METPUYECKHUM TEH30P INIPEOBPA30OBAHUI HOBOM PEJISITUBUCTCKOM
TEOPUU TIPOCTPAHCTBA-BPEMEHH (HPTIIB)
K.m.n. Mamaee A. B.

HPTIIB sBnsiercs COBOKYNHOCTBIO IIpeoOpa3oBaHuii koopauHaT u BpeMenu (1)-(1a) (2)-
(2a) Mexx1y 1ByMsl paBHOIIPABHBIMM, HO HE SKBUBAJIEHTHBIMU MHEPLMAIbHBIMU CUCTEMAaMHU OTCYETA
(MUCO) — nBuakyieiicst 1 HEMOABHKHOM, U CIICJCTBUN U3 HUX.

Ct=T(Cyt'"+ Bx'), C,t'=I'(C,t - Bx), JBmxyieics

x=I'(x"+BC,t"), x'=I(x-BC,t), anngercs HCO
(1) . (la) . X 5%t,

Y=y, y =X aUCO X', y', 2", t'

z=1z, z' =z, — MOKOSIIIAsICA.

C,t'=TI(Cyt - Bx), Cit=I(C,t + Bx"), JBmxyiueics

x'=I(x - BC,t), x=I'(x"+BC,t"), sapsercs MCO
(2) . (2a) o, x’, ', 7' t, alCO

y'_y, y_y,, X, ) % 1,

z =z z=z, — MOKOSIIAsCS.
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rne I’ = B=u/C,, C,=Cy\1+u’/C,", U — CKOPOCTb OTHOCHTEILHOTO JBUKEHHUS

—’
V1-B’

nByx MCO. B omnoit UCO koopaumHaThl M BpeMsl COOBITHS 00O03HAYAIOTCS IITPUXOBAHHBIMHU
natuHckumu OykBamu ( x', y', 2, ¢') B npyroit UCO — HemTpruXoBaHHBIMH JIATUHCKUMHU OYKBaMHU
(x, 5,2, t). Buenoasu:kuoii UCO cBeT pacnpocTpaHsieTcsi co ckopocTbio Cy, a B IBHKYIeHCsE

HMCO cBer pacnpocrpansiercsi ¢o ckopoctbio C, = Cy/1+u’/ C02 .

3ameuarenbHONH OCOOCHHOCTHIO TpeoOpazoBanuii (1)-(la) u (2)-(2a) sBAsSeTCs TO, YTO
MOKa3aHUsl 4acoB, MOKOSIIMXCS B Hauyane koopauHat mokosimeiicss MCO, Bcerna okasbpIBaroTCS
COBMAJIAIOIIMMU C MOKa3aHUSAMU JIFOObIX K3 yacoB u3 aABmkymeiics MICO (Bce yackl B ABMXKYILIEHCS
NCO mnpeamnonaralorcss CHHXPOHU3UPOBAHHBIMU JPYT C IPYTOM SHHIITEHHOBCKUM CIOCOOOM), C
KOTOPBIMU 3T MOKOSIIIIMECS Yachl OKa3bIBAIOTCS B OJIHOM TOYKE MPOCTPAHCTBA. DTO XOPOIIO BUIHO
10 TOMY, YTO, NMOJCTaBUB B ypaBHeHue (1) 3Hauenue x’ = 0, moayuum ¢ = ¢/, Wik MO TOMY, 4TO,
II0JICTaBUB B ypaBHeHUeE (2) 3HaueHue x = 0, noayuum ¢’ = ¢. BecbMa 3aMedaTenbHO TaKkKe U TO,
YTO JUIMHA JBWXyHlerocs Ttena, uzMepeHHas u3 1ol MCO, OTHOCHMTENBHO KOTOPOM 3TO TEJO
JIBUKETCSI, OKa3bIBaeTCs B /  pa3 MEHBIICH, 4eM COOCTBEHHAs JJIMHA 3TOTO Tena. ITo Oiarojaps
TOMY, YTO COOBITHSI, KOTOPHIE SIBJISFOTCS OJHOBpeMEHHBIMH B Tokosmieiics MCO, B nBmwkyIiencs
NCO o0Ka3bIBalOTCSI HEOJHOBPEMEHHBIMH UM HA000pOT — COOBITHS, KOTOpBIE SBISIOTCS
ogHoBpeMeHHbIMU B JBIOKYyLIecs MCO, B nokosiieics MCO oka3piBalOTCS HEOJHOBPEMEHHBIMU.

PaccmoTpuM B 11ceBIOEBKINI0BOM TPOCTPAHCTBE C METPUUECKUM TEH30POM

(3) gw =1 g,=g,=gs="1 g;k =0 mpu i #k, (tmei, k=0,1,2,3),
T. €. C KBaApaTOM MHTCpPBAJia
(4) dS? =Cjldt"”? —dx'* —dy'* —dz'?,

npeoOpazoBanue koopauHaT u Bpemenn HPTIIB (1) - (1a).



B3siB nmuddepenmansl ot JIeBBIX M MPaBhIX YacTeld mpeoOpasoBanuii (1a), oOpaTHBIX MO

OTHOLIEHMIO K IIpeoOpazoBaHusM (1), momyuum (mockoiabKy ckopocTs U i ciaydyas MCO sBnsercs
MMOCTOSSHHOM BEJTUYUHON ):

C,dt' = I'C, dt — I'Bdx,
dx' = I'dx — I'BC dt,
dy' = dy,

dz' = dz,

()

[ToacraBmnsiem 3Hauenus quddepenuanos (5) B BeIpakeHue A1 MHTepBaja (4), IoJIydum
(6)  dS’=(I'C,dt - I'Bdx)’ —(I'dx — I'BC,dt)* —dy* —dz’.

Yuureisas, uto I'> =1/(1 = B*), mocie Bo3Be/ieHUs CKOOOK B IIPaBOii uacTH nHTepBana (6) B
KBaJIpaT U NMIPUBEACHUS MTOT00HBIX YICHOB, TIOTYyYUM

(7) dS? =C 1 dt* —dx* —dy* —dz*.

JlokaxxeM, 4TO B BbIpaskeHUH (7) COCTABIIAIONINE METPUUECKOTO TEH30pa OyoyT paBHbI

(8) g€w =1 g,=g»=gy;="1l,ataxxke g, =0 npu i#k (rnei k=0,1,2,3).
JOKA3ATEJIbCTBO

Jnst 5TOro 3amMchiBaéM TOJIBKO UTO BBIBEJACHHOE YpaBHEHHWE WHBAPUAHTHOCTU MHTEpBaJia B
JByX paccMmarpuBaeMbix NCO

9) dS? =Cjldt"”? —dx'* —dy'* —dz'* =Cdt* —dx’ —dy? - dz’

[TycTh MBI He 3HaeM, 4eMy paBHa COCTaBJIsAOLIAs g, (B CIPaBEAIMBOCTH 3HAYCHUH APYruX

KOMITOHEHT METPUUYECKOro TeH3opa (8) comHeHull He Bo3HUKaeT). Ho m1st mo0bIx mpeodpa3oBaHuit
BEJIMYMHA YETHIPEXMEPHOI0 00beMa MHBapuaHTHA (cM. OOCy:KIeHue HIDKE, a TaKkKe C. 66 KHUTH
JlorynoB A. A. Jlekuuu mo TEOPUHM OTHOCUTEIBHOCTU W TpaBuTalvu. COBPEMEHHBIN aHaIU3
npoosieMsl. U3n-Bo MI'Y. 1985), To ecTh

(10) /- g [C, Wit Tix' Gy’ llz' = /- g @, dr Caix Clly [z,
rac

(11) g =gq [ Iy By =1

€CTh OTIPENICTUTEh METPUUECKOTO TeH30pa (3);

(12) g =800 L& L8y T8y == g0

€CTb OIIPEEIUTENb METPUYECKOT0 TEH30pa (8) C HEU3BECTHOU BEJIMYMHON g .
Yurem Taxke, uro cornacao HPTIIB



(13) C,=TIC,;
(14) dt = dt’,

4TO BBITEKaeT U3 npeoOpazoBanuii (1) mnpu dx’ = 0 (ans ogHOMecTHBIX B mokosiuelcs MCO
COOBITHIA);

(15) dx =dx'/T,

YTO BEITEKAaeT u3 npeodpazoBanus (la) mpu df = 0 (st COOBITHI, OTHOBPEMEHHBIX B JBIIKYIICHCS
HCO);

(16)  dy=dy, dz=dz,

YTO BBITEKAET U3 mpeodpazoBanus (1).
[ToacraBmnsiem 3nauenus (11) ... (16) B ypaBuenue (10). Ilomyuanm

(17) C, W' Uix' Gy z' = /g, [C, Lt Cix" Cily' Lilz" .
CrnenoBaTeiabHO,

(18) o= L.

Takum 00pa3zom, Mbl JOKa3aJlIH, YTO METPUUECKHM TeH30p g (8) coBMaAaeT ¢ quaroHalIbHbIM
€IMHUYHBIM METPUUYECKUM TEH30pOoM (3).

CnenoBatenbHO, mpeoOpa3oBanuss koopaumHat u  Bpemenn HPTIIB  ocymectBistorT
npeoOpa3oBaHus B TICEBAOEBKIMIOBOM  IPOCTPAHCTBE-BpEMEHU C  (HOPMHHBAPUAHTHBIM
JUArOHAJIbHBIM €IMHUYHBIM METPUYECKUM TEH30POM.

OBCYXJIEHUE

[IpuBeneHHOE BbILIE JIOKA3aTEIbCTBO MOXKET I0Ka3aTbCs HecocToATeNbHbIM. Ho 3710
O0yCJIOBIEHO TE€M, YTO Mbl nbITaeMcs HpuMeHuTh mnonoxenuss CTO k HPTIIB. Yto6wl
OKOHYATeJIbHO B O3TOM YOEAMTHCS, PACCMOTPUM TaKyl YHCTO MaTeMaTHUYECKyl0 3ajauy —
ONPENENMM COCTaBISIOIIME METPUYECKOr0 TEH30pa Ul IPOU3BOJIBHOIO IpeoOpa3oBaHUs
KOOpJMHAT U BPEMEHH BHJIA

Ct=I(Ct + Bx'), Ct'=I(C,¢t - Bx),
x=I(x"+BC,1t), x'=I(x-BC,t),
(19) : (19a) :
Y=y, y =Y
z=z2', z' =z,
rie I' = ;2, B=u/C,, C,=Cy1+u’ /CO2 , U — CKOPOCTb OTHOCHTEIBHOI'O JBUKEHHS
1-B
nsyx UCO.

[IpeobpazoBanus (19)-(19a), koTopble TOKe He 3amnpelialOT JABU:KEHHE CO
CBEPXCBETOBOH CKOPOCTBHIO, HEe sABISIOTCA mpeodpazoBanusimu HPTIIB, mockoiabky B HHX
CKOPOCTh CBETa 3aBUCHUT OT CKOPOCTH OTHOCUTeNbHOro aBmwkeHuss nByx MCO He TONBKO B
newxyteiics MUCO (kax B HPTTIB), Ho u B nokosmerics UCO.

[IpeobpazoBanus (19)-(19a) He sBIsArOTCS Takxke U mpeodpaszoBanusmu Jlopenima uz CTO,
MOCKOJIbKY B HUX Be3Jle, T1e B mpeoOpazoBanusx Jlopernma crout korcranta Co, cTout GpyHKIUs
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Cu, X0TH AJ15 HUX TaK:Ke CIIPaBeJIMBO YTBEp K/IeHHe 0 3aMe/lVIeCHUH BPeMEHH B JABHKYIIeHcst
HNCO.

Wrak, 3anMcbiBaeM BbBIpaXKEHME s UHTepBaja B HewmrTpuxoBanHon MHCO wu3
npeoOpazoBanmii (19)

(20) dS? =Cj2dr* —dx* —dy® —dz*.

bepem nuddepennmans ot mpaBoit u ieBoit yacteit mpeodpazoBanuii (19) — (19a)

C,dt = I'(C,df' + Bdx'), C,dt' = I'(C,dt — Bdvx),
= (dx' ' dx' = I'(dx — BC., dr),
1) dx = I'(dx' + BC,dt"), (1) x’ (dx Ldt)
dy =dy', dy' =dy,
dz =dz'. dz' =dz,

U noxacrasnsiem nuddepenimans (21) B uarepsai (20). [Tomyaum
(22) dS* =TI*(C,dt' + Bdx')’ = I'*(dx' + BC,dt')’ —dy"* —dz"*

[Tocne Bo3BeneHUs B KBajapaT CKOOOK B MPaBOM 4YacTW BhIpaxeHUs (22), MpUBEACHUS MOJAO0OHBIX
4JIGHOB U yuuTHIBas, uto 7> =1/(1 = B*), monyuum

(23) dS’ =C2dt"”? —dx'* —dy'* —dz"*.

KakoBbl OyayT cocTaBisIOIINE METPUUYECKOTO TeH30pa B uHTepBanax (20) u (23)? OueBUIHO, YTO
METPUYECKUN TEH30p Kak i nHTepBaia (20), Tak u s uaTepBaia (23) sBiIsSeTcsl TMaroHaIbHBIM.
MOHO J10JITO CIIOPHUTH O TOM, PABHBI JIK COCTABISIIONIME g, U g, B HHTepBanax (20) u
(23) equnulie, HO B JAHHOM KOHKPETHOM Clly4ae HaC MHTEPECYET HE 3TOT BOIPOC, a ABJsSIETCS JIU
WHBAPMAHTHBIM YeThIpeXMepPHbIil 00beM IS IPOU3BOJIbHBIX ITpeoOpa3oBanuii (19).
3anuiieM paBEHCTBO 4YEThIpEXMEpPHOro oObema s mnpeobpazoanuii (19), koropoe
TpeOyeTcs JoKa3aTh, UCIOIb3Ys 3HaUeHus quddepermnuanos (21)-(21a)

(24) C, [t Uilx Llly Uiz = C, Ldlt" Ldlx' Laly' Wdlz" .
Omnpenensem u3 BeipakeHuit (21) — (21a) 3HaueHust
(25) di' =Idt, di'=dx/I, dy' =dy, dz' =dz

(aHAJIOTUYHO TOMY, KaK MbI 3TO JejlaeM sl mpeoOpa3oBanuii JIopeHIa) u moACTaBisieM 3HAYCHUS
(25) B mpaByto yacth paBeHcTBa (24). [lonyyaem

(26) C. Tt Qlix Gy Tz = C, Gt Gl Gy iz

TO €CThb WHBAPMAHTHOCTh YETBIPEXMEPHOr0 0OBEMa [yl IMPOU3BOJILHOrO IpeodpazoBanus (19)
ABJIIETCS JIOKA3aHHOM W YTBEp)KJIEHUE 00 WHBAPUAHTHOCTH YETBIPEXMEPHOIO o0beMa Jid
IPOM3BOJIbHBIX IPEOOpa30BaHUN MBI MOYKEM HCIOJIb30BaTh Uil HAXOXKAEHUS METPUUYECKOro
TeH3opa npeodpazoBanuii HPTIIB [cm. Brime Beipaxkenue (10)].



