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81. 51 &

Bal TR RE ey, TR BN ELRE —
EHHMRELEENHFEYRMIABE/EA.

BHMEZ T EREN —FHERFEGSIAN. EXAZES
BRTENAR, NEBECECHLRYERN—MIFEERX, EHE3IM
f#, FabmyaYyREEEm. mH, ERFRERNIEEY
FRESM AR, EMFEYFARALERAN, L&, shaq
LLH AR ¥ 4L,

ETHEES, REAERE vy RE E= (E,,E,,E,)
#wg%EE B=(B,, B, B, HER&E (x,y,2) K&tE t 1
TliEm, WEEEH Bt x,y,2) it B(t,z,y,2) . 5T EAl
BAE T RESHN 5 MR, el U L Bk 4 ay
FwvER f1 (B %% # (Lorentz) AR #R), thal Ll & gk
HMGEE S8 %,

Mg MBhanEsi AR, W E R B % Er—
AWM HE — %Ay £ 728 F Maxwell) ¥2 4 KA.
WEHENRAGRFA, E RS ENEREEBTRBRERTT N
Y, makBHNg Bt z,y,2) & B(t,z,y,2), \Nfi#
ERMEZERK MBS, FHEIH -, 4% (Newton)
P F =ma —#, EREHFRARAs h%¥h ik
FRR, BR—UIA KBRS IHE K FERF R A,

Rk dBa DA E, HIEEEE XN

e AT 1 e i T MM MRS T




(a) RIBBHEIHEAIFE, BYERHHHEL. XEAR
MAFWEATRERE -RER.

(b) 3 KR RAKIE R, MERHHFHFRMAFEMEL, X
BEM, FHETHNOYERRE.

. RV E AGE (a) £, xt (b) R A B UE kB HEHE—
’“51}1:%

82. Wi & 4 i

MTRBYERSFTRARBEOBENN, BFEH. &
GREBEBNEERAS, EHAFE - LLENEB, HF5HAR
MMEERER, REETYH, SEANBASTRFERNER
SRR,

2.1. ¢ (Coulomb) E#, BEFHHNBESER

2.1.1. FEECE®R, HIEE

A EdE R—IPMERER REAMABEHERBHER. HEX
AENT: BEESHARINFRESN NI GE ¢ I8 LAH
fi. e NHAEM G TEONER SBH g FENMER
M (K7), HIEE r = |r|, WEABHE ¢ AZH A

F=k12 (2.1)

"'1

Hb k>0 A%E HRXASRNEAKBENE X, ABXHE
FRep s, seet b4 (N), BBk (m), &
#egp A ES (C), M

1

Amey’

Hfre, = 8.85419 x 107 2C?/(N-m?) yEEdm N ¥ .

k =

(é.z)

.9 .



XHEEABEMRE, ELERBOLMEERT LS Pk
i 77

MBE—EBE g ARG (=1,---,n) @
R, METUmHRBREMARBE g Figm ik

F— 1 & qqi:i)
dmeg =, T
Kb r, AEmE g 8l g uE, r=|r.
KM, WR—- AR g DREESHETEAXE 2 F
09 B T B VR, T SRR 4 A R AR BE R (T, y, 2), T BB R
B, ¢ T MAA

ot [ ¥4y
dmey J2 13

H rapamaedV 8 gmER, mir=|rl.

BEE O/, BEHHE N SaA SO EILR: FrENE
PR RS E AMER, BEEXHEROYENSR, KA &
W, BB FRHEREFZIERNG N RS RER, XB,
MIHRMTEANOGEAREEN. BABTUEFD, BinRYR
FEM—HMER, CaUBFEFMHBLAEE (M, B8
i) . HEEBEEENBERA $ 8.

TEH I AR A, BRSO ARRHER. 3T #RE
HEBRS TR AKZTHER, A— 18 LE0RMTESEH (KT
) FEANSHHIRGREEEEZANERE, KRy 2%
#,iHh E=(E,,E, E,). E@aBnEse, eAE (z,y,2)
(R B, Xt FREE I ¢ B Ely, BHHBETURMEE X, X
HERBRE HERT. EXTFRANEETNS, A& XRHR
RBE, K H A0 R



HECERE, SRR g aEBREN E NEBHPHiZn
S

F=g4E. (2.3)

ESLhR B E R, BEERRBEFOIARBTXE

R HRGERANOHRE. B, A —EHRAESABEFRESR

i, WAl — AR E g, H E= F/q ke winBaE
E .

B (2.1)-(2.2) 4, Mmfq RENBRIGHBEEN
1 g7
ey 13
Kb ory HLL g HUMKRRE; KL, ETAART ¢ (| =
CoM) FEA LIS R IR R

n

E =

(2.4)

q;T;
: 2.
47r60§=:1 r3’ (2:5)
MAEBREELp . E Q2 PEENSAREH"ENBHHBEN
p(FP' )""P'P
' 2.6
B(P)= o [ P v, (26)

—_—
et P:(z,y,2), P:(2,y,2), rpp=PP=(x—2',y—
Y,z —2'), dVp = dz'dy'dz’ .

UEAK, REHTHBEBET™EKBRY.

2.1.2. B (Gauss) £

BEgld vl E MEmE,

ATHRgBRE E SublE a8 . aRRais E
PR HE, BaddSaipEE E ArfAdInME, ERe

dx _ dy _ dz (2.7)




HHE®FTHEHEER. HGRMNZAHBEIZH, BAT
HBHEXE BN EB o HEER, JREME BHEREK
R 7y, HRIBAEE; BHHENGHTT, BHEWE. NI,
MEFEHRST &, Bn HFHEL—FET £ 5Ep8 46 i
EHRRHEAKEN T E| = E - n, X+ n bk Emn n ik
mE, ME - nERES5 n@AR (KER) . Enhn
SF % FAWFES; nY EREE, RS, ZH#, 3
— Al E S dS, RERNEREA n, WA LR n TR
SHEIHEHEHA E-ndS, XHEAR n FE@Ed dS & &@&
BN, BEE n FRESIEELEME S HEEZNA
JsE-ndS, K4 dS H S BB BT, HE L, Bl
BB EEAARY FPESHNMENRE.

EHEE AHLP, dda—HAdng I gLl
F, FTHAGARFLLHLHTANKARAL & .

mEEER, £ D RSy aan KagnREmy Q,
1
]FE- nds = —Q; (2.8)
# T A RKBUE R Y p 1S4 I A, )
1
LEqu_gﬁﬁ&C (2.9)

Hy 24 T'itHEXE®, n A IR NELRHE.

EHESMNIER HEMER, REX ITANRLEAR
WS T F LR, BRGE M S A A AR A, i,
(2.5) X, mFHEE

E_l'r

- o
dmeg r3

(2.10)

Rae————————_l b et
et - - o R T e AR T T T



H r:(a':,y,z) . Bix

1 1 cos9dS,

F-ndS =
4meg T2

Heh 04 dS wEustEkmE n S r kA, FTHEFESH

dw = 245
Tr

R dAS xtBEAFke L Aaf, HEREMESAER 0 58 M
fmE. BTHMMANEARE -/ BEAEN 4T, &

/E-ndSz 1 /dwzi.
r Ameg JT €

IR,

XEE, i —HHMENEER R SHASH SRR EE
AXR, SBHENSMELX, WSRO BAETITX!

(29) AREWMHFERHR LR, AERIMETRHEBSE
. FIAKH (Green) 247

fE-ndS:/ div EdV, (2.11)
r 02

B (2.9) B3

f div EdV = — f pdV.
P g JI2

ERNX G ETXER 2 I, AEBIERSRNH
XA

dvE= " (2.12)
€0



XEEBMFEE S AEEOEGER,

T A EE, B 6w, T (2.8) REH (2.12)
MR, HEBT, RYGRRAE A SEH Q U FEA, Huf
BEERKTEY Q5(z,y,2), kit (2.8) 5 (2.11) K, Iv&

divE = ElQ(S(m, Y, 2). (2.13)
0

XA EBEARTHERORSBR.
B (2.12)—(2.13) R A4, HEHAK B, TEFRER

1 1
8 ﬁ"iﬁE@ﬁZiHﬂ — MHEEE, Tﬁﬁuﬁ%ﬁwﬁt)\ —

MeEEE. TEHED, ﬁ%ﬁ%%'—i%ﬁﬁu R — ﬂﬁfﬂiﬁ'—i
WK — T EEX .

THEREUHFED RN, §EIEY, MR Pha—Hm
Bk [, RO

jéE- dl = 0. (2.14)

LRGN, ap P EpRE ENE—SAlEL I WKELHE,
B RN — S AR TE. RETHE B, RINERAE
e E 7E SR R AL B B IE S T B R R IR RAE R (2.14) K.
et i@ E F i (2.10) XA W, % |

fE dl = f T
471'5'0

fi r-dr=3d(r-r)=3d(r®) = rdr, B Ll

1 1 1 1
E-dl= Sdr = — f (-):
};- ey Ji T2 r 47reg td r 0

M (2.14) kL.




THEE®R (2.14) AMWSER. BHETH (Stokes) 2
X, (2.14) TEH

/SrotE-ndSzo,

Hebh S -l wiagwdm. l5 S wEEHE dER
SLERR
rot E =0, (2.15)

B e BEEEY .
Wi, FIFBBEIHNLEYE, S48 B HminEs. HR
815 F Lk, BAE—MrBRER ¢(z,y,2) &

E = —grad ¢, (2.16)

XE ¢ (TUME-—NMEEEH) KB epwsd (BA% §6,
I8 6.2) . (2.16) ReuAi MmELR SR H M RIHEBIR M BE S
KT, AEEELHT, RO E AR (V), MM,
W% R IR B A AR/ 2k (V/m) |

Thal, BUGHAEE 6 THTFRAH

(z,¥,2)

&(z,y,2) = —/ E . dl+ ¢o, (2.17)

($0,y0120)
EE ($0:y03Z0) %%%ﬂpﬁ—éﬁ%ﬁ’ ¢O %J-—Eﬁﬁﬁn EE
(2.15) 7T 5, EXARBBRSISBRELK.
EHEEREIE, HUTRS, 284 Q WAHEMNE R
B, HHEE o AXFELAFE, I
1
b(z,y,7) = —2

Ameg T




K r =Vl +y>+2° . AT, ME 2 hEEHH. 4
BESy p B HL T 7 A B W L 35 1 R

1 1 p(P)
P) = dVp:.
(25( ) Amweg J2 Tpip d

ﬁﬁﬁﬂé BB BEBIR-ANHELES, HEA
T ——, wAAE . XRECEERKHER. UFALER, R

‘E‘E%iﬁﬁ pﬁ%?%@%& E—BRELT HERN, HEHH
R BEA . X—gx—RFELBRAMNE, MERMSR
0

WA EHTaES.

2.2. & - R - FH R (Ampere—Biot—Savart)
R, BEIMNBESKE

2.2.1. RREE, BRETEER

A MENEE LK, EHNORIMERBR. AT HEH
RRE, SINEREERE J WES, BRATEERNER .
T, y. R BErSEA—RmEX -RZKNERRIHE
B, HEXWT. wRAZEEJHFTMREARBRIIN TN, K
AR Bonp @3 EE TRAEGTAMEMEHAKGENTE. B
g, MR EEEEN n HREHT dS, B n HWERAR
BIA s dS mr e s (BB m) K

dl = 3 - ndS.

EEFR A BIh, BB YRR (A), MlEE=1%c /8
(C/s) .

AT EE# S ERA MERETEN. TERURE RS
—HEAME DafeEmn NETXBREAEYE [ RAK

%ﬁ)é‘*ﬂ} Ep
d
il Vz—/'-d 918

v yy— oA Ao AR A M 1 o e T, TR S IR A e 1
[ . —— - Sk —



Hp QAd I'aBX®R, n g I EORSIIEEEE,
F&, BkaR (2.11) Xars

0 i
/Q apdV = — /Q div 3dV. (2.19)
B 2 wmERE, LG
%te + divg = 0. (2.20)

XRAERBUMTHERNFIER, KUY wENEEHFE . &
RN EREHER R v, WHM I =pv. HHAA (2.20)
X, TAESEENRAIFPHEEH TR (LB, &) 4
] B 7 K

EREBRRNEN, REABEGHD, B5LaTIrHES
MoaMBAEr R mAEL, BRLEA

div j = 0. (2.21)
X ER R RN, (2.21) ROBS B RN
-j;J-ndS:=0, (2.22)

sop Ty o 4555 (5 — 54 00 I T
FER S FL RO B, 5k 0 A A — A A R TRD £ R4 0
Bs . LREY, BEGRBRORGNRMESTE, &
YT b e R AL TR, B e
1 p(Prpip
EUﬂ-n®m0ﬁ2 = V. (2.23)

e, EMR-AFBELENS, BMRL
divE = -—e—,
€o
rot B = 0.



B2, T RIS E B3 IR M 8 i 1 A

2.2.2. ®if - R - FRAER, $B8EE |

AMIKR, EHEERATHSEHEN S —AESREST
eE A, HERREHEAR, “HERRS; BRAFAMAKRK, —8
BEFE. —i, —A®mAe jdV bEREERBER, 2
ZAAEHN. BEXHERODENSR, FAy &, CERFEL
AHRBRBERTZHERANNRERMAR. LUESED, #iHmN
BIARAR— MBS ER, MREARBRTERNYBELE.
EHA—Ehaieg, Bhmainhee A,

EH - ANRENRRESA J(x,y,2) . TRERER, HH
e P Ao J(P)dVe Z28)%E P AmaRx j(P)dVe
e B A

1(P)dVp: '
Ko 5(PYdVp x (J (F)d Ll TPP) , (2.24)
47 Tpp

He g =4 x 1077 (45 - # /(=¥ - %) (Vs/(Am)) HE
S SR mMuEEKN ‘X7 ERAEOHM (MEHR) . A
mP Areft j(P)AdVe BZEWER A

/
Vr '
dF(P):ZD (PYdVe x [ HP)AVer X Top g o5y

3
T'PJP

H Q2 AmmAsMmKTE, IR R - R -FERREME,
%

(P)dVpr X 7pr
f’ JdVe X Tpp. (2.26)

Tpfp
(2.25) BV ATS %

dF(P) = j(P)dVp x B(P), (2.27)

- 11 -



XHE B(P) %A P Aty i RBE, HEAvgms (T), 1 4%
g =1 48 /(%5 - k) (N/(Am)), g EXTR, BRTH
ZWHRNYE Bk, BSHF WAL, i, BREE B
WANEFRMERTEZARTSHRANS, Tl mlh®
RATZNAHERFEOTARERE. ERR L, 4% (2.27) f
BaphrRis o(P)dVp 8Z AR

dF(P) = p(P)dVpE(P) (2.28)

RPN, WMREEREE B e (2.26) WRBHEERE X

p(P)rpp
Vp: ,
(P) 47r80 / TPIP d P (2 29)

R,
MBERR~EmEE B RE (r,y,2) WEK, Ky &
By .

2.2.3. &iEEE
ek, H#REE B BETRY

REEE sl A
}{B-dz - uofsj-nds, (2.30)

RE S AE—RL AA%eE, LREMEBHE N HRE
5l hms @it F £,

FThrt, (2.30) HHMBERSSHE S M®RRIEX, X
BREEHROESEAE (2.22) miR.
(2.30) REEFERHBHSEL. HHFEEEAR

fB.dl =/rotB-ndS, (231
I S

.12 .



FIA (2.30) K, #EEH S wEEH, &
rot B = uoJ. (2.32)

XREHREHPNMDERX., ERTHENENCBHEEAN, B
IR (230) . ERRY #4322 Hiklg, AN
tod .

LHEFEMIEB ROEAEMSER (232) . TEU
grad, rot, div 5 grad’, rot, div’ 4#81Ex%F (z,y,2) 5§
(', y',2") WIBRRE. WEJE R B

Tprp 1

;— = —grad :

TP!P TPIP
HAHE R HEH LK

rot(¢A) = grad ¢ x A + ¢grot A,

M (2.20) KGm Basy

o
B(P q/ d
(P) ar Ja B

(P 1
= I /Q (rotj( ) _ rotj(P')) dVp:

X J(P’)def

4 TP TPPp
= rot A(P), (2.33)
HH (P
Ho J
A(P)=— dVp:. 3
(P) ar Jo 7o AVP (2-34)

XHE, 1 (2.33) HFHEMBAFEMHLAR, A

rot B(P) = rot(rot A(P)) = grad div A(P) — AA(P),
(2.35)

. 13 .



He A H%kT (a: y,2) # % w#r (Laplace) £F: A =
o> 82 3
Or? By 322

HhEHE (2.35) XammE—m®m. i\ (2.34) &,

div A(P)
_ e f . (3(P)
= an / le ( TP;P ) der

= / grad—— - §(P')dVi
?"P'P

_ ko , 1 D! ’
= /Qgrad — J(P)dVp
- DI
4 J2 Tpp

uo  div'3(P’)
Vpr. 2.3
+47T ./.Q Tpp d P ( 6)

I

FIARERRnESEEFRE (22]) UEBHKAR, ERATEN

(P
div A(P) = —-—g—; 502 Jr(pfp) y 'ndSpr, (237)

XBEONH QMR AT P A3 2HBERAMENRHE, &
Hiuft, & j-n=0, gLl divA(P) =0, AT

grad div A(P) = 0. (2.38)

BE (2.35) AWM. 5 (2.34) KX, A(P) wiE—
SEHH—MEME. BD AR

u(P) = -~ [ LBy,
A7 J2 Tpip

.14 -



& 4 (Poisson) ¥ £ Au(P) = f(P) mfk. #d (2.34) &
<]
AA(P) = ~poi(P). (2:39)

i (2.35) . (2.38) 5 (2.39) XEIFB (2.32) . iEtE,
WEH RS TAEY, BEBREES, MR
div B = 0. (2.40)
#3x k-, /B (2.33) K@
div B = div rot A = 0.

(2.40) BB TR A

/S B-ndS =0, (2.41)

Heap S AFrERXEPHE—SAME. X0 E— 3 i
H, AR REREAT; PHIARNEBREREMRSE, K
MAZF.

A LRI R SBH AR KR A X3RN Z&oxi 23
Py B2k, IFEREBEEAGE BT . AR SBOXKRE, A4
BNEURFARAR, EFTALVHEHRENSH. RER#R
HEROCNTFHHLPRATHES, EEWERF/IESL. X
RBRYEFERRBREBH - THARE. NRFEEEER ¥D
HEFRFAERG, ETRLEREFBRAVBNRT.

XHE, RECAVHES (BE) L—ANREHKIT, X2
TR -FEAUREROHER. LETLUEE, REXE - ¥
= - FERAREHRER TR, B&EHEEE (divB =0)
E—BER FRABRSL, M rot B = poj MERE—RERT
HE R FHERMIE, AlLHes.
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2.3. £+ %8 (Faraday) M5 ER
X F# R (B hE bR ERy) sihBEamRst
WG, BAICMTHPUE - HEKI A

éEwﬂ=Q

Bl - ENII AT, HE, PEEAHA-—EERF
B, BNEHEaAEmYy, IFERNEEYE, Xt bt
Mg RMAFR Y, ENENLRPEEHWTH

MBEHLER LETHABSE ] HesxE §E-dl 4
Wit Al B LB E— & S LeyEsEE [ B ndS
ty .y AR, B

fE dl = -‘-92 nds, (2.42)

REEBEME R RARESINFTOETEF R,

3%£Hﬁ¢ﬁ%m%%%:%%nﬁwmwmﬁﬁﬁm=

g—n&%ﬂJ%ﬁﬁiﬁﬁ@%m%FWﬁﬁ kil B

ﬁMﬁﬁ,ﬁ@@%mmﬁﬂﬁﬁﬁﬁFimﬁ%m@ﬁﬂﬁm
WL R GE B AL, R RN R E BT S, §E-dl <0,
XHE FKk (Lenz) g4 .

@4DTE%E%*WEaﬂﬁT$¥RMﬁ%F$m%
1%, WS THdamRBETBAT MRy, EXEE MR
$E-dl=0,

FAFEEEAR, FEEH I & S wiEad, d (2.42)
KRB EORBRN S EOESER.

oB
= —— 2.43
rot E = 5 (2.43)
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X 1 B A5 AL 0 W 35 2 R LA

kR R E A T LLE Y, 7 % v I B B B
i) 3 T BT I I I e Tot E = 0, & — 16 F A
AL, LA (243) XmuEs. (243) B8 T K EE
B, B pl A A B R A B O P AR 0 35 B h S AL 5 T K I
B, X — R TR LT R e B — R L 10 3 S B R A
— AN RS 5y

BAh, mAE (2.42) AL, HARORSN ShE S ok
REX, BIXEERAL L AAZYlE S; B S, Mg

oB oB
/g.*l—é?ndS* 82—6;'71(:18.

BT AR, AR pHlE S

f?/mesza
dt Js

B XS A — 2 P Bl i, e b B R RGR B S BE R R T AR A B
sIER, BA 3

5;div B = 0. (2.44)

B, WE—FhuinRTEY, Pmisgrs (B=0)
RAEmBERRTENEE (divB=0), B4, LEHHRYE
ALl & AR, (AR div B = 0, B4 47 & b i & A 46 1
BREBIEAE., XEYW, WEOTBRERSOEEE, B

div B = 0. (2.45)

£ E—BF, BMFHERa~ X%, BEXRIBLEN
s Bk Ry, IEAEGNMEGRERERAZEN. T mRAM
EREFH: RUAMBEGEBE#ES. X, BEHNERTR
BRAE—ET, FHUSHERITFTEANEZEE .

1 ey v e omo bt < weia wm e et AR o ——— e O e AT A e NS L L e 1 e e e e ALY YT T



§3. R ERY B R, BIEEN

3.1. REFHEZMFLEMS

ERi—Fh, RIMBETHERARY —EXBRER, ENE
AHARMEAGE., RAIKB MR A XEEIAR KR
#, ENZREZERE|EHOZES, BHT-UARKNEER.
ERFENCHMBEIHER, SHTHERE -BOHBREHES
X S RAS T SRR, XSRS H AR K45 iR 8 IE
MEBALSTBROBERMEHES; M—BHXRIELLE, e
Rt kiEFEE, REEANOEA.

AKTHEGNERMEEHERHFERLSLRN, KA

r R E R4 .

ANTHEERNFIEYA, THCANSGRAEUMT, RE

BEmMmAE - REBET. IESERE

. b 1

awE=2 % [E. dS:-—f av, 3.1

‘ Y Eo = ‘/F " €0 Qp ( )
6B 5B

ot E=—"" & ﬁE-dl_—L—aT-ndS, (3.2)

divB=0 g /SB.ndS=o, (3.3)

rot B = pioj f}B-dlzuoij-ndS (3.4)
dp ) d :

B gvico & = dv=~] .ndS. (3.5
8t+d“‘7 a% dtf(zp I’J n (3.5)

FRERKBHEESTIHEA. 3.1) AENECEREX,
ERETFHRmRmBERATE0mg, (3.4) XNERE - %
B BEMREREk, A TRED (3.2) ARMAFBEZNIE

. 18 -



REFHHXY, BANPMLXELIARTREARKBIEER, £R&
FUHOHEARISEEERFRTER, £T (33) K, EEFH
AR, DERREREE, ESNHEANE-TSEORE W
(3.5) = M7 — g 5 0 F L.

REEZBWAE ERGRHETE -G, HT#ER#ES
—RBR .

3.1) RKERNBRFZHHEL SHREH KK, BUERRH
SRR, TLLUAANEBRT BB, Eﬂﬁﬁ‘ﬁﬁﬁﬁﬁ
% &5 0L A AL, Lﬁ/\$ufl:%ﬁ#2vt&j — BHEENRIE

B, RS R DY E R, ﬁ%ﬁ&ﬂﬁﬂ‘]ﬁ&?&ﬁii By

i (3.2) A — MG K BER, MG (3.3) Xbtnt,
BlLEXSHAR L ERY. B (3.4 RAFEATIREN

R, BUESEHTFEEEEFE. ExE, B34 XA

divy = —-1——div rot B = 0.
Ho
. 6 .
BRI (3.5) %, SEH 5” — 0,80 p AT § B15 t B%,

XRUANBENER, HTEHTFEERAATRIFLHERN
#, BErFeiE (34) KX, &I (3.1) At k—®ka
7}

dp OE
a Egdlv "‘8‘*? (36)
HtE# (3.4) AHH
OF
rot B = Hoto— - + Mo, (3.7)

FERUUSIME, FX L, # EAWKEM div, B

: OE
div ( 0"5{ +J) = 0. (3.8)

. 19 .



(3.6) 5 (3.8) kM4 HmpFHEHAE (3.5) .
(3.7) KL FEA, TINBEERERES, WHTLKEE
MRS, FRELNBBHBEEE RS, hE (3.2)

5B OE
5($ﬂﬂﬂuﬁw,;gﬂagfﬁmﬁ%Mﬁ,ﬁ%@ﬁ

HEpWMME, BROBGHEL T RSN RS, 725 5% i
By, BN ARG N, M AFHENRE.

¥ (3.1)—(33) & (3.7) ABAREMBE ETFHER
FErRHE, HEBnkAHA

dvE = 2, (3.9)
€0
OB
tE = —oe .
ro vl (3.10)
divB = 0, (3.11)
rot B = pg (60?}?— —l—j) : (3.12)
ot
5 3R A o A B S A R
9
P +divj=o. (3.13)

ot

BAMEBK p & JHERTE., ERHFHBRANTFHERNRE
THHNEESERE, SRARE THEHOMES KEE, il
o SO IPRGREHB AL K. XMHERRZHBEGL
513 30 AR E.
| LEBIANERFTETEY, ERVLSRAAE—MEE, £
TRt R kBTN, 1862 4, EHFBAXAGTREH
MR H ST, BET RRK AT, BB ABEE L
M, FHMRE T R — R R, 20 £
5, #2% (Hertz) AISER 7B iFse T MR, MWEL

. 20 -
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TERFHEHEIL, BERINME, PUERHEE, HMATEH
W, g, X SR, v SRS ER UK 7R R A R I
W, XEE RSB T ERHSE RN,

XILERANEE, EA—TYBERGEAFBRA, RILLH
EREKE ENR -DMETE AR (RS, ENERALE
BEELBERA—%, MESEREARANN, ERHEEHFEAN
BATRBE T — A EEWNH T,

MBS RAA RS A, WERK SR
s 6 MkwEy F=(E,,F,F,)5 H=(H,,H,, H,),
MABHAPER LHEGE 8N HER, ML RTDERETHEA.
ERAMTLURE, XN TEAFAAAR FEEHKR

oF 1 .
— — —vr10t B = —3 3.14
€0 8t [_Loro 7> ( )

oB

_Bt_ ‘+‘I‘OtE
H OANFRE. B L, R AE, REA L =0/ divB =0,
WExt—tt LEhWE. X RERE (3.15) 55 B & div
BRATIE /S, RIREH, R EHTHEER (3.13) Xp, REHL
t =0 8 (3.9) AL, WX —Y]t R, MBI X—A,
REE (3.14) AWM 4EH&E div, #FEE 3.13) X, e

0 dp

YavE=2
05 ot’

0, (3.15)

Bp 9
. , A

5 (dlvE 50) = 0.

Bt (3.9) X AEEt=00&sr, &5 —41 ¢ oL, X8, &

REHEAEYAPEAALAEEN t EHHRE (39) &k (3.11) A

WAXTOIME N 2 N ER, BANNTESEZDR 6 A HE

. 921 .




G AR (3.14)—(3.15) . % FixA AR MR G,
ELREE R,

2. BRENH
MEBRFTEEZHKEARESRE, A TREEKY, LM
¥ERFEHFBRAMBREN S FREEK L ERKM, ik, =

I i LR 3 X B T AR ERL R I 4 FH T

EHRBEANCHAMBLAANT: H54, LB EHESFBS P
EZF S AER. X BN EBROEETZRN S, BAONERE

(RN EE) A
f=pE. (3.16)

A, REBRRERBHPEZH IEA. 1H:H]‘ LRUAL AL
MW SZH 1, Bl &R R

f=3xB. (3.17)

BREBEARA T LAXBT BETHFEINFRAERE
Wh ) — RN, WF MGk, b TFagRERRENE
r, MRS R SEHNERD. BREEE, AREEEG
M ERA M, —REOBBES, HEE (B EBTZN )
Wl FRRE

f=pE+jx B (3.18)

)7
f=pE+ pvx B, (3.19)

Hep v i EREE, EAHAY 2R L&A . KB,
B—BARRZBAAHEF OB ZABHOMEMS, TH W
RELRBFHEHNRMERNERFIZOEGOER S, TEER
fR: EXp Ef B RrRizanAaRL BN BHMES, 0
WA 5 TR BRI EHTEAN.

. 929 .



B ANthEE LK PBEEE.

ErWETEMA BRENAAURBRTTEERE -EH
T HEEIAF R, HENMBKLER, B LArBEn sz
TR, AL ebl MR KEs. XES HITR
BRGEAETEY (AE=ZF)WESAKED, BHEHRS
IR BRSSP KR 5.

§4. MBI BME, e, FHETE
SR

MEBRMNMIMHACHIINEBAROELME — £0HFH
FREAMBEE LA, RKEFBHERMBEISIBNEFE,
SHEETENRAA, AINERER. sERTHEMELEE.
HTF-MWHFHNREESHBBESKHAR, SRELENS O
HMMBEBIESMABESZAMHBERLEFAER A LRETHE
Ko< R RS EN B, Tl g s g ig i s a sl EE ML
Pl B aEf, RINVRBRERSHESE.

4.1. BEAR, GERTFESHLER
MW AE B 25 P2 B B B A R B IR 4 B 51 & B AL

dUy
Wt E Uy B4R TR ERH A ANREG ABE LR
T, MHEsE LR (3.19),

dU,,

TS | — fgf.vdV: /Q(pE—hcm x B)-vdV

- /QpE-vdV:[QJ-EdV. (4.1)

HMERFSHE 3.14), &

. 23 .




2
j-E:iE-rotB—-@a(E)

/.LO 2 at ) (4‘2)
XEU E L5 E|, &7
div(Ex B)=rot £- B - F -rot B,
FFRAERHHETE (3.15), LK (4.2) KB H
2
j-E = i(rotE-B—div(Ex B) —%Oa(g )
a1\
= 2&(%E4VMB) div S, (4.3)
et B =|B| |
S=—ExB - (4.4)
Ho
# o e # (Poynting) % £ .
XBE, o (41) R, FFEBEALR, &
dU, 1d s 1 5 f :
_—m . - — — dV
- > fg (soE +o-B ) av - [ divs
1d , 1 f
= - - — [ 8. nds.
S Q(EOE +ﬂOB)dV | 5-nds

HTHRSXEAESTEAMBRKDTH, # EX G REDR ERR
aMAEF. TE

dU, 1d (

1
2 2 ]

o

XU B, AR, WA SHUMAE R X EX
ft; HHREGRERRE, KEEERAIERMEE. XEH

.94 .



Bl Um BRI TERE C RN KRG E, RN S —
BAMBERE waEE . B (4.5 R, Un WEMESET

] 1
mmz—f E?+ —B2\av 46
: 29(50 +u0 ) (4.6)

MIw O, B U, NEBEERmEEERR, § (4.5) R
B4t % Wtk BFlE G s,

4.2. iz, HRTFESEAER
EEAHLMEANSAEHOERT, RIEBLEZE AKX
(3.19), WA BB R Gn BBAR A

M; u/ﬁﬂ’ﬁ/pE+pvaMV (4.7)
T A TE B
iG,  d
TF”'dtg@%V (4.8)

1
S 44) RELHHDERE, i cS =

H A Kl (4.4) X BN = m N

2.997925 x 10° % / # (m/s) A E%Hm r&. (4.8) XF

W], MBS E AR A R AR YLB B WAL, TR ke
JFORES, ARSI B ERME. B BRI REKRE
EHEREE, MEKMAAS—MEXNSEN a#z 8, K
ERRAAXNA

o1
Ge,m - 0 _CESdV (49)
(4.8) XXk I BFESH LT .
(4.8) miEl mEMFEHFE 3.9) & (3.12), F

p = eudivE,

. 25 .




.1 -
pv = 3= —rot B — ¢ FE,
Ko

. JFE
Hip B = T BERABEZ AR (3.19), B

1 .
f=¢e(div EYE + (—-rot B — EOE) x B. (4.10)

Ho

BHERHFEFRANAANCHE (3.10) 5 3.11), &

1 :
—(divB)B 4+ gg(rot E+ B) x E =0, (4.11)
Ho

: oB
Hh B = 5 - ¥ (4.10) X5 (4.11) X4, B8

1
f = eoldivE)E+ ;F(divB)B
0

+ (l—rOtB—foE) X B+EO(TOtE+B) X F.
o

(4.12)
A (4.12) K A%, RAGE-N AR SHPFHLK:
(divE)E+rot Ex E=div(EQFE) - %grad(E2), (4.13)

A EQE HmB E S5 Em%ER BHR—) B #4%, 5
K5 BETE R H

Eﬁ EmEy Esz I
E®E=| E,E, E! EJE. |,
E.E, E.E, E:



i div(ER E) M4t —HkBaEE, MhtEkhyng
PB4 AT R &,
Thit, F5FH ot EX E) & z Famsgl

oF oF oL OF
tE x E), = - - == . — y = :
(rot B E) ( Oz oz ) E ( or Ay ) Ey

XBE, (4.13) RWLEWE £ HFHKHBH

8E, OE, OE, dE, OF,
(8:1: Ty T az)E”(az B a:c)E"

0FE, OE,
— - E,.
( Ox Jy ) Y

i (4.13) KWAERE z HEWHEHA

A E?) o o0 oF,

oy + By(EyEx) + &-(EZE&,) — FE, B2
oL, oF,
—Ey or k. or

_ g 8EI+8E!,+8EZ N 0B, 0E.\ .
- "\ 8z 8y 9z ) \eoz 9z )7

(8B, OE,
- - E
( oz By ) v

S (413) AMERE 2 FHNSBHASZ, MEY R 2 HR
A BTEERIE. XEFENT (4.13) K.
Gl

{div ByB+rot Bx B = div(B® B) — —;—grad(Bz). (4.14)

]

. 27 .
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FIH (4.13) 5 (4.14), o (4.12) ABH

1 1 1
f — —le (—(€0E2 + —B )I —_ EQE X E — —B & B)
2 Mo - Ho

—eo(Ex B+ E x B),

Hep T sk B, BRaiEr, £ LAKLED, K
fTIEFIH T 2R80KH K

grad(E?) = div(E*I), grad(B?) = div(B*I).

Hibt, FEEIHNERENE N (44), LHHE

f=—-dived - é%;f (4.15)

H C%JE EPE‘H&SE [

1 1

Ho Ho
i (4.7) 5 (4.15). FREKKLR, REH
dG,, d
- = A
o sy = [omas, )

XILESE, P feorilw i S TR S R0 RBL XLUTFH
B R ONE, ERAMBE AT, XREHT (48) R

4.3. Bl (HR) ©E, CHalkE HRE) EF
MELRMNEZREZTFH - IMEBRAEHNXR 2 . F
(4.3) & 2 L8y, HAHBKLK, 752

. - 2 2 — _ .
/QJ EdV + - > / (EOE + B )dV LQS nds,
(4.18)

. 98 .



Hdn yRNAELEFER. & (4a1) A4, FREWE TN
12 o3 4k g S LR RE 1 AL R —d—tUm(Q)., B, (4.18) =
EWBMREAE 2 PR FBEiAr RVEE S BG
BZR) wmE Fme S ET O mARAKER, KA
MR RLBER. TR °

1 1
b (60E2 + —-32)
2 Hao

By e ETE (BRMABAMBEER) MKONEXE

1
S=—ExB (4.19)
Ho

WHA ARG EATENE . A18) REAHE—AENERK
B R RTTE SRR ER, W (4.3) KMARBHS B,

Xt F 5 B AT B AT IS, % (4.15) K& 2 LB, 3
FIRMARL KX, REE

d 51
dv —/-— =—/
/Qf v [ 58av [ onds,

i

dGa(2)  d -
= +ﬂi9§&w [ dndS,  (4.20)

Hep G (2) 25 2 q# bk avmsiE. (4.20) LEmp
frEfEAE 2 P Ese (FEAmaBsBSRiusg s
MY WMELET PEl OR MAKAKEER., T2, ¥

S _

c2

. 929 .




Bl e BT AR, M PRy R BEATERE, &
BEXR: OndS HEaMBEABEL n BHE. 2EBET
dS madmbshE. (4.20) AN EE—SENARRKE LK
shBFESHLER, W (4.15) XM A HMHER.

§5. EMETF AL M E N,
H 3 B I B e
5.1. ¥ EHEBEHNYELEN
S FENYEY, WECHETSHAERES PN S

e, WERNEHFTERA4PEFARLEEHMNEDNTES 6 4
kXA E R Bro6 .

OF

Eoto o rot B = —pog, (5.1)
%—?— +rot E = 0. (5.2)

ERAN —Mw#a T EYL . TARIMKSREOIFELSEN,
SIA B

U= (Ea:a EyaEzaBa:: Bya Bz)Ta

He b “T” sl g, MR (5.1)—(5.2) aIUE
Al
oU oU oU oU
AO———+A1——+A2'—+A3 -

-— = F 5.3
ot Or Ay 0z ’ (5:3)

He
Ay = diag(eoo, otlo, Eolto, 1,1, 1)

A% AR,

. 30 -



/00 0 0 0 0)
00 0 0 0 1
4 — |00 0 0 -10
'~ 100 0 0 0o o}’
00 -1 0 0 O
\01 0 0 0 0)
(0 0000 -1\
0O 0000 O
A - 0 0010 O
2 7 0 0100 O |’
0 0000 O
\ -1 0000 0 )
(0 0 0 0 1 0
0 0 0 -1 0 0
4, = |0 00 0 00
0 -10 0 00|
1 0 0 0 00
\0 0 0 0 0 0)
F = —'uO(jmajyajz,O,O,O)T'

HETR, —BmEs R4 (5.3) F—HMmIFHIiTH AR

oUu . ou
K BEH LLF #14F 45 B B R EBE Ao A XTERIE & RE, Fs
oU /

aU
b3 B REE A . Ay B Az AWHRE. XHEKH—
Oy 0z

rmi s HRARA — SRR SR R | xR ML
) B X R S B R U R 5 AR, M T e, o
gamm sy (K. O. Friedrichs) R A B EC 4N ELY BRI
MHBEREYTEE0ER (0 [14] & [6]) . UERMTLUE
7, BEEEMEEYHR RS H RIS bl gdm

e R 8 st T AT S R iy €60 e e



—Br xRN MAER. IR—XAFRREEZHNHFEDEY
B, TEXMNXEGTRAE W ENAH.

5.2. —MIHRIth BRI S HIEE

R, BA RIS R. ERlErE4 (5.1)—
(5.2) BN@ FX—15 5.

——ﬁﬂ@—m%ﬁ{ﬁﬁﬁfﬁ,ﬁT%%nﬂTiﬁﬁz

Lvs AD ZAkéa +CU =F, (5.4)

H U = (ul,ug,---,uN)T,ﬂ‘ﬁ A,, (Z :0,1,'“,??,) kCH
t R x={(x1, - ,Tn) WEXEHRE N XN ElEs, FHh
BTt R N gy EE.

Ao MHRRIEERE, A (K=1,---,n) BXRE, WK
HEd (5.4) A — AR b .

WRILFTEAWERTER GBE 47 . X —Hr XK
gl (5.4) TURBAEMAE: #w (Cauchy) & (&
HEE) 51— BEF A .

prigw g g, B (0, 7)Y xR™ (T > 0) bRk 54 (5.4)
ww U =U(tz) FEHR

U(0,z) = Up(z), (5.5)

X B Up(z) WA T BEEE.

TE A B AR 5 5 R W R i A (5.4)—(5.5) fR I
ME—¥E. ShE, R -MREEAFN. WHEERXRFHE—
A PP, o), XUT s R EE, RIME—2 P Aw
W Sp, EHFELR P AAREEH, BXTHEF LR BXT
W By, BIxE Sp BB P pAteEE A Q, XM

TL()A{) + Z 'nkAk
k=1



4

BREEEN, BH (no,n1,  +,N,) HBBEEZ AN — DR
B B BFE=¥E— E%%% W, RWEFRERL =0
5 Sp BR—AHERRE, MERLEN ¢ < tF, BlH RS
BEMt =t BN K 2, Sp RELt=05 =1 D%
Gk, mit=0,t=t5 X, rEHXRENEH Q;,. X
Q: vEEFEMA (54). U 5HE4A (5.4) MEM, 55
Ay 15

—(?—(UTAO Z—a— UTAU)+2UTKU = 2U™F, (5.6)

ot — Bz

H

1840 1 & 0A;

K=C-=-22-2 .
28t 2k=18$k

# (5.6) & Qr FFR4, HAABRKAR, &
frzt U* AUdz — fQOU A,Udz

(5.7)

+ /2 (UTAgU cos(m, t) + Z U AU cos(n, z))dS.
¢ k=1

+2 UTKUdzdr = 2 UTFdzdr, (5.8)
Q1 5

Hbnh L, bR fiitgn#,
B Ao WMIEEHSHEREN, FEEREK o & oo, &

[ U avar > U, (69
l/ UTAWd‘”' < oaU(0, )72y (5-10)
Ml k¥ LagEmksmit, &
/Et(UTAOUcos(n, t) + Z U AL cos(m, 2,))dS 0.

k=1
(5.11)

e, WV o Y R iz AT e WL Ee



BiMEABE K& Q: LRIEEN, HE Q: LR

UTKU>os|U ", | (5.12)
Kot oy H— EXH. EEABET,
? f UTKUdzdr>05|U 122000 (5.13)
B RE
| [ 20" Fazdr| <204|U (g, +(200) | Fllfacgy. (514

i (5.8)—(5.11) . (5.13) 1 (5.14) &, FAEBE T it

i
[0ty <o (I1Valltxa + /0 IF(r, M Exq,dr)
(5.15)
Hf o A—EEH.
RV BB (5.12) R &M, FLE, #F (5.12) AR
W, B U 3138 % 6K & B KR

V =e MU,

HPF A A—BENERSE. SaV BEFEY
4% n oV Y
Ao 8t kgl Aké;‘; + (C + )\AO)V e F

BT Ao WEEN, EHERIEXNFXANAHELY, REER A &9
K, BgefE & (5.12) gior. Entt #’ATBTLLAE W (5.15)
i fE & £ 1 5K

MAEEE it (5.15), SEp AT B M 75 9 & (5.4)—(5.5) M@iw
M—t, ETHEEOFEEESESE, gl g4 T FBE,
XERMNERNITRT. FXBYEETSHE (11]. 4] 5 [10].



HEEEARZER (5.15) AT BRI R4 (5.4) 195 7 i & 1R
RAEEREKBESR. LK, AHRIEME—BSEA PAP,zh),
it P AR

Iz — zF| = a(tF - 1), 0<t<tf

Moo RASAMEBLESHMG. Bk, BE P A0, REBT
il Up & = SEbmmR |z — 2P |<at? . HMEEER
RBXBENBHAHEROEEEE. XBRTHE4A (5.4)
i XX

TRt HRA (5.4) M4 - HEAME. & 2% z =HEF
BAEXBHIR THWERRHE. L Q=(0,T)x 2, X T H4
— B EWESR. Y - AERENE Q Rk HEA (5.4) ¥
M, fERAL =0 B EVIEE &

U, z) =Up(z), €2 (5.16)

Mt e (0,T) w i il R &M
MU=0, £X2=0,T)x 82 £,  (5.17)

HboR £R2WUR, M A—1px N 8, iy p<N.

(6.17) HEAMF KU ALBH—BER. TEREMNE 2
wE—mL, UMNBER(SN) MBIt R, &
Y rE—4, FraEmfRgoyEa (5.17) wmas RY w—ia
N-p#mrsmr., x# EXUEME X FLERDIRE&Y
(5.17), S FER U £ME X LwE—ABF RY sm48
TR T, FUARE&SE (5.17) AU S M TFHER.

Uem &£X F. (5.18)

TERNERE, ATHENY - pEHE (54) & (5.16)—
(5.17) mmgmMt —t, M TEE 7~ NEARER. ERH Q; =
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(0,8) x 2 (o t <T) FM4 (5.6) K, FFHBKLRK, %
BT (5.8) K@

/ UT AU (t, z)dz — / UT AU (0, z)dz

+ / UTAUAS + | 20" KUdadr

I

2U" Fdxdr, (5.19)
Qt

He X, = (0,t) x 812, i

A=Y cos(n,zr)As, (5.20)
k=1

Hehn 2 O Wispfisberkm &, w0 [E X 68 i B AR 5 4l ot 38
B, RS, REHLBRSAF GIT) n U s -k

U™ AU (5.21)

X ERFAHN, U X ENE—K, THIERTKREY
FFEmE, Bad (5.19) X 7BITHB W T EEER it

t
10N < o (IWalEaay [ 1FENEdr),
0<t<T, (5.22)

Heho h—mHeS T HAWIEE K.

B e & A (5.22), sE N8 By — ib {8 1A A8 A o ME — . FR
% m AR (5.21) MERFERX —FHEERIEYW - &
@ (5.4) & (5.16)—(5.17) M AN ? |2 —# kiK%
BREEN, WAEA —HBREESE 7 B ZRE (5.21) R
Fasial, Hy) — HfE R e —E, WENEME, FuR X
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FEAOMEM -SSR R R AR, S 7 B, Hb
e — R (5.21) wEPHARFER. BBk, XHERMN

JAEBEEERNENAREEE. ETXANEN, ATRIEBNE

M, RAINIZERGRE | 7 EFAE -G UTAU B
FWTFEEPHBERN, BAEE~AME UTAU Bk ams
BILL T HEFE, Xy UTAU 9 G AERFZHE .,
MBRBREE 51T & T LB - AR NGIRESE T Y
UTAU K FERF=NE, BAax M DREBERIATFET L
B AWM. ATLUES, WRMNE X XFETF L IEKEE, 8
WA X EE AR, Ba UTAU ®iBKERTFEA KA
BET ANESFAEOAE. E—EORMBERT, BaLIF
HAESKAREZENY - LERNBERNVEEYE. ¥ FLRX
BN, HEXENiRETSHE (14] 5 [10]

XA, mETE Kt EamErEd 6.1)—05.2) v
TR R AEAWMAREHENYT - DEEAEREEN. NN
et (5.15) & (5.22) ARG RBRSB SN ARBIBHE
2,5 QpompgieE (BE-1TERRETF) . s, mpgEP
KIS AAGBOAEEE, R AARatE. X— ARA
ETF— Bt — 35T Llitis,

5.3. mEpAENE, B e

MEMNE W FHBAEN K, #— SRR BB,
XA LU S XA B MBI AR R . X — AR R H
WK R — A OB, — 77 7 2 e L B 3 B —
Bk, MEFHIHE-TBEASE. X HEM v HE, M
TifF R YR NP E TERER. B—FE, BFak
WAL PREAR T ZHEENA, Wl TR N EERR
5% R .

#HRR(5.1) st kG—w, HFHATE (5.2) %= B, #




7CX ) ,
1 8%°E oX]

Z gz T rot rot E = —Ho (5.23)
HPMET c= . BRES AR
oMo
rot tot E=grad divE — AE  (5.24)

LB AR (3.9), arekds (5.23) BE #

1 8°E
c? 012

- 1 7
— AFE = — (agradp+ uga) : (5.25)
FREE, o RIEER, EWEEFR EDIFE .

A, REME Biinx E, 78 B #%EHNNIERK
e 5 12
| 1 8°B
cZ Pt2
Ex b, AR (5.2) % t KE—&k, MAFE (5.1), MRS
n= (5.24) (BE+ E #x B) BE (3.11), stEpar8 (5.26)
.

x#, ER BRushBF#R0ER. XM E &
B LB Rissh A, T H R R b 3R 5 KO D Y B A
MW, ATLIMR SRR, RIBESOHE, CRBMEIHE
B EMOEEE, PELYRETHENRZE, ISRk EEiN
i, Hit, RANBAMTLER. LEBHTARBLFTLE LA
IR A L, FAE—BELT UL M XiEahfoft s, © T s
CLHACAABLMR (Caipat A RANENT SIS ),
128 WA LA TRXEH R CANBLD IR . WA, KEshHRE
WY R, AATPREmEOAIGEAE YLk c, XRKME
 MERHEEREZ .

— AB = pgrot j. (5.26)
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e

W LR, RERAFRELER, TR RERA
B, XMERKK sh ey . KB ERRESHE

| 8°E

555 —OE = 0, (5.27)

19°B

— — = Q. .28

555 —AB = 0 (5.28)
B R 5T BRARK — R AT, TR EREX

JL%.
ZEFNER THRERME . BT EE-BEETHR
JLLESERMBENSE. BEX—TREE -BRHEOEX.
‘ Frif P @K, &iEm FEXKE:

E = Eyeltkr—ut+) (5.29)

Hehr=(z,y,2), Bo RENE, AT, B% (z,v,2) =
8] M4 — A F T

k-r—wt+0="2%% (5.30)

LEBEKE, kK ARBEFEMERT N, Xt X, EF—%
HEMBFERAS S5 FITREYE, E EFBRE—RHE.

FRUEUBEH E FaUFEHEMFAE. £ LPE w YW
1 27

BEE: w=271v, %Et%ﬁ‘—"l\ﬁqu:;:? B, ¥

Zi3— K A VERE, MEAHBYR
k-r—wt+0=a(¥%)

i B BUE — K EFEE k'?‘—uJ(t+T)+9= a, Bf

k-r—wt+60=a+ T.
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CWT 2

= AR 2 A E B R A = %e—l - -kf Kb k= |k|. B
2

Etﬁym&ﬁ¢_ﬁwmw@ﬁ$,kmw—fjﬁAww

K. k#WNy k&, LR s A A
e w (5.29) RAESI & (5.27), 18

1

Su? — k=0, Wk = % (5.31)
b, B = K xzaﬁ:fs:/\x;"—ﬁz"‘c—’:c. KAMEY T
MBI B R C .
B0 % 5 ¥ i 0 AR |
E = Elkr-wt+o) (5.32)
B = ByellkT-wt+o), (5.33)

MT B Y E F£EHMHAE, ToiEwlsyBgm
BRE, BEF —XdBARAHBN k, w & 0, AEHE
FIRAE RN S AR HE, A, BT EdasETS
p=0,t (3.9 AMA

k-E,=0. (5.34)
2euh, & (3.11) XH

# (5.32) 5 (5.33) #514tA (3.10) 5§ (3.12) R (HEHH
j=0), aH

B, = i—kxEo, (5.36)

E, = ——kx B,. (5.37)
W
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% (5.35) . (5.36) f1 (5.37) =kehv, (5.36) REAM.
HAEBRAES (5.35) . EAEs (5.37) %, BN

2 2

c c ¢
——k x By = ——k x (k x Eo) = —(k x E) x k
c?

XERAIA T (5.31) 55 (5.34) R, X, ¥ FH B (5.32)-
(5.33), &

k-E,=0, By= Ek x E,. (5.38)

Hit s k, Eo & Bo (i k, ERk B) =25 HEH (1LE

1), FRAA, £ EHBEBEKP, Ko RENERRES

MEREERN, FMBILORBEABRTRER. Hik, Bi5H

HIHAIRSGH BFEOERGTREE, § ERERBEK .
XEBEIEY, BHBEKEARKAX —HRE

div E =0 (5.39)
%
divB=0 (5.40)

M. R A AR MR A, BIFT IR R,
B &R0 S, BDEW S, XA M .
WEE T B, BV B

F=F, ei(k-?‘—wt+9)

W2 % 1
rot FF= 0, (5.41)
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7
//7/7’ /////////l
//ﬁ//’,///{ 47777/
o Vi I
1, )7 F re4 N
/ /
1, o 17777
Vo v I,/
g s e
k
K1
ES]
kx Fy=0. (5.42)

b A8, B IR B 7 AL 8B O 1 F AT, BT O AR L T (5.41)
WA QREE DRGALES. BEARLHKE, LK
%, NXWA Q3% .

§6. HLREIZ MRS 5 R

fEdmin AR RS ¢ KRB R, TagEE E =
~grad¢ ., BT ¢ R— A BEH, W E R HNERK H
B EOR R S AT LA SR A M N . MR, B
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¢ RRME—FEN, TLMEE-AMERFEE, BB RE K
5B W,

EAT S, RANEHEY, S F-BEBTEEASHHER
%, BATUBIAYRERHBRGNEHUR T SR, mRNE
A, BxHERNNENAE F (FEY) ft 2% (BEH) .

6.1. Bi& iR
5118 6.1. —® &3 B EAHS, WHR
divB = 0, (6.1)
MELTEATAL—OES A 3R
B = rot A; (6.2)
RZ IR K,

iEBE  AHim A, =0, Bk A = (A(z,y,2), A (z,y, 2),
0) #FH R
0A, DA, 8A, OA,

— —8_;,— b Ba:a —5,-9;:— = By, 63: —_ ay == Bz. (6.3)
XHIA T ER S
Ay(z,y,2) = —[ B.(z,y,2)dz + f(z,y), (6.4)

Acz,y.2) = [ Bywy2)dz+g@y), (65

<0

B (Zo,Yo,20) WBHPHEBREN—H, fRoH (z,y)
EEEK. & (6.4)—(6.5) KA (6.3) WE=AHE, HAH
&4 (6.1), Bmars

f (z,y) Jg(x,y)

_ — _ 6.
o & B.(z,y, %) (6.6)
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B, REXR f & g w2 £, H (6.4)—(6.5) P H 77
K A, R ] He |

flz,y) = /x B.(z,y,20)dz, g¢g=0.

Ta

X, B

1

Az, y, 2) [ By(z,y, 2)dz,
20

Ayz,y,z) = —-/ Ba,(zc,y,z)dz+]m B.(z,y, z0)dx,

29

AZ(II"ay) Z) = 0}

B (6.2) X, HERBRK. iF.

6.1, IHRTHN A BRTEW . BR, £ A%
EERSIBHESR, MM AERNFEREE ¢, A = A+grady
M EEENESR, TENSIHEG6.2 #W, A MR AGXE
— A B BE.

S 6.2. £6)F A AHHp, TFHR
rot A =0, (6.7)
W A LK ENMREIZOHA
A = grad y;
BZ AR IR,
WERR &0 (6.7) siwd
A dr + A dy + Adz
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A—EWa, BHME

(z,y,2)
vz, y,z) = / Azdr + A,dy + A, dz + ¢

(1‘0590120)

EIWEESIBER, Kb Yo A-EBEHH. HERBERK, IEF.

SIE 6.3. £—REFHTHoBAY MR OHR
ha, BP o 8F KAk 3 Fe KR W) B,

R XMfE—mEy A RIMNEBEEWLFERES v 5

Mgy CfF
A = grad ¢ + rot C. (6.8)

FEEF divrot C =0, & FXFWWIEBBERF div, F
Ay = div A.
By A ERBRTRY— R, BT
div(A — grad ¢) = 0,
M5 ® 6.1, wHFEE C &
A —grady¥ =rot C.

XBIEWT (6.8) K. 3/ HiFkE.

m5 8 6.3 ki 6.1, RNBIMTLEiL: H—mEly B
Wi, R dvB =0, g~ ras—mgsn A
MEE: B=rotA., X# A YRELSEM K, LG H
EZ—AEBEEH grady MAEHE, Hb ¢ AEERE S
MY grady £—4 9%, A-+grady A A MK
B, X A Tln EFE—AGmMARTHMER. TR, &7
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61 PaEs AU ETERAE, PTi A A
divA =0, £ TFTETHBESEPE L m (1 §8.3) .

6.2. EHIBINEBE XS
ERESHD, BRRE BYBEEANT, BdivB=0,
FRASIHE 6., ABRKE B —graErs AR T nEs A KkEE

B =rot A. (6.9)

X)L, ARERHMHBLEAHRENRNL, HYHRSATUER
wH, BHEWE 6.1 FRKMA HE.
Xt TR EE E, ETE‘Q%%&%K#%IA@%% H rot £

8B
= ——— —BEAHNE. BHEFRHEHE (3.10) f1 (6.9) X%

ot
0A
rot (E + "b—t—) = 0, (610)
HWH5I®E 6.2, XGRS ¢, 4
E + 0A _ = —grad ¢. (6.11)
ot
XH, REXA
B = rot A, (6.12)
E = —grad¢ — ?ﬁ (6.13)

ot

XEW O R ASUNKRABEBN FE (RES) &% (0E
%) BMBRBEASEE AFX BNBRRGOBEELRRE, —R
Win, wHEE E RUSHFER ¢ HX, MAMERE A H*X,
MR, F ABE (6.12) X, WHAEELENRK Y =
U(t, z,y,2), A = A+grad ¢ k2 RN EE. A (6.13)
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8
X, ABA R = cb——a% W2 R I &4 (6.12) #n (6.13)

XRRY, HF AR O ABBEHHRESHEE, W

A" = A+ grady, (6.14)
- e ¥
¢ = ¢- 5 (6.15)

HAHENMKRESHEE, KF v A-NMEESENRE. bl
R, REGHHPIAEW —HEN, AHLELARTFIH—ENAH
BE. 1 (6.14) f1 (6.15) KAHMBRERN AEXHR . Vv &RE
TGO, ERAREK ¢, RERE T ARMOMAE; & 24%ER
R v, AR EEREML. S AR o ERERRN, RE
KPMEHRET, Bt E &k B #BRFEALR. IR ER
B AEFENR . HTXMARMYE, EABRE O RS A KH
AREEZN, KTUEEELANAEELEGIEML. HFHERL
FEt, MHERBEATAE. Lht, BEHESE P
B, ARPBERARTORABGREN—TEFROES.

MAEE RS ¢ RRH A RZREEnHE. ¥ (6.13)
RRAEZRHIEFE (3.9), B/

1 9%¢ %, 1 O¢ P
99 _ Ab— 2 |4 ~y = £ .
2 572 Ad v ( v A+ 2 at) - (6.16)
% (6.12) #1 (6.13) LA (3.12) &, &
| 1 0 1 6%4 .
rot rot A = —g—(,;t(gradgb) T + o]
FHERES T AR (5.24), ERFT TN
1 9°A . 1 O¢ )
252 AA + grad (leA + 6—2—6;,?) = wog. (6.17)
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EFERME ARATHARAHE (3.10) A1 (3.11), AR
REX AR ¢m, CAHWE. KHHEH o & A BHKEH
K (6.16) F1 (6.17) . BAMIR ¢ B A M1— B4,
MR O K A EHHE
10p

divA+—=—=0 1
iv 25 , (6.18)

4 (6.16) —(6.17) #hET46 A 0 TEA EARRL 8-

1 0%¢ p
1 %A :
_CE 912 —AA = Hod, (620)

B¢ F A S BIHELL p B J UKW,

(6.18) R#%H AR LA . E—MBRT, BTLLENS
MMM R RAEE R EAHBIRE, WaTRE ¢, FEMAE
# (6.14)~(6.15) TR
10¢

divA'+ 5—-=0. (6.21)

B b, % (6.14) &k (6.15) RA LR, B

1 &%y " 1 8¢
. 1 8¢ "

M, FEn A ¢ BwE (6.21) X, XHN Y AR
FER.
WEEREZEFN AR OHA BREATL TH AR Q.

. 48 -



HEBEBME, BICEEM (6.18) L4 A
d. B (6.22) XKAEEN, HHE (6.22) AwyY mEEE—
AMERFREDTEOERS, B A M & MBREEIECEE
# (621) . AHAEBLENEAREEEER L TR R
A 1 18] BB
4 FEiERYEEh BEESHRE AR OWAREA E f
B RS mpEts, mH @ R M.

5, EAHBEBNER: p=0,7=0, ERLEAT
T, ¢ B AHWEEFREHFE AR, Bt 8] 524 548 o F

P
EHREBECELGOHRETRT, Futrd ¢ = ¢——£ =0,
b
ﬁ%ﬂﬁmwﬁﬁﬁEz%zéﬁﬁ&&@ﬁﬁWWo%N,
GRS EREEEHTROMT
1 624
i ¥ 1 2% 4 1 I 4L 4
div A =0,
B A RAHRBIGES. MM,
8A .
E= 5 (6.24)
%
B=rotA (6.25)

Bamiy, XA AHER.
— B, R &AW

divA=0 (6.26)

AT N St R PR AL TS Yo ATy e T s



M, A ELAE . EFELCHAET, FEHNFE o 5%
#ARBLEOFTERREART.

6.3. B — BEBBREHN |

3% — B BAT LA — A fay B B9 49 7 35 9 S0 7R AR FE R R R 1) AL,
HEEHFETEARNME, BAMEGSBAES, Boa™
A . T B S R A B B ] AR AL B AR T BT AR Y LR
.

FriB BB T, ENAREEA L, WHBAHA —q¢5 +qgH—X
SHTAEM AL, RIBXBUWAERXYRER [ BAmHE
f. EHAEE g BAET tewmER LMY

m = gl (6.27)

WAZBEETH EEFE .
EHRRETHEEFIASWMEABEE. REFREOABTE

L7 m e AN ERZZIIE RGO RRLBEBERT. #A

Wi —q BEEBRA O, L7y z K77 m—3, WAl

L(t) = lpe e, (6.28)

B ez h 2z HFraMmBfmE, 7 (628) XFNERBAETE
BAHTHE, THPERHEEMEE. b (6.28) K AT xt M #g
BHRIERES MR B R, FHGRE XA RB TR,

EWHABICEENE (6.18) i, KH A BERFREFH
18 (6.20) . kFARBEHH B —MSBEHEERBLLH (Am, R
[4)), E— MmN A ZSE RS R RES T RNRZRN, BEAN
AT LUES] (0 (1]), iR (6.29) R4 R 34 i w1 R
HRBROHEFHOREROEEABHRE A Fl

Sl reip
A(t, P) = —‘f9[ B it ’P)dvp,. (6.29)

4T Jrps pKet rpp
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dd B

BFRAAER tq mAREEESEmR, LXAWBOER
TR ENY -4 6 EK. Yr>n, (6.29) AXTHE

A
. Tp'p
A(t, P f ( ,P’) dVe.  (6.30

Hepr=|OP| yMES O F P AmER (LE 2).

B 2

@R +q EHHEREN v, N

dt
j=pv=pg =—ivl ope “eg

Hep HEBRH +q R EEE, BER-E 10 B, HER
A (6.30) %, 8

ipowlo _jusyier f
A(t,P)= """ : Vpr
( ) 47[?" € rP,chtpd P e3)
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WYt EL A (KR <ct), iE

uow 1kr
A, P) = 47r're m(t), (6.31)
Bt m(t) =ql(t), i k=w/c AR, IRBZEBHHE
3,
HEFEBEFRAAE o, ¥k (6.31) RAHBPEERANE
wEEH (6.18), BRIIF

8 /‘I’Ow lk'r ) 8¢) .
0z ( e m(t) ) + 29t 0

. dm . 9 _
HEE - = —iwm(t) & eopg =c°, ERXAFH
— + =
ot (82 \47r50re m(t) + ¢

¢ _ 9 ( L eik:r) m(t) + CbO(x:y’ Z),

0z \4meqr

Ao go(z,y,2) H—HERK. HRE 6 NFAFM FER
¢ = ¢(x,y, 2)e ™ & FRP R dolz,y,2) =0, %FH

TR

1 0 /1
o(t,x,y,2) = R ( e”“') m(t). (6.32)

XA Z BB ARE.
ASEBERIF, SEZTHES f(r), Br

f'r)

rot(f(r)m) = grad f(r) x m = ”

rxm.
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FEERXE, HEABRMEN (6.12) 5 (6.31) R, BE

k? 1
B = Mo ik (1 — ——) n X m, (6.33)
47y ikr

r
Hpn= o HERE
zm(t) = r-m, m(t)grad z = m

& |
(n xm) xn=m-—(m-n)n,
HbERm e X (6.13) & (6.31)—(6.32) &, ATEBEHEH
k?

E = ————eikr(n X m) Xmn
Amer

1 1 1KY\ i
T e (* - ‘"‘) 7 (3n - mjn —m).(6:34)

27me 2m

ERBRFOSERE, B <X (BR)= — ==
i, B (6.33) 45 (6.34) R, RAEIEAE S i HRAE WA LUBE

NoCk

B = 47rr2(n xm), (6.35)
4 1 | _
E = Trear3 (3(n-m)n - m). »(6...36) _

SeEF, L dmBRBE B IR AL A1, 44 A5 R R AR B I AR B 1B AR T BT T
Emmyy (L8 5) ., AXMRES, kr <1, # (6.35) &
(6.36) RATH., WERMBEELLBIGBE NEE (ME—AHF kr
MEES) . FREESEMRKEA, HEBRUERYE, IR
BARE %K . XTBER R ERE T A R R, XA
REMERREREEM,
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TEBRETFRENRES, B r > A, B (633) 5
(6.34) LT M., BE/RIEAE S e %08 B W) L AL HL B A

k2 .
B = p;crr e’*'n x m, (6.37)
E = c¢Bxn. (6.38)

MU EWA, FEFEE m E n NEX, AILEX-REP,
E, Bfr=m8®KKHEX, WMH EMFTRABEETFENS
W, B¥ES&myR (LA 3), HEH

2
wm
E:chﬂ’O 0

: T
. sin @ |cos(w(t — E)) , (6.39)

Kb mo=gqlo, 0 & T 5 2 Wit ds, HWT e WtD 3%
. X EEXX P, %ﬁE&Bmﬁnmmuw(t-—)

HIS&B r FREUNEE c £38. Hit, AEHK LS, —
e (B AR IR T 200 GO BRTET B, 4R T % 1 AR B B 10 & 5 3R R B
EHENFE. LKL, SBRSRA0EX. EREL, HERE
K. BEEE T2 MERHERN RFHR S BHK .
REEEERFENOGE. B4 ThREIRETENE
ER, w639 RAMM E R B, A

Y

1 2
Z leoE? + —32 Mok wimy sin? 0 cos? ( (t — t)) .
2 Lo 167r? C

HEEEREEAR S MEAR (419) W, SHHAS r 4
B, TEAMNN

2
s = Ho Khwmg sin? § cos? (w (t - t)) . (6.40)

167292 C




B3

XR, BAEERESURFARS, » AEXRHREN LSRR

P(t)

It

f " S . 27r? sin 840
0

1 2 T

= -G—Wcuokzwzmo cos? (w (t — E)) . (6.41)

B, BAEEANESNFEEEN

7 = X[ P

= — [ P(t)dt

T./O ()
1

1
= lz—ﬂ_cuok?wzmg = 12ﬂcp0w4mg, (642)

2
Kep TamEs T="0 . GlTh, FPFEEaseEs

w
FIRBEZES, BEHEAFYESN GRS BREENRE mo
MIFARELN, M5EME w HEKXGTRIER, BS5EKAN
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RABRRE., IHRBREXZBBE RS B9, LAMABERM,
83§ AR A ANE 3@

87. AR P EEiH FEY

7.1. rERESREAE2E

HEI R TESh MRS, S TERN—RME, HESR
ERES, 2EBRPENBREEOBR, XHMNKERHFHH
BARBEEHLSRERLR L HBEE L WML,

FEATLRASEMN, WTURSHN, ARERBEGFL
HELF R — g 5.

) ABHRL . AN RESRHEFHRKN, ETAAN
FHOEMEABOET. EEFEERT, BFE. fUBH%, &
EMyBH, EARBLEEZY, NAKE. FURHBREERX
MErE b ENRRESHNEN, FEE—HoarRAERK
MALE b, XWABARE KA Rl . 4N FRP ARG,
RABBERY IEHTE&E —R/REs), e — Xt
W, MBHANSHFRHRETFZLESHBREHANSF R,
R EEE %, X, E. ARFZRNEEEET —
AEBAREE. XMBRRN ARG RL, ESEE— DM R
1%,

N R AN RBELERES P (B 24455 i B R
5), R RAEER Y. HREE, &

1
divFE =

£o
Ho py REHEAGBERE. o] HEH

pl = —div P. (7.2)
BHRAAN (7.1) ARBE

(ps +0), (7.1)
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H

A RBER N ANBRE . ERRTIRMBAN, KX P
5 B ZRFEXKE XA, B, AN HRE& R,

P= x.E, (7.5)
He x, b wRhE . wetd (7.4) 1 (7.5), &
D =c¢FE, (7.6)

Hpe=cgeoI MREE Wer=1+x. A AN %
¥ ., WEHSNFE, ¢ TR (x,y,2) KK,

2) MR A BN RPAE BRI, B R EBLTE.
B EF S FARNMEETZEE, hiETFEa E R, X
SHER AR, WASTFRm (RBES TR MER) . T4
MY F—AANADERE . A5 (BRREAN KBRS PEE 4
B, BRLEE, L5 FERBEREF=ENREDTHEN, Bh
AP HRERE BRI BR RN NS, B4 HE
FA R PR, RSN MERT, XS — BN
LT, AT A — AR E R, XHRR R R
it B 1L . _

WA R R BN 7, B4 BT B RS
I ERE, Mg

rot B = uo(j; +3'), (7.7)
He g, RESHREHEE. 7 LHEH

rot M = 7', (7.8)
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B M 44 Bih A=A R R A (BD B AR i BE B AR E) .
¥ EXRN (7.7), B3

rot H = j,, (7.9)

HF

1
H=—-B-M (7.10)
Ho

WA sMFHEE . LRI, EFHBARLBRE, & @ FEMH
TR,
M =y, H, (7.11)

Hhb x. WG LR, 38, & (7.10) X537
B = uH, (7.12)

Hebhopo=ppo WA BEE T g = 1+ xo KA HHHS
£, XNEHEANE, v AR (z,y,2) BEE.
KU TESHOBRRE, SEEEHOER, (7.9 XANBK
oD .
rot H = 3{ +]f. (713)

EHEERIE, (7.13) ASRFHFEIE

Al

Opy

v +divj, =0 (7.14)

.

3) UM FHAGHMEBER, TAREA£IER. ERAH
B (R TRET) FREBHEATRESSHHE R,

B2, MRFTHBEGEREBNEMT, TLAHBRERL. &
WMESFI=EahEds. ISAEREGEED, FER/FXN
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HFEEEEX, dEEgitigm, EE R RN RPN ER
WETRANREA FibB K-

divD = Pf, (7.15)
oB

tE = —— 7.16

0 =4 (7.16)

divB = 0, (7.17)

rot H = oD + 3y, (7.18)

ot

Hef pr B J, W ERMFHEHTR (7.14) .
X—HRAMNESARAUREMBEHEERESERTE,
MAEMBNT HRBEEREAOEFTFEER. DM H K5I
ARATHRLEEAPORECEEN, EAFEPRBTAH
BARESER. XEMABRANHFE. BARNLCMBELIFEL
AHZANEG REHEERE, ATTRABRGE (BB R
AL R) FS R R, WA d SRR EEFBRAERS)
Kk, A, ESBRAUHEA-BOERFTMUANE, WHESE
WUAEE., BEMN>NFRMURFAMLRREYEFEN. BE
—AFR (7.18) Ai%kmE —m
. a4 0D
Jd_ﬁ . (719)
WA BRI, EHFRARELENBER.
HRF (7.15)-—(7.18) & (7.14) EXWR L ERN

fa ,D-nds = / psdV, (7.20)
fE dl = ]@ nds, (7.21)

B-ndS =0, (7.22)
as2
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‘fEI<ﬂ f-—— ndS%:/Jf ndS (7.23)

d .
— dV = — - ndS 7.2
dtfrzpf a7t T - (1-29)

Hp QA PlE—SEXHE, 02 AHAR, | ABE#K
G —A e mlig, SAE—U! NG EE, K&
probikskm B n (AW Y | g E DT WA F R,

T2. NERXABLOES

EXFABPEHBIARABEZERZRET (BFEN R
A, LA BAN RS ESNAE) . EXMERE L, BTHRE
KPR — R, HBEmthedRE, AN —EBENR
ERELAEWAESE, A, ERitT iBANBSERER
R EBRERY, BEESERAEXTREAMENRREGEHY.
RERNEMAXERSEL, FHEXRERMBEEGEN KL
BXER, MENETREALNBEN XA T4 . XE—#
NI R &M, BRESS ATBAERRE LHERER, &R
EHM, MR RIFAN, BEMOBRANELESHELD
SRK VR B . ¥ S B P 09 3 TR N S 07 BRI Y R R I R A9 X
RSB, 5T EL 85 SRR

EhBEHTR (7.20), £XAE I HMEAE— K F4700 8
W OS_ F Sy, FAkME—EEAE 2 (RE4) ., & 2 £H
(7.20) &%, B4

Qégl)'ndSzfo, (7.25)

Hep QfF HBAAFREHETSE., TAHEANEEET
E, fhetgh@ ST 5 ST SRARME R ZRE LK@k S,
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S+

K1

i D R BEERNENER, 450845 Dy & D, . flgs
frisgkmE n ¥ HMER—RE, HHETEL, THE N KR
B 1 AEs, W (7.25) XARKRB A

(D1~ D) nas,

maEEREgaRFREEEMBRTNTRR, ®E L Lad®
HHREEEY wr, W (7.25) KEWORB A

ds.
Joes

L (Dy - D,) - ndS = /S wydS. (7.26)

BAMER S BF -4, SERINLEAXMNZRE [T EKH— i
mR S i, BIfE

H1 15 2
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-

EHMAFR (7.20) #XAELWERER. 8 D EXRE L
i) BR S5 O
[D] - D1 - Dz,

W (7.27) KATE R
[D] - n = wy. (7.28)
X AXRBLEAAAG@LHAH (W =0), REEAR D
AXREtnEas TR A%, THHRET wy.
Kb, e (7.22) TBHREXRE ELWRAERA

[B]-n =0, (7.29)

## [B]=B,— B, . xi#i X R G LBEARAE Bdir®
S ERESY |

MELRFE (7.2]1) , EXRAHFEME—FEEE, H
Wl R I- 5SEREET, M5 HEE (RES5) . ¥
(7.21) AFHEERUK A HDEOME, &

l+

1% 2

m 5
j{ E-dl = f 9B .ds. (7.30)
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KH4EBEHML (B) &T%F, TR "R ARTERE
Ewmgk B 1, AT (7.30) =7 %5 w8 R 4

fl(El - Ep)-dl,

Kb dl wlay It FE, B 5 E; #5014 E 7 7 &6 % # K%
R, shE, (7.30) AEROBRAIT. &F

[(El —E)-dl=0. (7.31)

BAHMERBT A, BEEIHBEHENERYE, B LR
B AER R LR

[E]-m =0, (7.32)

Kb m 3 5xREMONE—Fm, [El=FE —-E;. X}
B 2%RE FEdmas AR abtdge. (7.32) XX
54 |
[E] x n=0. (7.33)
ERAER (7.21) £ RELOERER.
R, g1 (7.23) RAABREXAELHWERLR A

[H] x n =0, (7.34)

Bp sy A H e 8L @Ldsg . ZIILRERRF
i SHEREE, WA HESRREE.
XEE, ERXANEEMRNAF &GN

D] -n = wy, (7.35)
(B]-n = 0, (7.36)
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[E] xn = 0, | (7.37)
[Hlxn = 0, (7.38)

Hp AR n EXREHAMER KA. Bit, EAR
HxREt, Bé#kaoEis, Ef HHbhasrEis,
w D #ika s TR KA wy .
M, & (7.24) BRFTEELEXAE LHERERY
. . 60);
[Jf] n= 5t (7.39)
Hoh (G, 0 J; ERRELORE, wy AXREENEHEH
E A, 0 T 7 A R AN R — B

7.3. TERAEHBROET

MEESFTRAPEEGEEONEAR. HEEHHTE
(7.16) 5 (7.18), &

oB

= t E+ — 7.40

0 1O + 5 ( )
D

~J; = %—rotH. (7.41)

¥ (7.40) 5 H esER, (741) X5 E BB, 34
mEprangR, sE8 D=¢cE, B=pyH, H ek p R
(z,y,2) WEK, TSt XX, KINBED

—j;E= %%(E-D—l—B-H)—l-rot E-H—rot H-E. (7.42)
EREmMEBSHT 2N
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div(Ex H)=H -rot E— E-rot H, (7.43)

(7.42) RS %

: 10 .
__Jf.E:-ia(E-D—i—B-H)—{—dw(ExH). (7.44)

XHE, AIDAEbE X REEEER N

(E-D+B-H), (7.45)

wWOEEEREATERNR N
S=FExH, (7.46)

EHRA ke ExE. (74) RKBNMFHBETHES R ER
B 43 T =X

EFENFRERGN LA R TENE R wdy BRT
ERE WY

S
5 (7.47)
B |
5(eEZ +puH)I—-eEQFE—-pH®H,  (7.48)
HAHES B,

88. ¥ IHHI BB

8.1. B iF
HE LR EH AR ERH S HARY F el . e, B
BRI REh, BHEE E wREnmEEt. E=E(z,v,:z),

IO ——__ SR S EEREE



Wi HNE: B=0,
mERHHEHE (7.15) & (7.16), &

divD = P, (81)
rot E = 0. (8.2)

h (8.2) X, HFiEwuYE ¢ (HRETHE - MEREY), &
E = —grad ¢. (8.3)

XH, HE(8.1) K

o ( 9¢ o ( ¢ o ([ 9o\ _
()5 (8) 22w o

BENRALE, oHE—IT_BrHEARETE. (84) 2—4 %
FWH BEf TR

RERNLE ¢ EARTRATLEBENEE. & (735) 5
(7.37) Ka, EAFRWOERELESR

[D]n = Wy, (85)

[E]xn = 0. (8.6)

HEF D= —cgrad ¢, (8.5) XFTBH
€1 (%) — & (—g—g—) = —wy, (8.7)

1 2

HAPTHR1IRE2HSHERFAEZRELETHAR 1 & 2 — MBI
M., (8.7) XTBEH

[E%E} = —wy. | (8.8)
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i (8.6) K, MEMSXREMRIMNH B m, &L
(E1— Ez)-m =0,

B
)
m-,‘r_n_(gbl - ¢2) :\07
XER Q1 — O EXRBLEANER. BT 6 WRETHE A
ERHY, BARESE—HR2IE, THAEXAEL
¢1=¢2 #® [9]=0. (8.9)
KR, B LR AR

¢1 = o2, ‘- (8.10)
o o
£ (8—2)1 — &9 (52)2 = —Wy, (811)

Bl A AL, (B—Frkm A E K. 0ERFEE RIS
o, WAL

1 = P2, (8.12)
£1 (gi) = €9 (gi) (8.13)

RELEREHLMBDR WA REH. WRERINERE %S
/DS AT RBBEE, RONRLFANEESBET LYHR
. RAVME, ASBILMBAGREY, AHLSASBEY
G, —HISAARLLEGERENE, NTHENMSA NS
BEL—HRN A XD PR, SRRV LYSBABBEANE
i, BREFLERBERTEN RS MAEEBRGHER, 46
REBEER, HtSE OB Bs e TILAN&4

- 67 -




(1) GASK L EHS HOAMEFHRMEN BFLE,

(2) SHFHOBHRUTRHORRS HESKLEL,
AESEABART R (X—RRIY BRAA) . XREYE
S#hwE D=FE =0, \iigs (8.1) RaT B pEENE.

(3) GASHIMRLHMA, K EBEENEL.

(4) B EL SHAR AR O LR ERSET 24
BH R

/MD .ndS = Q, (8.14)

Hfn AS4& QARKBEMINELT H.
XH, EWERERELNAFRZENA

¢ #’ﬁ (Fr ), | (8.15)’

. 3nds Q;, (8.16)

Hobn HHFEAR. I8, ARFHEHRIATFLR. T—1
%4 (8.15) BR o W —HEWY, RSEEE 0N A EHEYN
¥Rk, BTFRHERSE, AR~ KF%F (Dirichlet) #
MAREH, EFED—DFHERME AR, UREHLEBHE.

9 |
F %4 (8.16) £ 8-8% & 0 L4, RRBHERN

ER. XRE—PMERBHLREHE. (8.15)—(8.16) R—RF®
WOREH, Ry “CETLRAB R “LDRBHRLE . %
FRMABKIRELE, CH—RANHR (58 5], (8],[12],
[17) & [17] *Bi5 a0 3cmk) .

o, ERMOBEERRR OB ET, FELEENE
R R&E, BETRELFITABENE.

$=0. | 'f (8.17)



X & Kk F % & (Dirichlet) i £ 4% . £ RRME, 5T —4H
LAMRBADARSLRER, HER “EFE4R LwEL
%y

& T & g x) BR b A AR
9o
5 = 0. (8.18)

X & #® % (Neumann) i B &% .

XEE, MEHEGHRKERE, Sul{b AKX iR GTEKS
EWMHEEE, Al ERERAARB TEEREAKER (B
" (7).

- BRGbPEXANE, BETTHGERYE O kAR, flnEE
BEEAN ]

“E-D=E?=°% 2
2E D 2E 2[gradcj>|,

(iR 355 s
_ 1 2
Uem =5 /Qslgradcbl dV. (8.19)

(B.19) MAZ LM KALERY . EESHHFENHRPRE
B A 19 4E AL
FEHH 81 R, A

elgradg|? = —-D-grad¢
—  _div(¢D) + ¢div D
= —div(¢D) + ¢p;,

(8.19) XX a5 4

1

mm:—/é v, 8.20
m =5 |, 0Pr (8.20)

. 69 -

Pr— R

PR i
= g A T



Hep Q HBAHHEGHHENKE,

8.2. 3 & M i

BERR e AA BRI, e o & j; AR
(z,y,2) MEH, W5t XX AT ER BStist £%. i
#= m N AR (7.15)—(7.18) &

divD = Pf> (8.21)
rot E = O, (8.22)
divB = 0, (8.23)
WAk, mEEEAR (7.14) Al
div j, = 0. (8.25)

MBEEHER -8, HEANTE (821) 5 (8.22) B R
gEly, B SIgEE o, #F (8.3) 5 (8.4) KXW, ENE
SRELE, MEMAME—ROE&E (8.10) 5 (8.11) . HILATLL
il B35 — BE M B AT 1T 18

BEXENAT, SNEHEREN S (20 (7)), ¥R
ER WA BRI, RAVE X LT BT A B 89 5 B: 3k 8 57 48 B Y
B R

1e (8.22) RFIAHEE ¢:

E = —grad ¢. (8.26)

il A RNk (Ohm) 4, mipE E fib e j,
HFRXE:

1
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B
E = iy, (8.28)

1
HP ok v= . AHBA RRR X EAEE . IREAHEY

FRRETHARPERAIITH, TRARDOEES B &
FH, SHEERR L.
B, m(826) 5 (8.28) X%
: 1 -
Ir= ~;grad ®. (8.29)

BRA/ARRESEEFE (8.25), ABH ¢ AW TN B #
R

— div (—’l;gra,d qb) = 0, (8.30)

_ 8 (18¢\ 8 (12¢\ 8 (184) _ |
Oz ('y 6:1:) By ("y By) 8z ('y Bz) =0. (831)
XR—DBUERFR .

EMRERE L, BTN (8.22) % (8.25) B4 ERY
§7.2 rp—BEB B RN WA R &4

[E]xn = o, (8.32)
Jgl-m = 0. (8.33)

R, e (8.26) & (8.29) XA @
o1 = @2, | (8.34)

1(8¢\ _ 1 (8¢
wlon)n(a), e

.71 .
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XE (8.34) R AEWE—WMBHEEBE L, EHRER.
ARROIREL, $HeANE0SFHRARY

B, RATH LUREE 00 R A

1) WHEBELREE

o=CMEK (8.36)

BB KA RATR ¢ = 0; X “TIFmia R Ly m i a
BN E.
2) K BNR L&Y
10 ‘
5, = DRI (8.37)

%)
5§=mﬁﬁﬁﬂﬂwmwmﬁi,m?%
10

BMMALHR, # Jy 0= —Z50 =0, HOHH LRBR
.

3) BEEAR A EmkE [o b, T HRER S,
HE ¢ MA (fE) BE. s, B Emmh bR iiiEs
Wlo, XRERBEHMOEE, ZAMBENFPREXHE.
wn ¥E Ty ERENRMNIERT R, A TFRARPRHEN
SHRA L, B

Pl R LA

Midr (8.29), &
166
/F - 5ndS =1 (8.39)

ke, ZEmRE o b Y — kBT S AR LR R AR
B3l R &M . |
dlr, = HEEH. (8.40)
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106, .
/n, 945 = h(ERHK). (8.41)

T 2 e S AR AL 4 SR AR AR ) 41 T a0 08 ) 3R Mk R
# (R [7], [17]) .

8.3. pikin

WA R, RMERRTEROBSHRY &8 . K pr &
Jp RN (z,y,2) WEBEK, TS5t EX. ERFEHFEAUE
BEFEFELEGER (8.21)—(8.25) .

MBEEREREROEHOE LW RARE, FiEN0RGRAY
BT L Ab B, BAIMAE

divB = 0, (8.42)
rot H = j; (8.43)

& .
divj,; = 0. (8.44)

T 4 4 b B 355 0 7 T 1
BRI R BE . B (842) R, AEAKHE A M

B = rot A. (8.45)

BRHTATUHE-ANEERYE Y EE (BME—33%), Ll
® A HKY, %R

divA=0 (8.46)

(1 §6.1) . J:ﬁ%‘l{\ﬂﬂ ARy $Ripthcsy (HED).
¥ H = ﬁB = ;rotA R (8.43) %, 78

1
rot (;rot A) =J;- ‘ (8.47)
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ERASH ANKENTE. AARESMRAKX, EXTEH

1 1
grad (—) x rot A + —l;rot rot A = 3. (8.48)
i

BHAMESH AR (2.35), #EE (8.46) X, ERXTHEN

1 1

XREEE ABEH - ERSEOHHER FEL.
ER L HEROREBER (XRENARSERDNER),
AL
— AA = pj,. (8.50)

BfERY ABAREN, EMERRITE. FAEGME, X4
TR — e B

 (PYdV’
Alz,y,z) = APV

(8.51)
471' 2 Tpp

Wi B i (8.44) RAFHIEH, hERAHK A WBRHERT L
(8.46) . |

THE A RBER (Ritdly) AR, & (7.45) K@
o
Uem = 3 ng . HdV. (8.52)

EEE

B-H = 1totA-H
= div(Ax H)y+ A-rot H
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i B div(A x H) £SA XK 2 5845 750 kA R d
ARBRENMAZT, ¥B

i |
== [ . . AdV 53
U.. 2]93,, Ad (8.53)

XH, TREmy E r##ly B ZEEFS UM
7, WFH R,

EieH (H&)

# | A% ¢, F B = —grado

(¢ THE—EBEX),

i (IR )

—eA¢ — grade - grad ¢ = py;

B || —A¢=cpr (¥ € HEY)

iR U =3 [pprddV

XESH (%)

B | a5 A g B=rtA

(A R ERIRRIH 08B,
| AEJAdVA=0)HL

~LAA +grad (%) x rot A = j,,
# || —AA=p3 (F uARE)

ied U =13[od, AdV. |

BENBBUEGH F8% . BRE A KA BBBHE N
=1l Ay, Ay & A, B L RYEXKH, FEA4LH
HWMER, A5 TFAE. RAEHRY, — RSB THEESR
B, Xt #RE T A Ll AR kAL
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B (8.44) X, MM 6.1, BRAMH, FaEmE F 14
js =rot F. (8.54)
i B3I 6.1 /miiE 6.1 5, AT blgi F
div F = 0. (8.55)
# (8.54) XA H (8.43), &
rot(H — F) = 0.
%Emaﬂ&z%ﬁgw¢ﬁﬁéﬁ¢ﬁ
| H — F= —grad ¢. (8.56)
BIHF LR AR O 4 BRI ES (KED) . IERFA
B = —ugrad ¢ + pF, (8.57)
BHAA (842) R, B o HEHHE
9/ 88\ 6 [ 9\ 0 [ 9
5 vae) 3 (vas) 3 (432)
= —div(uF). (8.58)

I
div(pF) = pdiv F+ F-grad py = F- grad u,

XERAMAH T (8.55) K. # ERXMRA (8.58) Xtim, By
¢ 0 36 57 IR LA A B

8 ( ¢ a [ ¢ o ( ¢\
"2 (“a—) Kz (“a—y) Rz (“‘a—) - e

(8.59)
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BRI o AR, EREN AR
— A¢p = 0. (8.60)

THIEENRERE LR &4, BEHRE H wvy)m s
BENMNROZRE EEg (W (7.38) R), 1 (8.56) X8

[~grad¢ + F]-m =0, VY fiaim. (8.61)

ERFESR6LS, FBRA-MWSBEME S FHE—
K, 5 BagEasg® S bEsg, HBATLENR, 318G
S AERT SEANREPRESZN (WM SHFH2z=0
Hs R, M@ 15) . Eei (8.33) M, Jy MEMSBENRK
ZRE ERELN. A, (8.54) AW FENTHZRE
bAESLY, M (8.61) KA H

8
an‘[cb] =0, VymaEm. (8.62)
HBE O MRETUHE—MEEES, dLtas

(9] =0, BN ¢1= ¢ (8.63)

B, BREE B wghnsBRENRSARAE EES (B
(7.36) &), &1 (8.57) KB

[—pgrad ¢ + uFl-n = 0.
FER FroEstk, dEXEF

[ug-g] — WF-n (8.64)

LT

R [ —— e o g it Pl v e M R
b . i ——— i bt



Bp
o, 0
M1 (5%)1 — M2 (5%)2 = (1 — 2) F- m. (8.65)

Wy Fal g fidi /e J, 2, B ERAGRYCMRE. T
R, AR R LMY

$1 = @2, (8.66)

11 (%) T (%f—i)z = (11 — u2)F- n. (8.67)

ENEAHFARESTHELS LY.
THitw#BEREnERAX. H (8.56) 5 (857) X, &

B-H = p(-grad¢+ F)-(—grad¢ + F)
= plgrad |’ — 2uF - grad ¢ + u|F1*. (8.68)

pF-grad¢ = div(uoF) — ¢div(uF)
= div(u¢F) — ¢p(udiv F+ F'- grad p)
= div(ueF) — ¢F - grad p, (8.69)

e8I X wLESR, RAOFAET (8.55) K. % (8.69) XA
(8.68) R, JrEE ARG 2 p#Hsy, BEINHEW div(ueF)
Q2 EHBESENARKLARAMLALARBLENAZT, RED

U.. = E/B-HdV
’ 2 /o

= % /Q(plgrad ®|? + 20 F - grad p + u|F*)dV.
| (8.70)
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s

WA uk Fhrem EESEZARLERN
]_ .
Uen = 5 | (Wlgrad oI* + 2F -grad pdV.  (8.71)

XEMNTFREENEFR-GIHEARSE (8.59) mKkFEE
4

§89. ix/kx (Darwin) BERY

9.1. AIMBENBERABERR

%, RAIR THRGSBEHOEE. MrEd, X
KB, M BNEER RN EREE, THE
B AR E L HESRBL, AETFRBENHN LM
X RS S BRI AR LR R B ()t e ol R B 3 O R
WE W), TEROSRRRN AR TYRARBL, X
MR ERMSEFEA#TEL. BREEESOEASEY v, T

5B 1 0B
KB - REBEERT I 09SE, FEL - ~ % .,

1
rot E pAFHEXFZEEERHOMS R, AU rotEN—l-,iZ

1
B AF KR ERE. m%—«<iauw<§nw

1B
LEERHFEHE (7.16) hRT LI 2R PRyl EETEEN

rot E=0., XERABRGPEGBRETBLEOTE. XMBELR
BB BERS MANTIMRENEZTETELANRKRA WM
BedA R URE IR . aERHE B4 (7.15)—(7.18),
FHEER (7.6) X (7.12), iR EANAG N T HER:

OoE 1 :
v ErotB = —J, (9.1)

rot E =0, (9.2)
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div E = =, (9.3)
div B = 0. (9.4)

™D

XERIMNBENMBEF R e SESEuLNELE, FATEER,
¥ i1, 5 psWidhySp.
HEIE 6.3 5, F—MBZHHT B ARG SAHHEM.
XHERE
FE=FEr+ Ej, (9.5)
Ko Er 5 E;, 554 E MBS SH5H5, BVEMHE
div Et = 0, rot EL = 0.

RS RER, L AMETREEE E hh TS
WA AT = R Er . fEM AN - RNEBIE,

ﬂ*E%¢mi%%%ﬁﬁﬁ*,ﬁﬁ&%;?ﬁﬁﬁﬂ&¢
n&aEmﬁ%ﬁﬁ%$wmtmm%ﬁs8:,MMﬁﬂw

WARFR A 2R CEA (W [15], [16] & [18]) . #iRBE/RCHEE
WA BAKEANERPEH.

92. EFEMFEHREN—IER D) M
B O2A—FREZEXE, HABABESHEK, B o = +oo.
£ 2 hREGHENERT R IRANY

OE 1

“— _ Zrot B= —j 9.6
5t ™ 3 (9.6)
%-}-rotE:O, | | (9.7)
dvE="2, (9.8)

£
div B =0, (9.9)



HpjgHp M RESEHE TR

op . .
5t + divy = 0. (9.10)

METRELR 02+, E kR BMNEBREWLREMSE. Xt
HESE, dimBeRj=cEm E=0, x#, 0 E(AL

OB
FA R RE, EEIME B = B = 0, BRI HAENFER

FOE b R &4 (7.37) 5 (7.36), B

E xn=0, TN L. - (9.11)
5}
a(B-n) =0, %002 k. (9.12)

AHBR E & B %Ry
t=0:E=Eg,B=B,, (9.13)

He Ey 5 By AR T HAESH0 R 2K

div Ey = -pf, po = p(0,x,y, 2), (9.14)
div Bg = 0, (915)

F @ BD B A 1 (9.6)—(9.9), (9.11)-—(9.13) 4, %
IR 25 4K SCHET 9 3K AR 10 18 0 47 341 36

9.3. KRB
HEIHE 6.3 WiEW TR, E oM (9.5) 7 am—.
b, RER Ep = —grad¢g A BRAXE—1 5B, T ¢
OR(EL AP
—A¢p =divE

i



MR- 8. BERAAEX Er mmE g%, B RIES#
% (9.5) mmE—. A58 6.3 HHBL, RITA

@ 9.1. 2 Pt AWTHRNI—RF Ar 5

A=Ar+ A;. (9.17)
ERRX AL RREH
Apxn=0, 4002 t, (9.18)
R LR oML RE—8, B AL RARTHX

| AL = "gradlb,
_AYp=divA, £02 A, (9.19)
v =C, 50 L, (9.20)

XEC HE—FH.

iEBR  mWBIE 6.3 mirMm, A H48RX (9.17) 4
F Ap = —grady, o ¥ AHE (9.19) W@ TEIE ON
Ftgrady xn =0 WAELHEN grady BHUIMHSENZE, B
(9.20) ®r. Pl A B RN RE4 (9.18) oM (9.17)
mMF A = —grady, He ¢ HnERE (9.19)—(9.20) &
®. ExtREREE C, s (9.19)—(9.20) mmzm R
HME-NER., B dHBREN A REM—8, SIEE

B

REBE E 0@ (9.5 L3I BuER, BEELR

EY o
O F, Epxn=0. Z&HE (9.6) ham -« atT,iﬁwi%
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oD

HEA (9.6)—(9.9) By 0T AR U R
0E; 1

£ — ;rot B = —j, (9.21)
%?— + rot Ep = 0, (9.22)
div B, = g, (9.23)
div Er = 0, (9.24)
rot B =0, (9.25)
div B = 0. (9.26)

DT B3 3 2 DL L — B o 44 H 06 320 £ 40 8 2 9 5
D B, SARFHESE 9] FERNERE, R
3 (9.13) M N5, DR %HE (9.11)—(9.12) EIEY,)

E,xn=0, £69 t, (9.27)
Erxn =0, €812 L, (9.28)
B-n=By-n, £02 t. (9.29)

EFWNHAE, W ETMEhn RS B & t =004, T
BMNA |
t=20: EL = EOL; (930)

fd FEop 4 Eo #3518 9.1 M4 B4 BRSBTS, EHEMR
UG g |

: P
div Eyr, = _E.‘q’ Po = P(Oa Z, yaz)a

EOL X1 = 0, Eaﬂ t.
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B 85 Mifitm, ERFFHFBRANY - LEHBEENHE
FREMEAS RS, Bik/RCER (9.21)—(9.26) BEREX L
R-TEHITRMBHEXTHE T WRFBHOTEL, RWmT mE
1=F 2, H & m R B A 5 b ] 40 24 1 B B 05 & A9 52 1) 1k 4%
o B E, RMNAWMTFLSEE (B [13]) .

EHE 9.1, ARIBMYSHTHREE (9.21)—(9.30) $#-F
SHE—ta X6t Ah, KM TEZANBEQERA.
(1°) Ep = —grad ¢, £ ¥ ¢ A TFT&AaRFAERALE M
45 -
—ap="F, pon, (9.31)
E .
¢ = C(t), #0952 L, (9.32)
@ Ct) H—APRAT t g HE,
(2°) B % F ik I5]8 64 #%

—AB = puroty, £02 A, (9.33)
divB=0, 4102 A, (9.34)
B-n=By-n, #2002+, (9.35)

(rot B) x n = puj xn, #0912 k. (9.36)
(3°) Er A Ti£ P& M-

AE; = %rot B, 50 n, (9.37)
divEr =0, £0 A, (9.38)
Erxn=0, £00 k. (9.39)

iERR #® E &k B AiE/RXER (9.21)—(9.30) w9, 4
E;, o HRE (9.25) . R4 (9.27) L& (9.23), # A5
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BOlm, KEOHE
EL: _grad¢a

H ¢ W2 (9.31) f1 (9.32) &, B (1°) ML,
WiEEE T rot fEHF (9.21) KXmawm, FIHAR

rot rot A = grad div A4 — AA, (9.40)

HEE (9.25) 5 (9.26) X, ®&iA
—AB = rot 3,

B (9.33) i, 1 (9.26) & (9.29) R, AiE® (2°), M T ¥k
ABHFE B W R R4 (9.36) . Bt RER (9.21) XEMRED
RO LS n FuER, FAHCHMNLREME (9.27), B
B (9.36) R. FrLL (2°) Moz,

W F (3°), 1 (9.24) & (9.28) R, BAVTRFIEMH (9.37) .
YR T rot MR T AR (9.22) mmis, FAAR (9.40) #
HE (9.24) K, ;BB (9.37) K.

L, R E B B ABRRIXBEGEMIE (9.21)—
(9.30) m@, M E;, . BHa Er H3imeERE (1°) . (2°) f
(3°) .

Kz, % EL. B# Er 4504 E8E (1°) . (2°) f1 (3°)
Mg, TEiESH F=Er+ Ep B B RS /ROEREN E R
5 (9.21)—(9.30) WM.

b (1°), 54 (9.23) . (9.25) % (9.27) R war, i (9-24) .
(9.26) . (9.28) & (9.29) B (9.38) . (9.34) . (9.39) &
(9.35) . M FRAFBEY (9.21)—(9.22) & (9.30) =X,

BB MH (1°) e B EmtG&H (930) , = -
E, B (931) Rm, £t=0m%F

—div grad ¢g = EQ’
£
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RE-AROTHENE, RFREREL =0 WHHE. DRFES
# (9.14), ¥ EF (9.24), &

div Ey; = 2.
£

ML R
dlv(grad ¢0 + E(]L) = (.

sx %8 grad o+ Eo, REH.HB—Fm, —grad¢o = Erl,_,
5 Eor ¥ A% A58 9.1 ERapygh g4, Bii grad ¢o+ Eor
ERHA%, H

(grad QSO + EOL) Xn= O, EBQ E.
FRHE5E 9.1 75
—grad ¢o = Eq-

i3 9 B A A (9.30) L.
REEY B, 5 BWANR (9.21) . AAAR (9.40) 3
R (9.34) X, HE (9.33) AXEH

rot(rot B — pj) =0, E02 H,
8 ot B — uj n—Bh. K5, DR EH (9.36) &
(rot B — ug) x n =0, #9 L.
XE, HEIE 9.1 Hm
rot B — uj = —grad ), (9.41)



Hop o W2

—Ay = div(rot B — uj), &2 A, (9.42)
v = Ci(t), O L, (9.43)

XECI(H) A— P REBTEHARRE. BEER diviot B =
0, F MM ELEH TR (9.10), (9.42) KATHEH

W (9.31) WBMET t RS, 5EAHE, FEETIHL
B REE, EAE '

d
v = Eu—é—? + o),

e Co(t) A—ARERTt WEBRE. &1 F EL = —grad ¢,
LREGH

—grady = eu 5

BHARNAN (9.41) BB HAE (9.21)

THEiE® Er 5 B %2 (9.22) . #MAARX (9.40) #
(9.38) &, K8 (9.37) THE N |

rot (rot Er + %Bi) = 0. (9.44)

H5I# 6.2, FE Y #

rot B + % = —grad ¥. (9.45)
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oB
EEED (9.34) &, BR rot Er + — X R -3, FLl

EREREK Y 0Kk AR *
— Ay =0, 2 A. (9.46)
Hoh, BAVEH, FARREH (9.39) T4
rot Er -n =0, #8612 t. (9.47)

FxE, X002 AU HAKOMER S, HHFE AR
H

/ / rot Bp - ndS = / Er-dlL (9.48)
s l

(9.39) KW, £ 02 + Er FAFRAE n, BS54 mE
Ex, x&i Er-dl=0. A, 1 (9.48) X8

[/SrotET-ndS=o

%t 082 LT —diER S BRI, B S MAERMENS (9.47) K.
i (9.47) 5 (9.35) R, RATE

oB
(I‘Ot Er+ E) -n =0, £01 t.

M (9.45) &, B

oY

el 200 75 B2 AV, AR AR MO 55 23R 4K 8 U (9.46) & (9.49)
nA (ATRET t 1) HHEME. ATH (9.45) 4 (9.22) .
8 9.1 iF e,

9.1, ARMHR4 (9.21)—(9.26), Bp R A& H (9.27)
—(9.29) Rytk&H (9.30) 5, TR BHAMRKT B 0¥ K%K
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(i3

Eit, ZERHERCERYEENES EH 9.1 PAHRMHEMN
ERFEEN, HERAHFE (9.33)--(9.36) i B %2
Wtk (9.50) . Milt, URNER Bo M2 —F ML
#. B (9.33)—(9.34) & (9.36) 5 W., XE A KN A

divB, =0, #0 W, (9.51)
~ABy = urotg,, TN K (9.52)

. _,
(rot By) x n = uj, X n, 2 F, (9.53)

B jo=7(0,z,y,2). ATLLES, REBE ERAEESE,
B (9.33)-—(9.36) wfe B i B 1h &4 (9.50) .

HIEBM, HHEMEAE (9.51)—(9.53), RELE t =0 1t
i (9.33)—(9.36) maymE—¥, BIEHY j =By =0
o, ZHBLEFAR B=0. kL, WHAE (9.40) &
(9.34) &, (9.33) XATLIBH

rot rot B=0, 72 H, (9.54)

Bl rot B 935, {2 rot B X 835, M HH (9.36) X4, ©
R DR &

(rot By x n =0, #0f k. (9.55)
TRMH5HI1E
rotB=0, # WA, (9.56)

B B A%, i1 (9.34) & (9.35) X, B YR¥im, BHER
WREH
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B-n=0, #00 t. (9.57)
Mt B B=0(20$E_=35/% 3.1) .

BERNEY, E—F&4T, S/RACEEBYIESTE
TR4Am - mE. & E. Bs EP . BP suxx
ERFFHRYUERTE (9.6)—(9.13) SARCER EMmE
B (9.21)—(9.30) & (9.50) tyf@, HBA WA KT T LAUEBA 24
n=wlje—>0m, E° B gaxFrsmnT E. .
B (® [13]). mEZFR L, SBEHBREMNAZEBST S, KKL

BAKBRAE TEER NS A BRAR0EHE, B EY = E; .
RATBMEXE — & FLLES. =R (9.6) 5 (9.21), ®iE

OE oFE; 1

o + € 5 ;rotB
D
= 58EL — lrot B?.
ot 7
waEt, oo~ Lot B — Lrot BY s, ek
ot 7 L ot
OE?Y
5 e WARSE, AWE
D
eaaliL xn:saftr, “m =0, %D L.
XH, HEIHE L F
OFE; B aEf
ot ot
EZEBENHEONHEEE (9.13) 5 (9.30), Epfs
E; = EP.
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ST

. B —HAHHERHOERKES, X EMEMET
E(W%ﬁﬁﬁt%%ﬁﬁ%ﬁo,ﬁ*ﬁé%ﬁ%&%%%m
HL 3% B % 3

2. RE—WESHELTHEE Y RWHE, KEEs
(M ERLENBREE) % o, RRIZREHE R R E
15 38 B B L

3. —lA By (Ey A% AE) Eipd, BA—%B
4 R 0SB, &S0 BRSSO i R 1 R R B I R
% .

4. WM& P B Py S EK —q B +q 0 S BHEHTER
MR ERT, HEEE m=ql, L= PP, . RIEWY [ — 0,
g — +oo, {8 m = ql RIEFEE, HBETF=ENEGKBE

A
1

1
oP) = —47T€om ‘grady ("’POP) ’

Hehgradp FBRXT P A,

O. MItE I B 4 S HOBERTFHERNBEIGHN A8
.

6. RITHEHRFABREN I WEREMNEREHRTENBZY

7. ®—¥BAH ROEAFAEE LB REEN . S3tHEE
ANECEETERARMEFHNAER L, BZRABEETENY
% 0 W FRR T B

8 #EAETHPE —REE#ES
(21
o
21
. CR?"’

B(P) =




Hepr AFE8A P IXNHMaOER, [ X R ANYE, WE
E—RABY A ST EAENERMEX T MR, EkBA
X B B L .
9. BEZXZAI N WFEL, F—HHEEN [ HFES
. HAAE n BAFF. XREFBERAFTEHEEN So,
nj
m = I5mn

WA ZH BB RE R ERE . RuEW, % S — 0 GFl4a —

B), I — +oo, 8 n f1 m = ISy, BEHEAZE, HEHBERE
7= A R 3 1 R A

A(P) = -

Heprotp % P SERESE.

10 FEHHWEHKEL, EV: ERFEBELEZHNRAE
TET, AIfEREENE.

11. EEZMEAMKSET, KBERRAFUTEA:

j=okE,

HpoHAh eex, KEARTSHPSENEEETENRN

B G E B 54 P 9 A AT R 1 0 A 2 B A B] A 39 0 T i 200 B o
#HF.

12. RB[BAEFELCHET, BEHORE o SKE A i
R,

13, Wit xf kim0 R &, mME ] 3R LA
& .



14 wAaREH Bz,y,z) = (B, By, B.) £ 2z #0® A
F—-MELRIN, Ez=0HAFE XN, H

divB=0, z#0.

# B, z =0 %4 RIEVEEESZHNEEN Az, y, 2)
{E -
- B =rot A.

5. Amsh s, SR B BF KRR B E)
BREEKBMRAR (7.47) & (7.48) .
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§1. MABW A STy B4l

1.1. F&4HHiR

EAYS, i REBREB LA HF T EY., Brig #
Bk, BRI ZARKHERBMESHRA, LROHE, EELR
BRHHEEMEZIN, ET -t — b melitie, BaHH,
BERGEREZHAET, R—1SEOEL. Flw, EFR KT
BRAEMRD TN, BYTREOHRE—HEPEELNFEE
HHEERMEZFHERS, ERGPHAOTSHTREAEBR
Bkt iritie; BENEANRDEYBIKAEBRE, bl HH
HEHMEE. A, WEBRA&AKIE AMUAFHL LHE
EEN, MAREFXRLAGEXRMME. WH, XBAFEORR
EHK A, BSAKESE TFTHERE, NI ERKE (€%
EFB &) fitie, thiBE T — WP 1T,

BATH v = (U, uz,us) X p, p, T SRR RABEHRE,
(ZHRERBIERS) . EREXEBHNOHEE, SNHBRLHN
t BB EILEE © = (21,22, Z3) MEX. ABEHEELS
B I F .

udh HERNE .  XREREBM OO ERSHHEE, FRIEAN
MBS FHIARBNZIEE. X8, FEIA © = (21, T2, Z3)
WERM T dS, KEm R idy n, e EXE [t ¢+ dt] K
Bn Hmikiad dS wREEE S

u(t, z) - ndSdt. (1.1)



pH R BER, R ABRANRE, X, EHARR
[t, ¢+ dt] ik A AS B AR RS

p(t, 2)u(t, ) - ndSdt. (1.2)

B pu 2 FREFERNE . LR H, EHRAEER, BT
AN RIEHFTF ORI BEOTAERENS pu-n

pu XK FEZERE, PRAUEBRENGSE. EERX
M [¢,¢ +dt] B n HEKS dS ®wHaEsiE S

pul(u - n)dSdt = p(u ® u)ndSdt, (1.3)

HPu@u yEEmEKKER, B

u? ujup  UU3
uu=| uu v uuz |,

UzlUy1 U3Ug Ug

M (e@u)n RRERE uQ@u SHE n HEEE LT HRE,
TH. KouQu HHERKE.

PHER HAEHELNER EOREESH, HAAEET
FHEH, XEHTEETREGAER Bt mgik, £5%K
RAHKBET, EA—-SERREE T HOENERE, 2
MEAANHE. XEHFEAARYE, BERENDEERAF
SR NBUES EMNS Y MAE X, BRI
—PERR. XHE, EBMT dS SR H MM EEE n K IE R —#
B W AR S R

— pndsS, (1.4)

KPR GRREEN.
T R4xtimE ., RERADFDR, —NH#RRSFREN
ETRARATREEHYE. B, p,p RT X=ZARAI¥&E
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ZRA—1THERRBERKEREA
p=f(p,T). (1.5)

MARKHEE, CRAERARMER. (1.5) XK IREN REF
2. By, EREATBEAUABH

p = EpT, (1.6)

MFAH BEAE, Xd RA—NERE.

THESIA-AHNER. Ue RBAFTBHREN A,
Bith itk FROA B MMz s r AF NI 8E LA R i F 40 7 Rl 4
XA ETRENBEG S, XEBSE, aTLHENEE S T
BEHEEMN, AMEES>FHE MHARRMBRESEX, B
e AR T MR, FIERL

e=c,T, (1.7)

Hbc, A—IEEH, Ky ALK, RHKSEN £F (poly-
tropic) A1k . |
RENGEEHANREEWS MR 2 AR/, BEib p6+%pu2 A
ETE, A ARPREMEGER, Kd o =uf+ul+ul.
XE, ERERE [t,t+d] A n FaFEd dS BREEER
A ;
(pe + ipuz)u - ndSdt. (1.8)

BAV (pe + ipu)u h G BRWE .

1.2. BRRENFEHES
T HEAG, REEEIIBRINREN AR B EGE
BFEER, RESHBERAESI I 20EART R,

. O .



1) GRTES®

7E BT B0 K b AR B — e i BR i 1 3BT R A0 X AR i
X 2. RIEFRFEESR, ENEKE [t,t] A, KK 2 dH
HARENENE

fn plts, = )dx—/gp(tl,a:)da:

(X dz = dzdzedrs), NETFAELBEHERNZ S48 THA
QhHRANRE, TEE, B8I1E (1.2) KAMH

i
— 2] pu - ndSdt.
t1 I

SR, SRR E RS T BB T S
ta
]@m thnM=iLﬁﬂmmmu

V2, V]t1, ta). (1.9)

EFEROREESTROEET, MEKAR, ERATH
5 %

b2 dp .
ftl /Q (5{ + dw(p'u,)) dzdt =0, V,V[t,ts).

TR, 02K [ ] nEREREREROEEE, REB2R
BrEEay BB T ‘
8

P .. B
5 + div(pu) = 0. \ (1.10)

XOEHRA EEMFTE
RILESRREERNER, AEEFXREREC ELTRE
WRT, o BEANTFHEERA AR, MEXERERHNE
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SAMHETRENEE (N TFA430 2P HME, TREE
WEERNA L, XBHRBEAEENEER), ANNBS BN
FEHEETRERELN, AXHR—-I#E— B HEHHERA (&
R 84),

2) BRFEER

REshREES, ANERE (£, 1] AR 2 b Hidksh
B mE

/Q pu(ts, z)dz — /Q pu(ty,x)dz

PETFELRHEANSERR THA 2 FRENSIR, BN
FHEHEAERE 2 Lt nvhR. KaE, BT (1.3)
Bi t
~ [ dsdt;
A fl,p(u®U)'n ;

WEEBERE 2 ERERIFTHRONERERE 2 H1id
FLUEMERTBAITBROFBIFEBOMAR. R AR EE, B
BT RBREFTZLNNA, A Ft,x), BAMBNE B4 %

? [ Fdad
t.
/tl fnp Tas

WA I EWEEHRE 2 S ORAMEREY, Wb (1.4)
R RCE P Rk !

ta
— Sdt.
; /Fpnd d
XHE, IETHEERIYELNTHESEKX:
/Q(pu(tg, x) — pu(ty, z))dz

== -f:zfrp(u@)u)ndet
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ts to
- dsdt / / Fdzdt,
{1 /I—'pn + t1 .Qp T
V2, Vity, ts). (1.11)

EREHENREEETRNEGT, ALK, EXTE
A

jtltz /Q gt—(pu)drdt = — /: /Q div(pu @ u + pI)dzdt

(%) i
+ /QdeSEdt, V-Q, V[t19t2]: (112)
4t

e Ty -mrpfriksd. mb=, MARRERNESEUE
25 [ti,t) ©EEHE, BAHBIESROESBRLT:

0 ,
b—t—(pu) + div(pu ® u + pI) = pF, (1.13)
HERTEMNEAN
2( -)+§3:—Q—( urUi +poii) = pF; (1 =1,2,3), (1.14)
atput k:1axkpkt POki pr; 1~y 3 .

H 6 AR BN (Kronecker) 2 5.
XIL¥EH, FAEENE AR (1.10) o LR EE R
LAk Y, T

3 Bul 1 Op

2 ue

=F, (1i=1,2,3), 1.15
9z p3$, (¢ 3), (1.15)

%5 % " 1
E"’-+ “gradp = F, (1.16)
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o d o 3 o
=5t ", (1.17)

ERBEERERS (MARTEA) Bt HSK, T E,
T AE 25 0 52 0 AR B A BB A ok = 2 (2) (k= 1,2,3)
R Te(t) = we (k=1,2,3), FREBERGBEAN, —HK
fit,2) XF t SN

d | -

5/ 2a(2), 22(2), 23(2)) = Z:&%m@
_of & of
= -b-t-—{—kgluk-é—m;

712 (1.15) =t (1.16) @ % %A k4 (Euler) 5 . ©5
(1.14) RA, FAHFSERNFEEEBR.

3) seMFiEE &

RBGERTEER, ANERE [t,t) AR 2 PRsak
& oy im 2

/Q(Pe + %puz)(tg, x)dz — /Q(pe + %p’uz)(tl, x)dz

METERBHEIASEHR DRA QPR EE, B
LB EAERE 2 EhPiEN. B (1.8) X, wWwHE
N 24 '

ta 1 2
-/ fp (pe + 5pu?)u - ndSdt.

MEENNOWFBIAL: F—NoNERE 2 ENERIK

fEX1 T
/t " /Q oF' - udxdt;
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WE—waNERE L FOERH (N Q2 shmsxt s
EH) FisodEsh, & (1.4) AN

TREEFEERAISIMTHNRAIER:

kmﬂémmmmm—ﬁymémmm@m

_ to 1 9 ta |
= ftl /F(pe+2pu Ju - ndSdt /tl -/;ﬂpu ndSdt

t
+ [ prF-uda:dt, V82, V1, ta]. (1.18)
t1

EHXEEESTRNBET, EABALR, EXTHE
yo)

2

_ 2 . 1 o
= /t1 ]ndlv((pe+2pu + p)u)dzdt

t
+ 2[r2pF-udxdt, V-Q,V[tlatZ]'
t1

t2 9 1,
j;l fn ét—(pe + —pu®)dzdt

FRAE N5 [, t] WEEHURBEHERNESLHE, LR
HAGERTHEHEENES B T:

7, 1 : 1
b—t—(pe + Epu2) + div((pe + §pu2 +plu) = PF u. (1.19)

FAELHEAE (1.10), EXTWAA N THER:

2 2

2 )+ pu-grad(e+ %)+div(pu) = pF-u, (1.20)

2(e+
Pot T 2
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2

pc(lit(e + —) + div(pu) = pF- u, (1.21)
d
¥ g7 MEXR (1.17) R, &3

div(pu) = pdive + u - grad p

% d v u. 3¢ FAKI A& (1.16), i (1.21) Rk
_ — - —_— . R .
dt' 2 dt’ ’
=)
de
+ pdivu = 0. (1.22)

Pt
NEEPELENE (1.10) T5H

d
§§+pdivu=0,

(1.22) RAXAH—HHEH

— 2 F . (1.23)

tHARNMERE. B RGERTFEIEXSE RS, BN
B, B, w=(u,ug,u3), p B T ARMWEK, FHFHR
B p=f(p,T) RMpith e = e(p, T), Wi m&— 5 1y
Mo HEY, EEEETHOREZPER. XRRA—TFWIH
B (L, T1,22,23) RAARMBEN —HiEEREI T
4, JX—HFRAMPR, BUREXHEKNA (LIMEYERR)
KB, €5 A E—EHR—- M TAEEMEBE. 1986 FEXEHE
K85 % it & (National Research Council) % 8 fi Xt $2¢ %
BEREMANNESARES, A% “ELEiFEEA”
(BR(11) .

- 104 -



CTFTERANRS, EEETHMORGS, ERFEN2 (1.23)
AEBARMTRMENER:

ds
= =0, (1.24)
W 5
= +u-gradS =0. (1.25)
E S R EGRR KD H,
as = %(de +pdr) (1.26)

ﬁﬁ,lﬁFP T ARG LA, BNENRERGEOER BRE
T = rE (1.24) KEAEZZETHAALPH S £E—BEY

FRERFAER. ISHAEBEMRAHRER Y. X
—HEEINEFELEFARBP AR, ERGHERBOBE, 5K
AL A (Bk) REERM (B R §4) .

1
(1.24) Ruoikm  Llo= - RA (1.23), @

de  d7 _,
a Py

FlRMGE X (1.26) X, LXTEH

XEEEEY T (1.24) .

(1.24) s (1.25) REZEETHOMH P (BB FL ) 7T
AXRERBTENE. WNERESHHEHFRAPERA v =
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(u1,ug,u3), p B S HEHKRMEBH, FHMAED p = f(p, S),
e=-¢e(p,S) BRAMRAENE,
KR EFTSE, REFEAENTER

p = A(S)p", (1.27)

H

A(S) = (v — 1) exp (S : S") , (1.28)
KEY> 1 H—H%, K AR4EK T So hyHER. HTHRL
Sk, YZBEELS 22E HTFER, y=14. ¥EHK
#, BHR (1.25) W5

)

517+ -grad(2) = 0. (1.29)

Xif, XETHRAHA v = (u,uz,us). pk pAREmMEBEH, T
FAENe=-e(r,p) WREHE.

1.3. BMRAEHIFHFRENNESEN

RERMNGY, BEBRANETERATEY —HR L
#H R4 #JE .

A, E¥KRBARE (hEFEER) (1.15) X5 H

Bu, 3 ou; o )
Zpuk 85 = pFi (Z = 15233)3 (130)

k=1

HHmE TR (1.25) B

3w

1.31)
3“ (1.31)

- 106 -



HAREFTE p=p(p, S), i

XE ch BEEE FRYENE (K (1.10))
Buk .
+ Z“’“axk +pz Bz

R A (1.31) KRS H

dp ( Op

3 ap 3. Oug
o0 (50 + S oY )

Rp

3
- r _F — = =0. 1.32
b > e +§; (1.32)

XBE, &L (ug, ug.us, p,S) AXMEE, ¥LERFTBRIED
BriEEad (1.30) . mespiEe (1.32) BuriE (BEEsrH)
Ef (1.31) WkAEHR, B4V E YW TFRERER:

oU oU aU oUu
A + A + A + A = 1.33
05t Yoz, Oz 29z, (9:1:2 301+ Ox; ’ ( )
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B, U = (ulau%u&pa S)T:

(p 00 0 o\
0 p 0 0 0
Ay = D0 0 p 0 01,
0 0 0 ptc? 0
\00GC 0 1)
[pur 0 O 1 0
0 pu; O 0 0
A = 0 0 pu; 0 0 1,
1 0 0 wplc? 0
\ 0 0 0 0 uy
[ puz 0 0 0 0\
0 Pu2 0 1 0
Az = 0 0 PUg 0 0 y
0 1 0 wugplc? 0
\ O 0 O 0 Uy |
(m3 0 O 0 0
A3 = 0 0 pus 1 0 y
0 0 1 wugpptec? O
\ O 0 0 0 us |/

1]
C= (pFl,ng,pF3, 0; O)T

F >0 (BIAHBES) MHEN, Ao YMNKREEHKE, A .
Ay o A BiAxiskie., B B4 (1.33) 2—4 —Hdl4hk
ARy B F A

Xt —Br M R A (1.33) TR AENE: £¢>0
B SR iZ TR, FHBEMGAE

t=0:U= Uo(ﬂ?l,xz,ﬁﬂg), (134)
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XB Uz, 20,23) HBFRAETHRBEL. & U%xy, 72, T3)
BEHEEBHBRIET, ATCLHEAZ A ENR (2R 55§ EE
0<E<O (6 > 0) ) mfpfenge—4E. Xt ABEA (1.33), arlin
RE—E §5 PR IBKE, UMM A — DE W,

@ (1.33) BATHERNMABRLERS BN, ©
REXRSA MRS A B X, 88T 4 655 E % T LS
— o2 S R SN I B DR T Rk, R X R O R 4 K (A B b A i 1)
BOEEBORARNYN. EFXHEBROEERE, WEMGR
FTRAEANTHERIMN B ERE AN TFHEEFEA. \NK
BHIHHERERLHRAVAE, HRRBFEBREEANTEETE
AR R EL, PESABREESN TEE )
B4

BG

23: ) =C;(V) (i=1,---,5), (1.35)

Heh V = (v, vs,03,04,05)T ARMEH, ERFANER

5 9G,(V)du 3. SL GE(V) By
i =C,(V
g oy +kz:llz; adv; 8:1:k ( )

(i=1,---,5) (1.36)

) B O X BR W 2, Ef

(aG,-(V))

%1 % # IE <€ BE,

a’l)z
k

(ac;z- (V)) (k = 1,2,3) % % B B,
3’01

WHSHXK—EKHE,
Xt B AR AR S A, ARATEE SRRV = (v, v,
V3, Ug, Us)T A U, o, U3, p B S HIE MM SRR, REHMX
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—Fk, R—AFEBIHRRE. I—HEEEXBLNT+ENRRD
HEEEERLHIH X (C. K. Godounov) Figsk (R [10] RH
PHSE IR . EEEEFHAEER R (K. O. Friedrichs)
S4wir (P. D. Lax) Sh st 347 785 (R [8] 1 [9]) .
T BEATN X — W) AR FE— 2.
BIMFHERERGFEL4(1.10), (1.14) & (1.19), &y
3
%te +§=:15§-;(puk) =0, (1.37)

d 3.0 ,
_(P“i) + Z T(Pukui +pbr;) =0 (i=1,2,3),(1.38)

1 0 1
—(pe +5pu’) + Z ((pe + Spu® + p)ux) =0 (1.39)

Tk 2
Mk, xBEAERSE, B F=0. Mg 8 (1.37), i
slEAE (1.3]) a5 M TFTHTESRER

('ft pS) + Z 9 (pSuk) =0, (1.40)

He pS HEMEEFEDEE, T oSu KA BRmE.

BMEREIHFORDEL V = (vo,v1,v2,V3,v4)T (XB
RHHET, BLBOTHAEFTSK), BHEA (1.37)—(1.39)
T rESRBRN T EL

d 3.8 ;
k=1

£ L) R D %7 v me%K (1 =0,1,2,3) . B4
(1.41) 54 (1.36) mER, SN

oG,
(aw) = (L8.,),
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(%Cf) = (L,’fm), k=123
1

B, HaekE (1.41) BRwrERa, b F L LK REA R X R
M, RE (L)) HiEE, MR LO(V) 2o, 1 (1.41)
BROsFE EEEAXB —Fr X BRI M 4.

HAT LB KTt m, MtE AR (1.40) EELET MRS+
Al srESEA (1.37)—(1.39) #EH. FAEEL RS TE,
s ULEH, FEETF vo, v1, V2, Vs, Vg ¥

0 1 5, < 9 1
tog | = (pe + 50u%) + 3 =—((pe + 5pu” + plux)

k—1 Tr 2
= 209+ % L (osu) (142
~ 5t P ~ a.']?k pPOUL ), .
Hp
— See — 142
vo = _e+pep €s — U ’
€s
i ) 1
v = -2 (1=1,2,3), wvi=—. (1.43)
€s €s

XBe=e(p,S)WApk SHEY. Lht, RIBESH
V & (1.43) HERIE (1.42) AW ERHHE. 2

3
1
L° = wep+ Zv,-pu,- + va(pe + Epuz) —pS, (1.44)
i=1
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3
LF = Vo pUL + Z vi(puru; + poy;)
i=1

1
+v4(pe + §pu2 + plur — pSux, k=1,2,3.
(1.45)

MAV mRERK (1.43), BHRIE

3
1
vodp + > vid(pu;) + vad(pe + §pu2) = d(pS), (1.46)

i=1

Wl (1.44) KB

3
1 ,
dLO = pd'Uo + Z p’u,,;dfv.g -+ (pe + ‘2'P’U2)d’v4. (147)

i=1

K, &

: 3
de = pukdvg + Z(puku,; + péki)dv,-

i=1

1
+(pe + ipu2 +p)urduy, k£ =1,2,3. (1.48)

BLE w5 B

1
Lo =p, LY =pu; (i=1,2,3), LS =pe+ ol

(1.49)
%

L:D = pug, Lﬁz = puru; + péki (Z = 17 21 3)3

1
LE = (pe+ —2-pu2 +plu (k=1,2,3). (1.50)
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X, A (1.37)—(1.39) I E X wmFER:

o 0 Za 2 k

8_tLUO + k_l gx—kLvo - 0, (151)

9O 1o +§3j—8 L* =0 (i=1,2,3), (1.52)
. - 17 = .

. k=1 81']3 " T ’

5, 3. 9

— LY — L5 =0 .

P ”“+;§13ka"“ 0 (1.53)

XA W (1.41) wrERF R4,
FEBI# M v, vy, Ve,v3,v4 K& LO, LY, L2 L3 wy L #) B #4
HFXEARXBALBERMANER. Lk, H (1.26) X4

de = TdS + %dp, (1.54)
Fir B |
€g = T, €p = ;)pE (1.55)

XHE, B (1.43) RAWw V aI5Hh

e+ pe, — TS — %uz
V9 = — )

T
v = *% (6=1,2,3), vs= 51; (1.56)
B (1.44) & (1.45) &, &E
P=-2 e Py (k=1,23). (1.57)

T’ T

_Fﬁiﬂlﬂﬂ LO(V) (EE _LO) 9&:": V = (U03013U2vv33’v4)’r
NN Ll
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SMFRITHHBERE, RIMBEELAReBAITR S B
B oe(r,S) REKME (XMBENSEHE RKRE), BIER

( Crr Crs ) (1.58)
€rs €58
RIEEN, 7,5 Kk e £ #it % (Legendre) Z# (WHHE=),
R ETHENOERN 7e, + Ses —e R e, 5 es MR M E
., XH 1

Te, + Ses + iuz — e(= Tvy) (1.59)

Bk e, eg, Ui, ug, uz KR NEE, AR —e,, es, ug,
Uz, Uj H@Fﬁ'ﬂ]%ﬁo

oiE 1. . &
L = L(§,&1," ") (1.60)
AR EANGTHE DL, B
Le, < 0. (1.61)
Wy (1.60) X &%)k %
fo = &(L, &1, 1 &n) (1.62)
ER L E AT,

iEAR ABEHAER, R n=1MERAHIEH. &
L ™= Mt H

L{Ano + o, Am + p(1)
< A<L(7703 771) + u'L(COaCl)a
VO< Au<liA+pu=1.(1.63)

114 - .



1)

i (1.61) %, B FAAUE—FE & = So(A(no,m) +
pL (o, C1), A + uéy):

L(&, dm + #Cl) = AL(no,m1) + 1L (o, C1), (1.64)

H
o < Ao + uo, (1.65)
B RSS2
£O(AL(T’0) 771) + ”L(CO:\ Cl)! Anl + u’C1)
< Ao(L(mo,m), m) + u€o(L(Co,€1),C1),
VO<\pu<lijA+p=1. (1.66)
XBUEH T 5] H,
A p
= - .67
8(—6T)(TUO) T <0, (1.67)

H5# 1.1 558, —e,=pA

1
~Tvo=e+pe,— TS — iuz, Uy, Ug, Uz, €5 = 1’

Eﬂ?‘%&%ﬁ

I 1.2, .5 L(fo,fla &) 2TFRAEFE &H (> 0),
61:' agn H AN Ey, W

1
M = _L(£05£17 : agn)
&o
xTE¥F
1 61 _ én
e = —»Th —

€o &’ 'J?n—g
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2R,
KA WA AT B AR
MESKIEW, p A —Tv, ur, Uz, us, T KR YR HL,
AEEE 12, mivmil, L oys —up, 1 U2 M 1
oy y T Ju O» Ta T: T)T
Mo B %, BI BT
etpe,— TS — 5w w ty u 1
T T T T T
E‘]lﬂz%[ﬂlﬁﬁ, Mﬁﬁ&%m (1-56) it%ﬂiﬂ‘] Vo, V1, VU2, U3, U4 i
PR R, XBIEY T RATE R,

XEgW, dEm (1.41) mrEgyEg, TUEH 5 —
AB 19 ¥ 4E 2 =

8 ( 4 . : 0)
-_ ’U,,;L,U, —_ L
8t 1=0 '

3 4
+§}2—Z)¢§—ﬁ>=& (1.68)
k=1 81’."’ '

1=0

HHRIE, FRXREMHTEIRE (1.40) .

o, B L REXTHEAOEE V NRIEMELR
(1.44) B (1.49) U RBATERIEH L° % F V s /™#e it o
PLE H, Vo, U1, V2, Us, Vs K& LY 14 KB K M ¥ p, pui, puz, pus,
(pe + Lpu?) & pS wBi g,

BiE, BRALTE—@uEE R

U 2:-——Bkaf._o (1.69)

B:ISk

i U= (uy, -, u,)T, BF = (b%,---,b5)" (k=1,2,3) .
w$ﬁ¢ﬁﬁﬁ,ﬁﬂ?ﬁ%&%@ﬁﬂﬂA%%*%@ﬁww
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THERE B —Br S #RlA 0— 4784 0 KA.

ER 1.1, T RAH X85 —W i BGRH 724 (1.69)
T Lilid A de 2 T

U=UV) (1.70)

B
u; = u (v, ,0,) (E=1,--0,n) (1.71)

HFREEHEMN XA A 24584 GAFKRD
irg R WU) 59883 H = (hi(U), he(U), hs(U))7,
& ke T T ie g4
B 3.8
(—9}-W(U) +Y —h(U)=0. | (1.72)

k=1 Oy,

ZE, WU) = nESL BR4E% (Hessian)

PW [ BPW
U2 - 8’&,’81.&3;

¥y,

BRAHWU) RyFEETEA (1.69) m BB K, W
H{U) %y BiRmE.

RS B Rk RENES (170) gy (1.69) 4t
%IRRT R — B X AW A, X EE, A (1.69) TS
75]

UOV 2. BBtOV

ot T v am = (1.73)

k=1
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K+

U [ du 9Bk o
v (avj) , (517‘) = (av_.,.) (k=1,2,3),
B QE%JXJ‘% iE & oB* k=1,2.3
1% ‘ 1E %€ F&, W( — 1,4 )%Xﬂ-%'&e

ma—U-aquﬁ B
gy XA, H

ou; Ou; P i1
- yJ = 1, -, 1,
ov; 0Ov;’ J

MiE—erairegRs LOV), # U X L° meens.

oL (V)

5o, =u; (i=1,--,n). (1.74)

U
X 5o WERMES LOV) RFEHoEY. AR, FE L5(V)

(k=1,2,3) f&
OL* (V) ok )y oo
5o, =0 (k=123i=1--n).  (175)
,@;
W) = Y ujv; — L°V), (1.76)
1=1
h(U) = S bbu; — L¥(V) (k=1,2,3), (1.77)

i
—

MRS MR E.
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HEBX— A, HEIER WU) ko, & (1.76) R
 ui KR FHOERA (1.74) R, B

oW (U) _ N, Ov  (ROL% By,
du, Z You T & ov ou
(i = 1, 7). (1.78)

(1.76) , (1.74) 5 (1.78) KW uy, - - -, un B W H vy, -+, Uy
B L mgnitsE ., xe, @ LOV) wEks s W(U)
B U 57 # ™ ek 5.

HKE B E 244 (1.72) &ar, ZuFER (1.78)
at#R, FA (1.75), &1 (1.77) AR HRIE

BUi = Z 8uji’Uj. (179)

m (1.78) 5§ (1.79) K, #MAERF B4 (1.69), LHH

o 3. 9
EW(U) Z %;hk(U)

n abk ou;

B Ou;
N ZUJ +:sz3% I8z,

Jj= 11}1

e Ou; ob%
- jzz:lvj ( Z 3-’*%)
XRLUER] T LB,
RO REEREESELAGHHNWU) S HU) . &%#
AR W) Stnmg HU) oMETREARER:
~ OW 9bf  Ohy
Z Ou; Ou; - Ou; =0




Hx b, MARABRA (1.69), T mmraEs (1.72) 5%

n S AW Bbk du; n S Bhy du; ’
T2 X B Bu, 0 T B oy~ (18D

1,7=1 k=1

(L81) pist—tnw 2 mAd (1.69) w9 U &>r, M LR
B8 (1.80) R
B W(U) 8™ ™ H 5
s,

v; = 3u,;W(U) (=1,---,n) (1.82)
H—wdH, Hibae (1.82) KX U ¥ V mEH,
2
L°V) = Y vu; — W(U), (1.83)
i=1

L*(v) = Zn:vibf—hk(U) (k=1,2,3). (1.84)

¥ (1.83) XX F v; RIMSHK, FMA (1.82) X, TH

SLO(V) .
G =W (G=1m) (1.85)
CEEEX A, F‘Eiﬂi%%
o
ZZaJk(U) V-
=1 k=1

w2 rEd (1.69) w— U &sr, Wax(VO)=0@G=1,---,n; k
1,2,3) siemazen VO = (o,---,00)T € R™ ma. wit, & u%(c)

3
vg+l§1 cikTk (J =1,---,n), B cix HE%. WxHEA (1.69) £1 U° =

(ud, -, ul)T wmmEmEEENR U, hERE L =T, = =2, =0
n 3

s Y Y aiR(VO)ejn =0 . EYE cjk, BBFMNLE R,
=1 k=1
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s, % (1.84) R%F v; RBSK, HFUE (1.80) 5 (1.82)
R, B

OL*(V

. 2
Bv;

(1.85) 5 (1.86) R # B, %k

oU OB*
5L Ky, u, 5 W it @x%, X8, 1t WU) &

- 0 aU
PR AL TR L(V) AR R, AT oo RIEE .
KRR T MY,

14. — BB KGHFEHEH

MAEER - MEHEMEENHL — BAREKNH —SEz3.
BRZEHE—HFREFEDHIT, Kb =2, 8, XRFEREH
MW B, Ak, HERET s S -8@OL, ik
FREWHER., TRAEESBRAu=u,Mu=u3=0 84
—IREEWE 22,723 KK,

xit, Hic F s hE s TSR, BEREHIETE
21 (1.10) . (1.14) & (1.19) 44

dp 0

—_— —— - . 1.

: +8x(pu) 0, (1.87)
——a(u)+—-8(u2+ ) = pF (1.88)
5 (pu) + - (pu” + p) = pF, :
——a(e+~1— 2)Jr———a((eJr1 2 + plu) = pFu,(1.89)
5 (P + 50u%) + 5-((pe + Spu” + pu) = pFu,(1.

- 121 -



-

s fiF (1.10) . (1.15) & (1.25) X178

dp O
3 T ga ) =0, (1.90)

ou ou 10p

5 Yz T 5as F, (1.91)
as as

COCPES ST T 8

T L E R A S BRASTR BRI A, % T RH A
T, A ST K B A A — F — A R A B 1 — B Y
R R R L. T I — W B B R

oU au
A(t,x,U)—é%- + B(t,x, U)—5; = F(t,z,U), (1.93)
BEeh U = (ug,-,u,)” AXMBHAR, A= (0j)nxn
B = (b'ij)‘an 1:1] F = (fla"f)fn)T Eﬁ%ﬁﬂgﬂﬁqjﬁ t ~
T R U 8@ 5005 b 5.
THRMNMOMBEAEANERZO X PR

det A # 0. (1.94)

EX 1.2, Wik A RRRTE— (¢, U), Ax

(a) Mz FAe
det(B ~ AA) = 0 (1.95)
A n AFEAR
Mt 2, U), A, 2, U), -, Mt 2, U); (1.96)
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(b) & = (ni,mi,- i, n) AABETF LiE S LA
N ) L EHIERE. |

n'B = A7’ A, (1.97)
Bn@E=1--,n) #WALLE TR
det(n}) # 0. ‘ (1.98)

AR F424 (1.93) H WA LS
LHIEFAL (1.95) B A n AN4874 4R,

/\1(t,$,U) < )\g(t,.’IT, U) < e K An(t, z, U), (199)

miE i (b) Gshmsr, M fRF424n (1.93) % H X BB F
B4 .

R (t,7) FEEF -XB#EL C, HERHEY
C:t=t(0),z =z(0), [t'(d)]*+]z'(o) #0.
EWHME C Hor
det(t'(0) B — £'(c)A) =0, (1.100)

WL C HEd (1.93) o Ba & . EEIER (1.94),
S LRI, WE C BAEY

C:z=zxt) (1.101)

WX, m (1.100) XMETHEH

det (B - %?A) = 0. (1.102)
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BEXEEHTEA (1.87)——(1.89) B4 (1.90)—(1.92)
B SO B, 36 0 o i 2 o T A e 5 T R b R B AT K A
HHAERSHEFBANER, TARIMUEN FEA (1.90)—
(1.92) #t47itig. M U = (p,u, S)" Hkmik Hm g,
p=p(p,S) . BHFBRLASH (1.93) KWERX, FEBIH

A = (1.103)
u p O
2
B=|%< 4 B, (1.104)
p p
0O 0 u
ste T % 36 B, czwggjb%%s K F 7 (50 §1.3), i
9% gy
Ps = 39S
u— A p 0
' c’ Ps
det(B—AA) = | & q4—x BPS
p p
0 0 U — A

= (u—A)((u—A)*-c*). (1.105)
HEEd (1.90)—(1.92) WIS HE N |
(u—=AN((u=A?*=c*) =0, (1.106)
HiRA
M =U—CA=U,A3=1U+cC. (1.107)

XU, EREREENEEA (e ¢ > 0), FE4A (1.90)—
(1.92) R 7= WM R K, H = MAS 4 M2k 5 5
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dz dr dzx
C=u-e S=u S=utc (1108
S, |
BEXEEBENNSTHEIEH (ANNERENHE
B) KEBEER: S =R, WY HEEK . EX—8ik

d
., p=plp), i == . x#, HEM (1.90)—(1.92) &

dp
BA
op O '
- _—_ — . 9
%+ Z(ow) =0, (1.109)
2
N C L (1.110)

ot dx  pOx

BEHERIE, EAHRAESHHEN, ERAEHIRAESp &
USRI R SRS, A F=0 MER, BB —
AAGRLGWHR BRI[6], 7). XA —MEMEXEERES
WEMER, BNRERDEAEE S STR.

§2. Wi F 4k H R H R

2.1. 3%

B i AR EAR AR 0 EE KB, METHEEHE (A
) MK S, XS RHEE (ESBEK) B TE
WH AR, EENIRMARLEDTHRROME, hRGER
4545 V6L B 99 A 6 B R IR A R, SR b T L B AR S T
EHREH (BLBNE) . EREVEARSOER, XM
BV LA (RIESTI0 S BB 1) SR B 4 9 3 2 4 T
SN, AN X EE I E, BRI X
EI T2 2 -
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EXBRERE-NTNFHFE, |

KERYE (REBEERE) . B RE T — RO,
WU GTREMARERERAFEZENERVIN G, 5&%
MAEFEEES FEHEE L MPBEREL; 52, EEOR
EEBEREL, Ain, BRFEEREREGFNTFEFE Ozy, 3#
g Oz MAmiEsh, HEEN u, U Eﬁ*}]ﬁ‘lj‘] Pzz R A

ou
Pez = Hg—) (2.1)

HIL P PWTHR 2 ERXEMREETF 2 V@ L ERY
Fifr, MFIR T ERDOBRE ¢ 8. Kb u KA BB RE,
EERMBENER, THRZEBOPENRALX, AIKBTFH
EBORAE, RN —REKETREOEE GE%T A NS Hidk
ERFEX) . _

33 LR 25 98 7 T 4 — e 06 B . RN Ok 2 16 1 R o R
HR-HABHEKENN. X-EXS—BREEEN, 5 —
BXx— R a s, mAeERARARERE, BAAMMS, ¥
MK, B, DA% —AREAEA R BRI R, Aok
RHEEAREZ O RET B RAELEREOER S, B
t, BEAHR—FMAN, TMEMERLEFSHAATRYE B B
Bf, BEARNRESEHAUOOTE, S&E—F IBY .

REXSWENKZMARNZES, FRERLEEERS,
BERGRERBENNIER. WREHEREZ HRERNED,
BERANAYE. A, REEHEBERGEZRAREREN, 48
ABEMERT F7. AU Fe R Sy 5 R R R OE H, Tk
MEBRREBTHEEORERLEE, X —HRIB 0/ K.
X —ER M RABHRA 4R, TR X — R
R A

H(2.1) R, HEERWEHN B

- 126 -



- b1 _hoHE_ RE
KRS OEE OKEOEE ¥t KB

HA 7 E R A R - B (Poes):

-8 . TR
by - % =1 =12
i ; .

filwn=1244/%2, EEREN - (mP,s) & %pr
12w - # = 103w, - &,

EHYTKE 20.5°C o ikt R BE.
HAEMKERBRMBER XK. AUKORERBEER
BEOFABTFE, LTX.

7K B RS T 7R 0B IR BE B A8 4L 4
B /°C | p/(mP,-s) || #pE /°C | p/(mPq-s)

1.792 40 0.656

1.519 45 0.599
10 1.308 50 0.549
15 1140 || 60 0.469
20 1.005 70 0.406
25 0.894 80 0.357-
30 .| 0801 90 0.317
35 0.723 - 100 0.284

MEAARBERBN S AR, BREAS, ERTHEA, BT
x.
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AR R JOH R A AR

B /°C | 1/(107° mP,-s) || 8EE /°C | /(107% mP,-s)
0 1.709 260 2.806
20 1.808 . 280 2.877
40 1.904 300 2.946
60 1.997 320 3.014
&0 2.088 340 3.080
100 2.175 360 3.146
120 2.260 380 3.212
140 2.344 400 3.277
160 2.425 420 3.340
180 2.505 440 3.402

200 2.582 460 3.463
220 2.658 480 3.523
240 2.733 500 3.583

AR BRAERER K, W, £ 3°C it pu=4.220 94 - #;
L, 7 10°C 5 p = 0.6755 ¥4 - B, F &, RS
S TARR TR, i, B RBER K RIE
F.

®mE /°C || 3 18 | 21
1/ (Pgs) || 4.220 | 1.069 | 0.778

EXRPBX, PlmERAMHlEmMA, REHH, KANERK
AR,
Rt RHMBRER SRR, UERE, KTHNTHFEL

k£ ik u (Z’_)”, -
Ho Ty

e nMS&RRm AR, HENCHBEAE#ABOEB R,
B, ERM 0~ 072, A n ~ 0.64, IS n ~ 0.69, =
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B n~0.95 . FEERGHES, MERERNSE, HHHE
n=05; MxKBEHEE, An=1,

REFERESH. IEREYESFERERCAETR, B
o M2+ (Fourier) st%b s 4 SR2IME. 75 8047 b |) g ¥ 25 4%
FEn @ mEsgT dS maE

a7 |

dg = —ﬁ(—,)»?-z—dS, (2.3)
KR SEFARA MRAMBERREEE. (2.3) XELBARE
FMEBEEEREL (XER—NMRBXE), MUHER < KA
BEREAK . BHRABRETHEROAKE, FT5HREAX. 8
% (2.3) XHXBH

dg = —kgrad T - ndS, (2.4)

fb —ngrad T %4 REAER0E.
TR AT I T R 2 L T T B A R R
&S — R

22. NAH%kR

0 95 50 T AE ) 962 B I LI HR LA 0 A ORI, M BUAE TR
B —BIER, WELRARANETRAGRE, TEENB
B2 3 B

RAEEED §1 FRIHRFE RN TR, 7B
Wi, RN KR

— /: :2 jg div(pI)dzdt

RS RABBEREIFEN. XERSE, it = (71,72, Z3),
] ,dx = dr;dxodzs . EHEKUEOEE, S REEXN 2 E
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A, PMUEEE EWES (ENA), MAERT LK ERS
(IR ), BB HAHANNERE HHE. B, 8
SPEFBAN BB E NG, BpikE pl N R
B s bk {p;} .

MG A M K —RRTE AS , REEZF RN
n, Y& n HiE—-MOREERAE AS L8O\ % Ap , W

. Ap
Pn= B, RS (25)

B M ELRYUn ABKFANAGERESIGES, BA B
haE . BATX—A M EXEHFEAHR, ANKN R
—BBAHE., EHR—ANNAIRSRTFENEIZAREE
LEZER S, B R E— AX AR R KRS R R ARk
M. T b, REQMARAESSAREREFTHOE LSRN R
BRBT. Wp; HUz; WERABRK T AMERTE LN
HABENE AR, Ba {p;} REA EHRE.

FTrEREHLD EE X {p;} ROMKR. HHRNESR: &
—ERHTE dS, RppmEy n, W EHNARE (B0 n
B —MERE dS MR REER ) X

p, = Pn, (2.6)

o P={p;;}, Pn n%Ep P55 n 38 & LT 0k,
3

WEﬁﬂw;gmmj@=1ﬂﬁ)mﬁﬁ,mmmszz&
J:

Rn sl MEKRAYEE (LK), h (2.6) Repm
Ph_prki, .

HiEH (2.6) X, THRATRHEAAER O S8HE 1K
70 DU BT B V4. R AR &R (BESAIRBR
Hh) URREAMER., YNEENBRRETEN, GBRIA
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BEN=METHIE; MEHMA LS bR, &¥Em ABC
() B 7 Sh B 2% 10 B 2 n(ng, no,ng), MB R

A1

AOBCHTE® = n, - AABCHHER,
AOACHER = ny - AABCHITER,
AOABWTER = ns - AABCHF &

o, Hp; MEX, A

AOBCHZmMESN = —(pu1,pa,ps1) AOBCHER
= —n(p11, P2, P31) - AABCHEH,
~ (P12, P22, P32) - AOACHTHEH R
—ng(P12, P22, P32) - AABCITH R,
AOABFRZME S = —(pi3,P23,p33)  AOABHER
= —n3(p13, P23, P33) - AABCHEB.

AOACHZHHE N

I
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-+

B¥E ABC Ly 1w &S p,, M WE& L0 PEE
- |

(P, — n1(p11, P21, P31) — na2(P12, P2z, P32)
—n3(P13, P23, P33)) - AABCHEB
+ VU 1] & B 32 1 4R

= 0. (2.7)

¥ EXBMmERL AABC wE#M, K54 OA, OB R OC %
RENABHFHTEATE, i1 (2.7) AIZB4H (2.6) K.

‘ ) k
2

THEHFEAEN P= {pij} XTRRIKE, BIREAL
pi; = pji (4,7 =1,2,3). (2.8)

2 BPE 2 BT 19 ST T, W K A 5% dzy, dzs & dzs
WAEREREL LT B A ERL (184 O K) KAHE. H
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FRAEN, ENAT. SME—#, 8TEBRAERGIEN
BT NE, AL E. BhAh, R LR MR S BE T
FAEREG, ARG TRAT. TR, BRIEE 01 FAE
S’ 5"

pa2dzzdz, - dzg — pradzidr, - dzs = 0,

Bl
P32 = P23.

B #BIUE p13 = P31 K P12 = P21 .

23. I"XHFWEN — FHEFE

MEMHBEMARBHLEAOFESRAABEREINZ
Brikd P= {p;}, NTi&HERERK LFEBHEUN. Ak, #
P54 T

{pi;} = —p{é;;} +{m;}- (2.9)

B {r;} & Pt FEERNAOES, NEETFUNL.
B, FHELH, dTABEBRIER LmREFSEZH N
iEshmet, BN RE LM — VB, WEN AN
. Wik, {7;} HRRAERELX, WREEES B E R
FHORE. JEEBEAIRE, TR 7 YBRELS B —
BB RE, BAYSRHER. Eﬂgﬁafiﬁmﬁﬁﬂhﬁ%’

du
XHE, UTROBE 7; REREEE {Ba:; i) 2% T 5T IK B B

Z ch, (2.10)

kil=1
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s,
B cijp RRIERERERE K, EFH 3% = 81 4. EH {-6%:-}

B {7} WAZHEKE, aREREHE (RHR-), {cju} £
ik, BN {p,;} ANKHKRER, & {7} TR, IERE

Cijkl = Cjikl- (2-11)

BRRERSEEAEY, XERE {cju} BEE&AEHKDE
MkE. SRR KEY—BEX (AH2—), &

Cijkt = A0ijOr + abirbji + BOubjk. (2.12)
Sa=p+tv,f=p—v, §

et = Abii6u + p(8ab5 + Subji) + v(8ikdjt — Subin),
Ciikt = A8ijO + p(6;x6u + 856ik) + v(866u — 656:).

FEED (211 R, k5 E
Cijki = A6ii0kr + (Oikdj1 + 6udjk). (2.13)
HEXBRTUEN, {cju} XFFHEE ! FESHY, &
Cijkl = Cijlk- (2.14)
KB, AR {ciym}, ABBRE A K u. # (2.13) RA (2.10)
K, #F
Tij = Adiv U(S,'j + 2’-1'33"7'; (215)

‘1 2, e, |
o1 U; U;
T (ij * 63:1') ' (2.16)
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i (2.9) 5 (2.15) 5%, BN AORBROFEAER
ﬁ .
P=(—p+ Mivu)l +2uS, (2.18)

KBS = {s;}.
FHEEN LR A K p B‘Jﬁx
HAZEE o1 7 R TE3):

uy = uy(x3), Uy = uz = 0.

m(217) KX, ¥Fx—EHE
_ 6’&1
p13 - ”8m3-

XEE—BRPmsmENgHnER (21) 224—%., u KA
BBRER KA ERMRY .
i (2.15) 8

13 2
3 ;Tﬁ ={(A+ §u)div u.

ERXERD B EmS RO FYEREN), W dive HER&E
BEAE (PR RAAREERNELR) . XL, AL
HHE (1.10) B

1dr
di _
v = rdt’

1 d
B 7= . AUE, T (L17) RE S, X8, #id

2
W=+ -é;u, (2.19)
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W op XN PHBREREN S SHEREBLEZL, #EAREEHN
BhhpK W EmS| R0 PYEBIEN A, o Ky £
THERE R BEERERE . XTRETSE, EEIFRRRK
MEBEAGT, Tikd u' =0, X FHRZXH MR TFS4H*,
ERELAKER, BT A ' =0, BE—BUERT, BH
By .

FAE L mEX (2.19), (2.17) KABH

1
Dy = —pﬁ,-j + 2#(8,‘_,' — §d1V ’U(Sij) + u’div ué,»j. (220)

M, BEHEN SR BN
Tig — 2[1,(83'3' — %dlv ’U;(S,J) + u'div U(S,,J (221)

ERE S XAHEN, B op >0, 0’20, (2.20) JR% A4 A 14
iV ol

2.4. HHRESKEN N EFRAE
BAEXBREAEMUERAESHRBHIIHE R4, RET
HERMAEARA HER (R (1.10) R):
dp
ot
EHhETEERP, REEENMENKE —pl, BEXAN S
%8 P={p,}. X8F (1.13) KX, A
)

+ div(pu) = 0. (2.22)

—(pu) +divipu®u—P) = pF,  (223)
Hepo
Ou; Ou; 2 .. _
Pij = —Pbij + 1 (Bz + 8::3 — gdlv ué,-,—) + p'div ué;;.
J i

(2.24)
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MAEEH TR (2.22), B AR (2.23) THEN

du; o 8., , 2 ..
P& T ar,  Bg (W T 3Mdivy)

53: 0 aui B’U,j )
- = pF; = .
Oz; (M(axj N dz; )) pFi (1=1,2,3),(2.25)

i=1 9T;

BEXNREBER

péy- + grad p — grad((p' — —g—u)dlv u) — 2div(uS) = pF,

dt
(2.26)

d
H A % MEXE (11T R, ek o ATULBE T 95

¥. (2.25) 2% (2.26) h#Fy ki F & |

B TEESEY, RBEAENKBEND, MEHANH
WEEGD. B (2.6) X, AN EKXE [tl,tz]qu N H ik ERT 2
o Ak BT 4 B9 5 4

N d * [ aiv(Pu)ded
/n fru(Pn) S’dtu-/t1 /lev( )dzdt,

Kb I'h Qw R, X8, ZHERESEENG B (1.19) G
i3] ~div(pu) TN 2 A
. 3.9
dlv(Pu) = i,jz=1 %:(pijuj')

. L0, &, 0u; O,
= v + 3 LG+ S,

J

2 .
+(y - gu)uidiv u). (2.27)

BRUEZ Sh, HEBIMESH, EMERE [, ] B, 2 A RH
RERHMME LA S AXBNANSTRE I HA 2 488
BRSO (26k) . aiMEr s (2.4), X— T =Rk Y
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t2 t2
f j kgrad T - ndSdt = f f div(kgrad T)dedt.
t1 r t1 0

(2.28)
X, gEETHEFENERY (2R (1.19))
1

0 o _ 1
&(Pe T 5pu ) + div((pe + 5 PU )u — Pu)

= div(kgradT) + pF'- u, (2.29)

BA

8 1 , 1
a(pe + §fm2) + div({pe + pu’ + p)u)

Z Z ou U, 2
1 . I _ = idn
=1 0% ( i=1 (6:1:, 8:1;,) u 3H)U v “)
= div(kgradT) + pF- u. (2.30)

FAEEETE (222), LRTKEH

d u? _
Py (e + 7-) + div(pu)

2
: .2 _
Z  5s, ( Z (Bx, o i) u; + (1 — gu)u,-dlv u)
= dlv(mgrad T) + pF - u, (2.31)

d
H T B AR (1.17) K.

d w2

&7 div(ipu) = pdlvu +u-gradp % " (u ) —
du

w-—, FFHAKN AR (2.25), H& (2.31) XaribKh

dt’
de du;, Ou;\ Oy
Pat Fpdiva = p Z (83:3. * Bxi) oz;

t,7=1
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(i — § W) (divw)? = div(kgrad 7). (2.32)

MEERGE N2 FRANEE &, FERLEYHREN
B, fmp=ppT),e=e(p,T) R u, ' 33 T HHEBMKFR
®. x#, (2.22). (2.23) 40 (2.29), & (2.22). (2.25) M
(2.32) 35 B H R 4 T R K0 B B A5 00 B 4 R AL

2.5. HMEARESHEIHNFTEANKELSH
RERNMEH, AR ESI AFTEATE LS

FIXTRRXUEH — WMYWRE T EABHER, KEXT CHE.
EREAIE (2.22) a5 TFER:

dp ap ap Op

E + ul-é;—l + “UQEE; + ’I.Lg-é;:; = fo(p, grad u), (2.33)
K

fo(p,grad u) = —pdiv u. (2.34)

S FEAE (2.25) T5H |
8’&@ / 1 o .
Po pAu, — (@' + §”) 9z (divu)

= pF,-+ﬁ(p,T,u,gradp,gradu,gradT) (7’ = 17273)1

(2.35)
H

fi(p, T, u, grad p, grad u, grad T
dp Op dT 3 ou;
2 _ _ 1
dz; 0T or; ' k; R

= —C
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ﬁ’ﬁcz-*a

Hep fi =

- 140 -

3. dp 0T { Ou; Ou;
+§1 dT bz, (axj + 6$,~)
d(p' ~ 2p) 6T

YA o

dive (i=1,23), (2.36)

ERnEEX, BA

or
Jdp
du; 1 ( +4 )62u1+ 62u1+ 8%y,
gt p\¥ 3”31 Hozz ~ Hop2
1 82U2 1 82“3
“‘“"(H t3 u) 31718332 N —(ﬂ' + 3u)31‘18$3

Fl + f1 (p, T, u,grad p, gra.d u,grad T), (2.37)

Buz 1 1 (92’&1
1 32?1,2 , 4 82'&2 62?12
(“’ ARG Dl il

P

1 (92?1,3
_—(u +3 )8$26$3
Fy +f2(pa T,u,gradp, gradu,grad T)a (238)

8?153 1 1 82'&1 1 27.62

“('9?*;(#4*3#)33:33: -;(M +— )

,_l (u82u3 2 Ug 4 (92’653)

23$3

p \" 0z} T O3 G BM) Ox?

F3 + f3(p, T, u,grad p,grad w, grad T'), (2.39)
f;

;(3_123)



BiE, BRETENR (232) . dRAEFE e = e(p,T)
(5, HEESSH e=eT)), HAMREEHTE (2.22), F

de  dedp JOedTl

& - opdt AT dt
0, dedT
= Bpp 1vu+3Tdt.

WHAA (2.32) K, BB

oar & oT 1 . = |
—a_t* -+ kZ__:IUk aﬂfk - p%gdlv(ngrad T) - f(p$ Ta grad'u,), ‘
= P
(2.40)
He
~ Oe
flp,T,gradu) = {(p— ~ —) div u
dp p
+E 3 8’11,3' 8’11,] 8'U,j
p =1 \9z; Ox;) Ow;
1,, 2 . 2| /0e
+;(ﬂ — g(divu) }/?ﬁ (2.41)
(2.40) KT AE % |
aT |
— =5z AT = fi(p, T, u, grad w, grad T),  (2.42)
ot pgt
H
fa(p, T, u, grad u,grad T) = f(p, T, grad u)
3 oT 1
— > uy + —-grad k - grad T, (2.43)
k=1 8:{;“’ p'a_T
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5250
== >0

EFEAEAHE (233) . (2.37)—(2.39) & (2.42) pi#y
BB, REFHEES (233) R—1—BRESHE,
BHBAXT p MR, BRI R HRANKH, HiiR—
Ar—BNHBHRE, BREAKSERES v X,

BERSEHMINUAFTE., 4 U = (u,ug,u3, T)T, MHE
(2.37)—(2.39) & (2.42) wERRAGE U t B—BRWIK
EXMz MRS, xEASBEAROFEL, TLUSAMTF
B AE BT R

ou 3 U
Y Bi'(pa U) = C(,O, gradp: U? gra'd U))
ot i§=:1 7 dz,0z;
(2.44)
H
(ﬂ":%#,. 0 0 0 \
1 o £ 0 o0
= P
\ 0 00 & )
(6 0 0 0
0 3% ¢ 0
— P
B2 0o o0 & o |’
\0 0 0 ;?3%—}
(20 0 0 )
0 % 0 0
333 = O 0 “"{'iaﬂ 0 ?
P
\O 0 0 p—-g-—;T)
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[0 s g o)
1 Wtip ‘
By =By = 5 — 0 0 0]
0 0 00
\ 0 0 00
( 0 0 0 0 \
1o o Hr g
B23_ B32 - 5 TR P %
0 —sC 0 0
P
\0 0 0 0
(0 0 £ )
1 0 0 0 0
B o B - 3 1,1
13 31 2| wtie 0 o |’
p
\ 0 0 o0 o0
’E{I\]ﬂww%ﬁ, lﬂ:ﬂ‘, NEH%EH{J E = (‘5116.2153) € Rsa
€] =1,
3 .
> Bji&ié;
‘i,j:l
Y0 EERF. B3 L,
| aff +b  afié afi&3 0
Z ng . a’&lfz a&% + b A a£2€3 0
ij=1 YR a1€s  abxs ali+b 0 ;
0 0 0 5
PsT
He o
a = 28 + E[J, b — E
P P

BT u>0 20, % p>0 (FHAEE)N, a R bOHHIE
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¥. Bl EARBENETK

at? +b> 0,

ali+b  a&i&
ai&a  afl+b

ai+b a&i&  abiés
ai&s  afl+b  abés
a&i€;  afl&y a&i+b

B 0 3B B 4 OF € B
ShEr, RAVBRAEA (2.44) & x4y A 1.
— i, —AFAEa

‘ = ab(&2 + £2) + b > 0,

= ab? > 0.

- *U
— — B,,—=C,
2 7 9z,0x;

i,7=1
-ﬁ-‘:” U= (ul,"',um)Tf B';,J y‘] mxml‘#‘, %lgi
Bij (i =1,---,n) 43R,
2° ii‘ﬁg%fiéﬁ E - (ﬁla' o 1‘5'".) € Rn) |£| — la

D Bij&i€;3 AR E R M,

1,5=1

R AREAAL0 8 T8 B A8 % (I. G. Petrovsky) & X T 8 x¢

HHp B RA .

nyaﬁﬁmwﬁﬁﬁﬂmwﬁﬁm¢ﬁﬁuwhwm&ﬂ
HEMBEHB M XHERDH, THEE—AHEBU p Ak
BE N~ —B R A S E, ENZEXEHBESE—R,
HWR— BEE RN - Ry BeFEM ., ﬁﬁ%ﬁ Wik

HAMBEEH.
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XX IETT A AT LU A R, Bl g e W IRR T

=0: (p,ur,us, us3, T) |
= (P°(), uy (@), ug(®), uz(x), T°(x)), (2.45)

SRR (BF ¢ > 0 B) pRAE. EWEE LRI, XA 0N E
& RARE RN MR E 0<i<o (6 > 0) hmfeem—H, #
HEERSTEBRTEREESIEHN., IMBERARBLRE.
MBEHRERAEINERAKEEASR, ERENER, ¥
EAREREFHRBOEYE. BXERSENLRTE, REFE
BAZHME (XN —YINE (20 FENSRE) FRRETER
RIGFE. BRERIEHNE, mBEVHELSD, BAZYHEM
B EhEEAZ AR (P, K [12]) . XthREFERN—
HBEEARARE.

BR#ENGG &5, AR RER AR &4, FEDT AR &
Log A B, ELRYAERE I b, OUR KB @ 4 3 BN A
T (AMGEFEN), T Al T, REOIRAS>EREHRAE,
WO G A

WXHRE T 8R4, WITRAEEN =K R4 — (B
8T T -
R I FseE T, ' B 1) 5 +aoT (> 0) F=F2Z—,

Kehn by I Eafisngmi). e, XRAEH o A%
BAE MR &,

2.6. —HRUREIREDNFEFEA

HESE - 1THENHFRENL — — 23709188, et
RixFE—RAHETEA®T, ZEEOWAY v =2, 8, =
HEBERA c Aok, BAEET v IE—8E ERE
BEHHRE, BRABRS L & oA XK. AHl7E §2.4 pHARK T
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Baih, RMME—YIN 2 K 3 IMEH, Hux=u3=0,%
HFRRE =z, FANS&. F&, HET (222). (2.23)
5 (2.29) g BRAMK A

ap 0
51 + 8x(pu) 0, (2.47)

o 0 4 ~ Ou
Bt( )+ 52 (pu +p— (3ﬂ+u)5;) = pF), (2.48)

2 (pe + 5put) + 5 (e + 5ou +pu
4 du 0 or
(3u+u) 33) = 8:1:( B:z:) + pFu. (2.49)

SRR T (2.22) . (2.25) 5 (2.32), RAI1AE

HpgE-—AXTEN

Oc (9T  OT\ ,0edu , du
Por\ot "oz ) P 8paz " o
4

(3u+u)(§";) -2 (52)- @)

B, B—AHE (2.50) X EME X p 54— B W R A
B EEASE (251) B (252) imEHus T A=K
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W Ar

W, ERABATIBRENN - MYBSHEL. HHHTE
] B2 Y ) AR

t=0:(p,u,T) = (p°(2),u"(2), T°(2)), (2.54)
RN LT R LR AW — R

r=0:u=0,THEEEN=KLRFHZ—,
z=1:Rp 008 %4H.

XBERNBEFTENRAEATz2=05 =1 2@, X LA
R, p ATFHESHLNEH.

XERBHRHTTRECHERE, BHBETRE)IRER
A B 9T B R AR

83. gk — #ie i (Navier-Stokes) HEHA

BEBRINEBATESZOKEREN S, IR-R-MHREA
LHFEXHEN. RENATEHAREERBRETHK. B8 F
KL FAMES. BEWXAE, Biaria LA e EHs
M. Xt FHEEREK HRETEIEE p= KH. A&

p=1. | (3.1)

MFRBAKNED, @F (31) R, RETESE (222)
e
divu = 0. (3.2

h (3.2) R, M EAHFR (2.20) b, AR EREHETED
RORHE . oAb, BT p R R, xR, HED (3.1)—(3.2)

®, BRKFR (2.26) wikHh
du

pri pAu + gradp = F, (3.3)
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Hbh p R IR = (21,20,23) IR, FEHRUOE, B
ERET, BFACRA T EES p A ER. B REHFE
A (31), MAERE p = plp,T) iR, LHE, REES
X ANEE G R, BRI RS, RNBGEED p RERE
T sesnf, %EE p B AYXFHRR 0 —FEL, &—1a
EBL, XXFRAA, BEp NN EHBAERESD p EHE
Ewd, REmEsRETEICY (3.1) MER, RLFHE p W
AT R ® MRE.
SHEXMER, HHE (3.2) B B3) MAKRMEY u =
(up, Uz, u3)" B p W HBHESRE A HHAWTRA., I, B
PBARTEEREEHORR TR N

o 3

—u——,uAu-l—Zuk Ou +gradp=F, (3.4)
ot Oz,

divu = 0. | (3.5)

EMABRAERRD AL — R EFyEE, SESRBKRY
SHHE - REEH A .

e - R EA (3.4)—(35), BEEEBN M
RN TFHMERNE. CaWEERE

t=0:u= U0($1,$2,$3), , (36)

RELEEZ (& > 0) MRE w(t, z, 2, T3) RER p(t1, 21,
Ty, Z3) . XEARBEWHEE " HRELH divu® =0, /i
PHREARAFMHE-NTIHNERSE (5 © £3%).

BRADME a4, XX AT ERABET L BY) — A0S, B
EREFTBRAMMBEERVIHREH (3.6) 4, FEREIT XK
PwaR I tHE—E0aR 448, W

ulp= 0. (3.7)
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EANEGEY: ETHYE, RANEEERE FNYE.

Mo - R R4 (3.4)—(3.5) MR BR K — KA
MUERANF T RANE, BHR-AMHEERNESEHE
S, BT A4 — WP S AR A R U RT LLR R R R v A (d
X) s, WA, BATHEMETAYTRHEXRBERRER
Fwils, BB ARANEENS, REFTESHRAENEEHR
KA (BR [14]) . BWEXNL, XTHY - HEREE=%
BRNBOAER —4, XTHBARS| FABEREOEEN
ZRRENERE-SOPTR, BPESFEHEY —BR MR
W, TREER LT REREME L, $EREER TR
%. .

HE4A (3.4)—(3.5) b p A KRMAEEM dive =0 x4
HE, FE T EAMNEEERA L BE —MAKEANER. KR
HEHBER N, REREEENEEE LT (J. Leray)
KA T (0 [13]), #EAFHRBESH, BXBLER
KARBREESmFE, FHEERELE 4 “FFan ©
EH. P, 7 L? R%8 Ry - anE (3.4)—3.7) .
4 H = (L*2))° v HHAGTELHW. £F5—=5(% 6.3
i, RATGIER: F—HBEHTHRANG SRGHE M. 5
B b Xt ERSBET HEBHRATE TR EERER,

SI 3.1. R uh QFEBAFTHEOEE, N2 u TR
—Hu & T KA F R A

u = w + grad p, (3.8)

EF wig

{dﬁwzo,ﬁﬁm, (3.9)

w-n=0, AL,
mnt ' beydaitEReE,
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{ERR. HauE, & (3.9) K, M w nS5£M gradp
Tt HHER, B b, fAKKLAR, &

fnw - grad pdz = /F(w -n)pdS — [Q(div w)pdz = 0.
MIEH SR (3.8) ME—¥, EFEw, . pp Rk wy, ;2 ¥
£ (3.8) AL, W4

w; — wy + grad(p, — p2) = 0.
HERAWHS w, — wy EHEBR, HE L LELHE
f.Q lw, — w,|*dx + /ﬂ(wl — w,) - grad(p; — p2)dz = 0,
WTTHA wy — w; 5 grad(p: — po) % H F0EXHE, #

|w; — w2l|g =0,

Bl wy=wy. E2EF p WHE, YRALAFEE-THE, HIR
Ewsmt (3.8) MR,
Z8m T ik ® (Neumann) [ .
Ap =divu, EN N,
-B—E =u-n &I L.
on
B4 '
/ div udzx ——-/ u - ndS,
7] r

FRABERE - NMEERNENT, Fae—® (2 [1]).
X BERBK p, L w=u—gradp, HAWHE (3.9) . XK
BRTHERM @R (3.8) . IIEEL,

X —i uw € H, sTLliEs (B [5]), w {harm—H %%
(3.8) wER, He we H,,

H, = {w lwe H,fﬂw-gradqﬁd:cz 0,V € Hl(n)},
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Wi p € HY D), xJL HY(N2) H#@HELTHEH I X
(Sobolev) 2E, X H 4@ m T &S E»ER.

H=H,®H;,

H+ |
H} ={f| f=gradp,p€ H'(R2)}.

B8R, H, % H: x%A4 H PwFERALEHERN.
e P AANHP H, b s 7.
Pu=w, VYuc€H,

Hbhwec H, fumsms (3.8) 4. HRBET P R
HEA (3.4) wFa (hEEH, Ak F=0), x&% (3.5)
A¥F ucH, T

ou Ou
Pa— B Pgradp = 0,
wHBA | |
u
T (uAu Z Uk axk) - (3.10)

R4 (3.10) ERAMAAME (3.6) R R&# (3.7) aTHEE
Wil 4 (Galerkin) HESE FEB T IERBIEER.

MEABT 0%z, B us =0, ¢y, us X p X R
S5t xr,c BX, RED —484 - ixiired

ou ou

— = E — F,
5 pAu+ ) u o + gradp =

divae = 0,
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e w = (ug,up)T . WA FRAN FERAY - B
B, SERTHEAROEERE ¥, XEEESE—HIoZH
R—BH. BERMEHNOEE, BREOSNEEEESE Y
ZB, HZHRNZHEARSE, IBLCBEABRIZTHME.

XFHE - FHEEHF T BRLACHERILASE, AXENE
EMmTSE 5. (15] & [16] %.

84. W B

AV EE - SWBRA& HFEAFEMA (1.87)—(1.89) g3®ME
WA, BRI, ARREIE, R =0,

4.1. EHEEEH

o EAnrR4 (1.87)— U&DRH%%Eﬁ¢mﬁm
. ERMENE L, ENTAEAR, ESHESBRHRLN
BABRImFEES (1.9) . (1.11) 5 (1.18) (Mith—#kE
) BRKRY. BATUEHEHIBRNRS BN TEER,
S A HE W R AR ZE S R T 2R RO R A

B 56— A — b i o 2R

M —EUBS R OFEEE, BTSN TER:

:2 f(ty, z)dx — [:2 f(ti,x)dx

2] t2
= / Q(t, a:l)dt - / Q(t; $2)dta
t1 t1
¥(z1,72), Yt < ta. (4.1)

(4.1) KXW BN
ﬁjquﬁzo, (4.2)
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Kb FAHE 3 SBMEREE. bR gkd, (4.2) X3
(t,z) FE FiE—Hm Mg I R,

,,P_! - ].F

tyt—— =

A3

MK ARD, MBEf5 gk, Bi (42) RAEH

of 3q
/ ( at Bm) dedt = 0, (4.3)
tp Qn THEMKR. & 2 0EEE, RAD
3f
= 8:1: —0. (4.4)

XREMANKESELANFEEE, £ &k g tEHXEA,

5 (4.1) 5% (4.2) %4,
‘r=co(t) W —%AKE [f59gahmBiESE &
HEHEE—-Xnm. ATHY f R gEAMRERNKENER
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S0, k@4 prmEps e EER (42) X, A

x=x(t)
t
r
z=x()—e 2= 2(t) e
/ t=1
0O —
A 4
x(ty)+e - - x(ta)4e
[ it 2)da / f(t2,)de
z(t1)—e z(tz)—e

+ [ (f (@) +e)——- — q(t, z(t) + €))dt

[t ) — 0 - ala(t) - )t =

(3]

4 e —0, mLit:?%tH

] (15 ~ )it =0, V<t
BERH 6 & b Bﬂ&ﬁﬁ RARE ¢ = (t) R
| de
1 ~1d =0, (45)
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Ko [fl=fr—f- % f BedmlE z = o(t) WKE, i
f+ = f(t,z(t) +0), f- = f(t,z(t) — 0), [q) B XAHR. %
e (4.5) By B EELANL . ERAED 44) wyETEM
4 EARIG RS 1

¥ (4.5) KA TFHE4A (1.87)—(1.89), B

A5 = [oul, , (46)

) = o ], (4.7)
1

[pe + §pu2]i—f = [(pe + %p’u2 +p)ul.  (4.8)

X o 6 U 3 8 AR E AR O 2 4 - W R R ® (Rankine-Hugoniot)
Gl dx

wlU= T A1 [E) oY B9 1% R RE, 535 id

v =u_—-U vy=uy-U,

(4.6)—(4.8) THE %

pP_v_ = piuy, | (4.9)

p-v: +p_ = pyv +py, (4.10)
1 1

(p-e-+ 5p-v2 +pJo = (pres + gprvf +piJuy. (4.11)

Wm=p_v_=pu,.

Em=0, RITKEK L x = x(t) 0 S 7% . XTEEMmE
Wi, v =vy =0, 80 uy =u_ = U, 7 LLi% 18 b 2 Bl 3L 4% LA
F—#&AEs, TRl Esg. e, & (4.10), p- =py,
H p_ # pr (B AHIE L) .
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#m#£0, RAFREWE ¢ = z(t) H #E . FT#HK,
v_ #0, vy #0, BTEMARE FE L. RAIE TR 07 %5
FAAB T EEAARE, BT D Eakasd ks R
5. B (49 —(4.11) %

PoVo = P11 = TN, (4-12)
Povs + Po = p1vi + pi, (4.13)

. 1 1
(Poeo + 590’03 + po)vo = (p1e1 + §P1’Uf + p1)v;. (4.14)

FERAIM (4.12)—(4.14) Kb £ vo, v1, MTTEF 5
EREBYMENNEEEOTE, B (4.12) 5 (4.13) K4

m=—te P (4.15)
. Vp — M
]' |
H 7= ;, ¥ vo =mn, vy =mn KALERXE
m?2 = 20" P (4.16)
To — Th

& m? = povgpv1, LR XTE R

VU1 = o= P (4.17)
Po — M1
1
#J FH (4-12) HEEH 7= ;, X a] ¥ (4-14) AHEH
]‘ 2 1 2
(Poeo + 5100’00)7'0 — (p1€1 + *2"91’01)7'1 = pP171 — PoTo- (4-18)
B
1
(418) KAW = -2—(’00 — ’Ul)(’Uo + ’Ul) + €eg — €1

1
(€0 —€1) — '2‘(190 — p1)(T0 + 1),
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-

Kb BE~%, AT (412) 5 (4.15) R, X#, (4.18) &
AT S

1
€1 — €p + ~2~(p0 +p1)(m1 — 1) = 0. (4.19)

(4.19) KB VMWK F TRREFA R AV ¥FBHRES . ©
ORBTHRALET S p, 5 v (ATS u) £X.
i

H(r,p;m0,po) = 6(7319)‘*6(7’0,?0)““%(}3‘0’*“?)(7*70)’ (4—20)

FHREY FREREGHK, BAWRBRNE (4.19) THERTE

A
H(71,p1;70,P0) = 0. (4.21)
MNEGTE, RETERAFWTERX
1
= ——pT. 4.
bt (4.22)

X, B (420) R, A RRREEHBE
2u*H(7,p; 70, po) = (7 — pP1o)p — (10 — £*7)po, (4.23)

Hep p? = (v - 1)/(v+1) . EXE#H, MEHFSE, #BE
H(7,p;70,p0) = 0 H— %3 & (70, p0) WA WA (LHE 5) .

4.2. BEH

HTHREMBEIHBELEUARNCSHBERORG, LFAEE
Mg — P R, mWEREAN (4.6)—(4.8) ERIE— 4
BF AR (1.87)——(1.89) &M i B (i )4 &) /5
R(RE— R, BR) OB AXRECH. ETEH
41, RITHEU—AERHTEAFREHEX— A,
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B 5

B2 Su A IR f B BX AN RE. R (1.87)—(1.89) b
R W &0 (4.6)—(4.8) 43 53R 4k 7 W sh it 2
PRMENRE. SHERERTHEHER. KETHERREHAS
ZE -8, BEA-NMEHERENRERIILE, EHFHE
RE-TRAFIBETBUBTOANEE /4. d1 81 A
#, EXREBNORG P, BERASHERETEERSHTEERS
#r. BT, RENHETHFER? ERMNRXBLHTHEH
Wo., EBRIMBEM/IITFE, RANF

p1p1) =poPo| B piT = DoTg.

B—#&, W2 pr" =po7y St (4.23) KL\ ww H(r,p; 7o, po)
FEREERRME H(r,p;70,p0) =0 AES, BifKER
RWBERRE—-DPLEHIR. I TERET S, FFiE8ERIERS
WEH. EEREESE - MRIMBEAEERANNEL. &
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82 xR MR R AR H BT LIE y, shud B ARG BB AN, K
PRSI P AR N COREE T 2R, BT AR Y T — AN A5 A58 6
AR, WA SN (SRR ).

F B AT 3 0T 7R B0 b (SR AR B e i X
—HHEEHE, LEEONTESENIERETFEHRFE,

A 4.1, XA
?.E o (u2

— (=] =0 R, ¢ .24
8t+8:1: 2) , z€R,t>0, (4.24)

HEsEELEHE (45) K4

W dx _ U~ tuy (4.25)
dt 2 '
N T T KA W5 &
u(0,7) = { ‘1): gg (4.26)
a .1 z<0
u(0,r) = { 0: CL‘;O: (4.27)

RATAT L4 MM R (4.24) MWA %L EE 54
(4.25) & a0 Wi %

/N
N =

12

0,
u(t, z) = { (4.28)

1, =5t

WV
o=
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| 1, z<it,
u(t,z) = (4.29)

= 6 7

d
%t T (4.28), LEIW% T = Lt BMMBER (5 d—f = u

FX) WE AR, iR MM (LE 6); mx T M
(4.29), KMk o = 3t WM ERY W TR, BHm ¢
WAWHE, BEWHEB =0 (RE 7). &iF (4.24) WRE

d
WES — = u BORBE, Bl ¢ = 0 MEEm A (4.27)

AT E LR R E ¢ > 0 iR (4.29), g (4.28) RIFaEA
FIAIME (4.26) IS ARRE, BREHEN (AR LR
XFHRBIMATER), £t >0 BaR R KENHEHIER
T, WA “HR BE. X8, RODFEHAY, B (4.29) 8
HEORASEN, me (4.28) AW i@ (4.24) 5 (4.26) 1
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R, AEAHEEHEN, NTFEF. FX L, SWEEH (4.26),
BN UMEHFTR (4.24) M58 /8.

1, T2t
u(t,z) =< z/t, 0<z<L, | (4.30)
g, z<0.

& 8

RAGEARKREN FUR#E K (BLES8) . XH¥, RAREH
(4.28) 4y MR, A F o7 HE 4R F W 12 Ia) M7 35 B 4% 44 1 1) G A
g M — ¥

EFULTR, RIBTRER —FTEBH 2 H R
(1.87)—(1.89) . JL454E 5 B R %

AM=u—c¢, A=1u, Az=u-+c (4.31)
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AN F DL B AEAR K 5 A d 2, WAHMEBUT=XE:

dz dz dx

_d;_umc, a;_u, a_u-i—c. (4.32)
ER BT MU MG ERY E—RiR, s (P D.
Lax) ## i TR EASR,. FRERKOBER, MES L CE
{1,2, 3}, mar

Ak(U+,C+) <U< )\k(u_,c._), (4.33)
A—1(u_,c) < U < Apgpq(uq,c4), (4.34)

Hen U AMBAEBERE. £ k=18 (4.34) RAEAHAFS
KUREE=380F (4.34) AATHNAEXBRATEN. WL
ARG XM BEEMHRY £ #FE. (433) 5 (4.34) XA
BARBRN BT %R sk HA&H .

%t F Wk, B (4.12) KR v, v1 AS. F vo, vi HHA, #
Rk G 2R Bk, R R X TR S .
BRI N A EERE . KLU, F v, vi WAE, W
WHEN EEBEHHE .

MAERMAEY, N —FSEHEHFBL4, RFE 2 - B
P, BIAFERBEENE (4.33)—(4.34) % k =2 ®r, FHx
b, EREALAEEYN, BadvBEX B

ug, U3 < U,
LR EERY, N
ug, uy > U.

FrLEREMIER, (4.33) HAATEE b = 2 Rax. 24
W, BAHUEH, FHEEAEER ]l - BS540 3 - Bk
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XPE, MR RFHAHFEFESR, ATRALEAHG 1 - K
RAG15i&05 3 — UK
—BEWH EE N, SRR IREENENATHBD
BEHMES, B
Po <Pp1. (4.35)

&4 (4.33)—(4.34) SMBESAELHE (4.35), R
fIEmFER.

EBE 4.1 53 FAK, —HEAABRBH AL LBERHNIE
S0k % RIS & (4.33)—(4.34) .

iER ZEBHEER ST ILE R AN.
AARLZCENE BMiET T A FIERE vo B 11 &
AR Ei2 5L Fiked .,
Fxbk, #(412) 5 (4.14) XA

1 2 1 2
—2-’U0 + €9 + PoTo = 5'01 + e +pi7. (436)

W= -1D/(v+1),e=pr/(y—1) Uk & =vpT &
ALERB

pih 4+ (1= p?)cg = phoi + (1 —p)e.  (4.37)

B2 & EABROAILME, W
(1—p)(vg — eg) = vg — c,
(1 - p*) (] - cf) =i — <.

Bl _E #3358

vl > co HHMTF |vol >ch, (4.38)
vl >a BHT |vi] > c.. (4.39)
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MEX 2K (4.37) RER, HEFEE S =ypin & (1—p®)y =
1+ p? ®ATAE

picy = p?(pvy +p1) +p1.
A plh, nlfE
pocs = p*(povy + Po) + Po.

B ERREAEFMA (413) R, 57

2=0"P (4.40)

£1 = Po

¥ (4.40) 5 (4.17) KL, A
Cz = V1. (441)
(4.41) X#A L 914 (Prandtl) X A X . M ALRAUR
(4.38) 5 (4.39) KEPBHEWLEL.
20—k H A A RS

Po < P1. - (442)

X — 5 4R Bk 2 B & (4.40) X SrBp el 5,

3° Ak HE 45 WO S 2 & 1 (4.33)—(4.34) .

H2° M, WEEGFBE 1 < po . WBEALEEEZD, B
vo,v1 < 0. BBA BRI iba, H4&e (4.33)—(4.34) FrsE
st k=1,2 e, FERAESR, (4.33) 3t k& = 3 JRARAT fE Rk
S AEHERIE, NHTEREHNE H(T,p;70,00) = 0 HE

AY
-
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MEBER p=p(T) WH, c=/7p(T)T h 7 WERERER, N
i c(p1) < c(po) .-Mehh, B (4.12) RBF v <ve < 0. Hi

vy + ¢(p1) < vo + ¢c(po).

B 1° @, ef g

lv1] > c(p1), lve| < c{po).
XA E

v +c(py) < 0 < vy + ¢(po),
Ep |

Uy + C(pl) <U<ug+ C(pg). (443)
SEEEEE, 0" BRAERA ‘47, 1V RERE “-7 . 38

(443) 5 k = 3 B ZR (4.33) FI&. X4 £ 3 Mok 7 24
13 4.

4° Easue R4y (4.33)—(4.34) .
H2° WEHBE 01> po. MEMENEEBY. W
H vo<vi <0, fiH clp1) >clpo) . iX#

vy + C(pl) > Vg + C(po).
H1° |, wewE
[vo| > ¢(po), lvi| < c(py).

X R A
vy + ¢(p1) > 0 > vy + c(po),

ll
wy +c(p1) > U > ug + c(po). (4.44)
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XFER k=3 HHASER (4.33). AAREREESN, L
v <0, B w < U, 2Rk =3MuR%Ex (4.34) . Fu
4 (4.33)—(4.34) L, &S S v AT LA AT D,
EH 4.1 [,

w & (4.33)—(4.34) MY BB ZEKXR, ATHEHBE
HGH.

RIE 4.2, 3555 Lk, HkHRBES (4.33)—(4.34) &
KB A AR HAIE S W, B

S; > Sp. (445)

iERR BiEE 4l A, BEEEMEAE (4.33)—(4.34) 1y
RERHEH
m < To. (446)

FiEL, HEF S mK AR (1.27) M, HiEW (4.45) R, REE
B R R AR H(T,p;T0,00) =0 REMEN p = p(7),
B p(7T)™ B T OERBRES. Xk, XPTFERE 4.1 Wi
9, Ao H(r,p;70,p0) B1EAK (4.23) EERIF., T8 4.2
.

MFEHAE, 2242 W, MBE EHENBHASR (4.33)
—(4.34) 54T HEHBEEMX - YREXLSH, Litip
B AR R TS Atk W UES, X — 45 R 58 M IF R
e (0 [4]) . Priassdut, B IR AR WM 8RR T M ik B 09
R B 75 43/ B B .

BE, ATH-SHERER-RESHOER, RILH
R4 R,

SEE 4.3, 5 F K, RS EES (4.33)—(4.34) &
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AEFA A LF0E P R L

U_ > Uy. (4.47)

ER B A, MR AR (4.33)—(4.34) =
Y T R o BB R SE
p1 > po. (4.48)

BB N AEEN, BRI v, <0, i, B (4.12) R
A, &4 (448) BH#F

Vo < U1, (449)
L

Uy < Uj. (4.50)
B3 FHEERE, 2 0 MRARSE “+7, k2l “U
MRERSE “=7 . B (4.50) A (4.47) R,

X FEAABHBBE AT AR DIBIER], EH 4.3 i,

85. —4Evifk 1% A MR HER

5.1. 3§

AENEESHEBEREEINERESRED N2 HTEAN,
RATKGHR M EZRERBE R AN E ¢ K= EEH R ILBIF
T = (T1,T2,T3) MR KRHTER. IVRBYNFERAKN K
HHAWFEY . ERNHARECRBEENNE bA) k%8
B RABERE { BRLRR, BREBS—HERBENHF %,
BpAEEREE (BASshHN 1) Rk R S bW E 4R 7 bl
W R E. IFRBIOTRAKY EARIBABNFE
4. W52, IEANEEETHMLERERAE, FEXYEE

- 167 -

ot rmarmee e oy e e e, e R s



ERALPBEREREE. £UEAEEAT, MERERE
MEBKERTANE L R YR AE (BEHE L45K) DEE, TR
AREZRE PR BB R4 B4 o 510 B K& BRI
BORBE. XKAL B H AT NI EAE —Sizsh HIE K
REXNWAE, THARTESEI—EIE.

2. NRAAB LR
RS B AR, AEREYEEYL, HE
B K BE H AR SRR Ak iR 2 I B B Sk R K

HEEE T &
g‘: + —(pu) =0,
HiE
pdxr — pudt
R—A2#9. FROUBERE m=m(t,z) £H
dm = pdx — pudt. (5.1)

HmABE s AFWARE (B—-ANEEMRAL), REDN K
B H &5 (P, m), ifi
t = t, (5.2)
m = m(t,zx) (5.3)

om
U BR BT A AR RS B AR ] Ok T Eiﬂ: p>0,1

oz
p, LR H: AT,
XPES| A MBI KS B H AR A5 ™ B‘J%ﬂﬁx_fuﬁﬁmﬂ: i
(5.1), ®ATEIBL
(t,)

m(t,z) = 00 pdxr — pudt, (5.4)
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ABadEM (0,0) 7 (t,r) WRSBRER. FEATRME I
Rk ER OAB, Hh OA %t = 0 678 S 09 RS 032
Mg r=z() & (t,z) FELWEAR, W AB %3 B(t,z)
RFEITT M EHEER. XH,

t
A(!..I‘A) B(I'.I‘a)
9] C -
K9
m(t,z) = / pdz — pudt. (5.5)
OA+AB

d
¥ OA L, -(5 = u, Bl [p4 pdz — pudt = 0; Fiiz AB

t, dt=0,F&, (5.5) RN

m(t,z) = [ pda, (5.6)

A

Hipza & zp #91E SR A & B AHIRB AR, (5.6) XA W
7 ABrmsismER (F BEAZA, HEMNE: £ B&
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AzZKk, HENH). BEWZE B ARWRALE =0 BT
Cr BTFiHAE ARBRAREL=0ETEN, HAR
FlEEH, mitr) NEFi=01 OC ARGKRE. TR,
N HSE m RorRE, m=HKPEURRA-BR, &
m ARAME. E3 C gEHt=01&E C ANRAE (1)
FHLEMZEHARME CB, EBEIXEFWELE m=KEH. B
M, HEKBIAEE (¢, 7) @R HH M B AR (T, m) = (t,m),
B ERRBAARAE (I, 7) Bl LKEsh B8l R E IR
i £%.

T R AR S R B H R REI R — BB, &

dm = -—pudt+ pdz, (5.7)

dt/ = dt, | (5.8)
<}

% - p%. (5.10)
X H

dz = udt' + rdm, (5.11)

dt = dt, (5.12)
B

b% = %4—1&%, (5.13)

58?;1— = T%. (5.14)
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FH A (5.9)—(5.10) #1 (5.13)—(5.14) & H T (¢, x) Wiw
S5 (t',m) KiwPEE 0L EE,

gesh, 1 (5.11) R, ECMBRHLE (H,m) 5, &
PrdR T 6T ABE ,

(t';m)

T = udt’ + 7dm. (5.15)
(0,0)

Wi CAIBRRI AR (¢, ) BF, NAEBIE L4 m W H (5.4) R

5.3. —HERRKEHNRHFEANKBEMBAEERX
ERNASR T —SBERENFTREAT 5N

op O
2 (o) =0, (5.16)
ou Ou 10p

—— =F :
6t+u6x+p8x : (5.17)
oS aS
E + U“-a; =0 (518)

(W (1.90)—(1.92)) . FIAf#MEH B (f',m), RATLLER
B AR B0 88 47 28 3 204k Sy B R B B ARR T IOME R0 R4, XL

FEE
7] 0 0 d

ot ot T Yer dt
MERBEERAN T XS, SEMMNEHHRLIFRKMEZ R —H

&

%t (5.16) itk FH LR FE#HR (5.9)—(5.10) #17.
ERAMFERERT (5.16) AT HKE LB H# ALK m,
g pdr — pudt = dm H—2#%5, CREZEU dz =
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udt! + 7dm H— 2 M EERAR, NTINE
or ou

— = 0. .19
ot om 0 (5-19)
M e (5.9)—(5.10) X 4, (5.17) 5 (5.18) WA B AR
ou Op
—_— = 5.20
ot/ + om F (5-20)
aS
= =0 (5.21)

TR, —#BERBHNFHTEAEDHY A LETHIER
(%t SE TR BY) A

or Ou

_—— —— = .22
ot Oz 0, ' (5.22)
ou Op

—+ — = 5.23
aS

-~ =0. 5.24
- (5:24)

XENHFEREL, EEEE AL (U,m)ick (t, ).
xRz E R4 (5.16)—(5.18) AR N @ %I
ER: (5.22) 5 (5.24) RAM K RN E, B BEANE

J
AHTERE ok (p=p(r,5)) . #3. HE (5:24) +
SEE. MTHEHNE RESH S WIHE

t=0:5= Sy(z), (5.25)
mMA R (5.24) BA S = So(x) . x#, HHE4 (5.22)—(5.24)
A EHAN T EBTAR T EA.

or Ou
% B 0, : (5.26)
ou 0
a_t + é;p(T, So(&?)) = F (527)
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FRI XN S = W, RSP HYR TR FE4H
A E AR
or Ou .

—_ - — =190 5.28
ou 0
5‘{ -+ b—;p(f) = F (5.29)

E F=004 A%, XE—TREAMEERARE LK
UMM T ERA, AREAD - FEL ZES5SHRBE AWK
B 2.

5.4. —HHNMREBRENFFEBEHNMNEABEX
— AR R AL R R T F TR A IR A AR T B
ap O

LT - 5.30
% 4 2 (o =0, (5.30)
ou ou 10p 10 {,4 ou
S22 2 L T = F (s
It u8$+p8:c p Oz ((3”+”)8x) , (5:31)

2‘3+.§£+8u (4_'_’)@_2
p@t pua:x: pax 3“ s ox

o ( 8T
=7%(ﬁ%) - (5.32)

(W, (2.50)—(2.52)) . IEHHERd, HAEREHHLIRTHY
B4a4lalg R

or ou

w5 =0 (5.33)
ou Op 0 4 n Ou)

ot + m Om ((g# il )p%) =F (5.34)

e  Ou 4 NCAYEEE:. T
g0 T P55, ~ P(gﬂ + ) (B—x—) = o (Kpa—n;) .(5.35)
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FAE (5.33), E=41 51 (6.35) XA BN}

e T v p— Oe) ou (4 + 1) Ou
aT o’ ar) om P33T H)\Bm
o ( ar :
¥ (U',m) BN (t,z), B
or Ou |
% " 3.=0 (5.37)
u Jp 8 (.4 NCAY
o " or @ ((§“+”’)pa )“F’ (5.38)
de Ou 4 L (uN\® 8 ( oT
o T Pas P(gﬂ ) (5;) 3z ("99“55) (5.39)
ﬁ 2
e T  ( _Oe)ou (E ) Ou
aT &t ar ) oz P\3HTH I\ 52
8 ( 8T ,

X
XHERRNEANTREA (5.30—(5.32) AER VB HROE
K.

BiEHH, DB ARTREEREKE FBAKERE
BHBEEE, BAECR—TMBAXHER — LLEsiHHEEHR
AL, EMACBRAERBZN, TAABEHNFHEALTH
RAAGERN. B EENTREFEN, REEGEE, Rl
R HVRTES, BN ERBRP AR THER.
MAEREENKBBH AR THFEA, BT HATHE
BIAEBPARTOHANNGE, HEBENTERE K.

- 174 -



AT RBENBREBELVETOTEREA, EE Y FRGERKKY
AR TT M E R A EREH AL A TERI R B A AR T KEMEH. 6

MEERBRR TS EWEKH
=0:u=1uo(z),p = po(z),T = To(x)(&S = So(2)),
(5.40)
4/ (5.4) &
m(0, x) - /Om po(z)dz. (5.41)

HEXTBAENBHAt =t =0 HNT ¢ & m{E, M
ARB A mEH: z=z(m)., FTRERKEEHLERT
ORE R LTS

' =0:u="To(m),p=Pe(m), T = To(m)(8&S = So(m)),
(5.42)
i To(m) = uo(z(m)) %.
ERBNAFETHRASHABEME LS ENLRENF, &
REMEAFETAE TSR EMER. Minx R4 (5.33)—
(5.35), HELRAM ML £ = To(t) (xo(O) = 0) L EHR
%4 (LA 10)

u = ug(t), T = To(t), (5.43)

3 .51 | -

R BB RH Y AR, T = oo(t) % m =0, ARk
HEBR, T REE (543) WHLY

m=10:u=uwu(t), T = To(t). (5.45)
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EEARWEAT HE, FESIANKEEHLEFENTFLZ —.

X=y (t)

10
3 B
1. IRIEWH: YHRFHALHE, Bl rotw = 08y, BEHEA N
R ARG N T K

Ju w? 1
B + grad-— + pgradp-
2. RIiEW: MBEMBH FHSE, WFEE ¢ #f F=—grad ¢,
MLBEAGHERTEHEROBMHSERXTER
d w? p 19p 8¢
dt(e+——+p+¢)—-;—8t—+ 5
3. # R AREFXE, CARBERDR T LEEN
up . KiEW: WA EHROBERE, & C PHEAEREYE, B
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TS u=gradd, WERERHEN
fFuB .ndS =0,

Hfn A4 EERE.
4. ® u AWEE 3 EPEHNB. W v HES B

1 )
WeA 2 /.op|w| dz

M, X9

A={we C'()NCYD); divw =0, %2 +;
w-n=ug-n, &£l t}.

5. BB RENN HkEY P={p;,}. RiEW. &£

EEARL, 7 ARBIORE S, £k RN A ROFHE,
fe 7 — O B OB B % A E BUH M EXME, BIAR T

] 1
lim
r—0 4712 Js,

| B
P, -ndS = 5(1911 + P22 + D33),

1 p, B (2.5) 5 (2.6) X&KL, |

6. RIEH: MR - FRTHFHFBABRYREZH—8
SRAREN, B rotu =0, MAE - FERHHEL (3.4)—
(3.5) BMfLy ki A4 (1.15) . |

7. BAU T MBSO SKRBREEY, HPRWEL
MW R RSN BRREL, E8 —BRE LA NRE M
W, Bp=p(z). #59 p(0) =p1, p(L) = p2, H p1 > ps,
R EEARERE (BSEBRSY) .

8. ¥BETHEyYy=05y=L B FHEZENERMKMYE
NAEHRAN T FRGFs. & p=p(z), BEm p(0) = p,
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p(L) = p2, pr > p2 . RRZRFHOEE u(e,y) SES p(v)
(B AR )

9. # NC R’ AHFRRK, u© HNE - HERHHEAL
(3.4)—(3.5) wenREu (3.7) wm, Ke4asn F=0,
i B 4 10 3 6% B B 1D 49 1 0 R 2, B

d r1, .,
— ] = <0.
dt /Q 2 [u*dz<0

10. RIER: — HE TR AR F 4 2 A R 00 B B H B R (5.22)
—(5.24) WIT S KW FHR

(01 _Ou_

ot Oxr

Ju OJp
<E%+EE_R

O e+ %)+ 2 pu) = Fu
.. € 3:1: = .

H.Hmﬁloﬂ*%ﬁﬂﬁﬁﬁﬁﬁﬁm~ﬁﬂﬁﬁﬁﬁ
2HEY, AUEMAERANE ENBENRNEELAE (BR
#Eh F=0).

12. #t ok L(&)afl:' "afn) XTER 60 > 01 gla' "agn
AR, EYH R |

M= };L(foyfla . 'Jgn)

KTEE
1 S _&n

o = 60)171 60 3T = €0
poFaid T LT IR
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-

13. RE[SHOKRMAY, ¥ p- HEA

or ou _
8t or
ou 3]

E+5;P(T)=0

AYFETREIN—BBRERNE, XERE p'(7)
<0,

2z % X B
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BEE B IFE

8l. & & F #

ERENEHREEFAXH S ERAE BRI RS,
HHE AN SR TR RO ENAE—TSHNE, HigH
T — 4 S B R

BAMCE&NE, FAYEETRE. EH%4&ME0RE L
RFER BASSASTIRORE., XAVEHSHE LR
5. ENE—S&ETTUEREL. NREBAEAE, W
FREORELRTHEESNL EHBZT UL BRESIL+HE
KE). WENS FSRFZRNES 4B, {002 6
DIMERS, MABEFRMNERFEYRAMYKMEIEE, o
P(ZELH -89 BEETFESEMNORS, Rya 8T,
METFEEEHETUNRYFEROETF. X8 WERERT
—~HHBTHEFALSTHERNESY. CEAET &M,
MO RETESEAR ORI, ERYHENS —#2
FHERES, B £FTH, BRAYROENE.

Ak, CTHTFAENRETHE (ERATSHEER
oM MEK, RRESEFEHRLESEEHUZL, §
MR L ESEGHEAYBBRE. BE. EHISNEETFH
(BR e B S4k) FAEEA, BEmEERRNEE T ARNEL,
CR-FGHERENSHRE, SHEGOERT4UE.
BAESKRHBEENRBELITFHZ—, ENTAHTERBE
FRETZE M RESHER DR, PR T 2 KRR
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RE A, % T X HRER P BT 0B AR T IE R
BEERMEFRNSH, ENEER e, AAEETFHZ
G,

METR, SETERREESE, SHBET. BTFETH
RTP=MRGEEAR. BTEXRTREREHNBRERKR, 18
AEEE, ERAERMNEEEFFEPOWHRSUB,. B, X
SANEREE, MAUSETFANERNAEREREFE, R, &
EENTHERNE 99% U ENYRASETH, ExXh, X
R R LR BE RS LT B, TR MR AR LS T ARRA
. XUTAHNTEZZEENZERSRASETH, R
TR EFRZT A ERESE TR, RRINAZLEE N HBIRI
M “BER EFEEHPRERRIK.

+RMHEY, YAEXKEFEEBECANYR=FHEES
ZHTEBREER R LEARRIINENLS? XAYBEXE LS
%47 (Crookes) # 1879 B R THEHEEWRBEIEE, B
— BN TYRENAWEE, 8 1929 £1i8 K (Langmuir)
f% 547 (Tanks) £ —KBIATEBFHREXANBHK, HEER
MENZENA, FZLEERELEE THYERE, AAtaL
SHERAE-KBRARSEERZMN, FRTHASTRERN
W5, TRAHEETHEHRN. OW+ERMKSE (H. Alfvén) g
SETREENYE, FROBNATFEAYBEMRAYE, mxE
A BEZHMAHNFR. SNERRNEET, SRAHSET
HURE, MEFAEMARN, EFFAREOIE (XRE)
B, BETLUFEN LN FRLE, XEFROHSREBRFFHES
EREEAS L, TS5 AR, o8RBT X HE 0 R
A, SETYRRERAENENTFRTHESLZI KA NS,
Sk, 1945 £E K, ERAS SAMEE LSRR THBET
W, OABREN LS, SAERBREEERT AROBESEILE
FREFOABSETF4 ! UG, URIHSETEH, EHR
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EERTREENER, XEARTSHOKEERMN. BBE, &
HE. REH HERSALLANTFEFERDEE BB RTF RS
ERREWOTR, H5E YRR % 005 WA H 05
. SRURETOHRLBESANEE. TUEKLEN, B
BUEM RN, EEZERENRBRE T RERBRN, &
BEAKER. XMERENENRZ AR, AZFE, WAK%D
RS R, A—#+ARENFHEE. XHFR—BRY, %
FEARFEHEHEEEILBIRLORR. CARTHSRSET
YE B EATR. SHEN, BTFARLRE. FHKHORH
15 HhL T S e 1 A, 2 ) T R K A A T 2 (6 6 L
B AKEEER, ILE—SRD TSETFEYBOFR. o
DA, %4k 90 B 52 45 2 A T 90 2 M B LA 0 25 1T 7 ¢
A EES .

LW HO - EAEL £ HECHE, HRT
ETRVHEFARNSETR, EER RPN, BBTFH
AEFAENEFOERHESSMS, AMUmt, SEFAME
o 7 AE — BT LR RS, B OE R A MO AU AR,
HE— b ERBAORERMY AT, XEE NS E P f s
PEROBIR IR R, RS TR S A — B R 4 B,
THREFEEKOGESE, @68 FHIKE, X0EH, %
BT, Bl ne i SHRREFELETFRETHIRE (R HRF
I TR ), Bt AN ne ~ 0 . 7528 Fok b B 4
HRBMOEHSE, Db uBEEE, B EE XN,
Pl — A mh 10 ZRORE, KPSEFHROEEY
ne ~m ~100/%° | BEmTFREARDEATHIZ—MEBT
BE W ARZA, BANRAE TR0 ERFTRE T 60,
KBS MO ERTREBRESH. HETARESROZE (8
PEAY 10 ZEK 1) s Z WA S 64 FRE, AR RN,
WARAART . R E T4 E AR AR AL ES, R

- 183 -




BERE. MR, XUFREXN, HERTHRESIH LB p

MHREEEHmEN. AREREE AN BRI RS

RSB, UETHEEFHRPEABIRTFRARELW, T

NASEFHRHEET LS, SERIMEEBX T,
mE—# (7.12) X, RMNAE, XFHES

B=uH,

Kb pu=prpo YRR, o Y ESZHPHESE, T 4 = 1+Xm
- ARNESER. NEETE ATRERER, B Xm0, K
WHNESEu~1., AR, 45ERE u. =1, TR

B = u,H. (1.1)

ok, HFEBFHEEL—ARSH, EXFRLURTEBHS
% E., RAETEREE, YRS ESBRTFRETHEHME
Fof, SREHTEG, Bk, aF HEGS, E R4
B, £45E, HERTHOESR UL, SXHEBAiEnh
2EARN MR

§2. MMk HEA

EEHER THHRNOEENRENR, A THPHFERR
KHHENT, ER-MAREFIFEERORE. CTEREETH
BRI, ATTEMFAARBEHNBEEYE, mMIIERAH¥
BHROHRE;, B—-0HE, BEFNFEXNEENSFBEE T4
AR&=EERD (BRED), IXEH I ROEH=EEWN. K
B, X ET HEARMRED O ERAROERNOBEEERN.
XH, FEFRERESTEZEE), RNETRESDNEERZES
M, XBEHTHENFREAER. —HE, ERENFTE
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AL FMABEIMER, H—HHE, EREBEHOERN
FHBRATLAMABT FHERA (FHFH) SHH LR
., XRLFHRENETBAMERHFIELAEHRGE
¥, XBBLERNTEARRBRAENFNELTEA, KA
BMAKATEFRA .

2.1. ZRISENK (ZXBTH) NEIHERMEHE
(H Ry IE -
AMRPERFF I EA (WE—F (7.15)—(7.18)) %

div D = py, (2.1)
0B

rot £ = __8?, (22)

divB = 0, (2.3)
D

rot H = oD + 35, (2.4)

ot
#tsh D=¢E, B=uH .
i8] (1.1) ®, (2.2) & (23) XT4 BN
oOH
div H = 0. (2.6)

EBIENTROEE, RINGHAEINRBEHR (MRE—=
(8.27) ®)

rot £ = —pug

jf -T—O'E,

Hep o ANFEMHRSE. XL E RBEAFERFEZATRZDY
5, ERETHMMAHBRERERNER 7, . RESHNARALS
EiEs), HEEN v, IR (BRE—% (3.19) R),
B & F b iz 84 B b BSR4 IE LA BT AT B9 T

EFE+uxB=FE+ ppux H.
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FRA#® |
j; = o(E+ pou x H). (2.7)

X o wAEYN, TAHTEEFAARSHEK, o> 1,
mEEE (24) X, ¥ 2.7) KRATTH

rot H = %%)— + o(E + pou x H). (2.8)
BEREHR N E=e“tEy, st Eo FKBT t . Mo
BHRT (% € N5 H)

8D

—— = jewel“t B,

ot
]

oE = aei“tEo.
HERRTR, £ 0> ew, B g S £, [ B BT R £ 1

H.HFo> 1, $¥BRERBENED, LRBERE®R, Hit,
R (2.4) (B (2.8)) Al LA ZRE LI B U, THHFHLS %

rot H = o(E + pou X H). (2.9)

M b RHERHEFRANEES, SIANLBBRELE

A T A PR %’tf- +divi, =0 R, AEX—BRE
kEER divi, =0, XxRE#E rot H = j, MBS
F div BT S. XEKHBA AT RIER (IXE— R, &—
TR, RANEHETRHOEH), XS SETREE— 4
B85 o 0 P b R — B

FHEE 0 B R WM& TR b E, T 5t B4k 1%
Bx@emn H 88 0s Hored, yi, g (29) A%
&
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1
FE = —rot H — pou x H. (2.10)
o

WHAA (2.5) X+, B3R

OH 1

5 = —J—”Orot rot H +rot(u x H). . (2.11)
W% rot rot H = grad div H — AH, #3%&% (26) &, &
i
NE:] SH

B rot(u x H) = ;—E—(—)—AH (2.12)

)4
div H = 0. (2.13)

XAMBHERE H M ENSTRE, BERPE8TARNEIH
Bu. ERGERMKE, LAMRAES ¥ TEBARLEEK
% . |

XL, HR (2.13) LR ETANXIEMNER, B
E, EFWEGFH

t=0: H= Hy(x,xz2,z3),

Bz divHy =0, £ 78 (2.12) WsERBEET div, 3

HEEFdiviot HEEFTZE, BE
0., 1 i
é—t'(dlv H) = J_MA(dlv H),
t =0:div H(= div Hp) = 0.

HAESHTEMENEROME—#, B8 (2.13) K.

22. EEHAMPNEFEXNRENEFBRENEIE
MEBTH, BE ORE. ENREESYBERNEE L.
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FESHEEDY BanrE (WE-E (222) R)

%tp_ + div(pu) = 0. (2.14)
HEXEHELAGERETHESEN, ¥ THRERBESHEL -
WAREHE, MELHGNIE KR RHAN IR REEK
BSREREENENMAEES KRGS EHsIBEMER TR
=,

A, BELGEAFETHRORS, ¥ ERAXEREEF L&
iy 4k F0 5t B

ME—E 7 |, 7 u =1 KEE,

1 1
BB BEEAEN 5= SEx H,

%%@%ﬁ%ﬁ%ﬁﬁ%@ﬁ+¢ﬂ#ﬂ—aE®E~
U'OH® H?

%%%ﬁ%ﬁw%wﬁ+wﬁﬂx

MR RAEERNEY S=Ex H,

EREMHBET, EASEFARMOE A, TxtETSHE4
BT TLENRL—F GERXFELERES), RATY LR
MR BRI — TN EL.

EmEBRFR, ATSEFRERS&, Bty E (i
T HWiE) B—4DNE, Wi E? wmisst T H2 mgarel
ZE, Wi, LS EEERESE E, XabhE—A4 A K
BERMAD, TR, X#, BRIA

BESBERERESY O,

1
%%@Eﬁ%ﬁ%ﬁ%uﬂ#ﬁf—ﬂ®fﬂ

1
HMEREETEAN §M0H2,
BERBRAEEmEN S=EXxH,
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REEVHBTFEITE. hbd, Am %Eﬁi'ﬁﬁﬁﬁﬁijj# i
SEFEATEFMAHT BRI R ITEROAANT S BN X
BhyshBE, FRABAEHN (BHE_%F (2.23) R)

gt—(pu) +div(pu@u — P) — podiv(H® H — —;—H‘?I) = pF.
(2.15)
ia . .
_. 1
II={r;}=pu®@u— P— pu(HQ H— EHQI), (2.16)

K P={p,;} Mg Ehr LA EBENgE (L2 (2.20)
), W (2.15) KT EH |

o
a(pu) + div II = pF. (2.17)

B 5] DUk B
div(H® H — %Hzn =rot H x H. (2.18)

Bk, e H=(H, Hy, H;), 388 (2.13) &, &

(2.18) R A M — Aﬁﬁ
8 1 a

— 3:1:1(H2 — 5H?) (H1H2) (H1H3)
oH, O0OH, oH, 8H3

= H — H -—

- 2 ( 83.’)2 3561 ) 3 (8.’53 (9351 )

= (218) RERBE—HE

i, AT LLER (2.18) AFERMW B - RE= 24 H%,
XHE, % (2.18) KL (2.15) ;t, BE

9
=2 (pu) + div(puu — P) — porot H x H = pF.  (2.19)
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KT AEARAREEREX—M4R, FiEEEGY KSR
MBHFEHIERN TR BTAADBRFHEOTES G
el FxX b, HE-REERMT dr, HEEEHN LK, BE
HER EOER IR

(PE + j; x B)dz,

XL P RFBBEEE, j;, HEIERTE. BRASETH
EE—HRATT 2R (1 §1), § 5 =0, #Fﬁfﬂ (1.1)
e |

/-"Ojf x Hdz. il .‘_5(\7} = S

BHZB TAEBRETN (2.4) KX (8 (2.7) & (29 RK)
rot H = j,,

A XA A
porot H x Hdz,

HPeRHAE F s, a8, EX8 24, N [ti,t] &
B PR Y

[4
f i / porot H x Hdzdt.
t 02

FHTMASHRTFEAR (BoEm (2.23) R) +, RTBHH
# (2.19) .

FAEEEN R (2.14), FEABRA P2 FRESR (B
£oE (220) R, UTHBEASRSRER, BEERE L &
p AR R B RER)

Pi; — P5zg+n(3$. + Bm-' — gdlvu ij
V] ]

+ﬁ'd1V u6,-j, (220)

Bu, c’)uj 2 . 6,_7)
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B (219) WEH

du; 1('3p_123: s, Bui_'_@uj
dt me& p i1 0%; ij Oz;
1 0 ., 2 ouy o
~ -~ — ‘—(H x rot H); + F,
A CRED BT )
(i=1,2,3) (2.21)
&,
du
Py div P— pgrot H x H = pF, (2.22)
d
XMRBMAN R 7, m MEAXRLE & (1.17) K

REXEEGRENE. JIILTERRAFREREFEL+ A
BRERERLBEAERAEEABRNTK. Hh (2.10) X#
B EMEAARABREERATHENR, 4

S=ExH
1

= —rot H x H — po(u x H) x H.
o

X, BABum TFrEsaRANERE E (SHE -5 (2.29)
)

0 1 1 1
— (pe + pu + —poH?) + div((pe + =pu®)u — Pu)
ot 2 2
+div (}»rotH « H — po(u x H) x H)
o .
= div(sgrad T') + pF - u. (2.23)

FIHESEHHE (2.14) Rk E Prgast (2.20), LR
thh (BEP & (2.31) R)
d(e + 3u?)
dt

P + div(pu)
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0 Bu,; ou;

3 3 2 ’ .
52 (15 (2 22) - i)

1=1

+uoH - %%—I + div (irotH x H — No(u x H) X H)
= div(kgrad T') + pF - u. (2.24)

A EEE AR RN AR (2.21), A M (2.11) &, (2.24)
XX THE

de Ou;  Ou; \ Ou,
Pit Tpdive ~ ”fj-:l (3:133 8:1:)33:,

— (' ~3—ﬁ)(div u)® — —G—H- rot rot H
+uoH - rot(u x H) — poH x rot H - u

+div (i—rotH X H — po(u x H) x H)

= div(kgrad T'). (2.25)
Axf LS — S TR, RATEEHL THA

H - rot rot H — div(rot H x H) = |rot H|*(2.26)
H -rot(u x H) —div((u x H) x H)
—H xrot H-u=0. . (2.27)

H5k, AAARMPMAR ditv(axb)=b-rota—a-
rot b, Bl {8 (2.26) X, Wi (2.27) &M K

(ux H)-rot H— H xrot H - u.
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HEARRABOMER (@axb) - c=(bxc)-a, J:it?bz, X &
EWT (2.27) K.

EEF (2.26) M (2. 27) X, BEEFEIE (2.25) XTFH
A

de Ou;  Ou;\ Ou;
g TPAVY - ””ZI (axJ * 63:,-) oz,

—(F — gﬁ)(div u)? — ;|rot H|? = div(kgrad T).
(2.28)

o [F) £ 4 91 % 77 R4 T B AE, R ¥ X R R de = TdS -
pdr, ERLLET# (2.28) LM S R wEEe . WXL

de . de pdp
pdt—l—pdwu—p—(ﬂ > dt
de dr dS
= T—. 2.29
-7 (dt dt) P dt (2.29)

EEROIESTRS, RATHA TRERFE (2.14) . % (2.29)
A (2.28) %, EI7S

But ou;\ Ou;
pT—~—— —H Z ( 8:1:1) 83:],-

i,7=1 8$J

I\

—(@ — zE)(divu)® - glrot HJ*

W

= div(kgrad T). (2.30)
X R AR BB #tE i TR
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LA T, HE (2.30) ATy ¥ Al F Ak S 24T 1 A LAY
AEBHE (BRE_E (2.32) RE (1.22)—(1.24) &)

Bu.,, Buj Guj
pT— “ Z (ij 8:1:,-) ax;

t,7=1

l\D

—(# — =p)(divu)? = div(kgrad T)  (2.31)

00

MR RS AT ANTAR, M, RIERS &X
BEEAR. ERRSEARESEN. XHERTRR, SR
WY j,, HBEY E. WK, RATE

jf = UE,

Heh o AR GER, TEHEERCHBEARCERA RS TE
AW~ ENERER. ERAHEFBARGEHN BRI
AT ER MR BN, HE—# 84, RINBMEST
Jr-E(fEAE) . TRESMAB P, 547 Py 358 H 19
BN

jf - E = j?/o:
WHY EE - BAZE . ERENREINHBERT, SHEAH
FHEIBRAMEEOREBER (Wk#h) NS5SBHEHTX,
ARETHM I, . B, BshSAERMEEATRHBOER

AEEARREERESOATNS LEER, B j2/o. B
A TABRETN (24) X, §J; =10t H, &

ST

1
= —|rot H|.
o

X — A St 712 (2.31) o, B HEReHHE (2.30) .
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2.3. Ak h$HEE
¥ EEAELMA AR (2.12)—(2.13) . (2.14) . (2.19) &
(223) Kok, HED -BERTH AREY FFELN

oH 1

—— —rot —AH 2.32
55 1O (u x H) = o s ; (2.32)
div H = 0, | (2.33)
%te + div(pu) = 0, (2.34)

%(pu) +div(puu — P) — perot H x H = pF, (2.35)
1

1 1
§pu2 + §uoH2) + div((pe + §pu2)u — Pu)

-&—div(érotH x H — po(u x H) x H)

2(e+
Btp

= div(kgrad T') + pF - u, (2.36)

Kb (2.33) KT A VIEGER,
SR (2.21) 5 (2.30) /£% (2.35) 5 (2.36), £
HFRANXFEHR

oH 1
= —A 2.37
5 rot(u x H) = P H, (2.37)
div H = 0, (2.38)
dp i
" + div(pu) = 0, (2.39)
du1 10p Ou; Ou;
it ' pbz; P,z_:l 0z; (N (3%' * 3%‘))

1 d

p(’?
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O HxrotH), + F (i=1,2,3), (2.40)
p

Ou; Ou;\ Ou;

pT—— - H)zz (B:CJ Ox ) oz;

— 2 2

—(@ — 3P 7){(divau)? — |rot H)|
= div(kgrad T'), (2.41)

ﬁ*é;%ﬁiﬂ%:%¢%01ﬂﬁ

U xRS, KOER (W) Ty H = (H,,
Hy H3) . p. u=(u,u,u3) 8T, HmEREZF R p =
plo, T) %, RHE—A 80 HEA.

FE (237 wHm TR o wEE (AAERE), #/
BAEY . BRxEEnamE, FRE (237) ke F#E AR

oH 1
Bt_améH' (2.42)
HEEYBHESXTYH (AT TERYEARR, B

% H =m0 0RERBERN Lo, WEHT UK 4E K 1\ 4

T =ouoLy.

1
BRI, W23 G B RAHINTH — - 1% /#(m2/s),

0

WERERE Lo ~ 6 x 10%K(m), iip WY BEE 7 ~
4 x 102% (s) =~ 10% | wERMEBAH 10° £, B A TR
GRS S E. X, MBEERRERNIEE B
WBE, CEEPN 10° SRRV IS BERET. B
s, B AT R 35T T 68 R IR B AR B 0 SR AR 1, b SR7E HLER
MEBFEE R ME TR, LISR M4 B T i b5,
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2.4. FTEBMEMUABHEHEE
7R E S M RN T ER M. 5B (2.39)
i %
divu = 0. (2.43)
R B, 7 (2.37) Wity

dH 1
d o o 0
—_ v/l —_ = =
H+ 3 mEXLE-=5= (117X, mV (8551’ 5z, 8333)

grad AMEEF. LKL, MNARERENTRAR

rot(axb) = (b-V)a—(a V)b
+adivb — bdiva,

53, o 0
Hp b-V = bla—:r-—l— +bzb?2+b3&—3'a HEEH (2.38) X, A

rot(fu x H)= (H-V)u — (u-V)H — Hdivu.

TRAE (2.37) a5 H

OH LN
— —(H- V)u+ (u-V)H+ Hdivu = —AH,
ot O g
B
dH 1
dH o o v = — AH. 2.
g (H-V)u+ Hdivu p— AH (2.45)

HET (243) £, HERXTHNEF (244) R,

- 197 -



AT S - WHERARANELR, B0 AFE HE
s p=1, BHA (2.43) X, WeHEHE (2.40) AR

i—u + gradp = fAu — poH x rot H+ F. (2.46)
BEET (2.18) RUK
div(é—HZI) = ;gra,dH2 2VHZ,

divi(H® H) = (H-V)H,

(2.46) XA XATEH
du

1
a—t——l-Vp pAu—ipOVH + pwo(H - VYH + F,

B
du

1
= V(o SuoH?) + po(H - V)H+ A + F. (2.47)

HWEEMXARE - i mH T EE -8, WRATETH
RAEANRESH, JAZEERTE, ﬁﬁé@ﬁJTTE#ETE%H‘J
iR T EA A

divH =0 (2.48)

dH
dH - 2.4
G~ (H Viu=_-AH, (2.49)
divu =0, (2.50)
d 1
d—'t" = —V(p+ SuoH") + po(H - V)H + fAu + F.
(2.51)

Hep (2.48) AL A X FEMRER, T p WRBAHE—D L K
EERE.

RREEREERE, ANTAE - X TRARN
R4,
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83. BB R ¢ ALFARMEME L HFEL

3.1. 4GS % o HEFAMMMAE N EHEE

HTFSBTRYESE, o BRBMNANKE. 5 EH
HERWR: 0=+oo. LHERURRMSNT BAR, W
Witk 122 A (2.37)—(2.41) F4LH

oH

5 rot(w X H) =0, (3.1)

div H = 0, (3.2)

% + div(pu) = 0, (3.3)

o oon = o e (5 o)
+§ai((ﬁ - Zadivu)

—-—~(H><rotH)1-+F,- (i=1,2,3), (3.4)

6 3 8Uj
pT A Z ((‘9:5J 8:3,-) Oz;

i,7=1

—(g' — =m)(div u)? = div(kgrad T). - (3.5)

Wit .,

FA (2.45) X, 8 (3.1) XTKBH

dH
dt

THEX o=+oo MEEIE, HHLKIEEMER.

— (H-V)u + Hdivu = 0. (3.6)
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3.2. w15t — B s =Y &Y Bh I &Y 8 I XA E) A M 5
REHNA

BE—MEH a(t,r,T2,23), MHME S ERENEE u
(EE— /) mEsh, BMNEiditaxd SEHEELETE n Ki#E

g
fa-nds
. S
I E L 3 ;
a—t/Sa-ndS.

FREEME ! EAEHEIANREAR. —£ a &
g5t Tk, “R/RHE S Mt LTRSS, F-BIrWE
ZTHENTRERZ

oa
— -ndS. 3.
fsat ndS (3.7)

BAE T A X BB KM TR, SR o REL (RPHH
FYR4), iR L rE dt &, S X S WEE. RAIRT

] 1
&([gla-ndS—[ga-ndS),

Hbhnxt Sk S HR—WMA.

w D% Swarme. 2t dtumE, eEd—#E 2, X
S, S —RHR—Hmkm LE 1) . 7t i hm e
AEMNSRARK V LHARKAR, B |

/;/dlvada:z/Sla-ndS—/Sa-ndS+/Ea-dE, (3.8)
K
dX = dr x udt,
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Sy

ar Ir

mdr 2 I'tMREHT. BRE

/levad;r: =fs(d1va)u-ndet, (3.9)

/a-dz‘z/a-(drxudt)
b r

= L(u X a)- drflt = /Srot(u X a) -ndSdt. (3.10)
RERE-SHATHEREARK. 54 (3.8)—(3.10) &, &%
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E=]

81?(/3 a-ndS—fsa-ndS)
1

- ]S ((div a)u — rot(u x a)) - ndS.

# B7) RELRASHMTRAH, BB

f a-ndS = / (—+(d1va u — rot(w x a,)) . ndS.

(3.11)
KRR FTE R AR,
B ERARBAKRNATF o = +oo Mm% H . H&F
(31)—(32) %, # (3.11) Khi a = H, BB

d
< . ndS = 0. 3.1
dt/SHn 0 (3.12)

B, £ 0 = +20 WIEE, RAB\BIMTRRM #pTE g4
ALFEART AN, BIMARA—RENGE—thE S 4
BETRE, FEHEL AKX, XNMERK MREEE .

3.3. #hsk “KE FE

BERENFHREARNEZ —R%E S8R REshH iR
R4, I-HEEFKTUEBTTROBEIL “KRE” RE
KEBR., XNEEWE: & o=+oo (RIRTF) WA, &
BHRASHLF—BAR LG/, AEHIRTL-ERGA
Bl—# 1 R L, Waa)BFR “he” phRE

HIEHX— 5, BAR (3.6) UEREEMTE (3.3), A5iE

1dH Hdp (H )

i

—-V]u
p

p dt di¢
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R
d (H H _)\
H—TE, iERITRBSCERAESE— &, RErZ
t, gk b H — R EB#OT dr, MR RS, & v BE
dr 259 09 AR EBE, W7 dr KR em AR BE N u+(dr-Viu .
FRENE A K, dr BRH
dr + (dr - V)udt,
(BB 2). Mifi, dr xtedEl ¢ gERS

d
az(dr) = (dr - V)u. (3.14)

dr+(dr +9)ud:

ude
u-t (dr « Vdudde

dr

B 2

H
i (313) 55 (314) ATURM, — M dr (WE—HE
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RE) BRERA-ERMEEFREMS TEL. Hit, SEFR
H
i %) ) Ml odr #47, ME—BEERARE

H
— = kdr,
p

b k76 A E R R 8, TU7E LS B 2t — R AL AR I
%ﬁﬁoz#,EuEW%,{;ﬁdr&¥ﬁ,ﬁﬂﬁ&§m
MBS E . BT, S MEEF BN NI,
W) LAJE 7E 38 3 it B o A — ELR U RE S 2R, ﬁﬂégﬁdrﬂm

bR 5 A%
Eit, § - HIERNZE IR EORERA i35, &N

H
KUioh e EME-EBIINHEMAL A8 —-AL, ) n

W R KR BIE B B AR, 155, XAl R4R BBk, p A
W, H AGM@ENROMKRIE L 53R, B @555
BAOLKKpfmgaE. &Lk, BIOFE, TLREREES
KIS oL R W R B RALAE O

§4. LMK F1 7 TR AL 1 B v 4

ERGEEREMAES (B> 0,720,k >0) & 0 #
‘oo WEE, AR (240) 5§ (241) WU EH, REF B
MEh¥hEFEERGEEFEYNLELSE HE HX TS
BAR KB RFHOT, BERAERADFNHN TR, h
E%QJUMﬁIImvﬁ(m%%%ma'Es@4m~@4n

o d*
AFERNSENER (T2 v B T mEW o il 322 #7 {m
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FH) . THES, wHERGEHETEL (2.37) & (2.39)—

(2.41) R —A—F (345) W HEBE — A K 5=

H, mBRMAYER, BARMKEXTBRIE - HYBE 4.
EFEKERAESR, Bo = +oo M, sER R (2.41)

R ad H, 3 i58 (2.40) 44 = HXrotH:X &8 H
% H % 20 8 69— B WS RHT Jaf, (2.37)

A
%t{ —rot(u x H) =0, (4.1)

Bp
%2—1 — (H-V)u+ Hdivu = (4.2)

R H—WyE4, MEEFEFE (2.39) AHFXNUNE
X, BER»E. M BEREIZTERAAH - ERSED
— B et R O oy A A0 — X BR W W A RS T R, Tk SR XY AR XN
- yREed. ARNHMAENKBENM NYHTENEBER
4.

MERAPEEAAEMLIE, U T=0 =xk=0, 8
0 =+o0, XMFAHKR BLAEAEK . THESEREINBE,
Blitie BEMRAEI¥FRA .

e, ¥R ATR (3.4) BA
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3332 (91‘3 61‘1 8:82
- pF27 (4 4)
8‘&3 3 8?1,3 Bp
p-g + kzl Ptk oxy, 3:63
O0H, OH; OH; OH,
+u’0 (Hl (3.’1,'3 8331 ) H2 (3.’172 8.’173 ))
= pF3. - (45)

BRE_ES bk WRETEFR 33)B5X

18p 38uk+3uk@

it = — = 4.
pc2 Ot = Oz pe2 dxy, 0 (4.6)

k=1

9 |
Hop & = 6—’; HEBEENTH LE—& (1.32) &, XJLH

CHTRBERE BN THESEE c R . XHHRE (3.1)
5 %

0OH, 3 OH,

Mo~ +;ﬂoukaxk

a
(H26u1 Hsaul) +[_1,0H1 (6’!1.2 + U3)

Ozo dz3 Ory Ox3
8H2 3 o0H,
Ho5¢ +kzl"°“"’ Bx
8u2 8’&2 duq 6U3
H.
(Hla Iy H38 3)+ﬂ0 2(6.’131 +6£L’3)
— 0, - (4.8)
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OH; S OH,
Ho—5.~ + Z Hollk > -

ou ou i ou ou
(Hl ? + Hs ;)‘FMGH:;( L+ 2)

oxq Oz, Jdr; Oz,
=0, (4.9)

Wi BE & 75 2 (3.5) W wy {67 2 3 FH LA F i i <r 1 5 2 AR R

Zuk

XEE, #HU (U1,uz,u3,P,H1,H2,H3, S) K HmeEH, R
AR RS BRAE ERKFEHS, Baz R4 (4.3)—
(4.10) TEXH WM FHRHEIELR

ou oU oU U

+ A .
ot 1oz, A23x2 A3Ba:3 ¢ (4.11)

4.10
8xk (4.10)

Ao—

He
(ula Uz, Uz, p, H13H27 H3a S)Ta

Ao = diag{p,p,p, 0 €2, po, to, o, 1},

( puy 0 0 1 0  ugHy woHs O \
0 o111 0 0 0 -—poH 0 0
0 0 puy o o0 0 —uoH; O
1 0 0 = 0 0 0 0

" - 3 |

0 0 0 0w 0 0 0
woHg —poH,y 0 0 0 u 0 0
poHsz 0 —poH, 0 0 0 u1 0

\ 0 0 0 0 o 0 0w )
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0 puz 0 1 woHy O poHz O
0 0 pu 0 0 0 —ugHy O
0 1 0 =2 0 0 0 0
Ag = pe 3
—pupgHy  ugH; 0 0 u2 0 0 0
0 0 0 0 0 uz 0 0
0 woHz —pgHg 0 0 0 U 0
\ 0 0 0 0 0 0 0 uz )
( pus3 0 0 0  —pupHx 0 0 0 \
0 pus 0 0 0 —woHz O O
0 0 pu3s 1 noHy poHz 0 O
) u,
A, = 0 0 1 ;c% 0 0 0 0 ,
—ugHg 0 poH 0 ug 0 0 0
0 ~poHs poH2 0 0 us3 0 0
0 0 0 0 0 0 uz 0
\ 0 0 o 0 0 0 0 us |
1]

C = (pFlapF27 pF39 0:010: ODO)T'

BEEBW, EFHRASHER (p #0) b, Ay AMKEE
B, W Ar . Ay, Az HAXNKE, EmBERRKG %L E
4 (4.11) B —4>-—Fr sl 22 7 % 57 0 b 28,

Dl EREMAELETHMOMEPERN. BERARTRERE
KA, BLFEERNR, YHLFFHFEERERN B
2
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AR IS, HEE (2.32)—(2.36) A M TR

%t_ + div(pu) = 0, (4.12)
g(pU) + div(pu ® u — pI) — perot H x H = pF, (4.13)
0 5 (re+ %pu + luon) + div((pe + ;pu"’)u pu)
—le([.Lo(’u X H) x H) = pF- u, (4.14)
%tfi — rot(u x H) = (4.15)
div H = 0. (4.16)

MR, (4.16) ATLAMMBEEFHER, RNAEEE
Wit (4.12)—(4.15) R. & (4.13) b merot H x H KA
HEEHER, FUZHFERARETEeRER. Bd (2.15)
X, B (413) THBH W TFHEERHER

8 3
P'Uq Z puzuk OHin)

3 1 , |
a$_(p+ —2—u0H2) =pF;, (i=1,2,3). (4.17)

B, BARRRG 1y R4 (4.12) (4.17) . (4.14) & (4.15)
AR - M FHEHEREAN -FrilgEme s i E4.

Wi, ERTEARTEISIAFORTDBBAHATIEEF
EEEERXN X RNMAR? HEFHE _F §1 Pt gy
BE A=A ERARMOTE, RLUEII— R0, BXEYH
EETEE M (7] .
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85. —HERFiAE TEHRY

5.1. —HRFKED¥HEBAE

HERBAEFTEAFHANBAKBETHME ¢t 542
EAE (o) &, REFBAN B0, —BEH, KRR
TR AR S EBRE, PIERANE z, HERsh, BE®
BIE T, R T3 FAKSRAE, BAMEN, BoEHms
] Ho i Hy —BE&HKB T z2 & 23 .

HRABREW, BTN T, WEFER (2.38) b

oH,
ox

=0, (5.1)

B OH, 5z %% tihFam, A84A 237 fHE—- I HEML

A
O0H,

ot

B Hy EhR%. XRFEA (237) PHEAHEA BT
7 %

3H2 3H2 3u1 8‘&2 1 82H2

=0, (5.2)

o g Ty T T oo (5-3)
8H3 8H3 8%1 8'&3 _ 1 82H3
ot L +Hs oz _‘HI or  oup Ox? (5-4)

Wb, #ARWAESHHRA (2.39)—(2.41) KT BN

15} o0 ad
——p'-i-’u-l“*—p"‘i' U

ot Tl TP =0 (5-5)
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{ 1

Ouq Ouy, 10p 18 4, 0wy
o T oo pom ((5*"*”)5;)

- (Hz%'% ; Hs%fi—‘*’) - F, (5.6)
e L (u0e) - Sen e, s
pT%—f + me%g - (§E+ﬁ') (%)2 ! (%%2)2

TrH, Xt EAERE R4, 8D E=F =Kk=0,1f 0 = 400
wE, RINE3 |

8H2 BHQ 3u1 6’!1.2 .
—8—t—+u1 ot +H2_3?_H1—é_$__0’ (5.10)
6H3 8H3 8u1 6’&3
o Mg Py Ty =0 (51)
Op Op Ouy
é?"‘ul‘a_:'r' +p—-3~—£— = (), (5.12)
O 43 @0  10pds
ot o pOr  pdS or
Ho O0H, OH; _

+ P (Hg—a‘E* + H3"a—x~) = Fl, (513)
Ou, Ouy o, OH, _
ot + ul‘“a_'a:" ;'Hl'g‘q;— = Fg, (514)
6U3 8’(1;3 Ho 6.H3 .
“a_t‘ + UIBE" —p"Hl“‘87 = Fg, (515)
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as oS 0
- U1 ——
ot 16z ’
dp
"'2 —
Heg ¢ = 3p
2
U= (HQ,HB;paulau%u?nS)Ts
CARTEHANTER
oU oU
— + A(U)— =C
H
( Uy 0 O Hy, —H, O
0 U, 0 H3 0 "_Hl
0 0 u; p 0 0
A(U) = -"prHz %QH;; : ;pz U1 0 0
oy 0 0 O Uy 0
0 ~#eg, 0 O 0 up
\ 0 0 0 0 0 0
[li]

C = (0,0,0, Fy, F», F3,0)".

(5.16)

o e

(5.18)

AR, BAIATLIER §4 P IE, B HFRA (5.17) HBEH -
MR E, ERAERNEHT —RBENES, NS —RAKEX
LMY, Hohitiem (5.18) XA mmuaEr A(U) KT
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EmES. &
det(A(U) — \I)
u1—A 0 0 H2 —Hl 0

O _"%QHI 0 O ul—A
0 0 0 0 0 U1 —A
= 0’
ZIdtEAR

(1 =) (01 = 7 - 0 12) {((w — 3 = )

(= A~ Eom2) = ‘—;9 up — A)2(H? + H2)} = 0.

0
B |
u; — A =0 (5.19)
Y
(4 — N)? — 5“0—°H12 =0 (5.20)
&%

((uy ~ N)? = @) (w1 — \)? — —’;—"Hf)

—C = N(H] + H) = 0.
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EXXAIE N

~2
(g — N — (& + %HZ’)(u1 A2+ “‘;"’ H2=0. (5.21)

i (5.19) . (5.20) 7 (5.21) R, B A(U) misiE@E A

A1=‘U,1——Cf, A2':7-"1_-C“c\'.7 A3='U,1—Cs,
M=u, ds=u1+C, Asg=u +Cy,

A’r = uy + Cf, (522)
He
cz - B
P _
C?s — 1 {"Q U’OHZ + JV(EQ + _u’_OH2)2 _ 4#OE2H12} ,
’ 2 P p P
(5.23)

W LRd, B+ 24HCr, ] “—" 841 C, . Z#, R
MRBE AU) ®BEALHEE. FEEERIE

C?<C2LC. (6.24)

Cs, Co B Co £r5HRA B, B K MASREEE .
£ H #0H H2+ H2 #0, WLARiE#E (5.24) R &L
FERMOAES, BF

0<C?<C2<Ct (5.25)

(R 7). subt, FEKHM-LMFEELAHEE, FU—F
Pl R4 (5.17) Bt R .
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= H, =0 Hy= Hy =0, &Mt A(U) & 2HE
. EHRBN AT H =0 W%,

Alzul—\/'c'2+%9-H2, )\7=U1+\/62+“N§H2,

A =Ag = Ay = Ag = g =y,

Mi A=uw HEEHMER., FTERMESE, PEOH, ST L
RAENKGMESE, HANOLERTERBORRE 584, X8,
A(U) MM THEMHE N OESE (5) mE CHTRE XL

CA = AC.

AR ERFERBRANZEHE, RATTRERE A= v
HE. &

¢=((1,G ", G7)
HHENTF A=u MERFTERER, WNE
(0 o 0 H, 060 0 )
0 0 0 Hs 00 0
O 0 0 p 00 0O
(€1, €2 C7) | 22m, 2w, £ 0 0 0 12 | =0
0O 0 0 0 00 0
0 0 0 0 00 0
L0 0o o0 000 o)
H %
=0,

H3(: + H3(2 + pG3 = 0.
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WA RNEREM L N feEm &
(17 01 _%HZ' 03 0: 0& 0))

1
(0: 1) '_;H33 0: 0107 0)1

(0,0,0,0,1,0,0),
(01 07 Oa Oa O) 13 O)a
(0,0,0,0,0,0,1).

Lt R A(U) A LA G A4S E m B, BE
FoE A PETFATEATRN— BB R BN
EX, R4 (5.17) kPRI mE M, BhTHESEE,
FEARE R TR HE N,

S EHR, RA1ES, M H #0H8 H:+H; 401, —
BT TRA N TR AN, Y H =0/, &
730 AU) BH A EENEE, B0bH 25 E R R0 R
— A EAd, WL HBRAIRRENMEY.

5.2. —SMAKHE S BANGRBARR
T —BERA S HBRA, BR Uy, us F—EAHE, B
TREE S5 I, MASMSE (5.5) HE, SIAREY
HAR (¢,m) . FAEREN (BRE=2 (5.9)—(5.10) %)
g_o 8 8 _ 9
o o "om oz Pom’
B (5.3)—(5.9) T8 — BREW A H 2 HERE W R ERRD
F
oT 8U1

B .
ot Om ’ - (5-26)
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W DG nos
Ho (Hz?;;f H3?9}r{:) ks (>:29)
5~ o (M0 TG = 630
?;:? — 8?11 (ﬁp%) - MoHl%% = Fj, (5.31)
2 2
T% - (%W—ﬁ')p (%) —Bp (%)
) -
A, MEHARKRE BSIARNEPAEBANGTEAN
g; 3 gt:’; —0, (5.33)
aasz +sz% _pHI%% _0, (5.34)
Baft{a +pH3% _pﬂ'l%% =0, (5.35)
Bu,l L0 (p+ L o(H2 + H:,?)) =F, (5.36)
o' Om 2
B~ ro g = P 0
3 ot g = 39
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8S
ot

B F AT KB, AT R R T
5 &
1 g H A~ 258, R
(H-V)H=0.

(5.39)

ou
2. wEE (B 5 = 0) . AUTESG (X p=1) BB R

FZMARNNAE S, LRMHBELSE: (H-V)H=0.
HE T3 NBBTE AR E TR E AR, RIEW. BRE
g

2

U 1
5 +P+ gpoH’ + 925 =C,

Hep g yEHMEE, C BR—REAEH.
3 WOk AN AHBEBHYURESRY (AE—%56).
RiEH: H o5 A BRAH

¢+ ~—1—divA= 0,

T ko
AR (2.32) a5 AT Ak
é—é =u xrotA+—1——AA.
ot T o

4. RUFH: M EBERG, KETEAE (4.14) TUSN
T

) 1 o, 1 .9 1 p
2 (pe+ =pu + ~poH?) + Y —— —y? P
(pe + 5PU T+ Sho )-|—k=1 amk{puk(e—t— U p)

+uoupH? — poHp(u - H)} = pF - u.
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5. WR¥%— &R R A R4 (5.10)—(5.16) 4Lk —
i 18028 2 X R T Bl 441 19 T R

6. RITUNEPHEBR TR —SBERRAE 2 FEY
(5.33)—(5.39) mykR,

7. iE B8 %HH#OEEV+HQ#0H e, 18 &R
K EEE Cr, C, & Co R

0<C?<C?<CL

Z % X ™

[1] fi# T G. waikAF. B, BHE JLFE: HEHR
3, 1960
2] BER¥EH¥ER. :iéizmﬁﬁ-s- ¥ Lﬁﬂ#ﬁmﬂﬂﬁ
#, 1960
B]mﬁL[)%ﬁﬁﬁEhL&ﬁﬁﬁ@ﬂﬂ#a%ﬁﬁ.t
. AR¥® HRE, 1963

“[4] ﬁﬂiﬁ%. FE Rk N F. LR ﬂ%‘éﬂjlﬁﬁ: 1987
[5] Polovin R V, Demutskii V P. Fundamentals of Mag-

netohydrodynamics. New York: Consultants Bureau,
1990

[6] Moreau R. Magnetohydrodynamics. Dordrecht: Kluwer
Academic Publishers, 1990

[7] Godounov S K. Lois de conservation et intégrales
d’énergie des équations hyperboliques. Nonlinear Hy-
perbolic Problems. Eds. Carasso C, Raviart P-A and
Serre D, Lecture Notes in Mathematics 1270. Springer—
Verlag, 1987. 135~149
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BUE  RMHE T

A R — R RTINS, Bk, iTib
W] R4 7E W ShE R R B B R R R O L. X BTSN
P MR AR R, 4035 B R4 B Rt B SR 0O TR I
B, EERRMARFESAAEENEY. #THRRERS
ML RN, ERPANEXTENHE, FLEALEKE
FHMERS. BIETNIE, XNHE—AFNREORE.

REASA - HRABONE, BEE—FEPERT TR
Sk, HER—SAK. EEROERT, KGNS IUKGIK
A EifE %, B4 B (deflagration); HEREERT, %18
MR S — A RIRIE R, )GHLED 2000 KEEER
wtE A EEE R AT 48, R B % (detonation) .

AR R AR R BT R, &R ATEY
CR%, BENSAATRPRER G, AU SE, THEE &
YEZh, HWELMERRUNRE.

1899 444 % & (Chapman) % 1905 #4% % (Jouquet) %t
FRESAH T -AMEANES ASIRORE, AREERNET
T —ANERE. A4 69 BT AR B I\ b R R R B R Ak 9 52
BB, BRI — BRI REA KRR, FEBR B G T N ERSE.
ZEEX—SEVOHRE. HIREGETELR, HEETOR
S5 RMRGHLEERRR, BEHFR k2 (BFE
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SFHBHER), BB ARBER AR RHNE FHE ML
BEYMBIE. 23 BLMTE, TLUBRELERAR (BR [1]).

BR, HES - FEOBREREEBLN, BXRERK
— AT LUIA b R 2 0, (BN 8 r R (JBIR) AR YE 2 .
— kiR, EREEERES, RAEMEER AR RBRSAE CRS
AR AY, MARBROCRAERBSE - HBIRE. 47T
CH-FERRER SR, LA R RN RN
BHEX—BOEEAT, BESRANSAMIEE, x—44
F AR TR, AT A E X — A HAE 48 & ST AR N 19 1R 0 4 5 B2
H, AFE—HOTRIT TSR

82. RV S A R4

2.1. HUAKEERNEGKHSHES

B 7E X B ARG R A S M 10 5TV R 4 ST R O B R AL,
| MEBEHEARE, dTRE (WEEM), £HzdES KR
AHABEHCRBSMRRTSRATE, RIVEXNXFE
AHREBLIFE, — I HBH TR XMHBEIEEN—
MEAREE, FIAMNMEE o, EF u (REESHUR—%
WHEEZS), FR p %. AINEIA—1TER Z = Z(t,x)
(® = (21,22, 23)) EFRMMAEBBAFREOFS L, UK
SXFMRE, HERARRICREOEL. BRE

0<Z<1, (2.1)

M Z=1FrwERBEE, Z=0NRRTLMRE.
XIEILAHEER:
1) BAARESE S, @iy RN ERB R, X —6
BERMAARRSABLF R PR R, BMLIE RS SR
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FRGAGE (D FHOHEREE) AR, W AESE LS,
BRTFAESTFPHRERE. TREREEREENAR ¢, REESIA X
4 B

E=¢e+g, (2.2)

Hep g FrBamaehse. EFREIERNN, MO
AL ER DT ARBRIEHIER, £iLRE FEE R,
REENRETERE.

2) MBMRETER-BHEXRAEF SO LT Z FX. B
K Z AR, HEHMBARGHIRE. X, NF

% ML EHREARES Z2 FX NF
E=EpT,Z2) (2.4)

. %7 =18, RUARBARBORETHE; X £ =0
B, MALHCRBEEIRETE. SBREATENEEERES
BRI, HETEHE—5 Ll
MERBY RMNILAE ¥ TEA.
RETHEERESBTEETRNARENER HREH
1)
op

5 +divipu) =0, - (2:5)

9

ot |
(mgE—#m (2.22) & (2.23) R), £ P={p;} A&
(2.20) XA, MERBFESES, WES e Xy E, BE

(pu) + div(pu @ u — P) = pF, (2.6)

0 1 1
b_t(pE + §pu2) + div({pE + §m2)u — Pu)
= div(kgradT) + pF - u. (2.7)
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(neE—=m (2.29) &.)
BRI AR, aF/—IPHRBRBEAEORBFELFE, UH
ke Z . ]
HE—%EXE 2 ERRRAENER £, ¢+ dt] PEREHY
i)

/:Q pZ(t + dt,x)dz — /Q pZ(t, x)dx = fg %(pZ)dxdt,
(2.8)
R dz = deydepdes . BRSTFE ¢t +dt] FEE0F S
A Q2 hpRRABAARE L Wk X Bt & i TR Bk S 69
RRRARE L, REFERENE L,

I= —/ pZu - ndSdt = — /ﬂ div(pZu)dzdt. (2.9)
s .

H—AE, EE-REERET dz A, EHE [t 1+ dt] R
Be g KR MK RS By 18] dt BoRMR MK M R pZdz RIE
t, HELH RGN b, ERBRTRME, TS p,p, Z AX.
T

- fQE(p, p, Z)pZdzdt. (2.10)

Xk, B (2.8)—(2.10) XEF

8
fn - (pZ)dzdt

= —/lev(pZu)d:Edt —/;2k(p,p, Z)pZdzdt. (2.11)

B Q2 RN, BERBRRRIEGRETEN TR

o _
5; (pZ) + div(pZu) = —k(p,p, Z)pZ. (2.12)
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X, RITRBE RERGIEFEL

op | .
57 + div(pu) =0, | (2.13)
o
—éz(p'u,) + div(pu @ u — P) = pF, (2.14)
0 1 1
b—t(pE + §pu2) + div((pE + Epuz)u — Pu)
= div(kgradT) + pF- u, (2.15)
J —
5;\PZ) +div(pZu) = ~k(p,p, Z)pZ, (2.16)
HpkmEEpmmambp., v, TR Z., B EREFER
r = plp,T,2), (2.17)
E = E(pT, %), (2.18)

(2.13)—(2.16) st — 3 B R,

22. RERAENEFBREARANLYS
mE ARSI, FMAESEE TR (2.13), T#
HRAIE (2.14) ®HEH

dui 1 8p _ 1 3 0 Bu,-' 8’!1._7'
& *pon 5o, (” (aa:j T 8:13,-))
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mHHE (2.16) FAMHEEEHREE K '

4z _ ~k(p,p, 2)Z. (2.20)
dt
fERHE (2.15) aHMAELEFE (2.13) RSB HE (2.15)

=R A

dE Ou; Ou;\ Ou;
p_d— +pdivu - “”ZI (833] + 8333-) ax;

—{u' - gu)(div u)? = div(kgrad T). (2.21)

BAARELETE, EXAXTER
dE du;  Ouj\ Ou;
dt ) Z} (83:3 ) dx;
P ij=
1

_;(“’ — 5,u)(div u)? = ;div(ﬁ:grad 7). (2.22)

M % (MR oSRE_Ehm (1.26) &) &1, EEW
Z 1 (MXE A BRasa), 8 S=5pT2) #%E

TdzS = de + pdr. (2.23)

ERFEE Z ENSH, T dzS BREE Z WX S Bl
EREN Z EEH, 2t g A%, % dE = de, A (2.23)
T

TdyS = dE + pdr. (2.24)

T, HEF Z &k, FAH (220) X, &

dS dS  0SdZ _ dzS

- 225 -



R 55

f(P,P, Z) = 8_Z—E(p1pv Z) (226)
ﬁﬁa (2.24)—(2.25) &, AR (2.22) XAIBH

dS pu S (Ou;  Ou;\Ou; 1, , 2 .2
Y@, = (axj * 3171-) 5 pH T gldive)
= Ldiv(xgrad T) - f(p,p, 2)2, (227
P
B i

fle,p, Z) = f(p,p, Z)T. (2.28)

i, R R HEHBRAXTE R
%% + pdivu = 0, | (2.29)
2 = kop.2)2. (2.30)

du; 139p 1 8 Ou; | Ou,
dt " pdz; p,z:l@-’ﬂj (u (3%' ’ 3‘”&))
1.9 (( r_ 2 )divu)-i-F' (i=1,2,3), (231)
pa_’];i H 3[1« : o Ly &y D), .

dS H 3 3’!1,,' Buj an 1 ' 2 . 2
— (' - Sp)(d
di P ij=1 (823] + 8.’.6,,) 8.’13’,‘ p(u 3”)( v u)

= %div(fsgrad T) — f(p,p, Z)Z. (2.32)

R, EABENEEAESHOBAET, NG EAU
5 %
dp

— i = 2.
dt+pd1vu 0, (2.33)
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dZz

— = -k Z\Z 2.34
Y (p,p, Z)Z, (2.34)
du 1

— 4 - = F 2.35
o T pgradp , (2.35)
dsS

Heh iy (2.26) ste .

2.3. RAKEBHRERE
% B EF S ENER. X8~k RAVmE (RKR )

p = (7—1)exp(5250)p”’, (2.37)

v

€ = exp (S ; SO) p’ L (2.38)

14

Hvy>1., FRF
p=(y—1)pe. (2.39)

MTRESKE, AE=¢e+g. BREOK/VENILERNY
T, KBRSFOLERA ¢, WR Z HHBESE, LR

AT H (2.39) R, EABHREFENY

-

p=(v—1)p(E — Zgy), (2.41)

Hpvy>1, T go >0 ARNRBARBRAUB TSRS B K
R B EE, A —H K. "
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ZILBAMBRE Yy > 15 Z £%; #5, SERREERS
k, BA— v . XREHATEMA, (A. Chorin), W%+ (P.
Colella) . L&k (A. Majda) 5 Bk a4 (V. Roytburd) %
FEEETRRER B FANRE (L [2], [3]) . dTFEL#EE
ERRIEE, ¥ ALUKBT Z v =v(2) .
BE T " i
p = RpT . (2.42)

gE. EER (2.39)—-(240) K, &

(r—DDe (-1
R R

RERESIHHRAEL HTEBEE Z N, A

T —

(E — Zgo). (2.43)

dE +pdt = de+ pdr

(1-1)
p

= p"7Hd(p' e)

_ O ;l)ed (71_3 1 1n(p1“'76))

= Td (’Yflln(pl_“’e)). - (2.44)

. = de+

edp

ELrEMESS, RNORMAT (243) K. LK (2.24) & (2.44)
KA UFSH, B .S TTHH

R
v —1

In(p' 7€) + Sy,

B
|] R

v —1

S = ln(pl_"’(E - Zgo)) + S(), (245)
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Ha So A&

U LRSS ESD, Wk Z HEE, B ELRAKLE v =
Y(Z) B3R R

ZELEREFE (241) . (243) % (245) +, p. T k&
SHERRA p, B, Z WRE. B, KREREIETEUAN K
MERBARHA o, B, Z Rk u.

TEHERNBEY k(o,p, Z) MEXR. REREEEH —
EHMERE. & T ABREBE RE), RENT > T, 8, HK®
FReREE. HMEARE ERBIN=ZAEEMEIN, FREMATE

k= KH(T - T.), (2.46)

Kb K>0H40%% m

1, T >0,
H(T) = { 0. T<0 (2.47)

| Ak g (Heaviside) ¥, x4, 1 (2.26) &, #3ER
(2.45) &%, &

85—
f(papaZ) - ﬁk(papvz)
R go —
- - k 7 1Z
TC1(E = Zgg) PP D)
- —KTQOH(T-—TC). (2.48)

BmAk —#, WR—FRAHNIENEY. B (2.28) RH4

~

flo,p, Z2) = ~KgoH(T —T). (2.49)
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2.4. REREKH S S BEMN Y EH

EEMMERRESNER, REKN DR SHp. T .
Z WEK, WANNE p. T W& BhBEERGERSE
(2.31)—(2.32) ha s S BRE NN HRMYA, %L
AR (2.29) RERRMRIE KRR FHHHE (2.30) WHHE
AL B —BrH R, HixHBANN — A B HR —
WMBAM. B BRI, B %R X 65 R

TERAEH, ERHEERRESHREE, LR B4
PHE— A —Br BB RN e, YR, p. SR Z
HRMER. MREHE (2.33) . WHE (2.36) BX Z w9
B (2.34) B4, &

3
"’”( Zuk——wz‘%"‘)
k=

aa:k
op (95 , 2
op (22 22
m;az 3 oz
Rt Bl — YAV
LR
op & Op 5 o Ouy
— —_— —* - _G VA 2.50
8t+kz=;luka$k+pc kgl Tk (papa ) ’ ( )
0
KEF czz'égaﬂﬁ
4]

o - dp-—
G(p,p,Z) = 5§-f(p,p, Zy+ 5‘%’6(;0,19, Z). (2.51)

XA AR
1 Bp ~

3’!1* 3 U 3p
=G YAVA 2.52
c2 ot Z 1 Oz z; pc? 6.’3 (0P, 2)2, )
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3op )
G(p,p, Z) = G(p,p, Z)/ pc*. (2.53)

(2.52) g — & (1.32) RAXMUMER, BELEBTEES
WF. B Ak TR (2.33) .

B LRyRamsEH®E (2.35) . REHE (2.52) . HH
B (236) B Z tyhE (2.34) MKFHS), WAREHESRE—
A —Br il e v Xt AR M 4L, 5 AT B B A 1) 57 i A5 SR,

§3. —HE R DL F T A

3.1. —4#REREHEHIEE

BERMEETEAN—%RSY. RFASDF AL 2 = z,, M
Hu=u,u=u3 =0, MiEREEHS 2. =3 £XK, R
Zt. T WRE.

XEE, A4 (2.13)—(2.16) K

1 ) 1
&(pE +5put) + 5% ((pE +5pu” +plu
4 N Ou) O oT
—(§u+ u)u(—ﬂ) 5 ( % ) + pFu, (3.3)
8 ) _
5 P2) + 5-(pZu) = ~k(p.p, Z)pZ. (3.4)
B (2.29)—(232) R, THHEKE XN
9p
&+ —(pu) — 0, (3.5)
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% ugg %g—i - %% ((g—u u’)g—g) = F, (3.6)
T%—f + Tu-g—i - %(%u + u') (23)2 :

_ %8‘1 (,,,-,‘ZZ) _jz, (3.7)
o % = Kpp.2)z (338)

m (2.21) K@, (3.7) KX TR TR

oOF | OB 0w 4 (0w _ 0 (T
Pot T oz T Par T 3" “( '

3 o Or \ Ox
(3.9)
RPEpu=u =rk=0M%E, &
op O
_ — = () .
ou Ou 10p
5‘£+u—8;+;—5;—F, (3.11)
oS oS
S tus =—fop2)Z,  (312)
0z oz -
Heyp=p(p, S Z). MmLl—#, &
Op
2 _ _
¢’ = By > 0,

MichHRBEE. BLE, MEHFIE, B (241) 5 (245) R
AHEE H

p=(vy—1)exp (S;SO) pT. (3.14)

v—1
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ESRE-SBNERAFTHRBHIEN.

32. —HRFNKGHFHFREANUKRBAER
KARKM B L5 (t',m) . BF

o_9 9 9 _ 0
oo om’ oz Pom

(=% §5), B KM R SN w7 R4 (3.5)—(3.8) 7
Py

(3.15)

oT B ou
ot  om
Ju Op o Bu

TBS (4 + ) 2'{1,_ 0 oT
ot’ 3,u Hp odm /]  Om '“’am

=0, (3.16)

~flp,p, 2)Z, (3.18)
o0z
a0 = kP 2)Z; (3.19)
T 2E 3R Pk B Ak R pE i o 5 R4 (3.10)—(3.13) itk 2k
or ou
% T 0, (3.20)
ou Op
57 + B F, (3.21)
oS
07 —
= = ko1, 2)Z. (3.23)
EEEE+SHROEL.
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33. —RERAKNSHRANKSEN
B U ER R A SHB BN KSR R EY
(3.20)—(3.23) A MFTiTie. 2

U =(1,u,S,2Z)", (3.24)

FEE (t,m) % (,z), WERFBATES K FBR
au U

E" +A5~; = (), (3.25)
H
0O -1 0 0
A gﬂ 0 % 58% 3.26
- O 0 0 O ’ (3.26)
0o 0 0 O
C = (0,F,~fZ, ~FZ)",
m o 10
o _ 29 _ 2,2
5r 2 op cp <. (3.27)

Bk A8¥sad. (3.26) X5H

dp
det(A — M) = A (,\ + 87),
A FWALRFEE
op
- — i 3.9
A2 =0, A3a== 57 +cp, (3.28)
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BREBNMESTEDERR —4%ed. B b, 8 (G, G, G, 4)
HFNTFEREME M =0 MERERE, WE

( ap
'E;C2 - 05

L a=o.

TRMNETXSUEEETRIEREXHLESERE (0,0,1,0)
% (0,0,0,1) .
XHE, B (3.25) R— P —Brilt Wi R 5 R4 (HE
HERMEE, TREHNHELY) .
BXx—HEA M — SR, Mma R 4], [5] .

3] B

1. RIEW: FEAESEHHE, THEHEFE (2.14) RRXR
REFEFEFE (2.16) 4504 % (2.19) 5 (2.20) wER.

2. RiEW: MEEERTEERSEFE, HEFESE
(2.15) aT4r.% (2.21) wER.

3. iFH: BN TH—B%RNRE&IEFEA (3.10)—
(3.13) th R — A —Pril 2 4 i B oF B4,

4. EHREZBMEHSHESHE, M=y =k=0m
WM, ERRPI AT BFE ERER N —4% RN fiids ¥ e
4, A RHEBUBEANE ENBENZS - TERELHE
(Mg _—2Z §4), FiFHBR I RAINR, BH 2 FHFELE,

Z % X W

[1] Courant R, Friedrichs K O. Supersonic Flow and Shock
Waves. New York: Interscience Publishers, 1948
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[2] Chorin A. Random choice methods with applications
for reacting gas flow. J. Comput. Phys., 25 (1977).
253~272

[3] Colella P, Majda A, Roytburd V. Theoretical and nu-
merical structure for reacting shock waves. SIAM J.
Sci. Stat. Comput., 7 (1986). 1059~1080

[4) Ben-Artzi M. The generalized Riemann problem for
reacting flows. J. Comput. Phys., 81 (1989). 70~101

[5] Ben-Artzi M, Birman A. Computation of reactive duct
flows in external fields. J. Comput. Phys., 86 (1990).
225~255
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FhE # ) F

§1. 58] =

Wb R R REAETRIOERT, Bhh (KH) f
BB EORENER,. XFETET T EREANETRH
HAREHNAERESE AR, FFEWNE, IIILTERMERAER
Ptk LUK, AL RBESAMESHBBATE YR
%, A% SO E R T, T I8 B A7 00 2
MO EWEINEELEEN D BT, 4 am BEk? B
hRIEXE— P, EEMERERFEEER, A48
BY, BBk, MBKEERNER. £8. 56, BB,
KA UL B 6 S E — R 078 T B 9 T LU Bk, B
BMEMBRERHIMHERX—F, B ERBAYYERHER
SRAZEKEREREER. XHXRERREBHRZYE MR
RMRER, BERI K XE .

AWERAAURLZHER, BTURESMN, XBETFHE
R BB AN, SN ANTHRERRE, HM4—85T
AR AKX AT ORI E R SMER, BIRAS X%
(Hooke) e, X BRiZW AN K2 M4k | 4 B 301 4 50 A by
XFHESKHRBAH, HEROIERMERY HEELH .

BWMANRY, TREEBN - RSECRR, BB
(BPZERSYAK IR THEIEEDN ERT, B (K5)
UMM RSHORERBSE. B FABBOER, 1
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DHKERERAMBOREEOESETE. Ak SBH kS
WA LT LY .

Wittt M NSRRI Y R R EED
EE LR N e, SR A Z R RN
ERUEEED ARy ARREREED  ASESTTREAE
JURT R R 18 b1 0 AR 0 — Al 2t B 2 i B i
B, HRAMRMELKE, K 8§51 & §6.1 &R [10] &+
iof k=

BV, HEEEN R XN BEE AR RNBEEH
R E (BRE-%) ., ERME L%, EERANKEA
MR T, XA XHBRTBEE—TRNL, ,

BREYEFTLYESERCAEHALIRE (e1,e2,e3), BE
MEAEELH (RAERZ, At =0) EESHEE-K
HN2CR ., ARKRZRENY SFEMP . IR 1Y I5R
ATHRE L RRIRR T K085 &

x = (11,22, T3)
kER REZHZE, BHARERE, HszshlETH
y =y(t, ) ~ (1.1)
Wk, Hat ZorME, i y= (Y,Y,y3) ERt=0HATF
T R MFATEt HAMEERR. BR
x = y(0, x). (1.2)

BEMAT t HAESASROREIAY 2, WHFEES
£89 120, (1.1) H—4 2 > 2, ——F Ererst, BNH
(bijection) . T & MiTiL7E

Oy;
— 1.3
J = det (6:1:,—) >0 (1.3)
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KB THAT. HYHEENXAEBEEN. EEREMHEAETE S
B, F—EBEAAFTHIE I 0] GEE % B F A A Tl B
Bk BSR4 R AR 4 555 K. |

X = (T1,22,T3) MEHRN WK LHF T THEE LK. X
BEEABEARMYBIREAXNN FARMRA. T ¥ = (V1,Y2, ¥3)
WIFR A 216 AR AR oY BL 4 A& 4%, B[ 0 A4 bR 40 B T =5 ) 1) A
B A, N T XM AR, AXELENRG—IYEE (In
B mE. kKB) AR TR KH R FE.

— R AR T ERBERA. AN, XT—-1GE 0, TLIE
RNAEE T R AR T R EL:

0 = ¢(tam)‘ "(1'4)

XFHRTERA B R HE A B H—Fw, &%
XA, WATLUER T S E A R4, TR H R A E
t R A Yy BER:

0=9(ty). (1.5)

XA R TR MR R kA . @ (L1) R, LR
R T 2 M BR T i F R4

P(t, y(t, ) = ¢(t, =). (1.6)

ﬁ?ﬁﬁ%%ﬁ&?%ﬂ%%&ﬁ%ﬁ% S R 485 R 7 2
— AR, E T BEFE (BEERA) M, XF t 1
ﬁ%ﬁﬁw B W F SR, mAERGHYE (RB=% (1.17)

d
X)) P, EYRSHEEN TR F—ITYEE (Fnisg o)

mEmEfR (1.5) sy, WBRE

o _ oy
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9 9
oy ’ Oy ’

Oy1 Oys Oys
ot’ ot’ ot

Jd
8_) ErARTYMBEET.
Y3

Hv= ( ) ErgEgag, V, = (

-

LU A RT3, 3 T s R AR 4 R — 1 E &,
EREFSRBBNWLT, RAER (1.4) 5 (1.5) Xh I,
Mo5 Y FURS.

§2. TR, MK E

2.1. THRBEEKR

YRR TESE — B %) ¢ AR TEAS L, AT O B 4k A B — R S
T BHERREERELR, MERBSERA © LHBBER,
AEHE « b —RE#T de = (dz;,dz,, d2s)” B
5B AT,

WEI=0K  byXBMET de, EHZ t BH y =
y(t,z) kR BHT dy = (dyy,dy., dys)™, W,

dy; = Y 8yi_ (t,z)dz; (i1=1,2,3), (2.1)

o oz;
HENH
dy = Fdwx, (2.2)
He 5,
F=V_ y= (8392) (2.3)

AZBKE, WA ZHBERKE . SETX—KE, REET
et RZEMANREER.
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2.2, FE - BHREEKE |
ATH-FPEHRAEERERBOVEEX, RAFH TEL
YA B AR R,

31 2.1. i det F#0, MALAEXH R UAMHER
U 4 Vi |
F=RU=VR | (2.4)

(2.4) X#H F o5 RAR

XA 2 UE B IF A EAE, AT ELREREEM F KRRl X B
fEABESGIRA.

W U= (uy), R=(ri;) . MA (24) K, ok (2.1) KXk
54

3
dy; = Z Tikukjdl‘j (i =1,2,3),

Jk=1
EE 3
dy; = rudaz (i =1,2,3), (2.5)
k=1
ﬁﬁ 3
dzp = Y urdz;  (k=1,2,3). (2.6)

j=1
XBEHEEREST de Bh dy WERTSBAMTFHEATR
WA il de Bhdz, Bl dz Th dy . si—EHhkE
U. fic—%FhkeE RaMee. BU ydKREER, &
EESAMEERMENASEAEREME. REk—BH, o
U %>f e, BIRL

ug >0, uy; =0, i#7
(4,5 = 1,2,3).
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XPE, (2.6) REPaT B %
dz,; = u,-,-da:,- (Z = 1, 2, 3)

Hitt, T—MHBEERAIE=ATHEEZH TR EHEKEE
g (M uy >18 <1liig). By R AEXKE, B (25) X
frEREH dz 3 dy AR B~ RME .
&AM (2.4) pE KX F=VR, a0 MERE.
BRMASM (2.4) RFBAITNEESE F + 5IBRNIE e,
SBHEFRBEENSS. BRKBU M VHEETHERRA
FER, TEIMKREEEAEEAE—BE, RIMN5IA

C = F'F=U% (2.7)
B = FF* =V? (2.8)

Heh FP #r FssE, M CHY A0E - Bkt kE B
WA ANE - BHEBEEKE.

3 2.1, ARANEE, ARALTFEFERS, BES
BHE L%, —PEXMEYARE x MRS, ke, BigoE
FITE - AN EKE, ERATHBEANTE v = y(x) =
(yr(x), yo (), ys(x)), Bk R\ FHE M55 B4

F'F=J""G(x)
1
FF' = J*"G(=),

#Hhn=3 Fk J#%H (2.3) & (1.3) Xz, W G(x)
B-ASEONKESE, EAMRXN 1. SARES HEH 3
ARREBY 11, Y2 B ys, BHEPERXTRME, E?@.?E‘]ﬁﬁ’ﬁ
6 4, AfAE—IEE (MHFEBABAFROBEN) BER
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PSS H AR, BN =& JURMH K (Beltrami) # . %4
#, AAUEX n FNRENKFTE .

23. MBEEKRSES/EEKR
EATHR

NREBHE. RALBRE, FaUSX
F=I+V,u, (2.10)

Kep I h_BreepikE, m

6’!1.,;
V.u = (83:3-) (2.11)

MK A REKE . ULEAFERAER, EFAHIIERE
MiERT, — B V. B5H V. . _

RE, RIAE Vu REFGHTE - BANZERKE C . &
(2.7 5 (210) K, &

C=1I+Vu+ (Vu)'+ (Vu)"(Vu). (2.12)

iy, k& C TRAk#ARERBIRPERRAMEENT
RMMEgZSRK MC=TMEKREEZRHENTSEHER
FEEMEE. Hit, C- Iy @wRYEax 2k
ENEREEN—-ARE. d& (212) R

C—-I=Vu+(Vu)"+ (Vu)"(Vu). (2.13)
mREBLMR ), B
Ou; e
oz, <1 (i,7 = 1,2, 3), (2.14)
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fE (2.13) Kb ZMmEHNT, HETFRELE, RED
C-1I=2E, (2.15)
Hp o K

E-= %(vwr (V)" (2.16)
BAHALFPEERE AN AR EKE, HARNY
. 1 Bu,- 8Uj
€i; = 9 (axj + 61]33) . (217)

XEEERIAME, AXFIEHERT, HTFER (2.14),
HEED (29) %, RIA

(9’11,,'
8$j

_ oy ui
b=1 Byk 8233' |
Ou; 3. Ou; Ouy N Ou;

= -+ ~ .
8yj kzz:l ayk 8.’133: ByJ

EmEEETE LT NEERE E RS EECA

1 {Ou; Ou,
S 4 _ 2.18
“i 2 (Byj Byi) ( )

THRNEAEEFTINERT, %8 E = (e;;) ®LAR
., BENEEE =04/ K &M de! 5§ dae*:

da:l = (dll, O, O)T,
dz? = (0,dl,,0)".
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BRETMNAHNEY dy' 5 dy?, HKEmNEY d 5

di, . #IE (2.2) 5 (2.10) R, &G

dyl — (1+8u1 8’&2 Bug)lel’

3391’ 8.’171 ’ 8.’[)1

T
4y = (@_1 |4 Ous %) .

8172 ’ 851?2 ’ (9:15'2

B (2.19) X, HZEN R, B

(dly)? = (1 + 2?—-"1"1) (diy)2.

8.’]51

B, B—XkRAANERBRE (2.14), &
~ Ou
dl; = (1 + 5;;) dly,

di, —di; .
_dh = €11.

Rp

(2.19)

(2.20)

(2.21)

TR, en EREXLHFDEERE, REE e FRAHREHTH

MG, Xt eqn K ess AT LAGS H 2RI R,

MELEELHT NEED, MREMTZBEANERML. &K

V5 dy? zmmsefn 0. B (2.19)
BH AR, B

8$2 8:1:1

dy' - dy? = (8'“1 Ous )dl dls.

it o
dll dlg cosf = 2612dl1dl2.

Y (2.20) R, HEE=E
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MA (2.21) KX, HEEHMADE, BERTHE

| 1
€12 = 'éCOSH. -

iy = g—e Cgadrl 5 de? 2R EAEERE R

8. /A EE, cosf=siny=x~vy, ERAXAEY

1
€12 = EZ"’Y- (2-22)

FR, ep EREXLFIEER, Bkt e 5 e TR LMK
KBHTZHEERAGERLCEN —F. W e K €31 AlE HEUN
R,

BiE, BXHENEET, &F

J=det F=det(I+ Vu)~1+1trE, (2.23)

He tr = e11 + €99+ €33 4 E ¢35, (223) Hue. trE
EREEFANEELIEFHERBOTHHEEK.

§3. SPEEE, MoAKE

3.1. ARTEER

ETEREHREARSSAXE 2 PER—TFXR G, .
BEESEMED (EEH) MEF G C 2, Bl 5 p 4
BERMEAEETENSELEOREEE, WRESFEERA
KA

pdy = [ poda, (3.1)
Gy Go
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K dzr = dzidzedr; &, B ERXREMHHSTE y B o,
ER J=det FA#%BH AT (Jacobl) 77X, &

.. pdy = fGO pJdz. (3.2)
Mg (3.1) A&

/ (pJ — po)dz =0, VG C £2. (3.3)
Go

ERH Go WEEY, b LEH

EHMERRAETHERNREE K.
HA po RIEKBT o, iS5t XX, (34) AXATEH
d

d
H 3 AR, HEETETIHERIE (LI 2)

dJ
i Jdiv,v, (3.6)

KB div, FRXTER y 0B, T (35) KXALKEH

dp .
@ + pdiv,vo =0 (3.7)
B,
op .
vl (v-Vy)p+ pdivyo =0, (3.8)
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XERMNMBAT (1.7) K. 3.8) AXTHEAIWMTHER

9
ap + div, (pv) = 0. (3.9)
AREESHBETRBFHEESRNRELL (MARR) —
HEEUFE ., BRINESF_EXTRENSENI P EHH X —
FE (Lg% (1L10)R), RELRTRESESE —=hE5)
MERHFEFENEIHLR (BA8—8 (2.20) ®) .

3.2. A

EHRMESFHAEHE T R ANRR, HEE%ET
MRy EEE, MEAEREALRETR, EHf— it
WHEKTE R, flnsiBFEEE, RumnixEs| ik
I EEEMLU B, FEASF BTSRRI ZH
AL,

WA RIS AL, — LRI, BF—RRARESY
B E. WMATHTR, RAX B AR R R AL T s R
Wi, W RIS LA H R B R, MEAFT RN E R
Hb— M ERBEMEARZNN S, NENS, BE REY
T— N RERZE M.

EMBENERT, SHAERESE, THUTTHEAS
SFZRIMAR RS, EWEABRT — WK R H%, 45X
A 5 RS SRR R, BB R ARG, B A AT
K&, A THBBRHRESFXAN NG, WA (Cauchy) 53
TR M.

M ABEREEMERE 2, bw—a, 3 M SE—#E
Stmupsn IR ITHmms (REL) . BEEES T 3HEH5
I e, Buim S & M Sbwamsdneg vikmms I
ZH.ES EM AHSEIRERTE AS, s 18
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o AS rHES> 1 Lk AF. X
Af

o= lim X (3.10)
AMBEV IO NAEE (BB ocNFRA—KIR VIE

u )
AT ERE AR, RAMEDTRE.

AR ) RB:. ARBKAE—BRE M (REERY Y),
AR AKER VU O—lE S, T8N A L& F XL
9 M SA Vv AOMENQERMRL, Bh S HRRAE,
ZH, BAGETEY

o =o(t,y,v). (3.11)

XA AER Y, N e E o SE S ®ME LK, R K

- 249 -

- - ——— A



HTEE S ERREANEE SN, AFWME=EMH, MBF
o(t,y, V) = —o(t,y, V). (3.12)

3.3. IRTHEHERNRSER
2 FESRENTFRE G, BINEEEFHzIETL
BR. G vHshEXN

] pvdy.
Gy

B Gy W RHA S, W Gy Fiwy IAERER LE#RA b L
R Gy ZH MBI ARERE S, LRNA o, KEMN

/cr(t,'y,v)dSt-!—/ pb(t, y)dy.
St Gt
HABUE - 2/F, ®IFA

d

— pvdy=/ adSt—}-/ pbdy, (3.13)
dt Gt St Gt

d
H e I3 AYRGH. HAE B, G 2L, Em

| d
A~ BE 7 B 45 b 7K 3 B 5 3K T BAHSEA, MTEMNAHT R
SIBEBEAT AL B,

5138 3.1. T HETHYRK O, A

d do .
Zi_t/(;t pody = \/Gt pa—t-—dy. (3.14)

iR WmEBE (3.2) XBE, RIE

[ pody = [ pJgds.
Ge Gy
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HEEE AR (34), EXABH

/ popdy = f popdz.
G, Gy
B i,
d . do
EV/GtPdey’—j;}opodtdﬂf-
BAA 34 X, ¥B EXARORMH>TERELEE v, BIE
(3.14) R, i,
FIHZIE 3.1, (3.13) XA B H
_d_v
thdt
XRAEGBETEEENHN TR,
G R IR Y NI S W ol R iR TR S A R
5, NTIBREFHEENEE (M5 B, TFEX o8
T B VE 3 — 2 B IRt

dyzf crdSt-l—/ pbdy. (3.15)
S e

3.4. HMETFEEROIATEX |
# Gy & S hm BB R, G RFREKISHBER

fGt(y x pv)dy.

Gy 2B N, NAFREX ERERIESIERLE S £
BB SR 4InL, BRY

/St y X odS; + /Gt(y x pb)dy.
Hai BB TIHESR NMNE

d
a/;;tp(yxv)dyzfgtyxa'dSi—f-/;tp(yXb)dya
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d d
o YIRS L S SIE 3.1, d_i’ — v 5
vxv=0 F

d dv
di /Gt p(y X v)dy = /th (y X E) dy. (3.16)
M Al 15
dv
f p(yx d—) dy:/ (y x cr)dSt—I—/ o(y x b)dy.
Gy L St Ge
(3.17)

Xk R EFAFHERNHTEA.

3.5. MAENNKE

MPER R EIFRN: MR E AN RE o R
K TR ERM M v, MSRBROASME S TxX, XES
BMNBUEXN AHE, AESHG—A, BEEFEFANHRH Y,
R XL RN R BATEN. RINFEEREGEAE
— /A, BERH - RRMRIZ AN A, XA B S5k
',

=18 3.1. AA_MKkE Ty &
o(y,v) = Ty)v. (3.18)

XILAMBERER, ABRASHAXEX ¢ MKEHHE.

BB AR, Ay =0 . /USR8 BUR 8 I i
&k AG, H =1 HyEEANSFRFE, MAXBEm AS K%
mMERA v (A 2). BEAKRTEEN=AES5KA AS;
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U=123Lﬁ$m%&ﬁ@ﬁﬁ%w—ﬂ(m=Lz&,g
THRMEAR - S EFXEHRATM. BRE

AS; =y AS (i =1,2,3), (3.19)

Heb v, (0=1,2,3) 2 v 95 E.

i 2

B RTmEAE (3.15) BT AG, &4
dv
AG pa"t"d — / (T(y, V)dS

+ ‘/ )ds bdy.
Z +AGP Yy

B EXMRBELL AS, 1

1 d'v
=35 s
AS AG dt Y= AS o(y, v)dS
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- 1
,—e;)dS —/ bdy. (3.20
s T me)dS g | pbdy. (3:20)

EHRERE AS MERNBAVHEZEET, 2 AS BEAMES
h#enTx HAGMERY A= M’J‘E BT LA 7E B AR o8 &
EROBETF, S8 h—0r

AS o dt Y, E - pbdy — 0. (3.21)
FE 819K, A0, A
1
AS Jas o(y,v)dS — o(0,v), (3.22)
Z&% ns. o(y,—e;)dS — v;0(0,—e;)

(i = 1,2,3). (3.23)

X, EEFB12) R, 4h—0, %4 (3.20) XEF

o(0,v) = Z v;o(0,e;).

— i, EATE
3
o(y,v) = Zvia(y, e;). (3.24)
1514
3
y,e) = > tj (i =1,2,3),
i=1
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HFEHMARA (3.24) %, #HBF

3
oly,v) = ) ti(y)v;e:.
ij=1

x#, B T(y) = (t;(y), EXBIAE (3.18) &, misk& N
B (MR- m THoHKE. 5.

Ny) = (t;(y)) By MEZAKE . HOR t, L, tss
%j(] IEE“sza t12a"'1t23 *”ﬁ#] Bgﬁj] °

3.6. g EHEATHRTEEROMS LR, AN HK
y §:opogtid
MAEH 3.1, shEFEFR (3.15) L7EH

dv;
”dy#E;/awﬁa+]‘mdy (i=1,2,3).
(3.25)
I P b2 3
o1,
t,v:dS, = 9 dy,
St Jriot G, 0y; 4

(3.25) X AT4L A

d'Uz' 3 Btij
P o _pbi dy:O (’& 217293)
Lt ( dt =1 3yj )

M EXX—) G C £ ¥k, LA

3. Oty
—; Oy

—pbi=0 (i=1,23), (3.26)
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85 4 & 5

d
pa:;)— — div,T— pb = 0, (3.27)

3

ot |
o div, T = (Z ayf_) By RE, B

=1
(3.27) XA EZMBRATHEFEERNMIBR. T
BINESE_ERAENFPHRBIANSTEEREALRE—HB. £k
F, BIEAT AR, BT R F A BT S X RO B AR X — R
®.

AEgEHRETEERIMIER. G.17) KAnsER A
A

dv
Z/ PEiikY kdy— Z / Etjkngkdst

7.k=1

+Zf peieyibidy  (6=1,2,3), (3.28)

J.k=1

Heop 5 by %A o5 bHE, MW

1,
gk =4 —1,
0,

MAER 3.1 KL,

(¢,7,k) 24 (1,2,3) W B,
(1,7.k) PELE R HHE,

Di¢ O DH

3
] €ijkY;0xdSy = Z/ €ijkYitriidSy
St (=175
3 0
= €ijk 75— (Yiter)dy.
;Lt Jkayl( ¥) )
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HLEAMRA (328) R, HEEH G, wEEH, BENBEY
18 7 R B9 T 3

P Z Etﬂcy) dt z 5:_71: yjtkl)
G kel=

i.k=1 1

—p Z €ijkYibe =0 (1 =1,2,3). (3.29)

Jk=1

THRMNAARFEFR (3.26) LR, BR

3
Oty
§ €Z]k (y]tkl = E : Eijk ( Jltkl + Yi 5 8 )
y 7,k,1=1

Jrk,l=1 ;
3 Oty

— Z&-jktk] Z zakyjé-?;,

3,k=1 1.k,I=1

" 8 5% A5 (Kronecker) 2.

5oL #Hi=l
T 0, #i£L

¥ ERAAN (3.29) K, BIFE
3 dv 3.0t 3
> ey (P—“—k“ - Z - Pbk) — D eiule; =0
jok=1 = Ou j k=1
(i =1,2,3).
EEAFREFEGRE (3.26), XA HY

3
Z Eijrlr; =0 (t=1,2,3).

jk=1
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SR8 e =1,2,3, it L XBH
tog = 32, @31 =t13, lia = {2;.

FaULITR, BAlE
£ 3.2. AL ANKE T= (L) A _HahkE, R

tij = tj,' (Z,j - 1, 2, 3) (330)

MLl Bt AT B S, AR E R (3.26) ROLAIATR
T, FETEIELFOE N FREGTHFRIFNY .

3.7. imfi (Piola) Ak, MEKEEATHRFEER
SRR

EAE - FFHRMIEH, ERME %D, EREHEFANEE
YRR, TARSEERTE. THREALEE, E6A8 %
YR#A TR FEHSROESI TR, SRSAAEHE. AT
BRXAFE, BEH (3.25) RFMBE S AESEWE 2 &
MANRE Gy REER S Fe#sa. MFREPmERs, F
AR E (3.4) X, BNE

dv dv
—dy = / | 3.31
 pdy porde, (3.31)
/pbdy = fG pobdz. (3.32)
HE DLAL B G R an e i dh i AR o
ST‘(y)VdSt
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A—TAMTERAKE Go AR So Lo #iH# 5

/ 7 IndS,,
' So

Hhnk So LR ZEERE. RAEXH, A o B AIH A
A, BERBSEA Go W& S, NHAIRBIYRBETH
WAaFE, i, FE-PHXEBEMTHRERALK.

5118 3.2. & 2 P x /ey H@MA dSy ( X EE5 6T
An) LW

Y= y(t,a:)
TR T 2, P dmidS, ( X215 EETH V), 2

vdS; = JF "ndS,, (3.33)

2 F T 27 F'o8F, ®Jw (2.23) Xz L.

B B Q2o hwERENT de! & da® WSS
BA N WETNABERMET dSo; M, BTBE, F 2
by R EEMT dy' & dy? WRERE N v K 8T
dS, . WABNE

ndS, = da'x dz? (3.34)
vdS, = dy' x dy’. (3.35)

% (3.35) REASBRRK, TE

3
I/z'dSt = Z e,-jkdy;dy,‘z
- j,k:l )
3 Oy; 0
_ Y5 OYk 1 1. 2
= Z Eijk'é;‘;axrdil'qur,

Jkqr=1
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Ebhyl Rry WHRE, Wejn WEXN (328) X, # EX

. Yi
ox,’
ZS: OYi 1o _ i _ dy; Oy; aykd L g2
—~ " 9x, il ik o, 0r, 0z, I 7
11— 1,], ,q,'r

MHTYANEN, &

3

dy1 Oya Oys
J = . ,
Z =pq Oz, Oz, Oz,

p,q,r=1
TR UE

i €ij 94: 05 O = EpardJ
"oz, Oz, Oz,  PT

iyj k=1

XEE, iEEF (3.34) R, (3.36) KT EH

3 ay 3 ) 5
vi—dS; = Eper JdT  dT?
12::1 awp t q,'rZ=1 e !
— Jn,dS,,

(3.36)

(3.37)

(3.38)

Hen, AnWsrE HERESEKE FE‘J;’E)‘_L (2.3), XAy

# (3.38) AKEH
Z fpridS, = Jn,dSo,

K fip 4 Fiop &, B p= 1,2.3 BIME, #&
F'vdS; = JndS,.
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XHMIEH T (3.33) K. 318 3.2 iF ke,

i
P=JTF™", (3.39)

MHAESI®E 3.2, &RMA\

TwvdS, = [ PndS,. (3.40)
St 50

H(3.39) RGmm PHy HELR /% E; s, Pnk
B BRI WE .

TEIERMNE, BRUNNKEEREESENRE O L
SCHy, BE BT 0 B AR B R O A X F R — B (R
BREEY L), HERUNHRE Pn S5FEN & Ty 5[
BB, RAEERURZLHEMEBRYELN, WmEEM
RUBREEHRMCEARMEY (LA 3).

y=vy(t,z)

M3
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th (3.39) AW LLEH, —RMu, HRNNIKERREY
KR, 0

Y=F'P (3.41)

BR Y BEXNHKE, WHY E_HENETRKE.
SR N IKER, RAERINY AR THRTFEE
3 ) 514 B 5K
A (3.31)—(3.32) 1 (3.40) R, ERATHLITERR
i, (3.25) KEpfk A
dv

0o 2dz — [ PndS, — / pobdz = 0. (3.42)
Go  dt So G

MEABKLA, A

PndS, = f div, Pdz,
So Go

Mt e (3.42) R, HEER Go WAERM, ZHBE

o
Do—e = div, P+ pob, (3.43)
ot
BLEHEAFEEA
8’1),; 3 Bpij
= bi =1 y ’ .
d 0
Hep,;, PSR, MY THRBRTHE, a4 5 B 2

—Fg, (3.43) REYERARTHEFEERORLER,
LHRRET, T BN TFE _HREEH%RE
93t Fop (LT 8 3) .
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§4. AWM HFE — WA EBERZAMER

4.1. ZMERBH—BIR

ZEB AT NE, FEFS RIFTFAREON R &S
T A R M R B, A T R K R R T R R BB A A B 1
Bk, AR — RSN RBEEHN. N TREHNRFETE
@A&(M%%%Mﬁﬁ,Mﬁﬁﬁﬁﬁ(&w)ﬁﬁﬁﬁﬁﬁ
(3.9)) ER—AHHWHFEL, LHHAHEEODE, SiH—1
FEEMEMEAGHERON I SEEZRINXR. XTXAER
N T

Ay
WA, MEOERTUAERREKR F = (83_)
J

R, —PREREAX—-FL, RB—AYVSKEE—SERRL
EENRZON THERZEEREEZRANETIE—RE; B
BREB, MONAEEEENRE, B, #EEAEHETE,
MiZEmFER

T(y) = Nz, F=)), (4.1)
XERMNEFHEBERBEXE T (KB

wX 4.1 FTEEKE T HRRR (A1) &b, fk
Wik K TR 49, RP T Y MEEK . o Rob i B
T TAZ M T @, HERKN FA 0, TUA EFL 6.

FEREME, —WMUEETAFRE, FANHZFEE
BEGRE, THKBTEEMERER. RN, —FMEMAE
REEWETRFERN, E5— “BEI WESEMRETLA—FE
B FIRE.

BARTHEE X 28 IEFF ey Rttt s i, B
AR, BATE A% W R E K T 0K, HEK

~

T(y) = T(F)). (4.2)
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(4.2) RIS THEN R BKBMTSRME. N T Hw
MEH TEETRMEHGENERS N AZENER, S50
TR TR B R

B E, B ERGES TR EEAER, NN
AAHERRERESN, WREH, BEAN—SAXTFEFA
IR S B, AERIAGEENT, Bi% A8 xR A5 X B 5 1A 0 5
HEE., REREAHEEME 2 BN 2 5, XE—RIkES
HAEN 2,0y AR

Yy =a+ Qyu, (4.3)

Heva ¥ mE, i Q X iETEE,

HER L F—-myF*rrimrvgmhng T(yv. &
Rifkizsh (4.3) F, y A%H ﬂP Ay, yemEamE v
ARyt R R

v = Qu, (4.4)
ms A& Ty)y MMER v fXTHE vV WNIARE
T (y v (RE4), xB T R¥:FHE 2 myHkE. F
B,

T (y")v' = QIy)v. (4.5) .
HER (44) R, LANTER

T (y")Qv = QI(y)v.

BEXEX—FE v ¥Rk, U T (y)Q = QTy), B
(A

T (y") = QTy)Q". (4.6)
i (43) X, B |
L d (Our)
e (Bi’?j) —eF
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X, R (4.2) ResmempEs T, (4.6) RATUHS %
TIQF) = QTIAQ". (4.7)

TN 4.2, kHhEEFmada T2ER (47) X, 0
i R E MR

=g (4.2) #% R RS B — B AR 89 A T
B, Hwipneg T omme (4.7) X, BPWE WM.

FRERERAMTISER EEMME BB OB R T, 4% F b 1w
R o8 N B A ERERTE K.

| 2.1, BRmEkE Faigdy F= RU, £+ R X4
ke, WU AxsEekk, £ 4.7 X+, RQ =R", %4

ﬂﬂ:RﬂwR? (4.8)
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FIHAGHTE - BN EHRE C=U ALK EY

TF) = RT(C)R, (4.9)
nr) = mC)FTv (4.10)

Hp
TC) = T(CY?), (4.11)
TC) = c\?*pecv3)c?. (4.12)

FrEh, MEEMAMBROAMETE (42) NAEFNTFER:

T= RT(C)R", (4.13)

ak
T = FI(C)F". (4.14)

HAEXREEFERAN NKE P, i PogEX (3.39) &,
HAA (4.14) X, &

P= JFI(C). (4.15)
HEFH detC = J?, FAXAEN
| P= FPC), (4.16)
H
P(C) = Vdet CT(C). (4.17)

XA SRR L, HOARH 7 1256 BT LLR 45 I ol B 5 R
B E .

X 4.3. whEL-AF I8 W = W(F) #

o
pz; — afz]

(i,5 = 1,2,3), (4.18)
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¥ pi; ARRERAREGSE, MAREHAS ERE o)
G H W.=W(F) #fA &8 X EEHEHK .

B, BN - EREBER,
X FRESEAR, FWERIEH TS W

. W(QF) = W(F), (4.19)

B Q AF—AFMELH. FRRIL, Eraas W me
(4.19) &%, MR EHEOMAEN kR THE 4.7) X (13
B 5)

4.2. FEEHUMRAEHSE

BAVET A 2 0 F 2 YR AR AR R & i) R 0, B AR Re
ER%. HILEFFN, WAMRRRBHEEREME. THEHR
TIERGHMBAZRNRBMOERE L, AREEEERMEX—
T A2 0 AT AR 7 R TR 1 A 4 O R B T L e SRR R R E

MNYBEY ER, —#EMRERPE—QJAZHEE, &
REZAWE —RBELAERTERATE L, HLSIE #N J7
AR BN AR,

E A A — B a’ € 2 BHER. ﬁﬁ'ﬁﬁ?ﬁﬁ%ﬂ‘]ﬂu
THEAEE

y(z) =z’ + Fz — x¥), (4.20)

ot FAHREKE. £X BT, RA @ RIEFE, ML «°
TN K EY T(F) .

HREENTHEE. o% 22 «° SEEESE, 81
WHEE N Q (FXK); AEEXMHLEL — M «® BHLRE
., AEREENY FIyssg, g e S8 (LES5)

y'(z) =z + FQ(x — z°).
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ERGHERREREY FQ . EXMERT, KA < 4
FE R 3 B T(FQ) . .

&5

ELREMIFRT, BORREE —BHETFHE4E «°
&J:H‘JZ‘IE?_J‘IE‘L SR RHE BT W _EXT AR T 8 N e R R —
PR, MAEXHMERT, «® boM kBN IZRA—HE,
B A 52 ) )

TFQ) = T(F). (4.21)

EX 4.4, wRBRAHGADFAE (4.2) Praa R T
sf—mt RHERE Q #H2 (4.21) X, WHAZEHHH 4k 7
M 4,

TR A 1 [E YRR R R A TR B R,
51 4.1. 34 E @RI MMEMH AR R JK, AL
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QTFQ™ = IQFQ"), (4.22)
it Q HE—1 K HERIE,
iR 7 (4.21) B F 3 QF, Q% Q, 4
TQF) = (QFQ").
BAHZWERE (4.7), SEHAT (4.22) . S[BEIEE,
FIHZI B 41 UE (48) R, HEEFNSIR 21, F
T(F) = T(RUR") = T(V).
g TweX (4.11) & (28) R, &4
T(F) = V) = T(B).

B, xF&m R, MM Ak EAIEAN Vi B REH,
BR Ay R & HA an 1B K- |

T=TV) (4.23)

T = T(B). (4.24)

i R It T BEm, (4.24) REER EE R BLEOR
HMEAHHBOERX, R FROEH.

TR 4.1. 5 GQRIFHMMH, I ABHAL LA 0 TH
X |
T = Bo(Ig) I+ B,(Ig)B + B3:(Ip) B2, (4.25)
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H¥ Bo, Bi & Fp A E BOHZALTREE Ip 9 E S
.

XA EBRMEN, EETSE 4] .

THEHITRERNN IKE, BN P RAEXKRKE, FadE
HHELUTF (4.25) AMER. BUE KRN HKE X &
A THEASERE.

EE 4.2. FEQRMGREMS, LEAMFTATEN LT
5 X

X = (I + %(Ie)C + v(10)C?, (4.26)

EF v, 1 A1 AdHEkE C HZALIRTE o T E
3.

ERB i (3.39) 5 (3.41) &,
Y =JF'TF". (4.27)
t TrfeE®R 41, #EES (27)—(28) X, LXEH
3= J(BoIg)C™" + By (Ip)I + B2(1)C). (4.28)

h Feksnm (R 21) 5% B=RCR’, 4 R X IE
R, B U
I = Ic. (4.29)

o, BYLE - BEW (Cayley-Hamilton) &8, i
C° — I,(C)C? + [,(C)C - L{C)I = 0, (4.30)
K L(C) (i=1,23) R CHE L MEREE, B
C! = L(C) MO - [,(C)C +C?).  (4.31)
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XBRE
J = L(C)Y?. (4.32)

#(4.29) . (4.31)—(4.32) KA (4.28) R, B3 (4.26) R,
EH L,

I 4.3, RAEHHH ARKE, WaE T(T) =0, 7
b AZ T R e LA, &6 Bl AR o) K F AL 4o
T/ X

3 = AtrE) + 2uE + o(| El), (4.33)
~ 1
KEH N A p A 5 (Lame) ¥ % E=(C- 1), &
o(|E|) &+ |E| #%%.
{EBS BB EBERIF
trC = 3+2trE,

trC? = 3+ 4trE + o(| E|),
trC® = 3+ 6trE + o(| E|).

REFHULEKXRHAE CRHEAERERE. BASR

L(C) = trC =3+ 2trE,
L(C) = é—((trC)'z — trC?) = 3 + 4teE + of | E).
Wit 8 [5(C), f (4.30) MaEE, AL LRR, 778

1
L(C) = é(trC)3 ~ S trCuC + %trC3

= 1+ 2trE +o(|E|).
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X le ME—EEE v, FIRRBRF, SUE
%,

v(le) = () +5I—’Y(Ic) - 2trE
Cc-1 1 c-1
42 (I¢) s+ 2 (I¢) 2trE
~—7c - — - 2tr
oL o 0l; oy
+o(|El). (4.34)

fe (4.26) K44 C=1 &
’70([(;) + ’)/1([(:') + ’}’2([@) = 0, 4 C=1 m . (435)

¥ vo(lo), ille) K v(le) #RERK (4.34) XWER, ¥
HARA (4.26) &, i Ee (4.35) &, B8 (4.33) . E®WF

ke,

mMREEAM LR (4.33) Rhaugs E g, sy

X = AMtrE)I+ 2uE. (4.36)

AEEY, XA XARNHLEERER i, mERFERRGHE
REMBMNN. B4 (4.36) AXMABXRNHBTRY 24 %
— ¥/ E % (St. Venant—Kirchhoff) # % . x2&—MEM BN
AF £ P # PE A KL

Xt FHEEMMEmE, SMAREHT R EX:

W(FQ) = W(F), (4.37)
Hi Q AT —4 W IEACRE, INHEUER, &89 HEshel a6
REW R (4.37) X, WHEAHMREN hKEHRLE (4.21)
(5% 6) .
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4.3. WRERBNHT
X B R AR - HARERME, TR, KR
BT RS i

W = -;‘-(trEV + utrE. (4.38)

ATH—FSAN—-HERHOC RS, & mEEME, %
W EE R B ER, BiXE s
W = W(F) (4.39)

s, (419 KvBQ =R, #EEH (24) & (2.7) &,
R ) ) ) B
W(F)=W(R'F)=W(U) = W(C),

B BT C . L, ET (411), ZX W(O) =
W(Cz). BfM (4.37) R EX, #aEH (2.7) KX, TH

W (F) = W(FQ) = W((FQ)"(FQ)) = W(Q"CQ),
Bl RER B T B4
W =w(Q'CQ), (4.40)

Hf Q AF—4AEWEXMKE, BN C ANHIEERE, Broli
FHEEAKE Q, # Q' CQ = diag(A, A2, A3), Hi Ay, Ay X
A CHEM. TR, PREBHNATE N

W = W (diag(A1, Az, As)). (4.41)

X, Wi bERk#sT Coxd, mmW RiksmT U
Eﬁ—ZE{E ﬂ‘laﬂ?ﬁ M3 . ﬁ%, Uz:)\f (221-2;3\0
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R E RS, AT R AR A
J=1 (4.42)

mf, Big% (Ogden) A TRER (BEEFHF) IS

M
W= 3 ai(ps + pg' + us* = 3)
1=1
N |
+ 57 bi((aps)® + (Hapn)® + (pip2)® — 3),
1=1

(4.43)

ﬁ:qu:%'ﬁ a'i;O: bi>01 CY.,:;O, ﬁz?o o _titg"cﬁiqj tﬂﬁﬂg _3 %
FEARK, FRATHEY Yy =pe=ps=18, W=0,
AW, ERHRARKOERERTTH (4.43) e, Kb

M=2  N=1, o;=5 a =13, (=2
a, =24, a; =4.8x10* b =5 x 10%*(kg/m?).
4 (4.43) 45, & H A ¥ % (Neo-Hookean) ##}:
W = a1 (p3 + p3 +p3 — 3); (4.44)
i — B kM (Mooney-Rivlin) #f ¥

W = ay(pi+ ps +ps—3)
+b1 ((p2ps)® + (papa)® + (pap2)® — 3).(4.45)

SHuf lEBEE R, BEAS (4.42) XMBH, BTN
7 (4.43) KAWMEBEM—B [pipaps) = [det F), K I'
PR S Lo

w408,  I(€) - +oo. (4.46)



v

XEWREX TR, FELHT KGR A GOR H AR B4
AE. R IwESR, LE6. X8, EFHEEEHH K
- fE oF B T g

M
W =Y a(us +ps +ps' —3)

i=1

N
+ Zbi((uﬂts)ﬁi + (#3#1)& + (Mluz)ﬂi — 3) + I'(pipapts).

i=1
-}

(4.47)

B 6
# M & (Ciarlet) 5 £ %k ¥4y (Geymonat) 25 — X b1kl
i 0 BE bR H0h .

W= a(ui + p3 + p3) + b((paps)” + (pspn)? + (pap2)?)
+ (g papis), (4.48)

Hba>0,6>0 1§ =c>—dné+e, 1 c>0,d>0,
e € IR (W [4], [5]) .
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MEMERABEYANRB U (R C) AL, A THH
LEMEKE FERCRRESE, REER
(13 13 + 3 = 0(FP),
(2pe3) + (psper)® + (papiz)? = tr(cof (FTF)), (4.49)

\ 1o = det F,

N

Heh cofA B3 AWETFRER, Bih A bn EFHNMOK
KTRAMGER, (449) v E-RE="WARBRHG, £
RMIEWRIEI . oMo, =06=2¢8, EHEFA (4.49)
FgE AR (4.47) Kt F AW,

4.4. LW — I XHAEER

BREEHWVREARRS, WAL T =0, MESEH
GRS S M L R AE L A PSR LA

iz
o\ 1/2
' ) (4.50)

XFFNAEE, EAIEMRE
£ < 1. (4.51)
% (4.16) Kb PIC) 1 C=T H8BF, BB
P =0, (4.52)

BAE .
P(C) = 5A(C — I +0O(£%), (4.53)
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Ht A= (aju) "y —1PHHkE, EHEH

9%,
Pl (4.54)

ikl = 2
17kl aCk},’ -

Heh D, R cu #0n P5 Cwsg; W AC - I) 5%
A5 C-IxHAIKBERBREFHTHE (AHR—), X
R4 BN

3
> aijri(cr — Or)

kil=1
Bk E. XEEHd (215) R, &
%(C— I) = E + O(s%), (4.55)

% (4.53) £ A (4.16) 578

P - (I+ Vu)(—;—A(C— I+ 0(e%)
= AE + O(e?), (4.56)

#h AE E YR AC—I), £ ERdrg3 O(?), B
ML, A
P= AF, (4.57)

85 N o BB

3
Pi; = Z i3kl €kl , (4.58)
k=1

H
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AEFIEEREHSE (BR (2.17) R) .

(4.57) s (4.58) ABEE ARREKENEEWHRT,
AW RARM MR, EREMEHREHRERM, A S X
AR . FEBHME, INT AR ERIFARWE B H
PER IR B, TIRRNDNRBRIEN—MEM, BAEHAE
RERERIE.

BWAH C RXIRKE, B A MEX (454 K&

Qijkl — Qijik-
mEME R RBHEMEN, WAERE (LJE 4), &8
Qijri = Aklij-
iXF, WprskE A BAHLUT 6 X R
Aijkt = Qklij = Qijlk = Qjikl- (4.59)

FTHiITHEENAEHHNER, & P=FX (& (3.41)
%), HEH 4.3, A5iEH

pi; = A(en + ea2 + e33)0i; + 2uey;, (4.60)

Aijkl = Aéijékl -+ u(é,;kéj[ + 5il‘5jk)- (4.61)

X8, wAAANNKE A RENEEMER, BB
MANKEN—EER (LHR—) 84, (4.60) KRFAREX
ERDL S, EEKRL B - HEEF . AT (4.60) RE
Hoe;, BREIWTH K - KX E:

1 A

7 20 T u(3h 1 2p)

(P11 + P22 + p3a)bi;.  (4.62)
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HTH—SHUEEEROYEEY, RITEER—T&H
BMHETER. BRE KA. BREN S 055 HERWE,
FEAEman Sy f WERTEERMER, KRN Al ¥
WERTRE: ERNMEEANN, RHEMEK e, = Al/l 5%
MR o= f/S MIE, BFRRSE

o = Feg, (4.63)

Kb E SeastplRE, %A K (Young) # & . M4, LKE
FH: E—EEGT, MELMTROMYM, WEOEREER
d¥BEZHA. it Ad A dwEme (fE), 32 eq = Ad/d,
M —eq 5 €, BIE K, BILL

— &g = VE,, (464)

He v B mmit.
WREAVE bl bR BT M A ey Jia, R4 XA H A
PR SRS N TKE RN

c 0.0 |
P=|o0oo0 0|,
0 00
Mg (4.62) RB
o (A+up)o o o — A
11 — I_L(S/\+2 )) 22 — 33 — 2M(3A+2u))

€5 20, Z:,é_].

M RKERSHEMAKOE X, RIIGE

o €92 €33
—_— = E’ = —

€11 €1 €11
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P O A 7

u(3A+2u) A
E = y = 3 4.65
A+ p g 2(A + p) (4.65)
9
E
A= by v (4.66)

- 2(1+v)

B, RIS E E S v, % - MAXE (4.62)
ATLLE 0 F BT

( 1
ell—E(

(14 v)(1 —2v)’

P11 — V(P22 + pa3)),

—

€22 = E(Pzz — v(pss + p11)),
J ; (4.67)
€33 = E(P33 — v(pn1 + p22)),

1

\ €ij = 2—‘;?@‘, L # J.
XRTETEEHONTE -NAXAR. HYBHEXEHZK.
m(4.67) E—XiEYW: e FAMNENTRH ey HWHEMN
71 pu FEMMRIK, BE e & ez TRMBENSG™4EH KM
i

MAEXEHN T e,; SN N p; CFJ). Blen 5 pr2
HH, ¥ (2.22) ®RA (4.67) XA

L= p12/7, (4.68)

Hiy e ke HTAWREBATEREREXRMANELE.
(4.68) RNiRbi: NEHEE p REBRISHERSIRMAHEE
Wz, WA HIRE .
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B (2.23) X, ALHAHNER, &
J=1+trE, .

MTHBEE AN ABREKERY
J—1=trF.

BEHIERN ;1 strP SHBERFENEBMKRIE £ K &

B EMEE. B (462) RAH
2

k= A+ FH- (4.69)

MU BV AT UE . X RHH S A Koo DM, 6
BhHEER E . YR ¢, ARy RERBEEE < Y
HIFE{H.

85. HMEM N BRARKMELSH

5.1. Stz Hh¥ A
EX—BR, RNt ERaua 1 B4R ERE
FE. Met, AWK EM (4.58) RGEH. BHA/AIBFEIRE

Ju
(3.44), #x &I H (29) KA v = E REIANMTHATEYA

3 ay Fwe | Owm \ .
k=1 K 8.7)3‘827! Bazjaxk Pods

(i=1,23). (5.1)

321.',,- . 1
£a 52 ‘é

3
l

BT aju = ajue (B (4.59) &), &
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ke, (5.1) RTUBMEATRER:

' 23: U | ook (i=1,23). (5.2)
= aiq N = 1,4, . .
o T Y R

(5.2) KR~ TRMAEN u = (uy, ug, us) 0 LR
BRomBEd, EMAXINTRAOHREAKERAE, TEE®
EEMRE, AN EEREKE A = (ayu) #—SAH
EYHE S EHEE.

R d g hRs, WA b=0mMEN, EEHFEE (5.2)
T 7 3B SF T AR

w = eV HITHIM) (5.3)

Beb € =(61.62,&) B n=(m,m,m) BHTAE, AR
MR A HRT Y, AT AR n, LEH R
SeERREMOBN, WAV PIEFE R (5.3) 74 BB HIRE K
T ABRER, X, & 0.3) HEK A\ NESALE, T
IvE=1

por? > 0. (5.4)

HEER (5.3) RA b=0 HmyEd (5.2), 74

3
poXli= > agubmim (1=1,2,3).

k=1

B EAWRREL &, X1 A 13 3kF, F

Y aiubilenym = poA’ €. (5.5)

1,7,k =1
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XEREN—EFRER E K ne R (5.5 R £wEEUE
., #H, RINSEUWFHEN.

EX O] FHELFH a>0,

3
Z aijktﬁz‘ﬁk??jm?a|€|2|ﬂ|2a VE,n e R?, (5.6)
l

i,j,k, =1

MANKHEE A= (aju) HL BHEEEE .

THABTAEBEKE A = (a;n) B2 BMHEEEE.
X F & RS R, TTLLES. BWBEMEEG (5.6) M T RE
EEAR 1 %2

©>0,  A+2u>0. (5.7)

XA HMIEHEN I BEAEE.

MRFE A= (ayr) BERMEMERHE (5.6), MKHE
# (5.2) W —H R A FBRA (3TiXAHBLIN i i —
HHW, DTRERERM 2 FRANITR) .

MR TR, X R R4 (5.2) ATl
REXERIE: MEJESEAW - 068,

TR 9 7 ) ﬁ%&t>0meuﬁ¢iﬁﬁﬁam)
B w(t, ), FRE =0 o2 ¥ 8%

Ou;

u;(0, ) = ud(x), ey

(0,2) = u; (x) (i=1,2,3),
(5.8)

Hhu)(x) 5 ul(z) (1=1,2,3) ¥k E 2 EHEK0 20 %K.
Bew - pEEEnRENT. # 23 R bppy—I4K
m, &£ (0,T) x 2 kR4 (5.2) g u(t,z), FREL=0
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R (5.8) WE&, WHE 2 LRON EHETR
A RFAEZ—

wilag = it 2) (6= 1,2,3) (5.9)

3 8uk .
Z aijk[—é—a—g—nj = O'i(t, SB) (2 = 1,2, 3), (510)
ik, d=1 Eolan

KT >0 9EBLEWER, h ko (i=1,2,3) biE&H
kW EMEE, HE {t =0} xO0N FHEELHMEES
%, BRFME (59) N TAERMANAR 00 LB EMHE U,
Wi &H (5.10) MMM TEDR O LM hmE Pn .
ENHPELSLFERBIBAHIREERSERNIEE: £ 02 K
—#s I beveEkwm (5.9) KRG, MERS—®48 I
L Ewm (5.10) ML R &6, |

sty e mE4 (5.2) BR—D B R R =
M, XKo@ aHERm L, s, aTAETFERN
®Fuutis (0 [9]) .

e BIXT & 1) ) PE A R OIS 6L, B (5.2) WiFS E M A E
w] R AL A BB T R AR ) R T BLitie. e, B (4.61) =,

Ak = Abi;0p + ”(62'1;53‘3 + 6ubjr),
B R4 (5.2) oy

?u

S =nbu+ A+ pgraddive.  (5.11)

XE, AREEERL, Bl p=1,0b0=0.
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FEEH SR (5.11) WmpEHE. hB— %318 6.3 4,
MBS u T 5B A S BB R

u=v+w, (5.12)

Hi vk wiailhdmE585, WHELH:
rotv = 0, divw = 0. (5.13)

X — o BB AT W MU N — A C e B K A T —
FEMy, HE-HIIH 6.2, Y3F v —EAUEFAI—MFE
% ¢ KB

v = grad ¢. (5.14)

XH, W FAG o, R4 (5.11) kK

2

0
gﬁgrad ¢ = pAgrad ¢ + (A + p)grad Ag,

BB

Pv

'5%5 = O,IA‘U, (515)
Hrp |

al = A+ 2u; (5.16)
fixt FHp w, R4 (5.11) Wit

9% w

5 = asAw, (5.17)
H

a5 = . (5.18)

XA, & EEYEM S sh Rl (5.11) 1R AR
AL A RS R (5.15) R (5.17) to4 5 AR K .
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EEBEEs (5.8) XL, BUBERHE u’ & u! 58H
Y15 5 815 2 .

u’ = uj +uy, (5.19)
u' = uy} +ul, (5.20)

B u) 5 ul W%, w5 ulh MG, B v HESHHE
(5.15) ZE@ &4

vl = uj, glmo = uy (5.21)

t=0 -
T whEshHeE (5.17) £k &6

ow
= ur, gﬂ =uy (5.22)

w‘ =
t=0

t=0
THM FERIE, v &k w DR H58%. RS
Em, B (5.12) X, mEEE (5.11) & (5.8) B,

EXERREF, BAREN B AHNIT TN B IR — &
HE. FA (5.12) X, TUEH, HEA (5.11) 5 7 LUk % 1
THEMTE (Y IBELRERIE):

0? 02

FAFKRAEFRES HFEAEHEORBLAL (B, B (1],
(2]), T gy ER Ao & (5.11) & (5.8) wmm &A=,

. WmET A, s AR (5.15), MFH % ¢ E5EL T A
EKRBX Y LL @ HERL. B4 ait WERE (B, W [1]);
fix By AR (5.17), MBI HK B X I 4 Ll @ HERO, R8N
axt BIERTE., {EASEHBM B N HEA (5.11) 89 M0 4 M ik 8
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KB AL @ A0, RBRSHH art 5 axt WEARE., XRHE
HESBR (5.19) & (5.20) th, AN SHBBHESL - Sk
R, AN MHEERARHEZAKENRRESHE, W
KB TEATHDESBY R RS, ERAHEFBEA (5.23) 5
SheHFEA (5.11) WEHERNESR, TLUER: HFBE4
(5.11) WA T %t # « AWEMKBRBEAL @ AR,
EBAMNK art 5 ot BEARTHERORERK (L (2],
18) .

THERAHEE, SEREKRE A = (agm) B ERKERE
%4 (5.6) 4F, TR LEAREFEBRNOKH. ¥ THRHX—£4,
RATERERMUEAARIRENELER. R G C 2, E—F
BEINERLE Go LM RE Go R So LM IIFRER
Th, —#EIA Go hEhBERIM M, 75 — 34 45 4 K 6k
(R HRAEE) 7 Go PRAFRX. RnfABmnEgy W,

% Go FIIBYLMAE R

1
2

3“ dz + | wWdz.
Go

R ERN, EAZE Go ERDFERTIN (BR (3.42) R)

] oob - 2 o+ f (Pr) - ——dSO

ou,;
= [ pob- -—d:z: Z /G (p,, at)da:.

i,7=1

B EXAmKTES, WOMATHKLAK, HE BT,
nE

d {1 du |’

a (5./(;0‘90 —ét_ d5E+ GOWd:E)
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Ou; ou
— Z] 8:{;_,, (p,J )dx—{— o pob - gt*d:c (5.24)

i,j=1

MAEAsHRFEIE (3.44), BN HKE P= (p;) ®xtHkit
(X (4.58) 5 (4.59) KTLUEH), HLRAHH

d
dt Jeo Wdz = ”21/ p”@t@m,
= }:/ Pij de
1,5=1
BRAS XHEER (4.58), ERBMATRE A
d d & 1
= = — ~ [ aymesendr.  (5.25
& Jo. Wdr = - ,-,,%::12/6‘0 Qijki€ij €T (5.25)

BEHEAEARRAS B t=0HAX—RE) FTHNEREEE
BW =03 EXNA03 t B4, HEE G C2HEERNE,
Bf &

3
Z Q;ikl€i;€kl- (526)
k=1

t\DI»—a

>

ERREHEHFR TR (A ERFEEYH) wREX, N
YL, RENERKE E= (e;) A4%, W EANZRE
M. B ERMREKE A= (an) NE—1TEENBBRETR
REE &,

EXS2. ¥/ LAFHK a>0 1

3
Z aijk;e,-,-ekgzc'ilEF (527)

i,7,k,1=1
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3

3‘]’-"“1’113‘}'*1:%&"#- FE = (6,‘_1') b’fgi, %"‘f' |E|2 = Z tJ’ n’]’ﬁ:
A= (aiju) R B L4 .

B EEESF (5.6) SBEHAH (5.2T) ZRAFHAXE
? THIEH, BREE £ TN RGRAE &S, FXE,
il

1 .
€i; = 5(6177_7 + gj‘r’i) (23.7 = ]-: 21 3)7

EEE A mxiHd (4.59), B4 (5.27) T4

3

3
Z @i &ikm;m = Z Aijk1€ij€kI

~ 3
93
Z7 Y (Gn; + Em)’==1€1%In)?.

1,j=1

X B0 R AR AR . BRZRR X T H T TN & ) R b R
it EH, M FRERES S, STEEH (LE 8): %Elﬁ
%8 (5.27) SMFERMEHEE A\ R u HE

1> 0, n=)\+§u>0. (5.28)
(g (5.7) R Y)
ETHXTREEN LS, BEHFc4BREETENHE
.

5.2. kYt Hh¥HEA
BBt ARXR (4.2), WHERNN HKE
t X (3.39) % ,\
P(z) = P(Fz)), (5.29)
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st P(F) =det F-T(F)F" . % (5.29) ARAZBTFEY
2 (3.44), RETm TG RENR AT EA.

P gz = jg{:ﬂ i1 (Vy) 92,01 + pob; (i=1,2,3),
(5.30)
3o o
aiju(F) = 31;:- (5.31)

ke A= (a;u(F) A BHEKE . BR, BRAEBTTLE
(5.30) AEXNXTFHBHR u=y—x HHEB4.
wmEMEEERMEN, &1 (4.18) 5 (5.31) AF

G4
() = —— 5.32
a;jr(F) Ofi;0fu ( )
Hoh W onem. WHBHKE A BREAMHE.
aijel(F) = apii(F). (5.33)

B A BARMEER Y (WRSER, LT
) HERA SR, A R — R X R R Bk bk
BANEYE LSBEAOEE, FERXXEFBAEYY LHT
B 57

HAEBINEBE A BENTEMEAEA£4 (HABHTHEE
S RK) .

E)Z 5.3. %#'&g‘ﬁ'&' A = (a,-jkg(F)) fﬁfiﬁ(T%*:

> aiu(F)&nim > 0,

i,3,k,l=1

VFecR*® detF>0, & ncR*\{0},(5.34)
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MATHL BHEMEAS 2 F R AFE83x3 By
ik,

EWMERE A WEBRMEMEEAS, RIKFHEL (530) %
ARG, XA, (5.30) ME—F —HMUBERGA L4 .
O A ) B SR B 5 R 0 R UL 200, B ET DLIR AT (A1)
FMESREY - LEHE. KB4 - JAEREPIFFHEN
REBRZMEHEBIERL, TLIL

Yo = h(t, x) (5.35)
17
Pnlyp =o(t, @) (5.36)
FMTFHRBABLR
ylr, = h(t,z), Pn|p =o(t, ), (5.37)

Hbe ”UIL =0 . B hRoHt cHNEHANEY S
MEBEY, BEN o U2KBRTFRUER v, EZHV RS
# (W §6, # 6.1) .

MIERHBMUS T RAERGENHAENBALS. B
MW ETEZREALBREXTROENEELRN, MEEN K
ZIRGE A, SEAR, DXEE t EXBEAOR (T
RERBERBR) WEEHKTR, ROBSERERN, T8
AEBREHAGE.

5.3. M HEmNEFRANTEER/ER
- ERRAREI NETRAN, SRENTHEEREAN K
o TRAGHRBRTESN, SARETEREFEZRHER
BRI,
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% — R AT B O BE R, WISREUMN T ik (5.30) b sriE
FaEin—mrEA. &7 (2.3) &, T (5.30) KB A
W F S A |

Ofui  Oug

— =0 k,l=1 :
at 81‘[ ( b 327 3)? (5 38)

0 .
o, é?jpij(m — pobi =0 (i=1,2,3).(5.39)
U = (fi1, fiz, -+ f33, 01,02, 03)", FARENE po = 1,
b0, pEa (538) (5.39) BT SX T #ER 1 —
B L2 PE T R -

oU 3. 8

7 2 v,(Uu) =0, 5.40
KEP Vl == _(Ula0105U23030)U370:07p111p21:p31)T3 ‘/2 -
_(Oavla0307U230301U35Oaplzap22ap32)'r7 V3 = —(0,0,’1)1,0,

0,v3,0,0,v3, P13, P23, P33) " .
TRk TS HEA (5.40) WA, HHBEHFAWT
i 5

BU
B;( =0, 5.41)
J—Zl ij (
H
B;(U) = VyV; (1 =1,2,3), (5.42)

XEB Vy &7t U RKesE, & B; b 12 x 12 .

BN 5.4, R EERERFY U ARHILEER T 6
n € R3\{0}, 1% -

AU, n) = Z:nij(U) (5.43)
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A on(=12) HMEHEAE
Al(Uan)a' ) ':An(Ua n)a

FHMRTXENEER n NERAXNRESE, RHFAL
4 (5.41) % XA F 4 .

FTHEHEMER: MERAEKE A= (a,n) HERWEEE
# (5.34), M—M B (5.41) &Y 5.4 (97 LT £ W i &Y
M. Mk, Hu%E AUn) WiEEl. & B; BV, BEX,
FHEE H

0 —F;
B, U):( ) —1,2,3), (544
3( '_Aj 0 ( ) ( )
H
a1511 Q1512 Q1533 '
Aj= azjn azjlg a2j33 (j=1,2,3) (545)
azj11 Azj12 - Q43433
A3 X9, W
1 00 (OOO 00O
(000\ 100 (000\
000 00O 100
010 0 00 0020
Ei=|l000],Eb=]0101],E;=|000
000 000 010
001 0 0O 0 0O
000 0 01 00O
\ 00 0/ \ 0 0 0 \ 00 1)
(5.46)
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Fir L

AU,m) = — 3 =1 : (5.47)
L midi 0

2

FMAFP AR EHEN, AHRIE

3
det(A(U,n) — AI) = A® det (Azéek - > aijkmj'rll) ;

3i=1

(5.48)
Hop I prRe, Wi 6 ARFATRE. X3 AU, n) F—14
6 BRI, o, i1 (5.33) AR BB £ # (5.34) T4,

3
3x3 ( 2 aijklnjnl) EXWHRIEER, BTULER 3 NERE
e

2
3

fg. Eit, AU,M) 0B 6 MEEMS IR (_lzla,-jkmm:)
. J’=

FrAEE R F TR
MEEE AU, n) MEERE.

31 5.1. i 2oy n € R°\{0}, &% A(U,n) a5
FEREMA 6 NERBAXHHIEDTE,

iEHE .‘& (wlaw2}”';w12)T ﬂJ A(Us n) *ﬂﬁzﬂ:gﬁﬂﬁ
pagaEm i, & AU,n) M9 17, BT

Miwio = Miwyr = Mwiz =0 (1=1,2,3).
@%J ™, M2, T3 7Flﬁlﬂ'-j‘jb$, _tit:%ﬂj
wp = wi = w2 = 0.
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XRE, (wi,we, e, wiz) BERE 9 A A BB 4100.3))
#ik® (5.47) WA, HEWIIEOLEE, REHH AU, ) 1
BE=fTREVEX XN, BEE &, &, &, F99E §1. &2, &
& A(U,n) % 10, 11, 12 SHHME8—TaE, BB

3 3 3
Z ainin; = Z @ijr2&iny = - = Z @ij33&in); = 0.
t,7=1 1,7=1 1,7=1

¥EALERE 1 AR &, B2 AL G, -+, B9 A

BL &ams, RISHEM, BB

3
Y aijubibenim = 0.
i,7.k,l=1
RRMBHE Y& (5.34), BIERTEBR & =& =& =0,
S BRI B,

1@ 5.2. AMHRALHEMNY, HRAETHEY N €
R°\{0}, 4% A(U,n) 4af FAERMIEA 6 AR ALGH
e ¥,

iER ®] (wy,ws, - ,wi2)T HHERTERE AU,n) Wik
TAFMEE ) WS ERE. &1 AU, n) 08 9 17, T8

Aw; + wip = Awg + Newio = Aws + Mswie = 0,

{ Aws + wn = Aws + 1win = Awe + Mwi; = 0,

L )\w-; + Mmwiz = /\wg + Thie = /\L:Jg + Wiz = 0.

(5.49)

EBAAO, id
Q; = _'T’t/A (2 = 1,2, 3)1 (550)
£ =wi, & =wn, & =wp, (5.51)




i (6900 Ham &

i (N
o2 oy = oy, wp = by, ws = aséy,
e I U '
wg = €, ws= 01252, Wwe = 01352, (5-52)

0 2| wr =003, ws= a3, wy = ags.

&P (5.50)—(5.52) =X, #pF AU, n) w10, 11, 12°
T, FIEMBNBEKXARX2HA

3
Z aijkmj'ntfk - )\2& =0 (3 = 1,2, 3)- (5-53)

J:kl=1

_ 3
W € = (60,6,6)7 28R ( 2 apunym) HETFHER

=
3

X R B B2, % € = (6,6 &)™ WIERE (3 agjuamym)
i

N TFRHEMR A > 0 i EmR, Bad (5.51)—(5.52) K

BHM w= (w,ws, - ,w2)" REEE AU, n) KHEMNTH

3
N MBERE. TR, A TFEE (3 agunmi) H8—4

5Hi=1

(N THEE N >0 n) BERR, RNBAER A(U,n) ®
A (HRHEETHEME NS -\ 0) SERE. W,

' 3
bty BN (0 (5.39) ART), (S agunym) w3
2=

WEERH, BF=THEEXHNHIERNR. IH, RKBIAMHNT
AU, n) ETHEHY 6 MEERE. RERIE, EMRKNHEL
K. FIEIERE.

R Evie, BA1F
TR 5.1, A AN, LEEREkE A= (au)
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HABEME AL, RA2—B gl ms s (5.38) —
(5.39) AL 5.4 HELF ARG Y,

LA, RITAERAME, FiIN—IBR
BRESENES TRRN. BEENEEHRR HEH (5.38)—
(5.39) WEIKTAR, M FEMROENEHRIE NAOSHEERE
ABIM AL, X R REE 2N SN L T AR R
MEVURE NS, SEABTY, REAOYEBEMM, B
MEEB R —Br<rEE ek (5.38)—(5.39) i i b ##
M, FEHIR—EBRBEEMORER, HH BLER . HF
EX—MECHWTFRER

mn(U) +J§_,:%q, U)<0, (5.54)
Hn HAM, g = (¢, 92, ¢) MR B R W& (R XBEE
X ERERIRSEENDEHBEBRAERE - RSD) .

THRIEmALHERERAE. FRXR G, C 2, G

b ) 35 HLIR BE 4

[ Gl + W),

g W(F) aaem. Go 348 So b 89S J1 75 347 b (6]
it Go BT 1E HITh %

fSO(Pn vdSo—/Go 5

(pi;vi)dz.
1,7=1 8373

XERMNFAAHTEALIAX, ZEDHNMEORBIN, MNF

d 1,
a—t/GO(EIv| +W da:—/G

i;V; ) dr<0.
8:1:3 (pijvi)dz<s

04,9=1
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HTERMER Go C 2 &>z, HUFA

3

%(%]vlz +W(EFE) - S (T;Z_(pijvi)go- (5.55)

foig=1Y%]

Hit, 75 q— 1P EBRPOEREN
1 n
n = S+ W), ~ (5.56)

3
g = —y piui (j=1,23). (5.57)

=1

BlEF WF) —mre Fom&i (RAR §6), fLlh (5.56)
24 ) B A R R

5.4. LM PHBAN —HTHER A
— AN EEMABWEAER, BERERERES LR
(5.30) 42 — D —Br BLLk T HROMM4L? T B — % B R
AT,
B—A % RO ORBREESEHEHE, TS
BHE ARG ERRE, HEE 43 5 (5.31) AFHBH
(B (4.61) &)

a,-jk;(l) = /\(52-3-(51‘,5 + ﬂ(‘sikfsjl + (5,-1(5_?-;‘,). (5.58)

wAiTmE, (au(l) HEBWEAMHBRESH T (5.7) KX, H*it
i 1B
A+20 > p>0. (5.59)

mFRaEs W(F) — e Frommi (LA §6), #
WkE A= (qn) —BRERBEZN. AERMTEMOLE
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R, HERERESYE. i, (8] PR IR, /% (aijn),
SIATKE .

Gijrt(F) = aijri(F) + (660 — bubjn)- (5.60)
& (dijr) 07 R A W0 F 89X HRHE
it (F) = Qi (F). (5.61)
T
: O fu
(0i0k — bubjn)—=—
],Ig-zl I 7 33}3'
> 32?!1: > Oy
= — =0 5.62
kgl Ba:,;aazk kgl 3$k6$i , ( )

SmrRd (5.39) TUSH (EES® po =1, b=0):

Ov; SN 0 :
ot .-Z %kt(ﬂg@fkt =0 (1=1,2,3). (5.63)

drvyé

Hah, W |Vul o ne, k& (@u(F) REEN, B
fERLEM ¢ = () € R7\{0}, ®r

3

> (PG > 0. (5.64)

7.k, =1

¥k, i (5.58)—(5.60) X, ®&AVE

3

S i) Gilu = (A + ) (tr€)? + ul¢f >0, (5.65)

1,7,k =1
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Mtrc:écﬂ ¢ = zlculz b T BN BB (5.64)

3 ,7=1
KRE |Vu| 5 RS, ~ )
¥k g (Qn(F) WA—XRESH Ix I A, L AKX
TR (5.38), MBWT HRA:

3 3 fpg a

Z Qkip (F) Z Gkipg(F) =0
p.9=1 ! p.q=1 8.’Eq
(k,1 =1,2,3). (5.66)

MAWECHEQ B (5.66) 5 (5.38) R 4.
BHEA (5.66) 5 (5.63) Br, HE N FEL

U 3 U
K (U)— .
Ko— o Z P 6% =0, (5.67)

H

A 0 0 —AT
Kn = . = ~ 7
o= (0 ) 2= )
(G =1,2,3), (5.68)

M faxs 0 3 X 3 frk, A;j 4 3x9 R, ¥ (5.45) R4
A, PIcERY A PN TERAS. BR, Ky AXKE
8, K;(J=1,2,3) A%, Hik, (5.67) H——Br#l
SRR, B, BRAITRIER T 8% (5.59) F, &#
7E B ROR A MR & R MR IE SRt s e RE, —
TR LML —Br et AR A 4L, *FkPE M MESh e AR, e
724 4R, 3

RAITER K HEA (5.38)—(5.39) 444 — ¥ 51 4 ¥ x4 &
X4 (5.66) B (5.63) . ERBHEXNEHIBRACTASY
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FEHEROER. WA, MEETUEFRHEHFEERER,
HFHEA (5.66) U I X I K A = (a;u(F) ERFBE4
(5.38) BFIM, FrUARGEITECEBRAINE - 5B B4 (5.38)
WEHRNZLZS MEEREA# (M TEEN—HBKETEE
BEAMNEA, EROBREKETL, HEIAUTE_Z §4
PR RIS S - WERREM) . HBAH, XBBIKHE
AR EATFEERNER, HRESRBNBEASHT
BEHBRY, Bt FARBRFITRMER, AR LRSS EFEE
BIOEHT, MESIEFROERNFTE, DBl Raty7E
SpiE E T R F 09— B M X AR A 4.
AV =S (5.56) I, H

3

1
> (8ii6k1 — bubj) fij frr + Eivlz, (5.69)

i3k l=1

n=W(F)+

oW

Hef W(F) e R ems. BREd, xm (5.56) R
mﬁ%ﬁﬁiﬁﬁﬂﬁdﬁ@ﬂﬂﬁﬁmn%?ffﬂhh”n

;
fua, V1, 02, vs)" 4 B BHR S BRI AERE = 3y (5.68)
o ) [E 52 B Ko:

0%n

iU (5.69) B E 0 X .
FEZRAEE, 61 (5.69) R Hm0 n W2 M T oK ImFE
e on 3.9
on 94 _
v + > oz, 0, (5.71)

=1

K

- 301 -



3

3
9 =—>_pijvi— Y (660 — 6ubje)vifiu (4 = 1,2,3).

i=1 i,k,l=1
(5.72)
P, AE—BONBTUES, FLAMOEEA XHE
HULMBEOFER), £ n 5 q 53Ed (5.56) 5 (5.57) A
mE, MpEem (5.71) . XH, ARIFX¥ N5 q H
(5.69) & (5.72) KA e, FHEER (5.71) KL, AFwiFEY

8 3
5 Y (6ii6k — bubix) fij fu
1,7,k,i=1
3 0
-2 Z: % 6136151 — 5,;;5jk)v,-fk;) = 0 (573)
1,5,k,1=1 7

FIHEARA (5.38) LK (5.62) KAESRIF AW ERE, LA
KRS T RS IES, AN,

XH R _—EgE L 19;1 %}:fgﬁaﬁiéﬁa@gﬂﬁzﬂ (5.38)—
on Ui T
(5.39) M FRAORH Z = U = Bf T Bug i & 4
£B P — By X BR A g 4L

5.0. —HIRMUBPUBNELTR
X — BEAVHE AP AT DL b — 4 iR B Sk 2 AT T iR M1 AL
1° & 15 B 156 1 iY 26 4 16 3E S

BREMEAE e; FRSAEEE, WAREEREKBRT LS
T1, WS T2 & 3 X, XMAMEERBT RS H

Y1 =1 + Ul(t,-’b‘i), Y2 = T2, Y3 = T3. (5-74)
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tui (g—%) 0 0
T= 0 tn(m) o0
0 0 t33 (%)
T 48 9 1z B 7 3K B 0 24
m(g_;f) 0 0
po| 0 (em)a() 0
0 0 (1+g—:})t33(%§)

H PoERFAERXTR, MxpER, BMEKE A= (a;u) 1
BB a1111, d211 & a3z SMIAE., MiBRMRH &4 (5.34)
MEREFELR=12BHNE, BHE "

%u_ (5.75)

a1111 = —74 ~
am;

xH, hEFEFAR (3.44) FHE— N HEMLN

62U1 9, 3u1
P = B, t11 (55;) + pobi. (5.76)
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B, xMaishm BRI Ad (5.76) KR — R W E; T
(5.75) KW, H#E (5.76) BR—F —#p LMy £ .

FEAVMHR, B (5.74) KAHOXHERELREER
MELEA, MRIENBEEFTS, AP S EER>~ENE
FEH AR B RME. WA, MATESHEMH, IHEERRE
AT REHT.

2° EERMHEOAENER

XHEEHBAEEE e TR, HEXRERABT 5 z
(8 z3), WA M FER

Y1 = 1+ U (ty :172)7 Yo = T, Yz = T3. (577)

1 v 0
F=|010],
0 0 1

5
Forb oy = S0 R A AT — R R Y

3232
1+ ~2
B = 8 ;
0

i B ®=41FRE&N 454
11:3+725 I2=3+72a I3=]-'

St BRE

RN

o =2
O O

EE

Y1+ ~2) +~ 1+ 2 0

. 1+ +~9* y(0A++*)+~v O
B? = ,
0 0 1
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HEH 4.1 M,

tiz = ta3 =0, (5.78)
te = yu(v?), (5.79)

b u(v2) A Y2 MEK, A XM R . HE S, &
94 1 7 9K B

t11— Ytz tiz O
P=] toj—7ty ton 0 |.

0 0 t33

8
awmﬁ%apﬂﬁm$v=7%%ﬁu#ﬁ%ﬁfL:
2

(Gijr) I BH, B a1112, G212, G112, Q2212 & A3z SFH
. W&=(10,0), n =(0,1,0), dimmEME%#H (5.34) 7
5

= > 0. 5.80
a1212 d’y ( )

EXMELT, shdsFtEHE (3.44) FHE - FEILH
82’11,1 o, (3&1
tiz | 35—

Po 542 — 3$2 8582) + pobl. (581)

XHE, WYUK ER N — &S, @ (5.80) B H R
(5.81) B — P — B kM s HE.
86. WYL 2 RA N E M B

AHiteRARE, TS ERE FHREANKEMR.
e, BHEAHEEABABETHER {, tREBRHEYS v RS
T HX, '
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6.1. ZEREBLOELRE
M FREBHANOFERSE, U NENELTEY (5 2)

3
- 2 G G gy = PO (i=1,2,3), (6.1)

Hh b ARBAR © MEK. BEEHE¥E A= (au) BE
B EME & (5.6), HE4 (6.1) MR- —HAUHER N
24 . % 2CR yERREMK, WHEL (6.1) kA E@RE
R £ QP RZFBYUNR u, BFRE QAR 02 EHE
gin (5.9) & (5.10) W R&H. LR, WM h 5 o HTK
#}F t.

StFMEE R4, EN BRI RESE (5.9) HEELKE
MR, (LA A 7 R A 1 6 R 4 I — 3R R R LR EAR 9
ME—dE, X R EE TR R TR (41) AN RS, R
E WX — AL B A% L, AR IE AT A RRE, BB
LAETI S, BMAAR FARERE INBIE) &
ﬁ:T HARR AR &M — M FERA. B, B4R E (6.1)

& (5.9) @M RAM K. X— AR HBRESE s (5.27)
F DL{RIE.
# A= (a;jr) HEBRENEEE (5.27), BAFTHRIE

3 ou; Ou
B(u, u) g /.Q Z ikl 7 9. b;?d:v
J

1,7.k,i=1
3

aiiki€iierdT
[ > asues

i,7,k,1=1

& /Q|E[2da:. (6.2)

A\

P RATE
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1015

=@ 6.1 (M8 (Korn) £%xX) & NCR® %ARE
B, MELFH Cy >0 33— u € (Hy(2))?, ss

J | B> Collullfn aye (6.3)

£+ HH D) & HY(N) HRtas 556 (0 [4]) .

AREBERBIIRZEHRETHEE 6.1 78 v EFHN
LR 00 Lﬁlgﬁﬂﬁﬁﬁﬁfﬁﬂﬁrﬁlﬁﬁzﬁ. 7 (6.3) X+,
3 Bu,-
el s = Nullipams + D 3z,

ij=1

L*(£2)

EHE 6.1 MHirll AKAFXNEOI ERFHEHHAFSNBEM
B v iry (6.3) K. i

Bu,-
8:1:,- = €;j + Tij, (6.4)
HH
I 1 (0u; Ou;
Y 2 3.’133; 0$,
TEH 5w B
i B2 g2
5z, oz, € — Tii- (6.5)

FIAKRKLAR, HEEE ulyn=04#

Bui 6‘U.j _ 3u,— 6?.&]'
./.Q 6.’1’}3' 6.’17,' dz = /.Q 833,7 8:13,— dz. (66)
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X#, B (6.5 & (6.6) X, &
2 _ 23 _ )2
Z_ ]Q'rijda: = /QlEI dz fﬂ(dlvu) dx

< 2de. :
< ]9|E| do (6.7)

M (64) XXH

ou; \
i 2
( 3%.) <2(ef; +735)- (6.8)

B PSR & 2]

Z / (gz;)Qd‘”g“leEFdw- _ (6.9)

1,7=1

(6.9) Xgamummy % Fl# 2 % #r (K. O. Friedrichs) F
£ (3 [1]):

f ul?dz<C Z/ (3“")

t,7=1

Bt (6.3) . LR Cy B—MUKB TR 2 MERK.
EE 6.1k,

F 6.1. #A—REAT, IBREXAWTEN:

/ |E|*dz + ||ul{ (L2 !2))3/00||“||(H1(Q))3> Vu € (H'(2))°
(6.10)
(i [4]) .

B (6.2) K5MBAR%ER (6.3), ﬁ:‘lﬂﬁ
B(u, “)?QOHUH?HI(Q))% Vu € (H'(£2))°, (6.11)
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o ag > 0K 1EH K. - -

HRZR (6.11) L ENEr B E /8 (6.1) & (5.9) &M ft
—M. i, REFHHENKFRERDE BIbO=0x h=0
MER) PEFERBu=0, bl u RHFE (6.1) OB, X1
M 1E 3 KM, Rk 2 L8y, o/ f

3 0%uy

_ Z / azjkla 8 lu,da: = 0.

igkd=1
M ERZEmAAERAK, REF
B(u,u) =0.

XHE, FRA (6.11) R, MIBBE u=0. XHKIEHTEH
I (6.1) & (5.9) MR —H.

(6.11) R ICFR 4 3 T4 3 & 48 1 i i /R T (L.Gérding)
FERXM—MRBHOER. EBHTIX—FER, ARZESFF
M — KKK % (Lax—Milgram) 3255 2 8% a] LUER E
3R RE R ) 1 R AR ZE . SRS T LA — o5 i O B R 1 IE U
WHiBILNM, XEAFTERETUEF R ERRBES T EOH
M RE, ZERAERTET.

6.2. EEMHBURNEFESE
WFEESEARERTHFERS, HEA (5.30) ibH
82yk
ox 38:13;

3 :
- Y ayn(Vy) =pob; (1=1,2,3), (6.12)

7,k,i=1

Kb bAmT . EdtbkE A = (aiyn) WERMEYH K4
(5.34) mBETF, A4 (6.12) R—4 —HABHER Y £
4, HeMABnRER: A—FAR® NC R’ k@
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(6.12) wm, HHE QLR O +HEKEW (5.35) . (5.36)
g (5.37) W R A&H. 4R, EREEAT, h Mo HEH
Ht XX, B o MREKBTROIEH v, EZHKU K3 H.

Bl 6.1. mEARDRZEICOER, THE IS EA
B ATGEE () sk o B amit) . 2B E Sk w(y) . X
OUF, ERMAKEHF EMBERBREEHN

Tv = —n(y)v, #O L, (6.13)

Hep O ERBUEEEREESEF SRS ) MR, HTF
®ATIE N E XS 2 AT, FTULFEa R %4 (6.13) 4t
R PR 0N L+, w3832 K (3.39) KTLEH,
(6.13) AT LI N

Pn=—-Jr(y)F "n, #00N L. (6.14)

AERIE, JF ' & 02 FR&BT v WK SE. LK
b, JF T =cofF¥y FypFRERE, % JF 'n g4
STEAN

n, Nag N3

Oy, Oya Oyz
or; Oxra Oxs

Jys Oys Oys
dr; Oxa Oxs

3t EHAUEY, ERASEXN ¥ & ys BUIRMIPIE. M5B
2RE3ASEBTLURCIBIE, X, HRE£H (6.14) 75
A B

Pn=o(y,V.y), #O2 I, (6.15)

- 310 -



vy

K V. R m#E.

FTHEEEAUBEB IS TBEAETHRIENBOEEY
S—t, wE AR FRSE (AH 6.2), Sk hy
M — MR RS, XA, AR ERLFE G
A, BEEEFEA R,

B 6.2, XBWMTWAMNBEE: #SEHE 2 AHA
BRI BER MR, £ 2 AR 0 Lt Eh R &%

ylz) ==, #HON2 L. (6.16)

EHER N b=0rt, BRy=a RHB4 (6.12) R LR
REHH—IME. BEFSHIEORE A, mERNBRESE—
MNMELEROEO RS -/ 2r NEBREAE, IEEBERNTER
EIANEBOR (RAT) . IERBATERABENELT LA
f#&.

|7
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O ETHROFAEOTIR, BHAEE. HXIXRE, SEEH
B (EREECAZTHBHLEL) QitLBER ST, HEH
RO R R K28 T X F 3 & 8 i) A B R s, W 5K 2K Rl BB O
—EERHA: WMESRRAR TN ERAE; WINTESH
INERR; B HESE. KPRLSHEEASATZER. THEHEA
Xf F) B 38 4 7 B R SR il Br eI RE B 2 0 W e, DA R bS] H R
RERR B L MR 1F — 8 B 4.

LA R4l (6.12) E R AR &4 (5.37) T 2R ITE 46
X#AFHE, BE h ko AR MEH, WHHEERMY
. XM THEEEEZA: |

d(y) = /QW(Vy)dm—fnpgb-ydx?—/D o -ydSy, (6.17)

Hp W AR SR, PR GRS —Mystanpee 8-
iAo HEE, BEHAERT [ FET AR, Bk,
P(y) vk RBeE. Fm gk, KEuMHEE (6.12)
)4 (5.37), "I LAAL A K R IZ R d5(y) B % /) ) F&

B R, SIAES

D= {ye W), et (52) > 0,3lp, = h).

7

g WIP(02) HEAEFKREN, i l<p<oo,
#y'e D Sly) & D LEBIHRME, BIRE

o(y’) = Jnf 2(y). (6.18)

BB /3o AE 7 6 2 4 ~
¢, =0 (6.19)
MmREEH ¢ € (CHN))3, LHEK

T Py’ + 7¢)
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£ 7=08mABHNE, BIRE

a‘f_r.gs(yo ko) =0 (620
EmzE P(y) mEARX (6.17), RiTE
-d—@(y0 +7¢)
=/, (__ o7 + 1) 52— pob- ¢) da
_ ]F o $dS,, (6.21)

g FO = (83’?) Bl E AR
- 833']' )

/ (an 3415, — pob - (b)dib‘-/ o ¢pdSy = 0.

i,j=1 Ly
(6.22)

E—-mimyy’ e (W(2)? BmeaR&s vl =
h, 34 (6.22) 34— LR @ WL, MK ¢v° Nl &
(6.12) & (5.37) v B . MEB® ° € (C2(N)®, BAHE
SBIE YP° AMBEAEOLRR, XEERVNE, EXEH
O(y) kBHMBHE D +HEK, HFARERENWEE 2 £
M REs. B EHARAHRBERKARBLN, K
B BRBREY .

KBEE O(y) Wk /MEEEREY S BN T

(a) iF8 S(y) E DPhFTHER. Z—HE—EBETE
0 LA 8 B 3 R O
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(b) # D ik &(y) w—4 &ARFF {v°}, BHET
& &z {yt}:

N &(y") = inf O(y). (6.23)

RiEE {Y} P R—DTFF (CHEait, Bick (¥} #24n —
oo B,

y" — 3%, E(W'P(12))° b (6.24)

mG@mdy € DFETHR, RLERMBFES. E8
BAMLEFIOBER T, —BREBTHZFRIN— g RHEM4
i, RE—FBBETHETLUEDH,

(c) % ERBK K FFI, WEH

¢(y°)< liminf &(y"). (6.25)

—B ERR, Sy RAeE Sy B MEHHK. (6.25)
RKHBEHZE O(y) 0 FFE T LIS . X, HERELY
X — MG, TR ARER O(y) REEEFFIB TEES
.

EANITRER, X O(y) FAB T RELEHERFIH
MR W XF FintER (R [6]) . 34, xf—ms
Mbk, BEEE W XTF FRAZHAW? BEESAKSEN.
HFHSE {Fe R¥™ det F> 0} REms&k, TLlEs. W
XF FymtSesmim T RERREE M

Ydet F—+0rf, W — +oo (6.26)

(R [4]) . sxpe, mBERCEEE W B0, R — KRR
MW RER MR (LA §4.3) HEBRES. IRBEW, W %
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ayu

T FONMBESERERATF, X4, @EGRRLUFHA

CTEHEMS, BEXE, RNEZBRT -1MX80E8:. FH

SEIFARMAEN, EAR—AAEEHEMEE. A, F©
nEBEAMTREK:
» fi; %y, _ Ofu

Bcck - Bscjamk - 8355;,

(6.27)

B (fi;) E—4IHXRAMBH. XHER, NERNER
— AR AR EkE F — F°, BALhRENZ B MEARIE
o, B b, ARLEM: Fp>3, B

Yy — 1, E(WP(02)® s @ik, (6.28)

- #Ha

M™ —~ M°, #LP/™(£2) @i, (6.29)

b M™ Rk M° 5318575 F™ B FOMpigg mxm (1<m<3)
Famx (A [3], [@4]) . Fk, &K (J. Ball) Xt %885 %5
#HTEMHEABE LN (polyconvex) g (B [3]) .

EX 6.1. =M% Feyis W(EF) seisih F o
FHPRXG S E, WHELH £ 50 8,

BEREEE W BEMM, BAT— ST ER DT FK
= ,\
W(F) = W*(F, cof F, det F), (6.30)

Hepcof F o FIogrER, MEART 19 1MEEHEK

(F,G,d) — W*(F,G, d)

R
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KR, MBRATRETER S(y) W—E2m (WHP(2))>3
o 55 I S B ML AR {7

v =, (W) R HEK (6.31)
B4 (6.29) Ra, HHLE

cof F* — cof F°,  #(LP2(Q))°w ik, (6.32)
det F* — det F°,  #LPP(02) hmsesn.  (6.33)

FRARI T — A5 (F°,cof F*,det F*) % (LP/3(£2))*°
BT (F°, cof FO,det F°) . g W(F) % ik,
W*(F,G, d) %xF (F,G,d) o aEszE oy :F
(F,G,d) £ (LPP(2)"® b s Tl it XBERT
1% AR B0 7 76 60 3 B

7 L3RR F e MW eh, JF A B R4 (6.12)
R —BEALEE BW nEABTUES A = (aijn)
W EmEEEE (5.34) (B [3]).

HERFEBINERRSAAENYE, HERAFR—4
ZHW, R—BERN, BRARIBREBBGMBE, ki, &
Yy R (6.12) & (5.37) s, BaNDEGHE,
x— YP(x) BiZRA—A——FELHBRY. RIAEBSINVBR
REBEZ—EX, hR-AMEBEHRNRE.

HTHPEERE 43 PO MW ARSI BB REE N H, |A
HEB R R,

TR 6.2. & I':[0,+00) = R A&k, Mg (4.47)
o o g

M
W) = 3 au g +pg — 3)

=1
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+ Z b; ((p2ps)™ + (p3pa)* + (pap2)” — 3)

ﬁgﬂyé‘j, -ﬁ\":P Hi, H2, K3 7"‘7 U= 01/2 éﬁi{ﬁ_, a;, bi; Q;,
B: ¥RIENTH.

il BIAMAH M =N=1a =8 =2 (ELTFTL
iE (B, xEfEd (4.48) KL HBHME) . XF—BIE &I
W [4] . ,

B S UE ¥ T R 5| BE
3| 6.1. HX
g(F) = t(F'F), VFeR*> (6.35)
RO
N:
F) Z i3
1,7=1
HMrimSHEA
&g(F) {2, #(1,7) = (k,1),
Ofi;0fu 0, #(4,7) # (k, l)
, 9X9E FEN. X8 ok =
i, 9 X ﬁ(afuafm)’% i 8 g(F) K=
M. BIMEEE,

EE 6.2 FANEE FTHEERIE
cof(F* F) = (cof F)"cof F, (6.36)
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Ml (4.49) M =R, H
(popis)? + (uapr)? + (uipz)? = tr((cof F)Tcof F). (6.37)
XH, R (449) R, (6.34) KATUEH

W(F) = atr(FTF) + bytr((cof F)*cof F)
+I{det F) — 3(a1 + b1). (6.38)

M3 6.1 M, (6.38) AEME—KE-TH N F 5 cof F
B B e BB, B =T det F i@ %, il W(F)
4 . i .

BE, BIMNERENRE: T4 - Z/RERMB -G R 5
(R (4.38) %) FREmEH (0 [4) .

<]

M

1. iEBE 2.1,
2. BiF (3.6) =X, BPiEHR

dJ
dt
3. RiEW: EYRHMET, hEETEEAENM THE K

W7 B Sy 3K B R X AR
4. BMRABHER, FESERENBRRS, EHH

- 3—‘__
AHABINKE A = (ajr) = (231:;) BH LLT X #R
P

=J &ivyv.

Aijkl = Qklij-

5. WEMEMEOPEES W BL (4.19) X, EHEE
Rt E N ke TEEEREER A7) £
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6. EMBMNOCEEE W BE (4.37) R, EWHE
RENHMENAKE THESREESE (4.21) K.

7. ERVEBVEIE, N AW R, AR A
(5.6) Lt T b 3 B 2

w >0, A+2u>0.

8. HANBMBE, EUXMNEAREMN, BEHEEL
(5.27) %4 T 1046 % B 2

2
p >0, A+§u>0.

9. ® IX3 M AMEBEHENN A . Az, A, iEH cofA
1 FAE {5 4 ' .
/\2/\3: ABAI-} AIA‘I..’-

10. 4F By bR %

det F’

R — Fdet F> 0,
too, ¥ det FKO0

RE M.

Z % X W
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R, 1987
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fisk— ®HFILKE

EHRYBREENRAOFFT EEREKE. IFNRNY
THEEMNSG, FXEREAEYHERA¥XTHAN—BEE
MPHE, EXREHANERTLEROER SR, EEHFR
F, BROIFEHLIRRTAERILEARER, HENKBENY
HFRRKE.

1. REYEN
EREMNERMNT, RFERH AR RER XM
REUEHEBENERAD KFE . AINBELINER T & e, YH
FPRHORE., #E. BEURERSHREIRE.
EREHMBENT, H—TMHLRREREXHHE -
Hm (BBRNEAR) REERSTHRKRAD 98 . Akt
BIA M &B, hEPOMLE. EFE. HURSIBRSH AR,
BRBATHE, m& ] DUEE S BRI+ #Ti
H ZIHTEERLEEEIAMARRRLTITR. A—mBERRL
RREATAEARAHEFRSE, BHFENERORR R, £F
] A bR AR ZF A B B AL bR i B0 206 R PN AL R AR He AR DL &G 19 AR
BAE. MXNTERAEREIANERFEN MR F AR
RERGAMRBR. Hit, ARTHRESCTLHER THLEFES
B, ERARARENHLRSBOZRERABRKIE. XM
SRR ESTEMS, R ARKENES.
EHFIILAGRT, BIAIIUBRTERE FILAKRTE, BT
B, REERS. URFALGEBRENEFR, WAHE LS
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e ¥ . |

# O'rixoxy & OxiTox3 A%, BEFHARKER,
e,13 8’2) e’3 & €, €3, €3 55‘5’1%7%‘ Iagéﬁ;%\ %%ﬁz&ﬁ;ﬁ]ﬁo
w

3
e, =) aje; (i=1,2,3). (1)
1=1
EEF
62 ' e;. = 5::3', €, €; = 5:‘3': (2)

Ko b; ARFARILES, RIA

~

3 3
, -
k=1 I=1

3 3
3" aiabu =) aixajx = 6.
kl=1 k=1

EXRH A= (a;) BR—AEXKE. ATARTHAFRIATF
AROMAEES, MAdetA=1, HTEXHE A NSKELHE
EA, 8 (1)RA

3 :
€; = Za’jie; (Z = 1,2, 3) (3)
j=1

RERGEEFAEFLLRRT I RYHESBOERS
.oy —mE LEFH. AREERTHS>ES A (d),a), a3)
X (a’la aa, a3)1 TR

3 3
a=) ae; =) ae; (4)
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A (3)—(4) &

3 3
E : r § : [
i=1

3,7=1
XEWRE ;
CL; = Zaﬁai (j = 1,2, 3),
i=1
XEAXN . |
a, = Z a;;a; (2 = 1,2,3) (5)
i=1

HF A= ((a;) WEXHE, B (5 XAFR
3
a; =) aza; (1=1,2,3). (6)
j=1

(5) 5 (6) wEAmpirmBEnTHRk (1) & (3) H—-%.

HEATBHENS —FEX: #—AFALAF—NTALALKE
F Or12223 THEASE (#) ay, a2, ag 27, RXEHF
AR (1) Ti (5) Xitfrédde, M2fAnES mE X —
MkE. EmosBRTHREONE, TURLUBEL ZH. =BrA®E
= 10d: 0K 3

“HHBEN: E--NEPLE-AAERE O 2013
Twats® (#)py; (1,5 =1,2,3) &7, LALET#% (1)
T, &5 FHEATRSE

3
pi;= Y axaupu (3,5 =1,2,3) (7)
ki=1
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HighF—AELALRE Ociahey PHaALED; (1,5 =
1,2,3), Mi#4¥& PH —thkE. i2h

Dt '-Plz D13
P= {pij} = | D21 P22 P23 |}
P31 P32 P33

1P pi; AR KB ERENSE.

ERENAEES B 0 hkE P= {pi-i} . NE
g PESIMHMALKRE Ori1z223 TFH 3" 48 pijiyin
(41,82, "y in = 1,2,3); ZEBHFEE#H (1) T, KoBZHME
2% 7 W i

3 .
Y p— P ] - . . . .
pil‘l:g'"'in - Z a'iljl a’i232 a"nJﬂpJIJ2"'Jn
Jniz,ysin=1 '
(i11i27' ) '?in = 112:3) (8)
%m °
2. kBeyitN

1° kBeymik S ¥E
popraEam. % P={p;} & Q= {9} BAZH ¥k
B, W {p; tg;} MA_MEKER, itk P Q, B

P+ Q = {py *+ ¢;}-
o w—inE, B {ap;} I B kE, iih o, B
C¥P= {ap,-j}.

2° sk EH
# P= {pijiyin} X Q= {@jpin} PHAI MBE N
Frikg, ic
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Tiyimirin — Piy-—im@ir-jn-
BRRIE, R={ri.i. .} Am+n Rk KA PS5
QuwkiEd, 2y R=PRQ.

Bl 1. &% a={a} & b= {b;} Hahwma, W

albl a162 alb3
C=a X b= {a.gb_,-} = a2b1 'szg ‘-agbg

a3b1 a3b2 a3'b3
KRR, WEEERKR T a5 bW KR .

3° kR EH _

% P= {piigin} X 7 B¥E. HEXESE i, BF
A THREHERZME, #FETHEMN]L B 3 Kk, FERIE, X
BREBI-Tn—-2HKENITR. XM n -2 HrkERAK
B P %H.

THUE PHARBOBREHEAN THRAFHFRFLLREA,
54

3
Qiyig-in_2 = Zpilig---in_gkk:
k=1

W Q = {gipin,} B—A N —2kKkE. BXtE, ¥&7
A= (a;) hEXH, B

3
/ _ !
qiliiz"'in—2 T Z p’iliz"-t‘nggkk
k=1

3
Z Qiyjy " Xy _2jn_p@krOksPjy - ju_ars
kijl 1"'1jﬂ-—2lrvs=1

3
= Z Qiygr *° 'ain—zjn—z(srspjl"'jﬂ—ﬁs

jlr"'$jn—2a7';3=1
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3

= _5_ : Qirjr * " Qin_gjn—2Pj1-jn-2rr
jl:""‘jn—zar:l
3 .
= E Qiir " Qi gjrn 2D Gn—2"
jly"':jn—2=1

H QN n—2HMkE.
3
2. HRaRb it _f_:laibi BXmBas bdbiow
#.
B 3. 1% {biu} HEmKE, {c;} H_BKE, W

3
{tij} = { Z bijklakl}
kl=1

AZERkE., NAEKBERBESHEIFVER, BEZHWAX—A.
B4 BEERSEN_MKR {e;),
3
{tz‘j} = { Z bijkt&'kl}
k=1
#i—prikd, W {bju} LAWK IKE.
TFTERAEE ERE®. EHLER O'ziziz; T

3
t = > b kiEhi- (9)
k=1
BHKENEX
3
t;j = Z QipQjiglpqg
psq:1
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3

= Z  GipQgbpgre€vs
p\(Lr'ls:l

7 3
= Z a'ipajqakra'ls bpqrss;cl . (10)
.G, 8,k I=1
HF (9) & (10) xt—I—prik e {e,} BRI, &
q
;jkl - Z AipQjqQir ae_!.s bpqrs )
p.q,rs=1

B {bijii} A B E,
Bl A BRI K BRI RE | FEER, X e
% A2 B W B 3K 4 AR

. ZHREKROSTAER
_F’T%ﬁ PHAZEREHIZKBREN. 54K AKX
TR E.
T kg P={p;}, EFEEZTRE a = (a1, a2, a3),
i
Pa = )a, (11)

3
Hbh A N—HE, W Pa= {2123&3'0:3'}, ¥k a B HmAKE
J=

Pmxtwym(Ehm), RAAN Py £ .
kE PHEA AN AEREER, BDELFERT, KL

P'a’' = A\d'. (12)
X F,

Pl ’) Zp‘lj ]
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3
= Z QikA51PEIAjm A,
Ikl m=1
3
= Y GbimPritm

k! m=1

3
= Z QikPriQy
k,i=1

3
= }: A Aay, = \a,.
k=1

AR (12) K.
AN PHEHEZHT A HBE
P11 — A D12 P13
P21 P2 — A P23 =0,
P31 P32 P33 — A
Bf

A% — /\2(1011 + P22 + Pa3)

+) P22 P23 P11 Pis Pu P12
P32 Pas D31 Ps3 P21 P22
P11 P12 Pi3
— | P21 P22 P23 | = 0. : (13)
P31 P32 Ps3
XEXT A NZRAKTR, HRSZEMXEA, B
d
L = pu+py + P33 = A1 + Az + A,
I d P22 P23 P D3 P11 Di2
P32 Ps3 P31 P33 P21 P22




A1Ag + Aghs + Az,

P11 P12 D13
P21 P22 P23
P31 P32 P33

I; £ = A2,

Hep A, Ao, A3 AR (13) =E4AB. BT A, A2 & A3 9%
A%E, Bt =RAHMmkE PHEMAS L, L E L B
MATE, WHKBE PR E—. §_RE-ZFEZXZXE.

o, #F

Dij = Pji (?'a] - 1)27 3)) (14)

WK P= {p;} H —HA%REE. BHRIF, X— X FKE#
FRFRRAEH. X Rk E P, uEESATEE A, A,
As REAMMEERBEN FMH. REROFTOLRE, UXKREKER
P={p;} i EXmMTFER

A 00O
0 X 0 |.
0 0 A

XU HREKBRETUEE =AM M, A2 & A3 kE
iF, B H—AEEHAIH A, A2 & A3 BH. 52, AL
Ao B A3 AR LEH/HT PRH—UIaTREM TR, H P
XAMAE— FoRE=ZFATEME—HT, L Bk
KEN—IAXENTHEE - B_RE=x1T8 L L &
I3 &4,

4. HEEEKR
HAXEHKBHNIBRETAIRRERRFHIERE. I

CORBHRY ANSREKE. BRA—SKE, EAFEREERT,
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- EBEHEFAE, IMKERILFMEMKE . ™HEHHE,
E2nhkd H={h.i} WE—2BY B FEEERT
KAZE, MELFRREER TR

h’:lilig---i,, = hiliz-'-in
(i1,%2, 10 = 1,2,3), (15)

W H A& mEHES n kg, fnng (Bnke) & {6;)
Bh&mEEN. SAREX—L2KEETYWE. # %05
K& {pym) T4 R pun EREMMRE T BT BB R
WA, YREFOLER Orizory i, KEH {Pu) .
R Pl BEREMBE T, MO MREERY. mE
HEREER %N, STHORBRERHANAR, XREE
Piinl = P’111; .

FERALEMAEKRN —EAGER,
wf. 1) —Hs@aRkEE H={h;} 9—H Kb

hz’j - A‘Sij (2:] = 1721 3)1 (16)

¥\ AE, # 6 AATALLE
2) wir @R wkE H={h,u} H—BHXH

hijrr ~= A0 + bicbji + Bbubji
(i,7,k,1=1,2,3), (17)

£ ) o & B HARE.

Bl RAIRF 2) . &%, BHRIE, & (17) XL/ B
Wk ERESMEMEN. XWIEY, & H 3&amRdEw, U
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(A4 a+f, Bi=j=k=1, (181)

hiju = § «, Hi=k#j=1, (183)
ﬂa %321#.7:":& (184)

0 HEWE. (185)

— B EERBUIES, (17) X AARRAL
By HREEBEWER, dEXam

3

hijri = hijig = Z GipQjq@krGlsNpgrs - (19)
7,9,7,9=1
F T BYE B 4 P SRR

1°) fERRER

! ' -
€, = €3, €, — €3, €3 = €.

(ai;) = ( ) .

BXNEEAT (19) XaTR: & F hju, BETHES 1 — 2,
2—-3,3—1, #REREFRSE.
2°) AR RE T MIREAE T, B-FHOAREA. LY

X AL PR AR

_0 O
Lo I e T ]
O =D

! / !
€, = —€;, €= —€, €3=¢€g,

DY
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FXAEERT (19) KTR: ZRXAROMKIP, REp=1,
q=j5r=k& S=l Hglgi;r“%gs'ﬁ-

hijrr = thiji. (20)

(20) Kby “£” SHUTHRMWEER: HBAMNY i, 5, k & [+
HAEAN 30, FRAEWER “—" B, HEBRR 47 2, #
(20) RAEWER “—” S8, RE

hijii = 0. (21)

Hm1°)\, £, 5, k R PHEHFHED 1 iFHA 28, (21)
RIBL. XREHT (185) K.
3°) HAIRRLS o3 MERARE /2, B— B E. i

A DL 3

WL EREATF (19) R, &

hi122 = 12012021821 Ra211 = h2211- (22)

i 1°) 8
h1122 = hassz = hgaii, (23)
hao11 = haszaa = hiias. (24)

H (22)—(24) ERASHIE (182) RARSL. HBBWIE (183) &
(184) R AL,
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4°) PR RR T3 MM w/4, B-FARA. HE

£z}
A
e, = —ie +—[—-e
2 2 1 9 2
e, = es,
A B H '
[ v2 2 ¢ )
2 2
(@) =] -4 £ o |. (25)
\ 0 0 1)
W (19) X, A
3
hin = Z alpalqalralshpqrs-
P,q,7,8=1

¥Ebe (25) RALR, AHEH: LXEWAMAP, RAE D g,
r % s WER 1 B 2 M MORAT R R AR, i, 1 (185) R,
MY p g r ks HEEES L KB 2 OXFHRATESN
®. L

hi111 = ailhun + G§2h2222 + ‘1310'%2(’7'1122
+hao11 + Riz1z + haian + hiz2r + hai12)

1
= Z(huu + hogos + hii2z + h2211 + hi2ie
+ho121 + hi2o1 + honia). (26)

H (182)—(184) A

- 333 -




-

Riize = hag11 = A,
Ri212 = ha21 = a,
hi22y = hane = B.
X 1°) %8
h1111 = h2222 = h3333-

XEE, B (26) AHBER
hyin=A+a+ 8.
(181) ABUE, FHIEE.

o, WREIMSIER

MEENKBTURRKE, IS -2BESEALHRRT
WREE: BTHURKBERY, PHABIEH (KRFEESY
WMEEAMAER) . ERBENSPBNARLSTRNREN, Ha
— YIS EEHTR S BAT, HRERTE XREATRK
BRNABARLBFRHRBNEE. RELFER O112.03 F,

P= {pilig---in (‘B)}
Hon kR, MEFLFEE Orichey

3
p:'.liz---i,, (:B') = Z Qiyjy """ ainjupjl'"jn(‘c)s (27)

jl’"':j‘n=1

K@= (21,22,73), © = (2}, 25,25) . TRZNLZEKENY
LS EH.

1) #E
P VP (& grad P) & X4
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VPZ {q,-l...,-ﬂk}, ’ (28)
Hrh

Gir :Bpil...in
i1 ink awk .

/ ap‘il-"in (m’)
q‘il'“ink ax;c

(29)

_ Z a a4 8p31 Jn(w) . oz
- t171 tnin /
Jl ",jn 1—1 83)[ axk
3
- Z ail]l a'n]naqujl ~Jnl
J1 ;jn’l“l

#l 5. % P={p} #ZEprk& (}z&), WixBHLEEE

dp
vP= {8}

RE—1rmE, —FkE.
B 6. &% P={p} h—FrkE (0F) WHBE

VP= { op: }
8333:

H—PN k&,

2) WA
P V- P (% divP) X%

- 335 -




3

V.P= {Z Opi, ...i _1k} - | (30)

k—1 6.’Ek

HA PHMEY -PYyEeE VPEHTGE, &k n—1K
KE.

Bl 7. % P={p} %—mkg (ME), W8

3 Opi,
V. .P= Tk
{kZ::l 33%}

AEFAEANEE. IR MRS, DERkE,
Bl 8. & P={p;} ¥—+4 @ik, BE 2 Ho#BE

e

k=1 B:I,'k

A—FrikE, Bma,
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T\ (]

ffsx = Bk

1. AW FHEHOR

ROXARAMOHERBEAKBNYRLT (4F. BT,
HTE) AR RALE. AR A HHEEERNSINER
5.

MBE—TYHRNTRE (TEMKRK) SHRBRAEFHA
B, RZREN WIRE . MRESHABEYRZ#K,
BaLlERELHR, WKL HEARE . :

ZRMBNFTIERRLET FEI WARE. FEPFHES, B
BT REREHAR D RN TEEERNES, BAER L
., RES SBERKERAHR B, AT X B~ 7 5807 FH AR B Y
RER (WEXRES) RBRFTERIORE. REESH, £
BANFRTREAGEH RAES . —DMRGEMBEEN BB
HALTFES, BEETUSRERNRS, TE—BIYLT
FEA, UWKREZRGEATHRARE, i, E—RAGH AR B

oA, M ARk BHRETYFES, WZRKPETHRAE
%

ETRRFREO TR, EHRAFEPOTIRESESY
ARNFFHZIHEN. TREEZTMLIEPE—BFE, U6y
UREKRAZEE, BaTUAR, —Hk#E, IEPEREREEE
K. RA S BT X T RS A T P4 KR
SIEFZREN, RENPEHREAATUABTEE, —KEER
BEANELIERE ERSEE . R IMREERAIEN
G- BWEHLT FEAS, IRHIBREVERSLE, XL/
LR EHAFENBEBALE, BRA—ANUSELERETE
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ARG EHRTHEREN, AT LLELUEHERN — T HE
AdE.

2. ROhER—FER, AAE
HHFERE—ERPVEATHEMEFEH. Wil THY
REBMAZNE.

RHOHSEE—FE S—HNAudhE o THELS o #
Eu4F 0500099 AW 58 F AQ #5845, ARETZ4Y
mEHaEs, R PRIAEARX B, FA—NMURRTZREL
&% U, #F

AU L U(ap) — U{ay) = AW + AQ. (1)
kA E U A Ehe R

FHAMNBRZAZAANYENT GEXRIEST) TRNES
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