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Abstract: This article discusses the problem of obtaining a solid straight line of cracks when using non-explosive 

destructive mixtures in rocks. An interval version of the mathematical model and an algorithm for solving this 
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Introduction 

When using non-explosive destructive mixtures 

(LDS), it is very important to determine the location 

of the wells to obtain a solid straight line of cracks in 

the fractured rocks. Their location and the formation 

of cracks in a straight line depends on the structure, 

strength and degree of elongation, etc. processed 

breeds. Cracks appear in rocks after applying LDCs. 

These cracks are formed as a result of chemical-

physical reactions of the applied LDC. Fractures can 

form anywhere in the well and develop in any 

direction. As a result, the resulting material may be 

unusable or some of it has to be rejected. For this 

reason, experts in this area are conducting research. 

Generally speaking, the formation of these cracks 

depends on many factors. For example, they depend 

on the composition of the mixture used, the material 

of the rock, the diameter and depth of the boreholes, 

the distance between the boreholes, strength, rock 

formation rate, etc. are taken into account. In this case, 

the solution of the problem of obtaining a solid line as 

a result of emerging cracks, when using LDCs, 

becomes a difficult task. If one or another method is 

used, then it is possible to give direction to these 

fractures in order to end up with connected fractures, 

which ultimately form a continuous line of fractures 

between the wells. One of these options is proposed in 

article [4]. In this article, in the process of solving this 

problem, a theorem is mathematically modeled and 

proved, which states that the centers of the wells are 

located along a straight line if the coordinates of these 

centers satisfy a certain condition. We present this 

theorem from [4]. 

Theorem. If the following condition is satisfied: 

the distance between the points of the coordinate axes 

𝑥1, 𝑥2, … , 𝑥𝑛  and  𝑦, … , 𝑦𝑛   must be equal, i.e. 

𝑥2 − 𝑥1 = 𝑥3 − 𝑥2 = … = 𝑥𝑛 − 𝑥𝑛−1 = 𝑎, 

𝑦2 − 𝑦1 = 𝑦3 − 𝑦2 = … = 𝑦𝑛 − 𝑦𝑛−1 = 𝑏, 
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then the points М1(х1; у1), М2(х2; у2), …, Мn(хn; уn),  

which are the centers of the wells, lie on one straight 

line given by the equation 

𝑦 − 𝑦1 =
𝑏

𝑎
(𝑥 − 𝑥1)       (1) 

The result of this theorem is confirmed by 

examples, as well as by experimental data. This 

theorem is a real solution to this problem.  

Below, a mathematical model will be given in the 

interval version, where the problem of the mutual 

arrangement of wells according to the design 

development for splitting off part of the rock from the 

main mass is solved, without causing damage to the 

non-design one, i.e. not developed part of the breed. 

The solution of this problem in the interval variant, or 

rather by the methods of interval analysis [2], is 

motivated by the fact that the diameter, depth of the 

well, as well as the distance between them can vary 

within a certain interval, depending on many 

parameters of the developed rock [3]. For example, 

according to [3], the borehole diameter 𝑑 ∈
[60; 100]мм, depth ℎ ∈ [6𝑑; 10𝑑], distance between 

wells 𝑙 = 1000
𝑑𝑓

𝜎
мм etc., here f  is the coefficient of 

rock expansion, σ is the coefficient of rock strength. 

For this reason, naturally, these parameters need to be 

considered in a certain interval. Consideration of the 

mathematical model in the interval version guarantees 

two-sided estimates of these parameters for the lower 

and upper boundaries of the obtained intervals. 

Consider the following problem: at what location 

of the wells can a continuous fracture be obtained 

between the wells? 

In order to answer this question, we will proceed 

as follows. 

Taking into account the given motivation of the 

interval option, the well diameter d and the 

coordinates of the well center 𝑀𝑖(𝑥𝑖;  𝑦𝑖)are taken as 

an interval value, ie 𝒅 = [𝑑, 𝑑],  𝒙𝑖 = [𝑥𝑖 , 𝑥𝑖] and  

𝒚𝑖 = [𝑦𝑖 , 𝑦𝑖], here 𝑥𝑖-is called the lower bound and  

𝑥𝑖–is the upper bound of the interval 𝒙𝑖, respectively, 

which are real numbers. Further, the intervals, 

according to the generally accepted rules, are 

designated in bold, and real numbers in regular fonts. 

In what follows, all arithmetic operations on interval 

values will be carried out, according to [1], in the 

complete interval arithmetic of Kaucher, which is 

usually denoted KR. Интервальное пространство и 

классическую интервальную арифметику в этом 

пространстве обозначим через IR [1].   

Let, *∈ {+,−,∙,/}, then *∈ 𝑲𝑹 means that 

operations of addition, subtraction, multiplication and 

division are performed in full interval arithmetic KR. 

Now let's get down to solving the problem. 

Without loss of generality, we will proceed as 

follows. The considered intervals are located in the 

positive part of the abscissas and ordinates. Then these 

intervals are positive and non-zero containing 

intervals. The intersection of the intervals 𝒙𝑖 and 𝒚𝑖  in 

R2 form rectangles containing points Мi(хi; уi), the 

sides of which are equal to 𝑥𝑖 − 𝑥𝑖 ,    𝑦𝑖 − 𝑦𝑖  

respectively. 

We present some characteristics of interval 

quantities according to [2], which we will use in 

further reasoning. 

The middle of the interval 𝒂 = [𝑎, 𝑎] is the 

quantity 𝑚𝑖𝑑(𝒂) =
1

2
(𝑎 + 𝑎), the width of this 

interval is the quantity 𝑤𝑖𝑑(𝒂) = 𝑎 − 𝑎. 

The interval version of a straight line is 

considered in [5], in the form of a generalized line, 

defined as a strip containing rectangles 𝒙𝑖  𝐲i 
obtained as a result of intersection of intervals 𝒙𝑖  and  

𝒚𝑖. In the real version of the problem under 

consideration, according to [4], the coordinates of the 

point should satisfy the condition: 

1. abscissas of point 𝑥2 − 𝑥1 = 𝑥3 − 𝑥2 =
 … = 𝑥𝑛 − 𝑥𝑛−1 = 𝑎,  (*) 

2. the ordinates of the point 𝑦2 − 𝑦1 = 𝑦3 −
𝑦2 = … = 𝑦𝑛 − 𝑦𝑛−1 = 𝑏.  (**) 

Note that 𝑥𝑖 ∈ 𝒙𝑖 and  𝑦𝑖 ∈ 𝒚𝑖for all i = 1, 2,…, 

n. 

Now, using the introduced notation, we rewrite 

equalities (*) and (**) in the following form 

mid(𝒙2) − mid(𝒙1) = mid(𝒙3) − mid(𝒙2) =
⋯ = mid(𝒙𝑛) − mid(𝒙𝑛−1) = 𝑎,       (2) 

mid(𝒚2) − mid(𝒚1) = mid(𝒚3) − mid(𝒚2) =
⋯ = mid(𝒚𝑛) − mid(𝒚𝑛−1) = 𝑏,       (3) 

where a and b are constant numbers. 

Further, as in the real case [4], we require the 

location of the middle of the intervals Мi on one 

straight line, since the middle of these intervals, by 

definition, are real numbers. Then these points lie on 

one straight line and satisfy the equation of the straight 

line 
𝑥 − 𝑥1
𝑥2 − 𝑥1

=
𝑦 − 𝑦1
𝑦2 − 𝑦1

. 

Substituting in this equation instead of x and y 

the corresponding interval values, we obtain 
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𝒙 − mid(𝒙1)

mid(𝒙2) − mid(𝒙1)
=

𝒚 − mid(𝒚1)

mid(𝒚2) − mid(𝒚1)
,

 
𝒙 − mid(𝒙1)

mid(𝒙3) − mid(𝒙1)
=

𝒚 −mid(𝒚1)

mid(𝒚3) − mid(𝒚1)
,

…………………………………………… .…

𝒙 − mid(𝒙1)

mid(𝒙𝑛) − mid(𝒙1)
=

𝒚 −mid(𝒚1)

mid(𝒚𝑛) − mid(𝒚1) }
 
 
 
 

 
 
 
 

                                          (4) 

 

By term addition of the left and right sides of 

equality (4), respectively, gives 

 

 
𝒙 − mid(𝒙1)

mid(𝒙2) − mid(𝒙1)
+

𝒙 − mid(𝒙1)

mid(𝒙3) − mid(𝒙1)
+ ⋯+

𝒙 −mid(𝒙1)

mid(𝒙𝑛) − mid(𝒙1)
= 

=
𝒚 −mid(𝒚1)

mid(𝒚2) − mid(𝒚1)
+

𝒚 − mid(𝒚1)

mid(𝒚3) − mid(𝒚1)
+ ⋯+

𝒚 −mid(𝒚1)

mid(𝒚𝑛) − mid(𝒚1)
                          (5) 

 

By virtue of equalities (2) and (3), we can write 

 

mid(𝒙2) − mid(𝒙1) = 𝑎,   mid(𝒙3) − mid(𝒙1) = 2𝑎, … ,mid(𝒙𝑛) − mid(𝒙1) = (𝑛 − 1)𝑎   and  

mid(𝒚2) − mid(𝒚1) = 𝑏,mid(𝒚3) − mid(𝒚1) = 2𝑏,… ,mid(𝑦𝑛) − mid(𝑦1) = (𝑛 − 1)𝑏. 
 

Further, using the properties of the interval 

operation [1], the denominators of the fractions in 

equality (5) will be replaced by the corresponding 

numbers, this is possible since the denominators 

contain numbers, then we have 

 
𝒙 −mid(𝒙1)

𝑎
+
𝒙 −mid(𝒙1)

2a
+ ⋯+

𝒙 −mid(𝒙1)

(n − 1)a
= 

=
𝒚−mid(𝒚1)

b
+

𝒚−mid(𝒚1)

2b
+⋯+

𝒚−mid(𝒚1)

(n−1)b
.                                    (6) 

 

In equality (6), putting the common factors 

outside the bracket, we get: 
𝒙−mid(𝒙1)

𝑎
(1 +

𝟏

2
+⋯+

𝟏

(n−1)
) =

𝒚−mid(𝒚1)

b
(1 +

𝟏

2
+⋯+

𝟏

(n−1)
). 

Reducing the expressions in parentheses in both 

parts of the last equality, we have: 
𝒙−mid(𝒙1)

𝑎
=

𝒚−mid(𝒚1)

b
.                          (7) 

After making simple transformations, we rewrite 

the last equality in the following form: 

𝒚 − mid(𝒚1) =
𝑏

a
(𝒙 −mid(𝒙1)).        (8) 

Equation (8) defines the strip widths on the plane 

located in the first quarter of the Oxy plane. 

This means that the centers of the wells are 

located within this strip, and the distance between the 

centers of the wells is constant, i.e. equal, this follows 

from conditions (2) and (3). The coordinates of the 

well centers are located at points М𝑖(𝑚id(𝒙𝑖); 
mid(𝒚𝑖)). The direction of the strip determines the 
𝑏

a
 value. The distance between the centers of the wells 

is defined by the equalities 

М𝑖+1(mid(𝒙𝑖+1);  mid(𝒚𝑖+1)) − 

М𝑖(mid(𝒙𝑖);  mid(𝒚𝑖)) = 𝑙,              (9) 

where  𝑖 = 1,2, … , 𝑛 − 1. 
Now let us determine the width of the resulting 

strip, given by equation (8). 

This is the same as specifying the width of the 

intervals 𝒙 − mid(𝒙1)   and 𝒚 − mid(𝒚1). Determine 

the width of the interval 𝒙 − mid(𝒙1). 
By definition and the interval width property 

 

𝑤𝑖𝑑(𝒙 − mid(𝒙1)) = 𝑤𝑖𝑑(𝒙) + 𝑤𝑖𝑑(mid(𝒙1)) = 𝑤𝑖𝑑(𝒙) + mid(𝒙1) = 

= 𝑥 − 𝑥 +
1

2
(𝑥
1
+ 𝑥1) = (𝑥 +

1

2
𝑥1) − (𝑥 −

1

2
𝑥1).                                   (10) 

 

In the same way, we get the result for the interval 

𝒚 − mid(𝒚1): 
 

𝑤𝑖𝑑(𝒚 − mid(𝒚1)) = (𝑦 +
1

2
𝑦
1
) − (𝑦 −

1

2
𝑦1).                          (11) 
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From equality (10) and (11) it is seen what the 

width of the resulting strip given by formula (8). 

Consequence. Since we need to find the strip 

with the smallest width, in equality (8) the expressions 

𝒙 −mid(𝒙1)   and 𝒚 −mid(𝒚1), without loss of 

generality, can be replaced by 𝑤𝑖𝑑(𝒙) and  𝑤𝑖𝑑(𝒚), 
which are often found and are convenient for use in 

practical tasks. Then we get 

𝑤𝑖𝑑(𝒚) =
𝑏

a
 𝑤𝑖𝑑(𝒙).  (12) 

If we put 𝑤𝑖𝑑(𝒙) = 𝑚𝑖𝑛𝑥𝑖  and 𝑤𝑖𝑑(𝒚) = 𝑚𝑖𝑛𝑦𝑖  
for all i=1, 2, …, n,  then equality (12) takes the form 

min
𝑖
𝑦𝑖 =

𝑏

a
min
𝑖
𝑥𝑖.  (13) 

Equality (13) is of practical value, since 

engineers work with real numbers, not intervals, and 

this equality sets the strip with the smallest width. 

Figure 1 shows the determination of the swath width 

and the location of the well centers, for three points as 

the center of the wells. 

 

 
 

Figure 1. The image of the strip and the location of the centers of the wells. 

 

It is known that the smallest area of a rectangle is 

equal to the area of a square obtained from this 

rectangle with a smaller side. 

Further, let us denote by ρ the width of the strip 

and by c the side of the square obtained from the 

rectangle 𝒙𝑖  𝐲i. The side of a square is determined 

by the following equality 

с = {
  min
𝑖
𝑥𝑖 , 𝑖𝑓 min

𝑖
𝑥𝑖 ≤ min

𝑖
𝑦𝑖

 min
𝑖
𝑦𝑖 , 𝑖𝑓 𝑜𝑡ℎ𝑒𝑤𝑖𝑠𝑒.   

   

 

for 𝑖 = 1, 2, … , 𝑛. 
In this case, the bandwidth ρ will be equal to 

ρ = √2с,  (14) 

if the strip is sloping and 

ρ = с,  (15) 

In this case, the well, like a circle, is inscribed in 

a square with side c, therefore, for the diameter of the 

well, the inequality 

𝑑 ≤ ρ. 
Thus, the derivation of equation (8) and, as a 

consequence, equation (12) and equality (13), are the 

solution to the problem posed. Equalities (14) and (15) 

determine the width of the resulting strip. As a result 

of obtaining these equations, the following theorem 

was proved. 

Theorem. If for the intervals 𝒙𝑖 , 𝒚𝑖 ∈ 𝑰𝑹, i=1, 2, 

…, n,  conditions (2) and (3) are satisfied, then 

1) the coordinates of the points of the center of 

the wells are located along the strip determined by 

equality (8), and the smallest width of this strip is 

given by equalities (14) (or (15)); 

2) the distance between the wells is determined 

by equality (9). 

Figure 2 shows a general view of the location of 

wells in the area of processed rocks, specified by the 

customer's technical regulations. 
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Figure 2. Images of a general view of the location of wells in the area of the treated rocks. 

 

Conclusion 

In recent years, there has been an intensive search 

for methods for the effective development of rocks. 

Arbitrary location of wells, when used for blasting 

purposes, after the explosion of the rock, those parts 

of the rock mass that were not the object of design 

development will suffer. The shock is free from the 

explosion, forming many cracks in this part of the 

mountain range, loosening it, which can subsequently 

lead to emergency situations. It is these circumstances 

that force researchers to search for optimal solutions. 

The solution of the problem posed in the interval 

variant gives a wide range for the location of the wells, 

but indicates the exact boundaries, which is one of the 

essential factors in the consideration of the tasks of 

blasting operations on rocks. If equality (8) 

determines the width of the strip for the location of the 

wells, then using equalities (12) and (13) it is possible 

to obtain the exact boundaries of the strip width and 

coordinates of the center of the wells, respectively. 
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