MexaHuka




MexaHuKa

cKnHemMaTruka
e IluHAMHUKA
CTraruka

*3aKOHbI COXPAHCHUS



Kunemaruka

*OCHOBHBIE IIOHATHUSA
oJleicTBHS C BEKTOPpAMH
e[IpsaMoIMHEenNHOE IBMKECHHE

*KpuBoOJIMHENHOE IBUKECHUE



JleCTBUA ¢ BEKTOpAMHU

*CJj10:KeHMEe BEKTOPOB
*BoiunTanue BeKTOPOB
*YMHOKE€HHE BEKTOPAa HA CKAJAP
e[Ipoexknun BeKTOpPOB



IIpsasMoJIMHENHOE TBUKEHHUE

PaBHOMEepHOE
*PaBHOYCKOpPEHHOE
*CpeaHsisi CKOPOCTH



KpuBomHEeHHOE IBUKCHUE

' Tes10, OpoOLIEHHOE BEPTUKAJIBHO

' Tes10, OpOIIEHHOE TOPU3O0HTAJIBHO

'Tes10, OpOIIEHHOE MO YIVIOM K TOPHU30OHTY
 JIBHKEeHME Te. ~ = 9 OKPYKHOCTH



JInHAMHuKa
JlBJIeHME HHEPIINHA

3akonbl Hb10TOHA
1 3akon
2 3aKkoH
3 3akoH
3aKOH BCEMHPHOI0 TATOTEHU A
Cuia TsxecTH
Bec Teia
KocMuyeckue CKOpoCTH
Cuia ynpyrocru
Cuia TpeHus



3aKOHbI COXpaHEeHUS

MnyJibC

*3aKOH COXpPaHEHMA MMIYJbCA

*Pabora

*MoOIIIHOCTH

e JHepIrus
KuHeTH4yeckas
IloTenmmaabHas

*3aKOH COXpAHEHMSA SHEPIrUM



CraTtuka

] ycsioBHe paBHOBeCHSA
*2 yCJIOBHE PABHOBECHUSA



KnHematuka

MexaHu4yeckoe ABMXeHUe — 3TO USMEeHeHMe NOoNoXeHusd
Tena OTHOCUTESIbHO APYrux Ten ¢ Te4eHNEeM BpeMEeHM.

OcHoBHAasA 3271242 MEXaAaHUKH — ONIPEAEJIUTDH MOJIOKEHHE TeJIa B
JIID00M MOMEHT BPpEeMEHHU.

Cucrtema otcyeTta COCTOMUT U3:
*Tena oTcyeTa

Cuctemsbl KoopanHat

[lpubopa Ana namepeHNa BpeMeHU

: o




KnHematuka

KuHemaTtuka — 31O pa3gen MexaHUKu, KOTopbin oTBevyaeT
Ha Bonpoc: KAK aBuxertcsa Teno?

[MepemMellieHUe — BEeKTOpP COeANHAIOWUNA HavyanbHoe U
KOHe4YHoOe NosioXXeHue Tena.

A

TpaeKkTopusi — NMHUSA, NO KOTOPOMN ABUXETCSH Tero.

[lyTb — ANnHa TpaekTopumn.



KnHematuka




Kunemaruka

MaTtepuanbHas To4yka — Tenio, paaMmepamMum KOToporo
MOXXHO npeHebpeyb.

MaTepnanbHON TOYKON TEFI0 MOXHO CYUTATb €CJIN:
*Ero pasmepbl Marnbl N0 CPaBHEHUIO C NPOUAEHHbLIM
paccTosiHUeMmM
o[iIBNKeHUe Tena nocrtynaTtenbHO

MocTynatenbHOe ABMXEeHUe — 3TO ABUXKEHUe Tena, npu
KOTOPOM TPaeKTOpMM BCeX ero Touek oANHaKoOBbl.



KnHemartuka

I'IOCTynaTeanoe ABNXEeHune — 31O ABNXeHue Tena, npu
KOTOPOM TpPpaeKTopun BCex ero To4HeK oaonHaKoBbI.



Ci10:keHHue BEKTOPOB
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CioKeHue BeKTOPOB
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BbIlunTaHHE BEKTOPOB
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BbIlunTaHHE BEKTOPOB
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YMHOXeHUue BeKTopa Ha ckansap
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IIpoekuuu BEKTOPOB
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[TpsMornIMHenHOe U paBHOMEpPHoOe
ABWXeHue Tena

PaBHOMepHOe ABUXXEeHUEe — 3TO TaKoe ABUXEHUe npu
KOTOPOM Tersio 3a Nobble paBHbIe MPOMEXYTKN BpeMeHun
npoxoauT oAWHAKOBbIE NYTW.

MpsAMonnHenHoe ABMXeHne — 3TO ABUXKeHue, Npu
KOTOPOM TPaeKTopus — NpsAMas JIMHus.
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[TpsMornIMHenHOe U paBHOMEpPHoOe
ABWXeHue Tena
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CKopoCTb Npu paBHOMEPHOM
NPAMONMIMHEUHOM ABUXEHUN
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[TpamonuHenHoe n paBHOMeEpPHoOe
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[TpsMornIMHenHOe U paBHOMEpPHoOe
ABWXeHue Tena

L g ;

X

Sx S.=vt

0 >
t t

Ilepememenue Tesia 3a BpeMsi t paBHO m1omaau Gurypsl mnoji
rpaguKoM 3aBUCMMOCTH CKOPOCTH OT BPeMEHH.



[lpamonnHenHoe n paBHOMepHoe

X
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ABUWXeHue Tena
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CpenHAA CKOPOCTb
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[MpamonunHeunHoe
PaBHOYCKOPEHHOEe ABUNXeHue

PaBHOYCKOpeHHOG ABUXeHUe — 3TO ABUXeHune npu

KOTOPOM CKOPOCTDb TéeJia 3a paBHbI€ NMPOMEXYTKN BPEMEHU
MEeHAeTCA OANHAKOBO.

l')J— l|)JO YckopeHue — BerminunHa, paBHas
ad = OTHOLUEHUIO U3MEHEHUSA CKOPOCTHU K
[ NMPOMEXyTKYy BpeMeHHM, 3a KOTopoe
AD 3TO U3MEHEeHMe NPOUN3OoLLSIO.
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[MpamonunHeunHoe
PaBHOYCKOPEHHOEe ABUNXeHue
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[MpamonunHeunHoe
PaBHOYCKOPEHHOEe ABUNXeHue
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[MpamonunHeunHoe
PaBHOYCKOPEHHOEe ABUNXeHue

at2

X

2

S, =0, I

> x=x,+9,




[MpamonunHeunHoe
PaBHOYCKOPEHHOEe ABUNXeHue
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[MpamonunHeunHoe
PaBHOYCKOPEHHOEe ABUNXeHue
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[1BnXeHue Tena OpolweHHOro noa
YIFIOM K FOPU3OHTY




[1BuXXeHue Tena OpoLleHHOro noa
YIIIOM K TOPU3OHTY
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[1BuXxxeHue Tena 6poLleHHOro noa
YIIIOM K TOPU3OHTY
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[1BuXxxeHue Tena 6poLleHHOro noa
YIIIOM K TOPU3OHTY
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[1BuXxxeHue Tena 6poLleHHOro noa
YIIIOM K TOPU3OHTY
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[1BuXxxeHue Tena 6poLleHHOro noa
YIIIOM K TOPU3OHTY
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JIBHKeHH e TeJ1a, OPOIEHHOTI 0
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BEPTHKAJIbHO
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JIBHKeHH e TeJ1a, OPOIEHHOTI 0

oo TOPU30HTAJILHO
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PaBHOMepHOe ABMXeHue Tena no
OKPY>XHOCTW

LV, =D, =D, =...

D = const
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PaBHOMEepHOE ABMKECHME TeJIa Mo
OKPYXKHOCTH
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JInHaMHuKA

JInHAMHKA — pa3aeJ MEXaHUKH, KOTOPbIil 0TBEYaeT HA BOIIPOC:
IMOYEMY naBu:xercs Tej0?

IlpuunHa M3MeHEeHNs CKOPOCTH TeJia — BO3IeMCTBHE HA HETo
JIPYTruXx TeJl.

Eciiv Ha TeJ10 He el CTBYIOT APYrHe TeJjia, TO OHO JIH00
IMOKOUTCSI, JIM00 IBHKETCH NPSIMOJMHENHO U PABHOMEPHO.



3akoubpl HbI0TOHA

1 3axoH Hpl0TOHA:

CyuniecTBYIOT TaKHe CUCTEMbI 0TCUETA, OTHOCUTEJIbHO KOTOPbIX
TEJIO IBUKETCH NMPAMOJIUHECNHO M PABHOMEPHO WU MOKOUTCS
NPU OTCYTCTBMM BHEUIHUX BO3AeUCTBUN. TaKkue €.0. HA3bIBAKOTCHA

uHepuuagabHbiMu (MCO).

UHepuunsa — aiBrneHne npm KOTOPOM CKOPOCTb Terna
OoCTaeTcs HEM3MEHHOMU NpPu OTCYTCTBUM HaA HEro BHELWHUX

BO34EeNCTBUMN.



3akoubpl HbI0TOHA

MHepTHOCTb — CBOMCTBO Tefla COXPaHATb CBOK CKOPOCTb
NP1 OTCYTCTBUU BHELLHUX BO3AEUCTBUMN.

Mepa nHepTHOCTM — Macca Tena. (Yem bonblie macca
Terna, TeM TpyaHee U3MEeHUTb ero CKOpocCTb).

(] = k2
Cuna — KonnyecTtBeHHas Mepa B3aMMO,E|eVICTBMFI TEeJl.
Fl=H _
A
F1

PaBHOgencCTByHOLaA — BEKTOpPHas
CyMMa BCeX CuIl, AeUCTBYHOLUX Ha
Teno =>>

F2




3akoubpl HbI0TOHA

2 3aKOH HblOTOHA:
YckopeHue Tena npsamMmo nponopuuoHanbLHO cune,
AEeNCTBYKOLEN Ha TeJsI0 U 0OpaTHO NPONOPUMOHANBHO

MacCcCe 3TOro Tera.
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3akoubpl HbI0TOHA

3 3akoH HbOTOHA:

Cunbl, ¢ KOTOpPbLIMU TEJNa AEUCTBYIOT APYr Ha Apyra,
paBHbI NO MOAYIIIO U MPOTUBOMNONIOXHbI NO HanpaBrieHUIO.
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3akoubpl HbI0TOHA
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CKOMMEeHCUpOoBaTb APYr APYra, Tak Kak AeWUCTBYIOT Ha
pa3Hble Tena.




3aKOH BCEMUPHOIO
TAroTeHus

Ncaak HbIOTOH

Bce Tena Bo BceneHHOM NnpuUTArnBaloTcs Apyr K Apyry ¢
cunamMm npaMo nNponopunoHanbHbLIMU NPOU3BeAEHUI0 UX
Macc U 06paTHO nponopuuoHarnbHbIMU KBagpaTy
pacCTOSIHUA MeXAYy UX LeHTpaMu.
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3aKOH BCEMUPHOIO
TAroTeHus

»  paBUTaUMOHHAsA NOCTOSAHHAA — BeJfIMYMHA.
G = F-r YncneHHo paBHasa cune B3ammMoaencTBuUs
m.m ABYX Ten MmaccamMmm no 1 Kr , HaxoAALWMUXCH
1"""2 " Ha paccTosiHMu 1 M apyr oT apyra.
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Cuna Tsxectwm
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[lepBas KOCMU4YeCcKasa CKOPOCTb
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[lepBas KocMU4yecKkass CKOPOCTb
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KocMHuuyeckue CKOpOCTH

Y L, = 7,9@

C




Bec Tena

Bec — 31O cuna, ¢ KOTOpoun Teno AeucTByeT Ha ONopy Unu
noaBec.
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Bec Tena
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2 3aKOH HbIoTOHA

3 3akoH HbOTOHA



Bec Tena

ArTP* f20 atlg
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Bec Tena

A'T* 7+ 0 aTig
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Ileperpy3ka — siBjiecHHE YBEeJIMYECHUS Beca TeJia.
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Cuna ynpyroctin
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3aKoH 'yka

ICZXXXXXE-E AL - a6coniotHoe yANNHEeHMe.
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3aKoH l'yka
F
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O = - MeéXaHNn4YeCKoe HalnpsAaxeHue

o]=2 - 17a
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O - npeaen npoyHoCT — MakCUMalsibHoe MeXaHn4eckKoe
ny

HanpsaxXeHune, KoTopoe BbiaepXXuBaet AaHHOEe
BelecCTBO
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Ounarpamma pacTsxeHUn




Cuia Tpenus

->
N
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FTp TAI'N
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Cuny TpeHus, OeNCTBYHOLWYIO MeXay ABYMSA Tenamu,
HenoABWXHbIMU OTHOCUTESNILHO ApPYr Apyra Ha3bIBaloT

CWUNON TPEHUS NOKOA.
HaunbonbLiee 3Ha4YeHUe CUMNbI TPEHUSA, NPU KOTOPOM

CKONbXeHue elle He HacTynaeT, Ha3bliBaeTcs
MaKCUMaribHON CUJION TPEHUSA NOKOS.

Fmax = HN

Cuna TPeHUsAa He 3aBUCUT OT ninowaam ConpmKoCHoOBeHuUA
Tenl.



Cuia TpeHus

Cuna TpeHus CKonbXeHUsa Bceraa HanpasneHa
NPOTUBOMNONIOXHO HanpaBrieHUI0 OTHOCUTENbLHOW
CKOPOCTMU conpuKacalroLmxca Tern.
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Teno Ha HAKNMOHHOU NNMOCKOCTM
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Ctatuka

1 ycioBue paBHOBeCcHS TeJia:
BekTopHasi cyMMa BceX BHEIHUX CHJI JeCTBYIOIUX HA TEJIO
A0JIKHA OBbITH PABHA HYJIIO.
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Ctatuka

Ecnu Teno nmeet ocb BpaLleHus, TO:

-

Fi

| P p
le i
b +F,=0

1 ycnosusi HeOocmamo4HO



Ctatuka

MoMeHT curnbl — 3TO Besfin4YuHa, PpaBHaA npomn3seaeHUIo
MoAyIiA CUJlbl Ha nineYvyo CUIbI.

M=F-d
[M ] =H -m
F
¢d1 Nne4yo cunbi (d) —
e KpaT4yauwiee
d2 0

paccTofAHUE OT NINHUN
OeUCcTBUSA CUMbl 0O OCHU

¢ BpaLLeHuS.
E.




Ctatuka

MoMeHT cunbl CYUTaAETCA NOSIOXKUTENbHbLIM, €Cfiu cuna
BpallaeT Teno NPoTUB YacoOBOW CTPEeNnKU. MoMEeHT CHJIbI
CUHUTAETCH OTPHULIATEAbHBIM, €CJIM CHJIA BPALIAET TEJIO 110
YacoBOM CTpeJIKe.
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¢d1 M.>0

d2 0

E,



Ctatuka

2 ycnoBue paBHOBecCcUA Tena:
CyMmma MOMEHTOB CUNn AeUCTBYHOLWMX HA TeNo AOMKHa
ObITb paBHa HynIO.
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Ft - nmmynsc crsl

L
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3aKOH COXpaHeHUs UMITYJIbCAa
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3aKOH COXpaHeHUs UMITYJIbCAa

| L U
R, +4H,=F+F, ynpyrui yaap




3akoH coxpaHeHnﬂ NMITYJIbCA

ol

Heynpyrum yaap

P +P —P+P
1 2 = 2
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3aKOH COXpaHeHUs UMITYJIbCAa
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|| || PeakTuBHOe ABUXeHue
0=F8+PF,

|| || ||
mllg(l)l +m,,, = mv, +m,L,

0 =m0, + m,U,

mv, = —m,v,

mv, = n,v,



3aKOH COXpaHeHUs UMITYJIbCAa




PaboTa
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MoLwHOCTb

A=FScosa

FScosa I'v,coso
[ [
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JHeprua

Ecnn Teno unu cucrema Ten MoryT CoOBepLInTb paboTy, To
roBOpPSiT, YTO OHX 0ONagarT IHEepruen.

SHeprus [E] = I
— T~
KUHeTn4yeckKas noTeHuuaribHas
(aHepzus osuiHceHu) (aHepzusn e3aumooeiicmeus)
2
g =" / \
2 TeJ10
Teno NogHATOo necopMMpoBaHo
Ha
NOBEPXHOCTHLIO Joc?
3emnu E =—
2

E =mgh



KuHeTn4yeckasn aHeprus
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[loTeHUManbHaaA aHeprus

@A A
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Ah |h1 F =mg
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PaboTa cunbl TAXeCTwu

PaGoTta cunbl TAXXEeCTU He 3aBUCUT OT TPaeKTopum
ABWXEHUSA Tena, a TONbKO OT Ha4anbHOro N KOHEYHOro
NonoXeHus Tena.

sepm

I A=A + A
Ah <oP

h Ih A=F-S-cosa
A,,, =mgAx-0=0

A, =mg-(h+h,+..+h )-1

eepm

A, =mgAh  Ah=h+h,+.+h

gepm



KoHcepBaTUBHbIE CUNDbI

Cunbl, paboTa KOTOPbIX He 3aBUCUT OT TPAEKTOpPUMU
Ha3bIlBalOTCA KOHCepBaTuUBHbLIMMU. (lpumep: cuna
TAXECTN).

PaboTta KoHCepBaTUBHOMU CUJSbI MO 3aMKHYTOMY KOHTYpPY
paBHa HyHO.

1 AO — A12 T A21
h A, >0
A, <0
0 Alz — _A21

4, =0
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F =kx
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[loTeHUManbHaaA aHeprusa
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3aKOH COXpaHEeHUA IHepruu

A=AE,
A=-AE,

AE, = AEn
Ey—E,=—(E,—E,)

Ekl T Enl — Ek2 T En2
Z E()O — ZEnOCJze = 3dKOH COXpPaHeHUA SHepruu

ANA 3aMKHYTOU CUCTEMbI, B
KOTOPOW AEUCTBYIOT TOJSIbLKO
KOHCepBaTUBHbIE CUTNbI.



3aKOH COXpaHEeHUsA IHeprmu

Ecnu npncyTcTBYOT HEKOHCEepBaTUBHbIE CUSbI
(HanpumMep cunbl TPEHUSA), TO 3aKOH COXpaHeHUA aHeprum
uMeeT BUA:

Ekl +En1 — Ek2 +En2 T Amp

ZEOO — ZEnOCJze T Amp



