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ANNOTATION 

In this article, the analysis of financial risks, which is the main part of insurance activity, the concept of 

studying the individual risk model of insurance and some examples are presented. 
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The individual risk model is one of the simplest models designed to calculate the probability of an 

insurance company's accident, and it requires the fulfillment of the following conditions for insurance 

cases: 

1. Insurance cases are analyzed for a relatively short period of time (usually 1 year). Therefore, 

inflation and investment income are not taken into account. 

2. The number of contracts (insured persons) N is fixed and not random. 

3. Insurance premiums are entered before the contract is concluded and there is no cash flow during 

the contract. 

4. Each insurance contract is observed separately and with it a random variable X representing the 

associated insurance payment term is learned . 

Defines individual risks in the insurance model 

1,..., NX X  

accidental amounts are considered unrelated (in particular, insurance payments are not made under 

several contracts at the same time). 

 Possible catastrophic events that occur in the individual risk model 

1 ... NS X X= + +  

sum total of losses in the insurance portfolio is determined. If these total payments are u greater than 

the company's assets, the company will not be able to continue its activities according to the contracts, 

that is, it will go bankrupt. Therefore, the company's probability of bankruptcy 

( )1 ... NR P X X u= + +   

is defined by the equation In other words, S random probability can be considered as a distribution 

that can be considered additive to a random variable ( ie ( )11 ... NR P X X u= − + +  ). Therefore, since 

the amount of cumulative payments is a sum S of independent random variables , its distribution can 

be studied by classical methods of probability theory. One of the main methods is composition of 

distributions. Recall that if 1 and 2 are two independent nonnegative random variables, each of 

which has 
1( )F x distribution functions 1 2 + and , respectively, then the 

2( )F x distribution function of 

the sum 
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1 2 1 2

0

( ) ( ) ( ) ( ) ( )

x

F x F x F x F x y dF y=  = −  

formula . Apply this formula multiple times to an arbitrary number of random variables 

1 2 1

0

( ) ... ( ) ( )

x

S

S N N NF x F F F F x y dF y−=    = −  

the formula . 

If 1  and 2 random variables have distributions of the absolute continuous type and have density 

functions of , respectively , 
1( )p x and the 2 ( )p x density function of the 1 2 + sum of 

1 2 2 1 1 2

0

( ) ( ) ( )

x

p x p p p p p x y p y dy=  =  = −  

formula . If the random variables 1  and 2 of discrete type (especially if they take non-negative 

values) 

( ) ( )1 1 2 2( ) , ( )P n P n P n P n = = = =  

distribution if has 1 2 + distributions 

( )1 2( )p n P n = + =  

for  

1 2 1 2

0

( ) ( ) ( )
n

k

p n P k P n k P P
=

= − =   

formula will be appropriate. 

The method of composition faces fundamental difficulties in calculating the distributions of sums of 

random variables. Therefore, in the process of applying the distributions of total insurance payments 

to concrete calculations, the methods of approximating them with simple and accurate distributions 

come to the fore. In this case, it is important to approximate the sum distribution at large values of 

NS S= with a normal (Gaussian) distribution based on the Central Limit Theorem . N This conclusion 

can be expressed in the following short expression: if 1,..., NX X are uncorrelated and have a general 

uniform distribution, for which the second-order moment 

( )2

1x dP X x    

if available 

21
1 1

...
, ,N

N

X X Na
S a EX DX

N




 + + −
= = =  

 for the distribution of random variables 

( )sup ( ) 0,N
x

P S x x N  − → →  

limit relation is appropriate. Here 
2

2
1

( )
2

x
u

x e du


−

−

 =  . 

many different generalized versions of the Central Limit Theorem (for example, for various 

distributed independent and weakly dependent random variables). From a practical point of view, 

this is a theorem 
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( )
Var

N
N

N

x ES
P S x

S

 −
   

 
 

 

approximation is reasonable ( N for large values of ). Standard normal distribution function in 

probability theory ( )x  and the corresponding density function 
2

2
1

( ) ( )
2

x

x p x e


−
 = =  

great depth, and a number of precise numerical tables of these functions have been compiled for their 

practical use. 

 Problem 1. An insurance company sold 300 fire insurance policies. The overview of the 

insurance portfolio is presented in the table below: 

Number of contracts Sum insured in the 

contract 

Probability of an insurance event 

for one contract 

100 400 0.05 

200 300 0.06 

The following are known: 

1) for each contract, when an insurance event occurs, the amount of loss to be seen is evenly 

distributed between 0 and the sum insured; 

2) probability of occurrence of more than one insurance event in the contract is 0; 

3) insurance events occur independently of each other. 

of the total premiums for the entire insurance portfolio . 

 Solving. k - let's define the indicator of the insurance event in the third contract kI , if we 

define it as k the amount of the loss when the insurance event occurs, then kY it will be possible to 

write the insurance payment under the -th contract . In 
k k kX I Y=  addition 300N = , the number of 

( )1 ,k k kq P I M= = contracts k determines the total insurance payment for the contract. In this case, 

the total amount of payments for the insurance portfolio 

1 ... nS X X= + +  

formula . So, 

1Var Var ... Var nS X X= + + . 

Since the contracts in the given 2 groups are not statistically different from each other 

Var Var ... VarI I II IIS N X N X= + +  

the equality holds and where 100, 200I IIN N= = are the number of contracts of the first and second 

type, respectively, Var , VarI IIX X and are the variances of the payoffs of the first and second type. A 

random amount representing the insurance premium 

X I Y=   

form , in which X and Y - the random variables are independent, I - the insurance event indicator ( 

( )1P I q= = ), ( )0;Y M− will be a random variable uniformly distributed in the interval. By 

performing direct calculations 
2

Var (4 3 )
12

qM
X q= −  

equation . 
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 From the last relationship 

Var 2567,

Var 1719

I

II

X

X

=

=
 

relationship arises and hence 

Var 100 2567 200 1719 650000S =  +  = . 

 Problem 2. Let's assume that the company 3000N = has registered life insurance . In this case, 

the probability of the client dying within a year is 0.3 %. If the customer dies within a year, the 

company 250000b = pays soums, if not, nothing. 

 How much insurance premiums should the company collect (collect) to ensure that the 

probability of failure is 5% (0.05 ) . 

 Solving. Usually, aggregate insurance payments are taken as a unit of monetary measure. In 

this case, i according to the -th contract 
iX -the insurance premium takes two values 0 and 1, 

respectively, with 1 q− probabilities q . That's why 

( )

2 2

22 2

(1 ) 0 1 0,003,

(1 ) 0 1 ,

Var 0,003.

i

i

i i

EX q q q

EX q q q

X EX EX q q

= −  +  = =

= −  +  =

= − = − 

 

Now the total insurance payment 

1 ... nS X X= + +  

for  

3000 0,003 9,

Var Var 3000 0,003 9

i

i

ES NEX

S N X

= =  =

=   =
 

values . 

 sum of the S centralized and normalized insurance premium , we get the following result for 

the company's default probability: 

9 9
( )

3 3Var Var Var

S ES u ES S ES u u
P S u P P

S S S

− − − − −     
 =         

    
. 

If we assign the probability of failure to be 5% , the 
9

3

u −
amount 

95% 95 1,645x x= =  

must be equal to the ( )x number (these were taken from existing tables for the normal distribution). 

So in absolute numbers 

[3 1,645 9] 13,935 3483750u ES ES=  +  =  =  soum 

should be. 

 Problem 3. Density function of the total payment amount for medical insurance 

1000
1

( ) , 0
1000

x

p x e x
−

=  . 

the contract , a premium of 100 soums more than the payment is set for this amount. 

 If 100 contracts are concluded , find the approximate probability that the loss of the insurance 

company will be greater than the accumulated premium. 

( 15,87%P  ) option. 
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 Instructions for solving the problem . If we determine the insurance premium for X one 

contract with a random quantity, its density function 

1
( ) , 0,

1000

xp x e x −=  = . 

With direct calculations 

0

2

2

0

2

2 2

1000,

2
2 2000000,

2 1 1
Var 1000000

x

x

EX e dx

EX xe dx

X







  



−



−

= =

= = =

 
= − = = 

 



  

we make sure it is. 

 So one contract premium 

100 1100p EX= + = , 

i.e. all premiums collected 

110000P N p=  = . 

Insurance payment for all contracts 

1 ... NS X X= + +  

is , where 100N = (number of contracts), 
iX – i is the amount of insurance payment under the -th 

contract (random) and its distribution function 

( ) ( ) 1 , 0x

iP X x F x e x− = = −  . 

Now we are interested 

( )
Var Var

S ES Np ES
P S Np P

S S

− − 
 =  

 
 

applying the Central Limit Theorem for 15,87%P  probability . 
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