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Abstract

The analogy between wear resistance of technical surfaces with a discrete relief and  the similar problems  in the wildlife is lead. As object of comparison the finitenesses skin of the person  has been considered. It  is exposed to the greatest contact loadings and friction during physical activity. For thousand years of evolution the palms skin of the person should adapt to protection against damage and wear. 
As a result of carried out scanning research it is established, that parameters geometrical structures of a skin of finitenesses in the majority coincide with optimum parameters of a microrelief of technical surfaces.
1. The analysis of a problem

If a solid interacts with the other solid, a liquid, a gas these changes show themselves in a wear, friction, folding, and other deformations. In most cases it causes bodies' surface damage and is undesirable. The structure of surface layer of contacting bodies is of decisive importance. In particular, it applies to the state of machines details surface in the technique. Most traditional methods of details finish treatment  result in the formation of chaotic type of surface underfeature with heterogeneous according to the form and size inequalities that is in its turn the result of the process of heterogeneity of material particles separation from general mass. The heterogeneous geometrical structure of the surface results in heterogeneous distribution of external surface stress. Contact interaction, wear and friction, on the different areas of the actual contact takes place with different intensity that puts obstacles in the way to balancing the system and its free energy minimization according to one of fundamental laws of nature. Thus, it's obvious that to provide a minimum system's free energy, its stability against external environment influence it is necessary to aspire to optimization and regularization of bodies surface structure in the process of contact interaction. Complication of this task consists in the variety of technical contacts and contact phenomena, complicated contacts connection with microgeometry of contacting surfaces. The creation of machines details on the working surfaces with the purpose of optimization their microgeometry of different deepenings, that carry out the functions of oilwaies, has been in practice for  a  long time and played a certain role in the connections' longevity and reliability increase. A famous French patent is known to suggest without any scientific ground the decrease of all without exception surfaces that grind down to 30% by formation of different sort of deepenings [1]. But simple diminishing of contact surface is not enough, as in this  case contact stress on the contact surface unit will considerably increase and the wear speed will rise.
Surface parameters must be already optimal at the beginning of machines details exploitation, while for surfaces, treated by traditional methods, this process begins with a contact and few apexes' of inequalities intensive wear. One of effective methods of regularizing the form and sizes of the real contact areas of technical surfaces is superficially-plastic treatment (SPT): rolling-off, vibro roll  forming, burnishing and others [1]. Due to such treatment the apexes of rough surface are folding plastically and are forming a relief that is more friendly to bodies contact interaction. At the beginning of the contacting practically all waves of inequalities enter in the interaction at once and in the process of wear the area of the contact will change incidentally. Managing the parameters of treatment, it is possible to get the most optimal for these conditions relief of surface. In the same way it is possible to create by means of superficially-plastic treatment (SPT) the guided contours of surface in a plan. In the conditions of setting certain kinematics of treatment, different contours (systems of channels and lugs) are created on the surface: transversal, lengthwise and angularly; straight-line and corrugated; crossing and noncrossing.
Besides handling the size of contact area the task of greasing conjugating surfaces during their comparative move is almost always set. The more reliable a lubricating material is held between contacting details, the less they are subjected to the wear. The type of surface plays not the last role here. The channels created during the processing on a surface perform the function of a tank for lubricant maintenance and distribution. By means of theoretical researches, alpha and operating tests it is determined what type, form and depth of contour is the most acceptable. 

Among the parameters of regular contours the most important, from the point of forming operating characteristics of a surface, are: the direction of contour lines in relation to the direction of the relative sliding, relative surface area (relation of area, occupied by channels to the general area), depth and form of oilwaies. Summarizing the researches results in the field of surfaces’ with regular relief wear resistance [1, 2], it is possible to define such recommendations in relation to the above-mentioned parameters. The best results are performed by the transversal in relation to the direction of channel moving, as in this case more favourable conditions for lubricating are provided and in general a surface has greater bearing strength in comparison with lengthwise channels. What concerns relative area of the surface, the cases are considered to be optimal, when the area of oilwaies makes up 40-50% of the general area of surface. For reliable lubricant maintenance, providing its crossflow from a channel to the area of surfaces contact, moving away contaminations the best results are performed by the channels of a circular form. 

2. Technic-biological analogy
In this research the attempt to draw an analogy between results, obtained in the process of tracing wear resistance of technical surfaces with a regular relief and the way similar tasks get solution in nature, is made. As the object of comparison the skin on human extremities was examined. Among all body areas of a human being the skin of a palm is subjected to the largest contact stress and friction from the side of other articles during physical activity. Therefore for thousands of years of evolution the skin canopy of palms must have been adapted to prevent its damage and wear. We’ll consider shortly the physiology [5] and geometrical structure of a skin surface. 

The human-being skin consists of two layers (fig. 1). An external layer is called epidermis 1, and the second, that is more deep, -derma 3. On the surface of derma, that is adjacent to the epidermis papillary layer 3 is located, which forms conical papillae which submerge in an epidermis.
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	Fig. 1. The structure of the finger skin of a human being: 

1- epidermis;  2- papillary layer; 

3-comb.


On the greater part of the body dermal papillae are located chaotically, and on the palms, and on fingers in particular, they are folded in rows. That’s why epidermis which replicates the structure of external derma layer, forms small folds on these areas of body which represent and repeat the dermal papillae rows. These folds, visible on a skin surface with a naked eye, are called papilliferous lines (from lat. papillae - papillae) and are separated from each other by shallow furrows. Thus, the epidermis of palms’ skin has not only a larger thickness (up to 3mm) in comparison with other parts of the body but is also covered with a special relief in the form of papillary combs and furrows (especially on dactylar phalanxes). There are numerous pores - external openings of excretory channels of skin sweat-glands on the apexes of folds (combs of papilliferous lines).  Except for sweat-glands the channels of fatty glands and glands of external secretion are also present at the skin surface. The types of skin glands excretions are represented below in a table 1.

Table 1. Types of skin glands excretions
	Skin glands
	Inorganic
	Organic

	external secretion
	chlorides, metal ions, ammonium hydrate, sulphates and phosphates
	amino acids, carbamide, lactic and hydrochloric acid

	fatty
	-
	fatty acids and glycerine, other alcohols and carbohydrates

	sweat
	sodium, potassium and iron ions
	proteins, cholesterol, and carbohydrates


One of functions of the indicated excretions is lubricating the skin surface for its wear prevention during a contact with an environment. A lubricating substance is in the skin furrows; it greases the skin area that contacts with other objects, reducing the skin canopy wear.
Papilliferous lines, especially on the hands surfaces, form different patterns that are called papilliferous patterns. The outline of a papilliferous pattern is individual; it is finally formed in the process of antenatal development and is not subjected to any changes during the whole life. After epidermis damages the papilliferous pattern in regenerative process is restored. All variety of papilliferous patterns kinds, that may be found in natural environment, can be conditionally divided into three types: arc (simple and hip), loopback (left and right) and frizz (circle, a right and a left spiral) [3]. Surface appearance of the indicated relief types of skin surface is shown at the fig. 2. 
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Fig. 2. Relief types of the finger skin surface of a human being
Scientists paid attention on the outline of the dactylar pattern a long time ago. In 1911 for the first time an English scientist Francis Galton offered the method of person authentication by means of finger-prints. Since then this method, known as dactylography, became widely spread in criminalistics for criminals search. Recently such powerful vehicle computer based complexes for finger-prints research appeared [4]. They are: AFIS (the USA), FAT01 (Belgium), Finger Verifer (Taiwan), ADIS (Russia). Except criminals’ authentication these complexes are being used for access to the computer systems differentiation and as dactyloscopic locks for apartments. But in our case we are interested not in differences of finger skin patterns, but vice versa – in common things that were created by nature both for wear and damage prevention of skin extremities of a human being.

Analysing the skin furrows direction (fig. 2), we can evidently see that they are situated mainly perpendicularly to possible direction of moving at a friction. That is in any direction, regardless the pattern type, on the way of moving transversal furrows and combs of skin of fingers are the first to be subjected to contact interaction. This coincides with conclusions, made for regular relief, inflicted on technical surfaces.
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	Fig.3. The profilogram of the finger skin surface of a human being


For the analysis of the form of skin relief contour profilogram (fig. 3) of the finger skin surface area was taken off. For this purpose the negative imprint of skin canopy was created by means of solidifiable layer of PVA glue, inflicted on a glass surface. The mean values of such contour parameters were defined: contour height (depth) – 300...400 mkm, step of furrows - 500 mkm. Besides, the analysis of the profilogram shows, that the areas of cavities and lugs are approximately equal and, thus, the area of channels occupies roughly 50% of the whole skin surface. The combs of skin are located on one height and that is why enter the contact interaction almost simultaneously. Going back to regular reliefs on technical surfaces, we see that the determined optimal values of parameters of these reliefs in majority coincide with the parameters of fingers skin relief of a human being.
Conclusion

The conducted comparative analysis of superficial structure of technical surfaces and human skin allows to draw certain analogies, extend a vision of engineering problems connected with microreliefs regularization, to have another look at the assignment of papilliferous lines of human being extremities. 
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