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Abstract
Determined patterns of force load on the sole and upper of orthopedic and postoperative shoes when bending the foot while walking. To determine the force of the load on the top of the postoperative orthopedic shoes, the frictional forces between the lateral surfaces of the shoes and the outer lateral sides of the foot can be neglected. Thus, the task will be reduced to the compilation of equilibrium equations of a plane system of forces. As can be seen from the load diagram of the top of the shoe, we have a flat arbitrarily located system of forces. To determine the unknown forces, it is necessary to compile a system of two equilibrium equations, which will represent the algebraic sums of the projections of all forces on the horizontal and vertical axes. To automate the design process of orthopedic and postoperative shoes, a computer program was developed that allows you to perform calculations of the corresponding forces and tension depending on the design and types of material of individual elements, as well as obtain regression equations for determining the effect of tension on the magnitude of the detachment force.
Keywords: power load schemes, pressure force, distributed load, friction force, postoperative footwear.
Introduction. Post-operative [1, 10] orthopedic footwear is designed for patients with open wounds on the feet. The design of the footwear allows for complete transformation [2-4]. The footwear is secured on the foot using several fasteners along the dorsal surface of the foot, which follow its contour, allowing for adjustment of fit and improved aesthetic appearance. This design facilitates easier donning and removal of the footwear, helping to reduce pain during use and securely fix the ankle while walking [5-7, 10]. The heel part is closed, which helps to reduce slipping of the foot. The inner surface of the footwear is smooth, without rough seams that could create pressure on the operated areas of the foot. The softness and lightness of the footwear allow the patient to reduce irritation and pain during use. 
It is known that the most common type of deformation affecting footwear components during manufacturing and use is stretching [8-10]. Therefore, strength under stretching of the upper materials of the footwear is always considered the most significant quality indicator. The ability of upper materials to form and maintain shape is largely ensured by the optimal balance of the components of total deformation, which includes reversible deformation (comprising rapid and slow reversible components) and residual deformation [3-7]. High elastic-plastic properties of materials not only ensure the quality of key processes in footwear production (such as shaping, joining, finishing, etc.) but also guarantee a good fit to the foot during the initial wearing period and preservation of the footwear's shape during use [10]. 
To provide the necessary density, thickness, shape retention, and to reduce the time for technological operations during cutting and assembly of blanks, textile fabrics intended for footwear are usually laminated. Combining two or three different types of materials into a single material ensures a high-quality appearance, smooths out folds and creases, guarantees a high level of performance characteristics, and significantly extends the lifespan of the products.
The purpose of the article.  Determine the loading forces on the upper part of orthopedic and post-operative footwear.
Results. Figure 1 shows diagrams of the force loading on the sole and upper part of the footwear during foot flexion while walking. The diagrams were constructed using the method of freeing from constraints.
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	Figure 1. Diagram of force loading



The distributed load on the sole  is replaced by a resultant force Р’, which is determined by the formula
	
	
	(1)


where  is the length of the shoe's rim to the sole bending line, extending from the edge of the heel to the point of the internal plane-phalanx joint.
The forces acting on the upper part of the post-operative orthopedic footwear are as follows: P – a force equal in magnitude and opposite in direction to the resultant of the distributed load; R – the pressure force on the upper part of the post-operative orthopedic footwear during sole bending; N – the normal reaction from the heel on the inner surface of the shoe's upper part; kN – the frictional force between the heel and the inner surface of the shoe; k – the coefficient of friction between the heel and the shoe material; R1, R2 – the frictional forces between the side surfaces of the shaft and the outer side of the foot, which are determined by the formulas.
                                                                (2)
where s1 , s2 – side areas of contact between the shaft and the outer and inner sides of the foot;
k1 ,k2 – coefficients of friction between the outer and inner sides of the foot and the material of the shaft (in the context of our problem k=k1=k2 can be assumed);
q1(s1), q2(s2) – distributed normal pressure between the outer and inner sides of the foot and the material of the shaft.
To determine the resultant force , it is necessary to write the equation that relates the bending moment to the curvature of the sole axis. For the conditions of our problem, it has the form
	
	
	(3)


where Р’  – bending force; Е – the modulus of elasticity of the sole material in tension (for porous rubber, its value is ); ​ – the moment of inertia of the sole cross-section relative to the x-axis, which is perpendicular to the central axis of the sole;  – the radius of curvature of the sole in the contact zone with the metatarsophalangeal joint; L – the lever arm of the bending force (the distance from the edge of the heel to the sole bending line, taken as 0.67 times the length of the foot).
Solving (3) provides the formula for determining the resultant force P, with which the sole, during bending, will act on the upper part of the footwear.
	
	
	(4)


To determine the loading force R on the upper part of the post-operative orthopedic footwear, friction forces between the side surfaces of the shaft and the outer sides of the foot can be neglected. Thus, the problem reduces to setting up equilibrium equations for a planar system of forces.
As seen from the force diagram of the loading on the upper part of the footwear, we have a planar system of forces arranged arbitrarily. To determine the unknown forces, it is necessary to set up a system of two equilibrium equations, representing the algebraic sums of the projections of all forces on the horizontal (x) and vertical (y) axes, which will be equal to zero.
The resulting system of equilibrium equations will have the form

                 
                                          (5)

the algebraic sum of the projections of all forces acting on the upper part of the footwear onto the x and y axes;  – the angle characterizing the tilt of the foot and the corresponding shaft;  – the angle of inclination between the tangent to the sole of the post-operative orthopedic footwear and the support plane (which can range 200÷400, typically taken as 25°).
Taking into account the third equation of the system (2.6), we obtain

                       
                                                   (6)
From the second equation of the system (6), we obtain
                                      
From the last equation, we determine the value of the normal pressure of the heel on the surface of the footwear
	
	
	(7)


Transform the first equation of the system (2.7) to the form
	
	
	


Substitute the value of the normal pressure of the heel on the surface of the footwear from formula (7) into the last equation, we obtain
	
	
	


Bring the last equation to a common denominator
	


	
	


Present the last equation in the form
	



or
	

	
	


From the last equation, determine the force of pressure on the upper part of the post-operative orthopedic footwear when bending the sole
	
	
	(8)


The value of the normal pressure of the heel on the surface of the footwear, taking into account (2.8), will be as follows
	




Substitute the values from (4) into equation (8) and we obtain
	
	
	(9)



Conclusions. The forces acting on the upper part of the orthopedic and post-operative footwear have been determined.
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