§ 56] YCKOPEHHE NJAAHET U KOMET 311

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
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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
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Haxoxjenusa CojiHua, MpHYeM 5TO ABHXKEHHe MNOJYMHAETCA BTopoMy 3akony Ken-
nepa. Tperuft 3akoH Kemepa A5 THNepGOMNIeCKHX H NapadoNHyecKHX LBHXKEHHH,
KOHeYHo, TepsieT cMblcd. OfHAKO A/ BBIYHCIEHHS YCKODEHHS IJaHeTh! HIH KOMETHI
OH H He HyxkeH. [[eficTBHTe/NIbHO, NPH 3a1aHHOH TPaeKTOPHH BTOpoH 3akoH Kenusepa
OTIpeNe/IsIET CKOPOCTh IIIaHETH HIH KOMETb! Ha 3TOH TPaeKTOPHH. JTOTO JOCTATOYHO,
4TO6Hl MOJTHOCTBIO OTHCATh JBHXKEHHE Tesa, T. €. YKa3aTb ero MOJOXKeHHe H CKOPOCThb
B 060 MOMEHT BpeMeHH. 3Has 3TO, MOXKHO BBIYHC/HTH YCKODeHHe Tefla B J06oH
Touke TpaeKTopHH. [IpHBefleM 3TO 3/JeMeHTapHOE BLIYHCJICHHE.

2. BregmeM nmossipHYI0 CHCTEMY KOOPAHHAT ¢ noJiocoM B okyce Fy, rie HaXoquTcs
CoJHlle, H TOJsIpHON oCblo PA, Hampas/ieHHOH BJOJMb GOJNBIIOH OCH 3JIJIHMICA HIH
runep6odibl (pHC. 176). YcKOpeHHe IBHXKYIUErocs Tella pas3/fioKHM Ha pajHalbHYIO
COCTABJISIOULYIO @, HAMPABJICHHYIO BIOb PALHYCA 7, H a3HMYTATbHYIO COCTABSIOULYIO
ag, TepreH NKYyAApHYI0 K pagnycy. Ouu ompe-
JeJISII0TCS. BbIPaXKeHHAMH

. 1
ay=F—Pr, ag= + 9 (7G) (36.1)

(cM. § 46). Bennunna

o= % 2% (56.2)

Puc. 176.° €CTb CeKTOpHa/JbHasA CKOPOCTb, T. €. MJOMAalb,
’ ) OIHCHIBaEMas PaZMyCOM-BEeKTOPOM IVIaHETH! HITH
KOMeThl B eIMHHLY BpeMeHH. [lo BTOpOMY

d
sakoHy Kennepa oHa MOCTOSIHHA, & IOTOMY G = — G (20)=0. 3HauHT, YyCKope-

Hye PacCCMaTpPHBAEMOro HeGeCHOTo Tella He HMeeT a3MMYTAJbHOH COCTaBJSIOmIEH, T, e,
nanpasieHo K CoaHuy. IT0T pe3yabTar GeU1 yxKe nosayded B § 31 HHBIM IyTeM.
UTo6E HAHTH paaHalbHOE YCKOPEHHE @,, HAalo BHIYHCIHTH MPOM3BOJHbBIC ru q>
IIpou3Boanas @ onpenensetcs GopMmyrof (56.2). [l BHUHCIEHHS TIPOH3BOJHOM £ BOC-

nosb3yeMcsl ypaBHEHHEM KOHHYECKOTrO CEeYeHHs B MOJNSPHON CHCTEME KOOPAHHAT
r(l —ecos p)=p, (56.3)

rle p H ¢ — NOCTOSIHHblE BeJHUHHBI, U3 KOTOPHIX NepBAs Ha3HBACTICAd NAPAMEmpos
aaaunca, aBTOpas — €ro sxkcyenmpucumemon. He napyuias o6uHocTH, o6e 3TH BejiH-
YHHB! MOKHO CYHTATh HEOTPHIATeJbHBEIMH. [l anaunca e < 1, nnsa napaboant e = |,
A8 runep6oJsl ¢ > 1. B npefefbHBIX caydagx e = 0 H e = b NoJIy4anTess Kpyr u
npaMas aunua. Jduddepennupys ypasnenue (56.3) no BpeMeHH, MNOJAYUHM

F (1 —ecos @)+er¢ sin ¢ =0,
H/JH TIOCJIE YMHOXEHHS Ha r C yyeToM cooTHomernu# (56.2) u (56.3)
pt - 2e0 sin p=0.
Bropuunoe jpudxbepeHuMpoBanue aaer
pF+20e cos @ - =0,

. 20 p
TloncraBnaa cona ¢= —a, €Cosp= 1— +, ToayInM
402 = 4o? 402
s 40 | 4a g
# ort + o or? —+ ¢2r.
[Mocne aToro ms nepeoit dopmynst (56.1) Haxoaum
4g2
G =— (56.4)

pre’
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Takum obpasoM, u3 nepeoix Osyx saxoxos Kenaepa eoimexaem, 4mo ycKopetue
naanemot uAu Komemv: 00PAMHO RPONOPUUOHANbHO Keadpamy ee pacCmosHus om
Coanya.

3. Tpernit 3akon Kemsepa mossosisier foKas3arh, 4To Ko3QdHIHEHT TIponopLyo-
HaJIbHOCTH 40%/p — OIHH U TOT e JAst Beex Muaner. Jlokamem 310. [lnowans sinnca
pasia mab, rae a M b — WiuHE SoAbIOH H Maodl oayocet ero. Tak Kak ceKTopHAIb-
Hasi CKOPOCTs O mocrosiina, 10 ¢ = nab/T, rae T — nepuos o6palienns MIAHETH [0
ee op6ute. Bocmosbsyemcs eiie GOpMyJIOR aHAJHTHYECKON TEOMeTpHH p == b%/g.
Torpa u3 (56.4) nosyynm

4n2a3 1
0 =— 202 L. (56.5)
(Tlpn paBHoMepHOM BpAIlEHHH T0 OKPYKHOCTH 3Ta’ QOPMy/a NEpeXolHT B H3BeCT-
4ndr
Hyio dopmyay a, = — TR Beoas nocrosinnyio Kemnepa (55.1), nosyunm
An25%
a,=—-T. (566)

3ToT pesynbrar coBnagaer ¢ npexuell popmyso#t (55.2), HO NpH ero BEIBOAE 3JECh
GBI HCNOJIb30BAHKI TOJIBKO SMIIHPHYECKHE 3aKoHB KenJiepa Ge3 NpHBJIedeHHs] KAKUX
6ut TO HH 6bIIO JONOJIHHTeNBHBIX coobpaxennii. Takum o6pasoM, dopmynaa (55.2)
0Ka3anacb TOYHOH. JTOTO0 H CJEROBAI0 OXKHU-
Jath, TaK Kak B COOTBETCTBHH C OCHOBHBIMH
TNOJIOXKEHHSIMA MeXaHHKH HBblIOTOHa YCKopeHuHe
TJIaHeTHl JOJIXKHO ONpPefe/IsiThCH TOJBKO B3aHM-
HEIM pacnoJjioxkeHnneM CoJlHIIA M IVIaHETH! H He ,
MOXeET 3aBHCETb OT BHAA TPACKTOPHH H CKO- 2
poctH mJlaHeTn. [lo Tolt e npuuuee ¢op- 'y P\4
Mysna (56.6) MOXeT CHYKMTb H [JIA BBIYHC-
JICHHA YCKOpeHHH KOMET, XOTs TPeTHHl 3aKOH
Kensepa pi1si HAX ¥ He HMeeT cMbcIa. B
5YOM CJy4ae YHCJIEHHOe 3HadeHHe MOCTOSH-
HOM &4 OyIeT TeM e CaMbiM, HO OHa He MO- Puc. 177

}KeT OBITh BHpaxeHa depe3 mapaMmeTphl opOH- ’ '

Thl KOMeTh (GopMyJaMH, aHajloTHYHBIMH (55.1).

4. [Buxenue no napabojie MOXKHO DacCMaTpHBATb KaK TNpeResbHbil caydai
IBHXeHHS N0 JVIHICY, OJHH H3 GOKYCOB KOTOPOIO yhaleH B 6eCKOHeyHOCTb. [lBuike-
Hie no runepboje HykAaeTcs, OJHAKO, B HEKOTOPHIX MOSICHEHHSX.

Tunep6osia COCTOMT H3 LBYX He CBA3AHHEIX Mex1y cofoio BeTBel. UTob6Hl obe
BETBH NpPEACTaBJAJIHCh eIHHBIM ypaBHeHHeM (56.3), Hago AOMYCTHTb, YTOGH PAaccTos-
HHe 7 MOIVIO IPHHHMATb He TOJIbKO MOJIOKHTEAbHEIE, HO H OMpuUyamesbHbie 3Hauenus.
Tyere & — yroda, onpenensieMslit yeaosueM cos & = 1/e. On onpelesieT Hanp asJeHHs
acumnmon eunepboae (puc. 177). Ecan | @ | > @, T0 7 NOJI0KHTENBHO. DTOMY COOT-
BeTCTBYeT npasasi BeTeb rurnepboan. Ecau ke | @ | < ¥, 1o r orpunartensso. Torga
TOYKY KDHBOM HaJO HCKaTb He B HalpaBJeHHH MOJYNPAMOH, NpoBeJeHHOH nox
YIVIOM @, 2 B NPAMO NPOTHBOMNOJIOXHOM Hanpas/ieHHH. IloJiyunTCs JleBag BeTBp TH-
nep6oJinl.

KoHeuHo, ABHKYLIAACH TOYKA HE MOXKET MEPECKOUYHTh C OAHOH BETBH rHMepbo/n
Ha apyrywo. Ecnn Ha Hee JefiCTBYeT CHJ/A NMPHTAXKEHHA, TO TPAEKTOPHA JOIXKHA OHITH
06palileHa BOTHYTOCTBIO K CHJOBOMY ueHTpy. Hanpumep, ecu cuaopoii nentp (Connue)
Haxoputcs B oKyce Fy, TO BO3MOXKHO JBHIKEHHE TOJNEBKO 0 MPABOH BETBH FHNepOOJILL.
OpnHako 4TOOBI NOIMETHTL OOLLHE 32KOHOMEPHOCTH JBHXKEHHH MO KOHHYECKHM Ceye-
HHSM, 2 He TOJIBLKO MO JIIHIICaM, HMEET CMBICJ YHCTO GOpMasbHO BBECTH BCIOMOra:
TEJIBHYI0 MaTePHANBHYIO TOUKY, JBHKYILYIOCS MO JIeBOH BeTBH THNEPOO/IH Tox Jeid-
CTBHEM CHJH OTTA/JIKHBAHH#A, HCXOJALWeER M3 TOro Xe cuiosoro nentpa Fy. IloreHus-
allbHag SHEPrHs BCIOMOraTe/bHOH TOUKH TNpejcTapifeTcsl BulpaxeHnweM U =
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HUsi. Ho Tak Kak Ha JeBoH BETBH T'HIepOOJbI BeIHYHHBI r OTpPHUATJbHEl, TO 5TO

Ona NOJOXKHUTE/bHA, NOCKOJLKY CHJLI ABJSIOTCA CH/IAaMH OTTaJKHBa-

Mm
BHIpaXKeHHe MOXHO 3anucath B Buje U=-—GC —- rta dopMysa B TOUHOCTH COBMa-

naet ¢ ¢opMyJioll, KOTOpPoH BhIpa)kaeTcsl MOTEHIHANbHasi SHEPrHsA JeHcTBHTEJbHOH
TOUKH, JBIXYILEHCS 110 npaBoil BeTBH runep6odbl. [lo3ToMy eC/H 3HePrus H MOMEHT
KOoJlH4ecTBa JBHKEHHS BCIIOMOraTe/bHOH TOUKM OTHOCHTeJdbHO ¢oKyca F; paBHBI
COOTBETCTBYIOMIHM BEJHUHHAM [/ AeHCTBHTE/bHOH TOYKM, TO ABHMKEHHS 06EHX TOYEK
G6YAYT OIHCHIBATLCA OJHUMU U memu dce YypasHeHusamu. B MaTeMaTHUeCKHX e pacye-
Tax HMeeT 3HAaYyeHHe He To, YTO ABHIKeTCS, a To, KAKHMH YpaBHEHHAMH JBHXKEHHE OIH-
ceiBaeTcs. QopManbHO MaTeMaTHYECKH A€JI0 NMPOHCXOAHT Tak, KaK €IH Obl HMelach
BCEro ojiHa MaTepHa/lbHas TOuKa, o6/1ajaomast CoCOGHOCTLIO IePeCKaKHBATh C OJHOH
BeTBH THnep6osnl Ha Apyrywo. llenecoo6pasHocTh Takoro HCKYCCTBEHHOTO IOAXOAA
6yIeT NpOH/JIIOCTPHPOBAHA Ha OAHOM npHMepe B § 58. I'DaBHTAMHCIHBIX CHJI OTTA/lKH-
BaHHA He CyulecTByeT. Ho yMO3pHTesbHO HX BBOAHTbL MOXHO. Kpome Toro, CHJILI
OTTaJKHBAHHS BOSHHKAIOT NPH 3JAEKTPHUECKHX B3aHMOJEHCTBHAX OJHOMMEHHO 3aps-
XeHHbIX yacTH, OHH, KaK H CHJIB TATOTeHHs, YOBIBAIOT OGPATHO NPONOPIHOHANLHO
KBajpaTy paccTosfsHud. [losToMy aBHKeHHe NOA AeHCTBHEM CHJ OTTAJKHBaHHA NpeA-
CTaBJifeT He TOJbKO YMO3PHTe/bHbIH, HO H ()H3HYECKHH HHTepec.

§ 57. Yca0oBHS 3MIHNTHYECKOTO, napaGoiHiecKoro
' H rAnep6oJHYECKOTO ABHKEHHH

1. Koeda mpaekmopus srsunmuseckas, Osuswerue niavemst ¢hu-
HUMHO, T. €. I/IaHeTa JABHXKETCSl B OrpaHM4YeHHOH 00JIaCTH NpoCTpaH-
CTBa, He yXois B 6eckoHeuHocTh. Hanpotus, B cayuae eunepboaudeckux
u napaboauseckux mpaekmopudi 0suscerue URGUHRUMHO — IBHKEHHE TIJ1a-
HeTbl He CTEeCHEHO OIpeeJeHHON 06acTblo NPOCTPAHCTBA, OHA MOXKET
ylanaTecsl B OecKOHeUHocTh. TakuM ob6pasom, 3ajjaya CBOAUTCH K Ha-
XOXJIEHHIO YCJIOBUH (PMHUTHOCTH M HHQHHHUTHOCTH JBHIKEHUS MJAHETEHL.

Ecnau E — mosHas sHeprusi TJAHETH, TO
my? Mm
— G ——=E =const. (57.1)

2 r
Kuneruueckyto sHepruio CosHUA MBI HE yUHTHIBaeM, CUHTasi, 4TO OHA
IpeHe0peKUMO MaJsla [0 CPaBHEHHIO ¢ KHHeTHUecKOH »3Heprued Iua-
HeTbl. DTO CHpaBelJHBO BBHIY MaJOCTH MACCH TJIAHETH 10 CpaBHEHHIO
¢ maccoit ConHila. AHAJIOTHYHO, ecsid L — MOMEHT HMIYJbCa MJIaHETHI
otHocuTesbHO CoOJHIA, TO

mr?p =L = const. (67.2)
VlckaounM M3 3THX ypaBHeHHH yrioByio ckopocTs @. C 3ToH nensto
pasIoKHUM IOJHYIO CKOPOCTb ¥ HA pajHaJbHYIO COCTaBJSOUYIO U,
H a3UMYTaJbpHYIO cocTaBistiomyio r@. Torna '

mo? m m 2

ey M o
=g Uty =gt oy,

u ypasHenue (57.1) npumer Buz

9 M 12
5 vi— G2 4 5 =E =const. (67.3)



