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A task. Calculate the work required to pump the liquid out of a vertical cone-shaped vessel. The
bowl of the cone faces the end to the ground, the radius of its base is equal to R, and the height is equal to H.

Decision:
The work performed when lifting a body with a weight R
P to a height h is equal to Ph. Complicating the work in our \

business is the fact that some layers of liquid have different
depths, and the lifting height is not the same for different
layers. Therefore, using planes parallel to the base of the cone,
we divide the cone container into thin horizontal layers with a *’ffffl{ ’ A

thickness of Ah; (Fig.1). The figure shows a section of a cone- Il '(fffﬂﬁ fﬂh Ab
shaped vessel passing through the axis of the cone. Denote by '\“7//7

AE; the work required to lift the i - th layer of liquid to the /

surface. Then the work E required to pump the liquid out of

the vessel is equal to the sum of the elementary works: '

E=Y",AE; Fig.1

that is, it has the property of additivity. If Ah; is taken small enough, then it can be estimated approximately
that all the liquid in the i - th layer is at the same depth h;. AE; the mass of the i - th layer of liquid is equal
to the product of AP; by the height of the rise h;:

AE; ~ APh; (%)

To calculate the weight AP;, we calculate the volume AY; of the i - th layer. Given that Ah;is small,
we can assume that it is a cylinder with the height of the layer Ah; and the radius of the base r;. From the

similarity of triangles AEB and SED (see Figure) we find r; = %(H — h;). Therefore,

2

R
AV; =~ mrfAh; = a2 (H —h;)?Ah; AP, = pgAV;
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As where p - is the density of the liquid, g - is the acceleration of gravity. Substituting the found value of
AP; into the formula (*), we get:

RZ
AE; = “Pgﬁ (H — h;)?h;Ah;

that is, the work has the property of linearity in the infinitesimal. All the work
RZ
E~ ¥i, AE; ~ ¥y mpg 5 (H —hp)*hidhy (%%
the smaller Ah;, the more accurate this equality is.

For {Ah;, Ah,,---,Ah,} - 0 we get:

2

n
R
E = mz mpg (H — hy)?hyh,
i=1

(**) amount

2

R 2
pgm(H —h)“h

Therefore, the limit of this sum is equal to the integral from h=0 to h=H.

H RZ RZ H
E = j “‘;g’z (H — h)?hdh = “‘;Igz J (H?h — 2Hh? + h%)dh =
0 0

_ mpgR?H?h? 20 b " mpgRZH?
I O 3 41 12

In practice, the application of the above formula is much more difficult for students. In this regard, it
is more efficient to use programming languages, practical packages or a calculator. In our article, we use the
C++ programming language and the MathCad software product.
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Solving the problem in the Mathcad program

MM Mathcad [kkk]
Wl ®ain  Mpasca  Bua  Borasks  Gopmar  Mncrpymerts Cumsonsnme onepagnn  Oxno  Crpasea
O~ B & [ 2| [N | o2 wP = | s % ~| @
NNNNNN ~ | aral | B r u |[EE= | = = |
Gl A 2] x= B <E ED op W Mo ~| eFeo
pi= 02
g:= 4.5
R =5
H = o6
h:= 0.2
-1
TT - -R2 2
g (H - ) -hdh = 212.058
2

The program that determines the solution of the task

#include <iostream>
#include <math.h>
using namespace std;
int main()

{

system (*'color f4™);
floatE, p, g, R, H, h;
float const pi=3.14;
cout<<"'p=""; cin>>p;
cout<<"g=""; cin>>g;
cout<<"R=""; cin>>R;
cout<<"H=""; cin>>H;
cout<<"h=""; cin>>h;
E=(pi*p*g*pow(R, 2)*pow(H, 2)) / 12;
cout<<"E="'<<E<<endl;

return O;
}
Program result:
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E C\Users\Zebo\Desktop\5555.cpp - [Executing] - Dev-C++ 5.11 o
File Edit Search View Project Execute Tools AStyle Window Help

DQEuE®E &S |~ GEIEE 440 |(BO08| | K| dh@ |[mwescc sz sebie eiease |
@M [(glabm) .I v]‘

Project | Classes | Debug| | 555509 |

1 #include <iostream> £
2 #include <math.h>

3 using namespace std;

4 int main()

58 {
6 system("color f4");  ChlserZeboDesoplS5S5ere |

7| float E,p,g,R,H,h; .

8 | float const pi=3.14; |
9| cout<<"p="; cin>>p; i
10 | cout<<"g="; cin>>g;

Process exited after 22.58 seconds with return value 0

11 COUt(("R:"; Cin))R; 18 NPOROAXENUS HAXWMTE ABSYO KAABMUY . . - .
12 | cout<<"H="; cin>>H;

13 | cout<<"h="; cin>>h;

14| E=(pi*p*g*pow(R,2)*pow(H,2))/12;
15 | cout<<"E="<<E<<endl;

16 return 9;
17} :
Line: 6 Col: 24 Set: 0 Lines: 17 Length: 318 Insert Done parsing in 0 seconds

830
11032022

RU &

With the use of interdisciplinary integration in teaching mathematics in educational institutions, the
quality of lessons will be much higher, and the interest of students will increase. It also improves students'
creativity.
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