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Crpenbuo~ B.H. P2 - 6694 
K. penSITHBI!CTCKOli 'repMOLIHHaMHKe 

06cylKLI810TCSI HeKOTOpbl9 BOIIpOCbi, K8C8101111!9CSI BHLI8 T9H30pa 3H9pr'HII-

•I!MrrynbC8 LinSI lKHLIKOCTH, . . . • 

npi!BOLISITCSI COo6palKeHHSI B II0nb3y ~OpMyn·: rrpeo6pa30B8HHSI 0TTa /3/ 
LinSI rennoTbi 11 TeMrreparyphi. 

Ha OCHOBaH!iH. Tpe60B8HIISI IIHB8p1!8HTHOCTH ypaBH9HIISI COCTOSIHIISI I!Lie

anbHOf'O raaa. rroKaaauo, 'ITO yaenH'IeHHe TeMrreparyphi raaa a peaynbTaTe 

LIBI!lK9HIISI OLIH03H8'1HO !Ipi!BOLIIIT K yae'ni!'I9HI!IO B LIBHlKylllelicSI CI!CTeMe OTC'Ie

Ta 06'beMa, 38HIIM89MOI'O f'830M, 

Coo6meHHe 06t.eAHHeHHoro HHCTHTyra a.QepHblX HCcJie~osaHHJi 

,lcy6Ha, 1972 ' 

Streltsov V.N. P2 6694 

On Relativistic Thermodynamics 

Some problems are discussed concerning 
of the energy-momentum tensor for liquid. 

the type 

the ot/31 The reasons are presen'ted in favour of 
transformation equations for heat and temperature. 

Basing on the requirement about the invariance of 
the ideal gas state equation it was shown that the gas · 
temperature increase (as a result of motion) leads 
uniquely to the increase of the gas volume in the moving 
frame. 

Communications of the Joint Institute for Nuclear Research. 
Dubna, 1972 
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§I. TeHiop ,311· 

HaJoneM, Kale oc 
, ca B e.n.unuuy npeMeHn 
HYIO nnoma.n.KY. B (;.riy'-

. . ' · . 
.n.a, uanpuMep, nemt'IHI 

Konb cKopo n·o 
Hnc o.n.nHaKono f!O nc' 
HCKOTOpOH paBHOBCCH• 
IIJIII raJ, 3aKJilOlfCIIIIhli 

T 
:xty z 

T 
ytz. 

0TMCTUM npu 3 
MeTpn'IHa, no Kpaiilte~ 
HUX UH,II.CKCOB, .. llOCKO: 
MCTpU'IHbiM.·4- TCH30PI 

Ecnu .n.anee Ml 
U raJOB ,II.aBJICHHC TBK 
rHU B. C,II.UHUUC 06'bCM< 

nony'IHM 

* IlpH llOCTOHHH 
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§1. Teu30P 31tepzuu- uAmYAbCa %UOKocmu 

HaJOBCM, KaK o6hi'UIO, .n;aBJlCHIICM nenH'uiny HJMCIICIIHH HMITYJlh" 
ca B C,Il;HJIIIUY BpCMCIIH, .n;eHCTBYIOll(CIOHa IIOpMailhHYIO K HCMY C,Il;HIIH4" 
ny10 nnoma.n;Ky. B ciJyqae ripOeKunn nMn)'nbca p x MhJ6y.n;eM nMeTh Tor
.n;a, nanpHMCp, BCJ11l41IHY, JaBUCHlUYIO OT .4CTbl{)CX HII,Il;CKCOB: 

T 
xty :z . 

Konh cKopo n·o JaKOHY IlacKanH AJlH mu.n;KocTeii n raJoB .n;aane
HIIC O,Il;HHaKOBO ~0 BCCM nanpaaneHIIHM, .T·O Mbl 6y.n;eM HMCTh, 4TO .n;nH· 
HCKOTOpOH paBHOBCCHOH CHCTC!I.U~I, npeACTaBmiiOll(Cll co'6010 )f(li,Il;KOCTb 

nnn raJ, JaKmo'-leHHbiH n cocy.n;, 

T xty z 
T ytzx 

T :ztxy 
/1/' 

0TMCTHM npH :JTOM, . ino 'paccMaTpHBaeMaH BCJ1H4HHa aHTHCHM" ·· 
MeTpH4Ha, no Kpaiiiteii Mepe ,-onwcH:TeJlhHO"llepecTaHOBOK iJ.nyx nocne.n;~ 
IIHX mi.n;eKCOB,. ITOCKOJlbKY 3J1CMCHT ·nnoma.n;n onpe.n;eJlHCTCH aHTllCHM~ 
MeTpH4HhiM.·,f-TenJopoM aToporo panra. . 

Ecnu .n;anee ·Mhi yqTeM, 'ITO on»Tb·TaKn n cnyqae :>Kn.n;KocTeii 
n raJoB .n;annenne Tai<me MomeT 6hiTh onpe.n;eneno KaK nnoTuocTh 3uep-' 
run B e.n;nunue o6beMa * /eM., uanpnMep, hi/, Ton.n;ononueHHCK /1/ 
nonyqnM 

T 
xtyz 

- T 
txyz 

/2/ 

* Ilpn nocTOHHHOH 3HIPOllliH. 
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Ilpu 3TOM TaK)Ke MO)KHO yTnep)K,n;aTh, 'ITO nenut.mna T i'lel ,n;on)I(Ha 
6hiTh acnMMeTpu•ma, no Kpaii:neii: Mepe, no TpeM nocne,n;IinM /TeHJop
HhiMI un,n;eKcaM, nocKonhKY, nanpnMep, 3neMenT npocrpancTnennoro 
o6'heMa HBnHeTCH :KoMnonenToii: aHTHCHMMeTpnqnoro 4-TeHJopa TpeTh
ero panra. Ecim ,n;onycTHTh, 'ITO nne,n;ennax TaKHM o6pa30M nennt.inna 
T iilel npe,n;cTaBnHeT co601o nonnocThiO annl:cnMMe.TpH'IHhiii TenJop 

'leTBepTOrO panra, TO Mhl HeMe,n;neHHO npn,n;eM K H3BeCTHOMY peJynh
TaTy - ·,n;annenne mmapnaHTHO OTHocnTenhHO npeo6pa3onannii:. Jlopen-. 

ua. 
BMeCTe C TeM, KaK H 06bi'IHO, 6y,n;eM ·uMeTh, 'ITO KOMnOHeHThl 

T ci 
123 

, r,n;e a = 1 ,2,3, onnchiBaiOI.IIHe nnoTHOCTh HMnynhca, 6y,n;yT 
paBHhl HYJIIO KaK KOMnOHeHThl aHTHCHMMeTpH'IHOrO TeHJOpa C ,IJ;BYMH 
o,n;unaK,OBhiMH nn,n;eKcaMn. ITo Toii: )Ke npuqnne In cooTBeTcTBHH c H3-
necTHhiMH liJaKTaMnl 6y,n;yT paBHhi uyniO n KOMnoneHThi . T 4412 , T 4423 , 

T 
4431 

, · Bhipa)KaiOliiHe co6'oro KonnqecTBO 3Heprnn, npoTeKaiOI.IIeii 
B e,n;HHHIIY BpeMeHH qepe3 e,IJ;HHHIIY noBepXHOCTH. lionee CTporoe pac~ 
CMOTpenne, CBHJannoe c nne,n;enneM nenn'IHHhi T "lel , npnne,n;eno 

'1 . 
B llpnno)Kenuu. 

B COOTBeTCTBHH C BbiWeCKaJaHHhiM ,IJ;nH liJopMyn npeo6pa30BaHHH 
nnoTnocTeii 3Heprnn n nMnynhca 6y.n;eM, oqenn,n;no, nMeTh cne,n;yiOI.IIHe 

Bhipa)KeHUH: 

T 
4123 

T' 
4123 

131 

T = f'. = o · T = T'. = o · . . . 13 I 
1123 1123 ' 2123 2123 ' . 

B oTnnqne OT HJBeCTHhiX !lJopMyn npeo6paJonannii:lcM., nanpnMep/ i/1. 
· · KpoMe Toro, MO)KHO nony'IHTh Bhipa)Kenne ,n;nH nonnoii: 3Heprnn 

~ . . . . 
·!'!.E n nonnoro HMnynhca SG neKoToporo 3neMeHTa o6'heMa )KU,Il;KOCTH 

nnu raJa, yMHO)KHB ,n;nH 3Toro T 4123 na C09TBei'cTBYIOliiHH 3neMeHT 
npocTpancTnenno- npeMennoro o6'beMa: 

!!.E 

·!'!.G 
X 

T · ·!'!.. V 
4123 123 

T !!.V , ... 
4123 423 

14/ 

14 "I 

Ilpu 3TOM cne,n;yeT OTMeTHTh, 'ITO B OTnli'IHe OT 061.11enpHHHTOrO 

. . . ~ 1 . 
MnennH B paMKax paccMa TpnnaeMoro no,n;xo,n;a nenH'IHHhi /!!..'G, -·!'!.E I, 

. ' c 

cornacno !lJopMynaM 141, o6pa3yiOT 4-neKTop u 6y,n;yT npeo6pa30Bhi
BaThCH no o6hi'IHhiM !lJopMynaM Jlopenua ,n;nH 3Heprnn-nMnynhca npn 
nepexo,n;e K ,n;pyroii: nnepunanhnoii: cncTeMe oTc'!eTa. 

4 

.. 

§2. 0 peAJll 
# ••• 

Hu)Ke Mhi ocT. 
!lJopMyn npeo6p.aJoi 
n ·nocne,n;nee npeMH 
Ta I 31 n Apuenu/ 4) 

MYJihi npeo6pa3oBai 
HhiX B CBOe BpeM 

llpe,n;cTaBHM 
HaMU'IeCKYIO CHCT€ 
n nnepunanbnoii: cue 
B nn,n;e nopwlieii:, KC 

. no na6nro.rieu 
OTHOCUTeJihHO HCXC 
cncTeMa, cornacno 
COM 

PaccMoTpnM 
peBO,Il;IIT paccMaTpl 
MU'IeCKII paBHOBeCI 
TaTh, 'ITO nocne 
· Ku -cncTeMe . .LI.eii 
uecc KaK paciimp~ 

o60HMH nopWHHMH, 
BOnOJIO)KHbiX nanpa 

Cornacno ne 
!'!.. E paccMaTpnaae 

110 onpe,n;eJIHThCH B 

* 3,n;ech TaK)J 
HMnynhca B Ku- Cll< 



mua T iilcl .n:omKna 
nocne.n:uuM /TeH3op

r npOCTpaHCTBeHIIOrO 
>rO 4-TeH30pa TpeTh· 
IM o6jJa30M nenu<imm 
HMMe.TpH'IHhiH TeH30p 
H3BeCTHOMY pe3ynh
o6pa30BaHHH. llopeu-. 

~Th, 'ITO KOMIIOHeHThl 
ICTh nM:nynhca, 6y,nyT 
1r0 TeH30pa C .D:BYMH 
B COOTBeTCTBHH C H3-

IeHThi T 4412' T 4423 ' 
Iepruu; npoTeKaJOI.I.\eH 
. :Sonee cTporoe pac~ 

. T iilel 

pMyn npeo6pa3oBaHHH 
ilo, uMeTh cne,nyiOI.I.\He 

/3/ 

/3 I 

~ I i!;· fi/CM., uanpuMep, . 
;! .. ,nnH nonuoii 3nepruu 
euTa OO'beMa )KH.IJ:KOCTH 
seTCTBYJOI.I.\HH 3neMeHT 

/4/ 

/4"/ 

que OT 001.1.\ellpHHHTOrO 

imuqunhl ;sc, .!.....!).£ · 1, 
. c 

u 6y,nyT npeo6pa30Bhi
mepruu-uMnynhca np.H 
leTa. 

I 

·' 
1 
i. 

I 

l 
i 

I· 

§2. 0 peAJlT!l.U8UCT!lCKOM . npeo6pa308Cl1lUU . pa60T!lbl U metl/ZOT!lbl 

Hn)Ke Mhi ocTauonnMcH ua nonpoce, Kacaron.(eMcn pemiTIIBIICTCKHX 
filopMyn npeoopa30BaHIIH KOnH'ICCTBa Ten~a II TeMnepaTyphi, KOTOpbiH 
n nocne.n:nee npeMH npunneK K eeoc nnnManne n cnn3n c paooTaMH OT
Ta I Jl n Apuenu/4/. ,[J.eno n TOM, 'ITO nonyqenHhie B 3Tnx paooTax fi!op
Mynhi npeoopa3onauuH cymecTneuno oTnuqaroTcn oT fi!opMyn, nhme.n:eu-

. HhiX n cnoe npeMH llnanKOM u Xa3enopneM /eM., uanpiiMep, hi/. 
llpe,ncTaBIIM ceoe ,nnH 3TOrO HCKOTOpyH) paBHOBCCHYJO TepMO.IJ:II• 

naMII'ICCKYJO CIICTCMY B BII.IJ:C I.(HniiH.IJ:pa C )Kll.IJ:KOCThJO, IIOKOHI.I.\YIOCH 
.n uuepuuanhHOH CIICTeMe K0 

, npll'leM, KphiiiiKII I.(Imnu.n:pa 113roTonneHbi 
B nu,ne noplllHCH, KOTOpbiC MOryT nepeMell.(aThCH. 

. no na6mo,neHII.SIM 113 ,npyroii CUCTCMbl OTC'IeTa K '.IJ:BII)I{Yll\eHCH 
OTHOCIITCnhHO HCXO.IJ:HOH 'CO CKOpOCThiO V = (3 c , ,nauuaH paBHOBeCHaH 
CIICTCMa, cor naCHO /4/, oy,neT, O'leBII.D:HO, oona,naTb 3HeprHCH IIIIMIIynb-. 

COM 

po yo 
E -- /5/ 

v 1 - (3 2 

(3 poyo 
c, /6/ 

c yl-(32 

PacCMOTpiiM Tenepb HCKOTOpbiH KOHe'IHbiH npouecc, KOTOpbiH ne
peBO.IJ:IIT paccMaTpllnaeMyiO CIICTeMy /mll,nKOCTh/ 113 o.n:noro TepMo.n:ima-·. 
Mll'leCKII panuoneciioro cocTO.SIHII.SI B ,tipyroe. llp11 3TOM Mhi 6y.n:eM:. C'III
TaTb, 'ITO nocne npouecca /KaK II .IJ:O nero/ )KH.IJ:KOCTh IIOKOUTCH B 
. K0 - CHCTC¥C. ,ll.eiicTBHTenhHO, Mbl MO)I{CM npe,ncTaimTh ceoe 3TOT npo
uecc KaK pacfuupenue /unll cmaTIIe/, rip6u3~e.n:ennoe o.n:nonpeMenuo 
o6ouMn noplllH.SIMH, ,nn11ranllliiMHC.SI o.n:uuaKonhiM o6pa3oM,. no n npoTn-

·* norronomnhiX uanpanneuu.Six 
Cornacuo rrepnoMy 3aKony TepMO.IJ:IIHaMHKH, H3MenenHe 3neprun 

6. E paccMaTpllnaeMoii c11c'feMhi n pe3ynhTaTe ,nann oro npouecca .n:onm

uo onpe.n:emiThC.SI BhipameuueM 

6. E = 6.Q + 6. A , /7/ 

* 3.n:ech TaKme ne.Sinno nonaraeTc.SI, 'ITO mll,nKOCTh ne nonyquna 
nMnynhca n K 0 - cucTeMe H 3a cqeT. rro.n:no.n:a Tenna 6,Q 0

• 
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r.ne 11 Q - KOJIH'IeCTBO Tenna, nepe.nannoe cHcTeMe B Te'leHHe npouecca, 

a 11 A - MeXaHH'ICCKaH pa6oTa, COBeprneHHaH Ha,n CHCTeMOH CO CTOpOHbl 

OKpyJKaiOI.l.{HX ee TeJI /UHJIHH.L(pa/. 

EcJIH npH JTOM B K0
- circTeMe :meprHH JKH,nKOCTH H3MeHHJiach 

na aeJIH'IHHY A E0 , TO no na6JIIO,neHHHM H3 K- cHcTeMhi JTO H3Menenue· 

6y .n,eT COCTaBJIJITb 

AE" 
1\E /8/ 

yl-{32 

liTO KacaeTCJI lPOPf:dYJihl npeo6pa30BaHHH ',nJIJI pa60Thl, TO npH ee 

Bh!BO,I:(e Mhl 6y,neM OllHpaThCJI Ha peJIJITHBHCTCKOe onpe,neJieHHe KOJIH· 

qecTBa pa6oThi, .naaaeMoe cne,nyioll.{HM BhipamenHeM: 

3.nech F
4 

- apeMeimaH 

MeHT )I.JIHHhl B 4-MHpe. 

11s. , noJiy'IHM: 

F·v 
t\A 

yl-{32 

AA '"· F !1s. 
4 

/9/ 

KOMnonenTa CHJihi MHHKOBCKoro, a As - JJie

IIpHBJieKaa H3BeCTHhie BhipameHHH ,nJIH F H 
4 

2 
A t v I - {-3 = F v 1\ t . /10/ 

OTciO.na MOJKHO 3aKJIIO'IHTh, 'ITO ane.nennoe peJIHTHBHCTCKoe onpe.nene.. 
HHe llOHJITHJI pa60Thl HaXO)I.HTC11 B llOJIHOM COOTBeTCTBHH C o6menpHHJI· 

Th!M onpe,neJieHHCM. 

Ha. ocnoaaHHH /9/ H c y'leToM Toro, 'ITO B paccMaTpHnae~oM 
CJiy'!ae npoCTpaHCTBeHHhiC KOMllOHCHThl 4- BCKTOpa pa60Thl B K

0
- CHCTe

Me paBHhl nymo, HeMe,nJieHHO llOJIY'IHM, 'ITO 

11Ao 

2 v 1- {3 
11 A = /11/ 

OTKy.na, HcnoJih3YH /7/ H /8/, npu.neM K ¢opMyJie OTT a: 

t-.Q 
11QO 

yl-{32 
/12/ 

6 

I'; 

1 J. 
l I 

J 
·t 

IIpH ycJioBHH o6pl 

Koro npouecca ,nJIH .1 

11~ 

Y'IHT~BaH, 'ITO JHTpor 

pexo.ne K ,npyroii CHCTl 

Cne.nyeT cneuHaJJ 

Jihi npeo6pa3oaanua /1: 
CJiyl.fae, CCJIH JKH)I.KOCTI 

THBHOM cnyqae, nanp1 

B COOTBeTCTBHH C npH 

Ja c'leT nepe.na'IH Tenn 

liTo .JKe KacaeTca 

BH)I.eTh, 'ITO OHa MO/K( 

CJIY'Iae, Kor .na nocne n 

'IHHe H HanpaBJICHHIO 

§3. 0 Koeapua11111111 

PaccMoTpHM ypa 

* OTMCTHM, 'ITO, 
Jia /14/ MO/KCT 6hiTh ll 

E0 = 3 n k T 0 I 2 H ¢~: 

= Eo I v 1 - {3 2 • 



:eB Te'leHne npouecca, 

CHCTCMOH CO CTOpOHbl 

<H,nKOCTH HJMCHHnaCb 

::TeMbl 3TO HJMCHCHHC' 

/8/ 

~nH pa6oThi, TO rrpu ee 
; 

oe orrpe.nenenue Konu-

~eM: 

/9/ 

KOBCKoro, a /\s- 3Jie· 

Bbipa)l(eHHH ,nJIH F H 
4 

/10/ 

THBHCTCKOC onpe.nene· 

CTCTBHH C o6menpHHH" 

·o B paccMaTpnnaeMOM 

pa pa6oTbi B K0
- CHCTe-

/11/ 

1e OTTa: 

/12/ 

\( 
I I 

·:.: 

fipH ycnOBHH o6paTHMOCTH paCCMaTpHBaCMOrO TepMO,nHHaMH'!CC" 

KOrO npouecca ,nmi UJMCHCHHH 3HTpOIIHH CHCTCMbl 6y,neM HMCTb: 

/13/ 
yo 

Y'lHTb.IBaH, 'ITO 3HTPOIIHH · HBnHCTCH HHBapHaHTHOH BCnH'lHIIOH npH IIC" 

pexo.ne K ,npyroii cucTeMe OTC'!eTa, npu.neM KO BTopoii ¢opMync OTTa: 

y 
yo 

* /14/ 
v /- {32 

Cne,nyeT crreuuanhHO rro,nqepKHYTh, '!TO nonyqeunhiC BbiillC ¢opMy

nhi npeo6paJonaHHH /12/ H /14/ cnpane,nJIHBhi, oqeBii.nno, TOJibKO B TOM 

cnyqae, ecnn )I(H,nKOCTb nocne npouecca noKoHTCH B K 0
-cHCTCMC. B npo

THBHOM CJiyqae, narrpHMep, BH,n <iJopMyJIW /12/ ,nO~)I(CH H3MCIIHTbCH 

B COOTBCTCTBHH C npuo6peTCHHWM )I(H,nKOCTbW HMIIynbCO~ /cKa)I(CM, 

3a cqeT nepe,naqu Tenna/. 
4TO )I(C KacaeTCH ¢opMYJibl nnaHKa, TO Ha OCHOBaHHH I 15/ nerKO 

BH,nCTb, 'ITO OHa MO)I(CT 6hiTb cnpane,nnHBOH TOJibKO B TaKOM '!aCTIIOM 

CJiy<Jae, KOr ,na IIOCJIC npouecca CKOpOCTb ,nBH)I(CHHH )I(H,nKOCTH IIO BCJIH" 

lJHHe u nanpannenum 6y,neT conna,naTb co cKopocThW K -cucTeMhi. 

§3. 0 KoeapuaHmHocmu ypae11e11UJ1 cocmoJIHUJI uoeallbHOZO za3a 

PaCCMOTpHM ypaBHCHHC COCTOHHHH H,neaJibHOrO raJa 

/15/ 

* OTMeTHM, '!TO, HanpnMep, B cnyqae n.neaJibHoro raJa ¢opMy
na /14/ MO)I(CT 6biTb IIOJiy'leHa TaK)I(C Ha OCHOBC ypaBHCHHH COCTOHHHH 

£ 0 = 3nk Y 0 /2 H ¢opMynhi npeo6paJoBaHHH ,nnH 3HeprHH E= 

= Eo I v I - f3 2 • 
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OllHChiDaiOJl.lee IIeKOTOpyiO paDHOBCCHyiO CliCTeMy, IIOKOHJl.IYIOCH B CHC
TeMe .oTc•reTa K 0 ~. 

Konh cKopo paccMaTpimaeMoe ypanuenne Dhipa)KaeT ueKOTOPhiH. 

JaKOH llpUpO,I(hi, TO Mhl Dllpane llOJiaraTh, 'ITO' OliO ,I(OJI)KHO y,I(ODJICTBO

PHTh Tpe6onanmo KonapuanTuocTn OTnocnTeJihHo npeo6paJonannii Jio

pem(a. Tor.I(a, YlfHThiDaH, 'ITO P 11 nk - cKaJIHPHhie neniiiumhi, MOiK~IO 
JaKJIIO'IIITh, 'ITO npn nepexo,I(e K cncTeMe OTClfeTa. K. nemi•nmhi V u T 
,I(OmKHhi npeo6paJOBhiDaThCH no ananornlfHhiM <IJopMyJiaM. 

Ecnn ,I(anee Mhi nocnoJihJyeMcH nonyqeunoii Bhiiiie cpopMyiwii npe

o6pa3onamu1 /14/ ,I(JIH TeMnepaTypbl, TO ,I(JIH <IJopMyJihi npeo6pa3onannH 
06'hCMa 6y,I(eM HMCTh: 

vo 
v - /16/ 

yl-{32 

llOCJIC,I(Hee Bblpa)KeHHe, OlfeBU,I(HO, llpOTHBOpelfiiT <IJopMyJie 

"JIOpeHIJ;OBa COKpaJl.leHHH", Ha OCHOBaHHII KOTOpOH HMCeM 0 'ITO 

V == vo vI - f3 /17/ 

C .I(pyroii CTOpOHhl, llOJIY'IeHHblll pe3yJihTaT HaXO,I(UTCH B llOJIHOM. 

COOTBCTCTDIUI C JaKOHOM npeo6pa30DaHIIH ,I(JIIIH, KOTOphiH BbiTCKaeT H3 

IIHOrO OIIpe,I(eJieHUH llOHHTHH ,I(JIIIHhl ,I(BII)KYJl.ICrOCH MaCIIITa6a, OCHOBaH~ 
noro na nenocpe,I(cTneuuoM ucnoJihJonanuu qacon u cneTOBhiX curua
non hi 

IlpwwJKe uue 

llpn nne,I(ennn TCHJopa T xi xi xk x 1 3,!\ecb Mhi 6y,l\eM onn-

paThCH na cyu(eCTBonanne TeHJopa nJIOTHOCTII n x x x * 
m n p • 

qCTWpe KOMUOHCHTW 3TOro IIOJIHOCThlO aHTIICIIMMeTplllfHOrO TCH30pa 

OllpC,l\CJIHIOT C060IO CJie,l\yiOJl.IHC Be.JiHlfiiHhi: n xYZ - llJIOTHOCTh lfaCTIUI 

/nx lfHCJIO n e,I(unnue npocTpancTnennoro ~6'heMa/; n 
1 

- lfiiCJIO 
. )IZ 

4aCTIIII, Ua,I(aJO!QUX B C,I(IIHifiiY BpeMCHif Ha C,I(IIHIIlfHYIO llJIOIIIa,I(Ky, nep-
UCH,IUIKYJIHPHYIO OCII 0 X II T .,I(. ' 

* 0ohr4uo ,I(JIH y.I(o6cTna nMecTo TenJopa nnornocTu <IJaKTIIlfecKn 
UOJih3YIOTCH ero .I(yaJihHhiM ,I(OllOJIHCHIICM - BCKTOpOM llJIOTHOCTU TO- . 
Ka i x 

q 

8 

_,..... __ .......... _____ --·--------· 

\ 
'· 

~ .r 
l 
~ 

Konh. cKopo ,I(aBJ 

nynhca n e,I(nnnuy np 

e,I(HHHlfHYIO llJIOI:~a,I(KY, 

3JICMeHTOM llJIOJl.la,I(H . } 

-. l\p n 
.x 

3.I(eCh L\p x, cKa)KeM, 

JYJihTaTe coy.I(apennH, 

Jl.leH raJ HJIH )Kll,I(KOCTI: 

,!(JIH OKOHlfaTeJihl 

r;~~n- UMllYJibCa :* CJie,I( 

•)KaiOll.IHC llJIOTHOCTh H~ 

Hbl HYJIIO: 

T T 
x, xyz )1, X)!Z 

KpoMe Toro, ,I(OJI)KHOB 

T T T 
t. ty z t·, tzx 

Bblpa)KaiOll.lee co6mo .. T 

qepe3 e,I(HHUlfHYIO no_ne 

II, uaKoneu, yen 
lfaCTHU, ,l\BU)KYJl.IUXCH 

CTH, JaUUIIIeTCH B . 

T 
y, tyz 

T 
z, ll 

T = T 
x. tz~ z, 

T == T 
x, lxy y, 

Ha· ocuonauHn l 
,I(UMaH TaKUM o6pa3m 

cTaBJIHTh co6oronohu< 

paura n onHchmaThCH · 

T =n 
x,yzt xy• 

--· ·,;, Kai< o6paJyeM, 

ca ua TCH30p llJIOTHOC' 



~TeMy, llOKOHlliYIOCH B CHC-

enue Dhlpa)!(aeT HCKOTOphill 

TO OHO ~OJI)!(HO y~ODJieTBO
!JihHO npeo6pa3onanuii Jl9-
annpnhie DeJIH1111Hhl, MQ)!(HO 

·TC'IeTa K.nenn•nmhi Vn T 
M tPOPMYJIUM. 

eimoH: Dhiiiie cpopMynoii npe

I tPOPMYJihl npeo6pa30DaHHH 

/16/ 
.) 

npOTHBOpetiHT clJopMyJie 

:opOH IIMCCM, 'ITO 

/17/ 

llhTaT HaXO~UTC.H D DOJIHOM 

llHH, KOTOphiH BhiTCKaeT ll3 

:roCH MaCIIITa6a, OCHOBaH~ 

qacon n cneTOBhiX en rna-

3~ech Mhi 6y~eM dnn-

* HOCTll n X x 
m nxp 

LHCUMMCTPH'IHOro TCIIJOpa 

n ~~z - llJIOTHOCTh tiaCTHII 

D6beMa/; n - 'IHCJIO . . - tyz 
:~HHll'IHYIO. DJIOIIIa~KY, nep- , 

Dpa llJIOTHOCTll clJaKTH'ICCKH. 
BCKTOpOM llJIOTHOCTH TO: 

'I 

) 
l 
f 

KoJih CKOpO ~aBJICHHC onpe~eJIHCTCH BCJIH'IHHOH H3MCHCHHH HM

nyJibCa B e~HHHIIY npeMeHH, ~eHCTBYIOlller,o na HOpMaJihHYID K .HeMy 

e~HHH'IHYIO DJIOllla~KY, TO, O'ICBH~HO, 'ITO ~aBJICHHC, HCDhiThiBaeMoe 

3JieMeHTOM nnouia~n YZ 6y~eT ~anaThCH , B qacTHOCTH, Bhipa)!(enneM 

- !1p n 
. x ty·z 

3~ech ~P x, cKa)!(eM, - cpe~nee H3Menenne nMnynbca qacTHIIhi n pe-

3YJihTaTe coy~apeHHH, nanpHMep, C 3JieMeHTOM CTCHKH, orpaHH'IHBaiO-

liiCH ra3 HJIH )!(H~KOCTb. 
,!(!JH OKOH'IaTeJihHOrO Bbi.HCHCHH.fl BH~a HCKOMOrO TCH30pa 3Hep-

rnn-HMDYJihCa :* CJie~yeT TaK)!(C yqeCTb, 'ITO ero KOMDOHCHTbl, Bhipa

)!(aiOlliHC DJIOTHOCTh HMHYJibCa B e~HHHIIC 06beMa, ~OJI)!(Hbl 6hiTh paB-

Hbl HYJIIO: 

= T 
z, xyz 

= o. /n.l/ T x, xyz 
T y, xyz 

... 
KpoMe Toro, ~OJI)!(HO BhiDOJIHHTbCH panencTBO 

T T = 0, 
t, txy 

/n.2/ T 
t·, tzx t, tyz 

Bbipa)!(aiOlliCC co6010 TOT clJaKT, 'ITO DOTOK :meprHH B e~HHHU:Y BpeMeHH· 

qepe3 e~HHH'IHYIO no~epxnocTh panen uynro. 
If, naKOHCII, ycJIOBHe, CB.H3aHHOe C HCH3MCHHOCTblO HMDYJihCOB 

qacTHII, ~BH)!(YlliHXCH no KacaTeJibHOH K ~aHHOMY _3JICMCHTY nonepxno

CTH, 3aDHIIICTCH B BH~e paBeHCTBa HYJIIO CJIC~YIOlliHX KOMDOHCHT: 

T T 0' y, tyz z, tyz 

T T 0' 
/n~3/ 

x, tz~ z, tzx 

T T Oo 
x, txy y, t::cy 

Ha OCHOBaHHH /n.1/, jn.2/ H /n.3/ MO)!(HO JaKJIIO'IHTh, 'ITO BBO-

~HMaH TaKHM o6pa30M neJintinna T x 0 , x 0 x k x 1 ~OJI)!(Ha npe~-
6 

' 1 u 4 
CTaBJIHTh CO OIO DOJxHOCThiO aHTHCHMMCTpH'IHbiH -TeH30p 'ICTBepToro 

panra H ODHCbiBaThCH CJIC~YIOIIIHM Bhipa)!(eimeM 

T = n ~E - n ~p . + n' ~p - n ~ p . 
x,yzt xyz yzt x xzt y xyt z 

---·~* KaK o6pa3yeMoro npoH3BenenueM 4-neKTOpa 3Hepruu-uMnynL
ca Ha TCH30P DJIOTHOCTH. 
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. B Ka•JecTne ol.fenn,n;noro cne.n;cTmui II3 nocne.n;Hero qlaK_T,a 6y.n;eM 
HMCTL paBCHCTDO 

T x, tyz T - T y, tzx - z, txy 

BLipa">KaioiQee co6o10 JaKon llacl(amL 

Bao,n;n· ,n;anee cKannpHoe ,n;anJieHne n cKannpnyw nnoTuocTL :mep
rnu c noMoU~hiO BLipa">Kenuii:: 

T 'kl = pe 'L.[ a 1 a 1 "· 

-T =ce . 
4il<l. 4ilel 

r,n;e e ijlel - COBeptueHHO aHTHCIIMMCTplfl.fHLIH CAIIHII'IIIhlif 4- TCH30p 
'lfCTDCpToro paura, 6y,n;eM IIMCTb KpOMC TOro paBCHCTBO: 

( = -p. 
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