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§I. 06 onpeoeAeHuu epeMeHu 

PaccMoTpHM Koa.npaTH4HYIO (jJopMy 

. k 
d.'t' dx . /I/ 

nepeHLJ,CM JaTeM B cneUHaJlbHYIO raJlHJlCCBCKYIO CHCTCMY 

OTC4CTa /\.' B KOTOpOH d X a= () *, r LI,C a = l, 2, 3. 0'1CBHLI,HO, 

4TO B CHCTCMC OTC4eTa K, paCCMaTpHBaeMaH KBa.npaTH4HaH 

ct>opMa 6y .neT onpe.nem!Tb Tor .na co6o10 He KOTopbiH HHTepoan 

BpeMCHH ( d t,) · H3MCpHCMbiH C noMOlUbiO 06bi4HbiX noKOHlUHXCH 

4aCOB. 8 TO )I(C BpCMH no Ha6J110LI,CHHHM H3 HCHHCpUHaJlbHOH 

CHCTCMbl OTC4CTa 1\. r.ne, CKa)I(CM, CYlUCCTByeT raBHTaUH" 

OHHoe none, HHTepoany opeMeHH dx~ =edt' *"" 6y.neT 

COOTBCTCTBOBaTb LI,JlHTCJlbHOCTb dx~ onpeLI,CJlHCMaH Bhlpa· 

)I(CHHCM: 

. /2/ 

* AnH Toro, 'IT06bi nepexo.n 6bl11 B03MO)I(CH, LJ.OJl)I(HO 

" BblllOJlHHTbCH YCJlOBHC -ds2 < 0. 

H 3LJ,CCb LI,JlH y LJ,06CTBa Mbl nepeUIJlH K CBCTOBOMY BpCMCHH. 
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B lfaCTHOM cnylfae cna6blx none it TJirOTeHHJI /eM., 
HanpHMep, /I I I, Kor,r~;a 

= -1 
2U 

goo + --, 
c2 

= g = 1 2U 
gll = g22 + --2' 33 c 

a g ik = 0 JJ.JIJI i I k 

Bbipa)l(eHHe /2/ ynpOCTHTCJI H 6y)J.eT HMeTb BH)J.: 

dt dt , (1 + ~ 2 + ~ {3 2 ) ' /3/ 

2 a o 2 
r)J.e {3 = ( dx /dx ) . 

3)J.eCb CJie)J.yeT llO)J.lfepKHYTb, 'ITO llOKa3aHHJI lfaCOB 

B rpaBHTaUHOHHOM llOJie 6y)J.yT 3aBHCeTb He TOJibKO OT 

BeJIHlfHHbl rpaBHTaUHOHHOrO llOTeHUHaJia U, HO H OT CKOpOCTH 

)J.BH)I(eHHJI MaTepHaJibHOrO 06'beKTa /B )J.aHHOM CJiylfae -

lfaCOB/ B MOMeHT Ha6JIJO)J.eHHJI. IlpH 3TOM, eCJIH B paCCMOT

peHHOM lfaCTHOM CJiyqae BJIHJIHHe CKOpOCTH )J.BH)I(eHHJI H 

C06CTBeHHO llOJIJI TJirOTeHHJI MO)I(HO pa3)J.eJIHTb , 3allHCaB 

/3/ a tiJopMe 

dt u 1 f.< 2) 
dt , (1 + --;2 )( 1 + 2 /" ' /3'/ 

TO B 06~eM CJiylfae /KaK 3TO CJie)J.yeT H~ BH)J.a Bblpa)l(eHHJI 

/2/ I noro CJJ.eJiaTL HeJIL3JI. 

§2. 0 crwpocmu pacnpocmpaHeHUJI ceema 

PaCCMOTPHM CHOBa KBa)J.paTHlfHYJO tiJopMy /1/, Bbi)J.eJIHB 

npOCTpaHCTBeHHhle H BpeMeHHYIO KOOp)J.HHaTLI: 

2 a f3 o a 2 
- d s = ga {3 d x dx + 2 g 0 a dx dx + g 

00 
dx 

0
. /4/ 

4 

~ 

2 
PemaJI ypaBHeHHe ds = 0 B CJiyqae CBeTOBOrO CHrHaJia OTHO-

d 
0 ~ 

CHTeJibHO x , HaH)J.eM )J.Ba 3HalfeHHJI: 

dxo 
1 
-- I a -g goa dx 
00 

+ [(goa gof3- gaf3g
00 

)dxadxf3] 1/2!, -
d o 1 a /5 '/ 
..! =-goo {goa dx -[(goa gop-gu.{3 goo )dx" dxPJl/71, 

/5"/ 

OllHCbiBaJO~He BpeMeHa pacn.pocTpaHeHHJI CBeTa B llpJIMOM 

H o6paTHOM HanpaBJieHHJIX. ' 

KoJIL CKopo BeJIHlfHHhi dx
0 

H 1:;. 0 
OTJIHlfaJOTCJI JJ.pyr - ~ OT )J.pyra, TO 3TO 03HalfaeT, 'ITO B paMKaX 06~eH TeOpHH 

OTHOCHTeJILHOCTH CBeTOBOH CHrHaJI )J.JIJI npOXO)I()J.eHHJI HeKo

TOporo OTpe3Ka B npJIMOM H o6paTHOM HanpaBJieHHJIX 

3aTpa~uaaeT pa3HLie apeMeHa. HHLIMH cnoaaMH, 3TO JJ.OJI)I(HO 

03HalfaTh, 'ITO CKOpOCTH pacnpOCTpaHeHHJI CBeTa B npJIMOM 

( C I) H o6pa THOM ( C 2 ) HanpaBJieHHJIX pa3JIHlfHbl. 

PaBeHCTBO OTMelfeHHbiX CKOpOCTeH 6y)J.eT HMeTh MeCTO 

TOJILKO )J.JIJI noneii: TJiroTeHHJI cneuuaJILHoro BHJJ.a, KOrJJ.a 

g - 0* Ill -- • 2 

EcnH )J.anee MLI 6y)J.eM paccMaTpHBaTLlfaCTHoe -ds /g11 
B CJiyqae CBeTOBOrO CHrHaJia KaK BeJIHlfHHy, o6pa30BaHHYIO 

npOH3Be)J.eHHeM ypaBHeHHH pacnpOCTpaHeHHJI CBeTa B npJIMOM 

H o6paTHOM HanpaBJieHHJIX 

( dx - c 1 dt) ( dx + c 2 dt) , 

TO JierKO HaH)J.eM, 'ITO 

2 I /2 
( g 0 I - g 0 0 g 1 I ) - gO 1 

c' c 1 
/6/ 

g}] 

* 3)J.eCh H HH)I(e Mbl orpaHHlfHMCB )J.JIJI HarJIJI)J.HOCTH 
CJiylfaeM O)J.HOrO npOCTpaHCTBeHHOrO H3MepeHHB. 
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c 
2 

2 J/2 
(go 1 - goo g 11 ) + go I 

g II 

c. 171 

Cne~ycT TUK~C o6paTHTh BHHMaHHe Ha O~HO ycnOBHe, 

KOTOpOC BWTCKUCT H3 TpefioBaHHH BWOOnHCHHH npHH~Hna 

npulJHHIIOCTH u HanaraeT onpe~eneHHhie orpaHHlJCHHH ua 

BCnHlJHIIhl KOMOOIICIIT MCTpH4CCKOrO TCH30pa gik · llpHMC

IICIIHC YKUJUIIIIOI"O npHIIUHna K paCCMaTpHBaCMOMy cnylJaiO 

~<>n~HO 0311UlJUTh, lJTO BpeMH pacnpOCTpaHCHHH B O~HOM 

nanpaoncuuu, nanpuMcp, o Hanpaoneuuu Ty~a (dx0 ) He 

MO~eT fihtTh OTPHUUTCnhiiOH BenHlJHHOH: -

Jy, 0 (). -
B To opeMH KaK ~nH nono~HTCnhHhtx g 01 BhmonHeuue 

~aiiHOrO ycnOBHH OlJCBH~HO, ~nH OTpHQUTCnhiiWX g
01 

=-g'
01 

na ocHooaHuu IS' I 6y~cM HMCTh: 

. ., J/' 
ltg

1 
-g g )dx-1- · g' dx. 

0 I II 00 111 181 

0TKy~a c y4eTOM nono~uTenhHOCTH g
1
; 

1 
u nocne oo3oe~eHHH 

B KBa~paT OfiCHX lJUCTCH HepaBCHCTBa 181 HUH~CM, lJTO 

•) •) 

g; 1 - g 1 1 goo •. g 
0
-
1 

unu 

gig ·,0. 
I 00 

191 

§3. 06 onpeOC'JteHUU nOHJIT'IUJl OAUHbl 

llepeii~eM Teneph K oonpocy o6 onpe~enenuu noHHTHH 

~nHHhl MaCIIITa6a B 06ll{eH TeOpHH OTHOCHTCnLHOCTH. HHLIMH 

cnooaMII, Mbl paCCMOTpHM H3MCpHTenLHYIO npo~e;J.ypy, no-

3BOnHJOll{yiO CBH3aTL BenHlJHHbl d:c C OOKa3aTenHMH HCKO

TOpbiX .3KCOCpHMCHTanhHhiX npufiopon. llp11 3TOM Mbl 6y~eM 

6 

, I 

j 

onupaTLCH na 3aTponyToe BLIIIIe onpe~eneHue opeMeHu 

H TOT ciJaKT, 'ITO CBH3b BCnH'IHH dx' H dt' C OOKa3aHHHMH 

H3MCpHTCnLHLIX npH60pOB H3BCCTHa HaM H3 cne~uanhHOH 
TeOpHH OTHOCHTenLHOCTH. 

Bo3LMeM ~nH 3Toro cne~yromue ~oa Bhipa~eHHH 

dx ' - dx' = " ( dx - c dx 
0 

) , 
0 r I 1101 

0 
dx ' + dx ~ = v ( dx + c 2 dx ) , * III I 

onpe~enHIOll{He co6o10 CBH3L ypaoHeHuii pacnpocTpaHeHHH 

CBCTa B ranuneeBCKOH fK ') H npOHJBOnhHOH (K) CHCTCMaX 

OTClJCTa. 3~eCb 11 H I' - HCKOTOphiC HCH3BCCTHhiC DOKa 

Ko3ciJcllu~ueHThl. 

CKna~LIBaH u BhilJHTaH 1101 u II II, nonylJHM ciJopMynhi 

npeo6pa3ooaHHH ~nH ~uc~Jc~JepeH~Hanoo Koop~HHaT npu nepe

xo~e oT K' K K: cncTeMe: 

dx 

dx 
0 

(lui+ vc 2 )dx' + fw:
1 

-r,c
2 

)dx'
0 ---------------------- ' 

11 1' ( c I + c 2 ) 

(/L + r>)dxo + (11- v)tfx' 

fll/ ( c I + t• 2 ) 

1121 

1131 

8 COOTBCTCTBHH C npo~e~ypoii onpe~eneHHH IH3Mepe

HHHI ~nHHhl MaCIIITa6a, noKOHuterocH B K '-cucTeMe, nolllneM 

CBCTOBOH CHrHan, CKa~eM, OT ero neooro KOHQa K npaBOMy. 

Curnan 4epe3 opeMH dx~ = dx', r~e dx'- ~nuna ~annoro 
6ecKoHe4HO Manoro MaCIIITa6a,. ~oii~eT ~o npaooro KOH~a, 

OTpa3HTCH TaM H 4epe3 BpCMH 2dx~ B03BpaTHTCH B HC· 

XO~H)'IO T04Ky. 

no Ha6nro~eHHHM H3 K- CHCTCMhl IHa OCHOBaHHH I 121 
u 1131 I 6y~eM HMeTL, 'ITO coeToooii cnrHan npoii~eT Ty~a 
paCCTOHHHC 

dx - 2c1 
-----dx; 
v(c

1 
+c

2
) 

* 3~ecL c 1 u c 2 

1141 

6e3pa3MepHLie CKOpOCTH CBCTa. 
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H 3aTpaTHT OpH 3TOM BpeMJI 

0 
dx -

2 
dx' . 

v( c 1 1- c 2) o /15/ 

Tor.n;a .n;n.11 o6paTHoro HanpaaneHH.II 6y.n;eM HMeTb cooTBeT
CTBeHHO 

.1: 
2c0 ------dx' 

p.(c + c ) 0 ' 
1 2 

/16/ 

dx 
0 - 2 /17/ dx' 

p.(c
1

+c 2 } 0 

llpH 3TOM CYMMapHOe paCCTOJIHHe, npOHJJ;eHHOe CBeTOM 
Ty.n;a H o6paTHO, COCTaBHT 

dx - dx - ( c 1 c 2) -+-
2dx'o 

v f1 c1 + c 2 

a 3aTpa'leHHOe CYMMapHOe BpeMJI 6y.n;eT paBHO: 

1 1 2dx~ 
0 0 - (- + -) ---- . d X

0 
= dx + b - v f1 c

1 
+ c 2 -

/18/ 

/19/ 

C y'leToM Toro, 'ITO p.v = g11 H npuaneKa.ll /2/ H no
cne.n;Hee paBeHCTBO, 6y JJ;eM HMeTb: 

2 1/2 dx 
(g01 -goo gll ) ± fgo1 + g11 -;J;ll) 

dx dx 2 1/2 · /20/ 
I - [ goo + 2 go 1 --;_[;0 + g 11 r --:Jxo.J J I 

-p. = 

Onpe.n;en.11.11 .n;anee .n;nHHy paccMaTpHaaeMoro MacwTa6a 
B K -cucTeMe KaK nonycyMMY pacTO.IIHHH, npoii.n;eHHbiX 
CBeTOM Ty.n;a H o6pa THO 

1 
df = -z-f!W - f!;J, 

8 

Haii.n;eM ciJopMyJiy npeo6pa3oBaHHJI .n;nHHbi, KOTopa.ll 6y.n;eT 
HMeTb BHJJ;: 

k 
dx 

+ g + g 
d f = ((k - g ) 0 1 11 d;1J 

01 + 
dx dx 2 1/2 

gll 1-[goo + 2 go2 --;w;+ gll (---;J;a) ]l 

1-[g +2 dx d + (k + g ) oo g 01 w+ g 11 (-x-)2]!1/2 
o 1 dxO df, 

k+g + dx 1--
o 1 g 1 1 dx o 2 k ' 

/21/ 
2 1/2 .. 

r .n;e k = ( g 0 1 - g oo g 11 J, a d f '- .n;nHHa .n;aHHoro MacwTa6a 
C TO'IKH 3peHHJI /HHep~HanbliOH/ K' -cHCTeMbl, B KOTOpOH 
MaCWTa6 DOKOHTCJI. 

B paccMoTpeHHOM BbiWe qacTHOM cnyqae cna6biX noneii 
T.llrOTeHHJI HaH.n;eM 

u 
df = ( 1- ~ + 

c 

1 2 

2f3 Jdf' /22/ 

OcTaHOBHMCJI Tenepb Ha caMoii npo~e.n;ype HJMepeHHJI 
df B K -cucTeMe. 0Ka3biBaeTc.ll, .n;n.11 ee onpe.n;eneHHJI MO>KHo 
HJMepHTb, HanpHMep, d X0 H paCCTOJIHHe ~X = dx + h, 

- -DpOHJJ;eHHOe neBbiM KOH~OM JJ;aHHOrO MaCWTa6a OT MOMeHTa 
HJMepeHHJI caeroaoro cur.Hana >JJ;O MoMeHTa ero nornoll{e
HH.II. llp'! 3TOM 6y.n;eM HMeTb, 'ITO 

df C1C2 XO CJ-C2 
d + ------ f\ X 

c 1 + c 2 2( c 1 + c 2 ) ' 
/23/ 

r.n;e BenH'IHHbl c I H c:! onpe.n;enJIIOTC.II, O'ICBHJJ;HO, 3Ha'le
HHJIMH KOMDOHeHT MeTpH'IeCKOrO TCH 30pa g _ B K- CHCTe

Lk Me. 

-Cne.n;yeT, BDpO'IeM, o6paTHTb BIIHMaHHe Ha Tpy.n;HOCTH, 
CBJIJaHHbie, CKa>KCM, C B03MO>KHOCTbiO HJMcpeHH.II BenH'IHH 
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dX 0 
H 1\x , a cne,l],OBaTenbHO, B KOHe"IHOM C'leTe, H C caMOH 

803 MO:>KHOCTbiO BBe,l1,eHHH llOHHTHH ,l],nHHbl B o6meii TeOpHH 

OTHOCHTenbHOCTH * ~eno B TOM, 'ITO B paCCMOTpeHHOM 

"MbiCneHHOM OllbiTe" $aKTH'IeCKH npe,!1,nonaraeTCH, 'ITO rpa· 

BHTaUHOHHOe none He BnHHeT Ha llOKa3aHHH npH60pOB, H3" 

MepHromux JX 0 
H 1\x .1..JT06bi H36e:>KaTb OTMe'ICHHbiX TPYA" 

HOCTC~,HC06XO,l1,HMa HnH CllCUHanbHaH llOCTaHOBKa ,l],aHHOrO 

OllWTa **. HnH MO:>KHO BOCllOnb30BaTbCH npHHUHllOM 3KBH" 

BancHTHOCTH, KOTOpbl~ ll03BOnHeT B HCKOTOpbiX cnyqaHX 

JaMCHHTb none THrOTCIIHH noneM yCKOpCHH~, ,l],e~CTBYIOW.HM 

TOnbKO Ha H3MCpHCMbl~ MaCUJTa6. 
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* B :HOB CBH3H CM. TaK:>Ke /2/. 

H HanpHMep, no)1.o6Ho~ TO~, KOTopym Mbi HMeeM B cny

qae C OTKnOHeHHeM CBeTOBOrO nyqa B none THrOTeHHJI 

ConHua H rAe anHJJHHeM rpaBHTaUHOHHoro nonH Ha noKa-
3aHHJJ H3MepHTenbHbiX npn6opOB MO:>KHO npeHe6pe'lb. 
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