
5.1 Uuftn~m~ir.&twfUiuU  (Multiple Riemann  Integrals)

(real analysis I) ~trt7~~~~~~~u~uuu~n~~u~n~~n?i~ocn~~nuunuJ~~~~_

‘[a hl ?u R ~?wFrm (region) lu n $244 f rffefuvtjfi~~oiuu~aClum-

rumwuu~twd tme~~t7dtu R" d~~ufi+ftunltiqlmr~  flo  J74~n1u  n fin rdu

tf74Wh  R2 A~OL;I~LJU a, b E R2 , a = (1,3),  b = (4,5)

[a ,b]  = [(1,3), (4,511

= (cx 1,x2) 1 (x1,x2) E R2r 1 4 x1 6 4,3 6 x2 d 51

&rhl4-l&Y4  fl 5.1
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kWn~w ~~u~%~~=Qu~uth&lu  R" r&r+d

'$ a, b E Rn , a = (al,a2 ,...,  an) , b = (bl,b2,...,bn)

tw [a,b]  = {x 1 x = Cxl,x2,. . . ,xn) , al'< xl 6 bl, a2 G x25 b2,

. . . . an < xn 6 b,,)

nuiurnq uons?nrf?4Jnlu  R" uA;thcjth4  tdn,  d74nl4rQn  n#a?n  b&u

d~‘l&Qtinw&  (a,b),  [a,b)  , (a,b] d’wfuqn  q dmQn  a$  uoi R”

dune  srle;b

(a,b) = {x 1 x = (x1,x2,. . . ,xn) , al < xl < bl, a2 < x2 < b2,

.  .  . . a <x n < brl)

[ah) = ix  1 XI (x1,x2 ,...,  xn), alSxl<bl,a2Sx2<b2,

. . . . an ' xn < bn)

(a,b]  = {x ( x = (x1,x2,. . . ,xn) , al < xl 6 bl, a2 < x2 d b2,

. . . . an < xn i bn)
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Tmufi I~ = [2,3]  x p,3]

I2 = [WI  x [WI

I3 = [2,3] x [4,61

I4 = C3,41 x Cl,31

I5 = c3,41 ‘x c3,41

‘6 = c3,41 x [4,61

6>
#rnfwhad~~ti  J thmtt&ht~~~ [(2,1), (4,6)-j

&ttdsmntCh  6 d-aq’lu 2 MI cio 11’12,...‘16 .

[Ru’Iu5.2\ ;'I I= [a,~]  ER" tPd a = (al,a2,...,an) LLRS

n
b = (bl,b2,...,bn)  tt~9 pC1)  = TI (bi- ai)tfun~l

i = l

tutdo;  (measure) fm4 I

~wmt~d~a  t dunn;l  (finer than)
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&ufhhwnqw@m  5 . 2  IunriR R" ~~?sDRuIu~~uI~~IURU~~~~~~P;

u?4fid13lun~M@qG  Ml

n; k < n rdnuo~qn  (x1,x2,. . . , xn) E R" d4 xk= 0 ifun;

tflOOifi~UTlTWlUSlIP~fiU (coordinate hyperplane) rrnu~~u~cmwu'  Tk

ffmun  S C It" G?twr rqflrlw (projection) Sk uo4 S W nk

Qu1uTnur6~n1w  ( i m a g e )  UDJ  S  mu’bi  Fk d4

Fk(x1,x2  ,...,  xk,...,Xn) = (x1,x2,.'.'~~1'.D,xk+l:  I..., Xn)

~rqqzl~~qRqnt%~n  7 k &.n, Fk ~flufl&u~nLdo4  uonwnI%d rh

S r&&nJnnguu~u (compact set) UR; Sk i5wrdmJnnrjuttGm”W  I% S

idutdml&7nmw  konnectsd s e t ) UR; sk iifurdnl&mnou~~u

f941~~i1+w  i wdulu R3 tiqd  5 . 5
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..* X [an,bnl C R” lunrd n=3 9tz rCfu:1

J f dx < i”;; i,f dCX2,x3)] dxl

- Q 1
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[ f d(y3)]  dxl

a1 ‘Q1

d f dx
Q

J
f(x)dx  f&~tr& Go (51  uo-rnqvflun  5 . 2  Uo

Q

J
bi\ -

f(x)dx =
Q J JI:

al Ql
f d(x2,x31]dxl

-bl
ii

J Jc
Ql a1

f hl] d(xZ,x3)
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1 + 2 + 3 t . . . t(n - 4) td

f cn - 4) (n - 3)
2 td

= (n - 4) (n - 3)

2n2

eY4& ,&, = n(n  + l)
2n2

LWtlaP&4 j(f,S) - ,(qS)  = -2-- (n2+  n - n2+ 7n - 12)
2n2

= h-12

2n2

= 4n - 6 ( 4n = 4

n2 2
n



2 1 1

b- 3) Cn  - 4) \< c(s) < nCn  + 1)

2n2 2n2

,tdo n GI'IU~ 1 ~ott&oontSudwth.m 7 qaIvi’&

u4h (n - 3) In - 4) + $ llRr nh2+  1) -* 3 R;~

2n2

u&u C(S) = $ l

(RqlTall  J(S)  = c PC1 1
IBPk
Ik Int S

ud Int S = @

u&1&J Ik  d4  t&~S~trPlntm Int  S

g#?ss, = 0
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flttTd  1 : JkE 9 LLAZ IkC_ Int S

nrtid 2 : IKE P LLRZ 1k n as f a

eGh49a”ls;;-l

z
I E $‘k)

= .I lJ(Ik) + E u(I)

I$ spa
I&Int S Iknasf $
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Cl) If sinax  sin2y  dx dy Q = [O,q]  x [orfl]
Q

G!) I I cos(x  + y)dx  dy
Q

Q = [oj] x [o,(]

(31
I I

o( + y)dx  dy Q = [W]  x [0,2]
Q

3, 1; Q = [0,1-j  x [O,l] 94H7n17VO4
JJ

f(x,y)dx  dy

(1) f(x,y) = 1 - x - y rda
Q

x + y 4 1 LLR::  f(x,yl = 0.

ffmt%ntfidu 7

(2)  fcx,y) = x2+  y2 rda x2+  y2< 1 LLRr. f(x,y) = 0

d'nrfun*illdu  1

(3)  f (x,y)  = x + y d a x2 < y 6 2x2 LLRZ f(x,y) = 0

5Ywl'unrfidu  7

(1)  wtv$ai& I Il rt f(x,y)dy]dx  = t* LLRI:
-0 0

-1 tI JOr-
flx,y)dy] d x  = t

0
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fkw)dy]  dx  = f(X,y)dx]  dy = 1

7. Win’?.  C(s) da~ntun  s K4EioW8

(11  s = { cx,y)  ) 0 Q  x s y s 41

C2)  s - {(1,2),(2,3),(3,4))

* * *


