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Abstract 

The necessity of ensuring the safety of buildings and structures has made it possible to obtain 

interesting results by simplifying the surface approach. It was determined that for the self-

evolution of the system, the probability of transition from a less probable state to a more 

probable state in the case of a more ordered arrangement of its molecules is higher. It was 

shown that if the environment has the necessary conditions for this, the probability of such 

a transition increases further. 
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Introduction 

It is important to consider that the object being studied for ensuring the seismic and fire safety of 

buildings and structures is a complex system [1-4]. Proteology has given scientists the 

opportunity to develop general universal algorithms and mechanisms for protecting various 

systems [5]. For example, A. Fleming proposed ideas according to which all living organisms 

place protective mechanisms on all their surfaces. Armed only with the basics of proteology, he 

concluded that the adaptation of microorganisms to a single type of vaccine forces the 

evolutionary development of the organism's defense mechanisms. As a result, another previously 

unappreciated protective mechanism was discovered, namely, penicillin, which saved the lives 

of millions of people from mold (fungus) [6-7]. 

In this regard, the mechanism we propose for ensuring the seismic and fire safety of buildings 

and structures is fully aligned with the methodology for ensuring the safety of protected objects, 

as well as a small section of proteology that covers the field of ensuring the safety of technical 

systems. 

 

Materials and Methods 

The above-mentioned aspects provide an opportunity to strengthen our argument about the 

proposal for a new scientific direction called "Fire Seismology." In this regard, research has been 

conducted from the perspective of the intersection of fire safety and seismology [7-10]. 

During a fire, buildings and structures exposed to the effects of fire are typically considered as 
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complex systems, and therefore, the approach to ensuring safety must be adequate. 

In the course of our work, we decided to simplify the complex system to the nanosurface level. 

Investigating the material substance at the nanosurface and determining that its crystal lattice has 

changed allowed us to perform several theoretical actions and calculations. 

The study of the fire-related properties of mineral-based construction materials made from local 

raw materials, depending on their crystalline level, revealed another aspect of ensuring safety. 

Aspects such as pyrolysis, stretching, breaking, and the fragmentation of the material address the 

question of the system's transition from a more probable to a less probable state. Therefore, in 

such a situation, it is necessary to recall the entropy of the system. Entropy is the energetic 

evaluation of the probability of reality. 

 ,TSW =   (4.6) 

In this case, T is the thermodynamic temperature; 

S is the entropy of the system; 

W is the thermodynamic probability of the state. 

In other words, TS represents the internal energy that is required for the system to transition 

from a more probable state to a less probable state. 

 

Two cubes of the same volume were taken by us, one of which had a material added that promotes 

better crystallization, specifically two pieces of wollastonite mineral were placed, with only one 

of them being more crystalline than the other. The main difference between them can be 

explained by the degree of order (the long- and short-range order of the microstructure). Both 

pieces exhibited in a 1 cm³ volume cube. (V1=V2=1cм3). 

In each cube of wollastonite, macromolecules are arranged in absolutely unpredictable 

conformations. The number of such conformations is undoubtedly infinite. However, even in the 

amorphous and crystalline state, after the material has been melted, the molecules will still have 

limitations on which conformations they can adopt. Therefore, we conditionally assume that the 

number of molecules in each state is equal to N. 

When heating and vibrational effects act together, initially, the volumes of these two cubes may 

change to the V3 state. It can be stated that the transition from state V1 to state V3, or from state 

V2 to state V3, is only ensured by the utilization of energy, and the energetic evaluation of the 

probability of transition between these states needs to be considered. However, our goal is to 

consider the difference in the energetic evaluations of the probabilities between these two 

transitions. For this purpose, it is deemed appropriate to consider such transitions at the molecular 

level, more precisely, at the molecular interval level. Each of the states V1, V2, and V3 will have 

different numbers of conformations of wollastonite molecules (Vn
W). Therefore, we will write 

the probabilities of performing each of these states. 

 

33 WVW =  – final state probability 

(after the combined effect of vibro- and thermal effects),  (4.7) 

A
W WV =2  – amorphous state probability,  (4.8) 

K
W WV =2  – The Probability of the Crystalline State,  (4.9) 
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In this situation, the efficiency of the transition from one state to another, specifically to the 

molten state, for both cubes can be written as follows: 

 ( )NKK VVWW 33 =  (4.10) 

 ( ) .33
N

AA VVWW =  (4.11) 

here: V3 – volume occupied by cubic molecules in the swollen state; 

Vк – cubic volume for the crystalline state; 

VА – cubic volume for the amorphous state. 

Now we have 3WWK   ва 3WWA   It is possible to answer the question of what is the 

difference between the transitions. This can be achieved by dividing the first ratio by the second 

ratio and performing a simple arithmetic operation. 
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6.15) and (6.16) have the following formula due to the similarity of the formulas 

 ( ) .//
N

AKAK VVWW =  (4.13) 

 

Results 

It follows from this that to explain the energetic difference between two different transitions, we 

can divide the number of methods implemented in the first cube by the number of methods 

implemented in the second cube. 

If this ratio is equal to "1," then it is not necessary to calculate the energetic difference between 

the transition of the amorphous cube to the molten state, as compared to the crystalline 

wollastonite cube. ( ) ,1// ==
N

AKAK VVWW   (6.14) 

That is, for the cube with a higher degree of crystallization, the same amount of energy is required 

to transition it to the molten state as is needed to melt the cube composed of wollastonite’s most 

amorphous structure. 

To obtain more precise results, it is necessary to consider the density. That is, it is required to 

determine the mass-to-volume ratio. 

 ,/vm=   (4.15) 

In this case, ρ is the density of the cube material; m and v are the mass and volume of the cube. 

Since the volume is equal to 1 cm³, it was found that drawing 100 cubes of the same volume for 

the first (more crystallized structure) cube results in a mass of M = 32.6 milligrams, and for the 

second (amorphous structure) cube, the mass is M = 30.1 milligrams. The calculation of the 

densities gives the following ratios: 

 

 .08,1AK  (4.16) 

From this ratio, it follows that, for a constant mass, the ratio of the densities of the cubes is given 

as follows: 
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That is, the ratio is greater than one. (32.6 / 30.1 = 1.0830564784) 

Substituting this value into formula (6.19), we get the following: 

 ( ) .1// =
N

AKAK VVWW  (4.18) 

 

Conclusion 

As we can see, simplifying the necessity of ensuring the safety of buildings and structures to the 

nanosurface level has provided the opportunity to obtain interesting results. As indicated above, 

it was determined that for the self-evolution of the system, the probability of transition from a 

less probable state to a more probable state is higher when its molecules are in a more ordered 

state. If the environment provides the necessary conditions, this probability becomes even 

greater. 
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