
-.B 

OB 'bED.VfH EHHbl H 
VfHCTVfTYT 
.HD.EPHbiX 

VfCCllED.OBAHVfH 

D.y6Ha 

a 
! z • 

P2 · 3482 

B.H. C'rpeJib~OB 

3AMElJAID1E K CllEUHAJihHOR TEOPHH 
OTHOCJITEJihHOCTH 

lf67r 



r 
a 



0AHHM H3 OCHOBHhlX 06~eKTOB CIT9UH8rrbHOH TeOpHH OTHOCHTenbHOCTH (cM.,Ha
/1/ 

rrpHMep, ) S!Bn1!9TCSI ( T0'19'1HOe) COOb!THe, 8 O.QHOH H3 ee OCHOBHbiX 38.Q8'1 - KO-

nH'I9CTBeHH8SI KnaCcHijJHK8UHSI yK838HHbiX COObiTHA. 

I. 06bi'IHO anSI TOro 'ITOObi H9KOTOpb!H ( TO'I9'1HhiA) H80niOA8Tenb (B) CMOr 

KOnH'I9CTBeHHO KnaccHijJHUBpOB8Tb rrpOHCXO.QSIW99 OKOnO Hero COObiTHe, ero CH86-

li<BIOT '18C8MB. t.faCbl HITH H3M9pHTenb Bp9M9HH STO TBKOA rrpHOOp, KOTOpbilt BOC-

rrpOH3BOABT npOU9CCbl 9.QHHH'IHOi! anHTenbHOCTH H MOll<eT HM9Tb, KpOMe Toro, BCITO

MOraTenbHbie npHCITOCOOn9HHSI, IT03BOrrSIIOWH9 C'IHT8Tb KOnB'I9CTBO yK8,38HHbiX 9.QH

HH'IHbiX npOU9CCOB, nycTb H9KOT0pbi9 COObiTHSI npoB30WnB B Te MOMeHThi, KOraa 

CTpenKa '18COB ITOK83biBana UBijJpbl 1,3 B 5. Torua H8W HaoniO.QaTenb CMOli<9T CK8-

38Tb, HarrpBMep, 'ITO nepeoe B Tp9Tbe COOblTHSI p8BHO yuaneHbl BO Bp9M9HB OT 

COObiTHSI 2. 

Boo6pa3HM ce6e aanee HeKoToporo apyroro aa6nroaaTenSI n, eaymero e noeaae. 

YKa3aHHbiA aa6nroaaTenb CMOll<eT KonuqecTeeaao KnacculjJuuupoeaTb co6biTBH, rrpouc

xouHWHe e6nH3B aero, ae npu6eraH K noMomB 'lacoe. nnll aToro eMy 6yaeT aoc

TaToqao ycTaHOBBTb, MHMO KaKoro BM9HHO KBnOM9TpOBOf'O CTOn6a OH rrpoeall<8n B 

MoMeHT coeepweaua co6biTHH. EcnH npB aToM HeKOTOpbte co6biTHSI npoB3ownx e Te 

MoMeHThi, Korua earoa c aa6moaaTeneM npoe3l!<an MHMo cTon6oe c uHijJpaMH 1,3 B 5, 

TO H80niO.llaTenb CMOlK9T CK838Tb: •nepeoe H Tp9Tbe COObiTHSI paBHO OTCTOSIT B 

rrpOCTp8HCTBe OT COOb!THll 2' • 0'19BH.QHO, 'ITO C ITOMOWbiO YK838HHOA npoueaypbi 

HaonroaaTenb n CMOlK9T T8Kll<9 onpeaerrHTb UnHHy H9KOTOporo CT9pli<HSI, neli<Bmero 

eaonb nonoTaa ll<eneaaoa uoporH. noaToMy e uanbaeaweM coBoKynaocTb ecex aTHx 

xl 
00~9KTOB, ITpHHHM810WHX Y'IBCTH9 B H3M9p9HHH , Mbl OyUeM YCITOBHO H83b!B8Tb 

npH6opoM - H3MepHTeneM AnHHbl, 

x/no-BHAHMOMy, nyqwe npocTo npeucTaenBTb ce6e 3aecb H:eKoToporo aa6nroaa

TenSI, nepeMemaromeroca euonb cTepli<HS! (peanHayromero co6oro ocb x ) H JI:enpepblBHo 

OTM9pS!IOW9f'O 9UHHH'IHbl9 UnHHt,t C ITOMOWbiO rrpHKna.QhlB8HHSI 9T8rrOHHOf'O M8CWT808, 
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nycTb nanee Mbl XOTHM KOIIH'IeCTBeHHO KnaccHcfJHUHpOBaTb C06biTHe, KOTOpoe 

npOHCXOIIHT. B ynaneHHOfl OT HeKQTOpOrO Ha6monaTellSI TO'IKe (a} H Bbl3biBaeTCSI, 

cKa>KeM, cBeTOBbiM cHrHanoM, nocnaHHbiM yKa3aHHbiM aa6monaTeneM. EcnH sTo 

aa6monaTellb B, TO OH OTMeTHT no CBOHM qaCBM BpeMeHHyiO KOOpiiHHBTy t I OT-

npaBneHHSI H BpeMeHHyiO KOOPIIHHBTY t 2 B03BpameHHSI OTpa>KeHHOre> CHraana, 
t - t 

npH STOM BpeMSI COBepiUeHHSI C06b!THSI OH onpenenHT KaK t a "' -~ • ( 8Ta 

npouenypa, O'IeBHIIHO, MO>KeT 6bJTb HCnOilb30BaHa llllSI CHHXpOHH3a~HH qacoB Ha6-

monaTellSI C qacaMH, pacnonO>KCftHbiMH B TO'IKB a), 0nHaKO, onepHpySI TOilbKO C Bpe

Menuofl KOOpiiHHaToll, HB61l!OIIBT<:>Ilb B He CMO>KeT (KOilH'IeCTBeHHO) OTilH'IHTb C06bi

THe a oT ueKoToporo npyroro ;C06biTHll B, npoHciUenmero B6nH3H nero B TOT 
t 2- t, 

*e caM bill MOMenT BpeMeHH t !b m --2-- • .Unll Toro 'IT06bi cnenaTb aTo, neo6-

xonHMO BBeCTH nononnHTBilbnyJO- npocTpaHCTBeHHyiO KOOPIIHHaTy X, nono>KHB, Ha-
t 2- t I 

npHMBp, llllll C06biTHll a X • C H X ., 0 - llllll C06biTHll b. 
a 2 b 

EcnH OTMe'IeHHbill Ollb!T C IIOCbinKOfi CBeTOBOrO CHrHana 6yneT llpOBOIIHTb 

na6nJOIIaTellb ,ll, TO on yCTaHO~HT C IIOMOlllb!O "HaMepHT91lll llllHHbi' KOOpiiHHaTbJ 

x
1 

H x
2

, COOTBBTCTBYIOlllH9,MOM9HTaM OTIIpaBneHHll H B03BpameHHSI CBeTOBOrO 

cHrHana. npH STOM HH'ITO ne MeiUaeT eMy OllpeAellHTb llpOCTpanCTB9HHyiO KOOpiiH

HaTy C06bJTHll KaK X 
a 

Xa - x1 
--2-- ( 8Ta rrpouenypa, O'IBBHIIHO, MO>KeT 6b!Tb 

HCIIOilb30BaHa na61lJOIIBTeneM n llllll 'CHHXpOHX3aUHH' pllna 'HaMepHTenefi llllHH' 

Me>Kny co6ol!). 

.UnH Toro 'IT06bi OTilH'IH:tb co6biTHe a OT aeKoToporo npyroro co6biTH!l B, 

rrpoHcmeniUero B6nHaH nero, ba TaK>Ke non>Kea BBeCTH norronHHTenbnyJO KoopnHaaTy. 

npa S~M OH paccy>KnaeT Cll,llYIOlllHM o5pa3oM: 'Ha51l!OIIaTenb B HCXOIIHil H3 Bpe-

' 
MBHHOll KOOPIIHnaTbl H BBBil 3aTeM llpOCTpaHCTBBHHbie KOOPIIHHaTbi, 11pH5erHyB K 

CB9TOBbJM CHraanaM, .H >Ke IJCXOIIHil H3 llpOCTpanCTBBHnbiX KOOpiiHHaT, XOT!l H3MepS!n 

HX HHbiM CIIOC060M, qeM Ha€?1lJOIIaTellb B, .llallbllle ll HCIIOilb30Ball TOT >Ke CaMiol ll 

Ollb!T C IIOCbinKOll CBeTOBoro CHraana, 'ITO H aa51lJOIIaTellb B, CnenoBaTenbno, BBO

IIHMaSI MHOIO JlOnOilHHTellbHaSI KOOpiiHHaTa JlOil>Kna HMeTb CMb!Cil BpeMeHH H Oio!TIO 

x/ X - X 
,l__IH 

2c 
paBnol! b- 0. 

a 
3aMeTHM, anecb, 'ITO HCnOilb30BaHHbill aa6nJO)laT.eneM .ll CIIOC05 OIIHCAHHft 

co6biTHll HMeeT coBepmeaao paBHbie npaBa c o6menpHHllTbiM cnoco5oM na6nJOnaTemr B. 

x/ 
Panbme Mbi HMenH nBa cnoco6a onpeneneHHll JlllHnbi: c IIOMOIIliOIO npHKilS.Qbi-

BanH!l 9JlHHH'InOrO MaCUITa6a H C IIOMOIIlb!O 'IaCOB H CBeTOBbiX CHrHallOB, HO TOilb

KO OJlnO onpe)leneHHe BpeMeHH (c IIOMOU!b!O qaCOB), BBOJlHMOe HOBOe onpeneneHHB 

BpeMeHH ycTpaHS!eT STy CBoero poJla HeCHMMeTpHJO, 
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HH>Ke Mbl nepeCMOTpHM pS!II 06bi'IHb!X IIOHSt'!'Hll H H3MBpHTellbHblX onepauHI!, 

HCIIOilb3yeMb!X B cneuHallbHOit TeOpHH OTHOCHTellbHOCTH, 11pH6erHyB K 'H3MepHTellSIM 

JlllHn' BMeCTO 06bi'InbiX qaCOB, 

2, EyneM npencTaBnllTb ce6e Tenepb CHCTeMy oTcqeTa B BHJle uenoro pSIJla 

'CHHXpOHH3HpOBaHHbiX' M9>KJly Co5ol! yKaaaHHbiM Bblllle CIIOC060M "'H3MepHTenelt 

JlllHHbi', nycTb nanee HeKOTOpbill Ha51lJOJlaTellb .ll, ( B STOll CHCTeMe OTC'IeTa) 

BMeCTe C IIOCblllKOll CBBTOBOrO CHrHana 3aCTaBHil JlBHraTbCSI B TOM >Ke HanpaB-

~ T . 
neHHH MaTepHallbHOe T91l0, orna, O'IeBHIIHO, 'ITO ecnH MOMeHT OTIIpaBilBHHSI xa-

paKTepH30BallCSI KOOpJlHHaTaMH X H t 1 , TO CHrHall H Teno IIOCTHrHyT HeKOTO-

poro npyroro Ra5nJOIIaTellll .n2 ( B STOll >Ke CHCTBMe OTC'IeTa) B MOMBHTbi, Ollpe-

JlBilllBMbiB KOOPJlHHaTaMH X C , t 
2 

H X T , t 
2 

, rne X .C < X '!" 0TCJOIIa 

cneJlyeT, 'ITO llpH HOBOM Bb15ope H3MepHTBilbHbiX 11pH60pOB IIBH>KeHHSI MaTepHallb-

Hb!X Ten 6yJlyT xapaKTepH30BaTbCSI CKOp()CTSIMH w > c . CxopocTb cBeTa c 

5yneT Tellepb HH>KHHM npenenOM B03MO>KHbiX CKOPOCTell, 

PaCCMOTpHM )lanee cnyqall IIBH>KBHHSI OIIHOll CHCTBMbi OTC'IeTa OTHOCHT&IlbHO 

npyroll. nycTb npu sToM JlBa nono>KeHHSI aeKoToporo aa5nJOnaTeng (B co5cTBea-

HOI! CHCTBMe OTC'IBTa) onpenenSIJOTCSI KOOpiiHHaTaMH x' • 0, 
I 

t' • 0 H x' , 
I 2 

t 2 • 0, Torna no Ha6nJOIIeHHSIM H3 npyroll CHCTBMbi OTCqeTa HM 5ynyT COOT-

BeTCTBOBaTb TO'IKH C KOOPIIHHaTaMH 
x2 

X I = 0, t I"' 0 H X 2' t 2 ' II pH 'IBM 

-., W, rne W -OTHOCHTellbHaSI CKOpOCTb IIBH>KBHHSI JlaHHbiX CHCT&M OTC'IBTa, 
t 

J1cn~llb3YSI STO yCilOBHe, Mblr KaK OKa3b!BaeTCSI, MO>KBM COXpaHHTb ,!flopMyllbl npe-

o5pa30BaHHSI KOOp,!lHHaT llpH nepexone OT OIIHOit CHCTeMbl OTC'IeTa K npyrol! B 06bi'I

HOM BHIIB 

X ., 
x'+flct' 

H t - ~~- (I) 
y1-fj2 vl-ll 2 

c 
IIOilO>KHB B HHX, OJlHaKO, {3 • - • 0TCIOIIa, HallpHMep, ( nep&XOJlSI K npeneny C .. 0 ), 

w 
nerxo nony'IHTb cflopMynbl 'npeo6paaoBBHHSI fanHneSI', OaH 5ynyT HMeTb BHll 

X e: X' 
X' 

( 2) H t • t '+ 
w 

x/n . 
ycTb nnH onpeneneaaocTH STO aanpaBneaHe coBnanaeT c nono>KHTenb-

HbiM aanpaBneHHeM OCH X • 
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CnenyeT IIOJl'16pKHYTb, 'ITO <!JopMyiibl npeo6pa30B8HHSI ( 1) H ( 2) COBepW6HHO 

paBHOIIpaBHbl C 06bi'IHbiMH <jlopMyiiaMH npeo6p830B8HHSI nopeaua H ranHII6SI. npH 

STOM Bbipa>KeHHSI (.1) IIO BHilY llOIIHOCTbiO COBIIa)]SIOT C 06bi'IHbiMH <jlopMyiiaMH no
peHU8, IIOSTOMY IIpH BbiiiOIIH6HHH COOTB6TCTBYIOlllHX yCIIOBHit H3B6CTHbl6 paHee pe-

3YIIbT8Tbl CII6UH81IbHOit TeopHH OTHOCHT6IIbHOCTH llOnlKHbl HM6Tb M6CTO H B HOBOM 

IIOilXOil6o 

B Ka'I6CTBe IIpHMepa paCCMOTpHM BOIIpOC 0 TOM, K8K H3M6HSIIOTCSI lliiHHbl 

cTep>KHefi H JliiHTenbHOCTH IIpOU6CCOB IIpH Ha6niO)]eHHH HX H3 pa3Hb!X CHCTeM OTC'Ie

Ta. B COOTB6TCTBHH C KII8CCH'IeCKOit npoueaypoit H3MepeHHSI IIOKOSIIIlerocSJ ( B 06bl'l·· 

HOM CMb!Cne) CTep>KliSI IIyTeM IIpHKIIallbiBaHHSI BJlOIIb Hero 6)]HHH'IHOrO M8CWTa6a, 

Mbl 6yaeM onpenenSJTb C06CTB6HHYIO lliiHBY CTeplKHSI, COOTBeTCTBYIOIIlyiO ~- 0, 

IIyTeM ycTaHOBII6HHSI IIOIIOlKeHHSI ero KOHUOB ( x' H X' ) H6KOTOpb!M 'RaMe-
l 2 

pRTeneM lliiHHbi', KSK STO OIIHCaHO Bb!We. TaKHM o6pa30M, C06CTB6HHOit lliiHHOit 

CT6p>KRSI f' Mbl 6yaeM H83biB8Tb p83HOCTb KOOpllHHaT X ' H x' J> B3SITbiX B 
2 I 

MoMeHThi apeMeHH t '
2 

.. t '
1

• BaeaeM Tenepb onpeaeneHRe aeco6cTBeHHoA nnRRbl 

CT6plKHSI, COOTB6TCTBYIOIIl6H f3 .f. Q • TaK KaK YK838HH8SI lliiHB8 B IIP,6Jl61IbHOM cny

qae {3 "' 0 Jl01IlKR8 6b!Tb paaaa C06CTB6BROit lliiHRe )]aHHOrO CT6plKHSJ, TO o6e 9TH 

B6IIH'IHHbl llOIIlKHbl 6b!Tb CBSI38Hbl MelK)]y C060fi B.eKOTOpblM Bb!palK6HH6M, a 9TO Bbl

paJKeHHe llOIIlKHO BbiTeKaTl> H3 <jlopMyn npeo6pa30B8HHit KOOpllHH8T. Konb CKOpO Jliiif-

a a f' OIIpenenSJeTCSI KaK pa3HOCTb KOOpllHRaT X ' H X ' J B3SITbiX B MOM6HTbl 
2 I 

BpeMeHI! t '
2 

= t; , TO <jlopMyiibl IIpeo6paaoBaHHSI KOOpllRRaT, KyJla Mbl IIOJlCTSBHM 

OTMe'!eHHbie 3Ha'I6HHSJ, IIpHBellyT K lK6CTKHM orp8HI!'I6HHSIM Ha Bbi60p OIIpeaeneHHSI 

aeco6CTB6HHOit lliiHHbi CTeplKHSI • .lleitCTBHT61IbHO, nonaraH lliiSI IIpOCTOTbi X 2 • f ', 
t· x' .,f' .. t' .. Q, H3 <jlopMyn (1) 6yJleM-HM6Tb TOr)]a X .,Q, X "' , 

I 2 I f' I I 2 ~1 {3 2 
t = 0, t a fJ C .)TCIO)]a cnenyeT, 'ITO aeco6CTB6HROit JliiHROit CTe lKHH f' 

I 2 r:--::r-
Mbl llOIIlKHbi C'IH"falrb ~llHHCTB6HHO pa3ROCTb K00pj]HB8T X I H X I 

1 
B3SITbiX B 

t 2- t 1 -(x 
2
-x 

1
)(3/c. t 2 MOM6HTbl BpeMeBH H t 11 COOTB6TCTB6HHO, 1IpH'I6M 

.llpyroro Bbl6opa y aac BeT. 

TaKRM o6pa3oM, Mbl nony'IRM, 'ITO 

t -
v' 1 -{3 2 

A 9TO 03H8'186T, 'ITO B TOn CHCTeMe OTC'16T8 1 rae Jl8HHblit CTeplK6Hb xapaKTepH-

3Y6TCSI {3 -1 0, ero anRHa 6yaeT 6om:.we, '!eM a co6cTaeaaoA cRcTeMe OTC'IeTa. 

B 

Hcnonb3YH nanee aaeneaaoe BbiWe onpeaenelfHe apeMeHR ( B co6oaTBeas:oll 

CRCT8M8 OTC'!eTa), nony'IHM, 'ITO BpeMH t , COOTB6TCTBYIOIIl66 C06CTB8BBOMy 

Bp6M6JIB t ' B CHCTeMe OTC'I6Ta, X8paKT6pH3yeMOII B61IH'IHHOit {3 ,t. 0, 6yaeT 

OIIpeaenRTbCSI C IIOMOIIlbiO <jlopMyiibl 

t , 
( 3aMenneHae apeMeBR) • t .. 

v1-f3 2 
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