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R ERABAT |, 20004F Gl “IFF R FEROR I F T B GUR,
20024F LG XA HH S SRR P E BHE AR R R GE, M) F5F FH U AT 3]
HE—HHRIE, 2002 EFE R LM EHE “Nonequilibrium Nondissipative
Thermodynamics—With Application to Low-Pressure Diamond Synthesis” [
Springerth iR & 17, HEICAPIRESMIBIEREMUMER . wih, 1FEL
PR MRS BUR TR BB i A SO T B0 - Bf
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— L% R By £ B # 4% E B B R (C. Truesdell, 1919—2000) #. i

BB HEFERANR L EF LAR AR IR 2RRE
RABBREHFHANYEF EHIANRZFE M. (Every physicist knows
exactly what the first and second laws mean, but it is my experience

that no two physicists agree on them., )

BRERECD X220 FNERELNFLKANFATRER HEH
BANBHAREREAN. ARERF,EEN 0 HLPRAAXENR
Bt A RBAEF B

R Bs, FEXERBAFRIARGERNBONEEE RN Y
¥E_RBEHRS K FEE BUFELETLRAXOYEZAHER. £
RREBTRAEGFRELB Y ERB RN REER AN . TER
PIRBEEN. FE BB FE AN TERL S E AT T SRR
HEPUTEARBRAFHIERAPOURATHELBA A E(HEF
OB ERWASCEZAA - RRERBEERAIRSLEEFERGR
“IERMCMRERER MARTH " MERER SRRV RFEEH. —
MNEHRBEALIBRB - MR FEER I ETHEN. BT R
FREECEEETFERE, ERAURAXRNR. YR FELERANF
(RHRARKRAFONYT REEFE WRANFF _ERELW 21 ELYW
FRIR AT RFELERLTARASEFRNERRRAL FHWH AU
ROt Bt R WO A #.

MAFER-TATERARRARE LR -TIXTERGREEDE
BERBWHE RN ENARRREARBRFETARN. KA 2, #&
AER_RENKARERLRE R R B E LT M, 8“6 8 4] X7 (ar-
row of time) R“EPRHA"R —FF H R R, FELENBR T
W XN TREELZFEFZEET 1045, WERRIFHAERFE
RERE EHREHELA BFARCMCANARRERAREER P TL2I L
W R ETUR . XREAE — K.
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1865 F X FBHERXNA2 FELENEM LARIANTHEALE
e, R

BT ARM o XIEE E AR BT K, AR
AERMEABAT —AMERIR, BB ARLD LA CHIER
F:s ZEERLY (In order to express analytically the second fundamental theo-
rem in the simplest manner, let us assume that the changes which the
body suffers constitute a cyclical process, whereby the body returns

finally to its initial condition...)

TRRETEFEH I ERKER TRAL(RLERIKR Y HHEE. Xt
RERAMNFE B FRZ R EREAHN AT EHAE RN
FREBEFREATHRRAACOBEARLIEBE. AER N FF WL E
P*ERZRATUEREHMFERENR R, WETRRAHFEALB T 8
REAWASZ 0L A THRERIREAELCHARNEFE AR F R R
AP, HEREREHIEES R[S, = dS= 0] HK.
ERGBHER - RELBXFTLETH .

EEMBEAHBAT F_ABREN TR AEORRPHRET
TRAE—EHGFT O RARXRCEBBEREN TG, AREEMN BT
MagTHT, AN HENFT A, RREAGF A, SMNIHRTHALRN
K M EH T 8§ AME F # 47. (The second fundamental theorem, in
the form which I have given to it, asserts that all transformations oc-
curring in nature may take place in a certain direction, which I have
assumed as positive, by themselves, that is, without compensation;
but that in the opposite, and consequently negative direction, they
can only take place in such a manner as to be compensated by simulta-

neous occurring positive transformations. )

PAETEH B HT 8 R % WA b A Y ¥ #8 4 (thermodynamic coupling) ; R
BEEW”H K2R ALK R BB AKX 384 & & (uncoupling
system) ;T B M A &“AM"EERLIBR I EH"E AT RH T ENKR
B AR K 38 4 1k % (coupling system).

R -REBHI XTSI E LI TEAN RIS E gtk
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KRR EEEHER[AS,=dSS0IHBRA BEZGEA N FRERN
BHEBABE ARX - AP B XFHEFHERAN AR OAA
BEAWBARR N L E R REXZAFRAREHRT K[dS <0,
&S, >0 & &;S=0T. £t ,diS f &S, (R dSH LA KT H B RLBHM &
EFEATRANBEAE. ASETEX—KENEF £,dS=(dS +dS:).

BASBORBRNBAR I FRARR A FL AN ) AB. UKER
PUHWERFRABARAE " ARBIF"EREERCELXA
T “i& A # 2”7 (without compensation) th Z (W EB/B A K K)o H“FE”
(compensation) %k & (Bl & 1& R ) B A 78 X 7.

REEFFrEFECRE HRETIHSNELTFHAMNT LR RN
RHFE RN EFRZARTURGRRBE N T ENR S FRX
RERE. BHOLERT - MMEANEERNFERAR FEUBRNT
BREARERAE R EEHER T LA THBHANR(E I HLER 20 H L
PRI EDRREANFEFR TR NI ZERNTS MRAEEY
BrERBEET LBIHNAAFGBTURIS XHARAB Y E, 0k
FHELEHR)ARKERX LW R ER L FEH.

nh¥
[dS>0] ™~ _

AR %
[diS1 <0, diS;>0 & dS>0]

238 ik 4
[diSp=d;S=0]

S Fa ik B S $oWik 2 El3 -3 &Yl ¥l
[diSp=diS=0] [diS,=diS>0] |[di51<<0,d:S:>0& dS=0] [di$1<<0,dS:>08& dS>0]
£iEEm R MM 2 R REM M 14
[di5:1<<0,d;iS: >0 [di$i<0,d;5; >0
& diSs(RH>0] &.4S>» 0]
YV EMESEE

0.l EFFREZEEABLTHARUANFEBEFEARE AT

ARBAFHNESHRTUAX SIS ERN T HTFE. BN #
FROFEBEANFRARRAE U F RN M B, E o &4 H £ 1881
BT %

AEM R AR TERARRTY—NELZ2EFHARIA ARG L
FX R A EH oW 5. (One of the principle objects of theoretical
research in any department of knowledge is to find the point of view
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from which the subject appears in its greatest simplicity. )

KBTURYASFERY — AR FENARCEAER. £XF
PARATSNEFRS BREFLTURATHE ¥

BREXSEFUER AN EFANARMHATR -~ GEZHF, H ik
EHEFRETEANAEARNAE WERANE - NEL KXFNWE—-REHE
CABRK E-FERAE006EN AR XFFANELEER LT RW,A
EETEFAHOHERR REEFHANFEFAETHERIFALTES
Ff2 T4 7 JL+ % #” (through my personal journey through the realm of
equilibrium thermodynamics and nonequilibrium thermodynamics and
through my own work therein over decades), #£ & $5 By 3t 1t 4 A 3 2 & 1%
HEZABKRBA AN TR HEEALRTFENEANELLEREN.
AFHEXRCAEHER PEXRZANEZLEAGRNEE, BEERR FHX
— R E.

RAEBRERBFLELZALOHBHEFHUAN S AL B, KRt U
AERCIERXERAL. BEXZXTHAHA S FI ERAERAS X
BAREANEE. LB BRI HEFEARLEREL KRB
(Jan-Otto Carlsson) H#BZ A XA RE L FH K.

RMEETHERAZRAS . LAFEEBMAR L LENKEEF LK
Kb THEBREY. FRAELAZRELSRAAEREALIRE(HLEX
EOMNKEFEXIROHEBREY. ECRBRERASE R AR LA E k¥
NEHBRATAFPEXBHNBE IR BEEAFZHRHERER RS
HTWIXHFERF .

%M
tRAERLREAGEARELAZRE(LEXF)
2009 49 A
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1 BRPAFHNE

WE RAOFERBEOBROAEN. LERERNR ST /EE N ZNT R
NEFE-BERN TR ANERXTERBOR2, EARNEDRREE
B BAEKBERAMERB EABE oML LSREMEE. &
FEXFEXEMHEENERERNEEN, BH 2BERA¥RMT2
RBNEB_ERBRBRIPRNE¥HIEABRNXR. DECSAEERY
TRIFFLR K18 3 (Carnot theorem). R EFEB AT HME" , HER NS
B EROARRATES", BN K" (arrow of time). "B EiE &
8 (extended Carnot theorem) 28 A “IE#E8", H IR T — N IERE#K
RAZKFIE. FRBRAEPRBTARONEE _F2NERES. BN
W, REXRNEHNEEFE S E4ETE AWK, (1]

1.1 RANEE_FEREIRERERSEOINE

EUYMH A HE RN EB_ESRETHBREHFEHRR 4
R ERA AR BDEE SR M PR T 8RR,

78T WL /R (Clifford Truesdell, 1919—2000)(2] B — R R0 £ E#
R AEIFEMBRAZEXHE. CNRGAH ¥ EERF £ (The
Tragicomical History of Thermodynamics) #1 {3 2 #\ /7 %) ( Rational
Thermodynamics). * b3 :

BB EERAN AT ARG — SR, 2ERE
BN BREHAHAHE S L HINRRAHE 6. (Every physicist knows
exactly what the first and second laws mean, but it is my experience
that no two physicists agree on them. )

i —F, R ERRTEN, R XN SR RTHRE S HRL & X .
MAXMERBEBHRERN, bR EREN AN ¥ E S RNNRER

* http://en. wikipedia. org/ wiki/Clifford_Truesdell. Cited 12 Oct 2008.
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20 RSN, FEERR, LR F RS IE B 5. £ 43T/ 21
R, ¥ E T EE WA E I E R B M7 ERPk.

2005 4E-F 12 (V. Capek) K& I (D. P. Sheehan) ft & (X # /12 58
— 2Rk . B f1328 ) (Challenges to the Second Law of Thermody-
namics; Theory and Experiment) [2] —H 3R~ HHEHHR K. &R
B_ER

— BT IR A AR K CAHF L MEH
B U RARL BRET —ARXFR—ERBRS —AXT. X EHBXMH
EREH, HH—EUNMFRETLLREHEZE (Once established, it
settled in and multiplied wantonly ... Not all formulations are equiv-
alent, such that to satisfy one is not necessary to satisiy another.
Some versions overlap, while others appear to be entirely distinct

laws. )

TR, EEEMFAENREMEN“RNFE_ER" M BEHNREX" B
T 21 f. BT K& (Sadi Carnot) . FF /R (Lord Kelvin) , 355 83 (Ru-
dolf Clausius) .E /7 (Josiah Willard Gibbs)Z A RASH KA RSN, 1
{13 B /R 2% B (Boltzmann) i “ JL 2 4" (probability entropy) 1 % (Shan-
non) #)“4& BJE” (information entropy), AR B F N EEREREX
B9“#” (entropy) B A—K. AIFTFIENBR LA TRF BN
“FHEAXER” (fundamental laws of the universe). ZE XN BB F, £
BT FAT IR T 418 B B F Bk " (quantum challenges) F1“E 1
Pik” (gravitational challenges). &%, H 1Y BB H X BHIE“H A
HECEFRNEARTERARSEANFZEENER, ZEPHERT
PO FEREE, RFTRRIFR T RSN R thE R
BS—FH,kERKETOREREAFHNANER. INEBEREKX
ZARNFHERNEREE, AR EEENMPNIENEREEREBRT
AN NFHERTEEUAN, BN EH (BRER)RNERRRANEN 2
. Flfn, 7E 2005 FEFLIEE (A, Kleidon) F1F €24 (R. D. Lorenz) 47 B 3k
e 0 ST S RN A —— A Ay, I BR R H b ) (Non-equilibrium Thermody-
namics and the Production of Entropy—Life, Earth, and Beyond)[3] —#
FHATEEMEROAEREENRTEARNEN " BRERE
(maximum entropy principle), {0 1ZE“RIE " A B HHTIEAE 1949 £H—



