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IR AR M. ESTHRKEES, @2FSEINKEHITOE. S8 . R
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EHI— R RRE, BT HABREGEAHAERNXBEL CH.

11 X 2 &8 ¥

111 HFERSRE

YEZTARNYER, —RAREK. KRG, EBGEHBARTUR—
¥okFoR, FINKE. BE. HE. BEF, XXYHEKRIGE: H—RPERANEK
by, MHETRZH, Plwtt. f. EE. BGRE. #i7REg, XRYEERA
KE.

FAZERANERENNANER, BRI R BRITEATREMS, SERES X
BRIBENORDPESE; FRBEMNRNIT AR,

FEEX DRSS, BFANEFRERRRE, —RAENFERSAR. £V EHEN,
BAVRAR IR — B AU 5. BTEL, EFE PSR, BEERTRRERNTRE LM
k.

1.1.2 RBNFERHE

¥ RBREEHENMBR I EH 20, BENMFNMARTERR T —HiFERE.

TEFAME— R =045 R I DIR T BT AL R B, AR RN ARR AL R .
ARPR AR R BB 1, J7 R ARAR AR B IE I3 N5 1

MNTHARGER, EREARIREA KBTI UM e, e, ¢, TR, FHHL: e xe, =¢,;
NTHGUIRR, BB RBET e, ¢4 e, HE: e,xe;,=e,; ITEHREYIRR, i5
BAIRBRT N e, €5 €, B e, xe,=¢40

HAMRRT LR B RBHAERE, KRN RAREZ A BRI SR,
EAABRAIT R P AR RAMNRE, RTRABLFRT R e, 25, HihIHHARRE, HES
AL BRI, BARXBAGFEMREBRRDAZE, HFRARETHEE.

MRGERERE A BAIRBA KRBT A=A 08, WZRERIHTHE.

HAMERT: A=ed +ed +e,d, (1.1.1)

RIAEALBR R A=e, A, +e,d,+e,4, (1.1.2)
}*%19%%\‘43: A=erAr +e0A9 +e¢A¢ (1.1.3)



FEEHAMITRT, A=|d =4+ 4+ 4 RRRE AWERKD. BT REE GBI

K4 2R KRB EZARHMESE, BEl, WREMRE A BK/PINEHABIRR SR
H¥fia. B p» WEKE A HWIE.

A, =A-e = Acosa
A,=A-e,=Acosf
A =A-e, =Acosy
A=A(e,cosa+e,cos f+e,cosy) (1.1.4)
H, a. po y RARE AKITRA, cosa. cosfB. cosy BRAKE A M RKRK, WHEXER
3 \/cosza+cosz,3+cos27 =1,

BET 1 HNRERAIRMRE. ¢, FrnE ARFTRNALNKE.

A=|Ale,
e,=e. cosa+e,cosf+e, cosy (1.1.5)
HEHALERT, DARERARA SIRZEEME—R M(x,y,2) BRE, RARRr .
r=ex+te,y+ez (1.1.6)
r|=r=yx?+? + 2
BAIRE e, =£=excosa+ey cosB+e, cosy (1.1.7)
r

FRE— RN T—PMREr, RZ, B—ANRBENNEZR—K, FFURRr XKA
PEBERE. A M,y z) TLARRA M(r) -

Bi1as, BEAPE,Y,2). BEHNO(x,y,2) NERE—KE, RNEELER.
R=r-r'=e(x—x)+e,(y-y)+e,(z-2) (1.1.8)
BR=JG-xY+G-yY +(z-2) _

FEHEGERPLSE A HFROLRERERREX, A

WL RER R X . L, BERE R KAINE AT
ARERLE. WwHE 1.1.1 Frr.

FRE—KELRERALTTRE, EEABRRFR
~A

dl=edx+e,dy+e.dz (1.1.9

B EEKR B dl = (dx)? + (dy)? +(d2)?
113 RENEAREGEHE
1. RERNMEEH

KB AMKE B, KM S=A+B iR AKE . REFINEEEHZ PATNARE= AN,

WHE 1.1.2 fion, BV, FHKE A BREAHES, XS ELU A, BILAN
SEATINAFR KN AR E. XREREE X P RFATMEAREEN.

mE 1.1.3 fix, 8 BRERS A NERGHES, HASKESN A RA, SHE
KA BRER. ERRREEXPR=MAEEN.
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l%i%ﬁ&ﬁﬁﬂu%&%m%ﬁﬁmﬁﬁyﬂ%%ﬁﬁAdﬁA+h@.ﬂu%ﬁ&
BHEEM AMEER. WE 114 Fir, 8378, 8RB 4. BREAHES, Wd B K
BRI ANERARERE A-B .

4 AH-B)

B 1.1.2 PATIA RN B 1.13 =fEEN 114 KEXRE

2. REMFHER
RBREPAE SHRIEEE: R, ATRRR.
() F5fe: KR A SHE u 2 MNTRARA KRBT, £ d=e 4 +ed+ed, N

ud= Au=eud +eud, +e ul, (1.1.10)
(2) RIR: WIRE A BRESENZARARZETRE, HRARE AN B IR,
AR, RAR. HERERAR. SREETHE.

A-B=B-A=ABcos(A4,B) (111D
HHAMKFRT: A=ed +ed +ed, B=eB, +eB, +eB,, N
A-B=AB +AB, + 4B, (1.1.12)

PRERRNGERENME. ¥ (4,8)=90°", MA4-B=0, HHALXHAKHAERTER.

(3) XFe: RE AXRRE BHIGERVIRERE, XFARER. XRBSMR.
KEAXFEBRGRE—RE, BET A, BHBEKFRRER LEINIZRERAMIEX:

7714 A F R EVA R 5
|Ax B|= ABsin(A4,B) (1.1.13)

EEMAMBIRRT, AT RTERRA
e. e, e,

4, 4, 4
B, B, B,

AxB= (1.1.14

BT UEH, OO RS,

AxB=—Bx A
(4,B)=0°, M AxB=0, HHLAHGFHRRRLETAT.

3. RAME=EXHN

BERKE LA
[ABC]=A-(BxC) (1.1.15)
BEREEW LR, B
4 4, 4
[4BC]=[BCA]=[C4B]=|B, B, B, (1.1.16)
c, ¢ c,

FHBEHN 0, NW=REIHH.



ZERBHENAN Ax(BxC), BT ERXFEHBITRIT, BHASI—MHRAKRXAEX
Ax(BxC)=B(A-C)-C(A-B) (1.1.17)

1.1.4 KESRER S SRS

1. RERMMEX

MNFEXEHFE I ERE, HEHNORERE A NEIMRER /DT R EB#HE
H—ARE) MEXN, WRE 4FRDZEZENRERE.

Blingm s, T 8 d2EEPA TR R R AR, EEREZRER R
RN

E()=-L L _ 4 SXT&YTeE (1.1.18)
4rng, |,-| 4ne, ( P )i
Ko, K& r AT RR (x,y,2) ERBERHMENERE. &R, BHBREERZEAMLER
KERHK.
2. REERHHNS

H5HFEERH—F, EREBRHEPHEESBIRFENUSMHE. SRERHCRIH,
R RERBX N EANEMESHOBME., RERBCKSHMEEEN, SHEERECK
SHELL.

(1) BX: NTREERHFw,

M= lim£= lim F(u+Au)-F(u)
du =0 Ay Au—0 Au
HEXTUEH, ERENIFEH 0, ZTREN—MIBMRILE.
Q) NTHRERE () SRERBFQHIFRF, &

dUF) _ o S NNF +AF) - fF
du

(1.1.19)

Au—0 Au
=f lim£+F lim£+ hméEAf (1.1.20)
Au—0 Ay A0 Ay A0 Ay
HAau—>0nf, EXAWRB=IET 0, ik
IF) _ 9F g (1.12D
du du du
(3) Xﬁ?%&%&ﬁ"*(lﬁﬂh,uy‘“)ﬂ] f(u15u29u3,'") *ﬁ’@&! ﬁ‘
) _(OF r ¥ (=12 (1.122)
ou, ~ ou o,
2 2
oF _OF ) (1.1.23)
ou,ou,  ou,du,

(4) NTRERYE(x,y,2)=€,E,(x,y,2)+ e, E (x,y,2)+€,E,(x,,2), &

oE
aE=e 9E, +e, —L+e oF, (1.1.24)

A x y +e,
Ox ox ox ox




(5) FEREMIFRBRBIRS, HT —EBRFEVREIARERR, MEMFEEN
B, RSN BEREIER, MK LIRAA KBRS 75 25t “
pltn, NTRERHE(p,9,2)=¢,E, +e,E;+e,E,, H
oE OE, OE, OE,
— e +e +e
o Pop *op “op
HTEAMFRPAVRMRBIAERE, SARRETLX, Bk, —RKAKRE
ARFR R FERALFR R AR RO R B E A AR R AR AL R BB, XM, WTLIKE
FAR R AR AL R B IR BT S TS Z5b.
(6) HT&MUIRR TR REIAMERRIZR, KEREOTIE] ¢ KW 2E,
AT LR B MEA H R B R BRI fF 5250
i, 7EERAMFRRS, F

oE 0
E = E(erE, + ean + e¢E¢)
oE,  0E, OE,

+e,—*+e,—
ot ‘o ot

(1.1.25)

=e
3. REFHRS
BN SEANIESR., —BRAEERER S HEEENNRERBFIRFEEH.
IA(t)dt=B(t)+C- (1.1.26)
HE, ERSBIFRRAMRBIZRT, MRERECRBRSN, IRER: FEURBEMR
BEARERE, THMBEBAHFRAMRERIBPIBENFSZIN . —REHT, BFrAL
REFRERRTTEA R
B, fEERALFRERT

_[)zue,d;é;te, End¢=e,27t _
5ERERPIRKSEH—F, ITEALFRRBMTEMARBYARRE, 5LHEE
FoK, BBk, —BCKFA Bl AR R AERA AR R P B ARAR AL R B AL E A AR R AR AR B

PRERR, XK, TR EABIRRNLIREARERIRO TS L.

["e,dp=["(e,cosp+e,sing)dp
=e, _[)chos¢d¢+ey fnsin¢d¢ =0
B11-1 K A=ae, 1 0-2n RAIX gIER S, Ht a HEE.
w8 [Tadg= [Tae,dp

- f "a(e, cosg +e, sin g)dg

= exasin¢|§" —eyacos¢|§” =0
Bl 1-2 K A=rne, £ r=r, BRE_LWTHERS.
W: [ AdS=[" [rersinodods
¥ e, =e sinfcosg+e, sinfsing +e, cosd ALK, BIF



[4as=e [ [ sin® 6cos gd6dg +

e, [" [73 sin’ 6singdodg +e, [* [ sinfeos0d6ds
=0

1.2 WHEZNBE

FARENMTHERENETHAGESNRESHER, ERESMIERRENZ
A ERBAT A, RIANBE. BENREEEH.

BREH—MMrE o, ERZAMENRE, TUEHEERu=u(x,y,z), XHERGHERR
2%, WEHAENERESE. I TEERESEZANIMANE, SINGED (FHEL.
77 [ R KIS

12.1 HEBIFE AR

SF—AMrEERER u=ulx,y,2)=u(r), H2
u(x,y,2)=C (C HEREHD (1.2.1D
BHRAMENE, RASERERENSETFE. AR CE, SERRKNSEE,
TER—FER ERESER &, y, 2) BEAE, BREERMERK. WZ5EH. SHEAmE.
BEREGREX, RS —KERMNTF—MHRENHEHE. FHik, RiHEEMrE
BEEZRNTTE 2 SHEMEARHEE. &R, BPH— D ERBEE— /1 SET L.
MNF_EARERB TV =V (x,y), N
V(x,y)=C (C HEREXO (1.2.1)
 RASHELETRE. B, I—HARHNSEZEREINHETH, MERLK. SMUE%.

122 HSE

RESNSFETMMEES, SFHNEVMEREG TR MHER. BERKERE AT
& KRR — T MRAER, BRI SBEBRE.
Ou Ou

z BATIE, BB u=u(x,y,2) FREH —. —.
I ox oy

NPt %‘z‘— T B AT T B AR, X {,

My FRRABIERHRT MM R S8 . BELRREPE

AREMERBOCERHES M NE, LR
0 Y 277 M R BB K . 10 B TR S Hh i R ) A
K7, DAIES EEZA R R ER,
. . WEIAGERBEZRE—RBE—SEFMT M
1.2.1 HRFFHEX S

B u=u(x,y,z) BEHEER M, (LE 1.2.1) EHEE—FRXTEENTLES




Oul o ¥OM) —u(M,)
alm, " as Al
HABERE u=u(x,y,z) £ My RF[#, WA 1.2.2 Fir, BERSHEPEZCRETE
WEMEHTRER

(1.2.3)

Au=u(M)—-u(M,)
=u(x+Ax,y+Ay,z+Az) —u(x,y,z)
LY RN, N (1.2.4)
Ox oy oz
Bh Ax = Alcosa,Ay = Al cos B,Az = Alcosy » FTLA
oul  _ m u(M)—-u(M,)
alM, ase Al

=Sl cosa+5M cosﬂ+%M cosy (1.2.5)
0 0 0
XEFERR, H
%=@cosa+@cosﬂ+@cosy (1.2.6) e
ol ox oy Oz :
#2050, Wu(M)>u(My) » VUIEI 7T e
Al M |Az
BN g e,
ou . - ‘ My Ax
%5<0, W u(M) <u(M,) , BBV TR R u £ 7 Ay
ANGR 70 Y
B0, WuG) =u(hy), R TRER R
p— B 122 HAMETRSEETE
123 BAE

i FBRER u=u(x,y,2) EEER . BE—FTXEERTLE, R, AER—K
HERELFEANFTH, BBy BHPBENTHBLERELR, ZIMBABUERNEED, XK
R T T Z0 SR bR B35 86 B 1) A

1. B (gradient) BIEN

THEHB=ARER.

Ou ou Ou ou
eS8 E—acosa+acosﬂ+gcosy .2.7m
LA S -8 e =e,cosa+e,cos f+e, cosy (1.2.8)
5 ou ou Ou
EX: G=.exa+ey5+ez‘g (1.2.9)
g EH=3, WTUEREHEAREAZBFEMTRR
Z—’; =G -e, =|G|cos(G,e,) (1.2.10)



P 123 BT, e B MG 5 A3t HOHSAE — 7 FI R S B, TSR X G R 5 R
uﬁ%ﬁ%q%%o%ﬁ%q%ﬁﬁ%G—ﬁW,ﬁﬁ%ﬁ%-

, ou|
M@k, o -ld.

(] E

— ! At G RFEXERHR: OG K RRKEN M-S KH
. FH: @G MBRETIXA BT FHIE.
123 BREMEX G RN E B u(x, y,2) FEL SRS, 0/E: gradu=G .
EHEABERY, A

. ou ou ou
gradu=e, ax+ yay+e — (1.2.1D

RTERRHE, BIABIA—ANBEE (Hamilton) HT
Veelie il (12.12)

ox oy oz

HYV, BE—AHMAHET, XAUER—INRE, IUKRAREMIET. ERAS

REREKBEREE -ENAFEX.
gradu=Vu=exgxu+ },Z+e—gzE (1.2.13)
2. BERR
(1) —AMFERBu MRERA N REBRE, HTRARS u BURERNTTA, BE

FEB« ERRBRBURGEE, BELSRER BRI,
(2) BR¥uTELE R e TTIIJT I SEET u BB ¢ 77 LRBE.

Oou
= —=(Vu)- € (1.2.14)

(3) HREHFE— RRBRERT S %R FERRELT .
RS, BAE—AHE u(x, y,z) = C EH LAE— RREL KRN Vu J7 m—3,

Fibl, BprEsde =X, p,
[Val
(4) BEMAES SRABBEX. B a<:::::::::>b
LP (Vu)-dl=LP (Vu)-dl = u(b)—u(a)
b b 7
iEfA: WA 1.24 PR, ERBAEKRS B aBb M B 124 ERRARGHE

aPb, H
Lp (Vu)-dl = LP (Vu)-e dl = Lm, = Edu u(b)—u(a)

R Lpzb(Vu)-dl— u(b)—u(a)
Bk Lﬂb(Vu)-dI=L&b(Vu)-dl= u(b)—u(a) »
I BRARIE.
#it: HERENBERCEAABRAHALRSEST 0,
cjl (Vu)-dl =0



