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Many problems in mathematics are related to proofs, and such problems can be
solved using various methods: elementary methods, using properties, and the
method of mathematical induction. Depending on the formulation of the problem,
each of these methods may offer different levels of convenience.

In many cases, the method of mathematical induction (MMI) is considered
particularly convenient for solving proof-based problems. For example, the use
of MMI is effective in proving identities. Below, several examples are presented
with solutions obtained both by elementary methods and by the method of
mathematical induction.

Example 1. Prove the identity.

1-2-3+2-3-4+3-4-5+...+n(n+1)(n+2)=%n(n+l)(n+2)(n+3)

I. Elementary method
First, we express the general term in the form of a difference:

k(k +1)(k +2) = i[k(k +1)(k +2)(k +3) = (k= 1)]

11| Page



Juu.‘

;
L\rj E-CONFERENCIA

SCIENTIFIC CONFERENCES

Global Conference on Multidisciplinary Research and Innovation

Hosted Online from Berlin, Germany
Date: 2nd February, 2026
Website: https://econferencia.com

By simplifying this difference, we obtain the general term given above.

Now, let us denote the given sum by Sn and write each term of this sum in the
form of a difference. In this sum, the middle terms cancel each other out, leaving
only the second term of the first bracket and the first term of the last bracket. That
is,

S = i[n(n +1)(n+2)(n+3)-0]

g - n(n+1)(n+2)(n+3)
! 4

Thus, the identity is proved.

I1. Solution using the Method of Mathematical Induction
1. First, we verify that the identity holds for n=1:

S, =1.2.3=6
1-(1+D)-(1+2)-(1+3) 1-2-3-4
SO': = :6
4 4
S, =8,

2. Assume that the given identity is true for n==k:
1-2-3+2-3-4+3-4-5+...+k(k+1)(k+2):ik(k+l)(k+2)(k+3)

3. Using this assumption, we show that the equality holds for an arbitrary
k+leN

We need to obtain:

1-2-3+2-3-4+...+k(k+1)(k+2)+(k+1)(k+2)(k+3)=

= %k(k +D)(k+2)(k+3)(k+4)
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According to the assumption,
1-2-3+2-3-4+...+k(k+1)(k+2)+(k+1)(k+2)(k+3)=

= %k(k +1)(k +2)(k +3) = i(k +1)(k +2)(k +3)(k +4)

Hence, the given equality holds for Vn € N . Therefore, the identity is true for all
natural numbers nnn.

Example 2. Prove the identity. I’ +2° +3* + ..+’ =(1+2+3+...+ n)’

I. Elementary method

1. (a+b) =a’ +3a’b+3ab” +b°
P=1+00’-0"+3-0>-1+3-0-1>+1
2 =1+’ =1 +3-1-1+3-1- 1> +71°
3¥=2+1)=2"+3-2>-1+3-2-1° +1°
£ =3+1=3+3-3-1+3-3-1°+71°

(n+1Y =(n+1Y =’ +3-0° - 1+3-n- 1> +1°

P+2 43+ .+ +(m+1) =P+ 2+ .+’ +3- (P +2°+..+n") +
+3-(1+2+...+n)+(n+1)-1

(n+1)3=3-(12+22+...+n2)+3-1+7n-n+(n+1)
2 2 2 » 3n
3-(IF+2°+...+n ):(n+1)((n+l) —7—1j

2n* +4n+ 2 -3n-2
2

3-(P+2° +..+n))=(n+1)
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»  n(n+1)(2n+1)
- 6
We make use of the last equality.
2) (a+b)'=a*+4a’-b+6-a°b*>+4-a-b> +b"

P+2°+..+n

2.
P =04+1)" =0* +4-0° 146-0*-12+4.0-1 +1°
2=+ =1 14 P 14612 P41 Pl
3 =2+D)'=2"+4-2-146-2>-1"+4-2- P +1"

4 =(G+1) =3 +4-3 1463 12 +4-3. P +1°
m+D)'=m+D)'=n*+4-* 1+6-n* " +4-n-1 +1°

Pa2t o +m+D) =1 +2" + 40t +4C + 22+ + )+

+6-(P+2°+..+n)+40+2+...+n)+(n+1)-1

m+D)'=4-C+2 +..+0)+6-(P+2°+..+0)+40+2+...4+n)+(n+1)

n(n+)(2n+1)

.1+n

AP +2 +..+n)=(n+1)* -6 4 T-n—(n+1)

AT +2 +..+n)=(n+D)((n+1)’ —n@2n+1)-2-n—1)
AT +2 +..+n)=(n+D)((n+1)’ —2n" =3n-1)
AT +2 + . +n')=(n+1)(n’ +3n" +3p+ L 20" =3y~ 1)

;3 (m+D)(n+1)
4
P+.4+n=1+2+..+n)

P+.+n

Thus, the identity is proved.
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I1. Proof using the Method of Mathematical Induction

1. We verify that the given equality is true for n=1

P =1

I=1
2. Assume that the given equality holds for n=+k:
P+2+3 +. 4+ =1+2+3+...+ k)
3. We show that the equality holds for an arbitrary k+1eN.
P+2 +3+ 4 +(k+1)Y =(1+243+...+k+k+1)
Using the assumption, we obtain:
(I+2+3+..+ k) +(k+1)Y =(1+2+3+...+k+(k+1))’

1+k Y . (K ~
(Tkj +(k+1)y =(1+k) (?+k+lj—

=%(1+k)2 (K +4k+4):i(l+k)2(k+2)2 =

:(("”)(’”2)) — (14243 %tk + (k1))

2

Thus, the given equality is an identity for Vrne N.
From these examples, it can be seen that for proving such identities, the method
of mathematical induction is more effective than elementary methods.

References

1. A.U.Abduhamidov., H.A.Nasimov., U.M.Nosirov., J.H.Husanov. “Algebra
va matematik analiz asoslari” I qism, Toshkent 2008 yil.

2. N.Mirzakarimova “Chiziqli algebra” . O‘quv qo‘llanma, Farg‘ona 2023 yil.

3. H.Mahmudov, “Algebra va sonlar nazariyasi” . Farg‘ona 2002 yil.

15| Page



