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I 

S u m m ~ r y 

The questions concerning the definition 
of•force and work in special relativity are 
discussed:-' 

For a continuous distribution of mass 
and charge, the tensor 8 1k of power-force is 
introduced (inparticular, its components, 
8a 4 and 844 , describe the densities of relati
vistic force and relativistic power, res
pectively). Taking as an illustration the 
electromagnetic field with charges and cur
rents, it is shown that the use of the intro
duced tensor leads to conventional equations 
which describe the energy and momentum conser
vation laws as a 4-divergence of'energy
momentum tensor. 

In addition, the relativistic equation 
of motion for an ideal fluid is discussed. 
In particular, it is noted that the conven
tional equation for a fluid in motion 
cannot be assumed to be reasonable as, e.g., 
the value of proper normal pressure appears 
in it although the pressure is only a 3-scalar. 
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B nocnenaee necHTHneTne HeKOTopwe acneKThl cneuuanh
Holi: TeOpHH OTHOCHTenbHOCTH, Cp8AH KOTOph!X MO)KHO BhiAe
nHTh npo6neMbl penHTHBHCTCKOli: ~OpMynHpOBKH CT8THKH H 
TepMOAHHaMHKH, cHoea cTanu npenMeTOM o6cy)K.lleHHH. Dpu 
3TOM B 3H8'1HTenhHOli: CTeneHH OK838nHCh 38TpOHYThlMH 
BOllpOChl, CBH38HHhl8 C onpeneneHH8M penHTHBHCTCKOli: 
cunw u ee pa6oTw. 

Hu)Ke Mhi TaK)Ke KOpOTKO o6cynuM yKaaaHHhie eonpoChi. 
BMecTe c TeM, Ha npuMepe aneKTpoMarHHTHoro nonH c 
38pHA8MH H TOK8MH 6yAeT paCCMOTpeHO .ll8li:CTBH8 penHTH
BHCTCKHX cun B cnyqae HenpephiBHoro pacnpeneneHHH 
38pHA8 H M8CChl. llpH 3TOM Mhl KOCH8MCH T8K)K8 penHTH
BHCTCKOI'O ypaBH8HHH ABH)K8HHH AnH HAeanhHOli: )KH.llKOCTH. 

1. Cl1JlA l1 PAEOTA B TEOPl1l1 OTHOCl1TEJlbHOCTl1 

B paMKax cneuuanhHOli: Teopuu OTHOCHTenhHOCTH cuna 
npencTaBnHeT co6010 4-BeKTOp F. ( i I k I e lm = 1 I 2 I 3 I 4 ) . 

I 

0TMeTHM, 'ITO HMeHHO ucnonb30BaHue eenH'IHHhi Fi 
BMeCTo 3-cHnhi noaeonHeT ycTpaHHTh PHA npoTueopequli:, 
B03HHK8~WHX npH penHTHBHCTCKOli: ~OpMynHpOBK8 CT8THKH 
( /1/ ) CM., B '18CTHOCTH, . 

/2/ 
CnenyH Mennepy I 6yneM H83hiB8Th eenH'IHHY 

F .* = ~.L I ( 1.1 ) 
1 dr 

r.oe r - co6cTeeHHoe epeMH, onpenen~wy~ cKopocTh 
H3MeHeHHH 4-HMnynbca pi 1 o6o6weHaoa canol!:, a eenH'IHHY 
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F. 
I 

du i 
m --, 0 

dr 

onpe)leJISI!OlUyJO H3MeHeHHe 4-CKOpOCTH u i 'i8CTHUhi, 
HCTHHHOH MeX8HH'ieCKOH CHJlOH. 

Ha OCHOBaHHH (1.1) H (1.2) 6yJleM HMeTh 

F~ 
I 

du i 
= mo~+ dmo - F· + ll i . U·---- I 

1 dr 

A, KpoMe Toro, 

F. u .= 0 
I I 

~ 

H 

F*u=ll.u. 
j j I I 

dm 0 - -cf;"-

f'Jle C = 1. 

( 1.2) 

( 1.3) 

( 1.4) 

( 1.5) 

DpH aTOM pa6oTa o6o6meHHOH CHJihl 6yJleT onpeJleJIRThCR 
cpopMyJIOH 

u 
d A * = idA * = F 4* d r = - ~ F * d r - j_ d m 

4 u 4 a u
4 

° ( 1.6) 

(a, {3 = 1, 2, 3), a pa6oTa HCTHHHOH MexaHH'ieCKoti CHJihi -
cpopMynoti 

u 
dA 4 = idA= F4dr=-~.!LFa dr, 

4 
(I. 7) 

f'Jle F 4 H F4 - penATHBHCTCKHe MOlUHOCTH o6o6meHHoti 
If MeX8Hlf'ieCKOH CHJ1 1 COOTBeTCTBeHHO. DocJie)lHee Bhipa
*eHHe MO*HO TaK*e nepellHC8Th B lf3BeCTHOA cpopMe 

dA = v dp I (1.7a) 

llOJl'iepKHyB, 'ITO B Jl8HHOM CJiyqae lf3MeHeHHe HMllYJihC8 
dp He CBR38HO C H3MeHeHHeM MaCChi. 

3)leCh yMeCTHO 38TpoHyTh BOllpOC, KaC810lUHHCR Ollpe
JleJieHHR KOJlH'ieCTBa (nepe)laHHOf'O HeKOTOpOMy Teny) Ten
Jia dQ C TO'IKH 3peHHR HeC06CTBeHHOH CHCTeMhi OTC'ieTa 
npH ycnoBHH, 'iTo B co6CTBeHHoA CHCTeMe oTc'ieTa K 0 

B pe3yJihTare yKa3aHHOA nepeJla'IH Tenna JlaHHoe Teno 
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OCTaeTCR B llOKOe. DOCKOJlhKY B 8TOM CJiyqae MeXaHH
qecKaR CHJia Fi =0, T0•6YilY'IH 4-BeKTopoM, oHa, a cne
JlOBaTeJihHO, H npOH3BOJlHMaR eJO pa6oTa, 6yJleT paBHa 
HyJIJO H BO BCeX llPYf'HX HHepuHaJlhHhiX CHCTeMaX OTC'ieTa. 
DoaTOMY B llJiaHKOBCKOM onpe)leJieHHH KOJlH'ieCTBa Tenna 
KaK KOJlH'ieCTBa 8Hepf'HH 3a Bhl'i8TOM MeXaHH'ieCKOA pa-
60ThidA nocneJlHee cnaraeMoe Ha caMOM )lene 6yJleT 
paBHO ayn10. B pe3yJihTaTe qero Ha ocHOBaHHH (1.6) JlJIR 
3aKoHa npeo6pa3oBaHHR renna nony'IHM/ 31: 

u 
dQ=-4 dQo. 

i 
( 1.6a) 

Bhlpa3HM )lanee pa6oTy CHJihl, KOTopaR Bhl3hlBaeT H3-
MeHeHHe 8Hepf'HH HeKOTOpOf'O TeJia (CHCTeMhl), qepe3 

TeH3op aHeprHH-HMnynhca Tik aToro Tena. B co6cTBeHHOH 
CHCTeMe OTC'ieTa paCCM8TpHB8eMOf'O Tena JlJlR pa60Thl 
0606lUeHHOH CHJihl, B 'i8CTHOCTH 1 6yJleM HMeTh 

d A *0 = T o d V o = - T 0 d V 0 
- p. 0 d V 0 • 

4 44 4 aa 4 4 ( 1.8) 

3JleCh dV4- KOMllOHeHTa 4-BeKTOpa SJieMeHTa 06'beMa, Ko

TOphiH B K0 orrpe)leJIReTCR BeJIH'iHHOH dV<?(O,O,O,-idx0 dy0 dz0 ), 
I . 

a p. 0 
- C06CTBeHHaR llJIOTHOCTh MaCChi. 

Dony'ieHHoe TBKHM o6pa30M ypaBHeHHe (1.8) COOTBeT
CTByeT Bhipa*eHHIO ( 1.6) • 

B llpHHUHlle MO*HO TBK*e onpeJleJIHTh pa6oTy, CBR38H
Hy!O C H3MeHeHHeM KHHeTH'ieCKOH 8Hepf'HH Tena, K8K 

dA4 = T4o4 dV 4 + p. o d V 4 = - T ::.ad y4o . ( 1.9) 

B cnyqae HJleanhHOH *HilKOCTH nocneJlHee Bhlpa*eHHe MO*eT 
6hlTh nepellHCBHO B BHJle 

dA 0 =3p 0 dV 0
, ( 1.9a) 

KOTOpOe B 'i8CTHOM cnyqae OJlHOf'O llpOCTp8HCTBeHHOf'O 
H3MepeHHR CBOJlHTCR K H3BeCTHOH cpopMyne 

dA 0 = p 0 dV 0
• ( 1.96) 
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2. TEH30P MOWHOCTH-.CHnbi 

KaK y>Ke OTMe'Ianocb Bbillle, penSITHBHCTCKaSI CHna, 

aeifCTBYIOlllBSI Ha Teno MBnbiX pa3MepOB ( 'JaCTHUy) 1 npea
CTaBnSieT co6o10 4-aeKTop. DpH 8TOM, aanpHMep, 4-cHna 
nopeHU8 onpeaenSieTCSI Bb!pa>KeHHeM 

Fi = e ( F ik u k) I (2.1) 

rae e - aapSIA 'IaCTHUhi, a F ik - TeHaop aneKTpoMarHHT
aoro nonSI. 

8MeCTe C TeM B TeOpHH OTHOCHTenbHOCTH npOCTpaH
CTBeHHbllf 66'beM 11n11 cpaKTH'IeCKH o6paTH8SI eMy BenH'IHHa 
nnOTHOCTb B eAHHHUe 06'beMa - .smnSIIOTCSI BpeMeHHb!Mii KOM

llOHeHTBMH 4-BeKTOpa 06'beMa I{ 4-BeKTOpa nnOTHOCTH 
TOK8 1 COOTBeTCTBeHHO. 

CKa3aHHoe noaaonSieT yTBep>KaaTb, 'ITO a cnyqae 

Henpepwaaoro pacnpeaeneH~rSI MaTepwu (Maccw, aapSiaa), 
HanpuMep, nnoTHOCTb X -KoMnoHeHThl penSITHBHCTCKoif 

CRnhi B eawa~rue npocTpaHCTBeHHoro o6'beMa aon>KHa onpe

aenSITbCSI KOMllOHeHTOif 014 4-TeH30pa BTOpOrO paHra *. 
B 'I8CTHOCTI1, anSI penSITHBHCTCKOif CHnbl nopeaua npli 

8TOM 6yaeM HMeTb 

014 = ( Flk u k) j 4 . (2.2) 

B TO >Ke apeMSI, HanpuMep, KOMllOHeHTa 041 6yaer onpe
aenSITbCSI Bhlpa•eHHeM 

0 
41 ( F4k uk) j I . ( 2.3) 

* B TO apeMSI KaK, HanoMHHM, nnoTHOCTb 3-cRnw SIB-
nSieTCSI KOMnoaearofi 4-aeKTopa. B CBSI3H c 8THM B03HHKaeT 
BOllpOC 0 B03MO>KHOCTH 38llHCH penSITHBHCTCKHX 38KOHOB 

COXpaHeHHSI 8HeprHH H HMnynbca B BHAe AHBepreHUHH TeH-

30pa aHeprRR-HMnynbca. OaHaKo, KaK cneayeT H3 paccMoT
peHHoro HR>Ke llpHMepa aneKTpOMarHHTHoro llOnSI, npe>KHSISI 
cpopMa aanRCH yKa3aHHbiX aaKOHOB coxpaHSieTCSI B 8TOM 

cnyqae H llpH HCllOnb30B8HHH TeH30pa nnOTHOCTH CHnbi. 
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0Tcroaa MO>KHO aaKniO'IHTh, 'ITO 014;i 0 41 , r.e. BBOaliMbiif 
TBKHM nyTeM TeH30p oik MOlllHOCTH-CHnbi I HeCHMMeTpH

'IeH *· 
TaKHM o6pa3oM, B paccMaTpuaaeMoM cneuwanbHOM 

cnyqae, Koraa aneKTpoMarHRTHoe none ~r 4-cKopocTb 

MO>KHo C'IHTBTb nocTOSIHHbiMH BHYTPH aaHHoro aneMeHTa 

06'beMa, TeH30p nnOTHOCTH penSITiiBHCTCKOH CHnbi nopeHUa 
6yaeT onpeaenSITbCSI awpa>KeHReM 

Oik=Fif ufjk. (2.4) 

Ecnu aanee Mbi aocnonbayeMCSI ypaaHeHHSIMH MaK

caenna-nopeHua, To, HanpHMep, anSI KOMnoHeHT 014 H 0 
41 

nony'IRM 

0 
14 

ar lm 

axrn 
u4 1 (2.5) 

0 
41 

arln 
---ull 
axk 

(2.6) 

rae Tik- TeHaop aHeprRH-HMnynhca aneKrpoMarHHTHoro 
nonSI. Hnu B o6meM cnyqae 

arif 
oik =--a-uk. (2.7) xe 

C y'IeTOM Toro, 'ITO aenH'IHHbi ji 1 B qacTHOCTH, MoryT 
6hlTb npeacTaaneHhl B BHAe 

• 0 
J i = p ui I (2.8) 

rae p
0 

- co6CTBeHHaSI nnoTHOCTb aapSiaoa, npuaeM K o6me-
H3BeCTHhlM Bhlpa>KeHHSIM 

anm - ---= (Flk u!)po=Flkjk (2.9) axrn 

* Bonpoc, K8C810lllHHCSI CBOHCTB CHMMeTpHii TeH30pa 
0 ik • Mbi ocraanSieM aaecb B cTopoae. 
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_i_T4k_=(F u )po= F j. ax 4k k 4k k 
k 

I1 na 
1 
B o6weM cnyqae, 

arik . 
--=Fie 1 e· 
axk 

(2.10) 

(2.11) 

DocneAHee ypaBHeHae MO*HO npeACTaBRTh B ApyroM 
BRAe, ecna socnonh30BaTbcg TeH3opoM 8HeprRR-RMny.nhca 
8neKrpaqecKoii Marepaa * 

sik = i iAk + Ai ik -Bik ieAe (2.12) 
---' 

DepenRCaB Anst 8TOrO Bblpa*eHae (2.4) (c yqeTOM (2.8)) 
a c:jlopMe 

aAe aAi 
e. = (--- ---}jo uk (2.13) 

1k axi axe (. 
a onapastch Ha paseHcrsa 

aie aAo ajo aii 
-- = 0 1 ----J.._ = 0 1 _...:..J.__ - --- = 0 I * * 
axe axe axi axe (2.14) 

npeacraBaM ABa 'lneHa B CK06Kax coorBercTBeHHo 

i.Ue.!LL_ - A e a i e I - a (A i i e__l._ + A i-aiL . 
a X i a X . a X f a Xf 

no6asnstst K Hll:M 1 

-i. aAe_=_a<Aeid 
1 ax p axe 

+ Ae ai· --~1 

axe- I 

* B CBoe BpeMst B nareparype o6cy*Aancst TaK*e 
HeCRMMeTpll:'IHb!H TeH30p 8Hepr~R-Il:Mnynhca, HanpaMep, 
cneayJOIUero Bll:Aa: Ak j e - (l/2)A1 j . 8 kf ( CM., B 'laCTHO-
CTR/41 ). 1 

** 
PaBeHCTBo rotif j d) MO*HO cqararb npstMbiM cneacrBH

eM npeacraBneHast 4-nnorHocra ToKa B BRAe ie =aQ;ave, 
rae Q - 3apstA Cll:CTeMbl 1 a Vf -KOMllOHeHTa 4-BeKTOpa 
o6'beMa. 

8 

nony'IRM 

asie 
e.k=---uk. (2.15) 

1 axe 
B pe3ynhTa re, npaBneKast (2. 7), npaaeM K paBeHCTBy 

a (T if - s if ) a R if 
-axe---=~--= o. (2.18) 

3. PEnHTHBHCTCKOE YPABHEHi1E nBJ1)f(EHHH 
HDEAnbHOH *HnKOCTH 

DoCKOnhKY B onpeaeneHHbiX cnyqastx 8neKTpoMarHRT
HOe none Mo*er cny*RTh aocTaTO'iHO xopoweii MOAenhJO 

RAeanbHOH *RAKOCTR *~ a rHApOARHaMR'IeCKOe ypaBHeHRst 
O'leHb '18CTO OK83hlB810TCst aHanorR'IHhlMR ypaBHeHRstMH 

8neKTpOARHaMRKR 1 TO eCTb LlOCT8TO'IHble OCHOBaHRst Anst 
npaMeHeHag nony'ieHHhlX Bhlwe pe3ynhraroB K penstrasacr
CKoti rHLIPOARH8MRKe, 

HanoMHRM npR 8TOM, 'ITO B co6crBeHHoii CHCTeMe 

orcqera K0 
reH3op 8HepraH-RMnynhca aaeanhHoii *R.'lKO-

CTH RMeer ornH'iHbiMH or Hyng ronhKo AHaroHanbHble 
8neMeHTbl: 

C' 
0 0 

0 ) Tik = 0 Po 0 0 . 
0 0 Po 

~fo 0 0 0 

( 3.1 ) 

T aKoii BRA T'ik gBngercg c:jlaK TH'IeCKRM cneacTBHeM onpe
aeneHag yKa3aHHoro reH3opa c noMOIUhJO cneayJOwero 
Bblpa*eHHg (cM,/S/ ): 

T.k =.L(t'?k 
1 2 ~ + t ~k ), 

<- (3.2) 

* 
DpaMepoM roMy stsngercg repMR'IecKa pasHoBecHoe 

8neKrpoMarHHTHoe H3nyqeHae, 3aKnJO'IeHHoe BHYTPR 3aMK
HyToii rronocra. 
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Pile B cnyqae T}4 HanpHMep 1 J0

14 H t 14 OOHChiBaJOT 

nnoTHOCTH X -KoMnoaeHTbi HMnynhca qacruu, llBH)I{y

muxcH e nonO)I{HTenhHOM H orpuuaTenhHOM aanpaeneHHHX 

ocu OX,cooreeTcTeeaao, a tik, e qacrHOCTH,- "Teaaop 

KHHel'H'IecKOH SHepPHH". 

PaccMoTpHM Teneph llBH)I{eHHe HlleanhHOH )l{lfllKOCTH. 

nnH Sl'OPO nepewlleM B CHCTeMy OTC'Iera K, KOTopaH 

nepeMemaeTCH BllOnh OCH 0 0X° K0 -CHCTeMbi CO CKOpOCThJO 

-{3. flonaPaH, 'ITO B cnyqae HlleanbHOH )l{lfllKOCTH TaK)I{e 

cnpaeeanHeo paeeacreo (2.7), anH nnoTHOCTH X -KOMno-

HeHTbi CHnhi B ellHHHUe 06'beMa 6ylleM HM9Th 

,_./aTn aT,4 
0 14 =- ( --- + -- )u4 • (3.3) ax, ax4 

3anHChiBaH nnoTHOCTh X -KOMOOHeHTbi HhJOTOHOBCKOH CHnhi 

B BHile 

0 - J ~ 
14- 4ar ' (3.4) 

Pile J 4 - BpeMeHHaH KOMOOH9HTa 4-nnOTHOCTH TOK8 MaCChi, 

If npHHHM8H BO BHHMBHHe paeeHCTBO (2.8), cnpaeeanHBOe 

H B cnyqae 

flo~ 
dr 

nnOTHOCTH MaCCbl 1 nony'IHM 

ap agx =-----, 
ax at (3.5) 

Pile fl
0 

- co6cTeeHHaH nnoTHOCTh MaCChi )i{lfllKOCTH, p = T11 , 

i g = T 4 • Ha ocaoeaHHH ¢opMyn npeo6paaoeaHHH llnH KOMno

He~r fll H Tl4 TeH30pa SHepnfH-HMnynhca HlleanhHOH )l{lfll-

KOCTH MO)I{HO Bh!p83HTh g x 'lepe3 eenH'IHHhlfl 0 H p. flpH 

STOM 6yaeM HM9Th 

II 0 + 4p 
g = {3 r • ( 3.6) 

X 1+3{32 

CpaBHHM Teneph nonyqeaaoe HBMH ypaeaeaue c o6me

npHHHThiM ypaBH9HH9M llBH)I{9HHH HlleanbHOH )l{lfllKOCTH 

( CM. 1 HallpHMep, /
6

/ ) , X -KOMOOH9HT8 KOTOpOPO HMeeT 

BHil 

( f o + p o ) du 1 _ a po dp" 
dr - - -a-- - 0 1 --

x 1 dr (3. 7) 

10 

HnH 

(fl0+4p0)~ 
dr 

apo dpO 
=---ul-a X l dr 

(3.7a) 

nnH STOPO Bbip83HM B ( 3.5) p H gx 'lepea p0 H flo. B pe-

aynhTaTe nony'IHM 

du ap0 dp0 

(2p.o+ 4po) rr =- --- ul-. 
T ax! dr (3.5a) 

HeTPYilHO BHileTh, 'ITO ypaBHeHHH (3.7a) H (3.5a) OT

nH'IBJOTCB 'IHCnOBbiM K03tPtPHUH9HTOM npH nepBOM 'lneHe 

B neeoif '18CTH. 01lH8KO 31l9Ch BB.lKHO fi01l'19pKHYTh llPYPOe. 

3anHCh ypaeaeHHB llBH.lKeHHH e K -cncTeMe 'lepea eemt'IHHbi 

£
0 

H p
0

, H3MepBeMbie e K0 -cHcTeMe, ¢H3H'IeCKH onpaBilaHa 

TOnhKO B TOM cnyqae, ecn11 nnOTHOCTh SHeprHH II ll8BneHHe 

HHeapHaHTHbr. Ha caMoM .lKe Ilene eenH'IHHbi ( H p HBnB

JOTCB TOnhKO 3-cKanBpaMH15~ B TO .lKe epeMB co6cTeeaaag 

nnoTaocn. Maccbr fl 0 MO)I{eT 6biTh eeelleHa c noMOIUbJO 

cnellyJOmePo HHeapHaHTHoro ebrpa.lKeHHB: 

fl 0 =-T 
i i (3.8) 

CKaaaaaoe noaeonBeT yTeep)l{llBTh, 'ITO e cneuaanbHOM 

cny'lae ypaBHeHHe llBH)I{9HHH HlleanhHOA .lKHilKOCTH ll0n)I{H0 

onpenenHThCB BI;>Ipa.lKeHHeM (3.5) c y'leTOM (3.6)*. Ecna 

paccMoTpeaaag BbiWe K -cHcTeMa llBH.lKeTCH npoaaeonhHbiM 

o6paaoM OTHOCHTenhHO K0
, T.e. nepexon K aeA ocymecTe

nBeTcg Ha OCHOBe o6max npeo6pa30B8HHA nopeaua, TO 

B ypaBH9HHH (3.5) fiOBBSITCSI ll0fiOnHHT9nbHbie 'lneHbi, 

38BHCHIUHe OT KaCaTenhHbiX HanpH.lKeHHA. 3To 'IHCTO 

penHTHBHCTCKHA s¢¢eKT. 

B aaKnJO'IeHHe n.3 OTMeTHM, 'ITO o6hi'IHoe ( aepenBTH

BHCTCKoe) ypaeHeHHe 3Anepa JlnH HlleanbHOA )l{lfllKOCTH 

BhiTeKaeT H3 (3.5) npH ycnOBHH, 'ITO nnoTHocn. X -KOM

noHeHTbi HMfiYnbCa B llBHHOA TO'IKe npocTpaHCTBa cna6o 
38BHCHT OT epeMeHH. flocneJlHee ycnoeae B HepenBTHBHCT-

* LfTO K8C89TCB o6menpHHHTOA ¢opMynbi (3.7), TO B HeA 

nocne nepeXOJla K p H g x 6yaeT, 0'19BIIllH01 OTCYTCTBOB8Th 

Tpe6yeMhiA 'lnea, OfiHCbiBBJOIUHA nnoTHOCTh CHnbi HHepUHH. 
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CKOM npeaene 6yaeT JleikTBIHellbHO BblnOJlHeHO, nOCKOllbKy 
H8 OCHOB8HHH ( 3.6) BTOpOH 'illeH B ( 3.5) MO)!(eT 6biTb 
npeJlCT8BlleH B BHJle -{3 a ({Jp)/ax 
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