NYTH
MMEEM COOTHCILUEHH:

—;‘2 vty
s L b
T Uy ey

raoe [, M {,— BpeMs, 3a KOTGPOe aBTOMOOHIb MpPOe3KaeT MepBylo
H BTOpPYIO nosioBuHy nyTH. OueBuaso, ¢, + t, = t, oTcoa:

_ s 2 (05 + v3) _
<> = - P = 40 Km /4.

2v, + vy + vy

'pachuk 3aBMCHMOCTH MyTH, NPOHAEHHOTO ABTOMOGH/ICM, OT BpeMeHH
npuBeleH Ha pHc. 49.
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Na|u\
T
]
]

s e e e i a—

i
i
1

= } ; - Puc. 49
t] fr"?l 5142

3. Mepemeuenne d wapuKa OTHOCHTEJBHO NONA CKAALBIBAETCS
H3 €ro nepemelleHHsi N0 CTBOJNY NYWKH & d NmepeMelleHHs TYLIKH
[ no nmoay (3aKkoH CJAOXEHUSI ABHXKeHHH, pHc. 50,a): d=25+ 1.

.
\
- - —em= -y

77777 Puc. 50

TITITTTI7 LT
a

I_Llapmc NOKHHST CTBOJI B HaNpdaB/MeHHUH T[epemMeUuieHHsd d, MOoAyJb
KOTOPOro omnpenensiercss ino TeopeMe KOCHHYCOB:

d="Vb24 2 — 2bicosa~ 8cw,
a HanpasJseHue (yroa f3) — u3 Teopemb! cHHycoB (puc. 50,6):
sinp=(b/d)sina, f=39°.
4. CKOpOCTb U, JIETKOBOH MallkiHbi OTHOCHTE/IBHO [PY30BHKa

paBHa pa3sHOCTH CKOPOCTEH J/IeTKOBOH MaillHHbI U, ¥ TPY30BHKA U,
OTHOCHTEJNbHO LOPOTH:

EQE -'-_—52_ 51 = 52_"—(_ 51)'

Iloctpoenne BekTopa v, NMOKa3aHO Ha puc. 51, u3 koroporo
OYeBHHO

Uy = \/;,2 + vi=22m/c;
o= arctg%: arctg 0,0 = 27°.
2
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Puc. 51 -0 Y’ Puc. 52
_’* A
7

5. HanpaBneHHe ¢ara coBnagaer ¢ HanpaBJeHHEM CKODOCTH
BeTpa v’ OTHOCHTEJIbHO Kopa6.nﬂ paBHON Pa3sHOCTH MEXIY CKOPOCTS-
MH BeTpa v H Kopabasi u :v’ = v — u {puc. 52).

6. I'pacduxu a, (¢), x(f) u {(f) u3o6pakenbl HA pHUC. 53, 6-2 101
rpadukoM v, (¢) Ha puc. 53,a. B unrepBanax Bpemenn 0 <t <2t #
31 <{ t << 47 yacTHua IBHXKETCH C YCKOPCHUAMH, MPOEKLHH KOTODPhIX
Ha OCb X NPOTHBOMOJIOXKHbI NO 3HAKYy, HO OAMHAKOBBI MO MOLY.JIO;

B HHTepBaJje 21 < ! < 37 ABHKEHHE YaCTHLbl DABHOMEPHOE.
3aBucumoctb x(f) B uutepsade 0712t

Up ) gy dr<<dt H3oGpaxKaeTcss yyacTKaMH na-
Ul---- paboJ ¢ BepluIMHAMH, OTBEYAlOUIHMH MO-
g m ~ MeHTaM [ =T H [ ==47, Koraa cKopocTb ua-
/fg 2T 3T 4T F CTHUBI o6pawaeTcs B HYJb.
xA J [Tonoxenne BeTBed napabosa 10 OTHO-
Ay ) ILIEHHUIO K HX BeplIMHAM («BBEPX», «BHH3»)
gt onpenpenseTcss 3HaKaMH NPOEKUUH ycKope-
0 HHH a,==0,/T npt 0</<C2T ¥ a,=— v,y/T

-;g/r__f_{r_JMr £ npu 3v<{{<{47. B wuHTepBase BpeMEHH
2t t< 3t rpadux x(¢)-— OTpe3OK NPAMOH,
MVIaBHO CONpAraluuics ¢ napabo/amy.

3a Bpemsi ABHKeHHA oT (=0 g0 (=
= 27 mnepemelleHHe UYACTHULbl PaBHO HYJIO,

°0 Lo HO MPOHAEHHBIH €10 34 3TO BpeMst NyTb (Vg T)

4t NI ' BABOE Oosblie MOAYJS IllepeMelleHHst B
TeyeHHe BpemeHH oT { =10 10 f=T.

l Z) Cpennee 3HaueHHe MOJAYJS CKOPOCTH

B HHTepBate O0<{{< 21 paBHO OTHOLUCHHIO
KO BpeMeHH 2T NMyTH v,T, NPOHAEHHOro 3a

TO BpeMsl: <u> = U,/2.

Yol 4 Puc. 53




7. Hailtnem BHauane npoexuuu YCKODEHHSl Ha OCH KOOpAHHAT:

v, — U, v, ~— U
a1=————At° =0,5m/c%; ayz——-”Atoy = 1,5m/c%

Moaynb yckopenus 4 yroa a Mexay YCKOPEHHEM H OChb0 X

a=7Va’+ a = 1,6 m/c%
a
o= arctga—y: arctg 3 =72°.

8. BoifpaB B KauyecTBe MOJOKHTENbHOTO HanpasJjeHHe BepTH-
KaapHOH ocH Oy cHu3y BBepx (¢ Hayasom O B TOYKe OpocaHus
060uX Tesl), 3amuueM 3akoHbl (1) H (2), o KOTOpPbIM HM3MEHSIOTCH
CO BpEMeHeM OpAHHATBI NEPBOr0 H BTOPOLO TeJ:

N =0 (t+ 1) — g (1 + 75)*/2, (1)
Yy (1) = Vgt —gt2/2, (2)

TAe ! — BpPeMs HaXOXIeHHSl B BO3/yXe BTOPOrO TeJa ¢ MOMEHTa,
KOraa ero mnoilpocHH (K MOMEHTY ! NepBOe TeJ0 HAXOAHTCH B
nojere Bpems { -+ 1,).

B MOMEHT CTONKHOBeHHSI ! =1 OpAMHATBl OBOMX Tesl OLHHA-
KOBBI:

Y1 (1) =y, (7),
HJIH
v (T4 1) — g (T4 1) /2= 0,1 — g 12/2,
OTKyna
T=10,/g — 1,/2=3c.
CTO.HKHOBEHHB T€J MPOHCXOAHUT Ha BLICOTE
h=y,(1)=vy/2¢ — g15/8 ~ 85 m.
9. Mckomble 3aBucHMOCTH ONpPeIeNAIOTCA YPABHEHUSIMH DaBHO-

IepeMEHHOrO ABHKEHHSl C YCKODEHHeM a =g M C NPOEKUUSMH Ha-
4a/JbHOH CKOPOCTH Vg, == Uy COS @; Vg, = Uy SiN a:

ax:O;
ay:-—g,

v, = U,CosQ;
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I'padpuku npuBeseHbl Ha pHc. 54. MoOMeHT BpeMeHH [, COOTBETCT-
ByeT MAaKCHMaJbHOH BBICOTE MOABbEMa Teaa H Oonpejenseicss H3
ycaoBuss v, =0, oTkyna f{ =u,sina/g. MOMEHT BpeMeHH {, co-
OTBETCTBYET NafeHuIo Tesa Ha 3emjio OH onpenensiercss U3 yCa0BHUS
y==0, orkyna {, = 2v,sina/g.

v,==vpsina — g,
X =u,cosal

t2

y=uvgsinuf— g2

Ty

o t, Qo t2 t

1
|
|

%

Puc. 54

151 HaxO0XIEHH MAKCHMaJbHOT BBICOTHI A moJieTa Teaa HYXHO
IIOACTAaBUTb { = {; B BblpaKeHHe A1 Y, B pe3yJbTaTe NOJYyUHM
v? sin’ @

h=y(t)= T

32



Il HaxOoXAeHHA [abHOCTH HoJeTa [ HYKHO MOLCTABHTb == 1,
B Bbipa*Ke€HHE AJdA Xx:
20} sinacos a vd sin 2a

l=x(1y) - 7

10. danbHOCTL nosera KamHsl, OPOLIEHHOrO OT 3eMJIH MOL He-
KOTOPBIM yIJIOM K TOPDH30HTY, paBHa u,T, Te ¥, — CKOPOCTL (Mo
MOAYJIO) TepeMelleHHsi Tesqa B TOPH3OHTANbHOM HamnpaBJeHUH;
T — BpeMs moJjeTta KamHa. B npeHeGpe:keHuK coOnpoTHBJEHHEM BO3-
AyXa CKOpolTh v, nocrosiiHa. Yem OoJbuie Hauya/dbHasi BEPTHKAaJb-
HAfl CKOPOCTh, T€M A0JIbllIe HAXOAHTCS B NOJleTe GPOILEHHbIH KaMeHb.
[TosTomy:

KaMeHb, OpOiLeHHbIH C GOJ/blle# CKOPOCTbIO (U > v,). MOJETHT

Bbille H jaJblile (cM. puc. 4,a);

o6a KaMH$ (CM. puc. 4,6) MOAHMMYTCS Ha OJMHAKORYIO BLICOTY
(BepTHKa/bHBIE COCTaBJASIIOHIHE WX HAYaJdbHbIX CKOpDOCTeH OJHHa-
KOBbl), HO KaMeHb, OpollueHHBIH ¢ Goabluel CKOpPOCTbIO, MOJeTHT
aaJdablie.

11. Mcnoabsyst nonyueHHble B pelueHHH 3aaaud 9 BhipakeHHd
A1 N4JbHOCTH M MJIHTENbHOCTH MOJeTta, HaX0AuM

2 a = 38°; a==19°;
[=2u,sina/g=13c.

at

12. Uepes t=4c aspocrat Ha Bhbicote h = =4 M npuob-

peTaetr CKOpocTb u=at=2m/c. [IpoeKuHH CKOPOCTH KaMH$ Ha
KOOpPAMHATHbIE OCH X WU § B MOMEHT 6GpocaHHsi (puc. HB):
Uy == Uy  cosa’ =476 m/c;
Upy =0y sina’ 4 u==475m/c.

3akoH ABHXKEHUHA CGPOLUGHHOFO KaMH#d OTHOCHTEJbHO 3€MJIH
HMET BHA:

x(H)=u,, t;

. . £
y(l)=h + uoyt—gT.
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H3 YCTIOBH#A MANEHHS KAMHS (y=0) npu
! =1 Haxoaum

h+ vy, T — g1'%/2=0,

oTKyaa

U
= Oy +‘\/

(pmneﬂﬂe CO 3HAKCM <«MHHYC» mnepej pa-
AHKA/I0M He HMEeT CMbIC/]a, Tak KakK INpH
3ToM t < 0). lanbHOCTb MojeTa KamHS no
TOPH30HTAJH

4—2-——A,l 5¢

l=x(t")=vy, ' =T7wm.

Puc. 55

13. Karep nepemeutaercss oTHOCHTeNbHO GEpPEroB Co CKOPOCTBIO

-

v=20, + df. B NpoekUMAX Ha KOOpAHHATHbE OCH, BbIGpaHHbBIe, KaK

IIOKa3dHoO Ha pHc. 56, 32KOHbl ABHXKEHHA KaTtepa 3anHCbiBalOTCHd Tak:

v, =u,;
v, =at;
x=u, 1
y=at*/2
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M3 ycioBuA y=»b HaxosuM BpeMs T, 2a KOTOpOEe KaTep fnepeceuet
pexy

T=12b/a==85c,
U CHOC €ro TeueHHeM
[=x(0)=v, 1= 170 M.
CKopocTbh nepel MOAXOLOM K Oepery:
v, (D=at= \/gg_c;;

-
v(r)="Vui4 vl= \/;r? + 2ba =8,7 m/c.

Yroa mexay cKopocTtbio # feperom:

W0 Va9 a=T7"

Uy

tg o=

X

14. TIpu nBH:KEHHH MeHsIeTCsl TOJILKO HarparJeHHe CKOPOCTH,
a MOJAYJb HauaJbHOH CKODOCTH U, H MOLLYJlb KOHEUHOH CKOPOCTH

U, ONMHAKOBBI (pHC. 57,a): v, = v, = 0.

a) §)

Puc. 57
[TocTpoeHHe BeKTOpa MpHpailleHHs CKOPOCTH

AT =10, 3,
NOKAa3aHO Ha pHc. 57,6, U3 KOTOPOTO CJenyer:

Asl=20 sin & = 5,2 m/c;

p=I1"2-—75°

2
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15. Koraa Maabuuk, nepeMedsB HanpaBieHHEe CBOEro aBHKe-
HHUA, ME€PECTaj NnepemMellaTbCst OTHOCHTENbHO 3eMJlM, CKOpPOCTb v’
€ro NBHXKEHHS NO Kapycesqd CTaja paBHA JHHEHHOH CKOPOCTH o R
nepudepHiiHbIX TOYeK KapyCeqHM MO OTHOWIEHHIO K 3emie: v’ = o R
(HasBaHHbIE CKOPOCTH INPOTHBOMOJOKHO HanpasJieHbl}). CKOpocTb
MaJ/lbiHKa MO OTHOIIEHHIO K 3eM/ae A0 TOro, Kak OH HM3MEHHJ Ha-
NpapJJM€HHE CBOEro ABHXKeHHA, Oblia paBHa, C/1eAOBaTeNbHO, U=
=0 R + v'=2w R, H MaJIbYHK ABHI&/ICA N0 OKPYKHOCTH paauycom
R C UEHTPOCTPeMHTENBHLIM YCKOpeHHeM a,=v*/R=40*R=

= 0,2 M/c? oTHOCHTebHO 3eMaH.

§ 2

16. Ha pakery nelicTBver cuia TaxecTH mg v cuaa Tarn F

—-

(puc. 58), paBHOLEHCTBYIOWYIO KOTODHX R HaiijeM o Teopeme
KOCHHYCOB:

R= '\/F‘* + (mg)’ — 2F mg sin a.

F
Puc. 58

o
m"
7 J

VAN A AN AV A A A S A A A G A A A S v B A .
YckopeHue paxeTbl
a=X /g2 + ’~F——)2—2—f-gsina=:17M/c:2.
m (m m

—

Hanpasiedue ycKopeHHsl omnpeneasiercsi yriom B Mexiay cujioi R
H TOPH30HTOM:

tgp=R,/R, = (Fsina — mg)/Fcosa=093; p=143°
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17. MuHHManbHOE 3HauyeHHe Fy DOJNKHO GBITB MO0 MOAYAIO PaBHO

MaKCHMa/bHOMY 3HAYECHHIO CHJbl TPEHHA TOKOf, KOTOpPOe mNpH-
GAHMEHHO DAaBHO CHJE TPEHHS CKONbXKEHHS Fipex- CHAY Tpenus

CKO/IbXKeHHS HaHIeM, CIpPOEKTHPOBAB ypaBHEHHE ABHXKEHUS 6pycka
Ha HanpasJ/€HHe CHUAb F:

ma=F — FTP.CK.,
OTKyAa

FTPACK‘ = F — maq.
CaegoBaTenbHo,

FOZFTP‘CK.ZSH'

18. Ha Opycox pefictByer cuna F,, cuna TaxecTn mg, cuna
TPEHHS FTP H cujla HOpMaNbHOH peakuud onopsi N (puc. 59).

Y F
N
. Cil Puc. 59

H

-

U lidon

mg

YpaBHeHHe HABHXKEHHS
ma=F+mg+F_ + N
CMPOEKTHPYEM HA TOPH30HTAJbHOE M BEPTHKAJAbHOE HANpaBJEHHS:

ma, = fFcosau— F_, |
ma, = Fsina —mg+4 N. (1)

3apaHee HeH3BECTHO, OCTAHeTCH JH GPYCOK B TNOKoe, Gymer
CKOJIB3HTL M0 MOJIy WM Jfake HpPH [JOCTAaTOYHO OBogabloH cHae F
OTOpBeTCSt OT MoJia M ToJeTHT. B Takom ciayuae HyXHO chenaThb
KaKoe-1H6o olpeieseHHOe NPeanoJoXKeHHe M 3aTeM N0 pe3y/bTaTy
PeLeHHst 3alla4H OUEHHTb MPaBHJIBHOCTh 3TOr0 NPEANOJONKEHHS.

[Ipeanonoxum, uro 6pycok G6YAeT CKOAb3HTh no noJay. B sTom
cayyae

a,=0, F, =kN.

P
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[ToacraBasisi 5TH BeJHUYHHBl B ypaBHeHHA (1), Hallem
N=mg— Fsina; ,
axz—’%(cosa-i—ksin a)—kg. (2)

JIns panHblX, NPHBEAEHHBIX E YCJIOBHH a), Nmojayyaem
N=95H, a = —39m/c

3uauenne a, << 0 o3Hauaer, yTo OpycoK OyIeT ABHraThCA BJEBO,

4Yero He MOKeT ObITh. CJ’!BIIOBHTBJII)HO, OpennosioKeHHe O HaJdHUHH
CKOJIbXKEHNA HEeBCPHO, H GPYCOK OCTaHeTCA B NOKOE!:

a,=a,=0.
[lpu ycioBuu 6) BolpakeHusi {2) 1alOT «pa3yMHbie» Pe3y./bTaThl:
N=75H;, a =06wm/c"
Ilpu ycnoBuH B) BbipaxeHus (2) npaiwoT
N=—25H; a,=23m/c"
3uauenne N << (0 HenpHemJieMO, MOCKOJbKY IOJI MOXET TOJbKO

N2BHTb Ha OpPYCGK, HO HEe MOXKeT «THyTb» ero. Takum o6pasowm,
6pycok oTopBercsi orT moaa. B stom cayvae N=0wn F =0 u u3

ypaBHeHHH (1) Haxouum:

X

F
a,=-—cos =22 m/c?;
[

am\/——}—a =22 m/c?;
19, Koraa 5pycoK TO/bKO CABHTAETCH C MECTa, er0 yCKopede

paBHo Hyaw. BocnoambscBaBuiMck pesyiabtatom (2) npeabiayweit
3a/a4H, HAXOAUM CHAY, AOCTATOUYHYIO AN CABUTaHHUsi OpycKa:

kmg
F: .
cos « 4- ksina (l)

Cuia 6yner MHHMMAAbH2, KOr4a 3HAMEHATEb 3TOTO BbIpa*keHHs
MakcuManed. Boimonsum npeo6pazosanue:

cos a4+ ksina == Vi + k2 cos (a — ¢), (2)
rae ¢ — yrod, Oﬂpe,D,EJIHEMblPl COOTHOILIEHUSIMH:
cos ¢ = —-r_ sin ¢ = k. tgg—=tk
Vit # Nire o
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OueBHaHO, Bhipaxkenue (2) MaKCHM3JbHO, KOrAa
Uy == @ ==arctg k = 27°.

IMoacraBasis B (1) HalimenHoe 3HaueHHe a, noJgyyaem
VI k2

20. Ha Opycok peficTByioT (puc. 60): cura TsiKecTH mg,
HOpMasbHaA peakuusi onopbi N, cua Tpenus F,, M CHa HATAXKeHHH

HHTH T. YpaBHeHHe ABHIKEeHHS
ma=nmg + N + Fot+ T

CMPOEKTHPYEM HA OCb X, Napa/iieJbHYI0 HAaKJIOHION MOBEPXHOCTH,
H Ha OCb Yy, NePNEHAUKYASAPHYIO efi:

(D

MG, =mgsinu— F_ + T ces q, }

ma,= — mgcosa + N4 Tsina. |

Puc.60

P TTTTITTT 7T eIty rsesary syl

ITo yeaosuio 6pycok ue orpreiBaetcs or MOBEPXHOCTH H CKOJIB3HT
MO Hed ¢ OueHb MaablM (NPAKTHUECKH HY/J€BbIM) yckopeHHem. llo-
3TOMY

a,=a,=0, F,=kN,
H ypasHeHHs: (l) npuHMMaloT Bui:
O=mgsina—kN -+ Tcosa:
0= —mgcosa+ N+ Tsina.
YMEOXHE BTOpOe ypaBHEHHe Ha k M CJOMHB C MepBbIM, HOAYUHM
O0=mg(sina — % cosa) 4 T(cos a4 k& sin a),
OTKyJa

T — mg kcosa— sing =0,38 H

cosa + ksina



Ecau k < tg o noayuaercs T << 0. JTo o03KayaeT, uto OPYCOK cam
6yLeT CKOJb3HTb MO MOBEPXHOCTH, U THAHYTb €ro He HYXHO.

21. ITpu Manbix 3HaueHHsX g, wanba He npocka/ib3biBaeT
OTHOCHTEJIbHO JOCKH H JBHXKETCA C TEM e YCKODeHHeM: a = a;. JT0

yckopeHue coofliaercs waibe CHIOH TPEHHS TOKOS. [Tockoabky

FTp.nox. “<\ RN = kmg,
HMEeM

F'rp.nox
g =1 < kg

Takum o6pa3om, 10 TeX NOp, NOKA q, <I k¢, NPOCKAJIb3bIBAHHA HET H

a=a, 3aTeM C YyBeJHYEHHEM @, HAUMHAETCA INPOCKA/b3bIBaHHE,
u wain6a ABHXKETCH C YCKOpeHHeM

F

_ trpeek kmg .
Q=== kg,
2
He 3aBHCSILLHM OT q,. [padux naw Ha puc. 61. 4 -
a > F:p
z N =z
ﬁg —————————— 41 ™«
l Z a
: -] -
| 7 m‘g
|
| Ay
ki a ‘ ;: a,
Puc. 61 b
Puc. 62

22. Ha 6pycok AeHcTBYIOT (pHc. 62): cuna TSKeCTH mg, cuaa

HopmanbHoO# peakuun N W cuia Tpewnst F,,. YpaBHeHHe BTOPOro
3aKkoHa HbloTona

ma=mg -+ N+ FTP
POEKTHPYEM Ha OCH X M Y, yKa3aHHble Ha puc. 62:
ma,=N;

ma,=mg — .,
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O‘-IeBHIlHO, B HAIpaBJE€HHH OCH X 6py€0K ABH2KETCHA C TeM 2XKe
YCKOpPE€HHEM, UTO H CTCHKG!

a,=a, N=ma,.
Ecnu  yckopeHHe a; HeBeJMKO, OPYCOK CKONb3HT IO CTEHKe.
B 2tom cayuae F, =k N = kma,, ¥ Mbl HAXOLHM
FT
— P
ay—g——m——g—— kao.
Ecau kayz= g, noayuaerca a,<C0. 3ro o3Hauaer, uto Opycok
«NpUJIHNaet» K creHke. B atom cayuae a,= 0 u cHaa TpeHus
F,==mg.

['pacuk 3aBHCHMOCTH CUJBI TPEHHA OT @, MPUBEAEH Ha puc. 63.
[lpu ycaoBumn a) umeer mecto kay > g,
i F.,? O3TOMY
a,=a,=30m/c?%
a,=0;
mgt------- y

a==a,.

|
t
|
E [Ipu ycacBun 6) 6yner k g, << g, u Mbl
i

HAXOAHM
;W

Puc. 63

a,==a,=10m/c%

RY

a,= g —kay=06m/c%

tga=%=0,6; a=31°.

X

23. B ropu3oHTanbHOH MJOCKOCTH Ha Opycok neHCTBYyeT o
CTOPOHEBI JIOCKH CHJa TPEHHA

Fo,=hkmg,

Hampas/ieHH2A BJeBO (NMPOTHB HaNpaBAeHHS CKOJbXEHHs Opycka
MO JOCKe), a Ha JOCKY — TaKasi Ke [0 MOLYJK CHJa CO CTOPOHb
6pycka, HanpaB/ieHHass Brnparo. HanpaBHB och x BAOJb Ha4aJbHOH
CKopocTH 6pycka, HalaeM yCKOpeHHsl 6pycka a,, H JJOCKH Q!

Ay = — kg’

.

—_—___p M
Qg = kMg.
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K mMomeHTy Bpemenu ¢ 6pycok M JoCKa GYAYT HMETb CJAERYIOLHEe
CKOPOCTH H NepeMeleHHS:

=Ug— RgL vy wIe—gt

X =0yl —kgt?/2; x,=k gt2/2

[Ipy MHHHMAJNbHOM 3HAUEHWH U; K MOMEHTY, KOrxa O6pycoK

AOCTHIHET npaBoOro Kpasi JOCKH, CKODOCTH [JOCKH H 6pyCKa
CPaBHAKOTCHA

Vig=— U2xv

npuyem HpOHﬂEHHOE Gpyckom paccrosinne 6yaer Ha [ Gosblue npoi-
JEeHHOI'O JOCKOH:

X, — x,= 1
DTH YCJ/ICBHS HPHBOAAT K ABYM YPaBHEHHAM:
0= kgt':k%gt,
vyt —hgi?/2 — kL gt2/2—l

ANl HEU3BECTHBIX v, M f. Peurass 3Ty crcremMy ypaBHeHHH, HaXOAHM

vo=V2kgl(l + M/m)="Twm/c.

[Tonpo6yiiTe peluTh 3Ty 3amayy ¢ HCNOABL30BAHHEM 34aKOHOB CO-
XpaHeHHS HMMIY/IbCa H 3HEepPruHu (cM. peuleHHe sagadu 99).

24. B oboux cayyaax {cM. puc. 7,a,6) pesuHOBHI LWHYp Ha-
TsHyT ¢ cunolt T ==(m, + m,)g. Cpasy nocje nepe>kuraHusi HUTH

Wwap MaccoH i;, BHCHAIUHH Ha LIHVpe, MPHUXCAHT B JABHXKEHHE C
YCKOpEHHSM a;, Olpeie/sieMblM H3 YyPaBHEHHs €ro ABHXXeHHSd

ma=T—mg
HJIH
mya, =, g. (D)
Auanoruyno (cMm. puc. 7, 6)

N

Miydy =11 g. (2)
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ﬂ i M3 dopmyn (1) » (2) Haxonum
a,=g>/o, ~ 20 m/c*.

o P 25. Ha rpy3 n#eHCTBYIOT CHJIBI HaTsXKe-

' uuss Huret T,, T, U cuHna TsXKecTH mg
F1 (puc. 64).

T ;l: 3anucaB ypaBHeHHe [BHXKEHHS Tpy3a

B BEPTHKAJbHOM HATIPABJICHUH

ma=T,sina+ Tysinf —mg (1)

mg H YycJIOBHE DaBHOBECHSl Tpy3a s TOPH-
30HTa/bKOTO HANpaBJEHHUS
T,cosa=T,cosf, (2)

p HaXoouUM HaTHxKeHHue HUTEH H3 COOTHOWe-
He. 64 puit (1) u (2):

T,={(m(g + a)cos p)/sin(a + B);
T,={(m(g + a)cos a)/sin (o + B).
26. Bc Bpems manespa KOCMHYeCKHF Kopaljab ¢ KOCMOHaBTOM

ABHIKETCH C YCKOPEHHEM 4, ONPeAeseMbiM JEUCTBHEM CHJbl THKECTH
M g v cuncii Tark F, pasBuBaevoi ABHraTe siMH:

Ma=Mg+F. (1)

YpaBHeHue JBRYKEHHUA KOCMOHAaBTAa, NBHXKYLIErocs ¢ TeM Ke yCKope-
HHBeM:

ma=mg + N, (2)

rie N — peakuusi Ha KOCMOHZBTa €O CTOPOHBI Kopnyca kopabasi,
g — ycKopeHue CBOGOIHOrO [AafZEHusl Ha BBICGTE, TAE COBEDILAeTCS
MaHeBp.

Hekmouns u3 popmya (1) u (2) ycxopetrue a, NONy4HM

N=21F
M
Ha ocnoBauud Tperbero 3akoHa HbioToHa u onpejeneHys Beca
= - m =
G=—N=— _M_F’ BEC KOCMOHAaBTa BO BpeMs MaHeBpa
G =-%F==20H.
M

3ToT Bec MeHblIe Beca (,==mg, KOCMOHABTA Ha NOBEPXHOCTH 3eMJiH

(gy >~ 9.8m/c?) B (Go/G)=M g/F =49 pas. 13



_ 27. TlpyxuHKa pacTsiHyTa, TaK Kak YCKOpeHHe J/1eBOro 5pycka
a,=F/m coBnajaer c HanpaBienueMm cHJb ynpyrocti F, geficT-
BYWOILeH Ha JIeBbIH 6PYCOK CO CTOPOHBI npyxHHKH. CHaa ynpyroctu
(— P NeHCTBYIOLLAA CO CTOPOHBI MPYXHHKH Ha npaBbli GpYCOK,
coobuiaer emy yckopenue a, ={(— F)/2m = — a,/2.

28. PaBHozeficTBYIOWLAA R NPHIOXKEHHBIX K WAPHKY CHJbI TAXKe-
CTH #ig M CHJbl HATSKEHUS HUTH ] CO3M4eT KAaK LEeHTPOCTPEMUTENb-
HO€ YCKODEHHE, HamnparjeHHOe BJOJ1b HHUTH K ueHTpy 0, Tak H
KacaTeqbHOe K TDAeKTOPHH WIdpHKa YCKOpPEHHEe, MOCKOJLKY €ro
ABUXKEHHE 110 Jyre OKPYXKHOCTH HepaBHOMepHO (puc. 65).

Puc. 65

B kpaiiHem moJOXKeHHH inapuka (Touka A), rile ero CKOpocTb
paBHa HYJIIO, LEHTPOCTpeMHTeNbHOE yeKoperHe (a,, = mv’/R) Takxke
pPaBHO HYJI0, H WAapHK obsanaer TOJbKO KacaTelbHbIM YCKODEHHEM.

B mo6oii npoMexyTOYyHOH TOuYKe B [0/IHO€ YCKOpEHHEe <Kia-
ABIBAETCH M3 LEHTPOCTPEMHTENLHOrO @, W KACaTeNbHOr0 d, H
HanpapJ/JeHoO B CTOPOHY BOTHYTOCTH TPaeKTOpHH wapuka. Takoe xe
HanpasJeHHe HMeeT H paBHoaeficTBylowas Ry = mg -+ Tp.

B Ttouke C paBHOJEACTBylOILAst HanpaB/jeHa BEePTHKANbHO H
MOXET CO3/aBaTh TOJbKO IE€HTPOCTPEMHTE/]bHOE YCKODEHHE.

29. Cunbi mokasaHbl Ha pHc. 66. PaBHolde#cTBylollasi TODH-
30HTaJbHA H HaNpaBJjJeHa K LeHTPy OKpyxHocTH 0.
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Puc. 66

30. Kak npH TOPMOXKeHHH, Tak H
NDH MNOBOPOTE CKOPOCTbL aBTOMOOHIA
H3MEHSAETCH [0J BO3JEHCTBHEM CHJIbI
TPEHHS KOJIEC O 3eMJIKO, NIPHUEM MaK-
CHMaJibHOEe 3HAYeHHE 3TGH CHJbl B
06OHX cayyasix CIOMHAKOBO H PAaBHO
CHJIe TPEHHUSl CKOJbxKeHHs. [lns npen-
OTBpAlUEHHSI aBapHX HYXKHO, uTOObI
3Ta CHJIA KakK MOXHO 3¢deKkTHsHee
yMe€Hbllaia CKOpPOCThb MPHG/AHKEHHS
4BTOMOOHNS K cTeHKe. Haubolsiee Bbl-
FrOAHOE HCNOJNB30BaHHE CHJbl TPEHHS
MoJIy4aeTcsl OpH TOPMOIKEHHH, TAK Kak
B 3TOM CJlyuae CHJIa TPEHHS BCe Bpems
HanpasJeHa oT cteHbl. [IpH nosopore
XK€ CHJIa TPEHHs HanpasJjeHa MNepIeH-
OHKYJSIDHO K CKOPOCTH [IBHXKEHHHA

aBTOMOOHJIS!, T.€. B HayaJie NOBOPOTa napaJiilelbHa CTeHe H BOOGILie
He yMEeHbIAeT CKOPOCTH, C KOTOpPOH aBTOMOGH/bL NpUGAHKaeTCH K
CTeHe, a 3areM 3Ta CKOPOCTb YMEHbIUAETCH JHWb KOMIOHEHTOM
CHJIbBl TPEHHS, NMePNeHAHKYASPHOH K CTeHe.

Pacuer nokasebipaer, 4To MHHHMAJbHBIA padHyC NOBOPOTA BABOE
GoJsbule TopmMo3Horo nyru. IlposepbTe 3T0.

31. 3anuiueM 3aKOH ABUKeHHR a6l {puc. 67, a).

Puc. 67

ma=mg+ N+ F,, (1)

e a — yCKOperHMe wait6sl, IBHXKyIueiicst BMecTe co cdepoil
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a=02/r=w2r=¥w2R, (2)

(r——»i—g-ﬁ—paﬂ.nyc OKPYXKHOCTH, 10 KOTOpPOH ABH:KeTcs maiba);

N — cuja HOpMaJbHOH peakluH Ha waily co CTopoHbl cdephl (cuia
N nanpasjieHa Bioab paauyca cdepsl); F., — cuia TpeHus wadGbl

0o cdepy. 3ameryM, 4TO ecaH iaiba He NPOCKaJb3blBaeT OTHOCH-
TeJabHO cdepel, TO F,, ectb CHaa Tpenus NOKos. B npoTuBHOM CJay-

yae uMeeM CHJYy TPECHHSA CKOJbXKEHHA, T. €.
Fo==FkN. (3)

Coraacio yca9oBHIO 3a4a4H, HCOOXOAMMO Kak pa3 HadTH Takoe
3HaueHHe KO3(pQHUIHEeHTa TPeHUs k£, uTOObl OJHOBPCMEHHO BbiMOJHHA-
auck yeaosust (1) — (3). Tlpoekrupys ypasrenue (1) na ocu O,
Oy (cMm. puc.67,a), NONYYHM CHCTEMY YpaBHEHHH:

x: —macosa= —mgsina-+ F, @)
y: masing=: — mgcosa -+ N, J

roe tg @ = \/5 (cm. puc. 67,a). Orciona vmeeM
F,=m(gsina—acosa), N=m(gcosa-+ asina),
F 2g — R
he=-—f=—-3 289X .35
N \/: 3g+3n°R
B saknwuenne npeasaraeM pemIMTb Ty XKe 2ajauyy, BuIOpasB OCH
KOOpJAHHAT, KAK MOKa2aHo Ha pHc. 67, 6.

32. Ha puc. 68,a,6 ykazaHbl cHJB, AeHCTBYWOLilHE HA TIpys3,
KOrZa OH MPOXOAHT HHXHEe W BEPXHESe [OJIOXKEHHS, a TaKXke €ro

YCKODEHHA ¢ H G,
W3 ypasHeHuH ABHMKEHHSI Tpysa B HYXKHEH TOYKe TPaeKTOPHH
ma, = mg + T,

HAaxXoAHM HaHGOJbLUIYI0 CHAY, C KOTOPDOH HATAHYTAa WiTAHTa

—

T, = ma, — mg.
Cnpoektuposas T, Ha BepTHKa/JbHOE HANDABJEHHE (OJOKHTENLHOE
CHHM3Y BBEDX), MOJYUHM
T,=ma, + mg=maol + mg=4n*n’lm + mg=12 H.
46



CnpoekTHpOBaB 2HANOrHHOE BHIpaXKEHHe A5 CHIbI
Ty= ma, — g,

ACHCTBYIOLEH Ha IPY3 NPH NPOXOXKIAEHHK HM BEPXHETO MOJIOKEHHUS,
Ha HanpaBJIeHHe YCKOPEHHS dy, H4XOLHM

Tyay=may — mg=4n*n* mi -- mg = — 7.7 H.

—

OTPHI_laTEJTbeIﬁ 3HAK TIPOEKIHUH O3Havyaer, 4TO CcHJa T2 ,H,eﬁCTBYET
Ha TPy3 BEPTUKAJAbHO BBEpX, T.&. WITaHra cxara.

&,

ol

3y

mg

~H

8.

F a’
f g £
&,f
m
g Puc. 68

a

Ha puc. 68,6 ykasaue cuanl N’ u T, peiicrsyiomme na rpys,
KOTRa Bpallaiollasics WTAaHra rOpH3OHTAJbhA. TaK Kak lUTanra

Bpalaercss pasHoMepHOo, To N = mg, u cuna T’ obecneunpaer
- 5 A
ILEHTPOCTPEMHTE/IbHOE yCKOPeHHe a’ rpysa (4’ = 4n2 n? [}, nostomy

I=ma" =42>n*ml.

Pasnogedicteyloman cuia N’ w T’ pasma F’. Tlo TPETbEMY
3axkory Hbiotona rpys peitcrsyer ma IITAHTY ¢ CHUMOH F = — F’
(puc. 68, 2). CrenoBartenbho,

F—=F =y + = \/(m-g‘f + (4n2 n® m1),

33. 3anuiiem 3akou gBHXKeHHS MypTOuKH (puc. 69):
ma=mg -+ Fyp + N, (1)
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o) A ; tr
rae f,,, — CHIa, AelcTBYILAst ha MyPTou-

Ky CO CTOPOHW MpY)XHHBI; N -—peakinus
wtaHrd. Tak kKak MydTouka paBHOMEPHO
JABUKETCS 110 OKPYXHOCTH, ee YCKOpeHHe
HaANpas/eHO K UeHTPY BPalUeHUs U PaBHO

a=ir-. IMpoekTupys ypaBHeHnde (1) Ha Ha-

npasnaesue F, . nosayuyaem

yRp?
v? .
m—sin o= Fypp — mgcosa,
oTKyna cpasy Hafiaem F, = k(! —ly):
E(l—1l)=m (—v;?—sin a 4+ gcos a).

Orcioma ¢ yueroM Toro, 4to [ =rsina,
HaXOA{M

»

Puc. 69 [y=—= ——'E—(%?sina+gcosa)z22m.

sina

3ajgauy MOXKUO pEUiHTh, MPOEKTHDYs ypaBHeHne (1) Ha BepTi-
KaJbHOE M TOPH30HTAJbHOE HAaNpaBJ/IeHHs, OAHAKO 3TO peuleHne
noayyaercss 6ojee rPOMO3AKHM.

34. PaccMoTpiM JBH)KEeHHE aBTOMOGW/ISA B CHCTEME OTCYeTa,
nepemewianiedica ¢ OpGUTaIbHOH CKODOCThIO 3emau. Yraosad
CKOPOCTb BpallleHHsi 3eMAH BOKPYT CBOeH OCH B 3TOH CHCTEME OT-
cyera

w~2n/T, (1)

rae T — AJHTENbHOCTb 3€MHBIX CYTOK.
B Tofi e cHCTeMe KOOPAHHAT aBTOMOOH/b ABHXKETCH CO CKO-
pOCThbIO

v,=0+ oR
¢ 3amajia Ha BOCTOK H CO CKOPOCTbIO
v,=Uv—oR

¢ BOcTOKa Ha 3amaa (R — paauyc 3eMJiH).
Ilpy ABHKEHHH aBTOMOGHJIS Ha HEro AEHCTBYIOT CHJa THATO-
TeHHA

F=ymM/R?
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H CHJ1a PeaKUHH CO CTOPOHbI LIOCCE, KOTOPYIO B NepBOM caydae 060-
3HauuM N, a BO BTOPOM N,.

HanuiueMm ypaBHeHHst JBHXKeHHA aBTOMOOHA AaA o6ouUx ciy-
yaes:

2

”Em__kﬁ)_zyrn/\/l/Rg——Nl; (2)
2

m (v _Rﬁ)_—_— Y 1\4/}?2 — N,. (3)

Boluurtas #3 pasenctBa (3) paBeHcTBO (2) M yuydThiBasi COOT-
HollleHHe (1), Haxoaum

N —Ny=2mvo=4namv/T=29H.
Corgacio Tperhemy 3akoudy HbloTOHA 3Ta Pa3HOCTL pasHa HCKOMOWM

PAa3HOCTH CHJ daBJICHHS] aBTOMOOHAA Ha Aopory B 000HUX ciaydadx.

35. YI3 ypaBHeHHusl ABHIKEHHSA CIYTHWUKA HA BbICOTE A HaJ NCBEPX-
HOCTbIO 3eMJH

v? Y. M
m = -
REAE (R+n

HadaeM
2
v =y M/(R + h) (D)
Ha reorpaduyeckux noniocax 3eMau cuna TAXKeCTH m'g,, dedcT-

BYIOHIA% Ha TeJO MAaccOH m’, M CHJa TATOTeHHs y ini’M/R? ogunako-
Bol: ym’ M/R? = m’ g,. nostomy

vM=g,R*
Tlonctasus y M = g oR? B Boipaxenue (1),
R+ k=g, R"/v% (2)

Paccrosinue h,,, MeXAY CNYTHHKAMH, P2BHO€ DPA3HOCTH BbICOT MX
noJsieTa, HaxoLUM H3 COOTHOLIEHHs (2), 3anucaHHoro aast hA=~h, H
h = hy:

hunu=h2_h1=gQR2[(1/U§)—(1/U?)]= 176 kM.

B MoMeHT MakcHMagnbHOro cOaHKeHust o6a CNyTHHKA HAXOAATCA Ha
ofiued BepTHKANH K nosepxHocTH 3eMaH. Ecan crnyrtHukun o6pa-
U alTCst BOKPYT 3eMJI B OJJHOM HaNpaBJCHHH, TO 33 BPeMs T MeXay
ABYMSI MOCAELYOUIHMH CONHXKEHHAMH CIiyTHHK, [JBHXYuHHcs c
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Gosblue#l CKOPOCTBbIO U, Ha MeHblIeH BbicoTe A, coBepLiaeT Ha ONHH

o6opor 6oablue, YeM CINYTHUK, ABHKYWHHCA ¢ MeHbilleH CKOpPOCThIO
U, Ha GoJblle#t BuicOTE Ay, T. €.

T

- =b (3)

-
Tl
rie T, u Ty — nepuonbl o6palieHHst CIIYTHHKOR:
T\=2n(R+h)/v,=2ng,R*/v};, T,=2ng R*/vd. (4)
M3 coornowenud (3) u (4) Haxoaum
t=2ng,R*/(v} — v}) =40u.

Ecan HanpaBneHus o6palleHHs CMYTHHKOB BOKPYr 3eMJH Mpo-
THBOIOJIOXKHbBl, TO HHTEPBAJ BpPEMEHH MeXAy HX MOCJeAYIOUIHMH
COMHMEHHSAMH

v =2n g, R*/(v? + 0}) = 46 mun.

36. Ilnanerm aBMXKYTCA HO KpyroBoiM opOMTam ¢ OGLIHM
ueHrtpom O (puc. 70), ABAAIOUIKMCS LUEHTPOM Macc ABYXMNJaHeTHOH
CHCTEMBbI.

MYz
Puc. 70
YpaBHeHHS ABHXXEHHA IJaHET HWMeIOT BHI:
MlmﬂfleMlMﬂRQ’ (1)
M2‘92’2=YM|M2/R2s (2)

rae r, U ro— Paiuychi KPyroBblXx OPOHT rsaHer BO BpalleHHH BO-

Kpyr o6uiero ueHntpa 0.
M3 ypasuenus (1) u (2) serko moayuyuTb COOTHOLICHHE!

(ﬂ2(r1 + r2)= Y(Mx +M2)/R2,

M3 KOTOPOTrO HAXOAHM C Y4€TOM r, + ry = R yNIOBYIO CKOPOCTb Bpa-
ILeHHS T1aHeT

o=V (M, + M,)/R".
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YcKkopeHHe, Hanphmep, NepBOH IUIaHeThl ONpPEAE]HM, MOJb3YysAcCh
BTOpbIM 3akoHoM HbioToHa:

0y = (v e )/ My = v My /R

R
AHaJOrHYHO ANS APYroH NMJaHeTHl
2
a,=yM,/R".

37. TlpupauiesHe HMNyJbca
Ap=muv,— muv,
e U, — CKOpPOCTb B HAuaibHOH TOUKE; Uy — CKOPOCTb B KOHEWHOH
touke. Mimeem oueBHnHO (pHc. 71)

|Apl=2muo, sina=10kr-u/c, )

|Ap"| = mov, sina="5kr-w/c,

rae Ab‘——Monynb npHpalleHHs UMIYJbCa 3a BCe BpPEMS MOJeTa;
Ap’l —wmoaynbp mnpupalleHHs HMIYJbca 3a MOJOBHHY BpeMeHH
noJsera.

Puc. 71

DTH Ke pe3y/ibTaThl NOJE3HO MOJNY4YMTb HHbIM TyTeM. Ilpupaiie-
HHE MMIYJbca Tesa 33 MaJblH [POMEXYTOK BPEMEHH

Ap=FAt, (2)

rie F— cuna, neficTBylowasi Ha Teao. B nawnom cayuae F=mg
eCcThb MOCTOSHHASA N0 MOAYJI0 W HanpaB/JEHHWIO CUJa THAXKEeCTH, M03TO-
My paBeHCTBO (2) cnpaBeiJHBO AJsl JIOGOro MPOMEXKYTKa BPEMEHH.
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3a BpeMs noseTa T Tejqa €ro MMMY/IbC h3MEHSIETCH nod AelicTBHeM
CHABl TsMECTH F == mig Ha BeNHUMiY Ap=rmg1. IT0 Bpemsi (CM.
peuieHHe 3ajauu 9)

T={(2 v,;sina)/g,
W 1J1sl MPHPALUEHKA HMMYyJbca CHOBA fojiyyaeM Bbipakenue ().

ﬂpnmeqauue. Hanomuum, uto upupawennem Au umu Aq He-
KOTOPOH BeJHUYMHHBI (CKaJ!ﬂpHOH WJIH BEKTODHOK), MPOH30UIEILIHM
3a BpeMA N7 =={, — (|, Ha3bIBAETCA PA3HOCTb MEXAY €e 3HAUCHHUSAMH

B KOHCUNBIH 7, H HAYa/bHLIH [, MOMEHTH BpEMeHH At = u, — 1, WJIH
\u=1, —u,.

38. Tlpupauienwe nmnynpca msiva npu yaape 1o abeoioTHOI
BEAHUHIE

%Aﬁf = 2 1 Uy Sin Q.
C apyroii <TOPOibl (CM. APeabIAYILYIO sanauy)
'\ﬁ' = [ 1
Orcrona
Fr== (2 mi vy sina)/t=100H.

39. {lpn viaape rpyvsa o CaHkH HMX CcyMMapHbiil HMITYALC  He
C COXPEHSICTCst -~ HMIVILC TPY3a #i4, Hanpas.ICHHBIE 10 BEPTHKAIH
BHUZ, Tacntes peakideil co croponbl 3eman. BolGpas B KauecTne
MOJOKKTCILHOIO BEPTIKAIbHOE HANpPHBIeHHe, COBNAALIOIRE €O CKO-
POCTHIO TPV 1, HPHPABHHEAEM npupauenne (— i) CYMMADHOTO
HMITYABCG CHCTEMBE HMITYTbCY BCCX BHCIIHHX CH.I LM+ m)g + Nl
ACHCTBVIGHIIX BO BPEMSA YA&pa HA CHCTCMY [PV3 — CaHKH. 3.1eCh
\“ PEAKIHSA CO CTOPOHBI 3e.-\mu, ACHCTBYIOULAS HEHOCNECTBOHNO
@ caHkd. B apoexnuu na BeprHKadLnoe Hanpasaenne mveew:

—min=(M4+n)ypr —Nr. (1)

Coraacuo  tpertbemy 3akony Helotona V' = — N, 11¢ V' —
CHIYA 1ABIEHKS CAHOK HA MTOBEPXHOCTL 3E€MJH NPH yaape, Han

N = N. (2)

B FOPH30OHTA. 1 LHOM HalnpapicHH Ha CHCTEMY  TPVv3 —- CdHKH
BHCIUIHHC CHAbL HO ,iL(‘fiL‘TB_\'I()T, HOYTOMY TOPH3OHTAILHAYA COCTABJAK-
LLIdH BMIIVILCa CHCTEeMI COLSPARICTCH

Mooy =M -F niyo. ()



H3 cucremnbl ypashennit (1) — (3) Haxogum:
v=v,M/(M 4+ m),

N=(M+m)g+ mu/t.

[Tpn manbix BpemeHax yaAapa cnaraeMmoe mu/t B NOCJACLHEM Bbl-
PaXXEHHH MOKET 3HAYHTCIBHO MPEBBLIIATL TY YaCTb CUJB 4aBJEHUS
N, KoTopaa 06yca0BaeHa CHIOH THXKECTH M+ m)g.

40. Auajornuvo 3agaue 39 umeem
N=M+m)g + %

Ecin AJUTCIBHOCTD vilapa 1 HeBeJIHKa, TO

N 2R (1

T 7

Hpupaluense ropu3oHTaIbHOrO MMIyJbca CHCTEMB TPY3 — caHkH
PABHO HMIYABCY CHABL TPeHHS cxOabXeHns F,, v, Ecan camku npw

V.1ape OCTaHAEJIHBAIOTCH, TO

—

—_— /\’1 50——— FTPT
H.TH
Muv =kNT. (2)
M3 pagpencts (1) u (2) naxoaum
Yo M
R == L
Lom

Hpu suauenusix kospduuuenta Tpenusi, MenbLinx Ha#/leHHOTrO,
Calikh ¢ TPy3oM OCTAHOBHTCH He Cpasy, a uepe3 HEeKOTOpoe BpeMs
nocae yaapa.

§3

41. TIpu TAKOM [HCPEMCILCHHH CHAa TPEHUSl 110 MOAVJID BCe
BpexMs paBia [ M HanpapieHa NPOTHBONOJIOKHO CKOPOCTH Tea.
Pa6ora

A=F scosa=F 2nR(—1)=—2aRF.

42. Vexkopenus 0GOHX TPY30B OAHHAKOBH N0 BeJHUHHE (a,=a,=

=a). Kak u canl Ty u T, aeficTBYlow#e Ha HHX co CTOPOHBI O60HX

KOHIOB HHTH, HaTanyrod ¢ cHaoit 7. U3 ypaBHeHHil ABHMKeHHS
rpy3oB (puc. 72):
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mya=mg—T,
mya=T —m,g, @

HaXOJUM YCKODEHHE TpY30B H CHIY,
C KOTOPOH HaTAHYTa HHTb:

a=g(m, — my)/(m, + my); T, .
T=2m, myg/(m, + m,). - 3 I
e inlk
mg ' Or ; -
puc.72 | M2

Yepes Bpemsa T 06a rpysa npHoGpETalOT CKOPOCTDH
v=at=grt(m — my)/(m + my).
MrHOBEHHAS MOLLHOCTb CHJABI 1, B MOMEHT T

N (t)==T vcos 180° = — 2 m, my g*t(m; — my)/(m, + m2)2 < 0.

43. Ha resio AeficTBYIOT (PHC. 73): CHJIA TAKECTH mg, HOpMab-
HafA peakuuda N, cuna TpeHHd FTP, npuuem F.,=Fk N. YpaBHeHHe

BTOpPOro 3akoHa HbloTOHa B MpOEKUHH HA HanpasJeHHe K LEHTPY
rOpKH:

ma, = mg — N.
Orciona
_ — _ v
N—m(g—auc)wnz(g R)’

H MOILHOCTb CHJIbI TPEHHSHA

— o __ _ A Y
P=F,vcos180°= kmv(g R)— 144 Br.
F 4N
Frge @
g
R
Y rrorrrridiil il
Puc.73
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44. Pafora
A=—FlI

cpenHe# cuabi F CONPOTHBJEHHA TPYHTa paBHa NMpHPaILEHHIO NMOJHOH
SHEpPrHH KaMH$

mv?
AE=E,— E, = — 3 — mg(h + ) <O0.

IlpupaBHHBasi HanHCaHHble BbipaX{€HHs, HAXOLAHM
F=mg(l +h/l4+v*/2g)=210H.
45, CocTaBHB YpaBHEHHsl [BHXKeHHsi waKbbl, HaHdeM CHJIY

peaKku¥H CO CTOPOHB MAOCKOCTH N M CUAY TPEHHsl NMpPH XBHXKEHHH
BBEPX

N=mgcosq;
Fo=hkN=kmgcosa.

[Ipy nBHXKEHHH BBepX CHJa TPEHHs coBepuiaer paboTy, paBHYIO
NPHpAaLIeHHIO NOJHOH 3HEPrHy 1an6hl:

AszAE;
F.s—mgh— 1Y
- Tps_mg )
YuutniBast, yTo A = s Sin a, HalaeM
. mv?
nzgssxna—Tz—kntgscosa,

OTKyAa
k= 1v%/(2 g scos a) — tg a = 0,36.
Teao COCKOJIb3HET BHH3, €CJH '
k<<iga

B nawem cayuae tga=1g 30°=0,56, u ycjoBHe COCKaJib3bilBAHHS
BBINOJHSAETCS.

46. Tlpn npuxeHuH maibbl Mo CTOJNY CHJia TPEHHSA COBEPILHT
pabory

Ap=—F,s=—kmgscosa,

rae s-— JUIMHA HAaKJOHHOH TJIOCKOCTH CTOJ4; « — YroJd Hak/1oHa
3TOH MJOCKOCTH K ropu3onty. OueBupaHoO, s cosa = [. [lpupauienue
MEXaHHUYCCKOH 3Hepruu wanbul

AE=A,,
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HJH

m v?

2

—mgH=—hkmgl
Orciona

V= VQg(H--'kB:‘lM/C‘
47. Tpaduxkn npusedeHnt Ha puc. 74. Tloauas sHeprus co-
Xpausercs W paBHa m v2/2. [loTeHunasnbHas IHEPIUA NPONOPHHO-

Ha/bHA BHICOTE T€/1a HaJl MOBEPXHOCTbIO 3eMJH, NOITGMY COOTBETCT-
BYIOILHH rPaduK MOXOXK HA IPadHK 3aBHCHMOCTH BLICOTHI OT BpeMe-
HH (cM. sapauy 9). Kax u B 3ajaue 9, {, — BpeMst noabveMa, o —

BpeMd nonera tena. BbiuHTas M3 nOIHOH 3HepruM MOTEHUHANbHYIO,
nosydyaeM rpaduk Aas KHHETHYECKOH 3HepTdH.

E

El"!

i

-—

Puc. 74

s,1"1
(]
f

=Y
B % S T
~

48. B kpa#iHem noJjoxkeHHH (pHC. 75,a) YyCKOpeHHe IIapHKa
HanpaB/eHO MepPNeHNHKYJISIPHO HUTH (CM. peluenne 3anaun 28),
ypaBHeHHe BTOpPOro 3akoHa HploTosa B npoekiusix Ha HampasJienue
HHTH M Ha NeprneHZHKYNSIPHOE K HeH HAanpaBJ/JeHHe AaerT:

0=T — mgcosa;}
ma=mgsinqa.

(h

LLL L L

Puc.75
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ITpr npoxoskneHun Monoxenus paBHOBecHs1 (puc. 75,6) 1wuapHk
ABHXKETCS] C LEHTPOCTPEMHTENbLHBIM YCKODEHHEM
2
U
a, =T (2)
CKODPOCTH HAXONHM M3 3aKOHA COXpaHEeHHS Hepruu
2

%znzgl(l — ¢os a). (3)
U3 (2) u (3) naxogum
cosa:—_l%—aL——-O,S; a=60°,
2g

H 3aTeM U3 ypaBHeHds (l) Haxopum

a=gsina==28,7m/c%
49. YpaBHeHHe IBH)KEHHA WIAPHKA HMEET BHA:

ma=mg—+ T, (1

rae T — cuaa, REeHCTBYIOLAS HA WAPHK CO
CTOPOHBl HHTH (pHc. 76). CnpoekTupyem
ypaBHeHHe (1) Ha ocb x, HanpaeJeHHYO B
NaHHbIi MOMEHT BPEMEHH BAOJb HHTH (pHC.
76). Moauepkuem (cM. pelredde 3anauu 28),
YTO HANpaBJeHHe H MOIYJb YCKOPEHHS mia-
PHKAa @ B NMPOH3BOMLHON TOYKe 3apaHee He
oueBHARBI. OnHAKC NPOEKUHS a Ha OCb X,
NePHNCHAMKY/NAPHYIO ABHMKEHHIO, €CTb HOp-
MaJNLHasT COCTABMAIONIAA YCKUPEHHS, KOTO-
pasi paBHa a, = v?/[.
Hrak, umeem

Puc. 76 muvt/l=— mgcosa+ T. (2)

3anuweM yC/I0BHE COXPRHEHHS JHEPrHM NPH Nepexofe LIapHKa M3
NoJIoKeHHA [ (noTewuHanbHasi SHeprus mgh) B MOAOKeHHe 2
(KHHeTHuecKas sHeprus m v?/2):

2
mg h = -"—12—‘-’-

HJIH

m v?

‘mglcosq=— 5
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OTciofa ypaBHeHue (2) mepenHuierca B BHAE!
3mgcosa="T.

Takum o6pa3om, u3 ycaoBua T < T, NONydaem
cosa << T,/3mg=0,5;

a > arccos (Tya./3 mg) = 60°.

50. Ypasuenuss BTOporo 3akona HeloTona JJIsi  MOMEHTOB
BpPEMEHH, KOrla TeJO HaXOZHTCH B TOUKax A u B (cM. puc. 14):

muvi/R=N,— mg; (1)
mvs/R= Ny + mg, (2)

rae N, u N,— cuabl HOPMa/jbHOH peaKuHH UMAHHAPHUYECKOH T10-

BEPXHOCTH, C KOTODHMH OHa [eHCTBYeT Ha TeJo. Kuuernueckne
SHeprHH TeJa B Toukax A u B:

m vt

EK,::«—EJ—::Bng;

m v}

Egn= =3mgR—2mg R=mgR.

Orclofla HaXOAWM KBaApaThi CKOPOCTEH:
¥=6gR, vi=2g¢R.
MMoacTaBass 3TH Bbipaxenus B ypasHenus (1) u (2), noayuaem:
N, =mg(v/gR+ 1)=T7mg,
Ny=mg(vi/g R—1)=mg.
[To Tperbemy 3akoHy HuioTona
F,=N,=7mg=26_38H,
Fg= Ny=mg=098 H.

51. [1px npoXoxjeHHH BepXHeH TOYKH MNeTIH Ha Teao LeHCT-
BYIOT CHJa TSXKECTH mg H, BO3MOXKHO, peaKuHs Kenoba N, Ha-
npaBneHHasi BHu3. M3 ypaBHenns nBHKeHHs GpycKa

m%:mg—l—N,

3aMHCAHHOTO Ha OCHOBaHWH BTOpOro 3akoxa HbloTona, onpenennM
CKOpPOCTD
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npH KOTOpoi OpycoK eABa He OTPbiBAeTCs OT Kenoba B BepxHed
TOYKE NeTH (B 3TOM ciayuyae N =0).

Bo Bpemsa ckoabxenus 6pycKa CH/IbI TPEHHS COBEPINAIOT Hajn
HUM paboty A, < 0, cONpoBOXKNAaeMYIO YMEHbIUIEHHEM €ro MOJHOM
MEeXaHHUYECKOH 3IHEPTrHH. A, OfNpelesHM H3 ypaBHEHHS /sl SHePTHH

O6pycka:
2
[mg 2R+ ﬁ-;(l] —mgH=A4,,
[Toacrasus cloga vi = g R, Haiinem

5 H
ATp=ng(—2--7)=— 3,4 k.
52. B cxkaroil BABOE npyXHHKe 3amaceHa NOTEHUHaJbHasi 3Hep-

rus En=%(0——2°-) =k [}/8, KoTOpasi mocje NepeXkKHraHHs HHTH

Nepexo[uT B KHHETHYECKYK) 3JHEepPrHi0 OpYCKOB B pe3yJbTare co-
BEPLIEHHSI Hal HMUMH DabOoThl pa3dxuMmawuleicsa npyxkuHkoi. Koraa
PYXHHKA NPUMET AJAHHY [y, GPYCKH pa3roHAIOTCHA 40 MAKCHMAJbHBIX

CKOPOCTeH U, H U,, NpHUYEM

2 2
m, My Uy

Ri3/8 =5+ 2, M

T4K KaK CHJbl, AEHCTBYIOLIHe HA GPYCKH CO CTOPOHBI MOBEPXHOCTH,
MepneHUKyAsaPHbl K HANpABJEHHIO WX IBHXKEHHUS, 8 TPEHHE OTCYTCT-
ByeT. BBHIY OTCYTCTBHS TpeHHSI COXPaHSETCS H CYMMapHblH HM-
ny/ibc 060HX OpPYyCKOB, BHauaJjie HEeMOABHKHbBIX:

my v, 4 my vy =0
HJH
My Uy == Miy Uy (2)

Pewasa ypaBHeHus (1} ¥ (2) cCOBMECTHO, HAXOAHUM
v, =(lg/2)\/k/(m, (L +m/my))y=14m/c;
vy = (lo/2) Vk/(mz (1 + my/m,)) = 0,35 m/c.

53. [lpupauieHue 3Heprud, 3amaceHHOH B TPYXKHHE, H KHHETH-
YeCKOH 3HepruH Teaa paBHO paboTe CHJ TPEeHHS:

k h? 2 m v
5 +(m20 — 5 ):ATP—_‘—klmgh-
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Ortciona

v="Vvl— 2k gh—kht/m=21wu/c.

54. CxopocTb 6pycKa VBeJHUHBaeTcs, NoKa OH CBOGOAHO fia-
[JaeéT H B Te4YeHHe HEKOTOpPOTO BPEMEeHH il0C/€ TOro, KaK MNpYyXKHHA
conpHKocketcss ¢ mosoMm. Cuaa ynpyroctu F(f), ZeficTByiomas na
6PYCOK CO CTOPOHBl CXKHMAIOLIEHCs MNPYXHHbl H Hanpas/eHHad
BBEPX, B MPOAOJKEHHE 3TOr0 BPEMEHH MO MOAYJI0 BO3pacraer, He
MpeBOCXOMisA, OJHAKO, CHJbl TsxkecTH: mg > F () (puc. 77,a). Tlo-
3TOMYy yCKopenHe 6pycka a(f), yMeHbLiasicb MO MOAY/O, B TeYeHHe
3TOr0 BpeMeHH HANpaB/eHO BEPTHKA/NbHO EHM3 (puc. 77,a, 1 <Tt)).

i<t t-¢ t>t

L. LI | Fee)
A F
1
53 X
E:IE(U 3 afro Ta(“
b R G
ST I R
:kmg 3:

5 §w
!

N
NN

Pue. 77

[Ipubsiuxkasice Kk 3emsae, OpycoK NPOAOJiKaeT CAaBJAHBATbH NPYy-
JKHHY, H B MOMEHT f,, KOraa AJAHHA MPYXXHHbl CTAHOBUTCA DABHOH
[, (puc. 77.6), cuna ynpyrocTd no MOAY.JI0 CDaBHHBAETCH C CHJIOH
TAxKecTH. Ulpyu nanpHelilieM ABHXKEeHUH OPycKa BHH3 CHJA YIPYTOCTH
HAaYHHAeT [PEBOCXOAMTb CcHAY THxKectd: F(f)>mg (puc. 77,8).
B npogo/ieHde 3TOTO BpeMeHH yCKopeHHe 6pycka a(f) HampapJeHo
BBepx (puc. 77,8, t > 1) H 1o mepe npubilHKeHUsT Opycka K [0OJy
yBeJIHuHBaeTcA~io Moaynaw. CxopocTh 6pycKa B Te4YeHHe 3TOro Bpe-

ME€HH YMCHbLLIACTCH H oﬁpam*rcs; B HyJib, KOrga IIpy>XHHa MAKCH-
MaJibHO COXKMeETCH.

CnegoBatenbHo, 8 MOMeHT f, (puc. 77,6), koraa YycKopeHHe
6pycka obpauiaercs B HyJb {a; == (), cKepocTh OpycKa v, — MakKcCH-

ManbHa, a CHAA TSAXKECTH /g KOMIEHCHPYeTCSl CHJICH YNpyrocT
F,, npuuem F| = k(l, — [,):

mg=~Fr(ly—1,),
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oTKyaa
lo—1li=mg/k (1)

=l — (mg/k). : (2)

M3 ycioBHA 3aJayd BHAHO, UTO ME€XaKHHYeCKasd 3HEPIHs CHCTEeMbl
Tesl «OpYCOK — npyXHHa» B Npouecce HX [BHXEHHS CcOoXpaHdercs.
B HauanbHbii MoMeHT (cM. pHc. 15) oHa paBHa JiHWb NMOTEHUHAJb-
HOH 3Hepruu mg H Gpycka B noJe THXKeCTH, a b MOMEHT f, CKJadbl-

BAaeTCs M3 KHHETHUYe KoM 3HeprHk bpycKa muvi/2, noTeHuHalbHOM

HEpPrH¥ ero B I10Je TSAXEeCTH H MOTeHUHaJbHOH 3HEpPrHH C2KaToH
2

Npy»KHHE! k([0—~ ll) /2 (B o60MX caydasix NOTeHLHMalbHasA 3HEPTrHst

6pycKa, HaxoAfllerocsi Ha ypoBHe I0Ja, NOJOXeHa pPaBHOH HYJI0).
Ha ocHOBaHHM 3aKOHA COXPAHEHHS 3HEPTHH

mgH==mv}/2+mgl +k(l,—1)/2. (3)

3ameHnB B cooTHomeHun {3) [ u (I, —[,) cornacHo HX Bhlpaxe-
HussM (2) u (1), nonyuHMm T[OCse HeCJA0XKHbX mpeobfpa3oBaHUH

mgH==muvi/2+ mgly— (mg)/2k,

OTKyna

v, = \/gg (H— L)+ mg’/k=25m/c.

55. Ha puc. 78 usobpaxeH O6pycOoK Ha MpyKHHKE B MOMEHT
OTpbiBa OT FOPH30OHTaJbHOH IOBEPXHOCTH M IIOKa3aHbl CHJbl, AEHCT-
BYIGLIHE Ha HEro B 3TOT MOMEHT: cHaa [, Cuja TsXKeCTh mg H

cuna ynpyrocth F, F—=k (I — lo), rie [-— aauHa pacTAHYTOH

NPY’KHHKH, OCb KOTOpPOH 06pa3syer yroa « ¢ BEPTHKaJbiO (B MOMEHT
OTpbiB2 OPYCOK He AABUT Ha TFOPH3OHTAJbIYIO 10BEPXHJICTD).
YpaBHeHHe ABH)>KeHHs Gpycka

ma=F,+ F + mg,
3aNUCAHHGE [/ MOMEHTAa OTpPbiBA, CIPOEKTHPYEM Ha BepTHKAJb-
HYIO ocb O’y (cMm. puc. 78):
0=Fcosa— mg
HJH :
k(l — 1)) cosa=mg. (N
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¥l Hckaouus | u3 pasencrsa (1) ¢ no-
MOWbLID  cooTHoWweHHss [=/;/cosa

(cM.  NpPAMOYTOMbHBIH  TPeyroibHHK
AOB na puc. 78), nosyuyum paBeHCTBO

kly(l —cosa)=mg,
H3 KOTOPOTO OMpeAedHM

cosa=1—28=1/2; a=60°,

- k1,
i NOCKOJAbKY k=2 mg/l,.
CaenoBaTe/IbHO, B MOMEHT OTpbiBa
AJIHHA pacTAHYTOH TPYXKHHKH [ =
Puc. 78 = [o/cosa==2{,, a nyTh, npoigen-

HBIH GPYCKOM K 3TOMY MOMEHTY

s=1Isina=21/,{(~3/2)=1,/3.

3a Bpems CKOJbXeHHS GPycKa N0 FOPH3OHTANbHON NOBEPXHOCTH
npoH3BeneHHasi Caoi Fy paboTa ecTh

A=FyS=mgi\3, (2)

a yBe/MUEHHEe MOTeHUHAJbHOH 3HEePruH pacTsAHyBluefics BABOe Npy-
HKUHKH

2 L
AFre =k (21— 1) /2= 2E (L) = mg /2 3)
3a 3TO ke BpeMsl KHHeTHYecKasi 3Heprusi 6pycka Bo3pacTaer Ha
NE =2, (4)

TOCKOJIbKY BHauaJje O6pycok Obll  HEMOABHXKeH (v — CKOPOCTh
6pycKka B MOMEHT OTpbIBA).

Tak kak G6GpycOK CKOMB3HT MO T/aKOH NOBEPXHOCTH, TO Ha
OCHOBAHUH 38KOHA COXPAHEHHS IHEPTHH

A=AE=AE,, + AL, (5)

[Moxcrasus B cooTHoweHUe (5) OKoHYaTeabHble Bhipaskenus A, AE
n3 paexctB (2), (3) u AE,,, cornacHo BhipaxkeHuto (4), noayuum

mg ly\3 = mg l, + m v?/2,
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OTKYAa HafileM cKopocTb Gpycka

v=\/2glo(\/§— 1):2,7 M/cC.

56. O6034aunM WMNyJabc Tena A 0 M Tocie yaapa p, H p’u,
KMIYJbC Tena B nocie ynapa — p'p.

3anuiieM ycJloBHE COXPaHEHHs NOJHOTO HMNYJbCAa CHCTEMBI IPH
yaape

EA = E’A + 5’5-
Orciona
ﬁ,B = ﬁA - EIA‘
Ha puc. 79 nokasano rpauueckoe TMOCTPOeHHE BeKTopa p’p.

Benuunna p’, BABOe MeHbllle p,, MOITOMY Yroi «, ONpeAenstiouluil
HafnpaBJ/leHHe [IBHKEHHR Tena B, HaXOAHTCA U3 YCJIOBHA:

tga=p',/ps=05; a==23°

;

-—i—-’
)
%

ITpn peltenHH HCMONBL3OBAJICA TONBKO 3aKOH COXPaHEHHM HM-
ny/bca H COBEPIIEHHO HE€ paccMaTpHBaJjach 3Heprus Ten. [losTomy
pe3y/bTaT He 3aBHCHT OT TOr0, COXpPaHseTcs JIW PE yaape KHHeTHue-
CKasl 3HePrHs H/H HeT, T.€. OYAeT /I YRAD YNPYFHM HJAY HEYNPYIHM.

57. TopusonranbHas  cocTaBafiloOWlasl  MMOYJAbCA  CHCTEMb
«MYIIKa — CHapsaA» COXpPaHsAeTcs:

(M 4+ m)u = mvcos ay,. (H
HanbHocTb nonera cuapsana
l={(vcosay)T. (2)
H3 ypasuennit (1), (2) naxoaum:
u=ml/(M+ m)~.



V3 H3BeCTHOro BbipaXKeHHS AR BPEMEHH T MoJeTa Tena, 6pPOIeH-
HOTO NOJ YIVIOM @y K TODH3OHTY (CM. pellieHHe 3ajauu 9),

t=(2vsinay)/g (3)

H COOTHOILeHHA (2) onpepensieM Yroa ug:
tg oy = g7v*/2 = 1,2; a,=51°.

CTBOA1 NywIKH HaKJOHEH K TODH30HTY IMC[ TAKHM JKe YIJIOM,
TaK XaK B MOMEHT Bbl1eTa CHapsii1a M3 CTBOJIA MyUIKA OCTAHOBHJIACH!
= q,. Jlas HAXOXKACHHA U PA3NOKHM CKOPOCTb BHLTETA CH&psiAa v
Ha FOPH3OHTAJBHYI U, H BEPTHKAJbHYIO U, COCTABJSAIOUINE, PABHBIE
10 MOAYAIO U, == U COS (g H U, = ¥ SiNn 4y, COOTBETCTBEHHO.
M3 coorsowenuit (2) u (3) umeeM vcosa, =!I/t H vsing,=

:'g'zl' HUcnonusys Teopemy [ludaropa, naxogum:

v=="\Vo? —l—:ﬁ--—— ‘\/(U cos oao)2 -+ (v sin ozo)2 ==

2 2
=_\f(l/r) +(gt/2) =6,3m/c.

MakcumanbHasn BbicoTa H noabeMa onpenensieTcsi H3 H3BECTHOTO

COOTHOLLEHHA (CM. pelienHe 3agaud 9):
H=(vsing,)) /2g=g7/6=12m.

58. BpocHB KameHb €O CKOpPOCTBIO U, KOCMOHAaBT npHobGperaer
CKOPOCTb U, ONpeae/]sieMyl0 H3 2aKOHA COXPAHEHHA HMMyJabca H
PaBHYIO

My

V) = —70,.
1 m, 0

JTa CKOpPOCTb [OJKHA OLITh MeHbUIE [epBoli KOCMHUECKOH

CKOPOCTH AJIS JAHHOTO acTepoujaa, paBHOH Vy M/E (cM. pelwrerue
3agaui 35 dopmynaa (1)):

v M
U ‘—\,/.=s——'
1< v R
rne M — macca acTepouaa, pasHas

M=Q—'§- R
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M3 npHBeleHHBX COOTHOLUEHHH HaiizeM

M DT wo=1°
v[,<2m0 R SYQ—laM/C.

59. 3aKOH coxpaHeHHS HMMy/abCa AJS CHCTEMbl «BPYCOK MJIOC
nyas»
muvy=mvuv, + Mu,, (1)
rie v, — CKOpPOCTb 6pyCcKa; v, — CKOpPOCTb MNYJH IOc/J€ Bblaera H3
6pycka. Ilo ycnosuio

1
2 2 T3 (2)
H3 cooTHowenuit (1) u (2) naxoaum |

o= 0, (1 — 1/42) = 0,18 /c.

60. PaccmoTpuM cucTeMy [ABYX IHaPHKOB B 4-X COCTOSIHHSIX

(puc. 80).
— o Tw

U
Puc. 80 a J é ¢

I. [lpaBblil wWIapHK OTKJOHEH OT BepTHKaaH Ha 90°, a nesbld
IIADHK HAaxXOJMUTCHA B DaBHOBECHUM (HayaJbHOe [I0JIOXKeHHe —
puc. 80, a). JHeprusi CHCTEMbl €CTb NOTEHLHaJbHAA SHEeDPIHA NMPaBoro
wapuka mg! (I — LJMHA HHUTH; SHEPTUS OTCUUTHIBAETCH OT HUMKHEIO
MOJIOXKEHHUA LW APHKOB).

2. lllapuku HenmocpeACTBEHHO Nepejl CTOJKHOBeHHeM (puc. 80,6).
DHeprusa CHCTEMbl B 3TOM CJydyae €CTb KMHETHUECKafd 3HepTHA Nnpaso-
ro wapuka mv?/2 (rie v — CKOpPOCTh MPaBOTO LIAPHKA HENMOCPEACT-
BEHHO llepe] yaapom}.

3. lllapuku HemocpencTBeHHO nocqae ynapa (puc. 80,8). Mexa-
HHJECKasl SHeprus CHUCTeMbl CAUNIIHXCH LIAPHKOB paBHA

m u?
2 5
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rae u — o6ulas CKOpOCTb apHKoB. YacTh MeXaHHYecKOH 3IHEeprHH
LIAPUKOB 3a CYeT MOTepH MeXaHHYECKOH 3HePrHH MpH Heynpyrom
yaape fepeiiia BO BHYTPEHHIOK 3HEDrHIO (lUIAPHKH HaTpeaHCh) .

4. lllapuky B TOYKE MaKCHMAaJbHOrO OTKJIOHEHHA BJEBO nocje
cronkHoBenust (puc. 80,2). JHeprus cHcTembl paBHa 2mgh, The
h=I[(1—co0s a) — BBICOTA, Ha KOTOPYIO MOAHHMAWOTCH o6a CJAUMNIIHX-
csl HiapHKa; o — YToJ OTKJIOHEHUS.

MexaHH4YecKasi 3HEPrusi CHCTeMbl ABYX LIAPHKOB COXPaHAETCH
MEXY COCTOSHMAMH | W 2, a Takxke Mexay 3 U 4, T.e.

mgl=muv?/2

_?.I.’é_‘i::ngl(l — cos a). (1)

Mmnysbe cHcTeMbl coXpaHsfercs B Npolecce CTONKHOBEHHS,
T.e. Mexay cocrosthusimu 2 v 3 (pHc. 80,6 u 8)
mu=2mu. (2)
Pewras cucremy ypaBHeHuH (1,2), nosydaem
cosa==3/4, a=42°
61. OnpegeniM CKOpOCTb Teja U, HEeNocpeiCTBEHHO focjae Mo-

nagaHHAs B HEro mny/Jd. FOPHSOHTaJ]bHaﬂ COCTaBJISIIOLLAaA HMITy/abla
CHKCTeMbl TIPH yaape CoxpaHsercs, Mo3Tomy

muvcosa==(M-4 m)v,.

Orcoaa

mucosa (l)

‘Ul--'= M+m

Mocne ynapa KHHeTHuecKas 3Heprus Tena ¢ sacTpsiBiliedt nyJei
NepexoiHT B MOTEHUHAJbHYIO IHEPTHIO CXKATOH MpPYHHHM

p 2
Mot — 2 )

HUckalouas u3 ypasheHHft (1) u (2) ckopocTb Tena vy, nojayvaem
ypaBHEHHe 11 Onpejle/leHHs] CKOPOCTH TYJH

{(m v.cos a) _ kd

2m+ M 27

OTKy/a
U= [a Vi (M + m)]/m cos o =0, km/c.
62. MexaHHueckasi 3Hepriuf CHCTEMbl Cpa3dy nocje 3acTpeBaHu#

NyJH B Tesje CKIaJABBAETCS M3 KMHETHIECKOH 3HepPrHH Tena M nyJH
(cM. peurenne 3anaun 61):
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2
__(muvcosa)
E,={nress

2(m + M)
W TOTEHUHANbHOH SHEprHH PacTAHYTOH NMPYXHHBI (CM. PHC. 18)

k 2
E“=-2—(l"—- l{)) .

Hrak,

_ _ (mvcosa)2 k(l—lo)z

[Tpd MakcHMMajbHOM OTK/IOHEHHH TeJla OT MOJOXKEeHHd paBHO-
BECHSi SHEPTHS CHCTeMmbl £, paBHA MOTEHUHA/bHOW SHEPrHH PACTAHY-

TOH A0 AJHHBI /| =W/Z2; a® npyxuHbl (cM. puc. 18):
2
- k(-
L12:—§—( [2—*—02—[0). (2)

BHelllHHEe CHJbl — peaKlUHsi Ha TeJO CO CTOPOHbl CTepXHHA, nep-
MeHAHKYIsIpHASE [epPeMelIeHHIo Tera, M CHIa, AelicTBylOLas €O
CTOPOHBL CTEHKH Ha 3aKpelvieHHyl B HEMoJABMKHOH TOUKe TpYy-
KHHY,— pa6oThl He cosepwaloT. [losToMy npH ABHXKEHHH TDY3d
BAOJb CTEPXKHH TMOJIHAR 3HEPTHSI COXPaHSIeTCs:

E,=E,. (3)

MMogcTaBasifi B paBeHcTBo (3) Bolpaxenus (1) (2), nonyuaem
ypaBHeHHE, H3 KOTOPOTO KaHleM CKOpPOCTb MyJ/H:

v=-_‘—-—\ﬂz(M +ma 420, — 24, VE+a)=63u/c

mcos o

63. B MOMEHT HaWGOJbLIErO CXKATHA MPYXKHH BaroHbl ABHXKYTCS
¢ OAHHAKOBOI CKOPOCTBIO U, MOAYJ/ib KOTOPOi ONPEIeNHM U3 yCI0BHA
COXpPAHEeHHS] MOJHOro HMIYJbCa CHCTEMBL (yuuTblBaeM, UuTO 11y Uy >

> m,v,):
My vy — my vy = (m, + m,) v;
myvy — m v

m; + m,

U =
YacTb KHHETHUECKOH 3HePrud BaroOHOB nepeHieT B MOTEHLHAJbL-

HY1O0 3HEPruHio NpyxKHH, OJlHAKO TMOJHaHd 3HEePrus cexpandeTcs:

(ml + m2) v? m, v} my v}

Rxt
2 +42_2+2
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3aech x — gedopManHs KaxXAoH H3 yeTbipex paboTaolHX
NPH CTOJNKHOBEHHH NpyxHH. [loxactaBnsis B 3T0 ypaBHeHHe HaNleH-
HO€ 3HayeHHEe v H pa3pelllas ero OTHOCHTEJNbHO X, HaWaem:

__uty m, i, .
X=—= ‘\/k(m]+m2)—0,3m.

YckopeHHe BaroHos:

g =22 —09u/ck
!

Qg = 2;::: =0,3m/c?;

§ 4

64. M3 ycioBHSI paBHOBeCHS CTepXKHs cJjelyeT, 4To aJjreGpa-
yeckad CyMMa MOMEHTCB BCeX CHJ, MPHJIOXKEHHbIX K CTEPXKHIO, OT-

HOCHTEJbHO JII060H TOYKH paBHa HyJa10 (pHc. 81).
YToObl HCKJIOYHTE H3 PacCMOTPEHHS peaKLHIO OMopbl, COCTABHUM
ypaBHeHHEe MOMEHTOB CH.J OTHOCHTEJbHO OCH, NpPOXoAfillieil uepes

TOUKY A NMeprneHauKyJspHO JIOCKOCTH 4epTexKa:
{ L
Tlcosa-— (mgT + Mgl) sina=0,

rie | — AJIHHA CTepIKHA.
Orciona HaTAXKeHHEe NPOBOJIOKH

T=Mg(1 +2—";4—)tga=32H.
T a/2

Ao
Y

RN
' ~

Mg ¢

b F

- o

e > L -

1 N

; ' g

5 P

e

2 v A

A £ el '

] >

]
Puc. 81 Puc. 82

a2}
oo



65. Ha puc. 82 wu3so6pakeHbl cHabl, AeACTBYIOUIHE Ha wKkad
NPH €ero CKOJbXEHHM: P — CHla THXECTH, F — cuna, ¢ kotopoil
yenosek 1aBHT Ha wkad, F,, — cuna tpenns u N — peakuus onopsl.

Bsuay cneuua’ibHOro BbiGOpa TOUKH TPHJIOXKEHHS CHJBI F

(rouka C) mKad AABHT HA NOJ TOJNbKO IEPENHHMH HOXKaMH (ec/aH
NPHAOKHUTh yCHJHe cjerka Boile Toukd C, wKkad HauHeT OTPOKH-

AbiBaTbeAA). B To ke BpeMs wikad HauMHAET CKOJIb3HTh, €CJH CHIY F
npuaoKuTb B Touke C. [losTomy

F,=kN.

3anuuieM yCJOBHSi paBHOBecHf InKada:
IS TOPH3OHTAJbHOTO HanpaBJeHHs

F—##N=0, (1)
AJIA BEPTHKAJBHOTO HanpaBJeHHs
P—N=0, (2)

H PaBEHCTBO HYMIO anre6paHueckod CyMMbl MOMEHTOB CHJ, aeHcT-
BYIOUHX Ha LIKad, OTHOCHTEJbHO FOPH30OHTAJNBHOH OCH, npoxojsiies
yepe3 TOYKY A NEpNeHJHKYJSAPHO MJIOCKOCTH uYepTexa:

cFm%P=Q (3)

Pewast cucremy ypaBrenuit (1) — (3), HaxoAMM KO3((HUHEHT
TpeHUsi WIKada o 1o
h=—.
2¢
66. O603HayM NJeyH BECOB uepe3 x H y H BEC T'Mpb MPH KaXKI10M

BsBewnpadny P/2. Torza npH nepBoM B3BEUIMBaAHHH Bec TOBapa Obli
(puc. 83,a)

F x
P ==
1 2 P

ol
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a npH BTopom (puc. 83,0)

P

')‘ J—— ’) ’) — P X | y

OTJAHYAeTCA OT Beca THpb P, MO KOTOPbIM TpPOH3BEN€Ha omjiara, Ha
BEJIHUHHY

T

Takum o6pasom, P’ > P. Tlokynarenb OKa3hiBaeTcs B BbIHTpHILIE.

67. PaccMOTpHM YCJOBHS, NpH KOTOphHIX MaJjouka 6yner OT-
puiBaTbes OT ctoaa. [Ipu oTpbiBe OT €TOJA maJouyka HauuHaeT Bpa-
1aThCA OTHOCHTENbHO pebpa cTosa (TOouKa 0 na puc. 84,a). YcnoBue
BPALLEHHS] OTHOCHTE/NLHO TOUKH 0:

MTﬂ.JK g MHBT’ . ( l )

i
roe M, .,=Mg (‘2_ — n) [ — MOMEHT CHJ/bl THKECTH OTHOCHTEJbHO

Toukd O (cHsa TSXKeCTH NPUJIOKEHa B UEHTpe najouku); M., =
= T n!— MOMEHT CHJbl HATHXEHHA HHTH T ornocutenbHo Touku 0.

(-9t ol

ao
SO ‘

Puc. 84

llﬂﬂ BbIUHCJEHHA CHJAbl HATSIDKEHHA HHUTH 3afHilleM 3aKOH ABHXKE-
HHSA KoJiebJoleroca mapika

ma=mg+T.

[IpoeKTHPYsl 3TO ypaBHeHHE B NPOW3BOJbHOH Touke 2 HA OCb

;)O’y, HanpaRJEHHYIO BROJb HUTH (pHuc. 84,0), 1 3ameuasi, uTo MpoeK-



LM YCKODEHHS IIapHKa Ha 3Ty OCb, MEPNEHAHKYJSPHYIO CKOPOCTH,
eCTh HOPMa/bHas COCTaBAAOIIAA YCKOPeHHs a,=v?/l (v — cKopocTb
LLIapHKa B 3TOH Touke, [ — AJHHA HHTH), MOJyyaem
muv'/l=—mgcosa+ T. (2)
CKOpOCTb lIADHKA MOXHO ONPEAeNHTb H3 YCJAOBHA COXPaHEHHs
3HEPrHH MeXLY TMOJIOXKEHHAMH B Touke [ (mgh — mglcosa) u B

Touke 2 (m v?/2)

mv?

2
Orcioga 1 U3 (2) HaXxoOHM

=mglcosa.

T =3 mgcosa.

Takum o6pasom, nOTyuHIH 3apaHee OYEBHIHbIH pe3yabTarT:
CHJ1a HATAXEHHS] HHTH MAKCHMaJdbHa, KOrZa WAapHK MPOXOAUT Tno-
JOKeHHe paBHOBecHsi (Touka 3, a==0): T,,,.= 3 mg. lloacrasasns

3TO 3HayeHHe B (1), MOXKHO iI0JIYYHTb YC/JOBHE OTpPbiBA NaJOYKH OT
cToaa

m 2'%(31'{_ 1):0,051«.

68. IlpM 3amoJHeHHH MAacJOM CTaKaHa MpPYyXHMHKa NepecTaHeT
YKOpPauHBaThecs, KOTAa TeJso, NMOABELIeHHOEe Ha HeH, MOJHOCTHIO MO-
rpysutca B macao. Ecan npenebpeub BbiTAJKMBAIOUIHM LeACTBHEM
BO3JyXa, TO [0 3alOJHEHHs MAac/OM CHJa TSKEeCTH mg H CHJIa ynpy-
roctd k(l, — I,), AeHCTByIOlLHE HA {TOABELIEHHOE K MPYXXHHKe TeJo,

KOMIEHCHPOBAJIHCh:
mg=k(l, — 1), (D)

rae m — Mmacca Tena; l,— NJHHA HEPACTAHYTOH NPpYXHHKH; [, —

LJIHHA DacTAHYTOH TNPYXKHHKH.
Ha Tejio, NMOJHOCTBIO TOTPYXKEHHCe B Macjao, OefCTBYeT elle
apxWMenoBa cHaa F,= ¢ gV, nHanpaBjeHHas BepTHKaJbHO BBEpX,

NO3TOMY
mg=k(ly— )+ ogV, (2)
rae [, — 1J1HHA YKOPOTHBIUEHCH NPYXHHLI.

H3 cootHowennit (1) u (2) naitaem ykopouenune h=1[, — [, npy-
JKHHKH, NpoH3oulefluee AOCAe NOJHOFO MOTPYXKEHHA Tejaa B MacJo:

h=0gV/k,
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OTKyZa

: o=hk/gV=086r/cm’.
69. YcnoBue pasHoBecHs namouku: M, = My, tHEe M, =

TAX

I A .
=mg ll = mgT SIN @ — MOMEHT CHJibl THAXKECTH OTHOCHTENALHO OCH

by ..
BPAWEHHA Nanouku: My, =F, b, =F, (l — —2°—) Sin a — MOMEeHT

cHabl ApxuMena F,,, OTHOCHTeNbHO TOH XKe ocH (pHc. 85); m — macca

aJOUKH.

His  HaxoxjgeHHss cuabl  Apxumena
yuTeM COOTHOLIEHHE Mex Ay ob6bemMaMH H
IVIOTHOCTAMH BBITECHEHHOH JKHMIKOCTH H
NaJouYKH

P _ 0 by
mg o [’
OTKyaa
0 fo
FApx =mg ol

YcaoBue paBHOBECHS Tenepb HMEET BHA:

[ . . Qo I lo) .
mg —-sina=mg S (l_“g‘ sin a.

Pewlasi nonyyeHHoe KBajpaTHOe ypaBHe-
Puc. 85 HHE OTHOCHTENbHO [;,, HAXOAHM

to=1(1 =1 = (0/00)).

PelilenHe cO 3HaKOM <«MJIIOC» Mepel paaMKaIOM «HeDH3HUHO», Tak
KaK npH 3ToM [; > I, 4To HeBOo3MOXHO. Takum o6pasowm,

to=1(1 — V1= (e/0)) = 5,2 cm.

§ 5

70. 3a BpemMa Af MOBEPXHOCTH CTEK/NA JOCTHraloT M 0CaKAAIOT-
C1 HA HeH Bce aTOMbl cepeGpa, KOTOpele HAX0AATCA B 06beMe myuka
SvAt, rae S —nnomwanb ceyenus mydka (puc. 86). Takux aToMoB

AN=n(SvAtl), a macca ux Am=m AN=m,aSvAt, rae m, —
Macca aroma cepebpa. C yuyeToM coOTHOWIeHHs p=m, N, (n —
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MoasipHass macca, N, —uucio Aorazpo) monyuaem Am —
=(pnvSAt)/N, Kaxayo cekyHly Ha TMOBEPXHOCTH CTeKJa

ocaxpaercss Mmacca cepebpa (Am)/(Af), a 3a BpeMa T — Macca
Am

= ———T.

At
m=pnvitS/N,. (D)

7774 O~
/s,
O Vo O™ 50 Puc. 86
e 4 9':: _:_ A

C apyroii cTOpOHbI, 3T2 Macca
m=¢9Sd. (2)
W3 ¢dopmyn (1) u (2) HAaXOAHM
t={(0d N,/pnv)=>5Mus.
71. M3 ypaBHeHHs] COCTOSIHMS [OJS1 HJAEaJbHOrO rasa HaxoAHM

Q:%:po I_L/R TO= 1,3 KI‘/M3.
72. Macca reaus, BbiTeKllero H3 6aJ/0Ha,
Am=qn V(pl/Tl - p2/T2)/R =80,

rie R — rasoBasl NOCTOsSIHHAA.

73. Paccmotpum cayua#i, u3o6pa:keHHblH Ha puc. 24, a. Ilepese-
jfeMm ra3 u3ofapuueckH U3 COCTOAHHA [ C JaBJieHHEM p; B COCTOSAHHE

3 ¢ naBjeHHeM p,; (puc. 87), a M3 COCTOAHHA 3 — H30XOPHYECKH B

cocrosHue 2. Ha yuactke /—3 naBaeHHe Obl10 NOCTOAHHBIM, T.€.
p; = P, @ Ha yuacTKe 3— 2 jaB/eHHe BO3PacTajo MPONOPUHOHAIbHO

TeMnepatype, T.€. pP,>>p;. Takum o006pasoM, TIoJydaem p, > p,.
W3 puc. 24,6 aHAJOTHUHBIM CNOCOGOM MOXKHO noaydutb V, <<V,
U3 puc. 24,8 umeem 7,>T , Tak xak p,V,>p, V, (mocrarouno
CPaBHHUTb IJIOILAJH COOTBETCTBYIOLUIUX MPAMOYTOJbHHKOB).

74. Tlpouecc, omnucaHHBIA B YCJOBHH 3ajauH, H306paxeH B
KoopauHatax (p, V) Ha puc. 88. ['asom coBepluaeTc MNOJOXKHTE]b-
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Hasi paboTa JHUIb [IPH H306apHUYECKOM pPACUIUPEHHH (y4acTok 2—3):
A’ =p2(V2 o VI)

=
—!

Puc. 87 Puc. 88

YuuTbiBasi, yTO ra3 B HayaJe H KOHue mpouevca (ToukH / H 3) Ha-
XOOHTCH TpH OLHHAKOBOH Temneparype, umeeM p, V,=p,V,, T.e.

Vo/Vi=p,/p;=m. Orciona, HCIONb3YyS ypaBHEHHE COCTOSIHHS
HaeaJsibHoro rasa p, V,=(m/n) R T,, nonyuaem:

— _1Nom n—1__ 108
A_p,v,(l n) R 8,3 10° [Ix.

75. lluka I—4 B kKoopaunHatax (p, T)

“’ noxkasad Ha pHc. 89. 3Hak pabotbl omnpe-

{ 2 oenum no puc. 25. Ha yuwactke /-2 ras

pacIiHpsSIeTCss H COBepLUaeT TOJOXHTEb-

Hylo pa6ory A,,, Ha yuacrke 3—4 ras

[ 3 C)XKMaeTcd H COBepilaeT OTPHUATENbHYIO

pabotry A,,, npuHuyem |A34|<Al2, TaK Kak

L npouecc 3—4 HAET NpPH MeHblleM AaBJe-

' HHH. Ha yuactkax 2—3 u 4— I pabora He
copepiiaercsi. B urore pa6ora rasa

A=A+ Ay = lAlZ’ — IA34| =>0.

76. JlaBneHHe p, raza B npoGHpPKe B MOTPYXKEHHOM COCTOSHHH
YPaBHOBELIHBAET AaBJIEHHE CJOS TJMUEepHHA BbICOTOH [/2 W aTMmo-
cepHoe paBaeHHe py,: p,=0g /2 + p,.

Korapa mnpo6upka BaiHyTa, atmocdepHoe naBJeHHE YpPaBHO-
BelIHBaeT NaBJieHHE p, ra3a B NpobHpKe H faBjeHHe crtonba riauue-

pHHa B NMpPOOHPKe BHICOTOH [/2:
Po=p.+0gl/2

Puc. 89
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[MToacTasasisi HallfieHHbie OTCIOAA 3HAUYGHHS p; H Py B ypaBHEHHE

LY
P2 Tz’
HAaXO0AHM
AT—T — T —T,— 8L 1K
e~ i=—T =7 K

77. Ha puc. 90,a,6 u300paxKeHbl paBHOBeCHble Ha4aflbHOE H
KOHeuHoe noJoxeHHd nopuiHa. JlasienHe p;, MPOH3BOAHMOE PTYThIO

HA BEpPXHIOI NOBEPXHOCTb MOPIIHA (PHC. 90, a), ckaagbiBaeTcs H3
aTMOC(EpPHOro p,, KOTOpPOE Ha OCHOBAHHHM 3aKOHA [Tackans mnepe-

qaeTca no o6beMy PTYTH, H FHAPOCTaTHYeCKOro g g h:

pr=po+egh ()
2, Py Po
T ruse rwrr = N
A A
‘\\4 )DO ) i
x| I o
ST sacsaasd Puc. 90
a &

BBuay HEBECOMOCTH MOPIUHA M OJHHAKOBOCTH mioiaget S ero
BepxHeHl M HUXKHell TOBepXHOCTeldl 3TO AaBJeHHe yPaBHOBEUIHBAETCSH
1aBjeHueM B rase noj nopiusHem. Hs ypaBHeHHsl COCTOSIHHA HA€ajlb-
HOro rasa, Korjia HaJjiuta pTyThb,

vRT )
P1=‘§‘17L) (2)

rle v — Y4HC10 MoJel rasa B obbeme S H noa NMOpUIHEM; R —ra3so-
Bas NOCTOSIHHAS.

[IpupaBHsAB BbipaXeHHsi B NMPaBbIX 4acTsiX PaABEHCTB (1) u (2),
NOJYUYKM

vRT
SHI:pO+Qgh' (3)
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AHanorsyHbIM 06pa3sOM 3aNHINEM COOTHOLIEHHE
vRT,
_i = 4
OTBE€YAlOlllee BEDXHEMY MNOJOXKEHHIW mnopiiHa (pHc. 90,6), xoraa

PTYTb NOJHOCTBIO BBITECHEHA M3 cocyna H aTMOC(pepHOC laBJI€eHKe
Po Hal TNOPIIHEM YPaBHOBELIHBAeTCS J/aBJeHUEeM B rase, Haxons-

wewmcst B o6beme S(/f + h) npu Gonee Bhicokoit TemnepaType T,
[lonesns papenctBo (3) Ha (4), monyunm
TW(H+h)  py+oegh
LH Po ’

OTKylJa KOHeYHas Ttemiep arypa

. H+4 Py .
L=k 330K

78. Ha noplueHr B Ha4yaJbHOM MOJNOXKEHHH JeACTBYIOT: CHJa
THXKECTH mg, CHJla aTMOC(QEPHOro AaBJeHHSA p, S, cuia JaBJeHHS CO

CTOPOHBI rasa B HWJHHAPE p; S ¥ CHIa YNPYTOCTH NPYXKHHB & ly/2.
H3 ycnosust paBHOBecHs nopmHs

mg+pyS—p S—kily/2=0

HalieM HayaJbHOe AdaBJieHHe p, rasa nop NnopiHeM

Py ==Po+ (mg —k 10/2)/3-

HOTEHuHaJleaH SHEprHsA MNPYXKHHB H [OTEeHUHaJbHaf 3Heprud
NIOpIIKHA B TIO/JIeé CHJ THXKECTH H3MEHSAIOTCH 3a cyer paﬁoTu A, Cco-

BeplIaeMOH rasoM B UHJAHHAPE, H pPaGOTH Apu=—p,S 70 CHJ
aTMocgepHoro napaenus: AE=A + A, uan

k (10/2)2 ) [0 tO
Orciona

A=(lo/2)(mg + py S — ky/4) = 0,1 kL.

79. K MoMeHTy BbLIETA [OPUIHA M3 UHJIHHAPZ NpHpaLleHHe
MOJIHOA 3HEePrHH MOPLIHA H IPy3a COCTABHT

AE=M+mLtmg Mgt
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H Gynet obyc/ioBaeHo paGotoli raza A H pa6orol cuiabl armocdep-
Horo faBneHus (— p, S H/2). B pesyibraTe mosyuaem ypaBHeHHe:

(M + m) v? (mn—MgH , H
> + ) =A—p,S 5

H3 KOTOpPOro HaxoaxuM
A=—[(m+ M/ v® — (M —m)gH + p, SH)] = 480 [

80. Ha puc. 91 nokasanbl CHJIB, AeACTBYIOUHE HAa NOpIIEHb B
HHXKHEM MNoJoXKeHHH (puc. 91,a) H B BepxHem (puc. 91,6), kKorpa
€ro OTNYCKalT. N — peakuds co CTOPOHL MAAKHX CTEHOK LMJIHHADA.

Puc. 91

3anuweM ycioBHe paBHOBeCHs MopluHs BHH3Y (puc. 91,a)
S —p,S=mgsina (1)
M YpaBHE€HHEe NBMKEHHSH MOPIIHS B BepPXHEM MOJOMKEHHH, KOrAa ero
oTnyckawr (puc. 91,6),
ma=p,S +mgsina — p, S. (2)

B coorHowenusax (1) u (2) p, u p, — naBaeHus BO3yXa MO

nopuiHemM B JIBYX NOJOXKeHHSX (cm. pHe. 91), a-— yckopenue
NOPIIHSA.

Hs ypasnenns bBoiias — Mapuotrra ans maccnl BO3lyXa noja
NOpIIHEM B XBYX €ro INOJIOXKEHHAX HaXOLHM

P11 =2p,. (3)
H3 cucrembl ypaBuennii (1) — (3) onpenensiem YCKOpeHHe NOpUIHS

a=(g/2)(sina+ p, S/mg) =52 m/c?
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81. Tpy6a # nopuieHb COCKaJb3biBAIOT C HAKJIOHHOH MJIOCKOCTH
C OJMHAKOBBIM YCKOpPEHHEM

a=g(sina — kcosa). (N

Ha ocHoBauuu, BTOpOro 3axkoHa HbloToHa 3amuuieM ypaBHeHHe
JIBMMKEHHS MOPHIHA (CHJBI, AeHCTBYIOUIHE Ha NOPUIEHb NPH COCKaJb-
3piBaHHM TPyOHl, ykKa3zaHbl Ha pHc. 92: N — peakuusi CO CTOPOHbI
BHYTPEHHHX CTEHOK TPy6bl, p, H p, — NaBJeHHA BO3ayXa No obe

CTOPOHBl OT MOPILHA):

ma=-—'mg sina— (p, — py) S. (2)

Puc. 92

Hcknouus 3 pasedcTs (1) v (2) yckopenue a, mojJyuHm COOT-
HOLLUEeHHe .

(py — py) S=kmgcosa. (3)

Ha ocHoBanuu 3akoHa bDoiinsa — Mapuorra aas Bosiyxa 0o
06eMM CTOpOHaM MOPUIHA:

p V,=pV, 4)
pVo=pV, (5)

rie V — o6bem BO3AyXa C KaXKAOH CTOPOHbBI MOPIIHA B TOPH30HTaJb-
HO Jexaueil Tpy6e, V, u V, — B aBuxyulefica Tpy6e (cm. puc. 31).

M3 cootnomenuit (3) — (5), o6pa3yoillUX BMECTe C PABEHCTBOM
Vl + VQ S 2 V

CHCTEMY ypaBHeHHH, HaxoMuM oTnouieHde o6bemoB (Vy/V)):

V,/V, = [(k mg cos a)/p S] + ‘[[(k mg cos a)/p ST+ 1=1,2. |
82. 3anuem ypaBHeHHe TemioBoro GaJaHca:
m ey (T — T)=M’ ¢, (Ty— To) + M" A + (M — M) ¢ (T — T),
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roe M’ — macca BOAH, Harpetoil 10 TemnepaTtypul Kunewus T, —

=373 K H 3ateM BHKHNEBIIEH.
Pewasi ypaBHeHhe TemoBOro ©6anaHca, HAaXOOKM KOJHYECTBO
BhlKHNeBweHd Boanl M’ =95r.

83. KosnnuectBo TtemnoTel m’A, HEOGXOZAMMOE [ HCDAapPEHHH
Maccel m’ BOAH, MOXKeT GBbITh MOJYYEHO TOALKO OT OoXJaaKaawouiefics
no T,==373 K maccu m neperperoii Boabl. U3 ypaBuenus teniosoro

6anaxca
m' h=mc(T-T,)
HaXOAHM MacCy m’ BbiKHNEBLIEH BOLbI
m'=mc(T—T)/A==16r.

§ 6

84. 3anumem ypaBHeHHR BTOpPOrc 3akowa HblOTOHAa Aast Ha-
YaJbHOTO TOJIOXKEHHS KaXIOTC H3 Tesl B MPOEKUHAX HA HanpasJe-
HHS, KacaTe/ibHble K LHIHHAPHYECKOH MOBEPXHOCTH:

ma,=T,
Mgay=mygsina — T,

rae T — cHsia HaTsXKEeHHS HHTH; YroJ a MoKa3aH Ha puc. 32. Hckaio-
yasa T, HaxoauMm
mym, @

sina = -—=0,8; o= 53°.
my g

Hna Broporo mnosioxeHHs ten (puc. 32, 6)
ma=T—m,gsin(a/2);
my,a=m,gsin(a/2)—T,

OTKyLa

g=_2_"M sin —=2,2 m/c?

my, + m, £ 2 ’ )
85. 3anuiueM ycJoBHe paBHOBECHSI KOPOMbBbICJAa B MOMEHT OT-
peiBa tena A: m; gl, =TI, Cuna HaTaAKeHuss HHTH T GydeT MaKCH-

Ma/JbHOH B TOT MOMEHT, KOrlla HHTb NMPHHHMAaeT BepPTHKaJbHOE No-
JOXKeHHe. 3anvuieM AJA 3TOr0 MOMEHTa BTOpoli 3akoH HbioToHa M
3dKOH COXpPaHEHHS IHEPrHH:
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2
myv

)

T'—myg=mya, =

my v?
S =myg (1l — cosa),

rae [— AnuHa HHTH, Ha KOTOpOH noaBemeHo Teao B. Hs nByx
MOCIEAHHX YPaBHEHHH HaXOJHM CHJY HaTSKEHHS HUTH T —
=myg (3 —2cosa). TNoacrasass NOJIyueHHOe 3HaueHHe CHJbl Ha-

TAXEHHA B YpaBHEHHE DaBHOBECHS KOPOMBIC/]A, HANIEM HCKOMOE
3HaYeHHe yraa:

l ml ll l o
COSQ-—T(B m)——f, o == 60°,

86. 3anuwem ycaosue paBHOBecHs CTePXKHS:
{ {
Mg(—2—~— Al)= 2T(~2——|— Al),

rae T — cHna HATSIKeHUS HUTH, Ha KOTOPOH MOABEIUeHHb rpy3bl. Ty
CHJY MOXHO HaHTH, HCNOJb3YS BTOPOH 3akon HbloToHa AJIsl TPY308B,
MOJBEIUCHHBIX Ha HUTH

ma=m,g—T;

3nece a—- yCckopeHHe rpy3oB. Pewas 3ty CHCTEMY OTHOCHTEJbHO
cHabl T, Haxoaum

T 2mym, g 2m myg
hm|+m2_ M

[oxcrasassa 3tor pesyabrar B ycaosue P2BHOBECHSI CTEPXKHA H HC-
MOAB3Ysi pPABEHCTBO m, + my, = M, nonyuaem crenyouwee ypaBHeHHe

AJISt MACC 1My ¥ my:

{
- — Al
M 2
mf‘z, — ﬂll‘QM +T—I—_= 0.
2—+ Al

Pewenne sroro ypaBHenusi naer

M 4 Al . )
T[l + (l+2A1)]"— 167 kr;

M . / 4 Al .
m2——'2—[1 m] —0,33 KrT.

I

m
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87. BHavase Tes o MOKOMTCH, a NMpHJIOKEHHAs K NPYKHHE CHIa
pacTSrHBaeT NMPYXHHY, cCOBepulasi Ipyd 3ToM paboTy, paBHYIO NDHpa-
LIEHHIO 3HEPTHH NMPYXKHHbBI:

A __"i_i(_”_ i
™72 T x)"zu'

Korpa cuna F craHer 10CTaTOUHOH ajist TPOraHHs Tela ¢ MecTa,
NpYyXKHHa TNepecTaHeT pACTATMBATbCA, H TOYKA HPHJOKEHHS CHJBI
nepeMecTHTCH NapaJsliesbHO 0]y Ha PacCTOSIHHE s, NPH 3TOM CHaa F
COBEpPIUHT padoTy

A, = F scosa.

3HayeHHe CHJIbI, IPH KOTOPOH rpy3 6yleT MemJieHHo (T.e. NMpaKkTH-
YeCcKH 6€3 VCKOpeHHs) TnepeMellaTbes, NOJy4e€HO B pelUeHUH 3a-
nauyu 19:
mgk
cosa+ ksina

=45 H.

[Monnasi pa6ora cuanbl F:
A=A+ Ay="_ 4 Fscosu=191x.

88. 3anuuiem ypaBHeHHe BTOPOro 3akoda HbioToHa 151 wafi6h B
BEKTOPHOM BH/Je:

—

m&=m§--|—]V+FTp, (H

rie a= o’r — yckopeuue 1waibb; N — cuaa peakilHH OMNophl;
F.,==k N — cuna tpenus.

Ypasuenue (1) B npoekuHsix Ha TOPH3OHTANbHYIO H BepPTHKaJb-
HYIO OCH MMeeT BHI:

mm2r=Ncosa—{—F,psina,
0= —mg+ Nsina — F cosa, (2)
Foo=kN.

Pewaa cucremy ypaBuenuit (2), HaxomuM:

A e eI
89. Ilpn nBeKEHHWM BBepX M0 HAKJIOHHOH TJOCKOCTH Iuaii6a
3aMEe[VISIeTCS] CHJION TSIXKeCTH M CHJIOH TpPEeHHS.
[Ipe stom yckopenue maii6bl a, = g(sina + kcosa), a Bpems

ABHXEHHA BBepX
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14}
b=t = o 1,6¢.

a, g(sina+kcosa)=

[TockoJbKy yc/oBHA 3aauH Tpe6GYIOT BHIYHC/IEHHS Pa6OTH 3a BpeMs
t=35¢c ({>1t,), HeoOGXONHMC pPacCCMOTPETh TaKXKe [ABHIKEHHe

WaAGH BHH3 MO HAKJIOHHOH IIOCKOCTH. B 3TOM ciyuae yckopenue
wadb6H onpeneasieTcs GpopMyJoi:

a, =g (sina — kcosa).
3a 3710 Bpems ! wah6a NPOXOAHT NyTh:

o a(t—t)
T 24, 2 -

! % :
="2"[g(sina+ ¥ a) + g(sina — k cos a) (t — 11)2].

Ha stom nyTH cuna tpenusi F,,== k mg cos a coBepliaer Haj wan6om
paboty

A

2
_ ___kmgcosu.[ Uy
LA FTPS— 2 g(sina 4 kcosa) +

+ g¥(sina — kcosa)(t — 1)’ ] = — 7.2 Ix.

90. CkopocTb MakcCHMa/JbHa B MOMEHT, KOrja CHJia TSXKECTH
KOMMNEHCHPYETCSA CHJAOH YNPYroCTH, T.e€.

mg==kx, x=mg/k,
rae x — yujadHeHue npyxuHel. Mckomasn pabora:

2 42
Arm=mgx=ﬁ—g—=3- 1072 ITx;

k
k2 Mg 5.102
Aynp— 9 ok 1,5 10 II)K

91. M3 ypaBueHust BToporo 3akoHa HbloroHna ans 6pycka
ma=mg—kx—N,
rae x — yAJAHHEHHe NpPYXHHH; N — CHla [aBjieHHsl MOACTABKH Ha
6pycok, nosnarasi N =0 (ycaoBxHe OTpbiBa}, HaXoLHM
x=m(g— a)/k=25,5cm.
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CkopocTs Gpycka

=V2ax,

H MOIWHOCTH CHJBl YIPYFOCTH

P=F,vcosl80°=—kxv=—Fk V2 a x® = — 3,2 Br.
92. M3 Broporo 3akoHa -HbloToOHAa B NpOEKUHH Ha rOPH30HTAJb-
HOe HanpasJieHHe
ma=Tsina
HaXOAHM '

ma
sinag’

[Ipu oTpbiBe HHTb OYAET COCTABJATH C BEPTHKanbio yroa f,
onpesensieMbifi M3 YCJOBHSI DaBEHCTBA HYyJl0 CHJAbl N J1aBjeHHA
tena #Ha noa. M3 sroporo 3akoHa HbioTOHA B NMpOEKUHH HA BepTH-
KaJbHYIO OCb:

0=Tcosp -+ N — mg,
npu N =0 naiijaem

cosB::mg/T:—i—sina.

lopH3oHTaNbHEI YYaCTOK HHTH MePeMecTHTC Ha paccrofHue Al
paBHOE YMEHbIIEHHIO QJIHHBI €€ HAKJOHHOTO YyuacTKa:

AJeh h

cos q cos B’

i cuna T coBepluut paGoTy

A=TA=Th(o — o) = (e — 7o)

cos a cos B sina \ cosa gsina
KOTopasi MoieT Ha mpHupalleHHe KHHeTHYecKoH sHepruH rpysa. Hs
yenosus A = m v?/2 naiinem

v=‘\/§::l( l_ __¢ )——=3M/c.

cos a gsino

93. M3 ypaBHeHHS [ABHUMKEHUS NEpPBOro rpysa

2
mx“{}j—'—- m g —N

H 33aKOHa COXpaHeHHﬂ QHQPI‘HH
(m, +myv®

| l
9 =(m2__m1)gT 83



H&aXxoauM
3m, —m, !
N-= ————=—m, g =2 H.
1 & P 3 T8
94. Ecin v, — MHHHMalbHas CKOpPOCTh, NpH KOTOpOH waiba

AOCTHIHET BEDLIHHB TOPKH, TO B MOMEHT, KOTJAA 3TO CJIYYHTCH,
waHba H ropka GyAyT ABHTaThCs C ONHOH M TOH e CKOPOCTbIO 4.
H3 3akona coxpaenuss umnyinca

muy={(M+ m)u

H 3HepPrHH

mu (M4 m)
7~ g T meh

HaxooHuM, HCKJIKOYasa u:

vo=VN2gh(l +m/M)=3,5m/c.
95. M3 sakouna coxpameHus ummyabca
O=muv,+Mu,

H 3Hepruu

m v? Mu?

X

2 2

mg(H—h)=

HAXOIHM CKOpOCTb malGbl v, H CKOPOCTb TOPKH u, B NPOEKUHH Ha
TOPDH3OHTaJbHOE HamnpaBJ/eHHe

v, =V2g(H—h/(1 + ).

Uy=—MY0,.

CkopocTs maitbel OTHOCHTENbHO TOPKH B MOMEHT OTpbIBa

Vore = 0, — tt, = v, (1 + 1) = V2 g (4 — A)(I + 1)

YMHOXHB 3Ty CKOpPOCTb Ha BpeMsi nageHust tzxﬁh/g wAaibbl
C BLICOTH /i, HAXOMMM pPaccTOfHHe OT wWalbL 1o FOpKH:

§ = Ugny t =2VA(H — h)(1 + 1) = 1 6 m.
96. O6o3rauum uepes vy, H p’y, NPOEKuH CKOpPOCTEH nyan H
AOCKH Ha BEPTHKAJIbHYIO OCb NOC/I€ BBIIETA NYJH M3 IOCKH H 3aMUlIeM
3AKOH COXPAHEHHS HMIy/LCA B NPOEKLUHH Ha 3Ty OCb, a TaKxKe 3aKOH

COXPAHEHHS] SHEPTHH LISt MYJAH H JOCKH:
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myv, sina=m v, + my,v’,,
1 Uy 100y 2 ¥ gy

2
m, (v’
l(2 ) =m, gH,
m, (v
2(22y) —ngh

[t (L] m
M3 nepBeIX ABYX ypaBHeHHH Haiinem CKOPOCTh U’Qy——-#x
. 2

x(vlsinrx—-\/2gﬁ) H, TIOACTaBHB 3TOT pe3yJbTaT B TDeThe
YPaBHEHHe, MONYUHM

' —_— 2
h=(_ﬁ"_‘)2 (u,sinam'\/2gﬂ) —01lm
my 2g

97. HopmasnbHas M TaHreKuHanbHas COCTaBJSIOIIHE YCKODEHH s
a, ¥ a, onpenenasorcs GopMyaamu:

v )
a,=-- a,=gsing,
ri€ v —CKOpOCTb wWapHka, ! — aauda HuTH. [Tockosbky ycKopeHnHe
lIapHKa HanpasJ/ieHO TOPH3OHTAJbHO, NPOEKUHH BEKTOPOB a, H a,
Ha BepTHKaJIbHle OCb MMEIOT GAHHAKOBYIO BENHUHHY Q,C0S80 = @ _Sina

sin®
HIH % = gl——

OS I.[anee 3alTHIIEM 38KOH COXpAHeHHSA SHEPruH aJs

Liapuka: Pewmas 3710

YpaBHeHHE OTHOCHTEJILHO COS ﬁ, fiojiyyaem

v? sin’ o
Cosﬁzcosa—————zcos(x———:()j& p=43°.
2g! 2cos
98. CxopocTb 1ai6bl HAa BeplUIHHE TPAMIUIMHA U MOXHO HaHTH

C NOMOMbIO 3aKOHA COXPAHCHHS 3HEPIHH:

2
mu, m v?
— mgoh.
5 5 T mg

BbicOTa Tpamm/iMHa H Za/JbHOCTb ftosieTa wiaiGbl CBfA3alibl ¢ Bpeme-
HeM noneta !, ¢opmyiaMu h=g /2, s=uvt,. MHckaouas us
3aMHCaHHbIX BbIlUE PABEHCTB CKOPOCTb WIAHGLL v W BpeMs mojera f,
nojyuaeM 3aBHCHMOCTb JaJLHOCTH MoJeTa 1akbe OT BbHICOTHI
TpaMILIHHA

Uy

4g)

s = Eg-"-(vg — 2gh) =2 \/(

[
|
P
=
|
o’: OGIO
—
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(OueBKAHO, YTO AAJbHOCTb NOJeTa 6YNeT MaKCHMAJbHOMH MPH YCAOBHH

2
Up
_— 3,6 M,

h=—

|

npu4yeM camMa MakcHMaJjbHas BaJbHOCTDL
2
v,
§ == —_— 7,2 M.
2g
99. B cucrteme TeaN0 — ACCKA CHJIA TpEHHs] OKa3blBaeTCH BHYT-
pEHHeﬁ, H BBHITOJHAETCHA 3aKOH COXPaHeHHs HMIlyJbCa

mu,={(m-+ M)v,

rie v — CKOPOCTb TeJa M JOCKH Moc/ie TOro, Kak Tejq0 Iepecraso
CKONb3HTb OTHOCHTEJBHO JAOCKH. M3MeHeHHe KHHETHUECKOH 3HEprui
Tesia O6YCJOBJeHO pa6oToit CHaki TpeHus F{), neiicrByoutet Ha
TeJO O CTOPOHBI LOCKH:
— My
"‘T“T——-""FTP [l——‘—'kmglh

rae {, — nyTb, NpOHAEHHbLIA TEJOM OTHOCHTEJbHO IJIOCKOCTH. C npy-
roifi CTOPOHbI, KHHETHYECKAsl IHEPrHA JOCKH YBEJHYMBAETCH 3a cuer
pa6oThi cuant Tpenus F{), neficTByloulell Ha A0CKYy CO CTOPOHBI
Tena:

Mo?

2

= F2 I, = kmgl,

rae [, — NyThb, POHAEHHBIH JTOCKOH OTHOCHTEIbLHO TJIOCKOCTH. Ckna-
NbiBAs TIOUNEHHO ABA MOC/AEAHMX YPaBHeHHs H yuHTbiBasi, uto F{)) =

= F?), nonyyaem

M4 m)o? MY
2

5 5 =—kmg(l,—lL)=—hkmgl

Pewrast 3T0 ypaBHEHHE COBMECTHO C YPaBHEHHEM, OITHChIBAOLIHM
COXpaHEeHHe UMNYJbca, HaXOAHM MCKOMOE 3HaueHHe MyTH:

l=—2—z§—g~(l——;l—_"—;ﬁ)=0,68m.

100, Jlnsa Toro uTtoGbl HHXKHHHA KOHel AOCKH OTOpBaJjcsd OT IMO-
na, HeoGXOAMMO, YTOGHI BEPXHHH KOHel JOCKH ¢ ma#Goi (pHc. 93)
«TmepeBellnBaj» HHXKHHA KoHweu. [Qas sroro HEOGXOMHMO, UTOGH
MOMEHT CHJIbI THXKECTH Mg OTHOCHTENbHO TOUKH O NpPeBOCXOLU
MOMEHT CHJbI TsxXKecTH M g:
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mgb>=Mga, (1)

rae b H a-— nseyn cooTBeTCTBYIOWHX cHal; b =[h — (I — x)] cos a;
a=(l/2 — h)cosa; x—nyTb, KOTOpHWH 1PpOXOAHT wafi6a BROJbL
AOCKH.

Puc. 93

CornacHo 3aKOHY COXpPaHEHHSl 3HEPTMH KHHETHYeCKasi 3Heprus
IIai6bl NepexXoauT B NOTEHLHAMbHYIO SHEPTHIO Wai6bl, MOAHsSIBIIEHCS
Ha BBICOTY x Sin a:

muv?/2=mgxsina. (2)
HUcnoabays (1), ua (2) noaydyaem:
v="V2gll —h 4+ (M/m)(l/2 — h)] sin & = 5,5 m/c.

101. YpaBHeHHe sBTOporo 3akoHa HbIOTOHAa B NpOEKUHH Ha
TOPH30HTaNbHYIO OCb HMEeT BHA:

ma==2*k xcosa. (1)

rae X — pacTsAXeHHe IMpYXHH B MoMeHT o6pniBa Hutd. [lyctb
U — MaKCHMaJibHasi CKOPOCTb [apHKa. 3anHilleM 3aKOH COXpaHeHHS
MEeXaHHYECKOH 3HePruH AJA IIapHKa:
2 2 :
mv kx
=2 2

2 2
M3 (1) naxoaum x M, noacraeass B (2), nonyyaem:

—n /8 __
U= 5% cosa 0,2m/c.

102. aBnenre p; H o6beM V|, raza B Haya/JbHOM COCTOSIHHH
CBfI3aHbl C JAaB/IEHHEM p; H 06beMOM V,; B KOHEYHOM COCTOSIHHH
ypaBHheHHeM Knane#ipoHa — MeHnaeneena:
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prVi=pyVy=RT,.

['as cosepwaer paGoTy TO.ILKO NpH nepexoge H3 NMPOMEXKYTOUHOTO
COCTOSIHHA 2 B KOHEUHOE COCTOSIHHE

A=py(Vy— V)=, v3(1 —%)

Hcnoabays ypaBHeHue COCTOAHHUS ra3a, MoC/e/iHee PaBEHCTBO MOKHO
nepenucath B BHIe:

A—p3V3(1— ) RT, (1 _L)

nA
R(n—1)

103. YpasHenue MeHgeneeBa — KaanefipoHa ansi rasa a0 Ha-
rpeBaHMsi MMeeT BHI:

0oTCloJa

T, = = 300 K.

p(Sh)m%RT; (D)
nmocuae Hal‘peBaHHﬁ —_—

p[S(h—f—Ah)]———ﬁR(T—l—A T), (2)

rioe 7=t + 273; AT =-At; Ah — BesqnuuHa nepeMelleHUs] MOPIIHS.
Beiunrasi u3 ypasnenus (2) ypaBHeHue (1), MOXKHO OnpeennTh:

AT
a==Dn, (3)

Pa6ota rasa npu pacuupenus
A=pAV=pSAh (4)

JlaBjieHHe rasa p MOXHO ONpPEAESHTb H3 YCJOBHS PABHOBECHS
NOPLUHA:

pS =peS + mg. | (5)

[oxgcrasass (3) u (5) B (4), nonyqaeM'

“(p05+n¢g)h t+273 = 79 JIx.

104. IIpy oueHb Men/NeHHOM IlepeMeLIeHHH [ODWIHeH AaBAeHHEe
B rase ocraercs HeH3MEHHBIM H PaBHbIM @TMOC(EPHOMY p,, YTC BHA-

HO H3 YCJOBHA pPaBHOBECHUS, 3aMHUCAKHOrO MAJAS CHCTEMbI HOPLLIHEH H
CTEPXHA B JoboM HX I[IPOMENKYTOUHOM IMOJOXKEHHH:

PoSa+pSi=pS;+p,S
OTKYAa cjeflyeT p = p,.
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CnepoBartenbHo, Mpouecc HarpeBa rasa — H3oGapHueckuid. Pa-
Gota, cOBepLIEHHAs ra3soM Hal BO3AYXOM aTMoOC(ephl,

A=p0(32'—sl)l. (l)

Temnepatypy T, raza B COCTOAHHH, H306pPa’KeHHOM Ha pHc. 47,6,

Onpefe/iMM H3 YC/AOBHS NPOTEKAaHH B rase H306apHYECKOro Mpo-
uecca: ‘

Ty,=T, (32/31)- (2)

‘HafineM Ko/JHuecTBO Temsa, NOJIYUEHHOrO Maccoit - ra3a npH ero
‘rarpeBaHHH, HCNOJb3ys BbipaxkeHHe (2) aasa T,:

Q=C'(T2—T,)=CT,(S2-—S,)/S,. (3)

M3 ypasHenna nepBoro 3akoHa TepMOJHHAMHKH OMNDENEJHM MPH-
pauledHe BHYTPEHHEH 3HEePrHH Macchl ra3a, HCHOJb3ys BblpaKeHHH
A Q u A (cMm. paBeHcrBa (3) # (1)):

105. 3aKoH ABHXKEHHS MOPLUHA NPH BpalleHHH (puc. 94):
ma?r=(p,—p)S, (1)

rie o’r — UEHTPOCTPEMHTE/IbHO® YCKOPEHHe MOPIIHA; p,, P, — AaB-
JIEHHSl Ta3a B COOTBeTCTBYIOUIHX YacTAX UHAHHApA, S — naowaib
nopitna. Cyutas npouecc NepeMelieHUs MNOPUIHA (K3 HayaJbHOTO
NOJIOXKEHH1 B PAaBHOBECHOe NPH BpPAlIEHHH) H30TEPMHUECKHM, 3allH-
weM 3akoH boitas — Mapuortra aa1s o6enx uacreélt cocyaa:

w
CF prSU+r)=p, S
. r (2)
| paS(L—r)y=p,SL.

C yueroMm (2) u3 (1) noayumnm
P’ (Pz"ﬁj 5 Pz

I o = PV
2 o m (2 — r?)

= 200 paa/c.

Puc. 94
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ACCSITH'IHHC NPHCTABKH K HA3BAHHAM enHHHUY

Tura (10%) (nanpumep, 1 I'sB = 10%3B)
Mera (10%) (nanpumep, | MOM = 10° COm)
Kuao (10%) (nanpumep, 1 kB = 10° B)
Muanu (107°) (nanpumep, | MA = 10"2A)
Mukpo (107%) (nanpumep, 1 MM = 107% )
Hano (107%) (nanpumep, | e = [07%¢)

Hexoropsie Qu3HUeCKHE TIOCTORHHbIE

[pasurausonsas nocrosunas y = 6,67 - 10~ M3/ (kr - ¢?)
Yncao Asoraapo N, = 6,02 - 10 moan™!
Cranpaprubliit 06beM uaeaasHoro rasa V,=22,4 - 107 m*/Monn
Tepmuueckhit K03 PHUHEHT RaBIeHUS
Temnepatyprbift KO3 PHUHEHT } a=3,66-10"3K™!
paciiUpeHys HAEAbHOrO ra3a
YuuBepcaabHasa rasopas nocrosiinas R == 8,31 [Ix/(K - monb)
Anemenraphslit 3apsg e=1,60 107"° Kn=4,80. [0~'°CI'C3 3apsaa
Yucao Papaness F = 0,965 10® Ka/ (kr - Moab)
Macca anektpoda m,==0,912.- 10~ ¥ «r
AtomHas egHHHua Macch (a.e.Mm.) = 1,66 - 107 % kr
CkopocTs cBeTa B Bakyyme ¢ = 3,00 108 m/c
[Mocrosinnan Iaanka h =6,62- 107 Ik - c;
h=h/27=1,05-10"% Ox c
JjeKTpHYECKAs TIOCTORHKAR e, = 0,885 107! d/m

| . ] 9
e, =9,0-10"m/P

MaruurHan nocrosinHas po==4n. 107" Tn/m
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