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power reduction of the artifi cial fracturing of the in-
digenous layers of the ornamental rock, in compari-
son with the absence of such activities and events, 
or the crossovers of the alluvial and out-weathered 
mining rocks of the hydraulic fracturing crack; 

4. The blasting replacing of the alluvial and 
the out-weathered mining rocks by the interbur-
den arrangement from the viscous fl uid, having 
intercepted them from the indigenous useful min-
eral resource, will be promoted to be reduced the 
harmfulness of the stripping operation production, 
their safety improving, and also the cost – cutting 
companies and enterprises on the labor health and 
safety, as well as the environment protection; 

5. The energy of the falling weight load is lost 
in the minimum degree, when shock fracture of the 
models previously pristine; 

6. When the shock fracture models, having 
previously disturbed by the crack hydro-fracturing, 
the energy of the falling weight load is lost, in the 
collisions of their upper and lower parts, as well as 
their upper parts rebounding from the bottom ones, 
as less massive from more massive ones. As a result 
of the double energy loss of the falling weight load, 
the total number of the debris and their fragments at 
the shock fracture models, having previously dis-
turbed by the crack hydro-fracturing is less, than at 
the previously pristine models.Dueto the collisions 
of the upper and lower parts of the models, as well 
as the upper parts of the rebounds from the bottom 
ones, there is the energy redistribution of the falling 
weight load up, andas the consequence, the degree 
increase fragmentation of the upper parts, compared 
with the pre – intact models; 

7. When the shock fracture models, having pre-
viously disturbed by the crack, which has already 
been formed, using the viscous fl uid, the energy of 
the falling weight load is lost at the collisions of 
their upper and lower parts, the upper parts bounces 
from the lower ones, as less massive to more mas-
sive, and also it is distinguished in the layer of the 
viscous fl uid. Due to the energy losses triple drop 
weight load, when the total number of the debris and 
fragments at the shock fracture models, previously 
broken crack, having formed, using the viscous 
fl uid is less, than at that, which has been formed by 
means of the liquid. Dueto the degree decrease of 
the upper and the lower parts collision, the degree 
reducing of the bounces of the upper parts from the 
bottom ones, as well as the disappearance of the en-
ergy part in the layer of the viscous fl uid, there is the 
energy redistribution of the falling weight load up, 
but with the decrease in the degree of the fragmen-
tation of the upper parts of these models, in com-
parison with those, that are pre-broken by the crack, 
having formed with the liquid; 

8. The fl uid-fracturing application in the tech-
nology of the stocks opening of the ornamental rock 
will be allowed to be reduced of the artifi cial frac-
turing of its indigenous reserves, due to the energy 
redistribution in the direction of the impact fracture, 

which is subjected to be removed the layer of the al-
luvial and out-weathered mining rocks. For all this, 
the degree of its pre-crushing will be increased, that 
will be created the quite good conditions for the 
subsequent production the secondary production 
from it, in the form of the building crushed stone. 

Thus, the scientifi c signifi cance of these studies 
is to be applied the fundamental laws of the min-
ing rocks failure in the solving of the urgent chal-
lenges of the mining production and industry. The 
scientifi c obtained results, in this direction, can be 
presented, in the form of the necessary recommen-
dations for the production of the mining activities at 
the enterprises for the marble extraction, in the form 
of the special blocks in the open method and way. 

Thus, some challenges are remained, the signif-
icance of which are quite substantially, which can 
be solved using the mining rocks fl uid – fracturing: 

1. The justifi cation of the need for the prior 
hardening of the fractured massif of the ornamental 
rock by the polyester resins (e.g. they are used to 
be fi lled the cracks) from the holes, that later they 
will be used for the monolith separation. So, this 
separation can be performed by the dynamic or the 
static wedges, as well as using the fl uid – fracturing 
or without it;

2. The justifi cation of the destruction need of 
the strongly fractured (e.g. «springy») of the over-
sized ornamental rock through the drilled holes in 
them blind, having fi lled by the viscous fl uid. So, 
this destruction can be done by the blow of the 
hydro – pneumatic hammer peak, and the destruc-
tible oversized one itself – can be clamped by piling 
on it other oversizes.

The work is submitted to the International Sci-
entifi c Conference "Priority directions of develop-
ment of science, technologies and equipment", Italy 
(Rome-Florence), April 12-19, 2014, came to the 
editorial offi ce оn 18.02.2014
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The Majority of modern chemical manufac-
tures are complicated technological complexes, 
each stage of processing of raw material on which is 
carried out by the several same technological opera-
tions forming systems with parallel structure. Here 
there is a problem of modeling and optimization 
of systems with parallel structure. This problem 
includes three basic aspects: the decision of distri-
bution problems of the limited resources between 
parallel operations or elements on top level of 
management’s system, a fi nding of local-optimum 
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decisions for its separate elements at the bottom 
level and by mutual coordination decisions of these 
problems among themselves. From here follows, 
that to one of questions defi ning a complex who are 
considered on the management information system 
the enterprises, problems of division distribution of 
the limited resources between separate subsystems. 
Here the concept resources is used in the most gen-
eral sense and can accept various forms, such as fi -
nancial, material, information, etc.

Introduction
By virtue of parallelism and uniformity of tech-

nological operations the basic matrix of system of 
restrictions of a problem of resources distribution 
appears close to singular and leads to instability of 
the decision. In works [1, 2] for the of problems 
decision of resources distribution  between parallel 
objects the method of expansion of admissible val-
ues set is offered. For the decision of resources dis-
tribution problems, forming parallel casual streams, 
generalization of the given method [3] is offered. In 
work [4] method of expansion is generalized for of 
accommodation problems of discrete objects which 
parameters are set by casual image. The given ap-
proach consists that the decision of an initial  of 
optimization task is defi ned by the directed transi-
tion to its optimum decision from the point corre-
sponding the decision of more simple problem with 
expanded area of admissible decisions. Computing 
procedure at use of this approach becomes not only 
tolerant to degeneracy matrixes of restrictions ma-
trixes task, but because of specifi city of model of 
systems with parallel structure provides a fi nding of 
exact problem decision.

1. The elementary of resources distribution’s 
problem in hierarchical systems.

Mathematically the resources distribution tasks 
in hierarchical multielement systems with parallel 
structure can be formulated as follows. The parallel 
structure of multielement system (fi gure 1) where 
each element carries out some identical kinds of 
activity is considered. The interrelation between 
these i-s subsystems happens through the general 
entrance parameter X = (x1, x2..., xn) which is the 
some resource, and through target parameters 

Y = (у1, у2..., yп).

Here x
i
 – an entrance variable, a resource which 

is allocated for processing to i -th subsystem (i = 1, 
..., n); у

i
 – a product which can be races-считан on 

the basis of model of interrelation у
i
 с x

i
; u

i
 – some 

operating infl uence which is used for realization of 
economic processes in a subsystem; у

i
 = f(x

i
, u

i
) – 

mathematical model of i - th element. 

,

where п – the general number of subsystems, 
 – a vector of the limited re-

sources (a total resource) which is required to be 
distributed(allocated) between separate subsystems.

The total of a target product can be presented in 
the form of the sum

.

There are various terms for defi nition of crite-
rion of optimization: function of benefi t, criterion 
of quality, function of the purpose, function of sat-
isfaction and others. We shall use all these terms, 
including their unequivocal. The general problem 
of distribution of resources can be formulated as 
follows. It is required to fi nd such vector X* = (х1 
*, х2 *..., хn *), satisfying to conditions 

  (1)

at which function of the purpose 
reaches(achieves) the maximal value, that is. 

  (2) 

Operating infl uence u
i 
(i = 1, …, n) enables the 

central body to infl uence a subsystem, considering 
its activity. A condition (1) generally are not strict 
inequality, however more often in considered prob-
lems strict equality as if the inequality there can be 
a undesirable rest of some resource is set is carried 
out. 

The task in view concerns to a class of prob-
lems nonlinear about cramming static optimization 
as assumes, that X and Y or do not depend on time, 
or are considered on some interval of time [0, Т] 
where it is possible to consider(count) these vari-
ables constant. For organizational-economic sys-
tems as the purposes various economic categories, 
such at least expenses or a maximum of the income 
of realization of production and (or) services can 
act. In chemical-technological systems criterion 
functions can be as well quantity parameters of a let 
out product. We shall consider the limited resource 
as scalar size that is one certain kind of a resource, 
for example, the fi nance, raw material, etc. In case 
of when it is necessary to distribute some kinds of 
resources, требу-NO to solve more complex vector 
problem. The elementary case of scalar problems 
arises, when functions уi=f (хi), i = l..., n, are linear 
functions. For a case when resource X is scalar size, 
this problem has the elementary decision which can 
be described by simple algorithm: 

1. There is a subsystem in which the output is 
maximal at giving values X. 

2. The following subsystem for which it is 
maximal you-courses from the remained subsys-
tems gets out. 

3. The following subsystem by the same rules 
gets out, etc. the Choice is carried out until there 
will be the most bad subsystem in sense of the cho-
sen criterion. 
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This problem can be written down in terms of 
linear programming as follows. It is required to fi nd 
non-negative values of variables x

1
, x

2,
..., x

n
 , xn 

which optimize criterion functions yi = fi  (x). Thus 
restrictions on used resources (1) should be carried 
out. Let fi  (xi) = aixi bi, i = 1..., n, and the general 
criterion of optimization is additive-separable func-
tion. Then the problem consists in defi nition of a 
maximum of global linear criterion function 

  (2)

at performance of restrictions on resources

  (3)

and technological restrictions 

  

or 

 . 

the given problem can be solved by methods 
linear programming. However in Minsker’s book 
more simple algorithm considering features of a 
problem is offered. For this purpose we shall appro-

priate to subsystems but-measure in ascending order factors  and we shall distribute 
resources as follows:

  (4)

.

Thus performance of a condition (2) is obvious. 
It is possible to show, that the given distribution is 
optimum. Let k> i and l <i. We shall transfer a part 
of a resource х from k-th subsystem to l-th subsys-
tem. It will lead to change of global criterion func-
tion F (x) = (al – ak) x. As al <аk value of criterion 
will decrease, i.e. distribution (8) is optimum. The 
algorithm of optimum distribution of resources can 
be presented as follows: 

1. As much as possible to distribute resources 
between subsystems, that is to put xj = xjmax and to 
check up a condition 1.

2. To reduce quantity of resources for the fi rst 
subsystem until will be satisfi ed a condition (1). 
Then or the condition x1min x01 х1mах is satis-
fi ed or the condition x1min – x01 0 is broken. We 
accept x01 = x1min then the condition (1) is not 
executed yet. 

3. To reduce quantity of resources for the sec-
ond subsystem on rule, described in item2, etc. the 
Block diagram of the given algorithm is resulted in 
fi gure 2. More challenges of mathematical model-
ing when mathematical models are nonlinear func-
tions. If even one of functions yi = f (xi), i =1..., n, 
describing object, is nonlinear then we have a prob-
lem of nonlinear programming. For the decision 
problems can be used as analytical methods, such 
both a method of uncertain multipliers Lagrange, 
and various numerical methods.

2. Distribution of resources between parallel 
systems. 

In the event that parallel systems are same, the 
basic matrix of system of restrictions of a prob-

lem of distribution of resources appears close to 
вырожденной, that leads to greater(big) comput-
ing diffi culties and instability of the received deci-
sion. In works [1-3] it is offered to use the approach 
which assumes, that the decision of a problem(task) 
of distribution of resources receive by the directed 
transition to its(her) optimum decision from the 
point corresponding the decision of more simple 
problem with expanded area of admissible deci-
sions. 

 , (5)

 , (6)

 , (7)

 . (8)

For her will be this task:

 , (9)

 , (10)

 . (11)

The general scheme of the decision of a linear 
problem of distribution of resources includes fol-
lowing steps:

1. The decision of the expanded problem (9) - 
(11).
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2. Check of the received decision on an admis-
sibility on restriction (6) initial problems. If the de-
cision is admissible, it is optimum. 

3. A choice of a direction and a step of descent. 
4. Transition to the new decision. The new de-

cision received as a result of descent, will be, obvi-
ously, optimum if descent in the chosen direction 
leads to the least change of value of criterion func-
tion in comparison with other directions. The algo-
rithm of the decision of a linear problem of distribu-
tion of resources can be found in [10]

3. Modeling of system of the analysis of a 
problem of resource distribution.

By optimization of various chemical-tech-
nological processes up to-is free often there is a 
problem of revealing of conditions or parameters, 
at which stable work of system, and also the pa-
rameters constraining the further improvement of 
process and an establishment of areas of more fa-
vorable values of these parameters [1, 4, 6] is pro-
vided. With reference to problems of distribution of 
resources, us can interested in a question on in what 
limits it is possible to change factors сi before the 
optimum decision will cease to be those; or on-how 
many it is possible to change the factors describing 
size of resource before the decision will cease to 
be admissible, or, at last, as change of restriction 
factors  infl uences the optimum decision. We shall 
consider two cases: 

1.possible change of a vector of the right re-
strictions (6) – resources S on some size 

 ; (12)

2. possible changing parameters of functions

 . (13)

General scheme of computer system of the 
analysis of a problem of distribution of resources 
is presented in fi gure 3 [6]. The device of computer 
modeling will allow to carry out the analysis of pa-
rameters, using consecutive diagnostics of param-
eters of system. Identifi cation of stochastic model 
of change of resources is one of essential tasks of 
imitating system. Casual character of change of 
some parameters, for example, volumes of a re-
source, is the reason of necessity of identifi cation 
of laws of distribution of the random variables de-
scribing change of volumes of a resource. Thus it 
is necessary to use known methods and algorithms 
of identifi cation. Then it is made имитирование 
under the received laws of distribution of actual 
changes of parameters by means of corresponding 
algorithms of modeling of casual laws [6]. Thus, 
applying offered and other methods, it is possible 
to simulate most often meeting continuous of dis-
tribution. Normal, or гауссово distribution is one 
of the most important and often used continuous 
distributions. Uniform distribution on frequency 
of application concedes to only normal law. Expo-

nent ional distribution describes a lot of real pro-
cesses where «time of occurrence" is examined. 
Many non-negative masks describing any casual 
phenomena, it is possible to describe by means of 
scale-distribution. As its parameters defi ne scale 
and the form of the law of distribution at change 
of their values density the scale-distribution can 
accept the most various forms and, hence, does 
this law by one of the most universal and valuable 
in the applied attitude [6]

The conclusion

Computer system of the task analysis of dis-
tribution of resources can be or is used as indepen-
dent, or included in structure of the information 
system’s management by the chemical - techno-
logical processes assuming presence of parallel 
objects with the purpose of optimization of tech-
nological processes, proceeding in parallel units.

The majority of modern chemical productions 
are the diffi cult technological complexes, each 
stage of processing of raw materials on which 
several technological operations of formation of 
systems with parallel structure are carried out. 
There is a problem of modeling and optimization 
of systems with parallel structure. This problem 
includes three main aspects: solution of the prob-
lem of distribution of limited resources between 
parallel operations or elements at the top level of 
a control system, in stay local optimum decisions 
for its separate elements at the bottom level and 
on mutual solutions of coordination of these of a 
problem among themselves. From this it follows 
that one of questions of defi nition of a complex 
which are considered in a control system of infor-
mation of the enterprise, problems of division of 
distribution of limited resources between separate 
subsystems. Here the concept of resources is used 
in the broadest sense and can take various forms, 
such, as fi nancial, material, information, etc.
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Nowadays it is increasingly important to search 
new energy systems based on the use of pure and 
inexhaustible energy sources. Attractiveness of hy-
drogen as a universal energy is caused by its envi-
ronmental cleanliness, fl exibility and effi ciency of 
energy conversion processes with its participation.

The aim of this work is to simulate the low op-
erating temperature hydrogen-air polymer electro-
lyte membrane fuel cell (PEMFC) for generation of 
electricity using as a fuel gas containing impurities 
of methane and carbon oxide. At creating a PEMFC 
the main attention is focusing on the development 
of catalysts with enhanced tolerance to methane and 
carbon oxide in the fuel.

PEMFC is a complex system, its characteristics 
are determined by parameters of each component. 
Developed mathematical model of the PEMFC is 
based on the basic equations of hydrodynamics, 
conservation equations of mass, energy and current. 
The model takes into account the infl uence of the 
catalyst layer active area, the platinum content of 
the catalyst in the active layer, its overall charac-
teristics on the current and the power produced by 
the FC.

Mathematical model includes the following 
equation: potential equation, local surface over-po-
tential equations at anode and cathode, the bound-

ary conditions for the potential and equations calcu-
lating current density at anode and cathode.

The model treats the following processes: trans-
port of water and reagents in bipolar plate channels, 
gas diffusion and active layers, membrane; protons 
transfer in membrane and active layer of the cata-
lyst; electron fl ow in the active, gas diffusion layers 
and electrodes collectors. These areas are described 
separately in the model and are connected with each 
by boundary conditions.

The main equations of processes in bipolar 
graphite plates channels at anode and cathode sides 
are the laws of components mass conservation and 
the Navier-Stokes equations for the calculation of 
gas fl ow movement. The laws of components mass 
conservation in the diffusion layers are similar to 
the previous one, with accounting of layers poros-
ity. The laws of components mass conservation in 
catalyst layers are similar to laws in the diffusion 
layers, with the addition of reactions. The law of 
water mass conservation is in the zone of mem-
brane.

The mathematical model has been tested by 
comparison with a series of experiments for two 
types of cathode catalysts: commercial catalyst 40 
wt.% Pt/C (E-TEK) -0.4 mgPt/cm2 and synthesized 
catalyst.

In the result of simulation the dependences of 
components concentrations and gas concentration 
distribution along MEA thickness, the current-volt-
age characteristics are obtained. Aging of electro-
chemical active surface due to Pt catalyst poisoning 
has been simulated.
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