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PaccMaTp&BaeTCa TeHaop 3Hepraa-aMnynbca aneanbHoA ~HnKocTa.noKa
laaao, 'ITO RMnynbC R 3HeprHH QBHlKyUleilCH lKRQKOCTH OUHCblBS!OTCH 06biqHbl~H 
pen.rRBRCTCKBNR ~pwynaMH (nna BMnynbC8 R 3HeprHH QBHlKYUleftCH qaCTR
uw), Bwc~:aawaaJOTCSI coo6paJKeHHSI B nollb3y HeHHBapaaHTHOCTH HOpManbuoro 
Aaaae&&R. C y'leToM nocnenaero $aKTa o6cy~naeTCSI san penHTHBHCTcKoro 
YpaB8eBRll llBHll<eRBH aneanbaoil lKBQKOCTH. B cooTaeTCTBHH c peayfibraTaMH 
OTTa • Apaenbe paccMarpaeaiOTCSI penHTHBHCTCKHe npeo6paaoeaHHSI TepMo
ARBB~'Iecxax BeflR'IBH, CpellB HHX ~pwyna npeo6pa30B8HHSI HOpM8DbHOrO 
A8&aeRRH H ~puyna YBeflH'IeHHH QBRlKyuterOCSI 06beMa, 8 TSKJKe KOB8pH8HTH8H 
ljlopyYIIJipOBK8 nepaoro H BTOpOrO 38KOHOB TepMOQHHSMHKH. nonyqe!IO peng
TH!IIICTCKOe ypae&eRHe COCTOHHHH Hlle!lnbROro raaa. npHBOQSITCSI KOB8pH8HTHble 
B&lpellleBHSI nna BenJI'IRB, OUBCbl88101llBX 'lepHoe Teno. 

Pa6oTa BhiDDrule&a B na6opaTOPBH Bb!COKHX 3RepraA. 

Coc6meBRe 06'beARReHROrO RHCTHTyT8 ll!lepRblX HCCDellOB8HHli. lly6Ha 1978 

Strel' tsov V .N. P2 - 11925 

Some Problems of Special Relativity (Relativistic 
Thermodynamics and Hydrodynamics) 

The energy-momentum tensor of an ideal liquid is con
sidered.It is shown that the momentum and energy of a 
moving liquid are described by usual relativistic formulae 
(for momentum and energy of a moving particle). Some con
siderations in favor of normal pressure noninvariance 
are presented. The relativistic equation of motion for an 
ideal liquid is discussed taking into account the latter 
consideration. In correspondence with the results of Ott 
and Arzeli~s the relativistic transformation equations c£ 
ther•odynamic quantities are considered, among them the 
transformation formula for normal pressure and formula 
of increasing a moving volume, as well as covariant for
~ulation of the first and second laws of thermodynamics. 
The relativistic equation of a state of an ideal gas is 
obtained. Covariant expressions for values which describe 
the black body are given. 
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© 1978 Otil.eABBeBHbl/1 /IBCT/IryT Sl/JepBblX HCCne/WBBHBil 0.y6HB 

PaccuoTpeHBeM H&3BaHHWX B 3arnaBBB Bonpocos uw 

3&BepDIBM 06Cy)I(JleHBe OT~eHJOHWX acneJCTOB CUeJlBaJIItBO:i 

TeOpBB OTHOCBTeHJOHOCTB, ICOTOp:We CT&nB npeAMeTOM~BC· 

JCYCCBB B nocne~Hee speu.a. 

1. PBJI.JITHBHCTCKAJI FH,4P0,4HHAMHKA 

1.1. TeHaop aHepzuu- uMny.lll~ca JICUC>Koc•u 

PaccuoTpBM TeH30p 3Hepru- aunyn~tca 'I ik BAean~tHoi 

liCJI,IliCOCTB /ra3a/, IC&IC B3BeCTHO, X&p&JCTepB3YJOIJUiiC.&, B 

'18.CTHOCTB, paBHWMB Hymo CMeDI&HHWMB ICOMUOHeHT&MB 

3·TeH30pa Hanp.a•eHBi. B C06CTBeHHO:i CBCTeMe OTCqeTa 

(K 0),r~e ~&HH&.R *BAICOCTit /BMeCTe C 3&MICHYTWM COCy· 

~OM, ICOTOp:W:i MO.eT ee 3&JCmoqaTJO/ UOICOBTC.R, TeH30p 

'fik 6y~eT BMeTJO OTn&qH:WMB OT Hyn.& TOHitiCO ~B&rOH&nJO• 

Hwe :JneueHTW * : 
p0 0 0 0 

'I:k 
0 p0 0 0 

"'loop0 0 
\ /1/ 

0 0 0 -h0 

* TaJCoi BB~ 'I~ .aan.aeTc.a ~JCTBqecJCB cneACTBBeM ero 

onpe~eneHB.a c nolofOIIlltiO swpalKeHB.&: T~k = <f1k + t~k )/2, 

r~e, H&npBMep, B cnyqae Tl4 !14 B li4 OUBCWB&IOT 
finOTHOCTB X •JCOMUOHeHTW BMUYHJOC& qaCTB:Il, ~BBlKYJQIIXC.R 
B UOHOlltiiTeHJOHOM B OTPBil& TeHJOHOM HanpasneHB.RX OCR 
0°X 0 , a .'fik• B qaCTBOCTB, - "ycpeAJieBB:Wi" JCBBeTJI'IeCJCB:i 
TeB3op. 
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0TMeTHM DpH 3TOM, 'ITO HOpManLHOe ,D;aBneHHe p 0 

H DnOTHOCTL 3HeprHH h0 ~Bn~IDTC~ DOnO*BTenLHWMH Be
nH'IHHaMH H YAOBneTBOp~IDT COOTHOWeHHID 

Po ~ bol3, /2/ 

r,l4e, CICa)l(eM, DpH6nH)I(eHHOe paBeHCTBO peanH3yeTC~ B cny
qae ynLTpapen~THBHCTCICoro ra3a. 

Pacc::waTpHBaeMwi TeH3op T ik MO)I(HO npe.ncTaBHTL B 
BH,D;e 

Tik 8 ik + sik , /3/ 
r.ne 

a ho 1 2 o 121ik = ~ uk c "" fl u i u k /4/ 

ecTL TeH3op ICHHeTH'IeciCoi 3Heprau, ll 0 = h 0 I c 2 - nnoT
HOCTL MaCCW B K 0 , BlCniD'IaiDII.\&~ Macey, COOTBeTCTBYIDII.\YID 
ynpyroi 3HeprHH. CooTHoweuue I 4/ noiCa3wsaeT, 'ITO non
HLii TeH30p 3HeprHH HMDynLCa T ik COCTOHT H3 .D;BYX 
'laCTei: ICHHeTH'IeCKOrO TeH30pa 8 ik H "DOTeH~HanLHOi 
'laCTH" 'Sik - 4-TeH30pa Hanp~)l(eHHi, ICOTOpwi B cnyqae 
H,D;eanLHOi lKH.D;KOCTH HMeeT BH.D; 

sik = pO(oik + ui uk I c2 ) . /5/ 

PaCCMOTpHM .nanee cne~HanLHWe wopMynw npeo6pa3o
BaHH~ .D;n~ ICOMDOHeHT TeH30pa T ik , KOTOpWe C y'leTOM 

paBeHCTB T 11 = J1r , T14 = icgx"' T 41"" iSx/c , T44= -h H 
T 22 , T33 = p.J. 6y.nyT HMeTL su.n: 

PN = (pO + {32 hO)y2' 0 PJ. ,., p ' 

C g x "' S x/ c ,., {3 ( p o + h o ) Y 2 , h 

r.ne 

y = (1-{32)-l/2. 
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/6a,6/ 

( h 0 + f3 2p 0) y 2 ' 

/6s,r/ 

3.necL H~o6xo.D;JIMO no.nqep'H'TL cne.nYIDII.\ee. Ecna, cne
AY~ IlnaHICy/ I ,21 H 3iHWTeiiHy 3 , C'IHTa TL, 'ITO HopwanLHoe 
.D;&BneHHe p ~Bn~eTC~ CICan~pHOi BenH'IHHOi H He npeo6pa-
3yeTc~ npH nepexo.ne IC .npyroi CHCTewe OTC'IeTa (p .. p0

), 

TO MW BWHYlKAeHW .D;ODYCTHTL TOr.D;a Ha OCHOBaHHH ypaB
HeHH~ /6a/, 'ITO p0 

= -h0
• IIpH 3TOM, onapa~CL Ha /6r/, 

6y.new HMeTL TaJOKe h ""' h0
• 

IIony'leHHwe T&ICHM o6pa30M swso.nw BP~A nH MO*BO 
C'IHT&TL DpHeMneMWMH, DOCICOnLICy, H&DpHMep, nepBWi H3 
HHX H&XO.D;JITC~ B np~MOM DpOTHBOpe'IHH C ycnOBHeM DOnO
>KHTenLHOCTH p. KpoMe Toro, Ha ocHOBaHHH ypaBHeHH~ /6s/ 
npu.ne:w IC .npyro:wy WH3H'IeCICH Hey.nosneTsopaTenLHOMY pe-
3ynLT&Ty, - 'ITO B K -cacTe:we, r.ne o6'LeM c >KH.D;ICOCTLID 
.D;BJDKeTC~, DOT OK nepeHOCHMOi eiD 3HeprHH 'S x .D;OIDICeH 
6WTL paBeH HyniD. 

Y'IHTWBa~ ciCa3aHHoe, :ww BWHYlKAeHw nocTaBHTL no.n 
COMHeHHe cnpaBe,D;nHBOCTL /0611.\eDpHH~TOro/ HCXO.D;HOrO yT
Bep:li<AeHH~ 06 HHB&pH&HTHOCTH HOpManLHOrO .D;&BneHH~ * • 
CocTaBn~IDII.\He yiCa3aHHOi senH'IHHW .D;On*BW npeo6pa3osw
BaTLC~ cornaCHO npaBHn&M npeo6p&30B&HH~ ,D;n~ ICOMDOHeHT 
TeH30.P' 2-ro paHra, ODpe,D;en~eMWM WOpMyn&MH /6a/ H 
/66//4 • 

KocHeMc~ TenepL sonpoca o6 HMnynLce H 3HeprHH 
paccMaTpHBae:woro o6'Le::wa )I(H.ZJ;ICOCTH. Bse.ne::w .nn~ 3Toro, 
IC&IC o6W'IHO, 4-BeiCTOp HMDynLC& 

Gi f Tik dVk • /7/ 

r.ne dVk - 4-seiCTop 6ecKoHe'IHO :wanoro 3ne::weuTa o6'Le-
:wa, KOTOpWi, B 'I&CTHOCTH, MO)I(eT HMeTL BH.D; 

dVk (idx 4dx 2dx 3 , idx1 dx,Px 3 , idx 1d~dx 4 , -idx 1d~dx 3 ). 

B K 0 
- cacTeM~ B cooTBeTCTBHH c H&WHM onpe.neneHHeM 

3ne:weHTa o6'Le:wa14al HMee:w 

dV~ ( 0, 0, 0, -idV 0
). 

* HJDKe /s n. 2.1/ ww ell.\e sepHe::wc~ IC 3TOi npo6ne:we. 
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llo:nouy, c yqeToM 111, 

Go "' 0 Ho = !_I To d yo 
' i 44 4 

Ihodvo. 

.... 
B K -cacTe:t.t:e .AJIJI G H H 6y,Ae:M HMeTb 

G1 = IP dV 1 + Ig1 dV 

H = I SldVl + IhdV. 

G2 G3 0, 

181 

l9al 

1961 

BocnoJibJOB&BWHCb ,Aanee ~opuynaua 161 H npeo6paJoua

HHJIMH ,AJlJI d V l H d V 4 

dV 1 = -if3dV~y, dV4 dV;y • 

nerKo aaiAe:t.t:, qyo 

Gl = l.f3hoy, 
c 

H "" H 0 y • 

/101 

/111 

0qeBH,AHO, 1{T0 BlalpWKeHHJI 1111 DOJIHOCTbiO AHAJIOrH1{Hial 

nonyqeaawu paaee ~opuynau .AJIJI aunynbca H JHeprHH 

JJieKTpO:t.t:arHHTHOrO DOJIJI KJl&CCH1{eCKOrO 3JleKTpOHaf 4Q/, 
HO OTJlH1{AIOTCJI OT COOTBeTCTBYIOIQHX 06IQeH3BeCTHWX ~op· 

uyn I cu., aanpauep,/5•/ I. 3,Aecb cne,AyeT OTMeTHTb, 

1{TO BWBO,A DOCJie,AHHX ~Op:MyJI ODHpaeTCJI Ha Tpa,AHI(HOHHOe 

onpe,Aeneuae .AJIHHW .ABIDKYIQerocJI uacwTa6a, npHBO.AJIIQero 

K nopeHI(eBy coKpaiQeH~. B pa:t.t:Kax JToro onpe,AeneHHJI 

dV1 =0, HO d~ f, 0, DOJTONY 

'CO = I T 0 d'V 0 
.;, 0 

I 11 1 ' 

T. e. ,A&HHWi DOKOJIDUIACJI 06'1teU C >KH,AKOCTbiO ,AO,JK«;H 
o6na,AaTb aunyn~ocou. KaK uw y>Ke oTueq&JIII paaee/4<¥, 
DYTit H36aBJieHHJI OT YKA3AHHOi Tpy,AHOCTH Jie>KHT B OTKa3e 
oT Tpa,AHI(HOHHoro onpe,AeJieHHJI .AJIHHW .ABIDKYIQeroc• uac
WTa6a. 
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1.2. PeAJI•ueuc•cKoe ypaeHeHue oeuxeHUJI 
uoeaAbHOUJKUOKoc•u 

PaccuoTpau .ABIDKeHae H,AeaJIItHoi >KH.AKOCTH. llpu JTOM 

,AJlJI H&rJIJI,AHOCTH 6y,Ae:M npa6er&Tb K CDei(HAJibHOH CHCTe:Me 

oycqeTa K , r .Ae >KH.AKOCTb nepe:t.t:eiQaeTcJI B.AOJib oca OX 
co CKOPOCTbiO v X = 13 c • 

YpaBHeHHe coxpaHeHHJI HMDYJibCa H JHeprHH a Tik ;a xk = 0 
c yqeyou 131 H I 41 Janaweu B ~opue 

aeik asik 
0 + "" a'\ axk 

1121 

HJIH 

du. - asiL Jlo __ , 
'"' dr axk 112'1 

Bwnaweu ,Aanee o6IQHe ~opuynw npeo6paJoBaHHJI .AJIJI 

KOMDOHeHT 4-TeHJopa H&DpJI>KeHHH Sik, KOTOplale Ha OCHOBa

HHH 151 6y,AyT HMeTb BH,A 

saa 

Sa4 

u2 
<1+ ~)po, 

c 

"a u4 
--:-2 Po 

c 

r,Ae a, 13 =1, 2, 3. 

.8 ~Po l13a,61 
a/3 "" c 2 ' 

2 
u4 o 

""<1+-2)p' 8 

44 c l13u,rl 

H3 ~Op:MyJIW l13al HeTpy,AHO BH,AeTb, 1{T0 TOJlbKO B He

peJIJITHBHCTCKOM npe,Aene* 'Saa "' p 0
, T .e. HOp:M&JlbHOe ,A&B· 

JieHHe - HHB&pH&HT. fipHHHM&JI T&IOKe BO BHHMAHHe, 1{T0 

B .A&HHOM cnyqae Sa 4 = ivap 0 /c, Sa/3 = 8 44 =0, 

* Kor,Aa qneaaua nopJI,AKa 13 2 MO>KHO npeae6peqJ. no 
cpauaea~ c 1 . 
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npe~cTaBHM ypasHeHHe I 12 ·I B s~me cne,nyiO~QHX ~syx 
H3BeCTHhiX /Hepen.HTHBHCTCI<HX/ ypaBHeHHH: 

d~ o_ 
11 dt -divp 0 

/ypasHeHHe 3:iinepa/, /14a/ 

11o...i_(!->2) 
dt 2v -di v(p 0~) , /146/ 

r~e B npaso:ii qacTH /14a/ Mhl oT6pocHnH qneH c-2 ii(~p 0)/at, 
I<OTOphl:ii Man DO cpaBHeHHIO C OCTaBWHMC.H. 

B OTMe'leHHOM cnen&an&HOM cnyqae pen.a:THBHCTCI<oe 

ypasHeHHe H~ean&Hoii )I(Jmi<OCTH I ~n.a: x - I<OMDOHeHTw/ 

6y~eT HMeTb BH~ 

d UJ 
0~-

11 d.r 
apt a8I4 

-ax
1 

- iix
4 

C y'leTOM TOrO, 'ITO 

8I4 
UI 

--pi 
u4 

(p = 8 ) . 
I ll 

OHO MO)I(eT 6LITb Tal()l(e oepeDHCaHO B cilopMe 

du1 
0-~--

!1 dr 
a PI d u1 ---+-(-pi) 
axl ax4 u4 

HnH, nocne Hecno)I(HWX npeo6pa3oBaHHii, - B BH~e 

(p _
11

ou2) du1 
I --

4 dr 

2aP1 dpi 
-c ---u1--. a x1 dr 
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/15/ 

/16/ 

/15 '/ 

/17/ 

ITony'leHHoe Tai<HM o6pa3oM cnen&an&Hoe ypaBHeHHe 

/17/ BeC&Ma DOXO)I(e Ha 06tneH3BeCTHOe ypaBHeHHe /CM., 

HanpHMep,/5 a/ I, swso~ I<OToporo onHpaeTc.a: Ha ycnosHe 

HHBapHaHTHOCTH ~aBneHH.H. ~OpMan&HOe OTHH'IHe COCTOHT 

B no.a:sneHHH MHO)I(HTen.a: u f y 11°· O~Hai<o 3~ec& Ba)I(HO 

no~qepi<HYTh, 'ITO B ypasHeHHe I 17 I sxo~HT senH'IHHa 

p
1 

( = p 0 y 2 ) , H3Mep.a:eMa.H HMeHHO B K - CHCTeMe. 

B caMOM o6tneM cnyqae /H3- 3a pa3nH'IH.H 811,,822 H 8 33 I 
HopMan&Hoe ~asneHHe B il~ean&Hoii )I(Jmi<OCTH, ~BH)I(yll(e:iic.a: 
pen.HTHBHCTCI<H, 6y~eT xapai<TepH30BaT&C.H TpeM.H BeHH'IHHa

MH. lion&we Toro, cllopMyna /136/ yi<a3wBaeT Tal()l(e Ha 

no.a:sneHHe I<acaTen&HWX ~asneHHii B 6wcTpo Tei<ytneii H~e

an&Hoii )I(H~I<OCTH, 'ITO cilai<TH'IeCI<H 03Ha'laeT HapyweHHe 

ycnosH.a: H~ean&HOCTH. Bee 3TO, I<OHe'IHO, 'IHCTO pen.a:THBH

CTCI<He 3cllcilei<Thl. 

fipH HaDHCaHHH pen.HTHBHCTCI<OrO ypaBHeHH.H ~BH)I(eHH.H 

H~ean&Hoii )I(H~I<OCTH cne~yeT Y'IBTWBaTb, 'ITO I<OMnoHeHTLI 

8ik He .HBH.HIOTC.H He3aBHCHMhiMH BenH'IHHaMH. HanpHMep, 

Mhl MO)I(eM BWpa3HTb 8 Ia H 8 14 qepe3 COOTBeTCTBYIOtnee 

HopMan&Hoe ~asneHHe 8 II. Tor~a X -I<oMnoHeHTa pen.a:

THBHCTCI<oro ypaBHeHH.H 3:iinepa 6y~eT HMeTb BJm 

2 2 2 
u 1 p 1 1-u/c dui 

[110(1+-) +- ]- "' 
c 2 c 2 1 +u 2/ c2 d-r 

I 

iip 1 u1 dp 1 2pi iiui 
----(-----·-). a x1 c 2 d r 1 + u 2fc2 a X 

I i 

/18/ 

B cnyqae CytneCTBOBaHH.H HCTO'IHHI<OB C06CTBeHHOH DHOTHOC

TH MaCChi B opaBOH 'laCTH /18/ cne~yeT ~o6aBHTb /B CI<06-

I<ax/ cnaraeMoe- p1 d(enp,0 )/dr. 
AHanorH'IHhiH BH~ 6y~eT HMeTb ypaBHeHHe ~n.a: y - H 

z ·I<OMDOHeHT H COOTBeTCTBYJOIQIIX HOpMaHbHhiX ~aBneHHH, 
a Tai<)I(e ypasHeHHe coxpaHeHH.H 3HeprHH M.H nnoTHOCTH 

3HeprHH 8 44 . 
Cne~yeT, snpo'leM, no~qepi<HYTb, 'ITO 'leTwpe OTMe'leH

Hwe oepeMeHHhle He .HBH.HIOTC.H He3aBHCHMhiMH, DOCI<OHbi<Y 

B yi<a3aHHhle ypaBHeHH.H BXO~.HT Tal()l(e I<OMDOHeHThl 4- CI<O

pOCTH U • fiO-BH~HMOMy, nenecoo6pa3Hee ODHCWBaTb no-
a u u 

Be~eHHe pen.HTHBHCTCI<OH ~meanbHOH )I(H~I<OCTH cne~yiO~QHMH 

'leTwp&M.a: He3aBHCHMWMH nepeMeHHWMH 8 44 H ua. B 3TOM 

cnyqae, HaDpHMep, BMeCTO ypaBHeHH.H /18/ 6y~eM HMeTb 
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o u ~ £ d u 1 "" - i.:_ - ~(~-~. -~ • d u!)' 
[11(l+2)+2]dr ax1 c 2 dr c 2 l+u 2/c2 dr c c 4 

rAe f = 844 • 

2.PEHBTHBHCTCKARTEPMOAHHAMHKA 

2.1. PeAJIIIIU6UCIIICKue npeo6pa3oeaHuJI 

lllepMoc)UHQMU'IeCKUX 6€AU'IUH 

/19/ 

BCKOpe DOCJie DOJIBJieHHJI TeOpHH OTHOCHTeJIJ.HOCTH 

IInaHx/1 .Wxa3eHepnJ6{ 3iiHwTeiilf"3/ H APYrHe cc)opMynH-, 
pOBaJIH 3aKOHLI TepMOAHHaMHKH B COOTBeTCTBHH CO CDenH

anJ.HLIM DpHHUHDOM OTHOCHTeJIJ.HOCTH. 3Ta nepBOHa'I8.JIJ.HaJI 

TpaKTOBKa peJIJITHBHCTCKOH TepMOAHHaMHKH BOWJia 6e3 H3-

MeHeHHH B MHOrO'IHCJieHHLie y'le6HHKH. fipH 3TOM AJIJI 

c)opMyJI Dpeo6pa30BaHHJI TepMOAHHaMH'IeCKHX BeJIH'IHH: KO

nB'IeCTBa Tenna Q, TeMnepaTyp:w T, AaBneHHJI p H 3HTpo

DHH S 6LIJIH DOJiy'leHLI CJieAYJOUUie BLipalKeHHJI 

Q = Qo -1 
y ' /1/ 

T = To -1 
y ' /2/ 

v = yo -l 
y ' /3/ 

p "' po, 
/4/ 

s "' so' /5/ 

rAe MLI TaK.>Ke BLIDHCanH c)opMyny nopeHnesa coxpa~~.teHHJI 
o61>e:wa. 

0AHaKO D03AHee 0TT/7/ H, He3aBHCHMO OT Hero, Ap-

3eJIJ.e/8/noKa3anB, 'ITO CTapaJI c)opMynBpOBKa He COBCeM 

YAOBJieTsopHTenJ.Ha. IlpH 3TOM MJI c)op:w:yn npeo6pa3oBaHHJI 
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I 

1 
J 

Q H T BMeCTO /1/ H /2/ HMH 6LIJIH DOJiy'leHLI CJie,!J;}'IOUUie 

s:wpa.>Ke HHJI 

Q .., Qoy ' /6/ 

T = T 0 y • /7/ 

BMeCTe C TeM, KaK y.>Ke OTMe'laJIOCJ. B D.l.1, paHee 

6LIJIO DOKa3aHo, 'ITO B pe3yJIJ.TaTe onpeAeJieHHJI DOHJITHJI 

peJIJITHBHCTCKOH AJIHHLI C DOMOII.th10 HenocpeACTBeHHOrO HC

DOJIJ.30BaHHJI 'laCOB H CBeTOBLIX CHrHaJIOB BMeCTO /3/ 
6yAeM HMeTJ. cneAYIOII.tYJO c)opMyny npeo6pa3oBaHHJI npocT

paHCTBeHHoro o6'heMa/4a/ 

v = V 0 y. /8/ 

HH.>Ke M:W TaK.>Ke 3aTpOHeM HeKOTOpLie BODpOCLI, Kaca

IOUUieCJI peJIJITHBHCTCKOH c)opMyJIHpOBKH TepMOAHHaMHKH, 

COOTBeTCTBYJOII.teii ,B 06II.teM,pe3yJIJ.TaTaM 0TTa H Ap3eJIJ.e. 

3AeCJ. .>Ke MLI KOCHeMCJI OTMe'leHHOH BLIWe Dp06JieMW npeo6-

pa30BaHHJI HOpMaJIJ.HOrO AaBJieHHJI. 

CneAyeT DOA'IepKHYTh, 'ITO c)opMyny /4/ MO.>KHO C'IHTaTJ. 

HenocpeACTBe~:wM pe3ynJ.TaToM onpeAeneHHJI AasneHHJI 

KaK 3- CHJILI f, AeiiCTBYJOII.te:ii Ha HOpManJ.HLIH K Heii 

3JieMeHT nosepxHoCTH :S . B 3TOM cny'lae, HCXOAJI H3 
-+ -+ 

BLipa.>KeHHJI AJIJI 3JieKTpOMarHHTHOH CHJILI { 0 ,., eE 0 H HC-

DOJIJ.3YJI cnenHanJ.HWe npeo6pa3oBaHHJI JlopeHna, B 'lacT

HOCTH, 6yAeM HMeTJ. 

fx ro 
X ' 

s ,., 8° 
X X ' 

Ha OCHOBaHHH 'lero 06W'IHO H 3aKnJO'IaJOTICM., HaDpHMep/3//, 

'ITO AaBJieHHe - HHBapHaHT. 0AHaKO, eCJIH B COOTBeTCTBHH 

C Tpe6oBaHHeM KOBapHaHTHOCTH MLI BOCDOJIJ.3ye:w:CJI BMeCTO 

1 penJITHBHCTcxoii cHnoii MHHKoscxoro F. , * To npMAeM 
l 

x HapyweHHJO yxa3aHHoro ycJIOBHJI HHBapHaHTHOCTH Aasne-

• Heoox,o.IJ;HMocTJ. Taxoii 3aMeH:w AeTan~>Ho o6cy.>KAa
nacJ. paHeef9/ • 
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HHJI. lionbme Toro, nony'leHHaJI B peJynbTaTe senH'IHHa 

y)l(e He 6y,D;eT KOMllOHeHTOH 4-TeH30pa BTOporo paHra oto , 

KaKOBbiM JIBnJieTcJI TeH30p 3HeprHH- HMnynbca. Ilo3TOMY, 

'IT06bl y,~:~;osneTBOpHTb nocne,~:~;Heuy ycnoBHJO, B penJITHBHCT

CKOM cnyqae ,D;aBneHHe cne,~:~;yeT TpaKTOBaTb e,D;HHCTBeHHO 

KaK H3MeHeHHe HMllynbCa, ,D;eBCTBYIOIUero Ha HOpManbHYIO 

nnoma,~:~;Ky, B e,~:~;HHHUY speueHH. Tor,~:~;a, B qacTHOCTH, ,~:~;nJI 

H3MeHeHHJI BO BpeMeHH X - KOMllOHeHTbl HMllynbCa HellOC

pe,D;CTBeHHbiM Bbi'IHCneHHeM nony'IHM 

apx 

at 

a o 
[ ~ - .fi( a Eo 

ato c at0 

ap 0 
0 

2 . x ) (32 a E 1 2 
c a~o + J;'o' y 

HnH, C y'leTOM paBeHCTBa aE 0 /at 0 
"' c2ap 0 jax 0 

H 

aflx jat"' p , aE 0 /ax 0 = h 0
, .D;nJI 4Jopuynbl npeo6pa30BaHHJI 

HOpManbHO~O ,D;aBneHHJI B COOTBeTCTBHH C /1.6a/ Haii:,D;eM 

p N (po + (32ho) Y2 • 

2.2. IIepat.ail u a111opoil 3aKOHbl 

peiiJiliiU6UCliiCKOU lllepMOOUHUMUKU 

/9/ 

B COOTBeTCTBHH C nepBbiM Ha'lanoM KnaCCH'IeCKOB 

TepMO,IJ;HHaMHKH, KOTOpOe ,D;OH)I(HO OCTaBaTbCJI cnpaBe,D;nHBbiM 

B CHCTeMe llOKOJI MaTepHanbHOrO Tena (K 0
), H3MeHeHHe 

3HeprHH ~ E 0 , CBJI3aHHoe c nepexo,~:~;ou Tena H3 o,~:~;Horo 

COCTOJIHHJI TepMO,IJ;HHaMH'IeCKOrO paBHOBeCHJI B .D;pyroe, 

paBHO 

~Eo ~Qo + ~.Ao, /10/ 

r,D;e ~Q 0 - KOnH'IeCTBO Tenna, nony'leHHOe TenoM BO BpeMJI 

npouecca, ~A o - uexaHH'IecKaJI pa6oTa, npoHJBe,D;eHHaJI npH 

3TOM BHemHeii: cpe,~:~;oii: Ha.D; Tenou. TaKoe paJ,~:~;eneHHe 

* 3TO 6y.D;eT KOMllOHeHTa 4-TeH30pa TpeTbero paHra. 

12 

~Eo Ha ,~:~;se qacTH JIBnJieTcJI O.D;H03Ha'IHbiM, ecnH Mbl ycno

BHMCJI, B COOTBeTCTBHH C .D;yXOM KnaCCH'IeCKOB TepMO,IJ;HHa

MHKH, 'ITO ~A 0 BKniO'IaeT B Ce6JI nHWb pa60TY HCTHHHbiX 

uexaHH'IeCKHX CHn. Tor,~:~;a ~ Q0 6y,~:~;eT onpe,~:~;enJITb co6o10 

TY qacTb ~ E 0
, KOTopaJI He CBJI3aHa c ,~:~;eii:CTBHeM 3THX cHn. 

B COOTBeTCTBHH C llpHHUHllOM OTHOCHTenbHOCTH Mbl 6y,D;eM 

C'IHTaTb TaKoe paJ,~:~;eneHHe cnpase.D;nHBbiM ,~:~;nJI n106oii: cHc

TeMbl OTC'IeTa, B OTnH'IHe OT CTapoii: <IJopuynHpOBKH, KOr,D;a 

B l\ A BKniO'Ianacb pa6oTa HeKOTOpbiX o6o6meHHbiX CHn. 

PenJITHBHCTcKoe o6o6meHHe nepsoro JaKoHa ,D;OH)I(HO 

BKniO'IaTb aHanorH'IHOe paJ,~:~;eneHHe H3MeHeHHJI HMnynJ.ca 

Ha ,D;Be 'laCTH, o6ycnosneHHbiX ,D;eHCTBHeM MeXaHH'IeCKHX 

CHn H llO,IJ;BO,D;a Tenna COOTBeTCTBeHHO. Cne,D;OBaTenbHO, 

a npoHJBOnbHoii: CHCTeMe K nepsblii: JaKOH penJITHBHCTCKoii: 

TepMO.D;HHaMHKH JanHmeTcJI n BH,D;e /cu., HanpHuep, /so/ 1 

~G. 
I 

~1. + ~Q,. 
I 

/11/ 

3,~:~;ecb ~ Gi ( ~ Ga , i~ H/c) - nonHoe HJMeHeHHe 4-Hunyn~>
ca, ~li(~la, i'AA/c) - 4-Hunynbc BHemHHX uexaHH

qecKHX cHn, ~ Q i (~ P a ,i ~Q/ c)- 4- HMnynbc no,~:~;se,~:~;eHHoro 
Tenna. 

OTMeTHM npH 3TOM, 'ITO, KaK 6blno noKaJaHo Bblme 

/n. 1.1/, senH'IHHa ~G i npeo6paJyeTCJI, sonpeKH BCTpeqa

IOmeuycJI MHeHHIO, no 06bi'IHbiM penJITHBHCTCKHM <IJopMynaM 

npeo6pa3oBaHHJI ,~:~;nJI HMnynbca H 3HeprHH. 0'1eBH.D;HO TaK)I(e, 

'ITO, no Kpaii:Heii: Mepe, B 'laCTHOM cnyqae ~Qi =0, TaKHM 

)l(e o6pa3oM .D;OH)I(Ha npeo6pa30Bb1BaTbCJI H senH'IHHa ~I .. 
1 

Bb1pa3HM ,~:~;anee pa6oTy CHn, BbllbiBaiOmHX H3MeHeHHe 

3HeprHH HeKOTOporo Tena /CHCTeMbl/ qepe3 TeH30p 3Hep

rHH-HMnynbca. B C06CTBeHHOB CHCTeMe OTC'IeTa paCCMaT

pHBaeuoro Tena /CHCTeMbl/ TOr,D;a, B 'laCTHOCTH, 6y,D;eM 

HMeTb * 

* ,lJ.nJI HarnJI,D;HOCTH MO)I(HO npe,D;CTaBHTb ce6e yKa3aH
HyiO jpaBHOBeCHYIO/ CHCTeMy B BH,D;e UHnHH,D;pa C )I(H,IJ;KOCTbiO; 
llpH'IeM KpbiWKH UHnHH,D;pOB CYTb nopWHH, KOTOpble O,IJ;HO
BpeMeHHO nepeuemaiOTCJI a npoTHBonono)I(HbiX Hanpasne
HHJIX Ha O,IJ;HO H TO )l(e paCCTOJIHHe ~x0/2(~V 0 =~X0 s0), 
r,~:~;e s 0 

- nnoma,~:~;b nopmHJI/. TaKHM o6paJoM, a peJynbTaTe 
yKaJaHHoro npouecca pacmHpeHHJI HnH C)l(aTHJI CHCTeua 
OCTaeTCJI B nOKOe. 
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~A4 lrro /lV 0 

3 44 4 

3~eCb, KaK B BbiWe, 

_!.('fo- p.*c2)flVo • 
3 aa 4 

llV~ (0,0,0,-i!lV 0
), a 

p.* = inv . = 'I. . / c 2 
11 

- "co6CTBeBBaJI" nnOTHOCTb MaCCbl. 

1121 

1131 

Mo)I(HO TaK)I(e onpe~enBTb pa6oTy, CBJIJaHHYIO c B3Me

HeHBeM KBHeTB'IeCKOH 3HeprBB CBCTeMbl 

fl·Ako"" l(h0 -p.*c2 )/lV 0
,., .!_('f 0 +p.*c2 )flV 0

"' !_'f flV 0
, 

· 3 3i 44 4 3 aa 4 

1141 

~nJI a~eanLHOii )I(B~KOCTB nocne~Hee Bblpa)l(eHBe cso

~TCJI K B3BeCTHOH cllopMyne 

,1. A k o P 0 fl V" , l14al 

B o6meM cnyqae BMeCTO 1121 6y~eM BMeTb 

ll:A4 = 'I4k /l'Vk B Ill. =.'I llV 
I ik k 1151 

0\feBB~Ho, 'ITO sse~eHHaJI TaKBM o6pa30M senB'IBHa !l I i 
6y~eT npe~cTasnJITb co6o10 speMeHano~o6HLiii 4-seKTOp. 

llepeii~eM Tenep.b K sonpocy o npeo6pa3oBaHBB Tenno

soii 3HeprBB fl Q. flpB 3TOM ~nJI npOCTOTbl 6y~eM C'IBTaTb, 

KaK 06bi'IHO, 'ITO B C06CTBeHHOH CBCTeMe OTC'IeTa K 0 

Teno lcacTeMal ocTaeTcJI B noKoe a nocne no~so~a Tenna 

,1. Qo • 
B 3TOM cnyqae, O'leBB~HO, BCTBHHaJI MexaHB'IeCKaJI 

cana .F :' =0, HO 
I 

.F*o = 
i 

ll03TOMY 

llQ~ 

14 

F? + II? 
I I 

II?llr 
1 

,j 0 ~nJI '"' 4. 

( 0, 0, 0, II4 dt ) , 1161 

OTKy~a Ha OCHOBaHBB cllopMynLI npeo6pa30BaHBJI ~nJI BpeMeH

Hoi KOMnoHeHTw 4-seKTopa BLITeKaeT, 'ITO c TO'IKB 3peHBJI 

K -cucTeMbl no~se~eHHoe K ~aHHOMY Teny Tenno ~On)I(HO 
onpe~enJITbCJI BenB'IBHOH 

fl Q = flQOy lcllopMyna 0TTa/. 1171 

3~eC.b Mbl XOTBM o6paTBTb BHBMaHBe Ha cne~YIOmee. 
3a'laCTYIO rOBOpJIT, 'ITO BMeiOTCJI ~Be B03M0)1(HOCTB Onpe

~eneHBJI nepe~aHHoro Tenna. O~o onpe~eneHue CBJI3aHO 

c peJynLTaToM OTTa, ~pyroe, sse~eHHoe llnaHKOM B 3iiH

WTeiiHoM, CBJI3aHO C Bbl'leTOM pa60Tbl CBnbl 

!lQP llQ - f3 cflP. 1181 

Ho fiOCKOnbKY B ~aHHOM cnyqae BCTBHHaJI MeXaHB'IeCKaJI 

CBna B K0 
- CBCTeMe .F? =0, TO B B npOB3BOn.bHOH K- CBC

TeMe .F i =0. fl03TOMY ~ 1181 cllaKTB'IeCKB BBO~TCJI pa60Ta 

HeKOTOpOii cllBKTBBHOH CBnbl, KOTOpaJI He B3MeHJieT COC

TOJIHBJI ~BB)I(eHBJI paccMaTpusaeMoro Tena. Ha caMoM 

~ene BenB'IBHa fl P BMeeT 'IBCTO KBHeMaTB'IeCKYIO npupo~y 

B CBJI3aHa npOCTO C nepeXO~OM OT O~HOH CBCTeMbl OTC'IeTa 

K ~pyroii. 

06paTBMCJI Tenep.b KO BTOpOMy 3aKOHy TepMO~BHaMBKB, 
KOTOpblii B C06CTBeHHOH CBCTeMe OTC'IeTa onpe~enJieTCJI 
Bblpa)l(eHBeM 

flSO 2. flQo 
'Io 

1191 

r~e fl8°· B3MeHeHBe 3HTpOUBB Me~y ~YMJI 6nB3KBMB 

paBHOBeCHWMB COCTOJIHBJIMB, a paBeHCTBO BWUOnBJieTCJI 

nBW.b MJI o6paTBMWX npo:ueccos. 

fipBHBMaJI DO BHB:MaHBe TO, 'ITO 3HTpOUBJI, 6y~y'IB 
cllYHK:QBei 'IBCna COCTOJIHBB, ~On)I(Ba 6WT.b BHBapBaHTHOi 

senB'IBHoii, B npusneKaJI I 17 I, npu~e:M KO BTopoii cllopuyne 

npeo6pa3oBaHBJI 0TTa ~JI TeMnepaTypw 17 I. 
C fiOMOm.biO BBe~eHBJI 4-BeKTOpa TeMnepaTypw/8/:. 

T. 
1 

Uj To 
c 

<T4 = i'I) 120/' 
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BTOpoi 3aKOH pen.IITHBHCTCICOB TepMO,ABHaMBKB B npOH3BOnl• • 
Hoi cacTeMe OTC'IeTa MO:lKeT 6wTJ. 3anacaH B cne.A)'IO~ei 
cllopue: 

'I. ~s > ~Q~ .. 
I -

/21/ 

B 3aKmo'leHBB :noro naparpacila MW XOTBM UO,A'IepKHYTI•, 
'ITO, BOnpeKH BCTpe'laiO~eMyC.II MHeHBIO /CM.,aanp./Sfl /, 
KnaCCH'IeCKBe 3aKOHW TepMO,ABHaMBICB B CBCTeMe UOICOJI 
K 0 H npHH:QBU OTHOCHTenJ.HOCTH ,AOnlKHW O,AB03Ha'IHO onpe • 
,Aen.IITJ. 3TH 3axoaw B mo6oi ,Apyroi Haepnaan~oaoi CHCTeue 
OTC'IeTa K. llpa 3TOM Tal()l(e O.AB03Ha'IHO .AOnlKBW onpe
,Aen.IITJ.C.II B pen.IITBBBCTCKBe npeo6pa30BaHBJI TepMO,ABHaMB • 
'leCKHX senB'IBH. 

2.3. YpaaHeHue coc•o.RHUJI uc)eaA~»Hozo za3a. qepHoe 
•e.110. 

2.3.1. fiOCKOnbKY nony'leHHWe B n. 1.1. pe3ynJ.TaTW 
MOryT 6WTb B o6~eM OTHeCeHW B IC cny'laiO B,AeanbHOrO 
ra3a, TO MW BOCUOnb3yeMC.II BMH HB)I(e npH paCCMOTpeHHH 
npo6neMW HHBapHaHTHOCTB ypaBHeHBJI COCTOJIHBJI B,Aeanb • 
aoro ra3a 

povo Nk 'I0
, /22/ 

r.Ae N - 'IBcno 'laCTB.Q, a k - nocTO.IIHHa.ll Jion~onuaaa. 
)l;n.ll 3TOrO C y'leTOM TOro, 'ITO p 0

,. 'f 0 /3 B V0 = iV 0
, aa 4 

nepenBDieM /22/ B cllopue 

i 'f 0 vo 
aa 4 

NK [ 0 • /23/ 

r,Ae K = 3k. llpHBnexaJI ,Aanee /12/, npeo6pa3yeu /23/ 

K BB.AY 

'I 0 'V 0 + p.*c zvo 
44 4 4 

NK(i'I 0
). /24/ 

0TMeTBM 3,Aec~o, 'ITO nepBwi 11nea s nesoi 'laCTB /24/ 
npe,AcTasnJieT co6o10, o'leBB,AHO, nona)'IO 3HeprBIO ra3a 
B K0 -cBcTeMe. 
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llepei,AeM Tenepb K ,Apyroi CHCTeue oTc'leTa K. Ha 
OCHOBaHHH cilopMyn npeo6pa30BaHHB /1.6r/, /1.10/ H C 
y'leTOM paBeHCTB 

V1 "' -i{3V4 , (l+f3
2

>'I4 l"" i{3('Ill- 'I44 ), /25/ 

BWTeKaiOUUIX H3 yCnOBHB V 
0 

=0 H 'f0 = 0 COOTBeTCTBeHHO, 
l 14 nony'IHM 

'I44v4 + 'I4Ivi + p.*c2v4 = NK(i'Ioy). /24 '/ 

llocxonLKY B K paccuaTpHsaeuaJI paBHOBecaaJI CHCTe· 
ua .ABH:lKeTcJI, TO nonaa.11 3HeprHJI ra3a 6y,AeT onpe,AenJITb
CJI Tenepb CyMMOB .ABYX nepBWX 'lneHOB B neBOB 'laCTH 
/24, /. 

TaKHM o6paJOM MO:lKHO yTsep:lK,AaTL, 'ITO Tpe6osaaae 
nopeH.Q·HHBapaaHTHOCTH ypaBHeHHJI COCTOJIHHJI H,AeanLHOrO 
raJa 6y,AeT BLmonueao, ecna TeMnepaTypa raJa B K -cac
TeMe 6y,AeT onpe,AenJITLCJI BellH'IHHOB 

'I= 'Ioy. 

O'leBH.AHO, 'ITO nocne,Aaee Bwpa:lKeaae ecTL ae 'ITO aaoe 
xax cllopuyna OTT a ,An .II TeMnepa Typw /7 I, KOTopaJI 6WJia 
nony'leaa B n. 2.2 B pauxax TepMO.AHHaMH'Iecxoro onpe
,AeneHHJI TeMnepaTypw, T .e. aa ocaose cllopuynw npeo6paJo· 
BaHHJI ,AllJI Tenna H Tpe6oBaHHJI HHBapHaHTHOCTH BTOporo 
JaKOHa TepMO,AHHaMHKH. 

B o6~eM cny11ae penJITHBHCTCKoe ypasaeaae cocTOJIHHJI 
H,AeanLHOrO raJa 6y,AeT HMeTL BH,A 

'Iik v k + p.*c 2 V. 
I NK 'Ii /26/ 

r,Ae 'f. • BBe,AeHHWB BWWe 4·BeKTOp TeMnepaTyp.bl. 
I 

2.3.2. PaccMOTpHM TepMH'IeCKH paBHOBecaoe 3neKTpo
MarHHTHoe HJny'leaae, JaKmo'leaaoe BHYTPH JaMKHyToi 
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nonocTR co cTeHIC&MR onpeAeJieHHoi TeunepaTypw* 0 B cac

Teue UOICO.& llOJIOCTR llOTOIC 3JieiCTpOM&rHRTHOrO R3Jiy'leHR.8 

paBeH HYJIIO B IC&>K,ZlOi TO 'IKe, R B COOTBeTCTBRR C 3&1COHOM 

CTe41aaa- lioJIL~uaaa, nnoTHOCTL 3Hepraa h 0 onpeAeJI.&eTc.a 

4K»puynoi 

ho = a'Io4 ' /27/ 

rAe a - nocTo.&HHa.a CTe41aaa- JioJIL~MaHao HlJiy'leHae o6yc

JIOBJIBB&eT HOpMaJILHOe AABJieHRe, ICOTOpoe B COOTBeTCTBRR 

C paBeHCTBOM /1o2/ COCT&BJI.&eT 

Po 1 - a'Io4 
3 

/28/ 

flpR 3TOM llOJIHa.& 3HeprR.& R 3HTpOnR.& paBHW COOTBeTCTBeH· 

HO 

Ho = ahovo = a 'Io4 vo /29/ 

R 

4 ·so - 'Io3vo "" 3 a o /30/ 

3AeCL BaliCHO llOA'IepKHYTL CJieA)'IOJQeeo ~· TOro, 

'1To6w YAOBJieTsopRTL Tpe6osaHRIO aasapaaHTRocTB :JHTpo

nBB B COOTBeTCTB)'IOIQBM 4topuyJiaM npeo6pa30B&HB.8 AJI.B 

nJIOTROCTR 3HeprRB R AABJieHR., HAM He06XOARMO, Hap•AY 

C BpeMeHRllOA06BWM 4-BeiCTOpOM TeMnepaTypw 'I BBeCTR 
I• 

'tPR opTOrOHaJILRWX npOCTPARCTBeHHOllOA06RWX 4 • BeiCTOpa 
. 0 tr) co cneAYIOIQIIMR KounoaeaTaua s K -cacTeue: 

< 1> o o o > <2
> o o o > <3> o 'I o o > I t 

1 
('I , 0, , , t 

1 
( , T , 0, , t 

1 
( 0, , , o 31/ 

BseAeBawe seiCTopw B o6JQeM :uoryT onacwB&TL pacnpeAe

neaae TeunepaTypw aepasao:uepao aarpeToro TeJiao TorAa 

* 3Ta CRCTeMa MOliCeT CJIYliCRTL BeKoi YOAeJILIO /yJILTpa • 
peJI.BTRBRCTCICOi:/ &AeaJILBOI liCRAICOCTRo . 
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4K»p:uyna ;ui.B 3HTpOllRR YOliCeT 6WTL npeACTABJieHa B CJieA)'IO· 

JQei 4K»p:ue 

·so 4 (1 (~(p)0(8'P>vo 4 ~ovo = ,..a .,-~:.,_ 1 tL t
1 

t . = 'l'lak .. , 
.l 1 1.. m ,. m 1 .l 1 1 

/32/ 

rAe I_~ = (1/i)f. t(ap t(p)o t(o)o a f iklm • CRMBOJI nesa-
1 1klm k I. m ' 

qesaTa. HeTPYAHO BRAeTL, 'ITO 3anacaaaa.a T&ICBM o6pa3ou 

BeJIR'IBBA S0 AeBCTBRTeJILHO .BBJI.&eTC.B CICaJI.&pOM. 

B COOTBeTCTBRR c 3TRY AJI.& BeJIR'IRH h0 R H0 

6yAeM RYeTL 

Ho "" ~ a 'I4:ik'\ik 
l 

/33a,6/ ho "" -a'I4:i4 ' 

BJIR 

e~k = a'I.0 :i 0k = CM\ 0 • = a'I~:i? , G? = a'I~:i~V:O. /34a,6/ 1 k1 .. 1 1 1 .. II: 

B TO liCe speM.& ;ul.& ICOYllOHeHT S~, onpeAeJI.&IOIQRX HOp· 

YaJILHOe AABJieHHe, HAHAeM 

so = !!t(a)o(!~: t(p)o t(8)o 'Io)= ~t(a}> 
aa 3 a i aklm k l m 3 a 

R 

So , ,!! t (a)o (a)o 
ik 3 i ak 0 

(a) o 
a 

a 
/35/ 

/35a/ 

CICJI&Awsa.a /34a/ R /3~a/, ;uiJI nonaoro TeH3opa 'I ik 

B o6JQeY CJiy'l&e npOR3BOJILHOB CHCTeMW OTC'IeTa K 
llOJiy'IBY 

Tik a( 'I i I. k + !. t(a)' fl(a) ) 
3 i k . /36/ 

B 3&ICJIIO'IeHRe CJieAyeT OTMeTRTL, 'ITO B paMICAX Hame

ro UOAXOA& RYDYJILC R 3HeprB.& ABRliCYJQeiic.a llOJIOCTR 6YAYT 

onpeAeJiaTLC.B /TalC liCe IC&IC R B CJiy'lae &AeaJILHOB *RAICOC· 

TR/ 4K»PMYJIAYR I 1.11/: 
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'G "" 
{3 Ho ... .f!_ To4voy 

"" Ji. aT 4V y -4 , 
1 c y c c 

/37/ 
H "" HOy ... aTo4voy "" aT 4Vy-4 , 

OTJIFI&IOIQIIMBC:• OT COOTBeTC:TB}'IOIQBX o6&QeB3BeCTHWX 4Jop· 
MYll /eM., BADPBMep,/SB/ I. 
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