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06cymAaeM~e HHme sonpoc~ pasHosecHR H npeo6paaosaHHR TeM
nepaTypbl RBnR~TCR xapaKTepH~MH acneKTaMH samH~x npo6neM penR
THBHCTCKOH ~OPMYflHPOBKH CTaTHKH H TepMOAHHaMHKH. 0HH paccMaT
pHsanHCb AD caMoro nocneAHero speMeHH 4enb1M PRAOM asTopos. 
Haw nOAXOA K yKa3aHH~M BonpocaM OCHOB~saeTCR Ha Tpe6osaHHH 
paseHCTBa Hyfl~ 4-TeH30pa MOMeHTa CHflbl H penRTHBH3a4HH ypasHe
HHR COCTORHHR HAeaflbHOrO raaa. 

''nAPA,aOKC 11 nPRMOYrOJlbHOrO Pbi4ArA JlbiOHCA-TOJlMEHA * 
CyTb 3TOH H3BecTHOH npo6neM~ 3aKn~4aeTCR B noRsneHHH KPYTR

~ero MOMeHTa (N12 .f. 0) B CHCTeMe OTC4eTa (K), rAe yronbHHK ABH
meTCR, TOrAa KaK B ero C06CTBeHHOH CHCTeMe K0 

N (0) _ X (0) F (0) X(OL (0) _ O 
12 - 1 . 2 - 2 '1''1 - • /1/ 

3Aecb X io) H x~> - nne4H p~4ara, HanpasneHH~e BAOflb oceH x 
H y COOTBeTCTBeHHO, · F ~0) H FlO) - npHnomeHH~e K HHM CHfl~. npH 
~TnM nna nnnr~t""\"'P"II " ............. 400

- ··---· • - ne Koop-
AHHaT·: X10): X~o): f--~-·F[o(' F'JoC';~ naAu~n' "" ts Hd'la .. 

C Y4eTOM ~OpMyn nopeH4eBa COKpa~eHHR 

x1 =X1o>y-1 /2a/ 

H 

X 2 =X (0) 
2 ' /26/ 

a TaKme ~OpMyfl npeo6pa30BaHHR KOMnOHeHT penRTHBHCTCKOH CHflbl 
(0) (0) 

F 1 = F 1 y H F 2 = F 2 , /3/ 

AeHCTBHTeflbHO, HaHAeM 

N 12 "'X1 F2 -X2 F 1 "' fy- 1 F-fFy.,-~2fFy. /4/ 

B paMKax 4eT~pexMepHoH ~OPMYflHPOBKH MOMeHT cHn~ onHc~saeTcR 
aHTHCHMMeTPH4H~M 4-TeHaopoM BToporo paHra N 1k (i,k"' 0,1,2,3). 
npH 3TOM C 41-!CTO MaTeMaTH4eCKOH T04KH 3peHHR 3AeCb HeT HHKaKOH 

* CM., HanpHMep, nocneAHHe pa6oT~/1~1 , a TaKmeiSI, rAe MOmHo 
HaHTH CC~flKH H Ha npeA~AY~He CTaTbH no 3TOH TeMe. 
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TPYAHOCTH. B caMoM Aene, c y4eToM $opMyn npeo6paaosaHHH An~ 
KOMnoHeHT Nik 6yAeM HMeTb 

(0) 
N12 = (N12 - f3No2 )y = O (c = 1) , /51 

HnH 
-1 

No2 = f3 N 12 

OTKyAa cneAyeT 

(0) -1 
No2 =(No2 -{3N12 )y=(/3 -{3)N12 y =-f3fF. !6! 

HH~MH cnosaMH MOmHo cKa3aTb, 4TO no~aneHHe a K -cHcTeMe spa~a
TenbHoro MOMeHTa N 12 o6ycnosneHo cy~ecTsosaHHeM a K0 -cHcTe
Me OTnH4HOH OT Hyn~ KOMnOHeHTbl NJ~). 

0AHaKO TaKOe nonomeHHe, KOrAa y CHCTeMbl, HaXOA~~eHC~ B pae
HOBeCHH, TeH30P MOMeHTa CHn OTnH4eH OT Hyn~, Henb3~ npH3HaTb 
YAOBneTBOpHTenbH~M. no3TOMy noTpe6yeM o6pa~eHH~ B HYnb Nik • 
T.e., B 4aCTHOCTM, B~nOnHeHM~ paBeHCTBa 

N 12 = 0' 171 

OTKYAa c y4eToM /26/ H /3/ An~ $opMyn~ npeo6paaoeaHM~ nPOAOnb
Horo nne4a Ha~AeM 

(0) 
X 1=X 1 y =fy. !8! 

~T~ ~nnu~~? ~~~~~~~~~=Y=~ 
I A I,, ................... -................ ··- ----- -

_,,,t""...,.M...,."'_.'"'II'-' t-"'-.111-. I l'IQI"I'- I \,.f'o.UYI J.J.JIVIMDI 

OCHOBaHHOMY Ha HenocpeACTBeHHOM MCnonb30BaHMM 4aCOB M CBeTOB~X 
cMrHanoe. npMMeHeHHe /8/ noaeon~eT ycTpaHMTb M APYrMe TPYAHo
CTH15~ TaKHe, KaK HanM4Me HMnynbca 3neKTpoMarHHTHoro no
n~ y noKo~~eroc~ 3neKTPOHa, no~eneHMe aap~Aa a ABHmy~eMc~ 
npOBOAHMKe C TOKOM M T.~. npMBneKa~ /5/ M /6/, Ha OCHOBaHHH 
171 HaHAeM N 02 =0 M NS2 =0*~ TaKHM o6paaoM, KaK Taro M Tpe-
6yeT norMKa ee~eH, 6yAeM, AeHCTBMTenbHO, MMeTb 

Nlk = 0 /9/ 

He3aBMCMMO OT CMCTeM~ OTC4eTa. npH 3TOM, 04eBMAHO, 4TO B K -
CMCTeMe pa6oTa CMnbl F

1
, M0U1HOCTb KOTOpOH pasHa F O = u

1 
F

1 
/u

0
, 

* AHanora paAHOnoKa~MOHHoro MeTOAa M3MepeHH~ paccTO~HMH. 

**3AeCb cneAyeT oco6o nOA4epKHYTb, 4To KOrAa CMn~ npHnomeHbl 
a paanM4HbiX n T04Kax npoT~meHHoro Tena, TO cocTo~HHe paeHose
CM~ B pen~THBMCTCKOH CTaTMCTMKe AOnmHO onpeAen~TbC~ MMeHHO pa
eeHCTBOM ~ N (n) = 0 (a = 1,2,3) BMeCTo ~ F (n)= 0, T. e. Heo6xOAMMO 

n Oa n a 
Y4MT~BaTb MOMeHTbl speMeHM AeHCTBM~ CMn. 

2 

~ 

, 

rAe ui - 4-cKopocTb, HaA p~4aroM /T04Hee, npoM3BeAeHM~ F0 Ha 
nne4o X2 I nonHOCTb~ KOMneHCHpyeTc~ eenM4MHOH npoM3BeAeHH~ · F 2 
Ha MOMeHT speMeHH Xo=f3Xl0>y ee AeHCTBM~. 

PEn~THBHCTCKOE nPE06PA30BAHHE TEMnEPATYPbl * 

npH paCCMOTpeHHM 3Toro aonpoca Mbl 6yAeM HCXOAMTb M3 Onpe
AeneHM~ TeMnepaTypbl, onMpa~111eroc~ Ha ee H3MepeHMe c noMO~b~ 
raaoeoro TepMoMeTpa. B ceo~ 04epeAb, AeHCTBMe 3Toro npM6opa 
OCHOBaHO $aKTM4eCKM Ha CYU1eCTBOBaHMM ypaeHeHH~ COCTO~HM~ MAeanb
HOro raaa. 

YKa3aHHoe ypasHeHMe a K0 -cHcTeMe, rAe cocyA c raaoM noKOHT
c~, MMeeT BHA 

p (O) V (O) = N k T (O) • /10/ 

8 paMKaX cne~HanbHO~ TeopHH OTHOCMTenbHOCTH HOpManbHOe AaB
neHHe OnMCbiBaeTC~ TpeM~ AMarOHanbH~MM KOMnOHeHTaMM nonHero 
TeH30pa 3HeprHH Tik , KOTOp~R B npOM3BOnbHOH CMCTeMe OTC4eTa 
HMeeT BMA 

T =(E<0 >+p<0> )u u -p<0>o 
ik i k ik ' /11/ 

rAe l (O)- co6cTBeHHa~ nnoTHOCTb 3HeprMM, - p(O) = Tf~b T~2> =T~<..0 > 
0 ik - CMMBOn KpOHeKepa. npM 3TOM npOCTpaHCTBeHHbiH 06beM ~vev
n~eTC~ epeMeHHOH KOMnoHeHTOH 4-eeKTOpa Vi. Ha OCHOBaHMH CKa3aH
Horo npaea~ 4aCTb /10/ M, B 4aCTHOCTH, TeMnepaTypa** AOnmHa 
6b1Tb 4-eeKTopoM /HnM TeHaopoM TpeTbero paHra/, T.e. npeo6paao
e~eaTbC~ npM nepexOAe OT OAHOH CHCTeM~ OTC4eTa K APYrOH. 4T06~ 

npOAeMOHCTpMpOBaTb BeKTOPH~H xapaKTeg TeMnepaTyp~, 3anHWeM 
ypaBHeHMe /10/ B KOBapMaHTHOM BHAe/l 1 : 

T ik V (0) Vi _ N T i 
k -IJ. - K ' /12/ 

rAe ll(O)=T:(O) - co6cTeeHHa~ nnoTHOCTb MaCCbl, K=3k. An~ HAe
anbHoro raaa, COCT0~111ero H3 OAHHaKOB~X 4aCTM~ Mace~ rn, MMeeM 

Tik = nrn(dx1 /dx 0)uk , /13/ 

* CM., HanpMMep,f6·8l, a TaKme 191, rAe npeAnaraeTc~ MblcneHHbiH 
onbiT no nposepKe $opMynbl npeo6paaoeaHM~ TeMnepaTypbl. B 3TMX 
CTaTb~X COAepmaTC~ M CC~nKM Ha npeAWeCTBY~U1Me pa60T~ no pen~TH
BHCTCKOH TepMOAMHaMMKe. 

**nocKonbKY npoH3BeAeHHe Nk - MHBapMaHT. 
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rAe n - 4~cno 4aCT~~ a eA~H~~e o6beMa, a 4epTa 03Ha4aeT ycpeA
HeH~e no seeM 4aCT~~aM. CpaaHeH~e /11/ ~ /13/ nosaon~eT sa
Kn~4~Tb, Hanp~Mep, 4TO, c T04HOCTb~ AO 4neHOB ~ AaaneH~e 
p (0) = (nm/3) (/3 2 + fj4 ) y>Ke He pasHa 2Ekin I 3 = (nm/3) x 

x(/3- 2+3fl 4/4), rAe E kin - cpeAH~~ K~HeMaT~4eCKa~ 3Hepr~~. 
8 onpeAeneHHOH CB~3~ CO CKa3aHH~M OTMeT~M, 4TO noKa3aTenb 
3KcnoHeHT~ B pen~T~B~CTCKOM pacnpeAeneH~~ MaKcBenna /eM. np~

no>KeH~e/ KOBap~aHTH~M o6pa30M MO>KeT 6~Tb 3an~caH B B~Ae 

i i --> --> -1 
(P u i - m )/kT u i = (E - P f3 - my ) /kTy -2, /14/ 

rAe Pi - 4-~Mnynbc 4acT~~~. 
£en~ Aanee e cooTBeTCTB~~ c pesynbTaTaM~ npeA~AY~ero napa

rpa~a M~ onpeAen~M Vi c noMO~b~ e~pa>KeH~~ 

V \0
) (V (O), 0, 0, 0) , /15/ 

TO, noACTaen~~ ~opMynbl npeo6pasoaaH~~ An~ KOMnoHeHT T ik ~ V 1 
B /12/ ~n~ /10/, HeMeAneHHO np~AeM K ~OpMyne 0TTa An~ TeMne
paTypbl ·*: 

T = T(O}y . {T. = T (O) u , ) • 
I I /16/ 

3AeCb Mbl XOT~M o6paT~Tb BH~MaH~e Ha cneAY~~ee. BpeMeH~-

~ npocTpaHCTBeHHOnOAOOH~e BeKTOpa, on~CbiBa~~~e noBeAeH~e MaTe
p~anbH~X Ten, xapaKTep~3y~TC~ TeM, 4TO B eA~HCTBeHHOH C~CTeMe 
OTC4eTa (K) ~X npOCTpaHCTBeHH~e ~n~ BpeMeHH~e KOMnOHeHTW 
COOTBeTCTBeHHO paBH~ Hyn~. C APYrOH CTOpOH~, cpeA~ MHO>KeCTBa 
~Hep~~anbH~X C~CTeM OTC4eTa C06CTBeHHa~ C~CTeMa B onpeAeneH
HOM CMWCne TaK>Ke ~Bn~eTC~ BbiAeneHHOH. 4T06bl ~36e>KaTb TPYAHO
CTeH ~ napaAOKcos~*Heo6xoA~Mo K-c~cTeMy OTO>KAeCTBn~Tb c co6-
CTBeHHOH. np~ 3TOM ~opMyna npeo6pasoaaH~~ An~ n~6oH sen~4~Hbl 
A, on~c~saeMOH yKasaHH~M~ seKTopaM~, 6yAeT nOA06Ho /16/ COAep

>KaTb B npaeoH 4acT~ npo~sBeAeH~~ A(O} y /a He A <0>y - 1 I. 
noAOHAeM Tenepb K o6CY>KAaeMOMY aonpocy C APYrOH CTOPOHbl. 

KaK OTMe4aeTc~ a pa6oTe Tep Xaapa ~ BeprenaHAa 11 1~ KoTop~e ~c
XOA~T ~3 ~Horo, TepMOA~HaM~4eCKOrO onpeAeneH~~ TeMnepaTyp~ 

T = aE;as, /17/ 

* C o6~AeHHOH T04K~ 3peH~~ 3TOT pesynbTaT MOlKHO C4~TaTb anon
He eCTeCTBeHH~M, nOCKOnbKY 06bi4HO M~ ~3Mep~eM TeMnepaTypy, Ha
np~Mep, no s~coTe IAn~He/ cTon6~Ka >K~AKOCT~. 

**A B KOHe4HOM C4eTe, npoT~Bope4~H np~H~~ny OTHOC~TenbHO
CT~. 

4 

.\ 
i') 

' I 

~OpMyna /16/ cneAyeT C y4eTOM ~HBap~aHTHOCT~ 3HTpOn~~ 8 ~3 /17/ 
np~ ycnoa~~ nOCTO~HCTBa CKOpOCT~ Tena, a ~OpMyna nnaHKa - np~ 

ycnos~~ nocTO~HCTBa era ~Mnynbca. YKasaHH~e ~opMynbl npeo6paso
eaH~~ on~cwea~T ce~3b TeMnepaTyp~ T AB~>Ky~eroc~ Tena c TeMne
paTypoH T(O) B era C06CTBeHHOH C~CTeMe OTC4eTa. 

nocKonbKY eo BTopoM cny4ae e npo~ecce noABOAa Tenna ~3MeH~
eTc~ C06CTBeHHa~ C~CTeMa OTC4eTa, TO paBeHCTBO dM = T(O) dS (O), 

rAe dM - ~3MeHeH~e MaCCbl Ten a, Tep~eT CM~cn, cneAoea TenbHO, 
Tep~eT CM~Cn ~ OCHOBaHH~H Ha 3TOM paeeHCTBe OTMe4eHH~~ BWBOA 
~OpMyn~ nnaHKa. 

3AKfl~4HT£flbH~E 3AME4AHH~ 

Bonpoc o pen~T~B~CTCK~x ~opMynax npeo6pasoeaH~~ Afl~ Kon~-

4eCTBa Tenna ~ TeMnepaTypw HaP~AY c npo6neMOH o ~opMe TeHsopa 
3Hepr~~ - ~Mnynbca 3neKTpoMarH~THoro non~ e cpeAe B~3aan oco-
6eHHO O>K~BneHHY~ A~CKycc~~ e nocneAHee apeM~. BMecTe c TeM 
ne>Ka~~H ~aKT~4eCK~ B OCHOBe npo6neM~ paBHOBeC~~ np~MoyronbHO
ro p~4ara eonpoc o pen~T~B~CTCKOH ~opMyne npeo6pasoaaH~~ An~H~ 
/o6beMa/ TaK>Ke eecbMa aa>KeH. HcnonbsoaaH~e BMecTo ~opMynbl no
peH~eea COKpa~eH~~ 11~0pMynbl YAn~HeH~~ 11 /8/, OCHOBaHHOH Ha ~HOM 
onpeAeneH~~ pen~T~B~CTCKoR An~Hbl, noseon~eT He TOnbKo paspe
w~Tb 06CY>KAeHH~H napaAOKC, HO ~ ycTpaH~Tb APYr~e TPYAHOCT~. 
np~ 3TOM, 4TO oco6eHHO aa>KHo noA4epKHYTb, ~opMyne 0TTa An~ 
TeMnepaTyp~ COOTBeTCTByeT ~MeHHO ~OpMyna /0/. 

nPHflO>KEHHE 

B~BOA pen~T~a~cTcKoro pacnpeAeneH~~ MaKceenna 

HseecTHoe ycnoe~e He~sMeHHOCT~ 4~cna 4aCT~~ c AaHH~M~ 3Ha-
4eH~~M~ ~MnynbCa ~ /CKOPOCT~/ B npo~eccax CTOnKHOBeH~H B rase, 
HaXOA~~eMC~ B CTa~~OHapHOM COCTO~H~~, 3an~WeM B B~Ae 

f(P 2 )f(P 2 ) =f(P 2 )f(P 2 ). 
(1) (2) (3} (4} 

;n.11 

Ha ocHoBaH~~ pen~T~B~CTCKoro saKoHa coxpaHeH~~ 3Hepr~~. 8 4acT
HOCT~, HaHAeM 

p 2 =2m 2 +P 2 +P 2 +P 2 +2E E -2E E -2E E /n 2/ 
(4) (1} (2) (3) (1} (2) (1) (3) (2) (3}' • 

rAe E(n} = y m2 + PcJ) • Bs~8 norap~~M~ oT paaeHcTea ;n. 1 I ~ npo-
A~~~epeH~~poeae era no p 2 , p 2 ~ p 2 c y4eToM ;n. 2/, 
nony4~M (1} (2) (3) 
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E1 M 1 M 
-- ---- = ---. ----(E(l) + E(2)- E(3) ) 
f(P(~)) em(;) f(P(;)) dP(!) 

H T.A. B peaynbTaTe AnR $YHK~HH pacnpeAeneHHR f 6yAeM HMeTb 
. I 2 2 

f(P 2
) = Ae-av m +P • /n.3/ 

nocTORHHaR HHTerpHpOBaHHR A MOmeT 6~Tb onpeAeneHa H3 ycnOBHR 
HOPMHPOBKH Ha nonHOe 4HCno 4aCTH~ N. nocne nepeXOAa K C$epH-
4eCKHM KOOPAHHaTaM H 3aMeHbl nepeMeHHbiX nony4HM 

471 
00 

2 2- -aE ;n 4/ N=A- f EyE -m e dE, • 
m3 m 

HHTerpHposaHHe AaeT 

471 2m 2 
.-. ( 3 ) ( ) N =A-. ---• - K2 rna, /n.S/ 

m3 yrra 2 

rAe Kn(z) - $yHK~HR MaKAOHanbAa. HcnonbayR ee acHMnTOTH4ecKoe 
paano)f(eHHe, npH rna>> 1, s 4aCTHOCTH, nony4HM 

rna 3/2 rna 
A= N (-) e ;n.6/ 271 

H f(E) =N(1!!.~)312e-a(E-m) 
271 

/n.7/ 

nepeXOAR K HepenRTHBHCTCKOMy npeAeny 8 B~pa)f(eHHH /n.7/, HaRAeM, 
.. '· ~ rn\ 

.., I U U. = ~/A~ 
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'IEMATWIECKHE KATErOPmt nYBJIHKAUHA 
OB»E~HHOrO HHCTHTYTA ~PHYX 

HCCJIE,nOBAHHR 

HHJleKC TeMaTIIKB 

1. 3KcnepHMeHTanbHaA ~3HKa BWCOKHX 3HeprH~ 

2. TeopeTH~eCKaA ~3HKa BWCOKHX 3HeprH~ 

3. 3KcnepHMeHTanbHaft He~TpoHHaft ~3HKa 

4. TeopeTH~ecKaA ~3HKa HH3KHX 3HeprH~ 

5. MaTeMaTHKa 

6. ~AepH8ft cneKTpOCKOnMA H paAHOXHMHA 

7. tM3~Ka TA*enwX HOHOB 

8. KpttoreHHKa 

9. YcKOPHTenH 

10. AaTOMaTH38~HA o6pa6oTKH 3KcnepHMeHTanbHWX 
A8HHWX 

11. Bw~cnHTenbHaA MaTeMaTHKa H TeXHHKa 

12. XHMHA 

13. TexHHKa ~3H~ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHA TBePAWX Ten H *HAKOCTe~ 
AAePHWMH MeTOAaMH 

15. 3KcnepHMeHTanbH8A $M3HKa AAePHWX pea~H~ 
npH HH3KHX 3HeprHAX 

16. ~03HMeTpHA H ~3HK8 38~TW 

17. TeopHA KOHAeHcHpoaaHHoro cocTOAHHA 

18. Hcnonb30B8HHe pe3ynbTaToa H MeTOAOB 
~HA8MeHT8nbHWX ~3H~eCKHX HCCneAQB8HH~ 
B CMe*HWX o6naCTAX H8YKH H TeXHHKH 

19. 6H~3HKa 

Cl 

CTpem.14oa B.H. P2-82-43 
Aaa aonpoca cne14HanbHOH TeopHH OTHOCHTenbHOCTH 

06CyJKAaeTCR H3aeCTHWH 11napaAOKC11 npRMOyronbHOrO PW4ara flbiOHCa-TonMeHa. 
PeweHHe napaAOKCa OCHOawaaeTCR Ha Tpe6oaaHHH o6pa~eHHR a Hynb TeH30pa 
MOMeHTa CHnl>l, 4TO npHaOAHT K 11410pMyne YAnHHeHHR 11 npOAOnbHOrO nne4a PW4ara. 
Ha OCHOae onpeAeneHHR TeMnepaTypw, CaR3aHHOro ·c ypaaHeHHeM COCTORHHR HAeanb 
Horo ra3a, awcKa3waaiOTCR coo6pa•eHHR a nonbsy 410pMynw npeo6pasoaaHHR OTTa 
AnR TeMnepaTypw. 0TMe4aeTCR TeCHaR CaR3b Me*AY 3aTpoHyTWMH aonpocaMH. 0pH
aOAHTCR BWBOA penRTHaHcTcKoro pacnpeAeneHHR MaKcaenna. 

Pa6oTa awnonHeHa a na6opaTOPHH awcoKHX 3HeprHH OH~H. 

L~eHMe 06~HeHHOrO HHCTHTYTa AAePHWX MCCneAO.BHMA. AYfiHa 1982 

Strel'tsov V.N. P2-82-43 
Two Problems of a Special Relativity 

The known Lewls-Tolmen right-angle lever paradox Is discussed. Its 
decision is based on the requirement of vanishing torque tensor which re
sults in "elongation formula" for longitudinal arm of lever. Proceeding 
from temperatur~ definition, connected with the equation of ideal gas state, 
some considerations in favor of Ott's transformation formula for temperatu
re are presented. The connection between the mentioned questions is pointed 
out. The derivation of relativistic Maxwellian distribution is given. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1982 

nepeaOA O.C.BHHOrpaAOaOH. 


