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PA3IIPOCTPAHEHUE HA MAJIKA C HAIIPEYHA CKOPOCT IIYJICALIUU B
PABHUHEH BUCKO3EH IIOTOK

Pymen fHkoB

PROPAGATION OF SMALL TRANSVERSE VELOCITY PULSATIONS
IN PLANE VISCOUS FLOW

Rumen Yankov

ABSTRACT: Based on the Navier-Stokes equations, an approximate mathematical model was created for the
propagation of small harmonic speed pulsations across the streamlines in a planar viscous flow. Quantitative
limits are specified for the magnitude of the module, according to which the velocity ripples are considered to be
"small”. The analytical solution of the mathematical model is presented. An analysis of the obtained dependencies
was made and the limitations from a hydrodynamic point of view for their validity were justified.

Key words: turbulence, stabilized flow, viscous fluid, harmonic pulsations

1. Statement of the task. Solving such
problems is directly related to the modeling of
moderately turbulent fluid flows.

The parameters of the harmonic ripples
(module and frequency) are limited by different
conditions, depending on the problem being
solved. For example, in the proposed work the
constraint is represented by the inequality:

5 1)

D,
0«1

w.V

Here: v, and w are the modulus and frequency
of the speed ripple; v-kinematic coefficient of
viscosity of the fluid.

When modeling turbulence in two-phase
flows, constraints are related to the size (d,,) of
the dispersed phase through the relationships [1]:

%'—dp K1 diw<Kl; )
v

U

dp.w =7y w=< 0,08.d—p

Here: dp-diameter of the solid particle; U-
velocity of the fluid around the particle; 0.08 is the
value of the degree of turbulence (¢)
corresponding to the concept of "moderate”
turbulence.

At the points of the inlet cross-section in a
planar stabilized flow of a viscous fluid,
transverse harmonic velocity pulsations are
generated, described by the function:

V =1y Ccosw.t 3

Thus, the velocity field becomes composed of
two components and is defined as quasi-
stationary.

The task is to investigate the propagation of
pulsations in the flow plane after the inlet section.

For this purpose, the Navier-Stokes equations
for planar (in the xOy plane) viscous flow are
used. The components of the velocity field are:

- along the X axis

- along the Y axis

U(x,y,t) = const. (4)
v=A(x).cosw.t

Considering the physics of the process, it is
assumed that the convective derivatives in the

equations are in the following ratios:

o v, ou o (5)
oy « ox’ ox « ay’

respectfully

0%v « 6217_ 0%u « 0%u
dy?  0x2’ 0x%  0y?

The pressure gradient across the streamlines is
)
also assumed to be zero, ie: £ =0.

By substituting the velocity components (4) in
the Navier-Stokes equations, for the velocity
ripple (v) we obtain:

0’v U dv 1 ov 0 (6)



This linear partial differential equation is

solved under the following boundary condition:
v(x =0) =vycosw.t @)

When the boundary condition is a continuous
function of time (t), as is the case, no formulation
of an initial condition is necessary.

Equation (6) and condition (7) form the
mathematical model of the propagation of small
transverse velocity ripples in a planar viscous
flow.

2. Solution of the task. It is assumed that the
boundary condition (7) is the real part of the
complex potential

v(x = 0) = vy, eb®t = (8)
= vy. (cosw.t + i.sinw. t)

In such a case, the solution is sought in the

form:

v = v,. e@x+BD )
where « and S are currently unknown
coefficients.
When substituting (9) into (8), for (8) we get:
B=iw (10)
By substituting (9) and (10) into (6), for the
coefficient a the equation is obtained

U w

al——a—-i.—=0 (1)
v v

The roots of (11) are complex:

U 4.w.v (12)
0(1,2=ﬂ. 1i 1+l UZ =

U
=5 [1+ R(cos® +i.sin@)]

On the right side of the last tie is laid:

13
4 4.0, w\? (13)
k= 1+< U2 ) ’
9_1 , (4.a).v)

—2.a an 2

Substituting (10) and (12) into (9) and,
assuming only the (-) sign in the exponent, the
solution to equation (6) can be written as:

v = v, e%.(l—R.cos @).
U.x
cos (H.R.sing - w. t)

The last expression is the real part of the
complex potential of the form (9), which is a
solution of the differential equation (6). As is
known, if the sum of the real and imaginary parts
of the complex potential is a solution of the
equation, then each of them separately is also a
solution [3]. Moreover, in the particular case, the
choice of (14) (the real part) for the sought

(14)

solution is consistent with the type of boundary
condition of problem (7).

3. Analysis of the results. The resulting
dependence (14) describes a damped oscillatory
process that takes place in the conditions of a
viscous fluid flow. According to (13), the
guantitative flow parameters and fluid properties

are grouped in the dimensionless complex (4';'2“’).
It shows that the attenuation along the streamlines
increases with increasing frequency (w) or
viscosity (v). Increasing the current speed

increases the penetration depth of the ripples.

Gross poulsation velosity Wg(x) on condition c
B SRS, T SR

4.ni.0megaflj g2 =0.02
: ! =008

3 T I T T I
-100 -850 u] g0 -100 -50
longitudinal co-ordinate, X -axis Cross poulsa
Fig.1.

Propagation of the transverse velocity ripples
v along the current lines in the core, where U =
const., at the moment t = 1[s] for frequencies
(w): 625, 1000 and 1250 [s~!] and established

velocity U =0,5 [%] for all frequencies.

According to the graphs, at a frequency of
1000[s~1], a very weak damping of the ripples v
along the current lines is observed, and these are
conditions close to the limit of current resistance.
At other frequencies, the attenuation is obvious.

The value of the complex 4;]’—;” for the four

)
frequencies changes proportionally to w. From

what is shown in the figure, it can be assumed that

_ -11., — 10-5 [™* _
at = 1000[s~1],v = 10 [S ] and U, =
0,5 [%] , is the resistance limit for it as well.
(4;'—;") = 0,016

9 Zcrt.



According to the expression in parentheses in
the exponent, the sign in front of the latter can
change depending on the values of R and ©.

In accordance with the physics of the process,
the value of the expression in the parentheses must
satisfy the inequality:

1—R.cos® <0 (15)

Under this condition, the function (14)
describes a real, monotonically damping along the
current lines pulsation process.

The above expression can be close to or equal
to zero. This corresponds to a very low viscosity
or a very high transfer rate. In this case, the
velocity ripples are carried along the current
without or with little damping of the amplitude.

When the exponent has a positive sign, the
function describes a non-damping oscillatory
process with an increasing X-axis amplitude.

According to what has been said, the last two
cases are unreal. Therefore, the frequency of the
modular pulsations must be tailored to the specific
carrier velocity and viscosity in accordance with
(15).
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RARE DAMAGE TO CYLINDER HEADS FROM INTERNAL COMBUSTION ENGINES

lvan lvanov

ABSTRACT: In the present study, rare in-service damage to cylinder heads from internal combustion engines
is presented. It has been established that they are secondary defects (consequential) due to the occurrence of
failure in the various mechanisms and systems involved in the operation of the engine. Some of the failures were
found to be due to improper maintenance, use of inappropriate oils, coolants and consumables, as well as human

negligence.
Key words: cylinder heads, service damage

Introduction

In the cylinder head, as a detail, there are many
elements of various systems involved in the oper-
ation of the engine - cooling system, fuel system,
lubrication system and others. As a result, its
structural layout is related to the construction of
numerous walls, openings, threads, shaped cavi-
ties, in which elements that make up the various
systems are located independently of each other.
As a result of their joint work, various damages
can occur in them, which can lead to an emer-
gency failure of the engine. In earlier studies [1,
3-7,10, 11, 13-16, 19,25] the characteristic effects
in the cylinder heads that appear during their nor-
mal operation over a long period of time have
been established. Initiation and development of
cracks, corrosion of the valve seat, change of its
geometry and deterioration of the contact between
the valve and the seat, increase in the size of the
valve guide sleeve and other damages are natural
during the operation of the engines [13-15]. Low-
cycle and high-cycle fatigue are the cause of the
initiation and development of numerous cracks,
which are often observed in the repair of cylinder
heads [4,5, 8-10, 18-21, 26], which makes it pos-
sible to predict with sufficient confidence the
place of the defect and the possibilities of restor-
ing the part. And yet, in repair practice, defects are
found that occur rarely and are difficult to predict.

The purpose of the present study is to present
the rare operating damages on the cylinder heads
and to establish the reasons for their occurrence.

10

Results and analysis

During long-term operation of the cylinder
heads, carbon deposits form on the walls that are
in contact with the combustion process and the in-
coming and outgoing gas flows. Under normal en-
gine operating conditions, they are removed natu-
rally by burning and carrying the particles through
the exhaust ducts. In many cases, these deposits
accumulate on the heads and stems of the valves,
the walls of the ports for the inlet and outlet gases,
and this makes it difficult to remove heat, which
is especially dangerous for the intake valves. An
extremely rare case is presented in fig. 1. In the
cylinder head shown, the accumulation of carbon
deposits in the intake valve ports is in such quan-
tities that it has completely blocked the access of
the incoming air, and the only free space in it is
for the valve stem. Strongly deteriorated engine
performance is the reason for disassembling the
cylinder head in this particular case.



Fig.1. Clogged intake valve ports in diesel engine
cylinder head

a) general view of the cylinder head; b) place
of blockage of the intake port; ¢) carbon deposits
in the port.

In the many years of the author's practice in the
repair of cylinder heads, the presented case is only
the third, and all three are in cylinder heads of die-
sel engines. The reason for their formation can be
the ingress of oil through the seals of the valve
guides. On reaching the hot surface of the valve,
it can stick and burn, forming heavy black carbon
deposits that gradually builds up over time. The
longer the engine mileage and the greater the wear
on the valve guides and seals, the faster black car-
bon deposits build up on the intake valves.

In the repair work, it is relatively rare to find
damage to the cylinder heads, related to defects in
the fuel system and, more precisely, in the disper-
sal of the fuel in the cylinder. The changes in the
geometry of the fuel injection holes, described in
[23], cause the appearance of a concentration of
the fuel jet and a sharp increase in temperature in
a small volume, reaching the melting temperature
of the material from which the cylinder head is
made - fig . 2. In the presented in fig. 2 case as a
result of clogging of all but one of the fuel nozzle
holes, the fuel flame is concentrated in a small
volume.
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Flg.2. Local melting of a cylinder head from a
diesel engine

a) general view of the cylinder head; b) melt-
ing point;

The increase in temperature in this micro-vol-
ume, combined with the gas-dynamic forces of
engine operation, deterioration of the gasket be-
tween the two cylinders lead to melting of the
casting and dispersion of the metal in the form of
fine droplets from the zone. Part of the molten
droplets crystallizes on the front surface of the pis-
ton, another on the exhaust valves and the chan-
nels for the removal of the exhaust gases. As a re-
sult of the melting, part of the gasket also melts
and connects the adjacent fuel cylinders, which in-
tensifies the process until the engine stalls. In ear-
lier studies [7,9,10,13,16], an analogous damage
to the cylinder head, but with indirect injection
combustion chamber, was presented. During this
process, there is a deterioration of the cooling in
the cylinder head and a strong deformation in its
entire volume. As a result, the mutual position of
the working surfaces changes to a significant ex-
tent and their restoration is economically unprof-
itable. In this case, the cylinder head is scrapped
due to the occurrence of a defect in another sys-
tem. These defects are called secondary and cata-
strophic [7, 9,10].

One of the main causes of cylinder head dam-
age is human negligence when repairing or oper-
ating internal combustion engines. To reduce re-
pair costs are in the case of fig. 3 basic technolog-
ical operations of restoration are omitted — grind-
ing the front surface of the cylinder head and cyl-
inder block, while at the same time low-quality
gaskets have been inserted.



Fig.3. Gas corrosion of a cylinder head from a
gasoline engine

a) general view of the cylinder head; b) place
of gas corrosion;

During the subsequent operation of the car, the
gasket breaks in the place of the greatest curvature
(between the 2nd and 3rd cylinders) after only 250
km of the car's mileage. In the place of rupture of
the gasket, intense gas corrosion occurs, com-
bined with a cyclical change of temperature and
pressure, as well as the direction of gas movement
- from one cylinder to the other and vice versa de-
pending on the engine stroke. The depth of the
flawed area is 0.7 mm and is measured relative to
the surrounding surface unaffected by gas corro-
sion. Deterioration of the seal between the cylin-
der head and the cylinder block causes exhaust
gases to enter the cooling system, and from there
the engine overheats. When restoring by grinding
the front surfaces, the removed layer of metal
from the cylinder head is 1.34 mm, and from the
cylinder block - 0.27 mm.

Another manifestation of human negligence in
the operation of internal combustion engines is the
replacement of low-temperature liquid from the
cooling system with tap water. This procedure is

12

dangerous for both the cooling system and the
body parts — cylinder head and cylinder block.
The use of water as a coolant leads to the accumu-
lation of scale on the walls of the cooling system,
hoses and clogging of the radiator. At low temper-
atures there is a risk of freezing of the cooling sys-
tem. Most often, in this case, the cylinder block is
destroyed, but in the readings of fig. 4 the crack
develops in the cylinder head.

Flg.4. An uncharacteristic crack in a cylinder
head from a gasoline engine

a) general view of the cylinder head; b,c) gen-
eral view of the crack;

The crack in the cylinder head of fig. 4 is
formed as a result of freezing of the water used as
a cooling liquid. As a result of its expansion, its
volume increases, this is greater than the volume
of the cooling system. The corrosion that occurs
around it is a secondary defect from the thawing
of water and its penetration into the gap "cylinder
block - gasket - cylinder head", as corrosion oc-
cursinagap [7,10,15].

Another rare case of human error is the one pre-
sented in fig. 5.



Fig.5. Valve destruction from a gas distribu-
tion mechanism and damage to the cylinder head
from a gasoline engine

a) general appearance of the cylinder head
damage; b) partial destruction of the chain gear of
the camshaft;

The destruction shown is due to prolonged op-
eration of the engine with a worn chain. Increased
engine noise has not proven to be a sufficient
symptom for repair and replacement of worn and
defective parts. As a result of this human error, the
engine is misaligned and the piston hits a valve,
breaking off its head and causing additional sec-
ondary impacts to the remaining valves in the cyl-
inder as well as the cylinder head. As a result, the
engine stalls. Similar symptoms, but with other
damage to the cylinder head, are presented in Fig.

Fig.6. Destroying the guide holes for the hy-
draulic lifters
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The ones presented in fig. 6 failures are also
related to destruction of the camshaft, as subse-
quent repair of the cylinder head was not under-
taken for economic reasons.

Fig.7. A crack connecting the openings of the
cooling and lubrication systems

Many studies have been devoted to the cracks
on the cylinder heads [1,3-5,7-
11,13,14,16,19,22,25,26]. Cracks are characteris-
tic operational defects that appear in places with
the greatest thermal load and impaired cooling, as
well as in stress concentrators. Their appearance
is predictable and manufacturers take a number of
constructive measures to increase the operational
reliability and crack resistance of the cylinder
heads. And yet there are exploitable cracks, the
occurrence of which is rare and unpredictable.
Their emergence and development probably de-
pends on random factors and therefore they are
observed extremely rarely - fig.7. The crack
shown in fig. 7 connects the cooling and lubricat-
ing system of the engine. The end result of this
failure is oil ingress into the antifreeze and deteri-
oration of both engine cooling and lubrication.

Conclusion

From the long-term observations made on cyl-
inder heads of internal combustion engines, the
following main conclusions can be formulated:

1. Damage to the cylinder heads can be di-
vided into natural operating defects, which can be
defined as "characteristic" and rare, difficult to
predict.

2. For the most part, rare defects are due to
human negligence in engine maintenance

3. Rare damage to cylinder heads can be
prevented by timely maintenance and repair, as
well as replacement of defective parts, before their
catastrophic wear occurs.
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ORGANIZATION, EFFICIENCY AND COST OF THE TECHNOLOGICAL PROCESS OF
RESTORATION OF CYLINDER HEADS FROM INTERNAL COMBUSTION ENGINES

lvan lvanov

ABSTRACT: In the present study, the optimal organization and efficiency in the repair of cylinder heads was
determined. A mathematical rationale for determining normalization of cylinder head recovery time as well as
total recovery time is proposed. Timing was conducted to determine the actual recovery time. A method for deter-
mining the cost of restored cylinder heads is proposed, based on the optimal organization of technologies and

machine park used in the repair process.

Key words: cylinder heads, repair, efficiency and cost

Introduction

The high-quality restoration of cylinder heads
with minimal loss of funds, labor and material re-
sources requires rational organization of work, at
the workplace, optimal work and rest regimes, en-
suring the necessary sanitary and hygienic work-
ing conditions, environmental friendliness and
others.

Specialized companies for diagnostics and re-
pair of cylinder heads are characterized by the use
of highly qualified specialists, who are divided
into two levels - machine and equipment operators
and engineering and technical personnel. The
clear division of labor arises from the specifics of
the work — restoration of parts with the same or
similar dimensions, performing technological op-
erations for the restoration of identical equipment
with minimal reconfiguration of the machines, the
possibility of specialization at the workplace. The
work of the engineering and technical staff is
mainly related to the preparation of the technolog-
ical sequence for the restoration of the specific
cylinder head, the preparation of route and type
technologies for restoration in the conditions of
the specialized company, the design of instrumen-
tal and technological equipment for the repair and
restoration technologies, physical servicing of
customers. This division of labor does not exclude
the possibility of the engineering and technical
staff to be actively involved in the diagnostics, the

16

processing of the functional surfaces and the res-
toration of the details. The author's experience has
shown that such an overflow of engineering and
technical personnel in the production sphere gives
positive results, which are associated with correc-
tions of technologies, improvement of tool equip-
ment, improvement of technological modes of
cutting and unites the work team, and hence im-
provement of labor atmosphere. In the present
study, the organization, efficiency and cost of the
repair activity on cylinder heads of internal com-
bustion engines are considered, taking into ac-
count the specifics of the machine-building fleet
when applying repair technologies.

Organizational forms in the repair of cylin-
der heads

The workplaces are subdivided according to
technology into locksmith - mechanical; lathe;
milled; grinding; welding; control-diagnostic; as-
sembly and disassembly; for heat treatment;
breakthrough; scrapers; detergents.

The restoration process consists of technologi-
cal operations, and each operation is characterized
by the immutability of the object of restoration,
the workplace and the laborer. The workplace is
organized in accordance with the specifics of
technological recovery operations and their labor
intensity. The workplaces are arranged in accord-
ance with the scheme of the technological process



and ensure the flow of the process. The work-
places for the execution of operations of the same
name are concentrated - the presence of a regional
organizational form with elements of flow. Work-
place planning requires ensuring maximum work
comfort and safety. Convenience at work is char-
acterized by maximum labor productivity, ab-
sence of unnecessary movements, minimal fa-
tigue of the worker. Any tool or fixture should be
placed in permanent places, which reduces time
lost in searching for them. This is directly related
to workplace culture.

The productivity of labor at the workplace and
the high quality of the work performed are en-
sured by its proper organization. The organization
of service includes: provision of workplaces at
restoration sites, provision of the worker with
tools, devices, technical documentation, measur-
ing devices, transportation of the processed parts
from one operating area to another or storage and
conservation of the repaired parts or assemblies,
provision of the serviceability of the work equip-
ment, devices and tools, cleaning the workplace
and the approaches to it, reporting the work done,
through inter-operational cards or in an electronic
system for product traceability. The introduction
of a certified quality management system accord-
ing to the ISO9001 standard contributes to the im-
provement of the repair organization, the tracking
of repaired parts, the reduction of errors, the opti-
mization of working time and the rhythm of work,
and as a final result, the improvement of the qual-
ity of service and repaired cylinder heads. The
correct organization of the repair production en-
sures the continuity of the work process at one
workplace, and the specifics of the production it-
self require multi-functionality and high qualifica-
tion of the workers. All this increases production
indicators, and this improves the psychological
climate in the company, lowers stress in the work-
place and creates a creative environment.

Standardization of labor in the restoration
of cylinder heads

The improvement of the organizational pro-
cess of the repair and the optimization of the pric-
ing can be carried out through technical standard-
ization of labor.

The following basic norms are used in the ra-
tioning of labor in repair production - time and
earnings. Time is defined as the loss of time for
individual operations on the restoration of the de-
tails, and earnings - as the number of details
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repaired per unit of time. The production rate is
inversely proportional to the time rate.

Computational-analytical, analytical-research,
experimental-statistical methods and a compari-
son method are used in repair and restoration en-
terprises to determine the repair time. The author's
experience from the specifics of cylinder head res-
toration work has shown that it is best to use com-
putational-analytical and empirical-statistical
methods to determine the repair time. Of course,
this happens under certain conditions - each cyl-
inder head has a different degree of defectiveness,
which can change the time for carrying out the re-
pair; each surface subject to mechanical pro-
cessing has a different value of curvature, which
affects the processing time at the same cutting
speed modes; there are hidden manufacturing de-
fects coming out during machining which in-
creases the processing time and others.

When determining the time for the restoration
of cylinder heads using the computational-analyt-
ical method, the processing times are used accord-
ing to the technological modes of the relevant
equipment. The method is suitable for standardiz-
ing the time for machining, welding, pressure test-
ing (if the relevant technological control equip-
ment is available) [1,3]. This method requires el-
ement-by-element dissection of the technological
operations of cylinder head restoration.

The use of the empirical statistical method of
normalization requires a large number of cylinder
heads to be rebuilt, installed by the car manufac-
turers on the same units. This method is applicable
when the aggregate approach is used in the design
of the cars - the same type of engine is used for
different car models, the same cylinder head is in-
stalled on engines of different volumes, there is
partial or complete interchangeability in a series
of engines from one manufacturer. For example:
guide bushings original number 056 103 419A are
installed on Audi, Volkswagen, Volvo, Skoda,
Seat passenger car engines manufactured from
1972 to 2010. The replacement technology can be
standardized as a time based on previous experi-
ence, to unify fixtures and tools with a view to
speedy work. Such an aggregate approach in pro-
duction reduces and subsequently facilitates re-
pair work on the cylinder head.

The main part of the technological process is
the operation that is carried out on the detail of a
workplace. For proper normalization of the oper-
ation, it is necessary to normalize the transitions,
passages, grips and their elements.

The normalization of the recovery time can be
determined by the following formula:
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Where:

T, — the time for testing or restoring the part;

Tor — preparatory-final time;

np — number of parts for restoration or produc-
tion (E.g. valves or valve seats);

Tm — the main recovery time;

Ta—auxiliary time;

Tas. — additional time.

Preparatory - closing time is associated with
familiarization with the specifics of the restored
part, study of a sketch or drawing, preparation of
the workplace, adjustment or readjustment of ma-
chines, obtaining tools, parts, handing over the re-
stored parts, cleaning the workplace. Preparatory
- closing time is reduced as the series of restora-
tion details increases. For example: when restor-
ing the working chamfer of a valve BMW Engine
M57D30 Turbo, which has 24 identical valves,
the preparation-closing time will be less than the
time required to perform the same operation on
the Mercedes - Benz Engine OM 604, due to the
need to reconfigure the machine - intake and ex-
haust valves have different stem diameters.

The main time represents the time in which the
shape and dimensions, properties and appearance
of the restored parts are changed. When rebuilding
cylinder heads, the basic time is a variable quan-
tity for each cylinder head, regardless of the fact
that they may be the same. This is related to de-
fectiveness - the specific accumulation of defects
and damage, which in turn depends on a number
of random variables. As the thickness of the ma-
chining layer increases during recovery, the basic
time increases.

The auxiliary time is the time needed to per-
form the auxiliary activities — establishing, fixing,
measuring, etc. auxiliary time ensures the execu-
tion of the main operations.

Additional time is associated with organiza-
tional and technical service at the workplace -
changing tools, lubrication and cleaning of equip-
ment, rest time and natural needs of workers.

The total cylinder head recovery time is deter-
mined by the following formula:

n n
Ty = D Tt Y Tou ()
i=1 i=1

Where:
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n
Z T,; — recovery time i — th operation
i=1

n
Z T, — organizational — technical
i=1
time for the i — th operation

Determining the full time for the restoration of
one cylinder head is the basis for forming the cost
and efficiency of the technological process. Based
on it, the base prices for each operation are calcu-
lated, and from there the final price for the resto-
ration of the cylinder head. Efficiency and pricing
are associated with the technological equipment
used, its performance, energy consumption, de-
preciation costs, complexity of service and
maintenance, the price of used consumables. The
final price also depends on the tax-insurance and
administrative burdens imposed by the state for
carrying out the activity, but they are not the sub-
ject of consideration in the present study.

The exact determination of recovery times for
each operation is carried out by timing, based on
already existing experience. The measurement er-
ror can reach up to 20% [4,7], but without taking
into account the fact that certain operations are
carried out in the conditions of small-series, and
not in single production: eg. restoration of work-
ing valves, restoration of valve seats (using spe-
cialized profile cutting machines with a defined
cutting edge). When timing was carried out in a
real working environment, it was found that when
working by a worker on rebuilding an eight-valve
cylinder head (only machining the working sur-
faces, disassembling and installing springs,
changing oil seals, washing), the time for full re-
covery is 85 + 95 min. The inclusion of a second
worker in the process to work in parallel on the
technological process reduces the recovery time
by 18 + 20 min. The increased productivity is due
to the possibility of parallel work on the restora-
tion of the valve seats and the valves themselves,
which is carried out on different machines, and
from there the time losses from interoperation
downtime of the cylinder head are reduced.

Manufacturing cost of cylinder head recov-
ery

One of the main economic indicators that char-
acterizes the technological process of cylinder
head restoration is the cost of the repair activity.
The specificity of the work shows that during the
restoration of cylinder heads there are elements of
single and small serial production, but also in rare



cases elements close to serial production, accord-
ing to the classifications of typical machine-build-
ing productions [5,6]. This specificity implies a
different approach to determining the cost price,
although the repair production is a single produc-
tion [6,8], in this case it is necessary to apply an
averaged approach to determine the efficiency and
pricing policy in the restoration of cylinder heads.

The main point in the formation of prices is the
determination of the recovery time. It depends on
many random variables, and the formation of an
accurate price for each specific case is time-con-
suming, and in some cases, an unnecessary task.
The application of an averaged approach allows to
determine the final price of the restored article in
the presence of minimal labor losses during its de-
termination. The planning of the production pro-
cess can be carried out depending on the quantity
of the orders within 5 (five) working days at an 8
(eight) hour working day, due to the specifics of
the work. In order to reduce the loss of time when
setting up and readjusting the machines, a group
organization of the restoration of the details is car-
ried out. For example: when restoring the valves
of cylinder heads with the same angles and diam-
eters of the stems and close diameters of the
heads, the processing is done in a group, regard-
less of the different orders. In this way, processing
can be approached in its characteristics from sin-
gle to medium series production, which reduces
production costs and increases the productivity of
the repair activity.

The cost of repairing a cylinder head can be
determined by the following formula:

C:Cm + Cte + Ce + Cd + ClS +Ccc (3)

Where:

Cm — cost of the main and additional materials
used for the recovery;

Ce — cost of tools and equipment used in the
recovery;

C. — cost of the energy carriers used for the re-
covery;

Cq — cost of depreciation of the machinery and
equipment used in the recovery;

Cis — cost of the labor salary of the participants
in the recovery.

Ccc — cost of communal and corporative resto-
ration costs.

The cost of the main and additional materials
used to restore Cm cylinder heads depends
strongly on the prices of materials on the world
exchanges for metals and alloys. The most
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commonly used basic materials in the restoration
of cylinder heads are [1,2,3,5]:

- steels of the type X210Cr12 (D2, D3, X12M),
C45, 41Cr4

- cast iron BY45, BU50, CU20

- aluminum bronze

- brasses

- additional materials for welding and brazing
— AISi5, AlSi10, E-NiFe and others

The cost of the tools and tooling used in the
recovery depends greatly on the manufacturer.
Usually, the manufacturer of the cylinder head re-
building machines also manufactures the tools and
equipment for them. In general, the equipment is
very durable and retains its functionality over
years of use. In contrast, tools are worn or de-
stroyed in the cutting process and need to be re-
placed with new ones. Cost reduction is achieved
by using resharpening inserts. Cost reduction is
achieved by using resharpening inserts.

The cost of the energy carriers used in the re-
covery mainly depends on the cent of delivered
electricity, but also on the price of natural gas,
propane-butane, gasoline and diesel fuel.

The cost of depreciation of the machines and
equipment used in the recovery depends on the
technological path of the cylinder head during its
repair.

The cost of the labor salary of the participants
in the recovery is a value directly dependent on
the technological path and the qualification of the
personnel for the relevant technological opera-
tion. In the case of improper organization of the
repair activity, labor costs can exceed revenues,
which completely loses the efficiency of produc-
tion. The insurance burden, which is imposed by
legislation, is included in the salary.

The cost price of the total costs during the re-
covery includes costs related to the purchase of
patents, know-how, heating and air conditioning
of the working premises, social and household
costs, legal services, cash registers and consuma-
bles, creation of safe working conditions, health
care , environmental fees, consumables for sepa-
rate waste collection, accounting services and oth-
ers.

Conclusion

From the research done, it is established that
the organizational and technical measures preced-
ing the technological process of restoring the cyl-
inder heads are decisive for the cost price of the
final product. The complete time to recovery the
cylinder heads depends on the quality of



development of the technological process and the
possibilities of grouping the mechanical treat-
ments.
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Kpacumupa CranueBa

STOICHIOMETRIC LAWS. A REVIVAL OF ATOMISM

Krasimira Stancheva

ABSTRACT: This article examines the stoichiometric laws stated in the eighteenth century: Equivalents law,
Law on the constancy of composition, Multiple Ratios Law, Volume Ratios Law, Charles Law, Law of Boyle-
Marriott, Law of Clapeiron — Mendeleev, Avogadro's Law. A revival of atomism, when chemistry began to de-
velop with rapid steps and entered a new period of your theory - the period of quantitative laws, is also discussed.
"Atomic Theory" is also regarded. The introduction of modern chemical symbolism, the creation of the dualistic
system, according to which elements are classified as electropositive and electronegative. The Cannizzaro's reform
distinguished the concepts of atom, molecule and equivalent used indiscriminately by many authors.

Key words: stoichiometric laws, atomic theory, chemical simbols.

Introduction

Stoichiometry (stoikheion - element and met-
ron - to measure) is a branch of chemistry about
the ratios of chemical reactants. These laws were
discovered as a result of the Law of Conservation
of Mass. After the discovery of this law by Lavoi-
sier, and previously stated by Lomonosov, a
whole series of stoichiometric laws appeared.

1. Equivalents law 1791-1798.

The law was stated by Benjamin Richter. He is
a German chemist who for years was engaged in
the analysis of salts and sought to deduce the
mathematical dependences in chemical reactions.
Based on the data obtained, he derived a series of
relative amounts of acids needed to neutralize ba-
ses and vice versa. In 1792-94 Richter published
his scientific work "Principle of Stoichiometry, or
a way of measuring the chemical elements"”, in
which he showed that when forming compounds,
the elements interact in strictly defined ratios, sub-
sequently called equivalents. The term stoichiom-
etry was introduced by Richter and was under-
stood as the measurement of ratios in which chem-
ical elements react with each other. In his works,
Richter introduced the first chemical equations for
reactions in the history of chemistry. The discov-
eries of the German chemist marked the beginning
of the rapid development of quantitative research
in chemistry.
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Benjamin Richter (1762-1807) German chem-
ist

2. Law on the constancy of composition
1799-1806.

The law was discovered by Joseph Louis
Proust. It states that every pure chemical com-
pound, regardless of the method of its preparation,
consists of the same chemical elements, and the
ratio of their masses is constant, and the relative
number of their atoms is expressed as a whole
number. Proust's law does not apply to a large
group of compounds called "bertholoids" in
memory of Bertollet. These are compounds with
a variable composition - non-stoichiometric



binary compounds found in compounds of metals, Dalton was the discoverer of several laws that
oxides, hydrides, carbides, sulfides, etc. Often later received his name. Also named after him is a
these are salts containing crystallographic point  visual defect called “daltonism™ from which he
defects — excess or deficiency of elements. They  suffered and which he himself described in 1794.
were at the heart of the dispute between Proust  This is color blindness - it is expressed by the in-
and Bertollet. ability to distinguish certain or all colors. The law
of multiple ratios states: "If two substances, sim-
ple or complex, form with each other more than
one compound, then the mass of one substance
added to the mass of the other substance is re-
ferred to as a whole number."

4. Volume Ratios Law 1808.
The law follows from the ideal gas equation of
state PV/T = const. P1V1/T1 = PoV,/Ts.
At P =const., VIT =const., i.e. Vi/T1 = Vi/T,

5. Charles Law 1808.
The law is known as Gay-Lussac's second law.
At V=const., P/T=const., P1/T1=P./T,

6. Law of Boyle- Marriott.
At T= const., PV= const., P1V1 = P,V;

Joseph Louis Proust (1754-1826) French 7. Law of Clapeiron - Mendeleev
chemist PV =nRT = mRT/M

3. Multiple Ratios Law 1803. 8. Avogadro's Law 1811.

The law was discovered by John Dalton and The law states that equal volumes of different
played a major role in the development of atomis-  gases, at the same temperature and pressure, con-
tic views in chemistry. tain the same number of molecules.

Amadeo Avogadro (1776-1856) Italian scien-

John Dalton (1766-1844) English chemist and  tist
physicist
The amount of substance that contains
6.02x10% building particles is one mole. The

22



number Na = 6.02x10% mol is called Avogadro's
number in honor of the Italian physicist Amadeo
Avogadro, a professor in Turin. First consequence
of Avogadro's law: one mole of any gas under the
same conditions occupies a volume of 22.414 li-
ters at P=101.325 kPa and T=373.15 K. This law
is of great importance for chemistry.

A revival of atomism

After Lavoisier's reform and the discrediting of
the phlogiston theory, chemistry began to develop
with rapid steps and entered a new period of your
theory - the period of quantitative laws. The be-
ginning of this period is marked by the discovery
of the most important chemical laws described
above. Important chemical elements such as so-
dium, potassium, calcium, magnesium, barium,
boron, iodine, selenium, lithium, cadmium, stron-
tium, etc. were also discovered in this period.

Among the most authoritative figures in the
chemical world is the English scientist John Dal-
ton. Starting from the idea of the corpuscular
structure of matter and based on the concept of a
chemical element developed by Lavoisier, he de-
veloped the so-called "Atomic Theory", in which
he used the term atom, introduced by Demaocritus.
In his main work "A New System of Chemical
Philosophy" (1808-1827), Dalton assumed that
each chemical element consists of its own type of
atoms, characterized by a set of properties, among
which an important place is occupied by mass
(weight).

For Dalton, the main difference between atoms
of chemical elements is mass. He believed that the
absolute mass could not be determined experi-
mentally, but he managed to calculate the relative
mass of atoms compared to the lightest of the ele-
ments - hydrogen. For this purpose, he finds the
mass ratios between the constituent parts of a
given hydrogen compound and uses the following
rules:

1. If two substances form only one compound
with each other, it should be assumed to be "dual
atom” (ie with a 1:1 ratio of components).

2. If two compounds are known to be formed,
one can be assumed to be "double atom" and the
other "triple atom™ (ie with a ratio of 1:1 to 2:1
components).

3. If three compounds can be produced, one
must be "dual atom" and the other two "triple
atom™ (ie with a ratio of components of 1:1, 2:1
and 1:2).
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For a visual representation of "simple” and
"complex" atoms, Dalton uses chemical symbols.
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Dalton excludes heat and thermogenesis from
the list of elements, but he is not ready to com-
pletely reject Lavoisier's misconceptions about
the nature of heat. For this reason, in his schemes,
Dalton depicted atoms with a halo of "bound
heat."

The English physician William Prout ques-
tioned the concept that all elements are indivisi-
ble, immutable and absolutely independent of
each other. In 1815-1816 he expressed his hypoth-
esis of the unity of matter, according to which at-
oms have a complex structure and can be



considered as obtained by condensation of hydro-
gen. Prout's hypothesis caused a wide response in
the scientific world, but was eventually aban-
doned and even dismissed. However, it received a
new image with the discovery of the phenomenon
of radioactivity eight decades later.

Much of the credit for refuting Prout's hypoth-
esis goes to Berzelius. His name is associated with
the introduction of modern chemical symbolism,
the creation of the dualistic system, according to
which elements are classified as electropositive
and electronegative. Berzelius greatly simplified
the chemical symbols of the elements compared
to Dalton, using only the initial letters of their
names. He worked extensively on the problem of
determining atomic masses and in most cases
achieved high accuracy. Berzelius showed that
atomic masses are not whole numbers.

Jons Berzelius (1779-1848) Swedish chemist

Cannizzaro's reform

Although Avogadro presented his molecular
hypothesis clearly enough and not once (1811-
1821), it remained almost unknown to chemists
and sank into oblivion for nearly four decades.
Avogadro's works were noticed only after his
death. While preparing his lecture course on theo-
retical chemistry (1858), his compatriot Stanislao
Cannizzaro came across them by chance and, after
considering them, clearly distinguished the con-
cepts of atom, molecule and equivalent used in-
discriminately by many authors.

Stanislao Cannizzaro (1826-1910) Italian

chemist

We should note that already in the forties of the
19th century, the French chemists Charles Gerard
and Auguste Laurent distinguished these con-
cepts, removing some of the inaccuracies in Ber-
zelius' ideas. For example, Gerard corrected the
formulas of hydrogen chloride, ammonia, etc.

Charles Gerard (1816-1856) French chemist

He considered metal oxides to be similar in
structure to water and mistakenly assumed that
metals form diatomic molecules like hydrogen.
On the basis of Avogadro's hypothesis (equal



volumes of gases at equal pressure and tempera-
ture contain the same number of molecules), Can-
nizzaro opposes the system of Berzelius as well as
the aforementioned misconception of Gerard.
Cannizzaro believed that molecular masses were
proportional to the density of bodies in the gase-
ous state, and after assuming (like Avogadro) that
the mass of the hydrogen molecule was 2 and us-
ing Jean Dumas's method for determining the den-
sity of vapors (1826), he composed a deprived
from internal contradictions (system) table of mo-
lecular masses.
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BILATERAL DIFFERENTIAL SPECTROPHOTOMETRIC DETERMINATION
OF COPPER

Krasimira Stancheva, Chand Pasha, Viktoria Trifonova

ABSTRACT: Simple, selective and accurate bilateral differential spectrophotometric method is developed for
the trace spectrophotometric of copper(ll) using fuchsine as reagent. The method is baced on two successive
chemical reactions: an oxidation of iodide ions to iodine from Cu(ll) and an interaction of the liberated iodine
with the organic dye fuchsine in acid media. The liberated iodine, equivalent to the analyte, forms a complex with
fuchsine having an absorption maximum at Amax 620 nm. The Beer's law is in the concentration range of 10.0 -
70.0 mg/L with a linear regression 1. The method’s detection limit, limit of quantification and molar absorptivity
are reported as follows: 0,1148 mg/L, 0.3480 mg/L, 0.45x10? L/mol cm, respectively. The roposed method is
successfully applied for the determination of Cu(Il) in waters.

Key words: Copper determination, bilateral differential spectrophotometry, fuchsine,

Introduction

Bilateral differential spectrophotometry is an
Bilateral differential spectrophotometry is an
analytical technique which has been used to
improve the selectivity and accuracy of the
measurement. It also has wider concentration
range of the calibration curve.

Copper is considered either essential or
hazardous to life and plays a substantial role in the
environment [1-5]. As a micronutrient, copper is
responsible for the proper functioning of several
metalloenzymes and its deficiency reduces the
activity of not only copper containing enzymes
but also some enzymes that do not contain copper
[4, 6]. The deficiency of copper results in different
health problems like anaemia, hair kinky, Wilson
disease and jaundice [7].

Apart from the biological activity of copper,
major portion of world’s production of it is used
in electrical equipment, roof sheeting, bronze
paints and also finds its applications in agriculture
as micronutrient fertilizers, fungicides, and
insecticides [6]. Thus the determination of trace
amounts of copper in various media is becoming
increasingly important.

Several analytical techniques have been used
for determination of copper, including atomic
absorption spectrometry, atomic emission spec-
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trometry, electroanalytical techniques, spectro-
photometry, inductive coupled plasma-emission
spectrometry, inductive coupled plasma-mass
spectrometry, flow injection diode array
spectrophotometry and X-ray fluorescence
spectrometry [3, 7, 8, 9]. Spectrophotometry
methods are often preferred, as they involve in-
expensive instrument, less labor-intensive, and
provide comparable sensitivity when appropriate
chromogenic reagents are available [1, 6, 10, 11].

Drinking water can comprise 20-25% of
dietary copper [12]. The World Health
Organization recommends a minimal acceptable
intake of approximately 1.3 mg/day [13] and the
maxi-mum level of copper in drinking water
should not exceed 2 mg/L (2 ppm). The maximum
level of copper in soil is 20-80 mg/kg.

Therefore, it is important to develop a cost-
effective, sensitive and rapid analytical method
for trace determination of copper.

Several methods have been reported for the
determination of copper such as voltammetry
[14], kinetic spectrophotometry [15] and
spectrophotometry [16-20]. Spectrophotometry is
essentially a trace analysis technique and is one of
the most powerful tools in chemical analysis. It is
based on the determination of absorbance of a
colored complex formed by the reaction between
metal ion and a suitable analytical reagent. Few



methods have been reported on the determination

of Cu(ll) wusing various ligands by
spectrophotometry.  Though, the reported
spectrophotometric methods [17-20] suffer from
one or more disadvantages such as
reproducibility, less sensitivity, expensive
instrumentation and severe interferences etc.
(Tablel).

In this work the results obtained in the studies
related to the colour reaction between iodine,
equivalent to copper(Il), and the reagent fuchsine
in acid medium and its analytical utility are
presented and discussed.

Experimental

Apparatus

A Thermo Scientific UV-Visible Double Beam
Spectrophotometer with 1 c¢cm quartz cell and
Specol 11 were used for absorbance
measurements of the solutions. The pH is
measured using an Expert 001, model 3 (0.1) pH
meter/potentiometer (Ekoniks-Expert RF) with a
glass electrode.

Reagents and Solutions

All chemicals (Merck, Germany, purity >99
%) were of analytical-reagent grade and employed
without further purification. Standard copper(Il)
stock solution of 1 g/L was prepared by dissolving
the required amount of copper(Il) sulphate

Table 1. Comparison with the reported methods

(0.3929g CuS0O4x5H,0) in 100 mL of distillated
water. This stock solution is diluted further,
wherever necessary, with distilled water.
Hydrochloric acid (2N), potassium iodide (2%)
and 0.01 % fuchsine (CH20N3-HCI, 4-[(4-
aminophenyl)-(4-imino-1-cyclohexa-2,5-
dienylidene)methyl]aniline hydro-chloride, M =
337.86 g/mol) were used.

Procedures
Calibration graph
Series of standard solutions with a

concentration of 10-100 mg Cu(Il)/mL were
prepared in 50 mL volumetric flasks by
appropriate dilution. Then 5 mL of 2% KJ, 5 mL
of 2N HCI are added and the mixture is shaken
until a yellow color appears, indicating the
liberation of iodine. Then 5 mL of 0.01% fuchsine
is added. Add up to the mark and homogenize.
After 15-30 minutes absorbance is measured at a
wavelength of 620 nm. The scanning of the
resulting solutions were made and the absorbance
was measured at 620 nm against the
corresponding reagent blank. Reagent blank is
fourth solution of the calibration solutions. The
amount of the Cu(Il) present in the volume taken
was computed from the calibration graph
equation.

Reagent Name Amax | pH | Beer’slaw, | ¢ Remarks Ref.
mg/L
1 3- methoxy-4- 462 | 4 0.2-4.0 2.052x10* | i) Extraction 21
hydroxy ii) Time
benzaldehyde-4- consuming
bromo phenyl
hydrazone
2 2,5-Dihydroxy 400 |5 0.3-6.0 1.1x10* Poor 22
acetophenone benzoic selectivity,
hydrazone less sensitive
and more
reagent
consumption
3 p-Methyl isonitroso 510 |7 0.1-1.0 0.628x10* | Less sensitive | 23
aceto phenone
phenyl hydrazone
4 2,3,4-trihydroxy 385 2.5 1 0.04-0.64 10.053x10* | More acidic(pH | 24
acetophenone phenyl 2.5)
hydrazone
5 Fuchsine 560 |2.0 ]0.5-6.0 5.8x10*
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Determination of copper in water samples

Different certified water samples are collected and
each filtered water samples (100 mL) is evaporated
nearly to dryness with a mixture of 5.0 mL of
concentrated H»SO4 and 10.0 mL of concentrated
HNO3 in a fume cupboard and then cooled to room
temperature. The residue is then heated with 20.0 mL
of distilled water, in order to dissolve the salts. The
solution is cooled and neutralized with dilute NH,OH
in the presence of 1-2 mL of 0.01% citrate solution to
mask iron. The resulting solution is filtered and
quantitatively transferred into a 100.0 mL calibrated
flask. 10 mL of 2 % potassium iodide solution was
added followed by 10 mL of 2N HCI and the mixture
was gently shaken until the appearance of yellow color,
indicating the liberation of iodine. 5 mL of 0.01 %
fuchsine solution was added to each flask and the
reaction mixture was shaken for 2 minutes. The
calibrated flask was made up to the mark with distilled
water and the absorption was measured at 620 nm
against the corresponding reagent blank.

Results and Discussion

The analyses were carried out in order to
establish the most favourable conditions for: the
complex formation for the spectrophotometric
method of the reagents with iodine; to achieve
maximum colour development; good linearity
over the wider working concentration range;
sensitivity, selectivity, accuracy and precision and
finally analytical applications.
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Absorption spectra

The proposed method involves the liberation
of iodine in acid medium by the reactions:

1)2Cu? + 2T 2Cu" + Db

2) Cu" +T Cul |

The liberated iodine bleaches the magenta red
color of fuchsine. The iodine-fuchsine system
(cherry-red complex) exhibits its maximum
absorbance at 560 nm (Figure 1). The absorbance
is directly proportional to the copper(Il)
concentration.  The  colour reaction is
instantaneous and the intensity of the colour
remained constant for several hours from the
initial starting time. The reaction of iodine with
indicator is presented in Figure 2.
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Fig. 1. Absorption spectra of colored species of

iodine-fuchsine system (Amax 620 nm)

N Hz

O NH

Fuchsine (Leuco form)

H,C

Ha N b

Fig. 2. Reaction scheme of fuchsine - iodine system

Effect of of pH and reagent concentration

In the present investigation a cherry-red
coloured complex is formed when iodine interacts
with fuchsine in an acid medium of pH 2. The
effect of iodide concentration and acidity on the
reaction system is studied with 2 mg/L copper.
The oxidation of iodide to iodine by copper(Il) is
effective in the pH range 2.0, which can be
maintained by adding 10 mL of 2 N HCl in a final
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volume of 100 mL. The liberation of iodine from
potassium iodide in an acidic medium is
quantitative. It is found that 10 mL of 2 % KI and
10 mL of 2 N HCI are sufficient for the liberation
of iodine from iodide by copper. 5 mL of 0.01 %
fuchsine is used for subsequent decolorization.



Adherence to Beer’s law

Adherence to Beer’s law is studied by
measuring the absorbance values of solutions
varying copper concentration. Beer’s law is
obeyed in the range of 10.0-70.0 mg/L of
copper(Il) (Figures 3 and 4). The molar
absorptivity of the system is found to be 0.45x10*
L/mol cm. The detection limit (LOD = 3.3 o/S)
and quantitation limit (QL=100/S), where o is the
standard deviation of the reagent blank (n=5) and
S is the slope of the calibration curve] for copper
determination, are found to be 0.1148 pg/mL and
0.3480 pg/mL respectively.

Absorption

-1
0 20 40 60 80 100 120

Concentration, ppm

Fig. 3. Graph of ten standard solutions of Cu
Effect of interfering ions

The selectivity of the proposed method was
examined by studying the effect of diverse ions on
the absorbance of the experimental solution
containing fixed amount (2.0 ppm) of copper. It
can be seen that large number of common ions did
not interfere in the proposed method. The
tolerance limits of various foreign ions are given
in Table 2.
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Fig. 4. Calibration graph of seven standards

Effect of interfering ions

The selectivity of the proposed method was
examined by studying the effect of diverse ions on
the absorbance of the experimental solution
containing fixed amount (2.0 ppm) of copper. It
can be seen that large number of common ions did
not interfere in the proposed method. The
tolerance limits of various foreign ions are given
in Table 2.

Table 2. Effect of interfering ions

Foreign ion | Tolerance limit (ug/ml)
Ni* 55
Cd* 40
Ba* 100
Fe’™” 65
Bi* 200
AP* 70
Ca* 200
Co** 55
Zn* 200
Tartarate 300
Oxalate 300
PO4* 150
Sulfate 50
Chromate 200

Applications

The proposed method was applied to the
quantitative determination of copper(Il) in waters.
The results of the analysis are presented in Table
3.

Table 3. Determination of copper(Il) in difrent
kind of waters

Samples Cu(II) found RSD
x+tSAn (%)
(mg/L)
Water 1 2.02 +£0.35 1,32
Water 2 1.89+0.41 2,45
Water 3 1.78 £0.25 1,95
Water 4 1.95+0.34 2,35
Water 5 1.78 £0.25 1,71

Number of determination n= 5; ¢ - Students ¢-
value at 95% probability, S - standard
deviation;[ | x, an average.



Conclusions

In this paper a simple, efficient and rapid
bilateral differential spectrophotometric method
for the determination of Cu(Il) in waters using
fuchsine as new reagent is presented. The
proposed method offers advantages as good
sensitivity, selectivity, reliability, reproducibility,

less interference and immediate colour
development. The method is found to be
quantitative comparable to other standard
methods.
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REGIOSELECTIVE SYNTHESIS OF 4-PHOSPHORYLATED
B-HYDROXYALLENECARBOXYLATES

Hasan Hasanov, Ismail Ismailov, Ivaylo Parushev, Husein Halil, Serkan Mumun,
Yordanka lvanova, Ivaylo lliev, Ivaylo Ivanov, Valerij Christov

ABSTRACT: The paper discusses a practical regioselective synthesis of 4-phosphorylated 6-hydroxyhepta-
2,3-dienoates by an atom-economical [2,3]-sigmatropic rearrangement of the mediated ethyl 2-(dimethoxyphos-
phanyl)oxy- or 2 (diphenylphosphino)oxy-6-(tetrahydro-2H-pyran-2-yloxy)-hept-3-ynoates which can be easily
prepared via reaction of the protected ethyl 2-hydroxy-6-(tetrahydro-2H-pyran-2-yloxy)-hept-3-ynoate with dime-
thyl chlorophosphite or chlorodiphenyl phosphine, respectively, in the presence of a base.

Key words: synthesis, protection of hydroxy group, [2,3]-sigmatropic rearrangement, 4-phosphorylated 6 hy-

droxyhepta-2,3-dienoates.

Introduction

Allenes are considered to be unique com-
pounds in organic chemistry due to their adjacent
orthogonal n-bonds. During the last three decades
synthesis and applications of allene derivatives
have been increased in preparative organic chem-
istry. The availability of two 7 electron clouds that
are separated by a single sp hybridized carbon
atom is the main structural characteristic of al-
lenes, and it is this unique structural and electronic
arrangement that presupposes the extraordinary
reactivity profile displayed by allenic compounds
[1-5].

Functionalized allenes have provoked a grow-
ing interest because of their versatility as key
building blocks for organic synthesis. Functional-
ized allenes could be used in a number of trans-
formations due to their high reactive capacity. The
synthetic capacity of functionalized allenes has
been explored thoroughly in recent years, and this
has led to the development of new methods in
constructing a variety of functionalized heterocy-
clic and carbocyclic systems [6-11]. There are
many methods which construct hydroxyallenes,
including prototropic rearrangement of propar-
gylic alcohols [12,13], metal-catalyzed nucleo-
philic addition of propargylic derivatives to alde-
hydes [14-18], Cu(l) catalyzed reaction of
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propargylic chlorides with Grignard reagents
[19,20], metal-catalyzed reaction of propargylic
oxiranes with organometallic compounds [21-25]
and ketones [26,27].

The most general methods for the synthesis of
allenecarboxylates involve the Wittig [28-30],
Wittig-Horner [31] or the Horner-Wadsworth
Emons [32] olefination of ketenes, iron-catalyzed
olefination of ketenes with diazoacetate [33], etc.
[34]. Also, there are methods for the synthesis of
phosphorus-containing allenes (phosphonates [35
38], phosphinates [39,40], and phosphine oxides
[41-46]) including reactions of a-alkynols with
chloride-containing derivatives of phosphorus ac-
ids followed by [2,3]-sigmatropic rearrangement.
Several diethylphosphono-substituted o-allenic
alcohols were prepared by Brel [47,48] directly
from alcohols by Horner-Mark rearrangement of
unstable propargylic phosphites. We have set in
our research program on the chemistry of the tri-
functionalized allenes to develop an efficient and
regioselective method in order to introduce the
phosphonate or phosphine oxide in the fourth-po-
sition, as well as the B-hydroxy group in the sixth
position to the ester group of the allenecarbox-
ylates. These groups provoke attention due to the
useful functionalities in organic synthesis. More
precisely, the focus is on the applications of these
groups as temporary transformers of chemical



reactivity of the allenic system in the synthesis of
heterocyclic compounds. Following our previous
papers on the synthesis [49-52] and cyclization re-
actions [52-58] of bifunctionalized allenes, we
have found a pragmatic synthesis of trifunctional-
ized allenes, namely the 4-phosphorylated -hy-
droxyallenecarboxylates (4-phosphorylated 6-hy-
droxyhepta-2,3-dienoates).

Results and Discussion
In order to assess the approach towards the tar-
get 1,1,3-trifunctionalized allenes, a range of 4-

phosphorylated 6-hydroxy-allenecarboxylates 7,
9, 10, and 11 were prepared by the following four-

OTHP

OH
Me—< i Me—< il Me—=< il Me—=< Me
— —-r) —— —'-) ——MgBr ) —

1 2,87%

step procedure including: i) protection of hydroxy
group in pent-4-yn-2-ol; ii) subsequent reaction
with Grignard reagent and ethyl 2-oxopropanoate
to give ethyl 2,6-dihydroxy-hept-3-ynoate with
protected hydroxy group at sixth position; iii) in-
teraction with chloride of phosphorus acid in the
presence of a base; and finally iv) [2,3]-sigma-
tropic rearrangement of the mediated protected
ethyl 2-(dimethoxyphosphanyl)oxy- or 2-(diphe-
nylphosphino)oxy-6-hydroxy-hept-3-ynoates. As
a starting point for our investigation, we first ex-
amined the protection of hydroxy group in pent 4-
yn-2-ol 1 with DHP in the presence of PPTS [59-
62] (Scheme 1).

OTHP OTHP

3 5, 78%

Reagents and conditions: i) DHP (1.5 eq), PPTS (0.1 eq), CH.ClIy, rt, 2h, distillation; ii) EtMgBr (1
eq), THF, reflux, 2h; iii) dropwise addition of 3 to MeC(O)CO:Et 4 (2 eq), reflux, 2h, column
chromatography.

Scheme 1. Synthesis of ethyl 2-hydroxy-6-(tetrahydro-2H-pyran-2-yloxy)-hept-3-ynoate 5
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Reagents and conditions: iv) PCls (1 eq), EtsN (1.1 eq), Et2O, -70 °C, 30 min stirring, pyridine (2.2
eq), MeOH (2 eq), Et.0, -70 °C; v) [2,3-c]-rearrangement, -70 °C, 1h, rt, 4h, column chromatography;
vi) Ph2PCI (1 eq), EtsN (1.1 eq), Et20, -70 °C; vii) [2,3-c]-rearrangement, -70 °C, 1h, rt, 6h, column
chromatography.

Scheme 2. Synthesis of ethyl 4-(dimethylphosphoryl)-6-(tetrahydro-2H-pyran-2-yloxy)-hepta-2,3-
dienoate 7 and ethyl 4-(diphenylphosphinoyl)-6-(tetrahydro-2H-pyran-2-yloxy)-hepta-2,3-dienoate 9
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Reagents and conditions: viii) PPTS (0.1 eq), EtOH, rt, 6h, stirring, column chromatography.

Scheme 3. Synthesis of ethyl 4-(dimethylphosphoryl)-6-hydroxyhepta-2,3-dienoate 10 and ethyl 4-
(diphenylphosphinoyl)-6-hydroxyhepta-2,3-dienoate 11

Thus, the 2-(but-3-ynyloxy) tetrahydro-2H-
pyran formed 2 was isolated by column chroma-
tography with very good yield (87%). Reaction of
the protected alkynols 2 with ethyl magnesium
bromide and subsequent dropwise addition of in
situ generated alkynyl magnesium bromide 3 to
ethyl 2-oxopropanoate 4 and reflux for 2 h gives
the ethyl 2-hydroxy-6-(tetrahydro-2H-pyran-2-
yloxy)-hept-3-ynoates 5, which are stable and
were isolated by column chromatography in 78%
yields as is shown in Scheme 1. With the required
ethyl 2,6-dihydroxy-hept-3-ynoate 5 with pro-
tected hydroxy group at sixth position in hand, we
were then able to investigate the proposed reac-
tions with the corresponding chloro-containing
phosphorus reagents such as dimethyl chloro-
phosphite and chlorodiphenyl phosphine in the
presence of a base and subsequent [2,3] sigma-
tropic rearrangement of the mediated phosphites 6
or phosphonites 8.

In the first instance, the ethyl 4-(dime-
thylphosphoryl)-6-(tetrahydro-2H-pyran-2
yloxy)-hepta-2,3-dienoate 7 can be readily pre-
pared via an rearrangement atom-economical of
the 2,3-sigmatropic ethyl (dimethoxyphospha-
nyl)oxy-6-(tetrahydro-2H-pyran-2-yloxy)-hept-
3-ynoate 6, 2 intermediate formed by reaction of
the ethyl 2-hydroxy-6 (tetrahydro-2H-pyran-2-
yloxy)-hept-3-ynoate 5 with dimethyl chloro-
phosphite, prepared in situ from phosphorus tri-
chloride and 2 equiv of methanol in the presence
of triethylamine, and 2 equiv of pyridine, accord-
ing to Scheme 2.

Next, the reaction of ethyl 2-hydroxy-6-(tetra-
hydro-2H-pyran-2-yloxy)-hept-3-ynoate 5 with
chlorodiphenyl phosphine in the presence of tri-
ethylamine at -70°C gave the expected ethyl 4-(di-
phenylphosphinoyl)-2-methyl-6-(tetrahydro-2H-
pyran-2-yloxy)-hepta-2,3-dienoate 9 in very good
yield (70%) as a result of [2,3]-sigmatropic rear-
rangement of the ethyl 2-(diphe-
nylphosphino)oxy-6-(tetrahydro-2H-pyran-2
yloxy)-hept-3-ynoate 8 for 6 h at room
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temperature, according to the reaction sequence
outlined in Scheme 2.

A new family of 4-phosphorylated 6-hydroxy-
hepta-2,3-dienoates with protected hydroxy group
7 and 9 were synthesized via an atom economical
and regioselective [2,3]-sigmatropic rearrange-
ment of the intermediate formed hydroxy- and
carboxy-substituted propargyl phosphites 6 or
phosphinites 8 in the reaction of protected hy-
droxy- and carboxy-substituted dimethylchloro
phosphite alkynols 5 with dimethylchloro phos-
phite or chlorodiphenyl phosphine in the presence
of triethylamine.

Compounds 7 and 9 were stable enough to be
handled at ambient temperature. The hydroxy
group was deprotected by stirring the ethanol so-
lution of the protected ethyl 4-(dime-
thylphosphoryl)- or 4-(diphenylphosphinoyl)-6-
(tetrahydro-2H-pyran-2  yloxy)-hepta-2,3-dieno-
ate 7 or 9 in the presence of 0.1 equiv PPTS at
room temperature for 6 h to give the ethyl 4-(di-
methylphosphoryl)-6-hydroxy-hepta 2,3-dienoate
10 and the ethyl (diphenylphosphinoyl)-6-hy-
droxy-hepta-2,3-dienoate 11, according to
Scheme 3.

After a conventional work-up, all allenic prod-
ucts 7,9, 10, and 11 were isolated by column chro-
matography as stable yellow, orange or colourless
oils and identified by H, °C, and 3P NMR and
IR spectra, as well as by elemental analysis.

A series of new 4-phosphorylated 6-hydroxy-
hepta-2,3-dienoates with protected 7 and 9 and
unprotected hydroxy group 10 and 11 were syn-
thesized by a convenient, expedient, atom-eco-
nomical and regioselective method.

Conclusion

In conclusion, we could state that a convenient
and practical regioselective synthesis of a new
family of 1,1,3-trifunctionalized allenes has been
explored. 4-Phosphorylated 6-hydroxyhepta-2,3-
dienoates were derived from [2,3]-sigmatropic



rearrangement of the intermediate hydroxy- and
carboxy-substituted propargyl phosphites or
phosphinites formed in the reaction of protected
hydroxy- and carboxy-substituted alkynols with
dimethylchloro phosphite or phosphine in the
presence of a base.

Currently, we are working on further progress
of this potentially important synthetic methodol-
ogy. At the same time, we are making research on
the synthetic application of the prepared 4-phos-
phorylated 6-hydroxyhepta-2,3-dienoates with
protected or unprotected hydroxy group for syn-
thesis of different heterocyclic compounds in our
laboratory as a part of our general synthetic strat-
egy for studying the nature of the electrophilic cy-
clization and cycloisomerization reactions of tri-
functionalized allenes. The results will be re-
ported in due course. What could be emphasied on
is that the results of the preliminary study of the
biological activity of the compounds are encour-
aging. It is the antibacterial and antifungal activi-
ties of selected compounds, as well as the poten-
tial precursors of effective anticancer drugs that
are currently analysed by our University research-
ers.
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OIIPEAEJISIHE HA TEOPETUYHUTE TAPEJIKH ITPU PEKTHO®UNILINA HA NIEAJTHAU
JBYKOMIIOHEHTHU CMECH

Kpacu [lanaiioToBa, Anpuana ['eopruena

DETERMINATION OF THEORETICAL PLATES IN RECTIFICATION OF IDEAL BI-
NARY MIXTURES

Krasi Panayotova, Adriana Georgieva

ABSTRACT: The McKebe and Thiele method is convenient for sizing rectification columns to separate ideal
binary mixtures. It uses equilibrium curves between the vapor and liquid phases to determine the theoretical num-
ber of steps required to separate a binary system. In production technologies, rectification is primarily carried out
in plate columns in which a stepwise interaction takes place between the countercurrent vapour and liquid phases.
The contact between the two phases takes place on contact devices (plates) horizontally arranged along the height
of the column. The aim of the present work is to provide software post-routing of the McKebe and Thiele diagram
to determine the theoretical plates in the separation of a binary mixture by rectification.

Key words: rectification, McKebe and Thiele method, theoretical plates

BbBenenne

Pextudukanmsara e cnoxxeH TOo- 1 Macooo-
MEHEH MpOIleC, ITMPOKO H3IOI3BAH 32 pa3/ieisHe
Ha TCYHU CMECH HAa CHCTaBAIIUTE T'M UHIUBUIY-
ATHA KOMIIOHEHTH WJIA Ha (DPPaKITUH C )KEeTIaH ChC-
TaB. B Ipon3BOICTBEHNTE TEXHOJIOTHH, peKTU(DH-
KallUsATa Ce OCHIISCTBIBA MPEAUMHO B TAPEIKOBH
KOJIOHH, B KOMTO MPOTHYA CTHIAIOBUIHO B3au-
MOJIEHCTBUE MEXTY IBIDKEIIUTE C€ B IPOTHBOTOK
napHa U TeuHu (azu. KOHTaKTHT MEXIy JBETE
(ha3u ce OChIIECTBSIBA BbPXY XOPU30HTAIIHO pa3-
MTOJIOKEHUTE 10 BICOYHMHA HAa KOJOHATa KOHTAK-
THH yCTpoicTBa (Tapenku) [1+5].

OcHOBHa XapaKTEPUCTHKA Ha TPOIIECa PEKTH-
(ukanus e HeroBaTa e()eKTUBHOCT, KOSTO Ce Olle-
HsIBa IO Pa3IMuHU KpUTepuu. B npakTukara, mpu
TapeJIKOBUTE KOJIOHH €(DEKTHBHOCTTA Ha MacoIl-
peHacsiHe ce OIeHsIBa OOMKHOBEHO, Upe3 Koedu-
nueHTa Ha moie3Ho aeictBue (KII), xoriTo ce
M3T0JI3Ba TIPH Opa3MepsIBaHe Ha KOJIOHUTE 3a TIpe-
M3YHUCIIIBaHE HA ONpPeAeeHHs OpOi TEOpeTHUYHH
TapesIKu B ACUCTBUTENHU Tapenku [1+3].

OcHoBHa 3aj1a4a MPU MPOSKTUPAHETO HA PEK-
TU()UKAIMOHHH KOJIOHHU € ONPEICIISIHETO Ha Opost
TEOPETUYHHU TAPEJIKU, KOHTO € HeOOXOUM J1a pa3-
JIeNY JTaJIcHa IByKOMIIOHEHTHA T€YHA CMEeC B OIl-
peaeseHy TPaHMIIM U JKeJaHa 4ucToTa. EquH ot
Hall — 9€CTO M3IOJI3BAHUTE MOJXOIH 3a OIpese-
nsiHe Opost HAa TEOPETUYHUTE TAPENIKH € Tpadud-
Hus meto Ha MakKe6e u Tuue.

38

Metonet Ha MakKe6e u Tuie e nocra ynooex
3a opa3MepsiBaHe Ha PEKTH()PHUKANMOHHU KOJOHH
3a pasleNisHe Ha JIBYKOMIIOHEHTHH cMecH. [Ipu
HETO C€ W3MO0J3BaT KPUBUTE HAa paBHOBECHE
MEXJy MapHaTa W TeuHa a3y, 3a Ja ce Onpeaein
TEOpEeTUYHUS OpOoil cThIIAa, HEOOXOUMH 32 pa3-
JIENITHETO Ha JlajiecHa OMHApHA CHCTEMA.

llenta Ha HacTOsIaTa JUIJIOMHa paboTa e
coryepHo 1a ce obOe3meur MOCTPOSBAHETO Ha
nuarpamara Ha MakKe6e u Tune 3a onpeznensHe
Ha TCOPETUYHUTE TAPEJIKU IIPU PA3ICIIIHE HA ABY-
KOMITOHEHTHA CMEC 4pe3 peKTH(OUKAIHSL.

MaxkKe6e - TuJjie - rpadpuuen metoj

IIpn mpoekTHpaHeTO Ha KOJOHEH amapar 3a
pa3acisine Ha JABYKOMIIOHCHTHHM TEYHU CMCCHU
4ype3 peKTU(UKAIHS, CIOXKHHUTE TEePMOJANHA-
MHUYHHU H3YMCIICHUS, Tapelka M0 Tapejka Moratr
J1a Ob/1aT 3200MKOJIEHH Ype3 U3IM0I3BaHe Tpadud-
ausa Metox Ha MakKeo6e u Tuite. OcHOBHHTE OII-
pocTsBalM AOMYCKaHWs B TO3HM METOJ ca Ciel-
HUTE:

e  Ha BCSKa TapeliKa MaplUaIHusA KOHEeH3a-
TOp /MM MaplIUaTHUs U3MAPUTEIl CITyKaT Karo
TEOPETUYHU TAPEIIKH;

o IIOCTOSTHHU MOJIHU HC6I/ITI/I Ha IIOTOILHUTE,
3aKOHBT Ha Payi e BanuzeH.

Te3u onpocTsBaHKs HE ca HEOOXOIUMH 32 OII-
penensHe Ha TeOMETPUYHHS pa3Mep Ha KOJIOHATA,



T€ 3HAUYUTEIIHO OIPOCTABAT MPOLEAYPUTE IO
opa3MepsiBaHE Ha WJCaTHU WM HEeWUJI€aJIHU CHUC-
TEMHU.

l'opecniomenatute AOMyCKaHUS TO3BOJISABAT
Jla ce OMpeesaT HAKOJIKO BaXKHU ITPOEKTHU Napa-
METPHU Ype3 IPOCTO MOCTPOSIBAHE HA AUArpama Ha
MakKebe u Tune. Te3u mapameTpu BKIIOYBAT
Opost Ha TEOPETUYHUTE €TaIld, MUHIUMAITHUS OpOit
TEOPETHYHN €Tald W MUHUMATHOTO (HJIETMOBO
yucao. To3n MeTon € Moke OM Hal-JIECHUAT 3a
YCBOSIBAHE W TpUJiaraHe KbM OWHApPHU CHCTEMH,
Th KaTO HE M3UCKBA WTEPATUBHU H3UUCIICHHUS,
HUTO BKJIFOYBA CHTAIMHUAHU OaJIaHCH (BBIIPEKU Ye
Moxe Ja Obae Moau(pUIUpaH, 3a Ja TH BKIIOYBA,
KOTaTO HE CE IIPpUeMa ITOCTOSTHEH MOJIapEH ITOTOK).
BebuHocT TO3M mOAXOJ € MOAXOJAIN 3a rpa-
(uvHa BU3yanu3alus Ha MO-TIPOABIDKUTCITHH H3-
YHUCIICHUS.

N34uucasiBane Ha padoTHUTE JUHUU

KpuBara Ha paBHOBECHETO MOXeE Aa CE OIpe-
JIeNI Taka 4e, Ja OMNHIIEC PaBHOBECHOTO CHOTHO-
HICHUE MEXIY TEYHUTE U MApPHUTE KOMIIOHEHTH,
KOHMTO HaIycKaT KOJIOHaTa BbB Bceku ertarl. [Ipu
rpau4HOTO MPOEKTUPAHE HAa TAapEIKOBa KOJIOHA
obaye e He0OXOAMMO Ja ce pa3paboru paboTHA
JIMHUS, KOSITO 1a CBBP3Ba NIPEMHUHABAIIUTE TCUHH
U MapHU HOTOLM MEXIy BCSKa TEOpeTHYHa Ta-
penka. BepuiHoct paboTHaTa TMHUSA € Ta3H, KOSITO
OCHUTYpsIBa MaTeMaTH4ecKa 3aBHCHMOCT, OIIHC-
Balla pabOTHHUTE YCJIOBH B amapata. B ciensa-
vst aHanu3 e ObAaT pa3padoTeHu paOOTHH -
HUH, KaKTO 3a yyacTbka 3a oborarsBane ¢ JIJIK,
Taka M 3a yJacTbka 3a ooennaBane Ha JIJIK.

Ha ®ur. 1 e nokazana cxemara Ha CEKTOPHUTE
B peKTU(HUKALMOHHATA KOJIOHA.

@ur.1. PexTidukanmonHa KoJIOHa

39

| — MarepuasieH OajaHC OKOJIO OOOTaTsSBAITUS
cektop; Il — Marepuanen 6aianc okojio o0eHs-
Bamus cektop; III — Marepuanen 6ananc 3a -
JaTa KoJoHa

OO0muaT MarepuayieH OajlaHC ce 3alicBa 3a
cexTop | B cexnusiTa 3a oborarsaBaHe MO CIEAHUS
HAYWH:

V=L+D 11/

ToBa ypaBHEHHE € CBBP3aHO C H3IUTAIINTE Ce
mapu (V), ctranms ce Teder motok (L) u crbpa-
uus gectunat (D). Matepuanausar 6anaHc 3a Jie-
KHs KOMIIOHEHT A ce 3alicBa 10 CIIeHNS HaYHH:

V.Yns1 = L.xy + D.xp 12/

[Mony4eHusT n3pa3z MoOXe Ja ce IMpelcTaBu
KaTo ypaBHEHHE Ha IpaBa:

L D
Yn+1 =3 Xn F 131

v D
L
KBbACTO ; € HAKJIOHBT Ha pa60THaTa JIMHHA.

Croitroctra L/V ce ompenenst kato ¢uermo-
BOTO YHCJIO €, KOETO € ChOTHOIICHUETO MEXKIY
MOJIHUSL IeOWT Ha TEYHHs MOTOK (BphIIAll ce B
rOpHATA YacT Ha KOJIOHATA) U MOJTHHSI MOTOK Ha
napure (M3JIM3alld OT ropHaTa 4acT Ha KOJIO-
Harta). Ciie M3BBPIIBAHE HA MpeoOpazyBaHus U
3aMECTBaHE Ha OMpeleNieHHeTo 3a (IErMOBOTO
yucio R = L/D, ce nony4aBa u3pa3 3a pabOTHa
JIMHMS Ha o0oraTsBalllaTa yacT Ha KOJIOHATa:

2R 14/

R
Yn+1 = 3 R4l

+1°71

ITo nogo0eH HaYMH MOJKE J1a Ce U3BEIC U U3pa3
3a paboTHATa JTUHUS 3a OOC/HsBAIATA YacT Ha
kooHaTa. OOLMAT MaTepuayieH OajaHC OKOJIO
cektop II, B ygacTpka 3a 0O6eHsIBaHE €:

L=V+B /5/

KomMmmoneuTHUSAT 6aJ'IaHC Ha I10-JICKUA KOMIIO-
HEHT B CEKIIMATA 32 00CAHIBAHE MOXKE Jia ce Tpe-
Hape/IH, 3a Jia ce MOJy4r ypaBHEeHHE, aHATOTHYHO
Ha ypaBHeHue /4/:

16/

<l @

Xy =Xy

<l =

Ym+1 =

Upes nonoOHu npeodpazyBaHus U KaTO CE U3~
MI0JI3Ba OTPEJENICHUEeTO 3a KoeuImeHTa Ha KH-

nede R,, = V/B, MOXeE J1a ce pa3paboTH ypaBHe-
HUeE 3a padoTHATa JIMHHS 32 00eHsBAIIATa YacT
Ha KOJIOHATA:

Ry+1
Rw

17/

_ Xw
Ym+1 = -Xm +R_

w

TOHHOC’B,I[’Bp)KaHI/IeTO Ha mnoJaBaHaTa Cypo-
BHHA OKa3Ba rojisiMO BJIUSIHUC BBPXY pa60TaTa Ha



KOJIOHATa. Y CTAaHOBEHO €, Y€ € M3roJHO e(PeKThT
OT TOIUTMHHOTO ChCTOSIHUE HA HAYaTHATA 3aXPaH-
Ballla CMeC Jla ce MPeACTaBU rpadyHO Ha Juar-
pamata Ha MakKebe u Tune [6, 7]. Ako cypoBu-
HaTa e MpeoxXyajicHa, T e KOHACH3UPA U 4acT OT
W3JIUTAIUTE Ce MapH Mpe3 00eIHABAIATa YacT Ha
KOJIOHATA; aKo € MperpsTa - TS ¢ U3Mapu 4acT OT
TEYHOCTTA, KOATO C€ CTH4Ya MO 0o0orarsBaliaTa
YacT Ha KOJIOHATa. B moBevero ciyyan 3axpaHBa-
HETO € WM C HACUTEHA TEYHOCT, WM C HACUTCHA
napa, WiM ¢ HacuTeHa ABy(das3Ha cMec.

>Rec1iﬁcaliun
section

F=F;_+FV

J \

Stripping
section

A

@ur.2. PaboTa Ha cTaHmapTHA 3aXpaHBaIla
TapesKa ¢ HaCHTEHO 3axpaHBane [6]

®durypa 2 wiaroctpupa padboTara Ha CTaHIAp-
THA 3aXpaHBallla TapeJIKa C HACUTEHO 3aXpaHBaHe,
KbJeTo F; € MONapHUST JeOUT HA TeYHATa YacT
Ha 3axpaHBaHeTo, a Fy, e MOJIHMA 1eOUT Ha map-
HaTa 4acT B 3axXpaHBalllaTa cMec. 3a LeJUTe Ha
HACTOSIIIIOTO OOCHkK/AaHEe 3axXpaHBAIIUAT TOTOK
Moxe n1a 6b1e HacuTeHa TeuHoct (F, = 0), Hacu-
teHa napa (F;, = 0) unm HacuTeHa ABy(da3Ha cMec
(F = F, + Fy). Koraro 3axpaHBaIIUsT MOTOK €
HacuTeHa TeyHocT (F, = 0) m muma eHTanmus,
paBHa Ha Ta3W Ha CMeCTa BBpPXY 3axpaHBallaTa
TapesKa, 3axXpaHBaLUAT IOTOK I1I€ OTeYe U3LSII0
B 00eTHSBAIATA YACT HA KOJIOHATA, Taka ue V =

Vul = L + F,.Koraro3axpaHBaHETO € HACH-
tena mapa (F;, = 0), 3axpaHBaHETO III€ TIPEMUHE
M3IUI0 B CEKIUATA 32 06OTaTsIBaHe, Taka e L =
LuV =V + F,.KoraTo 3aXpaHBaHEeTO ¢ HACH-
tena aBydasna cmec (F = F, + F,), momyde-
HUTE TEYHHU W MApHU TOTOIH, HAITYCKAIIH 3aXpaH-
BAII[ATA TAPEJIKA CE OMPEICIAT ChOTBETHO OT L =
L+ FuV =V + F,.

OOmusar OamaHc Ha MaTEpPHAIHHUTE MOTOLHU
OKOJIO 3aXpaHBallara Tapeika ce omnpezaess [8-10]
OT U3pa3uTe:

F+V+L=V+L
F+(V-v)=(L-L)

18/
19/
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bamanceT Ha entammuaTa (H), mpu koito ce
npeHeOpernaT 3aryouTe Ha TOIUTMHA KBM OKOJI-
HaTa cpeAa ¥ BCUYKH e(eKTH HA CHTAIIHITA Ha
CMeCBaHe e:
FHp +VHy + LH, =VH, + LH; [10/
KbAeTo H; — MOJIHaTa €HTaNmus Ha i-TUS TOTOK
MIPY TeMIIepaTypa U HaJIATaHe Ha MOTOKA NPH 3aX-
paHBaIiara Tapesika.
Twit xkato Hy =~ Hy; u Hj ~ Hy, ypaBHenue
/10/ npuema Buaa:
FHp+H,(V-V)=H,(L-L) /1Y
Cren mpeobpasyBaHHss MOXKEM JIa OTPeIeIuM
YCIIOBHETO 3a 3aXpaHBaHe (:
g=">= H 112/
KoeduuueHTsT ( ce onpenens KaTo MOJIOBETE
TEYHOCT, MOCTHIBAIM B O0CIHIBANIATA YAaCT HA
KOJIOHATa, KOMTO CE TI0JIy4aBaT OT EAMH MOJ 3aX-
paHBaHe B KoyioHaTa. Hanpumep, koraro 3axpaH-
BAaHETO € HACHUTCHA TEYHOCT, BCEKH MOJ 3aXpaH-
Ballla TEYHOCT, BITU3AIIl B KOJIOHATA, CE J00aBs 1K~
PEKTHO KbM IIOTOKa Ha TEYHOCTTa B OOE/IHSBA-
niarta yact. ClieIoBaTeTHO KOSPUIUEHTHT ( € pa-
BeH Ha efuHUIa. OOpaTHO - KOraTo CypoBHHATA €
HACHTEHa Mmapa, BCEKH MOJI CYpPOBHHA, TOCTHIIBAII
B KOJIOHATA, ce 00aBsS TUPEKTHO KbM Tapara, Ko-
STO MOCTHIIBA B 000OTaTsABAIATA YACT.
B ciryuas Ha mpeoxiajieHa 3axpaHBaila cMec,
CTOHHOCTTa Ha q C€ OTpEeJIeNs OT:
g=1 +F,L(Tb_TF)

o 113/

KbpaeTo Tp — TeMIepaTypa Ha 3aXpaHaBallaTa
cmec; Ty — Temneparypa Ha MeXypooOpazyBaHETO
Ha 3axXpaHBallaTa CMec; m - CPEeIHMAT TOIUTHU-
HEH KanalyuTeT MPH MOCTOSHHO HAJSIraHe Ha TeY-
HOTO 3axpaHBaHe, A - CKpUTaTa EHTAJIIHs Ha 13-
MapeHUe Ha 3aXPaHBaHETO NIpU TF.

AHaNIOTHYHO CTOMHOCTTA Ha ( MOJKE /1A CE U3-
YHCITU 3a MPerpsiTa CypoBHHA N0 ypaBHeHHE (14):

_F,L(TF_Td) /14/
A

Kkpnero: T; - TemmepaTypara Ha ToUKaTa Ha Opo-
csBaHe Ha I10JaBaHOTO BEIIECTBO, a m - cpen-
HUAT TOIUIMHEH KanalMTeT Py MOCTOSIHHO HaJIs-
raHe Ha IoJjaBaHaTa napa.
Hskou wmsciemoBarenu NpeAroOvYMTaT Na W3-
mo3BaT koedunuent f, ompemenen karo:
f=1-¢q 115/

Croitrocture Ha ( u f ca 00001IeHN U TIpe/C-
TaBeuu B TaOinma 1.



Tadauna 1. CTOWHOCTH Ha KOSHHUITHESHTHUTE ( Tabauna 3
u f copen Buaa Ha 3axpaHBaiara cMec Bun 3axpan- HAKJIOH HA npeceyeHa
Ballla CMeC q - IuHUA MoYKa Ha y
Bup 3axpanBa- q f npeoxJiaicHa <oo,>1 <0
aTa cMec TEYHOCT
IpeoxJaaeHa >1 <0 HACHTEHA TeY- os) o
TEYHOCT HOCT
HACHTEHA Teu- 1 0 HacHTEHa JBY- <0 > Xp
HOCT (hazoBa cMmec
HACUTEHA JIBY- >0, <1 >0,<1 HACHWTEHa mapa 0 Xp
(dazHa cmec mperpsita napa >0, <1 >0, <xp
HACUTCHA mapa 0 1
NperpsTa napa <0 >1 Ha ®wur.3 ¢ mokaszaHa q-TMHHUS 33 BCEKH OT

[TapameTspBT ( ompenens U TOYKaTa Ha Ipe-
CHuYaHe Ha JIBeTe paOOTHM JIMHUM HA JUarpaMmara
Ha MakKe0Oe u Tune. YpaBHeHusITa Ha paOOTHUTE
JMHUH B TOYKATa HAa MPECHYaHe ca ChOTBETHO:

Viypw =L.xp_1+D.xp 116/
V.Ym = L.Xp_q + B.x,, 117/

Crnen mposeneHu mnpeoOpasyBaHUsl MOTyda-
BaMe:

y(V - 7) = x(L - Z) +D.xp + B.xy, [18/
OOmuAT MaTepuaieH OajgaHc MO0 KOMIIOHCHTH

119/
120/

F.xF = D.xD +B.xW
(V-V)=x(L—L)+F.xp

Tt karo (L—L)=-q.F u (L—-L)=
F(1 — q), momy4yaBame:
Fy(1—q) =x(—qF)+ F.xg 121/
HOJ'IyLIeHI/ISIT MOJKEM Jia 3allMIIEM CIPAMO vy

=4 , _ Xk
y = S — 122/

q—1
3a ;1ajieHo ChCTOSHME Ha 3aXpaHBaHe (Xp U (
ca ¢ukcupann) ypaBHeHue (22) ce HaHAcs KaTo
npaBa JIMHUS BBPXY auarpamara Ha MakKebe u
Tune u ce Hapuya JTUHUS (. 3aMECTBaHETO HA Xp
3a X B ypaBHeHHe (22) Boau 10 Y = Xp, KOETO
MOKa3Ba, ue (-JIMHUSTA IMpecuva JUaroHaIHATa
JUHUS Y = X B Toukara (Xg, Y). JlBeTe paboTHH
JMHUY | JIMHUSTA ( ce Tpecuyar B oOlla ToYKa,
KOSITO OOMKHOBEHO C€ MpHeMa 32 MECTOIOJIOKe-
HUETO Ha 3axpaHBamiara tapenka. [Ipumepun 3a
HaKJIOHA M ITpecevHaTa TOUKa Y 3a eTTe oOLu yc-
JOBUSl Ha TMojaBaHaTa cMec oT Tabmmma 2 ca
000011eHH 1 npecTaBeny B Tabnuma 3.
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ropaute met obmm cimydas. TpsOBa ma ce otOe-
JISKH, Y€ 3a NajcHa pabOoTHA JTMHHS TPU PEKTH-
(ukanys, HaMaasIBAaHETO HA CHTAJUATA HA 3aX-
paHBaHETO YBEIHYABA (, KOSTO I1Ie MPOMEHU OpOst
Ha TEOPETHYHHTE CThIANa, HEOOXOIUMH 3a pas-
JICJISIHE BBB BCsiKa cekius. Hampumep moxe aa ce
MOKaXKe, Y€ MPH BCE MO-TIPErpsiTa CypOBUHA € He-
00x0uM To-TOoJIsIM Opo Tapelku B 00OTraTsBa-
11aTa 4yacT B CpaBHEHUE ¢ oOeHsBamaTa. B ciy-
Yyail Ha BCE MO-0XJIaJIcHa TeYHa CypOBHHA Ca He-
00X0TUMH TIOBEUE TApPENIKH B 00€THABAIIATa YACT

Ha KOJIOHAaTa.
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OnTumanHaTa TeOpeTHYHa 3axpaHBaila Ta-
penka ce ompesens KaTo CTHIAJIOTO Ha AWarpa-
mata Ha MakKebe n Tune, koeTo ce Hamupa B
npecevHaTa To4Ka Ha JIBeTe padoTHH JuHuK. Ha
®wur.4 e mpeacTaBeHa TUMHYHA Auarpama Ha Mak
Keb6e u Ture.
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®ur.4. [{uarpama Ha MaxkKebe u Tune

0

[lonsaTuero 3a mbaHa ¢uermMa ce u3Ioi3Ba, 3a
Jla ce OTpeNeNy TEOPETUIHUAT MUHIMaJIeH Opoid
eTarnu, KOUTO ca Bb3MOXKHH 32 JJaJICHO pa3fielisHe.
[Tpu ToBa ycnosue ¢uermaBoto uucio R = L/D,
€ paBHO Ha 0e3KpaitHOCT, T KaTO JeCTUIAIIMOH-
HUAT TIOTOK ce mpuOmKkaBa 10 Hyna. Koeduim-
eHTbT Ha kurneHe R, = V/B, cpmo craBa 0e3k-
paeH, Thi KaTo KyOOBHSAT OCTaTBhK C€ MPHONH-
XaBa JI0 HyJa. B pesynrar Ha ToBa JEOUTHT Ha
nonasane F, cwio ¢ paBeH Ha Hyna. [lpu meiaHa
(berma OpoAT HA TAPENKUTE B KOJIOHATA JIOCTUTA
MHHUMAaJHAaTa Cu CTOMHOCT. PU3nuecKaTa HHTep-
MpeTanys Ha TOBa SBJICHHE €, Ye C yBEINYaBAHETO
Ha KOJIMYECTBOTO Ha (priermatra M KHIIEHETO, Ce
MOBHIIIaBa CIOCOOHOCTTA HAa KOJIOHATA J]a U3BbP-
mBa oborarsiBaHe u oOenHsABaHe. ToBa 3acuieHo
oborarsBaHe u ooenuasane Ha JIJIK Boau 1o He-
00X0INMOCTTa OT IO-MaJIKO TapesIKH, BBPXY KO-
WTO J1a KOHTAKTyBaT TCYHHUTE U MAPHUTE TOTOIIH.
B xpaiina cmeTka npu mbiHa ¢uierMa OposT Ha
HEOOXOIUMHTE TapesIKu NOCTHra MHUHHMAallHaTa
CU CTOHWHOCT.

3a na ce omeHW TrpaduyHATA UHTEPIIPETAIHS
Ha TOBa SIBJICHHE, ITBPBO TPsIOBa Ja ce OTOEIeKH,
4e BCEKU OT TPUBI'BIHULUTE, 00pa3yBaHU MEXIY
KpHUBaTa Ha PaBHOBECHETO U pabOTHATA JIMHUS Ha
nuarpamara Ha MakKebe - Tuie npencrarissa
enuH TeopernyeH eran dwur.4. C npubnmkasa-
HeTo Ha R 1 RekbM Oe3kpaiiHoCT ypaBHeHUsTA (4)
u (7) ce npubIMKaBaT KbM Y, .1 = Xp. Cieno-
BaTEeHO PabOTHHUTE JIMHUM KAaKTO 3a o0orarsiBa-
11aTa 4acT, Taka 1 3a 00eAHsABaIIaTa 4acT "ce cpu-
Bar" 10 TUHUATA Y x. B pe3ynrar Ha ToBa Jiu-
HUSTA (| U349e3Ba ¥ TEOPETHYHHTE ETAIH CE OTKBC-
BaT MEKAY KpHBaTa Ha PaBHOBECHETO W JIMHUITA
45°, KoATO JaBa MUHUMAIIHUS OpOW TEOPETHYHHU
etanu. Thil KaTO 1EOUTHTE HA 3aXPAHBAHETO, JIEC-
THJIaTa ¥ JBHOTO ca PaBHU Ha HyJa, KOraTo ce pa-
00TH mpH mbJIHA ¢uierMa, TO3U MUHUMAaJeH Opoi
HE C€ M3II0JI3BA B PEATHUTE IPUIIOKEHHS; BMECTO
TOBa TOU TPsIOBa /1a ce pa3riiexk/a KaTo rpaHuyueH
CITy4ai.
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Ciyqast Ha MHUHAMAITHO (DIIETMOBO YHCIIO
(Rmin) nmpeacrarisiBa anTepHaTUBHATA KPAHHOCT
Ha meaHa (ierma. [Ipu ToBa ycioBue Qiermo-
BOTO YHCJIO € C Hal-HMCKAaTa Bb3MOKHA CTOMHOCT.
CrnenoBaTeTHO CIIOCOOHOCTHTE Ha KOJIOHATA 3a
obOorarsBaHe 1 obeausaBane Ha JIJIK ca Hamamenu
JI0 TakaBa CTEIICH, Y€ ca HeoOXOoAuMH Oe3KpacH
Opoii TapeaKy Ham M 0] 3aXpaHBallaTa Tapeka,
3a J1a Ce OCBIIECTBHU JKEITAHOTO Pas3eiisHe Ha IPO-
IYKTUTE.

IlocTposiBane Ha nuarpamara Ha MakKeoe
u Tune[7; 8; 10]

Ilo-mony e ommcaHa moapoOHa Ipouexypa
"CTBITKA TI0 CTHITKA" 32 IPOSKTHPAHE HAa pEKTH(H-
KallMOHHAa KOJIOHA 4Ype3 rpadu4Hus METOA Ha
MaxkKe6e u Tune. 3a na ce mocTpou AuarpamMara,
OOMKHOBEHO CE HPAaBAT HAKOM OIPOCTSBALIM J10-
ITyCKaHUsA:

1. Ha Bcsika Tapenka u3guraiuTe ce mapu u
CTHYAIaTa C€ TEYHOCT Ca B TEPMOJMHAMHYHO
paBHOBECHE TTAPH-TEUHOCT;

2. I[NocTosstHHM MOJIHU JIEOUTH HA TTOTOIMTE (32
Jla ce 3a00MKOIIAT OajaHCHUTE HAa CHTANNHATA U
KpUBUTE paOOTHH JTMHHH);

3. Banuzen e 3akoHbT Ha Payn (1BykoMnoHeH-
THaTa CMEC Cce MpreMa 3a UIealTHa).

3a na ce mpuitoku rpadUIHUAT MEeTOX Ha Mak
Ke6 u Tune, mppBo TpsiOBa Ja ce MOCTPOH PaBHO-
BecTHaTa uHuA Y = f(x). Ciex HEHHOTO MOCT-
pOsIBaHE ce MU3BBPILBAT CICTHUTE IEHTBHUS:

1. IloctposiBame nuHUATA Y x (nuHUEATA
45°), HamMupame  MOCTaBsIMe ChCTAaBUTE HA JECT-
jata Xp ¥ Ka3aHus OCTaThK Xp;

2. HauepraBame nunusra q. Ta3u nuHus ce or-
penens 1o yp-e /22/. Jluausta ( ce HauepTasa,
KaTo Ce 3all0vHe OT ToYKata (Xp) Ha JuHUITA 45°
U ce YAbJKaBa, JOKAaTo JTOCTUTHE KpUBaTa Ha paB-
HOBECHETO;

3. Onpenens ce Ry, KaTo ce mpoKapa Impasa
JUHUS MEXTy TO4KaTa (Xp ) M TOUKara, B KOSITO
g-TMHUATA MpecuYa KpUBaTa Ha PaBHOBECHETO.
ToBa monokeHne CHLOTBETCTBA HA MUHUMAJTHOTO
(hIIEerMOBO YKCIIO TIPU JAJICHHSI ChCTAaB HA 3aXpaH-
BalllaTa CMEC M XeJlaHWs ChCTaB Ha JeCTHIIATa.
[Tpyu MuHMMaNHO (JIErMOBO YHCIO OpOSIT HA Te-
OPETHYHUTE TapeNKu ce MpuOmKaBa A0 Oe3K-
paitnocT. CTolHOCTTa Ha Ry, MOXeE Ja ce onpe-
JIeNii, KaTO ce OTYeTe NpeceyHaTa ToUKa Yi,; Ha
Ta3u JIMHUS 110 ypaBHEHUE /4/:

XD
Yint = Rymin+1 128/

Moxe na ce mpeAcTaBd U MO CIACTHHUAT TO3U

Ha4YHuH:



X _1q

129/
Yint

4. W3uucnsBaHe Ha ONTUMAIHOTO (DIECrMOBO
yucio - R:
R =m. Rmin

Rmin

130/

CroliHOCTTa Ha ONTUMH3ALMOHHHS MHOKHTEI
M OOMKHOBEHO 3aBUCH OT BHJA Ha OXJaKIalara
TEYHOCT, U3I10JI3BaHa B Aedermaropa,

5. Cnen xato ce onpe/eny onTuMaiHaTa CTon-
HOCT Ha R, Moxe Ja ce HauepTae paboOTHATA JIH-
HUS Ha oborarsBamiaTa 4acT Ha KoioHaTa. Haii-
NPOCTUAT HAYMH 3a rpaduvyHO M300pa3sBaHe Ha
Ta3u JIMHHSA € TBPBO JIa c€ U3UMCIIM HelHaTa Tpe-
CeyHa TOYKa y, KOSITO C€ OIIPEeesis OT ypaBHEHHE
/28/. Cnem ToBa ce wW34epTaBa IIpaBa JIWHUSA
MEXY Ta3H MpeceyHa TOYKa Y U TOUKaTa Xp;

6. [locnenHara yacT oT OCHOBHaTa "paMka'" Ha
nuarpamara € paboTHaTa JHMHUS Ha OOeqHsBa-
niaTa 4yacT Ha KojoHara. Hall-mpocTusT Ha4uH 3a
MOCTPOSsIBAHE Ha Ta3W JIMHUS € J]a ce u3uepTae
IpaBa MEXIy TOYKa XgH TOYKaTa, B KOSTO oOra-
TsBaILaTa pabOTHA JMHUS NIPECcUYa JIUHUATA (;

7. Crenpamiata CThIIKA € Ja C€ H3TPHAT
BCHYKHU JIMHHUHN U CCTMCHTHU OT JIMHUH, KOUTO MO-
rat ga Opnar mpeHeOperHatw. ToBa BKITIOYBa
yacTH oT paboTHATa JTUHHA 32 TOpHATa 4acT Ha
KOJIOHATA U (-JIMHUSATA, KOUTO CE TIPOCTHPAT CIIe]T
MSICTOTO, KbAETO (-TUHUATA U IBETE PAOOTHU JIH-
HHUH C€ IIpecuyar.

8. Cnen KaTo OCHOBHUSAT KOHTYP € TOTOB, OC-
TaBa caMoO Jia c€ HadepTasT eTalmuTe Ha pasle-
JsIHE, KaTo ce 3aloyYHe OT TOYKa Xp M Ce Ipo-
ABJDKU XOPU30HTAJIHO HAJIKIBO, JOKATO JIMHUATA
JIOCTUTHE KpUBaTa Ha paBHOBecHe. B Ta3u Touka,
CIIEABALMAT YYacThK OT JIMHUSATA TPsOBa Aa Mpo-
JUBJDKH TIPAaBO HAA0Ty (MEPIEeHANKYIISIPHO Ha IIpe-
JUIITHUS Y9acThK, JIOKaTo JOCTUTHE paboTHaTa
nuHusA). To3u IBPBU TPUBI'BIHUK MPEACTABISABA
€/IHa TeOpEeTHYHA TapesKa B OMHapHaTa peKTudu-
KallMOHHA KoJioHa. Ta3u mporeaypa ce moBTaps
(cp3paBaiiky mopenua OT TPUBI'BJIHULM MEXIY
KpHBaTa Ha paBHOBECHETO M pabOTHATa JIMHUS),
JIOKAaTO Ce€ JIOCTUTHE TOYKaTa Ha TpecuvyaHe Ha
JBeTe paOOTHM JIMHUM W (-nuHusATa. Clen Kato
Tapeikara Ipecede Ta3u TOYKa, IbpBaTa Bb3-
MOJKHa BEpTHKaJHa OTCeuka TpsOBa ga ce mpo-
Kapa Hagoly 10 paboTHaTa JIMHUA 3a O0eTHSIBA-
1Iata 4acT Ha KoJjoHara. TapenkaTa, mpHu KOSTO
OTCEYKHTE MPEMUHABAT OT pabdOTHATa JMHUS 3a
oborarsBaiiara 4acT KbM pa0OTHATa JHHHUS 3a
o0eTHsIBaIIATA JIMHUS, CE ONPEeNs KaTo 3aXpaH-
Bama Tapesika. Ciea Ta3u TOYKa BCHUKU CIIEH-
Ballld TapejKu ce MpoKapBaT MexAy paboTHara
JMUHUS Ha oOeIHsBallaTa YacT HA KOJoHATa |
KpHuBaTta Ha paBHoBecHe. [locnennara reopeTnyna
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Tapenka TpsOBa Ja ce HauepTae Taka, 4e TOYHO Ja
MHHaBa Tpe3 TodYKara Xg, Thbi KaTo PAIKO Ce
CIlyuBa Ha MOCIIEJHATa TapejKa Ja ce JOCTHTHE
TOYEH CHhCTaB Ha Ka3aHHS OCTAThK.

B cimydaili Ha YacTH4YEH H3MApUTEN MOCIEN-
HUAT (Hali-TOTHUAT) TPUBI'BIHMK € TIPEJCTaBHTe-
JIeH 3a Hero. AKO ce M3M0JI3Ba YaCTHYeH KOH/ICH-
3aTOp, TBPBUAT (HAW-TOPHUAT) TPUBI'BIHHUK €
IIpeICTaBUTENIeH 3a KOHACH3aTOpa. AKO C€ U3II0II-
3Ba IBJICH U3MAPUTEN U/WIIM TBJICH KOHACH3aTOpP,
TE HE CE CUUTAT 32 PABHOBECHH €TalH, a ChOTBET-
HUTE TPUBT'BIHALN C€ CUUTAT 32 TEOPETUIHU Ta-
PEJIKH.

CodryepHo oOe3neuyaBaHe MOCTPOSIBAHETO
nuarpamata Ha MakKebe u Tuie 3a onpene-
JIiHe HA TeOpPeTHYHHUTE TapeJKH NMpU pasie-
JISiHe HA IBYKOMIIOHEHTHA CMeC 4pe3 pPeKTH-
puxanus

WzrotesiHeTo Ha TouHa quarpama Ha MakKeoe
u Tune, oco0eHO Ha phKa, € JOCTa TPYTHOEMKA
3amava. ETo 3amo B HacTosmara paboTa 1enum faa
MOKa)XKeM IMOAXOJI 3a Ch3JaBaHE Ha Juarpama Ha
MaxkKebe u Tue ¢ momomrra Ha Microsoft Excel
[9].

[IporpamuusT npoaykT Microsoft Excel nasa
BB3MOXKHOCT J1a Ch3/1ajie copTyep 3a MocTposiBa-
HETO Ha Ta3u Auarpama B 58 CTBIIKU:

e Crpnku ot 1 g0 11 orpassiBat BXOAHU U
U3XOJ/IHU JIAaHHU;
Crenku ot 12 1o 17 - cbeTaBu Ha TeyHa
U napHa (asa 3a BCSIKa Tapelika;
Crprku 18 10 43 - nuHUYN B Aarpamara;
Crerku 44 1o 58 oOxBamatr u3vepraBa-
HETO Ha camara Juarpama,

Onucanara TyK €JICKTPOHHA TaOJUIla MOXE
Jla ce W3MO0J3Ba 3a HaMHUpaHe Ha MUHUMAITHUS
Opoii eranmu, Nmin. 3a Ja ce peajusupa TOBa,
TpsiOBa ma ce 3amazae ¢uermoBo umcio RR Ha
MHOTO BHCOKa ctoiHocT, Hanpumep 1 000 000.
ToraBa oOoratsiBamniara pabOTHA JIMHUS IIIe MMa
HakJI0H OT 0,999999, koliTO ce ABABa JOCTATHUHO
OJIM3BK 10 €IUHMIIA, 33 Ja MPEACTaB/IsuBa IIbHA
(hnerma, a M3UMCICHUAT Opoii eTan e Obe pa-
BeH Ha Nmin. 3a CTOWHOCTUTE Ha &, Xf, (, Xd, Xw U
n, Nmin = 3,8066....

lopenocoueHUAT pe3ydTar 3a MHHUMATHHS
Opoii cThlana B KOMOWHAIWS C TPETUIITHUS pe-
3yJITaT 3a MUMaJIHO (DJIErMOBO YHCIIO IMOKa3Ba
CJIETHUTE BAKHU 3aKJIFOUCHMS 3a BPh3KaTa MEXKLY
Opos Ha cThIanara, JIErMOBOTO YHUCIO U HKOHO-
MUYHOCTTA Ha Mpolieca:



N ~KoHcTpykTuBHM pasxogu : 0 < Ny, < N
< ©
RR ~ ExkcnyioaTaMOHHU pa3xoau: © > RR
> RRyin >0
061y pasxou : o > $§ < oo

KonkoTo moBeue ca TapenkuTe, TOJIKOBA II0-
CKBIIO IIe ObJie U3TPaKAAHETO HA KOJIOHATA; KOJI-
KOTO IO-TOJIIMA € CTOMHOCTTa Ha (pJIErMOBOTO
YHCJI0, TOJIKOBA MO-BUCOKH 1€ OBAAT Pa3sxoauTe
3a eKCIUIOATAllMOHHH Pa3xo/u (3a OXJIaxIaHe Ha
KOH/ICH3aTOpa ¥ OTOIUICHHE Ha W3IApUTEIs).
Taka, Mexxay MUHUMAaITHUS OpOW CThIIaja U MU-
HUMAJIHOTO (DJISTMOBO YUCIIO, II¢ OBJAT UKOHO-
MHUYECKH OITHMAJIHUATE YCJIOBHS 3a KOJOHATa
(moxazanu kauectBeHo ¢ "$"). Tounoro u3uepra-
BaHe upe3 coTyepa IMO3BONSABA IMO-00XBATHO
MPOEKTHPaHE Ha PEKTU(UKAIMOHHUTE KOJIIOHH.

Hauun Ha u3nbianenue: CrapTupaMe OT Ha-
TUYHAS OUC TIAKET MPOTPAMHHS MPOIYKT MS
Excel, cien xoero oruBame U kiaukBame Ha file-
open-browse u u3bupame 1a ce oTBOpH (aiina
McCabe-Thiele diagram.xIsm

Heka mo pgeraiinHo nma pasriemame (aiina,
KOWTO ce BU3yalu3upa Ha ekpaHa. B ysBara gact
€ IIOMECTEHO KapeTo, B KOETO CE BbBEXKAAT BXO/-
HUTC OaHHU 3a pa3acigHaTa JABYKOMIIOHCHTHA
TeYHa CMEC M 3a TpaHHIIMTE Ha pa3zelisiHe: OTHO-
CHUTEJHA JICTJINBOCT, MOJIHM ChCTaBU Ha Hayai-
HaTa cMec, AECTHIaTa U Ka3aHHUS OCTaThK, HOA
KakBa (hopMa MOCTHIIBA HAa HayaJlHA CMEC, CTOM-
HoctTuTe Ha (aermoBoro umcio u KIIJ| mo
Mubpdu.
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6 |xw 0.02]0 < xw < zf
7 |rr 1.357775|> RRmin
8 n 1fo<n =1

dur.5. Bxoguu nanau

[Tox xapeTo Ha BXOJHHUTE AaHHU € MOJIETO 32
W3XOAHUTE NaHHH. B Hero ce M34mcisaBaT npece-
YeHaTa TOYKa Ha 3aXpaHBallaTa JMHUSA C PaBHO-
BECHATA JINHUS, IpecedeHara ToYKa Ha 3aXpaHBa-
araTa JIJMHHUA C pa60THaTa JIMHHUSA, MUHUMAJIHOTO
(hIeTMOBO YHMCIIO, M3YHCIEHHsI OpOil Ha Teope-
TUYHH Tapenku/orparanded no 50 Op./ u Homepa
Ha 3aXpaHBallata Tapeska.

g

10| W3axoaHW oaHHK

11 Xp 0.33333 ﬂpEEE4EHa TOYKaE Ha 3aXpaHBallaTta
12 |yp 0.66667| "MHHA C pEBHOBECTHATA MHHA

13 |RRmin 0.34000

14 Xf 0.37081 ﬂpEEE4EHaTa TOYKA Ha 3aXpaHBallaTa
15 |yf 0.62919| MHKA € paBOTHETE AMHKA

16 Tapenww | 10.00000{N = 50

17 |Nf f|3axpaHBalLa Tapenka

18

@ur. 6. 3xoquu 1aHHU

Cren BbBeXIaHE HA BXOJHHUTE JAHHU 3a U30-
paHa cMec, aBTOMAaTUYHO CE€ MOCTPOsBa JuUarpa-
Marta Ha MakKe0e u Tuite u ce n3uncisgBa oOuus
Opoii Ha TEOPETUIHUTE TAPEIKH, OTIPEIEIISI CE HO-
Mepa Ha 3axpaHBalliara Tapelika, pabOTHUTE H
PaBHOBECHU JIMHUU W TEXHUTE mapamerpu. W3-
YHCIISBAT C€ ChCTABUTE IO TEYHA U TTapHa (asa 3a
BCSIKa Tapemka.
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@ur.7. Buzyanuzamus Ha H3YUCIIIBAHETO HA OPOSI HA TEOPETUIHUTE TapeNIKu 1Mo MeToa Ha MakKebe
u Tune

3akiIoueHne

Metonbt Ha MakKe6e u Tuie e nocra ynooex
3a opazMepsiBaHe Ha PEKTH(OUKANMOHHH KOJOHH
3a pasjelsHe Ha ABYKOMITIOHEHTHU cMmecu. [Ipu
HEro C€ WU3MO0JI3BaT KPUBUTE Ha pPaBHOBECHE
MEXy MapuTe U TEYHOCTUTE, 3a J]a Ce OTPEIein
TEOPETHYHUAT Opol cThHana, HEOOXOMUMH 3a
pas3ensHeTo Ha JlafieHa OMHapHa cuctema. Te3un
JquarpaMu obade ce 4epTasT TPYJHO W OTHEMart
MHOTO BpeMe, 3a Jia Ce U3rOTBSIT TOYHO Ha PhKa.

Ha 6azara Ha rpadmunns metox Ha MakKeGe
u Tune 3a onpenensHe OpOs HA TEPOPETHUUHUTE
TapesKH MPpH peKTHU(GUKAIUS Ha TBYKOMITOHCHTHH
CMecH € ch3JaneH codryep 3a m3uepraBaHe Ha
nmuarpamara Ha MakKebe n Tuie ¢ momorira Ha
nporpamuus npoaykTt Microsoft Office 2016.
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EKOJIOI'NMYHU PEHIEHUSA 3A HAMAJIABAHE HA EYTPO®UKAIIUATA BbB BOITHU
EKOCUCTEMU

Jnana CronexuneBa, biraropecta Mumtoposa

ECOLOGICAL SOLUTIONS TO REDUCE EUTROPHICATION IN AQUATIC
ECOSYSTEMS

Diana Syulekchieva, Blagovesta Midyurova

ABSTRACT: Eutrophication is one of the serious types of water pollution which is actually a very slow, nat-
ural process but can be greatly accelerated by anthropogenic activities that increase the rate of input of nutrients
such as nitrogen and phosphorus into aquatic ecosystems. Adsorption methods and phytoremediation are widely
used to remove certain contaminants from water. In this paper various biosorbents are described for effective
removal of nitrogen and phosphorus from aqueous solutions.

Key words: eutrophication, pollutants, aquatic ecosystem

BbBenenune JIOIBJIHUTEIHO HAaTOBapBaHE Ha BOJOMPUEMHHU-
IIUTE C XPAHUTEIIHH BerecTna [2].
Eyrpodukanusra e mpouec Kakro OT eCTecT- [MocnencTBuATa OT €YTPOPHUKAIUATA U TIPEKO-

BCH, Taka W OT aHTpomnoreHeH mpomsxox [1], MepeH ubdTexk Ha BomHata pacturenHocT (du-
KOMTO € neuHUpaH 0 MHOTO HAYMHH, BApUpaIl  TOIUIAHKTOH KaTO 3€JICHH BOJIOPACIH, TUATOMEU U
OT €CTECTBEHO CTapecHe Ha BOJHOTO TSUIO JI0 €yT-  [uaHobakTepuu [3] BOAAT 10 MOMBTHSIBaHE Ha

poden craryc [2]. BOJIaTa U JI0 HaMaJIsIBaHEe Ha CKOpOCTTa Ha (oTo-
CBpBX3aBHCHMOCTTA HA YOBCIIKOTO HAcele-  CHHTE3aTa, KOETO OT CBOS CTpaHa CTHMYIHpa
HHE OT yrotpebara Ha HUTPaTHA U GOchHaTHH TO-  MPOM3BOJACTBOTO HA TOKCHHH W CH3/ABAHETO Ha
pOBe 3a CEJICKOCTOMAHCKO MMPOU3BOJICTBO, M3MON-  ,,MbPTBA“ 30HA BBB BoJHATa ekocucrema [4-10].
3BAHETO HA JIETEPre€HTH, KaKTO M 3ayCTBAHETO Ha He3zaBucumo oT BHa Ha CI1aJKOBOJHHUTE EKO-

HEMPEUNCTEHH OTMAAbYHM BOJM CE€ PasTieKIaT  CHCTEMHM, Hy)KIAWTE Ha BOJOPACIHTE OT a30T, (hoc-
KaTO OCHOBHM M3TOYHHIIM Ha 3aMbpcsBaHe Ha  (Op U BBIVICPOJ CE U3Pa3sBaT B ChOTHOIICHUETO
exocucremure [2]. Ha Pepduitng, koeto e kakto ciensa - 40C:7N:1P.

Hstkom OT ecTecTBEHWTE BOAHU OOEKTH I'y0osT  ToBa ChOTHOIIEHHE U3Pa3siBa KOJIUIECTBOTO a30T
CBOSITA YCTOWYMBOCT M KamaluTeTa CH 3a caMoll- U Gocdop, OT KOETO ce HYKIAasAT BOJAOPACIIHTE 32
peUrCTBaHE ¢ TCUYCHHE Ha BpeMeTo. ToBa € CBbp-  IIbPBUYHO MIPOM3BOJCTBO. B cpena, B KOSITO a30-
3aHO C HATPYIBaHE Ha TOJIEMH KOJIMYECTBA CEIU-  THT WiIK GOCPOPBT ca B U3JMIIBK, OMYIAIIHATE

MEHTEH CJIOW U CHOTBETHO JI0 HAMAJISIBAHE HA CBO-  OT (DPMTOIUIAHKTOH MMAT NOTEHIHAIHUTE YCIOBUS
O0omHMSA 00em Ha BogHUS cTHIO. BenenmcTBue Ha  na ce pasmHOXkaBar. [lo-koHkpeTHO, pochopsT €
TE3W TPOLIECH B CEJUMEHTHTE CE HATPYNBAT T'O-  WACHTHU(PHIUpPAH KAaTO HAil-Ba)XHOTO XPAHUTEITHO

JIEMH KOJIMYECTBa HUTPATH U (hochaTu, KOUTO ca  BEHIECTBO 3a KOHTPOJHMPAHEe Ha eyTpoUKaIHsiITa
NPEANOCTaBKa 32 B3aUMOJICHCTBIE MEXKIY XpaHU-  Ha CIAJKOBOIHHM cucteMH. ChIIeCTBYBa B pas-
TEJTHUTE BEIECTBA B CEIUMEHTa M BOJHATA pac-  JuuHH (popmu, HO oprodochaTbT € eTHHCTBE-
TUTeNHOCT. TOBa yiecHsBa mpoieca Ha eyTpohu-  HUSAT HAIMYEH BUJ 32 aBTOTPO(HA acHMUIIAIHS
Kall¥sl ¥ BOJM JI0 [I0-HATaTBUIHOTO BIIONIaBaHe Ha  [4].
Ka4eCTBOTO Ha BOJATA. AncopOrusta 1 puTopeMenanusaTa HaMupaT
KiuMaTnvHUTE IPOMEHH U OOMJTHUTE BAICKH,  HPHIOKEHHE 32 CEJICKTUBHO OTCTPAHsBAHE Ha 3a-
ca eJIHH OT KJIIOYOBHTE (DaKTOPH, KOWTO BOAAT 10  MbpcHTENH OT Boxu. [Ipumaranero Ha OGuocop-
OCHTUTE € €JIHO MHOBATHBHO SKOJIOTHYHO pelie-
HHE BOJICIIO JIa HaMaJsBaHe Ha eyTPO(UKAIHUATA
BBB BOJHU ekocucTemu [11].
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Bb3 ocHOBa Ha TeXHMS HPOM3XOM, MPUPOJI-
HHUTE COPOCHTH ca MIUPOKO M3IOJI3BAHH M OIpe-
JIeJICHU KaTO €CTCCTBCHHU, OMOJIOTUYHH U TaKHBa
MOJIyYeHHU OT oTHa by [12].

¥ ?Kkl_klI\_gb Z~khj[_glb

B mpupopara npuchkCTBaT pazaMyHE MaTepH-
aJId, KOUTO UMAaT XapaKTepUCTUKU Ha afcOpOEHT
U Ca JIECHO IPWIOKUMH, KaTO TJIMHA- CEPIICHTHH,
BEPMUKYIIUT, CETMONUT, WIUT, MOHTMOPHIIOHUT,
CAloHMT U JIp; CHUIIMIMEB MaTepuall- CThKJIA, CH-
JULMEBU NEpNH, HOIOMHUT W MEPAUT U [Ip;
3€0JIUTH- HATPOJIUT, CTHIOWT, (DWIMICHT, KIIU-
HOIITHJIONHT U JIp;

t

KbM TsIX cmagat TBBpAM OTHAABIM (AKTHBEH
BBIJICH)-3aXapHO LBEKJIO, OPU30BH JIIOCIH, Lape-
BHYHM KOYaHW, AJKOBU YEPYINKH, IUIOAOBU Ye-
PYIKH, IPBEHU CTHPrOTHUHY, ITPax OT KOpa Ha UT-
JOJAUCTHU OOpOBH IbpPBETA, OTHAIBLU OT T'yMH,
yYTallKl OT OTHaABYHU BOIW U JIp; U WHAYCTPHU-
aJIHYU OTHAAbLM-TIEIEN OT BbIJIUINA, YEPBEHA Kall,
yTallKu OT METaJIEH XUIPOKCUA U JP.

I;bheh]lbqgqgb Z"Khj[_g

Te npou3xoxaat NpeJuMHO OT HUCIIUTE pac-
TEHHsI © MUKPOOPTaHU3MHU, KaTo Pa3iudHU T'bOH,
BOJIOPACIH, APOXKIH, OAKTEPHUU U JTOPH YEPYIKU
Ha BHCIIN KUBOTHHU. Te mMar cuijeH aQuHUATET
KbM Pa3IUYHU 3aMbPCUTENHU, MPUCHCTBALIHA BHB
BOJTHUTE ¥ TIOYBEHHUTE eKOCHCTeMH. KbM TsX cna-
JaT CHIO XUTUH M XUTO3aH, TOPQ, IHaHOOAKTe-
pHH U JIp.

AncopOrusTa ce cuuTa 3a MKOHOMHYEH H
eeKTUBEeH MEeTOJ 3a OTCTpaHsBaHE Ha aMOHHMI
(N-NH4) ot Bomu. Penuina ancopbentu karo ou-
OBBIJICH, aKTUBEH BBIJICH, 3€0JUT ChC U 0€3 MO-
aruKanus ca MPHIOKEHH 3a OTCTpaHsIBaHE Ha
aMOHHI. B Hacrosmara cratus e U3Ioia3BaH Ou-
OBBIJICH KaTO €BTHH aJICOPOCHT 3a HaMaJIsIBaHE Ha
eyTpopUKanusITa U TI0 CHEIUATHO MOU(UIINPaH
OMOBBIJIEH MPHUTOTBEH OT I[APEBUYHU KOYAHH 32
OTCTpaHsBaHe Ha aMoHWH. Kunerukara Ha ajicop-
OuusTa ciuenBa KWHETUYHUS MOZEN OT IICEBIOB-
Topu pea. Monenure Ha Langmuir-Sips morat na
CUMYJIUPAT JJ0Ope MOBEICHUETO Ha aJIcCOpOIHs Ha
aMOHUsI BbpXy Mojudunupan 6uossrieH. [loc-
TUTa CE€ Hal-BHCOK aJCOPOLIMOHEH KamamuTeT OT
22,6 mg/g Ha aMOHMI BBPXY MOIUPHIIUPAHHUS
OounoBbIyicH ype3 HakucBane B 6M HNOs u 0.3M
NaOH cbotBetHO 3a 8 1 24 yaca. CtpaTerusra 3a
MoIU(HKaLUs € TOMyJIAPeH METO/ 3a IPOMSHA Ha
aKTHBHATA TIOBBPXHOCT U MOI00psiBaHe Ha edek-
THBHOCTTA Ha mporeca [13].
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B Hacrosmiara cratus aBTopuTe ChOOIMABAT 32
Moau(UKanys Ha OHOBBIJICH 4Ype3 (PYHKIIHO-
HaJIHU JOOAaBKM KaTO METajlk, METaJHU OKCHUIH
WJIM METAITHU XJIOPHUIH 32 TOBHUIIaBaHE HA MAKCH-
MaJTHHs My ajicopOIroneH kananutet [14].

Pa3paboTBaHeTO Ha IPOCTH U PEHTAOWITHI Me-
TOIU 32 MOAM(UIMPaHe HA OMOBBIJIEH C €CTECT-
BEHH MHHEPAJIH KaTO BEPMUKYIIUT MPEJICTABISIBA
JipyTra alnTepHaTHBA 3a MOBUIIIABAHE HA ICOPOIIH-
ara crpsiMo gocdaru. B HacTosmaTa paspadboTka
aBTOPUTE JOKJIAJBAT 32 OTCTpaHsBaHE Ha hocdar
OT BOJICH Pa3TBOp upe3 HaHOKOMIO3uTH SiO»-
OMOBBIJICH, NOIYYEHH 4Ype3 MUpoin3a Ha Ouo-
Maca OT BOJOpaciii, TpeTHpaHa C BEPMHUKYJIHT.
To3u Martepuan mMoka3Ba BHCOKa €(EKTHBHOCT

:Akhj[_glb ihemq_gb hl hliZpu gprbrpanssanero Ha dpocharu ot 159,42 mg/g

B CpaBHeHHE C HeMmoAuduuupaH OHOBBITICH
[15,16].

B nacrosmara cratus [17] e n3monsBad KoM-
MO3HT OT 3€0NIUT-OMOBBIJICH 3a OTCTpaHsABaHE Ha
docdar or BojeH pa3TBOp, 3a J1a CE€ MOBHIIHU ajl-
COpOIMOHHATA CTIOCOOHOCT Ha 3€0JINTa Thil KaTo
€ U3BECTHO, Y€ 3€0JITa MMa OTIMYHA aJIcopOIu-
OHHA CHOCOOHOCT 32 OTCTpaHsBaHE HA KATHOHHH
3aMBPCHUTENH OT BOJIaTa 32 CMETKA Ha HUCHK adu-
HUTET KbM aHHOHU KaTo Qochop. M3mon3Banus
3€0JIUT € B MUHEPAIOTUYEH ChCTaB - KIMHOIITH-
somuT- 66,3%, MmouTMOpHITOHUT- 29,3% U KBapII-
4,4%. ®ochopbT € OTCTpaHEeH Upe3 TUPOIN3UPaH
3€0JIUT M LIAPEBUYHA CllaMa B MaCOBO CHOTHOIIIE-
Hue 7:3. MakcumainHaTa aacopOIMOHHA CIIOCO0-
HOCT Ha 3€0JUT-OMOBBIVIEH € CchOoTBEeTHO 0,69,
3,60 u 2,41 mg/g.

Ch1110 Taka 3a OTCTpaHsBaHE HAa HUTPATH € U3-
MOJI3BaH TOTUTMHHO MOAU(MUIIMPAH KIMHOIITHIIO-
aut ¢ HCI 20 % - Ha, B ipoab/oKeHne Ha 3 daca
3a OTCTpaHsBaHe Ha KapOOHATH M MPUMECH TIPH-
CHCTBAIIIM B CTPYKTypaTa Ha 3€0JUTa U yBEIHYa-
BaHE Ha HEroBaTa IMOPHO3HOCT. ABTOPHUTE ca ycC-
TAHOBWJIM ONTHMAJIHU YCIIOBHS 32 OTCTPaHSBaHE
Ha HUTpatute PH=5, KoHTakTHO Bpeme 180 MuH.
U KoJn4ecTBO Ha ajgcopbenta 16 g/l. Kunerukara
Ha ajcopOIMs ciieBa MojenuTe Ha Langmuir u
niceBaomspeu pen [18].

JloxiagBaHo € wu3cieaBaHE HAa CHHTETHYCH
3eonut Na-A moiaydeH OT erHMIEeTCKH KaOJMHUT
4ype3 XUAPOTEPMATHO TPETHPAHE, 32 Jla C€ U3IOJI-
3Ba KaTo aJICOPOCHT 3a OTCTpaHsBaHe Ha (ocdar
OT BOJIHM pa3TBopu. ONTUMAaIHOTO H3NOJI3BaHE
Ha 3eommrta Na-A e mpu pH=4, mppBoHavamHa
KOHIleHTpalms Ha ¢ocharau anumonn Smg/l u
BpeMe Ha KOHTAKT OT 3 yaca, ONTHMaIHaTa eQekK-
TUBHOCT Ha OTCTpaHsBaHE Ha QocdaT OT BOJIEH



pastBop ¢ 60 % [19]. B Tabnuma 1 ca mpezcra-
BCHU CKCIICPUMEHTAIHU PE3YJITATH 33 PeIyKIIUs
ua N-NHa 1 P-PO+*"upe3 npupoanu ancopoeHTu.

Ta6auna.l. Pe3ynarati oT HamansBaHe Ha
konmenTparmara N-NHs", NHs u P-PO. 3" upe3
MIPUPOJIHU MIOPECTU MaTepHATIU

Maxcn-
MaJjieH
agacopo- Kon-
Ancopbent 3ambp- IMOHEeH TakTHO | JluTepa-
cuTen Kanaum- BpeMe, Typa
TeT, h
mg/g
Mopudunu-
paH OGHOBBI-
JIEH TIPUTroT-
BEH OT I1a- N- NHa 22,6 8/24 [13]
pEBHYHH KO-
YaHU
Kowmnosur
OT 3€0JIUT-
OHOBBITIEH
OT mape- PO, 3" 3,60 1 [17]
BUYHA
ciama
Moaudu-
apaH K-
HOMNTUJIONH- NO:s 16 3 [18]
TEH 3€0JIHUT
CuHTeTH4eH
3eosut Na-
Aoreri | pg o 53 45 [19]
HETCKH Kao-
JIMHUT

B ekcriepuMeHTanHo npoyyBaHe ce cho01IaBa,
ye MakpoduT oT Buma BojaHa Jiema Duckweed,
edexTHBHO oTcTpaHsaBar 75 % ot ¢ocdata B Tpe-
TUpaHata Boja. JokaTo mpu OTCTpaHsIBaHETO HA
aAMOHSK U HUTPATEH a30T HAMA pa3jIvKa IpH IpH-
ChCTBHE Ha BOJHA Jiema B e3epHara Bojga [20].
MuxkpoBogopacaun ot Buma Chlorella sp. u
Scenedesmus sp. ca U30UPaHH OT OOIIIMHCKH OT-
NaJbYHA BOMU W KyJITHBUPAHH B W3KYCTBEHA
cpella U ca U3IOJI3BaHM 3a OTCTPaHsBaHE HA aMO-
HUEeB a30T U oprodocdaru. EdextuBHoCcTTa Ha
orcrpansBane Ha N-NH.* ipu Chlorellasp e 81%
cien 1,25 gaca n 98,81 % cien 4 gaca, JOKaTo
eeKTUBHOCTTA Ha oTcTpaHsBane Ha P-POs 3" e
77,4 % cnen 1,25 yaca u 100 % cien 4 yaca.Co-
OTBETHO TIpH SCenedesmus Sp. eeKTUBHOCTTA Ha
otrctpansBade Ha N-NHis* ¢ 99,1 % cnem 1,75 gaca
u 100 % cien 2,25 yaca 10KaTo ePEKTUBHOCTTA
Ha orcTpansBane Ha P-PO4 *~ e 100% cruen 0,25
yaca [21,22]. B Tabmuma 2 ca mnpeacTtaBeHd eKc-
MIEPUMEHTAIHN pe3ynTaTH oT pexykius Ha NH4*
u P-PO+*"upe3 MmakpohuT 1 IHaHOOAKTEPHH.
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Tadoauna.2. Pesynaratun ot HamansBane Ha N-
NH4" 1 P-PO4 37 upe3 makpoduTi/nmmanodaKTe-
puH

Ipo-
IeH- Komn-
Eﬁ?:}ﬁ;)ﬁq; I:(TTI:{ 3a- THO TaK- Jlurte-
- Mbp- npe- THO pa-
P cuTen Max- BpeMe, | Typa
BaHe, h
%
N-
NH. 81 1,25
Chlorella sp. P-PO 100
! 4|
N- 100 2,25
NH.* [22]
Scenedesmus
sp 100
P-PO
- 0,25
NH; 100
P-PO.
Scenedesmus g 86 96 [23]
quadricauda
PO4 80

ChI0 Taka ca HampaBeHU JIAOOPATOPHH EKC-
NEPUMEHTH 3a H3clie/IBaHE Ha YCBOSIBAHETO Ha
a30T W Qocdop OT 3€JICHU MHUKPOBOIOPACITH
Scenedesmus quadricauda. Msmon3Banu ca pas-
auuHA GOPMH Ha MHUKPOBOZOPACIOTO, T.€. CBO-
00/1HO, IMOOWMJIU3UPAHO ¥ ChBMECTHO UMOOWIIH-
3WpaHO MHKPOBOJIOPACIO B HATPHEB alTHHAT.
[IpoyuBaneTo pa3kpuBa, 4e MaKCHMAJIHHST TPO-
IIEHT Ha oTcTpaHsBane Ha 1 mg/l amoHsk u oc-
tat moctura mo 100% u 86% cworBeTHO cien 4
IHU C W3IOJI3BaHE Ha CBOOOJHW MUKPOBOO-
pacnu, a 3a OTCTpaHsBaHETO Ha Smg/l aMOHSIK U
dbocdar, noctura cpoTBeTHO 91,8% cnen 4 1HU U
61% cnen 6 quu. IIponeHTHT HA OTCTpaHSBAHE €
yBEIIMUEeH 4pe3 JI00aBsHe HAa CTUMYJIMPALIHA pac-
TeKa HAa  MHUKpPOBOJOpaciuTe  OaKTepuu-
Azotobacter chroococcum u Bacillus
megatherium, KbJETO KaMaIUTEeTHT HA OTCTPAHS-
BaHe gocturHa 10 100% 3a amonsk u 80,4% 3a
tdocdar cnen 3 u 6 muaU, 1 crotBeTHO 100% OTCT-
paHsiBaHe Ha aMOHsK u 61% ¢docdar cnen 4 u 6



JTHH 4pe3 M3I0JI3BaHe HAa UMOOHIIM3UPAHO MUKPO-
Bozopacio [21].

B apyro uscneaBane € oleHeHa aacopOIHOoH-
HaTa CIOCOOHOCT Ha MHKPOBOJOpaciuTe Spir-
ulina platensis u Chlorella vulgaris mpu orcrpa-
HABaHETO Ha HUTpatH M (ochatn BHB BOIHHU
pa3TBOpH B TpHU paznuuHu KoHUeHTpauun (0,25,
0,35 u 0,459/1). TTo BpeMe Ha IepHoaa Ha PaCTEK
KOHIICHTpAIMATa Ha HUTPATH U docdaTH ce aHa-
nu3upa npes 1, 4, 6 u 8 nen. Haii-edpextuBHo oT-
CTpaHsIBaHE Ha HUTPATH € MOJy4YeHO Ha 8-us AeH
3a Chlorella vulgaris ceorBeTHO 89,80% mpH
tpetupane ¢ 0,25g/l, 3a Spirulina platensis to e
81,49% mpu tpetupane ¢ 0,259/l koHIEHTpaIHsI
Ha HuUTpaTd. OTHOCHO HUTpPATUTE Ce HaOII0IaBa
aHaJIOTMYHAa TCHCHITUS 3a OTCTpaHsBaHe Ha (oc-
¢daru cve Spirulina platensis 1 ¢ 81,49% mpu
tpetupane ¢ 0,45¢9/l, a ¢ wu3mom3aHero
Ha Chlorella vulgarise 88% mnpu Tpetupatne c
0,459/l konuentpanus Ha Gpocdaru [24].

ITer Bomuu makpodwura - Acorus calamus,
Lythrum salicaria, Monochoria korsakowii
Alisma orientale u Sagittaria sagittifolia ca Tecr-
BaHM 32 OTHOCHUTEIIHA CKOPOCT Ha PacTeX U CIIo-
COOHOCTH 3a OTCTpaHsABaHe Ha OOIIHA a30T U 00-
mmst  dochop. Pesynararure mokasBar, ude A.
calamus, L. salicaria, M. korsakowii u A.orientale
“MaT TO-CHiiHAa a0COpOIMOHHA CIIOCOOHOCT Ja
OTCTpaHsIBAT OOIIHS a30T, CTEIIEHTA Ha OTCTPaHS-
BaHe € choTBeTHO 97,7%, 94,9%, 96,4%, 91,2%.
A. calamus u L. salicaria umar 10-CHIHA CIIOCO0-
HOCT J1a ipeMaxBat o0mtus Gocdop, CTernenTa Ha
orctpaunsiBane € 96,1% u 83,4%. PenbT Ha kana-
[UTeTa 3a IMpevyrcTBaHe Ha oOmms azoT e: A.
calamus > M. korsakowii > L. salicaria > A.
plantago-aquatic> S. sagittifolia. Ho 3a o06mus
docthop peast e A.calamus > L. salicaria > M.
korsakowii >A.orientale> S.sagittifolia, xaxTo e
nokasaHo Ha durypa 1 u2 [25].

[IpoBenenu ca nabopaTopH EKCIIEPUMEHTH 32
W3Cle/IBaHe Ha CKOPOCTTa Ha PacTeX U yCBOsBa-
HETO Ha HUTpaTHu u ¢pocdatr OT CBOOOHU U HMO-
OWIM3MpaHK KIETKH Ha, a30THUKCUPAIIHN [[HAHO-
6axrepun Gloeocapsa gelatinosa. Imobunu3aru-
STa CE U3BHPIIBA B MATPHIIA OT KAIIIUCB alTrHHAT.
YcraHoBeHO e, 4e UMOOMIM3UPAHUTE KIIETKH ca
MHOTO e(eKTHBHHU TIPU OTCTPAHSBAHETO HA Xpa-
HuTenHU BemecTBa. Okono 93% ot HuTpara ce
azcopOrpa OT IMOOWIIM3UPAHU KIIETKH B PAMKHUTE
Ha 24 gaca, T0KaTo 3bpHaTa 6€3 BOJOpaCu U CBO-
OOJIHUTE KIIETKH aJcopOHMpar CHOTBETHO Camo
46% u oxono 70%. B pamkure Ha 24 ygaca, 80%
ot ¢ocdara ce amcoporpa 0T UMOOUITH3UPAHUTE
KJIeTku [26].
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®ur. 1. Orcrpanssane Ha NOs upe3 Makpo-
¢butn/ HanoGaKTEPUH

20 40 60 80 100

NO;

Gloeocapsa gelatinosa- ceo6oaHa Gloeocapsa gelatinosa- umobunnsupata

Spirulina platensis Chlorella vulgaris

®ur.2. OrcrpansBane Ha PO, upes Makpo-
¢butn/ nnanoGakTepum

20 40 60 80 100

PO,

Gloeocapsa gelatinosa-cso6oaHu Gloeocapsa gelatinosa-umo6unnsupaqu

Spirulina platensis Chlorella vulgaris

3akiIoueHne

OT npoBeICHOTO MPOYYBaHE € YCTAHOBEHO, Ue
010aIcCOPOIIMOHHNTE METO/IA Ca C BUCOKA edek-
TUBHOCT U JIaBaT HYXKHHUTE Pe3yJITaTH IMPH Hama-
JSIBAHE HA €yTPOQUKAIUATA B CIAJKOBOJHH €KO-
CHUCTEMH.

Te3n WHOBAaTHMBHM EKOJOTMYHM PELICHUS 3a
noJo0psiBaHe KayecTBaTa Ha BOJUTE, 1€ TTOJIJIC-
Kar Ha OpAen pa3paboTKu M MOAUQHKALNU.
KommiekcHn kauecTBa Kato e(peKTUBHHU aacopo-
nuonHn Matepuanm  umar Chlorella sp. u
Scenedesmus sp., u pa3aMYHA MAaKpODHTH, 1A~
HOOAKTEePHH, 3€0JIUTH U OMOBBIJICHH.



Bpaeniara onTUMuU3aldsg Ha TEXHOJOTMYHUTE
MIPOIIECH 32 TIPEYNCTBAHE HA BOJAM IIIE € CBhP3aHa
C peHTaOMIHOCTTAa UM U MOCTUTaHETO Ha BUCOKA
e(heKTUBHOCT 4pe3 MOJ00psBaHEe Ha EKCILIoAaTa-
IIHOHHUTE M XapaKTEPUCTHKH.
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Bebyg Dhe_\ >bqgh KIjZIb_\

BIBLIOGRAPHICAL RESEARCH ON PUBLICATIONS RELATED TO THE THEORY AND
APPLICATION OF INTERCRITERIA ANALYSIS

lliyan Kolev, Dicho Stratiev

ABSTRACT: This study analyzes publications related to the theory and application of intercriteria analysis
(ICrA) from 2014 to 2024. Over a pedmf 10 years, 1B8studies have been published on ICrA in the following
fields of human knowledge: science, industry, medicine, economics, agriculture, social sciences, and ecology. The
relative proportion of published research using ICrA is as followerse, 43%; industry, 22%; medicine, 17%;
economics, 8%; ecology, 6%; agriculture, 3%; and social sciences, 1%. The largest economic impact of ICrA has
been recorded in the oil refining industry, which amounts to about 18 million USD/month.

Key words: intercriteria analysis; science; industry; ecology; agriculture; medicine

<t\_" gb_ N eb ij_~kdzZalZsb klhcghklbl_ gz
N eHgb ~“Zggb hl A"jm]b 1Zdb\Z Hk\_
Bgl_jdjbl_jbZegbyl ZgzZelbao ,&b8Be_ _HW\Zg_ gZ kts_kl\m\Zg_I|h gz k
gbdZ hl h[eZkllZ gZ balebqgZgglhkdpZatgZgdhbb \jtadb f_""m hZaebqg!
'DWD OLQLQJ beb hildjb\Zg_IhfggdedbdEghyk\gA% sb [ZaZlZ "Zggb k_ |
abl_ "Zggb .QRZOHGJH 'LVFRNHW) '®©&@ApybhgDy ZgZeba Lhc baf_j\Z
I  dZlh ij_k_qggZ lhqdZ gZ badgek\NtadxIbogl ~m ebg_cgh k\tjaZzghb |
e_dl klzZlbklbdzZlZ b kbkl_fbl_ aeb\ZabjtZdghbz f_""m "\_ ijhf_geb\l
p_eysb hldjb\Zg |h gZ ihhegpigBeqgthlZz aZ kliZlbklbg_kdb agZqgbfzZ Zdh
fh~r_eb \ JThe_fb h[_fb hl "Zggb bebtimgZ KHigZeZpby 5 - Kts_kI\_g
aZ gZk gqzZkl hl bgnhjfZpbylz HIdjbdZgZldhgZeZpbhggby ZgZeba _ ¢
agZgby \ [Zabl_ ~Zggb bfzZz "\_ phkgh\gZeboeth gZ klZlbklbqg_kdb a
ijhlJghabjZzg_ b hibkzZgb_ Hkgh\gtaldb pf e*gZ ijhf_geb\bl_  Zdh |_ k
hibkzZl_eghlh hldjb\Zg_ gZ agZgbggbh [hbdZebqgb_gZ g_ebg_cgZ \jt
NZggb _ ~Z k_ ihklb]g gZZ[pdEkatpbhggbyl ZgZeba fh _ ~Z d\Zeb
jZgbl_ "~Zggb dZlh k_ hldjbyN\jtlhdZleb f b'*m ~\_ ijhf_geb\b dZIlh k
\jtadb Bgl_jdjbl_jbzZegbyl ZgZebmeqpkeb ghi@gZghz[ebpb b kz ij_
Ibl]Zg_ gZ jZa[bjzZzg_ aZ kts_kI\mREZQ _IhbglzakkZ "\Zgb aZ\bkbfhklb hl e
IbklIbg_kdb agZgbfb \jtadb f_ " "nj_jgaealtglgphbhd > @ baiheal\Zcdb dhj_
ijhf_geb\b ktklzZ\ysb [Zazlz "ZgglretbblbZ\ebpZz b ,&U$ > @ LZJ[c¢
ihke _"kl\b_ k ihfhslZ 08 jglZogkkkekbgp e ~Z k_ b~ _glbnbpbjzZl |I_ab nb
beb badmkI\_gb g _\jhggb fj_"b fMZq@tr A\NtbekI\Z gZ g_nlZ dhblh bfZl
ihealZgb az kta”~z\Zg_I|h gZ dhébq_kt\b qgAbddz k \bkdhabl_1Z
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LZ[ebpDhj_ezZpbhggzZ fZljbpZ gZ ~"Zggbl_aZ nbabdhobfbqggbl_ k\hcklI\
kmjh\b i _Ijheb baihealZgzZ aZzZ Itjk_g_ gZ klZlbklbg_kdb agZqgbfb \jtadb
hklZzgZebl_ k\hckl\Z gZ g_nlz

Ln(Ln
°API MW D15 VIS Sat. Aro Res Asp CIl VIS+0,8))

API 1.00
MW -0.87  1.00
D15 -0.99 0.90 1.00

VIS -0.34 0.51 0.37 1.00
Sat. 0.84 -0.78 -0.85 -0.33 1.00
Aro -0.55 0.50 056 0.15 -0.81 1.00

Res -0.66 0.62 0.67 0.38 -0.55 0.02 1.00
Asp -0.44  0.37 0.42 0.15 -042 0.00 0.46 1.00

Cll 0.78 -0.68 -0.79 -0.24 0.93 -0.80 -0.53 0.24 1.00
Ln(Ln
VIS+0,8)) -0.96 0.93 0.97 041 -0.82 051 0.69 0.47 -0.75 1.00

LZ[ebpZ:klhbghklb hl ,&U$ hp_gdZ gZ ~Zggbl_ aZ nbabdhobfbqggbl_ k\
ebggb kmjh\b ibgheda\Zgb azZ Itjk_g_ gZ klZlbklbgq_kdb agZgbfb \jtadb f_
| 1Z k hklZzgZebl_k\hcklI\Z gZ g_nlZz

avg Ln(Ln
Mu °API MW D15 VIS Saturates Aromatics Resins Asphaltenes Cll VIS+0,8))

°API 1.00 0.11 0.02 0.08 0.81 0.32 0.27 0.34 0.79 0.08
avg MW [ 0.11 1.00 0.89 0.89 0.21 0.65 0.71 0.65 0.23 0.89
D15 0.02 0.89 1.00 0.92 0.19 0.67 0.74 0.66 0.21 0.92
VIS 0.08 0.89 0.92 1.00 0.20 0.64 0.74 0.69 0.23 1.00
Saturates  0.81 0.21 0.19 0.20 1.00 0.21 0.29 0.33 0.93 0.20
Aromatics | 0.32 0.65 0.67 0.64 0.21 1.00 0.52 0.50 0.17 0.64
Resins 0.27 0.71 0.74 0.74 0.29 0.52 1.00 0.72 031 0.74
Asphaltenes 0.34 0.65 0.66 0.69 0.33 0.50 0.72 1.00 040 0.69

o] 0.79 0.23 0.21 0.23 0.93 0.17 0.31 0.40 1.00 0.23
Ln(Ln
VIS+0,8)) 1 0.08 0.89 0.92 1.00 0.20 0.64 0.74 0.69 0.23 1.00

AZ[ _e_"dZ A_e _gbyl p\yl hagZgqz\zZ klZlbklbg_kdb agzZqgbfzZ iheh bl _e
p\yl hagzZzqz\zZ klzZlbklbq_kdb agZqbfzZ hljbpzZl_egZ \jtadZ Bgl_gab\ghkll
eZlZ gz \jtadzZlzZz Plhedtikh ihbgl_gab\ghklllh egdhpilh@yfz _ kbeZzZlZ gZ
\jtadzIlz @telbyl p\yl hagZqz\Z “bkhgZgk
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LZ[ebp2-klhbghklb hl ,&U$%$ hp_gdZ gZ ~Zggbl_ aZ nbabdhobfbqghbl
ebqgb kmjh\b i_ljheb baihealZgb aZ Itjk_g_ 9gZ klZlIbklhgké&kdabagZzqgl
| 1Z k hklzgzZebl_ k\hckl\Z gZ g _nlz

avg Ln(Ln
Nu °API MW D15 VIS Saturates Aromatics Resins Asphaltenes Cll VIS+0,8))

°API 0.00 0.88 0.98 0.92 0.19 0.67 0.73 0.66 0.21 0.92
avg MW | 0.88 0.00 0.11 0.10 0.78 0.34 0.28 0.34 0.76  0.10
D15 0.98 0.11 0.00 0.08 0.81 0.32 0.26 0.34 0.79 0.08
VIS 0.92 0.10 0.08 0.00 0.80 0.36 0.26 0.31 0.77  0.00
Saturates | 0.19 0.78 0.81 0.80  0.00 0.79 0.71 0.67 0.07 0.80
Aromatics | 0.67 0.34 0.32 0.36 0.79 0.00 0.48 0.50 0.83 0.36
Resins 0.73 0.28 0.26 0.26 0.71 0.48 0.00 0.27 0.69 0.26
Asphaltenes 0.66 0.34 0.34 0.31 0.67 0.50 0.27 0.00 0.60 0.31

Cll 0.21 0.76 0.79 0.77 0.07 0.83 0.69 0.60 0.00 0.77
Ln(Ln
VIS+0,8)) 1 0.92 0.10 0.08 0.00 0.80 0.36 0.26 0.31 0.77__ 0.00

HI ~Zggbl_ ij_"Kklz¥[gbpz fhkdh bg  _g_jkI\h ;te]zjkdz zdz~_fby
nZ k_ azZdexqgb q_ \bkdhabl_Itl &@l g nl@ gyZrxh bgkljmf_gl aZ ih~ihf
klZlbklbg_kdb agzqbfz \jtadz kyZethgtKigZlh gZ j_r_gby ijb fghlhh]
A"hdzlh hl ~Zggbl_\ LZ[ebpb flyh]hdkidh kbZegb ijh[e_fb > @
\b ~Z q_ ietlghkllZ bfZ "hklZ kbe@Zghtadggh ,& Uk undEkebpZ k ba
\bkdhabl_IZ 1jbgbgZlZ azZ Ih\Z jZgyhde¥kd be&kb hp _gdbl_ gz 3P h[_dI
"te'b gZ hlbtkih gZ ebg_cgZ Jjvddfby < j amelZl gZ IhaZinlhc \jts,
f_""m ietlghkllZ b \bkdhabl_1Z |gZe@p®lIZ bbgimbpbhgbkldb jZafblb
ihjz*"b 1Zab ijbgbgZ dhj_eZpbhggpyl dg€ebd i gbl_ gz \jtadzZ f_""m
higblZ hiktkl\b_ gZ \jtadZ Dh]Z\hcAlZdjbKk_jbb hldt*_|h bA\Z b bf_|
baihealZ "\h_g gZImjZe_g eh]Zjplt§ij®Z \bk&h g b Zha hfedd |h gZ bg
abl_1Z dhj_eZpbhggbyl ZgZebanmlabjZgbg]lh gby dhblh higblzl ij
kbegZ \jtadZ IkileZlg 5 “hasZlilg g_hij_~_e_ghkl dhylh ijhy\y\ZI
,&US$ hlgblZ ktszZlZ klZlbklbqg_kbh agH[ebfid hl j Zegby “b\hl AZ p_
\jtadZ dZdlh f_"~m \bkdhabl_IZ b jesbheki{BqgzIZ ij pbaghkl \ ,&U$
1ZdZ b f_""m “\hcgby gZImjZe_g[ehkZjblitb§il dhj_ezpby f_"~m djbl
\bkdhabl_1Z b ietlghkllZ # bl Z \f_klh g_]h k_ bfbigla\Zihl _j

HI ij_~klz\_gby ijbf_j e_kgh fBh_b1Zek g dhgkhgzgk hijbpzl_e g
gZijZ\b ba\h”"Z&U$ _ ZgZebatl agzigk"ith ~bkRgzZgk >
gblZg_ dh]Zlh k_ hp_gy gZebqgb_HkghighllZIGkzrb\gb e f glb gZ ,&
Ibg_kdb agzZgbfb \jtadb f_""m ijithfeg\edg\eX ih"ihfz]Zzg gz \a_fZg_Ih
lheyfz ih h[_f [ZaZ "Zggb P_ebbywkpyadhhy ipbbl_azZ bglmbpbhghb
shlh bake_"\Zg_ _ "Z k_ gZijZ\bfbjlb]dgh'g&INZ b bg~_dkgb fZljbpb B
hjbylZ gz ,&U$ b gZ im[ebdZpbbbhgibhkidd_jglafgphbl kI\Z BJIF6,\° >
gZ |Zab b fZ k_ gZijzZ\b [b[ebl]@nkd¥ ~ gb hl :1ZgZkh\ KkZ jZarbj_
kijzZ\dZ gz \kbqgdb bake_~\Zgbydhlypihipadyd8baz jzafblb fgh  _kI\zZ ~»
,&US$ \ jZaebqggb kn_jb gZ gh\_rdagzihbagDgbHK G _dzZ ( _ \k_e_gzZ ,)
aZ i_jbh~z ] dh]lzZlh _ kta*Z"~rgey&MWI$ "h

] .
A /{x,ng,Qx>|x-E
L_hjby gZ bgl_jdjbl_jbZegby ZgZeba

A _ o
Bgl jdjbl_jbZegbyl ZgZeba ,&u%t __Ikhlt{axﬂgx.Eo g’l‘_l\”— kIZ\e.y.
A_g \ Blghkm|Z ih [bhnbabdZ b [bh“"BP@gpbbl_ dhbilhiZghZl gZ ijb
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gZ”e_"ghkl b g_ijbgzZz~e_ "ghkl azZxX\ky dfba eandb !d

f_gke<E kthI\_lgh dtf nbdkbjZgh ih&f@h iff a dcandb td

_;th i gbzh(bL(?:jﬂfqu_Qfxbft.l Mhegn) gns candd o
glmbpbhg jza _ c

\" 8@ kZ h[_dl ih* nhjfzIZ gz %RP’ %f]aica”dbdd

AMhcd@bz dt® dbedliba bdl Ly k_ X'Y i d Tcandb d

baihea\Z dZlh hp_gdZ gZ h[_dlb beb ijhp

G_cgbl_ dhfihg_glb D b E k_ bgFF b'ingkh\ \t\_""Z b jZa\b\Z I_hjb
kthi\_Igh dZlh kl_i_gb gZ ijbgz"elZ @kkihgylb_Ih bg”_dkbjzgz fZljbpz BI

ebrghkl b 1 g b g_ge_gm\zg_ Pfk&ehLZghkemigbl_ E k\hck\Z G_dz
| g AZ "\_ BJ> b k_ hij_~_eylkReZa bflgh hikIVh hl bf2?_ fkb _KI

ghr_gby \hIH hT j Zegb gbkeZL K@ «dZ KE
fgh>_kI\Z hl bg~_dkb BF _ h[_dl ktk ke
gZlZ nhjfz
- ]
K.Lla,, = ; e,
;‘—1 a}ﬁfl al’lf
'km Ay 4 g i

dtA_lk Kk,..k, L fl,..), b azdn hdjd:a, «f.

JZarbj_gb_Ih gZ BF _ bglmbpbhgbkldZ jZaf®b@ BdhcBH BOZ \'b Y

L
& 2 (s, v ) il ‘ l, 7,
kl <;l)"‘l;31’]’}(1.41> e <}hf hf )
]C_m <-’£lkm 2 "frm ,.{1> .- <-’£ll'm A ? 1’*,‘,,,[,,)

dt~_1fdi dm, 1dj dn,0dR,, Q. R, @ d | ¢, ,Q 2 BJI>

G_dwfzf_ BF G_df _ [jhyl gZ kemqgZbl_ \ dhblh
A= | o .. 0, Ra, &, bRa,.a, kZ _Agh\j_f_ggh
G | Y a0 baiteg_gb SG_diZhyl gZ kemqgzbl_ \ dh
e | . . bltRa, .80 bRa .., kZ _Agh\j_
’ f ggh baiteddoghbb”gh
5 sgattl
dt” _|h aZ plgyddp dm1 dg dn : 2

F C_ djbl_jbc mqgzkI\Zs \ hp d%kq—g& aZk)';'fd‘hA\Zld*b dm b
F Oy_ h[_dl ih*e_"Zs gZ hp_ - ng Cj]
F a, _ j_Zegh gbkeh beb ’\jm] h[_ml) 250 gy S
dhclh bfZ kjZ\gbfR kjtgddh[_d hn 1 nn 1
1ZdZ q_ ad,j\&Rah,.a, ’\_nbgb

jZgh GRdZ _ ~\hcgZ \JRadEKfphZz
kte gq_RZdbaiteg_gRI§\Z baiteg_&« ]z fh  _f ~Z ihBUBDf
b h[jZlgh GZijbf 57 Ztdjita@z!1Z p!fq

Ih]ZRZ_ \jtadzZIlZ u 1 b h[jZlIgh

Ke_"h\Zl_emghQ,? BJ>
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dhblh gzZbklbgZ Ijy[\Z ~Z k_ hqzd\Z

B= G . C q_g \b” .
: , _‘ Lh]z\zZ dh]zZlh jZ\_gkl\hlh gz ~\_
G| ooV v Mg Veg,) klhcghklb gZ h[_dIb ih A\hcdZ djbl_jb
: : E : j_"_ ey hl ki_pbnbdzlz gzZ dhgdj_IgZ
Co | (leetee) o leeee) gZijbf_j ijb kjZ\gy\Zg_ 9gZ j_r_gby ¢

"Zgb hl p_ehgbke_g hilbfbaZpbhg_

Ibi Ilh]1z\Z _ m~h[gh *Z k_ baihea\Zz
dhylh hij_~ ey kl_i_gbl_ gz ktdilekph _

f_"~"m djbl_j@G:bl«Cpn

>>>=>< => == =< <>< = <<
. M + or half the value

G_dZ - ’\ZE?‘/_;"QH‘IU'IZdZ o _£d. pu+ @& + @& aretou+,andthe & + @& u+
DzZa\zf_ q_ djO bH@KIZ \ other half+to  +

Kdzezlz ljy[\Z ~Z _ kt\k_f jZaebq
FQE tiheh bl_e_g dhgkZdBgXhiz k p_eb qbkezZ MAh[gh _ Iy AZ

R, '!Dbaq., E gby \b”

F QEFE + g_]Zlb\_g dhgkhgdmyk

ng EbQCI'D >> >=>< => == =< <><K<= KL<

! Vs + + + p+ + + + p+

F DE £"bkhgZxgk \kbqdb hklZgZeb
kemqgZb < q_ _ hg_\b~rgh q_ kbf_ljbylzZz k

rz\zZ <tij_db Ih\Z ij_amfipbylZ Imd _
Ke_" ZgZgBaepZgb \b"h\-fAZggh ~7 k aihagzZyl ~"Zeb "\ _|_djZc
"bpbgkdb obfbq_kdb bdhghqu<_zkdb Ldj\#bebeb g b AZ k_ dezkbnt
Ibggb b *jm]b dZdlh _ Ihkhq_ghb\elgzh[?\]zalazgz f “"m lyo K_]z zdh
Qhjmdh\Z b dhe@llb) aZdexqZ\gz]w_k_\kbqgdb ~ZggbK_Biiemqgb jZa
g_h[oh”bfh ~Z k_ mkt\tjr_gkl\Zlp|Ze]lnj§l BJ hp_gdz OziEmlgjtl gz
fbl_ azZ hij_*_eyg_ 9gZ klhcghklBlzizg€ keh\khy\b \ kemqgqzbl_ dh]Zlh
I\h b jZaebqlk_ iljnez]Z| ke_"ghllziiggh ~Zggb
\beZ dh]Zlh ,&US$ k_ ijbez]zZ dtf ifhpdbh kP gZez]Z ~Z k_ jZ[hlb k ~Z
gy\Zgb ih djbl_jbb k j_Zegb qbkpih Ht"algzE& g kz \_jgb bely_ \ jg

kl_i_glz gZ g_hij_"_e_ghkl ebik\Zl a _ m~h[gh ~Z k_ jZ[hlb ktk
IZ[ebpZ
>> >= >< => =Z==<<<>< =LKL
p+ & + @& E + &pu+t + + + +*+ £ £ ~ ~ ~
+ +* ~ + *+* ~ + * ~
Fhib\tl aZ hij_"~_eyg_ gh\g&apbgZyaZz E E E E E
gZ\Zg_ 9gZ Iljbl_ nmgdpbb \ gydhb kemgZh _+ + + + +

yk_g gh kemqgZyl k__gm ' ~zZ_ hT dhf_glZ]j

Dh]ZIh \ M\Z j_~Z bfz jZ\_gkl\h f_cpmkthl g fzdzj b ~Z _ gZfZebe
\_lgbl_ _e_f_glb gZ "\_ dhehgb | g&Zdibkedmqzbl_\ dhblh ~Z~ g dhfit
b kihj_~ ZelhjbltfZ bfz JZ\_g%WZZg_Gh\hC _ kbf_ljbg_g ih highr_gt
itj\hlh hl gbkeZzlZz Zdh_ljy [\ "egbl_ kb dhfihg_glb LZdzZ\Z 1Z[e
\_q_hl _*bg agZd ke_" "_k_lbqejlzadi_j&y kb j Zegz iheaz gZijb
fhleh ~Z [t"_ gZijbf_] Z \lhjpd h gi2\ke |1h gZ eh]bq_kdb ko _fb qj_
- I Ih]Z\Z f_""m lyo g_ [b |J'Mﬁb2k@gb‘3z ]hjbltf k_ fh~rbnbpbjz
bfz agzd az jz\_gkl\h HI Jm]]ZzMJZgZJZ[ K _glb gZ BF $ dhblt

"\_lI_qbkez kZ jZzaebqggb Ih dhedhlibh @2 K @ _ hibkzZgZ ijhp_~mj
le_"Zgb |_hstteijzl "Z [t"Z] jZaabdjbhzg gz dhj eZpbb qj_&m&U$ \t]
[10]. bpbhgbkldb jzafblb \oh~h\_ < klZlb

<zZ'gh _ *Z k_ hl[_e_"b q_ hlmle\@zZIbZ dhe 1@b\ %*j ~klz\_gh ijbeh

Ilhab gZqbg kdZez ]ZjZglbjZ [ZeZglp fin"gzihgus$ \tjom bklbgghklghbl
eh bl_egbl_ b hljbpZl_egbl_ dhgkhoZ al® gyldhb eh]bg_kdb nhjfmeb
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dhblh kZ Zdkbhfb gZ bgimbpbhgbG&EdpbjZjafdh]Zlh . k_ih

1Z1Z eh]bdZz emq4\4dbhg hl[ _eyaZg dZlh JK gZ Nb]mjZz
< 2@ _ hibkzg ,&W&ihkedlh bgtm]zZIh . k_ihemqz\zZ j_]bhg
bpbhgbkldb jZafblb bfiebdebbgh_I]Zinb_\gngdhgkthgk yaZg dZlh 1&

hil
e_g lbi 48B83@ _ ij_"eh _gZ ]J]_hfs@gbfgoblmjz ~hdzZlh j_]
bgl_jij_lZpby gZ j_amelZlbl_ hlkt&WUs$ IkldazhgZ ahgzZlZz gZ
gh\Z gZ ljbt]jtegbdz az bgl_jij_lZpby gZ BJ

\" & 15, 16)).

[_e
bhgz hl[_eyaZg
"bkhgzZgkz

1.060)

0.7s

Non-membership function, v

0.25

0.00 0.25 nT= 100

Nb]mjZ Ahgbilggh bl_e_g dhghhigdpdd e g dhglkhlgZigkZglkbt]te
gbdZ gZ Itedm\Zg_ gZ BJF

GZqbgbl_ az hij_"_eyg_ 9Z khigohky®QO\dadeaZ gZ nmgdpbylZ aZ ge_g!
. b kZ "bkdmlb4Z5H6@> 9@ k\Zg_ >hdzazZgb kzZ q_lbjb I\tj* _gby aZ k\
jZale_""Z kemqZc k ba[hjZ gZ Ijbzilr™bkgHtdjz
|_jby @ _ hibkZgz b*_ylzZ gz gkjf8@babij_~eh _gzZ gh\Z gzj_"[Z f_""i
jZg_a®mZe_f_glb ij_"b ijbeZ]Zg_ ®3Inkdpbhgbkldb jZafblb ~"\hcdb dhylh h
<@ _ " _nbgbjZg _~bg ghhlhirjZWjhljZgbg_g j_" hl dezZkbq_kdby Ilhe
IbiZ gZ hi_jzlhj ih gb\h Lhc ijp_dBl_0@Zj amelzZlb \ihke_ ~kl\b_ [yoZ ~I
ijZ]1h\Z klhcghkhI\ 1kI\ZsZ gZ hligranblb k p_e kta”rzZ\Zg_ gZ gh\b hi_jZIhj
gb_Ih gZ klhcghklbl_ gZ nmgdpbysz3i&r gét\gi_gh ihgylb_Ih aZ kljmdImj
\ZgPdtf g _ge_gm\ZsZIZ Qimfgmpbiyp*h[gb bgimbpbhgbkldb jZzafblb fgh" _klI
kI\hih hl _e_f glb qb_Ih highlr_gdghgzki\Z az dhblh qZklbl_ jZafblt
kihcghklbl_ gz "\_I_ nitgelyfhbbebthgImbpbhgbkldb jZafblh gZ mgb\_jkZe:
jZ\gh gz kIhcghkhI\Z _nmghrzZf_ égi‘eghl\h kt\iz*rZl jeZ]lh~zj_gb_ gZ Ih\Z
gh\ gZgbg az d@ljgz hi_jzlhj ih\tgdbhgh *Z k JZa]e "ZI hi_jZlhjb dhb
\ I_hjbylZ gZ BJF b Ihc iha\hey\Z2_ {fkfl\ gbyaz \tiom pyehlh mdb\_jkZegh f
nZ [trZI \a_fzZgb ijb bgZq_ \bkhdh T{\ﬁcgh\(tuwm gydhb g_]h\bih]jZgbq_gby
gZ ghfbgZegzlZ g_kb]lmjghkl ihjlhep \b&khls nk! _kI\_gh _\tafh"gh ~Z k_ h
nhjfZegh jZaebqggh fgh _kl\h hl hl_JZIth
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lj_"eh _gZlzZz ko_fz _ ijbeh bfzZiphld#ZffhjZg_ -D&W$S'DWD \bamZebabj:
amelZlbl_ ihemg_gb hl bgl_jdimleldldbégbyr\Z iZgbgZg b ]JjZnbqg_g
ZgZeba bale_~ J_amelZlbl_ fh]lzIl ~Z k_ _dKi
< 22,2, 2@ gZ[hjtl hlbhp_bZ jZzaebqggb nhjfzlb fzZkb\b \_dlhjb &
\bezZz azZ dhblh k_ ijbez]z ,&UtbdbjZzarbZligqggby bale_”~ ~Zggbl_ h
JZarbjy\Zg_|h gZ |_hj_Ibqgby ,&WI$ fh]lgI**Z k_ khjlbjzl \t\ \taoh”"y
ihklz\dzZ azZ ih~h[jy\Zg_ gZ ijbehglbhdlokNy¥sgjiZ *bogglEwnl bale_" bfZ hipbl
f Thrz dtf ijhp_"mjb aZ \a_fZg_agZijhfrygbywzZ jZaf _jZ gZ bglmpbhghbl
\ mkeh\bylZ gZ g_hij_"*_e_ghkl fhjbyebjikitgg@bd azZ bgl_jij 1Zpby aZz
hij_~_e_gb "~Zggb g_itelglhmjwddzg_kgzZ fj_"Z b azZz az~"Z\Zg_ gZ jZace
NZggb dzZlh gzZijbf_j f_~bpbgkdb\ 2*gggbhdgdbl_ Hk\_g Ih\Z ba[jZgZl.
NZggb azZ iZpb_glZz dzZlh ZgZfglpzZntbhdatzgdpbim~rqg _jlz\Z \ fZljbggby b
gZegb bake_"\Zgby h[jZzlgh ?Righhitegbl_egbl_ ij_"bfkl\z
< A@ _ ijh\_~_gh bake-MiZggZgZA&WS$'DWD _ qg_ |y ihalhey\Z b
BJF b _ h[kt"_gZ b”_ylZ dzZd bgtdpgpbhgpkikltz\_gb gqj_a bglmbpbhghbl
jZafblb “\hcdb hl Ilhab Ibi fh]zZl fEItk_"bleédb ,&U$'DWD gyfZ h]ljZgbc
a\Zl \ bgl_jdjblZggetya [jhy gZ h[_dIbl_ b jZzaihez]zZ k fgh]h ’
Gydhb bake "3,2§Ry@ k\tjaZzgh lkgZ nmgdpbhgZeghkl \ kjzZz\g_gb_ k
ijbez]l]Zg |h gZ bgl _jdjbl_jbZegbyjZgZeba\@Bash ih\_q_ \ ,&U$'DWD
ihea\Zl j_ZebaZpbylz gz ZelhjRlebabjZg® \ | jZaebqggb Z¢hk|bltfZz -
ODWODE gZ Qhjmdh\Z b dhe_djBkl_gh oh\ijbkljZibkdjZzkl_g [ZeZg
bake_"\Zgby ijbez]zZsb ,&U$ ba&bjég\ kji_| _]Je_g azZ bagbkey\Zg_
pbZebabjzZgby khnim_j jzZAayg{hll_dgdijblEjbZegb highr_gby \ kthil\_Ikl
aZ ijbezZ]lZg_ 9gZ ,&U$ b 28 280klzZdmzeghlh jZa\blb_ gZ |_h4bylz gz
Khnim_jtl gZ Figzbjhf\z "\ _ fZljbpi26hl
\oh”gb "Zggb b ba\_"7Z bglmbpbhgbkldb jZa
fblbl_ ~“\hcdb dhblh hibk\zZl bgl_jdhleh’jbg_ gZ ,&U$ \ jZaebqggb kn_
ZegZlz \jtadzZ dzZlh "\_ I1Z[ebpbgZjpleh rdbh ihagZgb_
_Ih fh™_ ~Z jzZ[hlb k jZ[hlgb dgb]lb gZ
OLFURVRIW ([FHO beb |_dklh\b mZceNb]thpzZij_ ~klz\_gzZ ~bgzfbdzlz
"hklz\y gZgbgb azZ ij_o\tjeyg_ g&UibadlakgebI"\ZgbylZ im[ebdm\Zgb \
NZggb dtf ~jm]lb ijh]jzZfb Lh 20M4_ 7NZ GZ Nb3mjyg_~"klz\_gZ klZlbk
\dexg\Z b nmgdpbhgZeghkl aZ IbhdZaZgm[ebdm\Zgbl_ ,&U$ bake ~
ljZnbdb gZ baoh~gh8@ "2Bg®yb 5§ Zbrgh agbh"rzZ - ] >Zggbl_ gZ Nb
ebabjzZzgzZ ~hitegbl _egZ ]jZnbgg4nbjgl jijhdzZza\zZl g_ hl kta”rzZ\Zg_|lh g.
pby gZamelZlbl_ hl ,&U$ \ bglmpphhfHyh&dD ij_a ] kZ inv[pAdm\Zgt
jZafbl bgl_jij_lZpbhg_g Ijbt]teded "\Ztdby baihealZsb dhgp_ipbylZz
j_db g_ ij_"klz\ 2829130@ khnImH] *"Zggbl_ gZNb]mhzrZ q_ ke_» kta
bfZ m~h[_g bgl_jn_ck b _ e_k_g"&@iZmaihhegZg&U$ bfZ agZqbl_egZ Z«
lhc kljz~Z hl gydhedh h]jZgbq_gibhy[ebimivZgitlh gZ bake_"\Zgby ihea
jZ[hlb kzfh ih~ :LQGRZV dhibjBgklimfZglgb,&U$ gZfbjZz ijbeh  _gb_
ljy[\Z ~Z kZ kt\f_klbfb k OLFUR¥R4Wb (hFelZkih 9Z gh\_rdhlh ihagZgb_
IZab \jtadZ gZeZ]Z hl]jZgbg_gb*bmlZgZjbbyddgd kl\h gZ “b\hl obfby b

h[_dIlbl_ jZaiheh  _gb \ dhehgb ]Jby gZ g_nlzZ bdhighlfZgkihjl hp_gdZ

< 3@ _ ij_"eh _g gh\ f_""miedZnhjtlgg]bl_ gZ mgb\_jkbl_Ibl_ \ jZ
khnlm_j azZ baiteg_gb_ gZ ,&IK$ZghzZj dhgh]by b f | hjheh]by be
,&US$S'DWD Khnlm_jtl _ gZibkZggyZe dbdZ_BZ \jbklbggb Ze]lhjblfb

jhggb fj_"b b 7j
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Nblm4zhdza\z jZzaij_~_e_gb_Ih gz ,&U$% im[ebdZpbbl_\ jZaebqghbl.
ihagZgb

HleZklb gZ ijbeh’ICpAb _ gZ

?dhe h;jasy
KhpbZegb ;g% B g~ mklj2pyt
; (]
K_ekdh klhiZ
3%
Bdhgh fpas&
F_"bpbymb S eme

Nblm@ JZaij_~_e_gb_I|h gZ ,&U$ im[ebdZpbbl_\ jZaebqgbl_ kn_jb
gb_

Bgl jdjbl_jbzZegbyh ZgZebh” azZdjblbg_g aZ ihklb]JZg_ gZ "~ _eZghbl
hp_gdzZ b \a_fZg_gZ j_r_gby dhZllh Bglbgdhkel _jbZegbyl ZgZeba fh™ _
a\Z \ jZaebqggb h[eZklb dZlh bg~NmkdjbwnZglZilhdBbaZpby gZ |_ab ba[hjb
f_"bpbgZ bdhghfbdzZz k_ekdh kVaiZgklih "X jZaebqggb 4Adljbllhgpb d
pbZegb gZmdb b _dheh]by |Ijbghklgbj_lhbgghkl j_kmjkb b ~jm]b
lhab f_Ih~ fh™_ ~Z [t"_ ihe_agh W\f\Rp@dbBgZlZ bgl_jdjbl_jbZegbyl z
_"gZ hl I_ab h[ezktB]zZdAlh 4 zZefthab ~Z [t"_ ijbeh _g aZ kjz\gbl_egZz
jZg_ gZ \azbfghlh \ebygb_ b \padZakebdgb f_|Ih”"b aZ e_q_gb_ gZ a
jZaebqgb djbl_jbb beb nzZdlhjb b@bdijafz jba[h] -gZ*"ohZ2ysby ih”oh”
bg"mkljbylZ bgl_jdjbl_jbZegbyl Kigyebazfdhebqgb iZzjzf_Ijb dZIlh _n_dlb
"Z k_ baihealZ azZ hilbfbabjZg_jgKdihhbajBak h”bo9&1179mjb ba[hjZ
I\_gbl_ ijhp_kb beb azZ hp_gdZggdZ_ o ghdb\azZz dhgdj_Igh aZ[hey\Zg_
ghkllz gZ jZaebqggb ijh/mkelb]bgbZegbyl ZgZeba fh _ ~Z ihfh]g_ a:
kijyfh hij_~_e_gb djbl_jbb dzZlhg&dzqallhlqgbl_ hipbb azZz e_q_gb_
p_gzZ \j_f_azZ "hklz\2A8@"jMmZldZ2Ih _n_dIib\ghkl g_[eZ]hijbylgb _
Ilhjb dzlh ijhba\h”bl_eghkl dzZqgjkédhglE iph*h[kl\h aZ iZpb_J@AEZ b "jnm
"mdpbylZz jZaoh”b azZ ijhba\h*"RRANt"\2bhfhgZebabjzZzgb az "a[k_ \a_f
ghklb aZ mklhcgb\hkl b ~jm]b fpiEH & [¢dDZlaZ dhgdj_|_g iZpb_gl |Ij
ZgZebabjzZgb aZ hilbfbamjKhl g4yhihg_|Ih gZ gh\b f_~"bpbgkdb |I_oghet

Bgl_jdjbl_jbZegbyl ZgZeba _ \hp g*tglkl bgl_jdjbl_jbZegbyl ZgZeb
jmf_gl \ gZmdzZlZ aZ hp_gdzZ ZzZ@gZeba lbalhedXg aZ hp_gdZ gZ |_oghbl
gZ j_r_gby \ jZaebqggb%®gelblb I%XZ b g_~hklZltpb
ZgZebaZ gZ gZmggb j_amelZlb bl bjadhh filbdzzljd jbbg | jbZegbyl ZgZeba
gbyl ZgZeba fh'_ ~Z k_ baihea\thaz MN¢pihfhZggZijb \a_fzZg_Ih gZ j_r_¢
|_ogbl_ \ta”_ckl\by b agZgbfhklbyg\dlkgbpdblZzjZzaij_~_e_gb_ gZ j_kmjk
gZ jZaebqggb djbl_jbb dZlh gZmbmabijlZijp]bgZeijhp_kb b ~jm]b bdhghf
ghkl f_Ilh*heh]lbg_kdzZ kljh]lhkI\tihh&bzl8-1gZ@ 1jb bg\_klbpbhggbl_ j
\ta”_ckl\b_ pblbjm_fhkl dbrjp]br_Ilgby bgl_jdjbl_jbZegbyl ZgZeba fh"
\_ ""Zg |h gZ gZmqg_g _dki_jbf_dlaibephjgdlagZZz hpZgebqgdl] bg\ _klbpb
iZjZf_ljb f_Ih~b b I_ogbdzZ gz _dki_jbf_glz
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hggb \tafh ghklb Djbl_jbb dZlh \thYjtsZgZ2 k_Il_ Z\lhjZ&khylZaem]

fhkl gZ bg\_klbpbylZ jbkdh\_ edddApBpghkhNtjaZgb k I_hjbylZ b ijbeh”_gkt
i_jbh” gZ \jtsZ_fhkl b A"jm]b fh]QIZCYE 42 Dlake _"\Z g b301i420a2h"
ZgZebabjzZzgb az ~Z k_-Mhhjjpkl eyl gZc

bg\_klbpbhggb \tafh ' ghklb Bgl_jdjbl Bhke ~h\ZIl ;jhc im[eb

Zegbyl ZgZeba fhaihea\k a¥ hp_gdZ pbb
9Z dhgdmj_glhkihkh[ghkliZ gZ jZaebqg@nkssdv. K. 60
ijbylby

<k ekdhih kihizgki\h bgl_jdjbl 4bz&gpassova. V. 50
ZgZeba fh'_ ~Z k_ baihea\Z azZ hp_gdZ9§HR Za 41
ebgqgb f_lhA"b azZ a_f_~_ekdh ijhda\hSRlikgya, E. 29
kjZ\g_gb_ gZ jZaebggb dmelmjb beb |ZRilpginh3. 29
GZ1n AR{bY TmEIhCan\hKl 2 [he Kie joiatey b 29

mklhcq g e_ j

Ajm1b28+130]. Ijb ieZgbjZg Ih gZ a_ng_eﬂ%ﬁk&&a’L' 23
kdbl_ dmelmjb bgl_jdjbl_jbzZegbyl zg2H¥a> 23
fh*_ ~Z k_ baihealzZz az hp_gdz gZ jzd¥8pyd . 23
khjlh\_ Djbl_jbb dZlh gm ~b hl 8~z Pendheva, T. 14

j_g_ k_ahgeg pbaZjgb \tafh ghklb b
Ajmlb fhlzl ~Z [t"Z] ZgZebabjZgb BaAhWdb k_ hi
j_"_eyl-gi™ooh”~ysbl_ dmelmjb b khjlh\_
aZ dhgdj | _g j _]bhg beb mkeh\by GZklhyshlh bake_"\Zg_inZ[gbebabjZ

< khpbZegbl_ gZmdb bgl_jdjdZgbBegbikVtjazgb k I_hjbylZ b ijbeh _gb
ZgZeba fh™_ ~Z ihfh]g_ aZ kjZ\gbE elyd@ hipjlgddbZegby ZgZeba hl ]
gZ jZaebqgb ijh]jZfbolhaly itheaf_j ] AZ i_jbh” hl ]Jh~rbgb kZ im[ebdm\Z:
\Zg_ 9Z khpbZegb \ta” _ckl\by A¥%bbhpegtiZagtzy ihk\_|_gb -d& ,&U$ GZc
jZaebqgb khpbZeghBlydx]. gjlbyba eyf “ye hl \kbgdb ,&U$ bake_~\Zgby kZ |
ke "\Zg_|h gZ khpbZegb ijh[e_flbodb w2 gbywdzZ1Z g MKigbyll Imd
bgl_jdjbl_jbZegbyl ZgZeba fh _I4¢[W bAitkke hl[_e_"b q_ bdhghfbqg_kd!
a\Z aZ hp_gdZ gZ jZaebqgbl_ f_nh#tt BEZikiglZ]Zzg_Ih gz ,&U$ \ g_nlhij_
jZg_ b ZgZeba gZ "ZbgbZIDjoEZAphI\ZI_egZlZ bg”mkljby _ baqbke_g hl i

"ghkl \Zeb~ghkl h[o\Zl _IbgghdtdZijhkb bfeg 86" |h*"bgZ dh_Ilh _ “hdmf
Ajm]b fh]zl ~"Z [t"Z] ZgZebabjZgbbjZdhX km[abd2Z2@BaH0@> b gZ [j_Ih
j_"_eyl-goh”~ysbl_ f_Ih”*"b az dggbj_| f_"bpbgZlZ]lhkfgidbghk

ghlh bake "~\Zg_ \tjom im[ebdm\Zgbl_ bake_"\Zgby k\tjaz

< _dheh]bylZ bgl_jdjbl_jbZeghhyljbddZelbajbeh _gb_Ih gz ,&U$ kZ mq_
fh™_ ~Z k_ baihealZ aZ hp_gdZ wglzB\g&tblokli\bh ;bhnbabdZ b ;bhf_~bpbgk
_Ih gZ jZaedpm\ghhdb ~ cghklb Vpomg_jkihG Zdz~_fbd DjZkbfbj :1Z
hdhegzZlzZ kj_~Z kjZ\gbl_egZ hpZgd¥ ddhpjZpl <zZky :1ZgZkh\zZ b ijhn_k
ebqgb f_Ih~"b aZ hiZza\Zg_ gZ ijbHlebZby Bbob\daZ
ba[hj gZ-i@Zoh”ysbl_ f_jdb azZ gzZfZey
\Zg_gZ dheh]bqgbl 33{iAQle fb > PblbjZgZ ebl_jZImjz

>7Zggbl_ \ LZ&B@pi4_"klZ\_gb Z\
lhjz dhblh bfgdhgim[ebdZpbb k\t}. Stratiev, D.; Shishkova, I.; Dinkov, R.,
azZgb k ijbez]ZgrAlh gZaebggb kmMepbv, S., Sotirov, S., Sotirova, E., Kolev, I.,
gZ gZnmlgegke "h\ZIl_ekdZlZ "~ _cghyahowiV. IRibdagin, S., Atanassov, K., Stratiev,
NZggb k_ \b ""Z]heyfggbghk \ impPdb, Yordanov, D., Nedanovski, D. Prediction
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A GENERAL OVERVIEW OF GENERALIZED NETS AND THEIR USE FOR PROCESS
MODELING IN AN OIL REFINERY

Danail Stratiev

ABSTRACT: This study introduces the concept of generalized networks as a tool for modeling
parallel processes in complex systems. Also, this concept is applied to the modeling dfilheavy
production processes in an oil refinery.
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gZijbf _E(Dp=t dt~ UK bt «[T,T+ Nz [t’\ \Zeb”™gh dezzlymtjnlzzaz

t*]; MNZ NZN _gb igpbbr4ah])Z\Z
dT _\j_f_\by fhf_gl dh]Zlh h[h[s_gZIZ L (=T I
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]_eh[Z_egZ \j f \Z kdZeZ A lh nmgdpbyc bagbkey\z
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k\tjazgZz k nbdkbjZgzlz Jeh[Zéjg@DhZXZbf kez ~ghlh mkeh\b_ Ijy[\Z ~Z [t"_
kdZeZz \Zebrgh azlfylptd: N pnZ. aZ 1hj_

ot ijh~te bl_eghkllZ kgf_gzIbl_ MZij_ohrz
nmgdpbhngZg lh gz h[h[s_gZIZ fj_"Z c, | ¢, I;

g <t\ \kbgdb bake_~\Zgby k h[h[s_gb * §
fi_ "b _ ~ _nbgbj2zgh fgh' _kl\hlh gz fU.afs,

\kqub itji\hgZqZegb oZjzdl_jbklbdid_IdhHd)bbagbkey\Bklbgghklgbl_
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itj\hgZgqzZegbl_ 0Zjzdl_jbklbdb ¢ZA" 2 obh’ﬂ‘qbke*\fi "\Zsby \j_f_\b
yrjh dh_lh \ebaz \t\ \oh"yshfhffy_kghg@’,ZZdIb\Zpby 9Z HF ij_oh"Z
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h[{h[s_gzlz fj_"Z 659*2 b -2LO 9*2 itj\hgZqgZegh
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fgh' _ki\lptheA Dhfihg_glb),XcB ©0ZjZdl_jbklibdZ _
bljzyl jheylZ gZ izf | gZ h[h[s_gzIZhii_egh ]hjb\h k fZdkbfZegh kt"tj
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oS gIZqu_gby f f—gkkgz nmgdpbPSHZG 7@ inemqz\Z 0Zjzdl_jbklbdZ
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