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PaccMoTpHM TeHJop 3HeprHH-HMrrynhca T1k H.rr.eanhHOii 

:>KH,!l;KOCTH /raJa/, KOTOpbiH, KaK .H3B,eCTHO, xapaKTepH· 

JyeTCH, B 'laCTHOCTH, paBHhi¥H HYITIO CMeWaHHhiMH KOMIIO· 

HeJciTaMH 3-TeHJopa. T ~f31-HaTH:>KeHHii. IIpH 3TOM ·n c66-

CT.BeHHoii · C~CTeMe OTC'IeTa (K0 
), r~e IIOKOHTCH. ,!l;aHHaH 

:>KH,IT,KOCTb BMeCTe C 3aKmoqaiO~HM ee .3aMKHYThiM COCY.IJ:OM,. 

TeH30p T ik 6y.rr.eT HMeTb OTITH'IHhiMH OT HYITH TOIThKO 

.IJ:HaroHanhHhie JneMeHThi /eM., HarrpHMep, /I/ /: 

Po 0 0 0 
.. •" . 

T-~~ 0 Po 0 0 = ' : :.·/1/ .. ., o~ .o Po 0 ;. .. 

·' .0 o. 0 -( 
o· 

HaiiOMHHM, 'ITO paBeHCTBO IIpOCTpaHCTBeHHhlX KOMIIO~ 

HeHT T~ 
1 
= T ~ 2 = T ;

3 
=P0 

orrpe.rr.enHeT co6o10 3aKOH IIacxanH. 

B Ka'leCTBe MO,!l;enH .TaKOH H,!l;eanhHOH CHCTe~bl Mhl 

paCCMOTpHM paBHOBeCHOe H3riy~eHHe, 3aKITIO'IeHHOe B3aMK· 

HYThiii cocy.rr.. 

1. B03bMeM ~ITH 3TOrO CHa'lana· IIITOCKYIO BOITHy, ·pac

IIpOCTpaHHIOlliYIOCH B,!l;OITb OCH OX H OIIHCbiBaeMyiO KOMiiO

HeHTaMH HaiipH:>KeHHOCTeii: 

·&;~_.=0, &;~ ~f_, ·c.;~ =.g ·~-~ =0, Hy ~~g,H 11~~f /2/ 

Ilpil .. noM:' TeH3op' 3Hepr:Hit:~ii:MrrynLca /;lneKTPOMarHHTiioro 

rionH/ rrnocxoii :Borriihi 6y.rr.ei n:Me'ih nn.rr.: · . 

06'f..e~m1-al:lu~i\ mu:nrryT \ 
~epn:-1:1 ucc.ne::.onaad 
G~n;JU!IOTEKA 
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(3/ 

llyCTh ~anee npOHCXO~HT OTpa~eHHe yKa3aHHOH nnoCKOH 

BOITHhl OT HeKOTOpOH llllOII.\a~KH, HOpMarrbHOH K OCH OX , 
B pe3yn-bTaTe qero KoM:noHeHThi t}4 H t4I H3MeHJIIOT 

3HaK. EcnH Teneph Mhi BBe~eM TeH30p 

T ~ = .L ( 1 ~ + t OTpa:H<. ) , 
Ik 2 1k ik . · . /4/ 

TO OH 6y~eT OllHCbiBaTb COBOKYITHOCTb llllOCKHX BOITH BH~a 

/2/, 3·aKITIO'IeHHhiX B npOCTp8HCTBe Me~~y ~BYMJI orpa

HH'IHTellhHbiMH nnonia~KaM~, HOpManLHhiMH K OX. llpH 3TOM, 

oqeBH~HO, 6y~yT OTITH'IHbl OT HynH TOJlhKO ~Be ero KOMUO

HeHThi, CBJI3aHHbie H3BeCTHhiM paBeHCTBOM. 

To =-To (po=fo ). 
11 . 44 . · .. 

/5/ 

2. · llepeH~eM Teneph K cnyqaro ~Byx npocTpaHcTBeHHhlx 

H3MepeHHH, T.e.· paCCMOTpHM CHCTeMy nnoCKHX BOITH:·pa3-

llH'IHhiX HanpaBneHHH, 3aKniO'IeHHbiX B llllOCKHH~·3aMKHYThiH. 
COCy~. qT06hi Bhi'IHCITHTb ~aBneHHe i H3lly'leHHJI B . 3TOM 

cnyqae, npOH3Be~eM UOBOpOT KOOp~HHaTHOH CHCTeMbl Ha 

. :fron \ e .· B .pe3ynLTaTe. ~nJI KOMUOHeHT T~ ;' H T~~, 6y~eM .. 
HMeTh: 

T 0 
" ( e)= cos 2 e T0 

1I II 
.. T 0 "(·e·) ; 2eT6 ' , =mn -~ .. 

· 22 ·· ·· ·· II · · •- ' . /6/ 

YcpemiJIJI no yrny e' npH~eM K.eCTeCTBeHHOMY pe3ynLTa-

TY ·• •. · .· .,. ..• .· .. _. 

T0 "=JT 0 ''((J)de=T 0 "=J T 0 "(e)de-;,p0 "=L c 0 . '· 
II . 11 . . 22 22 . : - · 2 /~/ 

3. ,D;nJI onp~~eneHHJI ~aBneHHJI H3ny.'leHHJI B o6ll.\eM 

cnyqae llpOH3Be~eM npOH3BOllhHhiH JIOBOpOT B npOCTpaH~ 

CTBe, KOTOpbiH 6y~eT O~HCbi~~ThCJI, .M.8.-TPHU:eH_'. 

4 

i 
I 
! 

l ... 

... 
~ 

) 

'. 

CX'L3¢ F'¢ 
2 

-cosesi!l_¢1 sh/;2 
a f3y 1 sh/Jfos¢2 -tms0cos¢1shp2 

shp sine 

-cai¢ 
1
shp

2 
-cos(Jshp~ cos¢

2 
sin¢

1
sine 

-sin¢'rhxf2 +eos(}cosc/J{:os¢2 -cos¢ firiJ!., 

2 
·. cos¢ sine 

. 2 
cos() 

/8/ 
r~e rp ,,rp H (J - yrrrhi 3Hnepa. llpH 3TOM 6y~e~ HMeTh 

1 . 2 . . 

T 0 '"{cfo O)=(a fto T~ ':'(rpJ))=(a )2 T 0 T0 '"(¢ O)=(a lT0 
• 

11 . , 1 11 ' 2l . ' 21 . 11 • 33 • . . 31.. .. 11 

/9/ 
Ycpe~HJIJI ·ml' Bce:M B03Mo)KHLIM Ha.npaBneHHJIM, HaH~eM 
B COOTBeTCTBHH C H3BeCTHhiM pe3yllhTaTOM 

2 2 2 1 
J(a )dV=J(a ) d'V=f(a

3
I)dV=-

3
, 

11 . 21 
/10/ 

r~e dV = _1_· sine d¢ d¢ de, 
s77 2 I 2 

a cnenoBaTenLHO /onycKa'n IliTPHXH/, 

T o To To o 1 o 
II = 22 = 33 = p =. 3 f . /11/ 

II 

l. PaccMoTpHM ~anee <l.JopMynLI npeo6pa3oBaHHJI ~nJI 
KOMUOHeHT T.eH30pa 3HeprHH-iiMnynLca Tik npH rrepexo~e 
OT o~HOH HHepn:HanLHOH .cHcTeMLI OTC'IeTa (K

0
) K ~pyroH 

(K).fipH 3TOM B COOTBeTCTBHH C .06ll.\HMH. npaBHIT8MH npe

o6pa30B8HHJI KOMllOHeHT CHMMeTpH'IHOrO TeH30pa 2- :r'O ·paHra 

6y~eM, HanpHMep, HMeTh 

T .(T 0 {32T0 )y 2 .T· T 0 .T T·o u= 11- 44 • · 22 = 22 ' 33= 33 • 
/12/ 

T =(T0 -{32r·o)y T =.i{3(r~ -T 0 
) 

2 

44 . 44 11 . '· 41 ll 44 y , 
/13/ 

r~e y=(1~f3 2)-Yl , HITH, B '18CTHOCTH, 
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PIL=-(po +-~ 2£0)}'.2' p~ ':"Po ; /12a/ 

£ = ( £ o + ,8 2 p o) Y 2 , S x = ,8 (E_o + p O) Y 2 . l13al 

1. 
3.IJ;eCb He06XO.IJ;HMO cne~HaJibHO ITO.IJ;'IepKH~1'h CJie.IJ;yiOIII;ee. 

Ecrrn~ no.IJ;o6no IlrraHKY I eM., nanpnMep, 1 1 I, C'IHTaTh, 

HanoMHHM, 'ITO, B qacT.HOCTH, ero. 'leTBepTaH .KOMnonenTa 
dV 4 onncLIBaeT o6'beM npHMoyrorrLnoro mipaJIJierrennne.IJ;a, 

'06pa30BaHHOrO TpeMH 6eCKOHe'IHO. MaJiblMH 3-.BeKTOpaMH 
cmiu;naJihHOro BH.IJ;a dxa(dx, 0;0), ox a (O,dy, 0) H ~xa(O,(\pz )': 

dx. 0 .. · 0 

_dV4 ~ 10 dy o I . . 115/ 

0 ,0 .dz 
. <iTO HOpMaJihHOe .IJ;aBJieHHe p HBJIHeTCH--CKaJIHpHOH BeJIH'IH
HOH. n. He npeo6pa3yeTcH. npn nepexo.IJ;e K .IJ;pyroii cncTeMe: 

~ . ' - . . . 

OTC'IeTa (p[l·-,;;, p0-)~-TO Mhl BhiHY:>K.IJ;-eHhl .IJ;OITYCTHTh TOr~a Ha--··--.-
OCHOBaHHH rrepBOH «l>opMyJihl I 12al' 'ITO_ p 0~- f

0 (T 44 = T II ).Ilpn . -
3TOM, onnpaHCh na nepBoe nhlpa:>KeHne l13al, 6y.IJ;eM nMeTh. 

. 0. .. . .. ... . 

TaK:>Ke E=E • 

Ilorry'leHHhie TaKHM o6pa30M BhiBO.IJ;hi BPH.IJ; rrn MO:>KHO 
C'I~TaTb npHeMJieMhiMH, llOCKOJihKy, HanpHMep,~"nepBhiH H3 

HHX mi.XO.IJ;HTCH B npHMOM npOTHBO.pe'IHH C «i>opMyJIOH /111. 
KpoMe TOrO, Ha OCHOBaHHH BTOporo Bblpa:>KeHmi 1131 ll})H.IJ;eM 
K .IJ;pyroMy «l>n3H'IecKn ney.IJ;oBrreTBopnTeJihHOMY. pe3yrrlJTa TY, 

·'ITO B K-cncTeMe, r.IJ;e o6'beM c :>KH.IJ;KOCThiO.IJ;BH:>KeTcH;noToK 
nepeHOCHMOH HM :meprHH. S x -~OJDKeJ1 6biTh paBeH HyJIIO. 

Y'IHTbiBaH c"i<:a3aHHOe, Mhl BLIHY:>K.IJ;eHbl .nocTaBHTh no.IJ; 
coMnenne cnpaBe.IJ;JIHBOCTh I o6111;enpHHHTorol ncxo.IJ;Horo yT
nep:>K.IJ;eHHH 06 HHB~pHaHTHOCTH HOpMaJibHOrO .IJ;aBJieHHH *. 
CocTaBJIHIOlli;He yKa3aHHOH BeJIH'IHHhi .IJ;OJI)KHhi npeo6pa30BLI
naTLCH COrJiaCHO npaBHJiaM npeo6pa30BaHHH .IJ;JIH KOMITOHeHT 
TeH3opa 2-ro . panra, onpe.IJ;eJIHeMhiM «l>opMyrraMH 1121. 

2. KocneMCH Te~eph· nonpoca· ci6 nMnyn:bce n :meprnn 
paccMaTpnBaeMoii . paBHOBecnoii · cncTeMLI. Bae.IJ;eM .IJ;JIH· 
3TOrO, KaK o6hPiHO, 4-:BeKrop HMITYJihCa ·- ·' 

P. 
1 

=I Tik. dVk ' 114/ 

r.IJ;e dV k- 4-BeKTOP 6ecKoHe'IHO Marroro 3JieMeHTa o6'heMa._ 

. * Panee npn paccM:oTpeHHH 6rrH3KHX BonpocoB c iicnorri.=-
30Bai_IneM TeH3opa 3Heprnn-nMnyrrLca 4- r~ panra Ti,jkf /3( 
aBTOp «i>aKTH'IeCKH onnpaJICH Ha OTMe'leHHhiH Bhlllle pe3yJILTaT 
IIrraHKa. B CBH3H c BhillleCKa3aHHhiM MO:>KHO, no-BH.IJ;HMOMy, 
roBopnTh JIHlllh o TOM, 'ITO .IJ;aHHhiH TeH3op T i,jkC aHTHCHM
MeTpnqeH OTHOCHTeJihHO nepecTaH.OBOK TOJihKO Tpex ITOCJie.IJ;-
HHX IKoOp.IJ;HHaTHhiXI HH.IJ;eKCOB. .. 

6 

3.IJ;eCb Mhl XOTHM 06paTHTh BHHMa_H_H_I;l_II.a_CJI~.IJ;Y.IDII(e_e_._· __ 
----------_Ecnn -BcoorBeTcTannc~-6iQenpnHHTLIM onpe.frerreiineM .IJ;JIHHLI 

. 

.IJ;BH:>KymerocH MacniTa6acqniaTp, 'IT.o B K -clicTe~eBeKTOp 
·dx. HMeeT BH.IJ; dx. (dx,0,0-,0) ,· a· ll03TOMY ;· HanpliMep, 

1 . 1 . 

dVI 

0 

0 

0 

0 
dy 

0 

Q 

o I= o, 
di 

1161 

TO .IJ;JIH 3Hej)rHH H HMITYJihCa ( p x ) ·.IJ;aHHOH paBHOBeCHOH 
CHCTeMbl 6y,rieM HMeTb 

p X = i I T l4 d v 4 ,E =-IT dV 
44 4 

C .IJ;pyroii CTOPOHhi, .IJ;JIH K 0
- cncTeM.hi m)rry'IHM 

, 
po =I To dVo 

X II I 
Eo =-It~4 dV

4 

. 1171 

' 1181 ., 
'.~~ 

llOCKOJihKY Ha OCHOBaHHH «i>opMyJihl npeo6pa30BaHHH .IJ;JIH KOM
ITOH~HT ·. 4-BeKTOpa 6y.IJ;eM HMeTb H3.BeCTHOe paBeHC~BO 

dvo = dV4 Y ' . . 4. . /19/. 

a KpoMe Toro, crre.IJ;yromee Bhipa:>Kenne 

dV 0 = -,8 dV y, 
I · · 4 · 

._./201 

OTKy.IJ;a c neo6xo.IJ;HMOCThiD BhiTeKaeT, 'ITO. B K0 .-cncTeMe 

7 
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~aHHhiH llOKOHmHiiCH o6'beM C :>f<H~KOCTbiO~ ~oillKeH o6mi~aTb 
HMllYllbCO¥ * 

Px0 
= J T~1 dV~ /: 0, /21/ 

YKa:>KeM cpa3y, 'ITO 3TOT pe3ynbTaT HBnHeTCH npHMhiM 
·cne~cTBHeM Hcnonh30BaHH11 o6menpHHHToro onpe~eneHHH 

noHHTHH ~nHHhi .nBH:>Kymeroc11 MacuiTa6a, KOTopoe npHBO~HT 
K nopeHIJ;eBy coKpameHHIO. Ilo3TOMY, 'IT06hi H36aBHThC11 
OT OTMe'leHHOH Tpy~HOCTH, Mbl ~On:>KHbi OTKa3aTbC11 OT 
yKa3aHHoro onpe~eneHHH. . 

' 2a. B CB113H ·c BbiiUeH3llO:>KeHHbiM \)y~eM' onpe~enHTb 
3neMeHT. npocTpailcTBeHHoro o6'heMa B K 0 

- cHcTe~e KaK 
o6'heM · npHM.oyronhHoro napannenenHne~a, o6pa30BaHHoro 
TpeMH 6eCKOHe'IHO MallhiMH BeKTOpaMH dxi0 (dx 0 , 0, 0, 0 ) , 
ox~ (0, dy 0, 0, 0) H !). xj (0,0, dz 0 ,0). B pe3yn'hTaTe 6y~eM, 
HaiTpHMep, HMeTh 

dxo 0 0 0 0 

~ }o. dvz = 1 o dyo 0 ' dV! = 0 dyo /22/ 

0 0 dzO 0 0 dz 

OTKy~a cne~yeT, 'ITO 

P 0 =fT 0 dV 0 +iJT 0 dV 0 =0, 
X 11 1 · 14 4 

/23a/ 

I 

E 0 =-JT 0 dV 0 

44 4 ' 

/236/ 

T.e., KaK TOrO H Tpe6yeT norHKa Beu\eii, HMnynLC llOKO·H
merocH o6'heMa ~eiicTBHTenLHo paBeH Hynro. 

* B qacTHOM cnyqae o~Horo npocTpaHCTBeHHoro H3Mepe
HH11 npH ycnoBHH nocTOHHCTBa T.)\ 6y~eM HMeTh~ HanpHMep, 

0 . . . ~ ·• . . . 
po =TDf dt = -{3 T 0 Xy · r~e X - npo~onhHhiii pa3Mep 

X 11 ' . -f3Xy· . 
paccMaTpH.daeMoro o6'heMa B K -cHcTeMe. 3aMeTHM, 'ITO 
nony'leHHbiH pe3yllbTaT HMeeT CHny H llpHMeHHTerrbHO K 
HMnynhcy· 3neKTpOMarHHTHOrO ll0ll11 KnaCCH'IeCKOrO 3lleKT
pOHa. 
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IlpHBneKaH ciJopMynbi npeo6pa3oBaHH11 ~nx KOMITOHeHT 
TeH3.opa T ik /12/ H ·~n'a cocTaBn~romHx BeKTopa o6'heMa: 

dV = dV 0 y , d V = f3 d V 0 y 
4 4 I 4 /24/ 

Haii~eM, 'ITO 

.p =fT dV +ifT dV ·=-f3yfT 0 d'V 0 =f3E 0 y, ·/25a/ 
X 11 · 1 14 4 44 4 

E = i f T dV - JT dV =-y JT 0 d v·c = E 0 ~. /256/ 
41 . 1 - 44 4 . 44. 4 

Ha OCHOBaHHH /25a/ H . /256/ Mbl MO:>KeM 3aKnJO'IHTb, 'ITO 
3HeprH11 H HMnynhC paCCMaTpHBaeMOH paBHOBeCHOH CHCTeMbl 
o6pa3yiOT 4-BeKTOp. Ilocne~HHH pe.3ynbTaT•:HaXO~HTCH B 
nonHOM COOTBeTCTBHH C aHanorH'IHhiM BblBO~OM, KOTOpbiH 
6bin C~enaH paHee OTHOCHTenbHO 3HeprHH H HMllYllbCa 
·3net<TpoMarHHTHoro nonx KnaccH'IecKoro 3neKTpoHa I eM., 
HanpHMep,/4/H /5/ /*. 

III 

B 3aKnro'leHHe Mhi c~enaeM Ka'lecTBeliHoe 3aMe'laHHe, 
Kacaromeecx BH~a ciJopMynhi ~nx nnoTHOCTH 3HeprHH H3ny
'leHHH qepHoro Terra /3aKoH CTeciJaHa-lionhuM.aHa/: 

fo_f, aTo 4; /26/ 

_3aBHCHMOCTh nnoTHOCTH H3ny'leHHH o'i' qe_T_BepToii CTene:.~ 
HH TeMnepaTyphi ~ocTaTO'IHO TPY~Ho noliHTh,. ecnH pac
cMaTpHBaTh e° KaK KOMITOHeHTY TeH30pa 2-.-ro. paHra. 
)l;eHCTBHT.ellbHO: Be.rib. KOMITOHeHTbl · yKa3aHHOrO TeH3o'pa, 
:HanpHMep, npeo6pa3yHlTCH KaK npOH3B~~eHHH COCTaBrrHJOmHx 

-~iJyx 4-Bei<TopoB •. Mhi ~oCTHrHeM 3Ha'IHTenbHO ·6onl,niero 
llOHHMaHHH, ecnH CHOBa 6y~eM TpaKTOBaTb nnoTHOCT:b.3Hep-

. · * BnpoqeM, OTMe'leHHhiii pe3ynhTaT :S _KaKoii"'TO ~epe 
MO:>KHO 6binO npe~BH~eTb, ITOCKOnhKY, HanpHMep, paCCMOT
peHHOe. B '1. ·l'3neKTpOMarHHTHOe'H3nyqeHHe,' 3aKniO'IeHHOe 
B 3aMKHYTbiH COCy~, MO:>KeT cny:>KHTb .;IJ;OCTaTO'IHO XOpo~eii 
MO~enbiO ynhTPal>ell11!HBHCTCKOH :>KH~KOCTH. 

-c9 



1" 

rHH KaK KOMIIOHeHTy. TeH30pa 4-ro paHra i3/, IIpH 3TOM 
HapH.u;y . c BeKTopoM·· 'TeMrrepaTypbi, npe.u;JIO)KeHHhiM Ap-
:QeJIH IG/: · 

To 
Ai 

pic 
=--To 

m 
. /27/ 

He06XO,!J;HM() 6y.u;eT, no-BH,!J;HMOMy, BBeCTH TaK)Ke TpH npo
CTpaHCTBeHHhiX aeKTopa TeMnepa TYPhi THria · T y = n ~To , 
r.u;e n C? - e,IJ;HHH'tfHble "'BeKTOphi, HanpaBJieHHbie B,!J;OJih COOT-

I . 

BeTCTBYJOI:QHX /npOCTpaHCTBeHHhiX/ ·KoOp,IJ;HHaTHhiX OCeH.· 

,l(onomteHue 

L PaccMoTpHM BLipa)KeHHe, onHChiBaiOI:Qee 3aKoH~co-
xpaHeHHH 3HeprHH H, HanpHMep, X

nyJihCa 3JieKTpOMarHHTHOrO nOJIH 

af · -+ 
- + divS=-q, 
at 

-as x d. .... 
--+ tva =-q 
at x 

"';... 

KOMnOHeHTbl HM-

/ll,.l/ 

/l1,.2/ 

3.u;ech q= jE - ,!J;)KOyneao T-+enno, Bhi.u;enHeMoe ~ e.u;HHH:QY 
apeMeHH B e.u;HHHn;e o6'heMa, a (Tu, T 12, T13),a q~- HMnynhc, 
nepeHOCHMbiH TenJIOBbiM nOTOKOM. 

Orrpe.u;eiiHM, KaK o6hx'lfH:o; co6cTae·HHyro ·cHcTeMy oT
cqeTa (K0

), · r.u;e q 0 =0. Tor.u;a c TOqKH 3pe:HHH :HeKoTopoii 
. . . X 

.u;pyroii CHCTeMbl OTCqeTa; ,!J;BH)Kyi:QeHCH.OTHOCHTeJibHO co6-
CTBeHHOH co cKopocThiO f3, . Ha oci:i:oaaHmi I}JopMyn npe
o6pa3oaaHHH .u;nH neahxx qacTeii /ll,.l/ H ll1.:2/ Iiaii.u;eM, 
B qacTHOCTH, qTO 

qo q ·== ---·--
yl~&' . . 

/lJ..3/ 

Bcne.u;cTBHe HHBapHaHTHOCTH qeTbipexMepHoro o6'heMa 3Ta 
l}lopMyna ,IJ;OJI)J(Ha 6hiTh cnpaae.u;nHBa .TaK)Ke .u;.riH . aceii Ten
JIOThi, Bhi.u;eneHm)ii npH onpe.u;em!HHOM npou;ecce: 

10 

ot;'. 

Q= 
yl-{32 

I 

/lJ..3 I 

2. PaccMOTPHM .u;anee cne.u;yro~:Qee Bhipa)KeHHe:. 

dA _':'EdV 
4 

, . ·~ /l1,.4/ 

onHchmaroi:Qee pa6oTy, coaeprnaeMyro Ha.u; HeKoTopoii 3aMKHy
---T-oii-cH-cYeM:oii-;-'iijfH-yc-noBHH OTCYTCTBHH nOTOKa 3HeprHH. 

·. B pe3yJihTil.Te cBe.u;eHHH HHTerpana no o6'beMy K HHTer
pany no noaepxHOCTH c nocne.u;yiOI:QHM nepexo.u;oM K KpHao

. JIHHeHHOMY HHTerpany Qy.u;eM HMeTb 

A=f£dV
4 

== 

a 3P 3 3.... 3 
= Iff< 4 _ a P 4 _ +!.._-P 4_ _ a P 4 

(V) azayax ayazax axazay . azaxay 
· a3P4 / -a 3P 4 
+-----.-p: ay ax az ax ay az 

X dxdydz = 

~ 2 2 
== If ( ~ P4 . .;.. _E_ p4 ) d dz+ ( a p 4 . a

2
PL )dzdx +. - azax (S) . azay .(Jy az y . axaz 

a2p4 a;, 4 . 
+ ( -- - -- ) dx dy == ayax . axay 

aP4 aP4 aP4 f -a-dx + -- dy+-- dz, 
(s ) _x . a y ~ z " 

i i . 
r.u;e P4 =fP4N , a N 

1 
- qHcno qacTHIJ; c .u;aHHoii 3HeprHeii. 

c: yqeTOM:-Toro, '1~0 ap4 I at= 0' npH.u;eM K peJI~THBHCT
. CKOMY Bblpa)KeHHIO ,!J;JIH pa6oThi 

... 

. . /l1,.5/ aP4 aP4 aP4 aP4 . dP4 . · 
dA = -- dt + -- dx + --dy + --dz= -- ds= F ds, at ax ay .. az d s 4 

II 



r,ne f 
4 

-4-aH KOMITOHeHT8 CHll.bl MHHKOBCKOrO, ads - 3ne-

MeHT ,nnHHbl B 4-MHpe. . . . . 
~ 1 .1 • ~ 1. I 

3._ Ha ocHoBaHHH paBeHCTB T
44

=-:-P4 J 4 , lll =-:- ~ J 1 H 
T .,n. MO)KHO 3aKniO'IHTh, 'ITO • 

1 

T + T . =- ~ P *i mi 
aa 4-t. i 

/JJ..6/ 
. i 

r,ne p* 1
- HHBapHaHTHaH llllOTHOCTb 'laCTHU C MaCCOH ffi • 

4. IlpH yCllOBHH, 'ITO B ypaBHeHHH, OITHCbiBaiOIUeM nep

BOe Ha'lano TepMO,nHHaMHKH 

dQ0 =dU 0 _.dA 0 , /JJ..7/ 

dU0 npe,ncTaBnHeT C060IO H3MeHeHHe' BHyTpeHiieH KHHeTH·. 

qeCKOH 3HeprHH CHCTeMhi, penHTHBHCTCKOe Bblp~eHHe 

dQ:>=dU 0 
-f

0 dV 0 

4 4 4 

MO)KeT 6hiTb cBe,neHo Ha ocHoBaHH.H /JJ.. 7 I K paBeHCTBY 

dQ 0 =dU 0 -3p
0
dV0 

4 
/JJ..8/ 

r.ne Mhi y'lnH; 'ITO B co6cTBeHHOH CHCTeMe oTc'leTa K0 
T}1= 

= 'f.22o = T o =po . . 33 . . 
5. B CBH3H C BbiiiieH3llO)KeHHbiM /n.n. 4 H 5/ KOBapHaHT· 

Hble ypaBHeHHH COCTOHHHH penHTHBHCTCKOrO H,neanhHOrO 

raJa .non)KHbi onpe.nenHThCH cne.nyroiUHMH Bblpa)KeHHHMH: 

Taa'V4 -T41V1=Nk1()4' 
. /11..9/ 

(T44+T 22 +T33)V1 -T 14V4 =Nk1 01. 

B co6cTBeHHOH' cHcTeMe OTC'IeTa, r.ne T 0 =0 :H V} =0 , B 

'laCTHOCTH, 6y,neM HMeTb 
41

. 

HllH 
To yo =Nk ()o 

aa 4 1 4 
/JJ..9'/ p0 V 0 =Nk0° ,r.nek =3k. 

4 l 
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