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'EOMETPUA JIOBAYHEBCKOI'O 1 TEOPUA TAT'OTEHUA

H.A .Yepuukos

O6vedunennviti uncmumym goepuvir uccaedosanut, 141980 Mybrna Mockosckoti 06.a., OUAH JITD

Hoayuerno 25 cenmabpsa 1994 e.

Hana pacmmdpoBka TepMuHOB "HepeasTuBUCTCKUR u "penstusuctckuii’. OmpenesnseTcs MpOCTPAHCTBO CKOPOCTEN,
B KOTOPOM BO3MOXHAa peanmsanus jubo reomerpun Epkiumna, nmu6o reomerpuu JloGaueBckoro. B mepsom cityuae
Ta WU WHAs TEOPUsl HA3LIBAETCS HEPEJITUBUCTCKOW, BO BTOPOM — PEJSTUBUCTCKOU. lloKazaHO, 94TO ypaBHEHUS
CBOOONHOIO MBIKEHUS YACTHULIBEL B OOOMX CIIydasX — HEPEISTUBICTCKOM U PEISITUBICTCKOM — 3aIal0T B IIPO-
CTPAHCTBE — BPEMEHM ONHY U Ty ke a@@UHHYIO CBA3HOCTH G€3 KPydeHUs. OTa CBI3HOCTH HA3BIBAETCS (POHOBOM.
YpaBHeHUS CBOGOMHOIO MANEHNUS YaCTUALLL 330ai0T UHYIO abdUHHYO CBI3HOCTH 663 KpyJYeHUs. JTa CBI3HOCTH HA3bI-
BAETCsI TOJIEBOI. B HEPESITUBUCTCKON TEOPUU TATOTEHUS MOJIEBAs CBS3HOCTDH BBIPAXKAETCS 9epe3 IPaBUTALMOHHBIN
MOTEHIUAI. B pPesITUBMCTCKOR TEOPHUH TSIOTEHUs IIOJIEBAsi CBSI3HOCTH BBIPAXKAETCSI depe3 IIOJIEBYIO0 MeTpPUKy. B
paccMaTpUBAaEMyI0 TEOPHIO TSITOTEHUs IBaXKIbl BXONWT KoHcTaHTa JloGaueBckoro. Ta, xoropas xapakrepusyer
KPUBU3HY IPOCTPAHCTBA CKOPOCTEl, COBIIAAET CO CKOPOCTHIO cBeTa c. Ta, KoTopas ompeneisier KpUBU3HY (OHOBOI
CBS3HOCTH, COBIIANAET ¢ KOHCTaHTO! JIo6aueBckoro k. COOTBETCBEHHO PACCMATPUBAIOTCS YETHIPE CIIydas: 1) cirydan
Herorona (¢ = oo, k = 00), 2) cimyqair Jlobagesckoro (¢ = 00), 3) ciydqair Oummreitna (k = 00), 4) obumit ciygaii.

N.A.Chernikov
Lobachevsky Geometry and Theory of Gravity

The terms “relativistic” and “non-relativistic” are explained from the author’s viewpoint. The velocity space is
defined, where either the Euclidean, or the Lobachevsky geometry is realized. In the first case the theory under
consideration is called non-relativistic, otherwise relativistic. It is shown that in both cases, the non-relativistic and
relativistic ones, a free particle’s equations of motion determine the same torsion-free affine connection in the space-
time. This connection is called the background one. A particle’s free-fall equations determine another torsion-free
affine connection, called the field one. In a non-relativistic theory of gravity the field connection is expressed in
terms of the gravitational potential. In a relativistic theory the field connection is expressed in terms of the field
metric. Two kinds of Lobachevsky constants enter into the theory of gravity under study. The first one, which
characterizes the curvature of the velocity space, coincides with the velocity of light, c. The one determining the
curvature of the background connection, is just the Lobachevsky constant k. Accordingly, four cases are considered:
(i) Newton’s case (¢ = 0o, k = o0); (ii) Lobachevsky’s case (¢ = oo); (iii) Einstein’s case (k = 00); (iv) the general
case.

PACS No 04.20.Cv, 04.20.Jb

1. PacimndpoBka nByxX TEPpMUHOB

IIpu Bcex mocTOMHCTBAX TEOPUU TSATOTEHUS DWHIIITEl-
Ha B Hell HaxomaT HemocTaTku. CaMblil U3BECTHBIN
HEIOCTATOK BUIOSAT B TOM, YTO INIOTHOCTb YHEPIUU B
Teopun OWHINTENHA 3aBUCAT OT BBIOOPA KOODIUHAT.
OueBuOHO, 5TO MPOTUBOPEUUT OBIIEMY HMPUHIIUITY OT-
HOCHUTEIBLHOCTH, COTJIACHO KOTOPOMY 3aKOHBI IIPUPOIBI
HAIO IIPEINCTABJIATHL B BUIE, HE3ABHCHMOM OT BBHIOO-
pa KOOpOWHAT, ONHAKO XOUy Cpa3dy CKa3aTb, YTO He
CUNTAIO TOJIE3HBIM [I€JIOM BBICTYIATH HU IPOTUB TEO-
PUM OTHOCUTEILHOCTU, HU IIPOTUB TEOPHUU TITOTEHUS
Onuirreitna. Bosee Toro, mpuuumMmast ob6e Teopum 3a
OCHOBY, CTapaloCh OONOJHUTL UX U Pa3BUTh. Benb B
YKa3aHHOM BBIIIIE IPOTUBOPEYMH IIPOSIBIISIOTCS HE Of-
HU TOJILKO TEOPETUUECKNE TPYIHOCTH, HO IIOBUHEH U
00IBIIION PA3HOOON B TEPMUHOJIOT AN, ITOJTY YMBIITUNCS B
pe3yibTaTe MHOTOYMUCJIEHHBIX IUCKYCCUHI IO BOIIPOCAM
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TEOpHIl OTHOCUTEIBHOCTH U TAroTeHus [1], 4To roso-
pUT O HEOGXOMUMOCTH CO3IAHMS CIENHATILHOIO TOIKO-
BOrO crosapst [2].

B xpyry BOIpOCOB Teopuii OTHOCUTEILHOCTH U I'Pa-
BUTAINN IIyTEBONHOW 3BE3HOH NJIS MEHS SIBIISAIACH U
sBisgeTcs reomerpus Jlobauesckoro. B kauecTme my-
TEBOMHON €€ s BBLIOPAJI MOTOMY, UTO M3yUMJI T€OMET-
puto JIo6aueBCcKOTO paHbIlle, YeM TEOPUIO OTHOCUTEhb-
voctu. [lpu m3ydeHUU XKe TEOPUU OTHOCUTETHLHOCTH
3aMeTHJ/I, YTO TOBTOPSIO TpoimeHHoe. Tak oHO u ObI-
JI0: BeOb B IIPOCTPAHCTBE CKOPOCTER MOCTYyIaThl EB-
KJInna BCe, KPOMe ONHOIO, HEIIPEMEHHO Dealln3yIOTCs.
OcraeTrcs TOIBKO — MPUMEHUTENBHO K IPOCTPAHCTBY
CKOPOCT€eH — NPUHATH UM He IPUHATH €Ille ONWH IIO-
CTy/aT, a MMEHHO IOCTYJIaT EBKinma o mapauiesb-
HEIX. EcCnu ero mpmHmMaeM, TO IPOCTPAHCTBO CKOPO-
CTell CTaHOBUTCS IPOCTPAHCTBOM EBknuna, a He mpu-
HuMaeM — mnpocTpancTBoM JlobaueBckoro. I'pymnmoi
M30METPUI TPOCTPAHCTBA CKopocTeln EBknuma saBis-
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ercs rpynmna [aguies — TPyNnon w30MeTPUR IIPO-
crpaHcTBa JlobaueBckoro sBisercs rpynmna JlopeHma.
B sToM cyTh Teopum oTHOCHTEIBHOCTH.

Hano mpu3HaTh, 9TO yCTAHOBWIACEH JOBOJILHO HeEJle-
masi IPUBLIYKA HA3LIBATH (DU3MYECKYIO TEOPUIO PEJis-
TUBUCTCKO B cityuae JlopeHna m HepeIsITUBUCTCKON
B ciyuae [amumies;, XOoTs B 000MX CIydYasX MBI MMe-
eM IeJjio C TON WM Opyrod (popMoOR Teopuu OTHOCHU-
tenbaOCTA. CIIeNOBATEIBHO, TEPMUHBI ~'PEIISITUBUCT-
cKuin” v "HEPENITUBUCTCKUN MPUXOOUTCS CINTATH YU~
cto ycmopabME. [losTOMy Hamo, €Citu HE OTKA3BIBATH-
Ccsl OT HIX BOBCE, TO XOTSI OBI JIOTOBOPUTBLCS, KAKOM
NpUOaBaTh UM TOUYHBIA CMBICI. Tak GymeM cumTaTs,
uTO "peNATUBUCTKUN O3HAYAET, UTO B IPOCTPAHCTBE
CKOpOCTell peajiu3yeTcss reoMeTpus JlobaueBckoro, a
"HEPENATUBUCTCKUN O03HAYAET, UTO B IIPOCTPAHCTBE
CKOpOCTell peanusyercs reomeTpus Eskmnuna [3].

2. KoHcTpyKTuUBHOE oIpenesieHue IIpo-
CTpPaHCTBA CKOPOCTEN

IousTre mpOCTPAHCTBA CKOPOCTEN SIBIISIETCS TIPOU3-
BOIHBIM OT OCHOBHOTO HIOHSITHS IIPOCTPAHCTBA—BPEMEHN,
NPENCTABIAEMOrO B BHIE TJIAIKOTO UYETBIPEXMEPHOTO
mHOroobpasuss M. JIBmxeHme MaTepUATBLHON TOYKHI
(koTOpyI0 ymoOHEll HA3LIBATH 3[ECh YACTULEN) IIpef-
CTaBIIIETCS TJIAOKOA KpuBOW juHuMeidr B M, HasbiBae-
MOiT MUPOBOR TpaekTopuell yacTuibl. CKOPOCTHIO Ua-
CTUILI HA3BIBAEM MPSIMYIO, KaCaTeIbHYI0 K MUPOBON
TpaekTopun vactuusl [4]. IlomuepkueMm, uTo B OoTNIN-
qre OT MUPOBOU TPAEKTOPUU KACATENbHAS K Hell Mpsi-
Masl PacHojIoXkKeHa He B caMOM MHoroobpasuum M, a B
kacatenbHoM K M mpoctpanctse A. Kacarenbroe xe
MIPOCTPAHCTBO A SBIISIETCS YETBIPEXMEPHBIM adduH-
HBIM IIPOCTPAHCTBOM C IIEHTPOM B TOYKE KACAHUS, &
TOUKa KacaHus (0GO3HAYMM ee 4epe3 X) IPUHAIIIEKUT
kak mMHOroobpasmio M, Tak um mpocTtpancTBy A. MHO-
JKECTBO BCEX MPIAMBIX B A, NPOXOMSIINX dYepe3 TOUKY
X, SBJIISETCS TPEXMEPHBIM MPOEKTUBHBIM IIPOCTPAH-
creoMm P. Ecnu B HekoTopoit kapre mHOroodpasus M
TOUKa X 3amaercs koopmmuaramu ', z2, z°, %, To
TOYKa IPOEKTUBHOrO mpocTpaHcTBa P 3amaercs om-
HOpomHBIMHU KoopmuHaTamu dz', dz?, dz®, dx*. Tax
BOT, IIPOCTPAHCTBO CKOPOCTEN B TOUKE X SIBIISIETCSI OT-
KPBITON 061acThi0 V B IPOEKTUBHOM IIPOCTPAHCTBE
P.

B mepenstuBucTckoM ciiydae obiacTh V IOTyda-
eTcsI myTeM ynajeHus u3 P omHO TpOeKTUBHON III0C-
KOCTH, KOTOPYI0 0603HaunM P, Tak aTo

VUPw:P

IInockocts P, Ha30BEM IIIOCKOCTHIO CKOPOCTEN TaXU-
OHOB B HEPEIATUBUCTCKOM CJIydae. qTO6BI 3a0aTh 3Ty
IIJIOCKOCTH aHAJUTUYECKN, HY2KHO BBECTU B M KOBEK-
Top BpeMmenu 0,. Ilmockocts Py, 3amaercs ypaBHeHu-
eM

0,dz® = 0. (1)

IIpm 5TOM IPOCTPAHCTBO CKOPOCTEHN OKA3BIBAETCS TPEX-
MepHBIM adGUHHBIM IPOCTPAHCTBOM, a YTOOBI IIpe-
BPATUTh €r0 B €BKJIMIOBO IIPOCTPAHCTBO, HAIO €Ille

99

3amaTh B M KOMeTpIdIecKumii Ter3op ¢*° HOpMAaIbHOTO
mapaboInYecKoro TUIA, CBSI3aHHBIA C KOBEKTOPOM 6,
yCIIOBIEM OPTOTOHAJIBLHOCTH

09" = 0. (2)

B coorBercTBUU C BBIIMIECKA3AHHBIM B HEPEJISITUBUCT-
CKOM city4ae 001acTh V 3a0aeTCsi HePAaBEHCTBOM

Oadz® # 0. (3)

B pensaruBucTckoM ciyuae obmacts V orpaHmUeHa Io-
BEPXHOCTBHIO S BTOpOro mopsimka. Kax m B HepemsaTu-
BIICTCKOM CiIydae, 3Ta obsacTh npocras. IloBepxHOCTH
S MOXHO Ha3BaTh MIOBEPXHOCTHIO CBETOBBIX CKOPOCTEH.
Ona sBaseTcss KOHGOPMHON IIIIOCKOCTHIO. BHENIHI00
10 OTHOIIEHWIO K S 06/IaCTh HA30BEM IIPOCTPAHCTBOM
CKOPOCTEN TAXWOHOB B PEJISITUBUCTCKOM CIrydae m 000-
3HaunM V o,. Taxum 06pa3oM, B PEISITUBICTCKOM CILy-

gae
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YTo6bI 3a1aTh MOBEPXHOCTH S AHAIUTUYECKU, HYX-
HO BBecT: B M MeTpUUYeCKUil TEH30D (qp HOPMAJILHO-
ro runepbosuaeckoro Buma. 1IoBepXHOCTDH S 3a0aeTcst
ypaBHEHUEM

Gapdz®da® = 0. (4)

B oxpectHOCTH TOUKM X MHOrOOOpasms M maiimeTcs

Taxas 4eTBepKa JIMHENHBIX nuddepeHnnanbHbex GopM
X = Xpdz®, Y =Y,dx",

Z =Zydz®, T =T,dx*, (5)

gTo
Gapdz®dz’ = XX +YY + 27 — ATT, (6)

rne depe3 ¢ 0003HaUEHA CKOPOCTD CBETA, COBIIANAIOIIAS
C KOHCTAHTOI1, XapaKTePHOU Ojisi reomerpun Jlobaues-
ckoro. Hapsiny ¢ meTpudeckuMm ynoGHO BBECTU TEH30D
BpeMmeHnu f,p, PABHBII

Oup = —Cizgalr (7)

Paccrosrue s B mpocTpaHcTBe cKOopocTeir V. MeXOy
TOUYKAMI C HEOMHOPOMHBIMU KoopmuHaTtamu dx® u §r®
ompenessieTcs o npaswity Koamnn

af..b
chf _ 0apdx®ox (8)
¢ /[Oapdzodz®][0ap6x2 020

B nHe3spumoM Mupe CKOpocTelr pacCTOSHUE S M3Me-
psieTCs He B CM, & B CM/CEK U HA3BIBAETCS OBLICTPOTOML.
OTHOoCUTEIBHAS CKOPOCTH ¥ YACTUI], BCTPETUBIIUXCS
B TOUKE X C GE30THOCUTEIbHBIMU CKOpocTsMu dz® u
d0x®, paBHA

S
v =cth- 9
. 9)

O6nacTs V 3amaeTcs ycaoBueM

Qapdz®dx’ > 0, (10)
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a 061acThb Vo — IPOTUBOMOIOKHBIM YCIIOBIEM

Oapdzdz® < 0. (11)
Wrak, pemstuBucTCKas TeOpWsi, KAK MBI BIIEINH,
XapaKTepru3yeTCss MeTPUUYECKUM TEH30DHBIM IIOJIEM
Jab, TPUBOOAIIMMCS B Kaxnol Touke X € M kx Bu-
ny (6). B mepemsTuBucTCKO# Teopuu Tem3op g% BbI-
POXKIIEH, I TTIO3TOMY OOpPaTHOTO IOJS §,p B HEW HET, HO
€CTb TEH30D BPEMEHU
Oup = 04,0. (12)
B ornuume ot (12) Tensop Bpemenu (7) He daxTopu-
3yeTcs.

B cooTBercTBUM C TIpENIIOXKEHHON paCIIHGPOBKOM
OBYX TEPMUHOB Teopus TsroreHus HbioToHa sBiseT-
Csl HEPEJIATUBUCTCKON, & TEOPUs TATOTEHUS DWHIITEN-
Ha — pesITUBUCTCKOR. K 3TOMY BOmpOCy MBI erre
BEPHEMCSI.

Ecmu cunrars, yro M sBisercs adh@UHHBIM IPO-
CTPaHCTBOM, TO Ha BCeM MHOroobpasuu M MOXHO mo-
JIOXWUTh

X =dzt, Y =da?, Z =d2®, T = da*. (13)
OTcrona Jserko mosy4aercss KOHCTpyKuwst KorenbHu-
koBa [5].

3. Koopnunatel BeabTpamn u 4-ckopocThb
YaCTUIBI

B o6nactu V, mpencrasinsioriieii TpOCTPAHCTBO CKO-
poctent JIo6aueBCKOro m 3a0aBAEMON B HEOMHOPOMHBIX
koopauHaTax dx® HepaBercTBoM (10), oTHOIIEHNS

01:5, vzzz, UB:Z (14)
T T T
Ha3BIBAIOTCS KoopauHaTtamu Bembrpamu. OHu cosma-
IA0T C KOMIIOHEHTaMM TPEXMEPHON CKOPOCTHU YaCTHU-
ubl. MIx cymMMa KBapaToOB MEHBIIE KBaJPATa CKOPOCTHU
ceera c¢. OTHOImEHNA

- cX
¢ = VT2 — X2 —y2 _ 72’
_ cY
o= VT2 — X2 _y2_ 72
_ cZ
¢ = VT2 — X2 _y2 _ 72’
u = cr (15)

\/CQTZ —X2_vy2_72’

COCTaBJIAIOT 4—CKOPOCTH YaCTHUILI. 3HAYEHUS KOMIIO-
veHT &, n u ( HuueM He orpanmyeHsl. KommomenTa u
HE MOXET OBITH MEHbIIIe eIUHUIBI, TaK KaK

cu=+/c2+&+n2+ (2 (16)

W3 mocnenuert GopMyIBl CleqyeT, UTO ITPOCTPAH-
cTBO ckopocTelt JIo6atIeBCKOTO MOXHO TIPENCTABUTHL B

H.A.Yepuuxkos

BUEe OOHOU IIOJIBI rurepboonna B KacaTeILHOM IIPO-
cTpancTBe A.

KomnonenTst €, 7 u ( MOXHO BHIOpATh B Ka4eCTBE
KOOpPAMHAT B IpOCTpaHcTBe ckopocreir. U3 (8), (15)
u (16) cremyeT, 4TO B 3TUX KOOPAUHATAX METPUIECKAS
(opma mpocTpaHCTBa CKOPOCTEH paBHA

(&€ + ndn + ¢d¢)?
A+ 40+

ds* = d€? + dn* + d¢? — (17)

Ee MmoxnHO paccMaTpumBaTh KakK IMEPBYIO KBaAPATUU-
HyIo hopMy moepxHocTH (16) B mpocTpancTBe A, Tak
kak uepes muddepenunan byukunu (16) ee MOXKHO
IPENCTABUTH B BUIE

ds® = d€? + dn?® + d¢? — Adu?. (18)
B HepensaTuBucTCKOM IIpemese ¢ — OO IIPOCTPAaH-
CTBO CKOPOCTEWl CTAHOBUTCS €BKJIUIIOBBIM, KOODIWHA-
Tl BenbTpaMu CTaHOBSITCSA MEKAPTOBBIMU, 8 KOMIIO-
HEHTHI 4-CKOPOCTH YaCTULBI CTAHOBITCS PABHBIMU

5:7}1; 77:112, C:vgv

CrienoBaTenbHO, MPOCTPAHCTBO CKOpocTell Epknmma
MOXHO TIPEICTABUTE B BUME IFIOCKOCTHU B KACATEIIHLHOM
npocTpascTee A.

u=1.

(19)

4. CBoGomHoe nBuxkeHume yactunbl. Po-

HOBas CBsA3HOCTb

PaccMmorpenne ypaBHeHU# CBOOOMHOTO MBUKEHUS Ua-
CTHUIILI IPUBOAUT K TIOHSITUIO POHOBOM CBsI3HOCTHU. ['O-
BOpSI O CBOOOOHOM NBUXKEHWUW, MBI IMEEM B BHUIY, UTO
Ha YaCTUIly HUKAKVE BHEILTHUE CUJIbI HE NEWCTBYIOT, a
TaK KaK BHEIIIHee IPABUTAIIMOHHOE TI0JIe NENCTBYET Ha
BCE Teya, TO CBOOOMHOE NBUXKEHIE BO3MOXKHO TOJILKO B
OTCyTCTBHUE IPaBUTANMOHHOrO mosisi. [Ipy Hamnunnm xe
TPABUTAIMOHHOTO IIOJIS YACTUIA HE MOXET IBUTATh-
csi ¢cBOOOOHO, HO MOXKET IIaaTh CBOOOIHO, €CIIM HET
HErPABUTALMOHHBIX CwiI. Jl0 cumX mOp Ha TOIOIOIUIO
MHOro6pasust M HUKakKuX OrpaHUYEHUN HE HAKJIIAIbI-
BaJIOCh, HO majibliie OymeM camTarh, 9T0 M sBisercs
MIPSMBIM ITPOU3BENEHNEM TPEXMEPHOIO MHOT000pa3ms
Ha OChb BPEMEHN U B KadeCTBe KOOPIUHATEI r* Gymem
HEW3MEHHO BLIOMpaTh BpeMs t. Haumem ¢ HepesmsTu-
BUCTCKOrO ciiydas. KoBekTop Bpemenu 6, mmMeer cie-
OyIOLTe KOMIIOHEHTHI:

01 =0, 6,=0, 03=0, 6,=1. (20)
B cuny ycnosus (2) crienmyromme KOMIIOHETH KOMETPHU-
YeCKOro TeH30pa ¢%’ paBHBI HYIIO:

g =gt =0, ¢ =g2=y,

g = g1 =0,

g =o. (21)
ITosToMy MOXKHO BBECTH KOMIIOHEHTHI N3, YIOBIETBO-
psIIoLIne yCIIOBUIO

haog®" = 0 (22)
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3mech 1 masblile IPeYeCcKne WHIOEKCHI IPUHIMAIOT 3Ha-
venus oT 1 mo 3. Kpagparuuuas dpopma

hapda®dz” (23)
HOJIOKUTENBHO OLPENEIICHHA 1 Ha IOBEPXHOCTH
t = const (24)

B M 3amaeT TpexMepHYI0 PUMAHOBY TeOMeTpUio. By-
IEM CYHTATb, YTO KOMIIOHEHTHI Rog HE 3aBHUCIT OT
BpeMeHU . DTO He MOMEIIAeT HAM PACCMOTPETH IBE
Teopun: HrioTtona u JlobaueBckoro. Teopus HruroTo-
Ha XOPOIIIO M3BeCTHA, Teopus Jlo6aueBCKOro m3moxena
B [6]. CBoGOnHOE MBIKEHME UACTUILBL 3a0aeTCs DyHK-
uueit Jlarpamxka, paBHOI

1
Lo = 502, (25)

B HEPEJIATUBUCTCKOM Cilydae, I'Ie
0?2 = hopi®iP, (26)

U paBHOUN

Le=c*—c\/c®—v? (27)

B PEJIITUBUCTCKOM CiIydae. 3aMedYaTeNbHO, YTO B 0060~
UX Ciydasx ypaBHeHus Jlarpamika TpUBOmATCA K Of-
HAM U TE€M € yPaBHEHUsAM reome3mdeckux B M, a
UMEHHO:

d?z® dx* dx¥ Azt

I a1~ = =0 28
dt? ok dt dt T dt? ’ (28)

rre {7, } — cxobku Kpucrodbdens rensopa hy,, [7]. B
IAHHOM CIIydae

1
{;?u} = _gaa(auhuo + auhua

5 — Oohyuy). (29)

Ypasrenus reomesmdueckux (28) 3a7a0T HA MHOIO-
obpasuu M adpdunmyio cBsa3HocTh [ 6e3 kpyuenus. B
paccMaTpuBaeMOl KapTe ee KOMIIOHEHTHI PAaBHEI

N o ro
F,ul/ - {,uu}v F4u - Ov
Y
Mo =0 (30)

o
p,4*07
S
44 —

OTy CBA3HOCTH MBI BLIOMpPaeM B KadecTBe (DOHOBOIA.
Ilomuepxuem, YTO OHA He 3aBUCHUT OT CKOPOCTU CBe-
Ta ¢. 3ameruM, uro BeIGOp dyHkuuu Jlarpamxa (27)
COOTBETCTBYET 3aaHU0 Ha MHOroobpasmum M merpu-
K01
Gapda®dz’ = hagdxadxﬁ — Adt. (31)

O HEoGXOmMMOCTU BBeNEHUS (DOHOBOI CBA3HOCTU CM.
[8]-[9].

C kaxmoin cBI3HOCTBHIO [ MBI compsiraeM TEH30p
KPUBU3HBI

b = Om Ly — Oy + 10 Thy — TR0 (32)
U CBEPHYTBI TEH30D KPUBU3HLI
R = Ry (33)

o7

B cooreercrcTBun ¢ (30) MPOCTPAHCTBEHHBIE KOMIIO-
HEHTBI TEH30pa (POHOBOI KPUBU3HBI PABHEI

Rups = {uwsh (34)

a OCTaJIbHBIC ero KOMIIOHEHTLI PaBHBI Hymo. Temsop
{4y} mocTpoen m3 ceasmocTn {7, } Tak Xke, KaK TeH-
30p (32) u3 cssrocTu I'. CBepHYTHIN TEH30P POHOBOI
KPUBU3HBI CUMMETPUYICH:

R =1{0,}, Riu=0, Ry =0, Ry =0. (35)

Bo Bpemena HpioTOHa HEEeBKJIMIOBEI TeOMETDHUH
OblIM HEW3BECTHBI.  [l09TOMY B TEOpUU TATOTEHMUS
Heroroma dopma (23) samaer reomerpuio Eskmmma
1, CJIENOBATEILHO, IPUBOMUTCSA K CyMMe KBAIpaToB. B
Teopun Tsarorenus Jlobauesckoro dopma (23) mpuso-
IUTCS K BUILY

(rdx + ydy + 2dz)?

dz? 4+ dy? + dz? —
$+y+Z k2+$2+y2+22

(36)

CoOTBETCTBEHHO, 3JIEMEHT 00BEMa PABEH

dx dydz

av = .
VIH @+ )R

B stux Teopusx muorobpasume M mpocroe. B dop-
Mmyne (36) k — xorcranTta JloGauesckoro. B oTnmume
OT CKODOCTHU CBETA C, BXOHNSAIIEN B aHAJOTUYHYIO HOp-
Myay (17), oHa u3MepsieTCs B QUHULAX IJIAHEL.

B dounoBoit cBs3HOCTH wmHpOpMANUs O (HOHOBOMH
MeTpuke B ciaydae HrloToHa mcduesaer, mbo B 3TOM
cIyJae

{u?lﬁ} = 07 = R'n(’jnb =0. (37)

B cnyuae xe JloGaueBckoro mudopmarius o GHOHOBOMR
MeTpuKe B GPOHOBOI CBI3HOCTH YaCTUYHO COXPAHSIETCH,
IOCKOJIBKY B 9TOM CJIydae

{ivs} = (hupdy — hupdi )k, (38)

CoOTBETCTBEHHO CBEPHYTHIN TEH30p KPUBU3HBI (POHO-
BOH CBSI3HOCTHU B ciIydae JlobaueBCKOro 3amaeTcst KOM-
IIOHEHT aMM1

Ry = =2k 2hy,, Ris =0, R, =0, Ry =0. (39)

5. HepensTuBucrckoe cBobGomHOe Iane-
HI€ YaCTHUIILI. I'paBuTaIIMOHHBIN
MOTEHIINAJI

Cornacuo HpioTOHY, rpaBUTAMOHHOE TIOJE B HEpe-
JIITUBUCTKOM CJIy9Iae OIUCHIBaeTCs moTeHnmanoMm U,
He BIIUSIIONIAM HY Ha KOBEKTOD f,, HI Ha Tem3op h.
CBobGonHoe maneHne 9acTullbl 3anaercs dbyuxuein Jla-
TPaHXKa

Ly = 5112 - U. (40)
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B sToMm cayuae ypaBHenus JlarpaH:xka mpuBomsATCS K
CIIENYIOIIAM yPABHEHUSIM reofe3ndyeckux B MM:

Pat | paydotdit o odetdet et
dt2 wl e dt dt dt 7 di2 7
(41)

roe
Ue = g°*d,U. (42)

Ypasuenus (41) 3anator Ha MHOrooGpasuu M addun-
HYIO CBA3HOCTB |’ 6€3 Kpy4YeHNUs, KOMITOHEHTEI KOTOPOI
B paccMaTpUBAEMON KapTe PaBHBI

FZLV = {M%}7Fz4 = O’ Ellu = 0’
re,=uve, T&.=0. (43)

B orimune ot ¢onopoit ceaszHoctu (30), cBasHOCTS (43)
OymeM Ha3bIBaTh mosieBoit. Ten3op abdunHON medop-
MaITIi PaBeH

Pe =T2 —T% = —0,,0,9"°0,U (44)

B coorBercrBun ¢ (43) TeH30p 1OEBOI KPUBU3HBL
IMEET CIIEAYIOIINe KOMIOHEHTHL:

pl);ﬁ = {,u?/ﬁ}? ;chlﬁ = O’ R,u(ly/él = 03
,u%lll - a#Ua + {,uC;}UV’ Rmib = U (45)

Kak BumHO, KOMIOHEHTHI R;ﬁ4 COCTABIISIOT KOBapPU-
AHTHYIO TPOU3BONHYIO OT BeKTOpa U B mpoCTpaHCTBE
¢ MeTpukoin (23).

CBepHYTBIl TEH30D MOJIEBON KPUBU3HBI CUMMETPH-
YeH:

RHV = {0'71,1/}7 Rys = AUv R,u4 =0, Ry =0.
(46)
3necn
AU = g"(8,0, —{,5,105)U, (47)
TO ecTb A — orrepaTop Jlammaca B IIPOCTPAHCTBE C

merpukoit (23), a AU — sropoit muddepeHnnaibHbLl
mapamerp bembTpamu.
Berautas (35) u3 (46), saxonum

Ryn — Ry = 0,0, AU. (48)
CnenoBaTesnbHo, ypaBuenue Jlamaca
AU =0 (49)

B IIPOCTPAHCTBE C METPUKO (23) S5KBUBAJIEHTHO yPaB-
HEHUIO

Ryn = Ronn. (50)

Ta,K KaK B HEPEJIIATUBUCTCKOM Cﬂyqae TEH30p MacCChI
paBeH
an = amanpa (51)

rze p — ITIOTHOCTH Macchl, TO ypasHenue Ilyaccona
AU = 4nvyp (52)

B IIPOCTPAHCTBE ¢ METPUKON (23) SKBUBAJIEHTHO ypaB-
HEHUIO

Rmn - Rmn = 4W7an- (53)

H.A.Yepuuxkos

3mecks m majblie Y — TPABUTANMOHHAS KOHCTAHTA
Hriorona. B Teopuu tsrorernus HrroTona, ecinu dop-
Ma (23) mpuBeneHa K CyMMe KBaIDaTOB

dz? + dy?® + dz?,

I'PaBATAIIMOHHBIN TIOTEHINAJ, ¥IOBJIETBOPSIOIIUN yPaB-
HEHUIO

AU = dmymd(z)0(y)d(z) (54)

¥ CTPEMSIINNCS K HYJII0 Ha OECKOHEYHOCTH, PaBEH, KaK
WU3BECTHO,
m
U=—— (55)
r

roe

r =22+ 92+ 22, (56)

B Teopum tsrorenms JlobaueBckoro, eciu dop-
Ma (23) npuseneHa k Buny (36), rpaBUTAINOHHBIA 1IO-
TEHINAJI, yIOBJIETBOPSIOLMIl ypapHeruio (54) u cTpe-
MSIIUACS K HYJI0O Ha OECKOHEYHOCTH, PaBEH

ym p
puyemMm
p T
n? =’ 58
M TR (58)

re p — PACCTOSHUE OO LEeHTDa, T paBHsieTcsa (56).

B mpocrpanctse JlobaueBckoro miomanb chepnl
pammyca p paBHa 4772, a cmima, ¢ KOTOPO#H TOUYeUHAS
Macca m ONPUTATUBAET IPOOHYIO JaCTHUILY, VIAJIEHHYIO
Ha pacCTOsSHUE p, paBHA Macce NPOOHOW YaCTUIIHI,
YMHOXKEHHOU Ha IIPOU3BONHYIO

d—U— mr 2
dp -7 ’

(59)
CnenoBaTesibHO, CHJIa TPUTSKEHUs OOPATHO MPOIOpP-
nroHajbHa momanu cohepol. Ha sTy 3aBucuMocTb
obparun BauManue Jlo6agesckuit [10, c. 159]. 3akoHbr
Kemnepa B nmpoctpancTse JIo6aueBCKOro paccMOTPEHBI

B [6] m [11].

6. PensruBucrckoe cBoOomHOe mameHume
gactunbl. [losreBas meTpuka

B HepensaTHBUCTCKOM CiIydae TDaBHTAIIOHHOE IIOJIE
He BIMsieT HU Ha (GOHOBYIO CBS3HOCTH, HU HA METPH-
xy B M. B penstuBucTcKkOM ciiydae rpaBUTAITOHHOE
moJie Ha (DOHOBYIO CBSI3HOCTH TOXKE HE BIIUSET, HO HA
MeTpuky B M BiusieT, mpuyeM HACTOIBKO CUIIBHO, UTO
MeTpuka (6) OTOXIECTBIISETCS C HOJIEBOI METPHKOIL.
IToneBasi CBA3HOCTb B PENIATUBUCTCKOM CIIydae PABHA
ckobkam Kpucroddes

1
ann = égas (amgsn + angsm - asgmn) (60)

HOJIEBOTO TEH30PA Jqp. B 0674CTH, IZie TEH30D MACCHL
paBeH HyJI0, IOJIeBasl CBA3HOCTD MONUUHSIETCS yPaBHe-
HusMm (50). B cimyuae R,,, = 0 omHuM u3 pereHunil



I'eomerpus JIobageBckoro m Teopus TATOTEHUS

ypasreruit (50), TO eCTb B JAHHOM CITy4ae ypPABHEHUIT
OnHnrTeitHa

Rin =0, (61)

SBIIAETCS HEPEIATUBUCTCKAS TOJIEBas CBI3HOCTH (43)
¢ morernmasioM (55). Ilpyrum pemenuneM 3Tux ypasHe-
HUIT ABJISETCA PEIATUBUCTCKAS TIONIeBas CBA3HOCTE (60)
¢ monesoir Merpukoir [[Isapmmmbna. B ciyuaae (39)
onHUM U3 peuteHni ypasHeHuit (50), TO €CTH B TAHHOM
clIydae ypaBHEHUN

Ry = =2k hyy, Ria =0, R,u =0, Ry, =0, (62)

SBIIAETCS HEPEJIATUBUCTCKAS TOJIeBas CBA3HOCTS (43) ¢
norernnmanoM (57). IIpyruM pellleHmeM 5THX ypaBHe-
Huil sBisteTcs (cM. [9]) pessTHBHCTCKAS HOJEBAs CBSI3-
HocTh (60) ¢ mOMEeBON MeTPUKOR
e 29k? {E71dE? + sh? (€ + @)dQ?} — e***2dt?, (63)
roe
d0? = df? + sin?0dy?,
__she-a) p
sh(€ + )’ k’
KoopouuaTel 2, Yy, z, B KOTOPbIX MeTpHKa MPO-
crpanctsa Jlo6auesckoro 3anucana B Bume (36), cBs-
3aHEL CO ChEPUIECKIMI KOOPIUHATAME p, 0, ¢ ciemy-
IOITIM 00pa3oMm:

1
—sh2a = ym
2

x = k sh%sin@cosgp,
y = k sh%sin@simp, (64)
z = ksh % cosf.

B mpemene kK — oo u3 (63) momyuaeTcs MeTpU-
ka lBapmmmibna (cpasy B TapMOHHYECKHX KOODIU-
HaTax). B mpenerne ¢ — oo u3 (64) momyuaeTcs moTeH-
mmas (57), a B geottHoM mpenene (k — 0o, ¢ — 00) —
norernnuman (56). B mpenene v — 0 u3 (63) momywaercst
METPHKa

dp® + k%sh*€d0? — 2dt?, (65)

IPOCTPAHCTBEHHAS YAaCThb KOTOPOW SBJISETCS MeTPH-
kot mpoctpancTBa JlobaueBckoro B chepmueckux Ko-
OpOUHATAX.
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