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1. ITOCTAHOBKA 3AAAY~ 

3)18Cb paCCMaTpHBaeTC~ 3alaqa 0 lBHX8HHH n~aH8TH B npOCTpaHCTB8 

Jlo6a48BCKOrO B e8 npOCTeAmeM Bapi18HT8, KOr,l(a 3B83,l(a nOKO.HTCH, a 

n~aHeTa BHCTynaeT KaK npo6H08 T8RO. B STOM c~yqae 38)1a4a CBOAHTCH K 

pememuo sonpoca o TOM, KaK oTpazaeTCfl Ha saKoHax KenJiepa sse,n:eHMe 

P80M8TPHH ]06a48BCKOPO B BH)IHMHH HaMH MHp. 
~aKTH48CKH STY 3a,lla4y nocTaBH~ CaM H.~.~o6a48BCKHH, H60 8MY 

npHHa)l~e~HT npHOPHTeT He TO~bKO B C03)1aHHH H88BK~Hl0BOH reOM8TPHH, 

HO H B nocTaHOBKe .IIBYX COBepmeHHO HOBUX npo6~eM: 06 aCTPOHOMH48CKOH 

nposepKe reOM8TPHH BH)IHMOPO MHpa (B CBfl3H C 48M OH nHTa~CH 

06HapyltHTb yr~OBOH )leljleKT Tpeyro~bHHKa, C BepmHHaMH Ha 3eM~e, Ha 

CO~H~e H Ha CHpHyCe, [1, C. 207-209], [2, C. 162]) H 0 TOM, KaKOPO 

PO.IIa nepeMeHa npOH30HleT OT BB8)18HH~ HOBOH reoMeTpHH B MeXaHHKY [1, 

C. 261 l. OlHO STO npHBOAHT HaC K 3a)la4e 0 ABHll8HHH n~aHeTU B 

npocTpaHCTBe ~o6a48BCKOPO, a B HHit8C.JI8.11YIOI!\8H ~HTaTe MU HaXO)IHM 

npflMOe yKa3aHH8, KaK Ha)IO nocTaBHTb STY 3ala4y. 
CHa4a.Jia HanHmeM B COBp8M8HHUX 0603Ha48HH~X nO.JIY48HHH8 

~o6a48BCKHM ljJOpMy.JIU 

1 = 2 X r, S = 4 x r 2 

A~~ .II.J!HHU OKPYXHOCTH 1 H n.JIOma)IH cljlepH S palHYCa p, r)le 

r=kshf, 

k - XapaKT8pHafl )I.Jlfl reOM8TPHH Jlo6a48BCKOPO KOHCTaHTa: 

flB.llfl8TCH KOsljlljJHUH8HTOM nponopUHOHa.JlbHOCTH M8ltlY 

Tpeyro.JibHHKa H )leljleKTOM ero yr~os A, B H c: 

L: = k2 (X - A - B - C) 

C nonpaBKOH Ha 0603Ha48HHfl UHTHpyro: 

(1) 

( 2) 

ee KBa)lpaT 

n~oma.llbil L: 

(3) 

"Jlo.naraeM, KaK t1 MHOf'H8 B STOM YB8P8Hl:l, lfTO CHJlbt 

npHT~raTe~bHHe C.Jia68IDT OT pacnpoCTpaH8HHH CBoero l8HCTBHH no cljlepe. 

B ynOTpe6HTe~bHOH reoMeTpHH se.JIH4HHY cljlepH npHHHMaroT · 4 x p2 l~H 
no~ynonepe4HHKa p, OT qero CH.Jia )IO~:rHa YM8HbiDaTbCfl B C0.118PI<aHHH K 

KBa)lpaTy paCCTOHHH~. B B006palta8MOH feoM8TPHH Hame.JI fl nosepXHOCTb 

mapa 4 x r 2 ••• " [2, c. 159J. 
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OcTaHOBHMCH 3~8Cb H YBH~HM, 4TO Ao6aqeBCKHH BBe~ BHpaEeHHe ~~H 

Cli~H THfOT8HHH B yC~OBHHX OTKPHTOli HM reoMeTPI!H: Cll~a, C KOTOPOH 

n~aH8Ta OPHTHrHBaeTCH K 3B83~e, paBHa 

F = '( ..JllJ!_ 
r2 

(4) 

r Jl8 t - rpam1TaU.HOHHa51 KOHCTaHTa H:oroToHa, m - Macca n.naHeThl, M -

Macca 3B83~hl, r 6CTb (2), a p- paCCTOHHHe OT 3B83Jlhl JlO D.H8H8Thl. 

3B83,li;Y MO:KHO C'H1T8Tb flOKOflHI,8i1:CH npM lfCJIOB~U1, 4TO Macca M 

HaMHOrO 60~bill8 MaCCH m. TipH 3TOM yc~OBllll Macca m H3 ypaBH8HHH 

~BHliC8HHH n~aHeTH BHna~aeT. 

BBe~eM C~epwqecKlle KOOPAl!HaTH p, 8 l! (jl, r~e 8 H (jJ - lliHPOTa H 

,1\0~rOTa Ha c$epe PMHYCa p. TaK KaK Ha 3TOii c$epe ,1\~HHa 3KBaTOpa 

paBHa 2 X r, TO B C$epH4eCKliX KOOp~HHaTaX MeTpl!Ka npOCTpaHCTBa 

Ao6aqescKoro paBHa 

d s 2 = d p2 + r 2 ( d 82 + sin2 e d (jl
2 ) ' ( 5) 

a KBa~paT CKOPOCTH n~aHeTH paseH 

y2 = cftJ2 + r2 cffJ2 + r2 sin2 8 ( ~-t)2 ( 6) 

r,l\e t - BP8MB. 

COBMemaB ~eHTP C~epl!48CKl!X KOOp~l!HaT C npl!TBrHBaromeli 3883,1\0H, 

onpe,l(e~HM cos,l(aBaeMHH ero rpaswTa~l!OHHHli noTeH~l!a~ U, pemaB cwcTeMy 

,1\l!~~epeH~l!a~bHHX ypaBH8Hl!li 

1J u 1lP = r M r-2 

C rpaHH4HHM YC~0Bl!8M 

0TCW,l(a HaXO,l\liM 

1J u 
116 

lim U = 0 
p ~ "' 

0 ' 

u = .:£..! c 1 - cth t J 

Tenepb cocTaBl!M ~arpaHxesy WYHK~wro 

A=+v2 -u 

2 

1J u o-w = 0 ( 7) 

( 8) 

( 9) 

( 10) 

~ 
1 

I 
'!' 

I 
i 

l! ypaBH8HHB ,1\BHEeHHB n~aH8TH 

_d_ _Q___fL = _Q___fL _d_ _Q___fL = _Q___fL 
d t 1J p 1J p ' d t 1J 8 1J 8 

_g_ _Q___fL 
d t 1J ~ 

= _Q___fL ' 
1J (jJ 

( 11) 

r,l\e T04KOH Ha,l\ KOOp,l\l!HaTaMll p, 8 H (jJ n~aHeTH 0TMe4eHH l!X 

npowsBO,l\HHe no speMeHl! t. 

2. PEIDEHHE 3A~AqH 

TaK KaK ~arpaHxesa WYHK~l!H (10) He saBl!CliT HBHD OT speMeHl! t, 

TO COXPaHHeTCH 3Heprl!B n~aHeTH 

E=+V2 +U, ( 12) 

a B CH~y cwePl!4eCKDli CHMMeTpHH COXpaHBeTCB MOMeHT HMny~bCa n~aHeTH 

C KOMnOHeHTaMl! 

L1 = y z - z if L2 =zx-xz L3 =xif-yx ( 13) 

r~e 

x = r sin 8 cos (jJ, y = r sine sin (jJ, z = r cos e. (14) 

Bnp048M, B 3TOM MOJ<HO y6e~l!TbCB Henocpe~CTBeHHO, ,1\l!W~epeH~l!PYB no 

BpeMeHll t WYHKUl!ll (12) l! (13). 
B CH~Y (13) 

L1 
x + L

2 
y + L

3 
z = 0 • ( 15) 

C~e,l\OBaTe~bHO, COXpaHeHMe MOMeHTa HMnY~bCa B ,1\aHHOM C~yqae 

03Ha4aeT, 4TO n~aHeTa ,1\Bl!ZeTcB B n~ocKoCTl! Ao6aYeBcKoro, npoxoABmeli 

4epe3 ~eHTP npHTBZ8HHB. 

Ee3 orpaHl!4eHI!B o6mHoCTl! MOXHO cqwTaTD, YTO L1 = 0, L2 = 0, 

TaK qTo n~aHeTa ,1\Bl!ZeTCB B n~OCKOCTH 8 = ~ • fiPM 3TOM KOMnOH8HTa 

L3 = L MOM8HTa HMny~bCa npHHl!MaeT BH,l\ 

2 • L = r <Jl , 

a 3Hepri!B n~aHeTH npl!HHMaeT Bl!~ 
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E = + [ P 2 + r2 <i> 2 l + U • ( 17) 

TaK KaK n~aHeTa Ha sses~y He na~aeT, TO 1' 0. Tio~cTaB~HH (16) 

s (17), no~yqaeM c~e~ymmee ~HW@epeHuHa~bHoe ypasHeHHe ~~H pa~Hyca p 

B saBHCHMOCTH OT yr~a ~ : 

1
2 [ ( ft ]2 + r 2 ] = 2 (E - U) r 4 • 

YTo6w npoHHTerpHposaTb 9To ypasHeHHe, o6osHa4HM 

TaK KaK 

1 
k th -f = w 

d w = - r-2 d p , w2 

TO ypaBHeHHe (18) npeo6pasyeTCfl K BH~y 

r-2 + k-2 , 

12 
[ ( g ~ )2 + w2 - k-2 ] = 2 (E- ¥ + t M W) • 

B CBOID oqepeAb, ypasHeHHe (21) MOXHO npeo6pa30BaTb K BH~Y 

( 18) 

( 19) 

(20) 

( 21) 

E+ +c¥-J2
C 1- -v-ih- J2

= ~ u@:J 2
+ cw- tM1-2 J2J. 

(22) 

( 4TO HeTPYAHO c~e~aTh). 0TCJO~a c~e~yeT, 4TO Ha o6~aCTh B03MOlKHNX 

3Ha4eHHij (E, 12) HaK~a~wsaeTCfl yc~OBHe 

1 t M 2 12 
)2 

E;;.- -y (-,---) ( 1 - Y1fl{ • 

06osHa4aH 

12 
p = T1f r. P2 2PE 

N = V( 1 - T ) + ---y-r,1 

ypaBH8HMe (22) sanMlli8M B BM~e 

p2 ( d w )2 (!(f + ( p w - 1) 2 = N2 

C4MT3fl, 4TO H3M60~hmee 3H348HM8 W DPMHMMaeT npM W = 0, H3XOAMM 
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(23) 

(24) 

(25) 

r ... 

"" I 
I .. 

P w = 1 + N cos ~ , (26) 

H~H 

k th -f = 
p 

(27) 
l+NCOS(jl 

3aM8TMM, lJTO B CHJJY (23) 11 (24) liMCJIO N H80TP'1UaT8JlhH08, a 

lU1CJJO P noJIOlKHTeJJbHOe. HaKoHeu, TaK KaK paccTOHHMe OT sse3.ll.H .no 

nJI3H8Th! orpaHM48HO, TO COf'JJaCHO ( 27) DPH BC.HKOM 3H3li8Hm1 yr.JJa ql 

.I1Jl.H nJiaH8Tl:l Bh!DOJIHH8TCH H8P3B8HCTBO 

p < k (28) 
T~+N cos qJ 

Tio~araH s~ec1 qJ = ~. no~yqaeM HepaseHCTBo p < (1 - N)k. 

CJie.n.osaTeJihHO, .ll.JJH BCHKoA nJJaHeTh! s npocTpaHCTBe Ao6aYeBcKoro 
Bh!nOJIHHffiTCH HepaBeHCTBa 

p 
N;;. 0, P > 0, N + l< < 1. (29) 

Ha n~OCKOCTH P N (CM. PHCYHOK 1) MHO~eCTBO (29) COCTOHT H3 0Tpe3Ka 

N = 0, 0 < P < k, (30) 

H Tpeyro~bHHKa 

p 
N > 0, P > 0, N + l< < 1. ( 31) 

N 

0 k p 

PHCYHOK 1 
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3. KPYrOBOE ABMmEHME TI~AHET~ 

TipM KpyrOBOM ABMXeHMH n~aHeTH BHnO~HH~TCH YC~OBMH (30). 

Hao6opoT, ec~H STM YC~OBHR BHnO~HHWTCR, TO n~aHeTa ~BMX€TCR no 

Kpyry. 3TH yc~OBMH SKBMBa~eHTHH YC~OBMHM 

2 

E =- + c¥J2 c 1- th J2, 0 < 12 < t M k. (32) 

Ha n~oCKOCTH 12 E MHoxecTBo T04eK (32) Hso6paltaeTCH KPHBOM ~HHHeil 

TJma y = 2 - X - + , 0 < X < 1. 

PaCCTOHHHe p OT 3Be3AH )(0 n~aHeTH npH KpyroBOM ,1\BHiteHHM He 

3aBMCHT OT ~. 0603Ha4HM ero 4epe3 a. Cor~aCHO (24) M (27) KBa,/\paT 

MOMeHTa HMny~hCa n~aHeTu B STOM C~yqae paseH 

12 = t M k th f ' 
(33) 

a cor~acHo (31) SHeprHH n~aHeTu pasHa 

E= ¥ (1 - cth Vl . (34) 

Cor ~acHo ( 16) no OKPYJCHOCTH n~aHeTa spamaeTcH paBHOMepHo c 

yr~OBOM CKOpOCThiD 
q, = 1 /(k sh f> 2

• (35) 

nepHo)( o6pameHHH n~aHeTu paseH 

T = 2 X (k sh a )2 
Til T • (36) 

TO eCTb 

2111 T=2xk2 (ch V -1) • (37) 

3aMeTMM, 4TO B npaBOM 4aCTH noc~e,/\Hero paBeHCTBa CTOMT n~Oilla,/\h 

Kpyra pa,/\Hyca 2 a. 
Ms ( 33) H ( 36) no~y4aeM c~e.I\Y~Illee supaxeHHe ,1\~H KBa)(paTa 

nepHo)(a: 

T
2 = f t (k sin f )3 ch f (38) 
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3. 3RRMTITMqECKOE ABMmEHME TIRAHETH 

Op6HTY n~aHeTH Ha n~OCKOCTM Ro6a4eBCKOl'O MOZHO onpe)(e~MTb TaK 

xe, KaK H Ha n~ocKOCTM EBK~H)(a. AeilcTBHTe~hHO, KaK MH BH)(e~H, npM 

BHnO~HeHMH yc~OBMM (30) op6HTa HB~HeTCH OKPYXHOCThiD, TO eCTb 

reoMeTpHqecKHM MeCTOM T04eK, paBHOy,/\a~eHHHX OT 3a,/\aHHOM T04KH. 

PaCCMOTPHM Tenepb yC~OBMH (31). OHM SKBHBa~eHTHH yC~OBHHM 

-+ c¥J2 c 1- rih- J2 < E < o, 0 < 12 < t M k. (39) 

Ha n~oCKOCTM 12 E MHOEeCTBO T04eK (39) H306pazaeTCH KPHBO~HHeMHHM 

TpeyrO~hHMKOM. 

TipH BHOO~HeHHH STHX YC~OBHM op6HTY n~aHeTH MOXHO Ha3BaTb 

SJIJU1nCOM, onpe,IJ.eJIHH SJIJI11nC KaK reOM€TpH1.1eCK08 M€CTO TOtJ€K, CYMMa 

paCCTOHHMM KOTOPHX )(O ,1\BYX ,1\aHHHX T04eK eCTb Be~M4HHa nocTOHHHHaH. 

3a)(aHHHe T04KM Ha3oBeM $DKycaMH H o603Ha4HM F M F. TIOCTOHHHYID CYMMY 

paccTOHHHH 0603Ha4HM qepe3 2a H Ha30BeM )(~MHOH 60~billOH OCH S~~Hnca. 

PaccTOHHHe MeX!lY $OKycaMH o6osHa4MM 4epes 2c. Cpe)(HIDID T04KY Melt!lY 

$OKyCaMH 0603Ha4HM 0 H HaSOBeM UeHTPOM S~~Hnca. EO~bmaH OCh S~~Hnca 

npoxo)(HT qepes ero $oKycu H )(e~HTCH ueHTPOM s~~Hnca nono~aM. Ma~aH 

ocb s~~Hnca npoxo)(HT qepes ero !leHTP nepneH)(mcy~HPHO K 6onmoA ocM. 

KaK H 6o~hmaH, Ma~aH oct )(e~HTCH ueHTPOM s~~Hnca nono~aM. A~MHY 

Ma~OM OCH 0603Ha4HM qepes 2b. Pa£CTOHHHH OT TO';!,I<M Q, ~eJ<aiJleii Ha 

S~~Hnce, )(0 $OKYCOB o6o~Ha4MM p H p, TaK 4TO p + p = 2a, a > C. 

Ms Tpeyro~hHHKa QFF Haxo)(HM (eM. PHCYHOK 2) 

F F 

PHCYHOK 2 
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ch 2a Z P = ch 4- ch. -f- - sh 4- sh -f- cos (X - <P) • (40) 

fiOC~e H8C~OXHHX npeo6p330BaHHM OTCID~a no~y438M ypaBH8HH8 (27), r~e 

P sh ~ = k (ch ~ - ch 4-), N sh ~ = sh 4-. (41) 

Y6e~HMCH s TOM, 4TO onpe~e~eHHue TaKMM o6pasoM P H N 
Y~OB~8TBOpfliDT yc~OBMHM (31).: TaK KaK C > 0 M a >C, TO nepBUe ~Ba H3 

YC~OBHM (31) YAOB~8TBOPfliDTCfl, a TaK KaK 

N + f - 1 [sh 4- + ch ~ - ch 4- - sh ~ l I sh 4 = 

2a ) = [exp (- ""l( exp (- 1'jt)l Ish~. 

TO Y~OB~8TB0pfl8TCH H TP8Tb8 H3 YC~OBMM (31). 

(42) 

Kor~a T04Ka Q HaXO~MTCfl Ha M3~0M OCM, TO Tpeyro~bHMK Q F F 

cTaHOBHTCfl pa~Ho6e~peHHHM, a Tpeyro~bHHK Q 0 F - npHMoyro~hHHM. 

llpH STOM p = p = a • C~e~oBaTe~bHO, 

h a h b c c y=c ychy. (43) 

llo~cTaB~flfl aTo paBeHCTBO s WOPMY~Y (41) ~~H P, no~yqaeM 

p th f = k th
2 * ( 44) 

Cor~acHo (24) M (44) no~yqaeM 

L 2 
= t M k th2 {- I th f (45) 

rro~C4MT38M E. cor~aCHO (24) WM88M 

E= tt [N2- (1- f)2]. (46) 

Pas~araH pasHOCTb KBa~paTOB B npOH3Be~eHHe ~BYX MHO~MTe~ew, O~MH M3 

KOTOPHX paBeH (42), a ~pyrow paBeH 

H3XO~MM 

p 
N + 1- 1< [exp 1'jt - exp (- 4)l Ish ~. 

8 

N2 
- ( 1 - f ) 2 = 2 [ ch 1'jt - ch 4 l exp (- 4 ) I sh2 4 . 

no~cTaB~~~ cro~a (41), Haxo~~M 

N2 - ( 1 - f ) 2 = - 2 f exp (- 4 ) I sh 4. 
ll0.li;CT3BJHUI '3TO paBeHCTBO B ( 46) , OOJJYll38M ( 34) , TaK tJTO 3H8Prlt1H 

OJI3H8TH, K3K ~ B 8BKJIH.n;OBOM reOM8TPHM, He 33BMCHT OT M3JIOA OCH ee 
op6HTH. CpaBHHBaH (34) c (9), no~yqaeM saMe4aTe~bHoe paseHCTBO 

E=U(2a) (47) 

H833BHCHM08 OT OOCTyJiaTa EBKJI£1)1;3 0 napaJJJI8JihHHX B BH.li;HMOM MMpe, TO 

8CTb cnpase.n;JJHBOe B a6COJIIDTHOt1 reOM8TPHH BH)I;HMOrO MHpa. 

B paBHOti Mepe K a6COJJIOTHOt::f reoMeTPHH BH,IJ,I1MOrO MHpa OTHOCHTCH 

nepsm1 saKOH KenJiepa, cor .nacHo KOTOPOMY nJJaHeTa .IlBHlK8TCH no 

3JlJH1nCY, B O,II,HOM H3 $OKyi::.OB KOTOpOPO H8XO,IU1TCfl COJIHU.8 ( 8CJJM no.n. 

3JIJJHnCOM nOHHM3Th reOM8TPH48CK08 M8CTO T048K, CYMMa paCCTOHHH" 

KOTOpHX .U.O ~OKyCOB eCTb B8JJH4HH3 nOCTOflHHafl; B COOTB8TCTBMM C 

~OPMY~OH (47) 3Ta CYMMa paBHa 2a). 

Mo~Ho onpe~e~HTh op6HTY n~a~eTH HHa4e. nposeAeM oKPY~HOCTh 

pa~Hyca 2a C U8HTPOM B ~oKyce F ( CM. pHCYHOl< 2). 0p6f!Ta 8CTb 

MHOJK8CTBO T048K, paBHOY ,li,3JJ8HHHX OT 3TO~ OKPYJKHOCTM M OT ilJOKYC3 F, 

4TO BM~HO ~13 WOPMY ~H ( 40) • 

]oKa~eM, 4TO BTopoM 3aKoH Ken~epa (B yT04HeHHow wopMy~HPOBKe) 

T3Klte OTHOCMTCH K a6COJIIOTHOH reOM8TpMM BtUHMOrO MMpa. 

JlJJfl 3TOrO paCCMOTPMM TIJJOIU3.lth C8KTOpa, JI8Jit31U8ro Ha n.JJOCKOCTI1 

8 = ~ M orpaHM48HHOrO JIY43MM qJ = 0, {jl = canst M H8KOTOpOCf KPMBO~ 
p = p ((j)). BBH~y (5) paBHa 

iQ P<!Ll 1', 
~ (<P) = J d ~ f k sh 1C 

0 0 
d g = J k2 [ ch ¥ - 1 ] d u . 

0 
( 48) 

ECJJM Y,li,BOMM Bee pa,li,M3JJhHHe pa3MepH 3TOrO C8KTOpa, TO TIOJIY4MM 

C8KTOp, orpaHM48HHOrO JIY43MYI qJ = 0, {jl =canst Yi KpMBO" p:;;; 2 p (qJ). 

TipM STOM ero 0JIOIU8.Uh B CJIY438 reOM8TPYIM EBl<JlM.U3 Y48TB8PMTC51, a B 

c~yqae reoMeTpHH Ro6a4eBcKoro cTaHeT paBHOH 

~ ( (j)) = /k2 [ch 2p(gJ 
0 k 

(j) 
- 1 ] d p = J 2 k2 

0 

9 

sh2 ¥ d u. (49) 

~f 

i 
~I 
) 
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C~e~OBaTe~bHO, ~OPMY~Y (16) MOXHO sanwcaTb B BH~e 

A 

2Lt=i:(<Jl) (50) 

TaK MOEHO san~CaTb BTOPOii 3aKoH Ken~epa B a6comOTHOii reOMeTpWW, 

OOHHMaH 00~ i: ((jl) n~o~a~b C8KTOpa ®wryp~, KOTOpaH no~yYHTCH 

H3 op6HT~ n~aHeTH, eC]H Y~BOHTb ee pa~wa~bH~e pasMepu • B reOMeTpHw 

Ao6aYeBCKOro STOT CeKTOp orpaHHYeH ]yYaMH (jl = 0, (jl = canst H KPHBOii 

p 
k th -~v 1 + N cos <Jl 

C~e~oBaTe]bHO, B reoMeTHH Ao6aYeBcKoro 

~ ( (jl) = 1 2 P
2 

d u 
o (1 + N cos u> 2 p2; k2 

(51) 

(52) 

3ToT HHTerpa~ 6epeTcH no~cTaHoBKoii f = tg ~ • AeiicTBHTe~bHO, TaK 
~ 

KaK no~ HHTerpa]OM CTOHT pa3HOCTb 

p k p k (53) 
1 + N cos u - P/lK T+Ncosu+P/k 

OPHYBM B~nO~HHIDTCH YC~OBHH (29), a npH m > lnl HMeeM 

d g 2 [ y'"rn::ll tg t) . (54) = d arctg lii+ll m + n cos u 
/"m2 - n2 

TO 

p k 
arctg ( /" ~ P kN t) L t = 

( 1 - PI k) 2 - N2 P + kN tg 

(55) 
p k (/"k+P-kN f) 

(1+P/k) 2 -N2 arctg k + P + kN tg • 

BBM~Y (54) y~o6HO CYMT8Tb, YTO yrO] (jl M8HH8TCH- X ~0 +X. ITpH STOM 

yC]OBMM Bp8MH t MeHH8TCH OT - ~ ~0 + ~ , r~e T - HaXO~HM nepwo~ 
o6pa~eHMH n]aHeTH no op6wTe (ee ro~). OTCID~a Haxo~wM: 

ILl T =X P k [ ( 1 _ p~ k) 2 - N" (1 + p~ k)2 _ N2) • 
(56) 

ITO~CTaB~HH (24) B (56), HaXO~MM, YTO nepHO~ c~e~yiD~HM o6pa30M 

3aBHCHT oT sHepr»M E: 
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T X k 
1"2 

[ 1 -
y' -=---ir 

BOBC8 H8 33BHCHT. 

I" E + ~ r M I k ) . 
(57) 

OT MciM8HTa· 1 OH 

ITo~cTaB~HH 

nepwo~a T. 3To 
(34) B (57), no~yyaeM B~paxeHMe (38) ~]H KBa~paTa 

BHpaxeHHe y~o6Ho sanwcaTb B C]e~yiD~eM BH~e: 

2 a 2 x 
('f ch K) = 2'(11 2a 3 (k sh K> 

TaK BHr]H~HT TPeTHii saKOH Ken~epa B reoMeTpHw Ao6aYeBcKoro. 

4. 0 fPABV!TAUV!OHHOM ITOTEHUV!AAE B ITPOCTPAHCTBE AOEACJEBCKOfO 

(58) 

V!3 ( 5) H ( 7) C~e~yeT, YTO ~]H rpaBHTaUHOHHOrO nOT8HUHa~a U, 

nopoE~eHHoro MaccoH 3Be3~H B npocTpaHCTBe Ro6a4eBcKoro, BTopoH 
~HijJ®epeHUHa]bH~ii napaMeTp EenTpaMH 11 U BCID~Y BHe 3B83~H paBeH 

HyJJJO. CtB1T3H, 4TO P3.IU1YC 3B831ll:l M3Jl no cpaBH8m1IO C. KOHCT8HTOA k, 
H3XO~HM B6~H3H 3Be3~H npH6~HmeHHOe BHpaX8HH8 

u = - J:j,l_ p 

~~H OOT8HUHa]a (9) H npH6]MXeHH08 B~pa~eHHe 

d s2 = d p2 + p2 ( d 82 + sin2 e d ~2 > 

(59) 

( 60) 
~~~ MeTpHKH (5). HHa4e rOBOp~, B Ma~OH OKpeCTHOCTH 3B83~H noT8HUHa~ 

(9) nepeXO~HT B HbTOHOBCKMii OOT8H~Ha~ (59), a M8TPHK3 (5) nepexo~HT 

B 8BK]H~OBY M8TPMKY (60). TaK KaK HbTOHOBCKHii OOTeHUHa] 
Y~OB~eTBOPHeT ypaBH8HHID flyaccoHa 

diV grad U = 4X f M 6 (r) ( 61 ) 

C 0 - o6pa3HOH n~OTHOCThiO MaCCH, TO noTeHUl1a.n ( 9) Y~OBJleTEOpHeT 

ypaBH8HHID 

11 U = 4 X T M U 6 (X) 6 (y) 6 (z) ( 62) 

r~e X, y, Z- CYTb (14), 
u = ch f, (63) 

PH~ pe3y]bTaTOB no ~aHHOMY Bonpocy onyO]HKOBaH B [3] - [5]. 
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5. C~Y~AVI 1 ~ 0, E < 0 

C~yqa£1 1 ~ 0, E < 0 MOliCHO cqMT3Tb npe,l\e~bHHM no OTHOill8HMJ{) K 

paCCMaTpeHHOMY BHID8 c~yqaJ{) 3~~HnTH48CKOro ,l\BHX8HHfl. ITpH 1 ~ 0 
paccTOHHHe 2c Mex~y WoKycaMH s~~Hnca cTpeM»TCH K 2a, a caM s~~Hnc 

BHPOX,l\aeTC8 B pa,l\Ha~bHH~ oTpesoK .1\~HHH 2a. ITpH sTOM ~OKYCH 

CTp8MflTCfl K KOHUaM SToro 0Tp83Ka [6, C. 75). 
ITpH L ~ o. cor~acHo ( 16) ~ ~ 0. Hapfl.l\Y c e ~ -f MH MOliCeM 

no~OXHTb ~ ~ 0. ~a~ee, o6o3Ha4HB 48P83 (34) OTPHUaTe~bHYJ{) 3Hepl'HJ{) 

E, npH 1 ~ 0 cor]aCHO (9) M (17) no~y4HM 

( 4-%- )2 
~ Lf--M- [cth -Jl- - cth +) . (64) 

KaK BH,l\HO, 3a,l\aqa CBe~aCb K KBa,l\paType. ITOC]8,l\Hflfl 6epeTCfl c noMO!UhiO 

TIO,l\CTaHOBKH 
s ~ fcth -Jl- - cth 4- (65) 

B pesy~bTaTe no~yqaeM 
t2 r M k-3 t ~ 

[ 0 r' /2 [ [ r' /2 ] ~ cth 4 - 1 -f - arctg cth 4 - 1 S 

[ 2 r /2 [ [ r /2 ] 
(66) 

- cth -i- + 1 f - arctg cth 4 + 1 S • 

OTCOO,l\a C~8.l\YOOT $OPMY~H (57) H (58). 
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'IepHHKOB H.A. _ P.2-97-68 

1 I )J.BH)KeHHe OJI.aijeTbl B npDCTR8HCTBe Jlo6al.JeBCKoro 

YcTaHOBJieHhl 3aK0Hhl nBH)Kerm.s~ nnaHeThJ s npocTpaHCTBe Ilo6al.JeBcK.oro, 

npHT51rnsaeM0H noKO.s~meHc51 3Be3noH. 3a!(OHhi 3T.H aHanorHlJ.HbT 3aKOHaM Kennepa. 

Hanp-HMep; ·ap6HTa TaKoH nnaueThi . .s~sn.s~eTc~ 3nn.~ncoM ~a nnocKOCTH Jlo6alJeBcKo

ro. nepBblH 11 sTopotl 38~0Hbl Kennepa l!¢op~ynHposa)ibl B TepMHH~x.a6coJiiOTUOH 
reoMeTpHH. HaHnc;u ·nepHOJl o6pawenH.sJ nnaHeTbi soKpyr· 3Be3Jthl s npocTpaHCTB~ 

Jlo6al.JeBCKOI'O. 

Pa6oTa BbinOJIUeHa B J1a6opaTOpH11 TeppeTHl.JecKOH <IJH3.HK11 HM.H.H.Eorom06o

Ba 0115111. 

Coo6memte Ofuemmennoro uncmryra .!IJtepHbiX. HCCJJeJtosrumll . .U)(Gna, 1997 
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flepeaoa aaTopa 

Chernikov N .A. P2-97-68 
T~e Motion of a· Planet in Lobachevsky Space 

The laws of motion for a plan.et, attracted by a star. in Lob~chevsky space
are established. These laws are analogous to Kepler laws. For instance the ,or\Jit 
of ~uch a planet is an ellipse on a.Lobachevsky plane. The first and ~econd Kepler 

·laws are formulated in terms ofthe absol~te geometry. The rotation,period of a planet .. , 
arouqd the ·star in Lobachevsky space is found. · · 

The investigati~n has been performed at the Bogoliullov Laboratory 
_of Theoretical Physics, JINR. 
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