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1. BBEllEHHE 

PaHee np111 06cyH<AeH111111 OTnlll'-tHoiii OT TpaA111U,1110HHOiii 11 nOKau,111OH
Hoiii11 cpopMyn111pOBKll1 Teop111111 OTHOCll1TenbHOCTll1 (CM. , Hanp111Mep ,I 1, 21) 
pe4b wna, rnaBHblM o6pa3oM, o Tex 111n111 111HblX acneKTax 3neKTpo
All1HaM111K111. 3To, KOHe4HO, BnonHe o6bHCHll1MO, ecn111 y4eCTb, 4TO 
IIIMeHHO 3neKTPOA111HaMll1Ke Teop111H OTHOCll1TenbHOCTll1 06H3aHa CBOIIIM 
BO3Hll1KHOBeHll1eM. C Apyroiii CTOPOHbl, noHBneH111e nO3AHee ee anb
TepHaT111BHOiii cpopMyn111pOBKll1 cpaKTll14eCKll1 6b1no o6ycnosneHO TaK Ha-
3WBaeMoiii npo6neMoiii 4/3(onpeAeneH111H 3Hepr111111 111 111Mnynbca 3neK
TpoMarH111THoro nonH AB111H<yiJ.1erocH 3apHAa, ero 3neKTpoMarHIIITHoiii 
MaCCbl). 

HanoMHll1M, 4TO anbTepHaTll1BHaH noKaU,111OHHaH cpopMyn111pOBKa OCHO
BWBaeTCH. Ha npocTpaHCTBeHHo-speMeHHOiii CTpyKType (KapTIIIHe), 
KOTOPYIO COCTaBnHIOT CBeTOBble 111n111 3ana3Ab1Ba~111e, T. e. HeOAHO
BpeMeHHWe npocTpaHCTBeHHWe paCCTOHH111H*. BBeAeHHaH Bee paM
Kax KOHU,enu,111H penHTll1B111CTCKOiii An111HW' 3/ HenocpeACTBeHHO on111-
paeTCH Ha noKaU,1110HHWiii MeTOA 1113MepeHll1H paCCTOHHllliii. np111 3TOM 
penHTll1B111CTCKaH, 111n111 11 noKau,111OHHaH 11 , An111Ha onpeAenHeTCH nony
cyMMoiii ABYX xapaKTepHblX 3ana3Ab1Bal0il.\111X paCCTOHHll1iii 141 . CneA
CTBll1eM AaHHOc:l KOH4enu,111111 HBnHeTCH POCT npOAOnbHblX pa3MepoB pe
nHTll1B111CTCKll1X 06beKTOB (cpopMyna YAn111HeH111H). 

Ecn111 MOH<HO TaK Bblpa3111TbCH, 11 MaTeMaTll14eCKll1e KOHTYPbl 11 anbTep
HaTll1BHOC1 cpopMyn111poBKll1 06O3Ha4111nll1Cb B 6O-x roAaX B pe3ynbTaTe 
AOCTaJO4HO w111pOKoiii A111CKYCCll1111. KpoMe ynoMHHYTOiii npo6neMbl 4/3, 
B Hec:l 06CYH<Aan111cb BonpOCbl penHTll1B111CTCKOC1 cpopMyn111poBKll1 CTa.T111-
Kll1 111 TepMOA111HaMll1Kll1. 8 4aCTHOCTll1, B pe3ynbTaTe nepeCMOTpa npem
Hero peweH111H cpoH nay3 151 1113secTHoro napaAOKca npHMoyronbHoro 
Pbl4ara flbl0111Ca-TonMeHa TaKH<e np111wn111 K cpopMyne YAn111HeHll1H AnH 
npOAOnbHOro nne4a pw4ara (CM., Hanp111Mep, 161 ). 8 CBOIO O4epeAb, 
3TO AOnH<HO 6b1no O3Ha4aTb 111 1113MeHeHll1e cpopMynbl. npeo6pa30BaHll1H 
AnH npocTpaHCTBeHHOro O6beMa. A noCKOnbKY 06beM HBnHeTCH, 
KpOMe Toro, BaH<Hec:lweiii TepMOAll1HaMll14eCKOiii xapaKTep111CTll1KOiii, TO 
nocneAHee, Ka3anocb 6~, asTOMaT1114ecK111 AOnmHo 6~no secT111 K 
nepeCMOTPY npeH<Hll1X cpopMyn penHT111B111CTCKOiii TepMOA111HaMll1Kll1. 

*CpaBHll1Te C O6iJ.1enpll1HHTblM nOAXOAOM, rAe Mbl cpaKTll1'•1eCKll1 111Me
eM Aeno C 11 OAHOBpeMeHHWMll1 11 111n111 11 MrHOBeHH~Mll1 11 paCCTOHHll1HMll1. 



0AHaKO IIICXOAHblM nyHKTOM anbTepHaTIIIBHOlii ¢opMyn111pOBKIII penH
TIIIBIIICTCKOlii T~PMOAIIIHaMIIIKIII cneAyeT C4111TaTb pa6oTy 0TTa 171 • 
npeACTasneHHb!e B pa6oTe ¢opMynbl npeo6pa30BaHIIIH AnH KOnlll4eCTBa 
Tenna Ill TeMnepaTypbl cyuteCTBeHHO OTnlll4an111cb OT npemHIIIX, nony-
4eHHblX eute nnaHKOM 111 31iiHWTeliiHOM. Xou nplll 3TOM ¢opMyna npe
o6pa3oBaHIIIH npocTpaHCTBeHHoro 06beMa OCTanacb He1113MeHHOlii. 

HeKOTOPble acneKTbl anbTepHaTIIIBHOlii ¢opMyn111pOBKIII penHTIIIBIIICT
CKOlii TepMOAIIIHaMIIIKIII 111 6YAYT npeAMeTOM nocneAYIOIUero paccMOTpe
HL•rn*. 8 0Tnl/14111e OT APYrlllX pa6oT Ha 3TY TeMy Mbl AaAIIIM ¢1113111-
YeCKIII HarnHAHOe 060CHOBaH111e ¢opMyn 0TTa Ill 6yAeM HenocpeACTBeH
HO on111paTbCH Ha Tpe6osaHIIIH penHTIIIBIIICTCKOlii KOBfPlllaHTHOCTIII. 

2. PEnHT~B~CTCK~E nPE06PA30BAH~H 
TEPMO~~HAM~YECK~X BEn~Y~H 

191 BcKope nocne nOHBneHIIIH Teop111111 OTHOCIIITenbHOCTIII nnaHK' ' , 
31iiHWTeliiH / lO/ Ill APYrllle c¢opMyn111posan111 3aKOHbl TepMOAIIIHaMIIIKIII 
B COOTBeTCTBIIIIII co cne4111anbHblM np111H4111noM OTHOCIATenbHOCTL1. np1,1 
3TOM AnH ¢opMyn npeo6pa30BaHL1H TepMOAIIIHaMlll4eCKL1X Benlll4111H -
KonL14eCTBa Tenna Q, TeMnepaTypbl T III AasneHL1H ~ - 6bln111 nony
YeHbl cneAYIOUtL1e Bb1pameHL1R: 

Q = Q*Jl- v2/c2 = Q*,y-1, (1) 

T = T*.y-1 , (2) 

p = p* ' (3) 

rAe-V(=-Vx) - CKOpOCTb ABlllmyuteliicsi S -c111cTeMbl OTHOCIIITenbHO no
KORuteliicR ( co6CTBeHHOlii) s * -c111cTeMbl. 

0AHaKO n03AHee 0TT 171 111, He3aBIIICIIIMO OT Hertj, Ap3enbe/lL'noKa-
3anL1, 4TO CTapasi ¢opMynL1pOBKa He COBCeM YAOBneTBOplllTenbHa. 
np1,1 3TOM Anff ¢opMyn npeo6pa3osaHL1R Q L1 T BMe~TO (1) 111 (2) 
IIIML1 6b1n1,1 nony4eHbl cneAYIOUtL1e BblpameH111R: 

Q=Q*y, 

T = T*-y. 

(4) 

(5) 

*CneAyeT OTMeTIIITb, 4TO B OTnL14111e OT Apyr111x sonpocoB anbTep
HaT~BHOlii ¢opMyn111poBKL1 Teop111111 OTHOCTenbHOCTIII OTTOBCKaR TpaKTOB
Ka yme Hawna CBOe OTpameHL1e,Hanp111Mep, B 1113BeCTHOlii MOHOrpa¢1,1111 
Mennepa 181 
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TaKIIIM o6pa3oM, cornacHo (5) AB111mYuteecH Teno ropHYee, a He 
xonoAHee noKOHuterocH, KaK 3TO C4111Tan111 paHee. 

Haw sap111aHT- OTBeTa Ha sonpoc o npeo6pa30BaH111111 Tennosolii 
3Heprn111 Mbl AaA111M c noMOlltblO cneAYIOUtero npocToro np111Mepa. 

nycTb HeKoTopoe (noKosiuteecsi) MaTep111anbHoe Teno TepHeT Ten
no B pe3ynbTaTe 1113ny4eHll1H. np111 3TOM OA111H 111Mnynbc 1113ny4eHll1H 
sen1114111Hbl p * = Q*/c HanpasneH BAOnb oc111 X*, a Apyrolii - B npo
Tll1BononomHoM HanpasneH111111. TaK 4TO 111 nocne 1113nyYeH111H Teno ocTa
eTcH B noKoe. 04eB111AHO, 4TO CYMMapHaR noTepR 3Hepr111111 BS*
Cll1CTeMe COCTamtT 2Q *. no Ha6n10AeHll1RM 1113. s -c111cTeMb1 nepsbllii 
111Mnynbc yHeceT 3Hepr111io 

Q l = [ Q * + V (Q * / C ) ] y , 

a BTOpolii 

Q 2 = [Q* + v(-Q*/c)]y. 

TaKvtM o6pa3oM, cyr.-tMapHaR noTepR Tenna cocTaB111T 

Q = Q 1 + Q 2 = Q *-y . 

4TO cosna11aeT,,04eBL1AHO, c ~opMynolii 0TTa (4). 

(6a) 

(66) 

(7) 

06paTll1MCR Tenepb K APYrOMY npoCTOMY npL1Mepy. PacCMOTPll1M 
noKORutL11iiCR Rut~1K C ra30M. 8o3bMeM CHa4ana Te MOneKynbl, KOTO
pble AB111myTCR no (111n1,1 npoTL1B) HanpasneHIIIO OCl,1 x~ C T04KL1 3pe
Hll1ff s -c111cTeMb1, L1X 3Heprnt.1 6YAYT COOTBeTCTBeHHO paBHbl 

E1 = (E* + vp;) y, 

E
2 

= [E* + v(-p*.)}y, 
. X 

T.e. cpeAHRR 3Heprll1R COCTaBL1T 

E = E*•y. 

(Ba) 

(86) 

(9) 

HeTPYAHO noKa3aTb, 4TO TaKL'lM ~e o6pa30M B03pacTaeT 111 3Hepr111R 
MoneKyn, ABll1mYutHXCR B nnocKOCTL-1 y*z*. 0TCIOAa cneAYeT, 4TO 
CAenaHHbllii BblBOA 6yAeT cnpaBeAnHB L-1 AnH MOneKyn, ABWKyuiMXCR 
B np01.13B0flbHOM HanpasneHVlll1. Ho noCKOflbKY, KaK M,I 3HaeM, TeM
nepaTypa nponop41110HanbHa cpe11Helii KHHeTvi4eGKolii 3Heprnlft MoneKyn 
ra3a, TO, no KpaliiHelii Mepe Ka4eCTBeHHO, 04eBIIIAHO, 4TO yeen111-
4eH111e 3Hepr111111 o.omHHO np111B00,111Tb K pocTy TeMnepaTypbl B nonHOM 
COOTBeTCTBlllll1 C (5). 
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npv1 CTporoM BblBOtJ,e QJOPMYflbl ( 5) 06bl'-IHO onv1pa10TCSI Ha STOpoA 
3aKOH TepMOAVIHaMVIKVI (TepMOAV1HaMV1'-1eCKOe onpetJ,eneHVle TeMnepaTy
p~). KOTopwA s co6CTSeHHOL1 CVICTeMe OTC'-leTa onv1cwsaeTCSI sw
pa}!(eHVleM 

5S* ~ ~* 
T* 

( 10) 

rtJ,e oS* - Vl3MeHeHVle 3HTpOnVIVI Me}!(AY ABYMH 6nll13Kll1Ml,1 pasHosec
HblMl,1 COCTOSIHVISIMl,1' a paseHCTBO SblnOnHHeTCSI fl111Wb AflH' o6paTll1MblX 
npo4eccos. npVIHll1MaSI BO SHll1MaHV1e, '-ITO 3HTpon111si, 6YAY'-1111 QJYHK-
4111eA '-1111Cna COCTOHHll1L1, S!SnHeTCSI ll1HBap111aHTHOL1 sen1114111HOL1, Ha 
OCHOBaHll1111 (4) Aei1CTSVITenbHO np111tJ,eM K (5). 

3AeCb, OtJ,HaKO, yMeCTHO CtJ,enaTb 3aMe'-laHVle o6~ero nopS!tJ,Ka. 
nocKOflbKY TeMnepaTypa npeo6pa3yeTCH npVI nepeXOAe OT OAHOL1 
Cll1CTeM~ OTC'-leTa K tJ,pyroA, TO O'-leS111AHO, '-ITOi OHa eCTb KOMno
HeHTa' KaK 1,1 3Heprll1H' 4-seKTOpa. C tJ,pyroA CTOPOHbl' KaK Mbl 
3HaeM, Knacc111'-1eCKaS1 TeMnepaTypa - 3TO CKan~pHasi-( 11 0tJ,HOKOMno
HeHTHaH 11

) sem11'-1v1Ha. Ho setJ,b, no cyn1 t1.ena, 11 Knaccv1Ky 11 npetJ,cTas
nsieT co6CTSeHHaH CvlCTeMa OTC'-leTa s *. Y'-leT 3Toro ¢a KT a 03Ha
'-!aer~ '-ITO T*- speMeHHasi KoMnoHeHra 4-seKTopa TeMnepaTypw 
( T*"' T 0 * ) . Orc10t1.a npsiMo cnetJ,yeT, '-!To npv1 nepexot1.e K rno6oA 
tJ.pyroi,, ABvl}!(y~ei,,csi cv1cTeMe oTc'-leTa senv1'-lv1Ha Tc:> 6yt1.eT · npeo6-
pa3osb1BaTbCS1 v1MeHHO no ¢opMyne· ( 5). B o6~eM cny'-lae 6ytJ,eM 
VIMeTb Ill/" 

. i 
T 1 = _l!_T*, 

C 

rtJ,e u 1 - 4-cKOpOCTb. 

( 11) 

CnetJ,y~aSI Sa}!(HaSI TepMOAVIHaMv!'-leCKaSI senVl'-lvlHa, KOTOPYIO Mbl 
paCCMOTPVIM, 3TO npocrpaHCTSeHHW1'1"06beM. HanoMHVIM, '-ITO Ha 
Sl3WKe '-lerwpexMepHoro npeACTasneHv1S1 OH onpeAensieTcsi speMeH
H01'1 KOMnoHeHTOL1 4-BeKTOpa 06beMa 

k f m ( 12) V =-!.n abc, 
i 1ktm 

rt1.e !ikfrn - TeH30p flesV1-lfvlBv!Tbl, ak, bf , Cm - o6pa3~Vle ero 
4-seKTOpa, ! Ol23 = 1. 8 nonHOM COOTSeTCTSVIVI C npetJ,blA~VIMVI 
paccymaeHv1siM1,11 s paMKax anbTepttaT1,11sHoro noaxoaa 111MeeM v; = o. 
0TCIOAa cnet1.yeT 

V = V* y, 
O 0 

(13) 
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T.e. ao3pacTaHv1e (a He coKpa~eHV1e) npocTpaHcTseHHoro o6beMa 
npv1 ABVl}!(eHVlvl, '-ltrO, O'-leSVIAHO, OTBe'-!aeT AYXY Q)OpMyn (4) 111 (5). 
Oco6eHHO, ecnVI y'-leCTb, '-ITO ypasHeHVle COCTOSIHVISI VltJ,eanbHOro ra3a 
npSIMO CSSl3bJBaeT o6beM VI TeMnepaTypy, a cnetJ,OSaTenbHO, VI VIX 
¢opMynbl npeo6pa~osaHV1S1 1121 • npast1.a, s ypasHeHVIVI, KpoMe Toro, 
¢V1rypV1pyeT senv14v1Ha t1.asneHV1S1, KOTopasi s cny'-lae 06~enpV1HS1Toro 
notJ,XOtJ,a nonaraeTCSI vlHSapv1aHTOM. 3AeCb cnetJ,yeT TaKme OTMeTVITb, 
'-!TO s paMKax 4-npetJ,cTasneHVISI t1.asneHv1e onpetJ,ensieTcsi KaK pa3 
C noMO~blO 4-seKTOpa 06beMa. TaK, t1.asneHV1e s HanpasneHVIVI OCvl 
X 3atJ,aeTCSI KaK KOMnoHeHTa T 11 TeH30pa 3HeprV1V1-V1Mnynbca swpa
}!(eHvleM 

p = T 11 
ap i ~. (14) 
av1 

T.e. tJ,eL1CTBv!TenbHO npetJ,CTasnsieT co6oH Vl3MeHeHVle VIMnynbca Ha 
etJ,VIHv14Y ~OpManbHOH nno~aAVI s etJ,V1HVl4Y speMeHVI. npVI 3TOM, s 
'-laCTHOCTvl, KOMnOHeHTa 'T 00 =ap0 /aV0 =! 6ytJ,eT, O'-leSVltJ,HO, onv1-
CWBaTb nnoTHOCT~ 3HeprV1111 s eAV1Hv14j npocTpaHCTBeHHOro o6beMa 
VI T.tJ,. Ha OCHOSaHVIVI (14) nerKO nony'-IVITb Q)OpMyny npeo6pa3osa
Hll1SI t1.asneHV1S1. Hqnpv1Mep, s cocytJ,e c ra3oM t1.asneHV1e Ha cTeHKY 
s·HanpasneHv1v1·t1.~v1}!(eHv1S1 (cocyt1.a) cocTaSVIT 

p = T 11 = {p * + /3 2( * ) ·Y 2 
II 

(15a) 

111 

( =Too=(!* +{32p*),y2. (156) 

3aecb Mbl y'-lnvl' '-ITO s CVICTeMe noKOSI cocytJ,a T !1 = T ; 2 = T ; 3 = p"* 
(3aKOH nacKansi), a Toa=Tao= 0, a= 1,2,3. np111 3TOM O'-leSVIAHO, 
'-ITO P 1.. = P1.*· 

3. lfEPHOE TEflO 

Ka}!(eTCSI, '-ITO TepMOAll1HaM111Ka (so SCSIKOM cny'-lae, ee MaKpOCKO
n1,11'-1eCKOe on1,1caHii1e) CTOll1T AOCTaTO'-IHO o6oco6neHHO OT 3neKTpo.:. 
A111HaMVJKVI, KOTOpolli, KaK Mbl 3HaeM, o6si3ai-ta CSOVIM S03Hll1KHOSeH1,11·eM 
noKa4VIOHHaS1 Q)OpMynVlpOSKa TeopVll,11 OTHOCVJTenbHOCTM. 0AHaKo MemAY 
3Tl,IJMl,1 ASYMSI pa3aenaM1,11 Q)l,113VIKVI c~ecTsyeT see }!(e AOCTaTO'-IHO 
npsiMaSI CSSl3b. npVIMepoM TOMY MO}!(eT cny}!(l,IJTb MOtJ,enb '-lepHoro Tena. 

PaccMOTpl,IIM TepMl,11'-leCKVI paSHOSeCHOe 3neKTpOMarHVITHOe 1113ny'-le
H1,1Je, 3aKnlO'-leHHOe SHYTPVI 3aMKHYTOL1 nonoCTVI. 8 CMCTeMe noKOSI 
nonoCTVI (S*) noTOK 3neKTPOMarHV1THOro 1,13ny'-leHV1SI paseH HynlO 
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B KalKAO~ TOYKe 111 B COOTBeTCTBll1111 C saKOHOM CTe¢aHa - 6onbl.\Ma
Ha nnoTHOCTb 3Hepr111111 f* onpeAenHeTcff ¢opMyno~ 

£*=aT*4 
' 

(16) 

rAe a - nocTOHHHaff. ~3nyYeH111e 06ycnaan111aaeT HOpManbHoe Aaa
neH111e, KOTOpoe B COOTBeTCTBll1111 C paBeHCTBOM 

Too-Taa=O ( 17) 

COCTaBnffeT 

p * = .!. a T *4 • (18) 
3 

On111paHCb Ha 4-BeKTOp TeMnepaTypbl, 3an111weM (16) B KOBap111aHTHOM 
B111il,e 

( = Too = a T o T o T i T i • (19) 

np111aneKaff 4-BeKTOP o6beMa, Anff nonHo~ 3Hepr111111 111 3HTpon111111 6y
AeM 111MeTb COOTBeTCTBeHHO 

E = p O = a T O T i T i T kV k 

111 

. 4 i k 
S =-a T T 1T Vk. 

3 

(20) 

(21) 

B paMKax ttawero riOAXOAa 111Mnynbc 111 3Hepr111H ABll1lK,Yllle~cR no
nocT111 C yYeTOM (20) 6YAYT onpeAenffTbCR (KaK 111 8 cnyYae 3neKT
poMarHll1THOro nonH AB111lK,YlllerocR 3apRAa) ¢opMynaM111: · 

G 1 = iE*,y = ia.T* 4 V*.y = iaT 4V,y - 4 
C C C ' 

E =E*,y =aT*4V*-y =aT4V-y-4 . 

(22a) 

(226) 

KaK Bll1AHO, (22) 0Tn111Ya~TCR, OT COOTBeTCTBYJOOUIIX o6~el/13B8CTHWX 
BblpalK8Hll1~ (CM. ' Hanp111Mep' / 131, np111 BblBOAe KOTOpblX 111cnonb3y-
8TCR ¢opMyna nopeH4eBa COKpa~eHll1R 06beMa. 

4. 3AKfllOl!EH~E · 

0TTOBCKaff ¢opMyn111poBKa penRTll1B111CTCKO~ TepMOAll1HaMll1K111 KalKeT
CR COBepweHHO HeCBR3aHHO~ C noKa41110HHblM nOAXOAOM, 3aTpar111aa~-

6 

~111M npocTpaHCTBeHHo-speMeHHy~ CTPYKTYPY Teop111111 OTHOCll1TenbHO
CTll1. 0AHaKO, KaK 1113BeCTHO, ypaBH8Hll1e COCTOffHll1ff 1/lAeanbHOro 
ra3a B penffTll1B111CTCKOM cnyyae 06ycnaan111saeT TeCH,YIO 3aBl/1Cll1MOCTb 
¢opMyn npeo6pa3oBaH~~ npocTpaHCTBeHHoro o6beMa 111 TeMnepaTypbl. 
np111 3TOM ¢opMyna YB~n1114eH111R npOAOnbHblX pa3MepoB penRTll1B111CTCK111X 
06beKTOB KaK pa3 COOTBeTCTByeT ¢opMyne 0TTa B03pacTaH111ff TeMne
paTypbl ABl/llKy~erocff Tena. nocneAHee, 0488111AHO, AOnH<HO 6b1Tb CBff-
3aHO c ysen111YeH111eM era Tennoso~ 3Hepr111111. 

npoBeAeHHOe paccMOTpeH111e MOlKHO C4111TaTb e~e OAHll1M CBl/1Ae
TeflbCTBOM B nonb3Y HeTpaAll141119HHO~ (n0Ka41110HHO~) ¢opMyn111pOBKll1 
Teop111111 OTHOCl/1T8flbHOCTll1. 
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§ 49. 

PyKOnll1Cb nocTyn111na B 1113AaTeflbCKll1~ OTAen 
2 asrycTa 1991 roAa. 

7 


