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§ 55. 3axkonn Kemjiepa M 3aKOH BCEMHPHOIO THATOTEHHS

1. B pesyabrate ajgutenbHoll 0O6paGoTKH MHOTOJETHHX Hab/ofe-
HU#l Jgatckoro actporoma Tuxo Bpare (1546—1601) Kennep (1571—
1630) sMmHMpuuYecKH YCTAHOBHJ TPH 3a2KOHA IJIAaHETHRIX ABMIKEHHH.
DTH 3aKoHH (GOPMYJHDYIOTCH CJAEAYIOUMM 0GpasoM:

1) kaxcdas naanema dsusicemes no aaauncy, 8 0OHOM U3 oKYCO8
xomopozo Haxodumes Coanue;

2) paduyc-sexmop naaremol 8 pPAsHbE 8PEMEHA ONUCOIBALI PABHBIE
naouadu;

3) xsadpamer epemen obpawjenutl naavem OMHOCAMCA Kaxk Kybo
boavutux oceli arsunmuveckux opbum, no KOmopeim OHU O0BUNCYMCS
soxpye Coanya.

IlepBrie mBa 3akoHa Owliu ony6uaukoBaHum Kensaepom B 1609 r.,
nocsenuuit — B 1619 r. 3axons: Kenaepa ecrecTBEHHBIM NyTeM IIpH-
Besin HEBIOTOHA K OTKPBLITHIO 30KOHA BcemupHo2o mseomerus. Paccmot-
pHM 3TOT BOIpOC.

M3 nepsoro 3akona Kennepa caenyer, 4To TpaekTopus IJjaHeThl —
mjiocKas kpusad. C yyeToM 3TOro o6CTOATENBCTBA, KAK ObLIO MOKA3aHO
B § 31, u3 Broporo 3akoHa Kensaepa caenyer, 4to CHia, 3acTaBasoas
I/IaHeTy JBHTaThCsl 110 3aMKHYTBIM op6uTaM, HanpableHa K CosHuy.
Omnpegennm Tenepr, Kak 5Ta cu/ia H3MeHSETCA ¢ H3MEHEHHEeM paccros-
Husi oT CoNHIa M KaK OHa 3aBUCHT OT Macchi nianetsl. JIig ynpoueHus
pacyerToB HOMYCTHM CHa4ang, 4To IlJIaHeTa JBHXKETCs He IO SJJIHICY,
a 1o Kpyry, B ueHTpe kotoporo Haxozutcsl Coanue. Hasa naaner Coa-
HeYHOH CHCTEMBI TakKoe JONYLIeHHe He SBASeTCH OCOOEHHO TPYOBIM.
OJUIHMIICHI, IO KOTOPhIM Ha CaMoOM [iefle JBHXKYTCs IIaHeThl, BeCchbMa
Ma/o OT/IHYANTCA OT KPYTroB. ¥YCKOpEHHe IIIaHeThl NMPH PABHOMEPHOM
IBHXKEHHH 10 KPYroBo#l opOurte pajauyca r Bhipaxaerca (opmyJoit
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Jng nnaHeT, IBHXYIIMACA NO KPYTOBBIM TPAEKTOPHSM, TPETHH 3aKOH
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rie o —nocrosHHas jisi Bcex mnuaner CosneyHoit cucremel. OHa
HasbiBaercst nocmoannot Kensepa. Uepes napamerpsl 3JIMITHYECKOH
op6utel nmoctosiHHaa Kennepa Boipaxkaercs ¢opmyJoi

W:%i | (55.1)

rje ¢ — AJauHa GOJBLIOH NOAYOCH OPGUTEHI.
Buipasus T uepe3 & u 7, 1151 yCKOpEHHs NJAHETHl NPH JBHXXCHHH
10 KPyroBoM opOHuTe ITOJTy4YUM

4= — 3K (55.2)

re
Cusia, feficTBylomiasi Ha nJaHery, paBHa

4n2gm
F=— 28R, (55.3)
rjie m — Macca IJaHeThl.

Mbl f0Ka3ajH, 4TO YCKOPEHHsI JBYX pPasHbIX IJaHer, ofpaiaio-
muxcs Bokpyr CosmHla no KpyroBbiM opOuraM, o6paTHO HpPONOPLHO-
HaJIbHBL KBajpaTam paccrosnuii ux ot Cosnua. Ho Mbl ellie He lokasauy,
UTO TaKas 3aKOHOMEPHOCTb CIpaBeMIUBA M [/ OJHOH W TOH XKe mJja-
Hetbl, ofpaiawouiefica BoKpyr CoJHL2 1O 3AJUNTHYeCKOH opb6ure.
Utobbl 10Ka3aTh 3TO, HAJO OT DACCMOTPEHHs KPYTOBBLIX JBHXKCHHH
nepefiTH K HCCENOBAHHIO ABMKEHUH 1o 3aauncy. 1o 6YAeT clenaHo
B caenyioweM naparpage. Ho mMoxHO 0OOHTHCHL M KPYTOBBIMHM JIBHKE-
HUAMH, €CJH HCIOAL30BaTh A00ABOYHOE MNPEANONOXKEHHE, 4YTO CHJa
B3auMoielicTBUA MexKAy COJHIEM H IJIaHETON 3aBHCHT TOJBKO OT MTHO-
BEHHOTO DACCTOSIHHSI MEKAY HHUMH, HO HE 3aBHCUT OT (QOPMBI TPaeKTo-
pHH, 1O KOTOpO# JBHKeTCH MiaHera. Toraa dopmy.sl (55.2) u (55.3)
MOXXHO NPHMEHSITb HE TOJABKO K DPasHbIM IlIaHeTaM, oOpallaioliuMCs
O KPYTOBLIM OpGHTaM Ha pa3HblX paccrosinuax ot CoJHla, HO U K pas-
JINYHBIM MOJIOKEHUSIM OfHOM H TOH Ke IJIaHeThl, ABHXKYyLIefics o 3/1u1-
THYECKOH TPACKTOPHH.

2. Kospdumuent nponopuuonanpHoctH 4ne%, BXoasmuit B ¢op-
MyJabl (55.2) u (65.3), — OAHH M TOT Ke 1Js1 BCeX IIJAHET, a NOTOMY
CH He MOXEeT 3aBHCeTb OT Macchl nyaHetsl. OH MOXeT, 0JJHAKO, 3aBUCETh
OT mnapaMerpoB, Xxapakrepusymomux CoJHle, NOCKOAbKY IIOCACHHES
SIBJISIETCS] HCTOYHHKOM CHJI, 3aCTaBJSOUNX IJIaHETHl JBHIATLCA 110
3aMKHyTBIM opGutam. Ho CosHue H njadera B MX B3auMOAEHCTBHH
BEICTYNAIOT KaK pasHonpasHole meia. Pasiuune MexAy HHUMH TOJBKO
Koauuecmeernoe. OHH orsHyaloTcss Apyr or japyra maccamu. M ecan
cuja B3auMofelicTBHS F IponopuHoHalbHa Macce IJIAHETH! m, TO
OHa JloMmKHa ObiTh NponopuHonanbha takxe H Macce Connua M. s
3TOH CHJBI MOXKHO IIO3TOMY HaIlHCaTh

F—G Mm
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rie G — HOBas IIOCTOSIHHASA, yXKe He 3aBHcAllas HH or maccs! CosHia,
HH oT Macchl Ianerhl. CpaBHuBas 31y dopmyay c (55.3), monyuaem
cleflylolliee BEIpaXkeHUe Jnsa nocrosHHoi Kensepa:
a3 GM
A =g =g (55.9)

3. asnee, ConHle H NJaHeThl OTVIMYAIOTCA APYT OT Apyra U OT Apy-
THX TeJ TaKXKe TOJbKO KOAuxecmseHHO — BeJnuHHaMHu Macc. Ilostomy
€CTECTBEHHO IPeNOJOXKHTb, YTO NPUTAKEHHE CYIIECTBYET HE TOJBKO
mexny CoNHIEM H MJIaHeTOH, HO U MEXKIY NJIaHETaMH, a TAKKE MEXAY
‘MIOOBIMH  IPYTHMH TeJIaMH, M 4YTO CHJIA TIPUTSIKEHHS ONpenensiercs
dopmysoit (55.4), B kortopoil mox M M m clexyer MOHHMATh MacChl
B3aHMOJIEHCTBYIOLIUX TeJM. JTO HpeanosoxeHne Oblio BBeneHo Hero-
TOHOM H TOATBEPAMIOCHL Ha ombite. OH chopMyTHPOBA 3aKOH BCEMHp-
HOTO TSATOTEHHS, COTJIACHO KOTOpOMY /rbbie dea meara (mamepuaibtbie
mouku) npumseusaiomca 0pye K Opyey ¢ CUAAMU, HPONOPYUOHAALHOIMU
npousgedexio ux macc U o6pamHo ANPONOPYUOHAIbHbIMY Keadpamy
paccmosanus mescdy numu, Takue CUIbl HAa3bIBAIOTCH ePaBUMALUOHHOIMU
WIH cusamu ecemuprozo mseomenus. KoshduuHEeHT pornopLHoHa b-
HoctH @, BXoaAWMUi B hopMmyay (55.4), — ORHH H TOT K€ I/ BCEX TeJ.
B sTOM CMEIC/IE OH ABJSIETCA YHHBepCaJbHOHM MOCTOAHHOH. 3TO — OfiHA
U3 BAXKHEHIIHX MUPOBBIX IOCTOSHHBIX, HA3bIBAEMasl 2pasumayiioHHOL
noCMOAHHOL.

B npuBenenHo#i ¢GopMyJHPOBKE 3aKOHA BCEMHUPHOTO TATOTEHHS
[IPEeNIONAaraerTcsl, 4TO B3aUMOAEHCTBYIOLIHE TeNa ABJSIOTCA mo4ed-
Hoimu. @U3WYECKH 3TO O3HAYaeT, YTO pasMepHl Tel OYeHb MaJbl IO
CpaBHEHHIO C PACCTOSHHEM MEXNYy HHUMH. 3]1eCb, KaK H Bcerja B hH3HKe,
CJI0OBa «BEJIMK» U «Mal» ynorpebJsAoTCs B OTHOCHTENBHOM CMBIC/TIE —
BENUK WJIH MaJ N0 CPABHEHUN C 4em-mo. YKa3aHHOE YCJIOBHE XOpPOIIO
BoIONIHAETCST s B3aumoieicTBuil CoJHU@ ¢ NNAHETAMHM, ILIAHET
MexKny cofofl U co cnyTHHKaMi. Ho ecnu pedus HAET O rpaBUTANUOH-
HOM TpDHTSDKEHMH JBYX Teaq c pasmepamu 10 cM, Korja paccrosiHue
MeXJIy HX LEeHTpaMH Macc cocrasjager, Halnpumep, 20 cM, TO Takue
TeNMa He MOTYT pacCMaTpPUBATLCSI KaK TOueuHble. UTOOB pPaccCUHTATH
HX TPABHTAIIHOHHOE B3aUMOJEHCTBHE, HA0 MBICIEHHO Pa3bHTh KaxIoe
TEAO Ha OUEHb Majble YacTH, IOACUMTATH Mo dopmyne (55.4) cuaw
TIPUTSKEHUA MEXY TAKUMH YacTSAMH, A 3aTEM 5TH CHJIbI TeOMETPHUECKH
CJIOXKHTE (TTPOHHTErPUPOBATh). B OCHOBE 3TOr0. BHIYHC/IEHHS JIEKHT
npUHYUn  cynepnosuyuu  epasumayuorHelx noaeti. CoOriacHO 3TOMY
HPUHLUNY 2pasumayuoHHoe noae, 6030ysxcdaemoe Kaxoi-aubo maccot,
COBEPUIEHHO He 3asucum om Haaudqus dpyeux macc. Kpome Toro, epasu-
MAYUOHHOE- N0AE, €030ABAEMOE HECKOALKUMU MEAAMU, PABHO eeoMempu-
weckoll cymMme 2pasumayUoHHyx noael, 6030YyxHcOaeMbIx IMUMU, MEAaMU
6 omOeasrocmu. TIpuHIMD 3TOT ABAsieTC OOOOLIEHHEM OIBITA.

Ilonp3ysich TPHHUHUIOM CYMEPHO3UIMH, JETKO J0Ka3aTh, 4TO 06a
OOHOPOOHbIX wapa npumsasusaomes. mexdy cobol max, Kax ecau 0ol
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ux Maccet GbiaU CKOHUEHMPUPOBaHbL 8 ux yenmpax (cM. 3ajgaum 2, 3,
4 x sTomy naparpady).

3aMmeruM ellle, YTO Kaxjas IJaHeTa IOJBEPTAETCSl T'PaBHTAIMOH-
HOMY TIPHTSKEHHIO He TojbKo ConHua, Ho M Apyrux tea CosnHeuHoH
cucremul. Oppako macca Conuuna spssercs npeobiapawomeii. Ona
6oiee yeM B 700 pas nmpeBocXoauT OOLIYI0O MAcCy IIJIAHET M BCEX OCTasb-
Huix Tten CoaneyHoft chcremsl. Bnaropmaps stomy CosHue siBasiercs
OCHOBHBIM TEJIOM, YIPaBJSIOWAM JBHXEHHeM IJaHeT. 3aKoHel Ken-
Jepa MOXKHO BBIBECTH H3 3aKOHa BCEMHpHOro TaAroreHus HploToHa
(cm. § 62). Tlpr TakoM BbIBOAE NHpEArOJaraercs, YTO €IHHCTBEHHOH
CHJIOH, JeHCTByIOIEA Ha NJAaHeTy, fBJseTcs I'DAaBUTALHOMHOE NpPUTH-
xenre Comuna. Ilostomy sakoner Kensepa agasiomes npubausceHHomu
30KOHAMY, He YUHTHIBAIOUIWMH I'PABHTAIMOHHOE JeHCTBHE OCTaJbHBIX
tes Co/MHeuHOH CHCTEeMBL.

Puc. 171.

4. Bo BpeMeHa HblOTOHA 32KOH BCEMHPHOTO TSITOTEHHSI GbLT TOJ-
TBEPXKJIeH TOJbKO aCTPOHOMHYECKHMH Ha6/IONEHUSIMH Hall JBHKEHHSIMH
IJIAHET M MX CITyTHHKOB. BriepBble HenocpejncTBeHHOe 3KCIEePUMEHTAb-
HOE JIOKa3aTeJbCTBO 3TOrO 3aKOHA JJIsl 3eMHHIX Tes, a TAaKXKe YHC/IeH-
HOE OnpeleJeHHe TPaBUTAMOHHOH MOCTOSIHHON G OblJIH JaHBl aHT/HH-
ckuM ¢usukoM I'. Kapennmmem (1731—1810) B 1798 rony. Ilpu6op
KaBennumia cocrosil  #3 JIETKOTO  TFOPH3OHTAIBLHOTO  KOPOMBIC/IA
(puc. 171, @), Ha KOHIAX KOTOPOTO YKPEIVIANACH Ba OJHHAKOBHIX CBHH-
IIOBLIX IlIApHKa Macchl m. KOpOMEICJO INOIBEIIMBAIOCH Ha TOHKOH
BEPTHKANBHOH HUTH ab. BONH3H CBHHIIOBEIX IIAPHKOB M W M1 TOMellia-
JUCb JIBAa JpyrHX OOJBLINX CBUHIOBBHIX IIapa Maccel M KaKIwif,
npudeM M > m. Illapel nomemannch CHayajla B IIOJOXKeHHH AA,
3aTeM IIepeBOJU/INCL B mnogoxenue BB (puc. 171, 6). Baaromaps
TPaBUTAIlHOHHOMY B3aHMOJEHCTBUIO lIapHKoB m c mapamMH M Kopo-
MBIC/IO IIOBOPAYHBANOCh M3 IIOJOMXKEHHS PAaBHOBECHs. YTOJA KpyuYeHHst
o, usMepsascs HaOMIofeHUEM Jyda CBeTa, OTpaKaBilierocs oT 3epKanblia
S. Ecu r — paccTosiHue MexXy [eHTPaMH MaJjoro H 6oJbLIOro 11apoB,
a [/ — jMMHA KOpPOMBIC]IA, TO MOMEHT Ilapbl TPaBHTALMOHHBIX CHU,
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MOBOpAYHBaOUMH KOpoMEicio, Gyrer G

Mm
— [.B mnonoxeHun paBHO~
BeCHs! 3TOT BpAIUAIOMIHA MOMEHT [OJKeH ObIThb ypaBHOBEIUEH YIIPYIUM
MOMEHTOM 3aKpyueHHOH HuTH fo. HanucaB ycioBue paBHOBecHs AJst
NOJIOJKEHUA CBHHLOBBIX IapoB cHauasna B AA (@ = o,), a 3areM B
BB (¢ = o), NOJyYHM JBa ypaBHEHHH
Mm Mm
fou=G6-—"—1, foo=—GCG—

L

U3 uux Haxomum
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Monyap KpyueHus [ Jerko HaiTH, Hab.aionas NepHOJ CBOGOAHBIX
KoseGaHHH KOpOMEIC]Ia

T—9n ]/fz=2n ]/—72—’7

B pesyabraTe noayuaem
Ir2 -
G= —/(4— <-I;—,> (0 — ay).

5. HOpyro#i meron ompejeseHUs I'PaBHTAllHOHHOH IOCTOSHHON Obla
npentoxer Koatu (1809-—1880) B 1878 roay. Ha opnom u3s mJey
pHIYAXKHEIX BECOB OJIHA IOA JpYroH NOABEIeHH!

jBe wamky (puc. 172), MeXay KOTOPBIMH ycCTa-

m ¢ HOBJIEHO HEMOJBHXHO TSXENOe CBHHIOBOE TeJO
maccel M npaBUAbHOH reoMeTpuuecKoi GopMHL.

B 3ToM Tene npocBepJsieH BepTHKANbHBIH KaHai,
CKBO3b KOTOPBIH CBOOOAHO NPOXOAMT IPOBO-
JoKa, coeuHsaomas obe yaku. Ecain Ha Bepx-
HIOIO YaIUKy MOJOXKHTh TeJO0 Macchl m, TO Ha
Hero Gyjer neficTBOBaThb BHU3 cHaa @y = mg + F,
rae F — cuna rpaBUTAllMOHHOIO TNPHTAXKEHHS

’ Mexy maccamu M u m. Oua paBna F = kG Af;n

1
rjie r — paccTOsTHHE MeXJy LEeHTPaMH paccMar-
puBaeMbiX Macc, a £ — uHc/IeHHbIH Koadipu-

Puc. 172. nHenT, 3aBucamuil or dopmer Tena M. s
' TeJ INPaBHJIbHOH TeOMETPHUECKOH ¢OpMBl ero

MOXCHO BBIUMCJHTL TeopeTHuecku. [ast mapa k = 1. Ecan maccy m

IepeHecTH B HHXKHEE MOJIOXKEHHe, TO cWja F HM3MeHUT Hampasjenue,

Cuna, peiictBylomas BHHU3, craHeT Q, = mg — F. 3uauennss Q, u Q,

ONnpeie/AlTCA Mo Becy Hpb, KOTOPbie HAjO IOJIOXKUTb HA YallKy Be-

COB, INOJBEIUCHHYIO K JAPYrOMYy IlJiedy KOPOMBICJa, 4TOOBI Bechl Haxo-

JWJIHCH B paBHOBecHH. Takum obpaszom,

Q, — Q, == 2F = 2kG

H3 3TOr'0 COOTHOWIEHHA H MOXKHO BBIYHCJ/IHTL G,

Mm

r2
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6. Mamepenuss G coBpeMeHHbIMH METOAAMH INPHBEIH K pe3yJib-
TaTy

G =(6,6732 -+ 0,0031)-10-8 JHH - CM2 -T2 =
=(6,6732 +0,0031)- 1011 H.m2%. kr2,

['paBuTailOHHAs TOCTOsIHHAs, KaK Mbl BUAHM, BecbMa Mana. [loatomy
H TPaBHTAIlUOHHBIE B3aHMOJAEHCTBHSA MeX1Yy OOLIMHBLIMH TeJaMH, [axe
CUHTAIOLIUMHCS GOMBIIMMH ¢ OOLLEKHTEHCKOH TOUKH 3peHHs1, HHYTOXKHO
masel. HerpyaHo mopcuywrarh, 4TO B2 TOYEYHBIX TeAa C MacCamu Mo
OJIHOMY KHJIOTPaMMy, Haxo/sfllHecsl HA pacCTOSHHH 1 M Apyr oT Apyra,
npursiruBatotes ¢ cumoit F = 6,67 .10 H = 6,67 -10° nun. [pa-
BHTALHOHHBIE CHJIBl HHYTOXKHBI, KOTJd peYb HJAeT O B3aHMOJEHCTBUU
AAeMEHMAPHBLX Hacmut,. 34ech 3TH CHJbl, BO3MOXKHO, He HTPaioT POJIH,
TaK KaK OHH NpeHeOpeUMO MaJbl 10 CPaBHEHHIO CO BCEMH OCTaJbHBIMH
pyrdamenmareromy cusomu (cM. 3ajgady 1 k 3Tomy mnaparpady).
Ho ouu sBAAIOTCA 0CHOGHObIMU Cuiamu, YTIPABJSIOWIHMH [BHKEHHEM
HefeCHBIX TeJs, MacChl KOTOPBIX O4eHb BeJHKH. B 3THX caydasax Hau-
foslee HHTEHCHBHBIE — SO0EPHLIE — CUJIBI COBCEM He MPOSBJAITCH,
NIOCKOJIBKY HX pajuyc aeficTBHs Beero nopsiaka 10713 em. aexmpuueckue
Cuabl, KaK U CHJIbI BCEMHPHOTO TATOTEHHS, SIBJAAIOTCA CHIAMH 0d16HO-
Oeticmayiougumu. OuH yOBIBAOT TaKxKe OOPAaTHO IIPOINOPIHOHANBHO
KBajzpary paccrosins. OQHaKO Ha [BHXKEHHe aCTPOHOMHYECKHX Tel
3JIeKTPHYECKHE CHJBI He OKa3bIBAIOT BJAHSHHS, TaK KAK OHH MOTYT GbITh
H CHJaMH IPHTSDKeHHs, ¥ CHIaMH OTTa/lKHBaHHA. Bce Tesa B BbicOKOH
CTEIeHH JAEKMPUHECKU HellmpasbHel, JeHCTBHEe TOJNOKHTeNbHBIX 3aps-
JOB Teja KOMIEHCHpYeTcsl DPaBHBLIM H IIPOTHBOIOJIOXKHO HarpabJ/ieH-
HBIM JleHCTBHEM OTpHIATE/bHBIX 3apsifoB. MHoe jeqo — rpaBHTalHOH-
Hble cuapl. OHH BCerja SBJIAIOTCA cusamu npumsscerus. I paBUTAIlMOH-
Hble NIOAA TeN CKAaAbIBAlOTCS, a He BHIYUTAIOTCH. ITO OOCTOSTENHLCTBO
H siBJsieTcsl IPUYHHOH TOrO, NOYEMY M3 BceX (YHIAMEHTAJbHBIX CHJ
TPaBUTAIIHOHHLIE CHJBI OCTAIOTCA eOUHCMBEHHbIMU CUAAMU, YTIPaB-
JSIOIMMMH [IBUKEHHeM acTPOHOMHYECKHX TeJ.

7. HuloToH orpasuYn/cs KOHCTaTallMell HaJH4YHsl TPaBHTALHOHHBLIX
CHJI ¥ HX KOJHYECTBEHHbIM omHcaHHeM. Ho oH Boajep:kajcs OT KakHX
6bl TO HH ObLIO BLICKA3LIBAHHH OTHOCHTENBLHO MX (GPH3HYECKOH IpPHPOJHI,
CTpaBej/IHBO CYHMTAsl, YTO 11O 3TOMY BOIPOCY B €ro Bpemsi Kpome ¢aHra-
CTHYECKHX H3MBIULJIeHHH HHYero ckKasarb Oblio Heab3d. [locie Hyro-
TOHa GBLLIO HEMaJo TONLITOK AaTh HarAsjgHoe (u3HuecKoe OOBIACHEHUE
rPaBUTAllMOHHOTO NpHTsXKeHHsA. HHKakoro HayyHoro M JHake HCTOpPH-
YeCKOro MHTepeca 3TH MOMLITKH B HacTosiiee Bpemsi He uMetoT. Teopus
TATOTEHHs] MOMYYHsIa JajbpHefllee pasBHUTHe B o0uwjed meopuu OMHOCU-
measrocmu JiHmreina. Ho B Hell peub ujer He o HaraALHOM ¢H3HYe-
CKOM OOBLSCHEHUH TATOTEHHS, a O HOBOM cnocobe onucanus e2o u 06
0606ueHuU  HbIOMOHOBCKO20 3AKOHA MAOMEHUS.

Orkas HoloTona or o6bsACHEHHS TATOTEHHS, OT CBEJEHHA ero K Jpy-
ruM (GH3UYEeCKHUM fIBJIEHHAM ObL1 BOCHPHHAT €ro IMpHBepXKeHUAMH KakK
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obmeu3nyeckas KOHLENUHA HeNoCpeOCmeennoeo Oelicmseus Ha paccmos-
Huu. 3Ta KOHUENUUs He TOJAbKO CUHTAET THATOTEHHE HEOTheMJIEMBIM
CBOHCTBOM MAaT€pHH, HO HJAET 3HauHTeJbHO janbiie. OHa CUHTaET,
YTO KaXKAOMY TeJIy TpPHCYUIIA CHOCOOHOCTH HEMoCpeCTBEHHO BO3Jeii-
CTBOBATh Ha Jpyrue Teia, Haxojdulyecs B APYruX MecTaX NpOCTpaH-
CTBa, pHYeM 3TO BO3JEeHCTBHE OCyllecTBJAdeTcA 63 Kakoro Obl TO HH
GBITIO yHACTHA NPOMEXKYTOUHOH CPelbl HIH APYrHX (GU3HUeCKHX areHTOB.

HenocpencTeenHoe feHcTBHE Ha pacCTOHHH OTBEPraercs CoBpe-
MeHnof nayxo#i. CoBpemernas $u3uKa CUWTALT, YTO 8ce 83aumodelicmseus
ocywecmeasiomess noaamu. OIHAKO OHa He NbITaercs IPeACTaBHTDb
MeXaHH3M JellCTBHS mosd Kak-To Haradano. OHa Hajesser IoJe JIHLIb
CNOCOOHOCTHIO K O0BEKTHBHOMY CYIIECTBOBAHHIO U K Iepefaye B3aHMO-
neficteuil. Tesio A He HemocpencTBeHHO JeficTByer Ha Teno B. Omno
co3JaeT BOKpYr cebd rpaBUTAalUOHHOE NMoje. IJTO MOJE H BO3ACHCTBYET
Ha Jpyroe Telo B U nposBasercd B BU/e CHJB, ASHCTBYIOMIECH HA HETO.

3AXAYH

1. HaliTH oTHOWEHHe CHJLI I'DABHTALLHOHHOTO MPHTSIXKEHHS MeXLY ABYMS 3je-
KTpOHaMH (4 IBYMS [POTOHAMH) K CHJe HX 2J1eKTPOCTATHYECKOIrO OTTANKHBAHHA,
Gm? - -
rp - .
OTBerT. = a rge e=4,8- 10710 eg. CI'CD — aseMenTapHuIf 3apsk.
24
Ioxcraeassi B Gopmyay Maccy 27ekTpoHa me == 9,11-107% r u maccy npoToHa m, =
= 1,67-10%* r, monyumm zast saektpona Fp/Fg, = 2,4-10"%, ana  mpoToua
Frp/Fo, = 8-10°%,
2. HaliTy nOTeHUMAaNbHYI B3HEPrHi0 H CHIYy TIPABHTALLMOHHOrQ NPHTHXKEHHS
MEeXAY OJHODOZHOH monoifl cpepoil Maccel M R MaTephHainbHOH TOYKOH- Macchl .

ZAmNa A

7ol % ng

a) 6)
Puc. 173.

Pewe H ne. ToTeHunansHas 3Heprus rpaBUTALlHOHHOTO B3aHMOIEHCTBHS IBYX
TOYeYHEIX Macc omnpegesgercs gopmyaoi (25.6). Coegunnm ueHTp chepni O ¢ ToukoH A,
B KOTOpOfi oMeLleHa Todeynast Macca m (puc. 173, a n 6). M3 Touku O, xak u3 Bep-
IIHHB, OMHIEM JBAa KPYTOBHX KOHyca ¢ ofued ocwio OA, o6pasymouiHe KOTOPHIX
HAKJNOHeHH K 3To#l ocu nop yriamu U u O 4 d¥. Ouy BHPEKYT Ha NOBEPXHOCTH
ceprl IeMeHTapHHIk MOACOK ¢ IJomansio dS = 2nr? sin 9d¥, rpe r — pannye

ds M
TE = g Sin # d9. Tak Kak TOYKH NOACKA pap-

HOYAAJICHH OT TOYKH A, To NOTeHUMAbHASA SHePrEs IPaBATALHOHHONO B3 aKMOJCHCTERA
Mosicka H ToYeyHOH MacChl m paBHa

dU=—¢

ctepul. Macca 3toro nosicka dM =M

Mm

3 sin ¢ d9.
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TepelineM K HOBOH NepeMEHHOll P — PACCTOSIHHIO MeXKAY TOUeUHOH Maccoii m W KaKoii-
JAHGO TOYKOf mosicka. Dta NepeMeHHast cBs3aHa ¢ ' cooTHOWeHHeM p? == R? -
=+ r* — 2Rr cos ¥, rie R — pacctosinue OA Mexay IEHTPOM cephl i TOUEUHOH Mac-
coit m. Tlpu nmepeMeleHHH BIOJIb NOBEPXHOCTH cephl Be/IHUHHEL R H r OCTalOTCs M0~
CTOSIHHBIMH, MO3TOMY

p dp=Rr sin ¥ dé,
a CJe[oBaTellbHO,

M M Pyake
m m
pMHH

Ecau Touka A nexut BHe cdepl, TO MAKCHMAIBLHOE H MHHHMAaJbHOE 3HaYeHHA O
PAaBHBI COOTBETCTBEHHO Pyaxe = R + 7 H Pyyg == R — r. B 310M Cayyae uHTerpupo-
BaHHe AaeT

U=—G ", (55.6)

TTomenuuarvHAS 3HepauR MAKAs e, KOk ecau Ol 6cs Macca cehepet Bbiaa cocpedomonena
8 00HOL mouke, a umerro 8 yenmpe chepor. To e crpapeliuBO H Vs CHJIB B3aHMO-
gefictBusa F, JleficTBuTteqpHO, corsacHo (29.3) cuaa F onpegedsiercs ¢GopMyJoi

dUu Mm
P=—w="%"

MoxHO cKasaTb, 4TO cghepa npumazusaem MAMEPUAALHYI0 MO4KY MAK, Kak ecau Opt
sca ee macca Gbina cocpedomodena 6 ee yeumpe. MoXHO CKazaTb M MHaue: MoueuHas
macca npumseusaem cgepy max, Kax ecau 6ol 6ca macca nocaeduell boiaa cocpedomonena
8 ee yexmpe. .
Ecnn ke Touka A JlexHT BHYTPH chepHUecKofi no/1oCTH (pHC. 173, 6), TO Pyaxc =
= r + R, Pyug = 7 — R, W HHTErpHpOBAHHe JLaeT

Um—c M2, @)

Ha rpanune nosocts Bhipaxenus (55.6) u (55.7) copnagator. Coraacso (55.7) nomes-
LUGASHAR SHEDEUS MOAMEPUAALHOL MOWKY SHYMpPU notocmu He sagucum om R, ona
nocmoanna. Cura F, Oelicmsyouwjan Ha MAMeEPUAbHYIO IMOUKY 6 SMOM CAY4GE, PABHG

xwymo, Tak kak U = const, a notomy F=— —=0.

dR

3. IoxasaTb, uT0 08¢ OOHOPOOHblE NOAbiE Chepel npuUmMaUBatomca opye K apyey
max, Kak ecau bvi ux maccet bviaw cocpedomodervt 8 ux yenmpax.

JokasaTtedabcTso. Kak nmokasano B npeguyiedl 3ajaie, rpaBUTalHOH-
Hoe IoJle nepBoH cephl HE H3MEHHTCHA, €C/IH BCIO Maccy 3To# Cceprl CoCPeroTOYHTD
B ee nieHTpe. [losToMy He n3MenuTCA M CHAa, C KOTOPOH 3To noJie AeficTBYET Ha BTOPYIO
cpepy. 3agaua cBesach K HaX0XKAGHHIO CHJEL, C KOTODOH ToueuHas macca JeficTByer
Ha chepy. Ho B nmpeamniymeii 3azade nokasaHo, 9TO 3Ta CHJa He U3MEHHTCS, eCqH
H Maccy BTOpOil cepH CKOHLUEHTPHPOBATh B ee LeHTPe. DTUM U 3aBepluaeTcs JOKAa-
3aTeJbCTBO. .

4, JoxasaTb, uTo Osa 00HOPOOHLX wapa npumscusaomcs dpye & Opyey max,
raK ecau Gor Macca kancdoeo wapa bsiaa cocpedomouena é e2o yenmpe. JJoxa3aTbh Takue,
YTO eC/H BHYTPH OJHOPOJHOTO IIapa HMeeTcs cdepudyecKas MoJoCTb, LUEHTP KOTOpOH
COBIajaeT ¢ LEHTPOM ilapa, TO I'DaBHTALIHOHHOE MoJ€ BHYTPH Takoll cdephl paBHO
nymo, [TokasaTe, 4To 5TH pesy/bTaTH CHpPaBelJHBEI H JJIA 1IAPOB C KOHLUEHTPHYECKH
CJIOHCTHIM paclpejie/ieHHeM Macc, T. e, TaKHM, KOTZd IVIOTHOCTb BEleCTBa P B Kak-
IOM Iape 3aBHCHT TOJABKO OT DPAaCCTOAHHA JO €ro IeHTpa.
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5. PaccunTtaTe HanpsiZKeHHOCTb TPABHTAIMOHHOTO MOJfA, T. €. CHIY, AeHCTBYIO-
Y0 Ha eMHHIy MacChl, BHYTPH H BHe Iuapa pajavyca R, 3amo/iHEeHHOr'o BellecTBOM
C MOCTOAHHOH OOBEMHOH MJIOTHOCTHIO P.

' M
Pewenue. [lone BHe mapa paBHOg== G »»»»»» , The M — macca wapa. Jlna

BBHIUHC/IeHHA 1moJis B Touke A (puc. 174), nexarmeit BHyTpH ulapa Ha pacCTOSIHHM r OT
LeHTpa, NpoBeleM uepes 3Ty TOUKY BCrOMoraTesbHylo- chepy ¢ neHTpoM B Touke O.
BeutectBo wapa, pacnosoxeHHoe BHe BCIOMOTATeJbHOH cOepel, He BJHsieT HA noje
BHYTpPH Hee. B uacTHOCTH, OHO He BaHusieT Ha moJe B Touke A. I'paBHTalHoHHOE TOJIe
B TOUKe A CO3/laeTCsl TONBKO BellecTBOM, COCpeLlOTO'-leHHbIM BHYTpH BCIIOMOTaTeJIbHOH

cdepel. OHO paBHO ¢Z rlle m — Macca BellecTBa, orpa-

27
HHUYEHHOTO BcnomoraTe.anoﬁ cdepoit. Takum o6pasom,

3
GéV; 426 Rq o, ecm r =R,
(55.8)
l(‘v- prr, ecad r =< R.

[Tpu r= R o6a BbipaKeHWs COBMAJAIOT.

6. IlomcuntaTe rpaBHTanHOHHYW 3HeprHio U mapa pa-
Juyca R, paBHOMeDHO 3aNlOJHEHHOTO BellecTBOM ¢ 06beMHOMN
MJOTHOCTBIO .

Pew e HHe I'paBHTalMOHHAS SHEPTHs Mapa eCTb NOTEHUHAJbHAs SHEPTHS,
00yCJ/IOBJI€HHAs CHJIaMH TATOTEHHA, AeHCTBYIOMMMH MEXKAY MaTepHaJbHEIMH TOUYKaMH,
Ha KOTOPHIE MOXKHO MBICJIeHHO pa36uTh wap. OHa paBHA B3ATOH C MPOTHBOMOJIOMKHBIM
3HaKoM paGoTe, KOTOPYIO JOJKHBI 3aTPATHTh BHELIHHe CHJHI, 4TOGH NPUBECTH Bellle-
CTBO Wapa B GeCKOHEYHO Pa3po3HeHHOe COCTOAHHEe, KOTAAa Kaxk/Jas uacTHIa Bele-
CTBa yJaJjeHa B 6eCKOHEUHOCTh. 3Ta pab0oTa He 3aBHCHT OT crnocoGa, KaKuM wap nepe-
BOJHTCS H3 HAyaJbHOTO COCTOAHHSI B KoHeyHoe. ITo3TOMy Npu BBIYHCJEHHH MOKHO
NOCTYIHTH CJIEAYIOWHM 06pa3oM. PasoGreM MEIC/IEHHO Bech AP HA 6eCKOHEUHO TOHKHe
KOHLEHTPHUECKHe cJIOH H 6yjieM mocJefoBaTebHO YJaJATh B 6eCKOHEUHOCTh Ka/plH
M3 TaKHX CJOeB, HauyMHasg ¢ caMoro Kpaiinero. HampskeHHoCTb mosisi TATOTeHHS
B /1060l TOuKe BhiJIeIEHHOTO CJIOs1, CO3/laBaeMas BellleCTBOM, BHEIIHHM MO OTHOLIEHHIO
K STOMY cJo10, paBHa HyJI0. ITose co3fiaeTcs TOJBKO BeleCTBOM, KOTOpOe OKpYKEeHO
paccMaTpHBaeMEiM cjoeM. Ecam m — Macca 3Toro BemlecTBa, a dm — Macca cJ1od,

mdm
To pa6oTa, 3aTpayHBaeMasl Ha yjaJieHne cjosl B GeCKOHEYHOCTDb, paBHa dA = G P

Puc. 174.

3
Ho ans oanopoisoro wmapa m—_-M(%) , Tle M — macca Bcero wapa. [loatomy

dA=3G B ré dr. YuntbBas, uto dA = —dU 1 HHTETPHPYs, MOJYUYHM
GM? s 3 GMz
=82\ fidr=—2= )
U 3Rﬁgrdr 5 R - (55.9)
0

3a Hysnb NMOTEHUHMAJbHOM SHEPTMH MBI NPHHSA/N SHEPrHIO Wapa B GeCKOHEYHO pas-
PO3HEHHOM COCTOSIHHH.

HnTepecHbl acTpoduanyeckue npuMeHeHHs dopmy.ast (55.9). OH3HKOB OaBHO
HHTEepecoBaJ BOMPOC 06 HWCTOUHMKAX SHEpTHH, HajsyuaeMofi CoJiHUEM H 3Be3aMH,
B npowsiom Beke I'enbmrosni; (1821—1894) u Buabsam Tomcon (1824—1907) BhiaBH-
HYJIH THIOTe3y, COTVIaCHO KoTopofi CoJiHle HelmpephBHO CXKHUMaeTcst MoA JAeHcTBHEM
TPABHTALMOHHEIX CHJl. Brijenstomeecs npu sToM Tensio H uieT Ha Haayuenue CosHua.
MakcuMa/bHasi SHeprHs, KOTopasi MOMKeT BhIIEJNHTLCHA B NPOLEcte TpaBUTALMOHHOTO
cxkatna CosHUa, COOTBETCTBYET HayaJbHOMY COCTOSIHHMIO, B KOTopoM BemecTso CoJHIA
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6pl10 paBHOMEPHO pachpefie/ieHo MO BCeMy 6€CKOHEYHOMY MHpoCTpaHcTBY. Byzem
CYHTaTh, YTO B KOHEYHOM COCTOSIHHH IIJIOTHOCTb COJIHEYHOTO BellleCTBAa OJAHHAKOBA
Mo BceMy ero o6beMy. B feficTBHTe/IBHOCTH OHA, KOHEUHO, Bo3pacTaeT K UenTpy CoJiHla.
OHaKo /s OLEHOK Halle TNpeAnoJioKeHHe He siBjsieTcsl oueHb rpy6uiM. [TpuusB ero,
MOXHO BOCHOJb30BaThesl dopmyJtofi (55.9). Macca Cosnna M = 2.10% 1, paauyc
R = 71010 cM. Hcnojib3yst 3TH JaHHble, MoJydYaeM JJsi BbIIEAHBLICHCS 3HEPrHu
2
E=%G_g_=2,28. 10% 3pr. ‘

B HacTosilllee BpeMsi CKOPOCTb H3ayueHH s sHeprHH Covinia cocTasaseT 3,86- 10% spr/c.
Ecnu cunTaTe (pH rpyGbX OLEHKAax 3TO JIOMYCTHMO), 4TO 3Ta CKOpocTb 6hlia mo-
CTOSIHHA BO BpeMeHH, To Ajsi BospacTa CosiHLA MOJYYHTCS BesquyHHa

2,28 - 1018
3,86- 103

t=

=5,9. 104 ¢==1,9.107 aer.

Ecau BocnosibaoBaThest pacnpefie/ieHHeM MJIOTHOCTH BEUeCTBa, COOTBETCTBYIOUIUM
TPHHSITEIM B HacTodulee BpeMst MollesiiM CoJiHLa, TO BpeMs ¢ BO3pacTeT NPHMEPHO 10
6- 107 sie1. Ho u 3Ta BesiMuynHa cHIIKOM Maja. BospacT 3eM/H 1o reo/JorHyecKUM oOLEH-
KaM COCTaBJIsieT 0KoJ10 4—4,5- 109 ser. Bospact Connua
He MeHbllle. 3TO NOKAa3bBaeT, 4YTO TpaBHTalHOHHCE
CKaTHe fABJIAETCS CJAUWKOM CJ1albIM HCTOYHHKOM, YTO-
66l TOKPHITH noTepd sxeprud CosiHLA HA H3JIydeHHe.
B neHCTBHTE/NBLHOCTH HCTOYHHKOM COJIHEYHOH 3HEpru,
paBHO KaK H 3HePTHH, H3JyyaeMoH 3Be3/laMH, sIBJISIOT-
csi Aldepusie peakyuu, Hpymue B HeApax Coanua H
spe3ll. Koweunsim umozom smux peakuyuil A6Aemcs
npespauienue 600opoda 6 eeaud. Crenyer, OAHAKO,
3aMeTHTb, YTO TPABUTALMOHHOE CXKaTHe CTaHOBHTCS
OCHOBHBIM HCTOYHHKOM 3HepPrMd Ha 6ojee MO3JHHX
CTaHSX 3BOMIOLMH 3Be3] (Gesble KapJaHKH, HeHTpOH-
Hble 3Be3/lbl, HJIH NyJbCaphl, KOJJIANCaphl, H/IH «uep-
Hble JBIPBI»).

7. B cniowHOM 0ZHOPOAHOM Luape C IJIOTHOCTBIO
BellleCTBa P cJeslaHa CdepHyecKasi MNOJOCTb, LEHTP
koTopoit O; CMellleH OTHOCHTe/NBHO LeHTPa wapa O (pHc. 175). HaliTv rpaBHTalHOH-
HOe Iojie B TaKOH IMOJIOCTH.

Peweunne. Boobpasum, 4To nMoaocTh 3amosiHEHA BEUIRCTBOM, MJIOTHOCTb KO-
TOPOr0 paBHA MJOTHOCTH napa.- Torla HCKOMOe IpaBHTalMOHHOe MOJe g TNpeicTa-
BHTCSl Pa3HOCTbIO I'DABHTALHOHHBIX MOJeH JBYX CILIOIIHBIX IIAPOB C LEHTpaMH B O
H O; coorBercTBeHHO. Touka HabmogeHHst A pacmosio:KeHa BHYTDPH KawJIOro H3 3THX
wapoB. [ToaToMy MoXHO Bocno/b3oBaThest dopMysol (55.8) v HamucaTtb

4 4 45
g= -—Sﬂ Gor —<— ~3ﬂ Gpr1> =— 3'1 GpR,

rie R — paauyc-BeKTop, nposelleHHbll H3 LleHTpa mapa O K ueHTpy nosocTH O;. ITose
OJHOPOJHO, T. €. BO BCEX TOYKAX MOJOCTH OJHHAKOBO IO BEJIHYHHE H HANPABJEHHIO.

§ 56. YckopeHHe MJaHET H KOMET
NpPH IBHXEHHH TO KOHHYECKHM CeueHHS M

1. 3aMeHa 3/JIHNTHYECKHX OPGHT KPYroBeIMH Obliia NpoH3BedeHa B mNpedbily-
ueM naparpage HCKJIIOUHTENMbHO B LEeJsAX YNpOUleHHs BbiuHcIeHHH. PaccMoTpum
Tenepb 3agadyy Gojlee CTPOro, He mpuGerasi K TaKoMy ympolleHHio. Hamu BbuHCIe-
HHS GyIyT ClpaBelJHBBL He TOABKO IS niadem, HO W 1is komem. Ilocaepnue, Kak
NOKa3bIBalOT Hab/I0JIeHH A, ABHIKYTCH N0 gunepboram U napabosasm ¢ GOKycoM B TOUKe



