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Bero 65 rpyGoit omM6KOH paccyaaTh CaeayounM o6pasoM. B HHkHeM nonoxke-
HUH (A0 YAapa) 3HEePrHsl CHCTEMbl PaBHA KHHETHUECKOH 3Hepruu nyuau li; mVZ. Ipu
NOAHSTHH M2sTHHKA 3Ta 9HEPTHs NMEPEXOAHT B IOTEHIHANbHYIO 3HeprHio (M - m) gh.
Takofi crnoco6 pacCyXAGHHR TNPHBOAUT K OWHGOUHCH dopMyie
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Tak Kax B cy4yae GalIMCTHUECKOTO MasATHHKA m < M, To 3Ta dopMyna paer cosep-
MEHHO HenpaBHIbHOE (3aBbINIEHHOE BO MHOTO Pa3) 3HaudeHwe Aas BhICOTH A. Tonbko
B APYroM Ipefe/IbHOM cJyyae, Koraa m > M, o6e ¢popMybl GarTHUECKH COBNAAAIOT,
KaK 3T0 SCHO W 6e3 BCAKHX BBIUKCACHHH. OWHGKa MPUBEAEHHOTrO PacCyKACHHS COCTOHT
B TOM, 410 OHO He YYKTHIBAeT NMOTEPH MEXAaHMUECKOH SHepTWM NPH YAape.

[Tpn MpakTHUeCKHX BBIYHCIEHHAX YA06HO BHIPA3HTb BEICOTY /1 uepe3 YroJl OTKJO-
HEHHsT MasTHHKA H3 N0JIOKEHHs] PABHOBECHS 0!, KOTOPBLIH Jierue NoAJaeTcsl H3MEPEHHIO,
yeMm Beicota h. Ouesuano h = [ (1 — cosa) = 21 sin® (/2), rae | — ANMHA MasTHHKA.
[Tofb3ysich 3THM BbIpa)keHHeM, QopMyay (26.3) HepruHo NPHBECTH K BHAY

y—oMtm + V gl sin - ~2 = Vgl sin & (26.4)

§ 27. BHyTpeHHSS 2Heprus.
O61edH3HyecKHit 3aKOH COXpAHEHHSI IHEPTHH

1. Tloteps kuHeTHueckoH sHepruu Ge3 COOTBETCTBYIOMIETO YBesH-
YeHHus NOTEHIHAJbHOM, O KOTOpPOH rOBOPWIOCH B NpeibliyllieM mapa-
rpade, NPOUCXOAHUT He TOJBLKO IPH HEYNPYrHX yAapax, HO H BO MHOTHX
Apyrux mpoueccax. Hampumep, IBuKeHHs B 3aMKHYTOH CHCTeMe,
rie NeHCTBYIOT CHJILI TPEHHS, B KOHIE KOHIOB NPEKpPaIlaoTcs, TaK 4TO
3anac KHHETHUeCKOH 3HEePrHH B CHCTeMe yMeHblnaeTcst. MoxeT npoHcxo-
IHMTb W IOTeps NMOTeHnHaJbHOH sHepruu. Tak, Hampumep, eClH pacrts-
HYTb NPYXKHHY, Nepefiis IpH 5TOM Npeaea YNpyroctd, a 3aTeM Ipeno-
CTaBHTb ee caMoli cefe, TO OHA He BO3BPAIIAeTCsl B HCXOAHOe COCTOSIHHE,
B NIpY’KHHE COXPAHSETCs] HEKOTOpoe ocratouHoe yajauHeHHe. IIpu stom
paboTa, KOTOPYH0 B COCTOSIHHM COBEDUINTbL pacTsiHyTas [PY:KHHA,
MeHblte paboThl, 3aTpaueHHOH Ha ee pacrtskeHue. Bo Bcex mopoGHBIX
cly4asix HaOMIORAOTCA MOTECPH MeXaHudeckod sHeprud. dopmanbHas
MaKpOCKOIHYecKasi MeXaHHKa OODBSCHsAET 3TH IOTepH TeM, YTO 3Hep-
FHSl pacXofyercss Ha paboTy NMpOTHB AUCCHIIATHBHLIX CHJ, AeHCTByIO-
mUx B cucreme. OnHaKo Takoe oObsICHEHHe SIBJIsIeTCS YHCTO dopMalb-
HBLIM U HehH3HYeCKHM, [TOCKOJLKY OHO COBCEM He pacKpbiBaeT (Hu3Hye-
CKYIO TIpHpPOAY AHECUNMATHBHBLIX CHJI.

2. Hapo yuecTs, 4To BCAKHII pa3, Koraa HabmoaaeTcs noTepst MeXaHH4ecKoH 3Hep-
FHH, B CHCTeMe NPOHCXOASAT KaKHe-To BHYTpeHHHe M3MeHeRHs. Ecamu, Hanpumep, ¢
NOMOUIbIO UYYBCTBHUTENBHOIO TEepMOMETpPA MJM TepMONaphl H3MEeDHTh TeMnepaTypy
L1apoB A0 H MOCJ/e HEYNPYToro yiapa, To ONEIT NOKaXeT, UTo B Pe3y/ibTaTe yaapa apst
HEMHOT'0 Harpe/uch. To ke camoe IPOHCXOAHT NMPH TPEHUH H OCTAaTOUHOH Ae(OpMAallHH.
TIpH npoAO/IKHTEIbHOM H HHTEHCHBHOM TPEHHH HArpeBaHWe HAacTOJADLKO CHJbLHOE, YTO
1J15 ero OOHapyKeHus He TpeOyeTcs HUKAKUK CNelnaabHbiX npubopos. Jukapy Rolwi-
Ba/JH OrOHb TPEHHeM OJHOro Kycka AepeBa o apyrofi. Ecau Ha och MOTopa Hacagutb
JHCK H3 NIPOYHOTO KapToHa (TOMWIMHOR OKoJo 1 MM) H NPHBECTH €10 B GEICTPOE Bpallle-
HHE, T0 MOXHO NEPENH/HTh JepeBAHHYI0 JOCKY, NOJAHECS ee K KPalo 3TOrO Bpallalo-
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werocs AHCKa (KapToHHas muna). SIBneHne oObSICHACTCS TeM, YTO B MeCTeé KOHTaKTa
BPaWAloLIeTocsl KapToKa ¢ JOCKOH BHIJESETCA MHOTO TeInla H3-3a TpeHHdA. [lepeBo
B 3TOM MeCTe CHJIBHO Pa3orpeBaeTcs, OGYIJIHBaeTCS H pa3pe3aeTcsl BpaHIAOUWHMCS
IHuckoM. KapTOHHBIH JHCK MDH 3TOM He Paspymaercs, TaK K4K OH HHTEHCHBHO OXJaX-
laeTcsl H3-3a ORICTPOTO BPALLEHHA B OKPYKawllieM Bo3fyxe. Paspes focky mosyuaercs
TVIaAKHM H XOPOLIO OTHOJHpOBaHHEIM. OH HMeeT 6ypPOBATYIO OKPAacKy H3-3a 0OyTJyHBa-
HHS IPH TPeHHH. Pelaouyo poJib B 3TOM ONbITe HIPaeT HATSXKEHHE KapToHa, BO3HH-
Kaoliee NpH BpalleHHH H TNPHAJIOUlee €My TBepAocTh. BpamleHuneM IOCKH BOKpPYT
KapTOHHOTO JHCKa €€ paCnWIHTh HeJb3s.

MoryT GuITh 1 Goslee CIOXKHBIE ABJIEHHS, CONPOBOKAAIOIHE OTEPH MEXaHHYeCKOH
sHeprun. [IpaMepoM MOXKeT CJYXHTb caefyromas feMoncTpauns. Ha Ban neGosibiuoi
IMHAMOMAIIHHbBI HajeT JePeBAHHBbIH IUKHB, HA KOTOPbIH HaMoTaHa JVIHHHAA IpOYHad
HUThL. HuTb nepekunyTa yepes 6JI0K, yKpeIVIEHHBIH OKOJIO NMOTOJKa ayiutopuH. K ee
cBOGOIHOMY KOHILY TOJiBellleH IPY3 B HECKOJIbKO KHJIOrpaMmos. Bpaiuast inkus, nofuH-
MaloT Ipy3 K NOTONKY ayAHTOpHH. llenp AHHAMOMAIHHBI MOXKET 3aMHLIKAaThCHA uyepe3
KJIIOY Ha HeGOBbLIYIO 3/IeK1PHUECKYIO JaMNnodKy. EciH oTnyCTHTh WKHB, He 3aMblKas
lIeNH JIaMNOYKH, TO AHHAMOMAIIHHA He BEIPaGaTblBaeT 3JEKTPHYECKOro Toka. B stom
c1yyae Tpy3 fafaeT yCKOPeHHO — MIOTEHUHANbHAsA SHEPrisa TPy3a NlepexONT B KHHE-
THYECKYIO 3HeprHio. Ec/IH cHORa NOAHATL T'PY3 K 3aMKHYTb Lellb JIaMIOYKH, KOrja oH
NpoiifeT NMPHOMH3HTENbHO NOMOBHHY NMYTH JO MNoJla, TO JaMIoyka 3aropaeTcsl, a IBH-
JKeHHe TPy3a W BpauleHHe JHHAMOMAaUIHHBI 3aMeTHO 3aTopMo3ATcs. [locsie sToro rpys
MeJl/ieHHO ONyCKaeTca J0 NoJa ¢ NOCTOSHHOH CKOPOCThIO, a J1aMIIouKa TOPHT NOCTOSAH-
HEIM HAK4jJoM BO BCe BpeMsi najeHHs rpysa. [loTenuuannHas sHepTHA Tpy3a Hempe-
pHIBHO yMeHbluaeTcss. OfHaKO OHA He NponajaeT Geccliefio: IKHAMOMAIIHHA Hempe-
PHIBHO BbIpaGaTbiBaeT 3/EKTPHUYECKHH TOK, BBLIIESIOUMIH TEeIVIO B HHTH JIAMIIOUKH,

3. Makpockonuueckass MEXaHUKA YUHTHIBAeT TONBKO KHHETHUECKyI0
SHEPTHI0 MAaKPOCKOMHYECKOTO ABHKEHHS Tel M HX MAKPOCKONHYeCKHUX
gacrefl, 4 TakKe HX IOTEHUMAaNbHYI0 3Hepruw. Ho oHa mo/HOCTBIO
OTBJIEKAeTcsl OT BHYTPEHHEr0 ATOMHCTHUECKOTO CTPOEHHs BelecTBa.
ITpu ynape, TpeHHH U aHAJOTHYHEBIX MPOLECCAX KHHETHUECKAasi SHEpPTHUs
BHJMMOTO JBHKeHHs Tel He nponajaer. OHa TONBKO MEPEXOJHT B KHHe-’
THYeCKYIO SHepTHI0 HeBHAHMOTO GeclOpsii04HOTO JBHXKEHHS aTOMOB H
MOJIEKYJI BelLecTBA, a TaKKe B MOTeHIHANbHYI0 SHEPrHI0 HX B3aHMO-
JeHcTBUSI. Dra 4acThb 3HEPTHU Tesla MOJy4YH/JIa Ha3BaHHe SHYympeHHel
snepeuu. BecnopsfouHoe ABHKEHHE aTOMOB H MOJIEKYJ BOCIpHHHMAeTCS
HAllKMH OpraHaMH 4yBCTB B BuAe menaa. TakoBo ¢usnueckoe oGbsc-
HeHHe KaxKyLueHcs NOTepH MEXaHHYECKOH SHepTHH IpH ylape, TPEHUH
H Tp.

ITpeacraBnenne o Temnore Kak o GecnopsiiOUHOM JABUKEHHH aTo-
MOB M MOJEKy/] OKOHYATeNIhHO YTBEpAHJIOCH BO BTOPOil MOJNOBHHE
XIX Beka H cocTaBHJIO 310Xy B Hayke. [IpumepHo TOrja ke B ¢u3HKe
yTBepAMJ/ICA H B3IJIfA] HA 3aKOH COXPAaHEeHHUs SHepruH Kaxk Ha obujegu-
3udecKkull 3aKOH, He 3HAIOWMH HHKAKHX HcKJoueHHH. COryiacHo sToMy
3aKOHY dHepaus HUKo20a He co30aemca U He YHULMONCAEMCs, OHA MOJcemn
moavko nepexodums u3 o0Hol gopmut 8 dpyeyro. OnHAKO HEOOGXOIUMO
PacLIMPHTH MIOHATHE SHEPTHH, BBEIS HOGbe (POPMbL ee: SHEPTHIO JEKTpPO-
MarHUTHOrO ToJs, sijepHylo sHepruio u Inp. Ilpu stom HeoGxoaumo
3aMeTHTb, YTO JaTb OKOHYATENBbHYIO KAAacCH(MHKAUMIO PA3JHYHEIX BH-
JI0B 3HEPTHH He IIpeJCTaB/]feTcs BO3MOXKHBIM. JTO MOXKHO OBLIO GBI
clle1aTh, €cJH OBl OKOHYATeJbHO GBIJIH YCTAHOBJEHH BCe 3aKOHR! IIDH-
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POZBI, H pa3BHTHE HAaYKH, BO BCSKOM c/1ydyae B ee OCHOBaX, ObL10 Gbl OKOH-
YaTeJLHO 3aBepLLUeHO.

[eneHue sHepriH Ha KHHETHYECKYH U IOTEHOUAIbHYI) HMEeT CMBIC/
TOJIBKO B MeXaHHKe U He OXBaTbiBaeT Bcex ¢opm snepruu. Kpowme roro,
OTHeceHHe SHepPrHH K TOMy WJIH HHOMY BHJY 4acTO 3aBHCHT OT TOYKH
apenusi. Hamnpumep, B MakpocKONMHYeCKOH MeXaHHKe ympyras 3Hep-
THS CIKATOTO HjeasJbHOrO rasa CYHTaercsl noTeHnuanbHoH. Ho c mose-
KyJSpHOH TOYUKH 3peHHs YNPYrocTb ra3a oOOBACHAETCH TeM/IOBBIM
JBHKeHHeM ero MoJiekyJs. IlosTomy ¢ 3TOH TOYKH 3peHHS Ty Ke SHep-
THIO cjelyeT CYMTaTh KHHETHYECKOH.

4. TlpuHOun coxpaHeHHsl SHEPrUH, HAPSALY C [POMaJHEIMH KOHKpeT-
HBIMH NPHMEHEHHSMH K YK€ H3BeCTHBIM sIBJIEHHSM, 1aeT PYKOBOAsIIHE
yKa3aHusl U B HEHCC/IeNOBaHHBIX obsacTaX. Besikoe Kaxylieecst Hapy-
lIeHHe 3TOTO NPHHIMIA YKa3blBaeT Ha CYLIeCTBOBAHHE HOBHIX SIBJIEHHH,
He YKJaJBBAIOLIUXCS B PAMKH CYLIECTBYIOIIHX HAaYYHBIX KOHIEMLHUI.
Tak 6bl10, HalpHMep, NPH OTKPHITHH paduocaxmusHocmu. Tag GbLIO H
C OTKpHITHEM Hedmpuro. Ha omnbite OblIM OOHApyXKEHB KaKyllHecs
HapylleHHUs] 3aKOHOB COXPAHEHHSl SHEPTrHH H HMIYJbCa B SIBJEHHAX
B-pacmana atoMHBIX sifiep. 3to obcToATENbCTBO BRIHYAMMO [laynu
(1900—1958) BBecTH rUnoTe3y, BIOC/EACTBHH MOATBEPXKAEHHYIO 3KCIIe-
pUMEHTANbHO, 4TO B f-pacnaje Hapsily C H3BECTHBIMH 3apsiKeHHLIMH
YaCTHIAMH (371EKTPOHAMH H aTOMHBEIMH SpaMu) y4acTBYeT ellje HEH3-
BecTHasi HefiTpasibHAasi 4YacTHiia, Kotopasi U Obuia HasBaHa Helmpuwo.
3Ta yacTHI@ H YHOCHT HeJOCTamllye SHEPTHIO H HUMIyJabc. Biarogaps
HCKJIIOUHTENBHO c1a6oMy B3aHMOAEHCTBHIO C BeIleCTBOM OHA YCKOJb-
3aer ot Habsmopenus. (1losanee, koraa ObLJIO BHISICHEHO, YTO Ka:KIOH
YacTHIle COOTBETCTBYET AHTHYAaCTHIA, OKas3a/loch, YTO B SBJEHHAX
3JIeKTPOHHOrO f-pacrnaja ydacTByeT He HeHTPHHO, a QHMuHeumpuro.)

O6iedusnyecKHi MPUHIUT COXPaHEHHUS SHEPTUH OXBATHIBAET, TAKHM
o6pa3oM, He TOJBKO SIBJEHHsI, paccMaTPHBaeMble B MaKPOCKOIIHYeCKOH
MeXaHHKe, HO H Takue (pu3nuecKHe sIBJeHHS, K KOTOPLIM 3aKOHBI TaKOk
MEXaHHKH He NpHMeHHMbl. [103TOMy OH He MOXeT OBITb BBHIBEJEH H3
ypaBHeHHH MaKpPOCKOMUYECKOH MeXaHHKH, a [OJ/KeH PaccMaTpuBaThCs
KaK 00HO u3 Hauboaee wupokux o600wenutl onoimHex gaxmos.

§ 28. AGconioTHO ynpyrHi yaap

1. VHTepecHble NpeBpallleHHs] KHHETHYCCKOH 3HEPrHH B IIOTEHIH-
aNpHyl0 U 0OpaTHO HaGMIONAOTCS NPH abcoawmHo ynpyeom yoape.
Taxk Ha3bIBaeTCSs] CTOVIKHOBEHHE TeJl, B pe3yJ/bTaTe KOTOPOro HX BHYTPEH-
HHe 3HepruH He MeHsIIOTcsl. B uncToM BHJE TaKoi c/aydad IpH CTONKHO-
BeHHHM MaKPOCKOIIMYeCKHX Te/ He Berpedaercs. Ho K HeMy MOXKHO IIo-
JOATH JOBOJIbHO OJIM3KO. DTO HMeeT MeCTO, HalpHMep, NPH CTOJKHO-
BeHHMsAX OWJIbSIPAHBIX IHAPOB H3 CJIOHOBOH KOCTH HJIH TOAXOASILEH
maacTmaccel. [IpH CTOJIKHOBEHHSIX aTOMHBIX, SINEPHBIX HJIH 3/1eMeHTap-



