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Abstract: in this scientific article, we focused on the integral section,
which is one of the important sections of "Higher Mathematics™. Here we will
consider the inverse of Differentiation by Integrating. The article shows that the
act of differentiation consists in finding the derivative of a function defined in an
area E in this area or at a point x0 of the area E. Therefore, Integrating consists
of finding a function based on a given derivative, which includes the integral,
which is the main concept of differential equations, and the sample examples for
each part are solved in a sufficiently simple and understandable way.
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Initial function. Let us be given the function y=f(x). The act of finding the
derivative of this function is called differentiation of the function. For example,
if the motion s=f(t) is given, we can find the velocity “v” by differentiating it
with respect to “t”. If we differentiate this speed by “t”, we will find the

acceleration. However, in practice, it is also necessary to solve the opposite
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problem: that is, the acceleration a=a(t) is given as a function of time t, and it is
requested to determine the distance “s” and speed “v” traveled at time “t”.

So, here it is necessary to find the function v=v(t) with the derivative
a=a(t), and then find the function s=s(t) with the derivative v.

In many problems, it is necessary to find the derivative of an unknown
function. If the function f(x) is given, it is necessary to find such a function F(x)
that its derivative is equal to the given function, that is:

F'(x)=1(x)

Description. If the equality F'(x)=f{x) holds at each point of the section
[a,b], then the function F(x) is called the initial function of the given function
f(x).

For example, let f(x)=x2 be given. Its initial function will be F(x)=x*/4,
because:

F'(X)=(x*/4)'=4x3/4=x3

Example 1. If f(xX)= then its initial function is equal to F(x)=tgx.

Because:
1

COS2x

F'(x)=(tgx)'=

If a function f(x) has an initial function F(x), then any other initial function
of f(x) is invariantly different from F(x). For example, let F(x) be the initial
function of the given function f(x). Let f(x) be another initial function of f(x);
where F(x)=F(x)+C where "C" is a constant quantity. The following conclusion
follows from this.

If F(x); If f(x) is an initial function, then F(x)+C is also an initial function
of f(x), which is the set of all initial functions of f(x). It follows that there are
infinitely many initial functions of the function f(x).

For example: f(x)=x3; F(x)=x*4 was. But F(x)=x*/4+C is also an initial
function. Because F’ (x)=(x*/4+C) '=x3

Now we give the definition of indefinite integral. Definition: If the function

F(x) is an initial function of the function f(x), then the expression F(x)+C is also

155

——
| —



Modern education and development

an initial function and is called the indefinite integral of the function f(x) and
I f(x)dx is determined in appearance. Here, f(x) is a function under integral,

symbol is called an integral symbol. Thus, the indefinite integral y=F(x)+C
consists of a set of functions. The geometric meaning of an indefinite integral
consists of a family of lines in a plane, that is, straight lines or curves, which are
parallel to the line itself, along the "X" or "Y" axis., will consist of moving down
or up. It changes depending on whether the argument accepts negative or positive
values.

Any continuous function has an initialization function. So there is an
indefinite integral of such a function.

Integrating a function means finding its initial function. Therefore, when
integrating a function, the result of integration is checked by deriving from the
initial function found.

Properties of the indefinite integral.

1, d@f(x)dx):f(x)dx

2. | df(x)=f(x)+C (C-const)

3. | f(ax+b)dx=1/aF(ax+b)+C (a,b-const)

4. ([ f(x)dx)'=(F(x)+C)"=F(x).

5. The indefinite integral of the algebraic sum of several functions is equal
to the algebraic sum of the integrals of these functions, i.e.:

[ [0 +H()+. i ()]dx=[ fi(x)dx+ [ f20)dx+...+ [ Fo(x)dx

6. The constant multiplier can be taken out of the integral sign. that is, if,
then:

[ af()dx=a fo)dx  will be.
These properties can be easily proved using the integral definition. Proof of
this will be given to the students.

Table of integrals. Now we present the table of integrals. The table of integrals

directly follows from the table of derivatives. The correctness of the equations given
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in the table can be checked by differentiation, that is, it is possible to determine whether
the derivative of the function on the right side of the equation is equal to the function

under the integral.

n+l

1. [ xdx= ;+1+c (C=const, n=- | 8. | — x—-ctgx+C (C=const);

1);

2. [Lac=tlx |+c (C=const); | 9] tgxdx=-Injcosx|+C (C=const);
X

3. [atde= a - (C=const 10.] ctgxdx=In|sinx|+C (C=const);

' Ina ’

a>0);

4.j e*dx=e*+C (C=const); 11.[ Inxdx=xInx-x+C (C=const);

5.] sinxdx=-cosx+C (C=const); 12.[ xdx=x?/2+C  (C=const);

6. | cosxdx=sinx+C  (C=const); | 13. [ dx=x+C  (C=const);

dx _ .
7. Coszx—tgx+C (C=const);

1 X 1 X
14, j =—arctg—+C=——arctg—+C. (C=const,a+0),
x*+a® a a a a
1
15. .[ > = _111|x HC (C=const,a+0);
x*—a 2a +a

16.[ 2 —i1n|

a“ —x 2a

|+C (C = const,a #0),

17.| = Injx+ Vx> +a’HC (C=const,a#0);

dx
Jx?ta?

18_[ x in>+C *ic (C t,a>0);
. = arcsim — = —arccos— = const, y
— p p const,a
19.[ D g HC = texC  (C 0;
. — =Inltg - = In|co — = ;
Sinx g2 cosecx — cigx cons

d
20. .[ _ax ln|tg(£ + z)|+C = Injtgx + secx+C (C = const) .
cosx 2 4

The indefinite integral can be calculated using the properties of the

indefinite integral given above and the table of integrals.
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2 2 _
[t =2, be given. We calculate this integral:

U

2+1 2_2 4_2 2+ 2_2 4 2_2
I(x 3\/)(—)26 )dxzj.x x2/3 al a’x:j—x )26/3 dx =
X X X

x* x’ 2 ~
= J.(xm - R )dx = _[xlwdx —Ix4/3dx - 2jx Bax =

2/3
X

For example:

10/3+1 4/3+1 —2/3+1
X X 3 3

_ _ _9 C= =33 _2, 75 _6 V3, O
10/3+1 4/3+1 “—2/3+1 -3 TH¥ 7O F

Now, if we take the derivative from the found expression, and the function

under the integral is derived, the found result will be correct. Indeed,

3 3
(Ex3/13 _;xm —6xM 4 C) = X1 P oy =

x-x?-2 X2 4x’ -2 (P -2+ (P -2) (4D -2)
X Yx? B Ux? e
So the result is correct.

Methods of calculating the indefinite integral: When calculating the indefinite
integral, the initial function of the function under the integral is found. This initial
function is found using the properties of integrals given above and the table of integrals.
In addition, variable substitution and piecewise integration methods are used in
integration.

a) the method of replacing or substituting a variable. In integration with
this method, the variable "x" is replaced by a new variable "t" in a certain

relationship, so that the result is a simple integral.

To us j f(x)dx be given. x=¢(¢) let's take the permutation. From this

dx = ¢' (t)dt If we find and put it in the given integral, we get the following:

[ rdx = flowne’ (t)dr

This is much simpler than the given integral. When calculating the integral
in general, the integral given by various substitutions is brought to one of the
integrals in the table. Then the initial function is determined from the table.

Sometimes in the given integral x = () instead of ¢ = w(x) replacement works
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/
well. If integral I%dx if it is given in the form, then ¢ = w(x) by substitution,

the integral becomes very simple. Indeed, ¢=w(x); dt=y’'(x)dx;

I% = f% = In[¢|+ C = In|y (x)+C.

It can be seen that when integrating a variable with replacement, the result
IS expressed again using the previous variable, i.e., it goes from the variable "t"

sin xdx

VJ1+2cosx

in which: 1+2cosx=t we cansay. Inthiscase -2sinxdx=dt will be. So,

sin xdx 1¢dt Le 1
[ [dr =2 C= i+ C= 142 C
'[\/1+2cosx 2I\/; 2'[ 2 " Yo s

b) Piecewise integration method. Let us be given two differentiable

to the variable "x". An example. Calculate the following integral: j

functions "u(x)" and "v(x)". Let's find the differential of the product of these
functions "(uv)". This differential is defined as: d(uv)=udv+vdu

Integrating both sides of this step by step, we get the following:

uy = J.udv+J.vdu
or Judv =uy— I vdu (1)
The last expression found is called the formula for integration by pieces. When

calculating the integral using this formula j udv integral in appearance, is much simpler f vdu

Is brought to the integral of the form. If under the integral “u=Inx"" function, or the product
of two functions, and inverse trigonometric functions are involved, the formula for integration
by pieces is used. When integrating with this method, there is no need to switch to a new
variable. In general, when calculating the indefinite integral, it is necessary to add a constant

(S=const) next to the result. Otherwise, one value of the integral will be found and the rest will

be discarded. This is considered an integration error. Example: j xarctgxdx calculate the.

(where S=0 is taken). We use formula (1).

2 2

jxarctgxdx = x? arctgx — j > (li ) dx (*)
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2
J‘1—):)62 d

we calculate separately:

[ d—j1+x di = (1= tgx+C
L= x = J7)dx = x —arcigx

we put this in (*).

_[ tgxd. —ﬁ t £+l tgx+C = l+x2+1
xarchx—zarch 5 2arch =3 >

arctgx + C

¢) Integrals of a function involving quadratic triplets. Such integrals are
mainly in the following form:
dx Ax+ B

20, =]

dx
=|—F—F—dx; 3.J,=|F—7—7=;
a’ +bxtc® ’ J‘\/axZ+bx+c

Ax+ B
4.J, = | ——=dx; 5.J.=|ax® +bx +cdx.
! JVaxz +bx+c ’ ’ I 3

To calculate such integrals, the complete square is separated from the triad

LJ =|—-—";
! J‘aszrb)Hrc

under the integral, and it is brought to the algebraic sum of the square of the
triad. The resulting expression can be integrated using the table of integrals. A

complete square is separated from a square triangle as follows:

b b ? b
ax® +bx +c = a(x’ +—x+£):a[(x+—)2 +———]=a[(x+)> +k’]
a a 2a a 4a 2a

. . ) , b’ —4ac
(in this place: +k* = o )

In this case, the plus or minus sign is determined depending on whether
the roots of the square triangle "ax2+bx+c" are real or complex, that is, it is
determined depending on the sign of "b2-4ac".

After dividing the complete square, the above integrals take the following

form. 1.J,=[— a1 dx
ax’ +bx+c a

2 2

In this x+b/2a=t, dx=dt let's say,
1 dt
1 ;I t*tk*

which is the integral in the table.
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d
An example. [-————— be counted.
2x° +8x+20

dx
Solving. [~ = f ; =
2x? +8x+20 x? +4x+10 2 x " +4x+4+10-4
:lJ’d—XZ:J;x+2=tdx:dt;
27 (x+2)°+6

I R T ok
We find the final result by putting the expression through "x" instead of
B

g ; x+2
= arc
N
A Ab
2 e v bx+e * e ax’ +bx+c o
_ A 2erb B _)IL
" 2a? ax®> +bx+c o ax” +bx+c

J- (2ax + b)dx {ax2 +bx+c=t

dt
a4 by dt} = = Injf+C = Infax” +bx + cf+C
ax =

ax® +bx +c

y Ab 3
Jy = Infax® +bx+ ke (B—-)J,; An example. J=Iﬁdx be counted.

—2X—

J6 - (x=1

1
—ln|x -2x - 5|+4J.ﬁ—51n|x —2x— 5|+271 |\/— e _1)+

As a result of the substitutions seen above, this integral is reduced to the

following form:

when a>0; J —j @
1 3 - 2 2 ]
Ntk

when a<0: J —j dt
hElE
k2 —t

And these are the integrals in the table.

An example. j% be counted.
X —4x—

X2-4x-3=(x-2)>-7;  dx=d(x-2)

dx d(x—-2) 2
= =lnjx-2+4(x-2)"-7+C
'[sz—4x—3 J.\/(x—2)2—7 tlr-2+4-2) "
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was calculated based on the integral in the table.
Ax+ B

NPT
ax” +bx+c

4.7, =]

A ety 2
Ax+ B 2a( ax+5)+( _Za) A 2ax +b
g ot

——dx = ——dx +
Vax? +bx +c J. vax? +bx +c 2a7 \Jax?® +bx +c¢

(8- -—2—
2a ax’ +bx+c

(2ax +b)dx ax’ +bx+c=t dt
[=|—F————= =|—F==2Vt+C=2Vax* +bx+c +C
Harioere | casnar-a) 17 oomre

A Ab
J, =—~ax’ +bx+c +(B—2—)J3
a a

An example. j5x—+3dx be counted.
Vx® +4x+10
I 5x+3 dx:j5/2(2x+4)+(3_10)dx=§j Qx+ddx
Vx? +4x+10 Vx? +4x+10 27 Jx* +4x+10

d
7 = 5V¥ +4x 10~ TIn|x + 2+ (x +2)° +61C
Jx+2)*+6

=5Vx> +4x+10 = 7In|x + 2 + Vx> +4x +10+C
5.J, =J.\/ax2 +bx+cdx In this case, we divide the square triangle under the

integral into a full square.

b
J :I\/axz + bx + cdx :J.\/a[(x+2—)2 +k*)dx =
a

b* —4ac 5 b R
| T =tk xro=n de=dr = [ Ja(e® £ k)ds;

This integral is calculated using the following formula.

(A).J-\/t2 +bdt = %xltz +b +§ln|t+\/t2 +b}+C
2

B). | Va* —¢*d. :l\/a2 —t* +a—arcsin£+C

( 2 2 a

An example. [Vx* +2x+6dx be counted.

To calculate this, after dividing a full square and specifying t=x+1, b=5,

formula (A) is used. X24+2X+6=(x+1)?+5.
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+1 5
.f\/xz +2x + 6dx = .H(Hl)z +5d(x+1) =XTw/(x+l)2 +5 +Eln’x+l+’/(x+1)2 +5HC

Integrating rational fractions. The ratio of two polynomials is called a rational

fraction. i(x)), In this case, if "n<m”', the rational fraction is called a correct rational fraction,
X

if " n>m ", the rational fraction is called an incorrect rational fraction. By dividing the image
of such afraction by its denominator, it is divided into whole and fractional parts. The fraction
in this is a correct fraction. If the denominator in a rational fraction, i.e Q, (x) =1 then the

fraction becomes a whole rational function. Integrating this is discussed above. Now let's
consider the integration of a proper rational fraction. First, we will see the integration of simple
rational fractions. In general, a rational fraction is divided into simple fractions and then
integrated. Simple rational fractions (sometimes called elementary fractions) have the

following form. A positive integer.
A

A > -
1. = ) Here k = 2;
Ax+B . . .
2.————. The root of the denominator consists of complex numbers, i.e
X“+ pX+q
2
P
£ < -
g 150
Ax+B

————————k >2 Is a positive integer.
(x* + px+q)~

Fractions of the form (1)-(4) are the simplest rational fractions. Now let's

see the integration of these fractions.

A
I.J‘ dx = Aln|x —al+C (C = const)

xX—a
2. 44 — A (x-a)*d Gl e
g T AT A=A T (- k)(x—a)
A Ap
Ax+ B 5(2x+p)+(8—7) A¢ 2x+p
B2 PUEY S L5 B
X +px+gq X +px+q 2°x"+px+gq
A d X'+ px+qg=t dt
v(B-D prd [& =t
2 x"+px+q | (2x+p)dx=dt t
A Ap dx A
=—In|x* + px +gH+(B——— =—In|x* + px +gl+
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A d X +px+q=t dt
+(B__p)jz—x: prTa I—:ln\t\+C =
277 x +px+q |(2x+p)dx=dt t
A Ap dx A
= ZIn|x? B-——- =—In|x* + px + g+
5 Inlx” + px + k(B - = )f(x+p/2)z+(q_pz/4) 5 In|x™ + px +4|
2B—- A4 2x +
+—]Zarctg al p2 +C
V44 —p 49-p
Ax+ B A/2Q2x+p)+B—-Ap/2)
I 2 k _[ 2 k dx =
(x"+px+q) (x"+px+q)
A 2x+p Ap dx
=—\|\-——Fdx+B-—)| .
2'[(x2+px+q)k e 2 )j(x2+px+q)k

.. : : : d
This is the first of the integrals x>+px+q=t with replacement j Tt comes to

—k+1

an integral of the form This is according to the formula in the table of integrals |

will be equal to. If we subtract the full square from the denominator of the second

integral, and x+p/2=t performing the replacement and g-p%/4=m? if we specify that,

L“ we come to the integral of the form By successively decreasing the

then j(tz s

. . d :
degree of the denominator of this integral as follows jm—tz we bring to the
m

integral of the form This is according to the formula in the table of integrals

1 t .

—arctg— Will be equal to,

m m

. dt 1 ¢ (> +m*) -1 1 dt 1 t?

ie | —=—|—F5—d=—|+-—|5—57a
j(tZ _l_mZ)k mZ J (ZZ +m2)k m2 j(tZ _l_mZ)k—l m2 j(tZ _l_mZ)k ( )

tdt J- t-tdt

however, | - _ [ 1
@ EmH) T emd)? T 2k-)) ((t2+m2)

)

Using the formula of integration by pieces, we make it look like this:

J- cdi 1 N 1 _.[ dt }
@ +m)* 2k-D| @ +mH) @+ mH
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Putting this in (*) we get:

k—l]:

J' dt _LJ. dt +L 1 [ t _J' dt
@ +m) m’ (@ m) T w2k =1 () (@ m?)

B 1 L I dt
C2mE (k=1 +m) 2mP (k=1 (2 +m?)!

the degree of the denominator of the integral on the right is reduced by one. So that

j(tz:l#)k we reduced the indicator of the denominator of the integral by one. Using this

method, the integral is given by repeating this operation j is brought to the integral

2 +m

of the form The rational fractional integral of the fourth form is calculated in this way. The
considered rational fractions were the simplest (elementary) rational fractions. Now, if a
rational fraction of a different form is given, it is first expressed by the simplest rational

fractions, and then integration is performed.

List of used literature:

1. V.E. Barbaumov, V.I. Ermakov, N.N. Kriventsova, A.S. Lebedev, V.1. Matveev,
B.M. Rudyk, E.A. Silaeva, O.K. Smagina. Tutorial. - 2nd ed., revised. and additional - M ..
Higher School, 1997. - 384 p.— ISBN 5-060030-74-1.

2. V. T. Lisichkin and I. L. Soloveichuk. Maths. M. 1991.

3. Zaripova G.K. The Problem of Employment in the Digital Economy in the
Government of the Russian Federation: Academic Journal of Digital Economics and Stability
2024, Volume 37, Issue 2,  feb-2024, ISSN  2697-2212.  1-7.
https://economics.academicjournal.io/index.php/economics/article/view/885/847,
https://economics.academicjournal.io/index.php/economics/.
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=1xFAX7TAAAA
AJ&pagesize=80&sortby=pubdate&citation for_view=1xFAX7AAAAAJ.rmuvC799630
C

4. Zaripova G.K. Spiritual and pedagogical role of self-education in the formation of
general secondary schools students as perfect persons:Journal of new century innovations.
Vol. 49 No. 1 (2024), Volume-49. Issue-1, 133-142. https:/Awww.newjournal.org;

165

——
| —



Modern education and development

http:/Avww.newjournal.org/index.php/new/issue/view/337;
https://scholar.google.com/scholar_url?url=http:/Avww.newjournal.org/index.php/new/articl
elview/12315&hI=ru&sa=X&d=13700377225825864947&ei=mab_Zeb2L Y-
Sy9YP6ICDOAK&scisig=AFWwaeY 811U2g4d6b61RINIICsQd&oi=scholaralrt&hist=1x
FAXTAAAAAJA401037987834098197:ARWwaeb L EXpCNrB4TedFUIOsyXIb&html=
&pos=0&folt=cit&fols=

5. Zaripova G.K. The leading importance of education in a secondary school in the
formation of the student’s personality during the lesson process and in events outside him and
in his profession: Journal of new century innovations. Vol. 49 No. 1 (2024), Volume-49.
Issue-1, 148-163.
https://scholar.google.com/scholar_url?url=http://newjournal.org/index.php/new/article/dow
nload/12317/11940&hl=ru&sa=X&0=11771490114323368116&ei=mab_Zeb2L Y-
Sy9YP6ICDOAk&scisig=AFWwaeaQXWFIvnwCGSnZsvFNQY c8&oi=scholaralrt&hist
=IXFAXTAAAAAT4401037987834098197:AFWwaebL EXpCNrB4TedFUIOsy X Ib&ht
mi=&pos=1&folt=cit&fols=

6. Zaripova G.K.  Future specialists — spiritual and professional education of
secondary school students — a need for the development of our independent
country:Educational Research in Universal Sciences, 2(9), 97-105. Retrieved from
http://lerus.uz/index.php/er/article/view/3872.
http://scholar.google.com/citations?view_op=view_citation&hl=ru&user=1xFAXTAAAA
Al&pagesize=80&sorthy=pubdate&citation for view=1xFAX7AAAAAJVLngNzywno
UC

7. Zaripova G.K. Building the professional competence of globally competitive
teachers in digital and information and communication technologies:Journal of Survey in
Fisheries ~ Sciences. 10(3S)  2254-2264. 2023. 2254-2264-  pages.
https://sifisheriessciences.com/journal/index.php/journal/article/view/844/837.

https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=1xFAx7
AAAAAI&sortby=pubdate&citation for view=1xFAX7TAAAAAJ:- dYPAWGP2MC

8. Zaripova G.K. In the continuous education system, upgrading and retraining of
pedagogic personnel is the current demand. “ACADEMICIA: An Intemational

166

——
| —



Modern education and development

Multidisciplinary Research Journal” ISSN: 2249-7137. Vol. 12, Issue 06, June 2022 SJIF
2022 = 8.252. A peer reviewed  journal. —  Page 8.
http://journal.buxdu.uz/index.php/journals_buxdu/article/view/7954/5040;
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=1xFAX7AAAA
AJ&pagesize=80&sortby=pubdate&citation for view=1xFAX7TAAAAAJ.Tiz5es2fbgcC

9. Zaripova G.K. Development of professional competence of specialists in the
training of teachers in digital and information technologies in our society:- Buxoro: Pedagogik
Mahorat. 2022. (maxsus son). 36-43- betlar.
http://scholar.google.com/citations?view_op=view_citation&hl=ru&user=1xFAX7TAAAA
AJ&pagesize=80&sortby=pubdate&citation for_ view=1xFAX7AAAAAJ.PVjk1bubviQ
C

167

——
| —



