12.09.25 6-OP-25 ¢usuka dypcaeBa I'aqnna AHATo/IbeBHA
Tema: 3akonsl HeroTOHA.

JIluHaMuUKa - pa3aes MeXaHMKHN PacCMATPUBAIONIUI B3auMOIeliCTBUS TeJl,
SIBJISIIOLIMECS] IPUYNHON U3MEHEHHsI ABH/KCHUS ITHX TeJI, T. €. I3MEHECHU UX
CKOPOCTEH.
Bormpoc o Bei6ope cuctemMbl 0TCUETa B TUHAMUKE HE SIBJISETCS IPOCTHIM. BribepeM BHauase
CUCTEMY OTCYETA, CBSI3aHHYIO C 36MHBIM IIapoM. JIBHkeHue Ted BOJIU3H MOBEPXHOCTU
3emun OyieM paccMaTpuBaTh OTHOCUTEIILHO CAaMOU 3EMITH.
Uro BhI3BIBAET ycKopeHue Ten? Ecnu Teno, Jiexallee Ha 1Moy WIA Ha CTOJIe, HAYMHAET
JIBUTATHCS, TO BCETJa IO COCEACTBY MOXHO OOHAPYKUTh MPEAMET, KOTOPBIH TOJIKAET 3TO
TEJO, TSHET WJIU JACHCTBYET HA HETO Ha pACCTOSIHUU (HAIIpUMEp, MarHUT Ha >KEJIE3HbIN 11ap).
[TonHATEIN HalT 3eMJIEN KaMEHb HE OCTAETCsl BUCETh B BO3/yXe, a nmaaaeT. OueBUIHO, YTO
MMEHHO JEUCTBUE 3€MJIM ITPUBOJIUT K ITOMY.
HN3MeHeHne CKOPOCTH TeJia (2 3HAYUT, YCKOPEHHE) BCer1a BbI3bIBAETCH BO3AeHCTBHEM
HA HEro KaKux-jaudo APyrux TeJl.
@yTOONHCT yAapui MO Ms4y. Y Tapuil — 3HAYUT, €r0 HOTra OKa3aja ONpeAesIEHHOE AeCTBUE
Ha M4, ¥ CKOPOCTh Msi4a YBEJIMYUIach. A BOT KaKkoe JIEUCTBHUE MO3BOJIAET PyTOOIUCTY
OBICTPO YCTPEMUTHLCS K BOpoTaM MpoTuBHUKa? OHOTO *KeaaHus 3/1ech Majo. byas BMecTo
(yTOO0JIBHOTO TOJISI MICATHHO TIaAKUM JIEN, a HAa HOTaX PyTOOIMCTa BMECTO OYTC C IIUIIAMHU
TaIoOYKM C TJIAJKOM MOJIOIIBOM, 3TO €My He yJ1ajaoch Obl. [[71s1 Toro 4To0ObI 6€KaTh ¢
YCKOpPEHHEM, HY>KHO YIIUPaAThCsl HOTaMU B 3eMJTt0. Eciii HOru Oy1yT CKOJIb3UTh, BBl HUKY1A
He yOexxuTe. 3HaYuT, TOJIBKO TPEHHUE O 3eMJTI0, IEHCTBHUE CO CTOPOHBI 3€MJIM HA HOTU
¢yTOOIMCTa TO3BOJISIET €MY, J1a U BCEM HaM, IPHU Oere U X0p0€ N3MEHSTh CBOIO CKOPOCTb.
To4dHO Tak ke, YTOOBI OCTAHOBUTKLCS € pa3dery, HaJo0 YIUPATHCS HOTAMH B 3€MITIO.
SBeHUe, NIPU KOTOPOM TeJIO COXPAHSIET CKOPOCTh, KOT/Ia HA HEro0 He IefiCTBYIOT
Apyrue Tejia, Ha3bIBAECTCH ABJIEHUEM HHEPIHH.

Cuna. Macca. Eqnanna maccebl

YTo sBnsSeTCA NPUYNHON U3MEHEHUSI CKOPOCTH TEN?
YT0 MOYKHO CKa3aTh O CKOPOCTH U YCKOPEHHH TeJIa, K KOTOPOMY HE IIPUJIOKEHA HUKAKAs

cuia?
OCHOBHOE YTBEP)KJICHUE MEXAHUKHA COCTOUT B TOM, YTO YCKOPEHUS TEJ ONPECIISIIOTCS
JNEUCTBUSIMUA HA HUX JIPYTUX TeJ.

Cuii0ii B MeXaHMKe HA3bIBAKOT KOJMNYECTBEHHYIO Mepy AeHCTBUS TeJI APYTr HA Apyra, B
pe3yabpTaTre KOTOPOro TeJa MOIYYaroT YCKOPEHUS WU UCTIBITHIBAIOT
nedopmMaruio.

Cuiia — Mepa B3auMo/1eiicTBUS TeJl.
XapakTepuUCTUKHU CUIIbI:

1. Touka npuioKeHUs
2. HanpaBienue

3. Moayab ( 4ucjioBOe 3HAYEHME)




Ha npakTtuke nis uaMepeHus CUil IpUMEHSI0T JuHaMmoMmeTp (puc. 2.3).
Hcnonb3oBanue 1TMHAMOMETPA OCHOBAHO HA TOM, YTO IPH YHPYrou aAegopMannu
yAJIMHEHHE NMPYKUHBbI MPAMO NPONOPUMOHAIBHO NPWIOKEHHOM K Hell cuJIe.
[TosToMy MO INTMHE NPY>KUHBI MOKHO CYAUTH O 3HAYEHUU CHUJIBL.
HNuepTHOCTH Tes1a. MBI yK€ TOBOPUIIM O SIBJICHUH HHEPUUH. IMEHHO BCIleICTBME HHEPIUH
MOKOSIIeeCs TeJI0 MPUOOPETAET 3aMETHYIO CKOPOCTh MOJ1 IEHCTBUEM CUJTBI HE Cpasy, a JIUIIb
3a HEKOTOPbI UHTEPBaJ BPEMEHHU.
HNHepTHOCTH — CBOMCTBO TEJI 0-PA3HOMY M3MEHATH CBOIO CKOPOCTh MOJ AeiCTBHEM
OIHOM U TOM Ke CHJIbI.
Y cKOpeHHe BO3HHUKAET Cpa3y, OAHOBPEMEHHO C HaYaJOM JEHCTBHS CUJIbL, HO CKOPOCTh
HapacTaeT nocTeneHHo. /{axe oueHpb OoJblIast cuia HE B COCTOSTHUU COOOIIUTH TEITy Cpasy
3HAYUTEIBHYIO CKOPOCTh. JIJIsl 3TOr0 HYKHO BpeMs. UTOObI OCTAHOBHUTH TEJIO, OMATh-TAKU
HY>KHO, 4YTOOBI TOPMO3S11Iasi CHJIa, Kak Obl OHA HU ObliIa BEJIMKA, IEHCTBOBAJIa HEKOTOPOE
Bpems. KoinyecTBEeHHOM MepOil HHEPTHOCTH ABJISIETCH Macca.
IlepBrlii 3axkoH HbloTOHA
3aKOH MHEPUHUH OTHOCUTCS K CAMOMY ITPOCTOMY CIIy4arO JBHKEHUS — JIBUKEHUIO TEJa,
KOTOpOE HE B3aMMO/JICHCTBYET C IPYTUMHU TEJIaMHU, T. €. ABUKEHUIO CBOOOIHOTO TeJa.
IepBrlii 3akoH HeloTOHA:
CylmecTByIOT CHCTEMbI 0TCY4ETA, Ha3blBaeMble HHEPUHAJIbHBIMH, OTHOCHUTEIbHO
KOTOPBIX TeJIO ABUKETCS] MPSIMOJIMHEHO U PABHOMEPHO, €CJIM HA Hero He JelCTBYIOT
Apyrue TeJja.
NHepunanbHble 1 HEMHEPIUAIBHBIE CUCTEMBI OTCUYETA. JI0 CHX MTOP CUCTEMY OTCUETA MBI
CBSI3BIBAIIN C 3EMJIEH, T. €. pacCMaTPUBAJIM ABMKEHHE OTHOCUTENLHO 3eMiu. B cucreme
OTCY€Ta, CBSI3AaHHOU C 3eMJIEN, YCKOPEHHUE TeJla ONPEIeIISIETCS TOJbKO AEHCTBUEM HA HETO
npyrux ten. CucreMa oTc4éra, CBA3aHHas ¢ 3eMJ1éi, ABJISAETCS MHEPUHMAJIbLHOM.
€CJIM eCTh 0JJHA HHEPUHAJIbHAS CHCTeMA 0TCY€Ta, TO JII0Aas APyrasi ABMAKYLIASICA
OTHOCHUTEJIbHO He€¢ MPSIMOJIUHEHO ¥ PABHOMEPHO TAKKe ABJIACTCH HHEPUHAILHOM.
CucrteMy otcuérta, cBI3aHHYIO ¢ 3eMJIEH, OyieM cuuTaTh HHEpIUanbHoi. CucteMa
oTcuéra, CBA3aHHas C aBTOMOOUJIEM, TOXE OyeT HHEPIUAILHOM, €CJIi aBTOMOOHIIb
Bropoii 3akon HeroTona
Korna teno nBmxercs yCKOpeHHO?
OT yero 3aBUCHUT pe3yJIbTAT IEUCTBUS CHIIbI?
Ha ocHoBaHMM 3KCTIEPUMEHTOB OBLIIO BBISIBIIEHO, YTO OTHOIIIEHUE MOJTYJISI CHIIBI K
MOJIYJIFO YCKOPEHMUS SIBIIAETCS MTIOCTOSTHHOM BEJIMYMHOM, HE 3aBUCSIIEH OT CHJIBI:

OTHOIIEHHUE MOAYJISI CUJIbI K MOJIYJIIO YCKOPEHHUS SIBJISIETCS] TOCTOSTHHOM BETMYUHOM
= const.
Benuuuny F/a, paBHY10 OTHOIIIEHHIO MOIYJISl CUJTBI K MOJTYJIFO YCKOPEHUS,
Ha3bIBAIOT MAacCOU Tela.
IIpousBenenne Macchl TeJIa HA YCKOPEHHE PABHO CyMMe JIeHCTBYIOIIMX HA TeJIO0

a
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cuwia: ma=F1+F2+F 3+ .. —2-oii 3akoH HbloTOHA
Oco0eHHOCTD:



Cuna siBjisieTcs IPUYUHON BOBHUKHOBEHHMS YCKOPEHHS TeJla, a He CKOPOCTH
BekTopnbl a u F HanpaBJieHbI 10 OHOI NPAMOIi B OTHY U TY K€ CTOPOHY
YckopeHnne 3aBUCHT He TOJIBKO OT CHJIbI, HO elllé OT CBOICTB CAaMOIo0 TeJja —
AUHAMMYECKON XapaKTePUCTUKH TeJIa — MACChI.
M — Macca, KI -KOJIH4eCTBeHHAS] Mepa HHEPTHOCTH
3a enuHUIly cHIIbl B MeXayHapoIHON CUCTEME €UHUI] IPUHUMAETCS CHIIa, KOTOpast
coolaer Temy Maccoii 1 kr yckopenne 1 m/c’.
DTa eIMHUIA HA3BIBAETCSI HBIOTOHOM (cokpaniéHHoe o0o3Hauenue — H). Haumenosanue
mptotona: | H=1kr* 1 m/c’.
N3MepuTh Maccy Tea Takke MOKHO Ha OCHOBE SIBJICHUSI HHEPIIUU. Y CKOPEHUE Tea,
COTJIaCHO BTOPOMY 3akOHY HbIOTOHA, MPsIMO MPONOPLUUOHAIBHO CUJIE, IEUCTBYIONIEH Ha
TeJ0, 1 00paTHO MPOTOPIIMOHANTBHO ero Macce. Eciu Ha 1Ba Tena NelCTBYIOT OJMHAKOBBIE
CHUJIBbI, TO OTHOIIIEHHE MAcC PaBHO OOPATHOMY OTHOIIIEHUIO YCKOPEHHIA:

my: 8

my @y (2.3)
Ecnu y Hac ecTh T€10, Maccy KOTOPOTO MbI 3HA€M, TO, U3BMEPUB YCKOPEHUS 3TOTO Tea U
TeJla ¢ HEU3BECTHOM MacCoi, IBUKYIIMXCS MO IEUCTBUEM OJUHAKOBBIX CHJI, OIIPEIEIIUM
HEU3BECTHYIO Maccy 1o ¢opmyiie (2.3). Onpenensemas TakuM cliocoOOM Macca sIBJISIETCS
MHEPTHON MacCoOM.
1.JIerkomoaBM>XHYIO TEISKKY Maccoi 3 Kr ToskaroT cuioi 6 H. Yemy paBHO yckopeHHe
TEJIC)KKU B MHEPLUUAIIBHOW CHCTEME OTCUETA?
2. B unepuumansHo#t cucteme orcuéra cuia F coobmiaer Temy maccoit m yckopenue a. Kak
M3MEHUTCSI YCKOPEHHE Tela, €CJIM MacCy Tella U ISUCTBYIOIIYIO Ha HETO CUITY YBEJIUYUTh B 2
paza?
Ecnu Ha Teno 0JHOBPEMEHHO JIEUCTBYIOT HECKOJIBKO CUJI, TO, KaK MOKAa3bIBAOT
AKCIIEPUMEHTHI, YCKOpPEHHUE Teja OyIeT MPONOPLMOHAIBHO FT€OMETPUIECKON CYMME BCEX

'(f=f£. rie B, = B + B + ...

STHX CHII m i
DTO0 NOJIOKEHHNE HA3bIBACTCS MPUHIIMIIOM CYTIEPIIO3UINH (HaOKeHHs ) cull. Takum oOpazom,
MBI 3aMEHSIEM HECKOJBKO CHJI OJHOW CHIION.
Cuiia, koTopasi IPOM3BOAMT HA TEJIO TAKOe Ke JAeiicTBHE (BbI3bIBAET TAKOE Ke
ABHMKEHHUE), KAK HECKOJbKO CHJI, 0/IHOBPEMEHHO MPUJI0KEHHBIX K TeJIy, Ha3bIBACTCS
PaBHOAECTBYIOLIEH.
PaccMmoTpum cHauana cityyaid, Korjaa Ha Telno AEHCTBYIOT JIBE CUJIbI, HAIPABJICHHBIE BJIOJb
onHOU npsmoii. Eciii cuitbl HampaBiieHbl B OAHY CTOpPOHY (puc. 2.11), To

PaBHOAEUCTBYIOIIAS f')p =F1+ FZ, e€ moayJab paBen F, = F; + F,.



a 7 —a B ciyuae xoraa cuibl HaripaBiieHbI B
—
1, = - F,’ IPOTHUBOIIOJIOXKHBIE CTOPOHHI (puc. 2.12),
~Fy  Fy 1 . .
UX PaBHOJCUCTBYIOIIAs paBHA BEKTOPHOIA

Puc. 2.11

CyMME CHUJI f')p =F1+ FZ, HO €€ MOYJIb
paseH F, = F; — F,. O4eBnaHO, 4TO yCKOPEHHUE TEla HAPABJICHO B CTOPOHY OOJBLIEH 10
MOAYJIIO CHJIBL.
Tpernii 3akon HeroTona
Kakue cuibl BOZHUKAIOT IIPU B3aUMOJIECHCTBHH TEN?
B 4éMm nposiBisieTcst B3aMMOIEHCTBUE TEN?
KaxoBa npupoza cui1 B3auMOJIEHCTBUSA?
B tpetbem 3axone HeroToHa popmynupyeTcst 0JHO 0011iee CBOWCTBO BCEX CHUIL,
paccMaTpuBaEMBbIX B MEXAHUKE: JII000€ JEMCTBUE TEJ IPYT HA APyra HOCUT XapaKTep
B3aMMOJICHCTBHS. DTO 03HAYAET, YTO €CIIA TeJI0 A NeHCTBYET Ha Teso B, To u teno B
JNEUCTBYET HA TENO A.
Bl neiicTByeTe Ha BEpEBKY, U BEPEBKA JEHCTBYET HA BacC
B3aumogeiictBue Ten. [IpumepoB B3auMOAEICTBUSA TEI U COOOIEHUS UMH IPYT APYTY
YCKOPEHHM MOKHO IIPUBECTH CKOJIb YTOAHO MHOTO. KOoraa Bbl, HaX0I4Ch B OHOU JIOAKE,
HayHETE 3a BEpEBKY MOATATUBATH JPYTYIO JOJKY, TO U Ballla JIoJKa 00s13aTeNbHO OyAeT
JIBUTAThCS K HeW (puc. 2.24). Bol aeiicTByeTe Ha BEpEBKY, U BEpEBKaA JICUCTBYET Ha Bac.
Ecnu BbI yaapute HOroi no pyTo015HOMY MsIUy WM TOJIKHETE MJIEYOM TOBapuIa, TO
OILLLYTUTE 0OpaTHOE AEHCTBUE HA HOTY WX IJIe40. BC€ 3T0 nmposiBneHus 3aKkoHa
B3aMMOJICUCTBUS TEII.
JleficTBUSA Ten ApYyT Ha APYra HOCAT XapaKTep B3aUMOJACUCTBUS HE TOJBKO IIPU
HEIMOCPEICTBEHHOM KOHTaKTe Tell. [ToyiokuTe Ha riaaKuil CTOJ ABa CUIIbHBIX MarHuTa
pPa3HOMMEHHBIMU MOJIIOCAMU HABCTPEUY APYT APYTY, U BbI TYT k€ OOHAPYXKHUTE, YTO OHU
Ha4yHYT JBUTAThCS HaBCTpEUy APYT APYTY.
N3meHnenus: ckopocTeit 000Ux B3aUMOJICHCTBYIOIIUX TEJ JIETKO HAOI0Ial0TCS U B TEX
ClIydasiX, KOrJa Macchl 3THUX TeJl Majo OTJIMYArOTCs APYT OT apyra. Ecim xe
B3aUMO/ICHCTBYIONIME TeJla 3HAYUTEIBHO PA3INYa0OTCA 110 Macce, 3aMETHOE YCKOpPEHHUE
IIOJIy4aeT TOJIBKO TO U3 HUX, KOTOPOE UMEET MEHBIIYIO Maccy. Tak, Ipy MaJleHuA KaMHS MBI
BUJUM, YTO KAMEHb JIBUKETCS C YCKOPEHUEM, HO YCKOpeHHe 3eMild (a Belb KAMEHb TOXKeE
MPUTATUBAET 3eMJTI0!) IPAKTUUECKHU OOHAPYKUTh HEJb3sl, TAK KaK OHO OYEHb MaJlo.
Tperuii 3akon HeroToHa
Cuiibl, ¢ KOTOPHIMHM TeJIA IefiCTBYIOT APYT HA APYra, PaBHbI 10 MOAYJII0 M HANIPABJIEHbI
110 OTHOM MPSAMOM B IPOTHBOIOJIOKHbIEC CTOPOHBI.
™ B Ecnu nHa Teno A co croponsl Tena B neiictByeT cuna A
Q (a (puc. 2.26), To OTHOBPEMEHHO Ha Teso B co cTopoHbI
F’A F’B \w Tena A Oyjaer neicTBoBath cuiia B, mpuaém
OTMeTUM, 4TO CUJIbI B3aUMOJCUCTBUS ABYX TEH —
CUJIbI OTHOM (PM3UUECKOU MPUPOJIBI, BpEMSI UX



NEUCTBUS OAMHAKOBO, HO OHU MPUJIOKEHBI K Pa3HbIM TeJIaM, CIEI0BaTENbHO,
JICHCTBYE TIEPBOTO TeJIa Ha BTOPOE HE MOXKET ObITh CKOMIIEHCUPOBAHO JCHCTBHUEM
BTOPOTO Te€Ja Ha MepBOeE.
Ucnons3ys BTopoit 3akoH HeroToHa, paBeHCTBO (2.6) MOXKHO 3amucaTh Tak:

4 g
my 51 =-my a)z. (210) E . ”"_1 = const,
Ortcroga ciemyer, 4yTo

T. €. OTHOILIEHUE MOAYJIEH YCKOPEHUH a; U A B3aUMOACHUCTBYIOIIMX IPYT C APYTOM Te
00paTHO MPOMOPIMOHAIIBHO UX MaccaMm (cM. ¢opmyny (2.3) Ha c. 76).



