©

AY=

MEXXIyHapOJIHOM HAay4YHO-00pa30BaTeIbHOM
3JIEKTPOHHOM JKypHalie

. S YACTb-19
A3 5 P TOM-3
“‘ g\»ﬁ{/’ A |
Vel ** ~ d 04/2024

web-journal.ru

JIYVUIIWUE HUHTEJUIEKTYAJIbHBIE UCCIIEAOBAHHKA



JIYUYIIUE
UHTEJJIEKTYAJIbHBIE
UCCJEIOBAHUS

MEKIYHAPOIHBIA HAYYHBIN JICKTPOHHBIN KYPHAJ

YACTbH-19 TOM-3

Anpeas - 2024 roa

d »; Go gle
&7 Scholar



ISSN:

JAYUYIIUE HHTE/IVIEKTYAJ/IBHBIE HCCIIE/JOBAHHA

3030-3680

SOME APPLICATIONS OF THE DERIVATIVE OF A FUNCTION

Khayitova Khilola Gafurovna - teacher of the
"Mathematical Analysis" department, Bukhara State University,
xilola_xayitova@mail.ru,
X.g.xayitova@buxdu.uz.

Annotation. This article describes the concept of a derivative of a function and
its practical application. Examples of product application are provided. The
mechanical description of the derivative is also considered. It is known that the
concept of a derivative of a function is one of the first basic concepts of mathematical
analysis, and problems leading to the concept of a derivative include such problems
as checking the rectilinear motion of a rigid body, the motion of an object thrown
vertically upward, or the motion of a piston in an engine cylinder . When considering
such movements, we ignore the specific size and shape of the body and imagine it as
a moving material point.

Key words: Addition of a function, addition of an argument, finite limit,
derivative, differential.
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AHHoOTanMs. B TaHHOMN cTaThe OMMCHIBAETCS MOHATHE MPOU3BOIHON HYHKIIMU
U €ro IMpakTh4eckoe mnpumeHeHue. [IpuBeneHsl npuMepbl NOPUMEHEHUA
MIPOU3BOAHOM. Takke paccCMaTpuBAECTCS MEXaHUYECKOE OINKMCAHUE MPOU3BOIHOM.
N3BecTHO, YTO MOHSATHE NPOU3BOAHOM (YHKUMU SIBISETCS OJAHUM M3 TEPBBIX
OCHOBHBIX MOHSATHM MAaTEMaTHYECKOrO aHAIW3a, & K YHCIY 3aJa4, OPUBOISAIINX K
NOHATUIO TPOWU3BOAHOM, MOKHO OTHECTHM TaKHE€ 3aJayd, KakK MpOBepKa
MPSIMOJIMHEWHOTO JIBMXKEHUSI TBEPAOro Tela, JABUKEHHUE MpeaMeTa, OpOIIEHHOro
BEPTUKAJIBHO BBEPX, WM ABWKECHUE MTOPIIHSA B HWJIMHAPE ABurarensd. Paccmarpusas
TaKkue JIBUXKEHUS, WTHOPHPYEM KOHKpETHbIe pa3Mepbl u (QopMmy Tena u
MPEJCTABIISEM €r0 KaK JBHXKYIIYIOCSI MAaTEPUAIIBHYIO TOUKY.
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The volume of a cube is a function of its side length, V = x3. If the cube is
made of metal, as the cube heats up, its side length increases, and its volume also
increases. If a cube has side length x and increases by h when heated, then it takes
x + h and the volume of the cube is (x + h)3. So, when heated, the volume of the
cube increased by (x + h)3 — x3. This difference is called the increase in volume of
the cube, and the number h that indicates how much the length of the side of the cube
has increased is called the increase in the length of the side of the cube [1-9].
Generally speaking, this gain term is inappropriate because (for example, when the
cube cools) the side length of the cube may decrease, in which case the gain will be
negative. Therefore, it would be better to call it a change, not an increase, but we will
not deviate from the traditional term. Thus, the new value of the quantity x is equal
to x + Ax, that is, it is equal to the sum of its initial value x and Ax. If y = f(x) is
a function, and the argument x takes an increment of Ax, then the value of the
function also changes, as a result, y gets an increment of Ay. To calculate this gain:

a) Finding the value of the function y = f(x) at the initial value of the
argument;

b) Finding the new value of the argument x + Ax;

C) Finding the new value of the function f( x + Ax);

d) It is necessary to subtract the initial value of the function from the new
value, that is, find the difference f( x + Ax) — f(x);

So,

Ay = f(x + Ax) — f(x).

If the 4 th value of the x argument is incremented by 0.1, we find the increment
of the function y = x%. At x = 4, the value of the function after receiving an
increment equal to 16, the value of the argument was 4,1, the new value of the
function was equal to 16,81. So the gain of the function is equal to 0,81. If the
function y = f(x) grows on the section [a, b], then the signs of Ay and Ax are the
same in this section. As the x argument increases, y also increases, and as the x
argument decreases, y also decreases [10-21]. If the function y = f(x) decreases
in this section, the signs of Ay and Ax will be opposite at any point of it.

The functiony = f(x) defined in an interval has a certain value at each value
of the argument x in this interval. Let the argument x take any (positive or negative)
product of Ax. Then the function y takes an increment Ay. Thus: at the x value of
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the argument we have y = f(x), at the x + Ax value of the argument we have
y + Ay = f (x + Ax). We find the product of the function Ay: Ay = f (x + Ax) —
f(x). We construct the ratio of the increment of the function to the increment of the
argument. We construct the ratio of the increment of the function to the increment of
the argument:

Ay f(x+4Ax) - f(x)

Ax Ax
We find the limit of this ratio at Ax — 0. If this limit exists, it is called the

derivative of the given function f(x) and is denoted by f '(x). So, by definition,

: Ay
f'(x) = hmoA_

or
Fio0 = pim LEHID /@)
Ax - Ax
So, the given function y = f(x) is the derivative of the function with respect to
the argument x, and the sum of the argument Ax arbitrarily tends to zero. In general,
for each value of x, we emphasize that the derivative f'(x) has a certain value, that
Is, the derivative is also a function of x.

Let a point M move along a straight line A at time t by a distance s = f(t). Let
so = f(0) be the position of the material point M on the straight line at the initial
time t = 0. What is its instantaneous speed at arbitrary time t, ?

To answer these questions, As = |[MyM| we determine the path: As =
f (to + At) — f(ty). Then we divide by At to find the average speed achieved
during the time interval [t,; t, + At]:

_As f (to + At) — £ (o)
T T At At '
The smaller the quantity At, the closer it really is to the instantaneous speed.

Now if we set At to zero, then V,,,. also determines the so-called instantaneous speed
attime ty:

to + At) — f(¢
V) = tim vy = i L A0 [ C0)

At -0 At
Thus, V(ty) = f '(to).
Example. Point M is moving along a straight line with law s(t) = 2 sin3mnt.
Find its instantaneous speed in 10 seconds. When will its instantaneous velocity be
zero?
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Solving. This is a longitudinal oscillating motion. The derivative of the
traveled path function s'(t) = 6mcos3mt is the instantaneous speed of the given
point at an arbitrary time t. In that case:

V(10) = s'(ty) = 6mcos30m = 6.
Now we find when its instantaneous speed becomes zero:
1+2n
6

V() =0 6mcos3nt=0et, = neEZ

1+2n

Answer: V(10) = 6n?, T = {tn =——-,n¢€ Z}.
It is known that if the function f has a derivative at the point x, , then according
to the definition of the derivative:
_Af(x) .,
Alcn—r»loT =f(xo).
If Ax is a very small quantity, then the quantity %;‘0) differs from f '(x,) by

some infinitesimal amount a(Ax):
A7 (%) = f"(x0) + a(Ax) lim a(Ax) =0
Ax 0 ’ Ax -0 '
Therefore, the approximate equality Af (x,) = f '(x,)Ax is formed here. This
Is an error of approximation
|Af(x0) — f '(xo)Ax| < [Ax|max |a(Ax)],  (Ax — 0)
satisfies the inequality. So, if we replace the product Af (x,) by f (xo + Ax) —
f (x,), this approximate equality
f (xo +Ax) = f(xo) + f '(xp)Ax
looks like. At least the value of the function f at the point x = xy + Ax
|Ax|max |a(Ax)|
This formula is used to determine the error. For example, for the function
fx) =x" (xo+Ax)" = xJ + nx} 1Ax. In particular: (x, + Ax)? =~ x& +
2xy Ax; (xo + Ax)3 =~ x3 + 3x2Ax, (1 + Ax)" =~ 1 + nAx.
Example. 1) (5,012)? = 52+ 2% 5% 0,012 = 25,12.
2) (1,02)1° ~ 14+ 10 * 0,02 = 1,2.
These formulas are valid around a sufficiently small point x = x,. For
example, at sufficiently small values of Ax when x, = 1:

n Ax
In(1+Ax) ~Ax, V1+Ax =~ 1+7.

Let the function y = f(x) be defined in some interval [a, b] and be invertible
in it. Again, this function is differentiable in this interval and its derivative does not
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become zero anywhere. Given these conditions, the function has the following
properties:

-y = f(x) the function is continuous in the interval [a, b];

- f'(x) derivative does not change its sign in the interval [a, b], so it is either
decreasing or increasing in this interval;

- The values of the function f(x) completely cover an interval [c, d] once, i.e.,
any arbitrary for points x, € [a, b] and x, € [a, b] from domain [c, d];

The values of the function f(x) completely cover an interval [c, d] once, that
is, the derivative of the domain [c, d] for any arbitrary points x; € [a,b] and x, €
[a, b] is non-zero, then it is invertible and the derivative of the inverse function x =
f~1(y) at the point y, = f(x,) defined as

1
O ey, = 7y

Proof. Based on the property of the function stated in the condition of the
theorem, f(x) ensures that the function is either increasing or decreasing in the
interval [a, b]. So, the function f(x) is definitely invertible in this interval [22-29].
For clarity, let f(x) be increasing in this interval. Now if we make addition Ax =
x —x, at arbitrary point x, € [a,b], since x = f1(y), x = f1(y,) Ax=

() — f~1(y,) or we can write Ax = Af ~1(y,). As well as

Ay =y —yo < Ay = f(x) — f(x0)

such a notation shows that the inequality condition Ay # 0 is necessarily

fulfilled when x = x, and x € [a, b] based on the increasing (decreasing) form of
the function f. So this ratio has meaning [30-34]:

Ax_ 1
Ay Ay’
Ax

The product of the function f with the derivative at the point x satisfies the
condition Af(xy) = 0 when Ax — 0, i.e. the condition Ay — 0. So, using them, we
can construct this equation:

I Ax 1
AySoAy i A
Ax—0 T Ax

Since the right-hand denominator has a limit and is non-zero it follows that

1 1
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Jyduiue UHme/lJieKmydibHble UCCI1e008aAHUA

Bnumanue!— JIYIIIITUE HHTEJUVIEKTYAJIBHBIE HCC/IE/IOBAHHUA cmambu u nomepa 8 10pUOU4eckom,
MEOUYUHCKOM, COYUATLHOM, HAYYHOM HCYPHATE, UHPOPMAYUA 8 KIACCAX, NPABA HA UHPOPMAYUIO U NPABUTLHBIE OPSAHbI
Hecym OmeemcmeeHHOCMb 34 MOYHOCHb OAHHBIX OP2AHO8.
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