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OucunnnuHa “Ousuka”
Jlekumnga Ne1.

MexaHuka n ee pasgensl

0 BBegeHue. I'Ipe.qmeT doun3unkun.

(0 MexaHuka u ee pasaensbl.

Q0 dusnyeckmne moaenm.

O Cucrema oTcuyéta n cucrtema KoopauHar.

O KnHematnyeckmne ypaBHeHUS OBUXEHUS.

0 CKopoCTb 1 YCKOpeHue MmaTtepuanbHOU TOYKM.
O HopmanbHaa v TaHreHUMarnbHas YCKOPEHUs.
QO MNocTtynaTtenbHoe v BpalwaTtenbHOEe ABMXEHUS.



BBEAEHHE

@H3IuKa — HAyKa 0 HAHOOIEE NPOCTHIX H BMECTE ¢ TeM Handonee odwnx
opMaX JIBHKCHHA MATEPHH H HX BIAHMHBIX npespamesnax. Hayvaemue du-
KO POPMBEL IBHACHAA MATEPHH (MEXAHHYECKAA, TEIUIOBAR, YICKTPOMATHUT-
HA%) MPHCYTCTBYIOT BO BCEX BLICIINX i D0ee CNOKHLIX GOopMax JIBHAKCHHE Ma-
TePHH (XHMHYECKHX, DHONIOrHYECKHX ).

@u3nKka TECHO CBAZAHA C JIPYIHMH HAYKAMH: ACTPOHOMHEH, reoslorue,
XumHueil, Ononorneil u JIpYraMH eCTeCTBEHHBIMHE HAVKAMM,

Cea3b QHIHKH C TEXHHUKOH HOCHT IBYCTOPOHHKI XapakTep. ®Hluka Bbl-
pocna 3 norpedbnocrell Texuuku. C apyroi CTopoHsl, OT paseuTHA PHIHKH 3a-
BHCHT TEXHHYECKHH ypoBeHb npouieocTea. Ouinka — 0a3a 114 COIJAHHA HO-
BRIX OTpaciell TEXHHKH: IEKTPOHHON, A/1epHO, HOBBIX HHPOPMALHOHHLIX H
HAHOTEXHOJIOIHH.

Kypc ¢uanku apnserca yujamenransnoil 0azo0if as reopernuecxkoi
MO/INOTOBKH HHKCHEPOB H CNEUHANHCTOR BLICOKOH kBAIH(HKALHH.

Mexanuka — 9T0 4acTh QHIRKH, KOTOPAs HIYUYAET NepeMeleHHe Tel
HJIH YacTel Tena OTHOCHTEALHO JIPYT JIpyra, T.e. MEXaHHYECKOe IBHKEHHE. 3a-
KOHAM MEXAHHKH MOJUHHAIOTCA Tela, HaXOoJduHecs Ha 3emie, 38e3/1bl ¥ ranas-
THKH, @ TAKAKE ATOMbI, MOJEKYAbLl H MHKPOYACTHIL.
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MexaHuka — 4Yacmb QQU3UKU, Komopas
usyyaem 3aKOHOMEePHOCMU MexaHU4YeCcKo20
OB8UXXEHUST U [PUYUHbI, 8bI3blgarowue unu
U3MeEHSIrwue smo 08UXXEHUE.

MexaHu4yeckoe O8uUXeHue — 3mo
U3MEHeHuUe ¢ me4yeHUeM speMeHU 83aUuMHO20
pacronoXeHus mersi unu ux 4acmeu.
MexaHunka BooOLUle nogpasgensercsa Ha Tpu
YacTu: cmamuky, KUHeMamukKy u
OUHaMUKY.



KuHemamuka (om 2pe4yeckoz0 crioea
Kinema — dgu)xeHue) — pa3oesi MexaHUKuU, 8
KOMOPOM U3ydaromcsi 2eoMempuyeckue
ceoucmea 08UXXeHusi mes1 be3 yyema ux
Macchl U deucmesyrouwux Ha HUX curl.

HduHamuka (om epedyeckoao dynamis —
cura) n3y4aet OABMXKXEHUSA TEr B CBSA3U C TEMU
npuyYnHaAMn, KOTopble 0DyCcrnaBnMBalOT 3TO
OBWXEHNE.

Cmamuka (om 2pedyeckoz2o Statike —
pasHogecue) n3y4yaeT yCcrioBus paBHOBECUSA TeEr.



bes 3HaHUW MEeXaHUKUN
HEBO3MOXHO npeacTaBUTb cebe
pa3BUTUE COBPEMEHHOIo
MaLLMHOCTPOEHMUSI.

Pa3Butne MexaHuKU, KakK HayKu,
HadyuMHanocb ¢ Il B. OO H.3., Koraa
OPEBHErpeYecknn y4yeHoln Apxumen
(287 — 212 po H.3.) chopmynmpoBarn
3aKOH pbl4ara U 3aKOHbl pPaBHOBECUSA
nnaBakoLLMX Ten.



OCHOBHbIE 3aKOHbI MEeXaHUKN
YCTAHOBMEHbI  UTANbAHCKUM  (PU3NUKOM W©
actpoHomom [I. lManuneem (1564 — 1642) wn
OKOHYaTesnbHO CPOPMYNMUPOBaAHbI AHITMUNCKUM
dunsukom U. HerotoHOM (1643 — 1727).

MexaHuka [anunes 7 HbloTOHA
Ha3bIBAETCA  KJlaccu4ecKou, m.K. OHa
paccmampusaem osUXXKeHue
MaKpOCKOMU4YecKUXx mesi CO CKOpoCcmMsmu,
3Ha4YumesribHO MeHbWUMU CKOpocmu ceema 8
g8aKyyme.



[lna onucaHua OBWXKEHUA Ten B
3aBMCUMOCTU OT YCNOBUW 3a4a4n UCMOSb3YHOT

pasnuyHble u3uyeckue mooesu. Yauwe
OPYrMX UCNonb3ywT noHATUA abcosimHo

meepo020 mersia u MamepuarnbHOU MOYKU.

[1BM>KeHue Ten npoucxoauT noa
gencrteuemMm cun. llog peuncrBmem BHELWHUX
cun Tena Moryt agedopmMumpoBaTbCsd, T.e.
N3MEHATb CBOU pa3mMepbl U opMmy.

Terno, degopmayueu Komopo20 MOXXHO
npeHebpeyb 8 ycriogusix OaHHOU 3adayu,
Ha3sblearom abcosilomHO meepobiM MesioM
(xomsi abcornromHO meepdbix mers 8 rpupooe
He cvwecmevem).



Terno, pasmepamMu Komopoz2o 8
ycrioeusix — O0aHHoUu  3ada4qu,  MOXXHO

npeHebpeuys, Ha3bleaemcs
MamepuasibHOU MO4YKOU.
MOo>XHO nn NaHHoe Teno

paccMaTpuBaTb Kak MaTepuanbHy TOYKY
U HET, 3aBUCUT HEe OT pa3MepoB Tena, a
OT YyCcnoBus 3agadun (Hanpumep, Halle
orpomMHoe CornHue — ToXXe maTtepuarnbHas
To4yka B CornHe4yHoun cucrteme).



Bcakoe - OBMXKEHUE - OMmMHOCUMESbHO,
Nno3ToOMYy ans onucaHus OBMXEHUS
HeobXxoaAMMO  YCINOBUTLCSl, OTHOCUTENbLHO
Kakoro Apyroro Tena 0Oyaer OTCYMThbIBATbCSH
nepemMelleHne pgaHHoro Tena. BbeibpaHHoe
Onid amou Uernu merno Hasbliearom mesioM
omc4yema.

[lpakTuyeckun, ans onucaHusa OBUXEHUS
NPUXoanTCsA CBA3blBATb C TerOM OTCYEeTa
cucmemy KOOpOUHam (oekapToBa,
cthepuyeckas, n 1.4.).



Cucmema omc4yema -
COBOKYIMHOCMb cucmeMbl KOoOpoOuHam u
yacos, CBsi3@HHbIX € MEZIoM 110
OMHOWEHUD K KOmMOopoMy u3yHaemcs

O8UXXEHUe.

[1B>xeHnsa Tena, Kak n marepumn, BooobLue
HE MOXET ©OblTb BHE BpPEMEHU U
npoctpaHcTea. Marepuss, nNpPoCTPaHCTBO W
BpeEMSI Hepa3pbiBHO CBsi3aHbl MeXay cobow
(HEeT npocTpaHcTBa 6e3 MmaTtepun U BpEMEHU U
HaobopoT).



[lpOCTpPaHCTBO TpPEXMEPHO, MNO3TOMY
«ECTEeCTBEHHOMN» CUCTEMOW KoopguHart
ABNAETCHA, [OeKapToBa WX MPAMOYrofbHas
cucTtema KoopauHaTt, KOTOPOU Mbl B OCHOBHOM
n dyoem nosrib3oBaThbCs.

B QOekaptoBOM CUCTEME KOOpAWUHAT,
noroXxeHme To4YkM A B [OaHHbIM MOMEHT
BPEMEHN MO OTHOLUEHUK K 3TOU CcCUcTteme
XapakTepuayeTcsa TpemMs KoopauHatamu X, y, Z
unu paguyc-sektopom I npoBeaeHHbIM U3
Hayana KoopauHaT B OAaHHYH TOYKY (pucyHok 2.1).



» PucyHok 2.1
Mpu OBWXKEHUM MaTEpPUanbHON TOYKU eé
KoopaMHaTbl C  TEYEeHWEeM  BpeMeHU
N3MEHSIIOTCS.
B obwem cnyyae e€ [OBmMXeHue
onpeaensieTcs ckansipHbIMU ypaBHEHUSIMU:

e o ) 1 y=y(t), z=2z(t).e2
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YpaBHeHUS ABUKECHUSA

PaccMOTpHM ABHKEHHE MATEPHAILHOH
TOYKH OTHOCHTEJIbHO HekoTopoii CO K

[lyeTh 32 HEKOTOpPBI NMPOMEKYTOK yA
BpeMEeHH MAaTepHAJIbHAs TOYKA
nepeMecTHJIach M3 TOYKH M
npocrpancrea Vi, B Touky M, N MI 2

Coedunum nauano KOOpPOUHAM ¢ MOYKAMU

M1 u M2
- 9mo paauyc-pekropnl I (f 1) u l‘(f 2) K

YpasHeHus IBU/KeHHS, ORUCbIGAIOWUE
ROJIOMCEHUEe MamepuaibHoi mouKu),
MOJCHO 3ARUCAMb 6 6EKMOPHOM BUOE

U 8 KOOpoOuHamuou gopme
(
% —all)

y=y@t) X
z=1z(1)

F =7 (t)

o , N




3TN ypaBHEHUSA 3KBUBAINEHTHbI BEKTOPHOMY
YPaBHEHUIO

F=7(¢)=xi+ yj+zk, (222

roe X, y, Z— NpoeKuMmn paguyc-sektopa I Ha

ocu koopauHat, a i, J, K — eOuHU4YHbIe
geekmopb! (opmkbl), HarnpasefeHHbIE MO
COOTBETCTBYHOLLIMM OCSIM.

YpaBHeHus (2.2.1) n (2.2.2) Ha3bIBalOTCHA
KuHeMamu4yecKumMu ypasHeHUsIMU
deU)XeHuUs1 MamepuasibHOU MOYKU.



Yucrno He3asucUMbIX KoopOuHam,
OSTHOCMbIO  OnpeodensarwWuUx  roroXeHue
mMOYkKU 8  [pocmpaHcmee, Ha3bl8aemcs
4YucJsiIoM cmerneHeu ceob00hbil.

Ecnn maTtepuanbHaga TovKka OBWXETCA B
NPOCTPAHCTBE, TO OHA WMEET TPU CTENEHMU
cBoboabl (koopauHaTtbl X, y, Z). Ecnn oHa
OBMXETCA Ha MIMOCKOCTU — [OBE CTENeHu
cBoboabl. Ecnn BOoOnb nuHUM — ogHa CTENEHb
cBObOOAbI.



0L 1.9
[lyTb, nepemMelieHne
[lonoxeHne TO4YKM A B MNPOCTPaAHCTBE
MOXHO 3ajaTb C MOMOLbI0 paauyc-BekTopat

npoBeaeHHOro n3 To4kn otcdeta O unu Ha4vana
KoopauHaTt v, AS

O PrcyHok 2.4



[1pn ABUXXEHUN TOYKN A U3 TOYKM 1 B TOYUKY 2 e€ pagunyc-
BEKTOP U3MEHSAETCS U MO BENUYMHE, U MO HanpasBneHuto,
T.e.I' 3aBUCUT OT BpeMeHMU L.

[eomempuyeckoe Mecmo  moyek
KOHUO8 T Hasblgaemcss mpaekmopueu moyYkKuU.

[OnnHa TpaekTopumn ectb nyTb AS. Ecnu
TOUKa ABWXETCS MO NPSMON, TO NpUpaLleHue ‘Aﬂ
paBHO NyTu AS.
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[lyctb 3a Bpema At Toyka A
nepemMecTunach U3 To4kM 1 B TOUKY 2.

Bekmop nepemeweHuss AT  ectb
npupaweHne 1T  3a Bpems Af

—. e

AT=T T =(x—x0)i+(y—y0)j+(Z—ZO)k; (2.3.1)

1

AT = Axi + Ayj + Azk; (2.3.2)

‘Ai:':\/sz + At + AL, (2.3.3)



CkopocTb
CpeOHuU e8eKkmop cKopocmu

onpenenseTrcsa Kak OTHOLUEHME BeKTopa

nepemewleHnsa AT KO BpemMeHu At 3a
KOTOPOE 3TO NeEpPEMELLEHMNE MPOU3OLLIIO

AT . % AS

— =< ) > 1

At | <V >
Bektop AT 4

cOoBMagaeT C

HanpaBleHnem

BekTopa < 1) > 0

]



MaHoB8eHHasi CKopoCcMmb
MzaHoeeHHasi ckopocmb B TOYKe 1:
. .. AY dr ®  AS
O=lm-—=—. |
=~ At dt

A

——

MaHoeeHHasi ckopocmb U-8eKmop cKkopocmu

8 OaHHbIU MOMEeHmM e8peMeHU paseH repesou
fnpou3eo0Hol om T Mo 8peMeHuU U HarnpassieH
10 KacamesrnbHoOU K mpaekmopuu 6 OaHHoU

MOYKe 8 CMOPOHY O8UXKEHUSI MOYKU A.



df
dr|

Modynb eekmopa ckopocmu U = |D" =

[lpn At —» 0 T.e. Ha OecKoHe4yHO Masrom
yyacTtke Tpaektopun AS = Ar (nepemelleHue
COBMagaeT C TPaeKToOpUeEWN). B atom cny4ae

MIHOBEHHYI) CKOPOCTb MOXHO BbIpa3uUTb 4epes
CKansApHY BENUYUHY — MyMmb:

. AS dS dS
1)=11m—=—; NJIn vV = —.
= A d? d?

Tak BblYMCNATbL CKOPOCTb MpoLle, T.K. S — ckansap



ObpaTtHoe gencreme — UHTerpupoBaHune

vV /Ll

PucyHok 2.5

dS = udf — nnowaas GeckoHeuHo yskoro
NpsIMOYrofnbHUKa. YTo6bI BbIYMCAUTL BECH
nyTb S 3a Bpems t, HAAO CNOXUTb NMoLaam
BCEX NPSAMOYrONbHUKOB.



\\
y
\
\
\
\
\
\

-
o

f [ [
S = [vdt. (2.3.5)

[eomempuyecKul cMbICIT 3Mo20 UHMeezparsa 8
mom, ymo nnowade nod kpueoli V() ecmsb
nymbe mesna 3a epems t.



lMpuHyun HezasucuMocmMu O8UXXKEHUSI.

PaccMoTpum npoCTOoU OnbIT

IJTOT ONbIT AOKa3biBaeT

npuHyun

He3asucumMocmu
desUXXeHusi
(deucmeus cun).

-
0|0
v

(MpuHyun cynepno3uyuu)

E

=1

1

Y

Xi + yJ



lpuHuyun
He3asucumMocmu

dsU)XeHus
(deucmeus cun)

dr
. Ecnn martepumanbHaa ToO4yka YyyacTBYET B
HECKOJTbKMX OBMXEHUSIX, TO ee pe3yribmupyrouee
nepemeuweHue dT pasHO BeKkMoOpHOU cymme

rnepemeuw,eHul, obyCroBneHHbIX KaXablM N3 3TUX
OBWMXEHUWN B OTOENbHOCTMU:

df =df +df, +...+dT +df =2 dT,




Tak kak — dl‘

U=
dr
fomay =0 +0,+...+0 +0
=Y.
=l
Takum obpasom, CKOpOCMb moxxe

rnoo4yuHssemcsi npuHyuny He3asucumocmu
O0BUXXEHUSI.



B dounsunke cyulectByeT oOLMNA NMPUHLMAM,
KOTOPbIN Ha3bIBAETCA MpUHUUI
cyneprno3uyuu (ApUHUUN HasoXeHusl) —
donyuwieHue, coariacHo KOmopomy
pe3ynbmupyrowuu 3¢pgpekm Cri0XKHO20
rnpouecca e3aumodeucmaeus npeocmaaerisi-
em cobou cymmy aghgpekmos, ebi3blieaeMbIx
Ka)xxObIM eo30elicmeueM 8 omoesibHOCMuU,
fpu ycrioguu, 4Ymo rnocrieoHue 83auMHO He
8riusitom opya Ha opyaa.

[TpnHUMN cynepno3nummn urpaet donbLUyH
PONb BO MHOIUX pasgenax u3nkmu n TEXHUKN.



[TpoeKkunsa BeKTopa CKOPOCTU Ha

OCU KoopauHaT

B BekTOpHOU bopMe ypaBHEHUA 3arnnCbiBalOTCA
NEerko un KpaTtko. Ho Ans npakTnyeckux BblYUCIEHUN
HY>XHO 3HaTb MPOEKUNMN BEeKTopa Ha OCU KoopauHaT
BbIOpaHHOU CUCTEMbI OTCYETA.

[TonoxeHne Toukn A
(pucyHok 2.8) 3agaetcs
paauyc-BeKTopoMm T .
Cnpoeuupyem BekTop T
Ha ocun — X, Y, Z.

l\.._ \l

PucyHok 2.8 y



[TOHATHO, 4YTO X, Yy, Z 3aBUCAT OT BPEMEHMU I,
Te. x(f), y(f), z(f). 3Has 3aBUCMMOCTb ITUX
KoopOuHAT OT BPEMEHU (3aKOH OBWMXKEHUSA TOYKWN)
MOXHO HaUTU B KaXOblh MOMEHT BpPEMEHMU
CKOPOCTb TOYKM.

Mpoekums BEkTopa cKopocTn U Ha OCb X

dx
paBHa: U = ——
- df
3neck dx — npoekuys Bektopa nepemetienmns AT
Ha OCb X.
" dy . dz
AHanorn4Ho: YT A 7 dy







—

Tak Kak U BeKTop, TO

dx .

dy

O=0I+UL J+0k=—1

FPL.7Y

dedr” dt

rae i, j, K eguHNYHbIE BEKTOPbI — OPTHI.

Moaynb BEKTOpa CKOPOCTMU:

L=V, +0U + 0.

(2.3.6)



YcKkopeHue.
HopmanbHoOe n TaHreHUnanbHoe
yCKOpeHuUs

B NMPOU3BOJIbHOM Cliy4dae ABUXEHUA CKOPOCTb HE
ocTaeTcsi noctosiHHoi. bBbIcmpoma U3MeHeHUS
CKopocmu 10 8peMeHU U Haripas/eHUuro
xapakmepu3syrmcs YCKOpPeHUeM:

C_i = d6 (2.3.7)
d?

YckopeHue eenu4yuHa 6eKMopHasl.

[1pn KPUBONMHENHOM ABMXEHUN ) N3MEHAETCSA U MO BPEMEHN
1 NO HanpasBEeHUI0.




BBenem eOUHUYHbIU 8€eKMop 7f (pucyHok 2.9),
CBA3aHHbIK C TO4YkOM 1 KM HanpaBneHHbIN MO
KacaTenbHON K _TPaeKTopun [ABWXKEHUSt TOYKM 1
(BekTOpbI ) W T & Touke 1 cosnagator).

Toraa MOXHO 3anucaTb:

—
B - V

D = UT,

[ne U = |l_)" — MOA4yInb BeEKTOpa
CKOPOCTH.

PucyHok 2.9 O



Hangem obLiee yckopeHue:

dr dr dr = | A

[lony4nnun gBa crnaraembiX YCKOPEHUS:

a - maHaeHyUanbHoe yCKOpeHue,
coBnagarLlee ¢ HanpasneHu- v
eM ) B JAaHHOW TOYKE.

—

( — HopmanbHoe
n

yCKOpeHue vnu [.

ueHmMpocmpemMumesrbHoe

- .'




Ilpu Npou3BOJILHOM IBHKEHUH

TOYKHA UMCCM.

i(t)=d +a

X

I MO MOAYITHO dv




a’ — nokasbiBaeT M3MEHEHMe BeKTopa CKOPOCTV
T MO BEMNUYUHE:

do 5
-ecnm - >0 710 HanpasneHo B Ty Xe
CTOPOHY, YTO U BeKTOp {) T.e. YCKOPEeHHOEe ABUXEHUE;
do oy
-eciut —— < ()  TO (] HanpaBneHo B NPOTUBOMOOXHYHO
dr E
cTopoHy U T.e. 3amMeaneHHoe ABWKEHWE;
dU = S —
- NpU d— =0 T0 a. = 0 ) =icOnst — OBWXXEHue C
[

NMOCTOSAHHOWU MO MOAYJ1HO CKOPOCTbLHO.



PaccmoTpum nogpobHee BTOpoOe crnaraemMmoe
ypaBHeHUs (2.3.8), T.e. HOpMasribHOE YCKOpeHUe:
. dT
a =0—.

- dt

bbicTpoTa N3MEHEHUS HanpaBneHus
kacatenbHoit (dT/d?) k Tpaektopun  onpege-
NSIeTCA  CKOPOCTbK  OBWMXKEHUS  TOYKM MO
OKPY>XHOCTU U CTENEeHbK  UCKPUBIIEHHOCTWU
TPaEKTOPUMN.




CTteneHb UCKPUBNEHHOCTU MITOCKOU KPUBOW
Xapakrtepuayetrca kpueu3Hou C. 3

Paduyc kpueu3Hbl r
— paduyc makou
OKPY>KHOCMU, Komopasi
criueaemcsi C Kpusou 8
0aHHoU moyke Ha
beCKOHe4YHO  MarioM  ee
yyacmke dS.

1 AS S

r=—=lim—=—
C M->0A@ do




YckopeHue NpU NMPOU3BOJIbLHOM JIBUKEHUH

Ilpu npon3BOJILHOM 0BUMHCEHUU MAMEPUATbHOU MOYKU

BEJIMYUHA I' Oyoem pagHa PaanyCy HEKOTOPO MOMEHTAJIbLHOU (m.e.
coomeemcmeyrouieit 0QHHOMY MOMEHMY 6pemMeHU) OKPYKHOCTH

B 000U TOYKE TPAECKTOPHUU
osuiceHue MamepuanvbHou mouKu
MOMHCHO paccmampugams KaK

BpalaTe/JIbHOE JBUKEHUE IO OKPYKHOCTH,
(c KacamenvHbiM a, U HOPMAJIbHBIM d,
YCKOpeHusamu)

Camy éenuuuny r Hazvlgarom pajinycomM KpUBHU3HbI
TPACKTODUU 6 OAHHOU MOYKe
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PucyHok 2.10

CKOpOCTb WU3MEHEHUA  HanpaBneHus  KacaTenbHou
MOXHO Bblpa3nuTb KakKk Mpou3BedeHUEe  CKOPOCTU
M3MEHEHUs yrna Ha  eOuHWYHBLIN  BekTop N
NoKasblBaloLMN HanpasneHne N3MeHeHnsa yrna.

T.0. — N eavHWYHbIN BEKTOP, HanpaBneHHbIN
nepneHanKynapHO KacaTerbHOM (7[’) B 1aHHOW TOMKE,
T.€. N0 paguycy KPpMBU3HbI K LEHTPY KPUBU3BHbI.



ds _vdr do_v

dp=— dS=0dt do=
v r dt r

di v._ dt v _
—=—n V=N
dr r dt r

oTclona | L’ —  HOpMasibHOe YCKOpeHUe

d = — {]./wmueHmpocmpemumensHoe
= ? T.K. HarnpasineHo OHO K UEeHTPY
r KPVBU3HbI, NEPMEHANKYNAPHO T~

HopmasnibHOe yckopeHue rnokasbigeaem
bbiIcmpomy U3MeHEeHUS HarlpagrieHusi ekmopa
cKkopocmu
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MoOyrb HopmaribHO20 YCKOPEHUS:

LleHmpocmpemumernbHbIM Ha3blgarom
YCKOpeHUe — kKoz20a 08UXXeHue ripoucxooum rio
OKPY>XHOCMU.

A Korga OBMXKEeHUe nNponcxoguT rno npou3BoOSibHON
KPMBOU — TOBOPAT, HOPMAas/lbHOE YCKOpEeHue,
neprneHaukynapHoe K KacaTenbHoOu B JoOown
TOYKE TPAEKTOPUMN.
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Bo3Bpallasach K BblpaXeHuto (2.3.8), MOXHO
3anucaTtb YTO, CYMMapHbIU 8E€KMOP YCKOPEHUS
npu ABMXEHUN TOYKU BOOMb MNIIOCKOU KPUBOU
PaBEH:

1
A
=l

d=d +d

T

Dy 2
a, az\/at+an




Kak BMOHO W3 3TOro pPUCyYHKa, Moaysrb 06Llero
YCKOPEHUSA PaBEH: 5 5
a=.a+a

PaccMmoTpum HECKOJIbKO npeaenbHbIX
(4aCTHbIX) Cny4yaes:

a = 0; a = () — paBHOMeEpHOE nNpAMonu-
HENHOE OBUMXEHUE;
a =const; @, = 0 —  paBHOYCKOpPEHHOE
NPSAMOSIMHENHOE OABUXEHUE;

a =0; a = cOonst — paBHoMepHoe OBMXEHME
MO OKPY>KHOCTW.



Tunsl yckopeHuu
Umoowl 001€€ HATIISAAHO RPEOCMABUMb CEOUCMEA
66€0CHHBIX COCTABJISIIOIIMX MOJTHOTO YCKOPEHMS,
Paccmompum npuMepsvl OBUHCCHUU YACMUYbL, NDU KOMOPbIX
Imu cocmaenAouiue 603HUKaAIOm

Yacmuya oeuixcemcs NpAMOJITMHEHHO

Yacmuya osuixcemcesn no 1yre OKPyKHOCTH



HECKOJIIbKO 0s1€3HbIX (POPMYIT:

[lpn paBHOMEPHOM ABMXKEHUN § = jl)dl‘ — Ut

an ABMXEHUN C NOCTOAHHBIM YCKOPEHNEM

S =1yt



ObpamHasi 3adaya KUHeMamuku
3aKn4yaeTca B TOM, YTO N0 WU3BECTHOMY
3Ha4YeHU yckopeHusa a(f) HanTn CKOPOCTb TOYKM
N BOCCTAHOBWUTb TPaeKkToputo asmxeHus r(f).

do(?

Mo onpeaenexuto a(t) = UE )

THRA (f) = u(t )+ | a(t)dt
dr |

Mnu, Tak kak U(f) = —

p

dz :
CnepoBarenbHO r(t)=r )+ ju(t)dz‘.




KuHemaTuka TBepAaoro tena
Pasnu4yaloT nsaTb BUAOB ABWXEHUA TBEpOOoro

Tena:
- NoCcTynaTesibHoe;
- BpawaTtenbHOe BOKPYr HenoaBMXHOU OCMH;
- NNOCKOe;
- BOKPYr HenogBMXHOUN TOYKMU;
- cBOOOAHOE.
llocmynamenbHoe OBUXeHue u

gpawjamesisHoe ABWXEHUe BOKpPYr ocu -—
OCHOBHbIe BUAbl ABUXEHUA TBEepOoro tena.

OcTanbHble BUAbl OBUMXXEHUS TBEpPAOro Tera MOXHO
CBECTU K OOQHOMY WX 3TUX OCHOBHbIX BMOOB WU K UX
COBOKYMHOCTM.



[NlocTynaTtenbHoe ABUXeHue
TBepAaoro rena

lMocmynamesnbHoe O8UXeHUe — 3MmO makoe
osuXeHue meepoo20 mersa, npu Komopom rbas
rnpsimas, cesi3aHHas C mesiom, ocmaemcs

rnaparnenibHol C80eMY HadallbHOMY MOJIOXEHUKO U Ipu
3moM, 8ce mOoYkKu meepdo2o mefsia cosepwarom
paeHbIe nepemMeu,eHusl.



CKOPOCTU U YCKOPEHUA 8CeEX MOYEK TBEPOOro
Tena B AaHHbIM MOMEHT BpeMeHun [ oguHaKOBbI.
ITO0 No3BOSIAET CBecCTu N3y4vyeHune
nocTynaTtenbHOro [AOBMXEHUA TBEpOAoro Tena K
N3YYEHUD OBWXEHUA OTAENbHOUM TOYKU, T.e. K
3agaye KMHEMATUKM  MaTepuanbHOM  TOYKW,
nogpobHO paccMOTPEHHON B M. 2.3.



[lpn epawjamesibHOM Os8uXXeHuu Bce
TOYKM Tena AOBWMXKYTCA MO OKPYXXHOCTAM,
LEHTPbI KOTOPLIX NeXXaT Ha OOAHOU N TOWU Xe

o ' o
NPAMON 00, HAa3blBAE€MOU OCbHO 8PpaWleHUA
(pucyHoK 2.3).

N3 onpepeneHus BpallaTenbHOroO ABUXEHUS SACHO,

4YTO NMNOHATUNE BpaLwlaTesribHOIro ABUWXEHUNA a4
MaTepmaanoﬁ TOYKN Hernpuemremo.

O!

PucyHok 2.3



BpawaTtenbHoe ABUXXeHne BOKpyr

HenoaBUXXHOU OCHU
[suxeHue meepdoz2o0 mena, npu Komopom Ose
eco0 moyku O u QO' ocmaromcsi Hernoo8UXHbIMU,
Ha3bleaemcsi epaujamesibHbIM OBUXEHUEM B8OKpYy2
HernodeuwXHoU ocu, a HernodsuxHyr npsmyro OO’

Ha3bleakoImn OCbKO 8PalWlCHUsl.

[TycTb abcontoTHO TBEPAOE
Teno BpallaeTCcsa BOKPYr
HenoasuxHou ocu OO’

PUcyHok 2.12

do)




[lpocneaum 3a HekoTopoMm To4vkoMm M 3TOro
TBEpaoro tena. 3a Bpems df touka M coBepLuaeT
aneMeHTapHoe nepemelleHne

[lpy TOM Xe camoM yrre noBopoTa d(p opyras
TOYKa, OTCTOsAWAs OT OCU Ha Oonbluee UMM MeHbluee
paccTtodaHuda, coBepllaeT apyroe nepemMeLlleHue.
CnepoBaTenibHO, HU caMO MepeMeLlleHne HEKOTOPOou
TOYKM TBEPAOro Tena, dr dod

HM NnepBasi MNPoOun3BOAHAas d—t

d’r
dr

HW BTOpasi Npon3BoaHas

HEe MOryT CIyXWUTb
XapaKkTePUCTUKOWN OBUXKEHUS
BCEro TBepaoro tena.




Yeon nosopoma d([) XapakTepuayeT rnepeme-
WweHus ece2o mersa 3a epems dt (yrmoBow nNyTb)

Yno6Ho Beectn d® — BekTop
3rieMeHTapHOro nNoBopoTa Tena, YNCNEeHHO
PaBHbIN do n HanpaBneHHbIN BOOSb OCU
BpaLleHnsa OO’ Tak, YToObl MaAast BAOMNb
BekTopa AP mbl BUaenm dot

BpalLleHne rno YacoBou

CTpernke (HanpasrneHue

BekTopa d@

N HanpasneHne BpaLleHus

CBsI3aHbl MPaBUIOM

bvpaB4uKa).




OnemMeHTapHble MNOBOPOTbl YAOBNETBOPSAIOT
O0ObIYHOMY NpaBUIy CNOXEeHUsI BEKTOPOB:

dp = dp +dp .

Yanoeoli ckopocmbio () HA3bIBAEMCS 8EKIMOP
YUCIIEHHO pasHbIU repeou rnpou3sooHoU om yarna
rrogopoma o epemMeHu u HanpaeneHHb/u 800/1b

ocu epaweHus 8 Hanpaenequu dP( @ wn d@
BCeraga HanpaerieHbl B O4HY CTOPOHY).
d¢ d
@) = . (D=—(P. (2.4.1)

d¢ dz



CBA3b NMHENHOW N YIIOBOW CKOPOCTU

[lycTb U — NUHEeNHas CKOpoCTb TOYKU M.
3a npoMexyTok BpemeHu df Toyka M npoxoauT
nyte dr=0df. B 710 xe Bpewms

dr = Rd@ (uentpanbHbiii yron).  Toraa,
dowi

dr  Rdo

Cdr de
(2.4.2)

= R

VU




=0k

B BekTtopHOM chopme UV = [(D,R]
BekTop {) opToroHaneH k Bektopam @) U R
M HanpasneH B Ty XXE& CTOPOHY, YTO U BEKTOPHOE

npoussegeHue [, R |




[lepuod T — rPOMEXYMOK BPEMEHU, 8
meyeHUe Komopoz20 mesio coeepuiaem rosiHbIU
obopom (1.e. nosopoT Ha yron :271)

20
I'=—:
)
Yacmoma V — qucrno obopomoe merna 3a 1 cek.
|
V=—.
T
2T
Yanoeasi ckopocmb () = — = 2TV,

%



BBegoem BEKTOP ya2/108020 YCKOPEHUSI €
ons XapaKTepPUCTUKM HepagHOMEPHO20
gpalweHuUss merna:.

. do | (2.4.3)
£ =—
) d

Bektop & HanpaBneH B Ty e
CTOPOHY, YTO U (1) MPU YCKOPEHHOM
BpaLleHuu do

. dt .,
a & HanpaeneH B NPOTMBOMO-(
NIOXHYIO CTOPOHY NP 3aMeasIeHHOM |

BpaLLeHUY (g(g<0) '/
d¢

(pucyHok 2.13). %)
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Bbipa3auM HOpManbHOE U TaHreHuyuanbHoe
YCKOpPEeHUa Toukn M 4yepes yrrioByK CKOPOCTb WU
YrnoBoOe yCKopeHme:

aT:@ —(ooR) Rd—m Re;
dr dt dt

= L

2
1V,

a, =—= o’ R.
R

PucyHok 2.13

QS



dopMynbl NPOCTENLLUX CryHaeB BpaLleHus
Tena BOKPYr HeNO4BWMXXHOU OCH:
- pPaBHOMEPHOE BpaLLEHNE & = O; ® = const;

¢ =0, O

- paBHONEpeMeHHoe BpalleHne € = const;

®=w,xEel
=

el

2




Bce KUHeMaTu4yeckue napameTpbl,
xapakmepu3syrouwue gpauwjameribHoe
dsu)xeHue (yarnoeoe yCcKopeHue, yarioeas
CKOpOCMb U Y2011 1080pOMa g
HarnpaeJsieHbl 800J1b OCU
epauWjeHusl.




[NocTynatenbHOe ABUXeHWe

BpawartenbHoe ABUXeHWe

Lo



