


R ST I LK FH R% 42

BEMING INSTITUTE OF TECHNOLOGY PRESS



W& E T
FBRAEGETAE N FHE AR -, T REEMERNE, YR RiE ST
B ARBEE D, WRASKEE PR TE, BE-HRFE, UMTRBAA KIS, BN T 4§50
HERBEHTR,
AAER TR SFERYBA L 32, 48 1 64 2 AT FRBAE N EMER, WATEN R TR
RARHA%¥SES,

BiIER BHRBR

EPEMRFE (CIP) #HiE

TR R/ w8, EREES . —2 . —dbat: U TR A, 2016.7
ISBN 978-7-5682-2553-3

[. DL I.QO# - Q@F . OLBAZE-FlkH¥E-REA-EM
IV. @TB126

Hh [ A B B4 CIP 8% (2016) 58 152335 %

HARE AT / JLm B T K2 W A BRITEA T

it HE/ EETHBRER P XNERE S 5

AR 4 / 100081

B, JH 7/ (010) 68914775 (HHF=E)
(010) 82562903 (E M &5 RFMLK)
(010) 68948351 (FAth &l RS AL)

] 3t / http: //www. bitpress. com. cn

% 5/ 2E&HHERE

BN R/ ZWHERREFSEEERAFR

FE A /787 EHx1092 ZH  1/16

El #%/19.75 iR / REE
F H /461 T XREE / LS
B R /20164E7 A 2/ 2016 48 7 A% 1 IRENRI TR / FAHEL
T #r/49.00 T FAFENH| / EE

BB HMENERE G, BRI ERRSHAL, AHATIRR




et

KA 2012 55 | BB LR, St 4 FHRELR, 4HAREE L
SHERAHEERNEE, £8 1 ROER L, BT o FAK:

(1) $8mT kA" —%, L% 9%,

(2) Bin7 “LHRFBH, LHE1;

(3) WinT Bk T MAA K E fodi T HAMESE, LI 2.
H o wmoewmswssn, mae e —2nERTE2 086 THE.

- i T

- s}ra 2016 % 3 A FFELKE

- ]



Hij

- ® a
—
—

MR ARG HEH R, RENFERFRARAKE RE. ARG EERZE
MEERG—IRE. BR-ITREEXXFEFSABIBOER, RAM
LAEHR, KA LTFHE, SILAFL2CHA, a)LATAREKRT
kR, MILAFLFT, CHATL22EXRLET, RAMBIF L2424
WE, %, BEIFEAMNTEREZRE. THR. REFRERDHHT,
REEARGAFNRERE. ZHRE R, BRENFEERAARTE
i o A ZE A

MFEXERREALE, ERBRBFIELZNSTARESHE, RELF
BEAXERA—TTRANEANFERENEZFH, FAHAREEME. K. Mk
R E Iz s RA R FAT R R, YT BRI 2 A KRS % 0 B AL
FlE R AR AT REANFAENLE. METEEARAG CERE, HAR
WA HEN I HRE G REAORS, RENFNFARAULR A ERH
BAUBEERAE R, HEHEEN. BROTELRARFATHNRRS
ERATRE. B, RERMGTECUELRAAKRIRRENFHAXFHR
W BT ERARFR. REANFNHFNEEHF %, BMERLRE
REHGHANE, WEAINAE, BRARKIFTHERBRSFELT %,
HEFEREEZN. BAEARBENEAE, UAAKIBHFEARBARH
EX, RANFHHFABRE TR Grfs, EAMRFAFET EHN
FHRERBAREBTR, BXBEFUFEASAAEERX, BRENHS
MAF TR —MER. Kk, AFNRETFERREREN FERBREEX
FiEfRENEM L, BUHNRFEATT S FRRARE T, NESRE —
MR &, AEEEHFBE, FRITRE-AFREFE, AHTAFAL HE
, BRTUMHLKRNTER. BTE—FE, KERHEMT REEBT %
EXRBRAHFRE HAAFTAXELEREN. FEXEEFHRTEMUNHE, 5
EWAH LR, (R RERN . HEENIZRF RN EELRR
W ENBH T ENEE, HEERERKRENFRIR, JURGHN—
MRE.

AFHFEN 10 F, THEHT 32, 48 fn 64 FEAHF, RRBFTREAH
YT RATELHE. RENBRFABELHORRWT:

(1) xF 32 ¥atthH¥, THAF 1 FHAFSE, FEENF 1 THF 4
W, ANEE 10 ERESULT 1—EHE B AT REE T *.

(2) AT A8 F By HY, NEEME 6 EMETENANE, ANEFKIE
B2 A A,

(3) T 64 ¥HBHFE, NHMHFHL2HAE.




-~ IERGNFEER (F2hk)

A, EERAFHATHFOIRY, AR ZEHFLROEY F, EURMEEYNS T
BERZ M Att, HRFEFREN ISR,

AHABRNBRERETREATUTRE L AFRENRA R BMAELE TR TS X
¥, EEMLH T ELRAMIAREEE CERFEHF, EhAEETROHRHM.

AFENBREH¥ T R LAREERRE - NMABERER, BAFSZHEATERE 5
F-RER, FLE2L EARXRTERH.

w &



B e e 001
O |t ) A SRS — 001
e ﬁ%ﬁ%ﬂ‘]ﬁ@ﬁﬁ& ................................................................................ 002
=R iy R U U S ———— 004

%’ 1 E TR BB ER BT oo 006
Bk R S BRI s s A R 4 A S A 5 006
N PRI TR e eorrereneressnecmn s s s s s s 007
BN Y BRI - xoe» oo amms o oo s s a8 8 8 8 R K R RO 014
% 1 %2@ .................................................................................................. 015

%’ 2 E ;‘lﬁﬁg%j]"#" ..................................................................................... 017
B REH. B EEBREAREME - 017
85 9 A% ORI T T BRI ovesnanessen sene s s e g e s e 019
B3 AR IR AT oo oerrrrer e 022
AN EIRAH AR R B BAAL oo 024
% 5 %E?&E{J{m% ................................................................................... 025
BoH MEF TR LIERIE S veeeeermreeerrmre e, 027
BT VERITERITE LIMBARIE ST <o ooervrereerersmemmeiis i 030
e MNEIPREST m{ﬁw%}__—hgﬁﬁjﬁ ....................................................... 034
== T L e PP R P L P PP TP P EPPEPRELPPERTRRLREE 037

FI3E FiREh B R e 040
% 1 -ﬁ /ﬁ%@ﬁﬂgjﬁﬁﬁ& .......................................................................... 040
A AT B EE AR - 043
B3 A TER IR TR oo oooeeeee e 046
WA BERE—ICRBIBEE TR oo 047
TS5 E‘{ﬁﬂ@ﬂﬁ%%ﬂﬁﬁ ............................................................................. 052
HOHT BRI ITFRTR oo 057
=T FH R T L o ee e eee e e e 065



. IRRBHERER (F2hK)

% 3 ﬁ;]ﬁ'rﬂ .................................................................................................. 067
%‘ 4 % ﬁ-rgt;ﬁ{;k%m;ﬁajﬁﬂj]*uﬁg%;ﬁ% .................................................. 071
w1 VR AR R I R BB AT v vrrrerere e e 071
% 2 ilj" E/ﬁ\ %ﬁ# %ﬁ?ﬁ%%[ .............. T 072
FI3H BB PHIRTIIRBN o 076
O Nl e ) SRR ———— 031
ST BB BIBARRE ST oo 086
% 6 Jﬁj" %Eﬁt‘:]ﬁ(]}%%ﬂl}ﬂjj ............................................................................ 093
B 4 B e e 097
% 55 FEIIBIEEENGHT oo 100
BT JUA BBIRIBNFTFEBL cvovvereeere e 100
% 2 ip" @ﬁ*ﬁ{&(ﬁ)ﬂ\u .................................................................................. 101
% 3 ﬂfj‘ ;I:H1u$§g_ﬂﬁﬁgﬁ .................................................................................. 104
% 4 % BN AT+ v e 106
- ﬁg@ .................................................................................................. 113
% 6 E iﬂﬁiﬁ%ﬂ@ﬁﬁﬁ_@j%ﬁﬁiﬁﬁﬂ ............................................................ 114
1 BRI TE R AR RE TR -+ ovorserennersssoonrmsnsneemssernssssasassnsnnssssnses 114
oA TR RSN AR TR vomsoncss ssmvassssins snosncnssiossoss aansne sexsa esa SSeHOsaT838 55009 54 115
Mg 3 AER AR IR R T T HERIAY wiesusuns srmsionsses sasen s swsnssnvus £580R P SHOA SIS ARTETE 121
%4:&{; :ﬁﬁ%ﬁiﬂ%%@ﬁtﬁﬁ@ﬁ .......................................................... 126
BsH EAEEARRR BRI SHERET e 129
% 6 ﬂﬁ‘ nﬁﬁﬁ%ﬁ%(ﬁﬁ] ......................................................................... 133
% 7/ —l.ﬁ— @ﬁ%%%%%%{ﬁ yﬁf*ﬁﬁf%*&ﬁmﬁﬂﬂ .................................. 136
H8 HAEAER R —— TR PR REOBIN -+ rovvvvverssennens 138
% 9 ¥y WWE‘JE%—%W?&%&Eﬂ‘ﬁ’Aﬁ .................................................... 141
B0 BHAEAEBIE BRI - v 143
% 6 ﬁgnﬂﬂ .................................................................................................. 145
’-% 7 JEI ﬂ"&;ﬁmﬁ]j} "-%-"%ﬁﬂj ....................................................................... 147
1YW AU EEE TR RIIEENTTRR vervrrerrnnrionsorminemmneaioniiaiinitst s 147
% 2 :'["j‘ N-S ﬁfﬁﬂ‘]*‘%ﬁﬁﬁ@ ............................................................................. 150
% 3 ﬂﬁ,‘ %{ﬁ%;‘;ﬁ%_%’%ﬁﬁ ................................................................. 154
% 4 :'f'f iﬂﬁ}%‘%{t\‘ ..................................................................................... 156
% 54 ﬂﬁ%ﬁ@ﬁ%ﬂl% ............................................................................ 157
e HEFAETRE —fz‘[j/%%j ................................................................. 158
%7:?1" %Wﬁﬂﬁiﬁﬁﬂﬁ%& ......................................................................... 159



% 7 ﬁ}j};ﬁ‘j .................................................................................................. 161
% 8E —ISEINAFEER -, 162
M1 3% PO TLRR I s cavsissssanssniniisssnses anssein s basnsh ronnnben s anen s e s A A SR 162
% 9 ﬂﬁ‘ ﬁﬁ%ﬁ%ﬁﬁ'lﬂi ............................................................................. 165
% 3 gﬁ%%ﬂﬁﬁ{ﬁiﬁgﬁﬁﬁﬁ .......................................................... 167
% 4 :'I'—'J‘ uﬁ%@%ﬂggﬁ%ﬁ;ﬁﬁ ................................................................... 175
% 54 %ﬁﬁg@ﬂ@%%*%%%ﬁ@ .......................................................... 180
6N ERTIME RERTEBY woes ovovo cnsns sunn smuns sumso suosns sevws swisns sa s svsns swasns s 187
% i —‘—f*j Eﬁ& ............................................................................................ 194
% 8 ﬁ;}@ .................................................................................................. 201
%’ 9 E ﬁ{i{*}lmﬁﬁs ................................................................................. 203
% 1 dﬁ ﬁﬁ;jﬂmﬁﬁﬁ% ............................................................................. 203
B AR APERESE o 205
% 3 —.*D*' 7}(;}?%%1&@1@%%&%*]‘? ................................................................ 207
AT KGRI HIZR - e 211
Bs KEESBEREMIBI coovoorrrerrsrmmommmmmimisssssmissnnt isarsissas vwsns vas 215
HF10= 5&%5&@#13*;*& ......................................................................... 218
BAEERIZ D] 1 GETBUE TE I BRITIBI] v vrvererrerre e 218
ﬁﬁ*ﬁmﬁg 2 7Kﬁ{¢$qzmﬂl\]ﬁfj] .............................................................. 236
BAEHERLS] 3 ST BT ARG <o vvvevrrre e 256
l}ﬁi 1 ;%#EE‘_F:F; ...................................................................................... 275
9;_-% 1 ?EL%KEEiJ{ﬂH%%% ................................................................. 276
LI 2 AL TIBEE T FRBTRSEIR - vvevrrrererrrer s 279
e 3 SR B R T ZRRESLIG v vvre e 283
9;:% 4 ’I‘E%E&]ﬁiﬁ%ﬁﬁﬂﬁﬁ&t% ................................................................. 287
SEIS 5 AR GG A B BRI SRIE - rerr e 280
9;% 6 /ﬂ'ﬁ7k%fﬁ %@U—%i% ....................................................................... 292
9;2@ 7 %%7k%?ﬁ%ﬂ“%i% ....................................................................... 295
MisF 2 SIS EEERPOIFEBESE - 299
é’e%tm ...................................................................................................... 306



g

—. FRENFOHARAS

Witk /1% (Fluid Mechanics) 271238 —NEEG L, RFFLRENIEZEES5FE. Hils
5tk 6., itk S E G EAHETERR %R WA %R KM : B R
&, Bt aRiifk; BRAE, MA¥ERTHAN. XTHARKEE, —BANS T
VRN TN KRR T F—AES HREREYR, HEFBREH
B KANKISL, VIBRAEE AR TSNS, X Fh Y5 2 IR 2 o 5 B T e )
Wy, wrts@sigsl, Baw T WK BRIEED? YR ERRRGE, FHit, B4
Hu Ui 5 T B )RR TR AT . TR R ELEN B E T, EER R L
AREEAZVIN /IR, REFVINAFE, R AEENRERFETIN . KT
X—r, FEOEEN T EERK. KT A%, MERBYWRZEMAHLERN. Fit,
Bk 1% RRTRAER P 5185, Fk SRk 2 (8 DR R4 5 1A 2 16 AH B4 B e
—ITRE

H AR A V2 DL SO T8 E R 0 22 SRR, et A A BBUBHE K 20T,
BRI ATT T ? A RIK A R MR HIE FIE? At 4K R B m AR A
Wi, THAARERSNMEIE? F5F, KRB 2.

RIETT A REANE, SR NER % BRI FRRE % BRI Fox
RREZIIEAZTLLER NI [ k122 H00 TEX RRZ AR E RN R TiRes
TIEE I FEXS R RAE 52 ) Ja 7 A KA R, Hrp BB A <A, AR S A A A
I EFR.

TR FIEVT 73 N 1% AR BB 2 MRAASN 1% . FibkE % R e fE R A
NRJESREIME, ATRIER A xtfikizsh i kst Rt wiikizshd i, mA
WRSIEZEANER; RS FNEBETRRAREE R, SO 5 RE SRR .

MIPERERIR YL, WA AT B AR AR . BRI, ARTEGERAE . RS, -
WARRAR A B, SRR 02 R o N BRI AR S 5. RERUAS) 1% RVT R4
B AIRAESIAB) 5 (RAEBh ) ARARBRIAS AR (i Is o BE R A
NEWEE) Fiksh 1175

WEAFR—TINAIEET ZRRE, ENR. MifRdEE. REHe. s TR, K
NERHE HFETRE. [SRFURUALIAGRY F AR R 72 R E B A A . 20 fit
g2y, tHEE-REHEIE, WHUEEME R RITHEBERERE. MEMRFLE
RIER G IIFR— N X——2B BN R R R FEVIMER . MR BIFLE T/ 5%
HREVIRK, TR BAIT RN, MBI KA 2L R LA BE AR AL i1 71



TIRERENZEM (F25)

FiBRYE—AFERENFLRINEZ — . BIERILZIKIB A e B RUAERISRE, Frid
Bk J1 R B RR T 1K 0% . MWRAE I PRS0 SARTE AR iRE), Xl
FEPAE SRR, SR 2. AL, R R— T TS T B R
HIEERE R, N R LEZARMAEYRER —TAFIEET ZHEER .

—\ RANENEREEE

Pt 71408 NSAER I A7 S 0 IR R DR A o 9] SR R ZR AR K 20K S FAR R V&
M, RFE” A%, BT N)IFMITETLR, BEREHREKE, KRBT 48 A 076
BRANVACLEFM SRR, RBEM R RZ TR, 2K 1782km, KXHE%
THRERIKIEFRME. BRARE S AR LT AR AR RN, Q)8 Wi %
BT KB KEFELR, DRKEILQNE T Bk 1S RER, X EeE 785 U B K R LR
FEAR CEA TRARBERE. 75, REEATR AR ERREF AL O R, BIKAE
i R 2R AR RIIE AT, kA —TiR. SRERB, HFDANER THKEERSE, KA.
ENRE. FAESEEERE TR, HURERAMAIEEIE.

TR IER R BA— TR KB AU T =AM B

1. SHRFENFHER

A i B B KA G ST T BRI D e AR AN PR ARG E TR N R P TR, B BEE T
TARER AR . B — NIRRT EKE R IUE /e B E L. ML, ATE A%
EMTREM—-TASER EEBEERRER TAAEGRR, TREEGEEENART 6
BT & . BEMPEXERPEEAGEEHNEL THEEEERTE TR, FEXE
REEEEE BRI WS —R, ftRMEREN, KIMECHABETI, &%
B KRR, T RS B A ROk . RARME], FUHECKERE S EMBEY T A, H
ELRTFEFRBAEFEE, QHILW: “KRET, BT FERERITHA? kD
MRS EEERREBERATE, MHE - MEEQRZRE, PRETKIHWEZ
B —A\ ERES, BAKNKDIETEFHTRENER, HFEETET EZEH MR
wHE.

Ttk J12E R 17 TR T I — T 158 . B AR A ITEMEIZEE (B RE FHEF R
#HY —Hd, IR TREMERERIN AN, MBYIN KNSR ER L [MRXRN,
H T ELR AN EEER. EBAE 1738 FRH TELNEEAITE: 1752 £, EHIN
IRIBH TSR FARKET 1775 F4RHE T iRtikizshiid i mE g Rk s &
4, 3T EERESHEPIR. RABESI T REMASRTRENEL, RREIEEN—T
ERNERRE, PTCRERLRBERTE 2 EEAN .

19 & FERF U R XA IS M BRI KIAIE BT I . NERMBTHE BT 705 T
1823 4RI 1845 FFH T MMM R AT RA, MFELBIN-S HE. HHN-S HEMF
HAE ERASNMREANR, B2 TR WHrOERIEIE, HIEE TFHMERAZ
FERHEAL, R SEPRAAR RS KR E A K ) AR

2. IERRENEHER

M 19 tHEEKTFEE, Wik /% EEP AR RS R R s R, EEER A 775w L
HIEARIE SEE. X —RIR = Z AT



% ®

1883 £, HiENER P RAFHEREHKMEEFHMEES: BRAER. X—K
H83) 7 —MELKFRA R, REEDAE, FRMABEEFRLE AN, EXHX— 5
RN T A B T EENR R KBRS, HoX— R EA RIRCE X/,

1904 4, HERFEMEFENLRERAYEER, RE TEL4NLAERER. X—Hi:
R T BRI S E SR RIE A FZ AR GEBATER), EREEERMBEN-S i
ZHY, fESTFAIE, B UL BRI T E B A .

E 1. ABAER

LEEREK 1 le RISBAER M —NRE S FEF IR A 1744 FEFF- 06K H 0
FER B RETERIZEIE A7, 1752 %, MREEAREKNSE HRHEL, 213K
I, BEMERELAANT KL ERET M EELREINIZRNENETE. XD
RELERARF, BARAEBAES, XFREBAERES, ENE7E.]

1910 4, THERE TIRRART 8RR, 1923 4, 76X/ [E).0 8 4 1Rl 3 3h 55 o
BB RIRRI %M, TERFTBRZEHR, T 1935 F&L 70 & M AEERTER. &Y
W TAERe R TIRIRZI MR SHF T EMES S, FEK R TR R0 E LR R
HEw, X— SR RERRBEAEIR.

1911 45, RITXER:RRETE) R R EEHT TIRAH R, XREELNFITIRE.
RIFIX—HFF, MR T HFRRIR. VIBFIRSEMS . &K 1H S T ROQFE -G 28
HIZKEE, 1902 EHNFAAMET 2K T, 1906 F XM EBFER K%K, ELHE
(Ludwig Prandtl, 1875—1953) M3, T 1908 ERBELEM. B 1928 FilLEFEE
JG, EIMEE TSP 7 HREETS I NFLERE, ILET LR EBRIRFBOANL,
RN At R ES S SR G, AR R FEE 7 EM, &RITEEN
MR RIM. RITFBRETESSITE, EPEEERNETER, WHEERRSIEL
Hig, BEEMAMUELE.

2. BABEXHERENSRITRE

[20 th4C 40 5E4R, EEERILAH (Tacoma Narrows Bridge) EIHHEHMAIBREEI, i
MTBARBIF A 2R B % e R EEEM. 1940 4, EERRGNHERDRA
%% 640 ikot, BiET —HEEEE 8534 m MEEN. @l 4 MAK, T 194011 A 7
HAER 7 —3ZXAE R 19 m/is IR RBAEKX, EFHRE T RZIGH GRS, HIRERE
K (B 9 m), ERINFEMGIRIZ 45° £4, {5 mAT AR HLT I F Z00T T AR 323 Wi 42 5% .
BAVE RIS 2 h o AR IESFR —SCUF S Y BIATE LU A e a s DR TR
FEIRBN BB JE S A A, Hd K E R E EGH A R A B WEE W2 515k
e £171954 15 (BRBNNFHRIRREY —BH 5. BRI ISR, 2 AT
JERMIFEIRSI A . RITRERZ B BN SRS, HRHAEWSN, XFPEELHE T+
Y R R e v e 5] A A A PR S SR Pk 5 BT AR PR PR U, G D A R AT B ) KU
£ 11 KRS 75 gl A P T T P 7 51 A2 1 6 ]

DL B AR R R 2 IR E B R TR RS ERE S, WA SE M
FUMER B AEFELE, kT TSR TR RS AR R R, Rtz 1Rk
FPHEMERE, GFHERATEFERINEREBITE, ARRFE I ERRBEEE T
et



TRRENFE (2 hR)

3. MK O EN LR

FrBBARTAR 12 218 BRI B i tH B T BRI B AR B 70 3 A 50 ) B8 i 2%
BRI, SRABERHT. BUETE. KBRS G, X — LIS RSN E A,
B CERIFR R R, EERBW .

HHEREDEABERR—H T AR ES . BT, RO, %S, BT
BRI eI R . TR ) AR SR AR BN ) 2 R T ) B B AR R R
TEKREM, wr#EEER TR WM, FEERSM RS HIME TERER. HilEs
H LB A B, A OGP i AR S 77 20 7 S T HR L T RGBS &, mTLL
Ui, HEARAEF LT ELBERRAE I F 8 7 3 U

BUARIRAR S 28 7= A [ — e B X R X F o

ERAR 12— B RAR AT, O AR N IR RS (R RS,
XA TH R TN AR TR R B T DMk,

WEFA 1 5 S B TR B —— F E RS D kS s, SRRk
B HIRE E T . BETAAR DX TR AE 20 4D 40 FEARESLH, R4S 2 R HE 15 5
M .

YIEAER AN —REX R DS B BRENEAREWELFINRA KB
RIS, SR RAE 20 tHEE S0 R B FI4EFE S

% MR B 12— SO AR UL b R sl Foh A 2 i o LR R VR P ) i3l B dn R
B AR VAR AR L KA SRR O E . AE BRI sh % . ZARRE
HARASH T, BEUEAm T EE ZHMNA.

I 5t 550 B A VR 75 SR IO K S HE R 5K, AR 5 REIRAE XM kR &, 1l
MR KHE. KAREE. B, AMETERSHIE NS EREFRERENA. AX
K5 Tk R R AKE GRS R, WRSE. AF. BRMREFELFRZXA
B, X SEAAAEE KBRS R JAE S FAE A E AR ) TARE I 40 2 R _E kAT
B R RAEMTRAE 2R R B . Bl WA ERILT RS TR, XAR
2T W &N T A A EORER E EAEH] .

=\ RIEDFEARLZE

Tl 112 RAEA WA G5 = 28 5SRO FU Rt b7 A2 P8 8 R BRI . EEARK
Pt 4, BRI RAE, 2R, RS2 HIR FTEA KRB . BRI
M5 HUE 5

18 & i AT R IR 77 22 R A, ERIERPIEECA R R 1251880 F
W, R RARRAAS I EE, S-Sl Ty A R R

18 et BUG, FFEATE RS MA /12844, FFia R mEEE, RAERITE T
VRS T A P SIS SRR, IS IR R BRI . FTiRER AT TR
RS M3 A Ext i shin iR A B R, BRI AR, JRE S IRE S E
BT REA R BEF IR KA RAIR KX TR AT R, HSERT R, X
T, BRALAIRIARBAE R “ERRE ST MEEAN.

20 42 60 FFARVE, BEETH BT EERN CERRE, EEITHAEFR/UAH




& ®»

TEBRRIB T, RGNS ZERAEREN L. FRETE. LR w5 g %S
BUE SR BUE TR I7 R R SRRV 2 B0 40 0 VA 78 s i TR 1K) 10 B, 38 VT 5 48 SR IR BT ST
WHIANTI W71 AR, BEFELERALBMASH RS T. &% ERoT5HE
HHERFTELBNRIES Bl . oot BROFTREETH R, LR RITFHE
FEN.

B2, LRI, BRI BE T X =MOTE R EANE . AR MEBER,
RIS S22 5tk TR R — AR



15
ISR 72

AZETIHREGNAER EARGHE RN, QARG TE. SHETEEN, 2
RigH 2R ARNGEGENRBRIK, FERBAIRERADHR LRI k.

H1T EARRES R

TAERE SR, R TR, K85 AT AR MEEHF, HiF Tz RN
BREE THRIRE RS S, BTUAAROR_E VA2 B, b &2 18 00 L s 8 2 BE
(Al ARAL ) o X S, AR LS i N BRAE SR SER AR, TSR PR A B 2 R Sl S 11
Blan, HRREANT2THBEEN, XEARE (080 ZRdeshfim, 2—424
RS, WIRAR % M EEME T, Wl 1-1 Fir.

weliclas kR — 1B, BRI RFREN T 6
00 SIEEHE, MRS FRBH RN, HHEEs
o © ) - FREH G TR . Ak, FRRAE 1753 48

O SR A IR 7 SR (B F

HAH T T Fidh R A OF 0 S, A R R

B1-1 EEN R (1) RRFE K, (E BB P G- TR R =
T4 T HGE ZH BB

(2) TN, HREILTETUEFER R

X MBI T, B AE R 7 [ A TRz sh 3t Z M B KR,
WARER R X Loy e B A AN 2] FORRALTA BB 8, B R, . RiR.
TR PE A I AR A SR Bl o R I TR 2% (6] AR A 1 B (L P 2 T R BR M. SRt T PR 2 2
TIEA T RRWE SO E TR BT S @8 s R 1 s

SKARRET AR VB I SRS . B an AR e 0 7 A % B UL BE AR A S PR R &AL R o U
5 T I RRIE 3N KA BAF R R RS

F AW IRERES, EENTRRETSEAERN. PR, ERERET O
MFERSE, BER 0°C), XTFERME, 1 mm® FHRPEH 2.7 x 10 MEIDT, 7
FFHABEEN 7510 mm; XFAREUEHE 3.4 x10° MKGTF, 20T FHEHEEN
3x 10~ mm. AJW, FELRREEY, BrEmTITRTAL I R B AT B K ANEzE KT 7



F1E RENYEEM

THRIRNRHZBHRE, FURERS BED PEEEERZHNS T, HEARYEREAS
AR FRBH AR (B, ZFTHEIT RS R RIE R E B s T2 7 K/ s 72 31
HH HER, EENRERAEER T .. Sl RkSiERTREIET VTR, 8%
FERSHRCK (120 km B ZEARZS0rTHIFH B BN 1.3 m), 5KEERRHER T AR EE
2, Wi, ESRERAEEE, FEMSTES®RSSI IERBITER T I

H2h GiknERYBRE

MR —FESEN R, RIENFRANER EFRRERSMES), RENYEREDRR
HTEENFRBATIR T#A7 2 XK, XLy 3 8RR (A 5 %7 8] §) S 2L v ek 4.

1. EES5EE

REREVRKIZ D, RORKELREZ —, WERVEBERDIEE. R\EFEE
—ER, BRERYEITEANEREFESIRSHYELER, EXERRTHRE. HEBK,
MMEHER R, HEshRE MR

W AR SR KL 0, FRARERER . SREEFNAY, REANAM ,
JUREY %Nl

o= lim a-o

HE: AAARRGENEERARENER. RREEF AV, EEBRNAG, MZHiE

MEEN

y = lim =~ (1-2)
AV—0 AV

BT G=Mg, WEBESEEZHKIXREN
¥=pg

2. EHRMSEMMYE

VE R ZERAR E RS A2 AT 5] R i AR AR A 2 B 24k, 1IX— 1 Hl“”
SR TR 7] K 45 P (Compressibility) . 42 9 FE 45 14 7] F AR AR R 48
AH f RABBMAIE K KT .

JEARFRA VB, 24hEin Ve T B A SR Ap B, Ak
BT AV, B 1-2 fias, AV /V REGFREFHEXTZEME. FA
SE SCRLAAR B AR T 48 R BON IR A TR A XS 48 /ME SRR B2
th, = (1-3) Fim. BE1-2 Rk RESEYE

AV IV
S s (1-3)

£ Ap
REMHSRRLERER (Ap>0) B, AHBRUBRGEN (AV <0). HEBRAEER

AN, AT B K

dv /v
i (1-4)
=%

R, BHIE SR LERY R — N EAR, AR AR D& .



AR EEEELR D RAERBMEER ERRR, —HZEKXEAEN
E=1/8 £1—5)

FARR AR (Expansibility) AR &S o RER, BE—EERT, BAMNE
ARG ELE, &XRH
a=M (1-6)
dr
F1: X (-4 PHRASRET AV E dp BR2WSH, BRI HERAER
B, BERRESE ZBRFANEE, FEMN—0NS.
2. BB A VHRGEREAN M, HTEESENEKIEFREREARAT, NE
M = pV =Const
pdV +Vdp=0
v dp
v p
X (1-4) F (1-6) AT A5 R
pSele, ,__dolp (-
dp T
F3: HENTH, a.f5EMENWT:
(D) EBK (BB, BARREBEAGEEL, [E >, RRZMAELTA A
(2) AEFIRE, Ko f5KWEAF.
(3) a. B 5 E MR EN K&
(4) afHBEEK, TG TR K.
iF 4 KBERBMEERE E=2x10°Pa, WX Ap=10°Pa (KYR—NKAE) B,
=55 o5 « HUE Ap TRIYFH T AMEAHETLIRRE i, WSRO f
Gaitk. (BEFAKTRIE. KEFREBEN, BTEAZBURZ, BuF%ERBEES .
[61-1)] BERESEBFEELE, KRKIERES RZE KL
R XTFHEASKE, HBREFENFRERZMETH
p=pRT

dp=Rpo=pRTd—p
P

mek -7, §
_dp/p_1
p dp p
AT, BEEEGEME, HAFRESRBBHRAEET.
5. N THAESEK, A p=pRT, HF p NEERNAEXTER:; p MREREE; TH
HA%EE:, RASKEER, MNTESR=2871/(kg-K), MTFHMSE, EFRERET,

8314 MRS TR,

R=



