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TeJbCTBaMK npeHeGpedb H CYHTATh, UTO CPEAHSsS MJOTHOCTb COJIHEYHOTO BELIECTBA
po = 1,41 r/cm3, a neproa Bpamenus Coanua Ty = 2,2-10° c.
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26. [napkuii TBepamil cTepXeHb AAMHH [, ¥ Maccel M paBHOMeDHO Bpalaercs
C YIVIOBOH CKOPOCTbIO ®; BOKPYT HEIOABH:KHOH OCH, NMPOXOAsLIEH Yepe3 OIMH H3
KOHLIOB CTepKHS NepNeHAHKY/sIPHO K ero npofoabHoll ocH. Ha cTep:keHb HafleT mia-
pHK Macch! m. Buavase wapHK HaxoAUMTCA Ha CBOGOAHOM KOHLE CTEDXKHS H Bpallaercs
BMECTe ¢ HHM (ynop, MMEIOUWMACA Ha KOHLE CTepXKHS, He NO3BOJIseT INapHKy co-
CKOJIB3HYTb €O CTepXKH#A). B HeKoTopull MOMEHT IapHKy cooluiaeTcsi CKOPOCThb o,
HanpasjieHHasi BAOJIb CTEPXKHA K OcH BpauleHHs. OnpeleinTh HaHMEHbllee paccTosi-
HHe [, jo KoToporo npHOJIH3HTCA INaPHK K OCH BpalleHHs, H YIJOBYIO CKOPOCTb
CHCTEME! (® B 5TOM NOJIOKEHHH. B Kakywo cTopoHy GyJeT H3OUHYT CTepKeHb, KOrAa
IIapHK NBH:KeTCs IO HaNPaBJEHHIO K OcH BpaieHHs? Kak H3MeHHTCs1 H3THG CTepXKHS,
KOT/la WAPHK, AOCTHTHYB HAMMEHbLIUEr0 yJajJieHHs O OCH, HAyHeT JBHraThes B 06-
paTHOM HanpaBJIeHHH?
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K OCHM BpallleHHs cTepxeHb GyJeT M3rMGaThCs B CTOPOHY, TPOTHBOTIONOXKHYIO Bpa-
wenHo. IIpH yjaneHnH MmapHKa M3rHG CTepikHs H3MEHHTCS B OGPAaTHYIO CTOPOHY.

§ 38. 3axoHbl coxpaHeHHS] H CHMMETpHs
NPOCTPAHCTBA H BpEMEHH

1. 3aKOH cOXpaHeHHd SHEPTHH ABJSAETCH CIEJCTBHEM OJHOPOIHOCTH
BpeMeHH, 3aKOH COXDaHEHHSl HMIyJbCa — CJIEJCTBHEM OJHOPOJHOCTH
IpOCTPAHCTBA, A 3aKOH COXPAaHEHHS MOMEHTA HMIYJbCa — CJEICTBHEM
M30TPONIHH M[pPOCTPAHCTBAa. Takoe YTBepXkJAEeHHE BCTpPEYaeTCsl OUYeHb
yacto. OJHAaKO H3-3a CBoeH KpaTKOCTH OHO MOXKET NPHBECTH K OIHGOY-
HBIM [peACTaBJieHHsiM. MOXHO TNOAYMaTb, 4TO YKAa3aHHBIX CBOMCTB
NPOCTPAHCTBA H BpPEMEHH JOCTAaTOYHO, YTOOBl BBIBECTH 3TH 3aKOHBI
coxpaHeHHsi. A 310 HeBepHO. [lepeyHciieHHBle 3aKOHBI COXpaHEHHs
ABJISIIOTCA CJIEACTBHUSIMH BTOPOro 3akoHa HploTOHa (UM 3aKOHOB, €My
SKBUBAJIEHTHBIX), €CJIH €ro AOIOJHHUTH HEKOTOPBIMH YTBEPKAEHHSIMH OT-
HOCHTEJIbHO JeHCTBYIOILHX cHJ. Tak, npH BbIBOJAE 3aKOHOB COXpaHEHHA
HMIIyJIbCa H MOMEHTa HMIyJ/bCa HOCTATOYHO NPEINOJONKHTL, YTO CHJILI
NIOMYHHAKTCH 3aKOHY pasercmea Oedcmeus w npomueodeticmeusn. Ho
BMECTO 3TOTO 3aKOHA MOXKHO BOCIIOJIL30BATHCSL H JPYTHMH MOJIOXKe-
HuamH. W yTBepiKJeHHe, NpHBeileHHOE B Hauyaje 3TOro naparpadga,
HaJO [IOHUMATh B TOM CMBICJ/IE, UTO NIepPeUHC/IEHHEIE B HeM 3aKOHbI COXpa-
HEHHsI MOXKHO TOJIYYHTb U3 68mopoco 3axoHa Heiomona, ecau K Hemy
NPUCOCOUHUMb  CEOUCMBA CUMMEMPUU NPOCITIPAHCMBA U BPEMeHU, a
UMEHHO: 0OHOPOGHOCTb NPOCMPARCIIBA U 8PEMERU, O MAKIHCE USOMPONUI0
npocmpancmea. Brnpouem, NpH BbIBOJE 3aKOHA COXPaHEHHS SHEPrHH
HAJO BBECTH H HEKOTOphle Gosee crielHalbHble IPENONOKeHHsT OTHOCH-
TeJIbHO XapakTepa JeHCTBYIOIHX CHJL.

2. Tlpex/ie ueM NPHBOAHTbL BLIBOJ 3aKOHOB COXPaHEHHs, HCIOJIb-
3yIOlMI OXHOPOLHOCTL H H30TPOMNHIO IIPOCTPAHCTBA, @ TaKKe OAHOPOX-
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HOCTb BpeMeHH, Heo0X0AUMO TOYHO CHOpMYy/NHPOBATh, KAKOH CMBIC]
BKJIa/IbIBa€TCA B 3TH CBOHCTB2 IIPOCTPAHCTBA M BPEMEHH.

[oBOpAT 4acTo, YTO OJHOPOAHOCTb BPEeMEHH O3HaudaeT pagHonpasue
ecex momenmos spemeru. OIHOPOXHOCTL NpPOCTPAHCTBA O3HAdYaeT, UTO
B NIPOCTPAHCTBE Hem 6bi0eAeHHbIX NOA0NeHUY, BCe TOUKH NPOCTPaHCTBA
pasHonpasHol. AHaIOTHYHO, H3OTPONHUS NPOCTPAHCTBA XapaKTepH3yercs
omcymemeuem B HEM GoideAeHHbix Hanpasiesud, Bce HalpaBJeHHUs
B IIPOCTPaAHCTBE 3KsusaieHmHol. Ho Takue (opMy/JIHPOBKH CJIHIIKOM
HeonpeleneHHHl H MNpH OYKBaJlbHOM IOHHMAHHH IPOCTO HEBEPHHL
Hamnpas/ienne K UeHTpPY 3emiu, HalpHMep, pPe3KO OTJIHYAETCA OT
BCSIKOTO TOPH30HTA/IBHOrO HanpaBJeHHs. [1s albIHHHCTA MOJIOXKEHHSA
€ro y NOJHOXbsS U Ha BepiiuHe inOpyca OTHIOAb He SKBHBAJEHTHBL.
Teso Ha BepluMHe rophl, NpeICTABJIEHHOEe caMOMy cefe, MOXKeT CKa-
THTbCS BHH3. Ho OHO HHKOrJa He MOJHHMETCS OT HNOLHOXbS T'OPH K ee
BepLUNHE, eC/IH eMy He COOGLIMTb Hajexauell cKopocTH. TouHO Tak xe
J/151 4eJIOB€KAa MOMEHTHI BDEMEHH, KOT/1a OH MOJIO/L, TTOIOH 3HEPIHH U CHJI
M KOr/Ja OH CTap H HaXOJAHTCS HA CKJIOHE JIeT, OTHIOAb He S5KBHBAJEHTHBIL.
Uro ke Takoe OJHODOAHOCTb BpEMEHH, OJHOPOJIHOCThL H H3OTpPONHA
MNpPOCTPaHCTBA?

OdHopodnocme spemeru o3Haqaem, 4mo ecau 8 0sa Awbsie MOMEHMa
BPEMEHU BCE MEAQ SAMKHYMOL CUCIEMbL NOCIABUMY 8 COBEPUIEHHO 00U-
HAKO0BbIE YCAOBUS, MO HAMUNAS C IMUX MOMEHMOB 8Ce ABAEHUSA 8 Hell Oydym
NPOMeKams COBEPUIEHHO 00UHAKOBO.

O0uopodrocme  npocmpancmea’ 03Ha4aem, 4MO ecau 3AMKHYMYO
cucmemy meA nepeHecmu U3 00H020 Mecma npocCmpaxcmea 8 opyeoe,
nocmasug npu 3MOM 6ce MeAaa 8 Hell 8 me e YcAosus, 8 KAKUX OHU Ha-
X00UAUCL 8 NPENCHEM NOAONCEHUU, MO MO He OMpPasUmcs Ha xole 6cex
nocaedyrouux sgaeruti. B ToM XKe CMbICTIe HaJ0 MOHHMATh U H30TPOIMHIO
MPOCTpaHCTBa, TOMBLKO BMECTO MEpEeHOCa 3aMKHYTOH CHCTEMBI Hajo
TOBOPHTL 00 €e n08opome B NPOCTPAHCTBE HA J000H yrod.

3peck HeoOXOAHMO CAeNAaTb TaKoe XKe 3aMeyaHde, uto H B § 15
B CBfI3H C NPHMHLHUIIOM OTHOcHTeJabHOCTH [anuiesa. Henbssa moHuMars
Imoj, 3aMKHYTOH cHcTeMol Tes BCio Beenennyr. Ecau moctynuTh Tak, To
nepeyuc/IeHHbIe CBOMCTBA CHMMETPHH ITPOCTPAHCTBA H BpEMEHH CTaJIH Obl
camooueBuHbIMH. Ho oHM cranm 6bl H GeccoiepxarenbHbMH. HOo
TOBOPHTb O MNEpPEHOCe WM IOBOPOTE CHCTEMBI TEJ . MOMXKHO TOJBKO IO
. OTHOLUEHHIO K KaKHM-TO ApYyTHM Tesam. Peup uner He o Beell Beenenno#
B LIeJIOM, 2 O TAKHX YacTsX ee, KOTOpble MOXHO pacCMaTpUBaTh Kak
(npubamkeHHO) 3amkHymoe cucmemsl. OTciofa ACHO, 4YTO CBOHCTBa
CHMMETPHH MPOCTPAHCTBA U BPEMEHH, O KOTOPHIX Mbl FOBOPHJIH, OTHIOAD
He caMooueBH]Hb. Ha HUX Hajo CMOTpeTb KakK Ha (yHOameHMmMasbHblE
00061eHUSL OnbIMHBLX DAKMOB.

3. Ilocae sTHX pasbsicHeHHil ofpaTHMCS K BBIBOJY 3aKOHA COXpa-
HEeHHUs] 5HEPTHH B MeXaHHKe. M3 NHHAMHKU Mbl 3aHMCTBYEM CJEICTBHE
BTOpOro 3akoHa HbioToHa, Bepakaiolneecsi ¢GopMyJoH

A12=K3—'K1, (38.1)
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T. €. paboTa CHJI HAj MeXaHHYECKOH CHCTeMOH paBHa NpHpAaLIeHHIO ee
KHHeTHyecKoH sHepruu K (cMm. § 22). Crnenylomyio yacTh HalllMX pac-
CYXJICHHH IpoBeleM NPHMEHHTEeJbHO K OXHOH MaTepHaibHOH TOUKe.
B cnydae cucreMbl MaTepHaNbHBIX TOUEK Bce OyjneT OOCTOAThL Tak e,
H3MEHHTCS TOJbKO YHCJIO apryMeHTOB, OT KOTOPBIX 3aBUCHT IIOTEH-
unasnbHas GyHkuusa U, BBoaumas Huxke. [lpennonoxum, 4to npoekunu
cuis F, Fy, F,, peficTByloline Ha MaTepHa/JbHYIO TOYKY, MOTYT ObITh
nojyyeHsl AuddepeHuupoBaHHEeM MOTEHUHaAbHOR ¢yHKund U:
ou ou au

Fim—% Fi=—g, F=—7%
OnHako cama noTeHnuanbHast QyHKUHA U MOXKeT 3aBHCETh ABHO He
TOJIKO OT KOODJMHAT X, Y, 2 pacCMaTpUBaeMOH MarepHasbHON TOUKH,
Ho U ot Bpemend £ U = U (x, y, 2, {). Hanpumep, 310 6yzxer Tak,
KOTr/a TOYKa HaXOLHTCS B CHJIOBOM IoJi€ APYTHX TeJ, KOTOPOe MEeHSeTCs
BO BpeMeHH. Pa6ora, npou3BoaumMas AHCTBYIOIIMMH CHJIAMII HAJ MaTe-
pHabHON TOYKOH IpH NepeMelleHHH €e BJO/Nb HEKOTOpOli KPHBOH H3
nosioxeHHs 1 B NoJIOXkeHHe 2, TIPeACTABJ/ISeTCS] HHTEr pajioM

ou oU ou
App=— S <a dx‘i'@ dy+ d2>,
B3fIThIM BJOJIb TOH e KpuBoil. [Ipu6aBUM U BEIYTEM IOJ 3HAKOM HHTe-
rpaja 4jeH %it/dt. Torna, BBOAA moaHbIll pudipepennua
ou ou ou ou
NpeiCTaBUM INpelbilylliee BhIpaXKeHHe B BHJE
Ap=—\av+ \ % d.

B TakoM BHjie OHO CIIPaBELIHBO H LISl CHCTEMBl MarepHaJbHBIX TOYEK.
ITosToMy nanbHeHIIHe pacCyKAeHHs He CBA3aHBI C IPEATIOJIOKEHHEM,
YTO CHCTEMA COCTOMT U3 OJHOH MaTepHa/bHOH To4yku. [locse unTerpu-
pOBaHHS TOJy4aeMm

oU
Ap= U, — Uy + S o dt. (38.2)
Kom6unauus 31olt dopmyJbel ¢ (38.1) DPHBOAHT K COOTHOLIEHHIO
U
(Ky+ Uy —(Ky+ Uy = S o dt. (38.3)

Jlo cuX mop MBI HE HCIIOJIb30BANH YCJIOBHE 3aMKHYTOCTH CHCTEMBI H
CBOHCTBA OFHOPOIHOCTH BPEMEHH, NO3TOMY HAIIM PAcCyXKAEHHUS MpUMe-
HHUMBI H /ISl He3aMKHYTHIX cucTeM. JIomyCTHM Tenepb, YTO CHCTEMA 3aM-
KHyTa. Torza BBHAY ONHOpOJHOCTH BpeMeHH (yHKuus U He Moxer

ou
SIBHO 3aBHCETb OT BpeMeHH, T. e. 5+ =0. B pesyabrare noayyum

Ki+Ui=K;+ U, (38.4)
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T. €. ypaBHeHHe, BbIpaxkawllee MeXaHHUYECKHH 3aKOH COXpaHeHus
SHEPTHH.

4. TlepefiieM X J0Ka3aTesNbCTBY 3aKOHA COXpaHEHHS HMNYJIbCa.
JlonycTuM, uTo MeXaHHYeCKas cucreMa 3aMKHyTa. Bee cunut Fy, F, ...,
IefiCTBYIOLlieé HAa MaTepHaJbHble TOYKH CHCTEMBI, SBJISIOTCS CHJIAMM
BHYTPEHHHMH, BHENIHMX cHJ Her. IlepeHeceM cHcTeMy W3 IPOH3BOJIL-
HOTO MOJIOXKeHUs I B Apyroe NpOU3BOJbHOE MOJIOXKeHHe 2, uToObl BCE
MaTepHa/bHBIE TOYKH €e NMpeTepresd OAHO H TO XKe CMellleHHe 7 U MpH-
TOM TaK, 4TOObl HX CKOPOCTH OCTaJUCh NPEXHHMH [0 BEJHUHHE H
HarpaBJleHu0. BBHLY ONHOPOZHOCTH NPOCTPAHCTBA HA TAKOEe IepeMe-
meHHe He TpeGyercs 3atpatsl pabothl. Ho s1a paGora mpexcraBasiercs
CKa/MsipHbIM Npoussefennem (Fy -~ F, + ...) r. 3HauuT, OHO paBHO
HYJII0, 'KAKOBO OBl HH OLLIO CMeLLEeHHE 7. OTcxona caenyeT, uto A4
3aMKHYTOl cucteMsl Fy + Fp + ... = 0. A 3T0 ecTb Kak pa3 To ycio-
BHe, TIPH BBLIIOJHEHHH KOTOPOTo M3 BTOpOro 3akosHa Helotona mony-
ygerTcsi 3aKOH COXpaHeHUsl UMIyJabca (cMm. § 12).

5. 3aKoH cOXpaHEHHS MOMEHTa HMIIY/bCa AJIA 3aMKHYTOH CHCTEMbI
JIOKa3bIBa€TCH B TOUHOCTH TaK 2ke. Mcnonb3ys M30TPONHIO MpocTpa-
CTBa, MOXKHO J0Ka3aTb, YTO F€OMETPHUECKasA CyMMa MOMEHTOB BHYTpeH-
HHX CHJI, JIEACTBYIOIIHX B CHCTeMe, paBHa Hymo: M; + M, 4 ... =0
(cM. 3agjauy 2 x § 46). Orciona HeMeNJIEHHO CJeAyeT paccMapHBaeMbli
3axkoH {(cM. § 30).

SAJAYH

1. Iyets U (ry, ry) 03HauaeT NOTeHUHANbHYIO SHEPTHIO B3aHMOJEHCTBMS JBYX
MaTepHAaNbHBIX TOYEK KaK (YHKUMIO DaJHyCOB-BEKTODOB Fy M g, ONpElEIsIOmHUX
HX MOJIOMEHHs B mpocTpaHcTse. Micnonb3ys oJHOPOAHOCTL NPOCTPAHCTBA, NOKa3aTh,
yro U siBsteTca GyHKUHEH TOJNbKO PAsHOCTH ry — ry. OOOGWUTL pe3ysabTaT Ha cay-
yall CHCTeMbl 72 B3aUMOJCHCTBYIOUIMX MaTepHANbHBIX TOYeK.

Pewenue. Bsuly onHOPONHOCTH NpOCTpaHCTBA MNOTeHlHalbHas Sueprus U
He HM3MEHMTCH, eC/H 06€ B32HMOJENCTBYIOUIHE TOYKH CMECTHTb Ha OAMH H TOT XKe
BEKTOp @. 3amucanHoe MaTeMaTHUeCKH, 3TO yc/loBHe racut: U (rq, ro) = U (ry + a,
ry +a). 310 CcoOTHOWeEHHE JOMKHO BBHITOMHATLCS, KAKOB 6bI HH 6blJ BEKTOp @. Mo-
JNaragd @ = — ry, noayunm U= U (0, r, — rl) T. €. = f(ry —nry), rae f —
KaKasi-10 GYHKOUHA TONbKO PA3HOCTH ry — Iy

Ecnn cuctemMa COCTOMT M3 £ B3aUMOJIEHCTBYIOIHX MaTepHalbHBHX TOUEK, TO,
paccyxiad aHaJOTHYHO, HaileMm

U#f(ra-rl, rg—ry, ...).

Pa3gymeercs, BMeCTO 1IepBOM TOYKH MOKHO B3ATh JIOOYIO H3 MaTepHalbHBIX TOUEK
CHCTeMbl. 3HAUMT, NOTeHUWaNbHasi SHeprusi U MoXeT 3aBuceTb TOJBKO OT 1 — |
BEKTOPHBIX apryMeHTOB: pa3HOCTeH palHYyCOB-BEKTODOB KakKHX-Au60 7 — ! Touek
CHCTEMBI H PajMyca-BeKTOpa OCTaJbHOH TOYKH.

2. Kakue [OTOJHHUTEIbHEIE OrpaHHYEHHs HaK/JaibiBaer Ha BHJ ¢yukumy U
H30TPOINA NPOCTpAHCTBA?

O 18 e . IloTenunansHasa sHeprusi U MOMeT 32BHCETb TONBKO OT PACCTOSHHH
KaKuX-inbo 1 — | MaTepHajlbHBIX TOYEK CHCTEMB! OT OCTILHOH TOMKH.

3. Hcnoabsyst oanopofHoCTh NPOCTPAHCTBZ M TalWICEBCKHH IPHHUHN OTHOCH-
TeJIbHOCTH, NOKa3aThb, YTO CHJA B3aHMOJCHCTBHS MaTepHabHBLIX ToueK I M 2 He 3a-
BHCHT OT HX KOOPJHHAT H CKOPOCTell, a MOXeT 3aBHCETb TOJbLKO OM PASHOCMEL STHX
KOODJHHAT H CKOPOCTeH.
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PemeH ue. B culy 0OXHOPOIHOCTH NPOCTPAHCTBA H Ta/IH/IEEBCKOTO MPHHIMNA
OTHOCHTEJILHOCTH YCKODEHHe @, a C HHM H CHJla f = /G WHBapHAHTHEI OTHOCHTEJIbHO
nepeHoca Hayala KOOPEMHAT M npeoGpasosanus lanuies. Bo3bMeM zBe cHCTeMEl
otcyeta S u S’. PaccMarpusasi cuary f Kak GYHKUHIO KOOPAHHAT H CKOPOCTeil B CHCTeMe
S’, nanumeM f= f (r{, rj, o], ). CucreMy S’ MO}KHO BHGpPaTh NPOM3BOMLHO. BHI-
GepeM ee Tak, YTOGRl B pacCMaTpHBaeMbIH MOMEHT BpeMeHH MaTepHaqbHas Touka [
HAXO[M/IaCh B Hauajle KOODPAMHAT (r; = 0), a ee CKOPOCTb paBHsIach HyJo (2] = 0).
Torga B 10T MOMeHT cHia f OyZeT (yHKIHell TOJBKO JBYX apryMeHToB: f =
== f (r§, ©}). Ho pa3sHoCTH KOOpZMHAT H CKOPOCTeH B OGEHX CHCTeMax OTcYeTa OfiH-
HAKOBBl, & MOTOMY Iy = r§{ —ry, = ry —ry, 95 = 0; — 97 = 9, — 0;. B pesyib-
Tare MOJY4HM

S=Ffrg—r1, 0,—9,).



