3aKOHOMepHOCTVI ABWNXeHus
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I. KuHemaTuka. O606LwweHne 3akoHoB Kennepa

OcHOBHBIE 3aKOHOMEPHOCTH JIBHXKEHHS Tella B LICHTPAIBLHOM TOJI€ TATOTEHUSI U3BECTHBI KaK
3aKOHbI JBM>KeHUs ianeT Kemepa. 3akonbl Kermepa KnHEMaTUUECKUE U MTOTYYECHBI
SMIUPUUYECKUM ITyTEM, HAa OCHOBE acTpoHOMHUYecKHX HabmoaeHuit Tuxo bpare. 3necs nan
BBIBOJI KHHEMATUYECKOM TEOPUH IBUKEHHUS B ICHTPATILHOM T0JI€ TSATOTCHHS SIBIISIFOIICUCS
0000meHnem 3akoHoB Kemepa.

1. YHUBepcanbHoe ypaBHeHue TPaekTopum

Hcnons3ys ase hopmbl 3amucu mporu3BoaHOM, 1o HetoToHy 1 110 JIeiOnuIry, 3anuiieM B
MOJIAPHON CHUCTEME KOOPJIUHAT (7, @) TOXKAECTBA
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Y TIPOMHTETPUPOBAB MOWICHHO MOCTIEAHEE YPaBHEHHE, ITOTYIYUM UHTErpajl
%
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KOTOPBIN U IPEJCTaBISET COOON YHUBEPCATbHOE YpaBHEHHE TPACKTOPUH, OJTHO U3 IBYX
BO3MOXKHBIX, B ITOJIAPHON cucteme koopauHaT. KoneuHo, aiis TexX ciaydaeB, KOT/Ia yrioBas U
paauanbHasi CKOPOCTH, @ U 7, IPEJACTaBUMbI QYHKIIUSMU OT 7 U HHTETpaJl MOXKET ObITh B3ST.

2. BolpaxeHue CKOpPOCTHU Yepes3 paavanbHY U YrioBYH CKOPOCTH

Tak Kak BEKTOpPBI paJuajibHON U TPAHCBEPCATIBLHOU COCTABIISIONIMX CKOPOCTH OPTOTOHAJIBHBI,

TO KBaJIpaT CKOPOCTH PABEH CYMME KBAaJAPaTOB dTHUX COCTaBIISAIOIINX:
2 _ 2 2
Vvi=v +v.

[TockonbKy paauanbHasi COCTABISAONIAs CKOPOCTH €CTh MTPOCTO CKOPOCTh U3MEHEHUS
KOOPAMHATHI 7 (pajiialibHasi CKOPOCTh), @ TPAHCBEpCaIbHAsl COCTABJISAIONIAs] CKOPOCTH €CTh
CKOPOCTh U3MEHEHHS YTTIOBOM KOOPAUHATHI (YIJIOBasi CKOPOCTh) YMHOXKEHHAs Ha PajnycC 7,

V.=F, vV, =rQ,
TO MMEEM CJIEAYIOIIEe BhIPa)KEHUE CKOPOCTH YEPE3 PaAUalIbHYIO U YIIIOBYIO CKOPOCTH:

vi=it+rigt.
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3. NpeacraBneHue yrnoBon CKOPOCTU KaK (pyHKLIMN pacCTOSHUA

3aKOH COXpaHEHUsI MOMEHTA UMITYJIbCA O3HAYAET, YTO COXPAHAETCS U MOMEHT CKOPOCTH:
- — 424
L=rv, =r-¢.

Otcroz1a morydaeM HCKOMOE TIPE/ICTaBICHUE YIIIOBOW CKOPOCTH () KaK (PYHKIUH OT 7

4. YpaBHeHMe CKOPOCTU KaK (pyHKLIMMN pacCTOAHUA

3aMeHUB B BBIPAXKEHUU CKOPOCTH Y€pe3 COCTaBIISIONINE,
V2 — 1;2 + r2§b2 ,
YTJIOBYIO CKOPOCTh ¢ €€ BBIpAXKEHHEM Yepe3 MOMEHT CKOPOCTHU U PACCTOSIHHUE, TOTYUYUM
ypaBHEHHE HE COJeprKalllee YriIoBoH KOOpANHATHI ¢:
L2

— -
7

2 -2
vi=r"+

LlenTpasibHOE TOJIE TATOTEHUS JOJDKHO JOMYCKATh YCTOWYMBBIE OTPAaHUYCHHBIE TPAEKTOPUH —
IUTaHEeTapHbIE OPOUTEHL. J[BIKEHHE TIIaHET MPOMCXOUT B OTPAHUYEHHOM KOJIBIIEBOI 001acTH,
MEXy MUHUMAJIbHBIM 1 MaKCUMaJIbHBIM PAaCCTOSTHUEM OT LIEHTpa TATOTeHU. MUHUMAaIIbHOE
¥ MaKCUMAaJIbHOE PACCTOSIHHE IIaHEeTapHBIX OpOUT COJTHEYHOM CHCTEMBI HAa3bIBAIOTCS
nepurenueM u agenueM OpOHTHI, U IEPUIICHTPOM U allOLIEHTPOM B 0O0IIIeM ciryyae
MPOU3BOJIEHOTO IIEHTPAIBHOTO TeNa, 0003HAYNM X KaK p H d.

[Tpu mocTukeHUU rpaHuIl YKa3aHHON 00J1acTH paguaibHasi COCTABIAIONIAs CKOPOCTH,

CTaHOBUTCS paBHOM HyJt0. [IpupaBHSB paanaabHyI0 CKOPOCTh K HYJIIO, IOJIyYUM YpaBHEHUE
OTHOCHUTEJIBHO 7, KOPHSIMHU KOTOPOI'O ABJISIFOTCS @ U p — allOUEHTP U NEPHULIEHTP TPACKTOPHH:

Viri-I'=0.

[peanonoxum, uto pyHKIHs V7> — L’ aBaseTcss MHOTOUWIEHOM oT 7. Hanmune y
MHOTO4JIeHa KOPHEH a U p 03Ha4YaeT, 4To OH AeNuTcs Ha (a — r) U (¥ — p), U UMEET
TIpeCTaBIeHHE:

Vit - = w(a - r)(r - p),
I7Ie W — HEKOTOPBIM MHOTro4jIeH. 3 3Toro paBeHcTBa 10JIry4aem i1l CKOPOCTH YPaBHEHHUE:

L _wla=ne=p), I

2 27
r r

HJIN, ITOCJIC PACKPBITUA CKOOOK U O6I>CI[I/IH€HI/I$I YJIICHOB 11O CTCIICHSAM F:

) :_W+w(a+p)+L2—wap.

r 1’2




B3sB 3HaucHHe KBaJpaTa CKOPpOCTH Ha OCCKOHEYHO OOJIBIIIOM pacCToOdHNU OT HCHTPA
TATOTCHUS, IIpEeArojaaras, YTo 3Ha4€HUE W B 7, ocTaércs KOHCYHEBIM, IMOJTYYHUM:

vV, =—W.

To €CTb, MHOT'OYJICH —W €CTbh KOHCTAHTa — KBaJgparT OCTaTOYHOM CKOpPOCTH.

5. NpeacraBneHue pagnanbHOU CKOPOCTU KakK (PYHKLMU pacCTOAHUA

Hwmest ypaBHEHHE CKOPOCTH KaK (DYHKIIMH PACCTOSHUS, UMEEM BMECTE C TEM U MCKOMOE
IIPEJCTABICHUE PAJUAIBHON CKOPOCTH:

e n)ep)

6. YpaBHeHue TpaeKkTopumn

[Tonmy4uB npencTaBieHUs YTIIOBOM U paualbHON CKOPOCTH KaK (YHKIHUN pacCTOSHHUS,

N [ ) Gl

MOJICTaBUM UX TEMeph B Hallle YHUBEPCAIbHOE YPaBHEHHUE TPACKTOPHH:

L

—Qrz r.
P Y e o

WuTerpan TabnuuHbli. B ciryyae simunTuyeckoi CKOpOCTH, Koria w O0JIblie HyJIs,
noaxoauT pemenue: JIgait I'. b. TaGmuier uaterpanos, Ne 380.111.
B3sB uHTErpa, nonydaeM ypaBHEHUE TPACKTOPUHU KakK QyHKIHIO ¢(r):

o= L arccos2P=latp)r.
wap (a - p)r

UToOBI MOMYyYNUTh YpaBHEHNE TPACKTOPHH KaK (PYHKITHIO 7(¢), PEIINM JIaHHOE YpPaBHECHUE
OTHOCHUTEIBHO 7, U B PE3YIAbTATe MOIYYUM CIEAYIOIIEE YPABHEHUE TPACKTOPUH:

S
1+ecos(i(p)’

i€ e — SKCLEHTPUCHUTET OpOUTHI, f— (HDOKAIBHBIN apaMeTp OpOUTHI, i — MapaMeTp CMEIECHHS
TIePUIIEHTPa OPOUTHI, U
o d-p I 2ap . wap
= = l = .
a+p’ a+p’ L

YpaBHEHHE MOKET OBITh 3aIIMCAHO B YETHIPEX BapHaHTaX, C +COS U C £Sin, TAIOUINX YEThIpe
BapHaHTA OPUEHTALMU TPACKTOPUH, B YACTHOCTH, HA4YaJIbHOTO MTOJIOKECHHS ITEPULICHTPA
TPAeKTOPUU: CIIPaBa, CJIEBA U CBEPXY, CHU3Y OT LIEHTPa, COOTBETCTBEHHO.

XoTs ypaBHEHHE BBIBEJICHO JJIS CIydast SJUTUITUYECKON CKOpocTH, e < 1, B Takoil popme, ¢
HKCHEHTPUCUTETOM H (DOKAIBHBIM MTApaMETPOM, OHO OKA3bIBAETCS IPUTOAHBIM U JUIS IPYTUX
CKOpOCTeH — mapabonn4eckoi, e = 1, u runepOonyeckou, e > 1.



7. UHTerpan BpeMeHu Kak (pyHKLUN pacCTOAHUA

Haunéwm ¢ Toxxnectsa
. dr
F=—-.
d¢
U3 Hero noyyaem:

dr=Ldr, t:jl,dr.
r r

[ToncraBuB cro/ia BeIpaKeHHE paJuaabHOM CKOPOCTH Kak (PYHKIHUU PacCTOSTHUS OT IIEHTpa
TATOTEHUS, TIOJIy4aeM CIEIYIOIINI HHTErpajl BPeMEHU:

dr.

e e

8. MNepuop o6palweHns

B o6miem cityuae, neprosa oOpaiieHust — 3TO HE BpeMsl COBEPITICHUS TTOJTHOTO 000poTa,
paBHOTO 27, HO BpeMs, 32 KOTOPOE MPOXOIUTCS TIOBTOPSIOIIUICS YIaCTOK TPAEKTOPHUH,
HaTpUMEp, YIaCTOK OT Mepurenus 10 ademnust 1 o0paTHO A0 nepurenus. Bocmons30BaBImINCh
MHTETPaJIOM BpEMEHH, IOJydaeM s eprojia oopalieHus onpeaeaEHHbI HHTerpa

dr.

T )

WNuTerpan TabnuyHbId. J{71s SJUTMITUYECKOW CKOPOCTH, KOTJa W OO0JIbIIe HYJIS, TOAXOIUT
pemenue: JIpait I'. b. Ta6nuier uaterpanos, Ne 380.011, co ccpuikoit Ha Ne 380.001.
OTtkyna, 3anuchiBas pelieHrue B BAPUAHTE C ApKKOCUHYCOM, MOJTy4aeM:

T:i(a;parccosﬁp—_zr— a-—r (r—p)j ,

Jw a-p

P
TO €CTh,

T:n(cH-p).

Jw

9. CMmeleHMe nepuLeHTpa TpaekTopum

CMerieHue nepuLeHTpa OnpeaesseTcs epuoaoM (GpyHKIHH
()= f
ne)=——""7>
I+ ecos(zq))
3anaromieit Tpaekroputo. E€ mepuon, coBmagaronuii ¢ neproom GpyHKIuU cos(ig),

B OTJIMYME OT Neprojia GyHKIUH cos(¢), HE paBeH MOJIHOMY 000pOTY, 27, HO paBeH 2m/i.
Otnuune nepuoaa GyHKIUH 7(@) OT MOJIHOTO 000pOTa M €CTh HCKOMOE CMEILICHHE:

A@zZnG—lj.
l



10. 'paBUTAaLMOHHOE YCKOpEHUEe

Hwmest ypaBHEHHE CKOPOCTH KaK (DYHKIIMH PACCTOSHUS:

wla + L' —wa
V2= i ( p)+ ; p,
r r

HETPYAHO NOJYYUTh U AHAJIOTUYHOE YPaBHEHUE IPABUTALIMOHHOTO YCKOPEHUSI.
Y ckopeHne paBHO IPOU3BOJHON IO PACCTOSHUIO MTOJIOBUHBI KBaIpaTa CKOPOCTH:

d(v? 1 d + I’ -
g OV 1A | wlatp), wap )
drl 2 2dr r r

TO €CTb,
w(a +p) N L’ —wap

2
2r e

g§=-

3HaK MHUHYC yKa3bIBaeT 3/1eCh Ha HaMpaBleHHE YCKOPEHUS, U MOXKET ObITh OTOPOIIEH, €CIN
HAC MHTEPECYeT TOJIbKO aOCONIOTHASI BETUYHHA YCKOPEHUSI.

Il. AuHamuka

Bce nonmy4eHHbIe BBIE 3aKOHOMEPHOCTH KHHEMATHUECKUE, B HUX BCTPEYAIOTCS TOIBKO
paccrosinue, BpeMs, CKOPOCTh M YCKOPEHHUE, M He BCTPEUAIOTCSI Macca, CUIa UITU DHEPTHSL.
YroObl U3 KHHEMATHYECKON TEOPUH TTOITYIUTh THHAMHUYECKYIO (DU3HUECKYIO TEOPHIO,
TpeOyeTcst TMHAMUYECKHE MapaMeTphl KAKUM-JIH00 00pa3oM CBSI3aTh C KHHEMATHYECKIMH.
Het Hukakoro npasuiia, KOTOpOe MPEANMHUCHIBAIO Obl, KAK IMEHHO 3TO HAJIO C/IeIaTh, KPOMe
TpeOOBaHUsl, YTOOBI MMOTYICHHASI TEOPHUSI COOTBETCTBOBAJIA ICHCTBUTEIHLHOCTH.

1. Knaccuyeckass guHamMmkKa

B YaCTHOCTH, €CJIN KHHEMATUYCCKOMY BBIPAKCHUIO T'PABUTALIMOHHOT'O YCKOPCHH S MMTOCTABUTH
B COOTBETCTBUC BBIPAXKCHUEC I'PABUTALITMOHHOI'O YCKOPCHHA KJIacCUYeCKOM TEOPHUU TATOTCHUS:

w(a+p) I*-wap GM
> T 3 =7
2r r r

TO, MPUpPaBHUBAS KOA(DPUIIMEHTHI OJUHAKOBBIX CTEIIEHEH 7,

5

—W(a+p)=GM L* —wap =0
2 b b

MOy YUM:

w:zGM, L=\wap .

a+p

IToacrasiss 3TU BbIpaKE€HUs B YPaBHEHHUs HALlIE KUHEMAaTUYECKON TEOPUH, TIOJIyYUM
U3BECTHBIE U3 KIACCHYECKON TEOPUH TATOTEHUS 3aKOHOMEPHOCTH JBUKCHHS B LIECHTPAJIIBHOM
I10JI€ TATOTCHUS:

3
V= 2GM l_ 1 ’T:n W—P»’r:#’ﬂﬂp.
roa+p 2GM 1+ecos((p)




2. MoanduumpoBaHHas AUHaMUKa

OpHako, KaK U3BECTHO, KJIaCCUUYECKasl TEOPUS TATOTEHUS HE BIIOJIHE COOTBETCTBYET
nercTBUTENbHOCTH. [lepurenuii opOUT TUTaHET, U B OCOOCHHOCTH TIEPUTEIINN OPOUTHI
Mepkypusi, aHOMaJIBbHO (T.€. B IPOTUBOPEYHH C TEOPUEH) CMEIIAETCS.

YroObl TMHAMUYECKAs TEOPHSI COOTBETCTBOBAJIA IEHCTBUTEIBHOCTH, CIEAYET JUHAMUYECKHE
IapaMeTpsl CBA3aTh ¢ KWHEMATUKON IIO-1pyromy. Bo3MoxkHO, Tak:

w(aer)jLL2 —wap _ GM+6G2M2

2 3 2 2.3
2r r r cr

B noctpoenHoi Ha Takol CBsI3U MOAM(PHUIMPOBAHHON TMHAMUYECKON TEOPUU JBHKEHUS B
LIEHTPAJIbHOM I0JI€ TATOTEHUS, CMEILIEHHE TIEPULIEHTPA TPAeKTOPUH OyJIeT paBHO:

Ap=2n| |1+ 6(2}M -1 z2n3(jM .
cf cf
6nGM
[Tocnenusis popmyna yxxe He pa3 MOsBIIATIACH B UCTOPUN PU3UKH (Kak A = ml—z) ,
c —e

rae A — 6omnbnas moiyochk opoutsl). Briepseie e€ momyuwnn [layns ['epGep B 1898 rony.
Cuuraercs, 4to ganHas Gopmyna Ja€T CMEIIeHHEe, COOTBETCTBYIOIIEE «HAOIIOJAEMOMY)
aHOMaJIbHOMY CMeIlleHUIo nepurenust Mepkypus, 1 Ipyrux mianeT CoTHEeYHOU CUCTEMBI.
Tak 111 3TO Ha caMoOM ACJIC — Mbl Y3HACM, HABCPHOC, JIUIIIb, KOTd Y3HAEM MCXaHU3M paGOTBI
TSATOTEHUS, KOTOPBIN MO-MPEKHEMY, KaK M BO BpeMeHa HbroTOHa, 0CTaéTcs 11 HAC 3arajgkou.

lll. Mpumepsbl

1. Knaccuyeckass guHamMmmka

B yuebnom nocobun E. U. BytukoBa npuBeseHa 3ajgaya:
bannmuctuyeckuil cHaps1 3alTyCKAaeTCsl BEpTUKAIBHO BBEPX C MTOBEPXHOCTU 3EMIIHU C
HavyaJIbHOU CKOPOCTBIO, MOAYJIb KOTOPOX PaBEH KPyrOBOM CKOPOCTH JJIsl IIPENEIBHO
HU3KOH OpOUTSI (T. €. HEPBOIf KOCMHUYECKOI CKOPOCTH): V, =V, = \/g_ .
CKOJIBKO BPEMEHHU IIPOJOJKAETCS TOJIET CHapsiAa OT IycKa J0 NaJeHUs Ha 3eMilto?

[TpuBenéHHOE TaM e pelIeHHe — HeTPSIMOE U M3JHIIHE cliokHOoe. C TTOMOIIBIO jke
MOJTyYeHHBIX HaMH o0mMX Gopmyi, 3a1aua penraercs B 100, 6e3 KaKuX-Tu00 YXUIIPEHH.

Pemenne.

1. BeprukanbHas Tpa€KTOPHsI KOHEYHOW BBICOTBI — 3TO BBIPOXKIAECHHAS AJUIUIITHYECKAS
opOuTa, mepureit KOTOPOH COBMAAET C IEHTPOM TIATOTSHHSI, T.€. C IEHTPOM 3EMITH.
CrnenoBarenbHO, AJs Tiepurest opOUTHI UMeeM 3HaueHue: p = 0.

2. IlpupaBHSB OpOUTATBHYIO CKOPOCTh Ha MMOBEPXHOCTH 3€MITH, T.€. HA pacCTOSTHUU R OT
LIEHTPA, K HAYaJIbHOW CKOPOCTH, II0JIy4YUM YpABHEHUE

W3 KOTOPOTO IS anores oJiydyaeM 3HaueHue: a = 2R.



3. 3Has mapamMeTpsl OpOUTHI, TPOJAOHKUTEIHLHOCTD ToNETa (MoabéMa c =R 1o r =2R u
naJieHust 00paTHO Ha 3eMJTI0) MOKHO BBIUMCIIUTH C TOMOIIIBIO HHTETpajia BpEMEHH:

dr.

R N =

3anucaB pelleHre y>ke 3HaKOMOT0 HaM MHTEerpajia, UMeeM:

2R
t:21/a+p a+parccosa+p_2r— a-r)r-p)| .
2GM 1\ 2 a-p

OTKY/1a [TOJIy4aeM CIEAYIOIINN pe3ysbTar:

3

GM

t:(n+2)

CpaBHuBas 3TO BbIpaXEHHE C IEPHOJOM O0pallIeHus,

R’
GM

T=2n

b

MMoJIy4YruM, B COIJIaCUH C OPUTHUHAJIbHBIM PCHICHUCM:

_m+2
271

t T=082T.

2. MoanduumpoBaHHas AuHaMUKa

«OJ 287 npencrasiser co0oii ABOHHYIO CUCTEMY YEPHBIX JbIP, OOJbIIAS U3 KOTOPBIX
nMeeT Maccy paBHyro 18 Mummapaam mace ComHia, (hakTHIECKH MacCy HEOOIbIION
rajiakTuku. Menpnii komnanboH BecuT Kak 100 mmmuonoB macc Connia. [lepuoa
ero ooOpareHus cocTaBisieT 12 aeT».

OTOT 00BEKT HHTEPECEH CBOUM OI'POMHBIM CMEIIEHUEM MEPULIEHTPA OPOUT, KOTOPHIH
COCTaBJISIET OKOJI0 39 rpaycoB 3a OJIMH Mepuo 1 oopamieHus. Takoe cMerieHue, B
OTJIIMYHUE OT CMEIIEHUS nepurenus MepKypusi, MOKHO MOKa3aTh rpauIecKH.

Maccsl TeJ1 CUCTEMBI CpaBHUMBI 11O BCJIMUYUHE, TIO3TOMY Mbl UMCEM 3ACCH 3a/1a4y IBYX TCII,
CBOJISAIIYIOCS K 33/1aue ABMKEHUS B IICHTPAIBLHOM T0Jie. Permmm e€ B OTHOCUTEITLHOM CUCTEME
OTCU€Ta, CBSI3aHHOM C OJHUM M3 TEI.

Pemenne.

CocTaBuM cCUCTEMY YpaBHEHUM:

3
—(a+p) , Ap=2mn 1+6(2;M—1 ,Tne M =m,+m, u f= 2ap .
2GM c' f a+p

[ToacTaBnsist yrclieHHbIE JaHHBIE U pellasi CUCTEMY OTHOCUTENBHO a U p, IOJIyYUM
clIeyIollre TapaMeTpbl OpOUTHI OJTHOTO KOMITAHBOHA OTHOCUTEIHLHO JPYTOro:

a=13,730-10", p =3,876:10",
£ =17,022-10", e=0.,812,i = 0,902.



[TocTpous rpaduk ypaBHEHUS
e 7,022-10"
1-0,8125in(0,902 )

B uHTEepBate [0; 5,57], moJlyduM TaKyro TPACKTOPHIO:
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