Jlnnamuka

OcHOBHbBIE IOHSATHS AUHAMHUKHU

HNuepuus

— OTO A6/1eHue COXpaHCHUA CKOPOCTHU TEJia IPpHU OTCYTCTBHUU
JIEHCTBHUS HE HETO APYTUX TSI

,}IBI/DKCHI/IC 0 HHEPUUH

— 3TO JBWKEHHUE, KOTOPOE MIPOUCXOAUT 0€3 BHEITHETO BO3-
NEeNCTBUS

NuepuunajbHblie
CHCTEeMBbI 0TCYETA

— 3TO CHCTEMBI OTC‘IéTa, B KOTOPEBIX TCJIO COXPAHACT COCTOA-
HHUC ITOKOSA WJIM paBHOMCPHOI'O HpSIMO.HHHCfIHOF O IBHOKCHUA

IlepBbIiii 3axoH HbloTOHA

Ecnu na meno ne dedcmey}om CUNbL UAU UX OeliCEUe CKOM-
NeHCupoeaHo, mo OaHHOE Mejlo HaXO00UMCs 8 COCMOSHUU NO-
KOs Uiu pa6HOMEPHO20 I’lpﬂMO]ll/lHelZHOZO 08uUICeHUs

Cuiaa

— OTO KOJIMYCCTBCHHAA MCpPa B3aI/IMOI[eI\/JICTBI/I$[ TCI UJIN (1)1/131/1-
yeckux noisei. Cuia — 310 BCKTOPHAasA CI)I/I3I/IIIGCKEI$I BCJINYHHA,

N
obOo3Havaercs F u u3Mepsiercst B HproToHax (H)

IIpyHOMD Cynepno3uuM CHII

Ecnu Ha TOUKy ACHCTBYIOT HECKOIBKO cuil F1, F2, ..., Fa, TO
UX JIEUCTBUE PABHO BEKTOPHOU CyMMe

ﬁl + ﬁz + et ﬁn = F. Cuna F HasbiBaercs PaBHOJECHUCTBY-
IOLEN WK PE3YIbTUPYIOLIEH CHIION

3

PaBHOZEHCTBYOIIAS CHJIA U CIOYKEHHE CHUIT >,

— 9TO CKaJIsipHast (PU3NUECKasi BEIMIHHA, KOTOpasl SBISIETCS
Mepoil nHepTHOCTH Tena. Maccy 060o3HadatoT OyKBOii 1,

Macca .
€MHUIIEH MACCHI SIBJISIETCS KIJIOTpaMM (KT)
Macca tena u e€ u3mMepeHue
— 3TO CBOMCTBO T€Ja COXPAHATh COCTOSIHHE PABHOMEPHOTO
MPSMOJIMHENHOTO IBM>KEHUS WM MTOKOs, KOTJa IeUCTBYIO-
HNuepTHOCTH P A » KO A Y

IMrUEC HAa HCTO CHUJIbI OTCYTCTBYIOT MJIM B3aMMHO YPaBHOBCIIIC-
HBI.

Bropoii 3akon HeroToHa

Yckopenue, komopoe nonyuaem meno 6 pezyibmame 83aumo-
oelicmsus, NpaMo NPONOPYUOHAILHO pAGHOOelicmeyioujel
gcex cul, Oelucmeyiowux Ha meio, U 0OpamHo NpPoOnOPYUo-
HanbHo Macce mena: d = %
— HampaBnenne yckopeHuss Bcerga COBHAJAeT €
HANpaBJIECHUEM PABHOACHCTBYIOLIEH CHJIBI,
— MO0 JEWCTBUEM IOCTOSHHOM CHWJIBI TEJIO ABUKETCS
paBHOYCcKOpeHHO: F = const = d = const,
— BCE CHJIbl CYMTAIOTCS MPUIOKEHHBIMU K OJTHOM TOYKE
— LIEHTPY Macc




Tpernii 3axkon Herorona

Cunvl, ¢ Komopvimu 06a mena deticmgyiom opye Ha opyed,
PAasHbl RO MOOYJIO U NPOMUBONOTIONCHBL NO HANPABIEHUIO:

ﬁl = _ﬁz uiu |ﬁ1| = |ﬁ2|

Of L0
A 4
F=-F,
CuIibl B3aMMOJIEHCTBUS:
- OJIHOU ITPUPOJBL,
- MIPUJIOKEHBI K Pa3HBIM TeJIaM,
- PaBHBI 110 MOJTYJIIO,
- MPOTUBOIIOJI0KHBI MO HAIPABJIEHUIO,
— JICUCTBYIOT BAOJIb OJTHOM MPSMOI

CBOICTBA CHJIbI |
|

MOYJIb

HallpaBJICHUE TOYKA IPHUIOKCHU ST

} PE3YJIBTAT JIEVMCTBUS CHAJIbI

HU3MEHECHUE CKOPOCTH
TeJaa

HU3MEHECHUE CKOPOCTHU U

u3MeHeHue GpopMbl Teaa dopmbI Te1a

ynpyroctTu

THAKECTH

BEC TeJ1a

CIJIA

TATOTCHUA |

TpeHust

apxmmena

PeaKIuu onopsl ,
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Cunaa ®opmyaa HanpasJiienue Touka npuaoKeHus Ipumep
. [
= - -
[ Fo = _k MecTto nedopmaruu, HO F
(@] yop — X, ) yip!
S K b [TpoTuB BHEIIHEN CUIBI | Tak Kak TeJo — 3TO MaTe- )
rne k —sto ko3 purm- = _
= A ) . 1 (B cTOpOHY, TPOTHBOIIO- | pHATBbHAS TOYKA, TO CHITY X E F
2 CHT HCCTKOCTH, JIOXKHYI0 Aedopmarium) TIPYTOCTH MOXHO H300- —
= X — YAJIUHEHUE TeJa yIo AcopMat yipy
E y paxkaTb OT LIEHTpa
X
0 X
= > o
3 Frse = mg
rzie m — Macca Tena;
§ Aie ceaTe 6a’ K nenrpy mianerst LenTtp TsKECTH TENA g
g — YCKOpeHue cBo0o-
E HOTI'O IaJICHUSA mg ' mg
< P =mg
= rzie m — Mmacca Tena;
B3 BeprukansHo BHU3 IToBepxHOCTB TENA —_ —
M = | g — yCcKOpeHue cBo0O-
HOTO TIa/ICHUS
S mym,
FTHF = G )
E rJe My, M, — 5TO MACChI \ F, Fuf/
. m » >, mw
TEJ; 7 — 3T TOSIHU . 1 «
= CIL, 7" = 9T0 PACCTOAHNC | 1 paamopeiicTByOIE- |
S MeX1y TelaMu (UX IeH- My TelTy IlenTp Macc Tena T
—_ Tpamu); G — 3TO rpaBu- |_1 .;l
E TAIlMOHHAS TOCTOSTHHAS

2
(G = 6,67-10"11 1)

Kr2




Frp = uN

MOHO U300paxaTh U3
IICHTpa

re L — 3To K03 huiu- ]—V’
XK HT TpeHus; N — 3To cH-
= CHT TPCHHA, o c Cuia mpuiioxeHa B TOUKe .
: J1a HOpMaJIbHOTO JaBJIC- HpOTI/IB HaIlpaBJICHU
B | gus, KoTOpas AeHCTBYeT | JBHIXKCHUS (CKOPOCTH) COTIPHKOCHOBCHIA ZIBYX i
> ) pait A Y TIOBEpPXHOCTEi
= MEePIEeHIUKYISIPHO TI0-
BEPXHOCTH COIpPUKaca- .
FOLLIUXCS TEJ mg
E A = Pxd 4 )
—
<« TJI€ Py — IVIOTHOCTh
= KUIKOCTH, V — 00bEM
= . BeprukansHo BBepX,
= Tena, KOTOPBIM HaXOIUT-
= MIPOTHUBOTIOIOKHO CHJIE Lentp naBieHus tena
Csl B )KUJKOCTH; g —
” TSDKECTHU
A yCKOpeHue CBOOOTHOTO
< | nanenus (g =9,8m/c?).
Cuiia mpuIoKeHa B TOUKE -
= COIPUKOCHOBEHUS IIPEAME- N N
= é =1 13 Ta ¢ onopoul. Ho Tak kak I
= |N|=|P|, Hampasnena nepresau-
< g o CVISDHO OHODE TEJIO TPEJICTABIISIEM B BUJIC |
§ S rae P —pec rena yp p MaTepUAaNbHON TOUKH, CHILY
A v/ /A




\ CWJIBI YIIPYTOCTH

cKaTHe pacTsiKeHne ‘ CABHT KpydYeHHe M3ru6
__| — |

IVAAVAARY

Cuibl yIpyrocTH BOSHHKAIOT MU AeGopMaIiu Teia

Hedopmarus ‘ — 9TO M3MeHeHue (hopmMbl Wi 00bEMa Tesia
Buasl nedpopmanun
Tejo Hepopmanus Pe3yabTar mocje 1eMcTBUS CHIIbI
Vrpyroe yrpyras TEJIO BOCCTAHAB/IMBACT CBOIO HAYANIbHYIO bopmy u
00BEM
[InacTuyHoe IJIaCTUYECKas TEJI0 HE BOCCTAHABJIMBAET CBOIO (popMy U 00bEM
Xpynkoe TEJNO0 pa3pymaeTcs
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Cl) ACUCTBUC HCKOTOPOU CHUJIbI F Ha TCIIO,

0) YIUIOTHEHHE CTPYKTYPHI BEIIECTBA MO ACHCTBHEM CHJIBI F ;
) TUTacTHUecKas aedopMariys Tea;

2) ynpyrast nedopmanus Tena;

0) pa3pylIeHHe TeJla Mo NeUCTBUEM CHIIbI F

ITpuMepsbl CHJI YIPYTOCTH

JIEUCTBYET CO CTOPOHBI OTIOPHI HA
TEJ0
C —
WJIa peakuuu Onopsbl
P P N Hanpasnens! nepneniu-
KYJISIPHO IIOBEPXHOCTH
Cuiia HOpMAJIBHOTO AaBJie- | — 3TO JEHCTBUE TEJa Ha ONOpPY
HUA

VITITIIIIIIIIIIIA Cuna HaTsDKEHUS HUTH BCeTna HalrpaB-

.
. neHa o HuTH unu nozasecy (T)
7

Cuiia HATSIZKeHUSI HUTH




COEJAUMHEHMUE ITPYKUH

nmocjaea0oBaTe/JibHOEC

napaJjuiejabHoe

VYiiMHEeHne CUCTEMBI IPYKUH

F F
x=x1+x2=k—+k—
1 2

KécTkocTh cucTeMBI IPYKUH

F kik
K=o = ke

[Tpunoxxennas cuiia
F = klx + kzx
KécTrocTh cucTEMBI MPYKUH

k—F—k +k
_x_l 2

x_k1+k2
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Cuia TaroreHus

Cuiia TAroTreHus

— 9TO CHJIa B3aUMHOTO MPUTSKCHUA, KOTOpas HeﬁCTByeT MCKIAY
BCECMH TCJIaMH

3akon BcemupHoro
TATOTEHUS

JlBe MaTepHalbHbIE TOUKUA MAacCaMH m1 U m2 NPUTITUBAIOTCS APYT K
JpYyTy C CHJIOH, KOTOpas MpsIMO MPOIOPIHOHATIbHA X MaccaM M 00-
paTHO MPOMOPLUOHANIbHA KBAAPATy PACCTOSIHUS 7' MEXKIY HUMMU.

_11 HM2
G — 9T0 TpaBUTALMOHHAs IocTostHHas (G = 6,67 - 10711 —-).
KI"

DopMyTy MOKHO HCIIOJIb30BATh:
— U1 ABYX MaTE€pUAJIbHBIX TOYEK,
— €CJIM TeJIa SIBJIAFOTCSL OTHOPOIHBIMU LIaPAMH,




— €CJIM OJJHO M3 TeJ — OJTHOPOJHBIN 1Iap, a Ipyroe — MarepuaibHas
TOUYKa

Cuia TAroreHust
3emiun

S
—9TO cWiIa TsokecT E, = mg

mg

T T

mg
Cuia TsHKEeCTH HalpaBJieHa K IEHTPY 3eMitH (TUIaHEThI)
M
g=G=~ 9,81m/c?,
rae M — macca 3emnu; R — paauyc 3emun

Cuia TsxecTu

— 9TO CHJIa I'PaBUTALMOHHOTO NPUTANKCHUA, KOTOpasd l[GfICTByCT Ha
TEJI0O CO CTOPOHBI INIAHCTHL

IlepBas kKocMUYecKast
CKOPOCTh

— 5TO MHUHUMAaJIbHAsI CKOPOCTh, KOTOPYIO IOJDKHO UMETHh TEJNO IS
JIBYDKEHUS BOKpYT 3emunu: v; = /gR = 7,9 kM/c.
— 9TO CKOPOCTb, TIPH KOTOPOM TEJIO CTAHOBUTCSI CITyTHUKOM 3eMJTH

Bropas kocMuveckas
CKOpPOCTH

— 9TO MHUHHUMAJIbHAA CKOPOCTb, KOTOPYIO AOJIDKHO HMMCTH TCJIO IJIA
TOTO, YTOOBI mpeoa0JIETh CUITY TPAaBUTALIMOHHOI'O IMPUTAXKECHUA U I10-

KUHYTh TUIAHeTy: vV, = /2gR ~ 11,2, kM/c.
— 9TO CKOPOCTbH, IPH KOTOPOH TeJI0 cTaHOBUTCS cryTHUKOM ComnHia

Tperbs KocMHUYecKast

— 9TO MHHHMAJIbHAsA CKOPOCTb, KOTOPYIO AOJDKHO HMMCTL TCJIO AJIA

CKOpPOCTh TOT0, YTOOBI MOKWHYTHh COJTHEYHYIO CUCTEMY: V3 = 16,7 KM/C.
— 3TO CUJa, C KOTOPOM TEJIO JEUCTBYET Ha OMIOPY MJIU MOABEC
LIS
177777 7777777
Bec Tena P=mg
P

!




BEC TEJIA P

| % |
P>F, . | P=0 |
nepeepyska o= m(g,z 2) HeeecomMocmb
P=m(g +a) ‘ a=g
.1,’ &~ ); F 3
. ZV Ia L ]V a
mg mg

Cuiia TpeHust

— 3TO CWJIA, KOTOpPasi BOSHUKAET IPH JBUKEHUU OJIHOTO TeJa IO MOBEPX-
HOCTH Jipyroro tena (Fp)
v
i
—
N
Cunua Tpenust _
HFP

mg

HanpagieHue cu- | Bceraa npoTHB JBMXKEHUS Teja (CKOPOCTH) WIM BO3MOXKHOTO IBHKCHHS
JIbI TPeHUs!
IIpu4HHbI BO3HUK- 1) HepoBHOCTH NOBEPXHOCTH,
HOBECHHS CHJIBI 2) B3aMMOJAEUCTBHE aTOMOB M MOJIEKYJI Ha TPaHMIIE TOBEPXHOCTH
TpeHust




CIWIA TPEHUA

CKOJIbKEHUSA
Frp.cxc = uN,

1 - K03 umeHt
TPEHUS CKOJIBKECHUS

KauCHUusA
N
EI‘p.K = K'I_a"

A - KO3phUIUEHT
TPEHUS KauCHHSI

IMOKOA

Frp.n = FEraru

mpLK.

F

mp.n.

mg

Cuia Apxumena
(BBITAJKHBAIOLIAS CHJIA)

Fy = pxgVy

HaJcHUs

TJI€ Py — IVIOTHOCTD KUAKOCTH; V. — 00BEM Tena, KOTOPBIii
HaXOAMTCS B )KUIKOCTH; g — YCKOpPEHUE CBOOOTHOTIO

T€JO0 TOHET

TE€JO IIaBaeT

TE€JO0 BCILJIBIBACT

MANC

F—I =F MAaMc




Mexanun4eckasi pabora

Mexannuyeckas padora

A (Jix)

— 9T0 Qu3uUecKas BeIUYHHA, IPSIMO MPOTOPIIHO-
HaJIbHasl CUJIE, KOTOpas JEUCTBYET Ha TEJIO, U MYTH,
[0 KOTOPOMY MPOUAET 3TO TEJNO B HANPABICHUM JIEH-
CTBUS CHJIBIL:

A =Fs-cosaq,
rae F—5T1o cuna;s — 3TO NEPEMEILICHHE; 0L — YTOJI MEXK-
Jly AEUCTBYIOLIEN CHUJION U NEPEMEIICHUEM

F
7 O
s

Mexanuyeckasi padora

A=Fs-cosa ‘

A>0 '

L as [ A
Hanpuwmep,
Hampumep, ) Hampuwmep,
a=180°= B
a=0"=cosa=1 a=90°=cosa=0
cosa = —1

S S
o ; mg
T777777777777 777777777777
1 _Siz, .2
FaA O
P const leuj/////zu
mg
A 3. = )
0 e :

Pa6ora paBHa miom@aan npsiMoyroibHUKa

—

9

PaboTa 1o 3aMKHYTOMY KOHTYpY paBHa HYJIIO

x}/'////xx//rx
m




Ko>¢puumenT mosesnoro

NeHCTBUA

— 9TO  XapakrtepucTtuka 3(QeKTUBHOCTU
paboThl MEXaHU3Ma:
Ay
n n=-—-100%,
A
rae A, — 3To mone3Has pabora; A, — 3TO 3a-
TpadyeHHas padoTa

NOABVKHBIHI }——l—{ HenoABHKHBIN

MPOCTEHUIINUE MEXAHWU3MBI |

| | |
| 0JOK | HAKJIOHHAS ILIOCKOCTD | pbI4Yar

LLLILELLS S

«3o0J10TOE NMpaBUJI0» MEXAaHHUKHU: BO CKOJIBKO pa3 BbIMI'PbIBACM B CHUJIC, BO CTOJIBKO pa3

IPOUTPHIBAEM B pacCTOSHUU. HU 0TMH MeXaHu3M He JaéT BRIMTPHINIA B padoTe.

— (u3uyUecKas BeIMYMHA, KOTOpas MOKa3bIBaeT, KaK OBICTPO CO-
Bepiaercs pabora:
A Fscosa

MouHOCTh N (Br) N = TE—— = Fv cos(F; D),
rie A — 510 paboTa; t — BpeMs BBINONHEHHS 3TOH PabOTBI,V —
CpeHsIst CKOPOCTh
— JTO CKaJIpHasA (PU3NYCCKadA BCIINMYMHA, KOTOpAadad XapaKTCpU3ly-
JHeprus E (J1x) p ¢ ’ p P PH3Y

CT MAKCMMAJIbLHYIO pa60Ty, KOTOPYIO MOKCT COBCPIIUTD TCJIO




MEXAHHUYECKAS SHEPI'UA |

KHHETH4Y€CKasi

NMOTCHIIUAJIbHAsA

HOTGHI_II/IaJIBHaSI 1 KUHCTHUYCCKAs SHCPIUA o

Kunernueckasi 3Heprusi

— OTO SHCPrus, KOTOpOﬁ 06JIa,Z[aCT 106o0e ABIKYIIECCA TCIIO:

TeopeMma 0 KHUHeTHYECKOM

PaboTa Bcex cuii, KOTOpbIE MPUIIOKEHBI K TNy, paBHA U3MEHe-

JHEePrum HUIO KHHETUYECKOW YHEPTUHU:
A:AEK: KZ_EKI
IHoTeHUMaJbHAS JHEPIrUsl | — 3TO YHEPrUsl B3aUMOACHCTBUS TEJ WK YaCTEH OJTHOTO Tena:
E, =mgh
[TorenumansHas >Heprust Te- | [loreHnmanbHas >Heprus pac- | [loTeHmanpHass s>HEprusi rpa-
J1a, KOTOPOE MOJHSIN Ha BbI- | TAHYTOW WIM CXKaTOM INPYyXHU- | BUTALIUOHHOTO B3aUMOJICH-
coTy h (h MHOTO MEHBbIIIE pa- | HBIL: CTBUSL:
auyca 3eMiIn): ‘ kx? E = _gMime
= — o~
E, =mgh n 2 r
m@__ ’
A py
y
h 1
’
> = I
v %
7777777777777

PadoTa cuIbI TAXKECTH

PaboTta cuibl ynpyroctu

paBHa M3MEHECHMIO IIOTEHLUAJIbHOM DHEPIUH,
IMPOTHUBOIIOJIOXXHBIM 3HAKOM:
A = -AE, = _(Enz — Enl)

B35ITOMY C

ITorHass MexaHMYecKas
JHepPIrus

paBHa CyMM€ KHUHETUYECKOW  SHEpPIruu
MOTEHIMATBHON YHEPTUHN B3aUMOJCHCTBUSA:
E=E +E,

JBHXXCHUA u




€CJIn MCXKAY TClIaMUu HCfICTB}HOT TOJBKO CHUIIBI TAXECTHU U CHUJIbL
YOPYTOCTH, TO MOJTHASI MEXaHUUECKAasi SHEPTUSl COXPAHIETCS:
E = E.+ E, = const

3aKkoH coxpaHeHHs /
MeXaHMYeCKOi IHeprumn 7

Nmnyabe

— 3TO BEKTOpHas (pU3MYECKas BEJIMYMHA, KOTOpas PaBHA IPOM3-
KIm
Hmnyabe p(—) BEJICHHUIO MaCChI TeJa Ha €T0 CKOPOCT:
p=mv

— 3TO BEKTOpHas (hu3nueckas BeJIMYMHA, KOTOpasl paBHA MPOU3-
Ft (H - ¢) | BEICHHIO CHIIbI HA BpeMsl €& IeHCTBHS:

Ft = A(mD)

HNmnyabe
CHJTBI

JIJist 3aMKHYTOM CHCTEMBI T€J1 BEKTOPHASI CyMMa UMITYJILCOB TEJ
710 B3aUMOJEHMCTBHsI paBHA BEKTOPHOW CyMMe€ Tell TOcje B3au-
MOJICHICTBUS:

myv, + myv, = myv; + myvy
3aKoH coXpaHeHusl

- - - -
HMIIyJIbCa o‘i, V2 Vi o < ) ¢ ,
m m, m
2

10 yrapa nocrne yaapa

VIAPHOE B3AUMOJIEMICTBUE

a0Co/II0OTHO ynpyrui yaap a0Co/TIOTHO HeYNIPYIruid yiap
J
— JTO CTOJKHOBEHME, IIpU — CTOJIKHOBEHHE T€J, B
KOTOPOM COXpaHsieTcs pe3ynbTare KOTOpOro OHU
MEXaHUYeCcKas SHEprus COCAMHAIOTCA W Jalee
CUCTEMBI TEJI JIBUTaOTCS KaK OJJHO LIEN0e
5 i oy " v y u
v, :v, u, GE' G‘: :v] G-:-
m m : m -
m. | 1 . m, m,+m,
- - — —
mlvl + mzvz - m1u1 + mzuz

—) myv? i myvi  myis i my i3 % my vy + myv, = (my + my)u
2 2 2 2




