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[image: C:\Users\8966~1\AppData\Local\Temp\Rar$DI55.328\2009_02_C2_usl.png]
[image: C:\Users\8966~1\AppData\Local\Temp\Rar$DI47.032\2009_02_C2_resh.png]

[image: C:\Users\8966~1\AppData\Local\Temp\Rar$DI63.032\2009_107_C2_usl.png]
[image: C:\Users\8966~1\AppData\Local\Temp\Rar$DI43.032\2009_107_C2_resh.png]
16.
[image: C:\Users\8966~1\AppData\Local\Temp\Rar$DI89.032\2009_135_C2_usl.png]
[image: C:\Users\8966~1\AppData\Local\Temp\Rar$DI32.032\2009_135_C2_resh.png]
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Bpycok maccoii m; = 500 I cOCKa/b3bIBA€T MO HAKTOHHOH TI0CKOCTH BbICOTOM h = 0,8 M U CTA/IKMBAETCSl C HEMOABIK-
HbIM Gpyckom Maccoii mz = 300 T, NIeXaluM Ha TOPU30HTAbHO# MIOBEPXHOCTH. CUNTast CTONIKHOBeHHe YIIpyTHM, OTIpe-
JleITe KHHETHIECKY 10 SHEPTHIO NIepBOro Gpycka Moc/ie CTOIKHOBeHUs. TpeHHeM MU {BIDKeHNH NpeHeGpeus.
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IWla6ammn Esrennii Maarosim ‘ww.reppofiz.info — NOMOLLE> 10 (hIBHKe CTYEHTaM 1 LIKOTLHIKaM

2004 rox 119 sapwarr c1

)

Tak KaK 7O YC/OBUHIO TPeHHeM TipeHeGpeub, TO
NpH IBWKEHHM MepBoro 6Gpycka Ti0 HAKIOHHOMH
TUIOCKOCTH €r0 MeXaHHJecKasi SHeprusi CoXp aHsi-

m v

erca. To ectb: m,gh:‘T, e cieBa CTOMT

sHeprus Gpycka BBepXy (1) — B 3TOM COCTOSHMM y GPyCKa TO/BKO 10~
TeHLMaNbHast SHEPTHSL; CrPaBa — 3HepTHst GpycKa BHU3Y (2) Herocpex-
CTBEHHO TIepej| CTONKHOBEHHEM — 3[eCh y OPyCKa TOMBKO KHHETHue-
CKasi 3Heprus (NPUMeM 3TOT YPOBEHD 3a HyJ/IeBOM [18 MOTeHIHab-
HO¥i Hepruu). M3 5TOr0 paBeHCTBA MOXKHO CPasy OMPefelluTh CKO-
POCTb NIepBoro 6pycka Nepef, CTO/KHOBeHHeM v=12gh=4wc.

TIpH CTONKHOBEHHH BBINIOJTHSIETCS 3KOH COXPAHEHHS HMITy/Ibca (B MPOEKIMH Ha 0ch X): M V=M, V,+m,V, . 3gech
Vi M V2 — CKOpOCTH GpYCKOB Tocre yziapa (3) (a4 npenonoxun, uto nepsbiii 6pycok Gyger mocne yzapa npogomkaTh
JBIDKEHHe B TOM )Ke HanpaB/eHHe, XOTs 3T0 He BaXHO). A TaK KaK yJap yrpyrHii, To NIpH yjape BBITIOHAETCH 3aKOH

2 2 2
myv: myvy myv:
1 Vi, vy

COXpaHeHHsi MeXaHHYeCKOH YHepruu: TocTaBHB /Il IPOCTOTHI PellleHHsi B 3TH 3aKOHbI YMC-

=05v,+03v,

8=0,5v2+03v2 7 PO KT

PYI0, OMpe/ie/AM CKOPOCTB TepBoro Gpycka nocie yaapa: vi = 1 W/c 1 vi = 4 w/c (KBajjpaTHOe ypaBHeHHe JIaeT /B Kop-

). EcTecTBeHHO, HaC yCTpamBaeT TONBKO TIEPBHIii OTBET, TAK KaK NPH BTOPOM OTBeTe V2 = 0, TO eCTh Kak GyATO Obi
m,v;

nepBbiii 6pycoK MpocTo npotien ckBo3b Bropoii. CieioBarebHo = =0,25 [IK .

ant =

JleHHble [JaHHble, TIOyYNM CHCTEeMy W3 JIByX yPaBHEHHii C [ByMs HeH3BeCTHBIMH: {
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[lyns, neTsias rOPU30HTA/BHO CO CKOPOCTBIO Vo = 120 M/c, IpoGMBAeT /e)kalllyro Ha TopPU30HTa/bHO# MOBePXHOCTH
cTona KopoGKy M Pofo/KaeT JBIDKeHIe B IPeXXHEM Harpas/ieHuH, norepsis 80% ckopocTi. Macca kopobku B 16 pa3

6Gobiiie Macchl mymi. Kos(ppuimeHT TpeHns cKo/bkeHns Mexxy KopoGKoii i croom i = 0,5. Ha Kakoe paccrosiHie
TepeMecTHTCs KOpoGKa K MOMEHTY, KOT/ja eé CKOPOCTh YMEHBIIHTCS BABOE?
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vo =120 M/c 2005 rop 91 Bapuant a1

M_

w16 Ha mynio 1 KopoGKy B MOMEHT yjapa BHElIHHe CU/TbI (TSDKeCTH U PeaKLMM OIOpbI) JIeHCTBYIOT TO/BKO
n=20%=02 110 BepTHKa/m. CriefjoBaTe/bHO, HMITY/ILC CHCTeMBI My/If-KopoGKa B IPOEKL Ha TOPH30HTA/TLHYI0
0Chb MepeJ COyIapeHHeM PpaBeH HMIY/IbCy CHCTEMbl HENOCDe/ICTBEHHO MoUIe COyAApPeHHs:

mv,=mv,+Mu,, Iie v,=nv, — N0 yCIOBUI0. YUUTLIBask OTHOLIEHHE Macc, U3 3TOTO 3aKOHa Hai/iem|

CKOpOCTb KOpOBKHM U;, C KOTOPOIl OHa Hauana JBIDKeHHMe TOCTe B3aMMOJEHCTBMA C myneil:

m(v,—v,) mv,(1-n)
u=—>—l=C __—6m/c — -
M 16m u — u,
" 5 . M M —» N, —»
JlpiwkeHne KopoOKM MPOMCXOZMT Mo JleficTBHeM TPEX V), v,
CUJT: TSDKeCTH, PeakLiiM OMOpbI ¥ TPeHUs. [IpiyeM, TONbKo @~ & F,
Cu/la TPeHHs fAB/AETCA HeKOHCepBaTHBHOH. CornacHo - >
3aKOHY ' M3MEHeHMsl TO/IHOH MeXaHH4eCKOH SHepruu 3 Vi
AE,, =A, (*). B HaweMm Clyyae MeHSETCS TONBKO 9
0 ydapa nocze ydapa

KUHETHYeCKasi COCTAB/ISOLAs TI0MHON  MeXaHMue Coii
Mu; Mu;
2 2

CKONB3NUT 110 cTony, To F,,=u N . HakoHel|, yuMThIBas HarpaB/eHns CHTbl TPEHHs U NepeMellieHns (NOSABNAETCA 3HaK|
"MMHYC"), 3arMIleM BbipakeHWe Ana paGoTel Ctbl TpeHus: A,,=—F, S=—uMgS. Tlocie NOICTaHOBKH 3TOrO|

SHeprit AE,

—EMuf, Kpome Toro, mo 2-My 3akoHy HeloroHa N=M g, a Tak Kak KopoOka
8

" 3u
BBIPa)KEHHsI M M3MEHEHNUs MeXaHHueCKoil SHepriu B opmysty (*), No/ydaeM MCKOMOe MepeMellieHHe S=—==2,7M .
8ug
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Illap maccoit 1 Kr, MoZ|BellIeHHBI Ha HUTH JUMHOKA 90 M, OTBOZAT OT
MOJIOKEeHUs1 paBHOBeCMA Ha yron 60° M OTHycKaroT. B MoMeHT
TPOXOX/IEHHs 1IapOM TIO/IKeHUsI PABHOBECHsl B HETO TIOMa/iaeT MyJist
maccoii 10 T, jleTAljas HaBCTpedyy IIapy. OHa MNpOGHMBAeT ero u
TMPOZIO/DKAET JIBUraThCs TOPM3OHTAIBHO CO CKOpPOCThIo 200 M/c. C Kakoit
CKOpOCTBIO fleTefla Tyas, ecTd Iuap, TNpOJO/DKas JBIDKeHHe B
TOPU30HTA/TLHOM HaMpaBleHUH, OTK/IOHAeTC Ha yron 39°? (Maccy mapa
CUMTaTh HEM3MEHHOM, JMaMeTp Wlapa — MpeHeGPEeXUMO MasbIM 0
CpaBHEHHIO C JUIMHOM HUTH, cos 39° = 7/9).
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M=1xr 2006 rog 33 apuant c1

L=90cm=09m

«=60° PaccvoTpum /IBioKeHHe 1apa /0 yAapa. Tak Kak Ha 11ap JeCTBYIOT TO/bKO KOHCepBaTHBHBIE
m=10r =001 kr CHJIBI (CW’IE{ TSDKeCTU M CWila HaTsDKeHUs HHTH), TO MeXaHHYeCKas 5Heprus Hiapa He MEeHAeTCH:
Z;: §g‘3 e mg h‘:ﬂ' TAe h=L(1-cosx) — Haua/bHas BBICOTA HAjj TIONIOKEHHEM, T/ie MPOMCXOAHT
05 39°=7/9 2

coygaperue.  CrefoBate/bHO U, =+2gh,=V2gL(1—cosx)=y2X10x0,9(1-0,5)=3m/c  —
CKOPOCTB L11apa fepe/] CoyAapeHHeM C Iy/ief.

710 yapa nocse yaapa X

B MOMEHT yjjapa BbINO/HACTC 3aKOH COXPAHEHHMs HMITY/IhCa.
B NPOEKLMM Ha FOPU3OHTaNIBHY0 0k X @ MVy—Mu, =mv—Mu, . 3aeck u, — CKOPOCTb LIapa ocTe y/apa.
TIpu fanbHeiileM /JIBIDKeHHe [1apa OfsATh BBINO/HSAETCS 3aKOH COXPaHeHHs MeXaHH1eCK ol SHepruH:

mu,

mgh, ,rae h,=L(1—cosp) — Hoasi BbICOTa NOfibEMa L1apa.

2
3uaunT: u,=V2g L (1—cos B)=+2X10X0,9(1—7/9)=2m/c . [IOACTAB/sA BRIPAKCHHA [ITIA U; 1 Us B 34KOH COXPAHEHHS
WMITY/IbCa, HaliZIeM Vo: VD:V+M(UI*UZ)ZZOO%»L(:’)*Z):?)OOM/C .

m 0,01
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M1y, GpoleHHBIH 1Mof, yriioM 45° K TOpU30HTY ¢ paccrosiHust L = 6,4 M ot 3abopa, mepesieTes1 uepe3 Hero, KOCHyB-
IIMCh €ro B CaMoii BepxHeii Touke TpaekTopun. KakoBa BeicoTa 3a60pa Ha/l ypoBHeM, C KOTOPOro GpolieH Msu?
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YUMTBIBAsI, YUTO YCKOPEHHe Msua PABHO YCKOPeHHIO CBO6OHOrO Tajie-
Vv, =V sina—gt

a=45° 2006 rox 61 Bapmant c1
L=64m
3amviieM KMHeMaTHYeCKHe 3aKOHbI JIBIDKEHHUs 4
- = 9
v=v,+at q
g
MsTya = Gt’ B npoekymsix Ha oo X u Y, 2
S=V,t+— 71
ol q
9
9
9
9
9
9
9
9

. ,COS &X
HUsL d=g: — Ha ochb X;

2
, COSX E S 8t

pSinat —2—

S= ;

Ha ock Y. Tak Kak B BepxHew Touke vV, =0, 10 v sina—gt=0, 3na-

B v,sin o
unT, Bpems TONETA O BepXHell TOUKH {=—" TlonctaBuM 3TO BpeMs B ypaBHeHMst i Si U Sy
8
Vvosina  visinxcos &
S,=L=v,cosa _—
8 8
Vs vosinal Visina TloslemB BTOpOE ypaBHeHHe Ha TepBoe, TOMyunM
. () () )
S,=h=v sina -£
8 2l g 2g

Ltgo _ 6,4%tg45"

CnejoBate/bHO, BbICOTa 3a60pa: h= 3 3

=3,2m.
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HaK/I0HHast T/I0CKOCTh MepeceKaeTCl C TOPU30HTATBHOM MIOCKOCTEIO MO TPSIMOH
AB. Yron Mex[y IVIOCKOCTSIMU @ = 30°. MasieHbKast 1aiiba HauMHaeT [BIDKeHHe
BBepX 110 HAK/IOHHOI TVIOCKOCTU U3 TOYKH A C Haua/IbHO CKOPOCTBIO V TIOf] YT~
J1oM 3 = 60° K rpsiMoit AB. B xofie IBIDKeHysI 1iaiiba che3kaeT Ha Ipsimyio AB B
Touke B. Haiizute v, eomt AB = 1 M. TpeHreM Mex[y Laitboil 1 HAKJIOHHOH
II7I0CKOCTBIO MpeHeGpeyb.
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2007 rog 6 Bapwant cl

Hapuicyem curibl, feficTByIole Ha a6y npu eé JBMKEeHHH 110 Ha-
K/IOHHOI1 II0CKOCTH 1 3anuilieM 2-oii 3aKoH HBI0TOHA B TIPoeKLn
Ha 0Cb Y (0Ch Y — 3TO OCh, HalpaB/IeHHasl BJO/b HAaK/IOHHO TUIoC-
KOCTH MepreH/MKyspHo AB): —mgsin («)=—ma . CnefjoBate/ib-
Ho: a=gsin(&) — yckopeHue wwaiibbl. [IpudeM 5T0 yCKOpeHHe HaMpaB/IeHo MPOTH-
BOIIOJIOXKHO OCH Y.

3amuieM KHHeMarHdeckKHe 3aKOHBI TlepeMeleHns aii0bl 10 HAK/IOHHO TI0CKO-
cTM B mpoekimsasx Ha oat X MY (o X HampaBuM BOoMb  AB):

S,=vcos (B)t=|AB|

. B 3THX ypaBHEHMsX yuTéH TOT (JaKT, uTo Iaiba rmpues-

S):vsin(B)tfa? 0

JKaeT B TOUKy B. Tor/ja, U3 OJJHOTO ypaBHeHWs1 (HarpiMep, BTOPOro) MOXKHO BbIPa3UTh

_2vsin(B)_2vsin(p)

T g—sin ) 1 TIOZICTaBUB 5TO BpeMsl B JIpyroe ypaBHeHue (B [JaHHOM C/Tyyae 1epBoe):

BpeMs1 JIBIDKEHUSL:

—_—

2vsin ( i [10si B
2vsin() |AB| , HaiiT HauaLHYI0 CKOPOCTh WAL v= [1aBlgsin(«) _ [10sin(30

gsin () sin(2B) | sin(120)
Kak BUJIUTE, NBIDKEHUE mﬂﬁ6b‘ 10 HAaKJIOHHOH T/IOCKO CTH TIpA OTCYTCTBUH CUJIbI TPEHUSA TAKOE K€ KaK [IBIDKEHUE Tesla,
6pOLLIEHHOTO M0J] YITIOM K FOPM30HTY. PasHuIIa IMLIb B YCKOPEHUSIX STUX Tell.

vcos(B)
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BpyCOK Maccoii m CKOMb3WUT MO FOPU30HTa/ILHOI TIOBEPXHOCTU CTO/IA M HATOHsieT GPYCOK Maccoil 6m, CKOMb3ALLINIA 10
CTOJTy B TOM )K€ HanpaB/ieHH!. B pesy/sTare Heynpyroro coyAapenns 6pycki CMnaioTcl. VX CKOpoCTH repe/ yAapoM
Gbi/m Vo = 7 M/C 1 Vo/3. Ko3(ULMEHT TpeHNs CKOMbKeHHs: Mexk/y Gpyckamu 1 croniom i = 0,5. Ha Kakoe paccTosiHue
TiepeMe CTSATCS CIIIINEcst GPYCKU K MOMEHTY, KOI/la HX CKOPOCTb CTaHeT 2Vy/7?
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Y= o= 7 e 2007 ron 25 napmant ct
V2= w3 3 7 7
n=05 TIpy coyjapeHMM [BYX Tel BpPEMEHEM — i —p mEm, sy,
Ve=2v/7 =2 m/c | B3aMMOJEHCTBHSI MOXKHO mpeHe0peub, a F,
m=m 3HAUNT CH/IA TPEHHUsl He YCTeBaeT OKasaTh m " —
m: = 6m kakoe-1mbo feficteue Ha Tena. ITosromy, ' : 3

MOXHO BOCII0/Ib30BAThCsI 3aKOHOM 90 yoapa } nocre yoapa

COXpaHeHHs HMITy/IbCA:
mv,+m,v, mvy+6m(v,/3) 3v, 3MC — cxoporTs Ten chas
m;+m, 7m 7 P pasy
nocte coypapenust. Ilpn jaibHeHneM ABIKGHNHM HA Tela /eiiCTBYeT HEKOHCepPBATHBHAs CWIA — CHJIA TPEeHHs,
KOTOpasi yMeHbLIaeT MeXaHH4ecKyo (B JaHHOM C/lyuae TONbKO KHHeTWueckyio) smepruio: AE  =A, =A, . 10
2 2 2 2
(m,+m,)v> (m,+m,)v V3=V, —y

€CTh: ‘—Z)”_‘—Z)J ViTVe_ 37-2
2 2 2gu 2x10X0,5

3pech ObUTM MCTIONB30BAHBI CEAYIOLjHe MOMeHTbE: cuna Tpennst: F,,=H N, a Tak Kak JBIXeHHE NPOUCXOAMT IO
FOPH30HTA/ILHOH TOBEPXHOCTH, TO CHJa peakiuy omopsl: N=(m,+m,)g; kpome Toro, pa6oTa cuibl TpeHus
OTpULaTe/IbHA, TAK CH/IA HANPAB/IeHAa MPOTUBOINO/IOKHO NeEpPeMeIeHHI0 (II09TOMy, NOSBIWICS 3HAK "MHUHYC" B

BBIDAXKEHUH /1715t paboTbI).

m,v,+m,v,

05m.

F,,S=—(m,+m,)gus = S
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TlylKa, 3aKpervieHHas Ha BBICOTE 5 M, CTpe/seT B TOPH30HTa/IbHOM HarpaBIeHu! cHapsijaMu Maccel 10 Kr. Beeacteie
OTJauM ee CTBOJ, MMelolmii Maccy 1000 KI, OKMMaeT Ha 1 M MpYKHHY >kecTKoctd 6x10° H/m, npou3BozAlyio|
Tiepe3apszKy Myuiki. CuMTasi, 4To OTHOCHTe/bHast O/ 1| = 1/6 SHepruM oT/jauM MJeT Ha OKaTHe NPY)KHHBI, HaiiguTe
JIATIBHOCTB TI0/1eTa CHapsyia.
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2007 rog 30 BapuanT c1 — —
Y2 m, m, L
< b M=

PaccMOTpUM B3aMMO/IeiiCTBHe CHapsijia ¥ CTBOJIA TyLIKH. B MOMeHT
BBICTPe/la CyMMa BCeX BHEIUHMX CHJI, JeHCTBYIOIMX HA HHX,
PaBHAIAch Hymo. [103TOMY BLINONHAETC] 3AaKOH COXPAaHEHHs M

uMnyabca: 0=m,v,—m,v, (*), rie CleBa CTOMT UMITYIbC JO
BhICTpesia (BCE TOKOM/IOCH), CMpaBd '— HENOCPeJCTBEHHO Mocre.
TIpuyéMm, v; — 3TO CKOPOCTE,,C KOTOpOii MofieTeNn cHapsAf, V. — HavalbHast CKOPOCTh CTBO/A. JHeprus|
m,v; kX

2

OT/jauu — 3TO HavalbHas SHeprus crBona: E =

. DHeprusi CKaTol MpYKUHbI: E“”:T . IIo

2 m,v:
yenoguio E,=nE,,, 1o ects ka:l ER

6 2
5T0 BblpwKeHHe B (*), HaiileM HayaJbHYI0 CKOPOCTb — CHapsija:
pom _m 6k JGkm, \6x6x 107x1000

my  m \'m, m; 10
Tenepb 3aryviieM KHHeMaTH4YeCKHe 33aKOHBI [IBIDKeHWs CHapsaja B

x . TloacTaBnasa

X1=600Mm/c .

2
npoekiusx Ha oM X U Y: L=v;t — ocbX; h:gzt

BTOPOTO BBIP@&KEHUs MOKHO HAaWTH BpeMsl TOMeTa:

TOr/ja U3 NepBoro — Ja/IkHOCTh NofiéTa: L=600X1=600m .
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2008 rog 1 Bapuant [

VI3 npy’>KUHHOTO MHCTO/IETa BBICTPE/IIN BEPTUKAILHO BHU3 B MHUILIEHD, HAXOJSIIYIOCS Ha PaCCTOSIHUM 2 M OT HEro.
Coeepiume pabory 0,12 JIx, mysst 3acTpsila B MulieHH. KakoBa Macca Imy/i, ec/im IpysKuHa ObUla Ckara repej BbICTpe-
JI0M Ha 2 M, a ee ecTKocTb 100 H/m?
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3ajlaua oueHb MPOCTast ¥ pelaeTcst B ofHO Aeiicteue. Ho B Hell ecTb . .ﬁ.
rapa MOMEHTOB, Ha KOTOpble X0ueTcst 06paruTs BHUMaHue. [laBaiire A .
MOCMOTPHUM Ha PHCYHOK. Y MHOTHX B 3TOil 33/jaue BO3HHKAeT BOMPOC:
OTKYy/la OTCUMThBaTh H? B caMoM /jefie, MACTO/IET UMeeT JUIHHY, a MU-
meHb — TomuuHy. Ho, yXe M0 yCIOBHIO MOHSTHO UTO, TaK Kak
Ax<<H, T0 pasMepamy MHCTO/ETa MOXHO TpeHe6peus. TpyJHee ¢ MHILIEHBIO — OHA MO-
JKeT BBITh J0CTAaTOUHO MATKO#, M TOT/ia NepeMeltieHue S My/ii B Heil OKaKeTCst IPHINYHBIM.
K coxaneHnio, aBTOpbI 33Jau 1PO 3TO HUYErO He TOBOPST, M Mbl BbIHY)K/I@HbI NPHHSTD,
uyro S< H, To ectb H — 3T0 He TO/ILKO PaCCTOSHUE MeXLy TTHCTONIeTOM U MHILEHbI0, HO 1
PaccTosiHye MeX/AY HaYaIbHBIM M KOHEUHBIM M0/I0KeHHeM My/TH.

U BTOpOil MOMEHT: M0 YC/IOBHIO peub HAET O Kakoi-To pabore mynm. Herioxo 6br
y3HaTh y aBTOPOB 3a/auy OMNpezeneHye 3Toro noHsTHs. Ho, mojo6HbIe JIAMbI YaCTeHbKO BCTPEUAlOTCs B 3aavax M
JIETKO MOTYT 3amyTaTh peluaioiero. He obpaiaiite BHUMaHHe — KOHEUHO JKe, aBTOPbI HMe/TH BBH/Y paboTy CHIbI Tpe-
HHs (W1 CONPOTUB/IEHNsT), KOTOpasi JIeHCTBYET Ha MyJIi0 CO CTOPOHbI MHIIIEHH (J]a M BO3/lyXa TOXe).

Tak Kak CuIa TPeHus (CONPOTHBACHNS) — HeKOHCePBaTHBHAs CHJ/IA, TO Terleph OCTaéTCs 3aMKCaTh CBS3b H3MeHe-
HHs TIOJIHOM MeXaHMYecKOi SHeprum c pa6oroii HekoHcepBatuBHbIx cun: A E=E,—E =A, . B HaweMm ciyuae

k(Ax)?

HauasnbHasi 3Heprus mynu E, mgH+T , TAie TIlepBoe C/1araemMoe — MOTeHLjUa/IbHast SHePruisi My B MOIe TshKe-

o |-¥-

CTH 3eM/IM OTHOCHTE/IBHO KOHEUHOTO TI0JIOXKEHHs], BTrOpoe — MOTEeHLalbHasi SHEPrusi CHKATOH MPYKUHBI; KOHeuHast
sHeprust E,=0, 3amersre, B 060MX C/Tyuasix KMHeTHUECKasi SHEPrusi paBHa Hy/to; A, =—A | Tak Kak CHJIa TPeHHsl Co-
BepIIaeT OTPHLATE/ILHYI0 PaboTy (CiUla HarpaB/IeHa NPOTHE [epeMeLLieHHsT).

2 _ 2 _ 2
CnepgoBarenbHO, 0—‘mgH+—k(AX) A kg(?{x) /2=0’12 1(1)g>>i(20,02) f2

—A, oTKyga m=

=0,005kr=5r.

2
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MarneHbKHi1 IIapHK Ma/laeT BepTUKATbHO BHU3 Ha IIOCKOCTh, MMEIOL{yI0 YTO/ HAK/IOHa K Fopu3oHTy 30° 1 yTpyro oT-
pakaeTcst oT He€. Crie/lylOLyii y/jap Iapyka O II0CKOCTh TIPOUCXOUT Ha PacCTosHMM 20 CM OT MeCTa MepBoro y/apa.
Onpeyie/iTe TIPOMEXXYTOK BPeMEH! Me/1y TepBbIM 1 BTOPEIM y/japaMH LIapHKa O TUI0CKOCT.
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Tak Kak IIapMK OTPakaeTcsi OT IUIOCKOCTH YMpYTo, TO

yron oTpaxkeHusi GyJieT paBeH Iy MajieHus. 3ariuiiem
KHMHEMATHYeCKMii  3aKOH ' U1  mepeMelleHHs

a2
f+£ B TpOEKISX Ha ocu (0Cb X HAarpaBUM

" 2
) sin (o)t
S,=vysin (o()HrgT: L
BJO/b TUI0CKOCTH): B
geos (o)t
S, vncos(o()lfTZO
W3 BTOPOTO ypaBHEHWs BbIPA3MM HAYa/lbHYIO CKOPOCTh Vo (CKOPOCTB, C KOTOPOii IAPHK B TIEPBBIi Pa3 OTCKOUMI OT
t
IUIOCKOCTH): Vo= gz , ¥ TIOJICTABM 5TO BbID@KEHNUE B [IEPBOE yPaBHeHHe. 113 [0/Ty4eHHOTO YpaBHEHNs! HaliieM BpeMst:

02¢
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Teno, cBo6OAHO Najaloliee C HEKOTOPOIA BBICOTBI, 3@ BPeMs T = 1 € NoC/Ie Havaia /BIKeHHs], IPOXOAMT MyTh B N = 5 pa3
MeHBbLLINIA, YeM 3a TaKoil e MPOMEXKYTOK BpeMeHH B KOHL|e /iBibkeHus. HaiiuTe BICOTY, C KOTOPO# Nazjano Tefo.
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2008 rox 05205946 BapuarT c1

Tlo ycloBMIO TajeHne cBoGOJFHOe, TO eCTh Ge3 HauaabHOi
CKOPOCTH. 3amuilleM KHHeMaTH4YecKHil 3aKOoH IepeMerieHHs
JU11 Pa3NMuHBIX YYaCTKOB /IBIDKEHHs (a, UTO ellje MOXHO 3/ech

2
3armcarb?!!): h:gzL — /1A BCETo MyTH, ¢ — MOJIHOe BpeMs MofeTa; S. g% — s

g(t—-7)°
2

eCTb 3a  Bpemsi, TpPEJIIECTBYIOLEE . NOCTeJHEMY TIPOMEXYTKY. IIpu  3ToM

TiepeMeleHNe Ha MOC/IeHEM YYACTKE MOKHO BbIpAa3sUTh YE€pPe3 BCHO BBICOTY hwu

S
nepemetjeHne S, (CM. PACYHOK): S;=h—S,. Kpome 5T0ro, o ycioBui 11:5—3,
1

Ecmi Temepb Bce opMy/bl cobpaTh B MOCIEJHIOI, TO TOCIE COKPaLeHHH

TiepeMeleHIs 3a BpeMs T, S,= — Jy11 TiepeMelleHus 3a Bpems (t — T), TO

TOJlyYUTCA OfJHO yPaBHEHWE C OfJHUM HEM3BECTHBIM — BpEMEHeM [ n=

=

(n+1)t_(5+1)x1
T T:3c, A, 1eoBaTeNbHO,  BbICOTA,

MO/Ty4yaeTcss  OTBET

2
_gt’_10x3"_
h = 45m

E=(c=1)

, KOTOpOE JIerkKo pewaeTcss u

C KOTOPOHl Majano Teno:




image27.png
2009 rox 02 Bapuant c2

Pazuyc nnaHets! [ImoK B 2 pa3a MeHblue pajuyca 3eM/H, a rmepuoz oOpallieHus CIyTHUKA, /BHXKYIIErocst BOKpYT
TInoKa 110 HM3KOH KPyroBoii opbuTe, COBMaiaeT ¢ nepuozoM oOpallieHHst aHaIOTHYHOT0 CIyTHHKA 3eMii. Yemy paBHO
OTHOLLIEHHWe CpeHKX TIoTHOCTel Tlnroka 1 3emm? O6bEM wwapa npornopuroHaneH Kyby paguyca (V ~ R?).
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2009 rox 02 Bapuant c2
PaccmMOTpUM JIBIDKEHMe CIyTHMKA BOKPYT TiaHeThl. Ha criyTHHK co

m Merym
7

CTOPOHbI IVIAHETHI AeHiCTBYeT rpaBUTalMONHas cuma F,,.=G

rje R — paccTosiHue MeXly CIyTHHKOM M LIeHTPOM TI/IaHeThl (IIPH 9TOM
CMyTHUK MOXKHO CUMTaTh MaTepHa/IbHON TOUKOH, a IIaHeTy Mjealib-
HBIM mapoM). OTa CH/Ia BBI3LIBAET y CIYTHHKA I{@HTPOCTPEMHTE/IbHOE

2m
yekopenme a,=w’ R, rae Ry — pajuyc OpoMTHI CIyTHHMKA, (O="-— — ero yrioBas

T
ckopocts, T — mepuoy obpamenus. B Hameit 3agave R,,;=R. Ilo 2-my 3akony Herorona: F,,=m,,.d,, T0 ects
2 2 3
My, My 2 . ._ 4R
S =My | =| R - CriepoBatessHo, neprog 06palyeHust CryTHUKA BOKPYT IIaHeTsl: 1= —— .
R Gm,,
. . 4
BbIpasim Maccy I/IaHeTsl uepe3 eé IIOTHOCTb (CUMTast TIAHETy OFHOPOAHOIT): M, = pV=ﬂ§an,, U TIOACTAaBHM B
3
[3mR

opmyny st epuoza: T:\J W . Tlo yC/I0BHIO CIYTHHK JBIKETCs 10 HU3KO# opuTe, 3Hauut, R~R,, , 1 Torga
pGR,

2

3m T
3T 1o ectb, P=——; . OTKyja BU/HO, UTO Proo | Zoeu| —q

G GT Poow | Trug
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JIBa 1apHKa, MacChl KOTOPBIX OT/IMUAIOTCS B 3 Pa3a, BUCIT CONPUKACAsiCh, Ha BePTUKA/Ib-
HBIX HUTSX (CM. PUCYHOK). JIETKHi1 IIAPHK OTKJIOHSIOT Ha yro 90° U OTITyCKaroT 6e3 Hava/lb-
HOi1 ckopocTH. HaiiTi OTHOILIeHHe MMITy/bCa JIErKoro LiaphKa K MMITY/IbCY TSDKE/IOrO [iapiKa
cpasy roc/ie abCOMOTHO YTIPYTOro LeHTPAIbHOTO COy/lapeHusI.

m
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2009 rog 107 Bapwant c2

PaccCMOTPHMM COCTOSIHUSA I1IaPUKOB HETOCPe/ICTBEeHHO 1epe/i Y/apoM 1 7 P, P,
cpasy nocie yaapa. Tak Kak B MOMEHT y/japa CyMMa BHEIIHHX CHUI (CITI - -~ <
TDKECTH U HaTsDKeHHs HUTeil), /IefiCTBYIOIMX Ha CHCTeMy paBHa HYJIIO, OO OO
TO HMIOYIBC CHCTEMBI LIADUKOB OCTAETCSl BEIMMMHON MOCTOSHHOA M
(3aKOH CcOXpaHeHMsl HMIY/Ibca): P=—p,+P, (*) (3aKoH 3amucaH B
TMPOEeKLMM Ha 0cb X). X

Tlo yc/ioBUio yAap abCoMOTHO YNpPYTHiA, CliefjoBATe/bHO, BBITIO/HS-
©TCs1 3aKOH COXPAHeHHsI MeXaHHYe CKOi 9HePrHH. A, TaK KaK NOTeHL-
a/TbHasi SHeprys /10 y/lapa paBHa MOTEHLMA/ILHOI SHEpriH Mo cie yapa, TO M KHHeTHYeCKas YHeprus CHCTeMBI He H3-
MeHH/Iach. B 3a/jauax Ha yJapbl Te/l KNHeTUUe CKYIO SHEepryio /yuille BbIPaKaTh Yepe3 MMITY/bC (TaK Mpolie pelarh

TIO/Ty YakoIecs ypaBHeHus): EMW=M (mv)_ p* . Tor/ia 110 3aKOHY COXPaHEeHsl SHepriu: £+ P ().
2 2m  2m 2m 2m 2M

>

JloMHOXMM ypaBHeHHe (**) Ha 2m: p2=pf+p§% . A ypaBHeHue (*) Bo3BeJEM B KBafipar: p’=pi—2p, p,+pi, u

oy 2 > _ 2, am 1 m|_1[, 1|_1
MOACTaBUM B (**): pi—2p;p,+p; = pj+p,— . OTCtoz1a HETPYAHO MOMYUYUTh OTBET: —=—(1——|=—|1——|=—.
M 2|7 M| 2|7 373
Kax BiuTe, OTBeT B 3a/jaue abCOMOTHO He 3aBICUT HH OT yT/Ia, Ha KOTOPbIiA MepBOHAYa/TbHO OTK/IOHSIOT IerKuii 1iia-
PMK, HH OT €T0 Haua/IbHOi CKOPOCTH.

b
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Ha r1a/1Koil TOpU30HTABHOM II0CKOCTH HAXOAMTCA /YIMHHasA OCKa Maccoil M =
2 kr. [To jocke CKOJIb3UT Waiita Maccoit m. Koo uipeHT TpeHus Mexx/y 1aitboit 1
Zockoit p = 0,2. B HaY&/ILHBI MOMEHT BPEMEHH CKOPOCTb LIAibbI vy = 2 M/C, a J0C-
Ka [OKOUTCL. B MoMeHT T = 0,8 ¢ maiiba repecTaeT CKOJIb3HTh 110 Jocke. UeMy pas-
Ha Macca Iaii6s m?

M
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PaccMOTpHUM CHJIBL, JIefiCTBYIoIe Ha Tena. Ha waiiby — —
5TO CHJIa TSDKECTH, CH/Ta PeakLiui JOCKM M CiJla TPEHNs CO o
CTOpOHBI JocKH. TaKasi Xe 10 MOJY/IO Ci/la TPeHHsl Jieii- -~
CTBYET CO CTOPOHBI IIait0bl Ha AOCKY (3-Hii 3aKOH HbrOTO- [
Ha), HO HampaB/ieHa 5Ta Cii/la B MPOTUBOIOIOXKHYIO CTOPO- v mg
Hy, MPU 9TOM 1aiGy OHa TOPMO3MT, a 0CKY — pasroHseT. IIpaB/a, 5T CHIbI
JIO/DKHBI €llie 1 HarpaB/ieHb! ObITh BAO/b OJHOM THHUM (B TIOCKOCTH COMPU-
KOCHOBEHHS1), HO 51 MIX JJ1s1 YTIPOLEHNs! BOCTIPHSITUST PUCYHKaA paszieni. Kpome Toro, Ha JIOCKY /JIefiCTBYIOT BepTHKa/Ib-
Hble CI/IbI, KOTOPbIe B 3TOii 3a/1aue PO/ He MIPafoT (TaK KaK I/I0CKOCTb, Ha KOTOPOil IeXUT JI0CKa — I/la/ikast): Ciia Ti-
JKeCTH, PeaKLIMM I17I0CKOCTU 1 BeC LIaibkl — Ha PUCYHKe UX MOKa3bIBaTh He Byzjem.

3amviuem 2-oif 3akoH HbloTOHa uepes nsMeHeHye ummynbca: Ap=F At . B npoexuym Ha oce X A1 060X Ten:

{ m(v,—vy)==F,T

Mv,=F,T
3UTh 110 JJ0CKe, TO eCTb y HUX Gy/yT ojjuHaKoBble ckopocTh). Tak kak F.,=u N, au3 mpoexiium Ha ock Y BTOPOro 3aKo-
m(v,—vy)=—umgTt
Mv,=umgt
113 IIepBOTO ypaBHEHHsT HAXOAMM OOLIY0 KOHEYHYI0 CKOPOCTb: V, =V, —H §T=2—0,2X10X 0,8=0,4 M/c , i ofcTas-
My, 2x04
ugT 0,2x10x0,8

, T/Ie Vi« — KOHeuHast CKOPOCTb M a6l 1 JI0CKH (110 YC/IOBUIO B KOHLIE Iaii0a repecTaéT cKo/b-

Ha HploToHa Jyis1 waiiber: N=mg, To {

15151 €€ BO BTOPOe ypaBHEeHHe — HCKOMYIO Maccy Haiibbr: m=

=0,5Kr .




image33.png
2010 rog 00 Bapuanr c2

Ha o3epe ABa poibaka CHAST B TIOKOSII[EHCs J10fKe, Macca KoTopoit M = 100 kr u ayinHa L = 6 M: 0fMH — Ha HOCY, a
BTOPO#i — Ha Kopme. VX MacChl paBHbI COOTBETCTBEHHO M, = 60 Kr 1 my = 80 Kr. HacKo/IbKO CMeCTHTCS JIofjKa OTHOCH-
TenbHO Gepera o3epa, ec/iv BTOpoi pribak nepeiziér k nepeomy? (Tpenuem npexe6peus.)
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2010 rog 00 Bapuanr c2

JlaHHYI0 3334y MOXKHO PeLUNTb BYMSI CIOCOGaMH.

IIepebtii cnoco6. Tak Kak Ha CUCTeMy JIOAKA-PbIOAaK BHEIHHE CHJIbI B CyMMe JAKT HOJIb, TO HMIIYJIbC CHCTEMBI
Hem3MeHeH. [1ycTb BTOPOH pbifak MAET PAaBHOMEPHO CO CKOPOCTHIO V OTHOCHTeNBHO Gepera. Torga /ofka BMecTe ¢
TIepBBIM PbIGAKOM GyfIeT ABUraThCs C HEKOTOPOH CKOPOCTBIO U, U mipu 3roM (M +m,)u—m,v=0 (HauanbHbii um-

M+m
1 . "
My/bC CUCTeMbI GbUT HO/b — JIOAKA U PbIGaKH MOKOWINCh). CrefoBarensHo, V=———u . Korga Bropoii piGak foii-
m,
JET /10 TIePBOrO U OCTAHOBMTCSI, JIO[KA TAKXKe OCTAHOBHTCS — BPeMeHa JBH)KeHMsi JIOAKH M pbIfaka paBHbl. I1pu

T X I
3TOM JI0/jKa OTHOCHTE/ILHO Gepera Mpoii/éT pacCTosTHUE X 3a BpeMst 7 prIbaK MpOHAET MyTh (OTHOCHTELHO Gepe-

ra xe!) L—Xx, 3a Bpems

_ Lu _ L

= = = L= X6=2
Ve [Mem, ] Memotm, 100460180 M

X

JlaHHBIH CrI0cO6 MMeeT OJMH HeJOCTaTOK: HaM MPHUIIOCH Cie-
J1aTh JOMyILeHHe, YTO PhIfaK HAET paBHOMEPHO (UTO y)Xe He MO-
KeT ObITh, TaK KAK OH BHAUa/le yCKOPSUICS, @ B KOHLje TOpMo3u!)
Ho nonarasi, 4o peibak /BIDKETCSI HePABHOMEPHO, MbI MOTyYHM
TOT JKe OTBET, TOJIbKO PelleHHe TaKiuM COCOBOM yCIOKHUTCSL.

Or sroro Hegocrarka usbaenen emopoii cnoco6. Tak Kak UM-
Ty/IbC CUCTeMbI PABEH TIPOU3BE/eHNIO MAaCChl CUCTEMbI Ha CKOPOCTb LIEHTPa MacC CUCTEMbI  Pyen =M eyenVe , @ B JAHHON
3aziaue P, =0 , TO ¥ CKOPOCTB LieHTpa Macc paBHa Hym0 V=0 . VIHbIMU CIOBaMH, LIEHTP MACC CHCTEMBI JI0AKa-
poidakn  ocraérct Ha Mecre. KoopauHara IleHTpa MacC [0 mepexofa (OTHOCHTeIBHO Touku O):

(m;X0)+(myXL)+(MXL/2) - (myXx)+(myxx)+(MX(x+L/2)) -
Xem=m/———— . ouie rnepexopa: Xq-= . opcrasissa Toay-
o my+my+M PEXOA @ my+my+ M A ¥
YeHHbIe BBIPA)K€HHSI B PaBeHCTBO Xei=Xeo, TIo/lyyaeém TOT JXKe OTBeT, YTO W NpH pelleHHH IMepBbIM criocobom:
m, 80

— =80 e=om.
M+m,+m, 100+ 60+80 M
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B 6e3BeTpeHHyI0 TOro/ly CaMOJIET 3aTPauMBaeT Ha MepeéT Mexdy ropojamu 6 yacos. Eciu Bo Bpems monérta JyeT
60KOBO#I BeTep TepreH/UKy/ISPHO TMHIH T10/1€Ta, TO CAaMOJIET 3aTpauyMBaeT Ha repenéT Ha 9 MuHyT Gonbie. Haiigute
CKOPOCTb BETPA, €C/IM CKOPOCTh CaMO/IETa OTHOCUTE/ILHO BO3/lyXa TMOCTOSIHHAs 1 paBHa 328 Km/4.
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& = 6 uacos 2010 rop 151 Bapuant c2 _v.
t = 6 uacos 9 MunyT = 6,15 yaca 1
Vorn = 328 KM/u By/aem cuntaTh, UTO CAMOJIET JITUT MEXKIY TOpoJja- * * =—— - - -
MU TI0 TIPSIMO#. 3HAUUT, €ro CKOPOCTb OTHOCHTE/TLHO
Var—? 3eM/H JI0/DKHA ObITh BCErja Hampas/ieHa BJO/b - -
HUH, coeJUHsTIONIeH ropozja. B 6e3BeTpenHyio morogy V.
9Ta CKOpOCTh Oy/IeT paBHa CKOPOCTH CaMONETa OTHO- - - = 2.. .
CHUTeNLHO BO3yXa: V,=V,,,. Ecmi mexy ropojamu HekoTopoe pacctosHue L, To _.: IV
L=v,t,; =V, (1). o T

Korga gyer BeTep, To utoBbl JeTeTh BJOMb JMHUM, COeAMHSIOLIeH ropoja, Hao
Harpas/IsiTh CKOPOCTb OTHOCUTE/IHHO BO3/yXa 07, HEKOTOPBIM YI/IOM K 9Toi mutnn. Y
TOr/la CKOPOCTh CAMOJIETA OTHOCUTENILHO 3eM/IH. Oy/1eT CK/a/bIBaThCst U3 €ro CKOPOCTH OTHOCHTE/TLHO BO3/yXa M CKO-
poctu Betpa: V,=V,,,+V,, (npeobpasoanue ['amnnes). Tak Kak 10 yCJ0BHIO BeTep /yeT MeprieHAHKy/IAPHO THHHK
M0/1€Ta, TO MOyYeHHBII TPEYTOMLHUK CKOPOCTe# (CM. puc.) mpsiMoyronbHblit. Cefoate/sHo, 1o Teopeme ITndaropa

;m . 3HaunT, L:vztzztzv“vfm—v;m (2). lpupasuuBas (1) u (2), nonyuum vt =t, ;m . OTky-
Vc[z_ 7 I 7 2
/la OTBET: vm:vom%:ﬂg %:72]{]\4/!4 =20wc (npu pacuéte ygobHell MUHYTbI MepPeBeCTH B YaChl:
2 >

9Ml/lHyT:% 0,15 uaca ).
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HuTb MasATHUKA J/IMHOI £ = 1 M, K KOTOpPO#i T0/iBelleH rpy3 Macchl m = 0,1 KT, OTK/IOHeHa Ha YTO/l o OT BepTHKa/IbHO-
TO MONOKEHUs U oTryieHa. Civla HaTsbkeHus HUTH T B MOMEHT NPOXOXK/IEHUs MasTHAKOM TIOIOXKeHHs] PaBHOBeCHsT
paBHa 2 H. Uemy pageH yron a?
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Cucrema rpy3oB M, m; u m,, TIOKa3aHHas Ha PUCYHKe, [BIKETCS U3 COCTOSI-
HUst TOKOs1. TTOBePXHOCTb CTO/Ia — FOPU30HTa/bHast razKas. Kosdduiment tpe-
Hust Mex/y rpy3amu M u m; paBen p=0,2 . T'py3sl M u m, CBsi3aHbI 1ETKOM He-
PacTsDKMMOW HHUTBIO, KOTOpas CKOMb3UT 10 60Ky 6e3 Tpenms. IlycTh
M=1_2xkr, m;=m,=m . TIpu KakKuX 3HaYeHHUsIX M TPy3bl M 1 M, ABIKYTCS Kak
OJIHO Ljefoe?
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WWaBanus Esrenmii UsaroBu Www.reppofiz.info — noMoLk N0 huavike CTYAGHTAM U LIKOMLHUKAM

2011 rog 201 sapuant c2

Hapucyem feficTBytope Ha Tea cubl. ByJem paccMaTpuBaTh
CHTYaUHIO, IPU KOTOPOH IPy3 m; MOKOUTCS OTHOCHTENbHO TPy3a  y
M — 3HauMT, UX yCKOpeHHsi paBHbI. O6paTiTe BHUMaHHe Ha TO,

YTO Ha Te/l0 M CM/Ia TPEeHWsi CO CTOPOHBI Ipy3a M jelicTByeT
BMPABO, ¥ MIMEHHO OHA CO3/JAéT y Tea m, yckopetue a. CooTBeT-
CTBEHHO, 110 3-My 3aKoHy HbioToHa Tesio m; 6y/eT geficTBoBaTh
Ha rpy3 M C TOYHO TaKOH ke CHJIOH TpeHHsI, HO HarpaB/IeHHOI
MPOTUBOTIONIOXKHO — B HALIEM ciyyae BneBo. Emé Ha rpy3 M zeii-
CTBYIOT BePTUKa/IbHbIE CH/TbI — CH/IA TSXKECTH, CH/Ia PeakL{H CTO-
Jla ¥ CuJIa JlaB/ieHdst Fpy3a mi (ero Bec), HO B 3TOil 3ajaue OHH HU-
Kakoil pojii urpath He Oy/yT U 51 MX He MOKasas, Jabbl He 3arpo-
MOX/aTh PUCYHOK. Kpome Toro, Tak Kak HHMTh HeBecoMa M
CKOJIB3UT 10 6/I0Ky 6e3 TpeHMsI, TO CHJIA HATSDKEHHs] HUTH OJJMHAKOBA 110 eé [UIMHe. A 13-32 HepPaCTSHKHMOCTH
HHTH yCKopeHusi (110 MO/y/ii0) Tpy30B M (BMecTe C m;) U m; OAHHAKOBBL

Tereps Mbl MOXKeM HanucaTh 2-0i 3aKoH Hbi0ToHa /7151 BCeX Te/l B MPOEKLMK Ha OCH CHCTeM KOOPJMHAT:

rpy3 M (maocs X): T—-F =Ma [©)
Tpy3 m; (Haock X):  m,g—T=m,a @)
rpy3 m (maocs X):  F,=ma 3)
(HaocbY): N-mg=0 (4)

U3 (1) - (3) (cknaapisast ux): m,g=(M-+m,+m,)a, cieposatensHo, G=L ,au3(3) F, =rm—m .

M +m;+m, ® M+m;+m,
W3 (4): N=m, g . Tak KaK TeJI0 M; NOKOUTCsI OTHOCHTE/ILHO TesIa M, TO Cijia TPeHHs MeXX/y HUMH — 9TO CHJIa TPEHHst
nokost: F <uN . To ects, #frm<u m,g . C yueToM yCJoBUst M,=M,=M mocieJHee HEPABEHCTBO BBIT/ISIAUT
m uM 0,2x1,2 _

0,4xr

< < =
M. U3 Hero TIO/Ty4aeTcCst OTBeT m 1—2 " 1-2 ><0>2 &)

T M2m

P.S. IosyueHHsIil B 001eM B/ OTBET HHTEPECHO IPOaHA/M3UPOBaTh. EC/IM IOCMOTPETh Ha 3HAMEHATe/lb, TO YeM
6mke Ko3bdurpent tperus p k 0,5, Tem #pobs Gombiue. [Ipu p=0,5 Apobb craHOBUTCS GeckoHeuHoit. To ecTs, mpu
TakoMm Ko3(uipiente TpeHus rpysel M 1 my GyAyT ABUraThCs KaK OfHO Ljesioe mpu awbom m. Ho ecim 1>0,5, To
2po6b CTAHOBUTCSI OTPHL{ATe/IBHON. POPMaIbHO TO/y4aeTcsi, YT0 Macca m JO/DKHA ObITh MeHbllUe OTPHLATENEHOTO
uncna! Ho, koHeuHo ke, pa3 yxk mpu p=0,5 Tena BUraroTCst BMecTe Tpy 106oit Macce m, To 1 npu 6OMIbIIEM I 3TO
Oyzer Tax.
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TIpu JIBIDKeHU! TPYy3a Ha Hero JefCTBYIOT JJBe CU/IbI: TSDKECTH i
HaTDKeHHs HUTH, KOTOPbIe NIPHZAIOT IPy3y yCKOpeHHe. 3To ycKo-
peHNe MOXKHO Pa3/oUTh Ha Kacare/ibHoe (HarpaB/ieHHoe 10 Ka-
caTe/IbHO K TPaeKTOpHH) ¥ IeHTPOCTpeMHTe/IbHoe (HarpaB/ieH-
HOe K LIEHTPY OKPY)KHOCTH, TI0 KOTOPOH JIBIDKETCSI IPy3, TO eCTh K
TOUKe MO/iBeca). B MOMEHT ITPOXOXK/IeHNUS IPY30M TO/IOKEHNsT paBHOBe (sl 00e CHTBI
HarnpaB/IeHbl B/IO/b Pa/iiyca OKPY)KHOCTH, 3HauMT, KacaTe/IbHOe YCKOPeHHe Tpona/ia- mg
€T, ¥ OCTaéTCA TOMILKO LIeHTpoCTpeMuTe IbHoe. T1o 2-My 3akoHy Hbl0TOHA B IIpOeK-

i Ha o Y: T—mg=ma,, rge “uc=\2_ (TaK KaK paziyc OKpy)KHOCTH paBeH e HiTH). OTcioga: v’

Kpome Toro, ¥ cuna TSKeCTU U CU/la HaTsDKeHUsl HUTH — KOHCePBaTUBHbBIE CWIbI, 3HAYUT MeXaHU4YecKas Heprus
2

my .
Ipy3a He MeHseTCs: mgh:T , tie h — nepBoHaya/bHast BLICOTA MOABEMA IPy3a Ha/l MoJIoKeHneM paBHoBeckst. To

h_3 T _3 2 5
TI0/ly4aeM OTBET JUIt yIvia: ms(zx)—lfj—ifzmg—zfm—oﬁ . 3HauwT, x=60°.

Kak Bi/IHO 13 pellleHHsI 5TOH 3a/ja4n J/IMHA HUTH 3Ha4eHHs He HMeeT. Ho pa3 eé [ja/i 1o yCIOBHIO, TO MOMHO He
BBIBOJIMTH KOHEUHYI0 (JOpMy/y /ISl YI/ia a, a Cpasy MOJACTAB/ATh YMC/IEHHbIe 3HAUeHNs B BHI&KeHUs A1d V2, h u T.4.
\ 10

2 2 — —
Hflo‘xl—lo(m/c) N h__2><10 0,5M, cos(x)=

3TO HECKO/TEKO YTIPOCTUT peliieHHe: v
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Bpycok Maccoit m; = 1 K IeKMT Ha HaK/IOHHOM IUIOCKOCTH C YI/IOM TIPH OCHOBAHMH, PaBHEIM o = 53°. KoadduipeHT
TpeHmsi GpycKa C IIOCKOCTBIO paBeH jt = 0,5. K GpycKy npyBs3aHa HeBecoMas HUTb, /IPyTOil KOHel| KOTOPO# MepeKHHyT
yepe3 Hero/BIKHBIA HfjeanbHbliA 610K. K 5TOMY KOHIy HUTH TOIBELIMBAeTGT IPy3 Maccoil m, = 1 kr. Onpefernre,
TIPUJeT /1 B JIBIDKeHHe GPYCOK TpH T0/IBeLMBaHKN rpy3a. ECm NpyJeT B JBIDKEHNe, TO B KAKOM HarpaB/ieHun?

(sin 53° ~ 0,8; cos 53° ~ 0,6)
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TIpeANONHMM, YTO IPy3 M, HAUHET JBU-
rarbcsl BHH3 C HEKOTOPBIM YCKODEHHeM
a. Hapucyem jeficTBylonjpie Ha Te/a
cunbl. Tak Kak HUTH HeBecomast, a G/I0K.
HMeTbHBIH (TO eCTbh TaloKe HeBeCOMBIi
Y HeT TpeHwst B 6/I0Ke), TO HUTb JefCTBY-
€T Ha Te/la C OfJMHAKOBOH CH/IOH HaTsDke-
Hus F,. KpoMe TOro, ec/ii HUTh HepacTsxumas (B yc/o-
BMH 3TOTO HET, HO MPU/IETCA C/ieflaTh Takoe MpeJrionoke-
HIe, MHAue 3ajjaua CTaHOBUTGI HEKOPPEKTHOI), TO YCKOPEHWs! Te/l 110 MOZY/IIO OMHAaKOBbIe. BhiGepeM /i KaXjoro
Te/la CBOIO CUCTeMy OTCYETa U 3arlHilieM 2-0i 3aKoH HbI0TOHA B NPOEKLMH Ha OCH.
1- reno: { F,—mgsin(a)—F, =ma
N—m,gcos(x)=0 ’

2 — Temo: m,g—F,=m,a . Tak KaK MepBoe Te/I0 CKOIB3HT I10 [IOBEPXHO-

cti, To ciuia Tpenus: F,, =N .| Mbl NOMyun/v CHCTeMY U3 YeThIpeX ypaBHEHHH C UeThIDbMs Hen3Be CTHbIMU. Pelliast
9Ty CHCTeMy (HarpuMep, Tak: BRIPaKAeM CU/ly peakLiuy Oropbl N, MOJCTaB/seM 5T0 BblpakeHne B JOPMyITy [/t CHIIbI
TpeHHs, 3aTeM, MO/Ty4eHHOe 3HauYeHHe CIJIbI TPeHUs! B TIepBoe ypaBHeHNUe; HAKOHeLl, CK/la/jbiBaeM MepBoe ypaBHeHue C
YPaBHEHHeM /|11 BTOPOTO TeJla — BIIPOYEM, ClocoBGOB pellieHH st MHOTO), HAXOUM YCKOPeHHe TelT:

m,—m,sin («)—pm, cos(«) B
a= "“*7'"7 g =—0,5m/c” . YcKopeHMe TOMyunIoch OTPHIIaTe/IbHBIM. OTO O3HAuaeT, uTo Te/la
He MOTYT JJBUTaThCs Tak, Kak Mbl TPe/TONOKHII.
TIperonoXiM, uTo Ipy3 M, HAYHET JBMIaThCsl BBEPX C HEKOTOPHIM yCKOpeHHeM a. Ha pHCyHKe U3MeHMTCA HarpaB/ie-
HIle YCKOPeHHMH 1 CHJIBI TPeHHs! VI3MeHNM Takske Harpap/ieHue ocel X B 060MX cucremMax oTcuéra. OMsTh 3armiieM
2-o¥i 3aKoH Hb10TOHA B NPOEKLAM Ha OCH.
m,gsin(o)—F,—F =ma
N—m;gcos(xx)=0
m,sin (o) —pm, cos(ea)—m,

1 Teno: { ,2- teno: F,—m,g=m,a  atake: F,,=uN . PeleHye 5Toii CHCTeMbI Ipy-

BeJIeT K OTBeTy: @ = g=-25M/c*, T0 eCTb, TaKKe MOMYUHIOCH OTPHIATETHLHOE YCKO-

m,+m,
pennue. Crie/ioBaTe/bHO, TaK TOXe Tejla /IBUraThcsl He MOTYT. [103ToMy Teria Gy/lyT MOKOMThCS.
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C HeKoTopoii BbICOTEI H CBOGO/HO MajaeT CTa/ibHOi! apuk. Yepes t = 1 ¢ ocie Havuasia NazieHus OH CTAIKMUBAeTCs C
HETO/IBIDKHOM TUTMTOM, TIOCKOCTh KOTOPOil HaK/OHeHa 10| YoM 45° K TOpU30HTY, M /I0 MOMEHTa IMajJleHus Ha
3eMII0 TpoJieTaeT Mo TOpU30HTaIM paccrosHue S = 20 M. KakoBo 3HaueHue H? ConpoTuBieHMe Bo3JyXa He
YUHTBIBaTh. Y/ap WApHKa O IUITY CYUTATh aGCOMOTHO YTPYTHM.
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Tlo ycnoBHIO 3a/jauM LWAPHK NaJaeT cBOGOJHO, TO 4
eCTb €0 Ha4a/JbHasg CKOPOCTh PaBHA HYIO.
Torjja JBIKeHue apyka Gy/IeT B TIo/ie TRKeCTH 10
MpAMOIl CTPOro BHM3, W MBI MOXEM 3alicaTh

3aKOHBI ~DaBHOYCKOPEHHOT0 [BIKEHHMA B TpPOSKLMM Ha h
{v‘:vn+gt:gt:10M/c :
BEPTUKA/ILH! om Y: & gt . 3mec v, —
P o h,:vnt+gT:g—:5M . !

CKOPOCTb Tepej] y/1apoM o MUmMTy, h, — npoiieHHbIi /10 y/apa MyTs, S

g=10m/c> — ycKopeHHe CBOGOJHOTO MajieHusi. Y/jap CKasaHO CYMTaTh abCo/MOTHO YIPYrHM. OTO O3HAYaeT, 4To

CKOPOCTB HeNoCpe/ICTBEHHO TIOC/Ie Y apa PaBHA CKOPOCTH Nepej{ YApoM, a YIo/l OTPaKeHHsl OT IUIMTHI PaBeH

YI/ly majgeHus Ha WinTy. Tak Kak 3TOT yron paBeH 45° To Moc/le y/iapa Haua/lbHas CKOPOCTH INapuKa Gyer
S=v,t,—Haock X

TOPH30HTA/IbHO. Tereph 3aKOHbI KHHEMATHKH HarliilieM B IIPOeKLui Ha ocl X n'Y: { gt .B

hy=="— Y
)= =5~ Ha 0

STMX YPaBHEHMAX S — MepemelieHue N0 TOPU3OHTaMM, h, — nepemellienne 10 BepTHKaIM (0 32M/M), t, — BpeMst

S
TaieHust. V13 TIepBoro ypaBHeH!s HaxofuM  [,= 7:2 C , TIOZCTAB/IsiA €r0 BO BTOpOe, Haxoqum  1,=20m

ClieioBare/bHO, NoNHast BeICoTa nagennst H=h,+h,=25m




