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Jlns MensieHHBIX ABHKeHHH, Koraa v?/c¢? < 1, 3aBHCHMOCTBIO MacChl
OT CKOPOCTH MOXKHO TNpeHeOpeub, rnosaras m = m,. Torjaa peqATHBHCT-
CKas MeXaHHKa [IePEXOMHUT B HEPENATHBHCTCKYIO KaK B CBOH Npejieb-
HBIA TIPHO/IMKEHHBIH caydail. UToObl cOCTaBHTb NpeACTaBAeHHEe O BEJH-
uyHe OWHOKH, KOTOpas jejlaeTcs IpH TAKOM HpeHEOpEXKeHHH, pac-
CMOTPHM KOCMHYeCKHH Kopabnb, JABIKYUIMHCA €O CKOPOCTBIO ¥ ==

= 8 km/c. B 3TOM Cilyyae <;i>2= (5m>2~7-,10‘1°. Ecan macca

KOCMHYecKoro Kopabast m = 5T = 5-.10° r, To penaTHBHCTCKasi Macca
m OyAeT IpeBbIATh MacCy INOKOs Bcero Ha m — my = 3,5-107% r.
[Ipu Bcex pacuerax ABH:KeHHH KOCMHUECKOro Kopa®J/s Takof NoIpas-
KOHl He TOJbKO MOXKHO, HO H HYXKHO IpeHebpedb, XoTA Obl IOTOMY, YTO
BXOJIble JaHHbE, HEOOXOAUMble AJIA pacuyeToB, He MOTYT OLITb H3Me-
PEHbl ¢ TAKOH BBLICOKOH TOYHOCTHIO.

§ 11. Bropoii sakon Helorona. Cuna

1. Onuncanve ABMXKEHUS B KOHLE KOHLOB CBOAMTCA K HaXOXK/IEHHIO
KOOD/IMHAT MATePHAJIEHEIX TOUEK MEXaHUYECKOH CHUCTEMbl KAK dYHKIHA
BpeMeHH. OJHAKO TaKHM IYyTeM TPYAHO NOAMETHThL OOLIHE 3aKOHOMEep-
HOCTH JBHzKeHus. JIJ1s1 3ToH wean Hajao o6paTuThesa K AuddepeHIHANb-
HEIM YPaBHEHHAM, B KOTOpHIE HApAAY ¢ KOOPAMHATAMH H CKOPOCTSAMH
BXOJAT NPOH3BOAHBIE HMITYJILCOB 10 BpeMeHH (H/H, B HEPETATHBHCTCKON
MEXaHHKe, YCKOpEeHHA).

Ecan marepuajpHas Touka He M30JHPOBaHA, TO H3-33 B3aHMOJAEH-
CTBHA C OKPYXKAIOLIUMH TeJIaMH €e HMIYJbC He coxpaHsercs. [losTomy
©CTECTBEHHO 32 MEPY HHTEHCHBHOCTH B3aHMOJIeACTBHA MPHHATH NIPOH3-
%{;’— = p. O0num us (pynoamenmanoronx
0006uieHUl  KAQCCUHeCKO MeXQHUKU  ABASEMCA  YCMAHOBAEHUE  MOE0
paxkma, umo npousgoOHas P onpeceasemcs NOAOHeHUEM paccmampusae-
MO MAMEePUANbHOU MOYKU OMHOCUMEAbHO OKPYNMCAWUX ee men, a
unoe0a makxce u ee ckopocmeio. OHa sBasiercs ¢yHKUHeHd paauyca-
BEKTOpa # H CKOPOCTH ¥ MATEPHAJbHOU TOUKH H MOXKET 3aBHCETh TaKXKe
OT KOODJHMHAT W CKOPOCTeH OKPYIKAIOWIUX MaTepHANBHBIX TOUEK KaK OT
napamerpoB. O6o3Ha4uuM sty dyHKuHO F (£, ©). Torna

p=F. (1L1)

$yHKUMSA KOOPAMHAT M CKOPOCTH MaTepHaJbHOH Touxku F (7, v), onpe-
JleJISlIolAas IPOU3BO/IHYIO ee HMITyAbca 110 BpeMEeHH, Ha3hiBaeTcs cuaol *).

BOJHYIO MMIyJbCa MO BpeMeHH

*) Hcnonp3ysi npHHUMI OTHOCHTEIBHOCTH H OJHOPOLHOCTb MPOCTPAHCTBA, MOKHO
NoKa3arhb, YTO CHJIA F 3aBHCHT He OT CAMHX KOOPAMHAT H CKOPOCTeH, a TOJIbKO OT pas-
HOcmell KoOpOuHAM W PAsHOCMedd cKopocmer paccMaTpPHBAaeMOll MaTepHaIbHOM TOYKH
H TOUEK, C KOTOPbIMH OHA B3aUMOJeHCTBYeT (cM. 3afauy 3 K § 38). Oqnako gas GnHxait-
IUHX [eJIed 3T0 YTOYHEHHE HaM He NOHaZoOHTCA,
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Cuna ecth 6exkmop, Tak KakK OHa mojydyaercss audepepeHnrpoBaHHEM
BEKTOpa p 1O CKAJSPHOMY apryMeHTy f.

Hrak, npoussoOnas umnysbca mamepuaibHOU MOYKU N0 EPEMEHL
pasra Oedicmesyrowel Ha Hee cuie.

310 nomoxkeHHe Ha3wBIBAETCA srmopbim 3axorom Hewomona. YpasHe-
Hue (11.1), BBIpaxKaollee 3TOT 3aKOH, HA3HLIBAETCS YpPasHeHUem Osuice-
HUus mamepuaibroll modky. JIns NBHKEHHH C HepeNaTHBHCTCKHMH CKO-
POCTSIMH 3aBHCHMOCTBIO MacChl OT CKOPOCTH MOXKHO npeHe6peub U 3alu-
caTb BTopoil 3akoH HrioToHa B BHJe

mo = F, (11.9)
HJIH
mi = F. (11.3)

Macca, ymuoowennas Ha ycxopeuue, pasHa Oeticmeyroueil cuze.

daxTHyeckoe copep:KaHHe BTOPOro 3akoHa HploToHa, moauepkHem
3TO ellle pas, COCTOMT B TOM, YTO CHJia F 3aBHCHT TOJBKO OT KOODJIHHAT
H CKOPOCTH MaTepHa/lbHOH TOYKH. A BTopoil 3akoH HrloToHa
H ypaBHeHHe apmkeHHs (11.1) mosywaloT KOHKpeTHoe co-
Jep:KaHHe TOJNBKO Nocje TOro, Kak ompefeieHa (QyHKIHs
F (r, v). K ycraHoB/lennio Buja Takux $HyHKLUHH B KaXI0M
KOHKDETHOM CJiyyae U CBOAMTCA OCHOBHAs 3ajaya ¢H3Hye-
CKOH MeXaHHKH.

2. IlpuBenem mnpocrefilide npuMepsl Ha HAXOXKIECHHE
ypaBHeHHHA JBHKeHHA. OHH SBJASIOTCA B TO 2Ke BpeMs
npuMepaMH, MOATBEPXKIAIOUIMMH BTOPOH 3aKoH HbloToHa.

Ilogeecum Temo Ha chupanbHOM npyxkHHe (puc. 21).
Korza cucrema ycrmokouTcsi, HEMHOrO OTTSIHEM TeJIO BHH3
U3 TIOJIOXKeHHsS] PABHOBECHS, a 3aTe€M OTHYCTHM. BO3HHUKHYT

Puc. 21, goneGanusi BBepX H BHH3. [IpH moaXoAsiiuX Mapamerpax
cHCTeMBl OHH OyAyT 3aryxaTb cja6o. Telo ycmeer cosep-
WHTh HECKOJIbKO JeCATKOB KosieDaHHH, INpexjae 4éM KojeOaHHs 3a-
METHO 3aTyXHyT. MrHoBeHHOe moJioKeHHe Tesia MOXHO XapakTepH3o-
BaTb OJHOH KOOPAHHATOH X — CMEIIeHUEeM TeIa U3 MOJIOKEHHs PaBHO-
Becus. [l onpenenenust QyHKUHH X = X (f) MOXKHO 4epe3 MaJjible Ipo-
MEXYTKH BpeMeHH QoTorpagupoBaTh Te0 HAa KHHOIUIEHKY, a 3aTeM
o6pa6oTath ¢ororpadHio U NOCTPOUTH Tpaduk x = x (¢). MoxHo mocry-
IIHTh H KaK-HHOYAb HHave. Jljis c1abo 3aryxaiomux KosneGanui rpaduk
TIOYTH He OTJIHYAeTCs OT CHHyCOHIbl (pHC. 22) U mpeACTaBjseTcsa ypas-
HeHHeM

x=Acos%, (11.4)
rae A u T — HoCTOsIHHBIE, HasbiBaeMble amnaumyooll U nepuodom Koie-
Ganud. JIBaxabl puddepeHunpyst sTo BHIpaXkeHHE, HAXOIHM CKOPOCTH
H YCKOpeHHe: \

. 2rnA . 2nt . f2m\2 2nt
—__T—SIH_T_’ )C————K7> ACOST.
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CpaBHuBas mocaegHee Bripaxkenue c (11.4), monyuaem

" 2m\2
X =— <"T—> X,
HJH II0CJI€ YMHOXKE€HHST Ha Maccy TeJa
mi = — kx, (11.5)
rie BBeICHO 0603Ha‘{eHPle;
2m\2
k= <7> m. (11.6)

Cpasuupas (11.5) ¢ (11.3), HaxoauMm cuay
F=—kx. (11.7)

Msrl BUIHM, 4YTO BEINUYHMHA F 3aBHCUT TOJBKO OT YAJHHEHHA IIpy-
KHUHBl X — €JHHCTBEHHOro IE€PEMEHHOro napameTrpa, OIIpeAeastOlero

NN,
IAVARVARV

Puc. 22.

[OJ0KeHHe BHEIIHUX TeJ, OKas3blBAIOUWIHX JAeHCTBHE HAa paccMaTpHBae-
moe Teo. Ecu K nmpy:KHHE IOJBECHTb TeJNO APYrod Maccel, TO H3Me-
HUTCA W mepuoy Konebanui 7. OpHAKO ONBLIT I0Ka3kIBaeT, YTO OTHOIIIE-

m
HHE =, 4 C HHM H KoahduiuenT £ ocraroresi 6e3 u3MeHeHUs. 3HAUMUT,

cuia F omnpepenserca TONbKO pacTsiKeHHeM NPYXKUHBI H COBEpLIEHHO
HE 3aBUCHUT OT TOI'0, KAKHM TE€JIOM 3TO pACTAXKCHHE BbI3BAHO. 3TH onwIT-
HEle (aKTBl MOTYT CYKHTb OATBEPKAEHHEM BTOporo 3akoHa HploToHa.
CrefioBaTe/IbHO MOXKHO OXKHJATh, YTO €CJIH KDOME IIPYKHHHEL HA TeJo
Gosblie HUYTO He JeHCTByer, TO €ro ycKopeHHe Bcerja OyleT paBHO

X
k- W HaNpaBeHO BJO/Ib OCH MPYXKHHLL B CTOPOHY, IPOTHBONOJOKHYIO

ee yaauHeHH0 X. OHO COBepIIEHHO He 3aBHCHT OT TOTO, KAK JBUKETCS
TEJNO: MPAMONHHEHHO, MO KPYry HWIH KaK-HUOyAb MHaye. DTO Mpearo-
JIOXKEHHE TaKKe IONTBEpPKAAeTcs] ONBITAMH.

OpHoBpeMEHHO MBI BUAHM, UTO cutq Hamsxcerus npyxwcunet F npo-
nopyuonaisHa ee yoaunenuro x. Kak moxkasanu Oosiee TOYHBIE MCCIERO-
BaHHUfA, 3TOT Pe3yJbTar fABJsAErcs NMPHOMHMKEHHBIM. MM MOXHO NOJb-
30BaThLCS, KOTJIA YANHHEHHe IPYXKUHE He oueHb Beluko. OH HasbiBaetcs
aakonom Iyxa (1635—1703). Bennunna % uaswiBaercsl Koagduyuenmonm
ynpyeocmu WA Kecmkocmu npyxcurst. J1as KOHKpPETHOH NpYKHHBI
K03QMUIHEHT £ IOCTOSIHEH, HO MOMKET MEHATBLCSA OT DY KUHBI K 1Py KHUHE,
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OnelT mokasbiBaer, 4To KoseOGaHHsl Tesa, MOJBEIIEHHOrO HA MpYy-
XKHHe, IIOCTENIEHHO 3aTyXaloT H B KOHIIE KOHI0B NpekpamatoTces. Orciona
caellyer, uTo ypaBHeHHe jBHxKeHusl (11.5) siBjsieTcss mpuOJIHKEHHBIM.
OkasbiBaeTcs, 4TO TENO, IABHXKYIeeCs B ra3o00pasHOH HJIH KHAKON
cpelle, BCTpeuaeT CONPOTHBJEHHE, 3aBHCALLEe OT CKOPOCTH Teqa. EciH
CKOPOCTb Te/Ja (OTHOCHTEJIBHO OKpyiKalollleld cpelbl) He OYeHb BeJHKa,
TO 3Ta CHJ/a NPHOIH3UTENBHO NPONOPLHOHANBHA NIEPBOH CTENEHH CKO-
poctd. Tak, B ciydae Imapa Ha NMpy:KHHE 3aTyXaHWe e€ro KoseGaHHA
B rase JOBOJBLHO TOYHO ONHCHIBA€TCS YpaBHEHHEM

mi=—hx—bi, (11.8)

rae b — nocTosiHHBIH KO3(pdHIMEHT, 3aBUCAIMA OT pasMepoB Iuapa H
polla rasa, B KOTOPOM OH KoJseGjercsl. 31ech Mbl HMeeM IIpHMEp CHJBI,
KOTOpasl 3aBHCHT He TOJIbKO OT IIOJIOKEHHs, HO H OT CKOPOCTH Iuapa.

3. [asa peweHus 3ajgay Ha JBHXKEHHe MaTepHaJbHLIX TOYEK H HX
CHCTEM HYXHBI Oughgheperyuarsrivie ypasrernus dsuscernus. Crocod mony-
UeHHSl TAKUX ypaBHEHHH He MMeeT 3HAa4YeHHS. B 4acTHOCTH, HX MOXKHO
Obl10 OBl IOTYYaTb H CTPOHTH BCIO MEXAaHUKY Oe3 BBeleHHS IOHATHSA
CHJIBI.

ITpu paccMoTpeHHH pasJHYHBIX JHHAMHYECKHX 3aJay MeXaHHKa
CTAaBHT H pellaer JBa Bonpoca: 1) 1o 3ajaHHOMY ABHIKEHHIO Tes BBIUHC-
JUTb CHJIbl, JeHCTBYIOIHE HA HUX; 2) IO 3aJaHHBIM CHJIaM ONPEAENIHTH
IBHKEHHE TeJ. 3aJaud MepBoro THIA CPaBHUTENBHO mnpocThl. OHH
CBOAATCA K BBIYHCICHHIO YCKOpEHHH MaTepHalpHBIX TOYEK, H3 KOTODBIX
cocTouT cucrema. IIpuMepoM TakHX 3afay MOXKET CJAYXKHTb pa3oOpaH-
Hasl HaMH 3ajaua o cHie, AeficTByiomeld Ha KoJebolieecss Teno, HOI-
BelIEHHOe Ha MpYyXKHHe. 3ajaudl BTOPOTrO THIA MHOTO CJIOXKHee H AB-
JISIIOTCSI OCHOBHBIMH B MEXaHHKe. 3]leCh Ipexk/Ie BCEro Haao HalHucaTb
ypaBHEHHE JBHXKEHHA I KaKIOH MaTepHaibHOM TOUKH, BXOIsALLeH
B CHCTeMy. DTO CBOAMTCHA K OTHICKAHHIO CHJ KaK (QyHKUHH KOOpAHHAT
H CKOpOCTell B3aMMOJAEHCTBYIOIIMX ToueK. B pesyspTarte mogyuutcs
cucreMa JuddepeHIHANBHBIX ypaBHEHHH, pelleHHe KOTopol (IpH
onpefeseHHBIX HayalbHLIX YCJAOBHAX) JACT IIOJHOE MNpeICTaBJeHHe
0 Bcex jerasfx asuxeHus. Takum ofpasoM, IIpH peIIeHHH TAKHX 3ajady
Tpebyercsi unmeepuposarue Ougpgeperyualsbrolx Ypasresut, a 310 3Ha-
UUTENBHO C/IOXKHEee AH(pdepeHIpOBaHHA.

Moryt 6biTh ¥ 3a7aun cMmetnianHoro tHna. Cioia oTHoOCATCS, HallpH-
Mep, TaKHe 3ajiaull, KOrja Ha JBHXKeHHEe CHCTEMBl HaJI0XeHbl ONpeie/ieH-
Hble OrpaHHueHHd, HApUMeD, ABHXKYINAsCA TOYKa JOJKHA HaXOIUTHCA
Ha KakKOH-TO JIMHMH HJH HOBepXHOCTH. Takoro poma orpaHuuyeHHd
Ha3bIBAOTCA c843amu. JleficTBHe TaKuX JIMHHE WJIM NOBEDXHOCTEH, Kak
M BCSIKHX CBf3eH, OrpPaHHUYMBAIOIIMX CBOOOLY JABHIKEHHS, CBOAHTCSH
K TOMY, YTO OHH BO3JEHCTBYIOT Ha ABHXKYIIHeCs Tela ¢ ONpeaeeHHBIMHA
CHJIaMH, Ha3blBaGMBIMH peaxyusmu ceaseti. Bo Bcex NofoGHBIX caydasx
3ajlaua CBOAHTCA HE TOJNBKO K ONpPEAEJCHHIO JBHXKEHHA Kax[oH Mare-
pHaNBHOH TOUKH CHCTEMBl, HO H K HAaXOXJCHHIO peaklHi cBsseH.



§ 111 BTOPOM 3AKOH HBIOTOHA. GHJIA 75

4. OcTraHOBHMCS Ha BOIIPOCE O COOTHOLIEHHH MEX[Iy IepPBLIM H BTO-
peiM 3akoHaMH HblotoHa. Ecau B ypasuenun (11.1) nomoxuts F = 0,
TO IOJAYYUTCH %’;:0. Orcrona chaeayer, 4ro p = const,. T. €. HM-
NyJbC, @ C HUM H CKOPOCTL CBOGOAHO ABIDKYLLEHCA MaTepHaJbHOH
TOYKH NOCTOSIHHBI. TaknuM o6pasoMm, GopmajbHO mepBeil 3aKOH Hbio-
TOHA fBJfiercs chaefcTBuem Broporo. [louemy e Toraa OH BhAEIAETCA
B caMocTosATe/bHbIH 3aKoH? [lesi0 B TOM, uyto ypaBHeHue (11.1), BuIpa-
JKarollee BTOPOH 3aKOH HbioToHAa, TOJILKO TOTJa HMEET CMbIC], KOrja
yKa3aHa CHCTeMa OTCYera, B KOTODOH OHO CIpaBeiiHBO. Boiaenuts ke
TaKyl0 CHCTEMY (HJIH TaKHe CHCTEMEBI) OTCUETa [03B0J/IAET NMEPBLIH 3aKOH.
On yTBep:KHaeT, Yto CyLIeCTBYeT CHCTeMa OTCYeTa, B KOTOpO# CBOOO.-
Hasg MaTepuHaibHas TouKa IBHxKercsa Oe3 yckopeHusa. B Takoit cu-
cTeMe orcuera (M B 3TOM COCTOHT BTODOH 3aKOH) JBHXKeHHE BCSIHOR
MaTtepHaJbHOH TOUKH mojunHsiercs ypasueHuio (11.1). Takum obpa-
30M, MO CYLLECTBY, HepBbIH 3aKOH HEJb3fl paccMaTpHBATh KaK: IIPOCTOE
JIOTHYECKOe C/1eAcTBHe BTOporo. CBA3b MEXAy STHMH 3aKoHamu OoJee
ray6okas.

5. Ypasreuwe (11.2) mupenonpenenser BHGOP €IHHHLBI CHJBL.
[TockoMbKy euHUUBI LIUHBL, MACChl U BPEMEHH YiKe YCTAHOBJEHbI, 3TO
ypPaBHEHHE BBIHY2K/JA€T Hac 3a €IMHHIY CHJIBl IDHHATbL TaKylo CHJY,
KoTopasi eJHHHIE Macchl CooOlaeT YCKOpPeHHe, paBHOe e[MHHIE.
B 1960 r. XI 'enepaibHasi KoHGbepeHIUs O MepaM H BecaM NpHHAJA
TaK HaspiBaeMyto MexcOynapoduyro cucmemy eduruy, (cokpauesHo CH).
B ocHoBy 3TON cHCTEMBI MOJIOMKEHBl WIECTb HE3ABUCUMbIX E€RHUHHILL *):
eIMHHLA [MHHBEl Memp (M), €IHHHIA BPeMEHH cekyHOa (C), eAUHHLA
Macchl Kuaoepamm (KT), €IHHHIA pa3HOCTH Temrepatypbl keaveur (K),
eMHUIA CHJIHl TOKa amnep (A) W eMHHIA CHJBI CBeTa Kaxleaa (KI).
OcranbHBle eIHHHLE! ABJASAIOTCA HX Apou3eo0Hbimu. CMBICT TepMHHA
«IPOM3BOZIHAA €JUHHIA» IETKO YACHAETCA HA NpHMepe eJHHHMLBI CHJIbL.
B cucreme CH 3a enununy cunsl npunumMaercs HpioToH (H). Heioron
€CTb TaKas CHJIa, KOTOpas Macce B OJHMH KHJOIpaMM cOoOLLAeT ycKope-
Hue B 1 Mm/c®. Hapsaay ¢ cucremoii CH B ¢(u3HKe coxpaHeHa TaKiKe
npuMensBmasca anurenbHoe BpeMs cucrema CI'C. OcHOBHBIMH efiH-
UMILAMH B 3TOH CUCTeMe ABJSIOTCH: canmumemp (CM) — eMHHNA JTHHDL,
cexynoa (C) — elHHHLIA BpeMeHH, epamm (r) — elUHHLA Macce. Enu-
nunefl cunel B cucreme CI'C sBasierca duna (nuH). J[MHA ecThb CHJaAa,
coobmarouias macce B 1 r yckopenue B 1 cM/c?. OueBHAHO,

1 H = 10° guH.

B mexanuke o0e CHCTEMEl OJMHAKOBO YAOOHLI. Hu ofiHa M3 HUX He
obnajaeT MpEeHMYyLIECTBOM 110 CPaBHEHHIO C ApYroil, TaK Kak MexLy

*) 34€ch AAA COKpALlEHHs HaHMeHOBAaHHY (H3UUECKHX eIHHHL (aeTcsi B CKOG-
KdX) Mbl HCIOJIb3yeM o6o3nadeHusi Hoporo I'OCTa, corsacHo KOTOpPOMY COKpallieH-
Hble HAHMeHOBAaHHUS eHHHL HabHpalTCs NpsAMBIM WPHPTOM, a B CJAyyae, eC/H HasBa-
HHe ejHHHL NPOH30LIIO OT HMEHH YuYeHhX, — C NPOMHCHOH OYKBH.
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HHUMH HeT pasHuubl no cymectsy. Obe cucTeMbl B MeXaHHKe OTIHYAIOTCS
LpYr OT ApYyra TONBKO Macuimabamy OCHOBHBIX eJVHHI — eJXHHHIB!
LJIMHEBI K eJUHHIBI Macchl. Bee NOHSATHA MeXaHUKH HMEIOT OflMH H TOT Ke
CMBICJI, @ GOPMYJIBI MUIIYTCS COBEPIIEHHO OJMHAKOBO B 06EHX CHCTeMax
ennnui. He tak o6cTouT €10 B yueHHH 00 3JIeKTPHUYECKHUX, OIITHYECKHX
H 2TOMHHIX siBleHUAX. [ u3ydeHUsi Takux sBJjeHud cucrema CI'C
3HAYHTEeNbHO Jydille mpucnocobnena, yem cuctema CH. Ilosromy B Ha-
weMm Kypce orjaercs npeanoyteHre cucreMe CI'C.

6. B 3akmiouenne s10oro naparpacga OCTaHOBHMCS Ha BOIpOCE O CA0-
owenuu cusn. Kak yxe OBUIO CKa3aHO BBILE, CUAQ ABAREMCS 86KMOPOM.
DTHM MBI XOTHM CKa3aTb TOJIbKO TO, YTO IPH TOBOPOTE KOOPJAMHATHHIX
ocefl COCTaBJIAIONINE CUJIBL 1Pe0Gpa3yioTcs KaK COCTaBJSAIOIINE BEKTOpa.
Kak u n1a BCSiIKOrO BEKTOpa, MJISl CHJI MOXKHO BBECTH OIEpAIHIO CJIO-
KEHUsl B MaTeMaTHueckoM cMeiciie (cM. § 7). Ilo onpefeneHHo KaxIbM
nByM cusam F; u F, npuBOANTCA B COOTBETCTBHE HOBLIl OGBEKT, H300pa-
KalOUMACSA JHAaroHaabl0 MNapaJJesnorpaMma, IOCTPOEHHOTO Ha BEKTO-
pax F; u F,. 21017 0GBEKT, KaK JErkKo J0Kasarb, ABJIAETCS BEKTOPOM.
On HasuiBaetcs pagHoleiicmsyrouieli WM pesyasmupyrowjers cul Fy n F,
HAH HX eeomempuueckol cymmoti. TIpoBepATb Ha ombiTe pe3yJbrar
TAKOFO CJ/IOXKEHHA HMMeeT CTOJILKO XK€ CMBICJIa, YTO W NpPOBEPATh Ha
ofnbiTe INPaBHJIBHOCTL apH(MeTHUeCKOro paseHctBa 2 + 3 = 5. Pe-
3yJIbTAaT BepPeH 70 Camomy onpedesenuro cloxeHHs BekTopoB. ONHAKO
C/IOKEHHE CHJI NOHMMAIOT HHOTAA H B JAPYroM ((pusuqecxom) CMbICJIe.
H uMeHHO O HeM HIeT peub, KOTAa B snememapﬂon (H3UKe BrepBLIe
FoBOpAT 0 csoxeHud cua. Ilpu sTom camblit Bompoc dopMmyaupyercs
HeaocTatoyHo sicHo. l'oBopAT, YTO Ha Teso (MaTepHabHYIO TOUKY)
OLHOBpeMeHHO JeficTByIOT 1Be cunbl Fy u F,. Tlocse atoro cnpamuisaior,
KakoH ofHo#i cuioit F HUX MOXHO 3aMeHUTb, UTOOLI MOJIYUHUThL TOT e
pesysnbTaT? HesicHocTh 3akjouaercsi B TOM, YTO He YKasblBaeTcd,
B KAaKOM CMBIC/Ie CJellyeT NMoHuMaTh BuipaxeHue: «Ha Teso opHoBpe-
MEHHO JeficTByioT ABe CHUJbl». Ha BCsikylo MarepHasnbHYIO TOUKY B JaH-
HBIX KOHKPETHBIX YCJIOBHAX JeHCTBYeT BCerja TOJbKO OJIHA CHJA, BeJH-
YHHA H HampaB/jeHHe KOTOpOH omnpejesifieTcd pacnoJioKeHHeM 5TOH
TOYKH OTHOCHTE/BHO BceX OKpyxkalomux Tes. Kakoi ke cMblcs BKJa-
LbIBAETCH B COJEp:KaHMe NOCTaBJEHHOTo Bonpoca? PasbsacHum 310 Ha
ABYX IpHMepax.

HonyctuM, uto K HeKOTOpOH MaTepuanbHOH TouKke A mpuKpenJeHa
pacTaHyTas INpyXKHHA, KOTOpas TAHET ee C HEKOTOpoH cusofi Fj.
YGepeM 31y npyxKHHY H OyleM TAHYTb Ty K€ MaTepHaJbHYIO TOUKy A
Apyrofl “pacTaHyTOH NpyXHMHOH ¢ cuaod F,. O HanpaBJeHHH H
BennyuHe cual F; U F, Mbl cyluM IO HampaB/leHUAM OceH NpyKHH
¥ CTeNeHH HX pacTsaxkeHHs. [IpukpenyM Tenmepp K MarepHaJbHOH
Todke A ofe NMpyxKHUHE BMeCTe, HANpaBHB H PACTAHYB HX IO-TIPEX-
vemy. Bompoc 3akmiouaercs B ToM, UTOOH onpejenuth cuny F, peii-
CTBYIOULYIO Ha MaTepHa/ibHYIO TOUKY A, KOrja ee TAHYT o0e IpyKHHBI
smecTe.
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B kauecTBe BTOPOTO IpuMepa PacCMOTPHM HEMOABHIKHEBIH TOYEUHBIH
3apsl ¢, NOMEHIEHHBIH B HeKoTOpoH Touke mnpocrpaHctBa A. Ilycrb
B TouKax B u C Haxopsrtcs ApyrHe TOYeYHbe 3apAAHl, §; H g,. IlycTb
OHH BMecCTe JeHCTBYIOT Ha 3apsill ¢ ¢ cujiod F. YbepeM BTOPOH H3 HHUX
U 0603Ha4uuM yepes £, CHTy, C KOTOpok Ha g Oy/eT AeHCTBOBATL 3aps]L 4.
AuanornyHo onpepesutest cuna Fy, ¢ KOTOPOH 3apsl ¢, AEHCTBYET HA ¢
B OTCYTCTBHe 3apsja ¢;. Bompoc onsaTh 3ak/iouaercss B TOM, Kak I10
cunam F, u F, vaiitu cuay F.

Boo6uie, nycrs F; 03HayaeT cuay, AeHCTBYIOILYIO HA2 paccMaTpHBae-
MYI0 MaTepraibHYyI0 TOYKY CO CTOPOHBI KaKOr'o-TO APYTOro i-ro Tena
(ucrouHMKa cusbl F;), KOTJa BCE OCTaJbHbIE HCTOYHHKH CHJ yIaJIeHHl
(i =1,2, ..., n). Uemy 6yzer paBHa jfelicTByiomas cuia F, KOrja Bce n
HCTOYHHKOB JAEHCTBYIOT OJHOBPEMEHHO? 310 ¢husudeckuti eonpoc, Ha
KOTOpHIH Henb3sl JaTb OTBET nyTeM onpefeneHus. OOBIMHO TOBOpPAT,
uto cuaa F paBHa reoMerpuueckoil cymme cual F,, Fy, ..., F,. OnHako
TAKOH OTBeT He fBJAETCH JIOTHYECKHM CJe[CTBHEM 3aKOHOB HbloToHa
HJIH KaKHX-JH00 APYrHX 3aKoHOB. OH MOXKeT ObITb BEDHBIM, HO MOMKET
OBITb M HeBEePHBIM. JTO MOXKET pellHTb TOJAbKO ONbIT. ONHT N0Ka3bBaeT,
HalnpHMep, 9r0 LA DACTSHYTHIX NPYKUH WM 3JEKTPHYECKHX CHII,
BO30yXKJaeMbIX TOYEYHLIMH 3apsijamH, oTBeT BepeH. Eciu 3to Hmeer
MECTO, TO TOBOPAT, 4TO CUabl Fy, F,, ... NOAUUHSIOTCS npunyuny
cynepnosuyut. B OCHOBE IPHHLMIA CYNepO3HLHH JEXUT NpecTaBJe-
Hue 0 He3ngucumocmu Oelicmsusi cur. [OBOPAT, YTO CHJIBI AeHCTBYIOT
He3asucumo, eCaH KaxJas cuna F; coofliaer paccMaTpHBAEMOMY
TeJy ONHO H TO K€ YCKOpeHHe @;, He3aBHCHMO OT TOrO, IEHCTBYeT JIH
TOJIBKO OJMH i-d HCTOUHHK CHJI MJIH BCe N HCTOYHHKOB OJHOBpPEMEHHO.
Tak Kaxk yCKOpeHHe SIBJISieTCS] BEKTOPOM, TO PE3yJbTHP YIOIIEe YCKOPEHHe
HallJeTcsl BEKTOPHEIM CJIOXKeHHeM BeeX @,. IlosToMy H pesyJabTHpyloLas
cwia F = ma Takxe HafleTcsi BEKTOPHBIM CJIOKEHHEM He3aBHCHMO
ngedctByromux cua F; = ma;. CnenoBatenbHO, TPUMEHHMOCTD IPaBUJa
napaJsesorpaMma IJisl CJIOXKEHHs! CHJI B paccMaTpHUBaeMOM (PH3HUeCKOM
CMbIC/I€ S5KBHBaJ/IeHTHA ITPEJTIOJIOKEHHIO O HE3aBUCHMOCTH JIeHCTBHS CHJL.
Ho xorga tena, siBnsiiolecs HCTOUHHKAMH CHJI, BJHUSIOT APYT HA Apyra
H BCJIEJICTBHE 3TOTO MEHSIOT CBOE COCTOSIHHE, TO Pe3yJbTaT BLIYHC/ICRHS
cHJIbl F 10 yKa3aHHOH CXeMe MOXKeT OKa3aThCsl HeBepHbIM. 31O MOJY-
YUTCH, HanpUMEpP, KOrZa BO BTOPOM [IpUMepe BMECTO TOYEUHHIX 3apsjoB
¢1 U gy B3ATH NPOTSKEHHBIE Tesa, 3apsiKeHHbIe 3/eKTpHuecTBOM. I1pH
cONVDKEHHN TaKHX TeJl paclipelesieHHe 3JeKTPHYeCTBA HA HHUX H3Me-
HHUTCS H3-32 MHAYKLUHH, a 5TO OTPasHTCsl Ha BeJHYMHE JelCTByIOLIeH
cuiibl. Ho ¥ B 3TOM c/1yyae MOXKHO BOCIIOJIb30BATECSA [PHHLUIIOM CyIep-
NO3MIHH, €CJH 3apsaibl Ha TeJax B HX OKOHYATe/bHBIX IOJOXKEHHAX
MBIC/ICHHO Pa3fIe/IUThb Ha JIOCTaTOYHO MaJsbsle yacTH. CyuTas Takue YacTH
TOYeUHBIMH 3apsiJaMH, MOXKHO BHIYHC/IHTH CO3/aBaeéMble HMH 3JIEKTPH-
YecKHe IoJisl 1o 3akory Kyaona, a 3aTeM BOCIIOJIB30BATLCS MPHHIIUIIOM
Cyneprnosulud. Takoe yTBepxkJeHHe CJeldyeT paccMaTpHBaTh Kak
000011IeHHe ONBITHBIX (PaKTOB.
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3ALAUYH

1. Jludr aBuxercss ¢ yCKOpeHHeM g == og, npHueM |a| < 1. 3nas Bec noKo-
siwerocsl AudTa P (BMCCTe C Harpy3Koil), ONPEAEIHTL BO BPEMST YCKOPEHHOIO JABHXKe-
HHs HaTsKeHHe Tpoca T, Ha KOTOPOM OH MOJBELLEH.

OtreeT. T= P(l —a). [Ipobp o0 caegyeT CUHTATh NOJOXKHTeAbHOH, Korja
YyCKOPeHHe @ HanpapjeHO BHHM3, H OTPHLATeNbHOH, KOTJid OHO HampaBJeHO BBepX.

2. K npyXuHe NpHKpemieHO Tesl0, KOTOPOe MOXKET CMellaTbesl BAOJADb OIpele-
neHHoil NpsAMOil (HanpuMep, BIOJb CTEPXKHsS, Ha KOTOPHIA OHO HajeTo). JTa CHCTEMA
MOXeT CJYXHTb GKCeAepoMempoM, T.e. TPHOOPOM AJIs H3MEePeHHs] YCKODeHHA Tena,
Ha KOTOPOM TaKoH NpuGOp YCTaHOBJEH (aBTOMOGUNIA, camoJleTa, moe3ga u 1np.). Onk-
IIATe TPHHUMN JeiCTBHA TaKOro akcejepoMeTrpa.

3. CamouieT coBepILaeT BHpaX, ABUIasiCh 110 OKPYKHOCTH C IIOCTOSIHHOM CKOPOCTBIO
v Ha OfiHOH H ToH Xe BricoTe. Onpefie/IHTh PafinyC 7 3TOH OKPYIKHOCTH, eCJIH MJIOCKOCTh
KPBIIa CaMoJIeTa HakKJIOHeHa K FOPH3OHTANbHOR IJIOCKOCTH IOJ MOCTOSHHBEIM YIVIOM O

2 -
gtga ’

Y xaszanue. Koria camoser Jeresq NpsMOJHHEHHO, TNIOCKOCTh KpBWIA Gbl3a
ropusonTainbHa. [logbeMHas cHna B 3TOM cJydae HanpaejleHa BepPTHKaJIbHO BREpX,
T. €. MepHeHAHKY/NApHA K INIOCKOCTH Kphla. I1pu moBopoTe Kopmyca camMosieTa BOKPYT
NPOJOJbHON OCH IOJlbeMHAs CHJa NOBOPAYHBaeTCA HA TOT XKe YFoJ, T. e. NPOAOJIKAEET
OCTaBaTbCs MePNeHAHKYAAPHOH K IJOCKOCTH KPBJIA, TaK KaK CHJ/bl B3aHMOAEHCTBHSA

¢aMoJieTa ¢ oxpyma}omeﬁ cpenoﬁ 3aBUCAT JIHIIL OT OTHOCHTEJIbHOIO JABHXKCHHSA CaMo-
JieTa " Cpejibl.

OTBeT. r=

§ 12. Tpernii 3akon HbioToHa M 3aKOH COXpaHeHHMS HMIYJbca

1. PaccMOTpUM 3aMKHYTYIO CHCTeMY, COCTOSIIYIO H3 JABYX B3aHMO-
JefCTBYIOIMX MaTepHanbHBIX ToueK. B 3ToM ciyyae cripaBefJiMB 3aKOH
COXpaHeHHs] HMIyJbca

1+ ps=const.
Juddepenuupys 310 COOTHOLEHHE NO BPEMeHH, MOJYYNM
P+ p=0,
WIH, Ha OCHOBaHWH BTOporo 3akoHa Hriotoma (11.1),
Fi=—F, (12.1)

rie Fi U F, — CHJBI, C KOTOPEIMH paccMaTpHBaeMble MaTepHaJbHbIE
TOYKH JeficTBYIOT Apyr Ha apyra. [lpuBreyeMm Ciofa ONBITHBIE (axrT,
COIJ1IaCHO KOTOPOMY CHJIbl F; U F, HanpasjieHbl 60046 npsmol, COeIH-
HAoWeH B3aMMOJeHcTByIOmME TOYKH. Torja Mbl NpuUAEM K mpenbemy
3axony Hewomona:

Cusot e3aumodelicmeus 08yx MQAMeEPUAAbHbIX MO4eK pPasHbL No 8e-
AUMUKHE, NPOMUBONOAOHCHO Hanpasero. u Oelicmeyiom 60046 npAMOL,
COCOUHAIOWEL SMU MAMEPUAAbHbIE MOUKU.

Oxnny u3 cun, Fy unn F,, corsacHo HbIOTOHY HHOrja HasbBaloT
Oelicmsuem, a JpYrylo — npomusodeticmsuem, ¥ GOpMYyJHPYIOT Tpe-



