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NS D RVASRE S
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EE 2.2.
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i 2.3 (HAEOMH).
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ERE 2.4.
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MDA EICEREE £).
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Il 2.1.
R MVEBE 7. (—-1,1) - R %
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1 2.2.
XM I CR, &= 2(t) € C'(I;R3) IIH LT
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fERE 2.5.
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(2) 7(t) - 7(t).




3. HiREHEmDRT

ZOHIZEUT, £V RERZZ EIZ/NRIELE TR & dhmm o &1 o §1.2, §2.2
= ZFEIZUTAL.

3.1. R,

TE 3.1 (EmEihR).
7=pt) = (x(t),y(t)) : (a,0) » R2AFHEIIHCTH D L1, fIECHETH Y, a <Vt < b

t) = SAE) 0

N A RVAS RS AN

1 3.1.
r>0,0<t<2rlIRUT, p(t) ;= (rcost,rsint) &H < &, plFfEr TRAFLOH
EEDD.

fnd 3.1.
P=pt) 2 FHERE T2 8, HDIERERL = t(s) PFIEL T
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AR 3.1.
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EE 3.1.
r>0,0<s<2mr IZHUT, p(s) = (rcos 2, rsin2) &R r THATOLDDOMZEDD
W p(s)=1L8%R5ZLERE.

E& 3.2.

s ZNR/INT A =4 &4 L FHh#R p = p(s) 1T L

e3(s) = (=y/(s), 2(s))

EBL L E(s)-6(s) =0, |ei(s)] = |ea(s)| =0 &8 D. {e1(s),ex(s)} & IERE R &
W

= 3.2.
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REEER T NVIZR D,
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3.2. HAME.

£ 3.3 ().
DCcR2zHEEBETLLE,  p=plu,v) = (x(u,v),y(u,v), z(u,v)) : D — R3 BHHET
HhdLlE, pe CHD;R} TH>T,V(u,v) € DIZXHLT

op  0p , =
u 7"
N A RVAS IR ARESY
5 3.2.
D={(u,v): = <u<3 —m<v<7}= (=573 x(—mm) ZHLT, plu,v) =
(rcosucosv,rcosusinv, rsinu) EEDD & r, FALHFULOEKME (O—E) 122 5.
iR 3.2.

plu,v) = (z(u,v),y(u,v), 2(u,v)) ZFHE D C R? ECTEHRINHHEETEH. DL X,
RDIE N ALD:
(1) 22 x 24350 plu,v) (BT S HEOERRNR Y MIVIZED.

(2) HHI plu,v) OERE S LB X, FIREHTHELTE. ZDOL X,

=,
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COFEETIE, UTEE2MHEIZTE201T, XRT MUER AR T —I3 T RTHE LM
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T 4.2 (FeEm).
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E1IRARIN
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BIZIE, QHHMT, 2 € QIIHUT flo) PWEEZIGIED L EXTATHRLY.
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foRE 4.3.
fLgZ QEDAHNT— ceR, ¢ c C'R) T D& I, IR ILD:

(1) V(f+g) =Vf+Vg;

(2) V(cf) =V

(3) V(fg) =(Vflg+ f(Vg);

(4) V(o(f) =¢'(f)VS.

EHE 4.5 (ANT—KTU Ty,
QO EORZ NV FizxtL

F=_-Vf
BDIANT— IMEIETBEE, XY MBFIRRT VY Y LERO LW, f 2 FD
ARNT—RTFrIyibend,
EFE 4.6 (FEH, A4 N—Y TV A).
Q EDORYZ NVIG F = (F, Fy, F3) I3 U, F OFkdiv F %
OF, 0F, OF;
ox + dy + 0z
TREDD. ZhiE, BRIV E FORNMV - F L ELZENTES.
B 4.2.
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ZEIREE &,
i 4.4.
FGEQLEDRI NV, f2QLEDAAT—8 ceRETHBE X AKY VLD
(1) div(F + G) = div F + div G;
2) div(cF )—cdlvﬁ
3) div(fF) = fdivF + Vf-F.
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QEDAAT=H IR, fOTTIVTVAf%
OAf  O*f  0?
Af = f+ f+ /
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TEDD. fOTTIIVTVIEVIORBEFALTHD. §20H

div F =

AA

Af =div(VYf)
Thd. THFTRERVI=ALEIZLEDHD.
%8 4.3.
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EH 4.8 (s, O—F (> ary, h—)).
Q EDARY NV F = (Fy, Fy, F3) I3 U, F O rot F %
. (6F3 OF, OF, OF; OF, 6F1)
rot F' :=

oy 0z 8z Ox ox Oy
TEDD. 2L, BRIV E FOAMEV x F LB ZENTES.

[ElRR 4.4. o
R3DNRZ MV F = F(x,y,2) &

ﬁ(l‘,y,Z) = (x2y7 —QIZ,QyZ)
Bk X divF, rot F, rot(rot F) 235K &.
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i 4.5.

Edm
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GEQLEORI NG f2QEDANT 8 ce RETDE X MY LD
rot( G) = rot F + rot G;

rot(cF ):crotﬁ;

rot(fF) = frot F + (Vf) x F.
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ﬁ:rotf
BBNT NV FREIET R L X, R NVEFIEAZ MVERT VY IV ERD Lo,
FEFODNINVETYYYILENS.

i 4.6.

FZQLEDRZ MVSGETEE X KA LD,
(1) ERAAT—ETF v vILEETIE rot F =0.
(2) FMRZ MVETF VY ¥ IV ESTE, divE = 0.

TR 4.2,

FiL, i 4.6 1% TQWEGEKE OREEMRA DI LITEY, HE KT 2. §2bb,
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BRI, EREDNRY MG E R NVIRT VY Y IVE AN T — KT V¥ vy IVITOET X
52 8NS5, ZE Helmholz 2R & FEIENT WS
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EIRE 4.5.
fEQLEDALT LTS,

o2f  O*f  O%f
ox? Oxdy 0x0z
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0xdy 83/ 0y0z
02]“ Ffr  f

0x0z 0Oydz 022
% f D Hesse {14l \0D. 2D & X AfIZD*f OFIAMHEDIHE 22 Z & E2RE.

EIRR 4.6 (CPH L),

D*f .=

o U= (v1,v5,v3)  R? EDRY MV RO NGO TSV 7 V%
AU = (Avl,sz,Avg)

—AU = rot(rot ) — V(div v)

%
o i = u(t,xr): (0,00) x R? = R® % ¢t ITHKAFT D R3 DRI MV p = p(t,z) :
(0,0) x R} = RZtIZHKTFETDIRIDANT—HETDH. NI MVOILEWY

(u, V)i %
L, ou ou ou
(4, V)i = uy %—l— oy +u38z
EEDD L, {;u,ﬁijj% BERAEATH B (FEEMEME) Navier-Stokes I
u,Vu—Au+Vp—0 in (0,00) x R?,
divii =0 in (0,00) x R?
ENTD. plE+ATHEOENEREL T, w=rotu &HB\/& I
{Iﬁﬁﬁ?ﬁﬁ_ﬁ
%—i%—(uV)w—(w V)i —Aw =0 in (0,00) x R

A ISPy e

5. #ED CEED

HFROE X (IE) PHEOERIEED LD ITERZETNXINEZASMN? VT THRRT
X5 L X FRiemann A TERTNII LW, VI ITRRTEDI b6 AW, £ LLIE
TIITRARM—EY TRONEXIZE, 75 7?%/?%{%207&%75{%?%%’?@%%%%bfa\
TR 52, A — NG iHausdorff{EJF'F%ﬁﬁb\f{ﬂﬁ?@ﬁﬁj\’%@’) DD KN,
Z 2T, Riemann FE2 DR E U T, MECHBEOHA LHIEEE Z 5.

PHEE A EDEGEIZ D Riemann 873 1%, BAE S LD —kdEge M = A4 Z & T Riemann
MORE DR TEH R 6077, BB E&Té &, B TS ZEHEL T, MRS



—HTEHILTELETDID, TZEFTHEMIZZZD5T1Z, Riemann o DIREEE LT,
D CHRD 2 ERT D,

5.1. #RBED. C:7=7s) (0<s <L) 2 R*ADHRL TS, 22T, siFilE/NNT A—

2 TRDL, ? =1&93. £72, 7(s) = (x(s),y(s),2(s)) EHRARRTD. F/z,

S
f:C—>RIFERETD.

EFE 5.1 (fMERD).
A:0=sy<s1<--<8,=LZ[0,LKEDNEETL. ZD&E fDC LORM
9%

LEHETD.
ZOEFEX, 1 BHEBICE 2O DIERIZE>TEY , 1 BB 2B NE
OMEBEZEHE->TW5S. HilziX
o CZHCODHITZEYIZU-hfEE LzE &Iz

/Cfds:—/cfdx

e C=C1+CrREdTBL

/(11+02fd82/01fdx+/02fdx

MEDALD. TNHIE f 2 1 AR LZL S

/bafdx:—/abfdx, /bafd:v:/acfder/cbfdx

MDD Z &2 BT, RALBRLIEGBEOLESS.
WIZNRT MIGIZB T 550 2 EETD.

EHE 5.2 (NI MVEOMRER). )
QCRIIFERTCCO Ac 2(0), THDLLAQ-RIFELMETE. /-, Al
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EFESLELEULETD. D& E, R7 MNVGORED %

[ A= B DA < (7050) = o)
TEHTD.

B BHBEFIEEZDNTD. 7= 7t) = (z(t),y(t), 2(t) (a <t < b) IFIME/NT A —
ATIHERNETD. t=1(5)0<s<LEIMENTA—RFKRLULL X

Jra=] ) ds = / ') Z_j@‘ dt
Ymy,

e (T AT
(5.1) /A- dr:/ A(F(t) - —(t) dt
o . dt
MEY) LD, BERDS, sIFIREST A= R Z oMb, t(s) I s ITDWTHFRNE A2,
dit(s)) _ dr . dt di’ dt

dr dt | drs) | | dr dt
dS - dt( (S))d8(8)7 - dS - dt(t(S)) dS(S)
Mo, (JBRIIZ) Wil ds 205 &
L dF |ar
dr' = Edt’ ds = o dt
LBBEMLTHD.
Bl 5.1.
C:7(t) = (3t%,4¢2,5t%) (0<t<1) & LT,
/(:c+y+z) ds
C
ZROTAHAELD.
% — |(6t,8,10t)] = 2t|(3,4,5)| = 10v/2t
EBEMD

1
/(;c +y+z2)ds = / (3t + 4% + 5t2)(10v/2t) dt = 30v/2
C 0
o
R

5N%.

qﬁ

5.1
F() (3t.4t5t) (0<t<1) & UTHEHI 5.1 LHEUHKRZEEDD. 2D & X

/C(x+y—|—z)ds

Qﬁm

2RI BZ2IX30V/21R5.
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SRR S5 A — R FZRITKD B, ZHUE (5.1) TEBEH L — 1(() ¥ Z A7
&I,
dr drdt dt
i~ aac "
THEILZHOVTRIND.

f5l 5.2.
C:7(t) = (2cost,2sint, t) 0 <t < T lFHESHEZRT. 2T,

/ (yv -z, ZE) -dr
C

JF
d—: = (—2sint,2cost, 1)

ZROTAHALD.

NG,
/(y, —z,x) - dr = / (2sint, —t,2cost) - (—2sint,2cost, 1) dt
c 0

:/ (—4sin*t — 2t cost + 2 cost) dt
0

=4-27
ERDB.

B8 5.2.
C:7t)=tt3)0<t<1&ULzEEI

/ (32% 4 6y, —14yz, 2022?) - di
c

ZRD &

%8 5.3.
C% oy VH EDFESRZFOETEHEFREIOLERY D ETEH L X

/(2m—y+z,m+y—z2,3x—2y+4)~dF
c

ZRdD & (BN FTHRC ORRERD &),

5.2. EH&ES. HHE S : p = plu,v), (u,v) € DITHLT f: S - R ZHE{EKL TS,
A={Ds,...,Dx} % DD5EIE U, |p(D;)| % p(D;) DEIE T 5.

T 5.3 (D).
foOS EDOHEED %

N
JL7as = tm > s@als))
CRETD. 27U, Qi € D) BAEEL T3 (f O—Rlgsb b, 4301 Qs DL i

AP INY
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EE.
RS DEHETIE, A DRI A—Z KR EHANTEZREL TV A, EEIZIGdhmE o /3
FA—=RFRPIKLTIZEXS.

Kz QC R 24, SC QO Ac () ICHULT, i=i(P) % P e S IZxd2Hk
MR NV L E X
/ﬁ.ﬁds
S

WEHEETHD.
XT, BN BEEAGIEZHHTSE. D,e A 35
. 819 op

DERALT D, 22T, du & wikZTNEN D, D u i, v FRAOEITHD (FEL < Idil#H
HUZHIAG ). 22T, HEIOMRE & 5 &

8]9 op
ds = ENRe dudv
AN A RVACH
/de—// f(plu,v)) @Xa—ﬁ dudv
S - D P ou ov
A T
/N
i 2
u % o

EHELE, TNEZ UM S OBRAFERN T MVIZZE>TEY,
o o OB >
/g.ﬁdsz// j(ﬁ(u,v)).m o Op
S D iﬁxg_ﬁ

au o
p_ Op
// ( (%) dudv

dudv

AN RVASS
5l 5.3.
S={(z,y,2) eR¥: 22 +y* +22 =4, 2 >0} LB E,
/5(2:52+2y2 —2%)dS
Z3RDD. dhm S &
S plu,v) = (2cosucosv,2cosusinv, 2sinu) ((u,v) e (0, g) X (—7r,7r)>

EMMTBDNS
(91? op
8u v

=4 |(—sinucosv, —sinusinv, cosu) X (— cosusin v, cos ucosv,0)| = 4 cosu
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LY, RODMDI
/(2172 +2y* — 2% dS
5

= // (2(2 cosucosv)? 4 2(2cos usinv)? — (2sinu)?)(4 cos u) dudv
(0,5)x(=mm)

= 16/2 du/ (2cos* u — sin®u)(cosu) dv = - - - = 327
0 -7

AN

5l 5.4.
r>0IHUT, S, ={(r,y,2) ER: 22+ y? + 22 =72} LB ZDOLE, 7 z24m
EHIAZ MV (FENTOBHERASETE) L LAL X2
(r,y,2)
A gas
s, |(z,y,2)
ZRDD. B (2,y,2) €S, (LB BIAIERARY Mg = @22 2 2505, S, BT
) R A
(z,y,2)]F rt o

YRB (DY, WS B (x y,2) BB, fEo T,

St

5
1 1
(@2 ﬁsz/fyw:7xﬁgzm
s, (@9, 2)P 5. T r

r

L85,
[ER8 5.4.
S?i={(z,y,2) eR¥: 2 +y* + 22 =1} 9D L &,
THY+2 g
S |($,y72)|

ZROK (BV b FHETIEDIEOCEMTIEIH D2, BBOMEEZ S £<F5 2 DY
CHIHICEIRTE5).
6. B EE

ITC, 1 BRI S T WM OHEAEHDLEBIRZ T L. TDOIZ, 1 2R
BBUZHE T WM DEAREMEE S —EZEZBELTAS. [:(0,1) > R 01 %&TJ@%
X

(6.1) %;zdx—ﬂ)—fm)

Tho7z. ZTIZT, (0,1) KEIZBIF 28 2 = 0,1 OAMA S BALERNZ ML (Lnwo T
EH, ZOGBRIEANT—ThHEN) Zii(z) LB &,

n(x)=1 (x=1), n(z)=—-1 (x=0)
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YRBMD, (6.1) DAL

2 @)

r=0,1

EMNTD. ZOZLIFEDD 1LRTESDAELD 0RTHESD (ZDBEIEHM) ICFLWE
WHZEERLTWDS. ZOFNFEIX Hausdorff HIEIZ X DN 2 EHFETDH L LDV THoXY)
EHHTELN, SIELAA L UT, s 0T TH Y, ML LIRTEEN S LB TEITIE &
W, Ik, BERBAEERT S E, —DRTDEVERFICEEINZA 6N LWV EEMN
DROTELZNIEIW. 2D L E2ZIRTTIT AL U 728 DA, IRD Gauss D FEHE B
Thd.

6.1. Gauss DFEEE.

EIE 6.1 (Gauss DFEHEHL).
QCR}ZERTEAVBEONEHHEL L, FeZ2(Q) &T5. DL E,

///divﬁdxdydz:// F-itdS
Q oN

MY LD, 72720, itk 00 DA X BALIEFRAN T MLV TH D,
ZDZEME, TUTONS 2 LT,

% 6.1.
OEERTEANEONRERE L, FEQEODANT—HLTEH L,

///Q%dmdydz:/mfnxd&
//Qg—id:vdydz://mfnyd&
///Qg—];dxdydz://mfnzdb”

MWD NLD. 72720, 1 = (ng, ny,n,) (& 0Q DN S BAERN T MV TH B,

5l 6.1.
QCRIFEFFEET, 0Q IZEL1E L, 06 Q8 TD. ZDL X,

—// V(é) -ndS = 4w
a0 |z

BB, U, il Q DOFMA S BALEERRAR T MV,
BREES B, =B,0)={7eR: |l <r}&UT,r>0% B, CQ%&ATLIIZL
5&, 7eR\ {0} ITRLT, A(%) =07225, Gauss DFEBEHIZ LY,

L () s = 1., A () ootz [ (9 () -7) s
/[, (7 (m) 7) as



7
V( ) ’ N NE]
BEE |3 7]

D (AESENEAIDEHREZEZIDZEDL V> U NZ->TND I LITHHE),

1 ki
[ (L) dsz_// 12 s
OB, |7 OB, |x|
2
// —2d5_ 47”" S—
oB, T
8% (Hl 5.4 62H).

IR 6.1.

Bl 6.1 OFFEIE, EREELEGHIZEH 1T 5 Cauchy DFEM & Cauchy DR AN (“”iﬁ(m
H)IZZWAZOHE L TWS. FAFIEER L ERIEASAZWAZWEU LIS 2D EE -5
HD L L.

* 6.2.
QCR AIFEMHGIDRELFLEL, f2Q EDANT—HELTE. ZDL X,

///S)Afda:dydz://m(Vf-ﬁ)dS
AN A RVASR

BIRE 6.1 (CFYAED TR, ).
QCRIFAERFIKE U, 0Q1FE SN, ue C2(N) 95, ZDL X ud B, 74
Db - Au=0%Q ETAZTELIE FED2 € Q& B.(x) CQEALZTLEEDr >0

XL T X
dS =
5.@) //Srm“ ua)

ERBIewRE EEL, S () ={yeR3: |z —y|=r} TH5.

EIE 6.2 (Gauss DFEHBUEH (—f&oT)).
QCR"ZAEFEHE L, 00 IFEOLNETD. ZOLE Fe Z(Q)IIHLT

/diVFdx:/ F-vdo
Q a0

MK SLD. 72720, 0= (21,...,20), F = (Fp,...,F,) IZHUT, divF =", gfl Tdh
D, v 00 EDOANFBLLIERRANZ NV, do 1300 DHZETH 5.

6.2. Green DEIE. X T, ZRIRITTN 2IRITD & XX, KA BT DD 2 HWTH
FEODOEARTCHEZIIRT DI LETED. CHERRSZDIZ, SEE —DOEHETDH. H
MEARhRR L 1%, AOREZDRWVEHIRO Z L TH S,

EIE 6.3 (Green DEH).
Q C R? 2 ARMEOBFMPAMFR CH EN-GRHEE 5. P,Q % Q LOAR T -5

T5L
// <@—8—§> dxdy:/m(Pda:—l—Qdy)
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MDD, 72720, GEIZENT, 00DMIEQ2EAFICATEDLMET L TD (HRA
X)),

T Q C R2 ARG T H D L 1d, Q NOERE D HEFEAMHEA N S 5 D (2D>WT D C Q
MBI DI Z2ND . T, RED VDTNV & BRI,

% 6.3.

0 C R E WL T8, Q Lo xns—8 P, Qi 0 = T sar o o
Yy x
DA T =5 f BFAELT
of of
Oz =5 oy =@

L35,
Green DEHIN & | HEZEBGR CTH 4R Cauchy DS EHI HLND.

EIH 6.4 (Cauchy ORI/ EHL).
D c C = Hudif§slk, f % D EiEAl& 9%, C C D % B E 95 &

/f(z)dz:O
c
) DRVASH

6.3. Stokes MEHE. T, N7 MVEGOMBE S 2 VBl 2E X 5. ZHITHBD
CRRED EBSEACHETHS.

EH 6.5 (Stokes DEHL).
S % R3NOBME T, S Ol BATERRAR 2 NV 7 AMFEET B & L, 2Ol %>
Hifi% C L35, 20X SCQEARETHKQ EORY MU FIZOWT

//mﬁﬂw:/ﬁdf
S C
DR RVASE

% 6.4 (AT —RT VY v IVDOILE).
FOEREMER Q C R3S LONRYZ MU F R0t F =0 2A-TET5. Z0L X FlEx
NT—RTUI Y IVeRD $ROLF=-VfLRBR2ANT—5 f W ELETD.
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