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I 
I.e 

1. BBEAEHHE 

npHMeHeHHe Tpe6oBaHHH Cne~HanbHOH TeOpHH OTHOCHTenbHOCTH 
K KeaHTOBOH MexaHHKe 6~no ypeaewYaHHO nnOAOTBOpH~M. XapaKTep­
H~M npHMepoM TOMY RBnReTcR ypaeHeHHe AHpaKa, c noMO~b~ KOTo­
poro YAanOCb OnHCaTb cnHH, MarHHTHbiH MOMeHT 3neKTpOHa, npeA­
CKa3aTb cy~ecTeoeaHHe aHTHYaCTH~ H AP· 

0AHaKO AO CHX nop B penRTHBHCTCKOH KBaHTOBOH MeXaHHKe e~e 
COXpaHR~TCR HeKOTOp~e 3neMeHT~ HeKOBapHaHTHOrO OnHCaHHR. 3TO 
KacaeTCR B~pa*eHHH AnR raMHnbTOHHaHa, npOH3BOAH~X no epeMeHH 
H T.A. C APYrOH CTOpOH~, He HaWnH nonHoro npHMeHeHHR penRTH­
BHCTCKHe onepaTop~, COOTBeTCTBy~He eenHYHHaM, OnHC~Ba~~HM 
ABH*eHHe ~eHTpa HHep~HH H AHnonbH~H MOMeHT. HH*e MW BBeAeM 
penRTHBHCTCKH-HHBapHaHTH~H onepaTOp raMHnbTOHa, npOH3BOAHY~ 
no COfiCTBeHHOMY epeMeHH H onepaTop 4-TeHaopa 3neKTpOMarHHTHO­
ro AHnonbHoro MOMeHTa. KpoMe Toro, ~ KOCHeMCR eonpoca o6 
3KCnepHMeHTanbHOH npoeepKe penRTHBHCTCKOH ¢QpMyn~ npeo6paao­
BaHHR AnHHbl. 

2. KOBAPHNiTHM~ rAMHflbTOHHAH 

2.1. PaccMOTpHM KnaccHYeCKHH KoeapHaHTHbiH /cKanRpH~H/ ra­
MHnbTOHHaH AnR YaCTH~~ Mace~ m a 3neKTpoMarHHTHOM none /eM., 
HanpHMep, 1 11 I : 

1 .. 2 
H = 2"; g u ( p i - e Ai ) • I 1 I 

3AeCb i- 0,1,2,3, g00 =- gaa =1 (a=1,2,3), Pi- 4-HMnynbC Yac­
TH~, Ai - 4-aeKTOP noTeH~Hana 3neKTpoMarHHTHoro nonR, c = 1. 
npH 3TOM KOBapHaHTH~e KaHOHHYeCKHe ypaBHeHHR raMHnbTOHa fiYAYT 
HMeTb BHA: 

/2/ 

rAe T- HHBapHaHTHOe /cofiCTBeHHOe/ BpeMR. npHBneKaR penRTH­
BHCTCKH-HHBapHaHTH~e CK06KH nyaCCOHa 

/3/ 

l ,) ~ > 
,~ .. -

I h~15n~DT f.KA 
\.-~- ~---------... -~. ---------
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................ ----------------------------
111 nonaraR B=H AllR Koeapll1aHTHOH npoii13BOAHOH eeJl1114111Hbl A no 
/co6CTBeHHOMy/ BpeMeH~ HaHAeM 

_d.A_,.[ A, H). 
dr 

/4/ 

2.2. 4T06~ COBepWII1Tb nepeXOA K KBaHTOBOH MeXaH111Ke, 3aMeHII1M, 
KaK o6~4HO, 4-111Mnynbc pi onepaTopoM 

Pi ... 'Pi = it a 1 a x i . /51 

B peayJlbTaTe AllR penRT111BII1CTCKH-111HBapll1aHTHoro onepaTopa raMI!IJlb-

TOHa nOJlY4111M: 

~ 1 ~ ~. i 
H =-(Pi -eAi )(p 1 -eA ). 

2m 
/6/ 

c noMO~b~ /6/ ypaeHeHII1e Knei:iHa-ropAOHa Allfl aonHoeoi:i ~YHK1..1111111 ~ 

~ 1 
H~.,. -m~. 

2 
171 

Ec11111 onHpaTbCR Ha AaHHY~ raMHJlbTOHOBY ¢opMy aonHoaoro ypaa­
HeH111R, TO no aHaJlOrHIII C o6~4HbiM nOAXOAOM Ha OCHOBaHII1111 ypaBHe­
HHfl AHpaKa Allfl 4aCTII1ll co cnHHOM 1/2 nony41!1M: 

~ 1 . ~ 

H0 =-;..-/(P; -eA; ). /8/ 

C y4eTOM /4/ Allfl KOBapl!laHTHOH 
TaJlbHOrO MOMeHTa 6yAeM 111MeTb: 

npo1!13BOAHOH onepaTopa op6111-

.~ dLx .+ di:23 ~23 ~ ~ ~ 23 
m--=lh--=- I.; H -HL . 

d r dr 

00ACTaBJlflfl B /9/ raM111JlbTOHHaH /8/ 111 np1!1HI!1Mafl BO 
e cny4ae lleHTpam.Horo nonR (A0- ¢(r), Aa = 0) 
KOMMYTI!IpyeT CO c~epll14eCKH-CI!1MMeTp1!14HOH ~YHKLII!IeH 

... dL23 t + 3 ~2 2 ~ a 
1n- = -- n ( y p - y p ). 

dr 2 

BBOAR 11MaTp1!14H~H TeH30p Cni!1Ha11 

a/:3i(aa {3a) 
(1 -- y y~-' _, y y ' 

2 

2 

/9/ 

BHII1MaH1!1e, 4JO ~ 

onepaTop L 
¢ ( r ), nony4111M 

/9 I 

/10/ 

/11/ 

113 /9/ 111 I 11 I cneAyeT, 4TO coxpaHReTCR senii14111Ha La {3+ 1i aaf3 I 2, 
RBJlR~~aRCR nOJlH~M MOMeHTOM KOJlll14eCTBa ABII1meHII1fl. Op111 3TOM one­
paTOp 

g a/3 = L'fiaa{3-
2 

3. OnEPATOP ABI1~EH11R UEHTPA 11HEPU1111, 
A11nOnbHM~ MOMEHT 4ACTI1UM 

/12/ 

3. 1. B paMKaX cne1..11!1aJlbHOH TeOp1!1111 OTHOCII1TeJlbHOCTII1 MOMeHT 
111MnyJlbCa HeKOTOpOrO 06beKTa /CII1CTeM~/ onpeAeJlReTCfl npOCTpaHCT­
BeHH~MII1 KOMnOHeHTaMII1 aHTII1CII1MMeTpii14HOrO 4-TeH30pa /BTOporo paH­
ra/ yrnoeoro MOMeHTa. Op111 3TOM ero epeMeHH~e KoMnoHeHT~ onll1c~­
ea~T ABI!ImeHI!Ie lleHTpa 111Hep1..1111111 paccMaTpii1BaeMoro o6beKTa. 

Ha OCHOBaH1!1111 3TOro ~aKTa B paMKaX pe11RTII1BII1CTCKOH KBaHTOBOH 
MexaH1!1KII1 onepaTop op61!1TaJlbHoro MOMeHTa La/3 AonmeH npeACTae-
JlRTb C060~ npOCTpaHCTBeHH~e KOMnOHeHT~ aHTII1C111MMeTpii14HOrO 4-
TeH30pHOrO onepaTopa Lik 121. Ero me KOMnoHeHT~ 

L~ Oa .+ ( 0 a a a 
=ln.l ---.1 -·-) 

axa axo 
/13/ 

AOJlmH~ onpeAeJlRTb ABHmeHI!Ie lleHTpa II1Hep1..1111111 AaHHOrO KBaHTOBOMe­
~;::;;;.;·..;.:c;.;vlv vubt::KJd. iia ocHOBaHHII1 /9/ 111 I'd/ 6yAeM 111MeTb 

+ ,~toa 1 + ~ ~ i ._ d Oa 
ih ~- = -n ( y~!pO _ yOp a ) = _ ~-n2 .....!!.-. 

dr 2 2 dr 
/14/ 

OTC~Aa no aHanor111111 c pe3yJlbTaTaMII1 n.2 aaKJl~4aeM, 4TO 111HTerpa­
JlOM ABII1meH111R RBJlReTcR cyMMapHaR seJl11141!1Ha L0 a + t u Oa I 2, y4H­
T~ea~~aR TaKme ABII1meH1!1e C06CTBeHHOrO lleHTpa 111Hep1..1111111 4aCTII1ll~ 

gOa . 00A06HO HaJl11141!1~ TeCHOH CBR3111 MemAY MeXaHH4eCK111M 111 Mar­
HI!ITH~M MOMeHTaMII1 AOJlmHa Cy~eCTBOBaTb TaKaR me CBR3b MemAY gOa 
111 3JleKTPII14eCK1!1M AlllnOJlbH~M MOMeHTOM. B COOTBeTCTBII1111 C onpeAe­
JleH111eM onepaTOpa MarH111THOrO MOMeHTa Ha OCHOBe B~pameHHfl 

AllR onepaTopa peJlRTHBHCTCKOrO 3JleKTpH4eCKOrO AHnOJlbHOrO MOMeH­
Ta 6yAeM HMeTb 

~Oa. I !l..(xOpa _ .xa pO). 
m /16/ 

BMecTe /15/ H /16/ o6paay~T aHTHCHMMeTpH4H~i:i 4-TeH30pH~H one­
paTop 3JleKTpoMarHHTHOrO AHnOJlbHOrO MOMeHTa. npH 3TOM HX CBR3b 
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C COOTBeTCTBY~~HMH TpexMepH~MH BenH4HHaMH onpeAenReTCR B~pa~e­
HHRMH 

/17/ 
rAe f $- CHMBOn nesH-4HBHTa. HeTPYAHO BHAeTb, 4TO COOTBeTCT­
BY~Ulee a/l6/ KnaccH4ecKoe s~pa~eHHe c y4eToM pi"' mu 1

, f"Ae u i -
4-CKOpOCTb, B HepenRTHBHCTCKOM npeAene (Ua-+ dxa/dt, uO-+ 1), 
Aei1cTBHTenbHO, nepeXOAHT B H3BeCTHOe Bblpa~eHHe da-+~(-e)Xa, 
rAe Mbl T a K~e nOJlO~HnH X O"' 0. 

Cne~HaJlbHaR TeOpHR OTHOCHTenbHOCTH He MO~eT AaTb OTBeTa 
Ha sonpoc o HanH4HH co6cTBeHHoro 3neKTpH4ecKoro AHnonbHoro 
MOMeHTa y 4aCTH~bl. 0AHaKO cornaCHO 3TO~ TeOpHH CYUleCTBOBaHHe 
COfiCTBeHHOrO MarHHTHOrO MOMeHTa AOn~HO npHBOAHTb K nORBneHH~ 
y ABH~Yllle~cR /co cKopocTb~ v =U/u 0 I 4aCTH~bl AOnOJlHHTenb­
Horo B3aHMOAe~cTBHR c 3JleKTPH4eCKHM noneM E BHAa dE =d E .• ,. a a 
rAe d = -[ uttl *. HanOMHHM' 4TO 3TOT pe3ynbTaT' B 4aCTHOCTH' cne-
AYeT H3 KBaAPHPOBaHHR ypaBHeHHR AHpaKa. npH 3TOM Heo6XOAHMO 
nOA4epKHyTb, 4TO a npeAcTasneHHH Ma~0paHbl A06aB04H~e 4neHbl K 
raMHJlbTOHHaHy /6/, OnHCbiBa~UlHe B3aHMOAe~CTBHe 4aCTH~bl C Mar­
HHTHbiM H 3JleKTpH4eCKHMH nOJlRMH, nOJlHOCTb~ CHMMeTpH4Hbl: 

/18/ 

3.2. OcTaHOBHMCR AeTallbHee Ha $OpMynax npeo6pa3osaHHR AllR 
KOMnOHeHT g H ~ KOrAa B OAHO~ /co6CTBeHHO~/ CHCTeMe OTC4eTa 
K' d' = 0 "' =" ' ~ 0, a 11' ;, 0. C T04KH 3peHHR Apyro~ 

~ X ~ y Z 

CHCTeMbl OTC4eTa - K, ABH~Yllle~CR OTHOCHTenbHO K' CO CKOpOCTb~ 
-Vx , 6yAeM HMeTb ABe OTnH4Hble OT HynR KOMnOHeHTbl: 

l.lz=I1:Y• dy"'vxi1;Y• /19a,6/ 

2 -'h 
rAe y• (1-vx) -. 

HMeHHO C TaKHM cny4aeM Mbl no CYTH Aena CTanKHBaeMCR npH H3y-
4eHHH 3JleMeHTapHbiX 4acTH~*! nocneAY~lllH~ ~e nepexoA K RAPaM,aTo-

*Ha npaKTHKe /CM.,HanpHMep,la/ /paccMaTpHBaeTCR B3aHMOAe~cT­
BHe MarHHTHOrO MOMeHTa C MarHHTH~M noneM,RBnR~UlHMCR pe3yJlbTa­
TOM npeo6pa30BaHHR AaHHOrO 3JleKTPH4eCKOrO nonR B C06CTBeHHY~ 
CHCTeMy 4aCTH~bl. 

** Ae~CTBHTeilbHO ,ycnosHe d '= 0 
KaK cneACTBHe 3KCnepHMeHTanbHO ycTaHOBJleHHOrO B HaCTORUlee BpeMR 
$aKTa 141 . 4TO sepXHH~ npeAell AnR co6cTBeHHoro 3IleKTPH4ecKoro AH­
nonbHoro MOMeHTa He~TpOHa npHMepHO Ha AeCRTb nopRAKOB MeHbWe 
ero MarHHTHoro MOMeHTa.HccneAOBaHHe noAOfiHoro THna /cM.,HanpH­
Mep,151 /MO~HO C4HTaTb TaK~e npaKTH4eCKOH nposepKO~ $OPMYI1~ 
/196/ npH Manblx vx. 

} 

MaM, MOneKyJlaM H T.A. n03BOJ1ReT B npHH~Hne paCCMaTpHBaTb $0p­
MYI1~ /19/ npHMeHHTenbHO H K MaKpOCKOnH4eCKHM 06DeKTaM. 

HanoMHHM Tenepb, 4TO H3Ha4ailbHO MarHHTHbl~ AHnOilbHbl~ MOMeHT 
fibln BBeAeH KaK BenH4HHa npOH3BeAeHHR TOKa Ha nJlOUlaAb /KOHTypa/. 
nocKOJlbKy TOK onpeAeilRJlCR H3MeHeHHeM KOJlH4eCTBa 3JleKTpH4eCTBa 
B eAHHH~Y COfiCTBeHHOrO BpeMeHH J ,.dQ/dr, TO J RBJlReTCR HHBa­
pHaHTHO~ BeJlH4HHO~. no3TOMy Bblpa~eHHe /19a/ $aKTH4eCKH npeA­
CTaBJlReT C060~ peJlRTHBHCTCKy~ $OpMyny npeo6pa30BaHHR nJlOUlaAH 
(u· ) • 

xy • 

u 
xy 

a' Y • 
xy 

/20/ 

C y4eTOM TOrO, 4TO nonepe4Hble pa3Mepbl (fy) He H3MeHR~TCR B pe-
3YllbTaTe ABH~eHHR, Ha OCHOBaHW1 /20/ npHAeM K CJleAY~UleH penR­
THBHCTCKO~ $OpMyJle npeo6pa30BaHHR npOAOilbHbiX pa3Mepoe: 

/21/ 

TaKHM o6pa30M, 3KCnepHMeHTanbHbiA $aKT OTCYTCTBHR COfiCTBeH­
HOrO 3JleKTPH4eCKOro AHnOnbHOrO MOMeHTa ( l1 Oa:, 0) Y 3JleMeHTap­
HbiX 4aCTH~ /npH 11a8,~ 0 I MO~eT p3CCMaTpHBaTbCR no CYTH Aena 
KaK KOCBeHHbl~ OnbiT, CBHAeTeJlbCTBY~lllH~ B nonb3y 11$0pMyJlbl YAilH­
HeHHR11 /21 I*. 

Apyry~ B03MO~HOCTb npoeepKH Oblpa~eHHR /21/ Aa~T HaM 3Kcne­
~IAMPHThl nO flPnRTIARIArTrk"OiA R,~Pf'~niA r!"tA".:alAWP"' k",.':lr;::uniii,I.H~ra IA~M~~'=:'I-IIAO 

npocTpaHCTBeHHbiX pa3Mepos o6nacTH B3aHMOAe~cTBHR e npo~eccax 
MHO~eCTBeHHoro po~AeHHR /eM., HanpHMep, 17

•81 I e pa3IlH4HbiX 
CHCTeMaX OTC4eTa ** • 

4. 3AKJ1104EHHE 

HcnoJlb30BaHHe penRTHBHCTCKH-HHBapHaHTHoro raMHnbTOHHaHa 
n03BOJlHJ10 BBeCTH KOBapHaHTHY~ npOH3BOAHY~ no /co6CTBeHHOMy/ 
BpeMeHH. npHMeHeHHe yKa3aHHO~ npOH3BOAHO~ B CJly4ae 4aCTH~ CO 
CnHHOM 1/2 noKa3aJlO, HanpHMep, 4TO COXpaHReTCR CYMMa opfiHTanb­
HOrO H CnHHOBOrO MOMeHTOB, rAe nOCJleAHH~ onpeAenReTCR 11MaTpH4-
HbiM TeH30pOM CnHHa 11

• 

6blnH paccMOTpeH~ onepaTopbl 4-reH3opa MexaHH4ecKoro MOMeHTa 
H TeCHO CBR3aHHOro C HHM 4-TeH30pa 3JleKTPOMarHHTHOrO AHnOJlbHQ­
ro MOMeHTa, npOCTpaHCTBeHHble KOMnOHeHTbl KOTOpOrO OnHCbiBa~T 

* 8 3TOH CBR3H CM., HanpHMep/61. 

** 04eBHAH0,4TO COrJlaCHO /21/ npOAOJlbHble pa3Mepbl o6naCTH B3aH­
MOAeHCTBHR AOn>KHbl fibiTb MHHHManbHbiMH B Co6CTBeHHOH CHCTeMe OT­
C4eTa. 

5 



MarH~TH~H, a BpeMeHH~e - 3neKTp~4eCK~H MOMeHT. 0TMe4eHO, 4TO 
o6naAa~~aR C06CTBeHH~M MarH~TH~M MOMeHTOM AB~*y~aRCR 4aCT~~a 
AOn*Ha BeCT~ ce6R TaK, KaK 6yATO 6~ OHa ~MeeT TaK*e 3neKTp~-
4eCK~H A~nOnbH~H MOMeHT. PaeeHCTBO Hyn~ nocneAHero B C06CT­
BeHHOH C~CTeMe OTC4eTa MO*eT paccMaTp~BaTbCR KaK yKa3aH~e 
B nonbay penRT~B~CTCKOH "<J>opMyn~ YAn~HeH~R". 

AeTop 6naroAap~T npo<J>eccopa M.~.noArope~Koro aa aaMe4aH~e 
o B03MO*HOCT~ npoeepK~ "<J>opMynbl YAn~HeH~R" e 3Kcnep~MeHTax 
no ~HTep<J>epeH~~~ TO*AeCTBeHHbiX 4acT~~. npo<J>eccopa B.r.rp~w~Ha 
~ M. C. XeacTyHoea a a noneaHble o6CY*AeH~R, a B .11. J1~6ow~~a a a 
~eHHble Kp~T~4eCK~e 3aMe4aH~R. 
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CTpen.~oa B.H. P2-82-404 
Pen~TMBMCTCKMe onepaTopw ~eHTpa MHeP~MM M AMnon~HOro MOMeHTa 

8 p8MKax pen~TMBMCTCKO~ KBaHTO~ MeXaHMKM B80~TC~ KOBaPMaHTHwM ra­
MMnbTOHMaH M KOBapMaHTHaR npoMI80AHaR no /Co6CT8eHHOMy/ BpeMeHM. PacCMOT­
peHW OnepaTopw 4-TeHIOpa MeXaHM~eCKOrO MOMeHTa M TeCHO CBRiaHHOrO C HMM 4-
TeHIOpa 3neKTpoMarH~THOrO AMnOnbHOrO MOMeHTa, npoCTP8HCTBeHHWe KOMnOHeHTW 
KOTOporo OnMCWBaDT MarHMTH~, a apeMeHHWe - 3neKTPM~eCKMA MOMeHT. 0TMe~a­

eTC~, ~TO CneACTBMeM C~eCTBOBaHMR co6CTBeHHOro MarHMTHOrO MOMeHTa AO~HO 
6wTb nORBneHMe Y ABM*~eACR ~aCTM~W 3neKTPM~eCKOrO AMnon~HOrO MOMeHTa, OT­
CyTCTBMe KOToporO B Co6CTBeHHOA CMCTeMe OTC~eTa MO*HO C~MTaT~ yKa3aHMeM 
a non~ay pen~TMBMCTcKoA "410PMYI1W YAnMHeHMR 11 • 

Pa6oTa awnonHeHa • na6opaTOPMM awcOKMX 3HeprM~ OM~~. 

Stret•tsov V.N. P2-82-404 
Relativistic Center of Inertia and Dipole Homent Operators 

In the framework of relativistic quantum mechanism covariant Hamilto­
nian and covariant (proper) time derivative are Introduced. Operators of 4-
tensor of mechanical moment and of 4-tensor of electromagnetic dipole mo­
ment closely connected, space components of which describe magnetic moment, 
time components - electric moments are considered. It Is noted that the 
consequence of the existence of proper magnetic moment Is the appearance of 
a moving particle electric dipole moment. Its absence In the proper frame of 
reference could be an Indication In favour of the relativistic "elongation 
fortiiU I a". 

The Investigation has been performed at the Laboratory of High 
Energies, JINR. 
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