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CTpen&uos B.H. 

06 BHB8pH8HTHOCTH yp8BHeHHH napaKa OTHOCBTenbHO 

E -npeo6p830B8HHJI 

P2 - 11552 

IIOny'leHHhle H8 OCHOBe HBHOrO yqeTa KOHBeHUHOH8nbHOrO X8p8KTepa 

onpeaeneHHH OllHOBpeMeHHOCTH p83HOMeCTHbiX C06biTHll npeo6pa30B8HHH ana 

KOOpllHH8T (o6o6meHHbie f -npeo6pa30B8HHH nopeHua) npHMeHH10TCH K ypas

H6HHIO napaKa, IIOK838HO, 'ITO OTHOCHTen&HO OTMe'leHHbiX npeo6pa30B8HHil 

BHB8pH8HTHO BHllOH3MeHeHHoe ypaBHeHHe napaKa, 

Pa60T8 BbinOnHeHa B na6opaTOpHH BhlCOKHX 3Heprall 011.fll1. 

Coo6meaae 06'beAHHeaaoro HHCTHTyTa SILlepH&IX accneaosaaal!. lly6aa 1978 

Strel'tsov V.N. 

On Invariance of the Dirac Equation Under 
t -Transformation 

P2 - 11552 

Obtained on the basis of an explicit account of the conventio
nal character of the simultaneity definition for place difference 
events the transformation for coordinates (the generalized Lorentz 
E -transformation) was applied to the Dirac equation. It is shown 

that under this transformation the modified Dirac equation is 
invariant. 

The investigation has been performed at the Laboratory of 
High Energyes, JINR. 
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1. BBEJ{EHHE 

KaK H3BeCTHO, B CIIeiJ,HallLHOB TeOpHH OTHOCHTellLHOCTR 

,IVIJI OIIpe,!l;eneHRJI IIOHJITRJI O,!I;HOBpeMeHHOCTR pa3HOMeCTHLIX 

C06LITRH 06LiqHo rronaraeTCJI, qTO CKOpOCTL CBeTa B mo6wx 

ABYX rrpoTRBorrono~HLIX HarrpaaneHRJIX OAHHaKoaa. 3aaaca

MOCTL OIIpe,!l;eneHRJI O,!I;HOBpeMeHHOCTR OT COrnaweHRJI 0 Be

llHq&He CKOpOCTH CBeTa B pa3n&qHLIX HaiipaBneHRJIX o6yCllOB· 

ne&a TeM, qTO IlpOIJ,e,!l;ypa CRHXpOHR3aiJ,RR y,!l;aneHHLIX qaCOB 

OCHOBLIBaeTCJI RMeHHO Ha IIOCLillKe CBeTOBLIX CRrHallOB. 

llo- BR,!I;RMOMY, llyaHKape rrepBLIB o6pa TRll BHRMaHRe 

Ha TO, qTo CRHXpOHH3aiJ,RJI y,!l;alleHHLIX qaCOB JIBllJieTCJI 

WYHAaMeHTanLHoii rrpo6neMoii. llpa 3TOM OH yKaJan I 11 qTo 
' IIOllO~eHRe 0 IIOCTOJIHCTBe CKOpOCTR CBeTa B paJn&qHLIX 

HarrpaaneHRJIX JIBll.lleTCJI IIOCTynaTOM, 6e3 KOTOpOrO HellL3JI 

IIpOBeCTR R3MepeHRe 3TOB CKOpOCTH, H qTo 3TOT IIOCTynaT 

HRKOr,!l;a He MO~eT 6LITL IlpOBepeH npJIMO 3KCIIep&MeHTOM. 

BLICKa3LIBaHRe 0 TOM, qTo CKOpOCTL CBeTa IlpRHIJ,RIIR· 

allLHO HeB03MO~HO R3MepRTL 6e3 IIpOR3BOllLHLIX ,!I;OIIYIIJ,eHHB, 

a II03TOMY MLI RMeeM rrpaBO ,!l;ellaTL IIpOR3BOllLHLie rrpe,!l;· 

IIOllO~eHRJI 0 CKOpOCTR CBeTa Ia IIpOTRBOIIOllO~LIX HaiipaB

neHRJIXI, MO~Ho HaiiTR a y 3iiHwTeiiHa I 21. 
)l;eTallLHO yCllOBHLIB, KOHBeHIJ,ROHallLHLIB xapaKTep IIOHJI• 

TRJI O,!I;HOBpeMeHHOCTR pa36HpaeTCJI B neKIJ,RJIX JI.H.MaH

,!I;ellLWTaMa lsi. 
YIIOMJIHeM Ta~e, qTO ponL cornaweHRJI B CHHXPOHR3a

IJ,HR qacoa oco6eHHO rro,!l;qepKRBana <}lanoco<}!LI PeiixeH6axl 41 
H rpiOH6ayM 151. 

Mbl HaMepeHHO KOCHyn&cL TOllLKO HecKonLKRX pa6oT, 

3aTpar&BaiOIIJ,RX rrpo6neMy OIIpe,!l;eneHR.II O,!I;HOBpeMeHHOCTR, 

IIOCKOllLKY IIO,!I;p06HOMY o6cy~eHRIO yKa3aHHOB rrpo6neMbl 

rrocBJIIIJ,eH u.enwii PJIA rry6n&Kau.aii I CM., Harrp&Mep/6- 81 I. 
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3,1J,eCL MLI TaK)I(e XOTHM 3aMeTHTL cne,IJ,yiO~ee. Ka3anOCL 

6LI, npo6neMa onpe,IJ,eneHHS: speMeHH B y,IJ,aneHHoii OT ,IJ,aHHo

ro Ha6niO,IJ,aTens: TO'IKe MO)I(eT 6LITL npocTo peweHa nepe

HeCeHHeM 'laCOB C 6eCKOHe'IHO Manoii CKOpOCTLIO B yKa3aH

HYIO TO'IKy. 0,1J,HaKO O'leBH,IJ,HO, 'ITO BBe,IJ,eHHe nOHS:THS: CKO

pOCTH y)l(e npe,IJ,nonaraeT peweHHOii npo6neMy onpe,ll,eneHHS: 

BpeMeHH /O,IJ,HOBpeMeHHOCTH/ B pa3nH'IHLIX TO'IKaX 

npOCTpaHCTBa. HHLIMH CnOBaMH, OTMe'leHHaS: npoiJ;e,IJ,ypa 

He MO)I(eT C'IHTa TLCS: He 3aBHCHMOH no OTHOWeHHIO K npou;e

,IJ,ype CHHXpOHH3aiJ;HH y,IJ,aneHHLIX 'laCOB nocpe,IJ,CTBOM CBeTO

BLIX CHrHanOB. 

2. OIIPE~EJIEHHE O~HOBPEMEHHOCTH. 
( -IIPEOEPA30BAHHH 

HTaK, noHS:THe O,IJ,HospeMeHHOCTH s cneu;HanLHoii TeopHH 

OTHOCHTenLHOCTH onpe,IJ,enJleTCS: C nOMO~LIO cne,IJ,YIQ~ero 

onLITa. Ha6niO,IJ,aTenL /Haxo,IJ,s:~iics: B HeKoTopoii TO'IKe A/ 
nocLinaeT B y,IJ,aneHHYIO OT Hero TO'IKY B B MOMeHT BpeMeHH 

t l CBeTOBOH CHrHan; CHrHan OTpa)l(aeTCJl B yKa3aHHOH 

TO'IKe B H B03spa~aeTcs: Ha3a,IJ, s A B MOMeHT speMeHH t 2. 
IlpH 3TOM 06LI'IHO MOMeHTY OTpa)l(eHHJl CHrHana npHnHCLI

BaeTCS: speMs: 

t B = t l + dt 2 - t l) , /1/ 

r,IJ,e f =1/2. 3TO 3Ha'leHHe f COOTBeTCTByeT, O'leBH,IJ,HO, 

npe,IJ,nono)l(eHHIO o paseHCTBe cKopocTeii cseTa B npoTHBo

nonO)I(HLIX HanpasneHHS:X. B 3TOM 3aKniO'IaeTcs: npocToTa 

H Y.li.06CTBO Tpa,IJ,HIJ;HOHHOrO onpe,ll,eneHHS: O,IJ,HOBpeMeHHOCTH. 

O,IJ,HaKo nocKonLKy Henocpe,li,CTBeHHLIM pe3ynLTaTOM pac

CMaTpHsaeMoro OnLITa S:BnS:IOTCJl BenH'IHHLI t H t 
2

, TO, 

Ka3anOCL 6LI, MLI He MO)I(eM BLI,IJ,enHTL KaKoe- nH6o KOHKpeT

HOe 3Ha'leHHe f cpe,IJ,H 0 <E < 1 KaK COOTBeTCTBYIQ~ee 
06'LeKTHBHOH O,IJ,HOBpeMeHHOCTH. Il03TOMY He06XO,IJ,HMO 

BLIS:CHHTL, CyiUeCTBYIOT nH KaKHe -nH60 npH'IHHLI, HCKniO'IaiO

~e B03MO)I(HOCTL BLI6opa f :f1/2. 

KaK Ka)l(eTcs:, HaH6onee ecTecTBeHHLiii nyTL ,IJ,ns: pewe

HHS: nocTasneHHoro sonpoca cocTOHT B BLIBO,IJ,e npeo6pa3o-
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BaHHH ,IJ,nS: KOOp,li,HHaT /3aMeHJliO~HX npeo6pa30BaHHS: JlopeH

u;a/ npH ycnOBHH, 'ITO B /I/ f 3apaHee He ~HKCHpyeTCS:, 
a MO)I(eT npHHHMaTL ni06Lie 3Ha'leHHS: B yKa3aHHOM HHTep

sane 0 < f < 1. IlpHMeHeHHe 3THX npeo6pa3oBaHHii H ,IJ,on

)I(HO ,IJ,aTL Henocpe,li,CTBeHHLIH OTBeT Ha nOCTaBneHHLIH Bon-

poe. 
YKa3aHHLie npeo6pa3osaHHJl /TaK Ha3LIBaeMLie 

o6o6~eHHLie f - npeo6pa3osaHHS: JiopeHua/ paccMaTpHsa

nHCL B ps:,ll,e pa6oT/9-14/."8 npocTeiiweM cnyqae ,IJ,BH)I(eHHS: 

B,IJ,OnL ocH OX I co cKopocTLIO v x =f3c I H npH ycnoBHH, 'ITO 

,ll,nS: BCeX CHCTeM OTC'IeTa f O,IJ,HO H TO )l(e, OHH HMeiOT BH,IJ,: 

x'=\[1+(2E-1){3]x-f3ctly, y'=y, z'=Z, 
/1/ 

t' ""\ ( 1 - (2£ - 1) f3 ]t- 4 ( (1-E)(f3/ c) xly, 

r,IJ,e y=(1-f3 2 )-l/2 • /HeTpy,li,HOBH,IJ,eTL,'ITO,IJ,nS: E=1/2 

~opMynLI /1/, ,IJ,eiicTBHTenLHO, nepexo,IJ,s:T B o6LI'IHLie cne

UHanLHLie npeo6pa3oBaHHS: JiopeHu;a/. 

KaK 6Lino noKa3aHo paHee I 111, s nonHOM cooTBeTCTBHH 

C yTBep)l(,ll,eHHeM OTHOCHTenLHO ycnOBHOCTH nOHS:THS: O,IJ,HO

BpeMeHHOCTH, CBS:3aHHOH C B03MO)I(HOCTLIO BLI6opa f -::j-1/2 

B /I/, ypaBHeHHS: MaKCBenna, onHCLIBaiO~He, B 'laCTHOCTH, 

pacnpOCTpaHeHHe 3neKTpOMarHHTHLIX BOnH - CBeTOBLIX CHr

HanoB, ,IJ,eHCTBHTenLHO, HHBapHaHTHLI OTHOCHTenLHO f -

npeo6pa3oBaHHii. 
B Ka'leCTBe cne,IJ,yiO~ero wara HH)I(e MLI npuMeHHM 

yKa3aHHLie npeo6pa3oBaHHS: K ypasHeHHIO ,[(HpaKa. Ho npe)I(

,IJ,e MLI XOTHM 3aMeTHTL cne,IJ,yiO~ee. 

Boo6~e rosops:, paccMaTpHBaeMLIH BLIWe onLIT MO)I(eT 

6LITL HCnonL30BaH TaK)I(e /B COOTBeTCTBHH C pa,li,HOnoKa

UHOHHLIM MeTO,IJ,OM H3MepeHHS: paCCTOS:HHH/ ,IJ,nS: onpe,ll,eneHHS: 

paccTos:HHS: oT A ,IJ,O B Ha ocuose BLipa)l(eHHS: 

X AB = CE 1(t2 -t 1)' /11/ 

r,IJ,e o6LI'IHO { 1 =1/2. Ka3anocL 6LI, no aHanorHH c BLiwe

H3nO)I(eHHLIM cne,IJ,yeT ,IJ,OnyCTHTL, 'ITO B ,IJ,aHHOM BLipa)l(eHHH 

/2/ f 
1 

TaK:>Ke He o6s:3aTenLHO paBHO 1/2.0Ka3LIBaeTCS:, 

o,IJ,HaKo I 15/, 'ITO s 3TOM cnyqae, cooTBeTCTBYIO~eM npe,ll,-
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nono)KeHHIO 0 B03MO)KHOH aHH30TpOllHH npOCTpaHCTBa npH 

f 1 i1/2, HenL3JI nony'IHTL npeo6pa3oBaHHii, no~o6HLIX /1/. 

3. Oli HHBAPHAHTHOCTH YPABHEHH.Jl ,IUfPAKA 
OTHOCHTEHhHO i·llPEOliPA30BAHHH 

PaccMOTPHM ypaBHeHHe )l;apaKa 

(iy k_a_- m) w(x) = 0 
axk ' /2/ 

r~e t= c =1; k =0,1,2,3; xk=(x
0
,x) =(t,x);lj!(x)- 'leT~a~

pexKoMnoHeHTHaJI filyHKIJ;HJI, a 

(

1000) (0001) (000-i) (0010) 0= 0 10 0 1.., 0 0 10 2= 0 ~ i 0 y3= 0 0 0-1 
y 00-10 y 0-100 y OtOO -1000 

0 0 0-1 ' -1 0 0 0 ' -i 0 0 0 ' 0 1 0 0 /J/ 

KaK 61a1no OTMe'leHo paHee I 15~~nJI Toro 'IT06LI nony'IHTL 

filopMynLI /1/ /~JI KOHTpaBapHaHTHLIX BenH'IHH/, B cneo;H· 

anLHLIX npeo6pa30BaHHJIX JlopeHo;a He06XO~HMO llpOH3BeCTH 
cne~yiOIIJ;YIO 3aMeHy: 

t -> t -ax' n 
r~e a= 2£-1. 

/4/ 

B COOTBeTCTBHH C 3THM B ypaBHeHHH /2/ KOBapHaHTHaJI 

llpOH3BO~HaJI a = a;axl ~On)I(Ha 6LITL 3aMeHeHa Ha 
1 BenH'IHHy 

at ... a1 +aao. 
/5/ 

C ~pyroi CTOpOHLI, MO)KHO COXpaHHTL npe)KHIOIO filopMy 

ypaBHeHHJI /2/, HO ~JI MaTpHIJ;LI yO HCllOnL30BaTL cne~yro
IIJ;ee BLipa)KeHHe: 

1 o o a) 
o o 1 a o 

Y, 1 0 -Ji -1 0 •, \.a o o -1 
/6/ 

6 

r( 

I 

'I 
i 

: ' 

fipH Henocpe~CTBeHHOM npHMeHeHHH filopMyn /1/ C yqe

TOM H3BeCTHLlX filopMyn npeo6pa30BaHHH ~nJI KOMllOHeHTl/f: 

l/1~,4 = y+lj! 1,4 - Y_l/1 4,1 ' l/1 ;,3"' y+lj! 2,3 -y_l/13,2 

~ 
r~e y + = [ (y ± 1) /2] ,nerKO y6e~HTLCJI, 'ITO B~OH3MeHeHHOe 
TaKHM -o6pa30M ypaBHeHHe )l;HpaKa 6y~eT, ~eHCTBHTenLHO, 
HHBapHaHTHO OTHOCHTenLHO cneo;HanLHLIX f ·npeo6pa30Ba· 
HHH. 

B paMKax cnHHOpHoro aHanH3a ~nJI ypaBHeHHJI )l;apaKa 

6y~eM HMeTL /eM., HanpHMep, /16/ I cne~yiOIIJ;He ~Ba BLipa
)KeHHJI: 

a~ a 
D TJ•=ffi~, 

{3 • 
• r-1 a 

Dat-'~ {3 = IDTJ 
/71 

3~eCL a, a, {3, {3 =1,2, ~ H TJ 

nyHKTHPHLIH CllHHOpLI, 
HenyHKTHPHLIH H 

D 11D 12 ua o + a 3 ~ . "l 
0 2i 0 22 =naa

0
+ a

1 
-ia

2 

B COOTBeTCTBHH C /5/. 

sa0 +01 +Ia 2 ~ 
ao- a 3 

/8/ 

CBJ13L KOBapHaHTHLIX CllHHOpOB ~ , TJ C KOMllOHeHTaMH 
a a 

BOnHOBOH fiJYHKIJ;HH l/J B /2/ onpe~enJieTCJI cne~YIOIIJ;HMH 
BLipa)KeHHJIMH: 

~1 =l/11 +l/13, ~2 .... lj!2 +l/14' 

/9/ 
TJ. "'i(lj! -l/1 ), TJ. = i(lj! -t/J ). 

1 4 2 2 1 3 

fipH 3TOM, HanpHMep, nepexo~ OT KOHTpaBapHaHTHLIX COCTaB-
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RJIIOIIUIX K KOBapHaHTHblM OC~CCTBRJICTCJI C llOMOillbiO 

KOCOCHMMCTpH'IHOrO CllHHTCH30pa f a/3 (€ a~), Y KOTOporo 

( =l(f .. =1). /10/ 
12 12 

4. 3AKJIJOqEHHE 

KoHBCHUHOHanbHhlH xapaKTep onpeAeneHHJI OAHOBpeMeH

HOCTH pa3HOMCCTHblX C06blTHH ll03BORJICT B l}lopMyne /1/, 
OllpCACRJIIOillCH yKa3aHHOC llOHJITHC, He orpaHH'IHBa TbCJI 

TOnbKO 3Ha'ICHHCM ( =1/2. CooTBCTCTBYIOillHC TaKoMy noA

xo.n:y npeo6pa30BaHHJI ARJI KOOPAHHaT /o606IllCHHblC €-npe

o6pa30BaHHJI JlopeH:o;a/ nepeXOAJIT npH TpaAHUHOHHOM Bbl60-

pe ( =1/2 B o6bl'IHhle npeo6pa3oBaHHJI JlopeH:u;a. 

PaHee 6blno noKa3aHo, 'ITO ypaBHCHHJI MaKcaenna

JlopeH:ua HHBapHaHTHbl OTHOCHTCRbHO f-npeo6pa30BaHHH. 

BbiWe Mhl IIOKa3anH, 'ITO OTMC'ICHHOMY Tpe6oBaHHIO HHBa

pHaHTHOCTH YAOBRCTBOpJICT Ta~e BHAOH3MCHCHHOC ypaa

HCHHC ,lJ;HpaKa, nepCXOAJIIllCC B 06bl'IHOC ypaBHCHHC ,lJ;HpaKa 

npH ( =1/2. 
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