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HUKa/l0 TNOAOOHBLIX HEBEPHLIX MpPeNCTaBJEHHH, Jydllle TOBOPHTH HE
NIPOCTO O «3aKOHAX NPHPOABI», a MO Npumepy DHHIITEHiHA O «3aKOHAX,
N0 KOTOPBIM HpOUCXO0AM UBMEHERUS COCMOAHUL (DUSUHECKUX CUCMEeMD;
GopMyJUpYys TPHHUHI OTHOCHTENBHOCTH CJELYIOUIMM 00pa3oM:

3akonbr npupodsl, NO KOMOPLIM USMEHAIOMCA COCMOAHUSL (PUBLMECKUX
cucmem, He 3a8Ucam ot moeo, K KAKOU U3 uHep yUalbHeLx CUCMeM OmeHema
OMHOCAMCA 3MU  USMEHEHU.

Dra dopMmynuposka sisercd Oonee oblell, yeM MpexHss, B KO-
TOpPOl TroBopHJoch 06 HHBAapHAaHTHOCTH 3aKoHOB HbloToHa oTHOCH-
TelbHO TpeobpasoBanusi ['anuges. Bo-nepBuix, 31ech uger peub 06
UHBApHAHTHOCTH 8cex (husudeckux 3aKOH08, & He TOJbKO 3aKOHOB Me-
XaHHKH, KaKOBLIMH fIBJAAIOTCH 3aKoHbl HebloToHa. Bo-Brophix, 31ech
He yKa3aH KOHKpeTHbIH BHJ npeobpa3oBaHHH KOOPAHHAT W BpeMeHH,
OTHOCHTE/JIbHO KOTOPbIX 3aKOHBI IPHPOJBl HHBADHAHTHH. Takue mpe-
ofpa3oBaHusl Haao HaHTH H3 €aM020 NPUHLUNG OMHOCUMEAbHOCTU
M HEKOTOPBIX JONOJHHTENIbHBIX coobpameHui. VIMEHHO Tak B TEOpHH
OTHOCHTEJbHOCTH MOJydaloTcsl Ipeobpa3oBaHus JlopeHua, 0 KOTOpHIX
6bl10 YIIOMSIHYTO Bblllle. 3aKOHB! IPHPOJibl HHBAPHAHTHBI .OTHOCHTEIBHO
npeo6pasoBanus JlopeHua. ITpHHLIHI OTHOCHTEJNBHOCTH B Takol dopmy-
JIHPOBKE HA3BIBAGTCS NPUHLUNOM OmHocUumessHocmu Sinuwmetina. O Hem
Oyler HATH pedb B INOCAEAYIOMHX YacTAX Hallero Kypca.

§ 16. ApAHTHBHOCTL M 3aKOH COXPAHEHH§ MacChi

1. TlycTb ABa Tesna ¢ Maccamu M1y H M, CTaJKHBAIOTCS MEXKAY cO6O#H
U COeRMHSIIOTCS B OJHO — coctaBHOE — Teso. IIpumepom Moxer cay-
XHUTb CJHNAHHE [BYX TJHHSHBIX IHADOB NPH CTOJIKHOBEHHH MEXNy
coboil. [Ipyrum npuMepoM SIBASIETCS XUMUMECKAS WIH A0epHAsA peakyus,
B KOTODOH [Ba aToMa HJIH s1/(pa COEJHHAIOTCA B MOJIEKYJy HJIH HOBOE
spo. TpeGyercsi onpeieNuTh MacCy COCTaBHOIO Te&jla 71, 3Has MACCHI
my W m, COEIUHSIOWHXCH Tein. Ha mepBHIfl B3r/sig OTBET Ka)KeTcs
TPHUBHAJIBHBIM, & HMEHHO m = m, + m,. XoTd 3T0 B KaKoH-TO Mepe
H TpaBHJIBHO, HO Tpefyer obocHoBaHHs. OGOCHOBaHHE MOXHO JaTb
Ha OCHOBE MPHHIIMNA OTHOCHTeNbHOCTH [anunes.

PaccMOTpUM NpoOLECC CTOJKHOBEHHSI B KaKOH-MTHGO HMHEPIHAJIBHOM
cucreme oTcueTa S. O603HAyuUM uepe3 ¥, H Uy CKOPOCTH Tesl [0
CTOJIKHOBEHHSl, a uYepe3 © — CKOPOCTb COCTaBHOIO Tejla Iociae
cToMKHOBeHHsl. Ha OCHOBaHHHM 3aKOHA COXPAaHEHHS HMIYJbCA MOMKHO
HaNucaThb

m; 0, + myv, = mo. (16.1)
PaccmoTpuM Temepb TOT e Npolece B CUCTeMe orcdera S’, ABHXKY-
efcsl OTHOCHTEJNbHO CHCTEMbl S MpPSIMOJNHHEHHO H pPaBHOMEPHO CO

ckopocthio V. CorJjiacHO NpHHIHMIA OTHOCHTEIBbHOCTH 3aKOH COXpaHe-
HHUsSl MIYJbCA CIpaBE/IUB TaKKe B cHcTeme S’ M 3amuchiBaeTcsl B BHIE

myo] + myvy =mu’, (16.2)
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BBHAy MOJMHOrO paBHONpPABHs HHEpPUHAJBHBIX CHCTEM OTCYETa MACChI
BCEX Tesl B CHCTeMe S’ TaKHe JKe, KAKHMH OHH ObUIH B chcTeme S. B ne-
PEJATHBHCTCKOH (DH3UKE CKOPOCTH @i, ©5 U ¥ B cHCTeMe S’ CBfA3aHbI
C COOTBETCTBYVIOUIMMH CKOPOCTSIMH B CHCTeMe S COOTHOLIEHHSIMHU

’

v=0—V, v;=0—V, v=0-V.
Ilostomy (16.2) mpeoGpasyercst B
my (0, — V)+my (0, — Vy=m(@-1V),
WIH Ha OCHOBaHHHM cooTHowenus (16.1)

(m,+my) V=mV.
Otciona
m=my -+ m,. (16.3)

Macca cocmasrnoeo meaa, Kak MB ¥ OXHIAJIM, pasHa CYMme macc
coCmasASouUx mea. Imo ceoticmeo Hasbieaemes a00UmMuUBHOCIbI0 Maccol.

JlokasareabcTBo MoXKeT GbiTh 060061ieH0. Her Heo6X0AMMOCTH Npef-
110J1araTh, YTO CTAJKHBAIOTCA TOJABKO [Ba Tela U YTO IOC/IEe CTOJKHO-
BEHHs1 OHU COEUHSIOTCA B OJHO Tes0. MOKHO B3ATh, HallpUMep, NPOH3-
BOJIBHYIO XHMHUYECKVIO peakLHIo, B KOTOpOH pearHpyeT HECKOJbKO
MOMIEKYJ WM ATOMOB, a B Pe3y/bTare PeaKUHH [OJydaeTcsl HeCKOJbKO
IPYTHX MOJEeKysn HJIH aToMoB. Toraa, NOBTOpSisi pacCyxJAeHHs, IIpH-
BeJlllKe Hac K cooTHoleHuto (16.3), Mbl pujeM K Gosee o6lIemMy 3akJio-
UEHHIO, UTO CYMMA MACC eliecms 00 peaKyul PasHa CYMme Macc 6eUiectns
nocae pearyuu. ITO — 3AKOH COXPAaHeHUs sewecmsea WIH, TOUHEe, SaKOH
coxpanenus maccol. Macca mponopuuonanpHa Becy. Ilostomy 3TOT 3a-
KOH HAa3blBaH TaKXKe 3aKOHOM cOxparerus éeca. Takoe Ha3BaHHE MpPH-
MEHAJOCh B CTapoil JiuTeparype, HO OHO HeyJayHO H Tellepb INOYTH
BLILLIO M3 ynoTpebnenus. Onuaxo Jlomonoco (1711—1765) u JlaBy-
asne (1743—1794), ¢ umMeHaMH KOTOPBIX OOBIYHO CBSI3LIBAIOT yTBEpKIe-
HH€ B HayKe 3aKOHA COXPAHEHUS 6eUieCmaa, TIPUIIIIH K CBOeMY OTKPBITHIO
Ha OCHOBAHHH OINLITOB 10 B3BEIIMBAHHIO NPOLYKTOB XHMHUECKHX peak-
uuit. Ilostomy TO, UTO HeNOCpeACTBEHHO JOKa3ajd 3TH yueHble, ecTb
HMEHHO «3aKOH COXPaHeHHs Beca.

2. HbloToH omnpenenun Maccy Tena KaK KOAUMECHBO 6euiecmeaq,
cozepxkatlerocss B HeM. Takoe onpenesneHue GeccoiepiXaTeJbHO, MOKa
He yKa3aHo, 4TO CJelyeT MOHHMAaTb MOJA «KOJHYECTBOM BEIIECTBa».
HbioToH TnpocTo 3aMeHHS TepMHH «KOJMYECTBO BelLIecTBa» HOBHIM
TEPMHHOM «Macca», He JaB HH OJHOMY M3 HHX TOYHOIO OIIpENeJIeHH:.
OfHaKo C HBbIOTOHOBBIM ONpejeNeHHeM MAacChl HHTYHTHBHO CBSI3aHO
npencrasjeHne o6 ee ajguTHBHOCTH. Ecau, Hampumep, ABe OZMHAKO-
Bble THPH € MaccaMH | KT Kaxjaa COeIHHUTHL B OJHY, TO «HHTYHTHBHO
SICHOY, YTO MOJYYHTCA CHPSA € Maccod 2 Kr, HOO «KOJHYECTBO BELECTBAy
B IBYX THpAX BABOE 6oJablile, ueM B OAHOMH U3 HUX. MHTyHIHSA sBJseTCA
MOIIHBIM HCTOUHHKOM HayuyHoro TBopHdectBa. Ho B-Hayke oHa He MOXKeT
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CNyXUTh JOKa3aTeNbCTBOM. JlOKa3aTesNbCTBO [OJKHO OCHOBBIBATHCS
Ha TOYHBIX ONpeleseHHAX M 3aKoHaX mpHpoipl. TouHoe ompeneseHuHe
MOHATHS Macchl Obuio AaHo B § 10. Ecau mosnb3oBaTtbCsi  TOJBKO
5THM OIlpele/eHHeM, TO COBCEM HE OYeBHJHO, YTO Macca fIBJISercH Besu-
uyHOH aaauTHBHOH. HeoOXoauMOCTb J10Ka3aTelbCTBA 3TOTO CBOHCTBA
CJIEflyeT yXKe W3 TOTO, YTO adOumusHOCMb U 3aKOH COXPAHEHUS MACCbl
seuyecmsa 6epHel autib npubausienno. B camoM aese, 5TOT 3aKOH Mbl
HOMYYHJIH KaK CJEIACTBHE TrajiujeeBa I[PHHIIMIA OTHOCHTENLHOCTH.
Ho eaausees npunyun OMHOCUMEAbHOCMU He ecb 6HOAHE MOYHbLL
3aKOH npupoObl — OH SBAAEMCA NPUBAIUNCEHHOIM NPEOCAOHBIM CAYLAEM
BUHUMEH06CKO20 npuryuna omuocumeasrocmu. IlostoMy npuseneH-
HOe BbLINIE pacCyxleHHe JOJKHO ObITb NepeCMOTPEHO — B OCHOBY
€ro Hajo MOJNOXKHTL HE rajufeeB, a SHHIITEHHOBCKHA MPHHIHI OTHO-
CHUTENBHOCTH. DT0 OYAET CleaaHo [IPH H3JIOXMEHHH TEOPHH OTHOCHTENb-
HocTH. Cefiyac ke Mbl OTPaHHYHMCSH COOOLIEHHEM OCHOBHOIO pe3yJ/bTaTa
BBUAY €ro ¢yHIaMEHTAJbHOIO 3HAYEHHS. 3aKOH COXPAHEHUS MACCol
8 CIapoMm €20 NOHUMAHUU — CYMMA Mace men 00 Peakyuu pasHa cymme
MACC MeA NOCAE PeaKyuy — OKA3bIBAeMCs HegepHbIM. 3aKOHbL COXPAHEHUS.
MACChL W 3Hepeuu, Komopbie & 00pessimusucmcKold husuke c4umanuce
OBYMA HE3ABUCUMBIMU MOUHBIMU 3AKOHAMYU npupodbl, 8 PeAsmugUCCKOL
usuke ympamuay c6oi0 Hezagucumocmy U Goiau 06vedurerst 6 eOuHbLL
3aKOH COXpaHeHus maccer — 3Hepeut. Besxas auepeus obaadaem mac-
coll, pasHoll Koaudecmsy sHepeuu, OEAeHHOMY HA Ksadpam CKOPOCmU
ceema 6 eakyyme. K TakoMy 3ak/IOUEHHIO MBI yXKe NPHLILIH B YaCTHOM
caydae ayuucroft sHepruu {cm. konen § 13). B 6anance maccu AosxHa
YUHTHIBATECA HE TOJNBKO Macca BelllecTBa, HO H Macca Bhlflessiolleiics
W4 TorJoulawnieiics sHepruu. Bo Bcex mpoueccax mpHpoael cymma
MacChl BEIECTBA H 3HEPIHH OCTAETCsl IOCTOSIHHOH.

To ofcrosTensCTBO, YTO B XMMHYECKMX peakuusix He ObLio ofHa-
PYKEHO H3MEHEeHHE MacChl BellleCTBA, CBS3aHO C HX .OTHOCHTE/LHO
OUeHb MaJlkIM 3HEepreTHYeCKHWM BEIXOAOM. l3MeHeHHe Macchl 3a cyer
BBIIEIEHHA WJIH TOTJIOUIEHHS SHEPTHH CTOJb MaJjo, 4To e€ro obHapyxe-
HHe HaXOJMTCA 32 NpejlelaMH TOYHOCTH H3mepeHH#l. Tak, mpu cropa-
Huu 12 r yraeposa ¢ o6pasoBanuem yraekucioro rasa CO, Bupensercs
okoJ10 99 kKan Tensa. B sprax sta BennuyHa papHa € = 994,19 -10'° =y
~ 4 -10'® spr. Ilo dopmyse (13.2) eii coorBercTBYyeT Mmacca

. 12
Am%%%ﬁmo,& 10-8 r.

[Tlonnag wMacca BelecTB, Yy4YacCTBYIOL[MX B peaKUUH, paBHA m =
= 12 + 32 = 44 r. [losTomy

Am 0,5 1078 .

-,'n—‘ == ——-—'44 ~= 10 10.
Uto6bl 0GHAPYXUTh B3BEIIVBAHWEM H3MEHEHWE MacChl BellecTBa MpH
XUMHYECKHX peaklHuaX, Heo0XoAHMa OTHOCHTeJNbHAas TOYHOCTL H3Me-
penuil He Mmenee 10710,
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SHepreTuuecKUil BHIXO] S/I€PHBIX PeaKUHHA B MUJJIHOHBI pa3 GoJiblle,
YeM XHUMHYecKHX peakuuii. Ha siIepHBIX peakIHAX COOTHOLIEHHE
MeXAy Maccod H sHepruef (13.2) moATBEpXKAEHO 3KCHEPHMEHTANBHO.
B sanepnofi ¢usuke u pu3HKe 37eMEHTApHBLIX YACTHIl 3TO COOTHOLIEHHE
HI'paeT HUCK/IUUTENLHYIO pOJb.

§ 17. O 3akoHax TpeHHs

1. B mexaHuKe OOGbIUHO HMEWT JE€N0 C CHJIaMH BCEMHPHOIO TATO-
TeHHs, YNPYTHMH CHJaMH H CHJIaMH TpeHHsl. MHOTZAa B MeXaHHKY
BKJIOYAIOTCS TaK¥kKe 3ajlaud Ha JBHXKEHHE 3JeKTPUUECKH 3apsKEHHBIX
YaCTHI B 3MEKTPHYECKHX H MATHUTHBIX noasax. Torda K ykasaHHBIM
CHJIaM 106aBJSIIOTCS €llle 3JIeKTPOMAaTrHHTHBIE CHIBL, T. €. CHJIBI, KOTOPBIM
TIOJIBEPXKEHBI 3apsKEHHbIE YACTHILI CO CTOPOHBI TakKHMX mnoJjed. CHibl
BCEMHPHOIO TATOTEHUS H YNpPYyTHe CHabl 6YAYT MOAPOGHO PacCMOTPEHHI
B jganpHefimeM. Ceifua¢ ke MBI KpPaTKO pPacCMOTPHM CUAbL, MpPeHUs.
3ameTHM OpH 3TOM, YTO MEXaHHKAa He 3aHUMaercsl M3yuyeHHeM (H3H-
YECKOH NPUPOJLI JeHCTBYIOLMX CHJI — 3TH BONPOCH PaccMaTpHBAIOTCS
B Apyrux pasgesax ¢usuku. [losTomy Mbl 37ech coBceM He Oynaem
3aTparuBaTh BONPOC O ITPOHCXOXKJEHHH CHJ TPEHHS, a OrpaHHYUMCS
OMUCAHHEM SMITHPHUECKH HaHJeHHBIX 3axoHo8 mpenus. IloHATHO, uTO
3TH BONPOCH NPH BCeH HX BAXKHOCTH HE HMEIOT BCe Xe Toro ¢yHaa-
MEHTAJbHOr0 3HaUeHUs, KaKHM XapaKTepHU3yIoTcH, HalpHuMep, 3aKOHBI
HebloToHa, a caMu 3aKOHBI TPEHHS ABJSIOECS NPUOTHKEHHSMH, Yacto
JIOBOJILHO TPYOBLIMH.

Yupyrue CHbl, CHJIBI BCEMHPHOTO TATOTEHHSA, @ TAKXKE CHJIbL IPHTA-
JKEHHs1 ¥ OTTaJKUBAHHA 3J1€KTPHYECKH 3apsKEHHBIX Ten 3aBHCAT
TOJIBKO 0M KOH(ueypayuy mea, T. €. OT UX B3aHMHOTO PACHOJIOXKEHH,
HO He OT HX cKopoctefl. CHJBl TpeHHsA, NOMHMO KOHGHIypanHH, 3a-
BHCAT €lle OM OMHOCUMEAbHbIX CKOpOCmel mea, MeXKIY KOTOPBIMH OHH
JEHCTBYIOT.

Cusiel  TpPEHHA MOTryT JEHCTBOBAaTH MEXKJAY CONpPHKACAOLHMHUCA
TeJAMH HJIH MX YaCTAMH KaK NpPH HUX OTHOCHTEIBHOM JBHKEHHH, TaK:
H IIPH HX OTHOCHTE/JbHOM MOKoe. TpeHue HA3bIBAETCA BHEWHUM, €CJIH
OHO JIeACTBYeT MEXJy pas3jHYHBIMH COMPHKACAlOWIHMHUCA TejaMH, He
o6pasyolWMMH €IHHOTO Tesa (HampuMmep, TpeHHe Mexay OpyCKOM H
HAaKJOHHOH TMJIOCKOCTBbIO, Ha KOTOPOH OH JIEKHT WJIH C KOTOpOH OH
cocKann3biBaeT). Ecan Ke TpeHue mnposiBasercs MeXAy PasJHYHbIMH
YacTSAMH OJHOTO H TOTO K€ TeJa, HarpuMep MeXAY PasIHYHBIMH CJI0SMH
3KUJKOCTH HJIH a3a, CKOPOCTH KOTOPHIX HENPEPLIBHO MEHSIOTCS OT CJIOA
K CJ010, TO TPEHHE HA3bIBACTCA gHympeHHum. BrpoueM, pasieneHune
TpPeHHA Ha BHYTPEHHeE M BHEIUHeE HOCHUT YCJOBHBEIE Xapaktep. Ecau
CONMpHKAcalolecss Tena OO0bEAUHUTh B OJHY MEXaHHMYECKYI0 CHCTEMY,
TO TPEeHHe, KOTOPOE paHee pacCMaTpHBAJIOCh KaK BHeUIHee, CTAHOBHTCA
BHYTpeHHHM. CH/1a TPEHHUS, UCTILITHIBAEMAs TBEPABIM TEJIOM IIPH JBHHE-
HHH B XHJHOCTH (MU rase), €CTh CHJ1a BHYTPEHHETO TPEHUSA B XKU/IKOCTH,



