\ﬁ 9 : DR~ > N | A L.
SR 1 7] 2 1 o2 iR R M
_— rTcxrb(xﬂ<§ﬂnicst(n'let(jcntury

it TR s
£k

TNREE  RE

%E%ﬂﬁﬂﬂﬂi

HIGHER EDUCATION PRESS




R TR

sook Series for 21st Century

@ R S T S A bt

SGitEEss
-l ]
TIRE RE

RSN R K

HIGHER EDUCATION PRESS



NERE

AHRHERBEHETER 20 HEHENFNRBERLE T WHRRE, RE
21 R B A ER SR T E EREAREM . A B RS R R LB
TTRE . & B R GRS Y EE AR S OERES FREURTEER FHRRENS
HERAFE S ERRR NS EA RS, S S E R RN E YRS E
B NEN SR TR R T MM S ESITSHAER, X BN B SRRk
TR EANEMRREEL LREEGE L ERGRASNEE AR, SAER
AR B BRAEANEFESKIT B BAENBREGRER; ST ENFH T E
MEREMUREXFENSS. VEARLERE SESABME —ERBNIE.

A B AN RSB R EE A B Y E S A Y R R T R LR AR I
WEELE L MEHASES GARFNE SRR TELESE.

BB ERSK B (CIP) ¥ B

Gt BN RmE. 2R LR AT
AR A ,2004.2

ISBN 7 - 04 — 012968 — X

I.8... 0.7%... . %itiHE¥-5%%
B-# N.0414.2
o R A B 54 CIP 3B 4% 5 (2003) % 075073 5

HREIT BSHE HRAE BHHE 010 - 64054588

oo ERTERKEAREI G SBBE 800 810 - 0598
BREL4RAS 100011 ﬁ it http://www. hep. edu.cn
5\ #l 010 - 82028899 http://www. hep. com. cn

= W FEBEAEERTHR
En Rl JtEFHEBARAA
iR JO1990 & 6 A 1R

7 & 787x960 1/16 2004 %2 R 2 R
En ¥ 34.25 _ 21] w2004 5E2 A5 1 KEIRI
= 8 640 000 E # 38.80 7T

FHMEHRT FHR B RAERE RS, FRMRESHERIBRRAR,
IR FTH IR



BRETE

ABEI90 FEYE AREXRE RHRWEER W TFHA LY ER,
—HAREN BRATORERGHM, —EARBRE REEZ+ 0%,

TEER GHWE HARCELNTRAGB YA AT ERG RS,
BEXRABUTRRSYETS. NFHEHNARTNE SEHF BYF. M
MAREETAE HEAFERRAERMEE HAHS R RELLE HET
TR MEE MHTHAY, —KF RN TREEE R FURER S, T
ARAR-FABEE BET) AN THFALERR, NS F 4 GRS
BOHWEER FH—K EH 2 HERERHM, E R A — %0 R
#H PR Bk

ERZHY HATE R B T HE. S LS RARFEEE, UK
FARBRETRES AECEE R TELNEAN, A S 68y
KRER AHATFEET A RUEBHREERL. B4 08— by —
BT R L 4R, T BT AR

RIBFHE AT " S RENRF TU G AR ELE NN ER BT A
REFHE AENUEESE A FNTHOF - HELM M T Mt By,
EERBENBENENER, R EE LAY — RO T BHEE ALY
B B RNIEH 0 — B R X h R KM, BT b A

RFEEAT, HFBRRFZLNEH RS, RBEE IR ERTERE.

BRAERFBT AR A AR E LAY EE LA BEEASFE
Fibthi%8.

k4R
2002 % 10 A FH 2 X%



SR

FHEREREN16] ERELDASYBAHFBATREN HLEK
A 7 T A B

202 60 ER, AAFFAUNEFRLANEFTNFHARNOFITRE.
B RIS RGN ELRAE M AH BN — TR AR, ERENE
WEH PR BREDNHR LR S B ETRISPANTYESLH
BEREFR I FRARLAF AR, BEHEHANFEN LR Ety, T H
FAEAEAR, IR KA G ER AR EEXBATE i FANAEA R
RWAREEHANE, HERE, N EIE M, N £ 5 EE AN
it ARANF AT ESHAGE % B2 H—TRE, £ —E LA
HRFEWE A REBES IS AR S HERATEANAT Y F Rkt
DA EAHE ERASETHRTANS AT WES AL WL ELE
EANMELE R ENENAE L BE - ERAERNS¥E - B KR
ERGEB RN R ELAEH UL T WES A ER BAOMRNRIERA
B WA F BRI DREE REE - CEPAA AP ELEIRAAF
BT HEH AR BEH AR RIS LR E, NAFNERETFRITTH A,
HACASRE - N EFAHAERTFRTEGEANA NS S EE=%E
EMAGH MR, THAE TEAE AS AR CERD ¥ fHEEY
EAMEEREELETER; FTELBRIFE HFAE BZ0AREE
LETHAGHEREE LEPHR - RNFLZEABLEOURERTLHE,
EEATFELER R AR TERNERFEE.

BAN A —AEM, BT EEE R — Ak TRE Y LR, EREN
G-k ERTRBAFWARYELMN, WELSHAES AN NEFHUL.
EREAHHEESZEN VAL EWEE, RN R A BENES P X
B — WA NEELA S BWETANRAR L RERBLE W £
AP ARRE EXFE AN BTHEARAB AP EFHEE D FEL
BEA BEH - AGEAFALE - HEBEL SHE - HRTATER .
RfslPhErf SEEE ABE HE B P HABR HAMEEEHR &
-HUEE RELETENTERREL R -ESEHTE . EFEE
B -BRENE BERERENE ERE —ERNAR KT HEEWELE
A, — AW BT kAR A, e AL TR SASBEET L



i BIRETE

BN A

~AHMIR G EER AL R FLENRE . AH I EREL T HE%
RN FLEECRRNF N , AEHRARE T W ERAVAETEL RZ R E
WA RFEEAF, FFEREATZZNAETA L, WE A LT & HFH
iE.

BMAERELAEARE¥SAKRTREHRFWRASMEIIARTREN S
AL EANTEEHR REUNRSFSFAENEYHEAEEHGFRL LD .

I Ho 4
1988 %3 AFHEXRF



H

F—F AmAO¥EM

@ﬁgmﬁﬁxﬁgﬁﬁ e e ]
$ﬁ¢%mmmmmmmmmmMMmMWMWMWNMMWWWWMWmmmm45

% KEABEREASS

§2.5 mﬁggﬁﬁgﬁﬁﬂ.WMWMWMMMMMMMmmmmMmmmm“m
¢§¢# .. O

E=F FHEHREEi

§3 1 ﬁgg,\'mﬂxmﬁmmﬁ I - N 96

§1.
§1.
§1.
§1.
§1.
§1.
§1.

R = - RS - L ¥ T U U NS RN



§3.
§3.
§3.
§3.
§3.
g3
§3.
" §3.
" §3.
HE

\O@\]O\Ul-&

10
11
12

MEMHRL -

1 13 O

Y g o - iy s /s o 1D R o N
- 117

- 121
. e eeressansan . 136
- 140

TBAHBAB ARG PE R <o veevreoor oo ree e mre oo re st e e e st een teearn een eee e e
-« 148

ﬁg%i{gﬁ%}g..........
tti“%}ﬂ@f‘ﬂﬁéﬁvflilb

Emmggnmmmm
BRI EERRR LA oo

INGE

§4.
§4.
§4.
" §4.
§4.
§4.
§4.
§4.
" §4.
§4.
§4.
§4.
§4.
§4.
§4.
§4.
" §4.
" §4.
" §4.

i 5%

%
W %

e e o = Y T O N e N

e e e T S S OO,
[ I T N O N T

1

I
Il

FNE BFaitEie

PRI YR IE T T -+ o vveoveeomeeee ot ees et cin e vee et et e e et e e e o
B T BB T L0 2 ve oo ree oo et e e e e et et et e s e e e
TG T B IR T qR I - veooveeeeeove eomeeeee see een e et et e s tae e e e e e e

e s e ee ten ses sen aeaataaesaneataaiseseses tee e aee ats e nan v 175

B o

AR LB BB TG it TS - v eeeovvveevre menne oo ans secre e et st tee eanvae s e
BRI R TR FEFEHIL e e erre e oo eeee e eeeeeee e
- 188
REHEBMBEE - BEYHEDT R BHK — KBLRL AP AT v ev e e e e e eenes

.. . -~ 196
- 201

BEMAKITENRTIE -

WIRI - BB
BErRitafmmagmm BAuEE -

§¥1W%hﬁﬁﬁﬁbﬁ B
Igf&}&@)%ﬁg%:&ﬁ ﬁ@,§®%tﬁﬁ% B PN

SRM P ER A BARTEES v e e
- 216

HERKTENER  BREK e

o x b

ﬂﬁkﬁ‘é—w

o e 1

FREE JNZE oo eeree et oo et e e e e eee e e et cee e nte tee eas et et nenn banaee e aes
= 250

- 102

107
112

126

144

-+ 149

153
161
165

178
182

193

203
208
213

222
230
234

-+ 238

240

-+ 246

- 247

248
248



H x®

FHE HEER

§5. ?@ﬂ%ﬁ%@%ﬁ
§5.
" §s.
" §5.
" §5.
T §s.
§5.
§5.

" §s.

:&Wﬁﬁ%ﬁﬁrﬁgﬂm

TR SR I e

BRME £%HE-PERR
gy -
FHEEBEREFMG BIFEAERX-

O X NN AW N e

?ﬁL*%%?%W@E%

§5 11 T”?’E%*ﬁiﬁ
ZSE/J\% e e heate eet eet en ne s et aet et seh ann tar as ses sesans s

EAE KEE®

KAFREHKELSX -
ST B B o R T — B TR ok
pi: 0k € )

§6.
" §6.
" §6.
§6.
" §6.
" §6.
*§e6.
§6.
*§6.
“§6.10 g -

"§6.11 FHRAMER -EMEFIE -

W 37 B %50 3% B R 4
FEEHEMAS ¥R

B SR HGT R B
ﬁ%Lm

o = S e e T R S R

- 0 - RO
53 I . PN

FtE WRAKMEELH

§7.
T §7.
" §7.
" §7.
" §7.
" §7.

s F 45 5K

—HE R

R 3R 04T R B

A s [ B R AL B¥
TR AR R

(= R e

% E,mﬁﬁmﬁmlﬁﬁ "65.%%................................................

seeeiserstsetsetctacenearecrssesnas nan nnn . 385
- 391
- 394
- 401
- 404

. teeeensasvicrrrrat st et onasor0ss vea ann 254
ereesreriesicarenr et ceaanss . 266

- 274
-+ 283
- 292
-+ 302
T B IR BT T AR IR DL AR GE AR o v ovvvervrmmneeeeeets seeeene s res e vt e e e
seeresase ceans 311

e esrertseesantarsare s . 318

- 320

260

307

314

320

- 324
- 329
- 335
-+ 338
- 344
- 348
-+ 353
s nes 355
-+ 369

359

376
377

380



FREE JINEE e e ee e e e e et e e e e e e e
PRI

§8.
§8.
*§8.
" §8.
§8.
T §8.
*§8.
©§8.
T §8.
§8.
©§8.

§9.
§9.
§9.
§9.
§9.
§9.
§9.
§9.

ZREE /PN v e e e e e e et e e e e e e L e e e e s
-+ 513

JHE -

§10.
§ 10.
§ 10.
§10.

B

NoliiNe S - Y N S N

10
11

~N S AW N e

8

1
2
3
4

INGE

FNE FFESHiTER

cesrssacsacsac et anne . 418

- 427
432
aee oo rassans .e 438

evnae P T T R T T P RPN 450

- 457
- 467
- 468
BARER AN B BT v vevereer oomomrme oo oot st e e st e e
ZBE JINVEE oveeeeen et e e e e e L e e e e

ﬁﬁﬁﬁﬁﬁﬂﬁﬁﬂ
WHZEFENTEER
ﬁLJﬂW%ﬁﬂm

KTﬁﬁE%%Féi

SRR TS

W = A A/ T e
EBRFEHBTHHRSMHT -

TEAE BEHREM
FRAERTFHEHML

XU 4% K R 5 -

TETE FMEFHNEREM

HOEFEAHET FUBLRLIE Bl o e eerereeemmeeoesosomm smmms e s e s
E R FNTI I ETR ovoveree oo mre oot e s e e
B RBABFITEILRET v e eee oo s e e

Ay T2 h Y B[R] Sl v eme e e een eee e e e s e e e
T T -+ 529

409
410

411

444

473
476
477

-+ 480
BUFE B PRI AR eveeereoreees om e ne sre e st i et s s
BT ARG AR ZS ] v wvevem erreeeos see e e o et st s e
AR T2 B PR TR v oveverevr v eem meeememe i et s e e s
PHERAEAREREL AT E T - errereerr e

EilE AT E ok xR R TR T R R P P PR PPPRI R IO PPPRIIPTEPP
- 506

481
487
489
494
497
500

513

515
518
520
524

530

531



B IR

§1.1 RANFFERERHEHER

Y B R R RS R RT R FR R R (B 2 R G i 3 2 b B 3 S B 5T
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KB FHBRMERGEHLE. LT RERERS T, 1 cm® K&
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I AT A SE 5 R 1 R R MRS ) 5 B 4 i S R AR 900 2 BRI R IR R 3B
RZHEHHNSE. X BRI ZIEH NS BN S BRI R WK RS R
AR AR Pl U— B EE SR AEERN VRSN, W
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O F 7 2% BE (0 Bl 1 AR B, S B B BB, BB p K (H R 0 B T R R
BFEM TR FEEMIE AR ESE—RIER WIER p BRERER
SRR RSN B B R T SN TR R (45 40 38 BOTE O 2 I RERS)
HIEE ), 3R B0 R 51 BB B0 28 1 S, S8R 1R R BB GBSO A I N S B B 1k
BV S BT, 53 F 308 3 88, 3R B A AR E SN R, VR, BT L iX
I VRNSER. FAENESE p KHNERNSE EREENENS &, LA
SR VIR EHERISE ERERNSE XS RISER TR —
ML LA, AR R EMHOWIEAE, N EYBE FIF8E KM E
2.

ERNFMEH YD, LR BEBENRS S —MX S BN LK. RITT
DS BHMERE TR m ZEBAERKRDS L ENERQTERE » RELKS
B UHER S, AR F (B &) MBS — KM RAFRE m X
MBE WTHERSE FABRET(HASE). ) EERRNE AR ARNE
Al 7 % B34 AT LA o R R R & BT AR BL AO B R INTAE R L anA A BE R AT B
R RS R RERZ A

BEEHe ), PEAR Uk, XA R R RAE WM ERH AR L ERTEES. YK E
SETEE T My A B, — MR , R R N 45 B84 BT LR A &R MR B9 4 5, T L& BB
G 92 WA R BT LB (R AN B AE AL, BT -— AR REF — N — S Bk . e
W AP ES TR — B S M ER . AR AL S B
BRRAEFES BRI RRE TS AT, — 80T LU ek & 4
R Z/NIHER, BB RERE /NI RO K R, BRENMERRE X
Vo EE T ERBEFEANL, LB AR ESE Y, FETEMARE 4
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BMATFEAERFELBEILNERS BEMS BN, AR LR R R
VS, AT UBIARSSEHES | X, X, X, VREKRERREN—
ST SRR RS R — D TS WX S B0 TE 89 AN FER [F]
MMM, BN X, X5, X, REUSE X, , X, X, N EK MR~
A on BEE,FIRSEE . ~HBEBX, Xy, X)) TE n REF R P
BE— A W B, R R — DN PR STE n gz 8 P R — A4 RORERR . B,
— ML A SR, AR R RS EMS BB ER p MER V.
Php M1V REIEFTEHA p - V B RE—REEH. A EM— P
B p- VEFRHA—RER.

§1.2 PRAFEBER.EEMRIR

2 A R A DA B 3 e T 8 2 4 2R 7 K e IR PR T 2 BB o TR
W, ERIANZEHYHEE PRI EE S — . B FhRRCEFESN, A
o WL 9 44 R e 1R T B2, B T B0 4 R R, LL BB SE H OR 2 HEUR ALE
R R T JE— S B M ¢ K BB A A T AL A L K DR
TE VA B 6 2B R AR A . A R T

T ok 5 WA BV PR R R IR R 6 2T 4 0 1 A 8 B BE L — B2
BERE AR BB 3R AR R 2 i A B BB BE L B AR B E LR
Ay I T T AR B O ME XS R 8, TR BE 43 B VR R 4 % O R 55 . — 1N
RS S RAOTEE AT SRR BB R0 1, AT S Bl B, X Bk T
TERLX RS 2 AT A R L E BN B R ERM M. FRE— R,
MR ERLEK B FRER AR, SRS B HG H R T
WAEROK b BT AR K R, LA R T e B0s . dEE e, B R FAER
I A — A BRSO BVE SRR, QR T Y R 2%
B, L F R FAEESE T OERAL, 2REKER I X, 1
ERERERYANS RBERRTEN. BMLFANB ) 2P EESHE, R
e R BB B R

KRR ERR, AR SRRENE L. BA, AR RRE % ER
43 VR R BT 43, 3 TP 80 43 0 0 R AT LA — %, AT LA — BB 4% |
Pt BB — B FER A R R R R 4 4 B
BRI, R R — Bk R RN A Sk A% -
A B.CENRYER, S AMCHREM BMC
G, EAH R H A 1B A B3R R
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RAEUE—BA4RNEAR 23 EBKEE, LELE]RRHEES. £X 3
VG, MR C BB BE, FHik A A1 B #E M, 6 S 012 E ] LT #038
B LBHAHR,XB ABENMERAREENERKFES.

RNMERERERH BN EAEMBRTER, S BN R =R
159 R b I 38 BB B, 3X BN R 22 [B] 4 06 4R 8 B BG4 . X R B A
WHEBAMRIR A FE R g AL EEELRE &
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REMNBIEFTERE- TR . X, AN EFETEREXELRISL
KRS ELRELEH, LHFEHRE A MC.B M C E“F" AR HER.
B, R C MBaRERAE REZL. BN, &R FN"EEH,
£ ARMCRFVPER,ILAMCHIF, BRASSRER,BE CHEIHRE,
EREA—IMHRFES. £ C WisshREBUEE, X C 1B B8P
5, A B WAREE. ERAWM, (.2 DXPAAES MA", BN
EARAR—NMA=C,B=C,M\Mi A=B HW¥H*EX BRI LBEMNE.

HR, HETEREN FITMERREATE, FFARB TR R RETAE
L. R RO AT ORIG RS R A REBREHENTELHERN
HHREHNERRE. ERKBTRRASGHEERYE. BN A REMAER,
WELAARERFEN, AT RAERAE R GBS HAEMS, B EMH#HE
PERAZER A EIERAER TGS Bk, SR - MR FERETHY
1, R B — N LR R AE R AT R A B IR . R A8 R AR X R A 3
R HEERN R, F AR LA TFR-HTFERET R IEREEHF
BT BE . TR A S R A S) 1k R R BT Y TR A 0 B AR, R A B A Y
EEMH BN TPERXOERTE, BEFE 2 TE M TERMLETE.

HTEEMEESHGRBETHERENTREE. BAEHEFRN A —EFE
BEN R EEREM, T LGES M EMN AR YRR EEE LR E
TR HERES XN ARED R, SR B A . YRBETLHR
BN, UER AR E A BREITTMEARNAEM, MEFBERREIRENE
k. ,
EH— MR BEE T NREZR, EREE-THENBMSUKAETE
BN —HLREL. L TRELESHV&TEET 36, B g AR 3
¥ EERN S AL TFRIFENERAFTEL A ERTFEIYER. 6 TRER
EAEEMN, R UEREEREMNES A, FREFESPEMNMEER, 7
DASE IR B M S PR 23T AT A, X A R R BIF B/ R R & &
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ERLFREPES, BN AR S ERSIHRERS, MTARBE MRS
KB EARE.

EHEL BEERITNGERE FHAXNTLERFEHERETHER, ZEFE
BEMEAFR-MEE HRIEERDBFZER, W& KR KGR BE LD
RHEE HETENMEANEE B, BESEKRANHAELX.

ROFEFEFTERN T BREENHERE A GURRLFERESHE. BN
BEARAETE R EPR S T WA SRR A R —NRE, AR ERRESW R, 5
RBX— PSR B, B § 1.1, 47 A0, & & 8% WM ]
M-SR MBER(X,,X,, -, X, ) #R, B, FHENPHES,BE T MR
EEMSE(X,, X, X )ZEALARFEREHNRBERR, X— BB XR
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TR,

TFEHRIE S — e E RHRE R

(1) |&

() FREFEARM EERBR. AACBHEHELT ., SES FZHEH
A AT LIRS 2, SR T A BB SE, EHR S FBRR R £ 4528 £ (Clapey-
ron) % #2 .1 mol MBS KK REFBE

»V=RT, (1.2.3)
HfF REEEAKRFTH BELET
R =8.314 41 ]/(mol-K) =1.986 cal/(mol-K)
=8 318.78 Pa*l/(mol*K). (1.2.4)

(i) EEABREN, SE>FRIHMHEEFERAARET 2. EXHBERT,

R & K R (Van der Waals) 5 #2 .1 mol LA EWEEL/RITFRELE

_ <p+§7)(v—b)=RT, (1.2.5)
ab BFTER . XM REEN FRERNMERSAENFLLREL., LNK
BAE WA EHTFE NS ERS, HEEELSERELIHFSIHFARA+4

(iii) KB T . FABREHLRIENRES T B R XS 2 F (Dieterici) 4

(1.2.6)

_ RT _ s
P—We RTV »
HA a.b.s BEHLRIMENER.s WEANINZ EAR.

L 4



§1.2 AAXETEH BEHERRE 7

(iv) FHEH — B B # (Kamerlingh-Onnes) & H , Bt F — B 35 3 S AR 1 £ 58
AKE,FEZEEF[ERRETBEARNE pV # p BIT
pV=A+Bp+ Cp>+Dp’ + -, (1.2.7)
HHP AB.C.D. - 4HERBENRYE, 2HNHRAIE - F - F = Fwb )
(virial) 2 4, p B TFEH,(1.2. DR E BB IKEWRETE. EEFHR
T,k g ) REB AR RS LLE 2 R
A:B:C:D=1:10"°:10"%:10"".

Z BB FEH FIRE T ,E:"b’ﬁﬂjt,ﬁﬁﬂi@/l\,(l.2.7)ﬁtﬁﬂ§ﬁi§%ﬁ%ﬂ’ﬂ%iﬁ

PV:A+%+‘%+%+'"’ (128)

AB'\C'\D'RMB B SR AR, EEEL RN T E.2.5)THA
(1.2.8)ARER. Ak, 85 (1.2.5) K

VvV = RT _a
PV 1%V V
b_a
B RT b b
=RT |1+ —p—+yrt ot (1.2.9)

FEBE(1.2.8)FI(1.2.9)3K, AT 44 Y 78 BL /R 39 O R %o L B9 62 ) R 2
a

A=RT;B':RT(b—R—T);
C’'=RTb*;D"=RTbH* .

(2) HEEREE

WAETEBEAOW R HREKS) o RER A RBE I =TRHER, R

FMESFER,H

a=ao<1—§0r)n, (1.2.10)
Hb n A1 M220,0BRFE-FEMNRE.
(3) MR E &
IR B AR RS TR R
_H
I_CT’ (1.2.11)

Hep 1 BREALERE,H REGERE, C B THE. (1.2. 1) XN EE (Curie) I

2.
ERSEF B EX—EERETRE RN ER



