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B Teop.11.11 TRI'OTeHHR C .llBYMR aqilf).HHHUMH CBR3HOCTRMH,. paspa6oTaHHOH 
H.A.YepH.HKOBUM [1-4], ypaBHeH.HR 3AHmTefiHa 

Rb-+ Rgb=8,tfMb a L a a 

saMeHRJOTCR Ha ypaBHeH.HR 

S - 1 S gmn g = 8 X t M · ab- 2 mn ab ab.:' 
( 1) 

r,lle 

1 V V 

8ab = Rab - 2 (Rab + Rba) • ( 2) 

3,llec1, Rab - . TeHsop PHIJIJH .llJIR noJJeBofi CBR3HOCTH rm: . .Rab - TeHsop 

PHIIIJH ,llJIR qJOHOBOH CBR3HOCTH rm:• noJJeBaR CBR3HOCTI, rm: COBn~,llaeT C 

CHMBOJJaM.H Kp.HCTOqiqieJJR .llJIR MeTpHtiecKoro TeHsopa. g b • M b - Te1faop a a , 
Maccu. He saB.HCRmHfi OT BU6opa qJOHOBOH CBR3HOCTH. 

B pa6oTax [5-7] qJOHOBaR. CBR3HOCTI, 3a,llaeTCR C n0Mom1,10 reoMeTPHH 
Jlo6aqeacKoro .11 pemaeTcR sa,llalla filBapum.11J11,,1ta .itJJR ypaBHeHHR ( 1). B 

o6JJaCTH, r,lle .llBHXYTCR nJJaHeTu. Mab =:O, .11 ypaBHeH.HR (1) np.HHHMaIOT BH.ll 

Rab = Rab • (3) 

B pa6oTax [5-7] npe,llnOJJaraeTCR, IJTO'B OTCYTCTB.He rpaBHTaUHH noJJeBaR 
MeTp.HKa np.HBO,ll.HTCR K BHAY 

gab d xa d xb = d p2 + k2 sh2 t d 02 - c2 d t 2 , (4) 

r,lle c - CKOPOCTI, CBeTa, t - BpeMR, k - KOHCTaHTa Jlo6a1JeBCKoro. ,. 

d p2 + k2 sh2 t d g2 

- MeTp.HKa Jlo6a1JeBCKOI'O B cqiep.11qeCKHX KOOp)t.HHaTaX p, 8, (J), 

d n2 = d e2 + sin2 e d q>2 

(5) 

( 6) 

- cwepHtleCKaH MeTp.HKa. KJ)OMe TOI'O npe,llnOJlaI'aeTC.!1, 'ITO B OTCYTCTB.He . 
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rpaa11Tam,m noJJeBaH c!insnocTb coana.n:aeT c iIJonoaoii n qTo· iIJonosaH 
CBH3HOCTI, He 3aBHCHT OT rpaB11Ta[lHOH110ro nn.nn, TaK qro MeTpHKa (4) 

HBJuteTCH TPl1B11aJlbHHM peme1111eM ypas11e1111.R ( :J). 

B COOTBeTCTBHH C BHmecKa3aHHHM B 1mop.n:miaTax P, 8, (j), t OT.nwrnue 
OT HYJIH KOMnOHeHTH ifJOHOBOii CB.R3110CTH paBHU 

f 2~ = - k Bh f ch f , v1 v1 •2 r33 = r22 sin e. 

V 2 - -1 t - V 2 r12 - k cth . - r21 , f 3; = - sin 8 cos 8 (7) 

V 3 -1 t V 3 r13 = k cth = r31 • 
V 3 V 3 r23 = cth 8 = r32 , 

a OTJil14HHe OT HYJJH KOMnotteHTH Tensopa Pnq•m R~b paBHhl 

V -2 V -2 V V , 2 R11 = - 2 k , R22 = - 2 sh 8, R33 = R22 sin 8 ( 8) 

Pemett11e sa.n:aq11 maapum11J11>.n:a .llJIH ypaa11e1111.R (3) naii.n:etto B pa6oTe [71 B . ' . 

B11,lle 

g d x• d xb = F2 d p2 + H2 d a 2 - v 2 d t~ 
ab .. ' 

( 9) 

r~e ¢YHKI.t1111 FI H, V 33BHCHT TOJlbKO OT ltoOP.llJIHllTH P, np11qeM 

F V = c , 

p2 = e-2a sh(£+ a) 
sh ( - a) g = t , 

H = k e-d sh ( g + a) , 

1 . 
2 sh2a= :£......!!!_ 

k c2 ' 

P0 = i m c-2 .- rpaa11Taun0Htthlii pa.n:11yc Macchi m. 
.ns11i:en11e nJJaHeTH sa.n:aeTCH ypaa11emrnM11 reo.n:es11qecK11x 

2 
J!:__Q_ + p-1 . d F ( ._g__Q__ ) 2 = 
d ,:~ - cfp ·aT-

( 10) 

( 11) 

( 12) 

( 13) 

p-2 H d H [( d 8 )2 + sin2 8 ( JL.<Q_)2l _·p-2 V d V ( d t )2 op aZ · _d_t_ · op aZ • 

2, 

~ "<' -....~ 
{, ~-l.~: .. ._ . : .. ~ ~ J 

2 . 
d8 . (#>2-JL.J!.. + 2 H-1 d H ft 

d ,:2 op t ·ilr- - srn 8 cos 8 t - o 

~ + ·2 H-1 d H -H- -¾-t + 2 cth El -a-~ ¾-t = () • d ,:2 op 

K-1_ + 2 y-1 d V -H- _d t_ = 0 
(14) 

d ,:2 op t TT 

.llJIH noJJeBoii MeTpl1K11 (9). 3.n:ecb 't' - co6CTBe1111oe BP8MH nJJaHeTH. IT03TOMY 
noJJaraeM 

p2 ( _g__Q_)2 + H2 [( de )2 + sin2 8 ( JL.<Q_)2l _ y2 ( d t )2 = _ c2 
<l'C <l'C cl'f" aZ . 

( 15) 
3aMeTl1M, l{TO JleBaH qaCTb 3TOro paBeHCTBa .RBJI.R8TCH nepBHM 11HTerpaJJOM 
Cl1CTeM~ ypaanen11A ( 14) • ,npyniM nepBhlM IIIITerpaJJOM STOA i:e Cl1CTeMh1 
HBJI.ReTCH 11HTerpa~ (y.n:eJJbllOA) 3Heprn11 

( V )2 d t 
C aZ = E (16) 

OH noJJyqaeTCH 113 qeTBeproro ypaa11e1111.R CHCTeMH (14). HCKJl~qa.R 113 (15) 
11 (16) npOl13B0.llHYn g ~ ~ yq11THBaH (10), no.nyqaeM, 

< ¾t>2 = E2 c2 _ y2 _ ( VCH )2 [( g ~- )2 + sin2 8 <¾t>2l. ( 17) 

H3 coo6pai:ett11ii Cl1MMeTp1111 noHHTHO, l{TO .llOCTaTOl{HO paCCMOTpeTI, .llBl1J.'.eH11e 
nriaHeTa. B 3KBaTop11aJ1bHOA nJJOCKOCTl1 

,c 
8 = 2 . ( 18) 

Ilp11 TaKOM BH6ope 8 BTOpoe 113 ypaatte1111ii (14) Y.llOBJleTBOp.ReTCH, a nepaoe 
11 TpeTbe c11J11,110 ynpomanTcH, np11qeM 113 TPeTbero ypaatteHHH no.nyqaeTc.R 
nepBHii HHTerpaJJ ' . . . 

H2 ¾t = Jl ( 19) 

KOTOpuii MOJ.'.HO 11HTepnpeTl1POBaTI, KaK y.n:eJJbHHA MOMeHT nJJaHeTu. 
Ilo.n:cTaBJJHH (18) 11 (19) B (17), no.nyqaeM 

( ¾t ) 2 = E2 C2 _ y2 _ ( . u ~ ) 2. 

H3 C 19) 11 ( 20) noJJyqaeM .n:~itiitiepemtHaJ11>Hoe ypaa11en11e 
(20) 
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µ2 c h > 2 = 82 c2 84 _ v2 84 _ c µ v· ti > 2 cr---w C 
(21) 

,ll;JIH TpaeKTopm1 p = p (q,). JlO)l;CTaBJIHH CJO,ll;a ( 10) - ( 13), noJiyqaeM 
OKOHlfaTeJILHO CJie)tY)'.ll!lee ypaBHeHife: 

µ2 C * ) 2 = 82 c2 p4 k4 sh4 ( e + <1) _ 

- c2 P2 k4 sh (f - <1) sh3 Ce+ <1) - (22) 

- µ2 k2 sh (f - a) sh (f + <1) , 

rJJ.e 

P = e-<1 • (23) 

YpaBHeH11e (22) anepaue noJiytJeHo B pa6oTe [71. B ripeJJ;eJie k - CD OHO 
nepeXO,ll;HT B H3BeCTHOe ypaBHeHHe 

µ2 C ft) 2 = 82 c2 ( P + P ) 4 _ 
.. q, 0 

(24) 

-c2 (p - Po> (p + Po>3 - µ2 (p - Po> (p + Po> 

TpaeK7op1111 nJiaHeTu B noJie maapl.(m11J1b.D;a [81. 
ECJll1 BBeCTl1 HOBym nepeMeHHHY~ 

u = f cth I; , (25) . 

To nocJie PH.D;a npeo6pasoaaH11ll ypaaHeH11e C 22) np11Be.D;eTcH K cJ1e,11;y10meMy 
BU)J.y: 

d u 2 · . ( cr---w) = {A0 + A
1 

u + A
2 

u2 + A
3 

u3 + A4 u4
} ch4 tt , (26} 

r.D;e 

A = (E2 p2 _ 1) c2 p2 ~-2 + k-2 _ k-4 A2 0 , ., , (27} 

A1 = 2 (2 £2 p2 - 1) c2 p2 µ-2 p • 

A2 = - 1 + 6 £2 p2 JC2 c2 a2 t k-4 !34 , 

4 

' 1 

\ 

!d 

A3 = 2 (2 £2 p2 + 1) c2 p2 µ-2 a3 • 

A = (£2 p2 + 1) c2 p2 µ-2 a4 + a2 _ k~2 a4. 
4 

B CBOJO oqepe,n1,, 

a = k th <1 • (28) 

W3 ( 26) CJie)J.yeT, lfTO saBl1CHMOC_Tb U OT !Jl CBO,ll;l1TCH K SJIJll1nTHlfeCKl1M 
IPYHKl..(11HM [9]. 

B npe.D;eJie k ·-+ CD ypaBHem1e ( 26) nepexo.n11T B ypaaHeH11e 

( g ~ )2 = (£2 - 1) c2 µ-2 + 2 (2 £2 - 1) c2 µ-2 Pou+ 

+ (6 £2 µ-2 c2 P~ - 1) u2 + 2 (2 £2 + 1). c2 µ~2 P~ u3.+ 

+ [1 + (£2 + 1) c2 µ-2 P~ l P~ u4 

.D;JIH TpaeKTop1111 nJiaHeTu B noJie maapl.(m11J1b,1J;a. B (29) u = p-1• 

(29) 

C.neJiaB Te ze np116J1111:emrn [BJ, tJTo n B cJiyqae maapl.(m11J1L.lla, 113 
ypaBHeH11H ( 26} noJiyqaeM ypaamiH11e 

( du )2 _ A 2} h4 0-W - {A0 + 1 U + A2 u c tt, 

pemeHV.e KOTOporo 11MeeT CJleJJ.YIO!lll11l B11,ll: 

rJJ.e 

U = 1 + e COS V p 
p 

p = :- 2 A
2 

/ A
1 

, 

e = ✓1 + 2 A
0 

p / A1 

v = ch2 tt ✓ ::-;;_- . 

(30) 

(31) 

(32) 

nJIH nJiaHeT coJIHetJHoll c11cTeMu A2 < o. JlpH v = 1 ipopMyJia (31} on11cuaaeT 
KOHl1lfeCKl1e cetJeHHH. nJIH TOI'O lfT06U ,llBl1J:eH11e 6UJIO Wl1Hl1THUM, B 
paccMaTp11aaeMOM np116J1HJ:eHl1l1 corJiaCHO ·[10] AOJIJ:Hll BUnOJIHHTLCH 
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c~eAYIDmHe YC~OBHR: 
1) e =·o, 0 < p < k A~R KpyroBoro ABMZeHMR, 
2) e > 0, p + k e < k A~R·s~~HnTMqecKoro ABMEeHHR. 
H3 3TMX yc~OBHA c~eAyeT, qTo £ 2 p2 < 1. 

IlpH k --:-- (D MMeeM 
P - P0 = µ 2 

/ t m • 

2 A0 I A
1 
-➔ ( £ 2 - 1) _I p

0 
, 

e - e0 = ✓ 1 + ( £ 2 
- 1) p

0 
/ P

0 

v - Vo = I - 3 Po I Po 

(33) 

CMe111emfe nepHre~HR n~aHeTll paBHReTCH !! q, = 2 v X - 2 x. 113 
H3~ozettttoro Bllme c~eAyeT BllBOA, qTo npu k - m cMememfe nepure~HR 
n~aHeTu B 'TeopHH TRroTeHHR C. ~OHOBOA CBR3HOCTbID Jo6aqeBcKoro 
cTpeMHTCR K cMemeHHID !!_ cp<- nepure.nnR n~aHeTu B no~e msapumu~ua. 

B 3aK~roqeHHe aBTOPll BllpazaroT 6~arOAaPHOCTb npo~eccopy 
H. A.1.{epHHKOBY 3a npeA~O:leHHYIO TeMy, nocTORHHOe BHHMaHHe K pa6oTe H 
ueHHlle COBeTll. 
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PyKOIDICL IlOCTYIIWia .B H8.I(aT8JILCKlltl OT.I{8JI 

9 Hlllln I993 ro.zta. 
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TEMATHqECKHE KATErOPHH nYBJIHKAU}1R 

OB~E~HHEHHOro HHCTHTYTA ~EPHYX 

HCCJIE~OBA~HR 

.HimeKc TeMaTHKa 

1. 3KcnepHMeHTanbHaR (!>H3HKa·awcoKH~ 3HeprHH 

2. TeopeTH4eCKaR (!>H3HKa BWCOKHx:3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTPOHHaR (!>H3HK.a 

4 .. TeopeTH4ec~aR (!>H3HKa HH3KHX 3HeprHH 

s. MaTeMaTHKa 

6. ~AepHaR cneKTPOCKOnHR H paAHOXHMHA 

7. ll>H3HKa TA*enwx HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. AaTOMaTH3al.lHR o6pa6oTKH 3KCnepHMeHTanb,HWX 

AaHHWX 

11. BW4HCnHTenbHaA MaTeMaTHKa H TeXHHKa 

12. XHMHA 

13. TeXHHKa (!>H3H4eCKoro 3KcnepHMeHTa 

14. HccneAOBaHHA TaepAWX Ten H *HAKOCTeH 

AAePHWM~ MeTOAaMH 

15, 3KcnepHMeHTanbHaA (!>H3HKa AAePHWX peaKLIHH 
npH HH3KHX 3HeprHAX 

16. AoaHMeTpHA H (!>H3HKa aa~HTW 

17, TeopHA KOHAeHCHpoaa·H~OrO COCTOAHHA 

18. Hcnonb30BaHHe peaynbT8TOB .H MeTOAOB 
ll>YHAaMeHTanbHWX (!>H3H4eCKHX HccneAOBaHHH 
a CMe*HWX o6naCTAX HayKH H.TeXHHKH 

19, 6Ho(!>H3HK8 


