ST M R AT AR E KPRk

I

-
'
A 7
T A
"a
b
y
L f /
B >
F\
9.5

/4'? 75; dfﬁh\ﬂ



T Ol R AR R okt

AERF L A s



WA TR A

ABR R BEEFAAAREREAUEM,

SEAE HE AR

B E BT AR . ARRABIT OREF T IR BBGR T . T A% .
24k 11 E, FENFAHE: ROFENERNE, HEIMRAT
FHR, RURNAE, ZRANEMFEMLEEE RANFEE=E
@&, AEGRANERES, EMCRTRRERSH, BHZE %0,
Bagitmeksgit, RaEie, k&g, Frasgitmewd.
ABAEN @ ELRMELRELANMBEM, Wil XARSE,

EHERKE(C1P)HHRE

A% - Gt/ R ER. -6 . ——dLa .
B EHE B AL ,2019.12

ISBN 978 — 7 — 04 — 052040 — 8

[.O# I.0O%F- . ORHN¥F-EHE¥ER-H
QG i Y- FER-HA  V.QD0414

A T A5 4 CIP $di 1% 7 (2019) 58 097712 5

Relixue - Tongji Wuli

RXIwE PURE HIERE BURE #Hmikit £ #F iR R
mELE T o1& RIERT K B TEENH] BUER

HRET SEHEHRE [ fit hitp://www. hep. edu. cn

#t E dEETWTERX SN K 4 S http://www. hep. com. en

HR 44D 100120 [f] 170 http://www. hepmall. com. ¢n
B Rl KT ZAEDRIAPRAE] http : //www. hepmall. com

IF A 787mmx1092mm  1/16 http ://www. hepmall. cn

g % 215 B W 1980 4E 9 A 1R

B2 ] 520F=¢ 2019 £ 12 A& 6 |k
g 010-58581118 EN w2019 4 12 HE 1 &kETRI
ZifHIE  400-810-0598 E ot 45.00 ¢

AW ERTT . BT, BT R FRE,

A B A

(EL3 O
52040-00

1 21 B e =15 B 0 11K A A4



?}J\'jj%‘- . 1 if%miﬁl‘tﬂ http://abook.hep.com.cn/1254621, SR FHHABM 4B, T
HFH L3 Abook R,

gt ypie 2 MBS, HA REER",

3 BWAHESTIERKS (204588, HFFRETN), 438 Abook K
(587<hR) RHRM TR S 4B, SAIRRYE,

4 B HARR" R, FHARRFIERNES,

A[J Abook @ i

BhZE - IR (%5R)

EEH

BN GtME (VAR ) WPRBSHERNM—EAGHT, RERS . UFREMEIVERSENE, RHME HER, B
AMFEETHRNBARN, FRTEHAS .. ERARENFHROEN, AREFIRUBLESRANSE .

BEE i S Ee92 vewn: D v - otnooxRmeRE)

s » S S s R

BEMEE—FANFZREERER, SEERT, BLRNELERE
FHIHER, BIRERBSHENIRTES,
WAERRRE, B &MY E abook@hep.com.cn,

& Abook K7 B

http://abook.hep.com.cn/1254621



RN S A

AABITEEEETHAMM — BBE A EHERAANE,

LA RETHE NEALA SRR, FEHTHRERE RN, LREAY
(Rl ROBET A AT EAENBEAKALFE ALFE FEMFSE H5EE A&
FISRBTRSZRMBITEL ERERRH.

LN ASEERETHT XEBITEIL, R,

EEEREAEHAAEZR HERRELRFRETHRA,

L&
2018 4 11 J] Tt 500l i Koy



% E 1545 5 % O

AFFRRBESRELAEF O RS Ea EFBEAZ TR, EHMAXETLEFY,
—RNENARETBRAMA A AR ETXFLENHEEBR M T —RIH, &
HAENEFTEEAH . §1L.14 o A ¥R AT R, §2.3 AANT AT EMENB KT
#,83. 1 A FHAE, §O2HENRL, §9O.3MEMAGERN RN FLAKX HEH
#,810.1 KEWAERNFER, §ILAFELERI BT,

BHUABIT  AFS AR Em2H R EEMENFENR FHEBETHEHAHE ELR
AERWEREEL, il , £ §9.2HENREF , AMENREET ERR R KL 3 H X
TH*ABER U AR X AATE WAL, A REETHE TR hiFR, M6 XE
F EEAZUYEFTIREIRN LR, BRAFY . X, £§1LAFEXE RS ML
FRE AXNERTREFBFLEETRAXRR, URAMNER T AR RS FANERH#AT
TEET AR

REXRBRBEERSAA, EXRELER T 2010511 ATHERAFTH T, AFRAE
AWAERAECHHE S, B 1980 5 F —REREAAEZC L3055 T, AME, EXR
FETHH AL BITEXEASE FEXB  FE2ENMEA, 05 FERX, AFHEALXS
HEERRENRAHEMN R2ERAY WA NE LY EEFHIMNZ - FHETLRETF, X
RENBENERTNELABYEFHRANRREALE TEEEM,

EEXERALEFHRAFFMASFLRABAERZIIG, URNMAETEREEXRTRY

3 L&
2012 4 10 A



% 9kt %Y

AFEHURAEE = RN ER FHTTL2EHNBIT,HMAKE TV EET XX LA
WMHERET BRI A, EFLETXFLNER,

EEZRTPRAAGHENFEMXBREURGCZRENOAN G, HTETEHE &
GHETELLR , FURANGBRAENPAAREL L E-YHEEZEAENL  BAE
YEAWY ., EhEME ESIOANGTRELNELE R L EM, & TH B
RoMETE=REANETERBREAMABERT

EHEREWETH§1. I8 AR A @S, §2.1 W & A fn & A i
BB AL, §3.9 B ELEMEHER, §48 R FEF =T £,

HEMBENBL2PEEH A THAAL . FELAR BRANPFHEREE . -4 H
TRESHTHBE X TAENETESA EMAI2 AT LA ERENRR, A FHR
B AN TR, XTABE RE5F XA T FRAFER T XXX N RA, LB H
PHEABEARNBER NEREEEEMEFEENX R, He—"He i B 4 % W R 2,
PEHAFHGANTHERA BB EENZAEERANBFERE RS AN (L E) #
S EEMASKENERAFEL, $%F, TA LB LELNBRSH T, BT —
—wHT .

B AR RRNFHARRD , AFWABRTHRETE, EMBELELELA, —DHX
FTHEZRAFELHEAR, MR ZECE P ENS TN RE- LB HWEFERREANG &
BOUAFEANEIMEE"(N(R A FEFHE)F), BNARREFXMHEERE X AH
M, WENBRSF AT HAEAM R EELAFETEERNRE ., HIFAME A X KHEMH,
ERELRFERAEZELHEM. FFA«ERULRLAHRRNEN , RESF,

IFEAFEIREBRFAFTAT IR BETHSENAEN AFAFARFHRK
FHRETHSEL NN ETREAIARFHEL ), BITHWRERE , FERLRERE
MBLRZBRBFEW R HRTXTRE, REAFWFLEHTK GFaE, Rz
WA T - wE A EE, HNARIADELRAFNFVNES B RRAHAKAET L
ZHAE e ERNEFEAFHELF T2k, £FIRENMEITIR TR E ZMN
KEYBEFRAFHAN XF, FHEAEX EAMA— KT 0 EH

HEKTAR, PPHEROARAZZAETER, R EHGIE,

% *
2008 4F 5 H T2 K%



% =% B %N

AHEMERTE_RWEAEH EFRETELET M THRIAE, 4 —
AR FZZA#HTTHEE K

2HR N E EP RN FHLSERUPEXFH 2 6F, BRI RIFRITHEYR
ARHEM, HELAFRANERAEN, Ao XTHRAXERTHEFNXR, ZERBA ¥
ATARITMEFOER PR _EHEHN K, EZ2FHR,BRR I S5EFHR TN XE,
REFERKENRFAEHEZEEHBFHETA LT, ZRUETF AT N ETEL LA ITHE N
ETHUNEAEARR BMEZSRGERTHIHR, EF, REEZINAZFHRAERS
F hELEMZER NE2HTERRNMFHR{AF AR TFHER ERGEIT EF
Git AR FBIAERUH Y EFNER LR _FEN KA ERF NN EF LT
BRR BELZX, EREFENERG L RNELEATRNEKRAEAE KA TEL, F
BAWAR KE-NELNERR BANFFRTNEZRN —BREKLEZAN T HEH
ATUEFAE I FN AT ARARANNER, BRI AR T AR ER AR EFT
EHENBEETR, EREXMHHAEL TR TR FHANERERE TATUFEHAELR
i ERE, ETRAFEN-NEBBESRMALAREABXN(FATEIBA ¥
HREE-NAENOAT) AFMRANFERUNBEELS T HRART A BER - F N ET
Bi, AEREWNFEHELEZUHEHRETRUHECRERAAERETET A FRNEKF
ZH TR ERE RS E AR RETENRR, FHE TN AREETETFELY
FREZ - MFEHEARARTRRETN, IHFENELE, EERS (A oA REK,
RAMIZENRMARAE)EETAUNRABRZAZ TN AR ERGAOZE, WHE
BETEEFRUNEH T EHREA, 2 FHRFRAHEL, ARSI ER., AH K28
GUEETRU A7 R, ANRAZIHAERTELNRELZE T4 FH , EEEZNET
NRHEZEGIHEEF Rt AL, BARGER LT RER MEEREAT AR I TF
AR, BTAELEARTARWE LN AL MATBEELURZEAR K, RINRE
“EMT AR BRBEN TR A THEENEE,

RAFRIUTHERAE I L0 FRE| 20 ML 20 FRELHE R Ky, XEAER
S ERTEMLGNALBE RS EEHRE, RNRBRETURE P ELAREL AN
HAEHM, BT H—FR RANE §2.8 HRRABKEBH ¥ H o A4 T He—*He # % 4 %
T A EELEHRTFEABRTTHEIBRNF, AU TFRANANE T HHUE
MBS AERFARAE§3.9MS10.2 2 R THRB E ST ERAMER AL KES
KW ER N BTHEFAAE L EIBINFTHRE-ZEAHERROFAR &
§8SHRALBEMETARRN BT ES A TER TR A B TNET b TR KM
ETERBE;ES9.THEIB LA UERNETFMAANETF EFTAANBT THAK
AR FHBA;ESIOS UAFBR . SEHHAFBAEEHAARRTHAZ T FRON
B, %, EEXMIBFAENBTRELH - SHH#RIAEA, RNFZEREHE TR



1 B=MRESIHA

FEMEANENER FERAFENNE IRFENXR  ERFLENHFZELE,

ERMEANEL L AR RNER —RETOLLE, RFNWNEERS T H, HFAHR
RAASHERELGHREELHEH PP ALETTUG A ¥ L hAE,

M1980 FAFE —JRER,ZEACHA20FT, AREFFAARBIT AL OIS, FE
FERATMRS XFMFY, AREFTR——FF, REFARHLTAZRIE . E
TR MEE EY HAAFREE, ARXAFRAF LT REAEH R, EHFEAF
ZFo A PEHKAEFNAC, ZRA%X¥ERFATERXRELYERAAER ¥ 7
KRR EIMBEHRFBTHIRIAEY ., RARABABRPBE L HBXHE T
—RACAIHFH, EHHRMABRACHBRFTFATE-RER RETERNEL £ =K
BITARY BRXALZEAAMRRECEZ A2 IMNAEZNERAR LT T AL T, %
HFEUKT RSB RMH,

IHRAAERZREANFRANBERFNEREIA, AWFEFRTRENLKET . &
HREARTAFRFRAZEREI LA W RAAR, EREKH OB RHFF X Ut
FENEM RERS, AXRAFIR, EXTHEN R EENREINTF &,

GEXFAR, T ERPMIRLZZILENERL, KA EHXHIE,

% F
2000 4F 11 H F 2 M k2%



% =B %5 %W

BAFE -—BREREE RET, hEEE RPN 2FHTTL2EHEIT,

B EREMME A AR, B 12 FR RN 1l F PR FS F, R
WEX6E, RAFBIMETERNE=F AXABZHBEL R §1.18 f0 §3. 1 /n
T83.8IERAL MG R . §3.9 WML L HEER; §48 RN FE =S HNHR K
TRANKD . EUHYBEFBOINEFIEA S, F—MRERMEZTEFREAFHEHET
GUHHRBRAE TP HRFRE AZRBREFEAE T ERPHH. $F_MET &, #
ZHRGEHREFRUAINHE. F_HRMERKZBFLEQA FEL TR ANERE
HAEEANEN§6.6 1 §6.7 R, FAES6SIH BT =FoANktE, FE5%FF, & §9.1
w7 X EREE, KEERF, BT §10.2 ERAMANKEMXIK.§10.4 FHHE
FfnEE X KB, AT LN AR T, AR ER,HEERER G K)RKEK,
B FAGg BEREYE A MARFEBENEFAE A TRBMETFERKE,
WiHe thE R A MR IE 0 AU T HIEL, AMALR, $%, MRXEETT £, %Mk
THROFERNBFERBEEAB R AAINMIGEANHIXE D EETERANR L AKX
THMFCo UL ETRAIRANEY , AL HY LWBE ST TR ——HRT

ATERTREAFRNEE, S _MAE -, MARKNEZEE R, H EHA
HWHRFEOEABRA FER T L R T EARNER N AN, E A E S A P H
ol TR TMEFANEANENER FEAFLONT, RIFEERDAH o, FRE X
Br o SU1E oL BB 3 M .

EBITAFHARTRIATHSRAAHAS XFHY. REBREZGFEERY
BERFHR G ERALCERYEAMBERANE SR T EMAENZH, 191 F4 AEIHES
AIFTBRTAFHBIT IS N, 2 LH S RMELCLENAFIRNERRETER
Bl 9N FIAELEBATHERLN, 54RFEAE FHBFERTBITH, %t —%FH
BEFTHRENKAH R, RETHAELMEZYR, FASCUMRGAFHREF B R
Ko BEFRIENARRAFELF(EF), X AFEY, EEAFH AR, EXKRF
MEAE,ENA%FRAMMNAEN R A EFEAFHR W, EHFREAFEF &£,
THMEAFZHPEGTABAFLZDBRERR., PEHFEFRRERAREZRPORH
A TAFRIE BELR  SUAFERFESFEABR L GERETRARI G RER KL
AT TEANN TR, BERFTERLBEET . ZRE HE2REFERIZLTT XFHAEE,
IMAFKARE FXX AN BERAIHBTYE E0 FEHEITH., REELBI—HF
FRE GRS

HTRAEAFAR  BRMLZZIALENMER, RAEZHERE,

B
1992 4F 12 A F 22 K2¢



-5 %Y

AHERFRAFRI) RN ER 2L 60F, VAR AR AR AN EFR T WEN
EARE it —SRHENNA, TREAFFHANRM ALFETWTES , WR¥
B 45, 3X 868 7 DM & R o

RRXAKF(EFH) ZEAF FFAFE AEARF ARFAF ERLKRF¥ TLA¥ 4
FHEAY LBEFEAY HAMEAFNFEARERRAFERKAHOEALZS T RXHH
e, 5LRZFANE ABHFRA TR RETHFLEZRAEL, FEREFR2N
WEAFEZFTHAARXAOBER AT TBE AR BARERRXAERSFRIS
CALR

GERNSMEROBAEZAAAFREBAN L MRS ERHE,

I
1980 4 6 A F 2 M k2



i

B= ...
£—E
§1
§1
§1
§1
§1.
§1.
§1.
§1.
§1.
§1.
§1.
§1.
§1.
§1.
§1.
§1.
§1.

O 00 N N W AW N —

T T e
N O L R W = O

Y BB BE AT sonoveoes sox sesiosnons sus s6svsisns sus sas 3w sansasionsisss sesiose srl svs sosnb st ssxsmioniss

124 R GERF RS RO IR

s e
SIS T 5 v el RSHA S RS AN S b A TOR A9 Ha SaINED Sa AR S5 S8 AR+ ARG
T s st Skt o £ €S S ST S St i S S 4 T S ST
BUBTIWE  asonuion wooieioss i ZUHSHSIHe 57 Ja S o X5 Sdiesiads S50 SEAERRGR S0 TR 508 F5 Mo uaToH 293 AARRRINES 455
PEREIAT T IR o otesorams sty i 0 5ot iss s s sy 3 S ST ora SRS VoSS 508 SyiS A S v
PR R AT TR FBFERETIEL o eriowvmos won wooinnsinns can suimisninns samins siomoimnn smsisnemss avs supesmimne vus
PRI PR ERRIE TR wevioss s ssasins s canasiosiedon sowasess 5 was £5.50005.23 ¥or S4aimeaisan £35VoIawe 40 s64/ekoiaza v
B TEE AR — S oy o imeiein e s s S8 S ST i el e SREEY ERIS YR Y5 s TS
e o e e e e I O e e P SO O O P P S

ﬁ%%%%ﬁﬁTfﬁ

Ty TR R R AOR

§ 118 [ i BE N7 A 107 oK KK

> R -
-+
§2.1
§2.
§ 2.
§2.
§2
§ 2.
§2.
"§ 2.
18-
H=E
§3.
§ 3.
§3.
§ 3.

e N O AW

B oW N =

HE M R F M R

PBE 8 AT S T BT B BT AT Y wovs v somenarsisdun sonisnvisis don o ovaisds 553 HAaRvaess wons s obe is
L I S0 IR B R o coversun s s suin g snsollasan s s 5 S S o SR e SRS e
B A TR AT TR RN BB HREETR - v=n voeivnoinan s noinomsioins somoninimosison wusiessissainas sesisnoimes sorlasamonsve
BEACH F) 2 PG PRI ISE oo on somvmsss vt oaiainss +a% 6-nai9a8 495 SRETRE0E £ HAHSTEHA VL o sWHT05H VOR SR M RTR

R pR B

e e e
BBy BRI 0 2 s <ot i €555 93.05 T8 55508 e T2 ST 74 5 ROl 58 4% SeCinRBIow SERAVRIHA KR abk Bl
FEAEMEAR B wot cwsienuior v cvaioueisns wws £oeieseiat o s aboibis ves S4wmEaien von sia'e sarass suvisbuiees due clbimagene

BT BT e v s i vt i i B R i e G
TSI EIEL +evoeon wsscoin st < mim ii wsri i ame o s S Asissisn i somsn st Smsessinwa:n s mla i
T B BB R T issess ansh s 458 S8 0 5 448 SR s 4 i S SRR H A 4 SRS
PR BRIl oo vamaasianeisss son s ftians 53 S04 2% AR TS Reiare SHEANSI R s a5 e S

LiVTCR CEN R R

Jﬁ]‘fﬁghﬂﬁﬁﬂgfé’jﬁmm



§3.5 ISR ARSI TATAIEETS «ooooeveeore ittt siesiesis see tentnn st sesseesessen sesseesennes 73
*R3.6 VHTTHIIEIL newroesmsmnmnss corisssson souiyayssntsas ose'ss sesiesason s g eiins sus iunissois isnts SERIRSE B SR smeismistn o T
“§3.8 I[ﬁ.‘]ﬁ.ﬂgﬁmk L T T P PR IPRTTI )
§ 4. gmgmmﬂ%m&mmﬁ%ﬁg.“ ; R A e e St SRS e G0
§4.0 BB BATTETLAE rone wovmennon comvssin oo dasissis sarase vanissaistsiins st seisie suiaduon amisss gomoasows sn 93
I P S R O S R S SR
*§ 4. TIERMBEIBH  APTEATEL cceeerriees i s s s e e e O
§ 4. QMy@%ﬁ.mmmmmmmmmmmmemmmmmmmmmmmmmmmmm“m
§ 4. LA Wmﬁﬁ.mmmmmmmmmmmemmmmmmmmmmmmmmm”%
j@ e e - 5 SRS R s S oS SR S8 S P S S eSS R EEE se AR ses sy ssues e 100

§5. e SIELMETE BEERBIS JEZR oo s []5
*§5. b DAY i e RSO NRNNRNR |
*§ 5. AU 22 57 RE 5 3 BT R overr v wor s iaie 44 265 405 564 BhwRHE 08 haebates sas sessanon sonsbmant ns sesssannn ons |24
85,6 AT RBEIEIED M KT BHE < smsnrsnsns vossvaiss ss spewesuss syssnn sonsns syamnsiass oss sdonaivns sss 127
‘M. A e BAlSE o € A 0TL o O RS RRRROSERRRRRRECOT IR RRERIRIR e SRS PRTN S (7]
§6.1 R FEIREMEZ @pL st e i e R i e e e i T e eSS s Ao tes o 136
86.2 BT AR NI T HESR wevsvnes 5 555080 548 snsienisss ssnssoinsase svs asnssanss sabmmsnssime ssogasonsass sve 130
86.3 2GR BRI USSR oo ssmm wssarontn ser £50 33 a5 sm dssinshisni s SR U St avs B Sasisnemaves 143
§6.5 ZFA0 FURHAMIRTE v onieonso vesisnomen soe sumasnians sanssssssiansinnnssnsss oss smosesinanassssosason samssasansssiass 147
86.T  BE AT A s e st s mm s s34 5 A A SR S R RN AR R s s nen, 150
§ 6. S RULIATHYIEFR voe ovorvsmrves son sumuns ans ouoonsumninns son'ss sas Sonisns s sas upmspaisssisapins sinys sas iqmwssivns oo vwn 154
- e rarvilu i i i o e e e A 8 Tt T kT e o s AT et feetesteironetey (1515,

~N O B W N = 0 N N AW N -

00 N N W R W -

§7.
§7.
§7.
§7.
§7.

[

B S R T ob el ot n ittt i b e S e S n e Y SR SRR oy lres SRS
T AE SO DR M8 5 B0 - o e e e il i i 25 i e | i e A1
Sk P S R L o e v R R SRS SRR S e A e e s A A e e pinas TS
BB AR ST vovuransontownrmersssen s saieonsan oo dsAnmoas s s as S Sn s A Fe 98 A S e T a5 A

A O B P BB I v+ wsimsn wmws sorsanio s wnisu s sstens ssinslasn e oms 54 oI 0¥/s 3 ga s SeNos R wen 348 S mrg'

157
161
163
165
170



ST 6 BRECHRIRI oo «oomsrornissn sosmeessse reskisssEosies wiyasnssswsn oxowonsen Sy Wdion phiedeosty e s i@
§7.7 (R ERR B BUERBUBITE cvnrvnsvunss smennesswss sasorwrese shussmnass
- 180
ST IEEBEIFFIIEHGELE oo oveveereerseeseeens e ees et st e ets e eeeses e s ees et st s e
- 186
.nﬁﬁ}_ﬁg/@t&ﬁ,mﬁxﬁu SRR g i RS A O S S B SR e S g
5 R B Bl T o e e o e g R B AR AR 38 AR BN A eSS

G0 B GUBEE SR wnn o romse s A A ORE S SH RS PSR GHGA  d 0 SS AR
. 207
HIE)”H‘? SR B S B FE BT o comemmimmvmon e vy st TR B st
ll—ﬁl‘l%?”ﬂmﬂ’]ﬁlh%"é\ft
Wi'He BOVE R AIDIE B ILTEIE  ANTERIEE cevorvrereremeeerensere e stestessstnesssn saeanan e
IR RGP FRTET R <o covsnensn 5ot vonssiitns smomnmsnists Sxwavassin it foviasions suamvsionien
. 238
80,11 BN RETIE M SR ISR vovves ssssvnsonsn sonssiorn sun ssuisspisss sosivsnbs sines atsimes S £33 53 53 oinen
§912 EEMEZHBAR AR ATERI coooreerrreeerrmreeries e cetste sttt et e centen e snee
- 246

§7.9 fil F'“U\A

§8. 1 IyEhtmgiit Rk -
'§ 8.
§8.
§ 8.
§8.

L " B \S

§9.
§9.
§9.
§9.
§9.
§9.

“§9.

§9.
§9.10 FIEW &L

o

f%( lE }J] /‘?‘\ 5

O 00 N9 N W B W

-
%1‘5 ?’&EIEI‘E

§10.5 AGHIGEFBLIE oovvernreeeens
§ 10.7 A5 32 3 1A 1]

-
F+—F FEHSHITERRUT -

§11.4  BEH2ZS B M

176

+ 177

179

182
186

188
190
194
197
202
205
205

211
215
217
218
222
227
234

239
242

-+ 248
§10.2 I B AAPIRIE B BMUTETE - coemeremmrroeomrtoeomter s it s et s e s e s s e e e e
*§10.4 WEFISBAREE LR  WIBPE oo ver oo
- 261
§10.6 A BHHURE Zh i A9 F OIS ] DG woeoen e e e e
-« 267
- 270

248
251
255
258

263

- 273
§11.1 BEHEDHBREGBIEEFFIIEL -oocoreerrorerererrecorsstostnenesonstans o ensssesson sasues on so
-- 280

273
276
278

284



§11.6 HABCEAFRIE S M ASAATA BB cooeever s e e

&Z24H
E B s et 5w s e s s i
P2 I BOE g R

HE 5 L Rk 3

B R
[ BB EIE R S

o O W >

=] [ TN DR

A 7/EL e LR AT, /A



[}
—_
o

+

FRATAE H A 6 v 4 fik 9 25 00 90 1 J2 ey Rk BROOAE 1 (0 1 A ORE 1) 4 Y. 5 2
TROWRRE A 45 3t £ 47 3 JC R B9 32 2l AATTHE X A K2 RloOURE 1 f) TG HL I 32 2 F% O 9 J5i )
iz gl Yoz sh A7 1B B A RLE . PGz Bl 0 A7 75 S 98 52 R B 9 S5 4 45 b 2% A R 45

b, W R A BT A TR R L R R RS Ak RO AT ) 5 1 A BR BE S5 R

J5t 1) #z B R 25 K. PGz Bt a0 SR 5 e B 5 W) S AR Gt ) T A
T MG B A 55 2 - B S PGz s i R B9 5 RGE sh A SR B v )

i 2 4t 1 AL
IS 2 NG B AT 55 BAR AR R (BT 5T 64 O 3 2 AN (R 9.
Ty R POz 3 B % B e 8 A X BB R A LI L SE B A A A, AT S BRI
HEAME, XMERNFHE—-ER B ERALT =ER XN EAMBRELHZEK E
25 EMT— VIR MY R ARG ARV, 0T HA & B a] 58 2 F % 58 . 34 H 2 DL LA
HEAR AR A B A, 0B O i ol 0 B B 2 ] DU ) R A R WM TR Z B R R, R
W ot A AT 14 T e R RE S 08 BT AN b R A {8, 5k B 45 18 it B AT TR R 0 T RE
I 38 AT 2 R O, FRATT AT DA A S BB AT — DD R M R R S H 2,
R 2 BRR A B A 4598 5 W Ry BAASE 0GR I, AR AR 34 ) 2 R AN T RE St B4R
S WL ) B, A REAS B R AR S5 R b, i e g

3R 4R AP A S B 1O P b 20
BB R 2 Y SR BR A
Geit Wy B o S $az s i fOU S G it W) B oE AR L) B AR R el KR fROULRE T BT A
FRC R 5 — 52 R, TA R ) 54 2 WA TR K R RO 1 1 i A R 1A R B, % L B R
WL B W GE 2. th T B R A B G2 3 A T, B RE RS HE B 2 b =AM
BN AR BEIRES T — N ARG R, X =N E AR g R S, 38 AT LA R K
V& PG AATAN B, 75 X ) S5 4 i 0L 45 4 A Hh RE S MR =2 ), N 48 i 4 BE 24 BRAE AE T LASK
15 H AR Y B9 RR 1, OF B B 7 AR sk SE R M ) ROWL DL EE. ST 0 B A B R R h T 4E it
o

Py B2 XoF ) S5 A OV 45 R T A ) A A LR TR A IR AR R, BT S A BRE A5 R Ul TR AR R R
LY. 28R, B A X T3 45 R AR A0 TR AR B8 5 0 B0 K B, B8 T B 1 BRAE S5 R L S

MR
AT T I RO EE A, S TR A 5 1A, o 5 R B AR R W 5 A P B, DRI IS R A R i

BT T 5
2% 3] T 3 T4 0 PV P8 25, T 10 T LS 5 2 A LB 48 % O o P
S 7R 0 D90 TR IBE R , 4 B 1 B B o1 6 AT 46 1 .



%, —3% #HhHoFHiLANE

§1.1 RANFRENFTERTREER

A 2B 5 (0 X G2 Fh R BROWRE F (43 F s ABORL 7 ) L 2 I TR R 4. 5 R 4L
R AR ELAE P H AR P A RR A 0 SR AR B 2R 5 55 A0 L AE AR TR B0, AT RUAE LUT /9 X 40
4R BE A P TS, A RE R A 0 R AR ROV AR A W B, B
BB ACH M R R SHONRBEA Y, LARE RN RER NI R MR, BT
) O 114 0 3k B0k 2R FVAR LA T, DISE R 6 A AR A S B b LR — A AR Y A BR ABE . S PR A L
2, YRGS S A AR A3 0, S e B RL T RO /D T R GEA B Bk T B, M ELAE
MIRE R /N T REA SR RER, 7E0HE b ol DLZ B A T, AT L R A B E I R G U
JERAT2FF X — WS AE T 2 FGE TP B b o E R . A ORI A& I ) REUH A
F=wPUETHE, HETE A% E.

WA, — DL RGE, TR HR S WY 5 4, 2e0d I8 K () I (] , o 2 3108 Xk

(iR 25 F G0 2% o 2% WA J5 7 4 N (8] YA e A AT AT A2 A, K R B IR 2SR Ol R g 2 o
AT AL U B,

S— , R Gk HA) U RS K B - bR 2 i 28 D 4 I 1) R st # e (]. st £ A ) 69 < 8 il
o 1) S AR 10 T T . DA RUBE B L A St B ) T AR e T DUAR K. LA A%
1 7F B S A S ], 38 2o 43 0 B0l 4, R TE 10710 0 A T RAAE /D X 38R 3 s 3T
fily , T A A 010 A 0 5 i A A T S AR A R 9 B R B B B S A K
HhR] RE T B IL A3 B, 7 1K o DU AT R 2 /N i ROR B 3 S Y e ] T 6 S SR OB
BIF 5 049 2% b 2% LA S5 R AS I e [ 2 ke, AR 7 b 17 BBCHC o 5 < 4 st 7 I [ 4 A R 4 9 it FR
Fif ]

B IEPERET , RGER WA B AR AS Bl () 250 H 2H AR S Y R R RO RE T
P TFEA Wi 932 3 2 b, FUR X SE fOUURE 32 2 19 8 1P B ROR AR T 2 [N B 48 )~ 19 °F-
AR 2SR — b Bl 0 1 87, R Ry A P 46

= EPRARTR R GE R L B 0 BB A7) 23 Ok A R s/ B Bk v X b K U A S
LA AT DLW EE B AL, Xk T8 WL P R G, 7E — B DL T Bk = AR L B RT L
2B W ) AE A 22 P AR A B Bk v A D S SR AR R G 0 UL B R LA W R A
BUA.

D AMEEHICLRE NS KM IR 5E 2 %A RN RS A NE&EEIOULRE SR EREEY
A AL A R B R ARG — & L BB AE S ik &AM e L ameEEE s S (ED
% Y RS S ) MY FE S M R B Y RS R R AR SR T LR R RN RN TR R B R S X
SEAE TR LLG 228 B 5 FhAF I .



§1.1 RNZRGHEHERERAHER 3

S0, I 2 T I R G A I RE AP PR S BB R BR TS R AL TR R
AR GAEN G TR RGE S ARG REREBE -ANE G RG, AR RIEINL R
G ERENMESHEB R L TAEFEHERE. RIMNUBXED, N TRAELEMEEFETH
ARG, R AL A9 38 7 2 ok PR O P K E R R B AL P8RS I R M FEME
7 F B4 9 4> 28 423k B 48 3 F i 1) F # 2% 1F

BAETHE MR — AR E RGN FERESTHE 23S, EFEHEREZT, R
G 45 Bl 2 WLy B A AT S L BT 2 R T T A B T IR 2 E 2 el R L B R I B
{8 S B Pl T 5 LA 22 6] A A BBk R, R B B AP TE — 5 Y R BOE AR X gk S L
AN AT RE 4 Rk 57 b R BT AT AR 4R ) A Y P S5 A 8 Y O e ok B R LA R W R AR
Jo AR GX B [ AR AR By ] LU ST R 3R AT T BIF 5T 60 AR G A0 G A o O i SR AT LR
BN ENR PR XL AR DL E RE M FHERES, RO EN VRS S & HA
(14 7% WL ik B 4K AT L3R 1k DR R 25 S ik 0 R B, 8 PR O RS R % 3R ATl i LA B
AL .

B BT A 5% 1) 2R Gt 0 BAT [ 5 o it ) AL 22 ) UK U e — N B A 4 B, B A
il 72 B9 AR BRI S A SR XA I 8, 8 5 BB, A R B TR P7E RS AR A B EF I
A EESR A T R B R Z AR EELOTFREARMERNNSS B, XS
AT DL ST SO AR AR VSR S B LA R B, W SO S R TR SR p SR AR
PEST, WY A8 T 2 2 Ak 08 T WU R 2% 16 () 1 A [ A, o T LAFARRR V R 58 p AR R LA 2 i
R H1 2 2 KA B AT 80 1 SR 25 X T AE 2% i ] 4 1) [0 4, JLART 2 0 R 2 2 4 R 7R 5K
A0 g A AEAS A R FRATTBR T8 4% i [ 44 F [] 4.

fBe tn B E 5 A SR TR UK Bl SR & A SR VR K =R A o, WA A
BURI T 585X 1 > 2 iR L DLSE 24 5 IR & SR RIS, RO 1E 45 2 1) B B AR R LR
5 &, = AT B 2 AN ] TR A MR Y B 2 TR S A [A], R S e s A [ A ot
5 R AR S 78 A 2 0 4% A 2 4L 40 1 B 81 45 23 9 TSt m, R B A i,
XSGRO S i

B an 9y Jot 2 8 2 Ak 7 HL 35 0B 35 +F B R A B R A T, O 0 05 | W RE S OR H A R
GERPIRES , Bl e 3758 BE E RUARAL IR BE PR35 08 T o REAL SR BE M 5

BEREU, ERNFPHFERNIILMBE ¥R S ENLYSEENES R
KAl T RGO AR X YRS RE A R I 2B R A S a1, e AT 80 535 R
T h%E R EESA A S VS L AR 2 B, 2 BT BIF 50 60 42 38 2% WL 2 A T AT LR R
X DU Sk B BR R 28R A0 SR AE BT BIE S 4 [ R R 9 R LR B, AN L S A LGS R
AZ B G EMD A RS, RE XA KL, A BT ALY S8 A X EIE
TR EERR VSR p RS S B A LU E REARE RITFRXFEM RS R #$

AR XS 22 F PR S R BRE AR EZ 2ed RES B YN BEHEE, 5
ARG F 25X — R A HT B P s oK. FRATHE , A LY B R G, HAR R 5 AT B 7 SR K,

ml
O PHSYER R, F TR R m, BRLOZ Sr BE R B M B =g



4 B—% RNAZNELRRHFE

BRI 2R G5 S — A VRN ) BT R R RE AR R AR R b R A 1L L1 B s Y R L A —
TE W HESH R TE AT, FF i R Ak SR BE o 1 BB 5 R i T Y
LT R A R A BAZIEXFE HME R ZSH §1.4 s
(1.4.8) Ja ry e B 5 e .

WER— D RGE AT ET R 4 — P, X RGN
B 5 R — A ST B — AN TR 38 ) R L AR Oy BAAH 0 =
RANRBEANSREAZH SN AT LA R T A2 50 1 #8
O R GEFR N A R A5 0 K R K 78 SR B — A AR &R L, K
K —AH K ZE R R T — A AH B T D& T A IR A Y i i 2 X
oM E A TFEMR, B DHEEH BRIk S E Ok
Tl A I B TR G0 3k B P, 0 B R — o 1P AR
A S R 58 4 2 ST 9. 3 28 [ RBUKE AR 5 = F A SR 1Y
wrphe.

BRGAE T HEOR SR, B S UM E NS T RATR T e TR B4 RS
AR A I8 B HORAS  (EH RGE R 5 A T AN 4 A A AN /N ER 20 A5 SR 2 & A R O
BT IR G, BT 4 /NER 43 0 5t 34 BT 8] Bb A 3R G0 ) st 9 [B) 2 40 45 &2 TE 5 S/ R 4y
HEAE 2 85 158 0 TE R B AT RE 5 43 S0l 0L M A 7 R 38 S IR S T X R R R 4

BN AT A BRSBTS X — 28 ) B0 A 2 1 & b ie.

S5 B — T R 2 0 B AE [ B B AL P, K BE A AR K (m) AR BR A B R ST

T K (m? ) R i A FH A B T B B B R AR (N A

IN=1kg-m-s?
FIF L2 58 ) 037 i 2 4 45 F 5 K (N - m ™) BR M AT (Pa) JESRIA A — A BLA7 atm (FR N
PRfERAE) A

M

1101

1 atm=101 325 Pa
etk i A RER (D), A

1J=1N-m
FCAt AR T 2 4k 1) B4 7 LS Bl 824 4.

§1.2 HIEGERNEE

ERNAAT BRSSP ERESHRES B AE IR E AN — Y8
B

Ik JBE SR 0 A ity v PR B kB ABE 3 A1) 5 AR i ) kS O LA Ml s R D R £ TR
A0 5 X A 5K 6y AR 22 A T W 11 13 1

R PIASW A ] — [ 32 110 W P 45 B B O, 60 79 9 4 22 () S i A 00 J5 ) 52 45 R g ) A L A
%(iﬁﬁ&ﬁ%@i?ﬁﬂﬁ)-ﬂﬂ%%ﬁﬁ%ﬂﬁﬁ#mTEF‘?‘ T A ) A S A BE AR E A fik B, )
AR B PR 25 AT LA 52 4 37 b 2K A A6 I B AN S D, K A 48 BE R B A 248 A Al 2 A F) 2% BE B
EIMEEE 1. 2.1 B — T Ww%%’&@mﬂﬁﬁ]ﬂﬁﬂ%‘[ﬁ% AT L E o B gl i ZE R SR 1
PRV o SR ] 88 BE R A B Y, AR 2 RS R SZ AR e [ 1. 2. 1 () ] A 2R e ]



§1.2 AFHEEMEE 5

A RE B I, AR 1 IRV, RAEBUER, SE 2 RE B SR ERZE[E 1.2.1(b) ].
1 A~ 49 A G ok 7 AR RE AH B A B A B fih B BN A & B AR TE R IR A I R A
XA PR T A, 250 R, —BOREM Y o
1A 11 - Al #1525 32 B BEIR , B AT A AR A AR ke A
HEZEEBKAEEZE, EMNMRESERELE
’}tﬂ: 1fif ik B — A~ 4t [a] 1) °F 7 245 3R AT AR X P S B 1A
RF] TRl 200 R W, R YR A ik B % A
HAER —REM DK C LBV, A2 A 5B
AT I A, AT o Ak AR ROT i XA S R FE AR
R A8 B0 i 5 A AT DAGIE B b 7E 7 iR 2SR 9 34
J2F R G AFAE— AR R B, X F oA 30T i 19 &R
G, 1% R B BB AH 45 Ol WTAff ke DL, 3R AT 2% T AR R
SR8 C R TEMCT RS KB Ve, KRR pe.
PAp, #mBRG A KRS NFATR, R AL CikF
POEfr A PRBLV, SR R R WX R UL FE Y,
paiVe.pe WA Z B AR E— D RBER .

SacCPasVaspc,Ve)=0 (1.2.1) (b)
b 2RO b AT LA A 121
Pc=Fac(pa,VasVe) (1.2.2)
FIHE, W RS B 5 RS C kB RCP6, TR RES B U LRfFTERBOC R
Soc(py VispesVe)=0 (1.2.3)
Y,
Pc=Fpc(py,VpiVe) (1.2.4)
W A B ERYE C kB HCEAr, 50 (1. 2. 2) MK (1. 2. 4) B[R] ik sz, BA
Foc(pa,VaiVe)=Fyc(ps,Vp;iVe) (1.2.5)

{F AR $A0OF i 8 A, 2R A B AR5 C IR BIIAPM A 5 B b ik BIHCEA, IR ED A B RS
St [ W AFAE TR KRB R
Fan(pasVaspp,Vg)=0 (1.2.6)
R(1L.2.6)BERK(1.2.5) MWEER, AT MR (1.2.5) K (1.2.6),X(1.2.6) E5ZE
Ve 2, (1 2.5) B & A8 i Ve FE S5 R aTIH 25, IR B (1. 2. 5) R n] £946 4
ga(pa,Va)=gs(pg,Vy) (1.2.7)
A (L 2.7) 6, AP AR RS A 1B, % A AR HBUEA 5 00— D RE R g4 (pa, Vi)
Flgy(py,Vy) BRI, 1A P 1435 B 30T 65 i B A A (R 19 v e BE—— i B2 BT LA eR %K
g(p, V)R ARG MR B B AT EAR B P E e T E FES TR RENS R
B—— IR B M AEAE. i T HOF- i B ZE AT 2 Be T i L, AR ERR I R F R T E .
POV FEA LGS T R RS, T L AR BT L BIR BE A 5 ¥R i T L O RGO
P vk EL A AR (] i T BE , FR AT 7E L B A W 4 R BE B, R A B A R AT B
S IR — A o 1 0 A 531 5 3 T A A AT B i R AT T X A Sl A o ) 0 A R



6 F—F ROFNEANF

BTt

B B 0 R AR, 3 A Z00 KT AN () B v IR BE 5 T BO(E 9 R, B T AR B
FEAAT 258 FHE AR SRR PR AE b ofE. T T X R AR AR AR AE — 1 B A A 0. S e A RUIER
TR AR R SRR T SR B R R AR, DU TR 55 i ¥4 PR 10 o 2 1 R b R
TE SRR BE , IF R aliK I = A SR E (UK K K ZER M S AE IR E) B A
273.16. Lk p, /R TE = A A F IR EE T A0 Hs® , X4 0 B T SR ) SR R p B, I Z
K FHE X AR E T REE R

T, H‘Jﬁ{ﬁ=l)£x273. 16 (1.2.8)
e U A AR IR T R AR A A S S0 R, TR SR T A PR R, 4% Rl A BT A
FEW T #a T — A L] A0 85 R AR | 3 A 4 BRI Bt Bk 1 BRAR IR IR AR R AT T3R8 I B
AR AR T AR
T=273.16 leim(ﬂ) (1.2.9)
p—0\ P,

A K(IF) 22 E m A4

TER 250 o LRl B nT LS — AR 488 141 {7 2 AR 8 5 v 0 T b, B R B4
J12E IR X AE § 1. 12 rhFak. 57 2 AR & 30 ) 27 B B AR b (8 R A9 A o R bR, 7E
§ 1. 12 3R AT K E B, 7 AR SR TR AR AT DA B B S o, BRAR SR IR bR 5 A ) 2 i
bR —3m.

H A 36 v R ECE Fom IR R QR B ¢ SRR T 2 M BEH X RN

A A
g% 27815

% EC IR B Y B 2 °C (BRI ) .

§1.3 MEBHE

ESLIHHE, - I RAO%RENFHERETUHENILMSE H¥S 8 ¥
ZRMUESENBMEGHE. £ § 1.2 PREJFHEFEN 7,5 FEHRETRAER
Ge AR A oK B0 . ) 28y R R 4 R B 5 RS S 22 ()i eR BOR & [ O B A0 i BT
R SBR[ A [ A S TR AR R G, nT AR AR VORI SR p Ok i 3 E AT OF
RE TR BRGNS T R — e XN

f(p,V,T)=0 (1.3:1)
(L3 1) R R B R R B B 5. i T p VT Z[E A1 X — PREOR R 15 S B
(LRI R, B ATT AT AR 5 75 {8 44 op B A A A 52 2 i TR 58 = A B R R X 1 dk £ e
Bpln, 2% VAT EEML SR p ERENREGER p M THEEMLZE VERE
T BRI 2L

JO7 FH A 0 2 BRI BIF 5 2 B (] R, T B S 7 B AL Nk 8 T B AE R e b 2
— AR A T R A Rl B P 25 T R Y B A R RO R R AT h A ) 2R IR HE S Ok T
B SE I R AR A B O S A, N T SE T B s A BRSO BT LR ST R X



§1.3 & A 2 7

B LG B 2 o VR R,
TENABEERYFERY AT RZE, RITENB IS E T BRA LY. KK R
a
a=%(g—;/‘) P (1.3.2)
a 5 A SRR FE AR AT IR EE T & 1K BT 5| R 890 A R R Y AH X A2 4k
JE 5 R AL B
1/ap
B:F(a_lr)‘ (1.3.3)
B 4 M E R B R FE AW 20T IR EETHE 1 K BT 5] 69 9 1k He 5 14 A X 22 1k
S EY Y
KT:-LV(‘;_Z) T (1.3.4)
Ky S TR IR BE R FF A 09 44T, 185 e A7 55 B 5 RS 14 40 1A A B Ay A X A8 Ak 7 TR BE AN AR
B, WA A AR Y B SR Y B i i D (LR R &/ R, X i @ sk ), &
(L.3.4) &5 R—N T <, BUEHE.
MTp V.T =R AAERBEER (1.3, 1), K SR B A TR R [ M #

R (A.6)]:
(o) o1 (&), = a5

a=«xpfp (1.3.6)
S50 e 4 4 S8 TSR TR AR 28 S TR 0, TR 3R 3 R 0 8 R i X
(1.3.6) 3 SR WA A9 o ey T 1K 1.
R EL A R, R (1.3.2) RISt (1. 3. 4) WK a Bl i )2 52500 o
il iy QAT LSRR AT 0 Iy BRI A5 .
A LR 100 25

(—) S&

ST IE B AR SR A5 T . BHAR AR S R A% o AT T R R T 2 ) 3 () R AR BR
B AE— B AF T, SE PR AR S AR MR 10 22 S AN AR 8 3 TR L A R i B R IR B
T AT SR S 2 4 2 A8 S MAOR Ab 2. BAR SR 2 — A B B B .

1662 4F 3 3 H- (Boyle) & B, X T [ % it # 19 UIA, 78 TR AL HE R 58 p FUARL Vi
FBUE— Wi

K, o B.ky 1512

pV=C (1.3.7)

W CHEARMBETAARMBIE. X (1.3, 7)o EH e & A M 0R oy 3 EH -2 ug
F§ (Mariotte , BLPEAE & BLBLRE ) e 2, O SRR 7E 1679 At 7 b & B 13X A s 7.

1811 4E Bl fR A 1% % ( Avogadro) 45 H , 78 AH [ % I B FN R 5 F , AH S AR BT & 45 Fh 4K Y

FiR S E1& B TR OE b 4 a) 35 U, 76 AH R A R B MESR TSRS &£ MR



8 B—F RAZHELRAR

A 1) 0 T3 1) A S5 3 R g Bl AR (8 2 o

R0 I SE B0 R W, B R L S R BT AR A48 %7 %E O A 5 42 IR 8. AN o AT B9 O 22 B <
A% T 5 R sl /1 T 0/ A T 58 T 2 ) AR PR AR AR T, M2 52 2 0 X A S TR .

I T AT AR B8 B R R E BRSO TR A A E S, T R A SR
AR AT BA B E BB AR, M EERAFERE T (py, Vy, TH A (py,
Ve, T)) BPRAES B ZBIK R RN, B dRES T 2P P RRPRE .58 — 2 (/K
BV, A2 ESRRIR A T, AR08 FEAR S IR AR 1) 58 S X i SR R 38 py Ry

p£=pl:—? (1:3.8)
A R R IR LA T A TR R AE A . o B R A

p2Vi=p,V, (1.3.9)
LA BT, 75

(1.3.10)

iﬁ(l-3.10)i)@£ﬂ3,Xﬂ‘?‘[ﬂﬁlﬁﬁﬂ’ﬁfiﬁﬁiﬁi,%4\%%§E‘Jﬂfﬁﬁ~4\?‘%ﬁ.ﬂj,‘é’x‘&ﬁ,iz%lﬂi
BZEMRR, 5EAPRE T ZRBRE T 7%
fEUJE AR B BT R 44 27 5 i, X LA A 1] 14 0 S5 010 1 2 o AR SR, ”‘“L"I H’JZ“SI{EE

FE R FRATH R /R BT 1 mol BRAR A AT % B A9, ﬁdﬁ&‘m%}k?‘é’%.RE@%ﬁz{EﬁIu
1 1 mol BEARSARTE UK £ ( Ty =273. 15 K) K — M Hri KSR (p, = 1 atm) TG ARV, &
H .

Vy=22.414x10"* m? « mol™
CIEYEEE

=8.3145] - mol™! - K™!
0

FE I, X F 1 mol BRARAS 4K, A N

pV, =RT
KV, AR E BE R AR T BT R e 3R AE SR R S R R
pV=nRT (1.3.11)

HIMEREFREHER RMED EEMBEIERIFNE L FHYE SR
(1.3.11) . @RS rb i 7 07 BRA Oy o BEAR QIR AR 2405 1 SOMR IR BE. ey 7 38 AR SO TR A
RN AR — B AETI AR FIARZ 5 A TR i T B ol #0022 R AR 45 th 1 <1k
B AE § 1123 B AR AR AR 5 3 22 R bs — Bont, S T B SR S AR
B— AR ERO M EM M 8 W NS S bR S E R =

@ STl A SE PR ASAAR A SL 30 25 HOR B SR I R IR AR, WT B 0 EATRA I (ML 2 B L 50 B S HE R
#,1960. § 12.

@ EMBEANFEIMI]. 2 BACE 85 HE AR, 1960.97-98.



§1.3 MEAHE 9

Pt ST B SRR AT B A b AT T 9 T I Y 3 (] A A PR A S A A X = A AL
A SRR O AR S N BROUL Y 3 BER R, BRAE SRR Z20m T Sk b o 7 2 [ AR BV T B —
A BRI 1 SR SRR AR, SRR SRR, 2 T 2 1) i B R R K, P A LA
FHRE B /N T 43 F 10 -2 B RE , T LLZ 0 FRAT DK £ e 9 B8~ 30 20 T 40 iR 1X A (] R
AT RSB RAR SRR AT o AR T R 2R PR AR W 5 T B S L H
(van der Waals ) J7 P Ji& d5e 6 UL ¥ J5 2 22— 6 T 9 B ) Dy n ) UK, VP8 FL B 05 A2 A

2

an
([)+F) (V-nb)=nRT (1.3:.12)

Horba A1 b 2 B A [ A SO M 5, vl DAl Sl /2. % 1,301 B T RS KM a
A1 b 1 B

F1.3.1

SRS a/(Pa -+ m® -+ mol™?) b/(1073 m® « mol™")

H, 0.024 76 0.026 61

He 0.003 456 0.023 70

Cco, 0.363 9 0.042 67
H,0(g) 0.5535 0.030 49

0, 0.137 8 0.031 83
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Va i

AE VBT LSBT 8 5 A B R 0 SR R p=p (V).

FUSH (1. 4. 2) W BIE p=V 18 L 407 ok 0L 1. 4.2 FF 5. LUK A8 2 (R VA
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BB B p=p (V) WL M 25 R 20 J7 L S R o 45 e R o 5 8 400 20 5
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(C-m™) DB f R AEH ().

(=) #A R

KR LARETRUN A GOREA T 126 N T2 P8 (i 2 8 el BLAR /D LA 2 ) 3 I
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S5 do BRI B0 TR T

dw=UIdt
Ko U 207 1 o 398 1 2 o S A o 0 I g
B 03 3o 4 T o 5 — I 0 3t K AB. e B 2% o 3% B 5 1 ;

%A H
d K 1.4.5

U=N—(4B)
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(L 4.7) g5 H 7 o i 25 2 7 P i A AR 807 56 JE 8072 B I A 50 BT AR ), AL 2 A o
4 AR Hh R o R BRI G R
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) TR FRUJE: 1 7 AN 728 1. 4 R B W LA B i SR FE RIS B RS
AR e (1. 8.4) 78 p-V K Lim i, A L5 3 — 4 th 42, FK
Cl
mfﬁﬁ%ﬁ:a@z@mzﬁ.m%wc’ S %R Y 2
)
KPR NE 1.8, 1 k.
Bl (1. 8. 4) SHA AN A TR, AT UCRIBTEREBRE 0 7
Pt RE P A SR A S5EE JERSIREN LR, B 1.8. 1
TV ' =& (1.8.5)
y-1
prv =E B (1.8.6)

F—EM y EATLOE S R RS AR E. N TS5 F PR AR v K4,
M o FARSEPFEE, FERERYAR (AR E
dp

= |= 1.8.7
=V ( )
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Horbp R ,p 2 KR % BE. 5 B INBE, 75 B AE SR b A5 3 i, SO LU 00 A A
P 1 T 40 55 2 K, T it A B K8 ol T R 4 5 I i o R U R AR /D R AR, SR i
R BRSOk AR B A% 3%, AT LUK 3 B AT 0L 3 5 A offe i 2 4 B R X R B L S
d
(Laplace) fe et th B9 Z B X — 4,50 (1.8.7) *E‘Jﬁﬂjﬁéﬁﬁ‘:%#?ﬁ’ﬂﬁﬁﬁ,iﬂﬁ
ap

(%) P

azz(z_z) ‘gz_vz(z_lz)s (1.8.8)

1
Hrp v=;£‘%ﬁﬁﬁ’ﬂtt%fﬂ(${ﬁlﬁ%l§’ﬂﬁifﬂ)mf€( 1.8.3)%#%

L3 G 4
(av)s ¥ v
A 1t
a?=ypo=y L (1.8.9)
p

XL Ay B9
B ,0 CFaS MmN 331 m/s, = STMBE/RFEE M=28.96 g - mol™', i R

(1.8.9)%

28.96 x107* kg + mol ™!

=1.40
8.31J-K!+mol™'-273 K

M
v=a Ll ﬁ=(331 m/s)%x

(#hFE##L)
FEANFERPRE b, FRATTRS UL A P 2 AR A B A 3
PLp(r o) Rl o(r,0) Fom A0S 20 o MR r A 0 1A A S5 FF) 26 38 058 2. E A1) ) 2 A 8 N 3 S8 4 T i

2+V-(pv)=0 (1.8.10)
ot
Al 4F 1 ( Newton ) 55 — 5 .
d a
E(pv)=5(pv)+(v- V) (pv)=-Vp (1.8.11)

p(r,0) RAERS %] ¢ ALFR r Ak UK TR 5.

AR TP AT P AR B A 1 % R A () X ) HAS B () AR AL R, B p=po (R 5 VR B R
F = 0. M4 75 AL AR RS MR R AE BB AL, p WTRIR N p(r,0)=py+dp(r,0) s EF KN v(r,1), Ik
dp(r 1) Al v(r,0) #BR/NE K 7R (1. 8. 10) FC (1. 8. 11) &AL, HUKF p(r, o) 1 o(r, ) fRA iR B, R
TR & dp A v B — T W 25 5 B RO A A

%8p+p0 V. 0=0 (1.8.12)
Al
dv dp
poEZ—Vp=—$Vﬁp (1.8.13)
KA HATH p B p BIREL

(1 8. 12) Xt ¢ SRk f 5 %, 1%

: a
78p=—p(,EV-'u (1.8.14)
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(1.8 13) SRAREE 44
] dp o,
oo Ve ==L Wiy, (1.8.15)
at dp

P, 7

m

0’ dp
P sp=(22) v
P (dp) g

UL, A 5 B AR L U 8 s s LA 4 W A i B A

N 1 9
V'Sp——2—8p=0 (1.8.16)
a” d

1
Wk a= :l—z.ji;ﬁﬁti,%ﬁtiﬁﬁﬂ%&ﬂ(l.s.ﬂ.
FRAE S p BRI 1 p 0 R TS AT 3 TR 2 B AT AR 2 B . T TR
7 A% 0 20 5% 40 7 5% 75 10 T L IR 0L 10 M W 25 A TR AR 3 o, S b F1 B R RO p=p (p.S)  Jbeb S B 7E
ap

O 2 4 A AR B 44 (B § 1 14) W o 2 T (677) ¥

§1.9 ERSAENFEENR

AR B ) 2 5 — i N B AU B P D e DL B AR SR O T AR S R
((Carnot ) fIf B v 8y 8 Iy e Al 2% 3 ] AL S 385 00 B0 3o 7 ey 4 A1 55 i o R0 19T 1 2 R o e K
FAT e it BRAR AT e i A 5 U oo 7 A A PR A o ) R R AR DL

BEAT 1 mol f) AR TR AT o i A5 A9 AR R A O T ORAIE AT S AR P R T LA
AR R 5 A BT OR A PR fik U PR AR TR B WA A I s A R Y AR
I, AT LOA A PR BE A 22 K A AR A AR Al A e BEARUOOR Y TR 58 5 AR AR A R AR —
Atk (P 2 Al [ B F o7 Al A7) -

pV=RT
AR L R R B R v AEE Yy i Sh SR A DR
Wz-f:': pdV=—RTJlVI:%/=—RTln:j—: (1.9.1)
MR £ B A6 R R P AR R I N REAS S, AU = 0. i AT 258 — RE HR AT, AR A
i F BT R IR Q Ol

VB
Q=-W=RTln = (1.9.2)

A
L9 1) R (1.9.2) W], 75 25 R M 1 A2 v, FHABL A0 04 DA R T80 IR i A | 13X 2 R 4 5
B AL R S A S B A% By 5 A S5 T TR 47 2 A b, AN SR A AR e o e AR AR B AR A R
AL 3 4 PR
AR (1. 8. 4) 7 v i A5 4 Pk A5 v B AH IR G R SR AR L R 6 &
pV=C(H i)
WA SUARTE G FE R R ARt v, AR E Vi i, AN R R S

Vy Ve dV G 1 1
W=—f pdv=-C [ —=—|—-—
Va vy VY ‘y_l V[); V,{
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MpVi=ps Vi =C, Ll E3XA LifE R
W=')"VB_p*V*:R(T“_T")=C,(T,,—TA) (1.9.3)
1 y—1

R(LIODNAHERHBERAEAS BN ANHARBZZ XM RERARAN. HRE
AP GE PR ARG R AR ELHR, AR EE R (L.5.3)E w=AU.X
(1.9.3) F W, 7 4 P04 46 1 72 b, A0 B 0 SRSy, ok 2 oy 4 350 6 Ak Sk AU 04 19 i i
AR I T T L A A R Ak B R, A R MR BT i T SR RO, S BR b R AR X AR R
fC , 3k s oy i p AR AE A B P BT DD B PN RE e Ak T ke . AR B P9 RE B SR /D, HLIR B
B T

BUAE S AR SR B9 1 15 06 6. % 18 1 mol 3 AR S 1K
AT A A S R (E 1.9.1).

(_) %lmﬁ’ﬂk fi

SESIRER T, B &R E R R A, ARE T
([)1, |,T1)‘;%{MH§;H&WI_'U\{Q\H(Pg,Vz,Tl)-?:Elttlj*E%EF
AW AR Q) R

V 0
0,=RT,In— (1.9.4) 4
1 |
Vi E1.9.1

(Z) BBk

THRE T (py, Vy, T ) 28 B AK 17 28R 25 T (s
Vi, T,) FE Ml o SRS i $id o %

(-)%ml—fﬁ *E

SESRER T, (IR AERFEREM, HRE (ps, V5, T,) FRESHMERS
NV (pg Ve, T,) FE T B2 p SR 3G 0,
Vs
02=RT21n7 (1.9.5)

4
(W) @MmEmRTRR

SEAPREN (py Vo, Ty) B E SR I BRZES T (py, VT 7E B e SR IR i i
EHE.

AR R SE UGS A BB EOROR A, W REAE RS R BOL RN T i 25
—E AR, 7E H A PR oh SR S BT AR Ve D) WO A T MR A U B R BT G o R
H0,-0,:

V, Vs
W=Q,—QZ=RT,an——RTZInV— (1.9.6)

1 4
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F(1.9.6) AT AL, P O b B ( =) Rk 7 () o v e A5 e FAu e e 0

TV =T,V
TV =T,V
XA TR 25 T Ml T, 44
Vy, V,
Vi Y,
(A it
Vv,
W:R(T]—Tz)lnvl (1.9.7)
TEBEAE IR, AU o i PRI IR T 3R Q XEAMBE W, ORI AL 1 3R R
R(T]—Tz)ln:—T ,
n:Q_I:_zl__TT (1.9.8)

Vy
RT,In —
v,

RN T LR PR AR S T A 3 A TR T R I A 1 — 38 e A S LA T, A
) FA e ) AR TR BRI 2 T 2190 8) 45 1 I T B A R I K/ B T A BT Y
Tk .

WA A HEANE IR W AT KK T >INV — 1 — [ i [ 2R A T, 00 ey ol e 25 5 72
!

300 AR A S AT R AR A B b AR B R G W=R(T,=T,) In Lz,’:ﬁ{lli%)\ﬁ&‘iﬁﬁ%“(ﬁ‘l T, %
1

mofknm%wm%ﬁmmTﬁmam=mwﬂ%z¢ﬁﬁwaﬂﬁﬁwMMT¢m%JL
Y P2 A DA 0 60 0 1 T Lt 2 0 R R o, U £ 4 G i
AR 1 Ak 35 51 5 3 A0 5 900 8 7 A 0 A £ o 4 3% 0 A
T 0 MG R ARG — 5 OB R Q. 9 51 SN , 867 WL 80 P B A F B 91
A LR UV LI TR R DI IR 0 R it Q. B BASb T ik )y W
0

W

45 T 1 6, AR08 O AR e 19 T A R T

’

n (1:9.9}

AR F Rt FOROR T A R

§1.10 RANFE_ER

T 25— TR 2RI 20 BE e A A L 1 it B el A0 I S e A X
Ao R AL AT 0 7 180 I B AT 4 AT AT R ] AE AR S8 B A ) 5k R o, A 2R i R A P i O
eI CBE A () LB AE | HL WA RE 55 ) B % A, DU Fr A ol AR A 2 ELAT i . 05 5t 136, L
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AW R IR A LR R B AT O ) Pk RO e TE R R a2 SRR A R
S P B 00 7 1) (), R SE T AR R — A ) — A AL

15§ 1.9 o FRATAR G 8 ) 22 5 — 5 i A B AH S A9 P BT 50 17 DL B AR SR TAE Y
JEU R VR PR FRATTAE 3, 16 0 B b, BHARLASOMR LA O el A R A ) — R
S Bk 2, LA o475 LA 3 i A9 I8 5K A% 3 24 K i PR UL A 30 R 0 20 b, BRAH SR AR HE
B AR i PR R I 11y A A 3o 3] o AR DR 114 ] I S A SR B AR B A A R A T
o B R AR 25 T IR SEIE SRR b A AT 5 R Y, A O R O A UM T G A
T — U BLZ AT, AR 1842 47 Rl 45 T BLAY T Ao 72, it & BUAA ML A6 25 T A
TP A~ ARG 2 (). A4y B e it R T A A e R R DU o B SRR A E AR AR PILAR
DR WOFR T R T IHLRCR I — A3 2 1058 B —— R o B EUR R L T AR A
{18 DA TR AN TE A 114 At A A PR ML o 41 A A DA o Tk A D0 A 380 U T T R A 1), A 0 B A
ik BA TR Ry A A 15 ) U T AR DU 5% AR 5 L 0 K g LA ) S il 5k K DA 5 Ak 9 1 A1
At 7 e Ak AR Ak 3L 3o £ 7K A A ] — R FE IR 2 58— SE R BUR BLZ ), 5 95 18 i ( Clausius ) 7E
1850 4, JF /K 3C(Kelvin) £ 1851 4773 Hil 7 A8 1R B T AR, 5t SEUEW] R385 E PG 284 —
(1 BB, TG S5 B T R 2 3 T AT AR A BT 2 5 R R SRR B T

RHIEHRA .- AAEEBABNRENEEISEDEMAS I EHEMIEL.

FRIFTAB AN E—RABERAEZTLTRARNIMAS EEMITEKL.

FATXE X PIAS R IR A — 2L L.

B, AR ARG I 1A TR A B A R AR AR A AR R TR L
L — DA IR A e 2 4 e A S AL D s A R MR T ) A i ) o 3R ) A AR R T
DA B A SR OO A 26 Uk 2 K AR A B — R 5 R T o 22 4 S B A S L AR ) 8 41 1, it
T 110 Al A2 A PR OO A A R ik T AR A R 5 A A0 P g S R AR TR ) 1 5%
B e 0 A B 1)1, 2 e ) L A A kR 4 A S B A8 B ) st A A kg AR A T 2K ) R R A
£ XBEH AR E AN EE R

HUAE A R BT BE ) AN AT RE™ , AU 18 76 A 5 E AL AL - 0 T, B B —
I T A 2 52 47 AT T A 2 B3 T R A MR i ik 30 o i 0 A R A T RE A
il HLRAE AT HIAE AT 37 B 2% 09 75 2k  fE B B 28 1 i, e 2% A O — J5 R A B — AR
R R TS 22 58 4 8 AT T A S sy A A MAARR T 4 % A% 126 301 00 s 0 1R J2 A T RE Y.

T T E AT R AR W AT R Ny BRI B A AT HEIE R A

IR 5% 2K ShHLIE 45 RE 5 N B — AR IR AR, i 2 52 42 708 1A IR 2 T AS 7= A At 52
W F4) AL 85 3 R K S LA J& B ) 2 5 — E R P R s R S, B R A i A 25—
X AT AR Dy b R e A i R s A BIL R L) P R R oA A B — R, MO LA
W SBCEA kT A, X e AR S B bR T Z AR Y, DR RR R S K B L B R T
FEAR A 1 3 ek Ao SR T B AR 5K A RE A AT RE Y

T2 5 0 A WA 2R R R A AR R FRATT SE R T, R v 07 08 W AR AN ST, T R
LARBUAFER L. IE— AR, TAEY BNy T, 19 & A IR O Q) 7E iR
BEO Ty BRI I I B Q) , X AMB) W= Q- Q. W1 SR 5 57 18 H7 R A AL, AT LUKE #
Q) MWD T, B PR K B N T 9 s il AR T AN 5 R Al A2 A, D) 4= 380 5 72 10
RZ T AT IR N T IR Q, -0, 3R R 2 58 228 s AR 2 (181 1. 10. 1) , 53X
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BT IR SCFRA AN BE ST

[z AT AR, MR IT IR SCRA A L, W 5 9548 3 2 38 o AS 8 A7 Ui 2R O IR S0
R — A AHLRES IR B T, AR IR0 U Q) i 22 i v Mt W=0, .,
AT AR XA DR S — D3 R, A d R R R R KRR 0, NIREN T,

G R AR IRAL BIR BE S T, A% S R BRI o 5 R A 28 £k (8T 1. 10. 2) 53X A v 95 18 i ik s
AN BE AT
L4+ ong ] N
0, 0, 0,+0,
0, < }—» W )
=0,
0, 0,
IR nol
& 1.10.1 & 1.10.2

P2 T EREARNER R, RERARN B, ERIERIE R EN )
HHE 18 B 552 BT IR S 1 45 B E 1.

ANV — L i) 5 @ S L AR R EAT A &R FT,
T2 ] LASE 2 5 AL R A 00 (B0 U0, ILBRRE AT LA 5E 1 N RE) | BESE A Rl 2 B AR R R
W — ARk . 2 RE R, 24 A 8] 64 P A P (M B i, SR A SN s IR
KA BMRIR Y 1A %, e S 2 AR A W W B Kl 2 1 258 —E I T IR SCRB A
Ve 7B W AR ELHEAR 50—, B R AR IR AR T B0 0 0 R A T R A A o R i P JRE 48 A AR
At S B EA TS XM SR -2k MEARFRE TENER, TIEHE
R R YT S 2% 19 07 1k BRAS AT REHS B BT A9 S 2R 52 4 T BRI — D04 &2 RUHR.

R — AR A AR RE T i 3T Z 2 B DT AR A AT REAE E W T YR R 2 2Bk
A — VIR S UK, i e AR o AN ATl . [ 2, MR — A B A A IR, B B AR K R e Al
PASE 211 BRI — PO B IEOR %1 R Pk ml 35 e

ToREHER HE RS R AT AR, B AR R S ) AT, Y R ] E ) i RS
G A 3 1R B R DR (ELAS T AR TEMERR AR R R, R B9 B — AR A AR
A IR BA ISR B S SRS BN B R o AR A AT REEAT B X%, BT DUMERR S AR
WIR R H I B, AT RE A & A A PR B AR BEAS AT E TS B BEAT AR CBR 22 18 (i R 4 &
P ) B — RS AR A 245, AN AT RE5€ 4 T BREE SR B A7 , B LA ] 3l e RS — Al B AL A 43 BR
R, Rl RE R AT e 2k B WATUUG 2 F 2, o] 3 B4R 8 0F 50 F 5 S 19 F BeAe
Ty R B AR IR L

H AR A b 5 LG A 5K A 2 B ok AR AR A ]l o A R TR AR I S AR St A UG,
1) G 1) - A R MR B B K R D RO AR A AR S R S R S T AR X
st AR B A Ty ik, T Hd R — 2 R BT T S SRR AT RE 5 4T BR.



§1.11 f#E E®E 0

AR B — A AN AT 3 A 7 A IS RS AT RE 52 A T BR T A — DR B RO Mg 7 — AR AT
WO AR AR ISR FAT A PR AR 5 SO B B AR R R, S B R B R A R
RE ARy Ty — A AN ] B IR R AE AR B, B @, MIRE A T i T R A% 1% B
MR T, AR PR O 1 I BR X A AN o] 35 A 7 A 19 22 4k, mT DL i — 4> il v HLH P4
Qy MWHRIR T, 3K IR T, B RE IS SR FL 5048020, e D S A M IR B MR B R T, £ 7.3
FEAL S B AR 0 5 AR SR B O B A BRGSO B SR g A B A i
i Mot AR AR AR VK A 2V D T T RO A AR Y R, T L e A T 4 AR AR Y A
Bl 2V IR 46 VAR K 0 5 6 500 , 1 T 3 A O $A At B BRI Wi 77 SR L 5 3 )l
ot A 7 A B T R R B i O P R A G R 7 A Y SR R

M E TR S AT LU, B AR 00 A i)l i A R A A QIR A FRATT W LA i KE b Oy 4
P S BT 55 R K AR R R, R — A o R A A T U S 5 — A o R Y S AT 5. i T v 07
16 307 22 348 1 T 2R SC 35 55 2% 14 E B A0 2 AN T 330 ik R AR T R ) — 4 481 . PR e LA Bk ik —
AR 4 W E B A R R AN AT 2 07 5 AN AT RE S8 4 T BR A S 1R AR AR 1
AR X A o A B AN AT 3 A AT LA W At e R A AN R S AT, AR 2 B T )
LAAT A (] 9 5 i A AN 38 B B85 o], 380 %458 —E I SEBRAE TR — U1 S R A
K952 Pt B AR AT L B A& AT B9 07 1, S AN AT 5.

M BT g ik AT LU Y BESR AN Al 30 B e A Jm  HME T 7 ik A AT REE 2 S5 B 1)
i A1 W A ey JL 28 [ 3 4 251 A 51 H A AR b, — A~ o B 7 AT S PR bR th M A A
14 A L O 2R R SE 1. N T W — A o AR 7 AT 38 R A Al gt A F R AT T 1), LB RS )
SMABWMERRIE 1. di it ol LUA A 0] GE M 80 70 b 4608 — A 5 ek 8, x4
25 R BT ) 285 A 28 25 B4 KU(E A ) W e AR ) P SR O [ X A S R U RS AE § 1. 14 R A
AR AE § 1. 16 Fp FRATTHRE AT AR eR K2 th R O 2258 — 0 R B ROA.

§1.11 FiE 2=

AR ARSI 24 5 8 IR R O E R
FHREE:FEIETRIHEREZ BNANAD,AERIHNBERS.
WA ML A R B, ENTH AW BAES B B9GP 23 50 W il PR I i @, Al

Q1 , ik AR B Q, F Q) XFAME WA WUBEATTI R 5 B A
14 w’ 4
= =i o ik AR U5
A 0, ’ B 0 | |

AR, R Q= Q1. FAVH RIE k. 4 % B A AL, \ f

BRI py<ny, M Q,=Qf "I, W>W.A BESRZ a0 /AL, 1T W' 3L CUW\DW"W
Fe WOk, AT LA BB S 2 89— 8 23 (X 8020 55 T W) HfEsh

A BRI EAT A B3O i Ty, MAR IR AR DR O 0, fE/ 0;

R BB R Q) I 1L 1L 1 BT R 7E B SAHL Y BE A 1 2R ' l
LT B, A LB T AR B AR R B RCK, IR AR IR B A A 11 2 20

e ABE X b F AR (W' =W)X 58 53 Tyt SR =l R il A DR i 111




28 B—F RAZHNEXARE

PRI TR (), R AR R 45— A A

W=Q,-0,
Al
W'=0i-0;
i Q,=Q7, Mi=AHM
W'-W=0,-0;

XA, AN BHL B IR A G PR T B T 7 A A M — 28 A DA — R (IR B TR ) W SRR
(Q,=0Q5) Mk Z e A A H MWD T, X & 5725 @ A JF /R ORI A d .
NiEE] NA<Np , T2 ureure
MR EH A SR TR I ETETFEANRERE Z B AN, HHERBE.
BOA WA AL A A B AR TP R 2 18], BT R 70 0 n, Fl gy, AR
e, o A ZR Y, 04 ny=ngsH B WREF R, LA ny =0, FILE Sy, =79;.

§1.12 RANDFIEIR

AR 3 B A IR, AR T A S iR 2 (] Y AT 3 AL, LR A B D U, T R
WAL 2R R AT e P ERIR A IR BE A O TS T AR B AR P TE G L Q) FoR Al
T EAHTL A 1o R R R R B R DL Q3RS ) Rl AR U H 1 A U BRI A R

Q,
=1-— 1.12. 1

n 0] ( )

WESR BRI 5 A AR IR BE AT 5%, UM Q,/Q, i HUBER T X MR EE. %
%:F(el ,0,) (1.12..2)

1
Horb o, 60, 2 AP IR AR A v PR URORT ARGl AR R A 3L BE R AN [ B i A, 0, A 6, 1Y
BUE AT REAN T (0 F (6, ,6,) B pREL G R ks A ], LAGRIIE F (0, ,0,) IEUE—7E.

BA T — Al R IR AL, TAE TIRBEN 65 A1 6, AP TR U8 22 (8] AR IR 65 I AR A
Qs , AR 6, B B Q) 4 (1. 12.2) [ i Fak A~ L, A

Q,

O_3=F(03,0]) (1.12.3)
T SR X P A AT R LR A R Ok TR, T 58 A AL AR 0, i IR A — A
AR T, BB S T — A B — Y n] 3 AL T TR 0, AR 0, Z (0], AR 6,
WAL Qy, [ TR 0, B B QL 8 (1. 12.2) W T X AN BB #ABL, i A

&=F(0 6,) (1.12.49

0, v o
A (L 12.4)BLR(1.12.3) ,48

QZ_F(03102)

Q) F(65.6,)
H5R(1.12.2) b, H

F(65,0,)
F(0,,0,)= ——— (1.12.5)

CF(6,,6,)
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BT 0, SRAT R — MR, BB R B TR (1. 12.5) M7, B RIEH A /7 10 4 F A
G TEAR 0 25 S 2 UL, BB (0, ,0,) 6 TT R TR TE A
LTI s (1.12.6)
Q, S(6,)
B BV BRSO 38 5 TR 1 R AT 6. TR AT TR R R — FOR AT, DL T 2 SRR IR AR T

R A(T" ) T (1. 12.6) LN

=)

Q_T7
Ol T|*
E (1. 12.7) A BN IR BE B4 HE A 2 ok 76 33X 0 A 1R B 22 (8] A A4 n 3 #AHL 5 #4008 58 e 19

(1. 12: 7

ﬂi%thfﬁ%iﬁ(ﬂ@fh?ttfﬁ%'ﬁiif’ﬁ% AR T 5C , B 51 3k 9 I A SR S MO T AT fi
1

L) IR B A, T 2 — b 2 ot R L Bk R B ) 2 R R S IR R R T JR S HE B, BT LA B RR
FEIRSCURBR. B AT 22 IR AR TH i 0 IR BE S 7 2 B, S K(JF[ 7R3 ) ).

R (1. 12.7) R#fE T WA I8 B 6 el 8 7 58 2 0 52 IR AR, 8 75 B — A 4 1 . 1954
AE 5510 JiE E PRI K £ (CGPM) B2 3k F K (9 = A & A 3 22 3R 8 o 27316 Ko b ix 4
M, A BAR L E W E T .2018 4E, 55 26 Jif [® bR it K2 i /9“4 1T [ B g7 i
(SI) ") 1 S50k FE PR AL il i 7 A FEA BB ek o i e Y B H2E 2% & kL
B ) - KTUBD kg - m® - 877« KTURR I K LR E SO B 1. 380 649x 107 3 i SLIF R
SC,HAP T KA ACE &) (A O ) fl Av(Cs) (HE451% ) & 2.

AR 48 A 7 24 IR bR AT DU 7 48 X 2 B A A el X (1. 12.7) af g, Y A 3 SR T4 T A
B 5 1R BE 22 () B, 6 R A U A L BE IR, 1% 40 6 1 3R I gl /D e X R — R PR R, Y
R R PR A4 R BE R T A S W PR L B B A A5 IR AR R Y I T

BLTE TR AT THE B 30 ) 2 16 b A B A ORI AR 2 — B R AR R (1. 9. 8) Ak (112, 1), xf
F LA AR SR T AR B ml R as L, A

S)—zzﬁ (1.12.8)
0, T,

He 7 fn T, RABEBESERIRTEMORE.X(1.12.8) 55001, 12.7) 415 , i B H A K
TR AR AR 7 24 B AR AR AL RE 7K A = FH S A% T BE B R 273, 16. i bk T A 32X B AN R AR R — 3K
0, NS EH AR NS TERRENY

N ST 22 R AR, AT R U AL R T DL R OR

Q, T,

U O, . (1.12.9)
¢ T,

§1. 13 RFEBHFANREFRN

AR AR E B, AR T P B 22 1) Y AT AT PRI A 8RN R T A T X P A iR

®© HEFHA(1.9.8) LB FHBSENRAERLFE B I FE RS A SRR R A — B0 AR T x4 B
k.S E .13,
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Z (8] ) AT LA A R B, a1 12.9) AT A
Q, T,

—I—Q—1 l—T—I (1.13.1)
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Gy {k (Massieu) 7E 1869 4FIEW] , 438 Y e b 2 8 5 (FR o A AR R &) , R HHE — 4
TS 5 R, BT LA A SR 5 BT OR A5 1 5] R ST i A AR A 2 R B, T 2 5] R G/ F
Pk i 52 4 A XA B A1 B AR 2 oR BOPR R R eR B, R R R AE R 5] R G i R 1Y 3R
IAE § 2.1 it , INBE UAER SV IR B, 4% H AR S.p R %L, F i BB FAER T,V (6K
B, AT R B G AR T op B0 bR BOHR R A BB 38 A At — S A ) 2 o 5t T LAAE A
PREC, ATAET .

FERLH b, e B A RE PR RO A RE AN A S R B N (2. L 7)) A T A B 2 1
nFER

dF =-SdT—pdV (2.5.1)
A i
oF oF
gu g O 2.5.2
ar’ P oy ( )

WERCH F(T,V) 5K F X T MBI G B4 S(T,V) 53K F b ViR S 8BNS b 58
p(T,V) XY BRI A HEENE XL F=U-TS, &
U=F+TS=F—T£ (2.5.3)
aT
EXGHARE UCT, V) X, S AR R BER AT F(T,V) Rk T.28(2.5.3)

R A B - Z 1 2 2% ( Gibbs—Helmholtz ) 77 2.
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ER LR HZZ 2GS LT IE N RGP, st 2 Gt B 75 ok 8 g
T2 NT VY ek B, P 2E T SR A 5 0“7 R 2.
ARG (2. 1. 10) 75 A iy oR B A9 4= ik o0

dG=-SdT+Vdp (2.5.4)
A it
G G
S=——, V=— (2,5-5)
aT ap

METH G(T,p) 3K G Xt T H i SECEI T S(T,p) 3K 6 X p WMk SEEIEH V(T,p),
R SEA HRR. oh 7 RBOR S L
U=G+TS—pV=C—TZ—?—pZ—E (2.5.6)
ERAH UCT,p) b, SA AN A S REUEER T G(T,p) Rk T. A I E X H=
U+pV , 15
n=c-12¢ (2.5.7)
aT
H(2.5.7) 75 A5 T - X I 2% TR S — RATE R,
B12.5.1 K& R G2 R
B T MR L A 2 R B SRR R R — 2 6 R T4 T 0 O
b FETH A AT 22 0028 A, B 4R AR AR S — AN LA T , 44 5 T 7 A £ 7 A A
R85 1A T — )2 R R R T R ROR S B R R K R o MK
BAGKS TRk p M V), KA RENDEFBE o AR THXR.
flo,A,T)=0 (2.5.8)
LR G, RN RE TR, SRER A XX FFUA T RELR o=0(T).
AR (1.4, 4) 4K AT BUE dA 928 B, A0 B BT 0 T dW = ordA. [ 3% T &
%5 11 B 19 4 B

dF =-SdT+codA (2.5.9)
7 -
oF aF
=y oo (2.5.10)
BR(2.5.10) W XS 8 o 54Tk, 4
F=gA (2.5.11)

HA-0 B, R AGEMAHAE, HARBHRN AEF UKL (2.5 1) AGTREE.
(2.5. 1) f5 i, o RERALE A A i fE.
(2.5 1) MAK(2.5.10) f9% —X, 15 R R G R M H

do
S=-4A— 2512
T ( )

M U=F+TS, 13K R GBI A REA

U=A(0—T—) (2.5.13)
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G SR A5 3 1K T B IR BE AR OC R o =0 (T) i) ISR A5 R 1 2R 58 104 7 27 eh 8L

§2.6 FHEBEBHOARNZFEL

24 0 A 0 0 R S B . — R WO R AR O 0 S S B B 1 43
5 A 036 R AT K 0 5 X o 0 O R 3 ), A 0
A5 LR D T BE , 5 40 S5 B A T, R S

A B 25 B BB (A — i O TR S T AR 1417 % 5 o e L
P 4 0 5 K B B EL AT S T 9 TR A B O 0% L R L R
hy S AR BT R PR S5 TR ).

SR S 4% R T2 A1 7 T 00 L . 5K o, 8 5 LR (3 2 A
B 20— B T LHE B9, 28 4 SV 0 2 2 10 450 0 46 160 [ 4 610, 22 10 1) 6 26 08 0 g
il 5 B AT 0 4 A FURe AL 575 % (0 L AR P T 5. 10 U 1 2 2 26 0 . F T L

— BT,

EARAT A7 0 TR IR (LT AR R 88 B AR [ TF — A /N 5 408 95 2 8
R AERT E R E I8 I8 R AV BB AE o B
w+da 15 FE A0 1L R 3, TR 2. 6. 1 7 . 0 R 4 6
1E @ 1 w-+da 15 FF 19 P9 Al 55 FE 76 P08 A 25, B B0 i 5
&ﬁMW%EE&%m*ﬁ%%ﬂmﬁﬁgﬁﬁmé

2 (0T TR R IR L 5 6 9L T 8. R 7 B A T
2 B 1 A A 22, o L 2 1 25
AT P D) B 1 T 15— L AR S T B 0. T L T 9 1Al 9 E A A
44 8 A0 4345 LT Rl 9L A1) R B

B AR 40 ) 2 B St P 40 S 00 48 2 R B S T D o A K F
PR3 p SRS RERL S u 2 MR -

1
p=?u (2.6.1)

ZRFET 1901 415 351 HI A K (Lebedev) (9 52 5 uE W] MRS i Wy B T LA il B[S
= (8.4.16) ].
K BNV AR FEERNERG EIRE T ARV ARESE. T FR 2
B, AR R RIRE TR S ERMNEE UCT,V) AR R N
U(T,V)=u(T)V (2.6.2)
A A 5(2.2.7) Ml (2. 6. 1) AT 4%
T du u
T3ar 3
il
du
d—T=4u

GAViRE
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u=aTl* (2.6.3)
Hba BB a. R (2.6.3) R, TERMPAPVANBEE SR D FEE T MWK FT K
i1 20 7
AR s B R (2.6.3) 89 uw AR (2.6. 1) 1 p FRA S22 R AT

dU+pdV
dg=—=t——
T
A
1 1 3 2 4 3 4 3
dS =—d(aT*V) +—aT?dV=4aT*VdT+ —aT?dV=—ad (VT?)
7 3 3 3
A
4 3
§=—al'V (2.6.4)

K(2.6.4)PERARSER, KN VI =0 B AR FAERF S T.
1E ] 3 4 Bt B b R 5 3 A S X A
TPV=%& (2.6.5)
B (2.6.1) . 3K(2.6.3) FK (2.6.4) 1A i {i ek G=U-TS+pV, v] 15 i 48 5t (19
A R B % D
¢=0 (2.6.6)
R G0 1T B2 0] LS O i e S A R 2 R B ( § 8. 4) TR E B, (2. 6.6) S V- iy 4
ST HORFIE B 245 R
WSR2 BE T —/INFL o R A S /N AL S . B /N FL R B /0N 4 2 N R O 4 OF
REARZ B EFWIR. UL J, Fom 5 A7 ] P 3d 52k /0 FL B A 1 AR ] — {000 4 S ) 4 5 e, B R 4
S R R E R J, SRS NREE R w ZAFTELL R R AR
1

Ju='ZC” (2:6.7)

L UERA 40 F . 2% 5 A B B (] Nl 5 TR OT A [ — 5 5 0 R L R B B dA B
— AR5 10 5 dA (R LT 1) AT A SV T R R IR, D) B 7 N ) N G A ) — R ) R

0 cud. 4 6 M OS5 5 4 B ) 16, B 0 ) 612 02 524K 09 640 5 4
B T, A8 1 15 A0 SR 4 A 16— AR O cos 0 04,38

o RALRE T 10 dA BT m e A, 2. 6.2 FroR. X BT A AL AR
51 R ARy AT LA 4G B B L ik () P o o dA ) — D R I Y Y

AEHE
0

dA 2w 1 a4
J,dA =c: sin 6 cos 6 df Jo d(p=7cudA

w
2

fcos 6 dﬂ=cZiA fo

G g

AN

SARE T 32 (2.6.7).
$538(2.6.3) [RAR (2.6.7) , 1% s
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J, =%car‘=a7‘4 (2.6.8)

(2. 6. 8) FR g i v — 9% - 2% 8 28 2. 3X 02 1879 4F 37 ¢ # ( Stefan ) 7E WL b % BE , 1884 4F
B H 2% 2 (Boltzmann) I #A J1 24 30 T 1. o BRI R R &, B EUE N
0=5.670 374 419---x10°* W - m™% - K™*

FERTI2ET o B ZE B LKW E. G0 LUK o FH At 364 9y 23 & R ok
[ (8.4.18) ].

WHiAT R, ZEHENNRH S S EREXRDVFHEE, HNREEZIEN (o) R
Tk BE 1Y) oR B, 5 2 RE W) R R TG O X — S SC U BT, 0 U R 4% o A R R DR 1 R OB R
IR SR M 0 SR A P IR 2R 01 , R — 00T 3 3 L K B o, TR At SR SR K W IR R T
Wt RIEK (2. 6.7) , FLALET ] £ 5 B 40 0 B8 A7 T AR b LB R AE de 8 BT R

ﬁa‘ﬁ‘é%%}iu(w)dw.u o, 377 Fo R B VR WO A0 T 4 L L BR R R R R AE o B 0 4
5 fil R 0 R A IR0 3 S, R 57 B ] A 00 A 0 B T BT IR M AR AE do 9 T A0 4
%ﬁﬁﬁ%;awu(w)dw,;ié%%ﬁ%%fiﬁi.%ﬁﬂ‘wﬁ e, dw 2 73% B 37 i 1] P A 0 1Ak 14 20 037 i A

KA BRLE do 10 H 895 BE . e, PRONPI IR IRTE o BT 14 oL G DY A 170408 5 5 2. T
B oa, e, RAY M E AR, 558 552 6 5 9 40k 2 6 XK. ﬁﬂ%%ﬂ&('ﬁiﬁ%ﬂ‘
B, 1

ewdw=%awu(w,T) dw

=—u(w,T) (2.6.9)

KHF wlo,T) 2 FHEMNE o 2 RE EJ"‘ (2. 6.9) Fi A 2 /K B K (Kirchhoff) % #, E 1
H 9 A A A T 30 4R Ak S T A S 5 R 5 R A PR Rz L ok T A AR T A [ R A R R 1
I PRRC W DR RS T L B AR A A ot FRAAR 8 S B A T A e AR 4 L D 2 4
MR M. o ok R i O IR WA, i 5K (2. 6. 9) T, L 2 R Y R O AL X T 4 o R A, K
(2.6.9)fife A

ew=—c—u(w,T) (2.6.10)

PR b, S8 T 4 4 B 15 0 4 S 0 0 S O 6 56 4 I oty T30 A SR - 4 4
R o 2B

FRATT FL 95 ok 0 6 0 O R J2 4 % B I A /AL R 25 R HEE T4 % B A
Bl 2. 6.3 F7R i st /AL A 5 % i oh R, B2 5o 0 B 40 U R ST T B /AL B .
Lo — YR IS, B A A — 4 LR L 55 0K RS JR A/
FLIF Hh 6 e B BB T AR B, ML A %5 I £ W
A 5905 0 L Tl U 52 B 0 2 56 A DR S 53— i

JBE 158 B 2 A O R SR AR

& 2.6.3
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§2.7 WNARWRNZF

16 § 1.4 P IRATRAS T W4 B P 1 37 9 FE ARG AL 58 B & A S8 sk 7 3 BT s 2 A
dW:Vd(i,,,oafZ) g VA d M (2.7.1)

AT 5 5 — TR A W 35 T A By, 3 — IR A A B R AL BT A 2. 2 R 2 R e R A A
A BT AL A5 R g, D 2k 0 R (2. 7. 1) A 75 188 00 X — U AT R R
AW=p, A d» (2.7 2)
Hom = 4V 24 B0 SREHE , AR A B2 B ST e AL Y.
n SR 2w WA B AR R R AR (1. 14.7) A B A S A TN
dU=TdS+wuy A d (2.7.3)
A(2.7.3) Al h (1. 14. 6) @ L FL 4
p—o—pg K, Vom (2.7.4)
1745 2. X BLAT LA, RO 2 SR AR O B (1. 14 6) MY, ok %502 4 3 T 4 B A9 O T 1
PRGN — BN 7 RR, 80K (2. 7. 4) J5 RS TR B 540, /T LS i 8 SRk
I TR A e BE A A U R K S A Rk G

G=U-TS~po Hm 2. 9.5}
X (2.7.5) KB4 KR (2.7.3) AL AT 1S G 23R
dG==-SdT—p, = d A (2.7.6)
M 2o 2T 4%
as g
() ().

X (2.7.7) BUA T — DL FH KR THERBKR S=S(T,#) 88

(53] () (s) =

5%
aT aS\ (aT
(53] .= (532) {35) . (278)
TERESH AR S REAN TRAAEE C L R
c =7 (2.7.9)
e (aT) ) £
FRERK(2.2.8) Y KX (2.7.7) MK (2.7.9)1LAK(2.7.8) 8
3T oy gm
(@)A_ - (aT) (2.7.10)
BB WG A o A B A
cv

= 2,7.11
- ( )
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RARK(2.7.10) %%
(%) 5-:%7'%% _ (2.7.12)
(2.7, 12) WA 7 J IR 5, X 156 I, 78 4 38 2 4 T 8/ N 37 B, A A TR R I 5K > 2K
JOE TR S o AR 25 T T VA RO, AR AT 1KLL R AR A A A A § 2.8 iR — g
I FH 24t 8 2 0 ) ¥4 200 AR ARt 19 7 1%
AR SRR AR B A A R RN (1. 14.7) Ay 2 A 7 R IV

dU=TdS—pdV+u, A dm (2.7.13)
G=U-TS+pV—py Hm (2.7.14)
HLeWManHR
dG=-SdT+Vdp-p, = d H# (2.7.15)
4 43 S T 45
(73e)., (). L

XA A T — A B o R (2.7.16) A2 5 W I 5 5045 7 TR FD R 5 R 15 R A
PP A AR 1 30 1) 78 A 5%, 0 il 3 B0 4 80 0L, A i Al E R 3 R 4R A 78 I A Jo
Bt 1 3 9 28 A R A O TR R 3K (2. 7. 16) 45 H i 0o A4 2000 -5 s Al 2807 ) O R

Br TR (2.7 1) MK (2.7.2) I RB LS, AT AEAER T 5 — A Rk X 25 ]
TR 45 RE ) AN 3 ST W 5, 9 A0 o K A B B AR B RE . R R N TR TS I A B A RE S N B
MM x=—o0 biT x BHREH] v =a &b, A B BEREAL. R S TE « ALB, BTS2 0G5 19 1 RO

d#(
o (%) cad il
dx
FE B AL S B, A0 B0 250 v Al ke g T A8
W=-u, f m(x)d'%(x)dx:—ﬂo J'j(")wd.%’ (2.7.17)

P o (a) 7E v=a REBOREIGIRIE  7E x = —o0 QL BESH M. |- 20 TT 3 5 43 SR AR 4> 5
me (a
W=y, m<a>x<a>+j0

HHE TR » (o) FERES A (o) P HEE, B (2.7.2) AT AL, (2.7 18) 5 8 —
T2 R A B A B i ). 5 5K (20 7. 17) A N A R S
AW =—pym d A (2.7.19)
B E MM SR d gt (R o B & A R BT A0 T T LA 4 AR O TE SR 3
HhAEE Y A
HTHESHNEZ = 2@t B oie Lo, B 2.7.2) X (2.7.19) BFAR
[F A sh By kKt , NAER & X BR W AR LA U 1 U™ RRMN e, B (2.7, 18) A
U* =~y m o+ U (2.7.20)

)
o A d (2.7.18)

) Wl i s TE AN S 0 TR FTZ ) S K wo( 22 - V) . 7] 2] Jackson J D. Classical Electrodynamics, Second Edition.
§ 5.7 M i o L FRATE B — 4.
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BV U™ AL 35 K i 72 51 37 v 1 3. LA AR 2 R R0 A AR L B AR AL, T 1 BT B R

'§2.8 REBREHOSE

1R T B AR AE BUACRE 22 B AR v A 5 %2 11 1o T A 5 X6 R A5 AER il 149 T 12 A 75 s 1 A1 4.

e AW A AT LIRS MK 2 1 K AL F AT 3 0 R 19 T AR S s PR ik A
B HITT R AE § 2.3 Pibad, & SUATE ] v DX IR0 R i T 8 M e L. Y O A R
il e AL AR — R B BAT B A A3 RTR T RS Sl 20 (0 T R BOR B 0 RME Y )
W TR —ERY R FEIE T, B AT ARG R R B R [ S (2.3.7) A
L3 1] AR RO 1 ML B E 107" ~ 1 K+ atm ™' g 7 S0 A TR BE R 2 G SR BE LT T
A, AT LA 35 30 0 A A AT, O e o 3 O A S f i o A K R T S B MR S R R A
A A HEAT TV | DA T4 25 YRV IR 2 T O R A 14 ¥ 00 280 10 AR 3R e AATT I T 32 i 2 el 2
BT W s AR A S CFE B, Dewar, 1898 45 ) FIZ () N T, Onnes, 1908 45 ) i) i k. {HLU I35
i FR R R, AR B A0 Tl AR T S R R 2 2. 8.1 B M LR A AR B4 2 R RE . R 30 G T4
WORCR A B, R SOk A B0 A DK, 2 — D E B TE § 2.3 hibid, k&4
PR M I T PR A A AR ), DR ke P s A i e R e S e 285 TR it R B K HIL AT B 3 Y
843, 7L ik 2E 8RR B 800 /N [ 2R (2. 3.8) ] R K 4 (Kapitza, 1934 45 ) 5 46 $4% fik oo #2
Y 30 ok e 205 (0 . 51 T 46 A i i o o S0 il 30 S e R BE AT, RTYY O o o S A
1 atm TS0 U2 4. 2 KR AOHURE 20000 28 TR , (8 98 S b 3 2 e sl A1 s o 6 ] s — 2
Wi ik A 3 0014 0 2 < A o R T R S /) R a8 7 o 22 e X o 5 ik — i T 4R
% 1 K i ik

%2.8.1
SRS h o R R /K I F it B /K 1 atm F {193 £/K
o, 1275 304
N, 607 126 77.3
H, 204 33. 1 20. 4
He 43 5.2 4.2

P 1K LU IR 1 — S A RO B Y8 A1 X J2 T8 FE ( Debye ) 7E 1926 4 2 H Ok 1.
FE § 2.7 pidkat , 78 e Pk R o U g A ) T BE B R A5 0 /N T R BRI 2.8 1 SRSB4
A BRI 2.8. 2 it T AR T IR R S MR E T2k X (7.8.7) .
SR R IR A E R AR E AR AESN NGBS MEE R S WA MR R E 1 K &
BRI T ERES o (9% R 10° A - m™") {0 IT # A i A A ok R o A A ()
R 2. 20) H B2 WA, DA T % I A 3o i 2 55 T 1 7 3K A 55 T Ak ok AR v, IR AR 0 RS
Pl 2.8.2 (10 a S8 3 b s G RG A RG AR IS Al HE AR S0 /=0T ol 0T 4 AR SR U5 A i 25 b (1 %
BN R A (A — R ) AE X A e I I o AR b IR A PR AN, RS
€ 2.8.2 /b S5 c 2 IRERE RN T,
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Hedh <L Hefil <AL

i

Tk 2 11
i ] A<
EIEES

#E(1K)

(a) IR (b) Huth 21k
% 2.8. 1

I [ 4 o I 5 0 A AR R RE RO AT DL
A1 K A FZEmK(107 K) 4 2% 10K 61 4 0. 5 K

% , B R B 2Ce (NO, )5 - 3Mg (NO,), - T
24H,0 2 A F i AT FE IR B 2 mK. 2430 B i 3 mK 4 c #=7(’2I
St , TG 5 R D (9 R L D O S R 22 W T
A4 A1 0 4 AR FHTA 24 7 A — A S A 3 (K /
F10°~10% A - m™") R 10 40 A5 A T AL, K
WA AT 2K o 7,

WLRESE (e 11 R T WA ) 1 K /N2 49 J5 - W B 2.8.2
(3 1 HLF-HE ) (9 1/2 000. [H It 4% i S 18] fr 4R 25
A 2 I 85 D6 1 AL A D B2 555 45 22 R A 440 4 25 T L 46 49 WG 10 0 L K 2 R
(Gorter) 7 1934 4F4 Hi 1) . 1956 4F P 4R % (Kurti ) 175 52 ( Simon ) %5 1 20 46 48 10 1% 1 e
R BERE B WK (107° K) 52K . 20 40 80 45 AR U], 25 % b K o JE B R K2 /N 406 4 9 4%
HEWLHE B 25 nK (1 nK =107 K) , H v 5 oy oy 7 0 5 6% 00 0% o 50 WK% [ E 2 %5 10 it
B ms B4, 75 SO WK ORI T, £ 5E - Sk (03 IR IE1 298 3 ho7E 20 {42 80 4EAL
R, i/ IN L T R A [ R TR R 3 2 KD,

Y P RS S R R B — (R PR, S BB A% 5 T 4. 1951 4F, 48 30 ( London ) 2 i1 He—*He i
T B0V 3 7 A 20 42 70 4EAR KR, B SEBUIRE S 2 mK 97 He—*He B 1 1%
R AR 4 B R TE V2 T U S B . IR AT AE § 4. 4 th /- 23 He—*He HOARTE , 7E
§ 9.8 /437 He—"He Hi B thl ¥4 i Jr .

20 47 80 4EAR & B T —F B A v 7 ik —— OBV B TS 7 15 7E 20 28 90 4F AR
FI3KAS T RS 170 oK BRI Fe T4 7E § 10,7 oh X8OG B8 1R 9D 26 1 4 5.

(~ 2

] SOGURDEN. W
N

(D Lounasmaa O V.Physics Today[ J],1989,42(10) :26-33.
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2.1 EAEERBURFFAR R, — SR 58 IE b T 340 % iR BE . 0 B 7E IR B R FF AR B R SR Y
A0 I 1A% R 1T 34 .
2.2 B—-YEMYETRAEAUTHIERX.
p=f(V)T
1 E B P e S R FR G X
2.3 KiE:

aS
—) >0.
avl .,

2.5 RAERT, — A>3 50 Y 1A £ o i 25 55 e o R vl 00 B A B A G D B R T 4 T T I R AR R 4 D

2.6 JKEYEAK REL o £ 0 C <t<4 C A f . UE B 76 1% IR BE 30 WP, K 78 48 #4448 B 728 4 (Hfh i
A i A7 AR A 46 30 4 B 30 L) -

2.7 RUERH, 7E AR R PR SRRV T, SO 7 o e 2 45 B0 Bk b i) TR BE R A K T A T Ui AR b Y IR B2
P .

2.8 FEAM, —SEMERR p S VTR KN BERE w &8RRI T 1R %L, B

pV=A(T), u=u(T)

IR A 2 S e R R A B AT B A fH 4 .

2.9 UEW.
aC 8? ac, 32V
&), 70, (5), ()
v/ aT") v op /) r ar),

v 1 9%
c,;c‘,hrj (—’; v
o \aT"/

r 132N
_ cp=cg—rjpo(ﬁ) &
ARG LA b P 2R B - B AR SR E A VA FE TRV ORI T Y ek B

2.10 RUEH UELHENRANERMAERZRE TR, SEBELX.
211 GRIER AR SARMEE R A R RERT LARAR N

(h)(

I th e 5

Cy,m
Fo = [ CyndT+Ug=T [ —dT-RTIn V,,~T5,,,

dr
= —TJ & j Cy ndT+U, =TS, o~RTIn V,,

2,12 RS AE U H- T U B R R eR R, O S 1 AR A R ) 2 bR R
2,13 —HEAEER FMIKE T F, SHMK x BUEL, B F,=-Ax, 6] R %0 A 215 B 1 R 25 200
SR ) B K, UIE B SRR B A P RE F OB S AN RE U R AU 51

1
2 F(T,x)= F(T,O)+7Ax2

S(T )—S(TO)-"2 u“
e bl 2 dT
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U(T,x) MTOH——ATﬂ 2
o ( dT)

2,14 X BFLRAT I OB A B, AR B AR B SR A, AT T T A5 K 5 24 32 K g i w  fe e, B A R OE 45
H.5X — IR IR B B A K o T8

(a) BRI I A 7 R S o B B 5 RS2 18 2

(b) ii&iIEﬂﬂ,‘EE@}lﬁﬁH&%&w%(Z—;) .

215 (B PR S IR T B0 R A B 42 T 0 B

(2 B ] ) R ke R A 8 B L B S RE B 1. 35%10° J + m2
B ABIE A2 W 6.955%10° m, A B 15 MR A0 F K98 85 1. 49510 m

216 B BT SR 2 TR B v KBV, ASE] V, I TR W 0 A R

2,17 AsHE DAY 58 5 o8 TAE 9 B R 1E 38, 11 AR

2,18 N>R 2. 18 (K TR, HLA B A

< sT O RR K B

%%ﬁte(ﬁ——*ﬁ?ﬁ)ﬁﬁi K % Ok AT B s L A
57 G A T T S A 2 2.
2.19 RiEH, AR C,5C, Z2E%ETF

aH\ 2 [ oM
€ ~C,=p T =] [==
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2.20 0T R B0 B R M R E R

c
./I¢=TJ¢’ 282,18
A HERE ) A IR R 7 O 3% 3 o SR AL O A R B B

2.21 AU K B SR B=po (A + M )= 0, 5KAIE :

(a) C, 5 TR, R T W RE, b C JRAEBE AL SR BE A DR A5 A AL I i R

o AM?
(b) U=_[c, dr- “2 +U,.

o
(¢) S= J—JidT+SW
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AL TTHY 53 He (BE R 43 500 135 e PR 2% 4 T 00 46 3 T (BE JR 43880 K.
A 5 2, L3 (4. 6. 6) Rz (4. 6. 17) w] 1, 3 AR 75 W0 fk 2 °F- 1 45 10 th B A B = A
M (4.7.5) g

fBean P 2 fF X (4. 7. 4) R g 2, 3 (4. 7. 1) 19 e o i = k47 R4 5K (4.5.6) , L
TE 10 BEAT ) 2 1 2
Z vip; <0
ip
Z vi(@;tln p;) <0
[T pi<K, (4.7.7)
0 SR B S — Al S R Y 7E 48 E W3S A 4L Y ) IR ek el R AR SR

1
(4.7.5) AT LKA 52 I ik 3P i 22 25 4 4 o 9 ) o 1) k. LA (4. 5. 2) 19 SO Ay 161) JEH%; mol

3
i} H,S,— mol ) H,0,2 mol ] H,,1 mol fJ SO, 5| A%#%, 5 (4. 5. 2) B4 2% K

H,S+2H,0-3H,-S0, =0
1) SF- 187 2% A

) Moi,st 20,0 =3y, ~Mso, =0
TG ErRIE, X (4.5.7) 15, A8 & H T Y &N

Ny s =? mol+An

3
N0 :7 mol+2An

ny,=2 mol-3An
ngo, = 1 mol-An

P A A5 28 25 B9 0 B A

n= Z n;=4.25 mol-An (4.7.8)
A (4. 7. 8) K (4:6. 4) AT LLFAS 4 41 7T (4 FE JR 43 B B vy s
0.5 mol+An

——— 4.7.9
¥Hzs 4.25 mol-An ( )



104 BHE ZRARANERFEHENLZIE ANFEE=FR

Xof At 20 ol o] SR A5 A 1 A S ARA K (4.7.5) 1%
(0.5 mol+An) (0.75 mol+2An)?(4.25 mol-An)
(2 mol=3An)3(1 mol-An)

R O R R, (4.7, 10) ATRIOR AR An ARA R (4.7.9) BOH: AR R 19 28 X B AT SR 75

Ik B OF- i i #5410 /Y B JR o R
R4 (4.7.3) 1 (4. 6. 7) o] LSRG F- i 3 & 09 #8 F 22 A K
Z v hy, Z ViSoi
In K,=-— +—Z defc AT+

1 S L AR AR BT FELAS K, AR Y EE A T LA R ,)\'J*ﬁﬁ?ifﬁ(4-6-8)ﬁf>l%ﬁ(4-7-11)
faj fb A

= pK,(T) (4.7.10)

(4.7.11)

A
In K, ==~ +Cln T+B (4.7.12)

7

z ViCpi

V(so (,.) ) i
B= o=
Bﬁfﬁiﬁ’i’tﬁﬂuﬁa‘%mE‘égﬁ‘iﬂﬂr.-_.ﬂﬁL17J<H’Mt%$ﬂn\%¥ﬁ%JBii’x‘ﬁ%-%iﬁF,&lﬁ
2H,+0, ==2H,0(g)
19 1E i A 0 0 Ak B, I H,0(g) (O, A H B9TR & UM A i 4 UG f:ﬂ
AR B A 23 A 8 T g O ek A v 2% 2 D0 R BE st mT A o DR o TR 1 A
A WS PO A R 23 i -

Z vih,
i
,

A=

2NO,-N,0,=0 (4.7.13)
P - i 2 A
I’.i‘n2 xi‘uz
K, (T)= = P (4.7.14)
Pn,0, “*N,0,

WAENIE , AR E N n iy N,O, iR J5 , 20 N,O, MY RIE R noe, A
S N,O, P R ng(1-2). i T 1 mol (19 N,O, 43 K 2 mol ) NO, , - J& 19 & i)
YRR n,(1+e) .6 BLRK (4. 5. 8) B LB (I An, =n,An, =0) BLEFRE N
O3 BE TR

_ 2¢ =g
xN()2_1+8! xN:()4_1+8
RAK(4.7.14) 75
i 4g*
KI,(T)= =P (4.7.15)
li—g"

ﬁu%aﬂ?fﬁf i K, 0 (4.7.15) AT LSRG 40 B SR E RSB X R T LA 7 —

R YR SR /N A3 i R RS K U A R T R AT R ﬂu%@ﬂ%%ﬁﬂf‘f 3ih
Tumﬁu 7.15) KAGV-i % B 7E N, O, 43 fff 0 o) 8 o, 43 BE vl LA SOUR i 2% 3 8 &
Ellﬂiﬁﬂ:
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8-_—&—1 (4.7.16)
p.
Horbr po B p, 53 ) 2 ) A8 LS I SR 1) %%
RS MR T ol DO B O IR & A 1 s Al Tl LR S A E 7. UL A
FRBEF ATRRE T e Rl 1 KRN T REE:
AT+e-A=0 (4.7.17)
P RN 5 A 1 o A 3k B P B R OE B B R IR G AR L e ROR LS L )
BHEYTEER g EF A KB G, R R ER n,(1-2) , B FRE YR
MR EIN noe, = BYBEE IR o1 800 50 h

l-g & &
.\‘_,\=]T, X‘\.:*1+— X :lT
& & &
RA BT HAE A (4.7.5) a1
+ = 2
L A0 (4.7.18)
XA l-¢
af
6‘:—1 (4.7.19)
1+ d
K(T)

ﬁll%%ﬂﬁ?‘\EE?‘WFE-}"%VEM@M??IE;*E’-TM&}iifﬁ*fﬁ*“ﬁi’lﬁ R, (4.7.12)
GRS
5
In K,=——7f)+7ln T+ & (4.7.20)
RAK(4.7.19) %%

. U (4.7.21)

st AH, R m@%mbﬁﬁiﬁw72w%&T%E S R R LR,
B 504 ( Saha) 77 7 55 B0 28 50 . 7 B0 6T 01 255 35 201 A /I T 1 B i ( RT<AH, ) I o 5 i
o A/In. v T B P (0 T 25 0 98 /I T 380 . B0 B 7 L 0 B op A7 TR G
B

§4.8 RNFH=FER

728 = A R A AR BE R I AT RS Ok Y — A R R 1906 4F BE i 4F
(Nernst) 7E B 58 % F AL 27 S i AEAR IR T B9 PEBTT 51t — 44598 OV BT R E . ER AR
mr: -

RERANBESREIBPINUERANFEEETE N

llm(AS)T—O (4.8.1)

T—0
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HorR (AS) 5 48 78 % T A8 v i i i g
1912 4 RE ST HR AR 8 fl i) 5 2 4 HE — AN JRU B, 44k o 360 28 8 A i o8 3 T B 5 A
L/{1 N -
AAEEBTERNSRE—ANMELHNEANZRENTE.
T HNA BRI R A B RN 4 0 R BN B A B R LR IS R = e A R AR .
FATH A 23 58 90 4R 2 3L VB P A IR TR Ak 2 R 9 43 M 51 ok Y. AE § 1. 18 R R
I U], 76 S5 R S8 e B b, R 40 19 A8 b B 2 91 35 35 A 357 ok B0 20 9 O 1) A 1, TR
af LA A 35T ok 800 802 A D B TR A R A R R 1 A b L X — Nk S, 7 A 5T oK R
il /L ek AR AH 2 T X AN K2R 14 2R A FRATT 8 AR S S R B R — M2 RS SRR A K
A=-AG (4.8.2)
XA R A A AR A N AL BB, b2 R R AR i RE R B O B AR DL, FR AT SE 08
S 55 e L
TEARAC — B 01 A, AT 95 28 AR 40 1% 18 P ( Thomson ) — DU 3% ( Berthelot ) i B 4 #1 22 4k
SN T ] G B — I R, BN, b O 2 2 B AH <O (4 T 1 1 AT
M. ZEAR IR T (A7 26 sy 5 BAE ML) Lt AG<O F1 AH<O A4S A ] %) 340 48 13 13 45 31 4H {8l
R 205 1. A 30 A S0 2 A i PRI 2R 30 7 A S 40 ) K 2R B & 0L e S e ).
FATVAGE 76 55 it
AG=AH-TAS (4.8.3)
H T AS A A 1E T—0 B BARA AG=AH. X 8RR & DL B FE — AN 1 3 BBl AG Fil AH 3T
UAR S F =X (4. 8. 3) BR LA 7,45
AH-AG
— =

AS (4.8.4)

0
£ T—0 H#LﬁEﬁ%ﬁ%ﬁH,mHﬁ%MiﬂjﬁiﬂlU e

(M) —(ﬁ) = limAS (4.8.5)
aT | aT |, 10
an s ik
lim (AS) ;=0 (4.8.6)
T—0

W) AH F1AG 75 T—0 AbAR{E K4 T LA A I 0 53 S5 40 AR S=-z—i%ﬂiﬁ(4. 8.6) %l

(%AG)0=—;%(AS)TZO (4.8.7)
BRI, (4. 8.5) 78
), i),

XL, AG I AH B T AL R e, 78 T—0 &b A E A M), 1w HAYIL S T 417,

@ P A 5 R 1 IE il % W Zemansky M W, Dittman R H. Heat and Thermodynamics[ M |. New York: McGraw
Hill, 1981 .516.
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U 4. 8. 1 FF. B, 738 (4. 8. 6) MM T, 76 AR 60 00 L 49 AH 1 AG 25 fLL AT 5 0. 35 5t
BT T S AF 4 i AG<O 1 AH<O B4R [7l i 148 76 1%
T AR BG4 38 3% (4. 8. 6) R 75 25 IR 2%
A T—0 2 PE T | 3R G 6 A2 IR R 000848 4 %8 4 AG
LI I SR R A A T AT 0, U AH K
AU AG 0 AF, b iR 43 7 5 4 38 . R i 5 i 2%
(4.8.6) 1 (AS) ; RIEIAR A 76 %6 0 %5 45 F1 T—0 19 %
PETF A2 I I 0 2. 0 -

054 3K (4. 8. 6) 0 8 itk — 45 HE T AT 25 110 % s
B A A4 5 (4 8. 1) T 4 e B o
5L £330 4R A S50 RUEE BF T, IS 51 th 0 IV 4 B 2 0 R E S5 , 5 00 9 A 78
5 BLAE AT A, IR 5 R 5 R 12— RIS R R0 5 — B, B A
4=k

BTy Rk A S 0, R (4.8, 1) tLAT FoR Wy

S(0,y5)=5(0,y,) (4.8.9)

H(4.8.9) B XU, % T0 B, Y0 F RGHIMO R SARAS B R y 100 6. 1 % 3, 5
By 604 SRS AR T S ERAR. - 0 B S (LA A AR VS p R B,
55 R A ) 0 AR A 5 U 0 2 1790 2 1

T T AR 4 AT T T 4 2 B 490 I 1 — B I

AG(5AH)

HR(2.2.5) 8K (2.2.8) RES My ALR A AT LLERIR N

2 5
c,__T(a—T) _“_(aln T) ,, (4.8.10)

T—0 B ,In T——oo i S JEAT BRAY (75 0 REHTHF 2 B SR BEA L T ), di el 1 T—0 i
lim €, =0 (4.8.11)

X — S5 e BE 4 X R A S5 56 I Sk AR 43 BT i A
HRAE GBS A B, T—0 B ) J5T AR 8 40 55 (R BRI R i S, B

aS aS
lim(—) =0, lim(—) =0
r—o\ dp) ; 7o\ aV/ ,

SR RS
(57), (5 (7,30,
fh T 50
;m(g—;):o, m(%’;) =0 (4.8.12)
Lﬁ%%ﬁﬂﬁ%ﬁﬁ%??ﬁ%ﬁ%%%%ﬁabﬂ%)m&ﬁ%ﬁﬁ*%w%%

T H. X — G RTE B AR At — S [ (A 15 3 52 56 A9 UE SE.
e (4.8.9) AN 1 y BRAE ) AR [ B9 AR TR T—0 B P AR (9 4% 40 55 13 O % T
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— SR ARAE , BRI AR 2848, i O 3 e 7 e
dp S:75,
ar ¥,-V,
AJ AT, T—0 Bt — 20 AH A5 1 S i i 28 44 3R o 25X — 2518 45 B 9200 AYIE 92, T—0 i i He 1
W He 15 L [ M1 B0 AR 5 i 28 26 T—0 i3 B R AR (S RIK 9.8. 1 fl& 9.8.8).
WX (4.8.9) FpOR RNy BRATR A 0 5 AE 127 SR JS 19 B2 0 490 2B s . 40 an 3 T Ak
% 2R

(4.8.13)

Pb+S ——PhS
R (4.8.9)EHE
Sp(0)+84(0)=Sp,6(0) (4.8.14)
B A E A PR TRATT I 2R T R - AL fE IR T — U S B
T R 2 — A 0 6 o, AT DA i 4 % i B HUVE . DL S R iz 4 o o, B A
limS, =0 (4.8.15)

T—0
BJE ) SRR R IBIE
TEARTT 22 55 8 0 L AE b | BE R oK KR, B ek KT DL S — A AT B A R A
(§1.14).FA15H 5| AT IRIER SRR L T lim €, = 0,77 LA R R BOBUY RIS T
PRI Ay 246 e 2 JBE T 6 00 o B3 38
C(T)

y

S(T,y)=5(o,y)+f: dT (4.8.16)

NN S0,y) 5y K, iz H f BAEEE, (4. 8.16) 5 nl f{ifk K
TC_V(T)

S(T,y)= f ar (4.8.17)

B EOR S AT B B Ry 4 X i .

MSdk y SRR p B0 R ECAT LRI R

rC,(T)
S(T,p)= Jo =

B e o p AR A A AR — MOk UL, b S T T AR 300 PR A VR AR — i A AE TR
A T B2 L Ay 1 SRAS HRAH R0 SCAH 0 2 X008 , AT AR Hie b A5 380 A [ AR B4 i b ey R AR
o YRR S SR B 1 1 A () R 4. 12) @,

AE 30 4 7 B 0 T 1 P IR A 3 1 S AR 0 S iR 2. R AT AR R 41 i LA
U0 1@, G AT SR A RLIE 38 SRR S5 SOIRES B R R ARSI T, =367 KT, LA b H i 2
SERY, Ty LATF IEZE R B8 8 19, WURTE Ty LA EAF SRS GRS H 2 T LUT, FE G R 9 R
S5 SRR T AL TE WA 2S. QAT B 3dt | Ab 7E W AR 25 1 2R G 16 Kk A e Rk et 2 ok D SRR E 1Y
AR A AR T & AR BREK Y 00 AT RE PEAR /DN, DRHORE AT LUK B () b 7 B AR S TR
To W AR AR I S™ (T ) AT LA 5 A Rk A H 5

ar (4.8.18)

2t 0 A 1 WG 2 2 B (Planck ) 7E 1911 4 35 Se i 11 ok 1.
T—0 WF, b T4 B T F MR R 20 (4. 8. 15) AAEH A5 a0 (4. 8. 1) . 2 () §8.3, §8.4 Fil>J 5 8. 21.
Eastman E D, Mc Gavock W C.J. Am. Chem. Soc[]J], 1937,59(1) :145.

®® O
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; o8 By
S'"(T0)=S"‘(O)+f0 7pdT (4.8.19)

75 G L
s'"(TO)=5f(0)+j0° =t (4.8.19")
0

AP EhR m R RS r 8 IE S A, L 2N P8 i 2 0 R AR WA by S0 A A A R BN AR
S™(Ty)-S™(0)=(37.82+0.40) kJ - K" - mol™'
S$™(Ty)-S"(0)=(37.95+0.20) kJ - K™' + mol™’

THRTEL IR 22 TE I A A, R BT S™(0)=S7(0) , BV AR A 5 B X M AR AR A SR R A AL R 0

FH (0 HE A — 26 ARt A7 B DL 9 45 2R

FEARAK IR BE R, A3 P oA 7 R 25 (9 HE P B 2, LA 1A ot /2 5K (4. 8. 15).CO i 2 —

AN AE CO SRR 43 F T8 UL A4 55 B 254 , B 4. 8.2 FHET k&R CO 4r+, i 3k M i 43 7l

FoR C R O JET. 18 4. 8. 2(a) XF R T4 F B A 7 (9 Fg 8, 18] 4. 8. 2(b) X 5 F Mt 1)

BRI R AR IR E R, TP M RSP 25, T—0 B A F B2 - 1 245, 24 310 & O s TR VA H1 3]

VR T(FRRMERESTEEE ) Bt , T3 2 R, JC 7 4 B R 4 1 AR AR AE T LU &b T 7R 45

(AR 25 M B JE 7 A CO SRARTE T—0 IR E A A E A 2 X (4. 8.15) .3 F T—0 H

ARYUAE CO b 44 T8 5 #4781 565 Tk ok B () an 465 O 4 5t B ), eSO 4 B X (4. 8. 1) 1545 21 i

2 H AR AE T—0 19 % RS 72 b 0P 0 B R A s A8, H R 2R B3R ) 22 iR A [ 6l n 22 1y

b2 RS 2CO () +0, (fh)——2C0, (&) 1, Jo 6 7Y ) 4 4 1 8 il HE R 1T AT (AS) <0D.

(a) (b)
% 4.8.2

FH AR R S AR B S BB A R &, oth 7 6 ] AR K 1 &b 7E AE F iy
A, WA R (4.8.15).

5| )
4.1 ¥ UFBEMSIAR T,V 0,0, B eREL, UERH .
aU ol
(a) U= Z "‘a_,,,+va—1/'
aU al
(b) uj=—+v, —.
an,; aVv
4.2 REM ,w,(T,p,ny, - on) oy, n BIERFT RS, BD
L
>: "j(&) =0
i an;

4.3 TouHEREBAA TR LER
w1 =g (T,p)+RTIn x,
mr=g,(T,p)+RTIn x,
Horh g, (T.p) Rl i AICHALE S x, AW @ 41T A9 BE IR 43 B0 59 6 B 20 500 0 ny ongy ) 19 i 0030 1

D S AL 2 RO B A2 P A R LM ]G5 B2 R 19640318,
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TEF RS E T & AR A OE DR & 15
(a) 7510 W7 s B0 2 46
AG=RT(n;In x,+n,In x,)
(b) RRAZE,AV=0.
(c) #i4E AS=-R(n,In x,+n,ln x,).
(d) %578 AH=0, Wi %A R &%
(e) WHREZEAL HZ D7
4.4 FHUAWR DA AT AL R
w;=g.(T,p)+RTn x;
(a) BB B AR KM R B, 2599 W5 9 R0 9 728 SOk B P g, AR 8 2% 10
g1 =g +*RTIn(1-x)
Forr g SR 78 UMY BE I 5 A0 39T R B, gy 2 VS R 1 B JIR 5 A 9T BRI, 2 VS TR A P I BEE R A
(b) SRAIE -7 — MR BETT , 3 70 Y9 16 0 78 < Bl Jo ok € F) R P

ap P
(ax) T l=%

P =po(1-x)
Horh po J R BT A ) A 46 R AU p, R IR TR BE O o B A AR R 2R AURR. B s T, b i R A A
78 U B R A1 5 % O A BB 7R 43 OB IE Fe. 3% 2 sUFR L 5 /K (Raoult) 72 2.

(c) ¥ EXB0 .15

4.5 7K 4.4 5.

(a) WUEW, 76— E JESR T, 5 700 b o BV O v B 1) A2 {2 oy
aTy\ RT?
(ax)p—L(l—x)

v L 2k 6 ) i 7 AL 24
(b) B w<< LARAE B, 35 900 5 T 0 5 1 T AE VA WP VR BE (R G 2R

RT?
AT=

X

4.6 N TR 4.6 PR BT AR, T I R A O 0 A 21 0 RO A bl 1 oK g (&tiﬁf?ﬁl)*lﬂﬂﬂ(lﬁﬂ; e 3 ik
KB, AL . SR S B K VR A VBT LL 2 R K BT T — A
JE b, R WO SR p 5K RS po Z 254 p—po =pgh-iX F?ﬁ?‘%ﬁ
B8 R E T K 5 K ik B i A

g (T,p)+RTIn(1-x)=g,(T,p,)
n, n,

~—<«I1,
2. ™

Horp gy JRBK B BE SR A 3T bR R« SEBEK OB 0 B 2R 4 B =

Ko ony Fng 3 502 HE K K FURE 40 053 4 0 SR B
n,RT
vV

ny+n

P~Po=

Horb VMKV W AR
4.7 SCH WA B AR B R — A Ak B A — AL R AR R R SR 0 4R e

Q=-AH , HEAHE > 5N F -
€0,-C-0,=0, AH=-3.951 8x10° ] JE4.6H

1
€0,-CO-—-0,=0, AH=-2.828 8x10°J



AR R A 5T A o R R AR e Ry — AR 1 44 e A

4.8 U INTE SR A W AR R T ﬁﬁﬂﬁ%‘]z\%ﬁ% B3R ny F o0, B FRAR SR IR BE R R T, 58 43 51 R
pi H py. PR R AR 25

(a) RSB GG 1R,

(b) W SRM RS MR AR Y, T FOR A R

(c) WRPIFAZHE R, T EIR G R 105

4.9 RIEM fE NH; 20 N, FH, (9 5 R

= H -NH;=0
oo, 9 T 7

Horb e 2 4 itk BE . 40 5K RN B AE
N,+3H,-2NH, =0
- i i Ak S AT A 7
4.10 Y ER nor, IS A, BV nov, SR A, MIRAWIFEIREE T FIESR p F AT 4K
Bh Vo, YR EF T
viAytrg A v A —vy A, =0

I 7 7R 0 8 R 38 2 07 M, A B V. A ) S B & K

V=V, vite,

Vo vty —v, v,
4011 AR A ) A = HHIE L FE T—0 B Rk O RECS IR K, Eﬂ——»O — 45 FE i He

A He Hh 45 51 52 56 A9 3IE 5K

412 BRAEIRER p B W BTRIE SO Ty MR L, BAH B E RIS R C, AR & FERA A R €3
3K VB G 2 X B 2% 1k 5K

4.13 ST LUER S (IEH f R ) MUK (L7 &) PIFOR R 45 SOIRZS. % R HIZE IR T, =292 K.
To U EASEFBEER, Ty T RS REEN.MRLE Ty U ¥ ASRELHE T, T, A8 RS T

s CANARAR R L=2 242 ] - mol ™", iy #A 25 % ) 2 B8040 20, % T 2K 485 j Gl )dT 44.12 ] - mol™' - K7';

T)
dT=51.54 ] - mol™" « K" B iF RE 7 4% 2 HROGF T 30 A8 25 09 1185 100 53 JH 4.

xﬁmg,j:"




$32% XTI M0FHN

§5.1 BEYE WBRBESBHETEXR

A I JLE PER TVl A3 % 3 TR A% B, AP S 48 0 2 HURE AR 3R W A R 1Y
{8, 81 B, T AR 0 48 7 2 ok B0 AN 45 3RO T o AR B O 1) SRS RT3 AR A D A RS
RIS, AT LAGE 2 ) 25 R 2 A 2 BR B 18] 1Y O R ORAG B A i AR 1 B RO, AE A AT
PEA R i B A R AE A 5 T AT LUK i 2 00T {00 b 24 1 vl ot il 7 b 2, S5 48 AT ME , A AR
R A KRR AT R, Bl & YRS s iR e RO B Y B AR A R
S AR AW B o R — RO AR S R B 2 T e B A R X A
] ¥ g R A B AT BIF 5T JC B B RIAY LY.

FE5E — B R ATRYE K 258 e a8 T A%

do
(1527 (5. 1, 1)
A 8518 1 T gl B2, A% S0l H TS AT AR T DORE BT 0 T 8 A X
dS=d,.5+d;S (5.1.2)

X d SEBTRESHHRLZHBY TMAER s REML, ERIEA ffY;dS FoR
RGN R AR SRR TR AR A, A 2 BSR40 2R R G0 8 A A i i AR R T Y A
FEAE diS=0; IR R G0N R A 193 B RS AT i, AR dS>0.0 I R 4L d . S=0, 8

dS=d,S> 0, 3 B4 I JEEHE. 5 5 % d s-—Q BREBEIR (S, 1. 1) K4S B Uk

F RGN TR, R RS SN, R 555 50 09 R 32 et 2 31 d,S.
TSR AT RS B A RO AT R A A, S LS.

1T RS b BB T 7% 3 7R (4. 1.12) 22 A 8 o AT % o
5 W

TdS=dU+pdV- Z wdN, (5.1.3)

KN, 2 Honi o T8GR, p, SR —A @ 2 TR fe e 3. B R GEAE WA #E 48 °F
A B N RE RN 2> TR 25 B SR R X T R GUAE A Al g i AR vh B 2 0 B AR F RS
HATR FIHE TREE - B REBARMEFERES, B URR R G0 8 T 4/ or,
R —/NBMMIAR RS ARER FRERRL, BT &850 22 18 Hod o A X805 &
AR EARERT, B2 /RS B S 4 I (8] LB A R ST S 4 (R RAR 2, AT LA K £ /N BB 4 i
el 7E Jm V- B RS E X M E R T, 8 —/NER 2N O IR BE R R ALE R N RE R TR
SFRLARAT B E (Y B TR AR B X S R B AR O A B B R AT R W R R o K U R



§5.1 BREFE MRABESHREMB~EEX 113

(5. 1.3) 1642 J5 1 B2 16 14 1) 550 o, ] DA g 25 36 A 5 F2 b i pdV O 4 X % L ) 888 4
FUAT LIS B0 R R S % B s P BE 9 B w DR TR0 BE n, O RR R

Tds=du= > wdn, (5.1.4)
XPFNGE KR R AN REMNE A LIRR R
U=J'ud1-, S= jsdf, N,-=jnid7 (5.1.5)

A dr JRRBUC N T8 B i (B AR e ®) , REARBA S — 1 EUE.
(5. 1. 4) % T )Ry B ) 2 4 398 WAL, 75 AN AT 33 o A 30 24 rp R AN RS, FEIE A 1 fh
HCHE R 5 92 B AR R 145 3 5 5 . 8 3 B 2 0 LA G AT b 3 1R R 1 1 M B 3 R ) R @
TEJR V5L T, W] LIRS Ja S840 85 B 9 389 0 2R 5 R n T i X
as

Z=-V . J+O (5.1.6)
at

A T 2 AL A B) P 3T Aot P09 T A , R A i O E , © 2 BRI ) P B A R R R A
IR, FR N R R 7 A R R R R (5. 1.5) , B A RGBS R LK R N

dS d
E=$Isd~r= j—df-j( V- Js+0)dr
FI R s 307 B A 7 5 — Ak S AR A L 18
4 391s do‘+J@d7‘ (5.1.7)

3 5 B — T R R B I ) Wﬁﬁ%ﬁfi@ﬁi)\ﬁl\ﬁ?ﬁ/\%‘hﬁ,%:Iﬁi;&ﬁiﬂﬁifﬁﬂﬂ‘fﬁ] &
Gi 5 R BUTHI R = AR 2Z ML 5K (5.1.2) Le#e, AT A

d.s LS
= . — 5.1:8
dt é"” kT j@dr ( )

F T A A ] 2 O DX 3 e g 7 A AR IERE Y, Bl ©=0.

A (5. 1.6) HA (5. 1. 7) FR—FiE XA . 75 Zxh B4 i A w] 396 52 78 5K 4540 i 5 1
I Jay S AR 7 A R i B AR Rk 3K R T F AT 4 A A

LYK AL R BE AR X S WA R R A AR T A AT SR R B Al g I G Tl B
% B I T — A [ E B BUT , 78 Sl ) B S St B b (R BROT HR W S5 P E G R AR O
ABEE R L T, 7R B I (] AL B 7 48 TR A AR R R S R U R, T P B ) 3

(5:1.9)

K (5. 1.9 KB TRERFEER.
X TR g e il LK (5.1 4) e

R B W S 2 [ LTS RE B .
de Groot S R, Mazur P. Non-equilibrium Thermodynamics[ M ]. Amsterdam : North Holland Publishing Company, 1962 .

v ® 6

Chap



114 FHE AUFIEHBAZEN

Tds=du (5.1.10)
B b A5 R S % B 0 1S # _
Ezi% (5.1.11)
ot T ot
HARG.LIHORALK, B
Js |
w7y
1}
1 1
—V J’I=V-7—Jq V7
A
as J, 1
A, 5 N 5:1.12
at v T+J" VT ( )

J,
b SRR Jay S0 B 3N R W] LA SR AR A -V - 7’%5& T AT 5] 1 R S

WEREmMEJ, - V%%‘Zﬁfﬁﬁﬁ%ﬁﬂ@mf?%ﬁﬁﬂﬁlE%%ﬁihﬁﬁfﬁﬂﬁ?"i$-5iﬁ
(5.1.6) tb% ,H
I 1

Js=7, O=],-V— (5.1.13)

R T 560, i BE AN 2 20 P 2 5 P = i SRR 5 S Xq=ViT,%%ﬁEfﬁﬁJﬁ-l%ﬁihﬁ%
BERY =R @ ] LR R A PO % B 5 i 3h 1 B S AR

a=jJ - X (5.1.14)
B B FA A ot 5 DA R B i A
J.==x¥V T
k BRI R B NN (S. 1. 14) AT LR R
1 I (v’
@=J. - V7=—Jq : F'—‘K = =0

o T R AR « fEON EAE, SOE T B2 v R A 7 A R IE E 1.
IR RGN TR EARB S50, 2B A 57, WIBR T 4% 340, 8% 9 5
18 BLTE O I8 [R) B A7 76 2% 3 000 S50 3 e 1 0 00 288 8 R ) el 4 R ) P A R
F B R b — A& E R BT R BT R TR n AR R S R
M1 =0 (5.1.15)
at
Hp g, BRTHREE X (5 1.15) BYRpEE g EAR.
F Rl , AR TT R I RE B w (7R L R R e
Ju

v 1. =0 (5.1.16)
at
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J, PR NGRS BE. X (S 1. 16) 2R g ~F a2 r 2 ik KL
P (5. 10 4) ] g0, 2k 508 e N dn B, Y BES BE RO N R wdn e J2— BT 594k
FRCR M, MAFAERL TR, NEETREE J, "TLLERR N
J.=J, 4, (5.1.17)
RV PR Bl 97 2 R A S B SR T IR T T B R AL A R 22 .
R (5. 11T AR (S, 1. 16) 18
%=—v-1q—v-(ujn) (5.1.18)
P (5. 1. 4) %0, Jay 300 %5 BE ) 14 iR o
E_l u p an

e F % f G (5.1.19)
¥t (5.1.15) f=l (5. 1. 18) fR A 50, 18
%=—%V -J,,—%V ’ (,an)+iTV -7,
:—v-(ﬁ)u -vi—ﬁ-vﬂ (5.1.20)
T d T T

b4 A — TR T ARG AT 51 RS A R S R G 4 i R B IR IR R B S B0
AL Gt BT 51 S A SR 3 4 7 A R B IR Ak 2 BB B T B A R s o R T i
f Jol S A 2 B 7 A R N5 (5. 1. 6) HedE, nl

Js |

= = e V———+V 5.1.21
Js @=J, T 7 ( )

1
R T, A2 S AN 2 SRR 5 R W o oz 1 L 2 L X, ==Y o, R A KL I B0

I3 Jey U0 % R AR @ AT LLR R R RN IS ) S R Z A
0=J,-X+J, - X, (5.1.22)
(5. 1.22) I RA . 2 24> A Al 3300 72 () B A7 7 I, Jay 3804 % 88 m L3RR 4% Fh
A ] 0 5 AR B IS T B XU A R R
0= > J, X, (5.1.23)
k

QHT A, R U AR A 0 R 0=0, o A S aE T TR M3 1 5 T R IE.

§5.2 LMESFLAMTE REBESXA

VP22 R AT 390 3o R R s DR 0 A 1 0 5 o P B S 349 50 i 5 | 110 i a8 o R 0, A b R
A¥ L ER e R s By e Bl B IR A W R & TR AR A SR Y R faz |, B
YOS R 5 A B I R B S G R sh B p s ROV B iR R R R B SR
HLAT iz, PR S AR S SR T — RSk B, e L T 2B A SRR AR
s PER /I | B A B - i AN 37 B, 33 4 22 K L A T AR R Y.

A T B A 2 50 ML AR A8 B (Fourier) XE . LU J, 2R % B 057 B (] P 37T 4o B o7 788 T )
TR, FR A PR L. A L I R Y AU T R R B B AE B, B
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J,==k VT (5.2.1)
Hrb « BSRRE
Pl A A 28 06 R JE 5 (Fick) A LA J, FoRIR A 9 b 5 4 oo 4 I 7 507 B ] Y
i Ak B R T A 4 TR, B ORORE O B E S RS R T U BE A T Y R B T
BGE L, Bl
J,=-DVn (5.2.2)
Horpon B TR, D 29 B R
SH I PR Y 2 50 B R BR A (Ohm) 52 A, LA J, 7R 76 A0 B[R] P 300 2k 50457 46 16T 1) |, fif
T, R A UL B A A Y H U BE S H 3 0 B B B BE AR L B
J.=0E=-g VV (5.2.3)
Hrp EJ2H g,V 2 o ZH TR
WA y J7 03, 76 x 1) b A A R do/da, 4= W52 1 0 14
do
P”:‘r,a;
Hh P 2 BERL ), B 5 T B ] U 40 @ o« (9 5847 T AR BT Oz 1Y) y O 18] B9 3
FATHE AE SR S ] PN 3 A LA AR T AT S B R (A TR R i Bl R RS ) &
PRI 2200, DA J 3R 5 485 | 4 3 i 56 5 00 00 14 v 355 o B A 6 B (O RE G R L R AR
BE R FERRRE R BEASRESE) SRR NI F 1, UL X TR AES W R AR R, R & A S T
PR 22 B0 LR AR AT 23R - i i S5 8h ST e b, B
J=LX (5.2.5)
At FEFZ IR T A JLAN 15 U IR B A7 7, 33X B o B0 A ] 5 2 A 58 LB 4.
AN, 24 U BE A R R Ak BE A B[R] e A AE B VR R R SR B AR AR 2 5 R A, AR & 5 A R
T, BT AR (5. 2. 5) e A

(5.2.4)

Ip= Z L,X, (5.2.6)

1
BN LA ME R R L AR SRR L, 5T — DRSS LR 3h I BT S R A5 & Fh
AR Ly, — B Sy 3el 5 B i (9 AR BE A ) Y pR
Goit Wy B ] LAUE R, 38 24 0k 9 i 4 A0 3 0y, 4 )R B e R R Rk O R (5. 1.23) i E
3, AP

0= > IX, (5.2.7)

k

0] 5 B 2R K R R &R
Ly=Ly (5.2.8)
ECHR N B B2 4% (Onsager) 81 5 C R, AR 0 B BRAE R R B AR T4 L F I X568 &k Fhifi 5558
ke B T x5 LR BT P AR B 2R AR A R BRI AN 56 R R U T 3 A A R AR B
B, EA AT REARGE 30 ) 2 IR HE T th 0k, 7EAS AT 3 0 AR S S h AT RS XA AR D
BAETTE &M O=0 X g3 R BRI KX (5. 2. 6) FRARK(5.2.7) "] 18

@ T BB R MIE AT S RS R AN % 55932 [ M] LS b K% th R4, 2007 §11.7.
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= ¥ BT, (5.2.9)
7

ki
O=0 B 2R I8 AL fay Sl W, JATIHE A7 PSR S B9 AR AT 3 7R R .
xaf, R (5.2.9) K

0= 5y, X M Ly iy ) X Xy 4L XS (5.2.10]
ML AMEACE, R IEE R R &R
L,,>0, o (5.2.11)
Ly, Ly,

£ EREB RO T, S X, =X, =0, (AL, Wt AfF7E R A, =05
(5.2, 11) J& #2455 5 A 0 ol 2 2 0 B A oK ) A S RACAL iR A

Lo, L, Lasts (5.2.12)
R T A 28 7 2Rk AS ] 3 i st %) 2 B 2R 508 vk TR G AT aA , 4 M A R AR N T 3h /0
%%ﬁ%qzﬂrfﬁﬂ’ll‘iﬁ/ ﬁﬁﬂﬂﬁé,[fj\ Jk(iX,.)=J,\.(X|, s ,, )RR E -]k ﬂzﬁgﬁ
B BRE, WK T X D TE X R S R TT 1S
al, 1 "o
X,})=171.(0 2l X il B
LU= 10+ 3 (ax,)o > (aX,aXn)OX’X"+ (5.2.13)
WA BB SR R R R R R B I E X
L[ L, = s (5.2.14)
A’l_(a—XI)O’ kln_(aXIaX")Os o e

SR Eh PR, K sh B AR EAT— R SR 5 B R Y R KR, I SK(S. 2. 13) ATk E O
Ji = Z Lk,X,+% > Ly X X, 4 (5.2.15)
l,n

MBS, R R R IT I — B U, S T A OG R R B AR B DL B I,
WS BAELRMERR ERME D, EF AL S BSEREIREP AT IHRR—
fREIER RN P, RSN —BREFAERR L ELEXK (RS WELEXR)S
REFRREX (RS HEERERR) WAEFE& RS, K7 A BRE AR A7 S 0 2
S m LA 45

‘§5.3 BEBMR

15 1 o AS (] 14 4 T A B, O A A 4 S A R R A [ 1 TR E B o e A A R RE B R AL
OB B R [ B 7 AR AR FORLF O (RO ), B § 5.2 T A B LR AE X R E TE
T, S5 028 5] A AE R < 5 D1 S RN WK BERL L | 2 W PR | £ HE IR R AR T AR
H H AN, AL Tt R R IRATT A BRI, BUAE X AT = AN RO #E AT A

P DU TR0 2 5 U1 52 (Seebeck ) 7E 1827 4F &K MUK WAL 5. 3.1 iR, &8 A B £ M1
PO AR AE N Sk R FE AR R IR E T M T+dT, SC R R B IE AR P A k.

dV=g,,dT (5.3.1)



118 FHE AUHEIEANZEN

A

r T+dT

A/ S5.3.1

o e pp X PN &8 I 25 B B B R BT 8 X LR o0 AT WRAE & IR S
MBI ARERRH SR AR E)E B, ey HIE. e,y R THF 4 )8 A B M, IF 5k
A XK.
D /R B8 5007 2 il /R 4 (Peltier) 76 1834 - & BUAY. INE] 5. 3.2 s K Pifh &)@ A (B #Hi%
B PR R OB R AR S50 R B, M A R i O AT AR — AR Sk A R RO TR
T — A~ S Ak D) g oS A 5 SR e IR B 1), D) D R W B 1) — i A A A R AT — i
AR AALL T, R A JiLAE B Y HL I R, BRLE (] P, B A T A S R 7 5 Sk Ak B TR Wi
S . (5.3.2)
AT, R R R R BE 7 A2 3K P 462 J8 1) L2 B3 28 0, ok T V9 o 4 TR 1) 1 T, OF
HiREA .

Tapde <= &mypd,

& 5.3.2

G M PN 2 % W F ( Thomson ) 75 1854 4F & B Y. >4 v It it i B AT I EE AR FE 9 19 21 %
PRt , SRR T R E B 3 I SR S B R RO A PR LA T, R L
BE , £E B i 8] 9, B AR BR A AR T B A I P g R

qgr=-7J, VT (5.3:31)
T BRI N R AL

20K S 20507 37 N 280 7 #8 -5 vL IAE % TR B AE L, 214 R IR S e R R A AR 7 5 A SRy AR K
JSF , BT A3 19 A4~ 2800 A AT 396 . B 22 v B v A A R O A BRI I, EG R A A ) S A A
I AL S AR R AN AT 390 0. DRI 07 2 AS T 50 5 e A g 2 B e 4 TR AT S 1 IR 22 R B 42

Pi-e Fn THOEAT R, MREE J, S THJ, BXEA T, =-el,. 5 i [F 77 1E
B S R WS R RN (5. 2. 6) AR RIE R, b il 5 AR #EN (5. 1.21)
5. B TS AR AT T o B I LR o AE L HA

1 1
J, =_L1|?V.U«+lev—T_

{ . (5.3.4)
= _L127V ptLy, V?
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ﬁEPE', Fﬁﬁﬁﬁ}g*géé/‘?\? Lzl—le

BAFTE AT, T 7RI RS I BR 547 58 B9 fb = S Sh  E i sl Rl b b {2

R AR B AL S I

M=, {3.3.5)
Hopp, =—eV Z2H FREBBGE,VER R u, BEFOMFS, RIREME FIKRER
PRI %K.

FEMRAE (5. 3. 4) BT 0T Z 00, BRI P S R B L), Ly, L3 R LR MR 2K
.
B3R o ZRIEREHSFMET , SO B8R EE IR D AN R %, A

J,=cE

75 5 VP T R IELJEE AR 2 IS F LV . = 0. i E= -V v-ivufiw P

eJ,

(5.3.6)

o=- "
—Vou
e
2R (5.3.4)F—-AWv Tr=0,5X(5.3.6) LB
eZLll

o= (5.3.7)

SRR « BRIEAFAER TR, 5007 5 BB BE BT 7= A8 R % 3, BN
J,==xVT
AR(5.3.)FE KM J, =0, R85 (5.3.4) WKL XV, 5 SR
=L11L22"L12
L,
BAER B R H S IR 22 f 3h 3 R B0 OC R 2= v 3 B2 A {8 o S FF 7E L B i
AR R MK 5.3.3 B, LA T T (T,>T,) 43 51K R K A B Wi L b W iR £ =
Tk B AR E R T b4 — v R i R 09 i BELAR & (o 3L b Jo s i i, (A PH O F. A K
(5.3.4)5—xXmJ,=0,071%

(5.3.8)

v ——L”VT (5.3.9)
L -
XSk A B AL, Ak A
T 3
_j - —2)dr
Moy = o, TLY,
T,
Ho~Hg =
s ( TL?I) (5.3.10)
, L}, .
MMy = ( TL?,)
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HEu, Mup,, 75

7, { L, L
2 _ooilin - dT ' (5.3.11)
= [, ()

LR Py fy w, A0S, B

1 =Ly I
V=j;(m'<—u{,)=f( - )dT

7 \eFLY, TL,
FH I AT 45 U 22 FL B B R B
_L?z _L/l\Z
= - 5.3.12
CABT LB eI ( )
FE SRR A B AXTIREBR N H R e N
~Ly; ~L}, '
=2 - 5.3.13
AT Ve : )
HIEs)
EAR=ER—E, (5.3.14)

HULAT R, 2 ey>e, B, TER RS HIREE J, HEE A W48 B.

EHERHETHSR o FRAB « MAI R ZBI AR « SHHEAKNH LR K
(5.3.4) FH=ANHAL, ALK (5. 3. 4) PSR B AL R W RMiHR(5.3.4)
HEH

=ty Ly, Toeg L
" (ez) P . T
72 y 1 (5.3.15)
oe
qu( ; )7V/.L+(T30'€2+KT2)V—T‘
K (5.3.15) WP RS I EV u, 1T71E
J,=Te(—-eJ,)-«x VT
£
J,=TeJ,~«k VT (5.3.16)
Ny Jq 7|
E§J5=7,EJIEEJZEU§
1
Fs=e),~—x VT (5.3.17)

T
N (5.3 N AEFHE ZTURMAE T 5 & ARG, 55— 3002 v 48 47 00 48 3. by e AT 0, 26 % U
ZHBNE R o AL I T AR .
R 2, (5.3, 16) £ 7758 TR # AL S RO PR B, 5F — IO PR B 25 0 L 8 J, iR
W B, RIRUR S8 P00 2 B
J e =Tel,
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TEHE SR AL PG IR & AMSE T, 73Sk A A 22728 T HH B R A BB 3t -

J([W=T(£B—€A)Jp (5. 318)
53R(5.3.2) LEBATA iR BE R KLy ST IR Z B R MZ EFAEXR
map=T(ep=8,) (5.3.19)

ERFRAFFIRE KA.

BUAE 8 1 M NSO . 24 5 F DAL A LA T BE A B 9 1 5 AR, SR P N RR R Y
SIS

%:—v A2 (el )=~ 5 F~Ty * Vi (5.3.20)
HPHB TEFEBMFEMY - J,=0. %K (53.16) A1k (5.3.15) @5 —-LAAK
(5.3.20) , AT74
2
du

" s
—=-V - (TeJ,~k VT)+elJ, - V T+—
Jat o

1
==TJ,-Ve-V+:(-kVT)+—J? {3.3.21)
a

A (5. 3.20) A5 = WU B H A, B — OHURIME S BT RE R, 56— U8R % 8 7
P B X R 22 B B R B e SRR Y PREK

v s=:—;V Vi
Ht, X (5.3.21) A S — TRl RKon R
-T:—‘e,-vr (5.3.22}
55:(5.3.3) b #%,18
de
T—Td—T (5.3.23)

ERGH TUHBINRLE r SAEXEZB B R « ZEHKFR.
F(5.3.19) % TR T4, 43
dr s

d
dT :(£B-8A)+Td_71(£B—SA)

AR (5.3.23) LA B, EIFE

d'ﬂ'AB

dT

+(T.'\_TB)=£B_8A (5.3.24)

EAFRAFFIRCHE— KR

ik LA E e AT LAE W AN AT R A 2 A R R R — R R (1) B il
LR PEE R, R B RS S R o B S B R BB H 5 (2) A — L B
(HEHEFTERUMREFSHRRBHEE) S REZRFRSHERBBOXER, N
KM QAR H R (3) ik — 2570 b HoAb 4 B N, B AT 4% 2 50 % & 18] 19
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‘§5.4 BmINBTEEER

T LR 25 W RN S 1L Q”TﬁifiﬁTTﬁ:iﬁmjj%Lﬂlﬂ@B’Jﬁ% WS NE
AR R BT, A0SR AP S 5 A 165 1 3h 1 , 28 G0 8 Ak 7 5 R % (RS Bl B ) 284k ) 9
AV B2, RO A 5 A8 FRAT S i — > da TR7 20 0 491 . %5 Ak o G ke T AR K A4 4 U
TET AR 22 W) 4 AR T2 O B D ) AR 4 ) b 1) AR 8 AEE L M B R R B R 8 R R
PREFIE IR T, , EAORFFER T, (T,>T,) 78 AT=T,-T, RKIEL T, WAk o9 3006 2 57k
R S A FR A R % L BE A R AR A X R — R E

T HATUE B R0 AR A R S 2 — RO A R B R A R HE R (5. 1. 13) , 7E Bl
e G B, JR U B A R

0=J,- V— (5.4.1)
FERWE L SR BAME X RN T, A

1
Jq =quv? ( Yl 4. 2)

J
,%m,,f(j—x"-) ST R T G R
q/ 0

P=[od =1, vleF quq(VL) e (5.4.3)
15 E SR BEISK S0, €5 L, RBAR IV (L A0ME T,
o) sz
=2[J, - v(— —) dr
=2[v. (J ——) 2 [ ( )v J,dr

a1
2%5(7) J’/ - do
TE 320 57 1 JBEAS Bt B 1] 28 4 B 15 9% F AR A8 % A

P oY Ny g4 (5.4.4)
dt fat(T) a7 o

FERRVAZAG AT L2 W B, BT PR B N BB AT R 7R A du=c, dT, I o) J2 807 PR BRI 5 7 24
7 Wi

A 5 5 — T AT 48y T AR

du 8T
dt Va
5K (5. 1.9) wi&B
c‘-a—T=—V-J (5.4.5)
at <
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RAR(5.4.4)15
dP cyroT\ 2
w2 w5

dP de
—=<0 ® —=<0 (5.4.6)
dt dt

M T B R R AR 1, SR

bR, R 2R e B i E o A Bl () 22 4k Eﬂ%#&ﬁ*ﬁiﬂ‘](%ﬁ)ﬂ%%ﬁﬁ%ﬁ

ZR G B 7 A R B 8] T 980 /) , L B9 7 A R B IME, RGEALTE B A E R IR BE 4 A
A 5 A5 D b K R A /M A E B AS AN b, AR B /N 7 A E B, R G AR TE AR T i e
AR, AR TSRS R A IKIE LR LRI T X RS, RER S SR E A K, K
BRWLS DHRERR , RG22 ™ A R /N PR E S XM R ER S T 2L
PSRBT N, X A A /M A R AR E S R AR E Y.

il 1T 30 0L 400 4 A% 0 AR A 4 T e /I A E B BRAE DB A AR B SR S B0 R AT 5
RERY AR IE ARG (5. 2. 9) , Sy Sl 7= A= R O

O =L, XTH2L X K Lo Xl (5.4.7)
WERXT AR MR, /M= A R (R ERBEF ) :
(ﬁ) =2L,, X, +2L,,X,=2], =0
v (5.4.8)
90
(a—XZ) . =21y, X,+2Ly, X, =2J,=0

fE ERBEEEE T, =1,=0 (R T, 08 L, Ly-L], #00, ik %M, (5.4.8) R
AR X, =X, =00 R U8, 7EXF 3 J1 R I s T 0 7= A de /N RS 2 30 R
WX S M LAL o, Bl an 4 X, R & /Mg A R R E R

10
(—) =2L,,X,+2L, X, =2J,=0 (5.4.9)
aX,) x,
L,, )
Fﬁ_titﬁgf X2=_L_X| ,Eﬂlttﬂ1%
2
B B Ly,Ly,
Ji =Ly X\ +Lp X, =[ L, - X, (5.4.10)
22
4
v 9 L12L21 2
O =L, X24+2L,, X, X, 4Ly, X2 =1, - X2 (5.4.11)
2

D W\PR(5.2.12) , Mh¥EE - FHREKRL,>0,L,,L,,-L2,>0, 3 B L, L,,—-L}, #0 I ERK.
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HEXFEE T, RGEAHEEAEFEN X, X, MEFENJ, J,(J,=0) A FEES AL X, 2%
BAR KT DR R 7= 4 R /.

FT T 3R AT 3 2 S B A R T BN PR A B AR 2 5.4 RN § 5.6 FRATTAF B
b 7] - B 3 e 1 S T H A EE .

'§5.5 WERNSY IR

g 58V VR PR A AR A A (AR SR SO R ) L P S A R AN BRI AR AE A
P B H T S R IR BE ORI L R 8 9 RS A A DRI S 5 i JBE A 349 29 5 1S ) 90 I 0 B
G T (AFFETE i TR RS E 0 A A5 R MY i 2. RATER B RE R R
REAEAE RS AR R GE 53 R A7 T /NER 20, 4% /N 43 Ak A Jrg 380 5. AR s %fﬁiﬁiiérf%{
VN 5t Ji) B A7 7 A 2 SRR I o A ) A O 2 R R 7 A R TR TR 2 R B e
HOL 5 Z R S R AR AR LR Y.

ARG b AR BIIT A, e S

kl
A+X, —>Y+B (5.5.1)

SRR o) BARSEBUCA T A 5001 X, A A 4 9403 SE B, DR -5 2 s
P A M X, 85> T ROEE ny A0 BRE L, /P
w,=knyn,; (5.5.2)
A k) IR R — R UL FEARF i R G, ny oy A @y AT R IR 8] AR 5 11 o 2K
) B AR FRLIC A2

k,
A+2X; —Z+B+C (5.5.3)
SR R w, AR N
wy=kynyngn; =kyn, n? (5.5.4)

A ky O R R
A B[] Bf 4 A2 AR FRIT N X, B 5> TR0 n, AR

an; 5
(—) =—knyn,—2k,n,n; =-w, 2w, (5.5.5)
at ) .
F— T, YGRS TR 0, AR LR KRN
an;
( ) =7 I (5.5.6)
Jat
J & X, BB B R A A AR BLUT A TR B n, AR R
an;
—=-V . Ji—w, 2w, (5:5.7)
Jt

— e, MAAFRIC A AE r NLE B 4T @ B T ROR B n, (R KO8 A

(D  De Groot S R,Mazur P. Non-equilibrium Thermodqnamics|[ M |. Amsterdam ; North Holland Publishing Company, 1962
Chap 5.
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i

an "
=-V - Ji+ z Vipwp (5 58)
ot =

R w, 5 p ML B SR v, TS p /BB B 4L T i R B M4 TT A
5805 p R A v, R I R RLIE v, R .
X SR~ O AR H R (5. 1. 4) S, R B AR AL

b b I
at — T ot
M M
- Z 7V Ji- Z Z 7”4"”;’

=v.z7¢-§y,v?+;(_2%5qw (5.5.9)

FIABRL p #9538 Ak 24 55 F

a,=- Z KV, (5.5.10)
i=1
AR (5.5.9) #RH
B ow. v, St e
(5. 1.6) LLBH, 4 L 25 B2 h
Js==> M—TiJl- (5.5.12)

2 R T UL T A A O O R S 7 A R
@=—ZJ»V’£+ZG—"¢U (5.5.13)
Vg Y T, 5.

W X0 G 5] 2 7 9 I R AR A 2 SR o A ) SRy 3 7 A R OB B (S 1. 23) FR B, R
PHROIER R J 530 X

Ji=y, Ai=-ve

5.5.14
]('h_ X(‘h_a_p ( )
p ~@po P

BAEWF IR (5. 5. 10) 5l AR R AL 2 R F i B AR RAFAE RN p, 2 a, =0 B}, 5
(5.5.10) 538 (4. 5. 5) M1, B vk % AR FRIT N R B p 35 BRI T- . 5 8075 T, B84 1R
Ak 2 B o BOR 3o ©

w; =g, (T,p) +kTIn x, (5.5.15)
Bt R R A2 A H a, 7T HR K

a,=- Z v,&(T,p) —kTln H xle (5.5.16)

i

R
@© A (4.6.6) fA(4.6.17) , Hrh k:N—,NA J2 Bl AR A 2 o
A
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SE UL p 1SR BOTH 3 K, (T,p) B

1
In K,,(T,p>=—ﬁz v,&(T,p) (5.5.17)
W a, 7KK K
K (T,p)
a, = kTln — (5.5.18)
X}
E%,jﬁj
K,(T,p)= [] aiv [5.5. 189

i, a,=0,fb2% KA p K BRI X (5. 5. 19) 15 BRAR Sk ol 1 A8 9 9 o Ao 2 S O F) i i
T B A A R e =X
BLAE THE b 2 2R 35 B B R A 56 AR AT 08 T 3R S B

k

Ak=‘B (5.5.20)

5 (5.5.2) 830 (5.5.4) ML, KL IE R T ER o, N
T (5.5.21)
W AT R 0 R
w_=k_x, (5.5.22)
Xk, kRO RB SR EE 0, A
0, =w,~w_=k,xy~k.25 =k, xA(l—k—ﬁ) (5.5.23)

XA
A A 5k B Ry P 7B w, =0 1 K (T,p)——E’J%’%FF IR =t o

k_ 1

k. K,(T,p)

RERK(S.5.23),7%
1 Xg
K,,(T,p)a
— S B TH(S. 5. 18) @A XA F A LG AL EMB 0, 5RMER o, B—K

PER R ANATFTIE 0, =0 B o, =0 A4 T J5) 7 5 (9 15 2. n 28
a,<kT (5.5.25)

=k,x,(1-e i) (5.5.24)

w,=k.x,[1-

K (5.5.24) AR LA

ap (lp

wp=k+xA ﬁ=w+k—]—‘
XA SRR 0, GRS 0, RRMERR,IFEMLFERBR I 550 X" BEEXR.

(5.5.26)



‘§5.6 I HRGAEFEMXNERBHIE 127

TEARR M AEIE T, W05 o, >>kT, F1R (5. 5. 24) 14

w,=k,x\=w,
J 04 B () R AT o AT, Ao SO RS D MR DG R RAE a, AR/ B EE B 23 Ak
B 57 S B 14 Ak 2 B 3 F KR AN B AR 3K (5. 5. 15) T @ T AR 4 M A% B I 1 38 0716 3 )= i
PGS AR A AR LA W] A 2 BE S B R D ( Prigogine ) At 9 AR 7E
T RN AR R R Y A M AN AT AR B 2 B TR AR S D OO R
1)V AT B9

'§5.6 FEFRATIFLAEXNLZEAE

S/ M P A E A X T AL TE A X AR R G, R AR A B B, R S
e Fo 2 HLAL TE AR VA 5 S AR THE A TE AR R E X AR VMl RS AT
HRAE(5. 1.23) , RGN ™ A A B ] (9 728 £k 0T KoK

(1P ka d.]A
J’—dT— f ; Jk d—LdT+J’ ZA: E/\/de

dr

(5.6:1)

P X0 35 2 7 7 55 30 Bl o [R] 28 4k 5 2 1) 2R e A 7 A R i AR .
AT el e I 1 R B B R B T 5 e T 0 e [ A A 5 R A 4 7 A R A AR

d,P
ﬂf‘%?-*ﬁﬁiﬁ(i 5.13) 1%

dyP |
= ( ZJ V—+Zw,, a[) (5.6.2)
Xt 05 5 — T AT 0 AR IR S T Y @, HIZR(S. 5. 10) R AL 18

Opt;
s A O TS J 1R ar T Z e
FI ] e o B A A — Tk o R B B R TR 4y a0 SRk B A @FT[‘EHTIEHEEH: TRy

z.rﬂﬁﬁ'fﬁ&%ﬂ,a—f N B-ia—tf@.auim%%/%w

i 9

@ Nicolis G, Prigogine I. Self-organization in Nonequilibrium Systems[ M ].New York : Wiley-Interscience, 1977.

@ Glansdorff P, Prigogine I. Thermodynamic Theory of Structure, Stability and Fluctuations[ M ].New York : Wiley-Inter-
science, 1971.

3 De Hemptinne X. Thermodynamics of Laser Systems[ J]. Phys. Rept. 1985:1.

au, £
@ AW ARG ML EHE Y (;‘i) -0,
7 7 u;
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d—t—‘—f[z a—n;( v - J+Zv,p w,)

Ly

AR R SO FE R ST 12 (5. 5. 8) , AlKE BN N

¢ i
M-S SRR | 5.6.3
dt szanjat atT ( )

BAETHE BRI 5. T R G4 /N4 A 1 Je 30OF iy, fE R IR AE R AR,
Je 875 A7 0t eR RO T g o LA HR/IME BB B9 — R4y 8g=0, i 8% g=0. K AR 5 X
(4.1.11) ,EEBEERET . A

og = Z widn; =0

Opk;
d'g= Z ——3n,;8n,;=0
L)
A, (5. 6.3) B BRI R 1, Bk
d;P
—=<0 (5.6.4)
de

B EWE , ST BE T ]2 A0 T 3R G MR P A RN X — e 0 T A X R dE
X 115 T8 #0838 H.
X FRAFELEX R, S HFEXS.2.60) XK.
&= ZI: LyX,
EHNEREIERNEIET A

d,P dx,
I:j IZ; Lk,‘———Xde

k,l
d,P
__d_t (5.6.5)
HAPE LB THERER EHIL
d—P—2£<0 (5.6.6)
e~ de o

K (5.6.6)FE §5. 4 kil 49 B /N 7= A 8 B X BEOR A, X F A 7E R M X 9 R B i
i, AR GEH RE AR T A1 51040 20 P )k v R AR E 1Y

MPAEFELEX M FERE, T IS5 X B’HE%I&%% H’Jﬂv%TzﬁH’] A i

dP
E%ﬁ%&ﬁ%.ﬁﬁ%ﬁ,ﬁﬁﬁ#%ﬂﬁﬁﬁ,%Ziﬁi%ﬁt@ﬁiﬁ&%ﬂaﬂ%%lﬁ%ﬂ?ﬂ%%ﬁ
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SE/AREMELE A — DB ES, B L B FEHZAE §S5.7 FRITE U =2 T
ULl ﬁ?’dﬁlﬂzfﬁﬁﬁ/}?*ﬂﬁ%ﬁtnffﬁﬁ’ﬂfﬂ%ﬁ.

'§5.7 =D FRBERBGHOER

S 6 W 5% 3] — 26 A 2 iz v 4 Y B () B () B 2 ) - (8] 1) A SR8 S R R 4L
5% i 5 ( Belousov — Zhabotinski ) Jz i ( {8 #% A BZ 2 b ) 542 — A~ & 4 19 B 7. K 31 iR ¢
(KBrOy) .JH [ CH,(COOH), | B4 [ Ce,(SO0,) ;] MR (H,S0,) K JLiH L 8k R it 5
MUGR G BRMBESEAGMEAZERG RGO ES SRS, B
10 A5 A 2 /N A R L B B IR 9 R T BT R BB R Cet/Ce™ M X ViR B A JE A AR 4k
Ce™ it Z B 4T, Ce® i 22 52 W5 €0 40 55 2 17 7E o Bl B 20 0 T 4% R fE AT, SE 30 22 B Bro vk
il Ce**/Ce™* AH X e BE BAT

BZ SR 0947 AT LA AR 38 X1 RE 5 ( Oregonator ) i i AN i B2 0 a7 BB = 70 AR B ] @
AREAL E AT R AR X = 4y FELARLIN LA AR = o R R R i B R 8 S O
(Lefever) 4 5 R (1), H 85 FR A 70 8 2E /R A AU ( Brusselator ) B AL & T 3R 10 25 1k 2% )

kl
A —X
k
B+X —Y+D
, (5.7.1)
2X+Y —3X
ky
X —E
TER L AN E 2 S i) A Bl Mk BE AR R fE 2 I E A A i D Fn E HERR. F R X
NP AT, RGN R B A R A E A B.D E UM SEEMNEIE T, R X MY
MM BE n, A0 on, BB RS (L, AR A @

dn,
v —=kyny~(kyny+k,)n, +kyn? n,+D{ Vin,
5.7.2)
dn, ( v
T =kyngn,~kynin +D} V2n
(3 eAE ¥
t=kyt' )(’-(k3)7 _(k3)7n
— 4 =t x 2 e y
% K,
(5.7.3)

AR (5.7.2) RARA

@ iﬁ(S-7J)Wf¢1§ﬁ$ﬁ%#ﬁ§&1ﬁ.mﬂﬁ%=—v -J,Fﬁ]=—DVn,[ﬁﬁt,&ib’ﬁﬁ?lﬁﬁ@?&ﬁ?ﬂt%ﬁ(%) =

di

D V?n.
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dX

F =A-(B+1)X+X?Y+D, VX
L

(5.7.4)

dY 5 .
—=BX-X"Y+D, V?Y
dt
KWW, (5. 7.4) A8 FRY S E W .
B
Xo=A, Y0=7 (5.7.5)

T AEAABE TFTR(S.7.5) WEE RS RERNZIENED R KM
(=) XMMYEHRERESE
i D]

AT LA R EAFAE X MY B R SE B 13 1 R Ak A
(D) XMYEDREARFEZEZARNRE
iAibEE)

Horhr e, S0 By n] ) B K B
B TR Bh BBk % , & W X, 1Y, &AEwE,
X(r,t)=A+a(r,t)
Y(r,t)=—§+,3(r,t) (3.7.6)
H o M1 B2 —Ki/h kB ERRARK(5.7.4) R T o« F1 8 BOL AT, A] 15
c;—(:=(B—1+D, V2)a+A’B

S 7.7
a8 ( )
e

-Ba+(-A+D, V?)
BRI o A B LR ST R, T LAKE eR B o A0 B A 18 BL i JF 1 o198 H 4 B - 4y B i AT
A —A 8 B Sy R O — AL
TR L, FRATT 2 B — 4t 1) R R 2 AR K O Lo Tl B4 (—) B8 n AT KR AN
{a"(z,l)= a,e“"'sin k, z

B.(z,t)=B,e“"sin k,z

(5.7.8a)

Horp

XA R, G

a,(z,t)=a,e“" cos k,z
{ {5.7..8b)

B.(z,t)=pB,e“"cos k,z
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)
+

k =—X  n=0,1,2,-
L

n

#3K(5.7.8a) K (5. 7. 8b)fRAK(5.7.7) , Al f

w,a, = ( B_I_lei)an-*-AZBn
(5.7.9)
{wnﬁn =-Ba,+(-A*-D,k;)B,
A RO IE , B AT AR 2
B-1-Dk*-w, A?
=0
-B -A*-D,k -w,
L $L kL
w:-(C,-C,)w,+A*B-C,C,=0 (5.7.10)
H
C,=B-1-kXD,
£5:7.11)
{C2 =A%+k’D,
ZWRITRE(5.7.10) AR 2
a),f=%[C,—C21J(C,+C2)2-4AZB] (5.7.12)

W ooy W] LA S R SE R, SR Y SE RS SR W] LU IE SR L, RTS8 D, D, A B Fil L
ABE. R o, REEa,(2,0) M1 B, (2,0) K LL w, B9 HE R A 4504 B 10k 18] 9= 3. 2R o, 195
MR a,(z,0) FIB,(z,0) 5 BE T 6] FE 080 W2R o, SN IE, o, (2,0) F1 B, (2,1) #f B B 8]
W 5E I ST W X Yo RAR LR R O LA AR RE M A . B T LU VR ATTAE S B A
(B J R ) 5 2 R B FEUR RE 5 T S 1 HRE

Tl TE 0, HERKERGPIFHEIE. h(5.7. 12) W, 0, HEREFMFR

(C,+C,)*-44’B>0 (5.7.13)
¥ ERXKE R
: (€,-C,)*+4(C,C,-A*B)>0 (5.7.14)
b (5.7.12) #1K (5. 7. 14) Al F0, 24
C,C,-A*B>0 {5.7.15)

i, 0, AIELR, EXAHY T

2!

D, , A
B>B, =1+ —A"+
2 2ki
B 5.7.1 B THESE LAD, 1D, i ,B, b n LKL, 2 B>B, B, 8 n R KA.
MERMEATUEL K =2 KI8T HN B HH/, H BHEL B, RR.H—NHENMEE
famt , BIST I E AR X, Yo B RTR. QAT FT A , i 4 M RS E 40 0 AN BB AR i A i B OE K
IS 7.2m T BEITRESIMN X ARERZ R 2R ERE#HS’B(EN B=4.6,A=

+D, k> (5.7.16)

2,L=1,D,=1.6x107%,D,=6.0x107. i f &4 Nih R E X=A,Y=§.[§Uﬁ_@,i,z£b$§§
BET, ZRGAERR 5 RSN E TS
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B n,
EN ¥ 3
I B 2
Bl ==l I
* | | | | 1
I | | I
1 1 1 1 M
0 1 2 3 4 n 0 0.5 1
& 5.7.1 BE5.7.2

B (5.7 12) Hl, 0, HE B KR
(C,+C,)*-44*B<0 (5.7.17)
¥R 7. 1) 8 C, f1C, A2

fl2’1T2

5n=1+k§(01—1)2):1+?(D,—1)2) (5.7.18)

(5. 7. 17) ek
(B+A*-5,)*-4A’B<0
3P
B*-2(A%+5,)B+(A*-8,)%<0 (5.7.19)
2 ERXAEN B _RAEFEF,H
B*-2(A%+8,)B+(A*-5,)%=0
ERPAR N

B,=A+8,+2A4./5, = (A%,/5,)?

(B-B,)(B-B_)<0
X, B (5. 7. 17) AL, B ARTE TR X [E] 22 4 -

W (5.7.19) AT RR K

(A-./8,)2<B<(A+,/5,)? (5.7.20)
HPRTER - LEEME:
8,>0 (5.7.21)
M (5. 7. 18) #1,5,>0 BIHRFE
2 2
”Lf (D,-D,)<1 (5.7.22)

FEi R (5. 7.20) MK (5. 7. 21) BIETE T B n 6 B A (] 0 2 ] 2 JA S 0 A0 . 3 77 300 5 A
PF(=) ,n IR DT AT A7 7 X A Y Yk BE 7E = 18] 34 53 7 A 5 B B (8] 9 35 B9 %, B b Ak
Fp.

M (5.7.12) H, 8RR o, BAIELIBIEM R C,-C,>0,5

2 2
n

L2
X T ER LAD, F1 Dy, 7T LIARYE b B, B n BB ML, WN1&] 5. 7.3 Bi/R. 3 B>B,
B A n f AR 5. 7. 4 i T pln B0 T BAS B B 7E AR TR A 22 X ViR BE i A B Y 43 A, B

B>B,=1+A%+ (D,+D,) {5.7.23)
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R EEER, R S AR RO, ARSI 0 i B e S R
L 37 R RO AR T A TR R 7E B AL AR B B RS A P IRE,
S S 17 AH AR 1 X — A1

TEAE A IS v, AR 31 A= i AL AR #02 JF 0 R e BT 00 45 A R LA, A A 2 T o R
BT R AS A= A 8 A 28 B0 B Ao 1) 1 R B AR A R R 5 AT O (AR T 22 ) AR A ML R B
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§6.1 RFIZEPRTHVLR R

B35 UL, Gt B 2E N2 W) T 2R G A K i TOUL R 1 2 X — S R AR
Y 5 1) 7% SRR T R R TROUR R - A7 A 1 AR AR SR B, 25 W A 3 i A L fROL A B Y e 3T
YI(E e R R Ge 0 B2 B N 25 2 B, FRATTNT ST 185 38 28 8 1) SOWtR A A T B i A 49

FATICA 8w i B kL 19 3z ZhIR AL X L U R S A R UL T R G T A
TC, Bl SR B 4 F R R O R SROCF E R TN s RS AR E W s
SRS N SR T8 M 22 B ) 2 4 32 s A, 3R 2 B IR S 00 1 A BR R 2 S A 5 i SRR
Tl F S 2E s sh R, X R i SR A B IR ORI S AR IR B O
b T TN T 12 8 s U R AR T A — 8 AR BR 25 1 T, 2 SR T 4R HAT R S AR
I BRL iz SRS I 4 B IR

VERLF ) H A r 8 ) 5 IR IRATT R 7R AL — B 200 22 s SRS kLY - A
J7 SRR qy .9y, 000, q, IS ZIEEH r AT LB R py L py L, p, PRI 2B EE B E R T 0
REHE & S SCARAR AN Ll 1 bR AL

& =& q1+""* s8r3P1 5" 4P ) (6.1.1)

WIRFFAEINYG) e B R IR N S 5 1 R AL

AT G RN T 09 S22z s RS, VL g0, g0, 0, 36 2r AR B AR R,
M —A 2r gE=S (6], RO w2 8K F7E B — B 208 S 2408 3R & (g0, 0 q05p0 00000, ) 7T
LR w25 (8 B — s R0R BRI BT ) 232 2R A AR 3R A5 280 1 1932 21 R 25 Bl i [i] 5 28
B, AR SR UM B M AE o 25 (B P R gl il — SR LA

T A AE G A R B 8 LA

(—) BEHF

B BT RAZ I ERTE B s s Bk S A ELE SN, B SR 0 504
JE T B AR AT T A AR A kT
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FRAF I A5 3 5 . 55 A3 U P 7 A8 40 0 4 2R 0 JE . FR AT TR 78 58 LB i — B Thig A
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A B A SOUR 25 B B AE AN 2 I R — A B B

§6.5 DMAFMRE
AT — AN FRGE o Kt 4 (R 2 S 1R T4, LA W R T4 VLB B R V.

e (1=1,2, ) RAKTHBER , 0, R/RFEHR & BT IFBE N KL T 78 25 BEHK B9 70 A
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W RGE, or A e, | 20006 2R
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!

Oy p = H w)! (6.5.2)
1

O OLRIOGI OO0 OGEI0O000

4 6.5.1

MEPKRRG KT A B, — DR TERZ AREN— DR T.q DR T A
S o) LI o, PETE MY TN o DiETEPRL o, PRERT HIE(EE 0,2
a) KA o /la)! (w=a) VIFATRERY J7 30 K 5 REGR 0 25 R AR e, 18 B 2ok R 540 1
EARITAIOEE SUR A i )

w,;!
Oy = l_/[ ool Uty |

MRERORFEH R KRG D A% s, LR FHERYT /DT ZEROETE
He, A

(6.5.4)

2«1 (XFTFrAER L) (6.5.5)

w
M= (6. 5.3) 45 H i 3% €8 F8 48 1 SO0HR 25 B50mT LA 1L
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“TRIFEET N
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0, =

. (Aw’)a' (6.5.8)
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]
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EACRE TS =00 La, | AR Y FR G2 B SO0 R 25 5 AR AR S AT R T B, X T Ak A T
AR WAL R G, B — 4> ] 8 1Y TV R 25 L B0 A% B 230 J2 A0 55 1. TR e, TR R 28 B i 2 19 43
i, B BE R B K PR BRI A NS HE L E RGN T HREMAR 6, R E R
W -BH2Z &0 0, WK H- 258 7 i

TEME B H-22 2 43 A AT, e i A — i %K

Inm! =m(ln m—-1) (6.6.1)

Hem KT 1 %R m>>10,

?ﬂﬁgf’ﬁ@ﬁﬂ,ﬁﬂi“ﬁ*ﬁm%ﬁ(ﬁ 5. 2)9"] 0y 5 FICH Q:

0= ]‘[ o (6.6.2)

ﬂ a!

B B 25 8 R GE PR (0 SR BESR 43 A S0 Q S M KB 43 A il F In QB 02 1978 1k J2 83 1Y
A LLSE M S In @ A KAE 1 43 A F 2X (6. 6. 2) B 8, 4

In 2=In N! —Zlna,' +Za,lnw, (6.6.3)

BB A A 1 o, #RARK, w7 AR L (6. 6. I)B’JJEM JJJJ:fTﬂ.’Jﬂ
In 2=N(ln N-1) - Z a,(Ina,-1)+ Z a;ln @,

1

=Nln N- Z a,In a,+ Z a;In w, (6.6.4)

KRG In Q W B RAEEG 234, AT % %% o) 47 Say AL, T In QKA 3ln 2 f72E1L.
In Q 9 KAEH) 24 L a, | 64 8ln 2=0, B

sln 0=- % ln( )Sa, (6.6.5)
i (0]

HIX 28 da; NSRRI, B AT 00 2 A&k
3N = Z da,=0, BdE= Z £,8a,= (6.6.6)

FEAFRFEAFK(6.6.6) RN, A TP S o pBATH, FRE5R(6.6.5) B4
HRIEE M

a
3ln Q-adN-BOE=- [ln (_’) +a+Be,| 8a,=0 (6.6.7)
w,;

]

@ 3 (6.6. 1) AT LLp 4% bk ( Stirling) A X G F) WK ARE m! =m"e ™/ 2am B3 $013
Inm! =m(ln m—-1 )+%ln(21rm)

M om A RS T 5 — UM LT L Z2 i R 75 B0 (6. 6.1).
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R (6.6.6) B TRALREM EHEPIA da, (B da, F da,) A REAE BIRE , SLiT, FAT
TR FZUHRESE o M B:
lna—l+a+ﬁgl=0, 1n2+a+ﬂ£2=0 (6.6.8a)
w, @)
ik (6.6.7) 2414k H
Z (ln—l +a +Be)d =0

3.4,
T EAX % da, ﬂbiﬁiﬂﬂiiiﬁ#???*ﬁ*% da, M REE T %, A
ln2+a+ﬁé‘,=0, 1=34, - (6.6.8b)
w,
24 30(6.6.8a) M (6.6.8b) ,FH
lnzl_.}.a.{.ﬁglzo, l=1,2,3,...
wy
ED=X (6. 6. 8a) F1: (6. 6.8b) Al 3 IFE R
a,=we P (6.6.8)
S 4k o A1 B (6.5 1) HsE, 1

N= Z o P, E= 2 w, g8 P (6.6.9)

7252 P ) m%‘ﬁ%ﬂ%?ﬂhﬂﬁ%&ﬁmzﬁﬂfﬁﬁ i 13X (6. 6.9) B 5E — X E RS
4 P4 fE.

FRTELAH AR (6.5 1) T T HAE Q BB KA B4 45 | a, | 1953 FR A HH B H (La-
grange ) A SE e T3k, M ARDIAR B H R 71, S8t o B FRNFLKS WA H 3T Hiak B H R T 1%
) — A 0T LA S A KB EED.

K (6.6.8) 45t TTERMAR A TALAERER &, MK TEL.REDR &, i o, MR TE, L 1E
HoAp AR Ao — A 207 2R 8O iz R AR R . R AR TERE R &, MR T8 s ERFY
KT8 A

_ f,=ePe (6.6.10)
K (6.6.9) WA LR N
N= Z P, E=3 spEn (6.6.11)

b 3 AR AT AR A

% L FRATF AR JL A
o — T IRATRE N T B 5 A In 0 (9 — Ao TR b B In QIR (.
T B X 4R A R M K, 8 I B 2 B M A 4 In Q9 M TR xR (6.6.5)
ffy 8ln Q PR M4y, 15
(3a,)’

a,

(6.6.12)

8°In 2=-5 > ln( )sa, >
] w, [}

@ 4,751 Reif F @94, ff % 10.
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BT a,>0, (6. 6.12) SJE A X SEIEA T 3 B 242 50 i 28 In Q R KER /1.
S5 AT AT R , B H 25 8 A B AR R e K A IE I L AL E NLELV I
ST U 3R (6. 5. 1) B3 Ai B 24 #0A7 0] fE S BE A i % 20U R G, 4 A ith 2k b Y i
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1 a;
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/I 1 9 20 A B SIOUDR 25 805 e AR 20 A 60 ROV S B0 Ll 2 L T X a2
U, SR SR S0 A ) TRODLIR 25 Bk 3 1 3 T 4 50 AT RE A 00 bR 25 B AR 4 45 MR IR BR, Ak A P
i 25N W IRSL R GE, B — 4> 1T RE A9 SOULIR 25 4 B A9 HE 0 A0 55, G SR ] 220 g At 43 A 1T A
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A RHE(6.5.2) M (6.5.8) AL, T L IS h & MG it h R H 2% 801
P Sua W

Aw,
a,=e"oBe (6.6.13)
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Hi o B il
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2, ) RARKLTWRER 0, RNGER &, WTIFE. LUl o) | RRAESRER LR THBR,

Sy A a, b W20 2 AR

> a;=N, > &a,=E (6.7.1)
]
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AR, §6.5 hFil T 54701 | a, | HH N FRGE 0 ROWAREEL 0.
PORRGEN QN
(w;+a;-1)!
n= 1_,[ el (o D)1 (6.7.2)
WHKRGM QR
w;!
n= H ol (oa)l (6.7.3)
HBE EER WK §6.5 i Qy p 0, ZBFEIC K Q.
HR Y8 S5 AR R B, X F AL AE SR A WIS R GE, B — > 0] GE A GOWCR S ) BE R 1 32 2
FH A B R, Q SR AE A 43 A, ) 3 A A S IR K, J2 e AR o0 A
FeZIEP ARG XK (6. 7. 2) W8, 15
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I
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ES)
In 2= Z [ (w,+a;)In(w,+a,) —a;In a;~w,In w,] (6. 7.4)
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% a; A da, BB AL, HTT In Q¥4 8ln Q HYZAEAL, i Q g K AE I 73 A5 L f3In 2=0, B
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1
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dN= > 8a;=0, BE= > £8a,=0
! l
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In(w,;+a,) =In a;~a—B&,=0
(&
@y
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e Bei—]
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In 2= Z [In ;! =In a;! -In(w,~a;)!]
7

B w,>>1,a,>>1,0,~a;>>1, ERAGELH
In 2= [wlno-ana-(w-a)h(w-a)] (6.7.7)
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= (6.7.8)
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B , B
w; €0
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FEFZRE D, WEEE B UERLRAMABMENC SR, M hX(6.7.6) 28X
(6.7.9) 5 —\HhE REMNEE; BFH o F1 B #11E i LK AR AMFHERC RS, X
(6.7.6) 33X (6. 7.9) iy W X 5 & G 19 F 1 BB B N RE.
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e**Bsit
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1
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§6.8 =FMDMEVKR

HITET 5 1 T BEHR 2% % O A B4 00 A A0 B K A

WHES A
a,=we P (6.8:1)
B a1
o
a,=ea+ﬂsl_1 (6.8.2)

PR oA A



3 = 155
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i (6.8.3)
Hi 24t o Mg th TR S5 E -
> a=N, > &a,=E (6.8.4)
! /]
F B 50 A R B K A0 A AT DL ), PR B 4 o W R 2R 1T
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§7.1 RANFENRITRIEI

fE§ 6. 8 vPristi , 5 R R 1 A 2 AR R 2% 03 (98 0K ) R 5 2 A B 2 2 )
A% BHL I T 2% 8 416 T 2K R S 0 4R 0 2 P T A S M A 2 0 i

B
P RE 2 R 48 ok T CLIE Bh B RE B9 S8 1T Y E. BT LA
= Z ae, = z £ e P (7.1.1)
FJII/\%& Z|:
Z= > we? (7.1.2)
1
PR kL IC 43 pRE, TR PR A C 0 R A X (6. 6. 9) 153
N=e™® Z we Pu=e 4L, (7L 3)
FRGZSHE a5 N.Z KR, ‘M%Uiﬂuﬁ%ﬁﬂ L) ) o 225 /] B A8 58, AT 15

=3 8,w,e_ﬁ”’=e_“(—a—(;) > w,e'ﬁ€f=zll(—%)z,=—/v U
K (7.1.4) BAREMGEITRIER.

fE S 2 bt R AE L R b aT DL o o A s R O XS A R A e B 7 55 /D
AR, RGBS NREN R L dU S TES R PAMNAEN REF AT aW & & 5 M5
R A E dQ ZF .

)

dU=aWw+dQ (7.1.5)

St R MERR A, U aW T LR R Ydy IR S, b dy RAA SRR SUR R Y 2550

Si y MRLEISNFEXT RGEM T A . 040, 5 R G e e Sl A b A AR fk dV it S
FXF FRGE T S o —pd V, 55 4R

FLF 1 B f 2 A0 2 bk 1) oK B0 — A L0 )7 X (6. 2. 12) b 1l k1 A i LR A

LV I R AN S i UE i A i T AL TREZK & E’J—/\*V?E’Jﬁﬁ— Pk, A 53t &
G XAER I Y A

36‘[ 63/
Y= —a;= —w,e
7 9y T dy

—a—Be,
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N 9
=—— —In T-1.6
B ayl = ( :
K (7.1.6) &) XAEM Gt RX BN —AHE 6] T2
N d
ELT/NOHERSE RS, YIS BA dy WBUER, S X R G B i o) &
d
Ydy=dy z ﬁa,= Z a,deg, (7.1.8)
Ty 7

FIBELIT /DRSS RPN BUE EHEE U= D g0, REMH A

1

dU= Z a,de,;+ z g,da, (7.1.9)
1 1

A, 5 — WU KL 43 A AR, i T A S i SR T B0 RE G AR T SR R REAE L 5

TIRKL T RERAER, i TR A TSR M R AR L. 5 (T 1. 8) LE B R A, A

— TR AL B b Ah B R GE BSOS R O S AR SR e R o R G DA AN SR AR X

U UL, 7E T 55 /0N B M A e B b, 2R 8 DA A SR I AL 1 Ao SR TR A 45 RE 2% BT 4 A P

B N BE. AR BRI Z DI REA N EME. SHRRMT X AR, B 5 A
) A UL

TER S p b, R R h AR SR it S B A 6, Ik 4O AR 24

DR A ST/ 25— HE , 40 ﬁfﬂﬁ&l%%,ﬂ%%ﬁ 40 515 24 S

1 1
—dQ=—(dU-Ydy)=dS 7.1.10
F3Q=(dU=Tdy) ( )

A (7. 1. 4) FX (7. 1. 6) Al 1%

dy

aln Z,\ N dln Z,
a0 =dU—Ydy=—Nd( )

+._
B B dy

B e £, 1%

dy

dln Z, dln Z,
B(dU-Ydy)= —N,Bd( ) +N

ay
B (7. 1.2) 5 ABE /> sR% Z, 2 By WEREL,In Z, 235N
dln Z, dln Z,

dln Z, = PR A

YA
B(dU-Ydy)=Nd(In Z,-B %]n Z, (7.1.11)

(711 H M8 R dQ BB T BE4 B Lﬁiﬁa% 40 BT, T4

1
e (7.1.12)

WRYE B o T R TR R i B (S MR A) 4 600r X a0 ﬁ*ﬂﬁ:‘@?%,ﬁd—fﬁﬁﬁé
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5y dS i, EA X 2N BRAHEF AEER DR EFZ 0 S feR% ol LGIER k A2 S
R % IEA WA EoAREE RS, h TR REAERNSRERETE , XWRELAH —
AL TET B( 218 6.5).8 XX B4 R Ge AR [, 1E 415 Ab 7 #4F-5 9 49y 1k 18 B 4 25 — B0 B
B RAlfe SR, AR S MR Xt 23, R (7. L12) 5| AWk REER—1%
. EmTHE RSN, S REMERE L TUXNFEE- IS EF R EWMELFEN
B, 75 SR R0 3 S PR ) rp 25 RATTISAE § 7. 2 PR Be H T AR SR, B8] k=R/N, , K
i N, =6.022x10% mol ™' & PR (48 % % 4k ,R=8.314 J - K™' « mol ™' J& BE /R S M ik b Bk R
P H 2% 2w i HOBUE A
k=1.381x102J . K™
e (7. 1.10) 1K (7. 1. 11)  HE % &R (7. 1. 12) , Al 45

d
dS=de(ln 7B gl z,)

, 3
5=Nk(ln 2B gl Z,) (7.1.13)

A R Bk e O A T O TR A E T R S R R — A A AR Y kR X
(7. 1.13) 2apy geit Rk .
BLAE 1800 pR B e T SC X (7. 1 3) O, 7%
In Z,=In N+a
fRARK(7.1.13) ,

S =k(NIn N+aN+BU)=k [NIn N+ 5 (a+Be,)a/]
i

i FH 3% - 2% 2 43 A
a,=w,e_°‘_B€’

i

w,
a+ﬁg, =ln —
a,;

FrLL S AT LARIR A

S=k(NlnN+ Za,ln w; — za,ln a,) (7.1.14)
I 7

5K(6.6.4) lLE 1%

S=kln Q (7.1.15)
A (7.1 15) oA BE B 2% % 5 2. 98 B 2% 5 56 R 25 0 pR 2 LA B A 19 0 1 8 S0 A 2 BDIR B Y
%5 T3 B 2% 8 H B b 36 LUAH L TOU8 bR 25 2800 X 5. A #8283 4 89 2 U, R TR AL BE Y
TR LR B H 2% 8 06 £ BT U 0 . A 72 WDBR 25 X6 7 A9 SROUIR 25 B0 22, B A TR LB B R
K, K

O KR(7.LIS)FEHTEMIMETEERE X TEMIMBEE(RK) ZE, BHEEEXRZRKA(S L11) ;X4 F
HERZAS, WX (9.3.10).



160 FtE WEZLESZI

N5, (7. 1 15) 19 2 0% Oy, Pt B R EX(7. 1L 13) MR (7.1 15) EH T
RT3 B R G CGEBUARSE) 0 T R 22 SR PR AR P O B 6 (B oK) RS, B HL 28 & /r A
HESHONEMT X AMGETRER(7.1.4) (7. 1.6) MK (7. 1.7) U5:8E FH. i Fix
ARG RMAR SRR Qy o /N, IR EOR B H 25 % R R AL, W B 2k K (7. 1.13) X
(7.1.15) Rt hy

d
S=NH{In 2,8 _In Z,)—klnN! (7.1.13")
Hl
0
S=kln ——> (7.1.15")
N!

TE§7.6 h 2 FE B AR (7.1 137) A (7. 1. 157) 75 H 9 40 R B0A I 2 ) S # f) 20K
L TR AT LU ISR A IR Z, R (7. 1.4) R (7.1.6) (7. 1. 13) fl
(7. 1. 137) g m] LR AS He AR 8 7 27 ok 80N RE W40 25 0 B AR , DA T ) 58 R 8 Y 4 T i 1
. I Z, LA By (X TR RGEED T.V) Ay 78 5 0 45 P ok B AE R 230 kit LA TV
N MR BOE AR AE F=U-TS. X (7. 1.4) (7. 1.13) 5K (7.1.13") /K
A, Al 1%
F =-N a%ln Zl—NkT( In Z,-B a%m Z,| =-NkTn Z, (7.1.16)

7
F=-=NkTIn Z,+kTIn N (7.1.16")

P 273 9105 P T B AR 8 G R 2 LR R 2R 1R B B 68 (3K ) R 4L

TG (7. 1. 2) KL 73 oR K, S BESR A5 HE 1 (4 AE 20 A RE 2 % a7 OF B2, 3wl LA i 1
J12E B BB TR, 80 S A A S Y S B B (1 a0 Dt Kt ) miAs B AR R AR K (7. 1L 2) By
SRANTHF Hh oA i J2 oy B 2% 2 TR SR A Ty 2 R BB — SRR . FRATDRE AE S T e AR
5.

BV R MG B P A B R E A BB L2 0 A E T REK
(6.6.8) Mze it £k (6.6.13) ,IF S M (7. 1.2) , DH B H 2% & 28 1 503 (9 IE 73 oR KR

(7.1.17)

TG SO ER ¢ )7 X E p KL TRER £ (p,q) #BIE i LEAL &, b 395K A 4
H R

Z,= fe-ﬂeld_‘:’= [ Je-aew.«nd"‘d"z""dq'?p'dpzmdp’ (7.1.18)
h, h
PRI FUER I S BRA(T. 1. 2) B (7. 1. 18) U 7S 7 AR R O 5 Ak (7. 1. 4) LR
(7. 1 7) IR (7. 1. 13) {48 R 5.
BAETHE W FEA [ AUE B by XIS TTHE5 R 52 M. 50 (6. 6. 13) 45 th 3L H-22 8 43 1 i
Z RN
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Aw,
a;=e > P (7.1.19)
ho
(7. 1.3) A, e =N/Z AT LI a, KR H
N Aw,
a,=—-eP (7.1.20)
Z; i

AP hg AT SRS KRB Z, BT 3 89 ho FHELTH K ARYEECr s B (7. 1. 18) s (7. 1. 4) (5K
(7. L.7)RABH N AE 8T B A S W& ho. NI EIREE RS ho BUE A ZE £ ICC (HJE R
P (7. 1. 13) SRAS (0 pR B A B R A0 2R B BBOBIE A (8] B9 A, 908 09 BEOMEDHE AR 22 — 1
3050 ) 4 %o A ) AR A T R A 4 R

UG AT K 227 3, A6 SIOWLRE T 4 [R) 4 19 52 ey AT LA 220 (R R 0 o A 0 LA R 2R
4, DR T B %% 2 4 A i ) FRE B A0 A R 0 T L Z20m (BB 4 AL R TSR RE Y
et 220 /N T kT AR FRAS T T, 28 e e i B0 20 T B A 2R — P e 4 ho =h, B JEE
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ﬁ%%mﬁmﬁﬁﬁﬂmﬁn=;ﬂwﬂ@ﬂgé%%wmmm%%

!

§7.2 BRSENMTHE

YERBEH 242 S it R RN, A e B SRR ST R 7E §6.8 ikt , — M
A 20 A R R, A B 25 5 A, AR A AR A L T AR LA S A

Sy PR A L, S B 43 B SCUR S DR B, T A A SR UR T s B R T
HEAR S MR R [R) BB T A9 7E — 8 BL R, T DASE SRR 43 1 R AR AT PN A A G B B X
A 2 s 43 - 18] f) K B A L DR G HE 9 AR S, T DA SR 4 T B SR R o T IIE S R
VERLFAEZE 28 N I H iz 3 AR AN (6. 2. 12) g R RaA 0N

1
e=—1(pi+p+p?) (7.2.1)
2m -

Hebop, p, p. BIATBEME A2 (6. 2. 11) 45 . ARG 75 2 WL /N B 28 i D9, 2l 42k (L D R k(2 ofE
S 1. AR HE R (6. 2. 13) 7€ dxdydzdp, dp, dp, TLFE N, 70 T AT REAY OV 25 80N
dxdydzdp, dp dp,

X (7-2.2)
e (7.2. 1) (7. 2. 2) FARK(T. 1. 2) , AT IR L r eR KK
Z; :hin’ J'e_%("3+"‘:+"::) dxdydzdp, dp) dp, (7.2.3)
R A FRSR AT LASH iR 6 B B SR
Z; :h—z‘ﬂ]dxdydzji: e'%”fdpx . Ji: e_%”%dp) : J’i: e‘%"zdpz
KRGk (S B M C) , AT 15
Darmy 32
Z,=v( hZB) (7.2.4)
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ﬁ¢v=mmw&%%wmwa
AR (7. 1.7) AT SR 45 BAR SR 1 RS p

p=——In Z,=—+ (7.2.5)

K (7.2.5) BREESKKYE TR YH 222 % B BE 2% (7.2.5) 5LK0E Y
IR pV=nRT A HC BT 8 5E 1.

X TRURFHRE R T4 7, TRRERER T (7.2. 1) 45 WA F Shfig i S, i 0 15 56 30
W FaER- (S0 §7.4) . Tt Refesh R e G A SUERC /> KB Z, XV AHOBEE &
R (7. 1.7) K ST Bk 45 3] 50(7. 2. 5).

QSR N H 22 3 G 3T BB SR BAR R B W S 0 B, NLKE O 1T Bl RE R Y 28 3R K K
(6. 1.3)fRARC /& %X (7. 1. 18) , B J5 15 B B T 73 pR B 5 50 (7. 2. 3) A, A hg=h
M 220, m R B AT R 5 (7.2.5) e M. )

I Ja AE— T TR B Al i, BB — A A e AR PR R e >> L s( 7. 1.3) 15 e =
Z/NFK(T.2.4) 19 Z, RN, AT 22 AR BR 2 R

B V(21kaT) 2

af=
h?

N
P B SR, AR (1) NV BB R W (2) R MR (3) 2 TR B m o
K, G RAMBS AR L. £ 7.2.1 501 T LA EAE 1 atm T B 5 e
5. AT LA i, B He LLAR, Aty <00 #0062 28 3 B KR 2% 6 7E AR IR T, 1 3% AT LA ZE 5
He X 37 HE 2% & 73 A3 A9 5088 (H J2 I I UM 0 4% BEAR R, I 7 (o] A AR 2 4 1 X 1
gy O

>>1 (7.2.6)

x17.2.1
Ak 1 atm T3 245/K e”
He 4.2 7.5
H, 20.3 1. 4x10?
Ne 27.%2 9.3x10°
Ar 87.4 4. 7%x10°
h h
SHMWREM e“>TWHEH A —MAAAREERPY BERK I A=—= RN e
P /2me
PR N TG te & AR wkT, W4 FEA T B MEHRERK R A=
1 1/2 N B
h( ) B n= R TR (7. 2.6) ATLLE Wy
2mamkT, Vv
nAd«<1 (7.2.7)

ERERE A D R T R TN T4 T R, SO AR AT WY
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AR L G N

§7.3 ERHHTREDHE

WRTAFR, — BT, W R 2 R A, SN HZE 0 ANTHRERE XS
Ay AR SR F B W RS A2 B, S AR A T B BE A A R
A (6. 6.6) , 3% H-2% 8 53 Aii &
a; Sigge PR (7.3.1)
R(6.2. 12) A F R RER R
1 2
8=E(pf+p;+pf)
FERFLV N, 7€ dp,dp dp, BISHEFEE A, 70 7 BO -V 3h B ROUUIR 25 %0
V
—dp_dp_d
—5dp.dp,dp.

e FERE VIR, L F 33 i 7E dp, dp, dp, LN 7 F8Ch

V e O Een?)
h—3€ s Bk dp dpdp, (7:3:2)
ot o B TECON N BZRMEE
|4 A
5 [[ e dp.dp, dp, =N (7.3.3)
B ook i, B s 1%
N h2 3/2
e =— (7.3.4)
V(2Trka)
K (7.3.4)FRAK(7.3.2) , BUAIRAG L B B 7E dp,dp, dp, YA 870 F 8O
1 2 v g,
N( 21rka) e ) dp, dp, dp, (7.3.5)

SR, MEHZELME TR (7.1.20) , Al B RAHRE LR, SRS b WEIE
XLr.
R AR, DL v, o) o, AR =08, N
p,=muv,, p,=mv,, p,=mu,

RARK(7.3.5) A RAGTE do, do, do, 1 FE N5 T8O

372

Y e_%("%"'z*”g)dvtdv‘dv, (7.3.6)
2wkT AL

A n=%iféﬁ<$1ﬁﬁifﬂwE‘J%?ﬁ,mﬂﬁﬁfﬁﬁifﬂﬁ\] JEEETE do, dv, do, WEY 7T BN

372

o~ v2+vi+d) dv,dv, do, (7.3.7)
2mkT o

m

f(v, v, ,v,)dv,dv,do, =n(
PREX /( Ux,U),,U:)ﬁE,éﬁﬁ:;
fmfmfm flv, v, ,0,)dv,dv dv,=n (7.3.8)
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(7.3.7) B FRATAA A A v W7 =5 3 J8E 2 A 7. Al 1 AR 0SB H 25 2 0 i S A2 e
5 R O A B9 AR5 L R AT A B A 1 e AE AR A AR BRI T AR R T
oAt AT LA A v A5 0 A (28 9. 7)), B8 W S B 4K 43 I R A3 A A X —
R

G HRE 25 8] TR A BRI AL AR 0.0 @, LABRAR A8 4% (9 IR BT o7 sin @dud@de 108 B A 45 b
MARFIC do,do,do, , Xt 6. BT JR AT A 7E BT RR N B 7E do JE LA I 40 20k

372

41'rn( " ) o Pl (7.3.9)
2wkT
F(7.3.9) FR RS F 00 38 0 A5 . 30 A ok B0 IR
m 372 R, S
417,1(217”) fo e de=x (7.3.10)

R R — AR AR, {8 0 5 A1 R 5K K L 11 8 SRR Ol B AR T %, L v, i
SR B AR AR A I (6] B, 0, BT TE (4 18] B 2 U 20, T B '

d 22
—(e " - v7) =0 (7.3.11)
dv
H
2kT
v,= [— (7.3 12)
m

A (7.3.9) 30T LISK Hh 40 F (9 7 2 3R v f1 5 AR R o SF 8 R v R 30% o (9 F
YA

a 2w m 2qye [BHT

v= w(m) fo ve wr” v du= E (7.3.13)
F R R v, 0P B A R

T m 2= 2 og 3kT

vi=v —417(@) fﬂ vle ur vdv—~m—
[

3kT

v = |— (7.3.14)
m

Ha(7.3.12) 2K (7. 3. 14) o[ H, v, o 1 o, 5T HUE e, 5 Vm R . B2 R

_ 3 2
v, vty = > 1 —:1=1.225:1.128:1

P

i
VI M 3R BE IR I &
M=N,m
W k/m=R/M. At (7. 3. 14) L a] FRxH
ST 7.3.15
u. = — o N
] 7 ( )

A (7.3, 15) \T L8 o, BANES (N, FE O CHY v, J9 493 m - 57
22 3T R O A R C AR 2 SE 0 1 A B TR S S G 4 T AR S B0 O i i
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21 2% ) (Doppler) # 5 ( 2] & 7. 8) Bir BL#EUESE.
A vi i 45 B o A A B Tz BN AR S — AN, T TR AE 5L A ] P R ) 846
IR BE b Y o R % 0 BORR A i RE R
i 7.3.1 fros, dA 2488 B — A mEAUT, kg o7 1 i « . LA
dIrdAde FoR7E de B[], if 3 dA AR b AE do do, do, JEREIN I
or BRIy T RO AL T LA dA AR UL (o, 0, ,0,) HEEER DL o, de Sl ; a4
i RREAA N B AR do o, do, 5 B A 20 7 20 RE AR I R B o, dAdr, /
it LA

drdAde=fdv,dv, dv,v,dAdr

<—1}de—>
Ep

dI=fv,dv,dv, do, (7.3.16) B ]
X FE BT o, MK O oo v, Bl o, Moo oo , BT SR 157 93BT 04 52 AL 3 5

TR N

+

r= J.m dv)f . do, fx v, fdu,
—o : -® 0
2 v AARA SRR
172

I =n[-—= " e wtd Ll (7.3.17)
=, U > %T X ) =4 . .
I(ZwkT) Jo e Y [

ot n] R h
1

F=7nv (7.3.18)

M (7.3.18) AT LR 76 1 atm F1 O CF B4 F 10 B RV RIERE SR 3% 107,

fle st A BEAT /INFL , 01 AT LA G/ FL gt AR /N LR BB /DN R 4% 9 4 F T A 43 A Y
SR AT L 220 O RS R ] P 3 Y ROEE A T RE B0 /LT AR L i 4 78 F ALk
o R P R A S A

§7.4 BEERNDTEE

AT
e — S R R A

HRMHEE HTFAERES THEERESNERESE HFEEHE— BT WT
ﬁﬁ%$ﬂﬁ%$%ﬂ

28 i) 2 HGE KL T R RE B 2 ShBE o, FIHARE o, Z F0. BhE AT LL R 7R S 3 & 1 7 J7 10
Z M.

Ak B 47 E B, OF N A Y 4

1 { A
:7 IZ‘] al.p? (7:4.1)

Hp R 8 o, AR IERL A WTRESE 91,92, .9, KRB B pyupy, b, 7{:9& alpl 91
{H A
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1o, 11 dq,---dq,dp,---dp, 1f1 dg,---dq,dp,---dp,

2 -a—Bs = 2. Be

— — _ —a e
2 MPITN h % 1P

2 hy
or ALY 1

+o 1 e 8 .
~Lap
+—J e 2%Pidp,
o«

+00 1 P B
”ll’ld ] [ apy
Jw 2 g Py ( 238 ; ) . 28J-

WK a >0, b5 TR %, i

L, dq,---dg,dp,---dp, 1
Fhacin 2;3 zJ hy =55 (7.4.2)
i an 58 A — 8 4 v] FRow R T
j .
‘l=7Z q1+8(;(qr'+l7”.vqr) (74'3)

Horp Z80b, WRIER, A ATRER ¢, ., ,q, MERE(r'<r) , HRX (7.4 DF R o, B HE
Qrvr s oq, KPREL, 5 gy, ,q, J0R, AT R REER (¢; MR RJE -0 B+ ) .

1 1
7b,qf=7kT (7.4.4)

BREREIED T B it & *ﬁ—/.\%ﬁxmmw{g%?%m

o7 FH il 42 2% 73 B, T L5 o SR A — S ) R S R N RE AR TR T2 LA
BIEF 07 HA Y80, KA

€=-L(pf+p3+pf) (7.4.5)
2m :
A3 LR RE R s B EIRE N TR, R0 T F RN
NN
B FHEBSEMNEER
U=3NkT
2
ERMEC, N
G —iNk
)
M S22 AKX C,-Cy =Nk, T LIRGE A C,
<]
Cp=?Nk
HHERRESERREZHy N
¢, s
L
'y—C 3 1.667 (7.4.6)

4

RTAVIETILRBFEUMERE, TUFH B ERELRERFEBRE. A3k
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FE e P R T A AR 2 BA B TN T 82 3 T AR T
25 A T RR 2 20 M B BT R RE A RE Y, BT R T PR A BE A RE.

£7.4.1
7S ik BE /K Y

AR (He) 291 1. 660
93 1.673

5L (Ne) 292 1. 642
WA (Ar) 288 1. 650
93 1. 690

< (Kr) 292 1. 689
WA (Xe) 292 1. 666
#17&< (Na) 750~926 1. 680
£ (K) 660~ 1 000 1. 640
K7 (Hg) 548~ 629 1. 666

RUEF 5 T R e

1 5 2, 1/ 1,
=—(p24p’+p2)+—| pi+
“ 2m(px ¥y P:) 21([)0 sin? OP‘P)

+

p3+u(r) (7.4.7)

n

b TR BLO i P Bh R, b m 2 TR PR, #?WAF¥MﬁﬁZﬂm=ml+mz.
IR T LR R S e i o T=m RSB , m, =

LR LR R,

my+m,
J??H’JEE%% P RMMEHEHEE, w(r) EHR

F AR EAERTRE R SR AE B M Xz 3, (7. 4. 7)75 SAF I REERE R Y E LT
W T B, XSS 7> 7 1 F I RE R N

5
€75
WU 43 S AR A 9 RE A3 R
5
U="NkT
2
5
C,=—Nk
2
7
C. =—Nk
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CP .
=—=1.40 7.4.8
v c, ( )

KT 42502 T LB LUE LR, AT LAE L BR TR Z TR, BR S R 55
RE R E R SRR T B9 ¥ B 28 0 518 R BE AR R AT , AN 25 18 A9 1 A9 A X a2
By ik = AR AR B A A B 0 Ml R A DT AR AR — S )V 3% B R O A T R B AR A SRR
BOX AR BE, XU T 43 F B RE R A 7 A 75 5T, RE 145 70 4 B 45 A 45 R0 5 L R A R A
. 3X — g At 2 22 S PR T AN RE A R 119,

*7.4.2
Sk 1 /K Y

AS(H,) 289 1. 407
197 1.453

92 1.597

AK(N,) 293 1.398
92 1.419

H<(0,) 293 1.398
197 1.411

92 1. 404

— &1Lk (CO) 291 1.396
93 1.417

— 4% L&A (NO) 288 1.38
228 1.39

193 1.38

AL (HCD) 290~373 1. 40

[ A e f9 Ji - T DA HG - 8 S R ST A U 3. B i A T T 4 4R g 2 R B ST Y TR O
o R FE—TAME ERRER N
1 1,

o 1 g 7.4.9
Tomd g o1 ( )

KT ANH2AFHB B TEANETH 3 AA B E, REERE I E M, FEREN T,
— N ET X RE R

e=3kT
LA N 387 [ 1A H A J 1, I A 4 P E R

U=3NkT
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C,=3Nk (7.4.10)

XG5 FEEE (Dulong) (37 (Petit) 76 1818 4F fy SE R K B 45 AT & 8 % f1 LR I &
M E R R E R €, (7.4 10) R R EARE ), A ERIKNEE T A&
2 BAABIE SR S LKA R E A e, N AR ¥ AR (2.2.12)

TVa®

Kr
LM C, Hhy €, HBIREERA(7.4.10) 5L AR LB EERMEREEMSFE
FHRAR AR R AR IR T, S0 B, T A ) 08 25 ol B e R A AR PR, 4 L B o o ok % BE
A T & XA 9592 H] 28 M BRIR O RE A RE. LA, & R TR A AE B il L, SR R R 2 4y
RN T T, AR FRRESE TR A EE R A RN RS LRERE, 3K
VAL, B TR S 8 TR sh B9 A L, AT DL 20 R T X A S0 T 42 B Rt A B
filt %

B Jm , FATAR 48 R i 45 70 5 BT 7 #5485 AR 7E § 2. 6 IR AT AT R T ie
WAEARE RN HAN S S, FEET AN S E RN FRI B, &
i — 7 W 8] DLJS , 25 3 N /Y L G 58 5 15 3 BE SR B P 6, BRON ST fR O, & R IR Y
W T

755 N A8 3 AT LA O3 A DR G55 251 B 40 - T B Y B . An 2R SR R ] S ek i R R A, R
€65 1T 35 F) L 3% 23 ik AT oK

€,~Cp=

E=E,e'* o) (7.4.11)
H o RFEBR e RPR k=040 b, k&, BT RE(E A
2
kr=_’".nx, n,=0,+1,£2, -
T }
20
k‘\zTn_H n),=0,il,i2,--- (7.4.12)
2
k,=—ﬂn“ n,=0,+1,£2, -
A

Hop LA RAK.E, AN WIRTT 1, X WA w AR 77 05 &k 3 5, JF HAH B E. R 67
TE 5% F) 18 39 4t A AR O ) 2R SR (7. 40 1) A B3 7 72

1 9°
VZE——2—2E=0
c” ot

i ,0 5k BEFEXR:
w=ck (7.4.13)

Horp o i L I8 7E L =S P A 1 B

BA — R BR k M—7E i 4k 9 56 F | 0] R ERH S — 1 8 b E. EURME o
Wit Bt (] A e 3 AR A, A S T — D R3h A i B H S § 6.2 i3 (6. 2. 13) AL 7
B, AT LAH (7. 4012) SRAGAER R V AL 1E dk dk dk, BOBERTE TN, 88 5 R 3h B i BE%C
Ja Vdk, dk, dk, /47> (FERT B4R 97 160 ) AU (7.4 13) 4% k 30 o, B 5 R i, 7E 4K
BVHLIE o 3 o+do 89555 R 5E BN, 56535 0k sh B b EBCY
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V
w*dw (7.4.14)

2 3
€

WyERE R/ E B REE R TR, —Ikah A EM-FRER N e =kT. BT UIAEEBLV
W, 7E do J P, 10 56 55 19 N RE Y

U,do=D(w)kTdw=

D(w)dw=

1%
0’ kTdw (7.4.15)

3
1T2C

A S R (Rayleigh, 1900 45 ) 714 7 (Jeans, 1905 4F) 5 21 i, K A it A1) - 3 22 3.
P 7. 4.1 7 R i T B R — < 3 2 XA by R S 5

& LME HL L AEMR U B — & A SR &, (B 7 & 40 (52 4h) -
W B A RB R , FRIS il 22 TC BR b T, 1 S5 56 i £ B Fll— 4 5
2 o1 AL I A
R E A -2 1A EA BRI E T, F 8 5 00 B 6E & //ﬂ\
A /) amms
U=J:c dew:w:/c3 J-:kawa—>oo (7.4.16) o : ®

FEA ) 2730 4y vk i, - i 4 56 16 BB it 55 U BE B D9 R T B

EW,B2—1TARMEI LKA (2.6.2) 1K (2.6.3) ]:
U=alT*V

(7. 4.16) 5B EERAFF. X (7. 4. 16) 38 T LLAG V- 1 568 5F 19 58 2 A 2 & K
B 4516 P85 It 58 55 5 A w] e 5 A A (451 27 BE ) Gk B ICF- M, X O2 S5 W IRA RN AT LUE
th, FEOX A OB A IE AR AR KR, R 2l g 1) 2 iR BAA B9 240 Rsh Al B,
AR 4 28 B 58 3 1 e A 25 o3 B, iR 20 A B EEFEIR BE N T B A 7 2Rk i AT (R st mT DA
A, 20 Y B AE A AR A 1 0] R ¥

Librid MG RE R Y /e MBS B - 5B MMM R, NAF 24 5%
B0 A FF . 33X 2 ] 0K A B BRI v 19 B AR D FRATT A 5 8 2 A Hh b I8 ax S ] L AE I R b
BA o i A2t T A DT 1 S A 58 A0 ROME R B SR TR .

§7.5 ERSENARENARST

EyWRiEamgG R RS e 8Tt THEASKENARMRE, IBER S LR
RREAFF HRA LA 0B A 15 B4 PR R 50— R F N L 7 X SR IS R 1
2B TTRK 5, SUR 20 7 IR S 78 3 T V0 B O A 2 0 RS I A ook s 56 = IR T &R
A IRZE BT AR 45 1 5 S 00 AN A 3 4[] B2 22 T it BRI A BB A B A T LAXUR T 4> T LA R
R 191 5 AR SR PN B RS 19 SR T RIS

WEREAE B FHNEFRZE8), E—E iU F, SR T4 F 166 & o] LR R 8T 3h g
e WRBNGE &* SRR & Z

e=g'+e"+&" (7.5.1)

Bl o' ' o 58I T 3 IR 3 s 3 R 2 1 I I, WA A BB Z, TR
2= S wet
1
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= Z @t @ o e—B(s'ﬂ:'ﬂ:')

= Z w'e B . Z w'e P . Z w e P
= R (7:5.2)
PR UL, BRI R B Z, FTLAS O SR 2 pR R Z) IR Bh AL 70 R %L Z) 5 5% B B 70 R K

XUEF 43 F FAE SR R BE N
U=-N2in 2, =-N2(In 2, 4In Z+In Z0) = U'+U"+U° (%.5.8)
B B

C,=CL+CL+Cy (7.5.4)

B P9 R AR A T LA OR R °F 3 e 3l -5 i 3 R T 2 AL
5% 18T st N RE BV 1 STRR. P Sy iR Z) EK(7.2.4) /N

2mmy 2?
Z',=V( d )
h°B
A it
) 3N 3
U'=—N£ln le =£=?NkT
. (7.5.5)
C\, =—Nk
2

X (7.5.5) 5 &5 60 fE & 50 %€ BRAS B A9 45 R — B
fE—E ML T, SURF 20 F b B R F A AR X R 3 o] AR PRI R 7. DL o Rk T
4 B 4 B T RE SR N

1
8,,=(n+7) hw, n=0,1,2,--

I B C 53 bR K
, 7= i o Bho( n+3) (7.5.6)
AKX -
1+x+x2+~--+x"+---=i, | x| <1

KR (7.5.6) FIHEF e P FAE x, AT LUK IR SIEC 43 R 8L Z) Kom

Bo

e 2
A= {1.5.7)
R I, #i% 20 %) P9 RE 1 5T K R
9 Nhw N
=Ny g N | Nhw (7.5.8)
aB D eBhw_l

KXPHE TR N RTFOT AR, 5RO B REN TN AR TR R
AEHE.
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Ik 3 % 2 A A B STk

2 /k
£y ehw kT

ol
v=l—| =Nk|—| +—i— 7.5.9)
Gy (aT) . Nk(kT) (ehm/kT_l)Z (
Bl ARSI IE IR 0, , T 2
k6, = ho (7.5.10)
ALK R (7.5.8) FIX(7.5.9) Fm A
Nk®, Nk6,
U= +
2 =
er=1
002 et
C;=N%——) -
(1)’

K (7.5.10) 5| A 6, BT FROPRSIA R, 0l LA /0 FORIS 8 e . & 7.5 15 T
JLF AR 6, 1H.

£17.5.1
Srf 0./(10°K) St 0,/(10°K)
H, 6.10 co 3.07
N, 3.34 NO 2.69
0, 2.23 HCI 4,14

T RURF 43 F B9 9 sh AR AE IR BE 2 10° K i 9%, fE % IRE [F], T<<o,. A it U* F €, A]
RV

Nko, .

U= > +NEkf e 1 (75585
6,

qw%?)a7 (7.5.9")

A(7.5.9") i 76 H MR F, R 3 [l B PO B0 SRR 4 T T R AT LA R B AR L 1E
R E SR T 5 T IR S BE R BE ho KT AT H1 T RER 5 57, R F & ARG fE it ho
AT REBRIE B B TE T<<6, MTETE T, Ik F IS ho 1942 3h Bl & 1M BRE 3 80% 8 1
AR EAR /NG L 2T 5, JLF- 4 3 U 7 0 R 45 76 B A S AU T R e AT LR
AWM R X WU TE H R T RS A A S S R 4 R A,

FEVF IR WUR T 7> T i 6 sh it , 7 2 X 20 SUR 7 48 F =2 W & (6l H, .0, N,) if j&
SR (P CO NO HCI 4§ ) 7 B A [a] e 175 0. 3 4] 56 % 18 5 4% 10 XUR 7 4 7. %% 2 fiE
Kh

L L+ E
& = ,

21
Horb 1 0 e g it 1R RE SRR O B 20+ 1, DR B E 43 eR BN

(=0,1,2,- (7:5:11)
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Z = i (2041) e~ 50 (7.5.12)
51 A ST R 6, W2 -
z_jzkgr (7.5.13)
CIRYS VAR -
Z\= ;i (21+1)e-;l“+” (7.°5.12")

M (7.5.13) 5] AR ShAFIE IR BE 0, BUR T 47 F B9 sh i & , v LA b 20 7 b0 19 5 22 .
0, 0,
2 7.5. 250 T IJLR S M 6, E.Eﬁ‘lﬁ?ﬁlﬁ,—f«l-?’iﬁﬁ‘%ﬁﬂii’a l EAI’E’EEH,7I(1+1)

6,
A AL R E S A B Rk, SR (7. 5. 12’)&9*%1]?[&)131?%}&%./—;’\x=l(l+1)—T—,
0,
dx=(21+1)7(~‘ﬁfﬁ di=1),80F

z;:—f e*dy=—=—o (7.5.14)
0
15
U =-N2in 71 = Nt
B (7.5.15)
Ct =Nk
IE R MG RE & 0 E B 45 . X 02 ) TR 09, 76 % IR0 [, 7% 3h RE 2 |] B /N T AT,

Lﬂltt’}z“ﬁz—Tﬂ VAT RCHE £ 1 A8 i FE X AR IR T, bl B S8 T 12 S 8 3115 B 10 2 sh I
1]

*7.5.2
AT 0,/K BF 6,/K
H, 85. 4 co 2.77
N, 2. 86 NO 2.42
0, 2.70 HCl 15.1

Xt [ 4% ) U F- 401, e 20055 BEROMURE 1 1) 4 [R] P 3 20 1 6 sl RS 19 S . e X L
i i A ) R AR SROUURE 14 [ 1 R B AT LUE O, &4y F IV SRS 5 A S B B e
KB K AP A~ F A A BER 1789, Fesh it 7% L RBEHGE 2, MOy IE AL BRI =
R B ST AT B, B s i 1 R0 0 R R B, R O L TE RS UM R R B R AR

O BT FEER.
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NAEEH LR T ER S M2 = P b a2 —, T OA R S AR E S A A
VAR S Y. LA 23, R0 23, 53 55l 2R 7 TE SR S e Sl C 73 pR AR -

© ii+e,
Z\, = Z (2l1+1)e™ r
1=13, (7.5.16)
] l(l+l)0,
A Z (2l+1)e™ 7
1=02,4,-
S Fe B N RE N
3 9 | B
Urz_:NE)_Bln Z;”_TNﬁln <1y (7. 5.17)

Hy b Sn] R SO 2 B A2
i T & TR sh B/ S SRR IE IR E 0, =85. 4 K B H M <MK Ry 0, Bt 1
wilh T>>0, B, 501 Al DUARTE | KRB sPR 3. (7. 5. 16) B9 R FAT oA

®© S 1 o«
1=0,2,4,-- - I=;.~- ~?I=().I.2.---
HHBMRE R, 5K(7.5.15) ML, 758K 15 3
C5=Nk (7.5.18)

5 R 14 43 5 B0 5 L B .
FENGIR (B 92 K) F , Rl Bk 1 4 s B 0BRSS 1 T 575 B4 (7. 5. 16) Bk
BRI (7. 5. 17) SR 22000 S . i BEAS B0 25 3 5 92 00 26 SR 20 P AR AF P 7. 5. 1 i
B T 4 s 5 A R 79725 1.
S T 0160 5 o T A 5 1 TR,
X HLURCE A T 16 ST 5 A 0 F) B fA 3 it s i
Bk R TIE 5T 60 9 75 B 2 17 15 45 40
GHLRTHR TR ES S hAskzerk 20
S eV kG A SR E 100 ~ 109 K. — i

) S PR 2 TR T )

BET. MU h FRE S, By 7

ML 9 R g 7E 36 A, P A A s k. n SRR 7 3 0 50 100 150 200 250 300
510 [ e F B B RBLE f Bh R B R R, B - sk

03 R T 5 0 75 R % 1O G 400 % #4914 A5

SR TS ERRE IR E 9 230 K Fil 320 K 9 B 4 oy R, BRI 56 8 47 76 5 4 TR 8
600~ 1 400 K 2 [a] (1 fiE 2% 40 2. 16 5 ¢ iF I B AT LA b 400 A9 38 B2 95 R 9, 7z sh o 48 %
FEA SRR . XU 50 A KR IE , Bl an, — AR > T AF e R TR BE O 178 K B RESR
3.

A PER T HAR SR REFIAA i & oot B PR 45 R SR 2 G Y R A 1Y
SrE TR A RAE T LB RATE B B H X 2 0 A il B2 T, 0 SR AE B P AS AR 4B

(D #10% Landau L D, Lifshitz E M. Statistical Physics:Part [ [ M]. Third Edition.dt 57 : th % & 45t kU2 /], 1980 § 46,
§ 50.
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RERAIRERE 22 As /) T oz BhfE = kT,EE%%?JEWUEf’E&i%ﬁE‘J’}EE,Hﬂiﬁ‘é&iﬁ*ﬂﬂa

25 925 1A 5 1) PN R A BR A AR W] .

FIT TAT P A I A 25 (1) 28 ML 0 T 445 SR 0 D RE o 35 40 o R4S 3 1. T i B 3R | 5 2o BE 43 oR 80K
PR R B B 2% S Gt i — AR Y. BTE DUOSUR 43 B AR R 5 hn DA A 48 R BR
wR W, RATTHE RN IR 4 7 BRI (7.4.7) X (6. 1. 4) IR F 4+ FRER & 8
1 2 1 2 1 2 2 . 2 2
5(,,,,+sin20pw) +2mu(p,+muw ) (7.5.19)
Horp BOK 0 T 9 R A 32 3 2 R T R B AR A S LS iR B R R (7. 1.18) .

7 j j -Be(p ‘I)dq""(lq’dpl”'dpr
l= e e o

! i
e=-—(pi+py+p;)+
2m :

hg
3
2,=2' 2} - Z
Hrp
7= [ PO N N o 7
1 3
hy
2 aa dp,dr
7= fe-z.f’—.gv:m;w-rﬂ_p (7.5.20)
h()

,\ dp,dp,ded
7;= [ o B{riviine) Do F

6_5 o emzﬂpw h2
0

Fahlc o ek % Z) RKA G (7. 2.3) M, R E

211'"1 372
Z‘,=V( ' ) (7.5.21)
hoB
RNy PR Z) B A3 (R p, A r R BRARJE — o0 B+ o0 ) .
= 2 1/2 2 172
z;'=( Trm“) ( T ) _— (7.5.22)
hoB hO,Bmia)2 hoBw
BT R Z) MRS
| 2n m te s, ve g,
T ~3iPidp. . ~~ 5=}
Z] h(z) Jo d(pfo dBJ’_w e dp, J’fx e 2 dp,
o - 72 9, foi? g 172
=lzf dqof dB(M) ( /lsin 6)
hy Jo 0 B B
1 2,“-1 27 L
_E?L de fosm 0de
2
Sl (7.5.28)
hoB

A (7.5.21) 23 (7. 5. 23) 2 5 SRAFH L 1) 5E A 3
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3
Cy=—Nk, Cy=Nk, Cy=Nk (7.5.24)

K (7.5.24) SREE 0 BT 45 R — B X R BT R0 (8 TE R, by MEBUE X SR B
BeA .

§7.6 BRSENG

Sy i B UL, FRATT H S B R B AR A 1 .
WIE2ME S, (7. 1.13) fizt (7. 5.21) a8, 8 5 7 P AR SR 46 0

3 3 2mmk
$=—-Vkln T+Nkln V+7Nk[1+ln( = )] (7.6.1)

0
BAR, b B ARG X, FH LT by BN [R) 5 40 A A [a) B0 A I o 4 S R M A2
EG HRE A RT & T IE B R X R 2 M GE T R i S — A R R e R B XS
(1.15.4) FK (1. 15.5) 3 be, TATEH, EXEK(1.15.4) BAEAMEAE B 5K (1.15.5)
AT, B EBIUE S V(S ) BUE R 7R § 4.6 Hiad , 4 e i 50 [l b U0 45 0 45 T
RA MM ARG B AT IR RS R T W6 R0 ) R 4t ) R, 35 A S 76 1 ) 7 1 7 22 i A
BORE (7. 6. 1) i KkIn NGB XE—NFMINAEER , 6 = BE MR B T ot L LR, 6 A
ST RN 5 SCA A B AE A Y BRA AN BT, BEAR A A URE T ) A 1 150 A B
I A BB R I A T AR R R S PR AR A, B — T A L R RO N T 1 R T ]
ARGt I AT L Z s A X R IE T, 5 S AR 40 A1 1 7 K 28 8 B9 ROULR A58 02 ¢ 1 025 .
EIET Oy p /N KT 2 R P R A S e R BUE R F /N B ARG B H 22 8 50 T 5

Dy
!

WAR A K R LB S=kln 5
W& 7ot AR EER BN G RERX R (7.1.137) .

@,

d
S=Nk(In Z,~B—In Z,)~kln N!
B

#3072 ) A LK IR AR In N =N(In N-1) , 7] 45 5 J5 7 2 A8 SUHK 1 5 4

3 Vv 3 5
S=—Nkln T+Nkln — + —Nk| — +In
2 N 2 3

2mrmk
)] (7.6.2)

h2
b AF S R T S R R, T R AR, P AR SRR R TN BT SRR,
B SBERA X B F AR MASEFEASE IFFAYESFER(7.2.5) % EXKE R

5 5 2 372 Sva
In p=—"1n T+?+ln[k5/2(ﬂ) ] . (7.6.3)

A2 Nk
HPe KX (7.6.2) 8 S i2fE S, LA S, BRBERAM MM, L £75 HZE R, R#ERX
(3.4.5) 4

(7.6.4)

O X THAEMKET 7Y, MR (9.2.9) MK (9.3.10).
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L
fE R BAR B BT ,S..,,,,J'E/Jﬂ:?,ﬂu,@ﬂ%-?%iﬁﬂ- 6.3) falft N

32
lnp——%+§ln T+%+ln[k5/2(2:Tm) ] (7.6.5)
HEXBEHRHEIESEMHEIEZ 2N, AR(7.6.2) B4 T LRIE. K (7.6.5) &K
% v -4 22 & 45 (Sackur—Tetrode ) 24 R
A (7.6. 1) MK (7.6.2) AT LLE AR ERE ho=h, FF it S T2REEESA
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HAFahftdd, w7 3 68 & 5 e % 22 0 %l ¢ T BUR 7 43 7 B AR SR 00, T 2 ) ) R
7.18 F1>J 78 7. 19.

IV B LT B AR U O A2 8 B o R — S F IR

aF
== 7.6.6
o (aN) T,V : )
BiEX(7.1.16") ,F
Z,
,u,=—lenW (7.6.7)
#HBX(7.2.4)RA LK, B
[ (211'ka) ] L7 8]
3 32

W (7.2, 6) , % T B8 %wﬁ'( << 1, JF L BB A 1AL 2 2 1 1.

2mmkT

§7.7 BRABNZRHEEL

B L ARES H 228 0 vhie TSRS # R BE KR ERR, BT
T J2 25 A PR 2% 1 T 3 B 2% 2 o0 A ik A7 1R Ziﬂf:ﬁﬂﬂﬂ‘f fE’hji/%% FATEVER A
VR AR5 114 2% IR S0 40 2 38

1E§7. 4 PRIEEERY S EHR TS THEMAS MESERESRMEREEANS X
BE BEKRERE S ERAMF, XM E 20T ARAREN. ZRTHEEHE
B J3 AP [R) R, B b A R T [ AR AR A I U BE T A 1 SE B T 5K
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AT R AR AR [ A o 27 IR 1 [BIA3 , 3ik F A RE
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=hw(n+?), 5=0,1.5, (1.7.1)

F T Bk — A Ik 1 A8 AR P 7 B R AR AR 3, PR 1O AT DA BE A B H 2% 8 0y

Bho
% B

Zl: Z e—ma(rﬂl/Z):e—‘ (772)

n=0 l_e_ﬁhw

WX (7. 1.4) , BERR HREA
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U=-3NZin 2, =35 "2, 2N00
B 2 ePhe_]
A (7.7.3) S —TUE 3N MR TR F fi e, 58 ZBURRE N T 0 3N AR 7 1 A &
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ERWECy N
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aU fw) e ir
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T RERR A
2
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e 2
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0 02 04 06 08 1.0
T/6y

& 7.7.1

BAEHE R (7. 7. 6) 76 #5 I ( T>>6, ) FE I ( T<<oy) i Bl 0 B FR 45 SR 24 T>>0, it , a] LA
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LB T AN, X (7.7.8) M €, il T XAS5I8 15 9250 45 R E T 5. AR b iR
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B YR T A, BT LT AWEEE &, Rt X PR 78 B STl (2, 2% R S0 4 [ A L R
HIgfEE R E SRS EAE. LRGN C, BTFEX(7.7.8) 8. X2 h THEE RN
WA S AR T ik A B i, 3N IR T AR AR BB, 2 ho>>ET B, 3N Ak 1 4 [ i
BRGS0 . R NG, 35— -7 a7 B A9 30 RU A S5 b i B T T A 2 I L R AR K T 0/
M3 92 7E § 9. 7 R BE— 5518 [ A B 7 1]

§7.8 |MEMHEBR
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H 28 oA
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2

41TVP Ll )
Zl ) h3 0(2’n*kT) ]/ze_“vjtv,,w,:))lxz e) dy
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-] > o0 (9.9.1)
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ol f5% 17 SR A 0 RUSR 325, Bk SF- 349 35 30T L.
Rk, #%3(9.9.2) 5k
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A2 B BE R B BE ) AR, T =T, A #%?ﬁi‘tw 9.2) HsRFNS A b A Bk, Xt
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ERA B E TR RIS, B AR RIELR B ﬁEXT A e i BVE . Xk 2 U, fEH T B e
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1
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n

R (9.9.5) BAE V237l VR T 44 B ER) S5 800 3. e B VT A8 B e X 54 B e AE H
FEY35 Jz o/ 885 T 2 FLk 7% . 3 RE st 30 A0 B /R 69 E e R Ge Ak i 1k 57 1) B i R 4L
TEERZ R, 20(9.9.3) e 4> s 8L Z itk
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o, 0,

i
Z=0Z,; 3" (9.9.6)
Moo
Z, =P o PuB (9.9.7)
#£(9.9.7) 53 (7. 8. N IBR LM, 25 FUEF B AAH BARIER (9.5.2) , RE MR K
ot Lpp 8 By Z,=Nu Mzmtanh ’LB=N,LE (9.9.8)
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U:lanh% (9.9.9)

RN T o o 19F 1 1{H.
TETCAMNUE T A
o=tanh(BJz o) (9.9.10)
3 (9.9.10) 2B 2, ol P v SR A, 18 9.9. 1 /R, Lho AR AR AR,y = o 25 L B P i
L4k ;y=tanh(BJz o) 4 H &I B T 4k i 28, 40 31 % yh =G Il
T BJz>1 1 Blz<1 PIFPIETE. 0] IR HH, 24 Blz<1 B}, 7 I N
F2(9.9.10) R » =Nu o =0 WIfi, M5 T A & #ifk
HE IR RS Y BJ=>1 B, WA » =0 Fl e =Ny o G
oo =R FS KW, - =0 M T A HAERR K, 7 % o
WY & F AR R e = £Nuo, WAHR T HA A &tk :
MR BRI SR EE T, i BJz=1 By, N

Tﬁ% (9.9.11) [ 9.9. 1

X —4E AR CF IS Y T, = 2J/k, UM iR g 1 T, =0, BNTE A BRI B N RAFEE A & #E
fb. 3 F 405 Sk SE R A Y T =40k, Uk R 45 1 T = 2. 3J/k. 3 T = 451 )5 f
RIS Gt T, =6J/k BUETT R AW T, =4)/k. 34T H1E , Ek?éftﬁmﬂﬁzﬂﬁﬁ e
JE KV BB B R B T, & T EAERY T, 10 HL 5 6] 4E 50K , 3k 76 (10 5% i f 8 3, 22 W
VK Vi BT 5 | RS P 4 R 15 25 K.

(#hFEHFHE)

TERNFERARE T AT B S AR 7 S 2 5 0 (UL M R KR (9. 9. 9) S Ky

_ uB _
=tanh| — + 9.9.12
=E R (kT o"r) ( )

Hr T—— FH 25 5

tanh x+tanh y
tanh(x+y)= ——M8M
I +tanh x tanh y

20 (9. 9. 12) A9 Xl 1E V1) oF B4 T, & 31 AT 45
h,uB_ o—tanh(o71)

(9.9.13)
kT - ~otanh(o7)

tan

W Im AR AT AR, ’;—i Flor &2 /Mt R « /) ik i

3
tanh x ~x— —
3

AT (9. 9. 13) E L K

N [;( 1—7)+(;37)3] {HE[ET— (37)3] }
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z5[<1-7>+32(1-72+’;)] (9.9.14)

b G T AT AR AT e SR AR O AR B e B B (L B T 45 A 7 Y il 5 A R
2X(9.9.14) H1#y B=0, 71 %

E[(1—7)+52(1—12+§)] =0 (9.9.15)

WM TT B s 1B, ER R A fo=0, ST FIRE L E, R AE A KWL I B RIRRCRS ;Y T—
T, B0 r—178F,1-7 R ,30(9.9. 15) F i
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3 z_3(1_,)=3( ) (9.9.16)
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ER(9.9.14)h 4 r=1,18
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1E T<T, B9 IX 8, LAR# (9.9.16) LA (9.9.18) 15
L (9.9.20)
2 & T,-T
G S8 y=y'= 1.
SRR AR R I R e B 2K (9.9.6)
U=—iln Z=—Niln Z,
B 9
1ESME B=0 BT ,3X(9.9.7) Al KR N
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[A 1
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25 R A R U MG RS ECR
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§9.10 BIENMRLER

RATHE §9. 4 hihie T HAHE MR FHE N ARV FERE THREN AR —IE
W) 43 A 6 A e SE B ) B, R GE R TV R B E L ] A0 5 BRI RORL - R 4 ik T Gk
BFMHRG, RG-S IEAAT LA e il & , 1M 5 a] LSS #ohE -, BRI 7E R 8 19 & A AT REAY
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REMBARKER N ERREZERRERINL ARG, EAHENR T N
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(9.10.1)
{N+NT=N(°)
BEARBEIR K, WA E<E® N«<N©.
YRGATER THN N, e N E, BOARA s iF, A b 7Ek F 50 VO -N BERH
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LB R M. BT ARG BB TR N, A 7E R A s IMER py 5 2,(NO =N,
EY-E) BLIE L, B
Py, <2, (N -NED-E) (9.10.2)
¥ Q, BT ¥ N, FE, BT, HEET R, A
In (NP -N,E®-E )

dln 0
=In {)Y(N(O),E(O))+(L) (—N)+( ) (=E.)
aNr N,=N© E E=E©®

=In 2,(N® ,E® ) -aN-BE, (9.10.3)
REL(9.3.15) K (9.3.17) M= (9.3.5) .£(9.3.9) A

dln 02, m
a= = i
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- dln 2, 1
& ( ok, )Elzw, kT

Horp Tl p BIRKREMCES. i TRESEIEFF6, T M p gl 2 R 5009 R B Ak
#.50(9.10.3) B2 — L5 IA 5K, 0 RGE & & — 1% &, B A
py e NP (9.10.4)

B A R RO — 4L, A

Py e o P (9.10.5)
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dgdp = dn 9.10.7
pN qep N! th 5 ( )
HhER TR ZH
-aN
=5 — BE(4.P) g 9.10.8
= ;N!hMJe 0 (9.10.8)

§9.11 BIENARGFELCHRNDFEAN
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A2 2 RE .

1 B A IR L L 8 B 4 A R 2 AT B T UL ) 7 B0 9 B 4 S B B R
WKL VR AR 152 BT 72 A 30 8. BRAE A 37 80 A0 W00 250 F 5 TR 0 A 19135 3.

o (87 B VLAY AR 38— 4 )R LA m(x,2) 5 7% A BV IURE 1 5 B, LA J o, 0) 305 A 9 5
B 11 705 (3 B ] A 5 3o 0 A T 0 TR ) . T S 4

J=-DVn (10.5.9)
He D BV BAK EL T RE
M v =0 (10.5.10)
ot
[N AR
@=D Vin (10.5.11)
ot
R (10.5. 1) 2P By 2. 3% =0 B, TR 4 A7 T =0 kb, B
n(x,0)=Nd(x) (10.5.12)

PO R (10,5, 11) TG 4514 (10. 5. 12) T B9 f#

e (10.5.13)

n(x,t)=
2/ mDt

R, UKL A 2 S ¢ A R R 3 (Gauss) 204l FEAE ¢ (938 hn, FURE 2 ) 1) B i
P m 3 (10. 5. 13) AR AG UKL G245 7 75 (97 S (B

F:%f: Wi, £y de=2D: (10.5. 14)
RS Z T HIB LR (10.5.8) -2 A LR AT
paL (10.5.15)
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R BB R EAE TIRERN TRBRENBRPOEEE DR o ST BARKD
MK R,
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B A ST T HL TS T A6 BHE 3h 19— R B AR i 20 15 15 3 B 22 5056 19 5 42k 5. A B iz B
B REAE LA E B 5 S 4 T I8 3 R R A W B R I S B 5 0 A B 9 A9 B
ST 8G 2o it E A I3 AR A B2 Bl R BE AL B — A e A R4 1 1 A B2 B B BT 5T N B
HLA A2 B BT 5 TT R T 38 %

i s s B A Tz N, ATHAE § 10.7 5 @ H LA

§10.6 THRAFKIZ) EBVY BRI B KEX

EATHRAE 2 T R (10. 5. 4) W5 T AR BAE 2. th T 07 R S A REALEIKVE 0, 20T 7 AR
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2 7 SRS WF T BB I 0 TR o7 , o ST BOPE AN x - F(0)= 0, AT 7 75 R e it 6 K v
J1 B ATV 45 2 R iff 77 A2 (10. 5. 6) A5 318 A3 B ORE B #6147 BRI SCIE | DA A1 241 i (1] S B
PRI R .

78 (10.5.4) 5

dp
E=—'yp+F(t) (10.6.1)

K y=a/m.LL Fi(¢) Fl F(t+7) 50 IR RAERS 20 ¢ B e+ A5 T 58 @ A A B3 RURL 9 39 7% ).
WATHF () F(t+r) RARFRF () F(t+7) B R LA, BIF, () Fy () X K A B BORE
(90253, Bk A ik 1 F (o) f I ] SCHK PR K.
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F(t)F(H—T):% > F(1) F(t+7) (10.6.2)
i=1

AT VAU 2R r A F (o) A F, Cevr) B9 BUIEDRE 2 B SR IR Y, BV 28 3o A2 6 4 B B ) 7
Ja , Fi(e+r) BIE AR/ Fo(0) BIE SRR/ IESR. Xt T R K i) 7, e F (0)Fi(t+7)
MRLFIEAF AHR AR ¢ RB/N,F(e+7) 5F,(0) A FEFBBOER. B0, F,(e+7) F
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PRIEC R BL R & PREK

F(t)F(t+7)=2D,8(7) (10.6.3)
SRR SR, AR RN BT 1 AR e 1 7= 0 B, 375 0 () R WkTE 510 1
RERFYIMHE, B LA 2D, S ikTE 00 K/ (5 B8 ) 1)t B FRATIHE 5 1 22 8 B, D, 2 A B ORE 19 2
P HREL

PACF () F(t+r) ) R Bk 7% 1 e BRI K e 1] S 3448

(F(t)F(t+T)>=hmF . F(t)F(t+r)de (10.6.4)
T, 0
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TER BT R Ty N, UK 25 5 2% Fh ol BB A9 K 7% V6 FT, TR T 4 B 18]S 3900 5 & 25 F 2 % M
%L HD
(F(t)F(t+r) ) =F(t)F(t+7) (10.6.5)
BAEK R 2 (10.6. 1) Mg FEPIARLL ',
S per)= (1)
& RR oA wE AT E] K B XM 0 BB Z) ¢« $14
p(t)=p(0)e_71+e_7'fz) F(g)erdg (10.6.6)

X BRI EF (€)= 0, Hif5

p(t)=p(0)e_7’ (10.6.7)
p(0) A WA BUR S &2 M RIE [ Bl LA p(0) W sh A —FR Bk . EX3E8, h T8
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(A, JSORE B4 S £ 3l 45 7E A B PR 5 O %Yﬁﬁﬂ B 1) 5 — FFAE A [A]. Ef’k—»

[ﬁ?ﬂééﬂ%?ﬁ“\ﬂﬂi,%ﬁﬁﬂﬁ¥ﬂﬁ1$7]’/—\7ﬁi%%ﬂﬁl’}£.
gl I 2 E LN

(Ap)2=[p(t)-p(1) ]2 (10.6.8)
R (10.6.6) F(10.6.7) Al

p(0-p(0= [ deF(&)e O (10.6.9)
3¢
(Ap)?= JO dg fo dg'F(E) F(&) e 70 e r() (10.6.10)
#X(10.6.3) KA LK,
(Ap)2=2D, J':) dge'““'f):&(l—e'“') (10.6.11)
y

1
it t<<7B'a‘,ﬁIL11’Eiﬁfu e M = 1-2yt i ¥ EXIT N

T I
(Ap)*=2D,t, L (10.6.12)

LKL TE 7 <<t<<—BT i EE S ¢ BAE .76 § 10. 5w iR A BBURL A2 8% F O 19 F

ﬁﬁ?%?']?é{u**%ﬁ&ﬂ]mﬁﬁ KRR P AR A SR A5 R 5K (10. 6. 12) R E , Tk
FIPE R A BARSORL A AR S B, D, RS YRR R

f t>>%fé £(10.6.7) % p(0) = 0. B ETE 15> RS AT

TR 5 A 3K BT . 7Ep (1) = O B, (Ap) 2 =p. B el 2 (10. 6. 11) 618, p B9 F- A (1

— D,
pi=— (10.6.13)
Y

AR RE & 24 70 E PR 75 0RL 5 4 J5 J*ﬂ¥f§IF fi

—=—kT (10.6.14)

A
D, =mykT=akT (10.6:15)
L LG A BIRORL S A o @HFWZ@IF%&T B BLE RS S BT AR KR,
7€ § 10. 3 FATTHE A B0 UL ) 4 I 0 20 S BB O Ak vE h . AT E R, H
P BE 7 S BUBURL - 24 2 0 S, K & D S Bl B R, Bk SR B i s B YK
%%&EE (100 6. 15) W 2 06 AR L ok 1. 3 2 9k & — #6 BIUE B8 e A B 52 3 5 1) o /9 3R
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BAE e iEt>7 Xﬁﬁﬁ%ﬁm’éﬂfm‘lﬁl%ﬂ%@ﬁpmpu)&%Et>7 , 3%
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p(Op(1)=e7 [ dg [ dgF(@F(E) e
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EXEK(10.5.8) 2 —H.

§10.7 fhRAzzDEA!

AT G340 BB 3 1) LA B 1 A Se ) 1 AT R AR E K E R e
(—) ABRE

MR 7 [ AR 30T T v e e B R F % B () AL A O A B3 s A B, xR e R
7GR R R R T 7E S A B0 TE R GE B 5 R A R B A LR L S B B 77
A i A A B B T R SO H T B U (R T A B0 o A B URE B4 R 1) 7 A — 5
RCHL . S5 RO R AT 2 i A8 AR ER Ay -Ri (R 2 B A IEE R H &) kv s IR V(). AR B A 1
ZHIiBHN

"
Ld—;=7/'—Ri+V(t) (10.7.1)

ERBEBEBFPRHA LR B R KL (10.5.3) X E R
m%:?—auwu) (10.7.2)
Ho v R B e aT A, 7E 4R
Lom, iouv, 7% Rea, VoF (10,7.3)
T,30(10.7. 1) f15L (10. 7. 2) P58 2 F M.
BRTE HLE V() B CIBERT ] 7, KRR FAE SRR A A i RERE ], E R TR 107 s 1
B/ T R M a0 E 1 1070 s, Rt V() 0 B a] 56 6 pR B AT LA S pR B R k. i R
(10.6.3) (10.6.15) FxF R KRR (10.7.3) A

V(t) V(t+7)= 2RkTS(7) (10.7.4)
B V(o) P48 B ARG

3

V(1) =f “V(w)e“ do

| +e (10.7.5)
V(w)=£j_m V(t)e @ ds
FEEVO)REEFAMV (0)=V(-0), 1%
V@)V (@)= (2;)2ﬂdtdz'V(t)V(z’)e'*“”ei“’"'
A t'=t+7, R AT R
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#A(10.7.4)RA LK, H
TR
Vi)V  (0')=—d(w-w') (10.7.6)
v

3 (10.7. 6) FRA %2 28 W45 (Nyquist) 5 BB 45 L, Bk 7% R B9 AR G 35 R or R GE T S /9,
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F R Rk O (S R B R R EE T BE B, SRR, PR H RS AR 1 R
R DR R SLE NN RIP S P )

(Z) REHRREZLEH L

FATAE § 2. 8 X ARAFACIR A9 & Fh 3L AE T RIS 9 43, Horp 423 20 fit4d 80 EfR & J&
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W37 %ot ST B SF- X 4 SV FH A JE AR SR 9. LA Na O B2k (2p B 1s BOBRIE) MBI, I = 16%
107 s, e 5 %0 T (0 48 SHVE FE 0 S B s E 208108 m - 572 R A N A 10° 45

BAEN B2 L BB AR L, v, R R FE : FRREES R BEHERN o,
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c c

A1 150 R 52 B0 SO0 AT % T JB T 00 S 391 2 43 3 wL( - ) i wL( 14 ) AW o, KT

@, S 1) 12 8 9 D 330 B e 3L, DT R A B K ) AR R R A B e A% HE B OO 1L R 2 B S
PR R 160 65 ¥ 8 A R W 1 T R R K TR R T 44 A R %

B B BEL 7, B, = —aw,. Sy — 7 SR TN e, 0 K ST o, AL K G 5 B
KINA bk 86T B, 252 3005 [0 A€ B9 5 oh AR T . oA T B9 2 oy & F, AT IE AT A
EREAME MR, FEEAT LR T 2 7 iiEsh &R

do,
m =-—qu,+F, (10.7.7)
de
WUER M b iy 0 My 77 ) E R R BOOCHR B FRZsh TR
dov.
md—I:l=—av,-+F,-, i=%,y,z (10.7.8)

(D Cohen-Tannoudji C. Atomic Motion in Laser Light.// Dalibard J, et al. Fundamental Systems in Quantum Optics[ M ].
Amsterdam : Elsevier Science Publisher B.V., 1992.1.
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ERXGK(10.5.4) HF, B AGREESIMBIZ A TR XEWE, T2 E$0, LB
Gyt B 1912 2 B O 144 AR A — Bh R R A B, BROA DG 2E BB ST R O S B B R AR A B
i 5.
MRAE(10. 6. 15) , AR 7EE A 3 B B IR B9 7 5 IR B A
D

P

0 (10.7.9)
«

i id Xt o 1D, WA O AT H, iy 2% 8800 BT AR 3K A4S 0 B R IR BE Ty (FR b 2 3 iR )
20

K
KTy ="~ (10.7.10)

TR ERIE T, T, 2100 wK B9 %% 40 Na £ 240 pK, Ce 2 125 pK.
(=) kbt

I FH 2235 8 28000 AT AR AR D7 19 F 29 3 BE 8- M5 R (R AT R BDOE 2 R P R T &
PR T R IR AR B /)N 023 [8] DI, R A SC A5 78 1987 4F 1 YO i T D't P B

FAT LA A 9 — 4 BB A 8 W8 O B B A B I — AT T 2 BRI RE3S B, F(E B, 54 4R
: BEMERER B B, =2z(A HHE) XERE ,TE >0 X8, BT 2 77 T 7E 2<0 X8,
W=z J7 1) WG W K /NBE | 2 | B8 i 38 L 7€ 2= 0 4b , B35 AR T 228 04 ff 3 ik oy
% A A RGO AR T MRS M R T8 =1, h TR T8 m ATUR-1,0,1 =
AT REME, FEWA SN MBE AR TEIE T, R SRR &, BT BN 3AERIR SN T

TR o S HN AR o2, =02 5 Bom, 15 220 WK BIER 2, =22- 1 | B, |
IERLRA, 75 2<0 MBCHRAER o0, =e2- 5 | B, | SRS, WA LHE o, (o, 6T

AEZ 6‘2"% | B, | 5885 &, Z AW ILARITHR) , i —2(+2) J5 [0 % 4% B4 22 € (5 e % ) 80 Ot

WLTE >0 B IXH, AL TERE SR &, B9 IR 74 WY —2 07 o] 1% & B9 LR P B9 Ot F BR 1T B RE
£y RGN BRBHEF &) MR &, =6, -, BRI - B K58 50635 AT ik, 233 £
W - B &R S IEFR , I 145 52 B -2z J7 (] 597 £ 56 557 F 0. 60U, 78 2<0 X8 Ji - I
Wit +z T ERBHOER PR T, B2 L LW &, =6, KW - A K 58 5 98 3045 52 B +2 5 )
W F- BRI VE 1. 1 T | B, | BE 2 BB IR on 75— EIEE A, [z | K, e, L, —e) BERIE
heoy, , AF L A IR WSOABE 3Rt 8K, (P AR 5 5 2 BAMER R, N -Ke, Hoh K 9 L) & % hn

U T LW SN (OB LR ), R BTS2 BE B R St N NS, = —Ke—av, $ET B S e s 1], A
158 JB T 1F R G T B o BT M B9 B 2 T 7
dy,

md—=—K,-—avi+F,-(t), i=x,y,2 (10.7.11)
i

(@ Stenholm S. Rev. Mod. Phys.[ J],1986,58:699.
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EXE5RK(10.5.3) %4, 5 S1-K; ﬁéﬁﬁfﬁi‘%ﬁ“%ﬂxzwzﬂz)-Efﬁi‘éﬁ‘@#*,JE? x J7 [ Y

VI HRESE TP Sh R, e A, IR« Oy [ AL RS T O S B A AT T R E
— D

p

Kx?=kT=— (10.7.12)

e

RAESCT 1987 451 WE B A BEERE B A28 T 107 ~ 10° AR F
S 6 0 A5 Tl Y B B o D ) 4 30 BE G I T R A 22 0 AR PR, AT IR K R L
J& o S B, T W G B B vP 47 A He 2035 0 ) v 5 9 A S v EDHIL R, BR A M 4 B BE 1L . D FE D
A BE AL A i v i AR R, BT B 4R A A A B AL S b S T . S e e T R A T i
SN hk BT i IRAS 89 S P RE R N
h2k2

Ey="—=kyTy (10.7.13)
m =

T 02 O 9% 4% B AL i BT RE 2R AT A AR FRIR B XF Na, Ty £4 2.4 pK; %} Ce, Ty £90. 13 pK.
RIS 48 1 A 332 3 B LA 1) 75 BLIGE 42 — 1 okt an e Bk , 476 4 52 A 19 A5 B
RLAS W 52 2| 4[5 73 B Bl 488 1 A7 76 #E S 9K 7% , JL2 S8 I 2 0 7 12 . MO Oe 5 i S L
WIS R T BB TSN R T AT RS A AR S KR L S i T E R A, BT
BENMZI R EHERTERE £ —EEMUT A URRISRAIELENZ & .

B =GB-CB*BB+F (10.7. 14)
AP BHiARGE M CRESHEEE R FHALAELZRBEALENEBRABEA LN
FRAES B F Biki&E h. M mihiZs® B, 6 B 6<0 ZE 5| 6>0 B, 34 kA FaH
T HEFRE(EABEHFIE)ETINAEFRE(ZEBH M E) . RSN EZAES
SE A A B Gt R, % AR Rl OIS TR T a9 B 25 UK. LU0 N R B, A 45 ( Haken)
ERTHRI%HEEO, N HTHRIELXERSE (KK L% ¥ EWE)MAHS

3] 4]
10.1 MK (10.1.10) HH %, VA Ap AS W EZEH ,UEH .

AT B

ACAn TACNZ 2 i)
AMmm,<uqu,(Mr=+dﬁ)

10.2 A (10. 1. 12) RAGH (AT)? [ (AV) *FIATAVIEH :

W,  —— kP
ATAS=kKT, ApAV=-kT, ASAV=kT(ﬁ) . ApAT:——(@)
p V

10.3 GE I IF AR Bk K 9 2 A 25X

@ A MEBAEZ TS AT Cohen-Tannoudji i) 3 k.
@ Haken H, Synergetics[ M]. Third Edition. Berlin:Springer-Verlag, 1983.
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ASAT-ApAV+AuAN
Woe 2%T

JFUESCUEN  fE TV ER A

(AN)Z:kT(%) (A,L—)2=kr(:—]“v) , ANAu=kT

To¥ TV

10.4 RIUEBH N FREN TR, B
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- 2t 2
- (AT) 2“,( 5 ) 7 (Ase)

e 4 A E B

—— — kP kT
ATAm =0, (AT)2=——, (Am)2=_(a_’1)
Con Mo\ 09 ] 1

10.5 Km0 (10.2.1)FH5L(10.2.9).
10.6 7£ 18 CHYEE T, MEEFEH 0. 4x10™° m fR FEREE K 2. 78x107° Pa - sH A (9 75 B i
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10.7  HL P T AP 40 22 8 10 SR B ol T S S B 52 B S 0K 43 AR T R A 44 R R S A, B B
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1

— 1
—A > =—kT
3°% 3
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10.9 fEHAEE M Y EAERT  mAii ol ¢, it h m 097 DI BRER KD iZ 8 B R R
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m i avtq
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(b) EBE W REIF A WIBURLA i o8 % B
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HES M TG, B FEESS TN RRED TRMEMZEE Y, HIEBG riF2
AL, A AT Y B R R AT Y 2 — MR O A R, FRATT R TR IR A 3h B o B
. B R G 50t G WA AR, E AT BT I O T A B2 S R T R B R
K 9y 38 2 S 4 8
T R B AR AE R E MR AT Bl b FEE PRSI R 2 H A E
F VAR A AR 15 75 G FR 0 B X i 1) - B R RT3 R B O A A R OF o A A S
DABESL B 2 A e AR PR S R G KA M R A AR %R ) RE-- Pl i
SR EEMY R SR R AR s R X T S O AN A R SE R A R E S| L
Thiz it BRI E AL E S B X eI R A, PR B R
1 12 Z2 5005 W) T ) OV 485 4 Tk AR kS K
FER ) B AR s i AR ) G B G ) Gk BRI AR B 4 F Rl 1R B R AR 00 K S o AR
FTOM T, BE A5 2 A o b ) B O B 0 SR AR A (B BB 45 RS T 7EGe i H B IR AR, AT
T BLR AR ST S 00 43 A bR, oR Al T 2 4 A R BOR BEOW B i SR TP E. Ok, B E T
AR A 75 A RBIT N R AE § 114 g R X AN R RN B 2 2 R o Ty
LS SRR A N Ak BN W iR e R e R 1R G B DD SR DR
RANTKGHE—NSE—h B E Sk FAE 43 A1 oR B Bl 18728 A %, i AR BB 5 R
PR A 3 H- 2% 2 J7 72 1Y 5t 4 s 1) 30 L.
QAT TR , 2SR5 F 17 S B /N T4 F (8] 1 F S BE S B
BN\
—| <«
«/Z"n'ka( )

V

it BT LUK Ay 7 AR 2 R T AE R % 5 4 T 1Y 9 R 45 A B, AT LR A bR RN 3 B AR B R B
Wiz RS RATH

f(r,v,t)drdw (11.1.1)
FRTENTZ) ¢ 7 FARRIC dr = dedydz 1 FE (8] R do = do, do do, N #5778 B A drde
MIELE B K, P EA KBS FENEWE /N, #2200 FEE WA X
BRI AT LI RN . B A0 B dr & 10 em® , N 22 LT X T6 58 AT AVE — 5 B EEAR MRS T B
FREA 10T R (1L L DA BB STHE drde B4 TR FE.
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Z et e de Z )5, FE B Z) t+de, {57 F R — A& FR oo dr FEE BE ] B deo N4 T 50
5 R
S(r,v,t+dt)drdw
¥ E SRR BRI, URATP, 7

f(r,v,t) +g{dt drdew

P AR, R B FE de B A N drde P53 F 50RO 3 0 &

%dtd*rdw (11.1.2)

%ﬁ%ﬁﬁ@ﬁlﬁﬂﬂﬁ]E"Jifﬂt%éﬂﬁ@ﬁz%ﬂﬂﬂ%%ﬁw\)ﬁ@.—ﬁ\ﬁﬁl%%?B’Jf@z’w,
G ELA A BE e L7 B N I TR AR, M AFAE SN B, S EL A e i 4 A o B
P E] T A28, X A R G 2 drdew P943FE0A B0E s 55 — AN R IR R 4 M RS 51 R 4 o
FERER S f# drdw P9I 20 T 50% AR RAE.

HOVEHEH TEH5EN drdo WA FEIZEM. L 2.y 2.0, v, v, J A SR K
— IS YEZS 8] XA S UEZS B R FUIT drde & LAASSHEE (x,0+dx) , (y,y+dy) , o, (v, ,0,+
do,) WA R B ZHEAE B EA, B FiEsh5 &80 drde WA FHROZEL, FETEAE &
Bl N A 2 A o F 8 G aX S X L Se R AE de B R @t o PR AL dA =
dydzdv,du, dv, # A drde N4> FE XL F 000 F LA dA B, L x de R @ AR R . X
MEER N B 5 F RO

(fx),didA

XZATE de B [E] B « SFEAP AR dA A drde 955 R 7 de st fE] ol 0 a+de
ST i E Y drde B4 T 502

(F5) i =[ (£3) #2205 ) da] deda
X
P CAH VB, 15 238 o — X1« F v+da i3 A drde &5 50K
_ 0 (i Ydndedd=-2(f5 ) drdrde
0x dx

IR LB THE TG, 76 de B 18] S8 — X 0, F o, +do, A drde #953 FECH

-2 (£5.)dtdrde
v,
TE de B8] P , 38 23 7S % F E A drde Y2 T 500 A
d d d 0 . d . J .
- Evvxﬂa—y(fvyﬂg(fvmavx(fv_,.)+avy(fuy)+av}fu,) dtdrdew  (11.1.3)

KHRAE de B E N, T E s TR R drde 4T 2 L.

(111 3) AT LA T8 20 F B AL A v 5 HOH BE w2 A L3 ST i A, R M 0w, / 0x = 9, /9y =
90,/0z= 0. AR T — A0 T WIS S1 28 mF = (mX,mY,mZ) , Hoof m &5 F 09 i . 4 58 —
ERL



§11.1 HEZESHEMMKRE L 275

v, =X, 1}=Y z}=Z (11.1.4)
fE— g BRI EE RN BN SEE X Y0 T AR q, AR
w3 et , o F T Z R Mg & R

mF =q( E+vxB) (11, 1.5)
BB HGEEARL B FRMKS I mX 5x HRKEE o, TXHW 0,5 v, LXK FEU
JE e d , ATRE F=(X,Y,Z) % 2
:i+§_:y+gi=o {11.1.6)
AR E SRR SRR X A &M XA AT, (11 1. 3) " fE kR

_(afa_faffff

y — X
ax ay 0z v dv, av,

x

+Y )dtdrdw (11.1.7)

75 B e Tz 3h 5 1R #4231 oR BB R LR

—(U 3_f+vv3_f+v g+Xif+Yif+Zif)

Yox oy To9z  o9v,  dv, Ay,

FATLE § 11. 4 deB PE 408 70 A R B Rl 48 AR 10 3, AT X il RAE R Mg 2 7
B AR AR (S RE 11.6) , B R G & 2 /N XS B S P R LR
i B -7 U 5 5 0 B VS S 818 2 00 i B A AR S B X R R B A 22 BIE IR AT
AUSIARSFERBS AR ( §11L.6)HFR, MR FHERET 0 T HENE I+ -
B 525 % 4r A, W JRy 380 A Al 43 3k 0 - 4 19 o3 A R BT T R R

2,
fO=p (2 kT) e T vmv0)? (11.1.9)
m
IR, RRHEA n T v, AT LA PR r FIBT ] ¢ AR5 R B 50 A bR B S 5 R B 1
G BRE S FEAE R B ) B, 43T Bl O R R . TR ATTBGR , B F R AR S R R

B R 1 AL R R S SE L, B

(11.1.8)

f(O)

[ (ff“”)]

ERXET BT fbr o (KRB, A 7 B O R K l/To &R, Ty B AR A )R 4.3
o 1%

(11.1.10)

A ~fO = [£(0) £ T (11.1.11)
s T Bl 43 A B BRS843R AR S 2 B TR g J R S B S 6 1 /e
ro BH ST 7 BT ], — AR v B0 B — 2 T 7o R, Ao R, A
TR o BUREAN TR 8. 7 5 40 T-16 P UK i S Bl 1 2 60 7 4 97 660 - 249 1 g B e L A A R 400
e
B (11.1.8) f(11.1.10) 78

I S L R i
at ax )ay ir” dv,  dv av,

A (11 112) R HEH- 25 % 7 12 1 3t B o 18] 3 1.

(11.1.12)

y To
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ﬁ?%ﬁ'ﬂ@#ﬁ?&,‘?—’:o,mi‘c( 11.1.12) 18

ax ay oz av

T PR e (11 10 13) B R .

LA N i i

dv, Ju, To

+Y (11:1. 13)

§11.2 SEHBEMIR

BLAE 7 PV FF 2 7 R A BB BB T AE IR (11 1. 13) 1Hig R B HE B %
BRI W B v, ¥ y J7 i sh, il 11.2. 1 Brox.

Z B0 x=xy , FRa>xg B — R x FH B IE 7 ,x<xy B — : -7

4 o Y 577 S B, 4 B A 4 T 4 5 0 |

HEAR 0 507 SR B EE D7 OO VA , 7 SRR |

B 3R B4 B B PE TG B p, 47 TF 7 MO o 263 7 AR ! o

6 505 A B AR 0, b i A 4 o T 2 1 3 |

By BR & 0 1007 16 AR B = E R, SO U R ) l

B T 3E 7 IR0 3 0 —p., AR S BEHESE A48 0 AR p, 5

7 WU 20 383 9 46 B B AE L

dy,
Py =N = (11.2.1)
K g AR, HBALN Pa - s
MBEOF , KRS 7 (038 B B A & RO/ R T SR 3 9 22 0 5 B2 R ) F i EE ) F-
Y. X F DA W B v, WYy RS Ak,
%20, T=u, 7=0
vo B x MM EWRE T 5 ,x “FHEIE T H9 TE AT 0 FABEKE y e s mo,.
SEAER S b, B T EORTE xo FHEES W5 T A F L x, FH#EART R 2, F
T 575 9 43 A AT RESF i« P TETHE A IE 7, B 2 RCR A y Ty ) ) 3 & iy 1E T fa s
BB 25 R A A o A, TR D7 A o B T AR T B T SR T p,, S T AE SR ]
PR 3 ok B T AR N IE O o B 7 v s
(7. 3. 16) A 45 , 76 5 {0 B[] Py 5 oo 8045 1 AR el £ i A DE O, 3 BE AE doo V8 L Y
TR
dI'=v, fdw
Horphg— o> TRTEEA I y 77 1[0 3h & 5 mo, K 2 Fb 3 B2V B 89 20 1 BT Az 9 3h B AR
o8 45 7 B {2 B6F (8] P o i B8 2 T AR el T4 1 el SR 07 2R A QE D T il B30 e oz B OE 5 /9 3

= H
J: J-i: Jt: mv, v, fdv,dv do,

(el B, 75 B {37 i (6 P9 3 Ao 87 AR T 4 1 el E O #E A R 05 TR OE 5 02 B 05 1 3
BH
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[ s

P A, BE 15 B A SR s el GBS A AR R O E AR E B RO s e s
px_,,=—fi°° my,v, fdw (11.2.2)

QSR AT y T 1 U B B % WL BE R 2 ST B T AN 2 x B BRI B, SRR AL TR AR S AE
XMIEIE T, AR BRI m (8 7.9)

m )3/2 ‘;T[UH” vg) *+07]

f<0>=n(m
Hrp o, BB KR 2.3)AAK(11.2.2) i THRRECR v, a7 K%, 5375 p,, =0.
X R, YN TE AR FE B, SR N ER A U0 A [ B B A X 2 S SE PR AR A Y.

QSRS R 3h B % UL R BE B x T S, SR O 6 0 4 A R B SO AT R o R
(IL2.3)MIER, RREH P v, B MR BR, R TFEN MR O HARR TR
(1L 1L 13) Wi oK fORAZ TR, A v EMZE T IEE. AEEh A2 (11.1.13)
REEREWETFH MR LTERMZBEBMOBEET, ZANDH SRR« K%, K
(11. 1. 13) AT & 46 Ay

(11.2.3)

(0)
:ﬁ f{ (11.2.4)
0
1&&@%7%}% E/J\ %Tfﬂzﬂéflx XX £ B AR . A
f=fO 4D (11.2.5)
He O« o ERXRAR(11.2.4), BEE %/ &, 715
f(O) f(l)
e T T (11.2.6)
0
18 (11.2.3), EXATRR A
(0) 0)
0= rg, Ly L 20 (11.2.7)
1 |
d (0)
fzf(oud_j).a{;v 0,7, (11.2.8)
B ERRAR(1.2.2) 58 ORAFRRINE, HAE
+w af(()) dUO
p';‘:_J—x mUxU\TO aU) Ex— w
512 ) i, BFHE 2 H
)
n—-mf v r(, (11.2.9)

A& R A
+a (0)
[0 L, <t
-® aUy

+x +x (0) + o (0)
—j_mf dv’_=—J’_mf dv,
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3|
an

n:m};f 22 £ dw =nm7y 22 (11.2.10)

AT 7o HIE R B, o R 7E R BT 6 4

L = 1
% W?ﬁfﬁ-%’fﬂ;m vf=7kT.Iﬂ1H:iQ(11-2- 10) AT &R N

n=nkT 7, (11.2.11)
BAERIER (11 2. 11) 1 — 2658 M 49 138, 1l 1 Be i, 5t B B 18] 7o 5 43 F 7 9 IR 3% 46 il

1 2 1 T 4 9 60449 1 o o) LA A T . A L %Tﬁ?ﬁﬁiﬁﬁ“ﬁﬁﬁ;@ﬂiﬁm
TR EEAR BISFX A B, L v SRR TR R

1=97, (11.2.12)
A, (11. 2. 11) T RR A

n=nkT 1/7 (11.2.13)

P4 R R AR 4 TR 0 R L (ST 11, 8). ¥ B T 5T RUE He, Bt
i B AR

nocy/T (11.2.14)
FREW ERE —ER,n SEEIL X X —4518RF i 57 1860 4F i o M H & E15 3
1, J5 R A 15 3] 5256 19 IF 5.

BAERAMTHR(11.2.10) SRR ML RHAT B ARB v, BN, 207 = %?;,’@’\B@EF

H 3 5 AR R 2 0, 407 = (D)2 4 urg= 1, BN R (11, 2. 10) 48 5

1
n=—nmovl (11.2.15)

w

A (11.2. 15) B2t W1 R B2 15 B B 45 1.

§11.3 EERNBER

A1 N FH 36 B %% 8 05 #2 0 st B B[R] S R e & TR P B R T A 5 e ] L
RESBATGFE-TMEEEHSNE : FMEE. LRER BREE J, 58 E,
BCIE H
J.=0E, (11.3.1)
Hrh o BEREHE TR (113, 1) FROV B & 3.
PAf B BARTRNSIE N p B— A8 T8 T2 e 7 %, W) 847 A 51 p 3 B (6] bR
do WHF¥HEFECH
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2m?
f' Fdw
Horbom a7 il h B B N7 2 25 R B 1 [ B P A T BEHR I 1 5 A8
VL BE J, S5 T 76 B 66F (] P a6 i 8007 K T B R 25O5Re LA R BT 8T G FL AT e, B

3
J.=(=e) ffv, x 2’"h3d‘" (11.5.%)
WRARFEIESNRI E,, f iR E W K6, U O RSB
f(°)=; (11.3.3)

eB(;_:"‘) +1
¥ EXRARL.3.2) , i THARREOR v, KA KB, BR5 1, =0. X R, YARFLES G
Gyt 4 Jm P ER B A 2 W B UL 3 2 5 S B AE A .
HAFTESM AT B W AR T i TR 00 BR8f h 7# (11. 1. 13) 88 7E Frihig i i 2
T, (11 1.13) A g4k

E . £(0)
o AT (11.3.4)
m 0v, To
B AN GRS, £ 3 0 BB IR /N, 7T f RR N
F=fO 4D (11.3.5)
He f VO o ERRARK(11.3.4), RIEH %8, 718
eE; af(O) f(l)
‘m v, 1o
A
E (0)
f:f(0)+e ‘,’.0 af (11.3.6)
m v,
B ERRAR(11.3.2) 85— fORARRSIE, A
ezEz af(O) 2m3dw
‘]z=_ jTOUZ avz . h3
(0)
WF ORI, Lt o BN RO, 0L o~y WHE 000 X0 55 AT T
HrAT LA EXF L 70 FF e~u kbW 7o 1B, DL 7p TR XHE
g (0) 3
Jzz_emle . agv .2mh3dw (11.3.7)
R TR A
. (0) S .
J’ v, A dy, =[f 9% ] —f f(o)dvz=—f FOdy
gt
2E q 82 .
J,=emz‘rr [ ,2mh3d_“’=”m” : (11.3.8)
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H5R(11.3.1) lb#,14

o= (11.3.9)

Hon BRAEBAR A T
ERR MR, TEIEE TR F I Z MR LR e RITAHES TR XA
M, FARER (1L 3. D EEHMIT . ERR T, BEHBE FESB DT FEZE TR
5 F RO EC) . LA e Fil vp 53051 ROR e~p BT T 00 B B R R R
ly=7pvg (11.3.10)

v X 1k BE AN TR0 55 RO G 2R 2R 2 R T AR R R B T I PR 3, FE R IR T ,%‘;—’«1 , H

Hw R TR IE SR 3 B8R, T3 n(w) ATE LN
1 kT

hw
eﬁ —1 hw

MTHARBESETEE (o) R, WM SEE TR AR (11.3.9) 8, £ BHET
REEE TR

n(w)~

1
0'oc7 ¢ll.3.11)

O BE AR R 5 IR S B0 AR
§11.4 REZLENRDHUDHIE

FATTLE § 11 1 5%t 4515 56 25 A Tl 705 A 2 ot T 6 A 10, 75 80 ) 2 J2 40 B B
B P 2 (0 SR A (L6 45 S P 2 A7 SR BRI ] o , VSR B MBI b 58 7o , 0375 VE AN 4 7
43057 14 Bl 498 A% 45 %5 8 Bl X 454 R O 0, T LA A8 31 3 43 A R S B — A B B
Sy TR BR N BE 2 B R B

B4 184 T ORI , A 5 4 T 0 T WL . T T 0 6 24 1 RS, (i 4 T R
RIVER , B 9k /1N TR 2 Bl 8806 7R % 4 75 Al , il 8 B 90 R 60 A0 246 P 0 76 7 BR R0 09 7% 48
AR ) B R BRAE L. 5 — A T BR800 SR, O3 95 L B 5 L Bl % 1T
AREAE S T 2 I M03S e , T A% 18 - 50 A 15 54 2 AR SR AR 20 AR 0 Sk , DR T F05 ) T B B T4
TR R R4 T P AR A R A

B SO M R B WA, = A3 = A L L 04 T IR B 7 — 2 A0 MR AR, T L
A4 F 00 B . S 1 38 P 40 T Bl 1 A S T BE 00 M. B A4 TR R Y B0H m, A
my  ELARAY BN d, RO dy BT FE4E 5 R, Coyy o, 000,) 0 (s, 0,00, BEJR 0
HEFEH v (v, ), . 00,) o) (o), b, ,vh,) - B 0 B 302 90 0 , & 8 T 00 20 9 0 3 f
SPAE , BOA

@ Fln, S5 Reif FA9$H, §14.1, § 14.2.
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- ’ ’
m v tm,v, =m, v, +tm,v,
1 o, 1
—m, v} + —m, i =—m,v]>+—m, v}’
2 2 2

2

XOL4ANEFAN R AT BTFEEIANAFTR EBETFEA IR EMEEE,
Mo, [ Z G 3% 4 DB R LSS 28 %E 8l 5 0933 B o) o). 9 RE S 3 B 3L 6 A~ R A
B (v, ,v,,00) F(o,,0,,0,)  WHIBNBHZ 2N XERE HFEELE 2 MEER.
X2 A R AW B R SOR R O 1) AR R AT n ROR Y4 T AR RE B R R — A T
B 5 AN o 1 O 9 05 18, LA 35 RS 1 B B T 6] 2 Rl T v, o, FIRE R 5 ) m
WG EZ )G W5 e 2 E T

BRAEKR ) v 50, v, .0 KRRt TREERER TR T8 A5 n FATSRCET, B4
o F R SR 5 n AT EURCFAT R

(11.4.1)

v -U,=A R, U,-U,=A,n (11.4.2)
K (11.4.2) o Mo AKX (11. 4. 1) AT 45
2m,
/\,—ml+m2(vz—v,) “n
2m,
Az——ml+m2(vz—v,) ‘n
BAREK(11.4.2),75
2m,
v =+ [(v,-v,) *n]ln
m;+m,
(11.4.3)
2m,
v, =v,~ [(vy,-v,) *n]n

my+m,
A (11.4.3) 25 1 T Blf i 3 B 5 Al skt B A 48 7 1) 1Y 5K 3R
B (11.4.3) By AR, 18
vy-v,=v,-v,-2[ (v,-v,) - nln (11.4.4)
P13 J7 45
' (0}-v])?=(v,-9,)? (11.4.5)
AR, A AN [l 4 T R
KA (11.4.4) 5 n IR, AT 15
(vy-v)) n=—(v,-v,) * n (11.4.6)
R, AR X 3 R AE AR T [0) m R TE R A S SO AT
¥ (11.4.6)fLAK(11.4.3) AT7H

2m,
v|=vi+m - [(v3-v]) - (-n)](-n)
L (11.4.7)
2m,
vy =0y~ ———[ (wi~v{) = (-n) [ {-n)
mytm,

BR(11.4.7) 5 (11.4.3) LAl F ), 1058 B 4 1 76 8 AT 603 5 R o) o), &l 58 5 w1 A
n'=-n Bl 5 5 5 R v, Mo, AT X 6l 18 55 A S 4.
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AT T 4T T B S 5 4 — A 72 B ) R B 7E WA S 69 £ B
%08 WA T R RN D — AT m, B‘J#ﬂlbﬁviﬂill},dn=%(dl+d2)ﬁ~7¥%ﬂ5~f‘k,ﬂq

YEMERK (F 11. 4. 1 B L RR ). K ERMER B =40 F m, P00 0 FERLE.FE =
N FXE A F AN EE Ho,-v,. UL 6 F
Ao o, SR W e KA (v,-v, 5 n BE A
Hm-0),%n -« (v,-v,)=1v.cos 0, i v, = | v,~v, |

RARN R R A 0<0<%E¢,‘ﬁsiﬂi/|\ﬁ“?7f

A A fEAE n 7 [ Bl 4.

FE de BRI 38 A0 FEAE L n R 1
SRR A R EEENSE — AN F B B AU T L
v, v, L, L v,cos 0dt K, UL d2,d0 KR
A N XA R A R

d},v,cos 0dQdt
B R BUR f(r,0,0)  BITERT 2 ¢ 7 TAAROT dr A EE R BR do P92 3Ok f(r,0,0) drdo.
AT AT IR, XA T ROR G E. — A o, 895> FAE de B ] P, 5 BE ] BB ZE do,
W FTELL n R B9 S AR AR o oy A R A9 TR 80k
fodw,d3,v,cos 0dLdt (11.4.8)
Hep f, B f(r,o,, ) MRIE.SIARS A, %
AdQ=d},(v,-v,) » ndQ=d>,v cos HdN
A LR (11.4.8) KRNy
frddw,dQde (11.4.9)
B —A 0 F R R EBOR LA drdw, FEY S FE S drde, , 5815 27 de B A, 7E AR RRLOT dr 7,
HEETE ] R deoy P53 T 15 8 BE (] FRAE dew, WIS TFTELL n 9B 09 SLAK f Ao P9 Y R
WECH
fifodw,dw,AdQdedr (11.4.10)
FRATHRIE A U ECH TO R 18 %8 7 TR 18 o, SRR B EE A T dewy AT de, WS T FELL n Ryt
LR SLAR A AR SS , 28 8 AL T de) N FIde, N 953 F 7 BT #3848 1, R 2 , 5
KALT do A Fdw, NI 5F ,7ELL n' =—n HRER ISR M dQ WHRRES 728 03 AL T do, K
M do, WES> T FATHAE di BFE A FERFOT dr 9, B BEEAL T dof W85 F 5 EAN T do;
W TAELL n'=—n Jy 4 09 L AR Ao PRl 9 Y B0PR ko B ik 18 4% o B ik 1 4 T
fifsdw]dosA'dQdidr (11.4.11)
Horp fIHf3 02 f(r, o0 ) Ff(r,0),0) TS LA =d],(v{-v}) - n'.
TSR, 7E de B E] P FEAR RO dr 9, BBE (] BR de, PN 43 500 3G I i R
(a_f‘) drdas dr (11.4.12)
at ) .
R TRGA (1.4, 12) , 58— YA 56 5 70 il 18 2505 o0 5Ol 38 55080 1 Bk 25, B 2005 56
ANy T R RE R 5 R AR A X R 2 U, BT (11.4.10) B9 deo, 1 402 F4r, K
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(11.4.11) {9344 Rdo do; , LR IERL (11.4.3) 3K do,do, , B H 526G 0 65 3
X dw, F1 d2 F57.
REFEERTWEHE AR, A
dojdw,=|J|do,dw, (11.4.13)
Hrp

’ ’ ’ ’ ’ ’
a( le ’Uly’vlz’UZx ’UZy’U2z)

a( le’vly’vlz’le ’UZy’UZZ)
MRAER (11, 4.3) AT LAEHEIE 1 J1 =1, (B35 AR %6 81 8 0 Uk B AT A AT (11, 4. 3) B9 XA
AR (11.4.7) K EH

2m,
. ’ ’ ’
v =0t [(v3-v]) *n]n
m,+tm,
2m,
v,= Uy~ [(v5-v]) - n]n

1 TMy
HXRARXTFAEL, v, 0,50 05 .0 BERBRK(11.4.3) FTE v v; 50, v, . n 1K
ZEeMRE.Hi, A

¢ a(ulz’vls s Utz U2y s va UZZ)

a(le’vl)’U]z’UZx’UZ)’UZZ)_
A AT AR B N W A, 00 = 1,508 =1 R =1L XA
A'=d%(v]-v}) - n'=d},(v,-v,) - n=A
B (11, 4. 11) ) 76 B2 Rl 48 450 RT %o 4
fifidw,dw,AdQdidr (11.4.14)
JCREFEAE do, W5 F 8008, U B dw, PRS2 F 88 M. XX (11, 4. 14) F1sX
(11.4.10) # dw, F1 40 FL43, 95 & H 065 AT 45 31 B A 48 17 385 fn 49 23 F BCH
(aa_j;‘) didrda, =didrda, [ (Fifsf2) dw,Ad02
H% didrdo, , v, R, 0, 8 R, [EG
(z—{)czﬂ(f{f’—flf)dw,/ld{) (11.4.15)
A T A A R B Rl R S A
Bl (11.4.15) MR A8 fb R 530 (110 1.8) (1932 2 28 fk S AR I, 8 7] 45 3 4 4 ek 5
AR A T A5 B8 22 57 A eR B S T R
o, o, o, oo

+v, +I
at ax ay az a v, av v,

y

=ﬂ(f’f{-fﬁ)dw,Ad!2 (11.4.16)

fdwl = fi:fi:fi: dv, dv, do,,

[an= f:" i fo_ sin 6d6

Horp g #U fROZ
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(11, 4.16) FrABLH 25 2 B0 0oy 77 8, B 70 A o B0 B9 AR St i B 20 il o O 2.

B LY I, 7E S B 28 & AR oy Oy AR I, AT B AR T — AR FR T
R B — R B — B2 o, I T & ATE drydo, F drydw, PYRIHESR d BURL T
MROMEG L, N

%f(rl v,,r,,v,,t)dr do,dr,do, (11.4.17)
AR SR AN 43 B R 3 43 A A L0 N, AN AFAE SRHK , b T 20 i D BRORE 1 HE R 0 A B 3 AR
fr v ,t)drdw, f(r,,v,,t)dr,dw,
N ' N
R WA~ 4y FARBE R g , 5 (1. 4. 18) Y 50 il =2 7T LA 2 A% 9. {8 7 31 55 43 1 B4 oo il 48 255K
(1.4 11) Foc e (11 4. 14) B, B T RARBENRZ N, Lk st REE1F
AT AR 14 B 3L

BH2Z S M W T %5 WA 6 7 B2 1. 50k AT BN B A 2 WA 3h )+
FRE—XRR T REK, BRI EZSERN TR NGRS SRT 2
G RREL S (ryspys srsp s t) RAB B TT R f1 (ry opy o) BRI H B9 0 A0 R 5K, 1932 30 7 2
BXRLF A5 BRE S (ryopyaraapaat) fs BIIBEI TR E =R T2 KB f(ry,pyurasp2,
r3,p3,t) e RIS BRE N TEES N IR THRSE, TRESAE NI IR
X, FkN BBGKY %% [ J5 # ] 5k BBGKY 7 B 8O fE R Jy 2 M a0 45 R, X /R 7B A
BBGKY Jr e 2 vl Wi it , N ENTH KB BIA T ¥ M B H 22 SRR 7 2, 5] AR
FhgE R X TR 207 B AR GBS, APEE AR DR AT 58 B, i
RAGEEMS FEAARER, BF BN T EZ S RERE KA BN EE TS
e oA 3 55 2.

(11.4.18)

§11.5 H & 1B
29 MR 48 B B 2% 2 AR50 T o3 T R I 5 1) - 4 [ RS
1872 4 B H-25 2 513 T 40 i BR L f B9 — M Z ok, HE LH
H= ﬂf(r,v,z)lnf(r,v,t)drdw=ﬂflnfdfrdw (11.5.1)
X fBE ¢« OERY L H BE ¢ AR LR
L ﬂflnfdrdw ﬂ(l+lnf) Y trde

B HZE TR
a—f+ 'g+vya—f+vla—f+Xa—f+Ya—f+Za—f
at " ax 7 dy 0z av, dv, dv,
=ﬂ(f’f{—ff1)dw1/1d!2 (11.5.2)

@O BBGKY f& Bogoliubov-Born-Green-Kirkwood-Yvon #fA 5 .
@ Blanai5| Jancel R 5.
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RAR1H
e -—ﬂ(l'ﬂ f)( :j; 'j—‘;+uz§;§)d7'dw
‘ﬂ(l+lnf)(Xa—l{: aai :vfz)drd
—M(]+]"f)(ff1‘f’f;)dewl/\d.de (11.5.3)

K153 HEHE—ITXTF dr (ES AT H
—f(1+lnf)(v- vf)dr=—jv . (vflnf)d7=—5£dz . ofln f
BIE— R T S E R, §dz4ti% 7B A 28 BE ) RS 1 T4 T ORRE SR B8R 1R

R ELRFFI BB AE IR (1L5.3) HTHE 1T hE.
KOLSI)AEFHEATRT do MBS AT H

d
—j<1+1nf) =

d a
=—j [;;:(Xflnfﬂa—vy(}’fln f)] o
HAPHR T XTI 8%
oX oY oz
————+—=0
dv, dv, 9v,

(B b A3 0 B — AR 4F T & BN S — WK T v, ML K

jm i(Xflnf)dv “XfInf| =0

- -

XEHENY v, >+ B, FH =0 B’J%sﬁz HE (1. 5. 3) HHE AT AE.
Ml &0, XTI R4, o FEah 5B RBUVE LA S S BR B H 28, i X
(1.5 3) A HE=171%

d—”=-ﬂﬂ(1+1nf)(ffl—f'f;)dwdw1Adndf (11.5.4)

KL ) A FEMN BB Mo KRB MREHEFHREF Do, <o, B RASHZR. H
it

_=_M (1+In £,) (ff, ~'f}) dwdw, AdQdr

¥ ER5(11.5.4) M, BRLL 2,78

d—" -—W[zﬂn(ﬂ,)](ﬂ, -f'f}) dwdw, AdQdr (11.5.5)
Eh?ﬁiﬂﬁ*ﬂfiﬂt&%ﬁf’”% #HE FRXBR S FLSv=v v, =0, B EARZE . B i X
(11.5.5) 78

dH

e fff [2+1n(ff)) 1 (FF)~ff; ) doo’ da} A"d€2dr
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E8§11.4 hiFBHT dw'dw{=da)dw, A=A, EXAT R
dH
e [ 2 Vi) dwder, A28
%Lit'%i‘c(ll.s.S)tﬁhu KA 2,78
dH
T ——J’J’J]’[ln(ff,) -In(f'f1) 1 (i =f'f1) dodw, AdQ2dr (11.5.6)
A (11.5.6) F 7 B PR eR BT Rom hy
F(xy)= (8-y) (e"=e")
Hirx=In(ff,), y=In(f'f1). Y x>y B, F e*'>e’ , B F>0;2 x<y B, e*<e’ , G F>0.[H
W, i x5y WBEWMM, A F=0, HPEF5 RGE x=y B A B d1 7]
R(I1L.5.6)H MBS RAARE N AE. Hitk, &

dH

Eso (11.5.7)
HP%EE5 M HMNY

M =h (11.5.8)

B SE X AN RE BRAR R HOSE B

H 5E PG Y, 24 53 A ok B DR 40 B 48 100 & A B I Ip L R R 2 1 ek 2 1. H O[]
X FAE AL 25 T A AR, X H D BB B AR /ME TS FE A, AR 40k B
WA AR H 540 R BOM 24, H E 3153 00 B AE 2 (2T RE 11, 10) X #F  H 5E B AN (H
MGETH Y BB Ff BERE T 1) 4 AR, T EL 48 T R e A O R A R, SR
FHREIENEEAR K EEEN H EMAR - N E RO E A TENTES HEH
BB P, 2 A PR R R B H 22 & B M RS B REH T R T 4
A

FEHH SR HEBULG G % FFTE 1876 FF48 1 T FTiE “ Wifk 5En) . ¢z 3 &
AT E a3 AT AR % i AR T 5 AR i LAIE B OE 0 O AR R

. _9H . eH
qi_:'ip_i’ pi——a—qi (i=1,2,--,s) (11.5.9)
T 7% 22 50 i 0 2% 0 o 2 HL 2 i %) 18 eR 58, B
H(q,-p)=H(q,p) (11.5.10)

IEW T RE(11.5.9) TEZ e t——t,p,——p, FRAZER. XYL, W
q;=f;(t), p;=gi(t) (i=1,2,:,s) (11.5.0L1)
TR (11.5.9) #y—A i,

g\ =fi(-t), pi=-g(-t) (i=1,2,-+,s) (11.5.12)
WRHTELS.9)B—E. (15 1) MK (11.5.12) Fr i 5 1932 30 2 15 1 5 ¥ 1952 3.
BE AR © ATHR 2 1 W 7 #2 0 % , RAE B T 2732 2h & AT 5 .

W R R, BRI — D REMN H SRBAEW A, i R AEF — 0t 206 B A 4 i B AR
o 5 1), PRI 3R 7 2 R B AT 58 Pk AT T, R G U ROk B9 M BE i R E AT i TR A 4
THHEERREGERGEN HRBEAZ, XNRGEWN H RECK RS B3 X35 H & 58
¥*g.
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B B 258 XX A B B4 2 H E BN R — A AR TR — NS R Bk, R
#E (1L 1. 1), fdrde 25 FEM G FIE, %X (11.5. 1), H 2 In f WG T,
P LA

H=Inf (11.5.13)
d
BY H 2 XU G811 24 1 45 . HOR  H Bl R[] E@E&”Em%ﬁif‘&%.d—?iﬁtﬁ%,ﬁqﬂ AH

JeAE 7% LA SO A (14 B[] (8] B Ae PN, 7623 732 2 FIRE S8 A9 52 0 T, H A BRO28 9 58 3 7 2 4A.
Wik, H E B4 e RGBT 8, B4R, REMGE TV 4782 5 A 7 m
A AT .

PeH%E HERRRITYH 2 REENRMZ —, EF WG 0 M BERIE T
7 11 1 7 B A AT BOUURE T BE B 2 R (R IB R & S 228 BB F 1% ) #002 Al 3
M. B 258 NGETT B M EE 8 8B T R Al it 25 WML A 7E B 25 & DUJR , AT X X 2 1)
RREAT S AN A B RAE, B R 35 HE 2 & 5 AR LA HE T SR A e K Ak 7 B AT . A
PRI B T S B HAb A EED.

§11.6 PAFEREBSFEHTHO MR

H 5 PRUE W, 3K 3P R A5 0, 23 A oK 80— 8 16 2
VERTANE! (11.6.1)
B (11.4.10) FsC(11. 4. 14) BIHN, 35 £, =11 f5 68, J0 6l £ %05 T Sl 48 280 1E 4 A 46 1 41
TH X LS U, 18 B - A7 R A5 0, A AT B0 1 1 Rl 48 0 S Al 98 A0 AR TEL K T T DR B 7 A ik R
U, FLo— e A BRAE R A JC F ik A KT B, SRR O A BOT- A AR Gn 2R A B A0 BOF
1, S 0 RE DR 3. H a8 BRUE B, B2 5K B 80 -7 , 025 40 BOT- 7. 5 B4 S5 06 21 el 40 30T
187 S PRI X — i RRUBR Ay 200 BT A7 PR X A SRR AE TR A () B i HOE BERT, At
X2 T IR Al 3 AL ) T UE B A 0 O 4 R B AE AR 2 G W R ER R B EX 1)
FHELAE FHALHERIE T, BT LA 2 B AR 5 3% 36 75 1 @,
ARG IR BT ARSI, R G881 A BE i E) A2 A, PR 43 A oK B8t a2 A B e 1] A2 4k
Blof/ot=0. i B H-22 S R o D7 RE (11, 4. 16) FIAN P # 2k - (11. 6. 1) 15

v, j—ﬁﬂfy g—iﬂ/ %H{ aazi +Yaa£ +Z a%{::
(1L 6. 1) FR (11, 6.2) KB, 35 37 F R A, iy flf 18 A5z 2h 51 A 09 43 A oK 550G B30 28
245 A AR,
BAERATKRA (11, 6. 1) A (11, 6. 2) i LARH E 7R S 19 70 i R B ¥ X (1106, 1)
WO %, 15

0 (11.6.2)

z

In f,+In f, =In f|+In f} (11.6.3)

@ Fl4n,#55] Jancel R .8 Balescu R. Statistical Dynamics[ M ]. London ; Imperial College Press,1997.
(2 Ter Haar D. Rev. Mod. Phys.[J], 1955,27.334.
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ERE In fyIn f, JIn f (In 35 & B 78 B4 pR RO ZORAH R B9, 4% B A0 28 4 40 532 W 4
FAERE AT G v, v, M) 0y 3 (11.6.3) ERE In fH T 12, E 48 1, In f 2 B AT
URSRIER ¢

PR Ay filf 488 B A - 0 B i R RE B 2 SFAE L AT LAAR L BRBOTRE (11, 6.3) A 5 N5

1

Inf=1, mv,, mv mvz,?mvz (11.6.4)

¥
FR(11.6.3) MR, BT EMEA(11.6.4) KM AIEAS !
In f=ay+taymu, +a,mv, +aymo, +a, %m( vf+vf+u3) (11:6:5)

HH gy g oy g S TR B0 SR 0 3R (11.6.4) B 2 40 4% 4 W T RE A
KT
R (11.6.5) Al S AR BN BAM S AW 0 T v, 0, 00, , T f R H

372 m ’
f:n(—z n;T) e_m[(Ux_vo.r)2+(uy_v0,)2+(v;—v()z)z] (11.6. 6)
m
XS ANHERNYEESCERARN.n B FHOEE, T RRE, vy, vy, v, 5250 T HE K =4
ST EEFEE, BVRGEAE vy 2 7 1] 9 B AR
v,=vy,, U=, U,=U (11.6.7)
— MR UL, X 5 NS 0 T vy, vy, v, A AT RESE AL BRI BRI KL, B X (11 6. 2) Bl E. 5 X

(11.6.6) AKX (11.6.2) , 2N/ f £, 1%

z

3 m m m
v+ V|ln n+~2—ln2‘"_1511—ﬁ1(v—wo)2 —EF- (v-v,)=0 (11.6.8)
H
F=(X,Y, Z)

K (11 6. 8) XF FALAT v (ELAR AL, I v 1 25 FE K I R BRI % T2 450 (11.6.8) H v
=W R B T %, 15
vT=0
]l
o _or o (11.6.9)
dx dy 0z
RUPAAE VPSRRI ELBUZEHE 5T
AR (11.6.8)H v ) IR IT I ZEE T%F,15
v-V(v-v,)=0 (11.6. 10)
B (A% 11.13)

9y, vy, 9y,

ox ay 0z

(11.6.11)
vy,  9vy, 9Vy, IV, dUy, Iy,

o ay a9z ay  ox
FE(11.6.10) 87 8 (11.6. 11) 3 F- 5 R 45 ] Al B A 19 8 1R JE 4 1 T R . 7 2

(11.6.11) fyfR 9 ( I 55 11. 14)
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v, =atwXr (11.6.12)
Hea Ml o W RE.K(11.6.12) 45 i o, A0 24 T B A 185 7 ¥ 3 o BE 1 i 5 o A o B 1
Wiz gh, Horb a g NI B 30 BE , o0 R % 3 A o BE. 3K 2 150, Ak 7 5 25 10 AU A, L8
iz gl FnT R B 8 i i RE i F 3 R B 4E E A S RE RO B 3. B 0, 24 25 9% L AE S A
TG S, 28 45 A A SO T AAR 76 F- 7 25
2X(11.6.8)F v B — R R BCHF 15

BN D
V(ln n 2kTU0) - F=0 (11.6.13)
RSN 1R LS BRI AL o BIRREE B F=-v ¢, #X (11.6.13) F4rn] 15
n=ngenr e (11.6.14)

Hodrng 2R H R (116, 14) B THEFHA T 00 FRO%BE n Bt S0 722 1L
ZR(11.6.8)H v IE R T W RECHE 15
v, - F=0 (11.6.15)
L 6. 15) 5 1 X8 A GZ Bl B 1 3 — R, & 55K V- 7 2R 496 0 3 A o 00 200 5 81 )
e 1., R E b v, RERTEAKCE T b — D RRER ] R 8 2 B DU B o R 7E X
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X if, A (11.6. 14) A (o =g2)

mgz

n=n.()e"57‘"rz<*z**'z>*k (11.6.16)
1
-7mw2(xz+y2 ) AT B AR R TE e e 1) 2 % b 0 1 BT PR AR B RE.

FRATAR 4l B 2% S B By R VIR T 1) SF- i 1) AN V- S T Y 43 A ek B B H 2K
S B oy 7 R N AR IR T A ) 8, B g TR iz MR A MBI H TS
HAb .
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1.1 UL wdt #7n45rF7F ¢ 3 e+de B8] 9 5 2 43 F K A — OkoalE 388 0 A e B, 20 A6 s [E] ¢ PR
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w

@ B0, 7150 Huang K (945, S L8 S EAMME K HEFE S0 [M]. 2 AU B4 #H AR, 1965 § 48.
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Wz s ARy B RRE z=2(x,y) .2 X x R E
(ﬁ) = i P AR, J SUE, 1) (A.1)
dax) . Ax—0 Ax

MORTE y REEARER KM T 2 Bl x BRSO, (92/0%) T30 » oy 9 bR B 20 58 D 5 0 £ 55 AR 2

f) 28 Bk 2 S R DR S A T A T A e ] SR A
(_ai) = Ly 2850+ Ay) ~2(%, 7)

dy) . ay—0 Ay
z (& o
0z 0z
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gy W 7 AR B oy R I dady R REET AR B 2 Y g A
2. BRERE
PR z=z(x, y) AT B& ek B0 I X
(A.3)

F(x,y,2)=0

G xy MBUEGE R 2 MBEL AR (A 3)  HTR xy B RECAREEX (A 3) vy =47

AL RS, Rt vl « BAE y oz BIRE, BB W y FAE 20 B RREL
M (A 3) M,y 2 =R AR do dy dz RRAEE R, 2000 2 &M

aF aF
(A.4)

aF
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ax ay 0z
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I P -
(ax)> (aa_f) (az), (3_:)

P A L
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(3%),(%2),(35),='1 (A.6)

K (A O) AT Y xy s =NERAFAE — > ok BOC R B H A 5 802 18] #9565 o J 2 % I — 4
R

3. EREY
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B 0z A% 4z dy
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HEAT L AT 51 ) R
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Ou, v)_ |3 07| ou dv_du dv (A.10)

a(x, :V) dv  QJu ox r’)y By ox
ax, ady
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T A AT He AT H R s LA E A A ATIER.

ouy_a(u, y)
(%), 3 1)
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g EXEE
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df= > X,dx, (A.21)
i=1
H
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‘_E)x
X; 5 2
axX;, oX,
—=— (i,k=1,2,-) (A.22)
0x;  0x;

RZ MBMAR df= D Xdx, 2 LB KM (A 22), SR df 22805 3 T 240 57 28 i A9 1
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2o B R 2T (A 19) FIsl (AL 20) 4528
an S 44 X
dz=X(x, y)dx+Y(x, y)dy
AR 2o R (A 18) (BAFTERE A (x, y) E
Adz=AXdx+AYdy
P & S L

d d
—AY=—AX (A.23)
dx ay

W Adz & — 2o, A (x, y) FRAER X dz (R 7
R A RO dz A A T Adz=ds, 0 Ay (s) b d dz BN b g () 02 s AU RE R
B
AY(s)dz=¢(s)ds=dd

Hrp = J’t//(s)ds.izit%iﬁ, LA - TR TR, ERAESZIRPEFAAERIRSHETFZ
OS2 s 9 bRV (ds J2 HIBUZr IR 7 R Bl od 5 B A i 2 BT )

B HIREMAIR

1. BB HRBEE

FE—ERNT R —AHAATRER AT BEAR & A, XA S 1K o BE AL 35 1F. ] 40, 76 5098 1 7 /9 i
Herp, B — gl an 4 55 BUR — A REPLE

AT RBREEYLF A K A T REE B RN, AT AR S 280 R, 7 — Uil g SR il b, — 4
BEDLE R R R AR TR 8, WK B N TG 5 — 0 (A A) RAERKE N, 580
Y Y LE (B T R B AR PR AL X AR BRI SR FRAE S A R AERIER Py .

N,
P, = lim — B. 1
AT m o ( )

N—x

M XA, 0< Py < LAl 24 B PR 7 B B 8 2 ik, 3 — s i 4 i i BLA OB S BRI Bz 1t

N, 1 1
—H—. =t ——
N*}J 5 Hit 4 BRI BER 2 P
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2. EREHEENMEERE

Q1 55 T A B AL 3 7 — R R v R BT B[R] B AR X R SR O BT SR N TR SR R L 1 A
HEE 3 A PR R
WA BRELFHFMEENKWI S, H4ABBN, W HEBHB N, WKW HE A S FHSHAB A
ML R
N,y+Ny

Py, = lim =P, +Py (B.2)
N—soo

A (B.2) FR N T FRERAG Nk 3 W 15 S PR — A B BER S T W 300 h B R Z A
N e BT LA B A H R FAEIE
Pyipscy. Py +Py+Potees (B.3)
o0, B PR B, A B 1.3.5 B EER A
I 1 1 1
666 2
WA, W E R FAF AR 1R
> P=1 (B.4)

R (B 4) AR — LK EREE KWW M EFHEED LA D REREN. G0, £ 825
BFAt,1.2.3.4.5.6 GP8—BREHAM.

3 MTEHBMENRETE

MR AL 0 WA AT B, N E RS SRS —FHEESBZEAMEL, XA FMHF
FR R Sr S dn , RT3 P — B A3 A S RS AR H .

WA BRI EM XTEAFHFRE (SRR ) Z4EICHA - B.LL N, #/RAE N KWLM o FH 4
ABHEMWRE N, o RARLE N KW hFEE A MFE B F A &AM KL, W HH4 A B REELAER
HE R

Py fim it im ot Dt
(B S)FRVES L B R et B3 . AT F RN R AR E TRAFMHE A K- RN R
B R AR AR — RT3 A, PR S AR E
1 1 1

Ml " M
6 6 3

P, Py (B.5)

4. BNERNEESH

5 — AR B D) — R (M SR IAS b AT BB A, 33X A 72 BB AR B AL AR . B L 7R ik 43 Ay S Y S 5 Y T A
R B AL TR G B R AT AR A ST AL DL X SRR B B xy e x e x, RN B HICRY BE AL AR B A AT
REBUE P, , - P, P, RARBUARRLE M HEE .

(B.6)
(pl, e, P, e P
HATFRA P, ABENLE B X ARG BAR, P NI
{P,.zo, i=1,2,

> P=1

(B.7)
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LRI BEAL S AT IO — X 9 — DI DA X R R S RIS R BB EMBRExfEa 502
[E]. FEALZS B X B AE x~x+dx HAUHER dP(x) KR K
dP(x)=p(x)dx (B.8)
p(x) FR AR W2 LLTF &4

b
p(x) =0, j p(x)dx=1 (B.9)

5. Geit FHEMKE

B IE BB B B X TR AT BRI v, %y oo xR NV YRS K0 SOV, A B L AR B Y
WHARRL g Ny Ny oo N, X3RS 244 R Z ;N /N UL K BOE T T6 55 B, X AR -3 {8 T
—E IR IR FRAE X Bt P 2 fE

Zx,Nl-
)7:\11.2 ‘N =Zx,P,. (B.10)
Xt TSR M BE LA B G E R
7=jxp(x)dx (B.11)

FA4 38 K x B B 3 1.
2% (B.10) M (B. 11) , AT LG H BEALAE & X 89 4E 2ok 8 A(X) g it PR A K.
Gt R BB B F B RN R — AR EE MR BRI, F R MG R YRR - EF T

Ge it FATFIA — AN R X 7 HC G v 3 (X E T 9k v 19 - 44 0 FE. B

AX=x-X= > (%-X)P;= > xP-X> P;=0

BARRREHTAXRHE AR X 05K 5. (x,—X) 2SR AR TE A9, 7T E Kk X K% 00 F 208 B , B X B0 3K 9% 01 Oy
2% (%) :

(Ax)%=(x,-X)2= Z (x2-2 Xx,+X?) P,

= > &P-2XY xP+X2 Y P,=X*-X? (B.12)

6. ST HNEEBHKSHBESHMEXE

FETIS T A BEALAE B A HE R A AR G E Ak VE. B T B A R AL B A9 B b A R
W, RHg B A~ B LS & 1 15 IE.
WAL X A Y.L dP(x, v) FRm X BUELE x~x+dx, Y BUATE y~ y+dy Z [A] O HE R
dP(x, y)=p(x, y)dxdy (B.13)
p(x, y) FRAER G LR %R, il e LA 4%t
p(x, v) =0, ﬂp(x, y)dxdy=1 (B. 14)
U0 K XY ) B 36 L.
WA Y (9 BUE R, X BUETE x~x+dx Z 8] M HER A
p(x)dx:dxfp(x,y)dy (B.15)

U & Y iR E L .
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MBREHZRE XY BEIHMSI N RBIEM S, FHEENREEH A
p(x, ¥y)=p(x)p(y) (B.16)
iz (B. 16) AT LIERH F i (B. 17) F1=X (B. 18) AN # AR

E’=fxp(x)dxjyp(y)dy=}-;’ (B.17)

BRIV, 9 A gt 7 A Bt AL A ik £ 36 LAY OF 249 4 45 T 9 A BE AL AR B A P 2 1 1 TR AL
FALAE & X Y 2 0 22 R
(X+Y)—(X+Y)= (X-X) +(Y-Y)= AX+AY
¥ w22 A

(AX+AY)2=(AX)2+2 AX - AY+(AY)?
MR XMWY RGE ML, A
AX - AY=AX - AY=0
At

(AX+AY)2=(AX)*+(AY)? (B.18)
B, A4S gk <7 0 Bl AL AR H 2 0 340 DR 25 55 T & B I O DR 25 Z AL
W BEHLAS B X A Y ARJEGET M ST 8, AT LS| A AH 5650 8 4 58 HOCHR AR BE . AH O HE i 5E U

(X-X) + (Y-Y)=XY-X - Y (B.19)
7. ZIS

D3 A 5 7 B 00— 2k B BLAT A IR R4 4R A A BRI AT L BRI 2SS B K LREET N

JG L B R S BEE  x R,
B % A MR G RS B AE N B2 N, BTN, B (N,+N,=N)
x=(N,-N,)l

REEBE AN AR RAE N S ZPA N, BTN, 51605 EER.

AR 5 4 18] A G, 1 BT A — 25 AR p, 115 S — 25 A BE R Jyg = 1—p MR8 0 7 S 1F HE R 10 T
WM, FEGET N, B ERET N, S M EEENEER Y BBE N, BN, Z/F, T UAH
N1 /(N IN, )RR R £ 72 o 3 26 R [ 7 B 0 0 e 3 4. IRt AR 908 T F 1R A0 o 00 o 2 38, N, 2 1)

AT, N, 26 15 BB A
N1
N, IN,!

2 (B. 20) B T4 A LAR B 5 7 (R W, FATHR X (B. 20) 35

pNg™2 (B.20)

N!
Py(n)= WPII = B:-21)

Hen=N,.
75 5 E W, 990 4 A i R 0 — P 2 -
N N
2 N

n=0

"qNA"=(P+q)A.:1

n B F{E
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N

Z '(N—n)' np"g" "

N!

a n _N-n
™ "z::on! (N-n) 1P 7

3 . -
=p —a';(l’*q)“ =pN(p+q) """ =pN

e {b) i
i < N1 2 n_N-n
P My
99 < N . N
-’ 6pp ap Zo n! (N-n) !P =
s i _a_ N
=P app ap(p*“q)
0 N-1
=p—[Np(p+tq)" "]
op
=p[N(p+q) V" +N(N-1)p(p+q)" 2]
=N2p2+Npq
=(n)*+Npq
A
(An)?=(n-m)?=n>~(7)*=Npqg
A X3k % R

(An)? Npg _q
(;1-)2 NZPZ Np

8. AMRHH

(B.22)

(B.23)

(B.24)

T ¥ (Poisson ) 23 Al & N>>1 Fll p<<1 (8 q<<1) BEIE T, 100 5 A B3 L R A X FEp<< I JE T, i

FPy(n) R EHETF p", Y n REKE,Py(n) ¥ TF ALY n<<NBF,Py(n) A B AT AT WA EH.

#R(B.21) KB H
PN(n)=i'N(N—1) “(N-n+1)p"g"™
n!
fE N>>1 Fl n<<N B, AT {E T L

N(N-1)---(N-n+1) =N"

ERE q=1-p, 7 p<<] BRA/EIEAL
In ¢""=(N-n)In(1-p) =-Np

Hp
g e e
Heph e — B F A TR (B.22) , Bln=Np.ix #, X (B. 21) AT E LN
Py(n)= (%) o
n!

(B, 25) B AR AN A T8 B 1 i TR R 6 4 B P

(B.25)
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Py(n)

of 2 4 6 8 10 12 14 16 18 20 »

A B. 1

HER /s s TN OB Wi - %)
(An)?=Npg=Np=n (B.26)

9. BHF ST

B (Gauss) M J& N>>1 H p fil ¢ IZEARA KM T, W01 a9 E kK.

TENRK,H pg MERKMHIE T, “I4 B 7E R — MG KM o A7 4800 M K. X T 9 8 w5
n 9 n BRI P(n) K T %3005 3, AULE n MHEBER 1 Py(n) A4 AT W69 508

FE N Fln AR KMTIE T 0 FAE 7 BEEM n, 24 n B9 H 0 255 n+ 1 BE, Py(n) B8 52 48 X380/
i, Bp

| Py(n+1)=Py(n) | <<Py(n)

T LUK n FAE#ELEAE &, BN R Py(n) 8 In Py(n) 2 n (9 98 B0 00 (1) sR 2, AT 32 T R BUE 5.

# Py(n) BUB KA n (B 1 25t dPy(n) /dn=0 8i5E. H Fln Py(n) B n 72505518, BB Py(n) 594
Ak, AT S A E SR A

|
“In Py(n)=0 (B.27)
dn

B 5E n B .
W (B.21)
In Py(n)=In N! =Inn! -In(N-n)! +nln p+(N-n)ln ¢
M on>>1 B, AR B
dIn n!zln(n‘#l)! —=In n!=ln(n+l)!
dn 1 n!

=In(n+1) ~1In n
FEX—E M T, (B.27) R
d—dn—ln Py(n)=~In n+In(N-n)+In p~In ¢=0
i bR
n=Np (B.28)

530 (B.22) AR AT, n=n X RE R B, 7E n=nkb, Py(n) BA BRI,
¥ In Py(n) 78 n B AEZR B REIT , RIAT I00 (1 BRI I — R R %) A

1 &
In Py(n)=1In Py(n)+— ——In P (n) (n-n)?
2 dn? =

n=n
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2]

a2 N 1

—7111 Ph( I'L) == = =

dn” n=i n(N-n)  Npq
A A5

A In Py(n)=1In P_V(E)—szq(n—H)z
LA RRH
_(n-:‘n2
P(n)= e 8 (B.29)
V2w (An)?

KA EW Py(n)BHE P(n), JF A TR (B.23), B (An)? = Npq. fif 1 ) 5 BOR b3 — 16 2% 0452 th . X
(B.29) Fr A i 4 A B B. 2 1 T 357 43 A 1 LI

p(n)

C RIHVEFERNRIATN

1. 84 1= j edx it HE

-

P Al RR A

P= J e-"zdxf e--"zdy= f j e‘“z"z)dxdy

ERE ay WL BB AT T AR A AR P RN N
2m L ®©
o= - rdrdg=2 " rdr =
fo jo e " rdrd@ 11'[0 e "rdr=m

H A5

R R R T R A
eFdg=Y" (6a1)
2. 84 T(n)= jo e 2" dx OB

IrER B 4

I'(n)=-(e*x" ")

m+(n—l)fm e 3" 2dx=(n-1)T(n-1) (C.2)
0 0
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FEAMAKX(C.2) ,HEFE
I'(l)= jm e “dx=1
0
R R N
F(T) =J0 e % de—ZJO e dy=\/m
Heh oy =x WG —SFHTR(C.1).24 n HIEEKNA
I(n)=(n-1)(n=-2)--1-T(1)=(n-1)! (C.3)
1 1 3 b
i v Ly B by
1 5 1
:(n_?)(n_?) s o (C.4)
3. B4 I(n)= jo e xndx(n RERIERH) MHE
AR y=a'Px,
1(0)=a‘%f: e'v"’dyzz‘/f_'/2 (C.5)
a
- 1
I(1)= a_lfu e_-"-ydy=z (C.6)
HAb iy I(n) ATl oK 100) 8% 1(1) X « 9 S HM1S 5] -
-_i = —m\zxn—l x=_i -
I(n)= r')ajo e e == —l(n-2) (C.7)
1) 4n
i \/;
1(2)= fo e atdy= - (C.8)
1(3)= joe Pdx > (C.9)
- -ax? 3\/;
1(4)= jo e atdv= 20 (C. 10)
I 1
15)= [ ead = (c.11)
aBA = [ a(n=2.3,02 ) wits
. TA n—joe_lx(n—,,,z,z) v
A
n=1 n=1_-x ©
x _r e =x"_‘e_‘(l+e_"+e_2”+"')= Z x ek
e*-1 1-e™* =t
/¢
A TN L AN s 1 g% o
I{(n)= J’o - kzl Io 2" e dx= kZl T fo ¥y le N dy
il 4n
= xd = 2
(2= [ :‘_"1 AZ sz ye ™ dy k—z=%=l.645 (€. 12)
1(3)= fo - —1- Z k3j Yeldy=2 Z —-2><1.202 (C.13)
© x” 4
1(4)=J xdx Z k“J Yerdy=6 Z ——6><——6><l 082 (C.14)

o e=1 =
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3 € x"lzdx -
1=\ = 172 L
( 2 jo & =1 ,kmf r ¥
£ ;,z \/; £ 1 \/—
z k’”j et di="x ;W Sx2.612 (C.15)
5 % x3/2dx 1 324
1(7) J'o e*-1 ZW y dy
= 1 e 3/ &1 3w
22 k“j et di== kZ.FZ:TXI'341 (C.16)
© xdx
5. M4 1= f 5
0 e'+1
x xe * 2
- T s (I S, —1)k1
S Taer (1-e™+e ) AZI (-1)
[
= xdx ®
I= = =1k kg
jo e k;( ) jo e
o (_l)k—l_ ye y
Z J
® 2
=Y (-nF== (C.17)
k=1
pvs Ak, =
D ERYESER
AF o
L//BLE S e el AL
R
B2 ¢ | 299 792 458 o K
W B v A h | 6.626 070 15107 J-s it
P40 B e h/2w | 1.054 571 817---x107* J-s Ko
I HL o e 1. 602 176 634x107"° C K
o £R A 1 28 ik Ny | 6.022 140 76 x10% mol ™! K
BE RS AR B R | 8.314 462 618--- J+mol™ - K it
PHESHE k 1. 380 649x10°%* Jaxt it
SRR BRI
B Vo | 22.413 969 54---x107* 3 mol™! K
FRMERET) e
- HZE R o | 5.670 374 419---x107® Wem?2.K* it
HBABEERT R b | 2.897 771 955 x1073 m - K X5
Elbak s G | 6.67430(15)x107" m® - kg - s7? 2.2x10°
HEwTE Mo | 1.256 637 062 12(19)x107° N:A? 1.5x107"°
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gk

N LiEROE 7

Y 5 ¢l LA T
HAERRR £0 | 8.854 187 8128(13)x10™"2 F-m' 1.5%107"
IS m, | 9.109 383 7015(28)x107*! kg 3.0 x1071°
FE, = 9T 1L —e/m, | —1.758 820 010 76(53)x10"! C- kg 3.0x107"°
Jo S A m, | 1.672 621 923 69(51) x10™7 kg 3.1 x107'°
b i m, | 1.674 927 498 04(95) x10 kg 5.7 %1070
AR R, | 1.097 373 156 816 0(21)x10’ m™! 1.9 x107"2
X5 40 45 ¥ a | 7.297 352 559 3(11) x1073 1.5 x107'°
X5 40 45 ¥ B 18 % o' | 137.035 999 084(21) 1.5 x107'°
BREEF Mg | 9.274 010 078 3(28)x107* I TH 3.0 x107°
BwiF My | 5.050 783 746 1(15) %1077 Jeort 3,1 x107%°
BURHAR ay | 5.291 772 109 03(80)x107"! m 1.5x107"°
R 1 B A< Ac | 2.426 310238 67(73) %1072 m 3.0x10"
Ji - oA A m, | 1.660 539 066 60(50)x107% kg 3.0x107'°

T R U R E PRRLE IR G 2 B 2 B2 BOR $E 2 7 22 (CODATA ) 2018 4F ) [R] Brfe 77 H.
E BOIBASEER

£—F

1.1 a=ﬂ=l,KT=l.
r P
1.4 (a) 622 atm, (b) {ABIHE AN E AR 4.07x107£%.
1.7 X FIABSE R T=yT, KT V=yV, o Ty F1 Vy 25K KRS B IR E MR
L1 MREEFRARHE h 2l 5 SRR & AR

s
1) AR A A 4 B B SR
aT\ _vy-1T(z)
(a_p) s v P2
NGRS

d7 _ (y-1)Mg
dz YR
BEEERH-10K - km ™.
1.12 VF(T)=%¥%&.

1.17 AS,=13046J-K "' ,ASuy=-1120.6]-K',AS,=184]- K.



306 5] X

1.18 (a) AS=0,(b) AS=5.8]- K"
T,+T, T,InT,~T,InT,
= 41
)

119 AS=Cp(ln
F-E

T T
2.7 f%/%zimaﬁ(a—) -(”—) S0,
op) s \op) u

2.8 pu=CT,Jtf C R—1 it
212 47 Voo B, 08 BUEEIT SR T AE 4.
2,15 5760 K.

2.16 Q=%QT4(V2-V]).

TZ
$ 19 =iz,
n=1-7
D?*/ de 2
318 Co-Cp=—¥T—f—} .
~Co=7 ()
CV o FH?
B0 P
T 2
2 2 X H? C
2.22 P27 k(1) ,5=-2 +SO(T),U=U0(T);F‘=—#OT.76’2+F0(7'),S'=-#0 7 (D),
U* =—ug X 2+Uy(T)
==
3.3 AT T AR G0 IR R SR A B
TW=T? = p@
R E KR
, y
c\>0, ( )<0, i=1,2
o | r
o » au(1)+ Svtl) R
3.5 &m:MSS"ET(—f’)(i:l,z)mﬁﬁza~s“’<i:1,2).
311 T,=195.2 K,p,=5 934 Pa,Ly, =3. 121x10* J, L, =2. 547x10* J, Ly =0. 574x10°* J.
3.20 KFEM Iy L 2 TT,
.20 s=S,, S=S,+ et
G o F A 2 T

3.21 EFMC,.-C,=0,HFHMC,-C,

FmE

1
4.7 CO—C—702=0,AH=—1. 123 0x10° J.

n,+n,
Vi +V;

4.8 (a) p= RT.

Vi+¥ V,+V
l 2+r12Rln M
1 2

(b) AS=n,Rln
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Vi+V, v, v,
-n,Rln — —n,Rln —.
nytn, n, n,

$e7m (1L 15.4) A (10 15.5) 358 (o) B R 1.

(¢) AS=(n,+n,)RIn

7, C, L r C,
4.12 S=J —dT+—+j “2ar.
o T T

0 Ty
FHE
5.1 $R7R ARIE R EIEA AR, SRR R

d;S 1 du
( SRR s L Y Ea
dt T+AT T ) dt T+AT T ) dt T

1 AT AT-TA
Xu:A(_) :__21 11=_A(i) =/L42PL
T T T

F AT
T

5.3 AEEE s = - Z T RARHTE% 6 = Z"(V_TM‘)’

op; an; dn

5.4 —=-— [—=——ar <.
Z an at ot i
5.6 ,m&kiﬁ
dx .
—=(2a-b)X-2X"
dt
k, ky
}iqﬂt=k2t',a=k—n,\,b=k—nB,X=n_x.%’?§'ﬁ#Xm=0, 2a-b>0 B AR E ,2a-b<0 Bf F2 E 5 X, =
2 2
2a-b
e, 2a-b>0, 5.
ERE
4V
6.4 D(g)de= T £2de.

(ch)?
6.5 IR RGOS T4 — ok 7 MR S H Q 558 R0k T s OB S 80 Q' 1 e 1

7.4 S=-Nk > P,n P +S,,5,=-Nk(In N-1).

(w-wg)?

7.8 F(w)=

, g a:wo(ﬂ;) LR (0) A — LA [ F(0)do=1F (o)
(21?52)7 me
ik U B ph S 00 00 0F L 52 SE 0 | U 505 A 0

7.9 Bt AL 2 B SR NI 26K 0 MR R IR T i TR T s e B4 T
AR BT H R T o A1 B 4h B3I AS A HMBT H RT

7.10 = 3kT+ | it
a3 == —mu,.
&€ 5 2m0
T EEA AN N ) e D dy du A N 20N ) e od, 5= | TL -
’ (ZwkT) B (ZwkT) ’ 2m "
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kT 2kT
LA i
m m
i L2 . "
e *ﬁ“ﬁ%%*ﬁmﬂ(z—,}) e ST du, 7 =29, ol m, =T R IR DR .
T
__ [omkT 4kT T,
714 PR U= ——;Tm IR E R o, = = vxFﬁlﬁE%?mv“:ZkT.
B b2
7.16 E=2KT-
6, 1 K
7.18 Sv:Nk( )——Nkln(l—e r).
2
er—1
7.19 Nk+Nkln(01)
7.20 S 3Nk[ H _1,](1_8-3@)].
ePhe — 1
N(ey—&,) _
7.21 U:N‘?l"'&.s:/vk{ln[l+e'5”2‘51)] 6(6‘248'}
(.,ﬂ(sz'éw) +1 1+eg(52-5|)
2sinh (BuB) 2
7.22 M=y —DOPEE) oo _2 el L
M ml+2cosh(3,u13) 55 3 & il A B S Bﬁ’%ﬁﬁ(ﬂ’f&ﬁﬁﬂ nu
ENE
v p:nkT[l_ v(zq—ka) ]

e a0 gVy2mmkT\**1 5 1 N 1, h* ¥
{ [N( h? ) ] 257V g 217ka) }

C
R S= j7‘dr+s0<v>.&1 nA® << 1 B, 98 T8 3 AR 2K (B 6) 4K B T 20 S AR M 98t 7T LA

PRI So (V).
8.4 IR AEMIFMERT A B AR EERIREE T, AR5

JD(S)dS_"

o5k ]

BRE. X F 4R ER R R, X RO R A RO BT 4 AR B 6 R AL SR T RE RS T -0, A
AR ORISR

8.5 IRFETST, HULJE?’-’WKEM{%%‘%?%(%W,+wz)-?f£§2¥7‘1”$$&[5ﬁ"l‘,llﬁﬁ‘iﬁff{ T, i s

8.4

N _2.404 BT
Vo

dn,dn,dn,
N=
0 eh(w ntwn +w.n)/kT, —1

.(a) 2.0x10" em™,(b) 5.5%x10% em 2.

7 373
mch

8.9 6 000 K.

8.10 S=
4503 3

Akt T3V
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