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Abstract
Mathematical knowledge is divided into theoretical conceptual knowledge and procedural applied knowledge, and
the balance between the two forms a fundamental condition for developing deep mathematical understanding.
Double integration is considered one of the central concepts in advanced mathematics. However, studies often
focus on the procedural and applied aspects while neglecting the theoretical aspect. This paper aims to present the
theoretical foundations of double integration as an extension of single-variable definite integration. The
descriptive-analytical method was used to study mathematical concepts and relationships. The research addresses

the definition of double integration through the double Riemann sum and its existence conditions and simplifies
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its calculation according to Fubini's theorem and coordinate transformation, starting with its study over rectangular
regions and then generalizing to general regions in the plane via the extension of the integrable function. The
research shows that procedural knowledge of double integration cannot be complete without understanding the
theoretical foundations that enable the researcher to accurately represent natural phenomena and translate them

into mathematical models, thereby highlighting the importance of balancing the theoretical and applied aspects.

Keywords: Double integration, Fubini's theorem, Riemann sums, Repeated integrals.
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D" =[1,3] x [1,3]4ak! .10 S& c¥alally sauzell akaill 9S4

xy=1,xy=3 ,y*=x,y> =3x

Ox 0x ( )_1 1 2 _a
_ — — 3 ——Uus 3
|]|: du Jdv — 3 w 3u v _
dy 0y 1 21 11 2| 3y
i _ —_ 3 3 —Uus 3
du Ju urv 3uv
3 3
3x 3 1 2
2 —dxdy = ( )(—).dudv ==In3
y? + xy? v+ vu/ \3v 3
D 11

Radadll S Lalas¥l 3 Ll Jeisadl 1.6

LU e Lpb oy G cSsiand] (§ Iy s e iols Al (o daall iyl
aaiy oz sl sl (A3Y1 sl pa g Laddl Leaiimy (301 2ol3lly  Jiadl Alnis (pe Lauay ¥,
A Zageally Jogoxnll ¥ ol

y =rsin(0) ;r =x%+y?

x =rcos(0) ,

ox Ox
17| = ar 00| _ |cos(9) —rsin(0)| _ .

dy dy sin(@) rcos(6)

or 06
f f(x,y)dxdyszf(r,@)rdrde ..... 9)
D D*

X2+ y?=9,x% + ¥ = 4 il soazll xy ssradly bl R o€ 13] (7) Jlie

JIo X%+ y? . dx dy s

s o (1, 0) Adadll Sl asYl Jleatal 7585 Lilazey X% + y2 laall il

86.5 SCUPGS (2025) | ISSN (Print): 3107-2267 | ISSN (Online): 3107-2275 | ISBN: 978-9959-815-07-1



a3y Ay Bmaloed! Lebadl Solaalylly Amalaedl Aoyl CMla (ggiud ! (gulall yaishl
2025 3 el | 2eSelf Zpaladl JLasHl 2ildy S | SCUPGS 2025

ST Lol 2 8l e

x=rcos(8) , y=rsin(0) ;r=x2+y%220
:d=d!
daal oo (2) Jsotd!

Adadll o LslasyL D* 9> .2 Jj,,\_?.

xy-eq for D uv-eq forD*
x2+y?2=4 =4 >r=2
x2+y2=9 =9 >r=3

0<6<2m i azmipueyl 92 <7 < 313

x2+y?=9

- r=2 r=3
= [2,3] X [0, 2m]4akail .12 JS& X2+ Y% = 4 Gl b Baasd| dakaill .11 US4
x> +y2=9
2w 3 21
1 38
Jf x2+y2.dxdy=ffrrdrd9= ?.de =5m
R 0 2

a7
oSl Ayt ad ekl eliy 3 3,kanl) usddl dyamell el dulyuldl 0S5 el alis (3
x> (e bewia LA (o8l tan S caslg dmy (9 dgasell ol slual damgy (Sl
O e (Gusgd Ayl o0 Ayl gl LaSy A LalS &Il zha s s A adlg) Aabasl
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AST Byguay JolSall Aalaie Jutad Bole] oladlas) i s Loy c sl LISU G5 5las|
e 8508 Ay b yae el Lol ISy Gassaally gplastl colad) o peazdl 0 LeS  Lalbas|
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  2 ≤ r ≤ 3


  0 ≤ 𝜃 ≤ 2 𝜋


    𝒙  𝟐 +   𝒚  𝟐 = 𝟒


    𝒙  𝟐 +   𝒚  𝟐 = 𝟗


    𝑫 ∗ =  [ 𝟐 , 𝟑 ] × [ 𝟎 , 𝟐 𝝅 ]


    ∬  R       x 2 +   y 2 . d x   d y =   ∫ 0  2 𝜋    ∫ 2 3  r   r   d r   d 𝜃 =   ∫ 0  2 𝜋   19 3   .   d 𝜃   =  38 3 𝜋

