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TeMm cambiM H3yueHHe ABHKEHHS IPOM3BOJBHOH CHCTEMBI T€Jl CBOAHTCS
K HM3YYEHHIO CHCTeMbl B3aUMOJEHCTBYIOIIHX MaTepHaJbHBIX TOUYEK.
ECTecTBEHHO [103TOMY HAYaTb H3YYEHHE KJACCHYECKOH MEXaHHKH C Me-
XaHUKH OJHOH MaTepHaJbHOH TOUKH, & 3aTeM IepeHTH K U3YyYeHHIO
CHCTEMbl MAaTEPHAJLHBIX TOYEK.

BribepeM Kakyio-JHO0 IIPOH3BOJIBHYIO CHCTEMY oTcueta U OyieM
OTHOCHTb K HeHl [BHXKEHHE MaTepHa/bHOH TOYKH. J[BUKEHHE TOUKH
6yZeT ONHCAHO IOJHOCTBIO, €CH OyIeT M3BECTHO €e. IOJIOXKEHUE B JII0-
60fi MOMEHT BpEMEHH OTHOCHTENBbHO BBLIODAHHOH CHCTEMBI OTCYETa.
[lonoxeHue TOUKH Mbl YCIOBHMCSI XapaKTepH30BaTh €€ MNpPSIMOYToJb-
HbIMH KOODJAHHATaMH X, Y, 2, SIBJSIOMIHMHCA [IPOEKLUUSIMH ee pajuyca-
BEKTOPa ¥ Ha KoopAuHaTHble ocH. [lojiHOe onHcaHHe JBHKEHHA CBO-
JHTCS TO3TOMY K HaXOXKACHHIO TPeX KOOPAMHAT X, y, z Kak GYHKOMA
BpEMEHH £

x=x(), y=y@), z=20), @.1)
HIH K HaXOXJACHHIO OAHOH BeKTOpHOH (YHKUHH
r=r(f. 2.2)

Oznnako A5 GOpMyJHPOBKH OCHOBHBIX 3aKOHOB MEXaHHKH, C MTOMOIILIO
KOTOPHIX TEOPETHYECKH MOTYT ObITh HalJeHBl paccMaTpHBaeMble GyHK-
IIHH, CYIIECTBEHHBI 1BAa HOBHIX HOHATHS — IOHATHE CKOPOCMU U B OCO-
OEHHOCTH TIOHATHE yckopeHus. K YCTAHOBJEHHIO 3THX [IOHATHH MbI
U 1epeizeM.

§ 3. CxkopocTb M ycKOpeHHe TpPH NPSAMOJHHEHHOM IBHKEHHH.
YrioBasi CKOPOCTb H YIJIOBOE YCKOPEHHe

1. PaccmorpuM cHavana vactHB caywall, Korjga marepuajipHast
TOYKa JBHIKETCS BJlob NpsAMOH JuHHH. [IpuMem sTy mpsmylo 3a Koop-
JMHATHYIO ock X, NOMECTHB Hauaso KoopauHaT O B KakoM-TO IipOHU3-
BOJILHOH Touke ee (puc. b). [losiokeHHe MaTepHANLHOH TOYKH B pac-
CMaTpPHBAEMOM cJlyyae olpefe-

0 Ay Ay . "
¥ JIFI€TCS OJIHOH KOOpAMHATOMH:
[ > ] |
“Az x=x(f). (3.1
Puc. b. [lycte B Kako#i-To QUKCHpO-

BaHHBIH MOMEHT BpemeHH I
MaTepHajipHasi TOYKAa HaXoautcs B mosoxeHHH A;. B 3ToT MomeHT
€e KOOpJHHAaTa paBHa X; = x (f). B Gonee mo3fHHH MOMEHT BDEMEHH
MaTepHajpHasA TOYKA IEPEMECTHTCS B MoJjoxeHHe A, ¢ KOoopAHHATO#H
X, = x (¢ + Af). 3a Bpemss Af maTepuaspHas TOYKA IPOXOAHT NYThb
Ax = Xy — %, = x (t + Af) — x (f). OH CUMTAETCS NONOKHTENBIIbIM,
€C/IH NepeMellieHile COBepLIaeTcsi BIPaBO, H OTPHLATEIbHBIM, €CJH
OHO NpOHCAOAHT BJjeBo. OTHOLUEHHe NpolifeHHoro nytu Ax K npome-
XKYTKY BpemeNH Af Ha3bBaeICsl cpedHetl CKopocmsy Mamepuasbhol
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moukw 3a spema At unu, Touuee, 3a apems mewdy ¢t u t -+ At. Takum
006pa3oM, 1o ONpeLeTeHHIo, CpPelHAs CKOPOCTb paBHA

Ax (A —x (1)
P T AT T AL (3.2)
Takoe onpejenenye cpeiHeil CKOPOCTH HMEET CMBICH JIs JIHOOBIX 3Ha-
yenuil Af. Hago HCK/IIOUUTL TOILKO 3HaueHHe Af = 0, TaK Kak B 3TOM

Ue

o 0
clydyae JUia CpeAHEH CKOPOCTH Mbl NOJTYYHJIH Obl BbIpaxkeHue -, KO-

TOpOE caMo 110 ce6e He UMeeT HUKaKoro cMelcaa. OJHAKO HHUTO He MelllaeT
OpaTb NPOMEXKYTOK BpeMeHH Af Kak yrofHO MaJ/biM, HO OTJHYHBIM OT
Hy/adA. Boobuwe roBops, cpeiHAs CKOPOCTb 3aBHCHT He TOABKO OT f,
HO U oT Af. Bynem Temepb, ocTaB/fisi MOMEHT BpeMeHH { HEH3MEHHBIM,
OpaTb NPOMEXYTOK BpeMeHH Al Bce MeHblUe H MeHblle, YCTPeMIss ero
K HyMio. Torga OGyfier CTPeMHTbCS K HYJIO U NPOXOAHMBIE NyTb Ax.

Ax
OTHOLLIEHHE Ke AF IIPDH 3TOM, KaK [IOKa3bIBaeT OIbIT, 6y11eT CTPEMHUTLCS

K BHOJIHE OIpEJeTEeHHOMY Ipefiesy, KOTOPHIH MOXeT 3aBHCETh TOIbKO
OT {, HO yxKe He OyJeT 3aBHceTb oT Af. ITOT npejies1 HA3bLIBACTCS UCTIUN-
HOU MM MEHOBEHHOU CKOPOCIILIO MAMEPUAALHOL MOYKU 8 MOMEHM
gpemeny t:
v=lim &% = lim 22020
At —0 Af—0

Ilpenenst THna (3.3) BCTpeuawTcsd B CaMbiX Pa3sHOOGpA3HBIX BOIMPO-
CcAX MaTeMaTHKH M ee NMPHAOKeHHAX. B maremaTuke mpejen, onpene-
JafeMbll Gopmynol (3.3), HasbIBaeTCsl npousso0HOod (QYHKUHH X (I)
no aprymenty ¢ IlpousBogHast mo BpemeHH 0603HAYAETCHA CHMBOJIOM

. dx
(1) wmn . Takum obpa3zoM, mo onpeseneHHIO

. dx . Ax

X 4T hmoﬂ . (34)
IToHsiTHE NPOH3BOIHON ABJIAETCS OCHOBHBIM IOHSTHEM Jughgdeperyuany-
“Hoeo ucyucrerus. Iconb3ys 3To MOHATHE, MOXKHO CKa3aTh, YTO UCHIUH-
HAA WM MEHOBEHHAA CKOPOCMb U eCTh NPOM3BOJHASA KOOPAMHATHL X IO
BpeMeHH, HJH IIPOH3BOJHAs NPOHICHHOTO NMYTH S HO BPEMEHH:
dx ds
dat T dt’ , (3.5)

CKOpOCTb MaTepHaJbHOH TOYKH, BoOOLLE rOBOpS, fBJAAETCS (QYHK-

nuefi Bpemenu: v = v (f). TlpousBogHass CKOpPOCTH IO BpeMEHH Ha3bi-
BAETCS YCKOPEHUEM MQMEPUAAbHOL mouKW. YCKopeHue Mbt 00603Ha-
yaem uepe3 a. TakHM o06pasoM, MO ONPeJENCHHIO yCKOpEeHHS

a=% =40, (3.6)

(3.3)

lll

:x:

HJIH
Av v(t+FAH)—uo ()
a= lim 57 = lim ———F——=
Ai—»OAt At—0 At

: 3.7)
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[TponsBonuasi (3.6) Ha3wiBaeTcsl TakxkKe 6mOpoli Npoussoorot KOOpIH-
HaTH X 110 BPeMEHH H 0003Hayaercs CHMBOJAMH

a=x=2". (3.8)

B cymecTBoBanuM nepeofl U BTOpOH NPOM3BOAHBIX KOOPAMHATH 10 Bpe-
MEHH B MeXaHHKe, KaK ¥ BO BCEX aHAJOTHYHBIX BONpocax (pM3MKH, MEI
yOexaaeMcsl He TyTeM JIOrHYeCKHX PacCyKAEHHH, a ONbITHEIM ITyTeM.

2. PaccMoTpHM mpocTefilie MpHMEPHI.

INNpumep l. x=const, T. e. KCOPAHHATA ¥ OCTAETCH TOCTOSHHON BO BPEMEHH.
B 3ToM cayuyae maTepuanbHas TouKa HeMOJBHIKHA, NPHpamieHHe KOOPAHHATH Ax
paBHO HYJ10. PaBHBI HYJIO TakKe CpelHisT H HCTHHHAS CKOPOCTH TO4kH: v = X = 0.
Boo6uwe, npouspoaHas BCAKOH NMOCTOSHHOH BeJHYMHBI DaBHA HYJIIO.

MMpumep 2. x= Bt C, rae B u C — nocrosinnsie koadxpannents. B s1oM
cyuae TOBOPAT, YTO KOODAMHATA X SIBISETCA AUHEUHOH (pyHkyueli Bpemenn t. Oue-
BHJHO,

x4+ Ax=B ({+ A+ C=(Bt-L-C)+ BA,  Ax=BAS, ocpz%" =B.

CpenHsisi CKOPOCTb NOCTOSAHHA H paBHa B. [losToMy HCTHHHAA CKOpOCTH TaKKe MO-
CTOSIHHA M paBHa cpefiHel CKOPOCTH:
dx

U= EfvaP:B'

IBu:KeHHe C IGCTOSSHHOH CKOPOCTLIO Ha3kBaeTcs pasHonrepHuim. OG03HAUNM TOCPEACT-
BOM X, 3Ha4YeHHe KOOPAHHATBHl x B HaualbHbiil MOMeHT BpeMernH ¢ = 0. Benwyuna x,
Ha3LIBACTCH HAYAALHOL KOOPOUHAMOL ¥, OYeBHJIHO, paBHa ¥y = C. IlpofiieHHbIll MyTh
S ompejesifeTCs TNPHpalleHHeM KOODAMHATB: § = X — X, = B, wiu

s=vt.

Npumep 3. x= AP+ Bt+ C, rae A, B nu C — noctosiHusle Ko3thdu-
UHEHTHE, B 5TOM ciyyae roBOpST, YTO KOODAMHATA X ABJASETCA K8adpamuuHol pyHKyues
Bpemenu {. OueBHIHO, :

x4 Ax=A (t+Al2+ B (¢ M)+ C = (A + Bt +C)+ (24t + B) At + A (Afye,

Ax
Vep= A7 = (24¢4-B) 4 A AL,

31eCh Ucp 3aBUCHT HE TOJIDBKO OT £, HO u oT Af. B mpenene, xorma Af — 0, unen AA¢
ofpalaeTcs B HyJb, H MBI IOJIYYaeM CleAYyIollee BhIpameHue 151 HCTHHHOH CKOPOCTH:

v=2At+4B.

HcTyHHAs CHOPOCTD SABASETCA JMHEeHHO bYHKUKel BpeMeHH {, a HoToMy, AHddepen-
UHpys ee, MoJyyaeM NOCTOSIHHOE 3HaueHHe [/ YCKODEHHS:

do

a = - =2A4A.

dt
[IBr:KeHHe ¢ NOCTOSHABIM YCKOPEHHEM HAa3bIBAaeTCH pasHoyckoperitsim. [locTosdHuas A
paBHa NOJIORHHe YCKopeHHA: A = a/2. BLIsICHHM Tenepb (PH3HYECKHHE CMBICH HOCTOSH-
Heix B u C. Tlpu £ = 0 nawn dopmyasl gawT o = B. CKOPOCTh B MOMEHT BpeMeHH == 0
HA3BIBACTCH HA4AALHOU CKOPOCMbI0 W 0003HAYAacTCsl MOCPEACTBOM 0,. MBI BHAHM, UTO
noCTosinHas B paBHa HauajibHOH CKOPOCTH: B=0;. AHalOryuHO JOKa3blBaeTCsi, 4TO
noctosinnad C ecTs HayalbHasg KOOPAHHATA JABHKYLIeHCcA Touku: C = x;. C BBefleHHEM
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STHX BE&JIHUYHH MOXHO HAamnmHucaTh

x=%at2—}—vot—}—x0, v=at 4o,

[Tpo#ifeHHEI TyTh paBeH s = x — X, T. €.
b
§= 5 at? 4-ut.

[pumepaMi pPaBHOYCKOPEHHOTO JABHKEHHA MOTYT CAYKUTb CBOGOAHOE najeHHe
TeJ K CKAThIBaHHE Tea MO HAKJIOHIOH MIOCKOCTH Ge3 TpeHHd.

3. o anasorun ¢ aumuedinoli CKOPOCTBIO H YCKOpEHHEM BBOAATCH
Y2108ast CKOPOCHLL W YeA00e YCKOpeHue. DTH TIOHATHSA OTHOCATCS K CJIY-
Ual0 JBHMKEHHS MaTepHajbHOH TOYKH IO OKpyxHocTH. [losoxenne
TOYKH M Ha OKDYXKHOCTH MOXKHO 33JaTb yrJoM ¢, KOTOpHIA o6pasyer
paguyc-BekTop OM ¢ KakUM-1HG0 HEeH3MeH-
HbiM HaupagieHueM OX (puc. 6). [Iponssox-
Hasdg 3TOro yrya I0 BpeMeHH

_da
—dt

Ha3blBaeTCsl Y2060t cropocmoto. BpalleHue
Ha3bIBAETC POBHOMEPHbIM, €CJIH  yIJIOBas
CKOPOCTh ® IOCTOSIHHA. B 3TOM ciydae o =
= ot - const. Ilpy paBHOMepHOM BpalleHHH
BEJIHYHHY @ HA3bIBAIOT TAaKXKe {21080l 4ac-
momoi  epawjerus. BeanuuHa v = o/(2n) Puc. 6.
JaeT 4yHcao 0OOpOTOB B eIHHHUIY BPEMEHH H
HasbiBaetcs wacmomoil obpawjerus. Bemwuuna T = 1/v ectb mpogod-
JKUTEJBHOCTh OJHOIO OGpAalleHHs U HA3bIBACTCH nepuodomM 8paUieHUs.
[lepBast npousBoiHasi yryIoBOH CKOPOCTH ) MJIH BTOpas NPOH3BOA-

Hasl yrjaa o [0 BPEMEHH HA3BLIBAETCH Y2A08biM IJCKOPEHUEM:

_do _ da

Tdt T aee

Ecnn s o3navyaer AMHHY AYTH OKPY:KHOCTH XM, TO ee IpOM3BOI-

e v="2
T at

1IpH ABHXKEHHH TOUKH N0 OKPYXKHOCTH. Ecau 7 — pajyc oKpy»KHOCTH,
T0 § = ro.. Juddepenunpys 3T0 COOTHOLLEHHE MO BpPeMeHH, HAaXOIHM

d3s
H @ = 5 1al0T JTHHEHHYI0 CKOPOCTb H JIHEHHOe yCKopeHne

U=0r, a=or.

§ 4. CKopocTb M yCKOpeHHe NPH KPHBOJHHEHHOM IBHKEHHH

1. TloHSITHS CKOPOCTH M YCKOPEHHSI eCTEeCTBEHHBIM 00pazoM 06006-
IMATCS Ha Clyyal JBHXKEeHHA MaTepHaJbHOH TOUKH IO KPUBOAUHELHOL
mpaexmopuu. Ilosoxkenne ABHXKYyIIeHcs TOYKH HA TPaeKTOPHH Mbl Gy-
JeM 3ajaBaTb pajHyCOM-BEKTOPOM F, NPOBEICHHBHIM B 3Ty TOYKY H3



