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Abstract: In recent years, many researches in the field of electromobile transport using as driverless vehicle are carried out in Russia as in
the world. Operation electromobile transport in Russia has specific features, among which are the cold climate and heavy traffic conditions.
One of the key elements of the functioning of electromobile transport is an energy storage system, the characteristics of which are highly
dependent on how and under what conditions the vehicle is operated. The life of the energy storage system is also adversely affected by high
temperature and short overvoltage on its elements. To increase the mileage of vehicles on the electric energy storage provides an improved
system design, and in this article the experience of creating such an energy storage system for the driverless vehicle, taking into account
including the Russian operating conditions. In the process of creating energy storage system were carried out calculations, mathematical

and natural layout the basic elements of the system.
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1. Introduction

International experience, based on the trends of increasing
safety, reducing toxicity and fuel consumption, and, consequently,
improve energy efficiency of vehicles, shows the priority of
development for the creation of driverless vehicles [1]. In recent
years, Russia, as well as studies conducted worldwide, associated
with the use electromobile transport as driverless vehicles.

2. Preconditions and means for resolving the
problem

Operation electromobile transport in Russia has specific
features. The main factor that distinguishes the Russian operating
conditions - a cold climate. Russia is located in the vast territory of
the Eurasian continent and has a variety of climatic conditions. For
the Russian Federation as a whole number of days per year with an
average daily temperature of 0 °C or less - an average of 171 days,
ie, 47% of calendar time of the year [2]. It should be noted that
manufacturers claimed electric performance indicators, in
particular the power reserve and the required charging time is often
not focused on the realities of Russia, and the Central European
climate zone, excellent road and charging infrastructure. At the
same time these figures are a measure of the applicability of
electric transport in the conditions of everyday life. The above-
mentioned Russian conditions will undoubtedly affect the initial
stated performance values.

One of the key elements of the functioning of electric vehicle
is an energy storage system (high voltage battery), the
characteristics of which are highly dependent on how and under
what conditions is operated by the vehicle on which it is installed
[3]. The Center test "NAMI" were conducted bench tests of the
effect of ambient temperature on the operational performance
electric car. The electric vehicle Nissan Leaf was taken as the test
vehicle. Its electric power is 80 kW, and the capacity of the
rechargeable Lithium-battery 24 kWh. At the same time declared
maximum cruising range of 160 km. As a result of the test [2]
found that the lowering of the outdoor temperature to + 25 °C to
minus 7 °C causes a reduction in power reserve of 9% and 44%
when consumers.

The challenge of operating energy storage system in terms of
working for them is extremely important. Research results
depending on the battery temperature gradient [4] shown in Figure
1. As shown, the battery power reaches a maximum when charging
in the temperature range from + 20 °C to plus 40 °C. To avoid heat
problems and achieve better battery performance, it is necessary to

maintain the temperature range that affects the battery and its life
cycle.
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Fig. 1 Dependence of battery charge on the temperature changes

To increase the mileage of vehicles on the electric energy
storage provides an improved system design, and in this article the
experience of creating such an energy storage system for driverless
vehicles, taking into account the Russian operating conditions. In
the process of creating energy storage system were carried out
calculations, mathematical and natural layout the basic elements of
the system.

Currently there are many different types of batteries (chemical
sources of electrical energy).

Using rechargeable batteries in electric transport places
demands on them: a large energy consumption; high rate of
resource; relatively low cost [5]. Further, the way these
requirements are the main products manufactured and preparing for
mass production of the types of batteries (rechargeable battery):

- Traction lead-acid batteries;

- Nickel-metal hydride batteries;

- Lithium - ion battery (Li-lon);

- Lithium-polymer battery;

- Lithium-iron-phosphate and lithium-iron-phosphate sodium
batteries;

- Lithium-cobalt batteries;

- Batteries with lithium titanate anode;

- Battery modified lithium titanate;

- Supercapacitors.

Modern battery systems and electric vehicles with the
combined power plants are based on lithium-ion batteries of
different types of electrochemical systems.

Comparative characteristics of the main types of battery are
shown in Table 1, and the characteristics of the most widely
represented in the battery world market are shown in Table 2.
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Table 1. Characteristics of the main types of batteries

Parameter Lithium- | lead acid | Prism | Lithium-
ion battery | AMP20M ion
battery 1HD-AA- | (modified
ALTAIR- 123 titanate)
NANO systems SSK
(50 Ah)
Operating temp. |, 55| +5. +50 | -30...+55|-40.. 455
range, °C
Recommended | ;5 55| _5..+50 | ~40...+55|-40...+55
storage temp., °C
Rated voltage, V 2.3 2.0 3.3 3.7
Rated capacity (1C
charge / discharge 50 72 20 25
1C), Ah
Weight cell, kg 1,6r 171 0,496 0,6
Dimensions 256x259x | 134x219x | 245x160x | 227x226x
(LxWxH, mm) 13 274 7,25 4,2
Nominal energy, 1C 72 30 130 254
at 25 °C, Wh/kg
Life (25°C), year 20 10 15 15
The number of
cycles at a charge
2C, adischarge 2C, | >12000 1500 3000 8000
at 100% depth of
discharge at 25 °C

Table 2. Characteristics of produced batteries

Manufacturer |Capacity, |Rated |The Specific |Temperature
Ah voltage, |number |energy |range, C
B of capacity,
cycles |Wh/kg
A123 Systems 20 3,3 | <3000 130 -30/+55
Altair Nano 50 2,3 [<16000 72 —40/+55
Enerl Battery | 16,7/40 |3,3-3,7 — 150 0/+45
Dow Kokam 5/200 3,6 >800 |[125/185 0/+40
Saft Batteries 41 3,2 >1500 136 —25/+60
BYD 40/1000 | 3,2 |>3000 |100/120 | -45/+85
International | 40/160 3,2 | >3000 | 88/97 0/+50
Bat
Valence Tech. | 40/138 12,8 | >2500 | 19/91 -10/+50
AK Riegel 15/260 3,6 | <1000 |100/120 | -30/+50

When using the battery must take into account the following
factors. Modern batteries at nominal operating lithium - reactive
element in its pure form is not available, however, when emergency
situations (excessive charge or discharge current, short-circuit
currents, overcharge or above overcharging below certain voltage
levels on batteries) can be allocated to the internal battery electrodes
that in certain cases can lead to fire and explosion.

Battery allow the formation of parallel chains of n batteries to
provide the necessary capacity. Required battery voltage is provided
by a serial connection of individual cells or strings of n parallel-
connected batteries. Thus, when connecting the battery by parallel-
series connection can construct a given battery capacity and voltage.
At the same time, however, each battery or each chain of parallel
connected batteries requires strict control. When charging the
battery of the series-connected battery charge individual elements is
uneven, owing to technological scatter internal resistance of
batteries, or an uneven decrease in battery capacity due to aging in
service. Batteries with reduced capacity or high internal resistance
tend to be large fluctuations of voltage during charge and discharge.
When strictly fixed final charge voltage and discharge for a separate
battery, increasing from cycle (charge-discharge) to cycle the
charge difference will lead to gradually increasing imbalance of
battery cells, that is, in fact, a decrease of given capacity [6.7].

Also, during charging and discharging is necessary to protect
the battery from overheating. High temperatures and at short
overvoltage element can cause a significant reduction in lifetime
[8]. Figure 2 shows that the charge element even at 50 mV above

the maximum service life decreases to 50% of this for him. Figure 3
shows that the elements discharged more than 80% show a fivefold
increase of the internal resistance (milliohms from 0,3 ohm to
greater than 1.5 ohm) when the temperature changes from room
temperature to 0 ° C.
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|43

G AW = O
88885 %
Sgodo

!

: —!-!-.A"..‘. .E g -
= L= = 4 * - A e

0 20 40 60 80 100
Charge level, %
Fig. 3 The dependence of the internal resistance of the lithium - ion
battery temperature and depth of discharge

Thus, for safety reasons, and improve performance of the
batteries should include monitoring and control system, which
provides control of the parameters of batteries during the operation
of the battery.

Monitoring and control system is compulsorily provide control
voltages and battery charge-discharge currents; introduction of
other functions is not mandatory, but it can improve the
performance of the battery. Alignment voltages of series-connected
batteries, the battery allows to operate with the greatest possible
impact capacity, capacity calculation system allows the dedicated
charging device to control the battery and allows the user to
estimate the time remaining until the end of charge or discharge.

NAMI Russian research centre is currently underway to
establish an experimental sample of driverless electric vehicle. For
the vehicle (Figure 4), and developed the electric power storage
system designed for inspection and research developed technical
solutions in the field of electric power traction unit, the monitoring
algorithms and active balancing of individual batteries and battery,
taking into account Russian conditions.

In the process of creating energy storage system were carried
out calculations, mathematical and natural layout the basic elements
of the system. The use of modern software systems in the
development of the battery allows you to automate the design
process and perform optimization effectively. Numerical modeling
has allowed to determine the required capacity of the energy storage
system developed for the driverless vehicle's electric range, which
should be at the level of 12 kWh.



Structural and functional diagram of the developed electric
power storage system is shown in Figure 5.
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Fig. 5 Structural and functional power storage system scheme.
BM - battery module; MMB - module monitoring and balancing

The circuit operates as follows. Head controller and MMB are
powered by an external power supply of 12 V. When this power
head controller polls all blocks MMB and in the absence of
extraordinary events include the contactor. Battery ready for use.
According to information channel information on the state of
individual battery cells, BM temperature and charge level of the
battery supplied to external observation device. In that case, if the
voltage at the individual battery cells are different by more than 5
mV, the circuit includes an active cell balancing voltage is above
average across the battery.

Monitoring and balancing module is built in a modular
fashion. Each MMB module allows you to balance up to 12 cells.

To implement the power storage system prismatic batteries
AMP20M1HD-A were selected having the following
characteristics:

- nominal capacity of 20 Ah (at + 25 °C);

- the specific energy consumption of 130 Wh / kg;

- rated voltage: 3.3 V;

- maximum voltage: 3.65 V;

- the internal resistance of 0.6 milliohms;

- nominal direct current discharge: 3-5S (up to 100 A);

- maximum pulse discharge current: 20C (400A);

- the maximum allowable charge current: 3c;

- service temperature range: - 30 ... + 55 °C;

- the number of working cycles of at least 2000, at 80% depth
of discharge.

Developed electric power storage system is comprised of eight
modules 12 containing batteries AMP20M1HD-A - only 96 storage
locations.

Voltage rating - 316.8 V. The total internal resistance — 0.576
ohm or 0.0576 ohm. The charging current from the on-board
charger - 12.5 A. Power battery heat is 9 W.

Lithium batteries, as previously mentioned above have the
disadvantage, as the negative effect of increasing the battery
temperature during operation with an intense impact on the current

period of battery operation. It affects all hybrid and electric cars. At
constant overheating, the duration of use of the battery is reduced
from 5-6 years to 2-4.

In the design of the power storage system is necessary to
determine the need for cooling [9,10].

Calculation of heat energy is advantageously carried out with
the assistance of mathematical modeling. For the computational
simulation studies the mathematical model of the car VAZ - 1117,
taken as a basis for development, developed with battery, used AVL
CRUISE package.

According to calculations conducted by Regulation Ne§3 of the
UNECE to fast charge mode for cycle developed system power
savings without forced cooling, heat up by only 5,0 °C and 2,46 °C
respectively. Experience has shown that the resulting heat will be
compensated through the housing wall of the battery.

Developed by the original electric power storage system due to
new technical solutions for system charge redistribution between
the battery cells can significantly extend the life of the batteries,
which greatly improves the reliability and cost-effectiveness.

Based on the calculations and analysis of the design features of
the construction of electricity storage systems based on lithium
batteries, it was carried out development of conceptual design
documentation for the experimental model of the power storage
system. Figure 6 shows general 3D model developed type power
storage systems (without cover).

Fig. 6 3D model of the general form of the developed electric power
storage system

3. Results

On the basis of preliminary modeling of the main functional
units and developed design documentation were made experimental
rechargeable traction battery module samples in the amount of two
copies of the total power consumption of 13 kWh.

The experimental sample of the traction battery module is
shown in Figure 7.

: W /|
Fig. 7 The experimental sample storage module of the traction
battery

The experimental sample rechargeable traction battery module
has a plastic housing. The sides of the body have vent holes. Within
each housing 48 placed on the battery cells, each battery cell is
mounted in a cradle.

Battery cells are arranged in such a way that a number of
positive findings of odd cells are arranged even negative findings.
Quality contact had polar conclusions of storage cells provide a
copper plate that secure the output terminals and tighten the three
screws. One of the screws used to attach information - balancing
conductor. The form framework provides a natural convection



ventilation. According to calculations, confirmed by the practice of
this heatsink is sufficient for normal operation of the battery in the
operating conditions of the developed vehicle.

Monitoring and control system battery is placed in the upper
part, above the copper contacts. It represents four payment. Each
board operates 12 cells. Monitoring and control system battery is
shown in Figure 8.

Fig. 8 Balancing boards

Designed monitoring and control system battery allows
monitoring and balancing of the battery cells, to determine the
integrity of the battery state circuits, voltage and cell temperature.
The transmission of information takes place in the unit Battery
Management System (BMS), which provides communication,
configuration and diagnosis of the battery control unit or with a PC
via COM port or through the CAN. Designed traction battery
module design experimental prototype driverless vehicle provides
reliable internal block contacts and the necessary noise immunity
control system.

Figure 9 shows an experimental model of a driverless vehicle
with the established in the luggage compartment of the traction unit
batteries.

Fig. 9 Experimental model of a driverless vehicle with the
energy storage system

4, Conclusion

Currently, experimental studies of a driverless vehicle with a
developed energy storage system, which should confirm or refute
the effectiveness of the design of the battery. This scientific study
was conducted with the financial support of the state in the face of
Russian Ministry of Education, the project unique identifier
RFMEF162514X0006.
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Abstract: Today, there is a significant interest in alternative energy sources for vehicles, as a result of continuous concern for the
environmental impact and for consumption of the primary energy sources, which are limited. Diesel engines present particularly significant
emission like nitrogen oxides, particulate matter, hydrocarbons and black smoke. This paper present a literature review on some alternative
fuels for diesel engines, as pure plant oil, biodiesel and compressed natural gas, and their impact on diesel engine emissions.
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1. Introduction

Compression ignition (CI) engines are the most popular prime-
movers for transportation sector as well as for stationary
applications [1]. Global increasing demands for energy, declining
fossil fuel reserves, environmental concerns, and rising prices have
resulted in a growing interest in the development of alternative
renewable energy source [2].

Petroleum reserves are rapidly and continuously depleting at an
alarming pace and there is an urgent need to find alternative energy
resources to control both, the global warming and the air pollution,
which is primarily attributed to combustion of fossil fuels [1].

In order to meet the energy requirements, there has been
growing interest in alternative fuels like vegetable oils, biodiesels,
biogas, LPG, CNG to provide a suitable diesel oil substitute for
internal combustion engine [3].

Biodiesel production is not something new, because the concept
of using vegetable oil as fuel dates back to 1895. Rudolf Diesel
developed the first diesel engine which has run with vegetable oil
in1900. The first engine has run using groundnut oil as fuel [4].

The promotion of biofuels as energy for transportation in the
industrialized countries is mainly driven by the perspective of oil
depletion, the concerns about energy security and global warming.
However due to sustainability constraints, biofuels will replace only
10 to 15% of fossil liquid fuels in the transport sector [5].

Fossil fuels are expected to continue supplying much of the
energy used worldwide. Although liquid fuels remain the largest
source of energy, their share of world marketed energy consumption
is projected to fall from 35% in 2007 to 30% in 2035 (Fig. 1). The
decline is due to projected high world oil prices that lead energy
users to switch away from liquid fuels when possible [6].

Altough diesel engines are more efficient than gasoline engines
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Fig. 1 World energy consumption by fuel, from
1990 to 2035 [6].

of the same power, and this results in lower fuel consumption and
thus in lower carbon dioxide emissions [7], the problem associated
with the emissions of smoke, PM, sulfur oxide (SO,), PAHSs, and
odor from the exhaust of diesel engines has been widely been a
concern in many countries [8].

Diesel engine exhaust is a complex mixture of carbon dioxide,
oxygen, nitrogen, nitrogen compounds, carbon monoxide, water
vapor, sulfur compounds and numerous low and high molecular
weight hydrocarbons, and particulate matter [9].

Exhaust gas emissions of IC engines have been considered a
very serious issue regarding air quality and the environment [10]
and, therefore, developing and seeking alternative diesel fuels,
without modifying engines, has become an important issue [8].

To this context, this paper presents a review of some alternative
fuel, like pure plant oil, biodiesel and compressed natural gas, and
their impact on diesel engine emissions.

2. Pure plant oil as fuel for diesel engine

As an alternative fuel for compression ignition engines, plant
oils are in principle renewable and carbon neutral. However, their
use raises technical, economic and environmental issues. A
comprehensive and up-to-date technical review of using both edible
and non-edible plant oils (either pure or as blends with fossil diesel)
in Cl engines, based on comparisons with standard diesel fuel, has
been carried out [4].

Pure plant oil (PPO), also referred as PVO (Pure Vegetable Oil)
or SVO (Straight Vegetable Qil), is the use of plant and vegetable
oils without any modification to their chemical structure as a fuel to
be combusted inside a diesel engine. This method should not be
confused with biodiesel, which is a fuel derived from pure plant oils
through a transesterification process that splits fatty acids from
glycerin to reduce the viscosity of the pure plant oil similar to that
of mineral diesel [11].

Vegetable oils represent a ready, renewable and clean energy
source that has shown promise as a substitute to petroleum diesel
fuel for diesel engines. There are different ways of utilizing
vegetable oils as a substitute for petroleum diesel: (i) crude or
refined neat oil; (ii) mixture of oil with diesel fuel with appropriate
dilutions; and (iii) alkyl ester products from the transesterification
process [12].

Since the most of European biodiesel is made from vegetable
oil, this has led to a rapid increase in demand, with a significant
impact on European vegetable oil markets [13].

Because the population is constantly growing and also food
need is increasing, it is important to focus our attention on non-
edible crops. Non-edible oils are not suitable for human food due to
the presence of some toxic components in the oil [14].

As indicated by Table 1, numerous plant oils have been tried in
diesel engines at some time or other. Relatively few, however, have
been systematically evaluated and used [4].



Table 1: Potential edible and non-edible plant oils for use in Cl engines [4].
Edible oil Non-edible oil
Sunflower oil, Rapessed oil, Rice Jatropha oil, Karanji or
oil, Soybean oil, Coconut oil, Corn Pongamia oil, Neem oil, Jojoba
oil, Palm oil, Olive oil, Pistachia Ol, | oil, Cottonseed oil, Deccan hemp
Sesame seed oil, Peanut oil, Poppy oil, Kusum oil, Orange oil,
oil, Safflower oil Rubber seed oil

Advantages of non-edible crops are ready availability,
renewability, higher heat content, lower sulfur content, lower
aromatic content and biodegradability, adaptability of cultivating
non-edible oil feedstock in marginal land and non-agricultural areas
with low fertility and moisture demand, eliminate competition for
food and feed [14].

There are 350 species of oil-producing plants and thousands of
sub-species [15]. Table 2 gives the average annual oil yield for the
common oil plants cultivated in Europe.

Table 2: Oil producing crops in European Union [adapted from 13]

Oil producing crops in kg oil/

European Union hectare
Corn 145
Oat 183
Cotton 273
Hemp 305
Linseed 402
Pumpkin seed 449
Sunflower 800
Rapessed 1000
Olive tree 1019

Diesel engines are designed to burn diesel fuel, which has a
lower viscosity than vegetable oil. Therefore the direct usage of
pure plant oil in the engine leads to poor fuel atomisation and
incomplete combustion, which can rapidly damage the engine. Pure
vegetable oil thickness is the central problem for their use since it is
11-17 times thicker than conventional fuel [11].

In the process of converting an engine, adaptations may need to
be made to the fuel lines, combustion chamber and fuel injectors.
The engine modifications necessary to run a diesel engine with
vegetable oils can be divided into two categories: one tank systems
and two tank systems. The best way is to fit a professional kit to the
diesel engine which includes replacement injectors and glow plugs
optimised for vegetable oil, as well as fuel heating [16,8].

The major components of a professional kit are: electrical
switching unit (switching to the gas, rinse/ventilation) and an
integrated heater (Diesel-Therm), control electronics (diesel - quick
rinse, warning when off on vegetable oil), heat exchanger for water
/ oil circuit, fuel lines, fuel filter, cockpit panel for plant oil / diesel
with LED's all operating conditions signal and audible warning
when off mode in vegetable oil, complete manufactured cable set
with relay sockets, plugs and fuses, various small material (hose
clamps), detailed installation manual [17].

With two-tank PPO kits (Fig. 2), one tank holds the vegetable
oil and the other petro-diesel (or biodiesel). The engine is started on
the petro-diesel tank and runs on petro-diesel for the first few
minutes while the vegetable oil is heated to lower the viscosity [11].

Items “O” and “N” represent the two tanks, which are installed
inside a vehicle. Heating systems include “M” which is a heater
located inside in the vegetable oil tank and “E” which is normally a

«Injectors
«Injection pump

« Fuel supply valve
- Fuel return valve
- Fuel HE

« Filter

- Engine

HIH

VO supply
- VO return

- Diesel supply
«Dlesol return

02ZrRLTTQIMOOED

- Diesel tank

Fig. 2 lllustration of a two tank system, which
allows a vehicle to run on PPO [11].

special type of heat exchanger. The operation of this system is that
upon shut down of the engine the mineral diesel or biodiesel from
the smaller tank “O” is feed into the engine until all the vegetable
oil is purged out [11].

Literature on using vegetable oils as fuel for diesel engine
shows that exhaust gas temperature and smoke intensity may either
increase or decrease in comparison to fossil diesel.

Wang et al. [18] carried out a series of experimental tests to
evaluate the performance and gaseous emission characteristics of a
diesel engine when fuelled with vegetable oil and its blends of 25%,
50%, and 75% of vegetable oil with ordinary diesel fuel separately.
The engine works at a fixed speed of 1500 rpm, but at different
loads respectively, i.e. 0%, 25%, 50%, 75% and 100% of engine
full loads. The experimental results show that power output and fuel
consumption are comparable to diesel when fueled with vegetable
oil and its blends. The emission of nitrogen oxides (NO,) from
vegetable oil and its blends are lower than that of pure diesel fuel.
This emission character found in the tests to some extent is of
significance for the practical application of vegetable oil to replace
ordinary diesel fuel.

A technical review and life-cycle analysis [4] revealed that
when the engine runs on plant oil, emissions of CO and HC may
either increase or decrease (Fig. 3). At low load operation using
plant oil, CO emission is almost the same as for fossil diesel.
Whereas at higher loads, the mixture becomes richer thus more CO
is produced due to the lower oxygen content of plant oil. Emissions
of NO, tend to increase with the nitrogen content of the oil. Most
literature reports a decrease in NO, emission with plant oil (or
blends) compared to fossil diesel (Fig. 3).
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Fig. 3 CO, NO, and smoke emission of Cl engines running
on plant oil (or blends with fossil diesel) as compared to
fossil diesel (Oil (1): unknown) [4].

One can observe that the CO emitted by all biodiesel blends of
various origins is lower than that by the corresponding neat Diesel
fuel case, with the reduction being higher the higher the percentage
of the biodiesel in the blend [19].

Emissions of NO, tend to increase with the nitrogen content of
the oil. The NO, emissions were slightly reduced with the use of
biodiesel or vegetable oil blends of various origins with respect to
that of the neat Diesel fuel, with this reduction being higher the
higher the percentage of biodiesel or vegetable oil in the blend
[4,19].

The smoke density was significantly reduced with the use of
biodiesel blends of various origins with respect to that of the neat
Diesel fuel, with this reduction being higher the higher the
percentage of biodiesel in the blend. On the contrary, it was
increased with the use of vegetable oil blends of various origins,
with this increase being higher the higher the percentage of
vegetable oil in the blend [19].



In other experiment [20], Rakopoulos et al. have evaluated the
use of sunflower, cottonseed, corn and olive straight vegetable oils
of Greek origin, in blends with diesel fuel at proportions of 10
vol.% and 20 vol.%, in a six-cylinder, turbocharged and after-
cooled, heavy duty, direct injection, Mercedes-Benz diesel engine.

Fig. 4 shows, for the speed of 1500 rpm, the emitted nitrogen
oxides (NO,) for the neat diesel fuel, and the 10% and 20% blends
of the four vegetable oils with diesel fuel, at the three loads. One
can observe that the NO, emitted by all vegetable oil blends are
equal or slightly higher than the ones for the corresponding diesel
fuel case, with this increase being higher the higher the percentage
of the vegetable oil in the blend [20].
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Fig. 4 Emissions of nitrogen oxides (NOy) for neat diesel fuel, and the 10%
and 20% blends of the four vegetable oil with diesel fuel [20].

For the same experiment [20], it can be observed that the soot
emitted by all vegetable oil blends is lower than the ones for the
corresponding neat diesel fuel case, with this reduction being higher
the higher the percentage of the vegetable oil in the blend. This is
attributed to the combustion being mixing controlled for these
vegetable oil blends, as it is also the case for the neat diesel fuel
case, which is however now assisted by the presence of the fuel
bound oxygen even in locally rich zones [20].
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Fig. 5 Emissions of smoke for neat diesel fuel, and the 10% and
20% blends of the four vegetable oil with diesel fuel [20].

3. Biodiesel

Crude vegetable oils are inferior as fuel in terms of viscosity,
heating value, freezing point, etc. [21]. In order to reduce viscosity,
vegetable oils are converted into esters by transesterification

I
CH,-0-C-R;

I

CH,-0-C-R;

|

L% § o qHeon

C|:H2-O-C-R2 +3CH3-OH —> CH;3-0-C-R;, + ?H-OH

I (I_I) (Catalyst) ? CH,-OH

CH,-0-C-R; CH3-0-C-R;

triglyceride  methanol mixture of glycerol
fatty esters

Fig. 6 Transesterification reaction [22].

reaction [1]. The result of transesterification reaction (Fig. 6) is
biodiesel, as a fuel comprised of mono-alkyl esters of long chain
fatty acids derived esters from vegetable oils or animal fats,
designated B100 [23].

Because the biodiesel viscosity is almost twice higher than the
diesel fuel viscosity (according to Standard EN 14214:2003, the
biodiesel viscosity at 40°C is 3.5-5.0 mm?/s [24]), biodiesel is
currently used in blends with diesel fuel.

Biodiesel can be produced from various vegetable oils, waste
cooking oils or animal fats. The fuel properties of biodiesel may be
changed when different feedstocks are used [25]. However,
biodiesel production is highly dependent on many local variables
such as feedstock and land availability, costs associated with
feedstock procurement, government subsidies and tax reductions as
well as interactions with the food industry [26].

The main stages of the fuel systems for biodiesel from
vegetable oil and waste cooking oil are shown in Figure 7.

WCO
Collectin

Rapeseed
Production

Rapeseed Oil
Extraction

Rapeseed Biodiesel
Production

Pretreatment

WCO Biodiesel
Production

Pretreatment

Biodiesel Production Biodiesel Production
Process Process

(S

Petroleum Diesel
Production

Diesel Engines

Fig. 7 Fuel systems for biodiesel from vegetable oil (rapeseed
oil) and waste cooking oil (WCO) (adapted from [26]).

A survey on 27 literatures [27], to study the effect of pure
biodiesel on engine power, showed that 70.4% of them agreed that,
with biodiesel (especially with pure biodiesel), engine power will

Table 3: Statistics of effects of pure biodiesel on engine performances (adapted from [27])

Total number of Increase % Similar % Decrease %
references Number Number Number
Power performance 27 2 74 6 22.2 19 70.4
Economy performance 62 54 87.1 2 3.2 6 9.7
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drop due to the loss of heating value of biodiesel (Table 3).
However, the results reported show some fluctuation. Some authors
found that the power loss was lower than expected (the loss of
heating value of biodiesel compared to diesel) because of power
recovery.

Due to the increasing interest in the use of biodiesel, the
Environmental Protection Agency (USA) has conducted a
comprehensive analysis of the emission impacts of biodiesel using
publicly available data [28]. This investigation made use of
statistical regression analysis to correlate the concentration of
biodiesel in conventional diesel fuel with changes in regulated and
unregulated pollutants. Since the majority of available data was
collected on heavy-duty highway engines, this data formed the basis
of the analysis. The average effects are shown in Figure 8. One may
observe that due to higher content of oxygen in biodiesel, CO, PM
and HC emission are reduced, but the NO, emission is higher than
that of diesel fossil fuel.
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Fig. 8 Average emission impacts of biodiesel for
heavy-duty highway engines [28].

The results of an experimental investigation [29], using two
different samples of B10 blend of eucalyptus biodiesel, showed that
smoke opacity improves for both samples, smoke is found to be
64.5% and 62.5% cleaner than that of diesel. Out of all blends B10
was found to be a suitable alternative to conventional diesel fuel to
control air pollution without much significant effect on engine
performance.

As for the vegetable oils as alternative fuel for diesel engines,
the literature on biodiesel emission is not uniform.

In this respect, some available results of Light-Duty diesel
vehicle test data for some rapeseed biodiesel blends (a minimum of
20 measurements of a particular blend were required to assess the
significance of the effect) allow one to explore the differences in the
effects on emissions of the different biodiesel feedstocks [30]. The
emission data are discussed as follows:

- HC lower for B20 and B100, but no correlation between biodiesel
content in the blend and level of HC emission;

- NOy higher than for diesel fuel for all blends, the higher content
of biodiesel, the higher NO, emission;

- CO emission is random, lower for B20, but higher for B30;

- Particulate matter (PM) emission is not significant versus diesel
fuel. However, a very slight increase of PM for biodiesel blends
is observed.

The heterogeneous and uncorrelated data from [27] could be
due to the use of biodiesel and biodiesel blends on diesel engines
tuned only for pure diesel fuel or for B5-B7 blends. Using higher
percentage biodiesel blends, or even B100 fuel, on existing
unmodified engines, could cause an inappropriate response of the
engine in respect of torque (power) and emission.
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4. CNG as fuel for diesel engine

International communities are seeking reliable and alternative
fuel sources and technologies to reduce environmental stresses, air
pollution, increase fuel availability, decrease the use of and
dependence on foreign oil, and optimize the performance of existing
fuel supply infrastructures [31].

Natural gas (NG) is one of the most important energy carriers
today because it is available in large quantities and its reserves are
of the same magnitude as the crude oil reserves [32]. The use of
natural gas as a fuel has garnered considerable interest since the
beginning of the 1990s.

Italy was the first country in which the use of natural gas as fuel
for the propulsion of road vehicles was successful [33]. In the last
decade the number of NG vehicles has risen to over a million in
several countries around the globe. One reason for this evolution is
economic: in many countries NG is considerably less expensive
than conventional fuels such as gasoline and diesel. The other
advantage is the fact that natural gas burns in a cleaner, less
polluting way. Natural gas sources are spread throughout the world,
which reduces the risk of an energy crisis [32].

CNGI/NG, is a mixture of hydrocarbons in gaseous form,
consists of approximately 80-90% of methane along with some
percentage of ethane, propane, nitrogen [34]. A gaseous form of
natural gas, clearly has some substantial benefits compare to petrol
and diesel.

According to [32], the main constituent of NG is methane (80—
98%, depending on the extraction source). Other (about 2%), butane
and pentane (less than constituents are ethane (1-8%), propane 1%).
NG also contains nitrogen and carbon dioxide (0.2-1.5%) and small
quantities of sulfur compounds (hydrogen sulphide and
mercaptans). Of all hydrocarbon compounds used as motor fuels,
methane has the highest knock resistance [32]. Its octane number is
ca. 130. NG is non-toxic, odourless and non-corrosive. It is lighter
than air and is slightly soluble in water.

Amrouche et al. [35] have found that CNG:

e |Is composed of 85 to 99% methane;

o Has the highest energy/carbon ratio of any fossil fuel, and has
a high octane (110/130) (against 95 and 98 for gasoline and
92/96 for the diesel). His feature helps the increase of the
compression ratio engines and thus the efficiency;

o |s safely: It is lighter than the air, in the case of gas leak, it
goes to the atmosphere;

e Auto-ignite above 540°C (450°C for LPG, 220°C for
unleaded gasoline and 225°C for diesel).

e Doesn't freeze until below -165°C, which makes it insensitive
with the climatic conditions.

One of the reasons to use NG as an alternative fuel was the
ecological consideration [32], NG having the potential to mitigate
CO, emissions due to its lower carbon content [36].

Natural gas is used as a fuel in two forms [32]:

1. In its gaseous form (at ambient temperature and under a high
pressure of 20 MPa) it is called compressed natural gas (CNG).

2. In its liquid form (cooled to a temperature of -161°C at
atmospheric pressure) it is called liquefied natural gas (LNG).

In the case of using CNG, vehicle engines should be modified
(dedicated/retrofitted) at the same time with changing fuels [36].
Dedicated vehicles are preferable but there are a few light-duty
CNG vehicles available. For applying to a specific type of vehicle,
retrofitting is an option. However, the efficiency of retrofitted
vehicles is questionable on reduction of CO, emissions [36].

In order to ensure smooth transportation life cycle and
sustainability, it is important to synchronize CNG fuel supply, CNG
refueling stations and CNG fuel vehicles [31]. Recent studies show
that the proper implementation with reasonable ratio of refueling
stations to alternative fuel vehicle is of great importance [31].



Many investigations were carried out in order to use of CNG as
an alternative fuel according to their fuel usage and they are [34]:

o Dual fuel: like the CNG buses the mixture of CNG and diesel
introduced in the engine. As natural gas will not ignite under
combustion chamber alone so diesel is required.

o Bi-fuel: like cars and light motor vehicle, convention petrol
engine where the fuel system has been modified to operate
either petrol gas.

o Mono-fuel: this is specialized engine type which has been
designed and optimized to operate only on natural gas.

The natural gas vehicle is currently one of least polluting
vehicles available on the market [35]. In fact, compared to others
vehicles powered with petroleum products, the CNG vehicles have
shown a very strong reduction of the polluting emissions (-100 % of
lead, the Non-Methane Hydrocarbons are reduced by approximately
50%, - (50-87%) of NO,, - (20-30%) of CO,, - (70-95%) of CO.
And the combustion of natural gas produces almost no fine
particulate matter). Natural gas vehicles have significantly low
noise levels and engine vibration, it reduce noise about -5 to -8
decibels by vehicle [35].

Introducing vehicles that run on CNG can significantly reduce
black carbon emissions from on-road vehicles [37].

The use of natural gas as a vehicle fuel is claimed to provide
several benefits to engine components and effectively reduce
maintenance requirements [34]. It does not mix with or dilute the
lubricating oil and will not cause deposits in combustion chambers
and on spark plugs to the extent that the use of petrol does, thereby
generally extending the piston ring and spark plug life. In diesel
dual-fuel operation evidence of reduced engine wear is reported,
leading to expected longer engine life [34].

Development of the CNG dual-fuel turbocharged CI engine was
described in reference [32]. NG was introduced into the engine
cylinder in the gaseous state through a honeycomb mixer. The pilot
ignition fuel was diesel fuel. The following results on emissions
were obtained (Fig. 9):

e An increase in pilot diesel fuel extends the lean burning limit
and decreases HC and CO emissions (while NO, emissions
increase), which is generally higher than for diesel fuelling.

o Smoke emission is considerably reduced for dual fuelling.

e NO, emission is also reduced.

5. Conclusions

To meet the energy requirements and environmental concerns,
there has been growing interest in alternative fuels like vegetable
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oils, biodiesel and CNG to provide a suitable diesel oil substitute for
internal combustion engine.

As an alternative fuel for compression ignition engines, plant
oils are in principle renewable and carbon neutral, but their use
raises technical, economic and environmental issues.

There are different ways of utilizing vegetable oils as a
substitute for petroleum diesel: (i) crude or refined neat oil; (ii)
mixture of oil with diesel fuel with appropriate dilutions; and (iii)
alkyl ester products from the transesterification process.

Since diesel engines are designed to burn diesel fuel, which has
a lower viscosity than vegetable oil, using only vegetable oil as fuel
needs to fit a professional kit to the diesel engine, which includes
replacement injectors and glow plugs optimised for vegetable oil, as
well as fuel heating.

Literature on using vegetable oils as fuel for diesel engine
shows that CO emission is decreasing, while emissions of NO, tend
to increase.

To reduce the viscosity of vegetable oils, vegetable oils are
converted into esters by transesterification reaction. Because the
biodiesel viscosity is almost twice higher than the diesel fuel
viscosity, biodiesel is currently used in blends with diesel fuel.

Using pure biodiesel, engine power drops due to the loss of
heating value of biodiesel. In some cases, the power loss was lower
than expected because of power recovery.

Due to higher content of oxygen in biodiesel, CO, PM and HC
emission are reduced, but the NO, emission is higher than that of
diesel fossil fuel.

One of the reasons to use natural gas as an alternative fuel was
the ecological consideration, NG having the potential to mitigate
CO, emissions due to its lower carbon content.

In the case of using CNG, vehicle engines should be modified at
the same time with changing fuels. Dual fuel, bi-fuel or mono-fuel
fuel systems have been designed and optimized to allow diesel and
spark ignition engines to operate only on natural gas.

Compared to others vehicles powered with petroleum products,
the CNG vehicles have shown a very strong reduction of the
polluting emissions.

The use of natural gas as a vehicle fuel is claimed to provide
several benefits to engine components and effectively reduce
maintenance requirements .

Smoke, BSU
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0 04
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Fig. 9 HC, CO, NO, and smoke emissions versus b.m.e.p. for dual and diesel fuelling of
a turbocharged engine at n=1600 r/min [32].
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THE PARAMETRIC OSCILLATIONS OF STEEL FRICTION PLATES FOR A
MULTIPLATE CLUTCHES

ITAPAMETPUYECKUE KOJIEBAHUA ®PUKIITMOHHBIX JIMCKOB B TPAHCMUCCHUAX
TPAHCIIOPTHBIX MAIINH

Prof. Dr. Eng. Taratorkin 1.}, Prof. Dr. Eng. Derzhanskii V.%, postgraduate Taratorkin A.! — Institute of Engineering Science of the Ural
Branch of the Russian Academy of Sciences (IES UB RAS), Russia

Abstract. The article substantiates the ways of tuning parametric oscillations providing for increasing durability of steel and friction plates
of vehicle transmissions. The evaluation of dynamic stability is conducted on the basis of the analysis of Mathieu equation and Ince-Strutt
diagram. It is offered to restrict the parameter of rigidity modulation depth by filtering low-frequency disturbances formed in the nonlinear
system by the power unit (internal combustion engine (ICE) or electric motor (EM)), by hydrodynamic processes in the hydraulic
transformer (torque converter or hydraulic coupling) and in the system of its oil supply. The performance evaluation of the developed

actions on plate’s durability is conducted.

KEYWORDS: PLATE, FRICTION DESK, PARAMETRIC OSCILLATIONS, DYNAMIC STABILITY

1. Introduction

The advanced multi-purpose tracked and wheeled vehicles
operated in super severe conditions more and more perfect designs
of hydromechanical, electromechanical and hybrid transmissions
are to be developed [1]. Prototypes tests show the high dynamic
loading which restricts component durability, in particular, the
durability of plates of multiplate clutches and conjugated
components [2, 3]. The article [4] considers the type of failure
insufficiently investigated - plate disruption, which is observed in
transmissions being developed and in designs of worldwide
automotive leaders. It should be noted that the same type of failure
is observed in the vehicles equipped with stepped ratio gear
transmissions without torque converter and diesel engines.

The metallographic analysis of the disrupted plates shows that
crack formation has a fatigue character, which is revealed within
limited time of trial operation. It occurs due to generation of high-
frequency oscillation. The article [4] shows that plate disruption
take place because of resonant modes which are generated by
hydrodynamic processes in the impeller-turbine interblade space
and by working liquid pulsation in the oil supply circuit. However,
because of the nonlinear elastic characteristics of plate and drum
interaction at gap opening the parametric oscillations and
resonances are excited which are more dangerous and are not
eliminated with usual methods.

Thus, according to the aforesaid, there are three main points of
the research subject. First, to study the processes of dynamic
loading formation of wet clutch plates. Second, to prove the ways of
durability increasing of wet clutch elements. Third, to improve the
existing method of multiplate clutches calculation considering
frequency characteristics and dynamic factors of loading.

Scientific novelty of the research involves to study conditions of
resonance appearance. By the way, to develop the ways for
eliminating resonant modes based on dynamics research of highly
nonlinear system at polyharmonic disturbances. These disturbances
are formed by a ICE or EM, by hydrodynamic processes in the
impeller-turbine space of the torque converter and by pulsation of
working liquid pressure in the oil supply circuit.

2. Analytical research of nonlinear

dynamics

The dynamic problem is solved on the basis of mathematical
model of the system under study “Engine unit — Torque Converter —
Planetary Transmission Elements (conjugated drum and lined
plate)” (Fig. 1).

system
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Fig. 1.Design model of the nonlinear system: the system
structure.

The scheme introduces the following notations: Jicg, Jrc, Jp, Jp
are moments of inertia of the engine, torque converter, drum and
plate; c1,c, are rigidities of the pre-torque-converter zone damper
and transmission input shaft respectively; M(p) is a nonlinear elastic
characteristics of plate-to-drum interaction; ¢1; @; @3 @4 are
corresponding generalized coordinates of inertia masses. The
movement of the elements is described by the following system of
the differential equations (1):

Jice®1 + ¢1(@1 — @2) = Hy + Hisin(w;t + a;)
{]Tc‘ﬁz —c1(p1 — @2) + c2(92 — @3) = Hysin(w,,t + @)
Ip@3 + b(@3 — @a) — c2(@2 — @3) + M(9) = M¢
Jp@s — b(@3 — ¢4) — M(@) = Hp

In this system H;, w; «; are amplitudes, frequencies and initial
stages of engines harmonics respectively, Hjwja; are amplitudes,
frequencies and epoch angle of harmonics respectively, being
formed in the impeller-turbine space of the torque converter; M is
a reduced torque of resistance to motion; Hp is drag torque losses.

In the design model plate and drum connection is carried out on
the clearance fit centering according to the diameter of the reference
circle of teeth which providing axial movement of plate relatively to
the drum when engage or disengage. The design model of plate and
drum gear connection is shown in Fig. 2.

)]



C 4 -
. III.:-: | / = ) /
A o T -:;:::o,/‘:"::.-r
\ 28 )
—‘II:" i ~

Fig. 2.Design model of the nonlinear system: drum and plate
connection.

A nonlinear function - nonlinear elastic characteristics on
angular coordinate, is schematized (Fig. 3) and is accepted

symmetric with a gap, i.e.:
Oat|p| <6

wor={ 0
2 c-lol-sign(e) at |p| > 6.

The parameter § was determined by engineering drawings
(0=0,3 degrees); c is rigidity of the couple "plate tooth - drum
tooth" on the basis of modeling a stress-strain behavior of tooth
gearing of a plate with a drum (c=6.845-10° N-m/rad). For
determination of plate-to-drum rigidity it is necessary to define the
uniformity factor of loading between teeth. Mutual position of drum
relatively to plate has a periodic character during functioning. For a
quantitative evaluation of the disturbances formed by the nonlinear
system under the study, it is accepted that contact rigidity is defined
by one, two, three, etc. couples of teeth, and during the parallel
work of elements the rigidity is summarized.

37
b /
/ > ¢
Fig. 3.ldealization of the nonlinear function, dependence of the

moment on an angular coordinate (nonlinearity with a clearance).
The results of modeling the systems dynamics are shown in Fig.
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Fig. 4.Results of modeling the system dynamics.

The results of the computational solution of the system (1) show
that nonlinear high-frequency interaction plate-to-drum generates a
wide disturbing forced spectrum (from 0 to 6,000 Hz) with high
power. Thus, the spectrum of forced frequencies crosses the
spectrum of the system natural frequencies. By the way, this
spectrum crosses forms of plate oscillations (if system is considered
as system with the distributed parameters). This fact can provide
generation of resonant oscillations of plates. The analysis for
eliminating of resonances appearance was performed. This problem
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is solved on the basis of studying two-mass mathematical model of
the nonlinear system “Drum - Plate”. This model accounts on
equivalent moment of inertia of TC turbine, elements of planetary
gear sets, pack of | plates, gap between plate and drum. The model
was modified to a nonlinear differential equation (2) after addition a

coordinate of the relative angular movement @ = @1 — @5:

Jar® + bo + M(p) = M(t) (2

In this equation Jg, is a driven inertia moment

(] _ JIpJpi
ar = Jptipi

frequency, oscillation amplitude and the hysteresis loop area (which
occures due to imperfectly elastic collision of the plate with the
drum, b=4.5 N'm'sec); M(t)is temporary function of the disturbing
torque formed by the engine, by the hydrodynamic processes in the
impeller-turbine space of the torque converter, by the pulsation of
working liquid pressure in the oil supply circuit; Jp is @ moment of
plate inertia; i is a humber of plates. The moment of inertia Jg
calculated with number of assumption. In this regard, the value Jg4 is
determined by experimental data in compliance with the frequency
of its natural oscillations in the dynamic system.

); b is a dissipation factor depending on a

3. Analysis of stability of nonlinear system
periodic solutions

It is known that the solution of the nonlinear equation (2) is

ambiguous and several stationary modes with various amplitudes

Y, = (pl-(t) may be existed as well as unstable.
The analysis of stability is carried out with application of

parametrical oscillation approach. For this purpose the
mathematical model (2) is modified to Mathieu equation [5,6]:
. . q cos(pt
(p+2£<p+w§[1—dy"q—() =0 @3)
st

The equation does not take into account the presence of
dissipative forces. The moment of friction in off-mode, when plates
free rotate, is considered when determining a modulation parameter

in the formula Az in formula (3) and determines the value of the

CcT
parameter h in the Ince-Strutt diagram. Evaluation of the numerical
values of dissipation coefficient b in the system of equations (1),
arising as a result of inelastic interactions of the plate with the
drum, has no significant effect on the value of the natural frequency
of the dynamic system and unsignificantly reduces the instability
area in the Ince-Strutt diagram (Fig. 5, blue line) .

b
In this equation = T ; w% is a square of natural oscillations
d

r
frequency of the nonlinear system corresponding to the value of
harmonic linearization factor qgq,n; p is external forcing frequency.
The rigidity of nonlinear interaction «Drum-to-Plate» was taken
Adyn(4)
dstca)
determined by four-mass-model solution. The dominator was
determined according to the drag torque.
For the assumed values of the amplitudes of angular oscillation
values (qyn(a) stiffness (A) and Gg¢(4) (A) determined by the

method of harmonic linearization (4) for the above non-linearity
(Fig. 3):

— o 220 inl ff _&
q(A) = cq — <arcsmA+A 1 A2>,(4)

where A4 is an angular oscillation amplitude; ¢ is a gap (play). It
is important to note that an assumed value in computation g gyn (4)

as modulation depth 2U = The numerator was

gives the value wq within the range between 600 and 700 Hz,
which is close enough to the lowest natural frequency (the second
form of oscillations of the multiplate clutch lined plate) of the
transmission under study.

Next, the Mathieu equation was modified to the parameters of
the Ince-Strutt diagram a and h (Fig. 5). Entering the parameters of



rigidity modulation depth x and the frequency of its alternation p,
Mathieu equation without taking into consideration dissipation is
modified to (5):

@ + [a — 2hcos(27)]p = 0.(5)

In this equation a and h are parameters (abscissa and ordinate)
. . 2w 2
of Ince-Strutt diagram (Fig. 5): a = (?) ; h=au; 2T =

pt. Such representation allows tor analyze stability of parametrical
oscillations according to the specified diagram and according to the
positions of points with given coordinates a and h.

On the diagram the instability regions are shaded, stability
regions are not shaded. In the Figure 5 a straight line 1 characterize
the function h= aut of the dynamic system “Drum - Plate” under

study, (p=1,200 and 680 Hz, &t = 1.275). As it comes from the
diagram practically in all the range of functioning Line 1 is in
instability region. This means that parametric oscillations take
place.
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Fig. 5.Ince-Strutt diagram for the system under study.
For a simplification of data analysis in the diagram the scale of
natural frequency to forcing frequency ratio is changed in addition

w/p. For analysis simplification the diagram was redrawn in the

dependence of depth rigidity on frequencies relation (see Fig. 6).
Fig. 6 shows zones of the main and the second parametrical
resonances (the shaded areas) with damping logarithmic decrement
of attenuation 4=0.3.
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Fig. 6 - Zones of stability in relation to forcing frequency p for
the main and the second parametrical resonance.

As follows from the diagram, it is possible to prevent
parametric oscillations in two ways. First, to increase dissipation in
the system. On the diagram it is reflected as lifting of the tips above
abscissa axis. And second, to reduce rigidity depth to less than 0,1.
The first way is structurally pointless. The second one is possible.

Structurally it may be realized by installation of a filter of low-
frequency oscillations which will not let high-frequency
disturbances generated to be transferred to the drum. This analytical
conclusion received on the basis of the Ince-Strutt diagram, analysis
is verified when performing computational modeling according to
the model (1).

Besides, the required values of the modulation depth and natural
frequency of the system providing expansion of the stability zone
are established. For the system under study decrease in modulation
depth parameter x up to the value 0.1 (Line 2 in Fig. 5) allows to
narrow essentially the range of parametrical resonant oscillation.
The variation of modulation depth parameter u« is implemented by
introduction of the low-frequency oscillation filter, which carries
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out filtration of the high-frequency disturbances generated in the
system and vibroprotection of the drum and multiplate clutch
elements. As a result a low-frequency filter is synthesized. The
results of the synthesis are implemented, for example, in the form of
development of the torsion damper, which can be installed between
a turbine wheel of the torque converter and input shaft of the
planetary gearbox.

During the research an experimental test was carried out. This
test proved the idea about exclusion of a high-frequency disturbance
by means of low-frequency filter. The object of the research was the
hydromechanical transmission, in which the plates of one of
multiplate clutches in this transmission were in resonant mode at a
frequency of 456 Hz due to nonlinear disturbance from electric
motor and resulting torsional vibrations (Fig. 7). Two torque
measurement sensors were installed in the transmission. The first
one was connected with the shaft which is separated from the
multiplate clutch by torsion damper (sensor A). The second sensor
measured torsion torque of the shaft, which had rigid kinematical
connection with the drum of the multiplate clutch under study. The
electric motor was a source of vibrations in the transmission. The
results of the test show that sensor A did not register oscillations at
the resonant frequency of 456 Hz, but sensor B did. This proves
efficiency of the suggested method of exclusion of resonant
oscillations (as superharmonic) in non-linear system due to
installation of torsion damper (which operates in the capacity of a
low-frequency-filter).

Sensor &

Resanant osciliations
(natural frequency of 455 Hz disk,
second wavelorm of a multi-plate clulch disc))

Sensor B

= Da&& =2
Bed xv - 3 8 8 § 53 B E B B

of exclusions high-frequency perturbations due to the use of low-
pass filter

Figure 8 shows the results of "Engine — Torque Converter —
Drum Plate" nonlinear system dynamics modeling after
performing actions connected with tuning out parametrical resonant
oscillations according to suggested way. Comparing the results of
modeling (Fig. 4 and Fig. 8) it is evident that the power of
disturbing spectral density generated by the system is reduced in
comparison with the initial one over 2,5 times, and the amplitude of
the moment decreases over 3 times. The assessment of fatigue
durability of the plate design shows that if tuning parametrical
resonances by the suggested way, the plate resource raises
enormously.
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Fig. 8.The results of "Engine — Torque Converter — Drum —
Lined Plate" nonlinear system dynamics modeling, after performing
actions connected with tuning out parametrical resonant
oscillations by suggested way.



Summary

The new results about formation of dynamic loading of
multiplate clutches plates are the basis of development of the
described design calculation method and is distinguished from
existing one by taking into account probability of generating
parametrical resonant oscillations.

According to the research results it is established that the
resonant mode in the multiplate clutch plates can be generated at
various frequencies and by various disturbing sources. Resonance
disturbance in the nonlinear system can be generated by oscillations
of the ICE and EM torque, as well as by hydrodynamic processes in
the impeller-turbine passage circulation of the torque converter, by
oscillations of working liquid pressure in the system of its oil
supply. Tuning out resonances at one of its frequencies can excite it
on the adjacent ones. In this regard the most effective way of
eliminating resonant modes is to filter oscillations generating a
resonance.

Filtration of oscillations in pre- and post-converter zones can
be carried out by synthesis of a high-frequency oscillation damper
eliminating resonance in these zones, practically without receiving
[5, 6] disturbances with frequencies significantly exceeding its
natural frequency. Thus, to filter high-frequency oscillations
generated in the transmission, as well as formed by a nonlinear
characteristic of elastic interaction of tooth gearing of a drum and a
plate, requires introduction of an additional torsion damper.

The executed assessment of the performance of the developed
actions shows that elimination of resonant modes significantly
increases durability of multiplate clutch plates.
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OIIEHKA CKOPOCTHBIX CBOMCTB I'YCEHUYHBIX MAIIIAH
IO ®A30BO-YACTOTHBIM XAPAKTEPUCTUKAM

EVALUATION OF SPEED CHARACTERISTICS OF TRACKED VEHICLES
ON THEIR PHASE-FREQUENCY PROPERTIES

npod., aA.1.H., Jepxanckuii B.b., npod., x.1.1. Taparopkun U.A., k.1.H., ['m3atymumun FO.H., umx., acnupant Tapatopkun A.U. unx.,
acriupanT BonkoB A.A.— UHcTuTyT MammHoBeneHus Ypansckoro otaenenus PAH, Poccust

Abstract: In work the method of forecasting of mobility of high-speed tracked vehicles on their dynamic properties is resulted. The design
decisions are resulted, allowing to raise average speed of passage of a test snake on 12 ... 16 % without decrease in durability of elements of

caterpillars.

KEYWORDS: FORECASTING, MOBILITY, TRACKED VEHICLE, DYNAMIC PROPERTIES

1. Beeoenue

Ilpu  paspaborke W  MOAEPHH3ANMH  KOHCTPYKIUH
TPAaHCHOPTHBIX MAalIMH OJHOW W3 BaKHBIX 3agad SBIIETCS
MPOTHO3UPOBaHKWE WUX OBICTPOXOJHOCTH, OLIEHMBAEMOH CpeaHeit
CKOPOCTBIO ABIDKEHUsS. ISl 3TOr0 MpH ABMKEHUH B TPAHCTIOPTHOM
pexXHUMe 10 XapaKTepHbIM JOPOTaM HCIOJb3YIOTCS METOJBI
MPOTHO3UPOBAHMS, OCHOBAHHbIE HAa H3Y4YEHHM YCTAaHOBMBIINXCS
nponeccoB. Ilpm 3TOM cpemHsst CKOPOCTH OHpenensercs Kak
ciydaifHas BeNMYMHA Ha OCHOBE (YHKIHH paclpeiesIcHUs
CKOPOCTH TI0 ITyTH C yYETOM OTPaHUYCHUH IO TATOBBIM KauyecTBaM,
[0 NPENOTBPANICHHIO 3aHOCa Ha KPHUBOJIMHEWHBIX y4YacTKax, II0
MapaMeTpaMm IJIaBHOCTH XOJa Ha HEPOBHBIX ydacTkax goporu. [Ipu
JBIKEHUHU TI0 POBHBIM JIOPOTaM CKOPOCTh OTPAHUYMBAETCS TATOBO-
JUHAMHYECKUMH Ka4eCTBaMH MAIIMHBI U YCIOBUSIMU ABI)KCHHUS B
MOBOPOTE — YCIOBHSIMU OOKOBOTO 3aHOCA.

Ot Meronbl pa3pabOoTaHbl W JAlOT JIOCTaTOYHO TOYHEIE
pe3yabTaThl ISl CPAaBHHUTEIBHO THUXOXOMHBIX MAIIMH W IIPH
JIBIDKEHHN 110 MECTHOCTH Ha JedopMHUpyeMbIX TrpyHTax. Jlms
CKOPOCTHBIX MAIlIMH ITOJBIXXHOCTH BO MHOTOM OTPaHHYHBACTCS
YIPaBIIEMOCThIO. OJTO CBOWCTBO XapaKTEPH3yeT BCE AaCHEKTHI
JUHAMHUKH CHCTEMBI «UelloBeK — MallWHa — BHENIHAS Cpefay H
OLICHUBAETCSA AWHAMHYECKAMH, KMHEMAaTHUeCKHMH U CHJIOBBIMU
XapaKTepUCTUKAaMHU. JIMHAMHUYeCKHe CBOICTBAa OMpPENENAIOTCS IO
(ha30BBIM YaCTOTHBIM XapaKTePHCTHKaM, T.€ MO PEaKLIUH MallnHBI
KaK yHnpaBjsieMoro 00beKTa Ha FapMOHUYECKOE BO3MYIICHHUE.

MHOro4HCIeHHBIMU paboTamu, MOCBSILIEHHBIMU
UCCIICZIOBAaHUIO JTUHAMUKH YIIPaBIISIEMOTO JIBHKECHHS
OBICTPOXOAHBIX TyceHHYHbIX MamuH (BI'M) ycraHoBmeHO, dYTO
CKOPOCTHBIE Ka4decTBa HA TPaccaX C HHTCHCHBHBIM H3MEHEHHEM
KPHUBHU3HBI TPAacKTOPHM BO MHOTOM OTPAaHWYMBAIOTCSA YyIETBbHOMN

MOIIHOCTBIO M BEJIMYMHOH  ITOBOPAYMBAIOLIEr0  MOMEHTA,
€03/1aBaeMOr0 THAPOOOBEMHBIM MexaHn3MoM mnoBoporta (IFOMII).
Hnst HOBBIILICHUS JMHAMUYECKHX KauecTB MalIvH

MOBOPAYMBAIOUIMA MOMEHT JIOJDKEH OBbITh JIOCTaTOYHBIM ISt
MPEOOJICHUST COMPOTHUBIICHUSI TPYHTAa MOBOPOTY M WHEPLUOHHOMN
coctapistomel. B mpoTuBHOM ciyyae mposiBIseTcs JeicTBUe
HETMHEHHOCTH  XapaKTepUCTUKH  THUAPOOOBEMHON  IMepemadn
cucreMbl  ympamieHus — moBopotroM  (CVYII),  BeI3BaHHOI
OTpaHUYCHHEM JaBJICHUS MU pacxona padodeit ®uakocT. B atux
yCIOBUSIX HE o0ecreyuBaeTcss HE TOJBKO JIWHAMUYECKas
YCTOHYHMBOCTb, HO U CTarhyeckas. BBemeHue oOpaTHOH CBsI3U B
CVII He NOBBIIIAET YIPABIIEMOCTH.

OpHako M3 PE3yJIbTaTOB INPOBEACHHOIO C y4yacTHEM aBTOpa
SKCHEPHUMEHTATBHOIO HCCIEIOBAaHUA JAWHAMUKU YIPaBIAEMOTO
JIBUKEHUSI MAUIMHBI C YBEJIMYEHHOHN YyJeNbHOW MOIIHOCTHIO Ha 33
% ¥ TOBOPAYMBAMOLINM MOMEHTOM, OOECIIEYHBAIOIIAM POCT
VIJIOBBIX YCKOPEHHWH TpU MOBOPOTE Ha MajoaedhopMHpyeMOM
rpynre ot 0,7 mo 1,1 pa/:(/cz, T0 ecth B 1,4 pasa, ciemyer, 4To
CpelHsisl CKOPOCTh JIBWJKEHHST Ha JOpPOre C HHTCHCHBHBIM
M3MCHCHUEM  KPUBU3HBI TPACKTOPUHM  (TECTOBOM  «3MEHKe»,
BIIOKHBII OETOH, JEPHUCTHII TPYHT) TOpa3io HUKE PACCUUTAHHON
10 CHJIOBBIM YCIIOBUSM IIOBOpOTa. Peanm3anuiss MOTCHIIMATBHBIX
CKOPOCTHBIX KayeCTB C YBETHMUCHHEM MTOBOPAYHMBAIOIIEIO MOMEHTA
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BO MHOT'OM OTPaHUYMBAETCS TUHAMUYECKHMH CBOHCTBAMH MaIIMHBI
— (a30BBIM OTCTaBaHMEM PEAKIMM Ha YMPABIAIOIIEe BO3JEHCTBHUE.
OTO MPUBOJUT K TOMY, YTO MPOJOJIbHAsA OCh KOPIIyca HE yCIIEBAaeT
MIOBEPHYTHCSI OTHOCUTENILHO KacaTelbHOH TpeOyeMOol TpaeKTOpPHH.
Jlns BIUCHIBaHMS B 3aJaHHBIA KOPUIOP HEOOXOIUMO CHIKAThH
ckopocTh  JIBWKeHMA.  OJIHAKO  CYIECTBYIOIUE  METOABL
IIPOTHO3UPOBAHMUS  OBICTPOXOJHOCTH TYCEHHWYHBIX MAallMH HE
YUUTBIBAIOT UX JAUHAMUYECKUE CBOUCTBA.

Orti  cBoifcTBa ompenessifoTcst 1O (a3oBOH  4AaCTOTHOM
XapakTepUCTUKE,  3HAUEHHE  KOTOpOH  ompejensercs Mo
muddepeHranbHOMY YPaBHEHHIO BpAIATeIbHOTO JBHKEHUS W
JUHAMUKH THAPOIPHBOJIA.

2. Ilpeonocwviiku u cpeocmea O01s pewieHus
npoodaemul

JluHamuueckue CBOWCTBa TyCEHMYHOH MalIMHBI Haubosee
MOJIHO TMPOSABISAIOTCA NMPHU JBHXKEHUU IO TECTOBOM «3Melke». B
CBSI3M C 3TUM TPH MOJENHPOBAHUHM AWHAMHYECKHE MapaMeTpsl
ONpENENAITCA [0  PEaKIUM TYCEeHHMYHOM  MAallMHBl  Ha
rapMOHHMYECKOE YNpPAaBIAIOIIEE BO3JACHCTBHE IIPU  3aJaHHBIX

masamsssix yerosmnx 17(0) , Vy (0) .V, (0), [x(0)].
Anamms MOICIN IIOKa3hIBacT, qTO peaknus MallnHbI
COOTBETCTBYET JIMHEMHON CHCTEMC, HOHOJ‘IHeHHOﬁ 3BCHOM YHCTOI'O

3aras/ibIBaHus. I[I/IHaMI/I‘leCKI/Ie XapaKTEPUCTUKU ONPEACIIAOTCA 110
(1)a3OBI)IM YaCTOTHBIM XapaKTEPUCTHUKAM.

OOBIYHO TpH  OLEHKE HANPSHKEHHOCTH  YIpaBIISIOIICH
JEATENbHOCTH BOJMTENS B KayeCTBE OCHOBHOIO —IOKa3aTels
paccMaTpuBaeTcss  BpeMs  YNPEXKACHUS, INpU  KOTOPOM
obecrieunBaeTcs TOYHOCTb TPaeKTOPUHU JIBHOKCHHS.
[MpuMmennTensbHO K paccMaTpHBaeMOMy  IIPOIECCY,  BpeMs,
COOTBETCTBYIOIIEE  TPeOyeMOMY  OINCPEKEHHIO  33JarOLIero

BO3JICHCTBUS 1O OTHOILEHHIO K M3MEHEHHIO YIJIOBOH CKOPOCTH, C
YBEJIMYEHUEM CKOPOCTH YMEHbLIACTCS.

Ecmu  ObicTpomeiicTBue paccMaTpuBaTh Kak — IOKa3aTelb
CIIO’)KHOCTH PETYJIMPOBAHMS HANPABICHUS ABWKCHUS, TO CICIOBAIO
OBl NPH3HATH, YTO YNPABIATH ABWKEHHEM MALIMHBI MO 33JaHHOM
«3MelKe» ¢ HEM3MEHHOW [UIMHOM BOJHBI TEM MpOIIE, YEM BBILIE
ckopocTh. Takoe 3akiIOYeHHE MPOTHUBOPEUUT OIBITY, TaK KakK C
pOCTOM CKOpPOCTH YMEHBLIAETCS BpeMsl IMPOXOXKIACHUS MAaIIUHON
OJTHOTO IIMKJIA.

HccnenoBanusi TMOKa3pIBalOT, YTO YEJNOBEKY KaK 3BEHY
3aMKHYTOTO KOHTypa YOpaBJIEHHA TPYOHO KOMIIEHCHPOBATh

OTCTaBaHUE BBIXOJHOro curHaja mno ¢ase Y/ 0 B npusone

yIpaBICHUS] MMOBOPOTOM MAIIMHBI HET (OPCUPYIOIINX 3BEHHCB,
KOTOpbIE MOTJIH OBl CHOCOOCTBOBATH HW3MECHEHHIO  YTIIOBOM
CKOPOCTH, KypCOBOTO yIiia (HalpaBJICHHs IBHKEHHS) C TPEOYEMBIM
omepexeHneM; 3ta QYHKIUs Bo3naraercs Ha Bogurtess. [losTomy,
yeM Ooxbmie  (a3oBBI  CHBUT, TeM JKecTd4e TpeOOBaHUS,
MpebsIBISEMble JTUHAMHYECKON CHCTEMOW «MallliHA — BHELIHSsS
cpefa» K BOJAUTENIO M HCIOJHUTENBHBIM MEXaHH3MaM CHCTEMBI
yhpaBieHuss MOBOPOTOM. IIpu GonbIIMX 3HA4YCHUSIX (Pa30BOTO
OTCTaBaHUsI BOAUTENb BOOOIIE HE CMOXKET BIIUCATHCS B 3aJaHHYIO



KPUBYIO ITyTH 0€3 CHI)KCHUS CKOPOCTH. B CBA3M ¢ 3TUM, KpuTepus
CIIOKHOCTH  ympaBieHusi BbiOpan  koddduument  ¢a3oBoit
HANpSDKEHHOCTH  PEryJMpOBAaHMs  HANpaBICHHEM  JIBHXKEHHS,
ompeneNsieMblii  OTHOWmIEHHEM (a3bl peaknmuu K YUCIy T

k, (V) =2=

J1s1 TyCeHMYHOM MallMHBl Maccoi
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1 — MammHBI, KaK CIUIOMIHOTO TBEPIOTO TEJO; 2 — TO JKE IIPH ydeTe
ynpyro-unepiuoHsasix coificts CYII; 3 — rugponpusona CVYII B
3aBUCHMOCTH OT COCTOSIHUSI paboyeil )KMIKOCTH: CIUIOLIHAS JIMHUS
- HOMMHAJIBHOE COCTOSIHME, IYHKTHpHas JIMHUA - JByXdasHoe
COCTOSTHUE

3. Pewenue paccmampusaemoii npoodiemot

B pesynbrare uccnemoBaHHs, paccMaTpHBas IBHKEHHE Kak
HETIPepBIBHBIM MapKOBCKUII Mpoliecc, ONpeAeneHa LUKINIYHOCTh
BKJIIOYEHHS] CHUCTEMBI YIPABICHUS MOBOPOTOM C HEMPEPHIBHBIMU
CBOICTBAMHM KaK IIOJIOXKUTENFHOE YHCIO BBIOPOCOB CIydaiHOMN
CTaIlMOHApHOH (YHKIMM KPUBHU3HBI TPACKTOPHU  «HYJICBOTO»
YPOBHS TpH IBWKEHHH II0 Tpacce, KpUBH3HA KOTOpOIl 3amaHa
JeTepMUHHPOBAHHOH WM CITydaifHOI (hyHKIMEH (B COOTBETCTBUY C
paboroii B.A. CaBoukuna [2]).

BBIMONMHEHHBIMU ~ MCCIEJOBAaHUSIMU ~ YCTAaHOBIEHO,  YTO
IUKIMYHOCTh BKIJIFOUCHMS MEXaHU3Ma II0BOPOTA CYIIECTBEHHO
NPEBBIIIAET pacyeTHBIC 3HAYCHHSA (PUC. 2) U IPU MAKCUMAIBHOMN
ckopocTH jnocruraer 40 Ha KWJIOMETp IyTH MpH ckopoctu 60...65
KM/4.
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Puc. 2 - 3asucumocms YukiuyHOCMU 6KIIOUEHUSL MEXAHUZMOE
HOB0OPOMA ¢ HENPEPBIBHLIMU CBOUCMEAMU O CKOPOCHIU OBUNCEHUS]
npu CLyHaiHoM
UBMEHeHUU HANPABIeHUs MPAEKMOPUU.

1 — npocnosupyemoe uucno exnouenuii MII no useecmuvim
Memooukam; 2 — npoero3upyemoe yucio exmovenuti MII ¢ yuemom

mpebyemotl mouHOCMY MpaeKmopuL O8UNCEHUS.

Bo MHOrom 3T0 CBSI3aHO C HPUHMMAEMbIMU JONYIICHUSIMH.
ITapameTpsl IeHCTBUTENHLHOTO TPOIECca YIMPABICHUS OTIHYAeTCS
OT pacueTHbIX. L{MKIMYHOCTH BKIIOUEHHS MEXaHH3Ma I0BOPOTa
3aBUCUT HE TOJIBKO OT BEPOSTHOCTHBIX CBOMCTB JOPOKHOU

19

KPHUBHU3HBL, HO M OT TpeOyeMoil TOYHOCTH TPAaeKTOPHH, MO3TOMY
YHUCJIO YHPABIAIOMIMX BO3ACUCTBUM, MX 4YacTOTa CYLIECTBEHHO
OTJIMYACTCSI OT YHCIa MOBOPOTOB Aoporu. Ilpm HeoOxogmMocTH
BBINIOJIHEHUSI TIOBOPOTAa MAIIMHOM  BOAUTENs OBOPAYHMBACT

LITypBaJl Ha HEKOTOPBIH yroiu ,B(ko,amm). W3-3a 6oxoBoro

CMCUICHUA Z[eﬁCTBHTeJIbeIﬁ PE3CPB HIMPUHBI HpOG3)KefI HacTu
t

HeO6XOIII/IMO YMCHBIIUTDL Ha BEJIMYUHY AY = JV * 9(\/ ,t)dt .
0

Kpome Toro, BcmemcTBHe 1032 U OyKCOBaHUS TyCEHHI]
GbakTryeckas KPUBH3HA OTJINYACTCS oT pacueTHOM:

k¢ = k p ° B / L .C Y4YE€TOM AUBEPICHIUHN OTKIOHCHUS BEKTOpaA

napamMeTpoB TPaCKTOpUH JABUKCHHUSA, OrpaHU4CHHOTO
6BICTpOHCﬁCTBHeM CUCTEMBI, JICUCTBUTEITLHBII yroi mnoBOpOTa

MalllrHbI ropasao MCEHbIIC PacdYE€THOI'O ﬁ(ko y amm n

COCTaBJIACT:

B, =Bk, a,,)—0—-AB, —AO

B ¢opmyne npuHATH cnenytonye 0003HauCHHS:

@

ﬂ(kt) y amm - 3aJJaHHBIN YroJj noBopoTa MallluHbI; 0 y A 0 -
3HaYeHHUsT OOKOBOTO yriia ACTEPMHUHUPOBAHOC U CTOXAaCTUYECKOC
COOTBETCTBCHHO, Aﬂ3 - BCJIMYMHA OTKJIIOHCHUS HaAIPaBJICHUA

JABHIKCHUS, KOMIICHCHUPYIOLIEEC 3alla3/IbIBAHUE CUCTCMBIL.

JlononHUTENbHOE 4YMCIO BKIIOYEHMH MeXaHM3Ma I10BOpOTa,
obecneunBaiomee TpeOyeMyl0 TOUHOCTh TPACKTOPUHU 10 YCIOBUAM
BIIUCHIBAEMOCTH  MOJKHO  ONpENeNHTh KaK MaTeMaTHYecKoe
OKHJaHUE ChydailHOW (YHKIUHM YIETbHOTO 4YHCIA T[OBOPOTOB

Nyo (kd) :
N ) =N, (k)1 = [, (),

¢s (ko)
KPHMBU3HBI ko = |ko| (0< kb < k¢ ), ompenensemas o

@)

rac — INIOTHOCTH BepOHTHOCTCﬁ MOIYJIs ,I[OpO)KHOfI

CIIEKTPIBHON  IUIOTHOCTH WM  KOPPEIALMOHHOW  (yHKUUH

JIOPOXKHOM KPHUBU3HBI kd = |ko|; ﬂa- JIEHCTBUTENBHBIA  yroJl

MIOBOPOTA MAIIVHEI, €r0 ONPEAEICHNE IPUBEAEHO BHIIIE.
ITporHo3upyemoe 3HaueHHE CKOPOCTH JBHXKCHHS MOXKHO
OIIPEJIEINTD 110 YPaBHEHHUIO:

@ HPAS — [IPH ACTCPMUHUPOBAHHON
T (YHKIUY KPUBHU3HEI
V= ; ©)
®pp — IIPY CTOXaCTHYECKOU

* * (DYHKIHHM KPUBU3HBI
27(N"+N,,
rae ®pp — 3HAYEHHE YacTOThl COOTBETCTBYIOIIEE JOMYCTHMOMY
3HaUCHUIO K03 duirenTa GpazoBoil HANPSHKEHHOCTH

k,(V)=075.

KoppeKkTHOCTh NOMYIIEHUH TpH OIpeeleHHN IUKIMIHOCTH
BKJIIOYECHHSI MEXaHH3Ma [OBOPOTA, aJeKBATHOCTh MaTeMaTHYECKOi
MOJIeNH peabHOMY nporieccy HO/TBEPIKACHBI
9KCHEPUMEHTAIBHBIM HUCCIIEJOBAHUEM JUHAMHMKH YIPABIISIEMOTO
JIBH)KEHUS MAIlIMHbI.

Ha ocHOBe comocTaBieHHsI pE3YyNbTATOB TEOPETHUECKOTO H
SKCIIEPHMEHTAILHOTO  HCCIEOBaHUS  JeJTaeTcsi  BBIBOJL O
HEOOXOIVMOCTH  KOPPEKTHPOBKH  MaTEeMaTHYeCKOH  MOJENH
BBE/ICHNEM 3BEHA «UHCTOTO 3aIa3/bIBAHIS».

OnHUM U3 BaKHBIX IAPAMETPOB, ONPEENAIOLINX MTOIBIKHOCTD
MalllUH, ABJISETCS UMKIMYHOCTh BKJIIOUEHHUS CHCTEMBbl YIPABICHUS
oBOpOTOM. V3 pe3ysbTaToB SKCNEPUMEHTAIBHOTO HCCIIEI0BaHUS
BUIHO, YTO TPH CKOPOCTH IBIKEeHUS V<=5 m/c (akTHueckoe



YHCJIO BKIIOUEHUH COOTBETCTBYeT pacueTHoMy. llpu Gombrmmx
3HAYEHHUSIX CKOPOCTH YHCIIO BKJIIOUEHMH CyIIECTBEHHO BO3pacTacT
u npu V=20 m/c cocraBmser 42 na xuiaomerp nyru (0,8 T'u), u
OrpaHMYMBACTCSA NMCUXO(H3UOIOTHYECKUMHI CBOHCTBAMM BOJMTEINS
KaK 3BeHa 0oOpaTHOH cBsi3u cucteMbl. CyIiecTBeHHas pa3HOCTH IO
CPaBHEHUIO C U3BECTHBIMHU pE3yIbTaTaMU pacuyeTa IO H3BECTHBIM
METOAMKAaM BbI3BaHAa TEM, YTO IapaMeTpbl AEHCTBUTEIBLHOIO
npolecca ynpaBlICHHUs OTIMYAIOTCS OT pacueTHbIX. LlukimuHOCTH
BKJIIOYEHHS MEXaHM3Ma I[I0BOPOTa 3aBHCHUT HE TOJNBKO OT
BEPOSITHOCTHBIX CBOUCTB JOPOXKHOM KPUBHU3HBI, HO U OT TpeOyeMoit
TOYHOCTH TPAEKTOpPUU. YHUCIIO YNpPaBIASIOUIMX BO3ACHCTBUM, HMX
YacTOTa CYIIECTBEHHO OTJIMYAeTCs OT KOJIMYECTBA IIOBOPOTOB
jgoporu. IIpm pacdere LHKIMYHOCTH C Yy4eTOM OOeCIedeHHs
TpeOyeMoil TOYHOCTH TPAeKTOPHUH PAaCUeTHOE 3HA4YeHHE (YHKIMH
LIUKJINYHOCTH BKJIIOUEHHUS oT CKOPOCTH JIBYDKCHUS
YZOBIETBOPUTEIBHO COBNAAAET C 3KCIEPUMEHTAIbHBIMU JaHHBIMHU.

Ha ocHoBe
CIeqyIOImui

NIPOBE/ICHHBIX  UCCIICI0BAHUM
aITOPUTM  HPOTHO3HMPOBAHMS
TYCEHHYHOH  MAaMIMHBI  [PU  KPUBOJMHEHHOM  JIBIDKCHUM.
HcxomHbIMM JaHHBIMH SIBISIFOTCS: T€OMETPUYECKHE W YMPYTo-
WHEPIFOHHBIE TapaMeTphl MAIIUHBI, OIpeelsionye (Hha3oByro
YaCTOTHYIO XapaKTEePUCTUKY, yZenbHas MOIIHOCTb,
XapaKTePUCTHKH TArOBas U CHUCTEMbl YIPaBJICHHS IIOBOPOTOM;
CHEKTpajdbHas  IUIOTHOCTb  JOPOXKHO-TPYHTOBBIX  YCIIOBUH

TpeIaraeTcst
OBICTPOXOTHOCTH

JABWXXCHUS: KPpUBU3HA HOPOI'Ud Sk (a)) u €€ mHrpuHa SH (a)) , a

Tak ke KOA((UIMEHTA COMPOTHBICHHS MOBOPOTY O p (a)) Ha

OocHOBe o0OpaTHOro mpeoOpasoBanuss @Dypbe ONpeneNIIOTCI
napaMeTpbl JOPOKHO-TPYHTOBBIX YCIOBHH k(S), H(S), u (S) B
(yHKINY Ty TH.

B nanpHeieM npou3BOAMTCS ONpEAeIeHUE NapaMeTpoB
HEJTMHEWHOCTH CUCTEMbl YNpPAaBJIEHUS, JUHAMUYECKHX CBOUCTB (

t3w,t1w) TYCEHHYHOW MAUIMHBI M BOAUTENs, KOd(HULHEHT

(hazoBoil  HaNPSIKEHHOCTH K(P(a)), COCTaBJAIONIME  yIJa

nosopora mammmms (K I OLHJT) B COOTBETCTBHU C yPaBHEHHEM

(4) n Tabmmned 1, OUKIMYHOCTh BKIIOYEHHS MEXaHHM3Ma HOBOPOTa
(3,6) 1 wacroTa mpomecca peryJIMpoBaHUs HANPABICHUS JBIDKCHUS
orp. Kpome  Toro, BBOOATCA ~ OrpaHUYCHHUSA:  YCIOBHS
BITMCBIBAGMOCTH  (5), TIICHXOJIOTHYECKHE CBOWCTBA BOAUTEIS
BBINOJHAIOMET0 (YHKIMU 3BEHa OOPaTHOH CBS3M, NEperpy3Ku
I'OIl, OyxcoBaHue ryceHuusl 3aberaromero OopTa, MO TATOBBIM
BO3MOXHOCTSIM U OO0KoBOMy 3aHocy. Ilo pe3ymbraTam pacueToB
cTposiTcsi TpauKN M3MEHEHHS KHHEMaTHYEeCKHX MapaMeTpoB IMpU
JBIDKEHHU 10 TECTOBOI 3Melike (puc. 3) U 1o Tpacce co CIIyJaifHbIM
U3MEHEHUEM KpUBH3HBI Tpaekropuu. Ha ocHOBe 3TuUX NaHHBIX U
MMHUTAIOHHOT O MOJIETTNPOBAHHUS JIBHKEHHS MaIIHHBI
IPOM3BOJMUTCS PacuyeT CKOPOCTH JBIJKEHMS KaK HauMEHbIIEH I10
BBIIIETIPUBEICHHBIM OTPAaHUUEHHUSIM.

IlomyueHHblE pe3ynbTaThl CTATHCTHYECKH O0OpadaThIBaroTCH,
OTIPEEeNACTCSl CIEKTpaabHasl IUNIOTHOCTh CKOPOCTH MABIDKCHUS U
YHCJIOBBIE XapAKTEPUCTHKU (DYHKIIMH pacHpeeNIeHuUs MO ITyTH.

4. Pe3ynomamol U OUCKYCCUA

Peanmuzanms Takoro moaxoJa  MO3BOJSIET HE  TOJBKO
MIPOTHO3UPOBATh OBICTPOXOAHOCTH MAIIMHBI 110 €€ AUHAMUYECKUM
CBOlfcTBaM, HO W pemath OOpaTHYI0 3ajady MOBBIIICHUSL
CKOPOCTHBIX  CBOWCTB  AH((EepeHINPOBaHHBIM  COKpalleHHEeM
OTPAaHMYCHMII TPH aBTOMATH3alUM YIPABICHHUS JBIDKCHHEM.
CdopmynnpoBaHbl TpeOOBaHUS K aBTOMaTU3NPOBAaHHOM CHCTEMeE, B
YaCTHOCTM MO  CO3JaHMI0  (OPCHUPYIOIIETO  YIpaBiCHHUS,
KOMITEHCAIIMH OBICTPHIX OTKIOHEHUH, COKpPAIIEHHS HUKINYHOCTH
BKJIFOUEHHS MEXaHHU3Ma MIOBOPOTA BOJUTENIEM.

I[OKa3aHO, YTO IIOBBIIICHHUC GLICTpOXOHHOCTI/I MalmuH B
IIOBOPOTE npn  A0CTaTOYHOM 3Ha4YCHUUN MOBOpAYMUBAIOUICTO
MOMCHTA MOXET OBITh JAOCTUTHYTO COBEPIUICHCTBOBAHUEM

nuHamuyeckux cBodictB CYII — cuHTE30M NpONoOpLUOHATIBHO
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unTerpoauddepeHIUpyOmuX Imnma) KOPPEKTUPYIOIIUX
YCTpPOMCTB.
Ob6ocHOBaHA HEOOXOOUMOCTb COKpPAIIEHUs MOJATIMBOCTH

pabounx BETBEH TyCEeHMI. ODTH NPEIOKCHHS PEATM30BaHBI IIPU
pa3paboTKe TYCEHHMI[ CO CIUIOLIHBIM OCHOBAHHEM DPE3HHOBBIX
9JIEMEHTOB MLIapHHpAa M €ro apMHUPOBaHHEM. OTO IO3BOJHIO
MOBBICHTD CPEJIHIOI0 CKOPOCTh MPOXOXK/CHHS TECTOBOH 3MEHKH Ha
12...16 % 0e3 CHIDKCHUS  JIOJITOBEYHOCTH TyCeHHUII.
DKCNepUMEHTaNbHBIMI  MCCICAOBAHUSMH YCTAHOBJICHBI PHEMBI
YIpaBJIeHHUs] MAlIMHOW NMPU JBMKCHUH B MOBOPOTE, O€3 CHIKEHUS
CKOPOCTH.

BriOop W Bapuauus NapaMeTPOB KOHCTPYKLMH MAIIMHBL,
[PUEMOB yNPABJICHUS JBW)XCHHEM OCYIIECTBISICTCS Ha OCHOBE
aHanu3a 3aBUCHMOCTEl (a30BOro OTCTaBaHWs peakuu Ha
BO3MYILICHHE YIPABICHHS M LUKINYHOCTH BKIFOYCHHUSI MEXaHH3Ma
noBopota. CokpanieHne ()a30BOr0 OTCTaBaHUs BO3MOXKHO IIPH
YMCHBLICHHH MOMCHTa CONPOTHBICHHS IOBOPOTY — B PEXHME
IBIDKeHHs ¢ dacTudHbiM 3aHocoM (x<0,5L, O(v,t)< 6(v,u,H)) mpu
CYIIECTBEHHOM OTPAaHMYEHHH — HEOOXOIMMOCTH YIPEXKIAIOLIEro
yHpaBiieHus, BBICOKOT0 ObicTpozeiicTBust CYIIL.

V.w'c
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Puc. 3 - Ananuz pezynomamog ucciedosanus (mecmosas 3melxa)
1 — kMHEeMaTHYeCKH BO3MOXKHAsI CKOPOCTh 1o apuratero V ( S);

2 — oTrpaHHYEHHUE MPEETHHON CKOPOCTH MO (ha30BOM HACTOTHOM
xapakrepuctuke CYII;

3 — skcniepuMeHTanbHbIe fanubie V ( S); 4 - pacueTHOE 3HAUCHHE
nuKInyHocTH BKIrouenuii CYIT N*;

5 - aKkcIepUMEHTaIbHOE 3HAUCHHE IUKINYHOCTH BKIroueHnit CYTI
N=N*+N*, o6ecrieunBarOIUX TOYHOCTh TPACKTOPHH.

a - 30Ha OTPaHUYCHUSI CKOPOCTH TI0 TATOBBIM CBOMCTBAM JIBUTaTEIIs
u CVII;

B - 30HAa OTPaHNYCHNUS 110 AUHAMHUIECKHM cBoricTBam CVIIL.

dazoBoe orcraBaHME MOMIO OBl  OBITH  CYIIECTBEHHO
COKpaIlleHO, €clu Obl BOJAMTEIb MOT M3MEHATH YIPAaBIIOLICe
BO3JIEHCTBHE TIO NMPOM3BOIHOI paccoryiacoBaHMsl HANpPABIAIOIIETO
yria. DTH [Ba HampaBjieHHs CHIDKEHHS (Ha30BOro OTCTaBaHMS
MOTyT  OBITH  peanu3oBaHbl  (OPCHPYIONMMH  3BEHBSIMU
AaBTOMATH3UPOBAHHON CHCTEMOH yIpaBieHns ABmwkeHweM. [Ipn
3TOM YCTaHOBOYHAsI MOIIHOCTH THAPOOOBEMHOHN Iepeatin JTODKHA
OBITh  JOCTAaTOYHOM U1  TIPEOJNOJNEHHS  IMHAMHYECKOH
COCTaBISAIOIIEH MOMEHTAa  CONpPOTHBIEHUS  oBopotry. Ilpum
OTPaHUYEHHOM  YCTAaHOBOYHON  MOIMHOCTH  THAPOOOBEMHOM
nepenadd  BBICOKME — JHHAMMYECKME  KadeCcTBa  MAIHHBL,
OTNpENENAIONINE BXOJ B MOBOPOT, MOTYT OBbITh 0OECHEYEHBI
IOPOJOJIBHBIM  3aMEJICHHEM  IPU  CHIDKEHHMH  CKOPOCTH
MOCTYNATEIFHOTO  JBIKEHMS. OTa (YHKIMS OCYIIECTBISCTCS
CO3/laHMEM KOHCTPYKIMM ME€XaHH3Ma IOBOPOTa C PETYIUPYEMbIM
KMHEMaTHUYeCKUM IapaMeTpoM WM IPUMEHEHHEM alIrOpUTMa
yIpaBleHHUs  JBWXKEHHEM, O0OECHeYMBaIONIMM  MepeKIIoUeHHe
nepeayy Ha HOMep HIKe, YTO MpeaoTBpamaer pa3onokuposky I'T
npu  meperpyske gapuratens. [loBellleHME AWHAMHYECKHX U
CKOpOCTHbIX KauecTB BI'M B mpouecce moBOpOoTa B CIIOKHBIX
JIOPOXKHBIX YCIOBUSIX C HENPEPBIBHBIM M3MEHEHHEM HAIIPaBICHUS
IBIDKEHHEM olOecreunBaercs Tpu  pabore  jgBurarens Ha
MOBBIICHHBIX 00opoTax. CHMXaTh CKOPOCTH JBIDKCHHUS 3a CYET
YMEHBIIIGHH [10Jlaud TOIUIMBA A BIMCBIBAaHHS B IIOBOPOT



HelenecooOpasHo, T.K. 3TO  MNPHUBOAMT K
MPOM3BOAUTENBHOCTH TuApoHacoca ['OI1.

Ilpyn ABIKEHNM Ha MPSIMOIMHEWHBIX y4acTKax IyTH, HA Maplie
WM B KOJIOHHE, ITPU CTAaOMIM3aI[MU CKOPOCTH ABMXKEHUS] BO3MOXKHO
obecreunTh peXUM pPabOTHI JBHUTATENsl MUHHMAJIBHOTO Pacxoja
TOIUTMBA. 3aMETHOE W3MEHEHHE YIJIOBOH CKOPOCTH IIOBOPOTA
MaIIWHBI TIPH yBEJMUCHUH MOAAYH TOIUIMBA B IIPOILECCE ITOBOPOTA
gepe3 1,5...3,0 c., ecnmm pgBurarens paboTal TIPH HEMOJTHON
sarpyske. Ilpu 3TOM ycinoBMM yBeIM4eHHE MOJAa4YM TOIIHMBA
CTaOMIIU3HPYET ABIKCHUE MAIINHBI HA TPAHULE YCTONYHBOCTH.

CHmKeHHEe XKeCTKOCTH MexaHudeckoil xapakrepuctuku [OIl,
YTO XapaKTepHO IS ABYX(a3HOTO COCTOSHUS pabodel *KHUAKOCTH
IpH ee BCIICHUBAHUM WM KUIICHUH CIEAYeT OTHECTH K (paTanbHOM
curyanuyu. CKOpOCTh IBM)KEHHSI B 3TOM PEXHMME OIPaHUYHBACTCS
YIIPABISIEMOCTBIO M YCTOHYMBOCTBIO U3-3a HEYJOBJICTBOPUTEIHLHOTO
KauecTBa MePEXOIHBIX MPOIIECCOB, (Pa30BOTO OTCTABAHMS PEAKIHIH.

IloBblmIeHHe  CKOPOCTH  NPSIMOJMHEHHOTO JABWXKCHUS  I1O
TBEP/BIM JIOPOTaM C OTPAaHWYEHHBIMH CIIEMHBIMH CBOWMCTBAMH 32
CYET  COKpalleHWs  4YuCia  yOpaBieHHH  (HOApYIMBaHUIA),
KOMIEHCHPYIOMINX OBICTpbIE OTKJIOHEHHSA YTJIOBOH CKOpPOCTH,
OCYIIECTBIISICTCS. TPH CHUHTE3€ ONTUMANBHOTO  YINPABIEHHUS,
OCHOBaHHOTO HAa  ONpPENEICHHH  CIEKTPAIBHON  IUIOTHOCTH
ciy4ailHOro rnpouecca. JpyruM BapHaHTOM SIBJISIETCS YIpaBlIeHHE
10 MEHee 3allyMJICHHON KOOpJUHATEe — KypCOBOH yroJl.

[NoBbIlIeHHE CKOPOCTH COKpAIEHHEM (a30BOr0 OTCTABaHUS
MOXeET OBITh JOCTHTHYTO U NIPH yBEIMUECHUH COOCTBEHHON 4acTOTHI
Cu

J.,
cOOTBEeTCTBYeT (ha3oBEIf yrom m/2 W B JajdbHEHIIEM pe3Ko
Bo3pactaetT g0 7. ['ycermmmsr ¢ PMIL, oGmamaromme OGoubiieit
MOJIATIINBOCTRIO HE CIOCOOCTBYIOT POCTY COOCTBEHHOHW YacTOTHI
(cHIKEHMIO (a3oBoro yria). KoppekTHOCTh OCHOBHBIX JOIYIIEHH
npu ompenenenun PUX wu mmkamuHoctH BkmroueHus CVYII,
a/IeKBaTHOCTh MaTEMAaTHUECKOM MOJENU peaJbHOMY MpOIECCY,
MO3BOJISIET 000CHOBATh OCHOBHBIE ITyTH IOBBIMIEHUS MPEIETbHOMN
gactotel ®UYX (wp) U ckopocTHBIX KadectB bBI'M  mpu
KPHBOJIMHEWHOM  OBIKEHMH. B wactHoctH  00OCHOBaHa
HEOOXOIUMOCTh COKDAIICHUs IOAATIMBOCTH pabodymx BeTBeH
TYCEHHI[. DTH MPEIOKSHHUS PeaTN30BaHbl B KOHCTPYKIIUH T'yCEHHIT
CO CIUIOIIHBIM OCHOBAHHEM PE3MHOBBIX JIEMEHTOB IIAPHUPOB U UX
apmupoBaHueM. Takoe pelleHne TMO3BOJIMIO MOBLICUTH JTHHEHHYIO
KECTKOCTh Ha 64 %, mpeznenbHyl0 yactoty oy ¢ 4,5 no 5,4 pan/c.
OTO MO3BOJMIO TOBBICUTH CPEIHIOID CKOPOCTb MPOXOXKACHUS
TectoBoi 3Mmeliku Ha 12...16 % U TOBBICHTH JOJITOBEYHOCTD
IIapHUPOB TYCEHHUII.

CoxpamnieHne TNOAATIMBOCTEH pabodYMX BETBEH T'yCEHHMI]
TOBBICHIO 3] ()EeKTHBHOCTF KOMIEHCAIIMH OBICTPHIX OTKIOHEHHH
NP BBEICHWH B KOHTYP YIpaBIECHHS HHTETPHPYIONIETO 3BEHA.
Takoii xe 3¢ deKT TocTUraeTcs MOBBIIICHUEM CLEMHBIX CBOHCTB
TYCEHHI[ C  ONOPHOH  TOBEPXHOCTBIO  MPH  yCTaHOBKE
ac(ha’abTOXOAHbBIX OAIIMAKOB.

B obmem ciyuae ABWXKEHHS — HpU JCHCTBHM BO3MYILCHHI
CTOXAaCTHYECKOTO XapakTepa, KauyecTBO MEPEXOMHBIX MPOIECCOB,
COKpalleHne (as3bl peakuyu Ha YIPaBILIIOIIee BO3JACHCTBHE U
TOYHOCTb TPACKTOPUH IIPH OTPAaHMYEHHM 3aTpaT MOILIHOCTH Ha
KOMIIGHCAIIMIO ~ OTKJIOHEHWH  JJOCTUTAIOTCS  CHHTE3WPOBAHHBIM
ONTHMAIbHBIM YIPABICHHEM TP HE TOJHOCTBIO H3BECTHBIX
BO3MYIIAIONINX CHJIAX.

YMEHBUICHUIO

MalmHbl 2y = o KoopauHare Y. OTOMY 3HAuCHHUIO
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5. Bwieoowl

Ha ocHOBe mpoBefeHHOTO HCCIENOBAHHS B JAHHOH paboTte
HaygyHO OOOCHOBaHA M pEIIeHA 3ajada pa3pabOTKH MeTona
MIPOTHO3UPOBAHHS OBICTPOXOAHOCTU TYCEHHYHBIX MAIIWH II0
UX JUHAMHUYECKMM  CBOMCTBaM, BBIOOpa  MapamMeTpoB
KOHCTPYKIIMM U CHUCTEMbl  YIpPaBIEHUS  MOBOPOTOM,
MO3BOJISTIONIast Oojee MONHO peann30BaTh MOTEHIMATbHBIE
CKOPOCTHBIE KauecTBAa MHOTOLENEBBIX TI'YCEHHYHBIX MallUH
IpY JBWKEHWH IO JOpOraM C HHTEHCHBHBIM H3MEHEHHEM
KPUBU3HBL, WMEIOIIasi BAXKHOE BOGHHOE W  HApOJIHO-
XO03SIICTBEHHOE 3HAYEHHE.

HcnplTanus ONMBITHOM MAIIMHBI ¢ MakeTHBIM oGpasmom [TH]]
KOPPEKTHUPYIOIIETO  YCTPOMCTBA  CHCTEMBI  YNPABICHHS
MIOBOPOTOM Ha TECTOBOW 3MEHKE IOKa3ajlu, YTO CperHss
CKOPOCTB JIBIDKEHHS MOBBICHIAch 10 14,3 %, npu cokpamieHnn
yrciaa BKIoYeHHH ¢ 37 mo 25 Ha kwinomerp mytu. [lpm
JIBIDKEHHUH 10 TPYHTOBOM Tpacce CO CIyYaiHBIM M3MEHEHHUEM
KPHUBU3HBl TPAaeKTOPHU CPEIHSsS CKOPOCTh BO3pacTaeT Ha
12...16 %, coxpamiaercs 4YHUCIO BKJIIOYEHHUIl MexaHH3Ma
nosopora B 1,5...1,8 paza.

O06ocHOBaHA HEOOXOAMMOCTh COKpAIIEHHUsS IOJATIMBOCTH
pabounx BeTBell rycenwmil. lIpenioxeHHbIE KOHCTPYKTOPCKHE
pelleHns peaqH30BaHBl INPH  pa3paboOTKe TYCEHHI] CO
CIUIOIIHBIM OCHOBaHMEM PE3WHOBBIX JJIEMEHTOB HIAPHUPOB U
UX apMHPOBaHHEM. OTO IO3BOJIMJIO MOBBICHTH CPEIHIOI0
CKOPOCTh HMPOXOXKAEHHsI TECTOBOW 3Meilku Ha 12...16 % 0e3
CHIKEHHMS! IOJTOBEYHOCTH DJIEMEHTOB T'yCCHHUII.
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SUBHARMONIC RESONANCES IN THE HYDROMECHANICAL TRANSMISSION OF
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Abstract: In the article on the basis of the developed mathematical model the dynamics of the highly nonlinear system is investigated,
consistent patterns of resonant mode occurrences are established, which is experimentally confirmed. It is established that one of the main
reasons for high dynamic loading and HMT elements durability reduction is subharmonic resonances caused by close agreement of
frequencies of free nonlinear system fluctuations with multiple value of frequencies of diesel engine disturbances. On the basis of the new
consistent patterns, the area of stability and parameter move direction is defined for its provision. The offered damper design is synthesized

for significantly reducing HMT dynamic loading.

KEYWORDS: OSCILLATIONS, NATURAL FREQUENCY, SUBHARMONIC RESONANCE, DYNAMIC LOADING

HYDROMECHANICAL TRANSMISSION

1. Introduction

The Multiple Wheel Chassis are widely applied both as vehicles
and as processing equipment in the Russia’s oil and gas sector in
extreme operational conditions of Far North, the Polar Urals and
West Siberia. The specified chassis is equipped with single-type
hydromechanical transmissions which reliability is limited in many
respects, in particular, in durability of matching reduction gearboxes
[1].

Allison Company offers a project for modernization of MWC
by installation of the engine and transmission assembly. However,
the cost of the project makes 14 million RUB, which almost four
times exceeds the cost of MWC complete overhaul. An increase in
durability of matching reduction gearboxes, design development,
their implementation, i.e. transmission modernization in the course
of chassis maintenance is an effective way of increasing its
reliability.

Application of a matching reduction gearbox with several tooth
gears providing kinematic match of engine and hydraulic torque
convertor characteristics is a peculiar feature of the transmission
design under study. Strong nonlinearity of the system is caused by
gear backlash opening in tooth gears and existing resonance
elimination methods in this case are inefficient. In this regard, the
proposed work devoted to analyzing the conditions of subharmonic
resonant mode occurrences in the strongly nonlinear system and to
substantiating the method of their detuning is topical.

The objective of this work is to define the ways of increasing
durability of matching reduction gearboxes of MWC
hydromechanical transmissions, to develop and implement design
solutions providing detuning from subharmonic resonant
oscillations on the basis of a new type torque vibration damper
synthesis.

Scientific novelty of the work lies in studying consistent
patterns of generation and provision of rationale for a method of
eliminating subharmonic resonant modes in the system "Diesel
Engine — Hydromechanical Transmission” on the basis of studying
the dynamics of the strong nonlinear system with polyharmonic
disturbances from the diesel engine.

2. The background of the problem and rationale
for the key questions to be explored

Transmission dynamic loading is determined by influence of
considerable sign-variable torques occurring in the steady-state
regime under resonances, as well as under transient regime of
engine start-up and dying out, acceleration and braking operation,
gear shifting and torque convertor lockup.

The analysis of the failure rate shows that the greatest amount
of element breakage of the mechanical system "Engine -
Transmission - Transport Vehicle" deals with the part between the
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diesel (the activator of mechanical oscillations) and a pump wheel
of the torque converter.

The solution of specific problems is hindered due to absence of
an objective method for choosing a type of damper design and its
parameter identification. It predetermines a large volume of
experimental and test and evaluation work at the stage of
developing the design when modification demands essential time,
work and material expenditures.

The background for the research is scientific development of
many domestic and foreign experts. Most fully the technique of
tuning out resonant modes on the basis of oscillation damper
synthesis is stated in the works of Grishkevich A. [1]. The results of
researching the dynamic behavior of nonlinear systems leading to
generation of such phenomena as clunk noise and shuffle are given
in works of A. Crowther, R. Singh, Stahl, K., Pflaum, H.,
Meingassner, G. J., Lohmann, B. et al. [2,3,4,5]. The solution of
this problem is stated in practical methods and reference books of
Centa Company (Germany). The results of the company's research
and its development are widely applied in mechanical engineering
around the world, including Russia.

However, the existing works don't allow for considering high
nonlinearity of the elastic characteristics peculiar to the system
under study.

On the basis of the analysis of the scientific works devoted to
research and design of oscillation dampers, the conclusion is made
that reduction in dynamic loading and damper synthesis, which
consider real nonlinear properties, does not seem possible due to a
complex interrelation of the system elements. The article
substantiates the necessity of carrying out theoretical and pilot
studies with application of up-to-date methods of nonlinear
mechanics, of parametrical oscillation stability assessment, of
simulation modeling and of processing of experimental data.

3. Theoretical research of dynamic loading

Hydromechanical transmission is a complex multiunit
mechanical nonlinear system of a variable structure containing ring
elements.

The detailed analysis of this model has allowed for drawing a
conclusion that the dynamic torque on transmission shafts is formed
by:

- a periodic component of the engine torque, both in steady-
state and non-steady-state operating regimes;

- the dynamics of the mechanical system under transients of
standing start, acceleration, gear shifting and torque converter
lockup.

The dynamic loading of the matching reduction gearbox design
elements (the kinematic scheme is given in Fig.1) is a defining
factor limiting durability of engine and transmission assembly for
the MWC family under study.



Impeller whesl

Fig. 1. Kinematic scheme of pre-torque-converter zone

The analysis has shown that the dynamic loading of the
matching reduction gearbox design elements can be effectively
defined on the basis of studying the dynamics of a two-mass system
— the so-called pre-torque-converter zone [1]. This system (the
computational scheme is given in Fig. 2) comprises an engine
flywheel (the first mass), a torque converter impeller wheel (the
second mass) with the inertial masses of a matching reduction
gearbox (cooling system fans, compressors, etc.) connected to it.

b1 97
T
5
y

Fig. 2. Design model of pre-torque-converter zone.

The nature of interrelation between these two masses is built up
by elastic and dissipative characteristics of the torsion damper
(torsion, see Fig. 2) and tooth gears of a matching reduction
gearbox, which backlash opening forms nonlinearity of an elastic
interaction. The analysis of the dynamic process in the system under
study and predetermination of the ways for reduction in dynamic
loading are made on the basis of a mathematical model of the pre-
torque-converter zone of the hydromechanical transmission as a
nonlinear two-mass system (1).

J1§1 +M(p) = M(t)
J2¢2 —M(@) =0
P=¢01— @2
where J;, J, are inertia moments of the engine and the
impellewr respectively; M(¢g) is nonlinear elastic interaction
function (Fig. 3); M(t) - time function of engine and impeller wheel
torque.

Nonlinear function - dependence of the moment on relative
angular coordinate — is schematized (Fig. 3) and is accepted as
symmetric with a dead zone without saturation [7], i.e.

Oatlp| <6
M@ = (01— 5) signip) at lol > &,
the parameters of which J and ¢ are defined experimentally.

1
M

[

)]
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Fig. 3.Schematization of nonlinear function with dependence
of the moment on the angular coordinate (nonlinearity with a dead
band without saturation).

The time function of the engine torque M(t) is accepted in
Fourier's series form, the parameters of which are defined
according to the data of the manufacturing factory.

M) =M, +iMmcos(ma)t+ﬂm)

The harmonious ana'ﬂfs]is of the engine torque shows that the
most dangerous harmonics of the engines YaMZ-8401, YaMZ-240,
D-12 (according to the manufacturer, JSC Avtodiesel) is the sixth,
i.e. in the engine rpm range, the exciting frequency makes from 70
to 85 Hz that considerably (3 ... 4 times) exceeds the frequencies of
natural oscillations of the system under study (12 ...17 Hz).

The results of the numerical solution (1) at values of the
parameters corresponding to the object of the pilot study are given
in Fig. 4. As comes from this Fig. 4 oscillations of the torque occur

regarding the established value with amplitude 3 ... 4 times
exceeding the established value.
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Fig. 4. The results of the numerical solution (1) at values of

the parameters corresponding to the object of the pilot study
(nce=740 rev/min)

The characteristics of the periodic process under study (moment
amplitude, natural oscillations) significantly depend on the initial
conditions which is characteristic for nonlinear systems. In fig. 4,
two various types of movement characterized by the size of
backlash opening are shown. It leads both to an amplitude change
and frequency of periodic oscillations of the system under study.

The results of numerical modeling are confirmed
experimentally at running trials of the wheel chassis KZKT-7428,
equipped with YaMZ-8401.10. Similar results were obtained at
trials of wheeled chassis KZKT-74286 with engine YaMZ-240 and
MWC MAZ-537 with the engine D-12 (the trial results of KZKT-
74286 and MAZ-537 are not given).

The fragment of the oscillogram of the torque changing in the
steady-state mode, at the engine rpm range of 700 ... 850 rpm, is
given in Fig. 5a. From the provided data, it follows that the change
of the torque has an oscillatory character with an amplitude up to
2,500 Newton meters, and the process frequency makes from 10 to
19 Hz with a disturbing frequency of the engine from 70 to 85 Hz
(the 6th main engine harmonics of the engine YaMZ-8401). This
alternating character of the torque within the time frame (Fig. 4,
Fig. 5), corresponds to subharmonic resonant oscillations in the
nonlinear mechanical system with a dead zone.
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Figure 5. The fragment of the oscillogram of the torque
changing at the torsion shaft (a) and its spectrum (b) in an idle
mode (NICE=740 rev/min.)

The spectral analysis of the obtained numerical solution verifies
the abovementioned conclusion about generation of oscillations at
subharmonic frequencies multiple times smaller than the main
harmonics (the 6) of the YaMZ-8401 engine. In this case, the
subharmonic resonance oscillations in nonlinear systems coexist
with principal forced oscillations.

Thus, the solution of the system of nonlinear differential
equations is not unambiguous. In addition, existence of several
steady-state modes with various amplitudes is possible ¢; = ¢;(t),
including an unstable mode. Research of oscillation process
stability and provision of a rationale for the direction of resonant
modes elimination is carried out on the basis of the device of
parametrical oscillations [8]. To implement this approach, an
equation system of (1) by introduction of a coordinate of relative
angular movement ¢ = ¢, — ¢, is reduced to the form of nonlinear
differential equation (2)

JreduceaP + M(@) = M(2), 2

where Jieguced — reduced moment of inertia. Other functions
introduced into the equation (2) are given above. The complexity of
the analytical determination of the reduced inertia moment is that it
is necessary along with the moment of flywheel inertia to consider
response time of the torque converter impeller filled with hydraulic
fluid. Besides, in the design of MWC transmission, it is from the
pump wheel that many mechanical devices are actuated (fans,
pumps, compressors, etc.). In this regard this size is determined
experimentally [6] (J,cg = 8,5 kgm?).

To analyze stability of the system, the mathematical (2) model
is modified to Mathieu equation [8]:

cos(wegt
qdyn ( 6 ) (3)
qst

is a dissipation parameter; w?

¢+k¢+wzb—

In this equation & = b/2] duced
reauce

is a square of natural frequencies of the nonlinear system,
determined considering the constant component of the engine
moment. The value of this moment is determined by losses in the
matching reduction gearbox, by losses on overcoming resistance in
the compressor drive, the drive of fans, etc. The frequency of

natural oscillations is defined by the following response
characteristics:
[0]

c—— arcsm(S X+arcsin6+X+—6_X\/l——(6_X)z+—6+X\/1——(6+x)2
B [ [ [ ¥* [ ¥? 4)
- ]reduced

where ¢ is angular amplitude at the neutral point in the
transmission and at the shaft speed matching to idle speed; x is the
shift of the zero line determined by a constant component of
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loading. Introducing the parameters of depth of disturbance x and
its alternation frequency p, Mathieu equation without considering
dissipation is modified to

@ + [a — 2hcos(27)]@ = 0, 5

)
2w 2 . .
where a = (7) ; h=au; 2t = pt. Ince-Strutt diagram with
the coordinates h(a) is given in Fig. 6 (stability area is shaded). The
parameters of the system under study are represented by point A,

being in the unstable zone. The coordinates of the point are
determined as follows. The abscissa of the point A is determined

2
according to the formula a = (27‘“) , wWhere w is the frequency of

natural oscillations of the nonlinear system, determined according
to the formula (4) and corresponding to the amplitude of the
moment of the main motor harmonics with a frequency p (p=6,
M=1,200 Nm). To determine the parameter h, it is necessary to
evaluate modulation depth p, characterizing the amplitude of a

variable parameter of the system (relation qdy"/qst in formula (3))
being determined for this system according to the formula (6).

5— 6 x B=x2, 8+x (6 +x)?
L—;((ITL‘SLYI % % Jl— +— I—T

2% Pa
u=
2
c —2—<arcsm(;S +£ Jl —(g—)z>

where ¢ is rigidity of an elastic element (torsion), c=
72,000 Nm/rad; ¢4 is the amplitude of the sixth engine
harmonics; ¢, is the amplitude corresponding to the engine load
moment (loss torque); & is a dead zone defined by backlashes in the
gear of the matching reduction bocgear (6=0.026 rad); x is a shift of
the zero line (x=0.029).

For the given parameters at rpm engine speed of 850 rev/min,
Ince-Strutt diagram parameters makes a = 0.07 h = 1.033.
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Fig. 6. Ince-Strutt Diagram.
Analyzing the results of numerous calculations,

corresponding to the diagram it appears that at the given parameters
of the dynamic system in the range of parameter values from 0 to
0.111 (frequency range of the disturbance we are interested which is
determined by the detuning factor % = 6 at the minimum allowable

speed ICE — 600 rev/min) the parameter h exceeds the value of 0.9.
Therefore, all estimated values of set points in h-a coordinates
reside in an instability zone A (shaded) to the left from the red line.
Such a situation remains unchanged up to 900 rev/min when
periodic oscillations of the dynamical system have an unstable
(resonance) character.

Solution of the inverse problem of choosing optimal
parameters of a dynamical system, being unable to control the
modulation depth p and to change the characteristics of the
nonlinear elastic relationship (dead zone value), is possible only if

to change the setting of detuning the system p/w (relation p/w is



given in Fig. 6 as an additional axis of abscissa).Thus, the stability
is ensured by choosing torsion vibration damper compliance
considering the condition that an operating point with coordinates h
—a will get into the shaded zone B, located in the diagram to the left
of the green line.

For example, taking the minimum allowable point of rpm
engine speed at 600 rev/min an gradually reducing the rigidity of
the elastic element, we determine the Ince-Strutt diagram
parameters. The calculation is performed before moving the
operating point with coordinates h — a from unstable zone to the
stable one, i.e. from zone A4 to zone B. With respect to the
dynamical system, the desired effect is achieved at the rigidity of
the elastic element of 45,000 ... 50,000 Nm/rad. Furthermore, the
Ince-Strutt diagram parameters made a=0.089 h=0.684 at c=45000
Nm/rad and a=0.098 h=0.854 at c=50000 Nm/rad.

When the reliability of the results obtained by comparison
with experimental data, they can become the basis for the method of
limiting torque oscillation amplitudes and, respectively, of dynamic
loading.

4. Analysis of the research results

Qualitative and quantitative comparison of the research
results was carried out on the base of analysis for amplitudes and
frequencies of high frequency oscillations in the pre-torque-
converter zone (see. Fig 3 and Fig 4). Some differences of
amplitude and frequency might be explained by deviation of initial
conditions when modeling.

On the basis of the research results the method of elimination
of resonant modes in the nonlinear system is developed. According
to nonlinear elastic characteristic parameters on the basis of the
developed mathematical model, the zone of stability and probability
of subharmonic resonant mode generation is defined. For their
eliminating, it is necessary to vary parameters of Ince-Strutt
diagram (h and a) from a condition of getting into the stability zone.
The most effective and easy way is tuning out the natural frequency
of the system by changing angular rigidity of matching reduction
gearbox. In particular, for reduction in dynamic loading of the HMT
under study by elimination of a resonant mode, it is necessary that
torsion damper angular rigidity was not higher than 50,000 Newton
meters per radian.

Accordingly, a design of a matching reduction gearbox (Fig.
7) with a new type of torsion vibration damper with the rigidity of
21,000 Nm/rad. This silicone elastic element comes from the line of
the Centa Company dampers and fit well into the existing design of
the matching gearbox

The proposed design of the matching gearbox (Fig. 7) is
produced as a three-shaft transmission with overdrive skew gears.
In the case 1 on the bearing supports, there is a drive shaft-mounted
gear 2, intermediate 3 and driven 4 shafts. The case 1 is fastened
with the bolts to the housing 5 of the engine flywheel 6. The
support 9 is connected with the engine flywheel 6. The disk 10 is
connected to the support 9 with female splines. The elastic element,
made as a silicone ring 11, with the help of the splines on the
outside surface is connected with the disk 10, and the splines on the
internal surface with multiple piece hub group 12, carried by
bearings 15, installed in the support 9. The transmission shutdown
mechanism made in the form of a two-stage gear coupling located
in the cavity formed by the front part of the case. The gear clutch
consists of a driven half coupling 8, connected by internal splines
with the left end of the extended drive-shaft of the gear 2. The half-
coupling 8 is connected by internal splines with the sleeve 7.
Thus, the sleeve 7 provides for connection of the driven half
coupling 8 with multiple piece hub group 12 on the outside surface
where there are splines. At that, the sleeve 7 is fixed at two
positions with  ball locking mechanism 16. The driven shaft 4
through cardan shaft rotates a pump wheel of the torque convertor
of hydromechanical transmission of the transport vehicle (fig. 7
does not show it).

The proposed design of the matching reduction boxgear
works in the following way. With steady rotation of the shaft, the
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flywheel 6, the support 9, the disk 10, the elastic ring 11, the
multiple hub group 12 due to the sleeve connection 7 in an
operating condition, the drive shaft-mounted gear 2 rotate as one
unit. As the tooth rim of the drive shaft-mounted gear 2 by means
of the gear 13 of the intermediate shaft 3 is connected with the gear
14 of the driven shaft 4, the latter rotates taking into account the
gear ratio transmission with an angular velocity greater than the
drive shaft speed.

With unsteady rotation of the shaft, the flywheel 6, the
support 9, the disk 10, can oscillate in regard to the multiple hub
group 12, and respectively, to the drive shaft-mounted gear 2 within
the angular allowable deformation of the elastic ring 11.

As it is shown above, the parameters of the elastic ring 11 are
chosen to provide the dynamic system stability, decrease the
frequency of natural oscillations of the mechanical system
«Engine-Damper-Impeller Wheel» take resonant modes out of the
limits of an engine rpm speed operating range. This provides the
desired resource of the matching reduction gearbox.

The efficiency of research results is defined on the basis of
experimental determination of torque convertor loading at trial runs.

Dynamic loading of the hydromechanical transmission with
an improved design of a matching reduction gearbox is evaluated at
road test simulation. Efficiency of the proposed solutions was
evaluated by a value of the dynamic torque on the drive shaft
according to the amplitude and reverse characteristic (see Fig. 8).
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Fig. 7. Modernized design of ma_tbhing reduction gearbox.
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Fig. 8. Amplitude and reverse characteristics of the dynamic
torque in the pre-torque-converter zone of the HMT: 1 — original
(serial produced) version of a matching reduction gearbox; 2 — the
developed sample of a matching reduction gearbox.

Comparison of the amplitude and reverse characteristics (lines
1, 2 in Fig. 5) shows that the proposed design of a matching
reduction gearbox allows for tuning resonance out of engine rpm
working range and reduce the dynamic torque in 5... 6 times. Thus,
durability of matching reduction gearbox elements increased
significantly.

Conclusions

1.  The mathematical model applied in the research and a
package of computer programs give a possibility to investigate
dynamics of highly nonlinear system, to determine consistent
patterns of generating resonant modes, verified experimentally

2. It is substantiated that one of the main reasons for high
dynamic loading and HMT element durability restriction is
subharmonic resonance caused by close coincidence of natural
frequencies of the nonlinear system with multiple value of diesel
engine disturbing frequencies. On the basis of the determined
consistent patterns the area of stability and the direction of
parameter variation for its maintenance is defined.

3. The conducted pilot researches of dynamic loading of the
hydromechanical transmission of three MWC models, statistical
data processing confirms validity of the developed mathematical
model reflecting physical processes in resonant modes and of
correctness of the basic assumptions.

4. On the basis of the obtained results, the engineering
solutions, allowing for reducing dynamic loading of the
transmission are proposed and designs of new type dampers are
developed for matching reduction gearboxes of the HMT of various
models of MWC. It allows for tuning resonant modes out of engine
rpm working range and for reducing dynamic loading of the
transmission up to 5 ... 6 times, thus predetermining an increase of
matching reduction gearbox elements durability.
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A METHOD OF VEHICLE-PEDESTRIAN ACCIDENT RECONSTRUCTION
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Abstract: In this work a method of vehicle-pedestrian accident reconstruction in case of unlimited driver visibility and accelerating
vehicle moving is presented. This method presents are mathematical models for determining the pedestrian visibility time, vehicle speed at
the moment of impact, time to vehicle move from the moment of the hazard occurrence until the moment of impact, the vehicle distance from

the place of impact, stopping distance, etc.
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1. Introduction

According to World Health Organization about 1.25 million
people die each year as a result of road traffic crashes, 90% of the
world's fatalities on the roads occur in low- and middle-income
countries, even though these countries have approximately half of
the world's vehicles and almost half of all deaths on the world’s
roads are among those with the least protection — motorcyclists
(23%), pedestrians (22%) and cyclists (4%). Road traffic injuries
are the leading cause of death among young people, aged 15-29
years [7].

In Bulgaria during the first ten months of 2015 were registered
6054 serious accidents. The distribution of accidents on main
reasons shows that the highest share of these have occurred due to
violations of drivers - 96.4%. The distribution of accidents by type
shows that approximately 27% of accidents are vehicle-pedestrian
accident [8].

Expertise is a procedural regulated activities carried out at the
request of the competent authority of persons who possess special
knowledge and skills to study certain subjects. Special knowledge is
the knowledge that simultaneously meet the following
requirements: not legal; not well known. They received the result
of theoretical knowledge and practical experience in a particular
discipline. Traffic accident reconstruction is an essential element of
the investigation of road accidents and lawsuits.

The aim of this work is to present a method of vehicle-
pedestrian accident reconstruction in case of unlimited driver
visibility and accelerating vehicle moving.

2. Method and Discussion

Vehicle-pedestrian accident can be classified by various signs
and conditions, depending on what part of the car hit the pedestrian;
under the terms of visibility; according to the character of the
movement of the car; according to the movement of the pedestrian
in relation to the vehicle and the road and etc.

There are various approaches and methods for the vehicle-
pedestrian accident reconstruction [1-6]. Many of them are focus on
analysis of accident with a pedestrian when the vehicle is moving at
a constant speed or deceleration vehicle moving. Sometimes in
urban areas occur accident in which the car moves accelerating and
hitting crossing roadway pedestrian. The reasons for such a
mechanism of occurrence of accidents in which the driver does not
operate the brake and the car does not start deceleration in the event
of hazard are different. These can be a distraction to the driver,
insufficient experience of driving fast changing road situation
insufficient time for the work of the braking system technical faults
of vehicle and others.

The study and analysis of such accidents required to be used
different methods. Otherwise, results and reports made will be
inaccurate.
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Fig. 1 shows a sketch of the place of an accident between a car
and a pedestrian. The sketch is prepared according to the protocol
for inspecting the accident. If necessary, the expert can make
additional measurements of various elements of the road
infrastructure. The accident occurred at the intersection. Before the
occurrence of the accident the car was stopped and waited enable
traffic signal for starting and crossing the road intersection. In this
traffic accident from the moment of starting to the point of impact

the vehicle was acceleration moving.
an.

—

The positions of fig. 1 have the following meaning: position 1 —
the location of a pedestrian after impact; position 2 - the location of
the vehicle after the collision with the pedestrian; position 3 -
scattered pieces of glass and plastic on the road.

Fig. 1. Vehicle-pedestrian accident place

The method of vehicle-pedestrian accident reconstruction in
case of unlimited driver visibility and accelerating vehicle moving
includes the following basic steps:

2.1. Determination of the location of the beginning of the
impact

The point of impact between the pedestrian and the car is the
place of a pedestrian on the road at the time of initial contact with
the car. It is determined by a variety of case data - various evidence
and items found at the scene of an accident, sketch of the accident
scene, prepared according to the protocol of view of traffic accident,
data from witnesses who were eyewitnesses to the accident, forensic
medical report and other data.

The place of impact can be determined also using mathematical
relationships between vehicle speed at the time of impact and the
distance of the rejection of a pedestrian. If near the accident place is
located traffic cameras or security cameras at different sites, records
of these cameras can help to determine accurately the place of
impact and the mechanism of progress of the traffic accident.

Fig. 2 shows a sketch of the same accident. On this sketch
indicated the location of the vehicle (position 3) and the location of
a pedestrian (position C) at the moment of impact.
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Fig. 2. Location of the vehicle (position 3) and pedestrian (position C) at the
moment of impact

2.2. Determination of the distance, traveled by a pedestrian
from the moment of occurrence of a traffic hazard to until the
moment of impact

The determination of the moment of occurrence of a traffic
hazard is a legal question. Most often this is the moment of entry of
a pedestrian on the roadway (position B, Fig. 3). It may be referred
to another moment of occurrence of a traffic hazard by the
investigating authority or court. This moment could be earlier, when
the pedestrian has not yet reached the roadway, but the driver of the
car has been able to see a pedestrian

The distance, traveled by a pedestrian from the moment of
occurrence of a traffic hazard until the moment of impact is
indicated by S in fig. 2. It is determined by scale sketch or the
geometry of the road in accordance with the place of impact.

2.3. Determination of the pedestrian speed

The pedestrian speed depends mainly on their age, sex and pace
of movement (normal move, running, etc.). If the case file has
additional information on a pedestrian, relating to his speed of
movement it should take account. In accordance with written above
the pedestrian speed is determined by reference or experimental
studies.

2.4. Determination of the pedestrian visibility time

The pedestrian visibility time is the time during which
pedestrian was on the roadway at the time of occurrence of a traffic
hazard until the moment of impact. The pedestrian visibility time
can be calculated by the formula

@

where S is the distance, traveled by a pedestrian from the moment
of occurrence of a traffic hazard until the moment of impact, m; V, -
pedestrian speed, m/s;

2.5. Determining the distance, traveled by a car from the
moment of start until the moment of impact

The distance S;, traveled by a car from the moment of start
(position 1, Fig. 2) until the moment of impact (position 3, Fig. 2)
can be determined by scale sketch. If necessary, this distance can be
determined by measuring the scene of an accident.

2.6. Determination of vehicle speed at the moment of impact

There are various dependencies and methods for determining
this speed. In this case, the vehicle speed at the moment of impact
can be determined by the following relationship

Vimp =,/2S,a »ms

where ¢ is the acceleration of the car, m/s; S; - the distance,
traveled by a car from the moment of start until the moment of
impact, m.

2
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2.7. Determination of the time for the movement of the car
to the moment of impact

This time under constant acceleration motion can be determined
by one of the following relations:

© iy =V /@S 3)
Tt =+/2S/a oS ()

2.8. Comparing pedestrian visibility time t, with time to
move the car to the moment of impact tiy,

In this comparison are possible two practical cases:

- If t, > tinp follows that the pedestrian was entered on the road
at the time of starting the car. For this case a traffic hazard was
occurring at the time of starting the car. The accident was
preventable if the vehicle has started to move after passing a
pedestrian.

- If t, < timp Tollows that the pedestrian was entered on the road
when the car has started. This option calculations continue.

2.9. Determination of the time for the movement of vehicle
from the moment of start until the moment of occurrence of a
traffic hazard

The moment of vehicle start is shown in fig. 2, position 1. The
moment of occurrence of a traffic hazard is shown in fig. 3, position

Fig. 3. Location of the vehicle and a pedestrian at the time of
occurrence of a traffic hazard

The time for the movement of vehicle from the moment of start
until the moment of occurrence of a traffic hazard can be
determined by the following relationship

t,=t,—-1,S ®)
2.10. Determination of the vehicle speed at the time of

occurrence of a traffic hazard

This vehicle position is shown in fig. 3, position 2. This speed
can be determined by the following relationship

(6)

2.11. Determination of the distance of the car from the place
of impact at the time of occurrence of a traffic hazard

V, =at,, m/s’

The position of the vehicle at the moment of impact with the
pedestrian is shown in fig. 2, position 3. This distance can be
determined by the following relationship

V. +V
83:( |mp2 zjtp,m

U]



2.12. Determination of the vehicle speed at initiation of
braking

The initiation of braking of the vehicle is the moment of
occurrence of a braking deceleration. The vehicle speed at initiation
of braking can be determined by the following relationship

(®)

where t;, is the total time which is necessary the driver to initiation
of braking

V, =V, +at, . m/s

©)

where ty is the driver reaction time, s; t,; — the vehicle reaction
time, s; ti,c — the time for increase the braking deceleration, s;

t, =ty +t, +05t..s

vrt

The driver reaction time is made up of human perception time -
how long the driver takes to see the hazard, and the brain realize it
is a hazard requiring an immediate reaction and the human reaction
time - how long the body takes to move the foot from accelerator to
brake pedal. The vehicles reaction time depends on the brake pedal
free-play, hydraulic properties of the brake fluid and working order
of the braking system.

2.13. Determination of the vehicle stopping distance

The vehicle stopping distance in this case is determined by the
following relationship

(Vz +V, jt N
ib

2
where age is the vehicle braking deceleration.
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Sq

dec

The vehicle braking deceleration depends on tyre pressures, tyre
tread and grip, vehicle weight, the co-efficient of friction of the road
surface, slope of road, surface smoothness, etc.

2.14. Determination of the opportunity to prevent the
accident by stopping the vehicle

The possibility to prevent the accident by stopping the vehicle
is checked by comparing the vehicle stopping distance and the
distance of the car from the place of impact at the time of
occurrence of a traffic hazard

If the vehicle stopping distance is less than or equal to the
distance of the car from the place of impact at the time of
occurrence of a traffic hazard is that the driver had the technically
possible stop before the place of impact.

If the vehicle stopping distance is greater than the distance of
the car from the place of impact at the time of occurrence of a
traffic hazard is that the accident was unpreventable through
braking. For this version of the development of the accident can be
checked and the possibility pedestrian to cross in front of the car
and leave his lane of travel.

3. CONCLUSION

In this work a method of vehicle-pedestrian accident
reconstruction in case of unlimited driver visibility and accelerating
vehicle moving is presented. Described a methodical sequence of
work. Presented are analytical relationships for calculation of
various parameters needed for vehicle-pedestrian accident
reconstruction.

This method can be used by accident investigators and in the
training of specialists for accident reconstruction experts.

The article reflects the results of the work on Project No 2016 -
FT - 03 on "Study of the simulator for driver training to improve
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traffic safety"”, financed by fund "Scientific Research” University of
Ruse.
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CLEANING OF WATER AND SAND BEACHES FROM OIL AND OIL PRODUCTS
WITH GRAPHITE SUPERSORBENT. METHODS AND EQUIPMENT.
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Gas Institute of National Academy of Sciences of Ukraine, Kyiv, Ukraine
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Abstract. Elaboration of effective ways of elimination of spilled oil and oil products are very actually now. One of the most effective
methods for solving this problem is the absorption of the oil by sorbents. Supersorbent on the basis of thermally expanded graphite has
unique characteristics. It is a special modification of the graphite obtained by multi-stage thermo-chemical treatment of natural flakes
graphite. We have developed different methods of preliminary preparation and subsequent application of this sorbent considering a
specificity of emergency spill, properties of spilled liquid, the nature of cleaning surface and weather conditions. Also, question of spent
sorbent utilization has been studied. The recycling process involves the desorption process up to 85% with subsequent use of the sorbent to
10 cycles of regeneration. Obtained while desorption liquid can be used for another purpose or as an additive to fuel oil. Technology and
equipment for liquidation of emergency oil spills on water surface and coastal sand have been developed and tested.

KEYWORDS: SUPERSORBENT, THERMALLY EXPANDED GRAPHITE, OIL SPILLAGES, REGENERATION OF SPENT SORBENT,

STABLE AND MOBILE UNITS

1. Introduction

At the present time to eliminate pollutions on the
water surfaces and sand beaches from oil, petroleum and other
organic fluids spills as rule porous substances of natural and
artificial origin are used. They are: peat, sawdust, shredded twigs,
perlite, polystyrene foam, various fibrous materials. Sorbents are
applied to the contaminated area after that the major part of
spilled product is collected more often by mechanical means.
Also, special bacteria that decompose organic matter into the
neutral substance is used [1].

2. Objective and research methodologies

At liquidation of emergency spills of oil and oil
products by the method of sorption the most promising method is
the use as oil-absorbing sorbent termoexpanded graphite (TEG).
TEG represents by itself a special modification of the graphite
obtained by multistage natural graphite thermochemical
processing. This kind of graphite found in the literature also
under the names of exfoliated graphite, foamed graphite and
thermografenite. This product is characterized by very low bulk
density (2-5 kg/m® and high specific surface which in
combination with its selectivity for oil causes a high absorption
capacity relative to oil and other organic liquids. One gram of
this substance can absorb 30-60 grams of oil (see Table 1). An
important feature of this sorbent is its inertness, the ability to
desorption up to 90% of absorbed liquids and the possibility of
thermochemical regeneration for repeated use [2-4].

Table 1. TEG sorption characteristics for some organic liquids

;ruht;as?ae:wn;g of the Sorption capacity, g/g sorbent
Acetone 30
Turpentine 30
Benzene 35
Diesel fuel 40
Kerosene 40
Vegetable oil 45
Machine oil 50
Crude oil 55

Actually liquidation process of emergency spills of oil,
oil products and other organic liquids on the water surfaces and
sand of coastal zone with sorbent on the basis of thermoexpanded
graphite includes such stages:

- sorbent obtaining — thermo expanded graphite (if it required
directly on the place of emergency spill);
- pre-treatment (preparation) of the sorbent;

- applying of a sorbent on contaminated surface;
- collecting of a saturated sorbent;
- separation and recycling of on absorbed liquid;
- regeneration of a waste sorbent and its reuse.

Scientists from Gas Institute of National Academy of
Sciences of Ukraine have designed, manufactured and tested
series of units with different performance, autonomy and
automation for TEG manufacturing.
— pilot unit with a capacity of 8.5 m*h (35 kg/h by raw material).
One example of the unit was manufactured and put into operation
at the Argonne National laboratory, Chicago, USA (Fig. 1);
— autonomous automatic unit of a local destination with capacity
of 1-2 m¥h (5 kg/h by raw material (Fig. 2);
— TEG autonomous knapsack generator with a capacity of 0.8
m®/h (3 kg/h by raw material) (Fig. 3) [5];

Fig. 1. Pilot unit for TEG generation with a capacity of 8.5 m°/h
Simulation (left). In metal (right)

The last three types of installations can work offline and used in
liquidation of oil spills in difficult to access places. As well as
the autonomous car based unit was designed (Fig.4)

Significant technical obstacle when using oil-absorbing sorbent
on the basis of expanded graphite is its extremely low bulk
density, resulting in low profitability of the technology as a
whole with TEG delivery to the place of emergency spill.
Spreading of the sorbent in the form of a dry powder to the
contaminated surface is also associated with its entrainment
(losses), which causes an increase in specific consumption of
sorbent and contamination of the surrounding area. In the Gas



Institute of NAS of Ukraine various methods of preliminary TEG
treatment have been investigated and tested on a pilot scale.
Different modifications of the sorbent have been elaborated.
They are:

-granulation by mechanical method with some binder (Fig. 5) [6,
I;

-pressing of TEG to obtain the sorption elements using a binder
and without them, as well as using reinforcing interlaying and
without them, followed by applying mechanical methods (Fig. 6)
[8-10];

- preparation of the water-graphite suspension with subsequent
application by means of a centrifugal pump (Fig. 7) [11, 12];

- preparation of the water-graphite foam suspense followed by
the application of air-foam jetting [13].

Fig. 2. Autonomous automatic aggregate of a local destination
with capacity of 1-2 m*h by TEG
=5 =l

Fig. 4. Mobile unit in a container mounted on a wheeled chassis
(truck GAZ-66-02).

-

Fig. 3. TEG autonomous knapsack generator with a capacity of
0.8 m¥h (3 kg/h by raw material).

a)
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b)
Fig. 5. The granular adsorbent of expanded graphite obtained by
extrusion (a) and clumping (b)

a graphite-aqueous suspension

Choosing the method of sorbent preparation on the
basis of TEG is accomplished taking into account a specificity of
an emergency spill, properties of adsorbed liquid, the nature of
the polluted surface and surrounding area conditions (e.g.,
availability of water sources for the preparation of water-graphite
suspension).

It should be noted that the sorption capacity of any
sorbent modification obtained after preprocessing of the original
TEG is lower than sorption capacity of dry powder due to
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increasing of its density. For example, at granulation of TEG
powder with the use as a binder 2.5% solution of the glue —
“PVA”, sorption capacity of the pellets, sufficient for reliable
manipulation strength (0.15 kg/cm?) is 23.9 g/g for diesel fuel,
i.e., 40% lower than the original TEG. Sorption capacity of
pressed sorption elements with density of 12.5 kg/cm® is 12-14
g/g, i.e. three times less than that of the original TEG. However,
considering the high degree of adaptability of cleaning operation
of contaminated area on the whole a significant reduction of costs
for sorbent delivery to the place of an accidental spillage — the
economic feasibility of pre-treatment and preparation of initial
TEG is justified. A little decrease in sorption capacity compared
to original sorption capacity of TEG — 8.5-20% is observed when
oil-absorbing sorbent from the TEG in the form of water-graphite
and foam-graphite suspension is used. Thus, a high degree of
cleaning of water surface and coastal sands is provides. Also,
pollution of an environment by sorbent is prevented. In addition,
this technology is characterized by relative simplicity and does
not require the development of special technological equipment.
Regardless of the type of pre-processing the original TEG and the
method of its application on contaminated surface collecting the
saturated sorbent is produced by any known and proven in
practice methods: a perforated material or grid with a mesh size
of up to 12 mm [14, 15] or vacuuming [1]. When emergency
spillage is small collecting of saturated sorbent can be effected by
any suitable means at hand. As noted above, a significant
advantage of oil-absorbing sorbent compared to known is the
possibility of desorption of absorbed liquid and regeneration of a
"pressed” sorbent for reuse [4]. Up to 85% of absorbed oil is
separated when desorption occurs by centrifugation.  After
appropriate treatment this product can be used for its intended

purpose. Developed at the Gas Institute of NAS of Ukraine the
technology of thermochemical regeneration of the spent sorbent
provides for a high-temperature treatment of the waste and
subjected to a desorption of a sorbent in the furnace of the
cyclone type (Fig. 8) [16]. Wherein the content of residual oil in
the pressed sorbent allows accomplish a thermo-chemical
regeneration in the autothermal regime [17]. Experimentally it
was proven a principle possibility of 10 regeneration cycles with
maintaining an acceptable sorption capacity of the regenerated
sorbent (Fig. 9).

‘S :
Fig.8. External view of the experimental unit for the regeneration
of a spent sorbent in a furnace of ““cyclone” type
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Fig. 9. Dynamics of changes in the sorption capacity of the
regenerated sorbent depending of regeneration cycle’s number

3. Conclusion

Proven technologies and technical solutions can be
used as a basis for the creation of technical units in ministries and
departments, responsible for the effective and rapid elimination
of consequences of emergency spills of oil and oil products on
water surface and sand beaches.
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SIMULTANEOUS RESONANCE CASES INAPITCH - ROLL SHIP MODEL.
PART 1: FIRST - ORDER APPROXIMATE SOLUTIONS
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Abstract: In the paper, a two-degrees-of-freedom ship model with quadratic coupled pitch and roll modes under sinusoidal harmonic
excitation is considered. The Multiple Scales perturbation technique is applied to yield the first-order expansions for the special internal
resonant case where the pitch frequency is twice the roll frequency. Increasing the wave frequency from zero to infinity, five resonant
situations are detected. For each case, the governing equations for the transition towards the steady-state solutions, the first-order
approximations for these solutions and the frequency-amplitude relationships are presented. A detailed analysis is performed only for the
case where the excitation frequency is half of the roll frequency. The reliability of the analytical results derived in the paper is checked in a

companion contribution by comparison with numerical solutions.
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1. Introduction

A ship in waves, seen as a floating rigid body, has six degrees
of freedom (called surge, sway, heave, roll, yaw and pitch), so its
motion is extremely complicated and difficult to predict. Accurate
calculation of ship — wave hydrodynamic interactions leads to
strongly non — linear models, whose analysis is almost very
cumbersome and has a computational cost remarkably high.

Between the six oscillatory motions of the ship, the most
obvious are rolling and pitching. Roll is of maximum interest
because with a typical hull-form, it is the least damped of the
motions, hence the roll angle amplitude can be large enough to
affect the ship’s stability and even to capsize it. Pitch is also
important because in heavy sea conditions it can cause the bow to
come out of the water, then slam it hard in the water, and
introducing enormous efforts in the ship structure. The other
motions are typically heavily damped [1].

Various models with two or three degrees of freedom, including
rolling and pitching, have been proposed by different authors. Thus,
Ghadimi et al. have developed a model for the analysis of
simultaneous heave, pitch and roll motions of planning vessels in
regular waves [2]. Haddara and Xu have investigated the free
response of a heaving and pitching ship from its stationary response
to random waves [3]. Eissa et al. have modeled the interaction of
heave and roll by a mass-spring-pendulum system where the effect
of waves was included by a periodic forcing term [4]. Pan and co-
workers have studied non-stationary responses of a ship model with
nonlinearity coupled pitch and roll under modulated excitation. In
their model, the differential equations of motion for a ship
restrained to pitch and roll modes are as follows

X1+ 2&pu1 X1+ a)lzx1+ ga1X1Xo=FcosQt

)

x2+25y2x2+w§x2+5a2x12: F , cosQt

where x; and x, are the roll and pitch modal amplitudes, x4 and
Hothe modal damping coefficients, @, and @, the natural
angular frequencies, Q the excitation (wave) frequency, F; and
F , the excitation force amplitudes, ¢, and «, the coefficients of

nonlinear terms, and & a small parameter [5, 6]. Finally, the dots
stand for the differentiation with respect to time t and all the
coefficients in (1) depend on fluid parameters, ship’s characteristics,
etc. Kamel has applied the multiple scales method for finding the
approximate response of system (1) in the special case of internal
resonance ®,~2w, associated with the combined -external

resonance w,+w,=Q [7]. Continuing the work of Kamel for
giving a picture of the various possible cases, Deleanu has
investigated the primary resonance w,~Q [8].

In the paper we retain the condition that the pitch frequency is
twice the roll frequency and make a complete analysis of the
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different scenarios to appear when the excitation frequency is
increased from zero to infinity. We describe in some detail the
solution for the secondary resonance Q=~w,/2 and present the

first — order approximations for the other cases of interest, namely
Q=~0, Q=rw,, Qrw,, Qro+w, and Q far from the

mentioned values. In a companion contribution, we verify the
accuracy of the analytical approximations derived in the paper by
contrasting them with the numerical solutions [9].

2. First — order uniform expansions with Multiple
Scales method

Because the governing system (1) is weakly nonlinear, we
employ the Multiple Scales method to determine its approximate
solutions. Thus, we consider two time scales, namely the fast time
To=t and the slow time T =e&t, and expand the dependent

variables x;, x, and their derivatives in power series in the small
parameter ¢

X1= X].O(T o,T 1)+ SX]J_(T O,T 1)+

Xo=X20(T 0.T1)+eXp (T 0.T1)+... (2
d d? 9
—=Dgt+&Dt..., —=Dj+2c6DyD+...
at - Do 1 PrER oD1
2 2
where Di:i, D?= 9 ,and D;D = 9 i, jef,2}
oT; T? oT; ot

In what follows, we treat separately the six mentioned situations
beginning with the external resonant cases, and closing with the
non-resonant one. For the sake of space, an extended solution of the
problem is presented only for the first analyzed case.

Thecase Q~w,/2

This case corresponds to a secondary resonance because a small
- divisor term appears in the second order term, x, [8].
Substituting (2) into (1) and equating coefficients of similar powers
of &, one obtains the following set of linear partial differential
equations which can be solved successively

2 2
20 D g X+ @i Xq9=F ;1 €0sQT 3)
D2 X o+ @3 X po= F , COSQT
2 2
ol {Do Xyt @1 Xy=—2D gD X10—2 41 Do Xq9— a1 X109 X 50 @)
2 2 2
Do Xyt @5 Xy ==2D (D1 Xp0—24, DX =, Xig

The first order solutions of (3) have the form



X10= Ao (T 1)eXp(i o, T 0)+%exp(i Qr 0)+CC
®)
Xa0=Ag (T 1 Jexplic, T 0)+%exp(i QT ) +cc

where cc stand for the complex conjugates of the preceding terms
and A =F, /(a)ﬁ—Qz) n=1,2. To express the closeness of Q to
®,/2 and of w, to 2w, we introduce the detuning parameters
o4 and o, as follows

2Q=w+¢0,,0,=20+¢c0, (6)
Introducing (5) and (6) into (4), one obtains
. a A A .
(D(Zﬁwlz)xllz [_2'a’l(DlA10+ﬂ1A10)—%9Xp('51T -
—a;ApAy exp(iole)]exp(iw1T0)+ NST,  (7)

(D§+w§)x21= [-2i0, (D1 Aget 1, Agg)—a, Alyexpl=ia, T 1)]
-exp(iw,T o)+ NST,

where NST,, stand for the terms which do not produce secular

terms. The later, in (7), will vanish if and only if the coefficients of
exp(io, T o), n=12, are equal to zero

io,Ty @i A,
2
. 2 . _
=2iwy(D1 Aty Agg)—a Afpexp(-ic,T1)=0

~2i0y(Dy Aset 111 Ay ) - a1 AgAye g9’ =0

@)

We consider now the polar forms of the functions A, o,n=12

Ano(T1)=Zn(T )explinn (T 1) n=1.2 ©

Inserting (9) into (8) and separating real and imaginary parts
gives the following first order differential system of equations

, a,a.a, . oa A A,
a;=—p 8- ——1=2sing - —L2—Zsing,
@y @
- a,a5a oA A
a;n,=—~1"2cosp ,+——1-2cosgp,
YoN W,
) (10)
, aja’
ay=—H,a,t sing,
4o,
_a,a}
a7 = Cos@,
4o

2
where @1=01T1—11, =0 ,T 1+17,— 214, and primes denote the
differentiation with respect to slow time T .

Observing that ¢,= o ,—17,, @ ,= & ,+ 77 ,— 217, , the second and
the fourth equations (10) may be rewritten as

. a, A A, a,a.a,
a10,=8,0~ p CoOS@q— io Cosgp,
1 1
) 5 (12)
' aa,A A, ®,8; ;3
a2¢)2:a202—2—005(p1+ To oo cosg,
101 2P g

Thus, the first — order approximate solution for the system (1) is
as follows

X;=a,c08(w,T g+7,)+ A, c0sQT (=
=a,cos(2Qt— ¢, )+ A, cosQt

X,=2,C08(w, T g+77,)+ A ,COSQT (=
=a,cos(4Qt + ¢ ,— 20, )+ A, COSQt

(12)

where the amplitudes a,,n=12, and phases ¢,,n=12, are
given by (10) and (11) after returning to the normal time t. The
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functions a,,@,,n=12 tend to constant values as time t is large

enough [10-12]. If we insert these values into (12), we obtain the so
- called steady — state solutions, which are periodic with frequencies
2Q and 4Q. To obtain the steady-state solutions we have two

choices. First, we can integrate for a large enough period of time.
Second, we can use the fact that a,,¢,,n=12, are constants, set
én:(.pn:O,nzl,Z, in (11) and solve for sing, and cose,. But
sinp +cos’p =1, so we get a system of equations in the
amplitudes a,,,n=1,2, called frequency — response equations

2
2
2 2 a;a
,U2+(20'1—0'2) = — (13)
4dw,a,
a2 a2\ AA, Y
a, @ a, a
/11+N2—1—2—§ +| ot (020, )12 § =| 12
a, @ ajg a, @ aj 4wqa,

Substituting a2/a’ from the first equation (13) and inserting
into the second, yields a cubic equation in a?

afaé aﬁ+alaz(y1y2+0'1(0'2—20'1))a4+
7% > 1
256wfw§(ﬂ§+(02_20-1)) 8w1a)2(,u§+(0'2—20'1))
2
+(ﬂf+af)af—[—a1AlA2J o 1)
4oy

Generally, it has only one acceptable solution a, which
increases almost linearly with f .

The case Q~0

The smallness of external frequency may be explicitly
introduced in the equations by means of a detuning parameter, o,
so that Q=¢o . But now cosQt=cosoT ,, such that the solution

of (3) is

exp(ioT,)+cc

2

: F
X10= Ao (T 1)eXp(' o, T o)+ Zwl
1

(15)

. F
X 20= Azo(T 1)9Xp('a)2T 0)+ 22
205
Inserting it in (4) and preventing the secular terms, one gets the
system describing the motion in the transient stage

expioT,)+cc

: a,a,a, .
alz—ﬂlal——4 sing,
25}

13, F

. a,a,a a
a, Q= 141 200S ¢+ 2cosoT
aq W10,
2 (16)
! a,a; .
Ay=—H,35+ sing,
4o,
: a,al a,a;
A,p,=8,0 y+| —2-L——1-2 |cosp ,——1-2_-2¢0s0T,
4o, 20, 0,05

Comparing the first and the third equation, we easily observe
that the only steady-state solution is a,=a,=0. Thus, the long-

term behavior is described by the laws

F F
X;=—5C0SQt, X ,= —2cosQt
@ @3

an

The case Q~w,

This time we face with a primary resonance because the small-
divisor terms appear firstly in the term x,, . The case was discussed



extensively in [8] so we reproduce here only the main results. Thus,
the first-order approximation for the solution of (1) is written as

x,=a,c0s(Qt -, ), x,=a, cos(2Qt+¢,— 29, )+ A, cosQt  (18)

where the amplitudes a,,n=12, and phases ¢,,n=1,2 are the
steady-state solutions of the following system

: gaa,a, . F, .
a;=—-cp,a,— sing ,+ sing,
4o, 20,
. Fi caqa,d,
algol:al(Q—wl)Jrz cosp,———221%2 co5, (19)
(24} 1
: A,
a,=—cl,a,+ sing,
@,
° a,F,; eozzal2 ealag
a,p,=a,(0,~2m,)+ COS+ - cosg,
a,m, 4o, 20,

It is almost identical to (10), the only difference being the

_ea A,

replacement of F, with . The same change is

necessary in frequency-response equations’ writing.

Thecase Q~w,

In the case of this primary resonance, the system (1) evolves
according to the laws

Ot —p.—
X,= alcos[%jw\lcosm,xz:azcos(Qt—(pl) (20)

The transient towards the steady-state is governed by the
differential equations

: gaaa, .
=g a-———sINg,
4o,
. F,a al
a,0=a,(Q-w,)+—2"L cosp,—-—2"L cosp, (21)
2w,a, 4ow,a,
: F, . so:zal2
A,=—gl,a,+ sing,+—2Lsing,
20, @,
* F ca,a? ca,a’
a,0,=a,(wy— 2w, )-—2-cosg + | ——21 122 lcosg,
20, 4o, 20,

A careful inspection of (21) reveals an interesting behavior,
suggested by Nayfeh and co-workers [11]. If the excitation
amplitude F, is smaller than the critical value

2
Q-2
,U12+[ 2;01] Velust(w,-af

increases directly

8w,m,

(22)

F 2,cr=
1

the roll amplitude a, is null, while a,

proportional with F,,

F
a,= 2

= (23)
20)2\/52#5“‘ (@,-QF

As F, increases over F, ., the pitch mode is saturated

(amplitude a, remains constant), and the extra energy introduced

in system contributes to the roll mode. For this second stage, the
frequency — response equations have the form

2 2
2 o.t0o
lu1+( 12 zj —[ J

a,a, (24)

4o,
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2 2
a; W, a; a; W, 35 a3,

oto, s
2

[

For this compound secondary resonance, Kamel [7] found the
first-order solution

J

Thecase Q~w 1+,

[ﬂﬁ'ﬂz

T
a, 0 al2 o, 0, af ZocZCe)lal2

Qt—p,—
X,= alcos(#}uAlcoth

20t @)
X = azcos(#}rA , CosQt

with amplitudes and phases given by

. 3,3,

£ cgoa, Aq
a=—&p 8~ 4

sing,—
25} (25}

sing,

Jcosw1

sa,al
dow,a,

_£a,a,a,

a (%’1:31(5022‘01)4'[

1

° &
a,=—cl,a,t

2w,

saj,alA, +gazlazAl

20 (26)

COos
2m.8, J 72

2
a,aj sga,a; A

sing,—
2 @3

sing,
sa,al . sa a3
4o,

Jcowl—
Jcoswz.

The frequency-response equations are written as
JZ
]2

3,8,
where 2Q =+ ,+£0,,0,=20,+£0 ,.

az(oz:az(Q—wl—wz)_[ d0
1

1

guf+<al+oz)2-(a1+m)2[

£a1a§A1
dow,a,

ca,a; Ay N

20,

3a,a,
4o a, 27)

ouieleoas (o203
@78,

The case Q far from 0,,/2, 0, ®,and o+ w,

The first — order approximations for the solution of (1) are
written as
X,=a,c08(@t + @)+ A, cosQt

(28)
X =, 00820t + ¢ ,+ 20, )+ A, COSQU

where the amplitudes a,,n=1,2, and phases ¢,,n=12, are
obtained from

° aa;,a, . ° saqa.a
14 2sm(p2’a1¢1: 14147

&
a=—eua,- Cos@,
4o, o
: sa,a’
a,= —& 1,8+ —2Lsing, (29)
2
saj,a? sajal

]COS(pZ

The only steady-state solution is characterized by a,=a,=0, so
the system (1) oscillates in accordance with the laws

a2¢)2=a2(m2—2w1)+(

4o, 20,

X;=A,c0sQt, X,= A, CcosQt (30)

Remark: We should observe that the solution (30) is the same as
that achieved in the case Q~0.



3. Conclusions

In the present paper, a mathematical model for the analysis of
simultaneous pitch and roll motions of a ship is considered. The
coupling between the two modes of oscillation is realized by
quadratic terms and the external excitation is of harmonically type.
The ratio between pitch and roll frequencies is taken to be two to
one. The governing system of differential equations is weakly
nonlinear, thus the multiple scales method is applied to yield first-
order approximations both for the transient behavior and for the
steady state solutions. Five resonant cases and a non-resonant one
are presented, part of them already discussed in the available
published work and the other part analyzed in some detail by the
author. The accuracy of the analytical solutions derived in the paper
is checked in a companion paper and a good agreement with the
numerical solution is observed.
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PART 2: NUMERICAL ANALYSIS
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Abstract: In a companion paper, the response of a two-degrees-of-freedom ship model with nonlinear coupled pitch and roll modes
under sinusoidal harmonic excitation was studied analytically by means of the Multiple Scales method for the case where the pitch frequency
is twice the roll frequency. Five resonant cases were analysed and the governing equations for the transition towards the steady-state
solutions, the first-order approximations for these solutions and the frequency-amplitude relationships were derived. The present
contribution aimed to verify the accuracy of the analytical results by contrasting them with the numerical results provided by direct
integration of the equations of motion. The two sets of results were found to be in excellent or, at least, in decent agreement every time the
system parameters were selected without a flagrant violation of the order’s magnitude.

Keywords: SHIP ROLLING AND PITCHING, NUMERICAL ANALYSIS, INTERNAL AND EXTERNAL RESONANCES

1. Introduction

Although considerable experimental and theoretical research
has been realized, the development of a full satisfactory
mathematical model for estimation the ship motion in waves
remains an open problem. Models with one to six degrees of
freedom have been developed and studied [1 — 4].

In the present paper, the model proposed by Pan and Davies for
the nonlinear coupled pitch and roll modes under harmonic
excitation is considered [5]. The equations of motion, which are
weakly nonlinear and coupled by quadratic terms, are as follows

X1+ 2&pu1 X1+ a)fx1+ ga1X1Xo=FcosQt

)

x2+25y2x2+w§x2+ga2x12= F , cosQt

where x; and x, are the roll and pitch modal amplitudes, 4 and
Hothe modal damping coefficients, ©; and @, the natural
angular frequencies, Q the excitation (wave) frequency, F; and
F , the excitation force amplitudes, «, and «, the coefficients of

nonlinear terms, and & a small parameter. The dots, as always,
stand for the differentiation with respect to time t and all the
coefficients in (1) depend on fluid parameters, ship’s characteristics,
etc. Deleanu has considered a straightforward expansion for the
solution of system (1) and has obtained five resonant values of
external excitation frequency and one internal resonance [6]. Kamel
has applied the multiple scales method for finding the approximate
response of system (1) in the special case of internal resonance
®,~2m, associated with the combined external resonance

@+ w,=Q [7]. In a companion paper, Deleanu has derived or just

presented the governing equations for the transition towards the
steady-state solutions, the first-order approximations for these
solutions and the frequency-amplitude relationships for all the
resonant cases, namely Q=0, Q=~w,/2, Q=w,, Q~w,, and
Qrw+o, [8]

The goal of this paper is to check the accuracy of the analytical
approximations derived in [7] and [8] by comparing them with the

numerical solutions provided by direct integration of the equations
of motion.

2. Analytical versus numerical results

In this section, we treat separately the five mentioned situations
beginning with the non-resonant case, and continuing with the
external resonant ones. For a better understanding of the topic, we
include in each analyzed case the first-order approximate solution
describing the long term behavior of system (1), as well as the
governing differential equations for the transition period (see [8]).
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2.1. The case Q far from 0,w,/2, w,,w,and v+ ®,

The first — order approximations for the solution of (1) in the
transition period are written as
X,=a,c08(@, t + @, )+ A, cosQt
X =8, 00820t + @ ,+ 20, )+ A, COSQU

@

where the amplitudes a,,n=1,2, and phases ¢,,n=12, are
obtained from

: Eaa.a, . °  faqa,a,
a=—sa)-————SIN@,, a;p;=———-C0S@,
4o, @,
: sa,al
8= —g U 8t ——2—sing, ©)]
@;

2 2
ga,a;  £0,a;5

]COS(pZ

The steady — states solutions are characterized by a,=a,=0.

az?z:az(a’zzwl)*(

4o, 20,

and A, =F , ll0?-Q?%)n=12.

Fig. 1 illustrates a typical time series for the x, component, both

for transient and stationary stages. Throughout the paper, the
continuous lines are used for numerical solution and the stars for
analytical results provided by multiple scales method.

time time

Fig. 1 Time history for component x,; and parameters values & =0.1,
a=1 a,=2, p=025 u,=05 w=1 w,=2.03 Q=07
F,=03and F ,=0.1: a) transition period; b) steady — state solution.

Using roll and pitch amplitudes given by |A | or by numerical

integration of (1), after the transients die out, one can construct the
frequency - response curves shown in fig. 2. The important fixed
parameters @,=land ®,=2.03 were utilized. The external

frequency Q was selected in the ranges [0.1,0.5], [0.55,0.95],
[1.05,1.95] and [2.05,2.95], meaning that it is relatively far from

external resonances. It is obvious from fig. 2 that the approximate
solution (2) with a,=a,=0 matches extremely well or, at least,

pretty well with its numerical counterpart. Moreover, it is worth



noting that this case represents more than 90% of all possible Q
values.

F,=020
F,=010

F,=005

amplitude of x,

Fig. 2 Roll and pitch amplitudes as a function of external frequency for
constant parameter values ¢ =0.1, =1, a,=2, u=0.25 u,=05
w=1, w,=2.03and different forcing amplitudes .
Left: Roll amplitudes for F,e{0.07,0.15,0.3}and F ,=0.05;
Right: Pitch amplitudes for F,=0.07 and F ;e {0.05,0.1,0.2}.

Some notable differences appear for large forcing and only in the
nearness of external resonances (see fig. 3).

Fig. 3 Roll and pitch amplitudes as a function of external frequency for
constant parameter values ¢ =0.1, =1, a,=2, u=0.25 u,=05
w=1, w,=2.03and different forcing amplitudes .
a) F,e{0.07,01503} and F,=04;
b) F,=0.2 and F,e{0.050.1,0.2}.

2.2. Thecase Q~0
The long-term behavior is described by the laws

F F

X;=—5C0sQt, X ,= —2cosQt 3)
@, w3

while the system describing the motion in the transient stage is

written as

: gaaa, .
a1:—€ﬂla1—T5'”¢2
1
° sojaa ca,a.F
ay = ———2—200s¢p y+ ———2cosQt 4)
@, @05

: eazaf .
a,=—E,a,t sing,
o)
° ca,a’ eaqal caq.a,F
a,0,=a,(0,-20, )+ 2L 2172 cosg ;- ——2—2cos Ot
4o, 20, 0,05

An example of time series associated to variable x, is presented
in fig. 4. Because the period T =2z/Q of the stationary motions is

much larger than in the previous case, we extended the integration
time to 10000 u.t. instead 500 u.t.

NG 0 S me  me  wmw e
time time

Fig. 4 Time history for component x; and parameters values & =0.1,
a=1, a,=2, u=0.25 u,=05 w;=1 w,=2.03 Q=0.01
F,=0.07 and F ,=0.05 : a) transition period; b) steady — state solution.
From (3) we conclude that the roll and pitch modes amplitudes
do not depend on Q. Indeed, fig. 5 shows that the long term

behavior of system (1) is characterized by amplitudes almost
independent on Q and proportional with F,and F,, respectively.

(a) (b)

F,=030

amplitude of x,
mplitude of x,

F,=015 5 F,=010

F, =007 oo F,=005

S om0 06 o0 007 o om 01 om S0 ok oo o ot ot o o om o1 ou
Q o

Fig. 5 Roll and pitch amplitudes as a function of external frequency for
constant parameter values ¢ =0.1, =1, a,=2, u=0.25 u,=05
=1, w,=2.03and different forcing amplitudes .
a) F,{0.07,0.15,0.3} and F ,=0.05 ;
b) F,=0.07 and F,e{0.05,0.1,0.2}.

2.3.Thecase Q~w, /2
According to [8], the first-order approximate solution for system

(1) is as follows
X;=a,c05(2Qt — @, )+ A, cosQt )
X ,= @, Cos(4Qt + ¢ ,— 29, )+ A , COS QU

with amplitudes and phases provided by the differential system of
equations

° cqa,a, . ca AN A, .
a,;=—¢p,a,-——1"2ging,~ 11 2sing,
4o, 4o,
y saiA A, £a,8,8,
a,0=a,(20-w,)- 212 cos - T2 0059, (6)
@y @y
: eazaf .
a,=—E,a,t sing,
(2P
2 2
° caja, AMqA, | gaj,a; Egoqa;
a,0,=2,(0,-20y)- Cos @+ - cosQ,
2a,m, 4o, 2w,

Fig. 6 contrasts the time series for rolling, given either by
numerical integration of system (1) or by multiple scales method,
for a set of parameters selected without order violations. As seen in
the figure, the two solutions are again in excellent agreement.
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Fig. 6 Time history for component x; and parameters values & =0.1,
a=1 a,=2, u;=025 u,=05 w=1 ©,=2.03 Q=05
F,=0.07 and F ,=0.05 : a) transition period; b) steady — state solution.

As concerns the steady-state amplitudes for the two modes of
oscillation, at low level of forcing none difference is observed when
compared with non-resonant case. Some irrelevant jumps are
registered around Q = 0.5 for large forcing, as shown in fig. 7.

(a)

i

Fig. 7 Roll and pitch amplitudes as a function of external frequency for
constant parameter values ¢ =0.1, =1, a,=2, u=0.25 u,=05,
=1, w,=2.03and different forcing amplitudes .
a) F1€{0.1,0.25,0.5} and F ,=0.4;
b) F1=0.5 and F,e{0.1,0.4,0.8}.

2.4.Thecase Q~m,
The system (1) evolves according to the laws

O]

where the amplitudes a,,n=12, and phases ¢,,n=1,2 are the
steady-state solutions of the following system

X,=a,c0s(Qt— @, ), x,=a, cos(2Qt + ¢ ,— 29, )+ A , cOSQt

: gaa,a, . F, .
a;=—cua,— sing ,+ sing,
4o, 20,
* F, goa,a,
a,p=a,(Q-w,)+ CoSp,— oS¢, (8)
20, 0N
: 8a2a12 .
a,=—EU,8,+——=sing,
4o,
° a,F,; gozzal2 ealag
a,p,=a,(0,~2m,)+ COSQ+ cosg,
a,m, 4o, 20,

Fig. 8 Time history for component x,; and parameters values & =0.1,

a=1 a,=2, u=025 u,=05 w=1 w,=2.03 Q=098
F,=0.07 and F ,=0.05 : a) transition period; b) steady — state solution.

For the primary resonance Q =~ w, even small forcing leads to
high amplitudes of oscillation. Thus, fig. 8 illustrates this remark by

showing the time evolution of variable x, . The transition period is
characterized by a fast growth of rolling and pitching amplitudes
and a good agreement between numerical and analytical solutions.
On the other hand, a difference of about 5-20% between the two
solutions is recorded in the long-term behavior, depending on the
external forcing (see also fig.9).

+

amplitude of x,

amplitude of x,

Fig. 9 Roll amplitudes as a function of external frequency for constant
parameter values ¢ =0.1, =1, a,=2, u;=0.25 u,=0.5,
=1, w,=2.03and different forcing amplitudes .
Left: F,<{0.02,0.05,0.1} and F ,=0.25;
Right: F,e{0.07,0.15,0.3} and F ,=05 ;.

In the analyzed case, the roll mode is less affected than the pitch
one by small changes of the ratio @, /@, . Surprisingly, the roll

amplitudes in the neighborhood of the external resonance condition
Q=~w, are smaller for pure resonance w,/w,=2 than for

®,lw,;=21 or 1.8. However, in so far as the condition
®,lw,~2 is fulfilled the pitch amplitudes get higher. Some

frequency — response curves showing these features are presented in
fig. 10, where the numerical solution is plotted only.

(b)

amplitude of x,
amplitude of x,

T im e 1 1w DT T
a a

Fig. 10 Roll and pitch amplitudes as a function of external frequency for
constant parameter values ¢ =0.1, =1, a,=2, u=0.25 u,=05
o=1, F=0.07,F ,=0.05 and different ratios w,/w; :
a) roll mode; b) pitch mode.

Thecase Q~w,

In the case of this primary resonance, the long-term behavior of
system (1) is governed by the laws
Qt-9,-9,
2

+ A, COSQ, X ,= a, cos(Qt — ¢, ) )

X= alcos[

while the transient towards the steady-state is described by the
differential equations

: Eaaa, .
=—gpa-———5INg,
4o,
. F,a a,al
a,0=a,(Q-w,)+—2"Lcosp,~—2L cosp, (10)
W,a, W,a,
: F, . gazaf .
A,=—E 4,8+ sing,+—2-"1Lsing,
20, 4o,
* F ca,a’? eca,a’
a,0,=a,(w,~ 20, )-—2-cosp+| Z25L _ 27182 iepsg,
2w, 4o, 20,
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As is it pointed out in [8], for small forcing amplitudes F, and
arbitrary F, the roll mode is not excited at all, while the pitch
amplitudes are monotonic increasing quantities in F,. After the
forcing F, reaches a critical value, the pitch amplitudes remain

almost constant and the supplementary energy introduced in the
system is directed towards the roll mode and produces a fast growth
of amplitude a, (see fig. 11a). This transfer of energy is realized

only if the condition Q= w, is satisfied (see fig. 11a).

(b)

amplitude of x,
amplitudes of x, and x,

a F,

Fig. 11 a) Roll amplitudes as a function of external frequency for
constant parameter values ¢ =0.1, =1, a,=2, u=0.25 u,=05
w=1 w,=2, F=0.07 and different forcing F,;
b) roll and pitch amplitudes versus F, for Q=2.

A typical time series for the x, component, both for transient

and stationary periods, is reported in fig. 12. This time, some
disagreement between the numerical and analytical solutions is
observed in the transition stage.

(a)

time ) time

Fig. 12 Time history for component x, and parameters values & =0.1,
a=1 a,=2, u=025 u,=05 w=1l w,=2,0=2,F =007
and F ,=0.2 : a) transition period; b) steady — state solution.
The steady-state amplitudes provided by the two methods match

extremely or , at least, pretty well even for large forcing, as shown
in fig. 13.

amplitude of x,
amplitude of x,

Fig. 13 Pitch amplitudes as a function of external frequency for
constant parameter values ¢ =0.1, =1, a,=2, u=0.25 u,=05
®w=1, w,=2and different forcing amplitudes .
a) F ,£1{0.05,0.10,0.25} and F,=0.07 ;
b) F,€{0.1,0.3,05} and F,;=03.

The case Q~w,+w, is treated in detail in [7], such that its

analysis is omitted here. The results are somewhat similar to those
inthecase Q~w, /2.
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3. Conclusions

In the paper, the nonlinear responses of a two-degrees-of-
freedom model for pitch and roll ship motions have been studied
numerically for the particular case in which the pitch frequency is
almost twice the roll frequency. Four resonant cases and a non-
resonant one have been analyzed and the obtained numerical
solution was compared with its analytical counterpart derived in a
companion paper. Using time series plots and frequency-amplitude
curves, we have proved that the two solutions match well if the
system’s parameters were selected without order violations, both for
transition and steady-state periods. The presented results are in good
agreement with the available published studies on the same topic.
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POSSIBLE WAYS FOR ECOLOGIC PROBLEMS LIMITING CONCERNING THE
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Abstract: Most of the modernity ecological problems are as a result of the production and usage of petroleum fuels. The tendency
of global warming and the accumulating of noxious atmosphere emissions are harmful for the human society, which makes the task for
taking decisions of how to adjust the ecological balance on Earth very vital. In the article there are given guidelines for fulfilling the
problem how to settle to minimum the quantity of toxic substances which the authomobile engines and the different equipments that are using
petroleum fuel are throwing out. There are many historical evidences for considering this effort as a very slow process because of the
different approaches for solving this problem between the petrol refinery industry and the automobile industry. Also there are still
negotiations for the importance of taking effective restrictions for keeping the purity of the environment by the automobile industry. In the
world there are taken legislative steps for contemporary production dismiss of ethyl gasoline and for making high requirements for the diesel

fuel production.
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1. Yeoo

lonsiMa 4yacT OT EKOJIOTHYHMTE INpoOJeMH B HALIETO
ChbBpEMHE ca B pe3ydTaT Ha IPOU3BOJACTBOTO M yHoTpedara Ha
HedTeHn TopuBa. [M0GAaMHOTO 3aTOIUITHE M HATPYNBaHETO Ha
BpeIHH eMHcuu B arMmocdepara, Hamarar YoBedecTBoTO 1a
pa3paboTy He3a0aBHO MEPKH, ¢ KOUTO Ja KOPUTHPA €KOJIOTHIHOTO
paBHOBecue Ha 3emsTa. B crarusra ce JaBaT KOHKPETHH HACOKH 3a
paspemiaBaHe Ha mpo0iieMa Kak Ja Ce HaMaliT JI0 MHHHUMYM
KOJIMYECTBOTO HA TOKCHYHMTE BEIECTBA, KOMTO CE€ OTHCIAT B
arMoc(eparta 3aeIHO ¢ OTpabOTEHHTE Ira30Be OT JBUTATENMTE C
BBTPELIHO TOPEHE, KAKTO M OT Pa3IMYHUTE alapaTypy, B KOUTO Ce€
u3rapsT HeTeHHWTEe ropuBa. B mcropmyecku IuaH ce okasBa, 4e
TO3M TPOIEC € CIOKeH M OaBeH, 3all0TO BB3HUKBAT CEPHO3HH
pa3HOIJIacusl MEXAY YJYacTHHIMTE B HedrompepaboTBarenHaTa
HNPOMHIIICHOCT U aBTOMOOWIIHATa HHAYCTpHUs. Bonst ce nperoBopn
OTHOCHO NPU3HABAHE HAa BA)KHOCTTA OT BbBEXKIAHETO Ha €DEKTUBHU
MEpKH [0 OTHOILIECHHE 3alla3BaHe YUCTOTAaTa HA OKOJHATA cpela, C
KOHTO J]a ce choOpa3siBa aBTOMOOMIHATa WHAyCTpusA. B cBera ce
HalaraT M BaXHH 3aKOHOJATEIHH MEPKH 3a MOCTEHEHHO
IpeKpaTsBaHe Ha IPOM3BOJCTBOTO M yHOTpebara Ha ETHIMPAHU
OEH3MHU 1 NMOBUIIaBaHE HAa M3UCKBAHUATA KbM AN3EJIOBUTE TOPHBA.

2. Ilpeonocmaséku u HauuHu 34 paspeuwiasane Ha

npoonema

I'mobGanHOTO 3aTOIUITHE W HATPYNBAHETO HAa BPEIHU
emucun B armocdepara, HamaraT YoBe4ecTBOTO 1a pa3paboTH
He3a0aBHO MEpKH, C KOUTO J1a KOPUTUpa eKOJIOTHYHOTO PaBHOBECHE
Ha 3emsTa. [IpoyuBaHusTa IOKa3Ba, 4e OCHOBHU 3aMbpPCUTEIU HA
3emMHara aTMoc(epa ca HedTeHUTE TOpHBA U MPOLYKTUTE, KOUTO Ce
nojydaBaT NpH TAXHOTO H3rapsHe. BpenHoTto Bb3zeiicTBue Ha
ropuBaTta BBPXY OKOJIHAaTa Cpelia c€ TPOsBSBA B TPU OCHOBHH
Hanpasienust [1]. Hall-CHIHO € TOKCHYHOTO BB3/ICHCTBHE BBPXY
JKMBUTE OpPTaHU3MH TPH HEMOCPEACTBEH KOHTAaKT C He(TeHuTe
TOpHBa U 3aMbBPCABAHETO Ha aTMocdepara C BpPEJHU BEILECTBa,
KOHTO C€ CBIBPXKAT B OTPAOOTEHHTE ra30Be IPH EKCILUIOATAIUATA
uM. JlecHara 3amanMMOCT Ha ropuBaTta € NPHYKMHA 32 HaHACSHE Ha
TOJIeMH HOPa)XEHUsI BBPXY 3eMHara arMocdepa ¥ OKoJHara cpena
IpHY BH3HMKBAHE HA ITOXKapH. 3aIbIDKUTEIHO € IIpH paboTa ¢ TakuBa
HNPOJYKTH Aa CE CIa3BaT ChbOTBETHHTE HOPMATHBHH JOKYMEHTH, C
KOETO 3aKOHOJATEIHO CE PErylrpa OrpaHHYaBaHE Ha TOKCUYHOTO
uM BiusHHe. HesaBucmMo oT TOBa, aBTOMOOWIHMAT TPAHCIOPT
MacaBO HABJIM3a BB BCEKHMIHEBHUS OMT Ha UOBEKa M € OCHOBHA
NpUYHMHA 32 3aMbpCABaHE Hali-Bedue Ha Tpajckara cpeja. TepesaT ce
pemieHus Ha mpoOiemMa Kak Ja Ce HaMalaT [0 MHHUMYM
KOJIMYECTBOTO HAa TOKCHYHHTE BEIIECTBA, KOMTO C€ OTAENAT B
arMoc(eparta 3aelHO ¢ OTpabOTEHHTE Ira30Be OT JBUTATEIUTE C
BBTPEIIHO TOPEHE, KAKTO U OT PA3IMYHHUTE anapaTypH, B KOHTO ce
n3rapat HepTeHHTe TOpuBa. I[lOCTOSHHO ce TpaBiAT HOBH
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TEXHOJIOTMYHU HU3CJIEIBAHUSI OTHOCHO YCHBBPIICHCTBAHE KOHCTPYK-
[UsATa Ha TOPUBHUTE CHCTeMH. JlaBaT ce M HOBM NpENOpPHKU 3a
HPOU3BOJCTBOTO M IPABWJIHUS MOA0OP, KauecTBO M CBOWCTBA Ha
pasnuunute HedTeHu npoaykru [2]. CraTucrukara mokas3Ba, 4e
BCEKH CBBPEMEHEH aBTOMOOWJI OTAENS TOJMIIHO B OKOJIHOTO
npocTpaHcTBo  cpegHo  800kr BBrIepomHH  OKcuaw, 115kr
BBIJIEBOIOPOIH U 38KT a30THU OKCHIIH.

3aemMHO C pa3BUTHETO Ha HedTompepaboTBa-TeIHATA
MIPOMUIIUICHOCT B Kpasi Ha MIUHAJINS BeK ce 3a0ersI3Ba TeHACHIUS 3a
MIOCTOSIHHO JIONBJIBAHE Ha 3aKOHOJATENIHUTE W3HCKBaHUS 3a
Clla3BaHe HOPMHTE 3a YHCTOTA Ha OKOJHATa cpefa. To3m mporec ce
OKa3Ba CJI0JKEH U 0aBeH, 3aI0TO Bb3HUKBAT CEPHO3HU Pa3HOTIACHs
MEeXy y4acTHULIUTE B HeTonpepaboTBaTeHaTa MPOMHUIIUIEHOCT U
aBTOMOOMJIHATa WHIYCTpHUsA. BoaiIT ce mperoBopm OTHOCHO
MpU3HABaHE Ha BaKHOCTTA OT BBBEKIAHETO Ha €(EKTUBHU MEPKU
M0 OTHOIIECHHUE 3ala3BaHe YHCTOTaTa HAa OKOJIHATA CPEfa, C KOUTO
Ia ce cboOpassiBa aBToMOOMIIHAaTa HHAYCTpHa. Kommnpomuc B ToBa
OTHOIICHUE € MOCTUTHATO KaTo aBTOMOOMJIOCTPOEHETO Ce HAacO4Ba
KbM pa3pabOTBaHE HAa HOBU TEXHOJIOTMH 32 yCHBBPIICHCTBAaHE Ha
IBHTAaTEIIMTE M BBbBEXKIAHC HAa KOMIIOTBPHO OTpETYJIMpaHe Ha
CHCTEMHTE 3a BIPBCKBAHE Ha FOPUBOTO, B 3aBUCHMOCT OT peneda
Ha MECTHOCTTA, CKOPOCTTa U yCIIOBUSTA Ha JABIKCHHUE, N3IOI3BaHE
Ha KaTaJUTHYHM CHCTEeMH 3a JOW3rapsHe Ha TOpHBaTa B
M3IyCKBaTeJHaTa cuUcTeMa M JAp. Bcuuku Tte3u geliHocTH ca
HACOYECHH KbM CHI)KAaBaHE BPEIHHUTE €MUCHH B U3TOPEIIUTE ra3oBe,
HE3aBUCHMO OT KadecTBata Ha ropusara. OT cBOs CTpaHa,
HEe(TONPON3BOUTEINTE BBBEXKIAT MEPONPHATHS 10 OTHOIICHHUE
3ala3BaHe YHUCTOTATa HAa OKOJHATA Cpelld, KOHTO Ce CBEXHAT 10
BHEJPSIBaHE Ha €KO0JIOroCch00pa3Hu TEXHOJIOTUI pu
npepaboTBaHeT0 Ha He(pTeHaTa cypoBuHa. OOma menm crasa
noJo0psABaHeTO Ha KadecTBaTa Ha IMPOU3BEXKIAHUTE TOPUBA, KOUTO
Jla TapaHTHpaT IO-BHCOKa eKOJOTrMYHa Oe3zomacHoCT. B cBera ce
HajaraT ¥ Ba)KHM 3aKOHOJATEIHH MEpPKH 3a IOCTEHECHHO
IpeKpaTsBaHe Ha IPOM3BOJCTBOTO M yHOTpebara Ha CTWIMpPAHU
OCH3MHU U NOBUIIABaHE HAa M3MCKBAHUATA KbM JN3EJIOBUTE FOPHBA.

He3aBucumMo OT cTpeMexa Ha BCHYKH aBTOMOOWIIHH
HIKEHEpH W KOHCTPYKTOPH TOPHBHHAT IIPOIEC Ja MPOTHYA 0
ITHJTHO W3TapsiHe Ha TOpUBATa, Ha MPAKTHKA CE OKa3Ba, 4e€ € MHOTO
TPYIHO Ja ce MOCTHTHe onThMalieH epekr. OCHOBHUTE (aKTOpPH,
KOHWTO HapyIIaBaT TO3HU IPOILEC Ha TOPEHE ca CIEAHUTE: MPOLECHT
Ha M3rapsiHe NPOTHYa B TOPUBHUS LUKBJI HA JIBUTATEIUTE 32 MHOTO
KpaTKo BpeMe; FOpUBHATa KaMepa € OOMKHOBEHO ¢ MHOTO MallbK
o0eM, Mopajy KOETO 3HAYUTEIHO KOJIMYECTBO OT TOIUIMHATA Ha
usrapsiHe ce Fy61/l B CTCHUTC Ha KaMeEpaTa, BJMAHUC Ha XJIaIHUA
MIPUCTCHBUCH CJIOH, KOHTO OKa3Ba CHJIHO BB3JICHCTBUE BBPXY
NIPOTHYaHE HA TOPUBHUTE PEAKIMH; (PU3NUECKa M XUMHYECKa
HEEeIHOPOAHOCT Ha TOPUBHATA CMEC W IPOMCHJIMBO HAJATaHE H
TeMmIepaTypa B pPa3IHYHATE YCIOBHS Ha wm3rapstHero. Ilpm
U3rapsiHeTO Ha HE()TEHUTE TOPHMBA HAW-TOJISIMO € KOJIMYECTBOTO Ha



MONTy4YeHHs BBITIEPOJIEH OKCHA, KOWTO € MPOIYKT OT HEIBJIHOTO
OKHCIeHHEe Ha BbIiepona. OOpasyBa ce IpH HEZOCTaTbYHO
KOJIMYECTBO BB3[yX B FOpHBHATAa KaMepa, HO MOXe Ja ce o0pasysa
U TIpY U3JHUIIBK Ha Bb3IyXa, MOpagyu AUCOIMANUS HA MOJEKYIHUTE
OT BBIVIEPOJICH IWOKCHJ MPU BHUCOKH TeMIlepaTypu. To3u mporec
MOXE€ Ja INpoTede W NPH HUCKH TEeMIepaTypu, KOUTO Jda ca
JOCTAaTHYHM 33 OKHCIICHUE Ha BBIVIEPOJA IO BBIVICPOAEH OKCHI, HO
HEJOCTAaThYHM JIa Ce OKUCIM 00pa3yBaHHs OKCHA A0 AUOKcuA [2].
TakuBa ycioBus ce HaG/II0AaBAT NP U3rapsHE HA CUITHO 00eAHEHU
CMeCH WM Ha TOPUBHHU CIOEBE, ONM3KU JIO0 CTYJEHUTE CTCHU Ha
ropuBHaTa Kamepa. Ilpm  au3enoBuTe JBHTaTeNH, KOHTO
OOMKHOBEHO pPabOTAT TMpHM TONAM M3IMIIBK HA BB3AYyXa,
CBIBPKAHUETO HA BBIVICPOJECH OKCHI B H3TOPEIUTE Ta30Be €
CpaBHUTEJIHO MaJIKo U He HajBuiiasa 0,3%.

IIpoyuBanusra moOKa3BaT, 4Ye CBHIBPXKAIIUTE CE B
0oTpaboOTeHNTEe Ta30Be BBIVIEBOJOPOAM Ca CMECH OT MHOTO
XUMHYECKH cheuHeHns1. OCHOBHA MPUYMHA 32 TIXHOTO HAIMYHE B
0TpaboTeHNTEe Ta30Be € 3aTPyJHEHOTO Pa3BUTHE Ha NPOIIECHTE Ha
JEeXUAPOTEeHH3aINs, KOUTO MPOTHUYAT B LEeans o0eM Ha ropuBHATa
KaMepa, HO ca HaW-CWJIIHO U3pa3eHH B TNPUCTEHHHUS CIOM.
Hanmauero Ha BBINIEBOAOPOAM CBHIETENCTBA 3a HapylIaBaHE Ha
IpolecuTe Ha cMecooOpa3yBaHe M Ha TOpeHe, KakTo U Ha
HEJOCTaThYHO KOJMYECTBO BB3IyX B TOpHBHAaTra Kamepa.
IIpakTvkata moOKa3Ba, 4Ye  3HAUUTENHM  KOJMYECTBA  Ha
BBIJIEBOIOPOJIH B U3rOPEIIMTE ra30Be ce HaboAaBa npu pabora Ha
CTYJCHH JIBUTATEIH, IPH HAJIMYHE Ha MHOTO OeJHAa ¥ MHOTO OoraTa
TOPHBHA CMEC M TpH HeepeKTHBHa paboTa Ha 3amajinuTeHara
cucrema [3].

OcobeHo 3HaueHHe ce OoOpbhlla HAa HAMHpa-IIHTE ce B
W3TOpENINTE Ta30Be BBIVICBOJOPOAM C KaHIEPOT€HHO JIeHCTBHE.
KbM Te3u BelecTBa ce OTHACAT BCHYKUTE MOJIHIMKINYHU apEeHOBU
BBIJIEBOIOPO/IH, CPE/l KOUTO HAM-CHITHO OHMOJIOTHYHO NEeHCTBUE UMa
Oenscrimpenure. ToBa BemecTBo ce oOpasyBa B pe3yiTar Ha
pa3naraHe W HOJMMEpU3anus Ha TEXKH (QpaKkmuy OT TOPHBATa U
MacjiaTa B YCJIOBHS Ha HEJOCTATHYHO KOJMYECTBO BB3AYX. llpm
temreparypu Hax 1250 K ce pasmara. [lopamum Bucokute
Temrepatypu Ha TtomeHe /452K/ w wna xunmene /583 K/
6eHSCHI/IpeHl/lTe B YMCT BHJ NPAKTHYCCKU HE Ca OIlaCHHU
3aMbBPCUTENH Ha Bb3ayxa. Ho Te3u BemecTBa ce ajgcopOupar BbpXy
CaXXJICHUTE YaCTHIHM, KOMTO C€ HU3XBBPJIT B aTMocdepara ¢
0TpaboTeHUTEe ra3oBe, MOTaT B TOBa ChCTOSIHUE JIa CE Pa3HACAT BHB
BB3AYyIIHATA Cpefja W JAa TONAJHaT B AMXaTelHaTa CHCTEMa Ha
JKUBUTE OPTaHH3MH.

CaxmaTa ce TOMy4aBa IIPH BHCOKOTEMIEpa-TypHUS
MMIPOJIN3 Ha TOPHBATa MPOTHYAIl HPH HEJOCTATHYHO KOJINYECTBO
BB3/lyX B TOPMBHATa KaMepa Ha ABUrartenuTe. TakuBa ycloOBHs Hal-
YeCTO CE Ch3/aBaT B JAM3EIOBHTE JBHUIATeNM, KbJETO CE MOJIydaBatr
30HM, B KOUTO UMa M3JMIIBK HA TOPHUBO U ce 00pa3yBaT CakAeHH
gactunu. OCHOBHATa 4acT OT TE€3M YACTUIIM U3TapsAT B JBHUIaTels,
HO €JJHa 4acT 0KoJao 1 % OT TAX ce U3XBBPIIAT C U3TOPEITUTE ra30Be.
ToBa KOIMYECTBO 3aBHCH B MHOTO TOJSIMA CTEHNEH OT HayMHAa Ha
o0pa3yBaHETO HA TopHBHaTa cMec. KonmuecTBOTO Ha cakaure B
H3XOJIINUTE Ta30Be 3aBUCH M OT HaYMHA HAa CMecooOpa3yBaHeTo Ha
TOPHUBOBB3JyIIHATA CMEC B TOpHBHAaTa Kamepa Ha JBHTATels.
WscnenBanusra Mokas3BaT, 4Ye TMpPHU €JHAKBH EKCIJIOTAI[MOHHH
yCIOBHSI, BUXPOBUTE U IpPEAKAMEPHUTE [OU3EIOBH IBHUTaTEIH
OTAENAT TMO-MalKO JHUM, OT JBHIaTeIMTe C HEMNOCPEACBEHO
BIPbCKAaHE Ha TOPHBOTO B TropuBHaTa Kamepa. OCHOBHO,
BB3/YyIIHATA CPEla CEe 3aMbpcsiBa OT CaXICHUTE YacTHIH, BBPXY
KOHTO Cce afcopOupaTr ocoOCHO TOKCHYHHTE BEIECTBAa OT BU/A Ha
Oemscrimpenure. OT  cTpaHa Ha  aBTOMOOWJIOCTPOUTENHUTE
HETIPEeKbCHATO Ce PabOTH 3a yCHBBPIICHCTBAHE HA KOHCTPYKIHATA
Ha JBWTaTelIMTe, CHCTEMaTa Ha BIPBCKBAaHE Ha TOPHBO,
KOMITIOTBPHOTO PEryiaMpaHe Ha MOAaBaHE HAa TOPUBO B 3aBUCHMOCT
oT peneda Ha MECTHOCTTA, CKOPOCTTa U YCJIOBHS Ha ABWKEHHE HA

NPEBO3HOTO CPEACTBO. 3aZ[’I>J'DKI/ITeJ'IHO BCHMYKH aBTOMOOMJIH cCe
KOHCTpyupar C KaTaJJUTUYHU CHUCTEMU 3a JOU3rapssHE Ha
U3XOQAINUTE OT TiX Tra3oBc. OCHOBHO BHUMAHHETO Ha

KOHCTPYKTOPHTE B aBTOMOOHIIO-CTPOEHETO € HACOYEHO KbM
MEpOTPHUSTHs, KOUTO HAMAJIABAT BPEIHOCTTA Ha M3TOPEIIUTE Ta30Be
HE3aBHCHMO OT Ka4eCcTBaTa Ha U3IMOJI3BaHUTE roprBa [4].
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OT cTpaHa Ha HedTOnpepabOTBATEIUTE U3ITBIHEHHETO Ha
M3UCKBAaHMATA IO ONAa3BaHE HA OKOJIHATA CPEe/la Ce CBEXJAT B JBE
OCHOBHM HampaBieHHs. EJHOTO OT TIX € CTpeMeX KbM
nomoOpsiBaHe KayecTBaTa Ha HE(TEHHTE TOpHBa KaTo MM ce
IpUJaBaT CBOWCTBA, KOUTO Ja FAPAHTHPAT M0-CUTYPHA EKOJOTHYHA
0€30IaCHOCT NPH TAXHATA eKCIUIoaTalMsA. BTopoTo HampapieHue e
CBBP3aHO C NpeIIpUeMaHe Ha BUCOKH M3MCKBAHMS 3a OINla3BaHE Ha
npUposaTta MpPH CaMOTO IPOU3BOJACTBO Ha MOTOPHHM TOpHBA B
CBOTBETHHTE He(TomnpepaboTBaTenHu npeanpusatus. [Ipu Tepcene
Ha Ha4YMHU na ce chIilacyBaT HHTEpEeCUTe Ha
ABTOMOOMJIOCTPOHTENNTE U HedTompepaboTBaTeNuTe ce BB3IPHE
yOexieHneTo, e TpsAOBa a MMa MOCTOSHEH TEXHOJOTHYeH O0MeH
Ha Hay4YHU HOBOBBBEJCHUS B T. HAp. CHCTEMa ,,aBTOMOOMJIEH MapK
MOTOpHH TOpHWBa“, KOWTO mJa oOOeqWHsSBAa WHTEpPECUTE Ha
COOCTBEHMIIUTE Ha aBTOMOOWIM M  NPOHM3BOJMTENHTE Ha
HedTonpoayKTH. B Ta3u cxema TpsOBa na ce 00CAMHAT yCHIIUATA 32
Olla3BaHE Ha OKOJIHATa Cpela NpPH THProBHATA C aBTOMOOWIH, C
He()TONPOAYKTH M 3aKOHOJATENIM, KOUTO J1a pa3paboTBaT HOBU
3aKOHU U MNEPMAHCHTHO [a BHACAT IIONpPaBKM B TAX U B
crannaprute. ToBa e fazie TIachK B Olla3BaHe Ha OKOJIHATA Cpefa
OT BPCAHOTO BJIMAHHUE HaA He(bTeHI/ITe l'lpO)ly](TI/l U OCHOBHHUTC UM
koHcymaropu. OcobGeHo, ako pa3pabOTBaHUTE HOBM MOJEIH Ha
MPEBO3HH CPEJICTBA Ca ChOOPA3eHH C BCE MO-BUCOKUTE HM3MCKBAHUS
Ha oOHOBeHHUTE cTaHmapTH. ChIIEBPEMEHHO TOBa € HEOOXOIMMO J1a
ce peanu3upa 1o Bb3MOKHOCT B HalH-KPaTKU CPOKOBE U MPEJIH Jia ca
HaHeCEHW TpallHW TOpaXKEHHUs BBPXY OKONHATa cpenpa. Bcesko
nogoOpeHre B KadyecTBaTa Ha TOpUBaTa, KOETO € CBBbP3aHO C
OMa3BaHe Ha EKOJIOTHATA U3UCKBA M 3aKOHO/IATEIHH MEPKH, 3a J1a ce
YTBBPXK/ABAT CbOTBETHUTE CTAHIAPTHU M € CBBP3aHO C BbBEXAAHE B
MOBEYETO ClIy4al Ha TEXHOJOTMYHM MPOMEHH 33 TIXHOTO
peryiasipHO IPOU3BOACTBO. TOBa HEMHHYEMO BOIM [0 MOBHILABAHE
LIEHUTE Ha €KOJIOrOChOOPAa3HO MPOU3BENCHOTO TOPUBO U BEPIIKHO
e ce OTpa3siBa BBbPXY IEHUTE HAa MHOTO HPOIYKTH, KOHTO ca
CBBP3aHH C YBEJIMYEHHUTE TPAHCIOPTHHU pa3xomu. Te3u pazxonu
CBIEBPEMEHHO OKAa3BaT CHILIECTBEHO BIMSHUE BBPXY LIOCTHATA
MKOHOMHKA Ha 1ajieHa cTpana [5].

3a ma ce pemaBaT NpoOIeMUTE C MPOHM3BOA-CTBOTO Ha
CKOJIOTUYHO YUCT OCH3MH, OT TEXHOJIOTHYHA IJIeJHA TOYKa TpsOBa
Jla ce BHEApsIBAT M ynoTpedsBar camo 0e3010BHU OSH3WHH, Ja ce
HW3MEHH TPAJMIMOHHUS ChCTaB Ha OCH3MHA, Karo B HEro ce
BKJIFOYAaT BHCOKOOKTAHOBH KOMIIOHEHTH OT CHELHAIM3UpaHH 3a
TasM 1eJ TPOM3BOJACTBA M J1a ce JA00aBiAT alTepHATUBHU
KOMIIOHEHTH KaTo aJKOXOJM, BTEYHEH ChIIbTBAll Hedra ras u
METHJI TpeTH4YeH OyTWiIoB eTep. BbBemoxa ce M I0-BHCOKH
U3MCKBAaHUS B KauecTBaTa Ha AaBTOMOOWIHMTE OCH3MHM IO
OTHOIICHUE CHIBPKAHUETO HA apeHOBH BBIVIEBOAOPOIH, OCH3EH M
csipa.

Ilo orHOmeHHMe Ha IW3EJIOBHTE TOpHBA C€ OrPAaHUYH
MOYTH JI0 OTCHCTBUE ChIbpxaHUETO Ha csipa oT 350 mo 50 ppwm.
IIpoyuBanusTa moxasar, 4e yrnorpebara Ha ANU3EIOBOTO TOPUBO B
crpanute ot EC ¢ Besika rofiiHa HapacTBa ¢ MO-BUCOK IPOLCHT OT
ynotpebaTta Ha Gen3uH. CTaTHCTHKAaTa MOKa3Ba, 4ye ynorpedara Ha
OeHsuH B ctpaHuTe oT CeBeposananHa EBpomna roanmHo HamansBa
¢ 0,4%, ynotpebara Ha Au3eI0BO ropuBo Hapactsa ¢ 1,5% [6]. Tosa
ce IBDKM Ha YBEIMYEHMAT NMapK OT AW3EJIOBH aBTOMOOWIM [0
2015r ¢ 24% B 3amaHOEBPOIEHCKATE CTPAHHU, KaKBATO TEHJCHIIHS
ce HaOJro1aBa M y Hac.

3. 3axnrwuenue

B 3axmodeHue, Mo TOpEH3II0KEHUTE IPHYNHN CC HAJIOKH
B crpanute Ha EBporneiickus ¢bio3 u B EBponeiickus nmapiaMeHT ia
ce mpuUeMar HOBH M3HCKBAaHHS KbM  CKCIUIOTALMOHHHUTE
XapakTepUCTHKH Ha HeTeHuTe TropuBa. IIpomeHnxa ce W
M3UCKBAHUATA B ClICHU(PHUKAIIMUTE 32 TOMYCTUMH HOPMH Ha BPEIHU
KOMITOHEHTH B M3rOpeJiuTe ra3ose ot asromoounute [6]. B cBera ce
periiaMeHTHpaxa HOBH YCIOBHS, KOHWTO Ji@a C€ CIla3BaT OT
aBTOMOOWJIHATA U HepTonmpepadboTBaTeHaTa HHIycTpusi. ChrIIacHO
BB3MpueTHTe EBpOMNEHCKH HOPMH CHIBPKAHHETO Ha apeHOBU
BBIJICBOOPOAN B OeH3MHUTE ce Hamain oT 45% 06. 1o 35% 00., a
ChIbpkaHHeTO Ha csapa oT 150ppm no 50ppm. HempeknscHato ce
Ch3[aBaT U MPOTHO3HH M3YHCIUTEIHH METOAM 3a OIpe/e/isiHe Ha



JCTIMBUTE OPTaHMYHM CBHEAWHEHUS, A30THUTE OKCHUIM U IPYru
TOKCUYHU CBEJUHEHHSA, BBH3 OCHOBaTa Ha (U3MKOXUMHYHHTE
CBOWCTBa Ha CTOKOBUTE HeTomponaykTH. ToBa gaBa BB3MOKHOCT
3a TpenBapuTeNeH MOA00p Ha NPOAYKTHTE, OT KOWTO IIE Ce
MOJTyJaBaT CMECHTEe OT HepTeHHTe ropuBa, choOpa3eHH ¢ peauia
HMKOHOMHYECKH U MPOUBOJCTBEHH (hakTopu. Kpaiinara nen e na ce
Cra3BaT €KOJIOTMYHHUTE HM3HMCKBAHUS 110 OTHONIEHHE Ha OKOJHATa
cpena. Ha mpumep, mnpes 1990r. B CAIl ca BbBeneHu
AQHTUABINIOBA MEPKH, KOUTO Ja HE IO3BOJIBAT BIIOILABAaHE Ha
KadyecTBaTa Ha ropHBaTa B PE3yJTaT HAa BHACSHETO B CbCTaBa UM Ha
ITEPHATHBHUA KOMIOHEHTH. MHOTo OT HedrompepaboTBaTeIHUTE
KOMIIAaHWU BJIOXKUXA 3HAYUTEIHHU CPEACTBA B IPOU3BOJACTBOTO Ha
METWJI TPETHYCH OYTHJIOB €Te€p U €THJ TPETHUEH OYTHIIOB €Tep OT
rpynara Ha T.Hap. OKCHI'eHaTH. Pa3Buxa ce W IIpOHM3BOJCTBA Ha
BHCOKOOKTaHOBU KOMIIOHEHTH. Pasmmpunxa ce nmpon3BojcTBaTa Ha
»pPUGOPMHUHT” HpoLlecuTe, KATATUTHYEH KPEKHHT ¥ XUAPOKPEKHHT.
ToBa, oT cBOs cTpaHa, yBenM4YaBa 3HAYMTENHO KpaiHaTa IeHa Ha
He(TeHHTE TOpHBA, HO CBHIIEBPEMEHHO JaBa BB3MOXKHOCT Ja ce
aKTyalu3upaT CTaHJAPTHTE 3a KadecTBaTa Ha He(TEHHTE TOpHBa,
KakTO W TpeAeITHUTE AOIMYCTHUMH HOPMH Ha TOKCHYHH BEUIECTBA B
orpaborenute rasose [6]. CBeToBHAa 00eAMHUTENHA KpaiiHa e €
HeTeHUTE TOpHBAa Ja CraHaT O€30MacHH II0 OTHOLICHHE
CbXpaHJABAaHETO Ha 3ApPaBEeTO Ha Xopara M Ha OKOJIHAaTa Cpena.
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BrenpsBaneto B MacoBa ymoTpeba Ha €KOJIOrOChOOpa3eHH B
KOHCTPYKTMBHO OTHOIICHHE aBTOMOOWIIM € HEIOCPEeICTBEHO
CBBP3aHO C MacOBOTO H3IIOJN3BAaHE Ha CPABHUTENIHO YHCTH
HepTonponyktd. ToBa 3amgpibkaBa HepTONpepaOdOTBATEIHHUTE
HpEeNNpHUI-THS Jla ONTHMHU3UPAT KOMIIO3HMIIMOHHHUTE CHCTaBKU Ha
NPOJYKTUTE, Taka 4Ye Ja OTroBapsAT Ha BHCOKUTE HM3HUCKBAHHS MO
OTHOLIECHNE HA CTAHJAPTHUTE JOKYMEHTH 3a ONa3BaHEe 3[]paBeTO Ha
YOBEKa U OKOJIHATA Cpena.
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Abstract: After 1ISO 26262 was developed as a derivative of IEC 61508 used specially for automotive industry, all software tools used in
automotive industry were required to be certified and qualified to assure their compatibility with this safety relevant standard. However the
standard does not specify a particular method for tools assessment. It gives a rough frame which allows the each provider of tools to develop
custom specification when implementing his solution. This paper identifies approaches, used by different tool suppliers to assure I1SO 26262

requirements.

The paper goes in deep in automotive safety standards, searching for milestones relevant to tools’ certification. It describes basic
requirement that tools should fulfil and the way it should be implemented and assured. Then behaviours of tools, that is not assessed by ISO
26262, but is part of overall software safety assessment is investigated. Finally the research review how it is implemented in some of the most

distinguishable tools’ providers — MatLab and IBM.

In conclusion, publication assess how commercial tools correspond to the needs of safety relevant industries and automotive in
particular. It gives an answer of the question “Is using of certified and qualified tool enough to assure compliance with safety

requirements?”. It allocates the issues that are still opened.

Keywords: AUTOMOTIVE, SAFETY, CERTIFIED CODE GENERATION, TOOLS CERTIFICATION

1. Yeoo

JlensT Ha codTyepa B ChBpEMEHHATa aBTOMOOMIIHA HHAYCTPHS
MIOCTOSIHHO ~ HapacTBa. [lapamenHo ¢ moBumieHHs Opoil Ha
W3UCKBaHWATa KbM co()Tyepa, HapacTBa M IKEIAHHETO 3a
HaMaJIsiBaHe Ha BPEMETO OT HAdaJlo Ha pa3padoTkara G0 HEHHOTO
IJIaCHpaHe Ha maszapa M obummTe pasxoau. ExuH oT moaxoaure,
HpEeIJIOKeH KaTo  OTroBOp HAa TE3M HOBH  HYXKAM €
ABTOMATH3UPAHOTO TI'€HEpPUpPaHE Ha KOJ, a IOJI3UTE OT HEro ca
MHOTOOPOHHHU:

. ITpocneanMOCT Ha N3NCKBAHUATA B KOJaA

. KOHCHCTEHTHOCT M BHCOKO KauecTBO Ha TEHEpHpaHHs
KOJ, cboOpa3HO mpaBmiaTa 3a 0e30MacHOCT Ha aBTOMOOWIIHA
UHAYCTPHUS

. BB3MOXXHOCT 32 HOBTOPHO M3MOJI3BaHE

. OnruMusupaHe Ha IieHaTa

. BB3MOXHOCT 3a CHMyNMpaHe W 9€CTO IPOTOTHIIHPAHE

OcHOBHHAT mpoGiieM TIpH pa3pabOTKH, B KOHTEKCTA Ha
aBTOMOOMJIOCTpOEHeTOo, €  Oe3omacHocTTa.  MHOTO  HOBH
(YHKIMOHAJTHOCTH - ACHCTEHIMsA HAa BOJaya, MOANOMAaraHe Ha
CnypayHaTa CHUCTeMa, [MHAMHYEH KOHTPOJ Ha aBTOMOOMIA,
BB3/yLIHH BB3IJIABHULM U APYTH aKTUBHH U MACHBHH CHCTEMH 3a
CHUTYPHOCT Ca BCE MO-00BBp3aHU C OE30IaCHOCTTAa Ha aBTOMOOMIIA.
Pa3paboTBaHETO W MHTErPUPAHETO UM BOAM JO HApacTBalla HYkXJa
OT CHI'YPEH MpOLIEC Ha CHCTEMHATa pa3paboTKa H HEOOXOMAMMOCT OT
HpECTaBsiHE Ha JI0KAa3aTeICTBA 3a H3IIBJIHCHHETO Ha IICNIHTE 3a
Ge3omacHOCT Ha cucremara. ToBa ce MOCTHIa 4Ype3 MHOXKECTBO
U3MEPBaHUS, MMIUIEMEHTHPAHH B pa3IMYHA TEXHOIOTMH H
M3IIBJIHABAHM B Pa3IMYHM €Tald Ha pa3paboTkaTta. B Tasm Bpb3ka
Bb3HMKBA HYyXKJIara OT KBaJu(uuupaHe ¥ cepTHHUIMpaHE Ha
HOMOIIHHUTE TPOTPaMH, M3MOJI3BAHU B UHAYCTPHUTE C M3UCKBAHUS
3a 0e30MacHOCT.

B wHacrosmms Tpyn ce pasmiexpar crangapra DO-178C
U3I0JI3BaH BBB Bb3ayxormuiaBanero, |IEC61508 — rnaBen cranmapr
3a CJCKTPUYECCKU U eNeKTpoHHU cuctemu U 1SO26262, uszpadboteH
Ha ©Oa3a |EC61508 wu opHeHTHpaH KbM HYXIUTE Ha
aBTOMOOHJIOCTpOECHETO.  Pasriekna ce  MPWIOKEHHETO  Ha
oIMcaHaTa METOJOJIOTHUs, CHOpe] MNpakTHKarta Ha JBa OT Haid-
TOJIEMHTE JOCTABUHMIM Ha MOMOIIHH MPOrPaMy 3a aBTOMOOMJIHATA
HHAYCTPHUS, OTYMTAMKK NPEHMYyIECTBAaTa M HEJOCTATBLHUTE Ha
METOMMTE W Ha MNPUIOKEHHETO KM ChOOpa3sHO CTaHAapTa.
Pasrnexxqar ce anTepHATHBHH BapHaHTH 3a KBaTH(HUKAIMA Ha
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BEpHI'M OT MOMOIIHH NporpaMu. B pesynrar ce naBa OTrOBOp Ha
MOCTaBEHUsI BBIPOC M Ca AHAIM3UPAHH MPEUMYLIECTBATA U
HEJOCTAaTBhIIUTEe Ha CTaHAapTa OT IJIeJHA TOouka cepThduKamus u
KBaIM(HKaUs Ha TIOMOIIM IPOTrPaMH, KakKTO U B3MOXKHOCTHUTE 32
NOJOOpSBaHETO MY.

2. Ilpeonocmaexku u HauuHu 3a papeuiasane
Ha npobnema
C'I>3IIaZ[eHI/I ca CTaHJapTHu, omucBalu MCTOAHUTC 3a

pa3paboTBaHe M OIEHKa 0€30MAacCHOCTTa 3a MHAYCTPUHUTE, MMAIlU
OTHOIIEeHHe KbM Oe3onacHoctra(ur. 1).

[ WHAYCTDMANHM CTaHAAPTH 33 G230MacHOCT J
IECE1508
DOA78C P cranaanTaa IEC62304
Br3gyxonnasaHe enexTouueCKIl KocMuueck cucemn MeauLIMHCKN CHCTEMM|
erne OHHW CUCTEMI

IEC61513
Hnpexa MHOYCTPHUA

IEC62021

MaLUHHHE MHYCTPMA| ABTOMOOHNHA

VHAYCTPHA

HeneaomsTHr
cHCTEMH

WHAaycTPHanHK

IECE61511
npoLecu

‘ EN50126

@Due. 1 Cmandapmu 3a unoycmpuume ¢ U3UCKAHUA 3a Oe30naAcHoCm

Bcexn crangapT 3a 6€30MacHOCT MOCTaBs pasMYHU KPUTEPUH
3a KBaIMGUKALU ¥ cepTH(HHUKALUS HAa TOMOIIHUTE IPOTPaMH.

DO-178C sicHo nmeduHMpa MeToauTe 3a KBanu(HIMpaHEe Ha
MOMOIIIHH porpamMu [1]. CrangapTeT pasriexaa
KBaIM(UIPAHETO KAaTO NpOIlec, HEOOXOAWM 3a JOCTUTaHe Ha
HY>XHOTO HHMBO Ha cepTH(UIMpaHe Ha JaJeHa MOMOIIHA IIporpama
B KOHTEKCTa Ha KOHKPETHO BB3JyXoIIaBarenHa cucrema. DO-178C
paszzenst NOMOIMHHTE IPOrpaMHM Ha TakWBa 3a pa3paboTBaHE H
TaKMBa 3a NMpoBepKa. Pasnukara Mexxay TAX € OTrOBOpa Ha BhIpPOCA
,,Pe3ylTaTa OT M3IIBIHEHUETO HAa MOMOIIHATA MTPOrpaMa 4YacT JIH €
OT BB3yXOIUIaBaTeIHUIT copryep?”. AKO OTroBOpa Ha BBIIpOCa €
Ila, TMOMOII[HATA Tporpama cieaBa fa Oble cepTuuIMpaHa KaTto
TakaBa 3a pa3paboTBaHe. B mpoTtuBeH ciydail T4 ce Kiacudumpa
KaTo TIporpama 3a IIpOBEpPKa, KOETO 3HAYMTEIHO YJIECHSIBa
ceprudpukanmata u. Cropen craHmapra, KOraro IIOMOIIHATa
nporpaMa ce M3MOoJI3Ba 3a pa3paboTBaHe, NPOLECHT MPU KOUTO €
paspaboTeHa T TpsAOBa Ja yIOBIETBOpSBA MpoIleca, HYKEH 3a
TeKymiata pa3paboTka Ha coTyep 3a Bb3AyxoIulaBaHeTo. HuBoTO
Ha 0€30MacHOCT Ha MPOJYKTOBHS KOJ € eKBHBAJICHTHO HAa TOBA Ha
M3I0JI3BaHAaTa TTOMOIIHA mporpama. CTaHAapTHT JaBa B3MOXKHOCT

18026262 ‘




3a JI0Ka3BaHE Ha I0-BUCOKO HMBO Ha HAJEXKIHOCT, Upe3 IpuilaraHe
Ha JIONBJIHUTEIHY NpoBepky. [Ipu kBanndUIUPaHETO HAa NOMOLIHA
nporpaMa 3a IMpoBepKa, Hellata ca Jocra onpocteHu. Heobxoanmo
e 1a Ob/e IoKa3aHO ye MOMOIHATA Mporpama paboTH KOPEKTHO B
KOHTeKcTa Ha ymorpebata u. Ha mpaktuka ToBa MOXke na Oble
MOCTHTHATO 4pe3 JOKyMEHTHpaHe Ha METOAUTE W OTPaHHYCHHATA
Ha paborTa.

IEC61508 paBa KoHmemmus 3a cepTH(HIMpaHa ITOMOIIHA
nporpaMa W IpernopbyBa ymoTrpedara UM Ipu H3paboTBaHE Ha
MPOEKTH C W3MCKBAHMS 332 TapaHTUPAHO HUBO Ha Oe3zomacHoct [2].
IIpennara ce momommHuTe Nporpamu Aa ObAaT CepTUPHULUPAHH Ype3
HPOABIDKMTENHA TECTOBE M IPOBEpKa Ha pE3YJNTATUTE MWIIH,
ANTEPHATUBHO, 4Ype3 HapacTBaHE Ha JOBEPHETO B CIICICTBHE Ha
NpoabKHTENHA ymoTpeba. Ha mpaktmka, Ha mpomeca Ha
cepruduIpaHe ce Iieia KaTo Ha H3MepBaHe, HEO0OXOIMMO B
CIlyyauTe KOraro He Mo)ke na Obae JOKa3aHO TOIAMO JOBEpuUe
nopogeHo or ymorpeba. Ilopanu Ta3su mnpuunHa (HOPMAITHOTO
cepTuduIIpaHe ce cYnTa 3a HEHYXXHO M yTexHsaBamo. CraHmapra
npernopbpyBa Ja ce  CepTUHUUMPAT BEPUTM OT  TMOMOLIHH
HPHIIOKEHHUSI.

IEC61508 pa3zenss MOMOIIHWTE MPOTrpaMH Ha OHJAHH H
o¢aitn. Kato onmaiiH ce ompenens|T MOMOLIHU IPOrPaMH, KOUTO
MOraT Ja yKakaT MpSKO BJIMSHHME Ha BIpaJeHUTE CHCTEMH C
U3MCKBaHMS 3a Oe3omacHOCT, JoKaro o¢uiaiH HOMOIIHHTE
nporpamu He MoraT. OduiaifH nporpamMuTe ca THIH3UPAHU:

. pesyaratute OT TUIl T1 He ydacTBar MO HUKAKHB HAYKMH B
U3ITBJIHUMHES KO

. tun T2 ca OTrOBOpHM 3a MpOBEpKaTa Ha [uU3aiiHa WK
U3MBJIHUMHS  KOA(B TakWBa CIydyan B  pE3yjirar oOT
M3MBJIHCHHETO HE MOXXE Ja Obae mpoMeHeHa paboTata Ha
H3MBIHUMESI COPTYep, HO € BB3MOXHO Ja He OBbJaT OTKPHUTH
TPEIIKH)

. pesyirarute ot THH T3 MOraT JUPEKTHO WA
HHIUPEKTHO [a y4acTBaT B H3MBJIHUMUS KOJ HAa CHCTEMa C
M3WCKBaHMS 32 HUBO Ha OE30MacHOCT.

Ha 06a3a ta3zu xmacudukamusi, aBTOMaTU3UPAaHOTO T'€HEpUpaHEe
Ha kox e Tmmn T3 Ha odiallH TOMOLIHHTE MPOTPAMH.
Ceprudukanusra Ha Iporpama OT Ta3ud KaTeropus, H3UCKBa
JOKa3aTeJicTBa Y€ Ts OTroBapsi Ha CrenupuKanuirta CH H
MHCTPYKIMUTE 32 ynoTpeba.

Bwnpeku ue 1S026262 ce 6asupa na IEC61508, Te mmat nocra
Pa3NINYHU NOAXOAM KbM KBaIM(HKALUATA HA OMOIIHH MPOTPAMH.
Cropen craHzapTa, 3a BCsAKa H3IOJ3BaHA IIOMOIIHA IporpaMa
cinenBa na ObOAaT aHAIM3MPAaHH W JIOKYMEHTHPAHH CIly4auTe Ha
ynotpe6a[3]. Ananu3za cieaBa Aa yJOCTOBEPH, AANM TpELIKa MpU
U3ITBJIHEHHETO Ha TIOMOIIHATA [POrpama Hid CIydaiiHO TeHepHpaH
pesynrar, OW JOBed [0 HapylIeHHE Ha W3HCKBAHHATA 3a
6e3onacHocT. Bp3aeiictBuero Ha momornara nporpama(Tl — tool
impact), uma aBe croiiHocTH: TI1 rpenikata He OKa3Ba
Bb3jeiicTBue; T12 — rpemikara Bb3neiictBa. B nombiHeHHe cieBa
na Obae OLCHEHa BEpOATHOCTTA TaKbB THI TPEIIKH Ja ObIar
OTKpHUTH M TpemMaxHaTu. Ha 0a3za Ha TO3M aHAIM3 CE yCTAHOBSBA
HY)KHOTO HHBO Ha JIOBepHE Ha IIOMOIIHaTa mporpama(tool
confidence level (TCL), Tabnuna 1).

Tabnuya 1: Ycmanosasa HysjicHomo HUB0 Ha doeepue KoM NOMOWHAMA
npozpama

HYXXHUA METO ca Ha IoMoIIHaTa

nporpama(tabnuna 2).

KBanuduIupane

Taénuya 2: HU360p na memoou 3a KeanuQurkayusi Ha NOMOWHA
npoepama

IpenopbyaHy METOIU

Meroau 3a TCL2 3a TCL3
1. losepue, npugobuta ot ynotpeda | ASIL A, BuC | ASILAuB
2. TIpoBepka Ha nporieca Ha
pa3paboTBaHe Ha IOMOLIHATA
IporpaMa ASILA,BuC|ASILAuB
3. Banuparms Ha codryepa Ha
MOMOII[HATA IporpaMa ASIL D ASIL CuD
4. Pa3paboTBaHe Ha IIOMOIIHATA
[porpama Cropei CTaHAapTUTe 3a
0€3011aCHOCT 32 KOMTO Ce IpHiara ASIL D ASILCuD

BeposTHocT 3a oTKpHBaHe Ha
TPEIIKHTE
Ha OMOIIIHATa NporpaMa

TD1 TD2 TD3
roysmMa cpenHa Jpyru
. TI1| TCL1 TCL1 TCL1

Br3paeiicTBue Ha

NIOMOII[HATa Iporpama TI2 | TCL1 TCL2 TCL3

Ha o6a3a mnpecmernatrus TCL wu HHMBOTO Ha ocurypesa
6e3omacHocT(Automotive Safety Integrity Level (ASIL)) ce uzbupa
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Merona ,,JloBepue, npunoburo ot ynorpeba“ ce Bb3IpHEMa I
oT To3u craHAapT. Kakto ce Bmwkzma oOaue, mpu MoO-TOJIsIMa
BEPOATHOCT OT HEOTKPHBAEMa IPEIIKa, TOH HE € JOCTaThYeH.

3. Peuwienue Ha npoyueHus npoonem

ITy6nukarusra [4] omucea noxxona, u3nonssan ot MathWorks
3a kBanuduuupaHe u cepTudHIEPaHe, Ype3 OpraH ChC CEpPHO3HA
akpemuTanus B oOJacTra CcepTHHIMpaHe/KBATH(HUIpaHe Ha
nomomuu niporpamu - TUV SUD Automotive GmbH. 3a uenra Te
u3non3Bar Beue cw3mageHute 3a IEC 61508 ceprudwummparin
nakeT u Keanuduuupamute QyHkiuuonanHoctd 3a DO-178C,
KOUTO ca OMJIM HaJIMYHHU KbM TO3M MOMEHT, KaKTO U MOJXOIUTE UM
3a cepTUdUKALNs/KBATHUKALHS.

Crenpamara (urypa AE€MOHCTpHpa Tpolleca Ha MPOBEpPKa H
BaNMJAIMS Ha MOJEIM M TEHEPUpPAH KON, CH3MAJCHH Ype3
Loimulink cpena 3a momenupanme u ,,Real-Time Workshop
Embedded Coder* reneparop Ha C kox.

MofyneH 1 MHTErpaLMoHEN TECT Ha HUBO MOJE TecT 33 SHBMBANSHTHOCT

PeBio v cTatiueH

AHAMU3 HA HUBO MOAEN ALUMTA 0T HEHYHHE

OYHEUWOHANHOCT

. Mn,qén
=HC aHe
TekcToBM WamenHuma W3NON3BaH 3a MeHepupaH o5eien o
W3MCKERHUA cneLuukaLmMa TeHEpUpaHe C xop
B U U
U leHepupaHe Ha  Kommvnauwa n
Mogenupaxe Koq CBBP3B3HE

Que.2: [locredosameniocm Ha npogepka u 6anu0ayUs pearusupany 3a
xkeanuguyupane na Simulink** u ,,Real-Time Workshop Embedded Coder*

OrmnycaHuTe MPOBEPKH W BaJIHMAAUMS LEIAT Aa OTKPHBAT WIIH
HpelnasBaT pe3yiTara OT IPEIIKH HPH HU3IIbIHEHUE HAa HOMOIIHHUTE
HpOrpaMH WJIM JPYTH CIOHTaHHM TakuBa. Cropex noknajga 3a
cepTH(UKalUs, NPUIATaHETO HAa ONMMCAHMS TIPOLIEC BOAH JIO BUCOKA
BEPOSTHOCT MOTSHIMAIHNUTE TPEIIHU PE3YITaTH Ha KOJ| TeHepaTopa
Morar ga ObJaT OTKpUTH WM MpeMaxHatd, T.e. TDI1, koeto Bomu
0 HMBO Ha JOBepHe KbM IomoinHata mporpama TCL1. Cropen
Ta3M OIIEHKA IeHepaTopa Ha KOJ , MPUIIOKEH Ype3 TO3U IMPOLEC, €
KBATH(HULHPAH ¥ HAMA HYXJa OT JONBJIHATEIHA KBATH(UKALUS U
HpOBEpPKa.

3a Ja HalpaBsAT MOMOIIHATA POrpamMa I'bBKaBa M HNPHIOKUMA
B HECTaHJApTHM BEPUTH OT IIOMOIIHM IIPOrpamMH, pa3paboTkara
HpeIBIKIAa U CIydad B KOUTO BEPOSTHOCTTA 33 OTKPHMBAaHE Ha
rpemka e cpeana(TD2) u cpoTBeTHO € HEOOXOAMMAa HHBO Ha
JIoBepHe KbM ImomomniHata nporpama TCL2. B To3um ciyuwaii e
HEoOXoJIMMa JIOMBJIHUTEIHA cepTHdUKanus Ha 06aza Tabmuma 2.
TTomornara nporpama 3a nposepka Ha C/C++ kox ,,PolySpace”
ChINO ¢ Knacudunupana Ha augo TCL2.

IIpunoxenn ca meroau 3a kBanupukamusa 2 u 3, ¢ KOETO ce
MOKpHBAT BCHYKK HUBa Ha Oe3omacuoct ot ASIL A 1o ASIL D.




B nmombnHenue ce mpemnara ,Jllaker 3a Keanuduimpane Ha
ITomomau Ilporpamu®, KoiTo mpemocTaBss MOAXOX M OJaHKU 3a
KBaJM(UIMPAaHe HA BEPUTM OT MOMOIIHM HPOrpamu 0a3upaHH Ha
ISO/DIS 26262-8, kakTo 1 He3aBucuMara orernka ga TUV SUD.

OmuncaHuAT METOR ce ONHUTBA Ja TPEIOKH TI'BBKABOCT.
Pesynrar ot ToBa € 0O0eMeH M CHOTBETHO 0AaBEH M CKBII IPOIIEC.
IIpunoxenneTro My B MaJIKM HPOEKTH OM OHIIO TPYIHO, MOpaiH
CTaTHYHOCTTa My W HYXJaTa OT 3aKyllyBaHe Ha IOIBJIHHUTEICH
MaKeT 3a cepTUHLIUpPaHe.

B  nyOmukamms [5] ce mnpemmara cepruduimpaHa U
ONTUMHU3MpPAHA BEpUra OT IMOMOILIHM nporpamu. IlonoOGpenuero
CIIPSMO TpPEAXOIHHS METOX €, Y€ HsAMa Hapo4yHa IPOBEpKa Ha
mogena(¢ur. 3). Cropen aBTOpuUTe, BBIPEKH JIUICAaTa Ha Ta3d
IpoBepka B Ipoleca, TS BCE IIAK CEe M3BBPIIBA KOCBEHO upe3
NpOBepKa Ha pe3yiTarta OT aBTOMAaTMYHATA T'eHepalusi Ha KOJ,
M3IBJIHABANKN TeCTOBe, Oa3supaHu Ha W3UCKBaHWATa. HemocraThk
Ha TO3W THIl NpPOBEpKa Ha HUBO Kox e (akTta 4e B ciydaid Ha
TpelKa, aHanu3a 1 TpsiOBa 1a ObJie M3BBPIICH HA HUBO KOJI, a HE Ha
MonenHo HuBO. Cien karo mpoOmema ObAe WACHTHUIMPaH Ha
HMBO KO/, clie/(Ba ja ObJaT HalpaBeHH PEICBAHTHUTE NMPOMEHH Ha
HHMBO MO/IEJ, KOETO €BEHTYAIIHO 1lI¢ KOPHIHpa POOIEMUTE Ha HUBO
kon. EnuH TakeB moaxon He € HHUKaK PYTHHEH, a M IOHSIKOra
OTHEMa 3HAYHUTEIIHO BpeMe.

TecT, Da3npaH Ha MaNCKEaHNATA

TQCT 33 eKBMBANEHTHOCT

I

[EHEpMPaHe HA  KOMMMAALMA W
Kog CELDIBAHE

Ma,lﬂn
M3NoMn3EaH 33
ranpnpaHn

Ha ko

W3msnHnma
CneLuhkaLmMA

TeKkcToBK
M3MCKERHUA

FﬂHepMpaH
C ron

MO;I,E‘.I'IHDaHE

@ue. 3: Tociedosamennocm Ha NPOSepPKA U 6AIUOAYUSL PEATUIUPAHU 34
keanugpuyupane na 1BM  nomowma npoepama, onmumusupana upes
npemaxeane Ha nposepKume 3a Mooend

B T03u ciy4ail onuTa Ha JIOCTABYMLIMTE 32 ONTHMH3UpaHE Ha
mpoueca BOAM [0 €IHO YCIOXKHSIBaHE W HEOOXOAUMOCT OT
crienuduyHN yMeHus. Bee mak TO3M METOJ| € MPHEMIIUB H MOXE Jia
ObJIe U3MONI3BaH, MAaKap U C HE €HO3HAYEH PEe3YJITaT.

Jlpyru JOCTaBYMLM MpeularaT Bb3MOXKHOCTTa MOTPEOUTENs
caM Ja u30depe BepHraTa OT IIOMOIIHM TIPOTpaMH, KakTo |
crienuduuHnTe (YHKIMOHATHOCTH, KOWTO Ja wusmon3Ba[6]. B
pe3yiTar OT aBTOMATHYEH aHalIW3 Ha pHCKa, Ha MHOTpeduTe ce
HPEIoCTaBAT U300p OT JOIBIHUTEIHH TECTOBE, KOMTO Clie[iBa [a
ObIaT M3BBPIICHH, 32 KBAJIM(HKALKMATA Ha BEpUrara CIpPSMO
JiazieHo HUBO Ha Oe3omacHocT(ur. 4).

i
!
CheTosiHHE !

R e R L P N e

HoeHTHQHRANASA

BL3MORHOCTH

HoTeHUHAJTHH
TPemKH -
m————

OrpannyeHns —

Haguranug

@ue.4:T| npeonaca comosa Kongueypayus 3a 0a yiecHsm KiueHmume
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PemeHuero e 10cTa r'bBKaBO, IPOCTO M OJIEKOTABALLO HPOLieca.
Karo HenocraTbk MOXe Jia ce HOCOYM Y€ TaKbB THI cOPTyepH
JlaBaT BB3MOXKHOCT 32 Ch3/laBaHE Ha BEPUTH, W3IOI3BaiiKu caMo
eIMH JOCTaBYMK. ToBa orpaHu4yaBa H300pa, KakTO IOpPaIH
MpUYKMHATA Y€ HE J[aBa BB3MOXHOCT Ja C€ M3I0JI3Ba Hal-106pOTO
NMpeUIOKEeHHE 32 BCEKM THI OIEpalyd, Taka U 3apajd
MOTYIIABAHETO HAa KOHKYPEHIIUSITA.

AntepHaTnBata myOnukyBaHa B [7] mpemmara MopeiHO
6asupaHa MoMoIHa nporpama ,, 100l Chain Analyzer”, kosto mosxe
Ja OLEHABAa HECTAHAAPTHO W3rPaJCHH BEPUTH OT IOMOIIHU
nporpamMu. HegocTaTbk B ChYETaBAHETO HA PA3IMYHU HMOMOILIHH
HpOrpamMH €, 4e Te TPYIHO C€ CHHXPOHH3MpAT, 3aIl0TO HMaT
pasnmuuHu uHTepdelicu, a MOHAKOTa ce Hajara W Jo0aBsHE Ha
JOIBJIHUTEIIHU MPOBEPKH, KOSTO BOJHM JI0 YTEXKHIBaHE Ha Mporeca
U JIOMBJIHUTENHA HYX/a OT KBaJIU(DUKALHS.

3a nmocienHus mpoOJaeM MMa penieHre B Ta3u myosunkanus [8].
ABTOpUTE TmpejyaraT MeETOJ 3a ONTUMHU3MpaHe Ha Opos Ha
HeoOXxoxumMuTe mpoBepkH. Cropesn craTHATa, NPUIOKEHHUETO Ha
METOZIa YCIsiBAa Jla HaMajiM HY)KHHUTE MOMOIHUTE MPUIIOKEHUS,
kBanuduippanu Ha HUBo TCL3 ot 7 1o 0 u TCL2 or 4 na 1. B
pe3yarar OT TOBa Te HaMalsiBaT BPEMETO, HEOOXOOUMO 3a
KBaJH(UIMpAaHe HA HY)KHATa BEpUra OT MOMOIIHH MPOrpamu ¢
50%, or 120 aguum Ha 60. Pesynrature ca mocra mobOpu. 3a
HpuiaraHe Ha Meroja obade, Ce HM3MCKBAT HAKOW CHEUHbHYHH
3HAHHS U YMCHHUSI.

4. Pesynmamu u OUCKyCUA;

1ISO26262 ¢ eauu oT Haii-nobOpe AehHUHHpPaHUTE CTAHIAPTH 3a
6e3zomacHocT. Toil naBa MeTOmONOTUsS 3a OIEHKA HAa IOMOIIHHUTE
Iporpamu, U3IIOJN3BaHM B aBTOMOOWIHara uHAyctpus. JloOpe
ONMMCAaHM ca TOAXOAUTE Ype3 KOWTO Te Morar paa Objar
KBaIMUIMPaHN W cepTUdUIMpaHd. 3a pa3iuka OT JpYyrH
craumaptn [SO026262 nepunHmpa eqHAKBH H3UCKBAaHWS 32
KBaJM(HKaLMA 3a NPOTrpaMUTe 3a pa3paboTBaHE M Te3W 3a
BaJIuAauMs. MHEHMETO MH €, 4Ye TOBa € TapaHIMs 3a IpoLeC,
rapaHTHpall KOHCTaHTHO HHBO Ha Oe3omacHocT. PeanHo,
CTAaTUCTMYECKH BUHATH MMa BEPOSATHOCT 3a JIOIyCKaHEe Ha IPelIKa 1
MHOT'O B&)KHO € ITPOBEpKaTa Ja e U3BbPIIBA C PELUNPOYHOTO HUBO
Ha JgocToBepHOCT. M3cnenBaHero mokasza, 4e € JOCTaThYHO na
ObaT M3MOJI3BAHU CEPTHOUIMPAHN M KBATU(GUIMPAHW ITOMOIIHU
IporpaMH 3a OCUTYpsiBaHE Ha CBHBMECTHMOCT C HOPMHTE Ha
0€30MacHOCT.

To3n ¢akr He e mOoCTaThyYeH 3a Ja yOeou HHIYCTpUsTa B
CMHCBJIa OT H3IOJA3BAHETO Ha aBTOMAaTH3MPAaHH METOMH 3a
Ch3/1aBaHe Ha CO(PTYEPHHU HPHIOKEHUS U KOHKPETHO aBTOMATHYHO
reHepupaHe Ha kox. Llenta Ha Bcekw OHM3HEC € Ja ONTUMH3MpA
HPOLECUTE CHU C IIeJ PeAyLpaHe HA Pa3XOAUTE M OCUTYpsSBaHE Ha
HY)XHOTO KauecTBO M 0€30MacHOCT Ha HPOIyKTa. B To3u cMucha, u
B KOHTEKCTa Ha CHBPEMEHHHMS TEKCT Ha CTaHAapTa, W3MOJI3BAHETO
Ha aBTOMaTU3UPAHUTE CUCTEMH 33 TeHEpUPaHe Ha KOJI € CIIOPHO.

OCHOBEH  HEIOCTaThbK €, Y€  KBAIUPHUUUPAHETO U
cepTU(GUIMPAHETO HAa BEPUTH OT IMOMOLIHU MpPOTpaMu ca OaBHH,
crienUYHU ¥ HE Ha MOCIEIHO MICTO CKBIM Ipouenypu. ToBa ru
TIpaBU HEPEHTAOMIHU 3a MaJKH HpoekTH U ¢pupmu. Ha Ga3za omura,
MHEHHETO MM €, 4Ye TOBa € TroJisiMa Ipedyka 3a [IHPOKOTO
pa3npocTpaHeHHe Ha aBTOMAaTH3UPAHUTE METOAM 3a TeHepalys Ha
KOJl, KO€TO BOJIM OO MNO-Obp3, €BTHH, KauyeCTBEH W Oe3omaceH
pesyarar. M3xoxgallky OT MO3ULUATAa Y€ TO3M THI ITOMOIIHH
NpOrpamMu  ca HYKHUAT HHCTPYMEHT 3a ONTHMH3HpaHe Ha
pa3paboTKuTe, CYMTaM, Ye € HyXKHa ONTUMHU3ALMATA Ha
CTaHAapTUTE 3a 6E30MaCHOCT, KAKTO Cle/[Ba:

. Kpanu¢pukarnusara wu  cepTudukanuara Jga  Obaat

U3BBPIIBAHH BBPXY BEPUTHTE OT IOMOIIHHM IPOTPAMH.

OnTtuManHo € KBanu(HKauusTa Ha IIOMOIIHH MPOTpaMH Jia

Oble M3BBPIIBAHA 32 BCSAKA OTAECNHA BEpPUTa, MHHUMH3UPANKK

HY)XHUTE TIPOBEPKH, CIOpell HEoOXOJUMOTO HHBO Ha

6e3onmacHocT. [IpoyuBaHETO YCTaHOBH, Y€ KBATH(PHIIMPAHETO

Ha IMOMOILIHU HporpamMu B HaCTHOCT, € U3JIMIICH ITPOLEC, Thi

KaTo cepTH(UKAIMATA HA MOMOIIHATA IporpaMa cama 1o cede

CH He HOCH OOJICKYCHHMs Ha Ipoleca Ha cepTH(HLIHUpaHEe Ha

BepHrara, KoiWrto e 3axbmkureneH. CieiBa Ja ce H3BBPIIBAT



IPOMEHN B CTaHAapTa 3a OE30IaCHOCT B 4YacTTa CH 3a
KBaJIM(UKALKA U cepTUQUKAIMSA HA TTOMOIHU NTPOTPaMH, C LeJ
IpeMaxBaHe Ha CepTHOHULIHUPAHETO HA EIAMHUYHU IOMOIIHU
HporpaMd u NOAPOOHO JedHHHpaHE W YJECHABaHE Ha
KBaIM(HUIPAHETO HAa BEPHUTH.

. XapMOHM3MpaHe Ha  MOAXOJUTE 3a  OLCHKAa WU
KBaJMUKaLys, NTeQUHUPAHU B pa3IM4HUTE CTaHAApTH. ToBa
1I1e T0Bezie 10 KOHIIEHTPHUpaHe Ha pecypcH U obenuHeHa paborta
Ha JIOCTAaBUMINTE Ha IIOMOINHH Mporpamu, paboTemu B
Pa3IMYHU HHIYCTPHUH C M3UCKBAHUA 32 OE30I1aCHOCT.

B nonbnneHuwe, B cTaHgapTa JuncBa OOOCHOBKAa Ha I00pu
HPaKTHKH, KOMTO Jia ObJaT HU3IOJI3BaHU 110 BpEME Ha OLICHKAaTa Ha
HMBOTO Ha JIOBEpHE KbM IOMOLIHATa mporpama. Ilpu cienpaia
penakius, € MPEeHopbYMTENIHO JAa ObxaT [no0aBeHH TakKHBa,
OCHUTYpSIBaiiKH €JHO3HAYHOTO THJIKYBaHHE II0 BpeMe Ha Ipoleca Ha
OLICHKA.

5. 3axnwuenue

B Hacrosmms Tpya Osxa pasrmielaHu CTaHIApTHTE 3a
0€30MacHOCT W METOJHUTE 10 KOUTO Te KBaIU(UUUpAT W/ WK
cepTHULMPAT TOMOIIHA NPOTPaMH, W B YaCTHOCT Te3H 3a
reHepupaHe Ha KOJa 3a BrpaJieHd CHCTEMH B aBTOMOOMJIHATa
unaycrpus. Crpsxme ce nmoapo6ro Ha [SO26262, koiiTo € equH oT
Haii-no0pe NedUHUpaHUTE CTAHIAapTH B TOBa OTHOIIeHHE. Toil ce
OTHacs [0 CHCTEMH C H3MCKBaHWs 3a 0€30MacHOCT B
aBTOMOOHJIHATA MHAYCTPHS M OMKCBAa Ipolieca MPU OLCHKara Ha
HMBO Ha jaoBepue KbM nomomiHara nporpama(TCL), kakto u
CIICIIBAIIUTE CTHIKM 3a KBaIM(HKALUI HA IOMOIIHATA Iporpama
BbB BpB3Ka C HHBOTO Ha ocurypeHa OesomacHOCT(ASIL)
HEeoOXO0MMO Ha M3rpaXkJaHaTa CHCTEMA.

Pasrnenaxme pemeHusiTa Ha TO3M HPOOJEM, MPEUIOKEHH OT
JBa OT Hali-roJeMuTe JAOCTABUMIM HAa IOMOLIHU IIpOrpamu
MathWorks u IBM, asHamm3upaiiku IpeuMyInecTBaTa H
HeIoCTaThIMTe MM. AHainM3a I[I0Ka3a, ue IOAXOAUTE UM ca
ONTHMAJIHU M OTTOBapsT Ha cranaapra. HemocraTek Oeme mocoueH
B HEBB3MOXKHOCTTA 3a KBaIM(UIMPAHO TOJI3BaHE HAa dYacT OT
BEpHTara.

Konkypenmusara, B smuero Ha TI, mpemmara moaxox 3a
JUHAMHYHO KBaJIMQHIMPaHE, B KOHTO IOTPEOHMTENT MOXeE Ia
u3bepe koW (yHKUMOHAIHOCTH [Ja M3MON3BA, ClieJ, KOETO
MOJTyaBTOMaTHYHO Ja KBaJu(UIUpa Taka Ch3JajeHara Bepura. B
TO3U Ciy4ail, obadye, € HEBb3MOXKHO Cb3/1aBaHETO HA BEpUTa OT
MOMOIIHY IPOrpaMH, U3I0JI3BalKU KOHKYPEHTHU JOCTaBUUIIH.

bsixa pasrienaHn W pelleHHs 3a KBalu(ULIUpaHe Ha Bepura,
CbCTaBCHAa OT pa3AM4YHM [OMOLIHH IPOrPaMH, KakTo H
ONTUMHU3MPAHE HA TaKbB THIl BEPUTH, 3asBABAIIM JOCTa HOOpH
pesynratn. MHOTOCTpaHHaTta paboTa BBPXYy TO3W MpobieM e
JIOKa3aTeJICTBO 3a HEroBaTa Ba)XKHOCT M 3a TOBA 4e BCE OLLIE TOH €
HepaspelIeH.

O000maBaT ce U ce OOCHKAAT PE3yNTATUTE, M3XOKIAAUKU OT
MO3HIUSATA, Y€ MOMOIIHUTE MPOTPaMH 3a aBTOMATHYHO FeHEPUPAHE
Ha KOJ Ca 9YaCT OT pEIICHHeTO 3a [OBHIICHHUS Opoil Ha
M3UCKBaHWATA KbM COQTyepa, CBBMECTHO C HyKaara OT
HaMaJsiBaHe Ha BPEMETO OT HAdalo Ha pa3paboTkara A0 HEHHOTO
miacupaHe Ha Ta3apa © o0mmre pasxomd. B pesymrat oT
MpOy4YBaHETO, ce O0OOCHOBA W3BOJA, 4Ye W3IMOJI3BAHETO Ha
ceprudunrpana ¥ KBaJu(HUIUpaHa MOMOINIHA Iporpama e
JIOCTAThYHO YCIOBHUE 33 OCUTYPSIBaHE Ha ChbBMECTHMOCT C HOPMHTE
Ha Oe3omacHOCT. B pombiHeHuwe Oellie JOCTUTHAT H3BOJA, Ye
CTaHAapTUTE, B TEKyllaTa UM (bopMa, 3HAYUTCIHO YCJIOKHABAT
mporieca Ha pa3paboTkara. Bp3MOMXKeH MOaX0 3a CIpaBsiHE C TO3H
mpobieM €  CTaHgapTHTe 3a  0e30macHOCT Ja  Obpaar
XOMOTEHU3UPAHH, OOCTUHSIBAWKU [OCTABYULIUTE OT Pa3IHIHUTE
HHIYCTpUH ¢ menl Oes3omacHocT Ha npoaykrure mm. OT gpyra
CTpaHa OCHOBEH HEIOCTaThK Ha CTaHAAPTa €, ue Mpeiara moaxo
HACOYCH KbM KBaHPI(l)I/ILlI/IpaHe Ha IMOMOIIIHHUTE MporpaMu, a HE KbM
Bepurute. Omura mMoka3Ba ue KBAIU(HUIUPAHETO HA IOMOIIHH
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nporpamMu caMu I10 cebe cu e HEHYXHO. Hopaﬂn Ta3u MpHUIrHaA CC
npeajiara mnpomMsHa Ha CTaHAapTa, YJCCHABAHE W 3a/jaBaHEC Ha
HaCOKH 3a KBEUII/I(i)I/IHI/IpaHe Ha BEpUT'H OT IOMOIIHU IPOrpamMu.

WscnensaneTo e u3BBbpIIeHO ¢ (rUHAHCOBaTa MOJKpenara Ha
HUC npu TY - Codus mo mpoexr Nel62I1/]0022-03 Ha Tema
“U3cnenBaHe Ha BB3MOKHOCTHTE 3a MOJICIIHO Oa3upaHa pa3paboTka
Ha BrpaueH KOJ CBhITIACHO HW3HCKBAHHATA B aBTOMO6I/IJ'lHaTa
UHIYCTpUS”
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EFFECT OF ADDITIVES IN PHASE COMPOSITION OF CARBON CATALYSTS
OTHER THAN ASC WHETLERITE TYPE CARBONS ON THEIR REMOVAL
EFFICIENCY AGAINST HYDROGEN CYANIDE VAPORS IN THE AIR

E®EKT HA JIOBABKUTE BbB ®A30BUA CbCTAB HA BBIJIEH KATAJIM3ATOPU PA3JIMUYHIN
OT ASC WHETLERITE TUII BBIJIEHUTE BBPXY TAXHATA EOEKTUBHOCT B OUMMCTBAHETO HA
ITAPUTE HA IUAHOBOAOPOJA OT BB3AYXA
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ABSTRACT: Canisters for present-day gas masks are usually filled with impregnated ASC Whetlerite activated carbons. To solve
the inherent problems of the carbon catalysts new types of Cu/Zn-based impregnated carbons with complete substitution of Cr with Mo and
by addition in the impregnating solution of alkaline K,CO5; and TEDA in some cases were prepared. The removal efficiency of these samples
against HCN vapours in air tested under standard conditions demonstrated that the content of K,CO3 to ~ 4% in Cu/Zn samples extends the
protection effect to practically equal to the same parameter for the ASC Whetlerite. The inclusion of TEDA in the phase composition of the
catalysts does not impair the protection properties towards HCN of the carbon catalysts.

KEY WORDS: GAS MASK'S CANISTERS, IMPREGNATED ACTIVATED CARBON, ASC WHETLERITE TYPE CARBON, Cu/Zn-

BASED IMPREGNATED CARBONS, ADDITIVES IN PHASE COMPOSITION,

1. Introduction

HCN is widely used, strongly toxic precursor for many
laboratory and industrial syntheses, whose world production
exceeds 0.5 million tons per year, besides, HCN is formed in the
ignition of a series of materials of domestic use. Historically, HCN
is used as chemical warfare agent during the World War I. Despite
the restricted opportunity to use HCN by the modern armies as a
CWA, it represents a highly effective potential terroristic poisonous
substance.

An optimal protection of the respiratory organs of the
armed forces staff and the population in case of terroristic actions
and the occurrence of centers of chemical contamination, they
provide for the filtering breathing masks, founding their effect in
terms of most of the known toxic substances on physical adsorption
of activated carbon materials in the breathers or the filtering
adsorbing elements.

Since the physical adsorption of highly volatile non-
persistent chemical warfare agents such as hydrogen cyanide,
cyanogen chloride, phosgene, arsine and phosphin of the non-
impregnated activated carbons is weak and hence, reversible at
room temperature, the breathers of the modern breathing masks and
filter-absorbent of the collective means for protection, are equipped
with impregnated activated carbons. As of the moment, to remove
the vapours of HCN, CICN, COCIl,, AsH; and PH; from the air by
the breathers of gas masks and filter absorbents, the activated
carbons have found the widest application, impregnated with Cu
and Cr salts, known as ASCWhetlerite carbons.

Despite of their proven high efficiency in terms of the
protection from the vapors of the highly volatile non-persistent
chemical warfare agents, the impregnated carbons containing Cr®*
are considered as non-perspective by the specialists, such as the
ones of the US Environmental Protection Agency [1] due to:

- risk of cancer-producing effect of some of the forms of
Cr®*[9] for the production personnel and the army staff, using the
relevant gas masks and collective means of protection [2];

- a problem with annihilation of this type of impregnated
carbon, after the expiration of the term of use defined by the
manufacturer;

- the irreversible deactivation that this type of
impregnated carbons are easily susceptible to as a result of the
increased temperature [3] and/or enhanced humidity [4-6].

A solution of the problems referred is the creation of a
generally new types of impregnation compositions on a basis other
than the one of Cu/Crcompositions. Such impregnated carbons are
the ones on a Cu/Znbase, alike the American impregnated carbon of
new generation, ASZM-T, developed by Calgon Corp. [7].
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Due to the complex nature of the removal of vapours of
HCN by the impregnated carbons and the existence of a relation
between the reaction capability of vapours and other highly volatile
non-persistent chemical warfare, it was decided that the studies of
the impregnated carbons on Cu/Znbase start namely with the
vapours of HCN.

The absence of Cr®* in the impregnation compositions, on
the other hand, leads to the forming as a by-product of (CN), as a
result of the decomposing of the chemically unstable Cu(CN),, a
product of the removal of HCN. To solve this problem, we have
received and studied a new type of impregnated carbon
onCu/Znbase, with addition of insignificant amounts of Agand Cr
(< 0.6%). This type of impregnated carbon, signified withVSZC, is
characterized with protection effect against the vapours of HCN,
practically equal to the same parameter for the ASC Whetlaritetype
of impregnated activated carbons however with impaired parameter
in terms of the forming of (CN),compared to them.

The last can be corrected via the increase of the content of
Cr®, which is however inadmissible due to its cancerogenity, via
overall replacement ofCr, with Mo or via the introduction in the
impregnation composition of VSZCof an alkaline additive — for
instance K,COs. In the presence of K,COj; in the active phase, the
removal of HCN runs on a two-grade mechanism whereat the
instable cupricyanide reacts with KCN in alkaline medium, forming
K2[Cu(CN),].

It is a practical interest to study the impact on the
protection effect against the vapours of HCN and on the forming as
a by-product of (CN),in the impregnated carbons on Cu/Znbase of
the complete replacement of Cr, with Mo or the introduction in the
impregnation composition of VSZC of an alkaline additive —
K,COs.

Therefore the objective of this work is to study the effect
of Mo and of the alkaline ingredient (K,COs) in the composition of
the active phase of the impregnated carbons on Cu/Znbase, in terms
of efficiency of defusing HCN vapours from the air, compared to
the same in the ASC Whetlerite type of carbons.

2. Experimental part
2.1. Samples

The activated carbon used in the studies is a commercial
product obtained from apricot shells with particle size 1.0 — 1.5 mm,
signified as ACVM.

The textural parameters of the starting and the
impregnated activated carbons as well as the impregnation
compositions of the latter are presented in Table 1.



The samples were obtained via standard impregnation
procedure of the activated carbon. The following salts (individually
or in suitable combinations) were used to prepare the impregnation
solutions: basic copper carbonate, zinc oxide, chrome oxide,
molybdenum oxide and silver nitrate. The indicated compounds
were dissolved in a solution of ammonia carbonate, water and
ammonium hydroxide (25 %). In some of the cases, the
impregnation solution was added up with TEDA.

Each of the samples was obtained via slow spraying of the
relevant impregnation solution on the activated carbon in a rotating
flask on a modified rotary evaporator.

The samples prepared in this way were signified as
follows:

VSZ - activated carbon, impregnated with mixed
ammoniacal copper zinc + silver nitrate solution.

VSZ-A2 - activated carbon, impregnated with mixed
ammoniacal copper zinc + silver nitrate solution, containing 2 mass
% K,COs.

VSZC - activated carbon, impregnated with mixed
ammoniacal copper zinc + chromic acid solution.

VSZC-T - activated carbon, impregnated with mixed
ammoniacal copper zinc + chromic acid solution, containing TEDA.

VSZC-A2 - activated carbon, impregnated with mixed
ammoniacal copper zinc + chromic acid solution, containing 2 mass
% K,COs.

VSZC-A4 - activated carbon, impregnated with mixed
ammoniacal copper zinc + chromic acid solution, containing 4 mass
% K,COs.

VSZC-AG6 - activated carbon, impregnated with mixed
ammoniacal copper zinc + chromic acid solution, containing 6 mass
% K,COs.

VSZC-A8 - activated carbon, impregnated with mixed
ammoniacal copper zinc + chromic acid solution, containing 8 mass
% K,COs.

VSZM - activated carbon, impregnated with mixed copper
ammoniacal zinc molibdate + silver nitrate solution.

VSZM-T - activated carbon, impregnated with mixed
ammoniacal copper zinc molibdate + silver nitrate solution,
containing TEDA.

VC5W - ASC Whetlerite type of carbon, obtained as per
standard procedure (,,whetlerization process”).

After each application of the precursors, the samples were
allowed to stand in a controlled closed volume at room temperature
for 2 hours.

The samples prepared in this way were heated at not
higher than 423 K in a draft oven (under pressure), as in the case of
the VSZC-T and VSZM-T samples, the heating temperature was
maintained to preserve the main part of the pyridine.

2.2. Test methods

The characterization of the specific surfaces and porous
texture of the initial activated carbon (ACVM) and the impregnated
samples was carried out via low temperature adsorption of nitrogen
(77.4 K) using Quantachrome Instruments NOVA 1200e (USA)
apparatus.

Based on the adsorption — desorption nitrogen isotherms,
via the specialized software set in the equipment, the following
texture parameters were calculated: specific surface area (Aggr)
according to the Brunauer—-Emmett-Teller (BET) equation, for the
interval P/Po = 0.05 - 0.35 (adsorptive N, 77.4 K); total pore
volume (Vy) as per the Gurvich-rule for P/Pg = 0.95 (adsorptive N,
77.4 K); micropore volume (Vy,) using the density functionale
theory (DFT) (adsorptive N,, 77.4 K); volume of the mesopores
(Vmes) as a difference between the total volume and the micropore
volume (adsorptive N,, 77.4 K); average radius of the pores (Rp) as
a ratio of the double V, and Aggr(adsorptive N,, 77.4 K); the half-
width (xo) of the micropores (as per the flat parallel model) for the
maximum of the distribution curve as per the simplified equation
[8,9].

The textural parameters of the samples calculated by the
methods referred are presented in Table 1.
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The copper, zinc, chrome, molybdenum and silver were
determined by atomic absorption using a Pye Unicam SP 90B
spectrometer.

The photoelectrons and Auger specters of the samples
were registered using an ESCALAB MkIl (VG Scientific) XR
photoelectron spectrometer with AIK,, (1486.6 eV) source. The C 1s
peak at 284.6 eV, was used as an internal standard for calibration of
the connecting energies. The samples surface composition
according to XPS, was determined based on the photoelectron
intensities estimated by the corresponding Scofield cross sections.

2.3. Adsorption —dynamic studies

The experimental dynamic equipment and the procedures
for study of the sorption, resp. protective properties of the
impregnated carbons against HCN, are analogous to the ones
described in [4].

The predried (378 K, 2 hours) impregnated carbons were
reproducibly packed in glass dynamic tubes and air (HCN)- vapor
flow was passed through the samples, following the parameters set:

- sample bed depth 3.0cm

- sample bed diameter 2.0cm

- volume flow rate 1.57 I/min
- relative humidity 50%

- temperature 293 + 3K

- HCN challenge concentration 3+ 0.3 mg/l
- HCN breakthrough concentration 10 ml/m?®

- (CN), breakthrough concentration 5 ml/m®

The removal efficiency of the impregnated carbons was
evaluated indirectly, during the (tg) removal action, against HCN
and (CN), (in the cases when free dicyan is formed), as the
resolution of HCN and (CN), is based on the difference in the
interaction of the two substances with AgNO; solution.

The registration of the relevant
concentrations was carried out by:

- reaction between HCN and aqueous solution containing
benzidine, copper acetate and acetic acid;

- reaction between (CN), and aqueous solution of KCN,
containing 8-hydroxyquinoline.

breakthrough

3. Discussion of the experimental results

3.1. Adsorption-textural characterization

Via comparing the adsorption textural parameters of the
impregnated samples with the ones of the initial activated carbon
(Table 1), it was estimated that the impregnation process concerns
more the microporous than their mesoporous textures, respectively
their specific surfaces.

The reduction of the micropore volumes is most likely
due to blocking parts of the micropore space of the samples or to
blocking the access to the micropores.

The increase of the microporous heterogeneity of the
samples (characterized via the alterations of the values of xg), best
expressed in the impregnated samples VC5W,VSZ-A2, VSZC-T,
isrelated to the distribution of the micropores of the initial carbon
by size [10], with the stage of heating and attending migration of
the active phases and the metal ions nature.

Despite of the fact that as a result of the impregnation and
following heating, the parameters of the porous texture and all
sample specific surfaces change, Table 1 displays that the biggest
changes occur in the samples including in their phases K,CO; and
TEDA.

In this sense, the change is bigger of the parameters
referred in the samples including TEDA (VSZC-T and VSZM-T)
compared to the single type VSZC and VSZM, than the samples
containing various quantities ofK,COs.

It must be noted that, with the increase of the content of
K,CO3 (> 2%), the specific surfaces decrease and the average
radiuses of the sample pores increase in synchrony (Table 1), which
is an evidence for the simultaneous change of the external and
internal surfaces of the impregnated carbons.



Table 1 Elemental phase composition and main texture parameters of the initial activated carbon and of impregnated samples

Samples (%c;r;;e;t) ABET Vt Vmi Vmes Xo Mpmes

cu 7n > cr Mo (m°g) (cm*lg) (cm?lg) (cm?g) (nm) A)
ACVM - - - - 1060 0.930 0.396 0.534 0.68 17.5
VC5W®) 7.1 - 2.07 - 892 0.861 0.352 0.509 0.93 19.3
VSZ® 6.3 5.6 - - 882 0.830 0.327 0.503 0.87 18.8
VSZ-A2®-® 6.2 5.6 - - 851 0.829 0.324 0.505 0.99 19.5
vSzCc® 5.8 5.4 0.63 - 872 0.820 0.312 0.508 0.82 18.8
VSZC-TO 5.7 5.3 0.60 - 823 0.816 0.292 0.524 0.90 19.8
VSZC-A2®® 5.6 5.3 0.62 - 846 0.813 0.300 0.513 0.85 19.2
VSZC-A4®® 5.5 5.2 0.61 - 829 0.814 0.284 0.530 0.85 19.6
VSZC-A6®® 5.7 5.4 0.61 - 817 0.812 0.263 0.549 0.75 19.9
VSZC-A8®® 5.7 5.3 0.59 - 776 0.808 0.272 0.536 0.86 20.8
VSZM® 5.5 5.2 - 1.9 827 0.807 0.309 0.498 0.87 19.5
VSZM-T@© 5.6 5.3 - 1.8 783 0.788 0.252 0.536 0.77 20.1

@ _ Sample contains about 0.05 mass % Ag

®_ sample contains K,COj, in a quantity (mass %) indicated after "A"

© . Sample contains about 3 mass % TEDA

3.2. Chemical analysis and sample surface

analysis

The content of Cu, Zn, Cr and Mo in the studied samples
was determined via atomic absorption. The results are presented in
Table 1.

The determination of the oxidative state of the studied
elements in the impregnants, element composition of the sample
surface as well as the location of the impregnants on the surface or
in the sample volume, was carried out via XPS.

Due to the higher sensitivity of the Auger signal towards
Cu (1+), as well as the relative invariance with respect to the
oxidation state of Zn in the values of the Zn 2p photoelectron peak,
Auger spectroscopy was also used to characterize the copper and
zinc phase. The photoelectron specters obtained for the Cu2p
photoelectron area, in all copper containing samples, demonstrate
binding energies for Cu (2+) oxidation state of the Cu 2p;,, peaks,
whose shoulders to the higher binding energies on their turn
demonstrate the presence of incompletely decomposed CuCO; and
Cu(OH), phases. Via studies using Cu L3M,sM,s Auger specters,
presence of Cu (1+) was not found in the samples of Table 1.

In the case of the samples containing zinc (VSZ, VSZ-A2,
VSZC, VSZC-T, VSZC-A2, VSZC-A4, VSZC-A6, VSZC-A8,
VSZM, VSZM-T), the oxidation state of Zn was determined by the
Zn L3M,sMys Auger line. The data obtained are likely to
demonstrate the presence in our samples, except of a main
component of the zinc phase, ZnCO; and of hydroxicarbonate, with
approximate composition 2ZnCO;.3Zn(OH), (x.e. 988.0 eV),
whose composition is not permanent and depends on the conditions
of receipt and thermal treatment.

In the case of the samples VSZC, VSZC-T, VSZC-A2,
VSZC-A4, VSZC-AB, VSZC-AS8, the content of Cr is relatively low
(approximately 0.61mass.%, Table 1), which is a reason for the lack
of adequate reliability in the results regarding its valent state.
Nevertheless, by analogy with VC5W [11], it can be assumed that
Cr (6+) appears under the form of CuOH . NH, . CrOg [22]). The
latter is close to the adopted composition CuCrO,.NHs. H,0,
according to the references cited by Nikolov [4].

It is an obscure picture of the type and nature of the Mo-
phase in the case of VSZMand VSZM-T. Various authors assume
that in the case of this type of carbon, Mo exists under various
forms (above all as a fine dispersed phase, distributed
predominantly in the volume of VSZM [12]). However, the one
responsible for the removal of the forming (CN), is Mo®* [13]. Our
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photoelectron specters for the Mo 3d,;5 photoelectron area provide
for ground in the Mo-phase of VSZM (VSZM-T) to distinguish
MoO; (b.e. 2317 eV), (NH;),Mo00, (b.e. 232.1 eV) and
(NH,);[M0,07] (b.e. 232.5 eV).

The inclusion of TEDAto Cu- and Zn-phase (regardless of
the presence of Cr (VSZC-T) or Mo (VSZM-T) (VSZM-T) affects
the copper phase as its content in the volume of the samples referred
to increase with about 10% compared to VSZCand VSZM,
accordingly, as in parallel, the content of Zn on our surface also
increases. On the opposite, the inclusion of K,COsto the
composition of the impregnants (in the case of samples VSZC-A2,
VSZC-A4, VSZC-AB, VSZC-A8) results in the re-distribution
compared to VSZC, of the Cu- and Zn-phase between their volume
and external surface. Thus, depending on the quantity of K,COs, the
content of the Cu-phase decreases in the volume, whereas,
otherwise, the content of the Zn-phase on the external surface
increases.

3.3. Breakthrough time of the samples

In the case of gas-mask equipment, the service time (tg) is
defined as time during which the concentration of PS in the air
vapor flow, after the sorbent bed, reaches a preset value for the
relevant experimental conditions.

Table 2 present tg against HCN and (CN), of the studied
impregnated carbons and for reference, the ones of the initial
activated carbon (ACVM).

As it can be expected, ACVM practically does not remove
the vapors of HCN. Table 2 displays that the studied samples
(except VSZ, VSZ-A2, VSZC-T) are characterized with tg against
the vapors of HCN > 50 min.

The sample VSZ (appearing to be basic with its
Cu/Znactive phase) is characterized simultaneously with the lowest
ts among the rest of the samples both against the vapors of HCN,
and against (CN),. Nevertheless, Table 2 displays that tz against the
vapors of HCN in the case of VVSZ is practically the same as of the
sample VSZC containing Cr, accordingly less against the vapors of
(CN), and significantly less regarding this parameter compared to
the sample VSZM containing Mo.



Table 2. Breakthrough times for intial and impregnated
carbon samples

Oopa3un ts
(min)
HCN (CN),
ACVM 2.5-3.0 @
VC5W 53.0 ®
VSZ 49.0 29.0
VSZ-A2 49.0 31.0
VSZC 51.0 32.0
VSZC-T 49.0 33.0
VSZG-A2 51.0 33.0
VSZG-Ad 53.0 40.0
VSZG-A6 51.0 38.0
VSZG-A8 51.0 37.0
VSZM 52.0 47.0
VSZM-T 53.0 48.0

@ _ Not determined experimentally. According to
literature data it is close to breakthrough time against HCN.
®) _ preakthrough concentration of (CN), not reached.

In the case of VSZC, after the exhausting of Zn-phase (as
a result of the chemisorption of HCN ) the function of the direct
destruction of (CN), is taken by Cr®". The presence of Cr®* in the
composition of the impregnants of VSZC practically does not
change tg by the HCN of the sample compared to the one of VSZ.
On the opposite, tz by (CN), increases with about 10% against the
same for VSZ, however remains lower than the same parameter for
the other sample containing Cr®* (about 2 %) - VC5W (Table 2).

The sample VSZM proves the positive impact of Mo in
the composition of Cu/Znactive phase, appearing an alternative
variant of the sample with best parameters in the study VC5W. In
its case, tg by HCN is practically the same as of the sample VC5W,
and the forming of (CN),, starts upon spending its time for removal
of HCN. The mechanism of effect of the impregnants against HCN,
in this type of impregnated carbons is not entirely clear. Our studies
demonstrate that there is an analogy in the functioning of Zn- and
the Cu-phase in the samples VSZM and VSZC, as, after spending
the Zn-phase in VSZM (as a result of the chemisorption of HCN),
the (CN), being formed reacts with the Mo-phase to tightly bound
with the carbon surface, non-toxic product (likely oxamide).

The most likely explanation of the difference (although
insignificant) in the values in tg by HCN and by (CN), between
VC5W and VSZM are: the less content of the Mo-phase than
needed (Table 1) or of some of the Mo-forms, and also increase of
the content of the Cu-phase on the external surface, at the expense
of the same in the volume in the case of VSZM [M!].

The samples of the type VSZ and VSZC (VSZ-A2,
VSZC-A2, VSZC-A4, VSZC-A6 and VSZC-A8) are interesting,
containing in the composition of their impregnants K,COj3 (between
2 and 8 mass. %), which, upon removal of HCN impedes or even
disables the formation of (CN),.

Based on the results in Table 2, it can be concluded that
the inclusion ofK,COgzin the composition of the impregnants (except
the sample VSZC-A4, containing 4 mass. %) does not result in the
increase of tg against the vapors of HCN. The impact of K,COj is
much more significantregarding tg against (CN),. In this case, there
is dependence even between tz and the content of K,COs, which
passes through maximum with the content of K,COj3 about 4 mass.
%. Probably in case of content of K,CO; above the determined,
exhausting of the Cu-phase appears viathe binding to K,[Cu(CN),]
and the exclusion of it from the general process of removal of HCN.

The inclusion of TEDA in the composition of the phase of
the samples VSZC and VSZM, i.e. the samples VSZC-T and
VSZM-T, increases insignificantly tg by (CN), compared to VSZC
and VSZM. Analogically, tg against the vapors of the HCN in the
case of the two samples changes within the limits of 2-4 %. Most
likely the effect of TEDAIn the phase composition of the
impregnants can be related to the fact that TEDA to a very slight
extent affects the Cu-phase as this is more likely to manifest in the
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stronger expressed positioning of the Cu-phase in the mesoporous
space of the VSZM-T, compared to the same for the sample VSZC-
T. TEDA does not affect the Zn-phase. Generally, it can be
concluded that TEDA practically does not affect the chemisorption
of HCN.

4. Conclusion

A study has been carried out of the effect of additives to
the phase composition of the carbon catalysts on Cu- Zn base in
terms of their effectiveness for the elimination of the HCN vapours
in the air. It was found that the inclusion in Cu- Zn phase of the
samples of Mo, Cr®* (~ 0.60 mass. %), K,CO; or TEDA results in
their commensurable effectiveness in terms of the removal of the
HCN vapours in the air (determined as a breakthrough time) with
the one of the standard ASC Whetlerite type of carbon.

Despite of the fact that the inclusion of the additives
referred in the Cu-Zn phase composition results in the increase of tg
of the samples against the vapours of (CN),, by this parameter, they
stay behind the ASC Whetlerite type of carbon.

Regardless of the fact that the sample containing Mo in
their phase composition is closest to the tg against the vapours of
(CN), of the ASC Whetlerite type of carbon, as the same parameter
in its case remains smaller, probably due to the smaller amount of
the Mo-phase than the needed or of any of the Mo-forms.

The inclusion to the phase composition of the carbon
catalysts on Cu- Zn base (containing or not Cr®") K,COg,does not
result in the increase of tg against the vapours of HCN (except the
sample VSZC-A4, containing 4 mass. %). The impact of K,COs
however is much more significant in terms of tg against (CN),. In
this case, there is even dependence between tz and the content of
K,CO3, which passes through a maximum in the event of content of
K,CO; about 4 mass. %.

The inclusion of TEDA in the composition of the phase of
samples VSZC and VSZM practically does not affect their
effectiveness for the removal of the HCN vapours, but in all cases,
it provides further protection also from the CICN vapours.
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ABSTRACT: Removal of large monovalent cations, as highly toxic thallium (T1), from the waters is a subject of significant interest
due to the hazards its pose. Active materials on the basis of activated carbons intended for removal of Tl ions from drinking water was
synthesized and characterized in two stages. During the first, deposition and stabilization of the Fe (3+) phase in the internal surface of
activated carbon samples (AC/Fe (3+)) was carry out. During the second, deposition on the AC/Fe (3+) of K4[Fe(CN)s] phase and
subsequent chemical reaction were realized. The removal performance of the samples prepared for Tl ions in aqueous solution was
investigated by adsorption process. Increased sorption possibilities were observed toward Tl ions as compare to initial carbons.

KEY WORDS:TI COMPOUNDS AS TERRORISTIC POISONOUS AGENTS, TI COMPOUNDS AS SOURCE OF WATER
CONTAMINATION, ACTIVE MATERIALS INTENDED FOR REMOVAL OF Tl IONS FROM DRINKING WATER, COMPLEX

COMPOUND Fe,**[Fe?*(CN)]s ("PRUSSIAN BLUE")

1. Introduction

It is known that the thalium compounds appear to be
extremely strong poisons [1,2] to man and animals.

The main source of thalium compounds in water,
including underground waters are various mines, mostly for gold
yielding but also coal mining, enriching factories and facilities of
the color metallurgy. Another source of thalium in waters is the
cement factories, the manufacturers of electronic elements, of art
glass articles[2,3,4].

A likely source of water contamination (above all potable)
with thalium could be the domestic crimes and terroristic actions.

The first ones are made possible by deratization agents
(rodenticides) available in the population of a series of countries on
a thalium base.

In terms of the use of thalium compounds by terrorists in
the quality of poisonous agents for contamination of potable waters,
precedents exist which provide for a ground for the priority
inclusion of the thalium in the group of terroristic — diversion means
[5,6,7,10], etc.

The decontamination of the industrial (the mines in
particular) waters from the thalium compounds represents a subject
of a series of studies.

For this purpose, various methods have been studied such
as reverse osmosis, biological treatment, sulfide sedimentation, etc.

[3].

Trials proved that the only generally effective method for
decontamination of the industrial and potable waters is the
adsorption method.

Due to the nature of the antiterrorist problematic, the
literature is lacking data for the decontamination of potable waters
contaminated with thalium compounds, but it is absolutely sure that
the sorbents used for this purpose are different for the industrial and
potable waters.

In this sense, the natural and most of the synthetic zeoliths
used (NaY, NaA), incl. modified, cannot provide for
decontamination to the required minimal contents of thalium in
potable waters, which is 5-7 times lower than the admissible for the
decontaminated industrial waters.

A very important reason for this can be the fact that the
sorption of thalium ions of industrial waters is realized under
controlled pH, whereas in the case of potable water, the pH of water
cannot vary but an optimal ratio must be sought: physisorption /
chemisorptions, whereas the chemisorbing phases are characterized
with high efficiency.

In this sense, the best variant is the use as a chemisorbent,
of the complex compound Fe,**[Fe **(CN)]5 ("Prussian blue") [8].
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The "Prussian blue" according to the American specialists
is the active substance of the only antidote used as of the moment
against intoxications with thalium compounds[9].

The selection of suitable sorbents for purification of
thalium compounds of potable waters is based on the presence in
them of suitable texture parameters which are advantageous for the
introduction of the chemisorptions phase in the porous texture of the
sorbents. Only in this case, the processes of physical adsorption
(physisorption) and chemisorptions can be realized optimally and
simultaneously in the process of water decontamination from the
thalium compounds.

The synthesis of complex compounds in the porous
texture of the sorbents however is complicated by the fact that the
active phase which provides the chemisorptions of thalium ions
should not impede the physical adsorption, respectively to reduce
the specific surface and volume of sorbing pores.

As per the literature data, for the synthesis if the metal
ferrocyanides in single pore systems, the Kurim method is most
suitable [11]. It is a serious problem that this method has not been
applied for micro-mesoporous materials such as for instance the
activated carbons, sorbents, suitable for sorption of various water
compounds.

The activated carbons are characterized with high specific
surface and strongly developed porous structure which makes them
suitable both with their adsorption function and as carriers of active
phases in various processes for water decontamination.

A problem in the case of the activated carbons would be
the synthesis in their porous texture of the relatively large molecules
of Fe,>*[Fe 2*(CN)g]s, without significantly reducing the volumes of
the sorbing pores and of the admissionporesto the chemisorbing
phase.

The last necessitates some variation (modification) by the
Kurim method for synthesis in the pores as per the specificities of
the compound (micro-mesoporous textures) such as the activated
carbons’.

Besides, considering the dependence of the sorption of
metal ions in water media of pH of the latter, it is very important to
establish the interval of pH, in which the activated carbons with iron
hexaferratic complex B sorbe effectively TI*"ions and its conformity
to pH specific to the most frequent potable waters.

As a result of all stated above, the objective of the study is
to obtain activated materials based on activated carbon through a
synthesis in their porous texture by the modified method of Kurim
of iron (3+) hexacyanoferratic (2+) complex, which active materials
should be studied in their quality of sorbents for purification of
potable waters contaminated with thalium compounds, as per pH of
these waters.



2. Experimental part

2.1. Samples

Since no requirements have been formulated for the basic
activated carbons intended for the synthesis of the active materials
in the conditions of technological difficulties for the performance of
the Kurim synthesis in micro-mesoporous systems, we have
adopted the empirical approach for selection. For the purpose, the
selected activated carbons were predetermined using the low-
temperature (77 K) adsorption of nitrogen some of their texture
parameters. On the other hand, the chemical nature of the carbon

surface was characterized through the determination of the IEPof
these.

For the purposes of study, three types of activated carbons
were selected (commercial products) on wooden basis (signified
BAC), based on apricot shells (signified AAC) and based on
coconut shells (signified CNAC), differing by the values of the
specific surfaces and of the rest of the texture parameters. The three
activated carbons have been obtained through gas-vapor activation.
Their main adsorption — texture parameters and values of the IEP
are given in Table 1.

Table 1 Main parameters of the porous texture and values of IEP of the studied activated carbons

Samples Ager, Mg V,, cm’lg Vi, cmlg Vs, cm°lg Rp, A IEP
BAC 658 0.38 0.20 0.18 11.6 6.1
AAC 895 0.50 0.29 0.21 11.2 7.6
CNAC 1019 0.61 0.33 0.28 12.0 6.8

Ager — specific surface; V; — total pore volume; V), — volume of the micropores; Vyes — volume of the mesopores, Rp — average radius of

the pores; IEP — isoelectric point.

2.2. Synthesis of Fe,”[Fe *(CN)e]; in the

porous texture of the activated carbons

The synthesis by the Kurim method, in the porous texture
of the activated carbons ofFe,>*[Fe #"(CN)g]srepresents a practical
problem.

The main reason is reduced to the need of preparative
provision of uniform distribution on the internal surface of the
samples of FeCl;.3H,0, maximally preserving the contact surface
considering the follow up interaction with K,[Fe (CN)g].H.O, as
well as to the iron (3+) hexacyanoferratic (2+) complex of the
thalium ions of the water solutions.

The opportunities for introduction of the ferric chloride
from aqueous and non-aqueous (methanol) solutions were studied.
Based on a comparison of the adsorption-texture parameters
(determined via low-temperature adsorption of nitrogen) of samples
of activated carbons with introduced FeCl;.3H,O from water and
methanol media, it was found that in the case of use of the aqueous
solution, probably as a result of blocking parts of the porous texture,
the specific surfaces, total and mesoporous volumes decrease with
the average of about 20-23% for the three carbons.

On the opposite, in the case of the methanol solutions,
such effect was not observed. This determined the use of methanol
solutions of FeCl;.3H,0 for the introduction in the porous texture of
the activated carbons.

The introduction of Ky[Fe (CN)g].H,O was carried out
from aqueous solutions, after vacuum drying of the samples with
ferric chloride at room temperature.

The samples with introduced ferric chloride and K,[Fe
(CN)g].H,0 phases were left in a desiccant, at room temperature for
24 hours, during which it was assumed that the forming of the
complex Fe4 [Fe (CN)g]s is complete.

The main adsorbtion — texture parameters of the
synthesized activated materials (signified accordingly as Fe/BAC,
Fe/AAC and Fe/CNAC), calculated based on their adsorption
isotherms (77 K), are given in table 2.

Table 2 The summary assay of iron and main texture parameters of active materials

Active Summary content | Aggr, mY/g V,, cmlg Vi, cm/g Vues, cmlg | Rp, A
material of Fe (mass %)

samples

Fe/BAC 12.6 547 0.31 0.18 0.15 11.3
Fe/AAC 12.3 743 0.39 0.23 0.16 10.5
Fe/CNAC 13.0 825 0.50 0.27 0.22 12.1

2.3. Methods of study

The activated carbons and synthesized activated materials
on their base are characterized via the low temperature nitrogen
adsorption (77.4 K) with Quantachrome Instruments NOVA 1200e
(USA) apparatus.

Based on the adsorption-desorption nitrogen isotherms,
via the specialized software set in the equipment, the following
texture parameters were calculated:

- specific surface area (Ager) by the equation of
Brunauer—-Emmett-Teller, for the interval P/Po = 0.05 - 0.35
(adsorptive Ny, 77.4 K);

- total volume of the pores (V) as per the Gurvich rule for
P/Po = 0.95 (adsorptive N,, 77.4 K);

- volume of the micropores (V) using the Density
functional theory (DFT) (adsorptive Ny, 77.4 K);
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- volume of the mesopores (Vys) as a difference between
the total volume and the volume of the micropores (adsorptive N,
77.4 K);

- average radius of the pores (Rp) as a relation of the
double V; and Ager(adsorptive Ny, 77.4 K);

The texture parameters of the samples calculated by the
methods referred are presented in Table 1 and 2.

The isoelectric points (IEP) of the carbons were
determined by the method of NohSchwarc [12]. For the purpose, for
each of the carbons, three different initial solutions were prepared
with different pH (accordingly 3, 6 and 11), using HNO; (0.1 M)
andNaOH (0.1 M). Six flasks were filled each with 20 mlof the
solutions and with different quantities of activated carbon (0.05,
0.50, 0.75, 1.00, 5.00 and 10.00g). The balance pH was determined
after 24 hours. The curves of the dependences of pH on the carbon
masses demonstrate plateau and the isoelectric point is defined as
the value which turns the change of pH to zero.



The summary content of iron (Fe**andFe %) in the
activated materials was determine via atomic absorption using a
spectrometer type Pye Unicam SP 90B.

The study of the sorption of the thalium ions (TI*") in
potable water of the initial activated carbons and the activated
materials Fe/BAC, Fe/AAC and Fe/CNAC, obtained on their
ground, was carried out by the method of the periodic adsorption
(concentration 0,91 mg/land pHin the interval 3-7.5, 293 K), as a
difference of the concentrations before and after adsorption
determined through atomic absorption analysis (spectrometer type
Pye Unicam SP 90B).

The sorption effectiveness (S, %) of the initial activated
carbons and the synthesized active materials on their ground in
terms of the thalium ions (TI*) in potable water, depending on pH
of water has been expressed in percentage against the initial
concentration (100 %)

|1+

3. Discussion of the experimental results

The comparison of the adsorption texture parameters of
the initial activated carbons (Table 1) and of the activated materials
(Table 2) demonstrate that as a result of the synthesis in the pores of
the activated carbons of the iron (3+) hexacyanoferric (2+)
complex, all adsorption texture parameters practically change,
however preserving the high values of the specific surfaces and the
average radiuses of the pores, to levels facilitating the free access of
the thalium ions to the phase introduced.

The data for the summary assay of iron (Fe**and Fe 2*) in
the activated materials (Table 2) demonstrates close values for the
three samples. This provides us a ground to consider that the
effectiveness of the iron hexacyanoferric phase in the samples is
also close.

The results for the sorption effectiveness (S, %) of the
initial active carbons and the synthesized active materials on their
base in terms of the thalium ions (TI*") in potable water, depending
on the pH of water, under the conditions of the experiments are
presented in Table 3.

Table 3 Sorption effectiveness of the initial activated carbons and the synthesized active materials in terms of the thalium

ions, depending on the pH of water

pH sorption effectiveness, %
BAC AAC CNAC Fe/BAC Fe/AAC Fe/lCNAC
3 15 19 16 57 54 50
4 23 27 20 71 63 59
5 25 28 22 58 66 74
6 28 20 21 84 73 90
7 21 18 21 77 72 92
7.5 20 17 19 75 70 86
The analysis of the results from Table 3 demonstrates the (3+) hexacyanoferric  (2+) complex, intended for the
determining role of pH of water medium on the sorption activeness decontamination of potable water poisoned with TI**iones.

of the samples both for the initial activated carbons and the
activated materials synthesized on their base.

Impression is made by the strongly dominating sorption
capability of the activated materials compared to the initial
activated carbons on the base of which these are obtained, and also
that the maximal sorption of TI**ions in the activated carbons was
displaced compared to the activated materials in the field of the
lower pH (pH about 4 - 5), and also that, regardless of the
difference in the adsorption texture parameters, the sorption
effectiveness in the studied activated carbons is very close. Most
likely, a limiting factor in the sorption of the TI'*ions by the
activated carbons happen to be their IEP.

Except that, the sorption activity of the activated materials
in terms of the TI*ions is significantly higher compared to the
initial activated carbons, it is determined also by the pH of water.
The three studied samples sorb best within the interval pH: 6 - 7,
which is a very important interval since it corresponds to the pH of
most of the potable water in our country.

In the field of the low values of pH (pH = 3 - 4), the
sample Fe/BAC sorbs best the TI**ions.

Based on the results of Table 2 and 3, it can be concluded
that a direct dependence between the specific surfaces, total and
mesoporous volumes of the pores of the activated materials (for
practically identical amounts of Fe, [Fe (CN)g]sphase) on one hand,
and their sorption capacities in terms of TI'*ions in the potable
water, is lacking.

For the interval of values of pH (pH=5-7), characterizing
with the highest sorption in the studied process, by its sorption
activity against the thalium ions, the activated materials can be
presented in the following downward row: Fe/CNAC > Fe/BAC >
Fe/AAC.

4.Conclusion
Activated materials have been synthesized through
modified method of Kurim based on activated carbon and the iron
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The active materials obtained possess significantly higher
sorption activeness against the thalium (TI**) ions compared to the
initial activated carbons.

Dependence has been established between pH of the water
media and the sorption effectiveness in terms of the TI*'ions on
behalf of the activated materials. The maximal sorption
effectiveness is observed for the interval of pH (pH about 6-7)
specific to most of the potable water in our country.

The results obtained provide us a ground to continue our
studies on the synthesis of activated materials with introduced iron
hexacyanoferric phase and other micro-porous carriers other than
the activated carbons.
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Abstract: Directive 91/271 / EEC on the treatment of wastewater from towns and villages raises the question of wastewater treatment to
a level that allows its discharge to natural water basins. By wastewater are separated sludge, whose treatment and recovery are the focus of

this study.

Keywords: TREATMENT PLANT, WASTEWATER, WASTEWATER TREATMENT

1. Bveeoenue

CTpouTENCTBOTO ~ HA  ChIIECTBYBAl[aTa  IPEYUCTBATENIHA
crannus 3a otnagbyau Boau (IICOB) B rp. Benuko TwpHOBO €
3anoyHaio mnpe3 1974 r.

Crnex  ABNTOTOAMIIHM — MPOMEHH B TEXHOJOTHSATA |
cbopbKkeHHATa KbM Hacroammus MoMmeHT IICOB -B. TspHOBO
paboTH 10 clleHaTa TEXHOJIOTHYHA CXeMa MO0 IThTS Ha BojaTa!

1. Pemerku - rpyon u punu — 3+3 Gpos;

2. XopH3oHTaleH aepyem MSICEKOMACII03aIbpXKaTeI
/nBykopumopen/ - 1 6p.;

2a. Crpaza ¢ B3AyXOAYBKH H KIacH(UKATOP 3a MHICHK;

M3meputenHo ycTpoicTBO;
Pasnpenenurento ycrpoiictso (PY) kem [1PY;
IIspBuunn paguanau yrauremu (ITPY) ¢ D =25 m - 36p.;
JIBXXI0NpeIuBHAK — IBYCTPAaHEH Npeau Ouobaceiina;
Buobaceiinu ¢ moBbpXHOCTHA aepanus — 3 Op.;
PV npenu Bropuunure papguannu yraurenu D =25 m;
Bropuunu pamuanau yrautenu; D =25 m - 306p.;

. PY npenu Bropuunute paguannu yraurean D =26 m;

. Bropuunu pagunanau yraurenu; D =26 m -2 6p.;

. Konrakrau pesepsoapu; D =20 m -2 6p.;

. 3aycTBaHe B peka SHTpa,

. IIC 3a kanoBu, IpeHa>KHN BOIHU U XJIOPHU yTaHKH.

2. H3noxcenue

B pesynrar Ha 3agpnboueHO MpOydBaHE Ce MOCTUTHA [0
CIISTHUTE TPEATOKEHUS 32 YChBBPIICHCTBAHE B TEXHOJIOTMYHATA
cxema Ha [IpeuncrBarenHara CTaHIWS 3a OTHAagbYHH BOAM Ha
rp. Benuko ThpHOBO, B yacTTa U 3a TPETUPAHE HA YTAUKUTE:

e JlomMmena craHnus
PeKOHCTPYKIHUS

CaliecTByBaIaTa IMOMIEHa CTAaHLUS 3a aKTHBHA yTaiika e c
MoJI3eMHa JacT (depraTtesieH pe3epBoap M MOMIICHO HOMEIIeHNE) U
Ha/13eMHa (TIOMEeIIeHNUE 3a ell. Tablia U 00CTyKBalllX TTaCapeIKu).

B IIC ca wuHcramupanu 4 Op. IEHTPOOSKHH IIOMIM 3a
Peuupkynupamia axkrupHa yraiika (PAY) u 2 Op. mommu 3a
M3numna aktuBHa yraiika (MAY). [ToMreHarta craHuus TpsiOBa 1a
ce OTpPEeMOHTHpa M Ja ce TojaMeHH obopyasaHero. Exna ot
noMnute 3a PAY mie e 3a pe3epBHa, /ABe Il TOKPUBAT OCHOBHOTO
HaTOBapBaHe, a YUeTBBPTATA Il pabOTH C YECTOTEH Npeodpa3oBaTel
1 IIIe ce KOHTPOJIUpa OT BXOAHOTO H3MEPBATEIHO yCTPOHCTBO.

32 aKTHBHA YyTaiika

ITommute 3a PAY TpaHcnopTupaT akTHBHATa yTalika B KaHaja
npex 6nobacelina. MI3MepBaTeTHOTO yCTPOUCTBO I Ce MOHTHpPaA Ha
TIacKaTess.
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W3nmirHarta akTHBHA yTalika OT MpoJylupaHaTa GnomMaca Iie ce
MPENOMIBa 0 CHIIECTBYBAIIU yTAaHKOYMIbTHUTEN. Te3u mommu
paboTAT HAa BPEMEBU MHTEPBAIIHL.

e VYTajlikoynJIbTHUTE] 32 IbPBHYHATA yTaliKa — HOB
IIpensmxnaa ce u3rpakaHe Ha HOB 00eM 3a aKyMyJHpaHe H
TPaBUTAYHO YIUTBTHSABaHE Ha MbpBUYHATa yTaiika (I1Y). Obema me
ObIe 3a eTHOAHEBHO Koan4yecTBo. T.e. opa3mepsiBaHeTo TpsOBa 1a e
3a 00eM Ha ITbPBHYHATA yTaiika 250 m® aHEBHO.

OTTyK 1€ YCPIIAT 3apCKAAMNUTE IMIOMIIN KbM METaHTaHKa.

e VYraiikoymrbTHUTeN 32 UAY — pekoHCTpYKIMSA
CopluecTByBalMAT yTaUKOYILIBTHUTEI € TUI pajualeH ¢
anameTsbp 15M.; Hpee= 2.70.

TpSI6Ba Ja C€ IOAMCHSAT yTafIKO‘II/ICTa‘{a U MCTAJIHUTC 4aCTH.

e JlomMmena craHuus HAY
PeKOCTPpYKIHUS

Tomnenara cranuuss (IIC) npu  yTalKOYIIBTHHTENS €

NpeJHa3HauYCHa 3a [IPEIOMIIBAHE HA YIUIBTHEHH W3JIUIIHY aKTHBHU

yTafky OT yTaHKOYILUTBTHUTEA KBbM YepHaTEHUTE Pe3epBOapu Ha

I1C npu nsrauBaTenure.

3a

YIUIbTHEHA

IpenBwkia ce nocTaBKka Ha HOBH NOMITH, KOUTO 2 3apexaaT
TUPEKTHO CTBCTUTEINTE M Ja ca ChOOpa3eHH C TEXHUS AEOHT.
HamopranTe TpB60NIPOBOAN CITE/T TIOMITUTE IIE Ca CAMOCTOSTEITHI.

e JloMneHna cranuusi npu Metantankose ¢ MCC3 —
PeKOHCTPYKIHUS
B ocuoBuua mpoekr IICS5 u IIC6 ca mnpoexktupanu na
o0CITy’XBaT 4eTHPUTE METAHTAaHKOBe. B MOMEHTa MeTaHTaHKOBETe
paboTAT KaTo OKTPUTH M3THUBATENIN M CHOTBETHOTO 00OpyIBaHE B
TIOMIIEHaTa CTaHIUS € ChoOpa3eHo ¢ Ta3u cXeMa.

IIpu pexocTpykuusTa me ce mpeodopyABaT METAHTAHKOBETE U
CBHOTBETHO MOMIIEHHTE CTAaHIMU KbM TAX. B chIjecTByBamara
Crpafa ca MpPeABUICHM MEXaHHYHUM DPOTAIMOHHM CTBCTHTENH 32
HaMaJsiBaHE BIAXKHOCTTA, PECIIEKTUBHO O0E€Ma Ha M3IHIIHATA
aKkTUBHA yTaiika, Thi kaTo MAY e ¢ BUCOKO BOJHO ChIbp)KaHHE U
He € TOoAXO[dIla 3a IWPEKTHO I0JaBaHe B METaHTaHKa. 3a
MHTeH3N(UIMpaHe Ha Ipolieca B peakTopa NMpex CIbCTHTENS ce
nobass momuenekrpoiaur - 3.0 Kg/t cyxo Bemecrso (CB).
CrecTeHaTa aKkTUBHA yTalika ¢ BiaxkHocT 94 % ce momaBa B
METaHTaHKa 3a CTaOMIIN3upaHe.

B Tasm crpajga mie ca pasmoNiOKEHH W PEHUPKYIHPAIIUTE
MOMIIM KbM METaHTaHKa M TOII00OMeHHUIUTe. TyK chIlo me 0b1e
pa3smoIOKEH W MECTHHSAT JUCIECYEPCKH TYHKT 3a YTalKOBO
CTOITAaHCTBO.



e  MeTaHTAHKOBE — PEKOHCTPYKIUS
Haii-o0mo MeTaHTaHKOBETE IPEACTABISIBAT CHOPHKCHUS, B
KOHTO TPOTHYA YCKOPEHO aHAaepOOHO CTabmIM3MpaHe Ha yTalKuTe
MPHU U3KYCTBEHO Ch3JaJeHHU yciIoBus. M3mon3Bar ce npeanMHoO mpu
TONEMH M CPEAHH KaTo KalaluTeT MPEedyHCTBATENHH CTaHIHU 3a
aHaepoOHO TpeTHpaHe Ha OTHAABUYHH BOJH C BUCOKA KOHLIEHTpAIHs
Ha 3aMBbPCHUTEIINTE.

IlogaBannte B MeTaHTaHKa NpecHH (IBPBHYHA H CT'BCTEHA
W3JIMIIHA aKTUBHA) yTaWKH ce CMecBaT C W3THWIHNTE yTaWKu 3a
,[I0JIKBAaCBaHe”, KaTo €JHOBPEMEHHO C TOBa ce [ojjlaraT Ha
WHTCH3UBHO pa30bpKBaHE M IOATpsSBaHe, C KOETO Ce YCKOpsBa
npouechT. [lomydeHusT mpoaykr e OuosormueH ra3z (Ouoras),
cpappkam  mpeaquMHo MetaH (CHy), koiito ce oTBexxaa 1o
ra3xoJIepy C Lel cbXpaHeHne. MeTaHbT OM MOT'BII Ja Ce U3I0JI3Ba
3a TPOM3BOJACTBO Ha TOIUIA BOAA, Iapa M €. CeHeprus 3a
3aJI0BOJISIBAaHE HYXKJWTE Ha IIPEYNCTBATEIHATa CTAHIMSA WA 3a
JPYTH CTOMAHCKH IIENH.

Ha d¢urypa 1 e mnokasana
OTIOJI30TBOPSIBAHETO HA ITOJYUSHNUS Ta3.

npuHOyunHaTa cCcxeémMa 3a

Vraiiku

Toruuna Teneparop Enexrpoeneprus

@Due.1. Ononzomeopasane Ha a3

Karto KOHCTPYKLIUS METaHTaHKOBETE MpeICTaBIsABAT
IMHAPUYHN CTOMAaHOOCTOHHH pPe3epBOApH C KOHHYHM [IbHA H
KYIOJIHU NOKPUBHH KOHCTPYKUMH. T€XHU OCHOBHM E€JIEMEHTH Ca:
CTOMAaHOOETOHEH KOPITyC, MOMIIEHA CTaHIMs, ITOCPEACTBOM KOSTO
ce mojaBaT yTaWKWTe, CUCTEMH 3a INOATPSBaHE M pa3ObpKBaHe,
CHCTEMH 3a OTBEX/JaHEe Ha yTaifkoBaTa BOJAA M W3THUIMTE yTaikw,
KakTO M CHCTEMa 3a OTBEXIAaHE Ha TOMydeHus ras. B mosedero
ClTy4ay, yIpaBJIeHUETO 3a LEIHsl KOMIIIEKC ¢ aBTOMATH3HPAHO.

B 3aBucumMocT oOT Temmeparypara, NpH KOATO IpOTHYa
MpOLEChT HAa FHHEHE, METAHTAHKOBETE CE€ Pa3[e/IAT Ha J(Ba BUIA.
IIepBuAT € T.Hap. Me30(QWIeH METaHTaHK, B KOHTO IPOLECHT
MIpoTHYA IIpU TEMIEpaTypu oT nopsiabka Ha 32-35°C. Bropust Bun
METaHTaHK € TepMO(WIHHAT, NPU KOHTO TEMIlepaTypuTe ca OT
nopsiibka Ha 52-55°C.

IIpu Me30(pMIHOTO THHEHE Ce MOCTUra CTaOWIIHOCT Ha PEeKUMa
U TONOXHTEJNEeH TOoIuMHeH Oananc. Cpex OCHOBHHUTE My
HpPEeIMMCTBA Ca M 10 JIECHOTO OOE3BOJHSABAHE HA W3THUIUTE
yTalKH, KakTo ¥ 0e3npoliieMHaTa eKCIuloaTalus U OTChbCTBHETO Ha
HENIpUSITHA MHpH3Ma M BPEAHO BIHMSHHE BBPXY OOKpBKaBalata
cpena.

TepMohuIHOTO THHEHE, OT CBOS CTpaHa, OCHTypsBa
NpUONU3UTENTHO (B IBTH IO-OBP30 NMPOTHYaHE Ha Iporeca Ha
cTabuInM3MpaHe Ha yTalKUTe, KAKTO M CPEAHO JBa NMBTH IMO-MalbK
o0eM Ha METaHTaHKa, B CpaBHEHHE C ME30(QWIHHI PEKHIM.
CBOTBETHO M KOJHYECTBOTO Ha OTAECNICHHS Ta3, 3a €IHO U ChIIO
BpeMe Ha NPOTHYaHE, € M0-TOIAMO. J[pyro OCHOBHO IPEIMMCTBO Ha
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TEepMO(GUIHOTO THUEHE € TIOCTUTAHEeTO HA ITbJIHA JEXCIMUHTH3AIHS
Ha yTalKUTE W MMO-BUCOK OaKkTepuuuieH eekT. Y CTaHOBEHO €, 4e B
TepMOGUIHN YCIOBHA ce yHHIIOXkaBaT okoio 50 mo 80 % ot
Alnara Ha XeJIMUHTUTE.

OCHOBHH HEAOCTAaTbLU Ha TepMO(bI/IJ'IHI/ISI METOJ Ca CBbp3aHU C
OTpULIATCIIHUA TOIUIMHCH 6aﬂch, KOC€TO (S CBBP3aHO C
JOMBJIHUTEIHO IIO-TPYAHO 0663BOI[HHBaHe Ha U3THUJIUTC yTaﬁKPI,
KaKTO U YCJIO)KHECHATa €KCIu1oaTanus.

OcCBeH mpeauMcTBaTa M HEJOCTATHIWTE HA MPOIECUTE, HPH
n300pa Ha PEKUM Ha M3THHBAHE € MPEMOPBUYHTENHO Ja Ce B3eMe
MpeBH] HaYMHA Ha TOCleABama oO0paboTka Ha yTalKure,
OTIOJI30TBOPSIBAHETO UM, KAKTO M CAHUTAPHHUTE M3UCKBAHMS.

Trit kato B [ICOB-B.TBpHOBO HMa MeXaHUYHO 00€3BOTHIBAHE
Ha YTaWKWATEe Ype3 JIeHTOBa (DUITHpIpeca, Hal-yaayHo € Ja ce
n3bepe Me30(hUIIeH PEKUM Ha U3THUBAHE.

B MeraHTaHka ce W3BBpHIBA OHOJIOTHYHO  aHAEpOOHO
CTabWIM3HpaHe HA MMbPBUYHA U CT'hCTEHA M3JIMIIIHA aKTHBHA yTaiKa
B YETHPH eTamna:
eTan XWIpOJin3a — HAKOM ChCTABKM Ha yTaiikara KaTo
BBIUIEXUPATH, MA3HUHU W MPOTEHHH i€ OBJAT XUAPOIH3HPAHH,
KOETO 03HA4aBa, Y€ IIe Ce MPEBbPHAT B PA3TBOPUMU YACTHIIH;
eran  anuanbUKanusa YaCTULUTE C€ IIpeBpbIIAT B
OpraHMYHH KUCEJIHHHU, alIKoXou, anaexuau, CO, u Hy;
alleTaTeH eTal — MPOJYKTHTE OT pa3jaraHeTo Ha MbpPBUS
€Tall ce PEBPBINAT OT AIlETOHOBU OAKTEPHH B OIIETHA KHCEIINHA;
METaHOB  eTall METaHOBH OaKkTepUH MpPEBPBIIAT
npeobnanaBamure onerHa kucennHa, CO, u H, B Meran u
BBIJICPOJICH TUOKCHUIT;

e Tasxonnep — HOB

I'a3pT, mpousBeneH mpu aHaepoOHaTa cTaOWIM3alMs IIE ce
ChXpaHsBa B MeMOpaHEH Ta30B ge3epBoap (rasxonmep) ¢
BpeMenpecToii Haja 5 yaca (o6em 500 m®).

HeszaBucumo oT Bua Ha CHOPHKEHHETO OCHOBHO HM3HCKBAHE
KbM BCHYKH CHOPBXKEHHS 3a ChXpaHEHHEe Ha Omoras e Te Ja ca
XepMETHYHH W Ja W3JbpXKaT Ha IPOMEHH B HasraHero. B
cllydanTe, NpH KOWTO Te ca pa3loJOKEeHH Ha OTKPHUTO, €
HEe0OXOMMO J1a Ca YCTOWYMBH CIIPSMO Bb3/ACHCTBHETO Ha (haKTOPH
OT OKOJHATa cpefa KaTo YyIATPAaBHOJIETOBA CBETIMHA, Pa3HIHU
TeMIeparypu, KIMMaTuuHU ycnous. IIpean nHcTananusaTa aa 6b/1e
MycHaTa B eKCIUIOATalUs Cce TIpenopbuBa Ja Ce IPOBEpU
XEepPMETHYHOCTTa Ha razxonzepure. C orien Ha cboOpakeHHUsTa 3a
Ge3omactHOCT € 00pe Te a Obaar oOOpyABaHU C W3IYCKATEIHU
KJIalaHy (3a MOJHAJSITaHe M CBPBbXHAISTAHE), 32 []a C€ MPEOTBPATH
BB3MOXKHOCTTa OT IIOBPEIY M OCUTYpsBaHe Ha 0e301acTHOCTTA.
Cpio Taka € HEeOOXOOMMO TNPEABIDKAAHETO HA aBapHEH (akell.
M3zuckBa ce rasxonpepure Aa ObAAT 3aIMUTEHH OT KOPO3UOHHO
JEeHCTBHE Ha BBIVICHATAa KHCENMHA. 3a Ja ce Ipeiamasu oT
3aMpB3BaHE TIpe3 JHHUTE C OTPHIATENHHM TEMIEpaTypu, BOAaTa B
pe3epBoapa ce 3aTOILIA.

e  (ake 3a ra3 — HOB

Ilpensunen e ¢aken 3a usrapsHe Ha Oworasa B CIy4auTe,
korato rasponzepa € HBJIEH [0 MaKCHMAaJIHOTO  HUBO.
VYnpasineHueTo Ha Ta30BUS IUIAMBK M 3alIuTaTa e ObaaT
ABTOMATHYHHM, HO IIe OBbJe NpeABHACH W pPBUCH pPEeXHUM Ha
eKcrutoaranus. MecToHaxoXJIeHHeTo Ha (Qakena TpabBa na ce
cpoOpa3u ¢ HOpMHUTE 3a OE30MacHO OTCTOSHHE OT Crpagd |
obopynsane (Hapemba 2 3a mOpOTHBOMOXKapHHUTE CTPOHUTEIIHO-
TEXHUYECKH HOPMH).

e Crpaja c KOTeJIHO — HOBA

Heobxomumo e ma ce M3rpaan JONBIHUTEIHO MOMEIICHHE 3a
HWHCTalUpaHe Ha KOTeJ, KOWUTO me paboTu ¢ Ouorasza mpe3 3uMara,
KOTaToO Hy’KAara OT TOIUIMHHA €HEeprus 3a OTOIUICHHUE Ha CTpajuTe
(TIC xpM MeTaHTaHK, 00C3BOIHUTEIHA Crpajia, XJIOpaTopHa crpajia
n [1C 3a akTHBHa yTaiika) e nmo-roysiMa. Kotenst me paboTu 3aeaHo
C eQUHUAT Ko-reHeparop. Karo pe3epBHO TrOpHBO KOTEIBT LI
H3MOJI3BA JI3ETI0BO TOPHBO.



e  Ko-reneparopu (cTaHuus 3a OI0J30TBOPSIBaHE HA
Ouorasa) — HOBH
CraHnusTa 32 OIOJI30TBOpsIBaHE Ha OHMOra3a MMa 3a OCHOBHA
el TPOU3BOACTBOTO HA EIEKTPOCHEPTHs M TOIIOEHEPTHsL.
I[MpenBwkar ce aBa Ko-reneparopa mo 125 kW.

e Cuio03 3a cTa0uIu3HpaHa yTaika
Crabunu3upaHara yTaiika OT METaHTaHKOBETE Cce I10/aBa
MOMIICHO WJIM MO/ XUAPOCTATHYEH Harop B cuiio3a ¢ paboTeH 00eM

150 ms, a 0TTaM KbM MEXaHHUYHO 00€3BOHSIBAHE.

TlocremBamara B cujo3a yTaﬁKa Cce TIpeuexnaa Ipe3
m,roo6pa3Ha peuIeTka ¢ MEXaHU4YHO ITOYHCTBAHE. OTBOpI/ITC ca
4mmu 3aabpiKaT No-CAPUTE BEIIECTBA.

Montupannst mukcep 120 — GFAU ot Sigma He mnoctura
MOCOYEHHTE MapaMeTpH 3a XOMOTEHH3MpaHe U Ie ObJie CMEHEH C
HOB, KOWTO Jla OTrOBapsi Ha M3UCKBAHUATA.

e Crpaaa c 06e3BOIHHUTETHA HHCTATALHUS
CraOunu3upaHuTe aKTHBHA M bPBUYHA YTalKH B METAHTAaHKA
e ce 00e3BOAHSABAT Ha ChHIIECTBYBAIlaTa JIGHTOBAa (MITHpIpeEca.
IpoussBoaurennocrra u [ 600 kg/h, xoero 3Hauu, ye 3a KpacH
eran HatoBapBaHe e padotu mo 10 h ma nmen. Hopmamuo ce
nocTHra BiraxxaocT 78+82% Ha keka (06e3BoHEHATa yTaliKa).

3a gma MoXe OT yTaiikata Ja ce OCBOOOJM XHMHYECKH
CBBp3aHaTa BOJAA, IIPH MEXaHWYHOTO OOE3BOAHSIBAHE CE M3UCKBA
HNOATOTOBKA Ha yTaWkuTe (KOHIMIIMOHUpPAHE) CBhC CHEenUaeH
OrpaHH4eH MOJUeNeKTpoauT (dokynanr). DioxkynaHTuTe Ce
JOCTaBsT B IPaxoo0pa3eH BUJ U HA MACTO CE IPUTOTBAT BbB BU Ha
pAOBK pa3TBOpP, KOWTO ce Jo3upa KbM yTailikaTa Ha BXoA JleHToBa
¢unreprpeca (JIOIT).

KpaitHaTta BnaxxHOCT Ha 00e3BoJicHaTa yTaiika (KeK) ce TOCTHTa
4ype3 perynupaHe aeOuta Ha yraiikara, AeOHTa W KOHIEHTpaluUsTa
Ha Tmoiumepa. KbM MomeHta ¢uirepnpecara paboTH ¢
KOHIIeHTpalus Ha Giokynant — 4 Kg/t cyxo Bemectso (CB).

OrtneneHus OT IpecaTa KeK 4pe3 TPAHCIOPTHA JICHTA ce MoaBa
B TPAHCIIOPTHO CPEICTBO M C€ M3BO3Ba 10 Jeno. IIpoMHBKaTa Ha
IUIaTHaTa Ha TpecaTa CTaBa aBTOMATHYHO C IPEYHCTEHa BOJA OT
KOHTaKTHHUTE PE3ePBOAPH.

e Jlemo 3a craduim3npaHa o0e3BofieHA yTaiika —
PEKOHCTPYKIMS HA 4 Op. H3CYLIMTETHHU MOJIeTa
Tlonmy4yenure yraiiku ot [ICOB —B. TepHOBO ce nemonupar Ha
BPEMEHHO JIeIo Kpail ¢. PeceH. Y1auHo € 3a peKOHCTpyKIHUS aa ce
NPEUIOKH BapuaHT C IpeycTposiBaHe Ha 4 Op. W3CYLIMTEIHH
HoJieTa KaTo BPEMEHHO Jeno 3a crabuimsupaHa o00e3BOAHEHA
yraiika. IDmomra or 1000 m? e gocraTbuHa 3a BPEMEHHO
CKJIZIPaHe Ha KEK IPH Bb3HUKHAIN NPOOJIEMH C TPAHCIOPTA WIIH
OCHOBHOTO JIETIO.

e W3cylIMTeJHH NOJIETA — PEKOHCTPYKIMS
W3cymunrennuTe nosera 3a yraiikaTa 10 OCHOBHHS IPOEKT ca
20 Op. /IBe OT TAX ca OTHETH 3a U3TPAXKIAHETO HA CUIIO3, Crpaja 3a
00e3BOAHMTENHA UHCTANAMA U IuIolaaka. [IBe mie ObJaT OTHETH
3a U3TPaK/IaHETO HA KOTEJHO M Ko-TeHeparopu. YeTtupw e Obaar
PEKOHCTPYHpPaHH 3a BpeMEeHHO Jero 3a kek. OctaBaiure 12 6p. mie
Ce M3M0JI3BAT KaTO PE3epPBHH M3CYILIHUTEIHH T10JIETa.

e [IC 3a OuToBH BoAM U QUITPAT — PEKOHCTPYKIIMSI
TpeauasHaueHueTo U [0 OCHOBHHS TMPOEKT € Ja MPENnoMIIBa
kanoBara kaHamm3anus Ha [ICOB no kanama mpex 6mobaceitna. C
BKJIFOUBAHETO Ha (QuiTpara OT 00E3BOJHUTEIHATA U CI'bCTHTEIIHA
WHCTAJIAIMU € HAJOXKUTEIHO JIa CC MPEIBHUIAT IIOMITH C IOCTATh4YCH
Karaiurer.

e  (O0e3MHUPUCHTETHH MHCTAJIAIUM — HOBH
30HHTE, B KOUTO C€ Mpearonara o0pasyBaHETO HA MUPH3MHU U
OT KOMTO TpsiOBa Jja ce OTBEX /A Bh3/yXa ca:

. Crpasa pemeTku;
° Crpana ¢ 00e3BOTHUTEITHA HHCTAIAIIHS,
. IIC npu meranTaHK;
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IIpensmwkaatr ce nBe obe3mupucuTeanun uHctanammuu no 10000
m¥h, ceorBetHO WO 100 M° uATpEpAIIa MOBBPXHOCT Ha
KOHTeiiHepa npu BB3AyweH motok 100 mYh.m? u Bucoumna Ha
6uomacara okoio 1.2 m.

BronornunnTe areHTH Ha Iponeca eIMMHHHUPAT MOJICKYIHUTE,
Ha KOUTO C€ JBbDKH MHUpHU3MaTa, OJlarojapeHue Ha CHeU(UIHH
MeTabOJIUTHH MPOLIECH.

BrodunTepsT € CBCTaBEH OT OCHOBEH BEHTHJIAIOHEH
6uodunThpeH  BB3AYXOBOJ, B3pHBOOOE30MaceH  BEHTHJIATOD,
BB3/lyXOOBJIAXKHHUTEIHA KaMepa 1 OMOGUITBPEH KOHTEIHED.

YnpasJieHne Ha yTailkuTe

CorinacHo {upektuBa 86/278/EMO MeToauTe W TEXHOIOTHHUTE
3a TperupaHe Ha yraiiku ot IICOB, cnenBa na oTroBapsAT Ha
W3UCKBaHMATa 3a e(QeKTHBHO ¥ e(HKacHO W3MOI3BaHE Ha
MPUPOTHATE pecypcH. I300pbT Ha KOHKpeTeH MOIylT 3a
yIOpaBleHHE Ha yTalkure TpsOBa Ja BOAM JO MHUHHUMAIHO
OTpPHUIIATEIHO BB3JCHCTBHE BHPXY OKOJHATa Cpela M 3JpaBeTo Ha
Xopara ¥ Jia 1aBa IIpeAMMCTBO Ha ynoTpedara UM KaTo pecypc.

IlonacTosimeM B cBeTa ce M3MOJ3BAT HAKOJIKO TEXHOJOTHH 3a
TpeTHpaHe Ha yTaiKu, IMO3BOJIIBALIM Ja TW TpeoOpa3yBaT B
noneseH pecypc. Takusa ca:

e aHaepoOHO pasrpaxJaHe ¢ IPOU3BOACTBO Ha OHOTra3s, KOETO
€ JacT OT TEeXHOJOTHMYHATa CXe€Ma B HACTOAIIATa M3CIIEIBaHE 32
pexoctpykuus Ha IICOB — B. TepHOBO;

e aepoOHO KOMIIOCTUPAHE;

® UPEKTHO BJIaraHe B
PEKyITUBALMOHHU LEIH;

e Ko-reHepanyss Ha OMOra3 ¢ HMPOU3BOACTBO HA EJIEKTPO- H
TOILUIOEHEPTHS;

® CMECEHO W3rapsHe WIM  MOHOM3TapsiHe ¢ Iel
OTIOJI30TBOPSIBAHE HAa €HEPTHATA (caMo B KpaeH citydail yraiikute ot
TICOB ce n3non3Bat, KaTo U3TOYHHUK 32 IPOU3BOJACTBO HA €HEPIUs
ype3 U3rapsiHe);

CopIiecTBYBaT W JpPYTH, pPas3IpOCTPAaHEHU ANTCPHATHBHH
METOJY, KaKBHTO Ca NHPOJU3aTa, TEepMUYHA CTaOMIM3amus,
ra3uUKayuaATa W TPOIECHTe HA OKUCIeHHe. [Ipm HiIKom ot
CIIOMEHAaTHTE METOJH 3a TpPEeTHpaHe, yTalkuTe ce o0e33apassiBar,
KaTo TpaKkTHYeCKH C€ HamaliBa Opos Ha IATOTCHHHTE
MHKPOOPTaHM3MU M CE€ OrpaHHMYaBa Ipoleca Ha oOpa3yBaHe Ha
HETPUSITHO MUPUILEIH BEIIECTBA.

nmoyBara 3a 3€MCACIICKH H

B m3nwennenne Ha dupextuBa 2001/77/EC 3a mpou3BOACTBOTO
Ha eJEeKTPOCHEePrus OT BbH30OHOBSEMH EHEPrMHHHM HW3TOYHHIH
(BEN) chmecTByBaT TEXHOJOTHYHM pENIEHHs 3a KOMOWHHPAHO
TIPOM3BOJICTBO Ha OMOTa3, EIEKTPO H/MIH TOIIOCHEPT Hsl.

Kato 11510 npemounTeHuTe METOAN 32 TPETHPaHe Ha YTalHKH B
crpanute oT OOmHOCTTa ca — KOMIIOCTHpaHe, NENOHHpaHe W
mirapsHe. CremBa Oa ce OTdYeTe, Y€ 3a BCAKA CTpaHa MMa
criernUIHA 0COOEHOCTH, KOUTO MOBJIMABAT 3a n300pa Ha MOJeT 3a
ynpasieHue Ha yraiikute. Hanpumep B XosaHaus NpOLEHTHT Ha
W3rapsHUTE YTallKM € MO-BHCOK OT TE€3W M3IO0N3BaHU B
3eMeJIeIIMeTO, T.€. TeHepHpa II0BeYe YTailki OTKOJIKOTO OM MorJia 1a
BJIOXKU B CEJICKOTO CTOIIAHCTBO.

HCHOHI/IpaHeTO Ha yTafIKPI € BB3MOXHO Haﬁ-HerHeMJ’IHBHS{
Ha4WH 3a TAXHOTO TPETUPAHE.

KosnyecTBeHa 1 KauecTBeHA XapaKTepUCTHKA Ha yTaliKuTe

Ha 6a3aTta Ha MpOrHO3HNTE BOAHHU KOJIHMYECTBA U 3aMbPCUTEITHH
TOBapy € HAMpaBEHO NPHMEPHO Opa3MepsBaHEe Ha YTaHKOBOTO
cromaHctBo kbM 2033 1. KomuuyectBeHa U KauecTBeHa
XapaKTepPHCTHKA Ha MOJTyYCHUTE B IIpoLieca Ha IIPEYNCTBAHE YTaiku
ot I[ICOB -B. TspHOBO cliefl peKOHCTPYKLUSL.

IIspBuYHa yTalika
KosnrdecTBo MbpBUYHA yTallKa HA BXOJ[ METAHTAHKOBE:
Edexr na nmpeuncrBane mo HB B [IPY =65%
ITepBuyHa yraiika o CB = 3450*0.230*0,65=5160 kg/d
Konuenrparus = 40+50 kg/m®
OGeM mbpBHYHA yTaiika BX0 MeTanTankose = 130-100 m*/d



MzimmHa akTHBHA yTaliKa

KonnuecTBOoTO Ha M3NMIIHATA aKTHBHA YTaika ce BiUse OT
HOCTBIBAIUTE OPraHWYHHM BEleCcTBa B OnodaceiiHuTe, cTeneHra Ha
MpeyYrcTBaHe, OTCTpaHsBaHeTo Ha (ocdop ¢ peareHTH u ap.

KonuyecTBOTO HM3/IMIIHA yTallKa HA BXOJl METAHTAHKOBE

e M3muuna yraiika no CB =9100 - 9950 kg/d

e IIpoexrHa m3nuiHa yraiika o CB = 9500 kg/d

e Konuenrpanus na UAY ot npHo BPY =17 kg/m3

e (O6em m3nmmHa yraiika usxoq BPY = 1360 m%/d
YralikoynabTHHTE 32 H3JIMIIHATA YTaliKa

e Konuenrpanus cieg YV =22 kg/m®

e OG6eM m3nuiIHa yTaiika u3xoq VY =425 m°/d

o KOHIIeHTpaIus ClIe MeXaHudHy crbctuTemn = 50-60 kg/m?

e O0eMm yraiika H3X0J] CI'bCTHTEIH =190 - 158 m/d

3a opa3MmepsBaHE Ha METAHTAaHKOBETE € MPHETO Ja ce
M3M0J3BAT MO-HEOIAaronpuATHUTE CTOMHOCTH 3a IBaTa BU/A CYPOBH
yTalKu:
CoabprxaHue Ha opranuka B [TY
Coabpxanue Ha opranuka B AY
Konuenrpanus na [TV cnen I[IPY
Konr. na UAY crien MexaHUYHO CI'bCTSIBAHE

= 68%

=65%

=4% (130 m%)
=5% (190 m3)

HartoBapBaHe Ha BXOJ METAHTAHKOBE
KoHu. Ha nocThnBamyTe yraiikn:  14660/320=45.8 kg/m®

HoBu meranTankoBe - 2 6p.
O06eM Ha BCEKU METAHTAHK - 3000 m®
OO011 U3rHUBaTENEH 00EM - 6000 m®

IpenopbuYnTENHO BpeMe 3a u3rHuBade B ooema: T,,.,=18-24 d;
JlelicTBHUTEIICH BPEMEIIPECTOM: T = 6000/320 =19 d

B Ta6m/1ua 1 e mokasaHa XapaKTECPUCTHUKAa Ha U3IHUBATCIHUSA
nponec nNpu MakCMMaJIHO HaTOBapBaHE.

Tabnuya 1. Xapaxmepucmuka na useHueamennus npoyec

HapameTpn Npu MaKCUMAJIHO HATOBapBaHe

KonnuecTBo ymrpTHEeHa mbpBHYHa yTaiika mo | kg/d | 5160.00
CB

CB — HavayHa KOHIIEHTpAIHA-CPEeaHA kg/m®| 40.00
OGeM yIuTbTHEHA [TbPBUYHA yTalKa m/d | 130.00
ChabpkaHue Ha OpraHuyHU B-Ba B [1Y % 67.00
KommiectBo oprannunu B-a B ITY kg/d | 2960.00
KommuectBo crecrena MAY mo CB kg/d | 9500.00
CB — HavayHa KOHIIEHTpAIIUs kg/ m?| 50.00
O6em crocrena UAY md | 190.00
ChabpxkaHue Ha OpraHuyHy B-Ba B UAY % 65.00
KommaectBo oprannunu B-sa B UAY kg/d | 5525.00
O01110 KOJIMYIECTBO CyXO B-BO Ha BXoJ B MT kg/d | 14 660.00
OO1110 KOJIMYeCcTBO OpraHuYHK B-Ba Ha Bxoa B | Kg/d | 8 485.00
MT

Crernen Ha pasrpaxjaHe Ha opr. B-a B MT % 40.00
Pasrpanenu opraHudHM B-Ba kg/d | 3400.00
Coapprkanue Ha CB B m3rHmmTe yraiiku kg/d | 9520.00
O6eMm m3rHMIIA yTaliKa m/d | 320.00
KoHIeHTpalys Ha U3THUIIaTa yTaika kg/m®| 34.00
IMpoayxkius Ha Guoras 3a 1kg Bxofsiua opr. 1/kg | 450.00
Marepust VDS
[pomykuus 3a 6UOTra3 U3YUCIUTEITHA m/d | 3820.00
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IMpoayxkius 3a GHoras MpoeKTHA m3/d | 3250.00
Jombenuurento pasrpaxaane 8 OU I1-pa % 10.00
CTeIeH

Pasrpanenu oprannyny B-Ba B O II-pa kg/d | 500.00
CTeIeH

HaroBapBane Ha HHCTaNanusTa 3a kg/d | 9000.00
00e3BO/IHSABAaHE HAa CYXO B-BO Ha BXOJ

Hauanxa xoHmenTparus cieg OU Il-pa crenen| kg/m®| 50.00
Obem Ha 00€3BOJHSIBaHE m3d | 180.00
KonnenTpanus Ha 00e3BoJHEHA yTalKa kg/m?| 200.00
O6eM 00e3BoIHEHA yTaiiKa (KeK) m/d | 45.00
O0em 06e3BoHEHA yTaliKa (KeK) m/r | 16 400.00

3. 3aknrouenue

IIpu HOMuHanHO HaroBapBaHe Ha IICOB - B. TspHOBO C
114188 E.JK. xem 2033 rToA. CpegHO IHEBHOTO KOJHMYECTBO
MOCTBHITBAIIY 32 Pa3rpakaHe OpraHuYHHM BeecTsa e 8485 Kg/d.

ITpousBeneHata €. €Heprus ILie MOKPUBA YacT OT HYKAUTE Ha
I[ICOB -B. TspHoBo. Ilpu pabora Ha ra3oBUTE ABHraTeld, ce
peKyrepupa OT/AeNeHaTa TOIUIMHHA EHEPrus OT OXJaJWTeNHaTa
pH3a Ha JBUTATeNss M OT HM3ropeiuTe Ipu paboTaTa UM Tras3oBe.
IIpomsBexxna ce Toula BO#a, KOSITO 3arpsiBa yTailkute B TPHOHH
INPOTHBOTOYHM TOIUIOHarpeBatenad. I10 TO3M HayMH ce HOKpUBAT
HY)XKIATE OT TOIUIMHA 32 MOATPSBAHETO HA yTalKUTE B
METaHTaHKOBETE, a IIPH Bb3MOXKHOCT M Ha OUTOBHTE HY)KIU HA YacT
oT crpajure Ha momazakara Ha IICOB.

buorasa e ce yTWiM3upa C JiBa Ta30BH KO-T€HEpaTopa.
Ipenpmxna ce JOCTaBKA W MOHTaX Ha  KO-TEHEpaTopu
omom3oTBopsiBammu 10 100% oT mpoekTHHs cpeaeH AoOMB Ha
6uoras (3250 m®/d).

Beekn ot TAX TpsiOBa Ja MMa €NEKTPUYECKH KamamuTeT OT
160 kW u tomunes kananurer 190 kW.

Koncymanusita va 6uoras e 65 m?/h 3a exuH Ko-reHeparop. Te
mie paborst cpeano 20-24 h/d.

TomonpeHocTHaTa Mpeka ILie € 3apefeHa ¢ aHTHOPHU3 WIH
4KCcTa MUTelHA BOA.

Pa3xoapT Ha OHoras u MpPOM3BOJCTBO Ha €. €HEPrHs IIe ce
otunta. I'eHeparopuTe Ime OBAAT CBBP3aHM KbM BBTpEIIHATA
Mmpexka 400V. Paborara UM € HalbJIHO aBTOMAaTH3HpaHA CIIOpEN
HAJIMYUETO HA ra3, Hy)KJara OT TOILIMHA WM aBapuUiHU HYXIU OT
€JIEKPOEHEPTHS.

Wsrnwinara yrafika OT METaHTAHKOBETE MpPEMHHaBa B
CBLIECTBYBAIMTE OTKPUTH M3THUBaTeu. Tyk T ce 0cBOOOXK/AaBa
OT BOJATA MOJyYeHA NPH THHEHETO M ce yImbTHABa 10 50 kg/m?
Opu jabHaTa. YIUIbTHEHara yTraiika ce M3IIOMIBa OT JBHOTO Ha
OTKPHTHTE U3THUBATENH B CHIIO3 IIPeH 00€3BOAHABAHETO.

Ilo nannu Ha PUOCB — B. TwspHOBO, HAMa HOpEANpUATHUITA B
rpaga, (popMHpamy OTIAJbYHH BOJM C BHUCOKO CBHIBbp)KaHHE Ha
TEXXKU METalld U 3ayCTBAIM B IpaJicKaTa KaHaIU3alMOHHA MPEeXa.

B Obeme npu peanu3zanus Ha MPOU3BOJICTBA, KOUTO TEHEPUpAT
OTIaJbUHU BOAU CHC CHIBP)KAHHE HA TEXKKH METAJIH WIH APYrH
BpeOHM BeIIeCTBa TpsOBa Ja ce TPEIBUAAT  JIOKAJIHHU
MIPEYHCTBATENHH ChOPBKEHUS, KOUTO Ja MPEYUCTBAT OTHAIbUHHUTE
BOIM A0 HEOOXOOMMHUTE M3HMCKBAaHHS 3a 3ayCTBaHE B TIpaJiCKa
kaHamm3anus, pecnektuBHo [ICOB, kaTo cTporust KOHTpOJI U
yOpaBjeHHEe M Ha TEXHOJOTMYHUTE NPOLECH 1€ rapaHTHpa Hu
kadecTBOTO Ha popmupanure B [ICOB —B. TspHOBO yTaiky.




IKOJJIOI'MYECKAS BE3OITACHOCTb HCTOYHUKOB BOJOCHABKEHUSA
KBIPTbI3CKOWM PECITYBJIUKHU.

ENVIRONMENTAL SAFETY OF SOURCES OF WATER SUPPLY OF THE KYRGYZ REPUBLIC
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Abstract. The sources of deterioration of ecological environment in Kyrgyzstan, related with technological wear system of drinking water
supply and sewerage, and problems of radiation are highlighted in this article.
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B coBpeMeHHOM MMpe aKTyaJIbHOCTb 3KOJOTHYECKOMN
0e30MacHOCTH yXKe JaBHO INpH3HAHA M aKTUBHO HCCIEAyeTcs, a
OKpY’Karollasi cpesia Kak MpeaMeT Oe30IIaCHOCTH CTajla BBIACISATHCS
B CBSI3M C €€ NOBCEMECTHOW paerpananueil. Pemenne npoGieMsr
0€30MacCHOCTH SIBIISIETCSl LEHTPAITBHOM CTpaTernueckoi 3amadeit
TMF000T0 TOCyIapCTRa.

Crnenuduyeckie  NPUPOIHBIE M KIMMAaTHYECKHE
ocobenHoctn Keipreiserana (puc. 1), a Tak ke HENpoayMaHHas
XO3sICTBEHHAs1 JEATEIbHOCTh OOYCIOBHIM BO3HHKHOBEHHE W
HapacTaHHe KOJOTUUECKUX MpobaeM. B palioHax, MPUMBIKAIOIIIX
K OBIBIIMM W  JGUCTBYIOIIMM  TOPHO-METALTyPrUUECKUM
HpEeIIPUATHIM OTMEYaloTCcs HeOJIaronpHsTHEIE JeMorpaduueckue
M3MEHEHHs, BhIpakKaeMble B POCTE YHCIA CiIydaeB 3a00JIeBaHHN U
HapyIeHUH TeHo(OH I, JII0IeH CBSI3aHHBIX ¢ paxuanueil. MHorue
9KOJOTHUECKHE TPOOIEMBI CBS3aHBI C 3arpsS3HEHMEM BOJAHBIX
pecypcoB Keipreizcrana.
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Puc.1 Kapma Kvipevizckoii Pecnybauku

XoTs OOJBLUIMHCTBO BOAHBIX pecypcoB Keiprescrana
OLICHUBAIOTCA KaK YHCTHIE, B TIOCIIEHEE JECATUIETHE HAOMoaaeTcs
yXyALIEHHEe KauecTBa BOJABI M3-3a HEAOCTATKAa MM HEHCIPABHOCTH
CYIIECTBYIOINX CHCTEM BOJOOTBEACHUSI U BOJOPACTIPECICHHUS,
YTO, B KOHEYHOM CUeTe, BIMACT Ha HKOJOTHYECKYI0 0e30MmacHOCTb
roCcynapcTaa.

Ha Oonpmreit 4acTn TEeppHUTOPUH CTPAHEI, [TOJABISIONIASL
4acTh MaJbIX PeK B JOJMHHOHN YacTH NPaKTUIECKH HENPUTOIHA JUIS
MHUTBHEBBIX IeNeld. BONBIIMHCTBO MalbIX TOPOIOB PECHYyONUKH HE
MMEIOT HEHTPAIN30BaHHbBIX KaHAIN3ALHUOHHBIX CHCTEM M OUYHCTHBIX
coopykeHui. PuupTpauusi ¢ MOJIEH NOPU OPOUIEHHH 3a CueT
pacTBopeHusi ymoOpeHnii W  TeCTHUIHAOB, HEOPraHW30BAHHBIC
cOpPOCBHI C CEeMbCKOXO3SHCTBEHHBIX OOBEKTOB, COPOCHBIE BOIBI C
HOJNeH  SABIAIOTCS  OCHOBHBIMH  HMCTOYHHMKAaMH  3arpsi3HEHHS
HOJI3EMHBIX BOJ M OTKPBITHIX BOJAHBIX 00BEKTOB. [1]

B nenom o pecrry6utike n3 350 coopyKeHHi 10 04HCTKe
CTOYHBIX BOJI CAHUTAPHBIM TPEOOBAHUSIM COOTBETCTBYIOT JHIIE 105
(30%), coBepmieHHO He BBHIMOMHIIOT cBoM (yHkumu 140 (40%).
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Bonee monmoBMHBI MalbIX TOPOAOB M OONACTHBIX IIEHTPOB HE
pacnonararoT IEeHTPaJM30BAHHBIMU CHCTEMaMH BOJIOOTBEICHUS W
CTaHIMSAMU BOJOOYUCTKH, Hampumep, 35% HaceneHust ropoja
Kapa-banrta, okomo 30% Hacenenus ropoaa Jlkaman-Aban, u
Tosbko 13% HaceneHus B Hapeine. B oTmaneHHBIX FOpHBIX cenax
HacelleHUue ynoTpeOIisieT BoAy Il IHUThS NPSIMO M3 PEK, He 3Has O
CTENEHH UX 3arpsA3HECHU.

ExxeromHo B NOBEpXHOCTHBIE  BOAHBIE  OOBEKTHI
pecryGmika otBouTest 900-1150 MITH. M PasTHUHBIX CTOKOB, H3
HuX 301-635 M. M° CTOYHBIX BOJ TPOXOAMT GHONOTHYECKYIO,
(M3UKO-XUMUYECKYIO MM MEXaHHYECKyI0 OYHCTKY. be3 ouncTku B
roJi cOpachiBacTcss B OTKPBITBIC BojoeMbl M Bojmotoku 0.42-0.75
MJIH. M’ OITaCHO 3arpsi3HEHHBIX CTOYHBIX Boj. ConeprkaHue B HUX
BPEIHBIX BEIIECTB B JECSATKH pa3 MPEBHINIACT YCTaHOBJICHHEIE
HopMmaTuBbl.  HaOmiomeHust — pecnyOJIMKaHCKOM — CaHHUTapHO-
snuaeMuonorundeckoi cranuuu (COC) moxaszamu, yto 14% mpobd
BOJBI HE COOTBETCTBYIOT OAKTEpHOIOTMYECKMM HOpMaM, a 34% -
(GU3HKO-XUMHUYECKHM HOpMaMm. [4]

Iloctynnenne B BoAHBIE OOBEKTH  OPraHHMYECKUX
3arpsi3HeHni, HedTH W HePTENpOIyKTOB, (EHOJIOB M APYTUX
BpPEIHBIX BEIIECTB, CBsi3aHO ¢ HedpdekTHBHOI ouMCTKON
TOPOJCKAX KOMMYHAQJIBHBIX  CTOKOB, CTOKOB  IIPEANPHUSTHH
MSICOMOJIOYHOH, IHINEBOM MHPOMBIIUICHHOCTH, KOXXEBEHHOTO U
CEIIbCKOXO3HCTBEHHOTO ~ IPOM3BOACTBA,  ABTOTPAHCIIOPTHBIX
MpEeaNPUATHI.

Eule oauum  (GakTopoM OMAaCHOCTH  JKOJOTHYECKOit
CUTyalluu sBIA€TCS TO, 49To Ha Teppuropun KeIpreicrana
Haxomutcss 92 o00BEKTa, B KOTOPBIX pa3MEIICHO cBbime 250
MHJUTHOHOB M° TOHH TOKCHYHBIX I PaJHOAKTHBHBIX OTX0X0B. Tak
Kak OOJIBIIMHCTBO M3 HUX PACIIOJIOKEHO B KOHyCax BBIHOCA W B
MoiMax peK CYIIECTBYET BO3MOXHOCTb WX pa3pylIeHHs, UYTO
MpEeICTaBIseT yrpo3dy okpyxamoomei cpege. C axTuBuzamueil B
MocleiHee BpPeMs TEXHOTEHHBIX KaTaCTPOGHUECKHX SBICHHH,
OTNOJ3HEBBIX,  CENEBBIX, 3PO3MOHHBIX  MPOILECCOB,  yrposa
3arpsI3HEHNS] MU TTIOBEPXHOCTHBIX M MOA3EMHBIX BOJ MHOTOKPAaTHO
Bo3pacraer.[4]

CymecTBeHHBIM (DaKTOPOM, OKAa3bIBAIOIINM HEraTHBHOE
BIMSHAE  HAa  KadeCcTBO  BOJHBIX  PECYpCOB,  SIBISIETCS
HEYNOpsI0YeHHAs! XO3SIMCTBEHHAsI JIEITEIHOCTh B BOJOOXPAHHBIX
30HaX M MOJ0OCaX IMOBEPXHOCTHBIX BOAHBIX OOBEKTOB, a TaKXKe
HEYJOBIETBOPUTEIPHOE COCTOSHHE 30H CAHUTApPHOH OXpaHbI
MECTOPOKACHUI TOA3EMHBIX BOJI.

B mocnegHme rompl Tak K€ HAdalM MPOSBIATHCS
OCHOBHBIE TIOKa3aTelld perpecca, CBsA3aHHBIC C HW3MEHEHHEM
KJIMMara. Benencreie 3Toro mpoMcXoIuT pocT HeoOeCTIeueHHOCTH
MIUTHEBOH BOZIOMH, pa3pyIleHHe SKOCHCTEMBI M MOBBIIIACTCS yrpo3a
3/I0pPOBBIO HACEIICHHSI.

Vixe ceituac okono 70% HaceneHHs MMeeT MPOOIEMBI C
JIOCTYIIOM K YWCTOH MuUTheBOW Bone. CaMblil BBICOKHII YpOBEHB
0GaKTEepPHOIOTHIECKOTO 3arpsi3HEHHS BOIONPOBOAHONW BOABI MO



pecniyonuke Habmonaercs B xanan-Abanckoit (28.3%), Uyiickoii
(18.4%), Uccrik-Kynbckoit (19,3%) obnactsx, a Takke B TOpoJax
Om (28,2%) u Kapaxon (33,8%). B Uyiickoii obmacti Haubosee
BBICOKHH ypPOBEHb OaKTEpPHAILHOTO 3arpsi3HEHHs BOJOMPOBOIHOMN
BOJIBI OTMEYAETCSl B HACENCHHBIX MyHKTaX AnamymyHckoro (33%),
Kemmunuckoro (20,2%) paiionoB u ropoma Toxmok (13,2%) mpu
cpeaHeM 1o peciyoirke — 9,8% .[2]

Pesynbrars! uccnenosanus APYIC, nposeaennoro B 2013
Tofy, TIOKa3anu, 4To TOIBKO ¥ 59.9 % cenbCKOro HacelneHHs ecTb
JOCTYH K HIHTHEBOU BOAE, Tak Kak u3 1890 cembCKUX MOCEeNneHHH,
725 cen HE MMEIOT AOCTATOYHOTO JIOCTYIa K IEHTPAIN30BAHHOMY
NUTBEBOMY BOJOCHAaOXKeHHMIO (B 267 cemax BOAOIPOBOABI
noctpoens! 10 1960 roga, B 458 cenax - no 1980 roxa, B 396 cemax
BOJIOIIPOBO/IBI ITOJTHOCTBIO OTCYTCTBYIOT).

[MonHbIil OXBAaT HAaceNIEHHWs CHCTEMOI BOJONPOBOJIOB
OTMeuaeTcss TOJNbKO B roponae bumikek (81%), BbICOKMIA, Ooyiee

90 % — B Uyiickol, Hcceik-Kynbckoii, Tamacckoit o0iacTsx,
Hu3kuii — B Jlkanan-AbGaackoi, Ouickoii, HaunboJiee HU3KHIA — B
barkenckoit, HEJIOCTATOYHOE KOJUYECTBO BOJIONIPOBO/IOB

oTMeueHo B ropoxe Omr, m Hapeiackoil obmacTu.

Bce memo B TOM, WTO BOJOHOCHAas HHGPACTPYKTypa,
3aJIOKeHHas elle B CepeAuHe IPOIUIOro BeKa, 3HAYUTEIHHO
W3HOILICHA, a B OOJBIIMHCTBE CEJICHHMH NpHILIA B HETOAHOCTS.
JlocTyn K YHCTOM NUTBEBOHl BOJE CYIIECTBEHHO OIPaHUYEH B
CBSI3H, C UEM YBEIMYMBACTCS YHUCIIO 3a00JI€BaHUI CPeIH HACEIICHYSL.

OpHoii m3 Hambojee OCTPO CTOSAMIMX YIPO3 AKOJIOTUH
SBISIIOTCSA  OBITOBBIE OTXOABL. Clemyer OTMETHTh, 4TO YyOOopka
TBEPIBIX OBITOBBIX OTXOJOB B KpYMHBEIX Troponax (bummkex m Omr)
HE OTBEYaeT CAHHTapHBIM M 3KOJOTHIECKHM TPEeOOBaHUSM, HET
TEXHOJIOTMM WX  NPOMBIIUICHHOW  yrwiam3ammu. Tak, Ha
BUIIKEKCKOM CBaJOYHOM MOJHMIOHE (TMPOEKTHAs MOIIHOCTH 3,3
MJIH. M°.) B HACTOSIIEE BPeMsI CKJIATHPOBAHO 24 MIIH. M°. OTXOJIOB,
YTO CO3MAeT PUCK 3arpsi3HEHUS IT0J3€MHBIX BOJI, MUTAIOMINX TOPOJ
Bumkek.[3]

B MOCIEHUE  TOMIBI GOJIBITMHCTBO ClTydaeB
BO3HUKHOBEHHMsI 3a00JI€BaHUM, CBA3aHHBIX C KaueCTBOM IUTHEBOM
BOJIbI, OBIJIO 3apETHCTPHPOBAHO B CENbCKHX paioHax KhIprazckoit
Pecrry6imikn, ocobenno B FOxHbIX pernonax crpansl (barkenckas,
Omickas, J[xaman-AbGanckas obnacTi) W FOKHON wactm Mcchik-
Kynbckoit oomactu (Ton, Ixetn-Orys, Ak-Cyy).

CpennepecnyOIMKaHCKUH IIOKa3aTelnb 3a00JIeBaeMOCTH
UHQEKIMAMH OOIIeH KUIIEYHOH IpYNIIbI IEP)KUTCA Ha CTaOWIBHO
BBICOKOM YPOBHE, JIOCTHUTasi B OTAENbHbIE TOJABI IMOKAa3aTens OT
332,4 na 100 teic. Hacemenust no 490,2. HaubGonee BvIicOKast
3a001eBaeMOCTh 3aperucTpuponaHa B baTkenckoit obGmactu (980
yenoBek Ha 100 ThIc. Hacenmenws) n JDkaman-Abanckoit (552,8),
TIPEBBICHB TTOKa3aTeNb CTPAHEI B I1eJIoM B 1,8 pasa.

Bonee ys3BUMBIMH CIOSIMH OOIIECTBA SIBISIIOTCS JOETH,
MOXWIbIE W TIpecTapensle, OoibHBIE Jomd. ExeromHo 1o
pecyOnuke odumansHo peructpupyercss 10 40 THICSY caydaeB
3a00NeBIIMX KHUIIEYHOH uHpekuued, u3 HUX Oomee 80%
3a0o0meBMmuX 3T0 AeTH 10 14 1et. JleranpHOCTh cocTaBiseT oT 150
go 300 gereit mo 14 nmer xwusHu. HaumGombimas neTasbHOCTB
oTMeuaeTcss B oOyacTax IokHoro perumona (Omickas, [Ixanan-
Abanckas, barkenckas), Ha koTopsle mpuxomutcs 80-90% Bcex
JIeTaNbHBIX HCXOAO0B B pecmyonuke.[3]

Cpenn Ooiie3Heil, CBSI3aHHBIX C KauecTBOM ITHTHEBON
BOJIBL, - OPIOIIHOM TH(], BCIIBIIKK KOTOPOTO IPOMCXOJAT B TEUCHHE
psga ner B ropoxe Maiunyy-Cyy u Hookenckom paitone [Ixanain-
Abanckoit  obmactH. OTO OOYCIOBIEHO, TJaBHBIM 00pa3oM,
HEIOCTaTOYHBIM TOCTYIIOM K 0€30MacHO# MUThEBOW BOJE.

Bce BbimeHazBaHHBIE  (DAKTOPBI, T.€. yMEHBIICHHE
HNPUPOJIOEMKOCTH BCEX BHJOB JAESITENHHOCTH SBISETCS YIrpo30it
sKkostoruueckor 6ezomacHoctn KP. IIpn sToM B Hactosimiee Bpemst
3aTpaThl, Ha OXpaHy OoKpyxkatomeil cpeanl He npesbimaiT 0,03% ot
BBII.

besycnoBHo, Ha coBpeMeHHOM 3Tane, koraa Keipreizckas
Pecrrybnuka mepexmBaeT KPH3HCHI B OKOHOMUKE M TIOJHTHKE,
9KOJOTHYECKass 0E30MacHOCTh MOXKET  BBI3BIBATH  MEHBIIYIO
03a009€HHOCTb, OJHAKO HAZO MOMHHUTBH YTO HEJOCTATOK BHHMAaHUS
K HUM IPUBOJUT K CHYDKCHHUIO KayeCTBa CPeJibl OONTAaHMs YeIOBeKa
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U CO3/IaeT YTPO3bI 30POBBIO U GE30MACHOMY Pa3BUTHIO HACEICHUS
KbIpreiscrana, B KOHEYHOM HTOre 9TO  IKOJIOTHUYECKas
0e30MMacHOCTh TOCYAapCTBa B Oy ayIIEM.
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OINIPEJAEJIAHE PA3XOJA HA I'OPUBO NP1 UBMEHEHUE MOMEHTA HA
IHOJABAHETO HA I'OPUBO

DETERMINATION OF FUEL CONSUMPTION AT THE TIME OF AMENDMENT FUEL SUPPLY
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Abstract: The paper has done experimental study to determine the impact of time of fuel in the cylinders by changing the angle of the

overtaking of the fuel supply of diesel engine.
Keywords: DIESEL, FUEL, OUTLAY

1. Yeoo

B 3aBucuMOCT OT MOMEHTHOTO CBCTOSIHUE HA CTPYKTYpHUTE
MapaMeTpu M TAXHATa IMHAMHKA Ha HM3MEHEHHE BBB BPEMETO,
CBIINTE OKa3BaT pa3IMYHO BIUSHUE BBPXY TOJEMUHATa Ha
KOHTPOJMPYEMHUTE AWATHOCTHYHM TapaMeTpH, KaTo pa3xoja Ha
TOPHUBO.

3a U3MEPBAHE pa3xoJa Ha TOPUBO C€ HU3IIOJI3BAT OCHOBHO JBa
MmeToaa. HpI/I CIUHUSL METOJ CE€ U3MEpBa 066Ma, a npu apyrus —
MacaTta Ha U3pasxoaBaHOTO IrOpuBO.

2. H3noorcenue

ChIIHOCTTa Ha METOJa, CBBP3aH C HU3MEPBAHE Ha MaCOBHUA
pa3xoax Ha rOpUBO C NOMOIITa HAa BE3HA U BPEMETO HAa HETOBOTO
U3pa3xoJBaHe.

YacoBusar pa3x0/:[ C€ N34YUCIIABaA 110 3aBUCUMOCTTA:
kg
h

@)
KBJIETO. Gm € KOJIMYECTBOTO TOPHUBO, U3MEPEHO 110 BpeMe Ha
onura,

tl:ll.'l! € OIPOABJDKUTCIIHOCTTA HA OIIUTA, )

KonnuecTBoTO M3pa3sxoiBaHO TOpHBO IO OOEMHHS METO[ ce
ompenens KaTo ce M3MepH oOeMa Ha ONpejelieHa /1032 FOPHBO U
BPEMETO, 33 KOETO TO C€ U3Pa3Xo/Ba.

Ha (1)1/11". 1 e mokazan KI/I6€pHeTI/I‘16H MOJICII 3a ONPEAC/IAHE Ha
HacoBUA U CHCI_[I/I(i)I/I‘IeH pa3xol Ha TOpPUBO IIpU HU3MCHCHHUE Ha
‘bI'bJIa Ha U3MNPEBApPBAHE Ha MOAABAHETO Ha T'OPUBO.

Gh___

Qe _

@ur. 1. Kubepuernuen moaen

3a ompernensHe BIMSHUETO HA MOMEHTA Ha M0JJaBaHe Ha TOPHBO
B LWIMBIPUTE Ca IPOBEIECHU OIMTH, CHOTBETCTBAILM KAaKTO Ha
HOMMHAJIHUI BI'bJI 91 =23° Taka M IIpH BIJIH 82 = 20°,

6, =17°u8, = 14°

[Mony4yenure pe3yaraTd ca IMOKa3aHH CHOTBETHO Ha (ur. 2 u
¢wur. 3.
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3a OIIpeACIAHE Ha pa3xoJia Ha T'OPUBO B IIpAKTUKaTa CC

HM3MOI3BAaT  Pa3iIMYHU  Pa3XOJOMEpPH, KOUTO  MO3BOJABAT
OIIpEe/IeNITHETO TOJIEMIHATA HA TO3H IapaMeThp M0 00eMHHUS METO.
Chpluure ce MOApa3feNsT Ha: C [POMEHIMBO  HAJsAraHe
(mmadparmMenu); TaxOMETPHUYECKH; TYpPOMHHU — C pagMaiHd U
TaHTeHIMATHU TYpOUHKH; KaMEepHU — OyTaHH; 3bOHU U JIOTIATKOBU
XHUAPOJBUTATENIM; TOIUIMHHH C EINEeKTPUYECKO HarpsBaHe —
KaJIOPHMETPUYHY C BHHIITHO HArpsiBaHe; YJITPa3BYKOBH U JIp.
Gh, I/h
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@ur. 2. V3meHeHne Ha 4acoBHUS pa3xoJl Ha TOPUBO B 3aBUCUMOCT OT
MOIIHOCTTA Ha JBUTaTelsl IPU HAMAJIIBaHE Ha bI'bJIa HA
U3IIPEBapBaHe Ha [10JaBaHETO HAa TOPUBO.
1-23°,2-20°3-17°,4-14°
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Our. 3. V3meHenne Ha cienurIHUS eeKTHBEH Pa3xo. Ha TOPUBO
B 3aBUCHMOCT OT MOIIIHOCTTA Ha JABUTATEINs NIPHU HaMajIsiBaHEe Ha
bI'bJIa HA U3MPEBApBaHe Ha MOJaBAaHETO Ha TOPUBO.
1-23°2-20°3-17°,4-14°
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OT mnpuBeAEHUTE pE3yATaTH ce BIDKAA, Y€ MOMEHTa Ha
MOJJaBaHETO Ha TOPHBO OKa3Ba 3HAYMTEIHO BIHMSIHUE BBPXY
CTElEeHTa Ha M3MEHEHHWE KAaKTO Ha YacOBMS, Taka CBIIO M Ha
criernbuyHns eeKTHBEH pa3xo] Ha ropuBo. M B TO3W ciyuaii,
KaKTO ¥ B NPEIXOJHUTE Pe3yNATaTH, UyBCTBUTEIHO M3MEHEHHE Ha
pasxojia Ha TOPUBO ce HaOIIOJaBa el JOCTHraHe Ha MomHocT 20
— 25 kW, karo MakCHMaJHOTO H3MEHEHHE € TP HOMHHAITHA
MOITHOCT.

Ilpn HOMHMHAIHA MOLIHOCT M 'BI'BJ Ha H3IpPEBapBaHE Ha
nojaBaHuTo Ha ropuBo oT 20°, pa3xoga Ha TOPHBO CIPSIMO
HOMHUHAJIHUA ce yBenuuasa ¢ 8%, a npu et 17° u 14° cboTBETHO
¢ 14% n 26% - dur. 2.

TIpuyMHKTE 3a yBENMYEHMS Pa3xoJ Ha TOPUBO IIPU IO-MalbK
BI'bJI HA H3IIPEBApPBaHe ce IBDKH Ha (hakTa, ye paboTHUS Hpolec ce
HpeHacs B MO-TOJSIMaTa CH 4acT CJieJ] TOPHO MBPTBO MOJIOKEHHE
(I'MII) u ce pa3BuBa IpW yBeIW4aBam| ce oOeM Ha TrOpUBHATa
Kamepa. [ OprBOTO ce BIPBCKBAa BHB BB3MAYIIHA Cpela, MPU KOSATO
HaJaraHeTo ¥ TeMIeparypara ca MO-BHCOKH, OTKOJIKOTO IIPH
OIITUMAITHUS ‘BI'BJI.

Ilepriona, cBBp3aH € NMPOABIDKUTETHOCTTa Ha 3aJbpKaHe Ha
BB3IJIAMEHSIBAHETO C€ HaMalsBa M CE M3MECTBAa MO IMOCOKa Ha
I'MII. KpM MOMeHTa Ha BB3ILIaMEHSIBAHE Ha IOpPHUBHATa cMec B
LWINHPUTE MOCTBIBA [10-MAJKO KOJIUYECTBO T'OPUBO B pe3yiTaT
Ha IO-MaJKHs IpaJUeHT Ha HapacTBaHe Ha HaisiraHero. Tosa e
CBBP3aHO OT CBOSl CTpaHa C HaMmaIsiBaHe e(eKTHBHOCTTAa Ha
TOPEHETO, pasliupsiBaHeTo Ha razosere € ciuen I'MII, koeto e u
NpPUYMHA 332 MOHIWKABaHE Ha CKOPOCTTA HA TOIUIOOTAENSTHETO IpU
ropeHero. B pe3ynratr Ha TOBa ce HamansBa €(PEKTHBHOCTTA Ha
M3I0JI3BaHE Ha OTJENAINATa ce TOIUIMHA, YBEIUYaBaT ce 3aryoure
Ha Ta3uW TOIUIMHA C OTpaboOTWINTE ra30Be, a Taka CbIIO ce
yBenuuaBa U TaxHata Temmepartypa (Tr). IIpotuuanero Ha Te3u
mpolecd ca IpUYMHA 3a HaMalsiBaHe Ha MHIUKATOPHMSA,
MEXaHUYHUSI M e(QEeKTHUBEH KOe(QHIMEeHT Ha IOoJe3HO aeiicTBHe
(KITA) w Kkaro cleacTBME C€ HaMalsgBaT MOIIHOCTHHUTE U
MKOHOMHWYHHU TIOKa3aTelNd Ha JIBHTATENs, PpECICKTHBHO ce
yBenu4uaBa cnennpuIHIs e(peKTHBEH pa3xo.l Ha TOPUBO, ¢ur. 3.
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3. H3600u u 3axknrouenue

OT monydeHHTe pe3yiaTaTH OT H3CIEABAHETO CE BIXKIA, e
MOMEHTa Ha II0JjaBaHEe Ha TOPUBO OKa3Ba 3HAUUTENHO BIIMSHUE
BBPXY CTENIeHTa Ha HM3MEHEHHWe KaKTO Ha YacoBHS, Taka M Ha
criernbuyHns eeKTHBEH pasxo] Ha ropuBo. M B TO3W ciyuaif,
KakKTo U B TIPEIBAPUTEIHUTE H3CICABAHUSA € XapaKTepHO, de
YyBCTBUTEJHUTE U3MEHEHHUs Ha pa3Xxoja Ha TOpPHBO ce HabIto1aBa
cnen gocturane Ha MourHocT ot 20 10 25 kW, kaTto MakCUMaIHOTO
HM3MEHEHHE € IIPU MaKCUMaJIHa MOIIIHOCT.

4. Jlumepamypa

1.1. bexuen b., T. [enukocroB, JI. bekana, Anaimu3 Ha
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PV ,,A. Kpnues® 2003, Tom 48, cepus 1.1, ctp. 137-141.

2. Jparonos E. ]I, [IloBumaBane TpaifHOoCTTa Ha
BB3CTAHOBEHHUTE JETAlIM OT 3eMe/elcKaTa M aBTOTPaKTOpHATa
TEXHUKA 4Ype3 IOKPUTHS OT eJEKTPOJUTHU JKEJEe3HH CIUIaBH.
Jucepranus 3a monydaBaHe Ha H.c. ,,Joktop®, PY [ A. KpHueB®,
2013 r.



ONPEJAEJSAHE ®YHKIHNOHAJIHATA BPBb3KA MEKAY PA3XOJA HA I'OPUBO
N CbCTABA HA OTPABOTHUJIMTE I'A3OBE I1PU U3IIPABEH JIBUI'ATEJI

DETERMINATION FUNCTIONAL LINK BETWEEN FUEL CONSUMPTION AND EXHAUST
CONSTITUENTS IN THE UPRIGHT ENGINE
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Abstract: The work received dependencies amending hourly fuel consumption and the main components constituting the exhaust gas with
upright engine. They serve as a basis for determining the degree of influence of various structural parameters of resourcedefining

subsystems on the intensity of climate-controlled forming and their ratio.
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1. Yeoo

Bp3 ocHoBa Ha 0a3ata maHHM 3a MOOWJIHUTE MAIIWHH,
H3MO3BaHM B 3€MENENHETO ¥ TPAHCHOpTa W CJIeJ aHalmn3 Ha
KOHCTPYKTHBHHTE OCOOCHOCTH HA CHOTBETHUTE MM JIBHTATEIIH, KaTo
obekT Ha n3cnenBanero e n3bpan nsuraren Perkins PRIMA 65.

2. H3no0xcenue

Ha ¢wur. 1 e mokasan monena Ha JBUratreis KaTo oOEKT Ha
yIIpaBJICHHE.

1
W - COr
-
Gb - | ——
0 = Gh
. = Ne
Ay — - ge

Our. 1. KuGepHeTrnueH MOJIe Ha H3CIIEBAHE HA TEXHUIECKOTO
cberosinue Ha JIBI

Bxonnu dakropu: W — cTenen Ha 3ambiBaHe Ha NVUTHHIPHUTE C
HpsICHO PabOTHO TSIO;

G, — KOJIMYECTBO BB3/yX 110 BPEME Ha IIBIHEHETO;

Q. — UMKJIOBO KOJIMYECTBO FOPUBO;

© — BI'bJI Ha U3MPEBApPBaHE HA BIPHCKBAHETO HA TOPHUBO.

Uzxonnm mapamerpu: COI' — chcTaB Ha OTPaOOTHIINTE Ta30BE;

N — YyecToTa Ha BEPTEHE Ha KOJSTHOBUS Bal;

G}, — yacoB pa3xoJ[ Ha FOPUBO;

N, — edexTHBHA MOIIHOCT Ha J{BUTATEIS;

0. — cienn¢uyeH eeKTUBEH pa3xo.l Ha TOPUBO.

Cwmymasaiy Gakropu: h — BraxxHOCT Ha Bb3ayXa;

p — atMocepHO HalsAraHe;

t — TemmepaTypa Ha OKOJIHATa Cpefa.

3a ompenmensHe BIMSHHETO HAa OCHOBHUTE CTPYKTYPHH
rapaMeTpy Ha MOJACHCTEMHTE, OKa3Ballll BIHMSHHE BBPXY pasxoja
Ha TOpPHMBO M CbhcTaBa Ha orpabormmre Traszose (OI),
TIpeABapUTEIIHO OsiXa MPOBEAEHN M3MUTBAHUS C HAINYHUS JABUTATE
3a OmpeJeNsiHe Ha TEXHHYECKOTO MY CBCTOSHHE M YCTaHOBSBaHE
CHOTBETCTBUETO HA OCHOBHUTE MY MapaMeTpHU C TE€3H, 3aJI0KEHH OT
MPOU3BOJUTENS.

3a menrTa ca NpOBEICHHU Ja0OPATOPHU H3CIEABAHUS MO CXeMaTa
Ha ¢ur. 2.
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J ropHBO J“\ Hl Il ucTema sa cbop

1 nannun ¢ ALTT

{1s 5 = L3
N \\\‘@’}% ” p=<

(1]—’[\

T‘
[anw\ /6000 min”] | H

@ur. 2. Cxema Ha CTEHJI 32 M3IMTBAHE HA IBUTATE
Perkins PRIMA 65

IIpenn mnpucThIBaHe KbM UW3NHTBAHE HAa JBUTATeNsd 3a
OTIpesieNisTHE Ha €KOJOTUYHHUTE MYy XapaKTePUCTHUKH, Ca U3BBPIICHU
CIIETHUTE TIPOBEPKH U PETYITHPOBKH:

- TornnnHHaTa X7abMHA B Ta30pa3NpeICTUTETHNS MEXaHU3bM;

- Cuemane Ha ['HII u u3nuTBaHe Ha CTEHA 3a YCTaHOBSBaHE Ha
CHOTBETCTBUETO Ha OCHOBHUTE 1 MapaMeTpH;

- M3MepBaHe Ha HaJATaHETO B IWJIMHIPUTE B Kpas Ha Ipolieca
CT'BbCTSIBAHE;

- CMsHa Ha BB3AYIIHUS QUITHDP, MAacIOTO U TOPUBHUS QUITEHD

HaroBapBaneTo Ha jABUrarensi ce OCBHIIECTBSBA IIOCPEICTBOM
MEH/IeN-TeHePaTOpHA EeNeKTPHYECKa CIIUpayKa ¢ HOMUHAIHU JaHHU
80 kW mpu 6000 min™. (¢ur. 2)

3a cHeMaHe Ha XapaKTePHCTUKUTE Ha JABUTaTeNsl H3IUTBAHETO €
MpPOBEICHO TPH HOpPMaleH TEMIEPaTypeH peXHM, IOCTOSHHA
YeCTOTa Ha BBPTEHE Ha KOJSTHOBHS BaJl M CTEIIEHHO M3MEHEHHE Ha
HaTOBapBaHETO ITOCPEACTBOM EIIEKTPUYECcKaTa CIIupadKa.

C YBEINYaBaHETO Ha CBIPOTUBHUTETHUS MOMEHT
(HaToBapBaHETO) Ha eNEKTpPHUYECKaTa CHHpadKa, dYecrorara Ha
BbPTEHE Ha KOJSHOBUS Bal Ha JBMUTaTens HamansBa (Ipu
IBYpeXHMEH MexaHudeH perynatop Ha I'HII). 3a momgappkaHe Ha
MOCTOSIHHA BIVIOBA CKOPOCT CE M3I0JI3Ba JIOCTA 3a yMpaBJICHUE Ha
T'HII B mocoka yBenuuaBaHe Ha [10aBaHETO Ha TOPUBO.

3a perucrpupaHe Ha KOMIIOHEHTHUTE Ha CbCTaBa Ha
orpaboTmiiTe  ra3oBe €  HM3IO0JI3BaH  MHOTOKOMIIOHEHTEH
razoananu3zarop. Toll 03BOJIsIBa PETHCTPHPAHETO HA KOJIMIECTBOTO
Ha HC, CO, CO,, NO, 1 o B oTpaboTHIHTE ra3oBe.

ITocTposiBaHeTO Ha rpaUYHUTE 3aBUCHMOCTH 3a U3MEHEHHE Ha
YacOBHMS Pa3XxoJl Ha TOPUBO M ChCTaBa Ha OTPaOOTUWIIMTE I'a30BE BbB
(GyHKIMSA OT MOIIHOCTTA (HATOBapBaHETO) NMPH H3MIPABEH JBHIaTeN
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cayxar Karo 0aza 3a ONpeIe/sIHe CTENeHTAa Ha BIMSHHE Ha
OTZACIHHUTE CTPYKTYpHHU TapameTpH, ¢ur. 3, ¢pur. 4 u ¢wur. S.
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@ur. 3. I3MeHeHne Ha 4acOBUS Pa3X0J Ha TOPUBO BbB (PyHKIHSA OT
HaTOBapBAHETO IPU M3IIPABEH JIBUTATEI
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®ur. 4. V3MeHeHre Ha KOJTMYECTBOTO a30THH OKUCH M
BBIJICBOIOPOAN B OTPAOOTHIIMTE Ia30Be BbB (PYHKIHS OT
HATOBapBaHETO MU M3MPABEH JBUTATEN
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®@ur. 5. 3meHeHne Ha KOC(i)I/H_[I/ICHTa Ha U3JIMIIBK Ha Bb3YX BbB
(byHKIIPIS{ OT HAaTOBApBaHETO IIPH U3NIPABEH JIBUTATEJT

3. H3600u u 3axknrouenue

B®3 ocHOBa Ha npujlarane Ha KOHTPOJHUPAHUTE IMapaMETpu Ce€
JlaBa BB3MOXHOCT 3a pa3pa60TBaHe Ha paluOHaJIHU aJIr'OPpUTMHU,
CBBbpP3aHNU C ONpEeACJIsIHE Ha HCO6XOZ[I/IMPI$I 6p0171 CJIEMCHTApHU
IPOBEPKU U TdaXHaTa IOCJICOAOBATCIHOCT B mnponeca Ha
JAUArHOCTUYHUSA KOHTPOJI.

4. Jlumepamypa

1. Jparomos E. ., IloBumaBane TpaliHOCTTa Ha
BB3CTAHOBCHUTE JICTAII OT 3eMelelickara M aBTOTPAKTOpHATA
TEXHUKA 4Ype3 TOKPHUTUS OT CICKTPOIHUTHH JKEJIC3HH CIUIABH.
Jucepranus 3a monydaBaHe Ha H.c. ,,Joktop®, PY [ A. KpHueB®,
2013 1.

2. EnueB T. E. ,MOHUTOPUHI Ha TEXHUUYECKOTO CHCTOSHUE
Ha /IBI" ot 3emenenckara TexHuka. J[ucepramnus 3a noixydaBaHe Ha
H.C. ,,JokTOp“, PY ,,A. KbHUEB®, 2015 .



NOJOBPEHUE HA AHAJIMTUYHUA METO/ 3A PEIITABAHE HA
TPAHCIHOPTHA 3AJIAYA 110 KPUTEPUU BPEME

SOME IMPROVEMENTS OF ANALYTICAL METHOD FOR SOLVING OF TIME TRANSPORTATION
TASK

nou. 1-p urxk. Jlunos U. H.
Hanmonaien BoeHen yausepcuter ,,Bacui JIeBcku* Oyi. ,,benrapus® Ne76
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Abstract: The following paper shows a formulation of time transportation task. Some specifications of function of the aim and method for
task solving are presented, particularly in the part of additional procedures.

Keywords: FUNCTION OF THE AIM, FUNCTION OF THE CONSTRAINS, NUMBER OF IMPROVEMENT

1. Yeoo

OcBeH mo3HaTaTa MOCTAaHOBKA Ha TPAHCIIOPTHATa U JPYTUTE
pasNpenenuTeNHy 3aJadl, NPU KOUTO IIENTa € JAa Ce MPEUIOKH
OpraHu3anys Ha TPAHCIOPTa 33 MHHUMAITHO PeaTn3UpPaHu Pa3sXo/H,
CBIIECTBYBa M Jpyra IOCTaHOBKAa, NpPH KOSATO KpHUTEpHUs 3a
omnpesensHe Ha LeneBarta QyHKIUS € OpraHU3alMs Ha TPAHCIOpTa
3a MUHAMAJHO BB3MOXKHO BpeMe. [Ipn Taka mocraBeHaTa 3ajgaqa, B
TpaHcnopTHata Tabmmma | BMECTO €AWHWYHH TPAaHCIOPTHH
pa3sxoau Cjj 3a TEKYIIHs MapuIpyT B TOPHHUS JECEH BIbJ CE 3a1aBa
BPEMETO 3a ChOTBETHUSA TPEBO3 — ljj, B IMMEHCHS, KOATO TpAOBa Ja
€ eJJHAKBa 32 BCHYKHM MapIIpyTH. B moIHMS JISB BI'BJI C€ HAMHpAT
HEN3BECTHUTE, KOUTO KAKTO B APYTUTE PA3MpPEASIUTENHN 3aJa4H,

3. Illenesa pynxuus

B Tabmuum 2 u 3 ca mokasaHd IBa OT BB3MOXKHHTE OIOPHH
[UIAHOBE Ha €/IHA U ChIla 3a/]a4a.

O6moro  BpeMe  HEOOXOOUMO 33  OCHUTYpsBaHe  Ha
TPaHCIIOPTHATa CXeMa 3a TEKYI[ OMOpEH IUIaH ce Ompeneis OT
ITBJIHATA KIIETKA C Ha#-roysMo BpeMe (M3MEXAy ITbJIHUTE KIETKH).
ToBa e Taka 3all[OTO TPAHCHOPTA [0 BCHYKU MAPLIPYTH, MOCOUCHH
OT IBJIHUTE KIETKH, CTapTHpa €JHOBPEMEHHO. 3a MTepauusra B
tabmuua 3.18 Bpemero e 73 waca W ce ompenmens OT KIeTKa
paspenraBamiara kierka (3,3) ¢ Bpeme 73 daca.

UMaT CMHUCHJa Ha KOJMYECTBOTO pecypc KOWTO 1mie ce
TPAHCIOPTHUPA [I0 MAapLIPyTa U ce€ HapH4ar Olle TOBAp Ha KIETKUTE.
Tabnuma 1
B
A B, B, B 3
t to tim
A a
! X11 X12 X1im !
t t tom
A a
2 X21 X22 Xom 2
A tnl tnl tnm a
" Xn1 Xn2 X nm "
za
b b, b, b b b

Taka ¢opmynpaHa TpaHCIOPTHA 3ajada IO KPHUTEpUil BpeMe
ce OTJIMYaBa OT KJIACHMYECKUTE PA3MpPEACIUTENHH 3aJadH, KOETO
Hajara yTOYHEHHE B MaTeMaTH4ecKUs M MOAET M MeToJa 3a
pemaBanero my. [1, 2, 4, 5]

Ileara Ha HacTOSIMSA JOKJIaJ € Ja ce YTOYHM LejeBaTa
(yHkuus Ha 3azayaTa Mo KpuTepwii BpeMe U [a ce BHecaT
HSIKOJIKO NOJ00peHHsi B MeT0/1a 32 HEIHHOTO pelIaBaHe.

2. OzpanuuumenHu yciosusn

OrpaHU4UTEIIHUTE YCIOBUs, Bb3MOXKHOCTUTE 34 ChCTAaBSHE Ha
IbPBOHAYAJICH ONOPEH IUIAaH M YCJIOBUATa 3a OajllaHCHpaHEe Ha
3aj1auaTa, 3ana3BaT I03HaTHs CH XapaKTep:

n
Z Xij =4q; 3ai=12...n

i=1

m

ZX” = bj 3aj=1,2...m,
=1

Xij >0

X i = int.(ako e He0OX0AUMO)

Tabnuua 2

A B B, B, Bs By a;
3 5 12 32

A o0 30 50
3 23 6 8

A, 40 40
43 32 24
8 16 35 64

As 30 30 60

170

b; 20 80 40 0 1170

Tab6imma 3

A B B: B, Bs B4 aj

3 5 12

3 23 6 8

Ao 20 20 40
8 16 35 64

As g 40 60

by 20 80 40 30 | o
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3a chIus IpuMep Moxe aa ObJie ChbCTaBeH U JPYT ONOPEH IUIAH
(Tabnuua 3 mo MeTosa Ha CeBEPOM3TOYHUS BI'bII), KOMTO Ompeaesns
HPOABIDKUTENHOCT Ha MPEeBo3a OT 32 vaca, ChINIAacHO KieTkuTe (3,2)
n (1,4) v mpennara opraHusMpaHe Ha TpPaHCIIOPTHATa cXeMa 3a
CBIIIECTBEHO MO-KPAaTKO BPeMe OT TO3U B IIBPBUSI IUIAH.

Bb3MorkeH e u TpeTH BapuaHT Ioco4ueH B Tabnuma 4.



Tabnuma 4

A B B; B, Bs B, a
Y ] 12 2| o
N 3 B 8| 0
A 13 32 BLTA
A I 35 50
by 20 80 40 0 [0

IIpu Hero TpaHCIOPTA IO BCHYKM MApLIPYTH 1€ NPUKIIIOYH 32
64 daca, onpezelneHu ot Kietka (4,4).
Ja mnpenmonoxkuM, ue 3aJadaTa MMa K BB3MOXKHH OIIOPHH

miaHa. JlanieH oropeH IIaH ce 3a/aBa ChC CUMBOIA X (I =1+ k)

U Ha HETo OTroBaps BpeMe 3a NpPUKIIOYBAHE Ha TPAHCIOpPTa —
maX(t--) — Hal-rolAMOTO BpeMe HM3MEXIY IIBIHUTE KICTKU
1

><L
chcraBsiy IuiaHa. ONTUMalieH OT BCHYKM IUIAHOBE € TO3H, 3a
KOWTO MpPOAB/DKMTEIHOCTTa HA MpeBo3a ¢ Hail-kpaTka. Torasa
1eneBaTa GpyHKIHUS ce 3a/]aBa ChC CIESAHOTO JIOTMYECKO YpaBHEHHE

- mn|maxy, ) maty, ). maxt,,

X1 X2 Xk

W Z[h]= min< MaxXx t” [h] 3al=1,2,.....k
X, !

LleneBata ¢yHKIMS B Ta3W 3ajadya INPEACTaBIABA JIOTMYECKO
YpaBHEHUE, IPU KOETO:

- wbpBo B | Ha Gpoii pemuiy Yncaa ce OTIAEIAT HAW-TOJIEMHUTE
H3MEX]y TAX, 3a Ja ce 00pa3yBa BTOpa peIula JHcIa,;

- OT Ta3U BTOpA PeHLa YUCIIa Ce OIpeies Hall-MalKoTo.

ToBa Hali-MaJIKO 4HUCIO OT BTOpaTa peulla ChOTBETCTBA HA
IJ1aH KOWTO € ONTHMAaJICH 3a OpraHu3alys Ha TPaHCIOPTa 3a Haii-
KPaTKO BpeMe.

Taxka onucana neneBara QyHKIMS Ha TPAHCIIOPTHATA 3aJa4a 110
KpUTEpUNl BpeMe € HenuHeWHo ypaBHeHue. Ilo Ta3u mnpuumHa
3a7agaTa HE MOXKE Ja C€ PElIN 4pe3 CHUMIUIEKC METOJa WIH C
nomomra Ha Microsoft-Excel-Solver. 3a pemaBanero u e
pa3paboTeH KOHKPETEH METOJ Ha KOHTYpHTE, ChoOpaseH ¢ HelfHaTa
HEJTMHEHHOCT M chbuyeTaBa B ceOe CH OCHOBHU U JIONBJIHHTCIIHH
TIPOLIETyPH.

4. Memoo 3a peuteHue Ha MPAHCNOPMHA 3aA0auq
no Kpumepuii épeme — 0CHOGHU RPOUedypu

MetonbT 3a pellaBaHe Ha TPaHCIOPTHA 3ajada MO KpUTEpUi
BpeMe ce 3aKIio4aBa B IIOCJIENOBATENHO IOJOOpsBaHE Ha
IIBPBOHAYAIHIS ONOPEH IUIaH, Ype3 MMOCTPOSBAHE HAa NPABOBI'BIHH
KOHTYpH TpH CIla3BaHe HA TMpaBWIA, ONHCAHH B CIETHUTE
MOCIIE0BATENHU CTHIKH: [3]

4.1. TloctposiBa ce WIBpPBOHAYAJIEH OMHOpeH IuiaH. (3a Tmmo-
JECHOTO pa30dHMpaHe HA MPOLELYPUTE MO-I0JY € PelleH MpUMEepHa
3aja4a, KbM KOATO €€ OTHPABAT NPENpAaTKM 3a OHArJe[sBaHE Ha
OT/CNIHUTE CTBIKM. B Hed I'bpBOHAYaJIHHA ONOPEH IUIaH €
HOCTPOCH 0 METOJa Ha CEBEePO3alafHMs BI'bJl U € NPEICTaBeH C
noaurnarure kierku (1,1), (1,2), (2,3), (2,4) u (3,4));

4.2. Ompeznensi ce pa3pemiaBamiaTa KJeTKa IO KpuTepuit
,,Hall-TOJIsIMO BpeMe” OT BCHUYKH ITBJIHU KJIETKH OT I'bPBOHAYAITHHUS
IUIaH (B mpuMepa ToBa € kierka (3,4) ¥ e NMoBIWTHAaTa C YepBEH
BAT). Bpemero Ha paspemraBamiaTa KJIeTKa € W CTOMHOCTTa Ha
TeKyluarta 1ejeBa QyHKIHMS;

4.3. BbB BCHUKH TIPa3HU KIETKH, C BPEME MO-TOJISIMO HJIH PABHO
Ha TOBa Ha pa3pelraBaiiaTa ce mocTass 3HaK ,,X”. Te3u kieTku ce
Hapuyat 3abpanenu. (B mpumepHara 3amada B IrbpBaTa HTEpaIys
TaKWBa KJIETKH JIMIICBAT, HO CE MOSBSIBAT IIPHU CIICABAIIHTE);

4.4. TTocTposiBa ce MPaBOBI'bIEH KOHTYP C MPEKbCHATA JIMHHUS U
Hayajgo pa3pelaBamaTa KIeTKa. 3a CPEeHIyNoJOKHHSA BIBI Ha
KOHTypa ce wu30upa Jpyra IbJHA KIEeTKa, HapedyeHa
cpelIynoJiokHa (Ha IpuMepa € MOBIUTHATa ChC 3eJieH UBAT). [lpu
n30opa Ha CpENIyNoJOoXKHAa KJIeTKa ce CHOJIoJaBaT CIEIHUTE
YeTHPH NpaBUIIa:

4.4.1. ToBa e fpyra I'bJIHa KJIETKa;

4.4.2. xosaro He TpsiOBa Ja JIeKHM Ha pena WiIM CThIOa Ha
paspelaBamniara;

4.4.3. na mputexaBa MO-TOJSIM WM PaBeH TOBap OT TO3U Ha
paspemraBamiara kinetka (ToBa yciioBue € I'bBKaBO M MOXKE Jla HE Ce
Cra3Ba IIPH OMNpeEJeNieHa CUTYAIHs, OIMCaHa KaTo IOIBIHUTETHA
npouenypa B 5.2.);

4.4.4. YeTBBPTOTO YCIIOBHE € B IPYyTUTe JBa BI'bjia HA KOHTypa
Jla He Toraia 3adpaHeHa KIeTka.

45. TlocTpoeHuAT KOHTYyp oOXBamia 4YeTHPHU KIETKH.
PaspemaBamata ¥ cpenrynosjo)kHata ca B JBa CPEIIyHNOJIOKHU
BI'BJIA HA TO3M KOHTYp. Y4YacTBaT W JBEe KJIETKH B IPYTUTE JBa
BrbJIa Ha KOHTypa. KieTkw, mpe3 KOWTO JHMHHUATA Ha KOHTYpa
npeMiHaBa 6e3 1a ckmoda 90 BIbi, He ca HEroBH eneMenTH. Ha
KJIETKHTE OT KOHTypa MOCIEIOBATEIHO C€ MOCTaBsAT 3HAIMTE ,—
w17, =", T’ KaTo ce 3alouyBa OT pa3peliaBamiara KIeTKa;

4.6. MzuucnsBa ce uncio 3a momobpenne — UIl. Tosa e mo-
MaJIKOTO YHCJIO OT TOBAapUTE B pa3pellaBaliara M CpeIlyrnojoKHa
KIeTkd. B mpumepHara 3amaua npm mepBata urepaums I =
min(30,30)=30. BsB BTOpaTa — YIT,= min(70,20)=20.

4.7. V3BbpmiBa ce nonoOpsBaHe HA TEKyIIUs IUIaH. 3a Ta3H Lell
YHUCIOTO 3a MojoOpeHue ce chOupa WIM H3BaXAa OT TOBapHUTE B
BIJIOBUTE KJIETKUTE OT KOHTypa CIOpE] TOBa KaKbB 3HAK MMa B
Tsix. [Ipu Ta3u omepanmust ce MPOMEHST TOBapHTE B TE3W UYETHPH
kieTkd. Hskoil oT mbiaHM craBaT mpasHHW, APYTH — OOpaTHOTO.
IloxyuaBa ce HOB momoOpeH mimaH Ha 3amadata. (I[Ipm HsKoi
CUTyalluy IUIaHa MOXKE Jla He ce MoJ00pH a Jla OCTaHe ChC ChINaTa
CTOMHOCT Ha meneBara ¢pyHKus (HO HuKora mo-roisiMal). Toa ca
JOIBIHUTEIHN NIPOLEAYPH OMHCAHHU MO-AO0IY);

4.8. 3a Taka MNONy4YeHHs HOB IUIaH Ce€ ONpeness HoBara
paspelaBaiia KiIeTka, KosITo Moka3Ba Kak ce € npomenuaa L{® Ha
Mozena. [locnemoBaTenHocTTa 1O mOXOOpsiBaHE Ha IUIaHAa ce
HOBTaps JO TOraBa JOKaTO BB3MOXKHOCTTa 3a IOCTpOsIBaHE Ha
KOHTYp ce wn3deprmu. CTOHHOCTTa 3a BpEMETO B IIOCIEIHATa
pa3peniaBama KJIeTKa IPH IMOCIEJHOTO NOA0OpsSBaHE ONpeneNs |
Ie7ITa Ha 33/1a4aTa;

5. Memoo
npouedypu

5.1. Axo 3a cpemnIymoyoxKHa KJIeTKa MOXe Jia ce u3depe mosede
OT eJHa KJICTKA, IOCJICOBAaTEIHOCTTA 33 pEIICHHEe Ha 3ajadaTa
TpaOBa J1a ce pasKIOHM M Ja ce IoJydaT IIoBede OT eIUH
ONTHMAJHU IUIaHOBe (B NpHMEpHATa 3ajada TOBA € IOKa3aHO C
Bapuant 1 u Bapuanr 2);

5.2. Ako BB3MOXKHOCTTA 33 IIOCTPOSIBaHE Ha KOHTYP CE U3UEpPIIH
M0 TOpe ONMCAHUTE W3MCKBAHMSA, HO CBIIECTBYBA CPELIYNOIOXKHA
KJIETKa C TOBAap IIO-MAJIBK OT TO3M Ha paspeliaBaiiarta 1 ¢
BBH3MOJKHO J]a € ITOCTPOU KOHTYp ¢ Hesl 6e3 BIVIOBH KIETKH C 3HAK
»X” Ila TolajHaT B HEro, TO ONUTHTE 3a NOJOOpeHHe Ha IUIaHa
MoraT Jja HpOJBJDKAT 110 TO3M HauWH. AKO T€3U CpPEIIyHNOJIOKHH
KJIETKH ca IIOBeYe 3a IOCTPOsiBAHE Ha KOHTYp ce HM30HMpa Ta3n
KJICTKA, KOATO IPHUTEkKaBa Hail-roJsIiM ToBap. AKO U T€ ca MoBeYe —
3ajayaTa MOXKE Ja Ce pPa3KIOHM INOJOOHO Ha ropeorucaHara
nocienoBarenHocT. [Ipy Ta3u urepaiys (MTepaunu) He ce MOCTUra
noJo0peHre Ha IJIaHa, HO CE MOJATrOTBA 3a €BEHTYaJHO MOA0OpeHne
B Clle/[BaIllaTa UTepaLys.

5.3. AKO mpH HSIKOSI OT MTEpalMHTe 110 MOROOpsBaHE Ha IUIaHA
ce OKake, 4e MMa IOBeYe OT €JHa pa3pellaBally KIETKH, T.e
HSKOJIKO OT ITBJIHUTE KICTKH IPUTEKaBaT PaBHO M HaH-TOJIIMO
BpeMe 3a IUIaHa, TOraBa IOCIEO0BATENHO TPAOBa Ja Ce U3BBPIIBA
nonoOpeHne ¢ BesKa exHa oT Tiax. Haif-moOpus moaxon B TakaBa
CHTyallMsi € aKo € BBb3MOXKHO e[HaTa KJeTKa jaa ce uzbepe 3a
paspelaBaiia, a Jpyrara 3a cpelynojoxHa. Taka ¢ efHa uTepauus
MOTar Jia ce M3KJII0Yar U JBETE OT IIJIaHa.

3a peuienue — 0ONBIIHUMENHU



5.4. 3abpansBaHeTo Ha mHpa3Ha KIETKa C BpeME DPAaBHO Ha
paspeliaBaiiaTa He BHHArd € 3aJ(b/DKUTENHO. AKO TIPHU HAKOS OT
UTEpalMUTEe Ce OKaXe, 4e MOJ0OPSABAHETO HA IIaHAa HE MOXeE Ja
HPOABIDKM, ThH KAaTo B OOpaTHMS JHaroHal Ha KOHTypa Ionaja
KJIeTKa C BpeMe PaBHO Ha pa3pellaBaliaTa ¥ He € Bb3MOXHO Ja Cce
HaMepH! Jpyra CPemIyloJio)KHa KJIEeTKa C KOSATO Jla C€ W3BBPIIH
nojgoOpeHne, TO TakaBa KieTKa (C BpeMe paBHO Ha TOBa Ha
paspeniaBamiara) He ce 3a0paHsBa U Ce ITOCTPOsBA KOHTYP B KOHTO
T yuactBa. IIpu Ta3um urTepainus He ce IOCTUra MoAoOpeHHe Ha
IUIaHa, HO CE IOJrOTBs 32 €BEHTYaJHO MOAOOpEHHE B ClieJBalla
UTepaLys.

5.5. CpuiecTBYBa U Apyra OCBEH OmucaHara B 5.1. BB3MOXKHOCT
3a HAMHpaHe Ha [0BeYe OT CAMH ONTUMAJICH IUIaH CJIe/ pa3KpHBaHE
Ha Hai-KpaTKOTO BB3MOXKHO BpeMe 3a OpraHW3WpaHe Ha
TpaHcnopra. AKo B Ta0iMIara OT IOCIeAHATa HTepaIHs
CBIIECTBYBAT YETHPH KJICTKH, (BKJIIOUUTEIHO U 0e3 pa3perraBainara
Jla € e/iHa OT TsIX) KOMTO Morar Jia ObaaT CBbP3aHH B KOHTYp U Jia ce
U3BBPILIH Npepasnpee/icHHe Ha TOBApH, TO TaKaBa OIEparis MOXe
Ja ce M3BbpUIM 3a HaMHUpaHe Ha Jpyra BB3MOXKHOCT 3a
OpraHM3MpaHe Ha TPAHCIIOPTHATA CXeMa 3a ChIIOTO BPeMe.

XapakTepHO 3a TPAaHCIIOPTHATA 3a/ia4ya MO KPUTEpH BpeMme e,
Yye HE ce IpaBU IPOBEPKA 3a HM3POJACHOCT HA IUIAHA, THH KaTo
HOCJIEIOBATEIHOCTTA 3a pEIaBaHe HE M3HCKBA IIPECMATAHE Ha
MNOTEHIMAIMTE HAa OTIPABHUTE U IIPUEMHUTE ITyHKTOBE.

6. IlIpumepna 3aoaua.

Om mpu omnpasnu nynkma ¢ waruunocmu cvomsemuo 100, 50
u 30 omnocumentu eOuHUYU CRACUMENHA MeXHUKA, Heobxoouma 3a
Oelicmeusi npu Kpusu, 6edcmeusi , asapuu u kamacmpopu mpaoea
0a ce opeanusupa Mpancnopm 3a HAU-Kpamxo epeme 00 Yemupu
npuemamentu NyHkma c¢ Hyxcou cvomseemno 30, 70, 20 u 60
eounuyu mexuuka. Bpememo 6 uacoge 3a mpancnopma no 6cexu
eoun Mapuipym e nocoueHo 6 mabnuyama.
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7. H3600u

7.1. MUHHMMATHOTO BB3MOXHO BpEME 3a OpraHU3UpaHE Ha
TpaHcTopTa ¢ 6 Jaca;

7.2. [TbpBUAT IMyHKT Ha KOWTO Iie ObJie M3ITBIHEHA 3asBKaTa €
B, — 3 yaca; ciiex ToBa B,- 3a 4 yaca, By- 3a 5 yaca u nmocnenen B —
3a 6 yaca

AKO ce MpUiI0KaT BCHUKU BB3MOXHHU MOJXOIH 32 PEIIaBaHe Ha
3amayata (BCUYKH BB3MOXKHOCTH 3a MOA0OOpsBaHE HAa OMOPHUS
IJIaH) ce MOJyYaBaT HIKOJIKO PAa3NIMYHU pelleHrs (OpraHu3alluy Ha
TPaHCIOpTa) C pPaBHO MHHHMAIHO BpeMme 3a u3mbiaHeHue. OT
BCHYKH TSAX MOXeE Ja ce m3bepe ToBa pelleHHWe, KOETO € Haii-
[eJIeCh00pa3Ho 1O JAPYTM KpPUTEepHH (HampuMep TPaHCIOPTHH
pasxonu).
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Abstract: First began to draw uranium in Bulgaria the germans- in 1938 in Buhovo. In the first year they draw 100 tons of metal. In
1939 they stopped. After the Second World War, uranium mining was renewed in secrecy, but this time by the Soviet-Bulgarian mining
company. 48 mines have drawn uranium according to decree Ne 74 of the Council of Ministers in 1992, the government of Philip Dimitrov
takes the decision to liquidate the uranium and another 30 were under investigation and trial operation. It is largely based in southern
Bulgaria. Every year the world produces about 42,000 tons of uranium. One third of the yield is in Canada where deposits are 5 million
tons. The control in the system of the Ministry of radiation status of the environment which is near former mines extracting uranium, includes
field radiometric measurements and laboratory analyzes of soils, waste products in tailing ponds and landfills, sediments, groundwater and
surface waters. A network of stations is built for monitoring of soil, groundwater and surface water and air, and produces agricultural

products in the areas of uranium mining.

Keywords URANIUM MINES, URANIUM, CONTROL MONITORING, BUHOVO, RHODOPES, RADIATION CONTROL,

RADIOLOGICAL RISK, LIQUIDATION, RADIONUCLIDES

1. Introduction

Many experts believe that the liquidation of uranium mining in
the country in Llithout they are finally exhausted, and even then
there is extraction of uranium from old dumps. And no country
liquidates its uranium production, if it has nuclear power plants.
However, Bulgaria closed uranium mining in 1992 and threw over
50 million lev budget and a lot more under the PHARE 1991, was
carried out hastily, with the result that in many areas are not
realized complete technical solutions for this activity. Experience
shows that no country in the world except Bu lgaria, doesn't close
its uranium deposits wrogram for the eradication of mines and land
reclamation.

First began to draw uranium in Bulgaria the germans- in 1938 in
Buhovo. In the first year they draw 100 tons of metal. In 1939 they
stopped. After the Second World War, uranium mining was
renewed in secrecy, but this time by the Soviet-Bulgarian mining
company. It existed until 1956, when as a cap uranium grouping is
formed "Rare Metals", which is referred to as a "state within a
state.” It had 13 000 people-workers. It controlled the geological
measures, mining, processing and export of the obtained uranium
concentrate . Under his hat were the others: "Buhovo”, "Trakia" -
Plovdiv and "Rise" - Smolyan.

48 mines have drawn uranium according to decree Ne 74
of the Council of Ministers in 1992, the government of Philip
Dimitrov takes the decision to liquidate the uranium and another 30
were under investigation and trial operation. It is largely based in
southern Bulgaria. The most famous are Eleshnitsa Sborishte, White

Water, Dolna Banya. Near Buhovo are made mining
developments,near Sofia there is uranium in Seslavtsi and
Kremikovtzi ....

In the Rhodope mountain the areas are four: near Eleshnitsa / 15
km away from Bansko /, Dospat, Smolyan, Velingrad. In Thracian
Valley - Stryama ,Rakovski and around Plovdiv, Yambol
Municipality. There is uranium in Montana, Simitli, Sliven and
Stara Zagora, Burgas, Veliko Tarnovo, Gabrovo, Lovech and
Pleven, Targovishte, Shumen, Ruse, Razgrad, Silistra, Dobrich and
Varna. In 1974 the output reached 400 tons per year. Before the
decision to liquidate the industry in 1992, uranium mining reached
645 tons per year. Throughout the time till 1989 the yield is secret,
while production is strategic. Export is entirely to the Soviet Union.

The bulgarian product is named "triuranievosmookis" (or
oxide-zakis).The classical technology of digging uranium ore is on
loss. This is an expensive process, but that is because of the
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strategic production. The other scheme is geotechnological. It is
clean and very cheap. Tailings have only two plants for processing
uranium ore - "Eleshnitsa” and "Buhovo." Now technology enables
the extraction of uranium from much poorer ores and tailings piles
in both can still be extracted uranium. Yellow cake - commercial
product uranium from 30% to 60% is obtained after processing at
the plant in Eleshnitsa, and in Buhovo was firing extra and was
received a concentrate containing uranium about 80%. From there it
is transported in containers to the Soviet Union, where nuclear fuel
was produced and was sent back to our Kozloduy NPP.

Every year the world produces about 42,000 tons of uranium.
One third of the yield is in Canada where deposits are 5 million
tons. The richest deposits of uranium are in Australia and in the top
ten are still Kazakhstan which declared its intentions by 2012 to
become the largest producer of uranium, and South Africa. In
Bulgaria uranium reserves are estimated at 20,000 tons. From them
suitable for exploitation by geotechnological method are 12,000
tons and in practice can be extracted 6500 tons. However, they
could secure our nuclear power for at least 20 years. Geotechnology
is applicable for deposits in Plovdiv, Yambol, and the valley of
Struma. Experts in the industry believe that Bulgaria is fully
capable of pulling 300 tonnes of uranium per year. Only a small
mine with no more than 100 people staff gave 600 thousand dollars
a year profit at all deductions for taxes, transport, food, prevention
of the workers export and further processing of the metal to the
commercial product.

Until 1992 most of the minimum prices on the London stock
exchange. the threeuranium eightoxide costed $ 42 per kilogram. In
regular supply the price jumped nearly doubled - to $ 70 per
kilogram. Now the price is about $ 140 per kilo, which would bring
42 million dollars annual profit of Bulgaria in the resumption of
uranium. However, the trend is the product to reach a price of 200
dollars per kilogram. That's what dictates the interest of Canadian
and Russian producers to the revival of uranium mining in Bulgaria.
The control in the system of the Ministry of radiation status of the
environment which is near former mines extracting uranium,
includes field radiometric measurements and laboratory analyzes of
soils, waste products in tailing ponds and landfills, sediments,
groundwater and surface waters. Radiological parameters of soil,
bottom sediments and waste materials are evaluated by analysis of
samples from the network of the EEA for the control of potential
pollutants. Water samples are analyzed radiochemical regarding to
the targets set out in BS 2823 "Drinking water" - total beta
radioactivity, uranium and radium.
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2. Materials for Production of Prototype Parts

With the entry into Decree Ne74/27.03.1998 on eliminating the
consequences of the extraction and processing of uranium ores is
assigned to the "Ecoengineering -RM" Ltd. to organize and
supervise technical liquidation activities, technical and biological
reclamation of scrubbing results and conduct a comprehensive
departmental monitoring of environmental components. Despite the
existence of a legal basis, not all sites are built and operated
monitoring networks as approved by the Chairman of the Energy
Committee "Instruction on organization of monitoring system
design, construction and operation of networks for environmental
monitoring in the affected by uranium industry development ". The
liquidation of every mine begins with closing the shafts and
horizontal galleries. Blocking the entrances with concrete walls,
parallel overhead bunkers and destroying buildings and then taking
technical and biological reclamation of affected lands.

In the Phare project "Comprehensive Program for cleaning and
monitoring areas affected by mining and processing of uranium in
Buhovo" in March 1999 is built a local system for basic
environmental monitoring in the area of Buhovo - Yana (LSBM).
The system consists : two monitoring container located in Buhovo
and in Yana, two reception centers - in "Rare Metals" Ltd Buhovo
and EEA - MoEW and information board for continuous public
information installed on the cultural center in Buhovo . The LBMS
is intended to carry out continuous monitoring of indicators of
environmental rehabilitation activities before, during and long after
the completion of restoration works in the area. Monitoring
containers are equipped with measure instruments for continuous
monitoring of total dust, radiological parameters power of gamma
radiation dose, concentration of radon in ground-air meteorological
parameters: direction and wind speed, temperature and humidity on
the ground air, atmospheric pressure and precipitation.

A network of stations is built for monitoring of soil,
groundwater and surface water and air, and produces agricultural
products in the areas of uranium mining. Measurements show that
there is no risk for people, animals and plant life, because values for
heavy and toxic elements and radionuclides are below the limit
concentrations. In 2001, after the closure of sites for uranium, in
reference to the "NRA" Sofia were carried out radiation
measurements for researching the radiation status of this region.
The results of the measurements of background radiation are given
in Table 1.In Table 2. are given the specific activity of soil samples
from the surface layer 0 -10 cm, from places which are expected to
have a lot of dirt.

Measuring Coordinates Background

points radiation
altitude
*Sv/h

1. Levels near N42 18 10.3 E24 0,23-0,28
“The  breeding- | 5439.5204.0m
pond”

2. Levels near N42 18 20.9 E24 0,18 - 0,20
the canal 54 08.2 204.2 m

3. Uranium N42 18 22.4 E24 0,24-0,31
mining site 5355.1183.7m

4. Stock tubes N42 18 36.2 E24 0,22 -0,23
“Rare metals” 5344.3182.1m

5. Road to N42 19 11.9 E24 0,21-0,22
Padarsko village | 5336.4219.1m

6. Village N42 18 34.3 E24 0,20-0,22
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cemetery 5332.6184.5m
7. “Cemetery” N42 17 59.1 E24 0,23-0,24
of “Rare metals” | 5301.6179.4 m

Table 1. Results of measures of natural background radiation in
the vicinity of Momino village.

Place of U-238 Th-232
samplers
[Barkg] [Ba/kg]
Momino
village
90 67
“The
cemetery” 72 83
“The
breeding-pond”
oP 37 44
To
uranium
mining site
Rakovski 73 68
city
Parvomay 73 70
city

Table 2. Contents of radionuclides in soil samples, Momino
village

The area, which has conducted uranium mining activities in the
Rhodopes, starts not far from Asenovgrad and extends to the
southern border. He is known as the center of tourism and
recreation activities. Ongoing for decades uranium questioned the
radiological purity, despite the talks of the liquidation events.

Receipt of uranium ore in these areas is done by digging pits /
gallery /. For the transportation of ore are built roads and Mine
excavated mass without industrial uranium forms a "mound" near
the adit, which gradually overgrows. Open pits are walled, buried
with earth and they are indistinguishable, but some of them are
broken partitions. Given the radiological significance of the
problem, the first studies were carried out in the upper stream of the
Arda River in 1996 with a project funded by the MEST. Figure 1.
shows the area of research and the points of samplers. Periodically
conducted measurements showed that the level of background
radiation does not exceed 0,28
area. The content of radionuclides in the soil and water samples
turned out to be within the average for the country [2].

The only point in which it was found to increase the background
radiation (0,40
audits area but close to dysfunctional ramp for loading the uranium
ore. This provokes taking radiation measurements in uranium
indoor areas, which was funded in three consecutive years of NRA
Sofia [3, 5, 6]. Object of research were three divisions - Gerzovica
and Kiselchovo, Smolyan, Narechenski ore yield area,
Belocherkovski rid, Plovdiv.
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Fig. 1. Location of sampling from the closed uranium mines.
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On figure 1. are reflected the points where samplers were made.

These are the places that were open to the adit of closed mines
and there is expected aggravated radiation situation. After
inspection by the responsible institutions they have identified the
following deficiencies in the former uranium mines, which must be
removed with funding from PMS NeNe 3 / 15.01.2014g. For
allocating the funds on programs for technical liquidation and
conservation of objects from the mining sector for 2014.

MDP "Eleshnitsa" factory "Star" - Eleshnitsa village. Potential
danger is the collector channel under the plant tailings and wastes
dumping mining workings that are not reclaimed.

2.0bject"Sunrise" (Dospat) - Barutin village. It is necessary to
stop farming in the "Potato levels" until the completion of the
reclamation activities. The measured specific activities of the
uranium-238, radium-226, lead-210 and thorium-230 in the arable
soil are in excess of 2 to 45 times the natural background levels for
these radionuclides in the area of Barutin village. The waters of
river Barutinska in the area are mainly contaminated by mine waste
water. It is necessary to indicate the pitch and inform the population
that the waters of self-discharge of shaft 3 and the river Barutinska
are with increased content of natural radionuclides.

3.0bekt "Balkan" - Tserovo village.

Adit NeNe 1 and 2 are left open, as the dumps are not reclaimed.
Potential danger of radiation contamination is the embankment of
Adit 1.

4.0bekt "Gabra "- Gabra village. Unfinished reclamation of
embankment of Adit 2.

5.0bject"Iskra" - Katina village. Reclamation is not complete
and has not resolved the issue of treatment of mine water.

6.0bject"Georesurs” - y-s "Brezhani" "Haying," "Igralishte."
Mining waters from Adit 2 in "Brezhani" and gallery in "Igralishte"
are available for animals to drink. The sorption column is not
removed in "Haying" and the issue with the leaking contaminated
water is not resolved. Due to erosion processes rock material from
the dumps was pulled down in the valleys. It is necessary to prevent
its further movement.

7.0bject"White Water" Ochusha village. After the
commissioning of the treatment plant for purification of mine water
a comprehensive assessment must be made of the radiation
contamination along the river Ochushnitsa.

8.0bject"Geostroycomplect” - Seslavtsi village. Particularly
serious is the problem with mining water expire - channel under
sorption "Chora" Adit 93, which is very near to the village
Kremikovtsi, channel after tailings plant "Metallurg" and gallery
123.

The results and their comparison with the normative
Documents warrant some general assessments and conclusions.

a / in settlements located near the surveyed former uranium
mining areas and adjoining farmland concentration of natural
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radionuclides in soil and the level of background radiation is not
changed.

b / after the liquidation of the mining mines,access to some of
them is not sufficiently restricted.

¢ / in places where radiation background was repeatedly
increased in comparison with the natural, the access should be
limited for the population, despite the slight radiation risk.

d / in loading ramp "Gerzovica" the liquidation procedures
should be completed and the sould should be deactivated in
restricted area station. Around the embankment of uranium ore
"Revie fields" - Dobralak village a concrete wall should be built,
precluding spillage or inappropriate use of the ore mass.

The results of the research are available for the relevant
municipalities so the local community can be informed and the
manifestations are limited of radiophobia or credulity on the side of
people in those areas Moreover, evaluations, more broadly, will
help to conduct an adequate economic policy in the surveyed
regions.

Even to resume uranium production in Bulgaria, now it would
be very expensive and would require huge investments. All mines
have been sealed for a long time. We'll have a new drilling at great
depths, which is very expensive.

Of course, on the other side of the scales will stand usefulness
of any resumption of uranium - thousands of new jobs, new
technologies, fuel for both our nuclear power plants. But in this
situation it will also need to build a new plant for processing
uranium, which also means new risk of new contamination at still
unliquidated old. But potential investors -canadians or russians in
need of huge investments will probably want all the profits for
themselves. Which will not be profitable for Bulgaria, unless
Bulgaria does not produce bulgarian technologists and technical
equipment, workers - specialists in uranium yield, that is how it will
enter the era of technology and will save a lot of taxpayer money.

3.Conclusions:

1. Government documents have been accepted to solve the
problems of the consequences of priority liquidated uranium mines
and uranium processing;

2. Some uranium mines and uranium processing are built without
monitoring networks for radiation control and do not conduct
departmental monitoring;

3. Compromised are already committed liquidation and reclamation
works, due to the poor quality of their design and / or
implementation and insufficient maintenance of already built
facilities;

4. Radiological risk exists due to unresolved issues with
management and complex purification of contaminated with
radionuclides natural water flowing from the mining sites.
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Abstract: Radioactive and biochemical researches prove that after big reactor breakdowns nuclear explosions pastures and vegetation
get polluted with radioactive iodine 131. High level of radioactive contamination has been established lucerne and other grasses, which
required the prohibition of feeding farm animals with green fodder from the first slope. Milk is the most affected by the radioactive
contamination of food of animal origin. Caught up in the human body radionuclides distributed in various organs, tissues and systems, they
have complex kinetics, which depends on the nature of the metabolic processes. The distribution in the body depends on the manner of

introduction of the radionuclide.
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1. Introduction

Cosmic rays that reach the Earth's surface can create
radioisotopes decay but compared to other naturally occurring
radionuclides is extremely low and not particularly important.

With the importance of biological standpoint are thus formed in
the atmosphere of carbon-14 and tritium. Carbon-14 is formed by
irradiation with neutrons, nitrogen-14, and the three - of hydrogen.
Radio hydrocarbon included in the organic world, follows the path
of stable isotope and it helps to learn a number of processes, such as
photosynthesis, decomposition of organic matter, determine the age
of organic formations and others. It passes in the coal, oil, etc., and
also in the inorganic carbon compounds (carbonates) and others.
Tritiated also be mixed with hydrogen into the water, and other
organic compounds, which enter as a component and is involved in
the circulation of the substances, but its half-life is much shorter.
Much of tritium and carbon-14 accumulates in ocean waters.

It is believed that the content of radioactive elements is the
result of nuclear reactions in the atmosphere and in recent years
1000 constantly present in it. Naturally there is no question of
radionuclides as a result of the testing of nuclear weapons and other
human activity, but natural cosmogeneous radionuclides. Interest is
established depending on the content of radionuclides in the
atmosphere not only by the altitude but also the latitude of the
globe. It was found that with the distance from the equator to the
north intensity of cosmic radiation is uvelichava.Tova binds to the
influence of magnetic fields on the planet.

Soil is the main source of radioactive pollution got into the
biosphere through the atmosphere and in other ways. It is proved
that the air radioactive pollution of plants has main significance the
first days and weeks after the radioactive blast even more when
plans are in the status of active vegetation. Later on when the
atmosphere gets partially or fully cleansed from the radioactive
particles, soil becomes the main provider of pollution to vegetation
and therefore to people and animals. This phenomenon has been
constituted after the period of intense testing of nuclear weapons in
air in the beginning of 60’s and after the stop of the tests according
to Moscow contract of 1963. Polluted water continues to nourish
plants with radioactive particles in those areas. This happens as
result of the radioactive particles and compounds being included in
the biological components of the lithosphere and soil.

2. Materials for Production of Prototype Parts

Radioactive and biochemical researches prove that after big
reactor breakdowns nuclear explosions pastures and vegetation get
polluted with radioactive iodine 131. The most polluted this this
isotope milk cannot be drank after that. In those occasions, milking
animals must immediately be removed from pastures and fed only
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with provender from the warehouses. As in similar occasions, milk
is the most affected product by radioactive pollution.

From all kinds of meat the one with highest levels of radioactive
pollution is mutton. In other eatables from vegetarian and animal
origin — tomatoes, pepper, cucumbers, potatoes, carrots, cabbage,
beans, apples, pears, watermelons, mushrooms, cans, sausages,
baby foods, etc...have been detected lower levels of radioactive
pollution. This has served as reason to the Committee on the
Peaceful Uses of Atomic Energy to state that main part of foods
used within population doesn’t seem to be radioactive and to
suppose risk to health is as its lower levels. Highest levels of
pollution within researched plants have been detected with leaf
vegetables — salads, lettuce, green onion, parsley.

High level of radioactive contamination has been established
lucerne and other grasses, which required the prohibition of feeding
farm animals with green fodder from the first slope. In straw cereals
is measured several times higher activity than in the classes. In the
measured activity was significant participation of radio-cesium.

Radioactive contamination of plants and plant products is
associated mainly with air route of administration of radionuclides
and their attachment on the soil and plant organs and a further shift
in the chain - food for animals and humans. Milk is the most
affected by the radioactive contamination of food of animal origin.

In some cases, it can be applied and biological decontamination
of radioactively contaminated areas, ie extraction of radionuclides
with plants that can accumulate and neutralize them.

Picture of the path of radioactive pollution in the human food
chain gives us Fig.1. It appears that up to 80% of the calcium in the
human body is obtained from foods of animal origin (Figure 1), but
the most radioactive element strontium -90 (Sr90), is obtained in
the radioactive contamination of the soil. The ratio of calcium and
strontium in the bones of a person is equal to that of the elements in
the soil.

From the figure it is clear that in terms of Sr-90 the most
dangerous radioactive pollution is in the milk (a).The products of
plant and animal origin have equal contribution to the pollution of
the human body with Cs-137 (fig.1b). The ratio of Sr-90 / Ca is
equal in the tissues of plants and soil. The organisms of animals use
more quickly calcium than strontium, and this ratio is less than one.
At the same time it should be noted that the contribution of Cs-137
in the food chain is extremely diverse On one hand, plants extract
more potassium from the soil than cesium, at the same time in
animals the accumulation of cesium is more intense than calcium,
and the ratio between their concentrations is above unity.
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Fig.1. Passage of Sr-90 and Cs-137 in the human food chain,
the most sensitive to pollution with these radioactive elements (in
Langkam, 1965).

The internal exposure of the human body is due to the
radionuclides that have fallen into the (incorporated). Incorporation
may be done in several ways, in which purposes of radioecology
rights are the most important two:

> oral ingestion of food or water (oral
incorporation);

> inhalation of radioactive gases and aerosols
(inhalation incorporation).Caught up in the human body

radionuclides distributed in various organs, tissues and systems,
they havecomplex Kinetics, which depends on the nature of the
metabolic processes. Some radionuclides have selective uptake,
such as iodine in the thyroid gland, radium and strontium — in bones
; others distributed more evenly, such as cesium and potassium
muscle tissue, etc.
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At some point, the body has a certain activity A [Bq], which is
distributed on the body mass m [kg], determined with specific
activity [Bq / kg]. But C varies with time not only in body as a
whole, but in different organs and tissues. This is due to the fact that
the radionuclide is allocated in the body (especially in initial stages
after arrival), but even is considered as a whole, C is changing
because that given radionuclide decays with a physical half-life Tf,
but is also appears in the body to the strong of it is a chemical
element that is involved in metabolic processes. That departure is a
purely biological process and is characterized by the so-called.
biological half-life Th.

The distribution in the body depends on the manner of
introduction of the radionuclide. For example, after ingestion of
plutonium-239 in the body is held only about 0,003%, whereas after
inhalation retained part is 25%.It is seen and the complex
distribution in various organs of the body. These organs, in which
he goes and accumulates respective radionuclide are called critical
organs.

Radioactive isotopes of any chemical element, which falls in the
body are involved in the exchange of substances in the same way
as the stable isotopes of an element. Biological activity of
radioactive isotopes is determined by the parameters of ionizing
radiation which they emit.

The radiotoxity is called the property of radionuclides that cause
various degrees pathological changes in their entry into the human
body. Pure radiotoxity cannot be separated from the chemical
toxicity of a chemical element and compound and a typical example
of this is uranium, which belongs to the so-called heavy metals.

Toxic effects of radionuclides caught up in the human body is
determined by:

» solubility and absorption of the compounds in which they
are found;

» The way of incorporation;

» character of the allocation in organs and tissues;

» speeds of input and output of the body

» Physical characteristics of emitted ionizing radiation: type
of radiation, energy, etc.;

» Age of the person, in which has fallen the radionuclide
and other individual characteristics.

As a result of human exposure with large doses of some
symptoms showing changes in normal physiology, may occur
within days, hours or minutes. On the other hand, the body can react
to irradiation of clinical events after years or decades. In this
connection, radiation-induced effects in humans are divided into:

» Early somatic effects, with periods of manifestation from
minutes to days. They are called acute and comprise a very wide
range of phenomena, starting from the radiation erythema and lead
to death of the organism. Somatic name comes from the Greek word
soma, which means body.

» Late somatic or somatic-stochastic, with development
period of years and decades. These include radiation the induced
malignancies (commonly referred to as cancer).

» Inherited or genetic effects that occur in the progeny of
exposed individuals: children, grandchildren, great-grandchildren,
etc. In human radiobiology or otherwise, radiation in medicine,
principally define two types of effects due to the effects of ionizing
radiation on humans that medicine defined as diseases:

> deterministic effects, as all of them are somatic and are
characterized by a threshold of radiation impact (threshold dose of
radiation), under which these effects were not observed, and above
this threshold the severity (level) of the clinical expression of the
effect depends on the dose;

» stochastic effects, ie somatic (cancer) or hereditary
(genetic) effects that occur in the irradiated person years after
exposure or in subsequent generations. These effects (diseases)
have a probability (stochastic) nature; for them it is assumed that
there is no threshold on the radiation dose and the their gravity is
independent of dose. Stochastic effects are not specific in nature,
they can not be distinguished from other similar effects induced by
other factors of non-radiation nature.



This principally separation of radiationthe induced effects in
humans is a result of multi-year study of the effects of ionizing
radiation on both human and experimental animals (mainly
mammals), starting from the molecular level through to level body
as a whole and population level. On the other hand, a number of
problems, both theoretical and practical, has a number of unclear
incomplete data on specific patterns on the formation and progress
of the corresponding radiation-induced effect.

3.Conclusions:

1.Radioactive contamination of plants and plant products is
associated mainly with air route of administration of radionuclides
and their attachment on the soil and plant organs and a further shift
in the chain - food for animals and humans .;

2.Milk is most affected by radioactive pollution food product of
animal origin and flesh at high overlay of radioisotopes was
observed in sheepmeat;

3.The highest contamination of vegetation is found in leafy
vegetables - spinach, salads, lettuce, green onions, parsley, etc .;
4.The most widespread isotopes that have an impact on the human
body are 1-131, Sr-90 and Cs-137.
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Abstract: Prediction of bus speed on an urban route: A new method to inform the passengers for the time of arrive of buses from urban
transport is the modern system for information. It is necessary to predict the bus speed between two points, including any delay at stops, to
get this information. This article presents some models to investigate the running bus speed. They include different parameters of the traffic

conditions therefore they are with different degrees of complexity.
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1. Bweeoenue

B cbBpemeHHHTE YCI0BUS Ha pabOTa Ha IPAACKUAT TPAHCIOPT
U 0coOCHO NpHM W3MOI3BAaHE HA CUCTEMM 3a HMHQopManus Ha
OBTHHUIUTE 32 BPEMETO HA TNPHCTHTaHE HA AaBTOOYCHTE IO
CIIMPKUTE, Ce HaJlara Jja ce IPOrHO3HPa CKOPOCTTa MM Ha JIBIKEHHE
MEXy ONPEAEICHH TOYKM OT MapIIpyTa WU IO LEeNHs MapuipyT,
KaTO Ce OTYUTAT YCJIOBHUSTA 3a JBIDKEHHE I10 HETO. BIHUSHHE BBPXY
cpellHaTa CKOPOCT Ha JBI)KEHHE Ha TPAHCIOPTHH CPEICTBA B
TpajcKM YCIOBHS OKa3BaT pexuua (akTopu (3aIpbKKU MO
KpbCTOBUIATa, Opoil Ha couMpaHusATa, OpOH Ha JEHTUTE 3a
JBI)KCHHE, WHTCH3MBHOCT HAa JBI)KCHHETO, THIOB CbCTaB Ha
TPaHCHOPTHHMS MOTOK M JPYTU), KOUTO MOTaT 1a ObJaT OTYETEHH U
ype3 MOAXOAAN MOAEN Ja Ce IPOTHO3MpaHa CKOPOCTTa Ha
IBIDKEHHE 3a BCSKAa TOYKa OT Mapuipyra. Peamia wmsciemoBarenu
npeuiaraT MoJIeJH 3a IpeAcKa3BaHe Ha CKOPOCTTa Ha JIBIDKEHHE, B
KOUTO C€ OTYHTAT TNO-Manko wid mnosede akropu [1,3,4],
OKa3Balll¥l BIMSHHE BbPXY CKOPOCTTAa Ha ABM)KCHHE HA OTIEIHOTO
TPAHCIIOPTHO CPEACTBO IO MAPIIPYT.

Tlpu MakpoMozenuTe CKOpOCTTa Ha JABMKeHHE ¢ (QYHKUIHS Ha
HSKaKbB 10 000011aBaI GakTop U CIIy’KaT 3a OIICHKA KaueCTBOTO U
e(peKTHBHOCTTA HA IbTHUYECKUTE MIPEBO3H [2].

IIpn Mukpomonenute ce H3MOI3BaT (HAKTOPH 3a IO—ACTaIHO
OIHCaHHe Ha PEeKNMa Ha JIBIDKEHUE U Ce M3IO0JI3BaT 3a ONEepPaTHBHO
yIpaBlIeHHe Ha JBIDKEHHETO HA TPAaHCIOPTHHTE CpEICTBA IO
mapupyT [3,4]. Tazu rpyna mMozenu ce mpuiara B CHCTEMHTE 3a
uHGOpMAIMS HAa THTHUIMTE (B TPAHCIOPTHOTO CPEICTBO M Ha
CIHPKHUTE), 32 IPOCKTAHTPAHCIIOPTHH CPEACTBAKH LENU 10 n30opa
U OLICHKa Ha PEXMMa Ha IBW)KEHHE II0 MapLIpyTa, pa3xola Ha
TOPUBO ¥ 3aMBpPCSIBAHETO Ha OKOJIHATa cCpena, 3a OIeHKa
pelIeHHsATa OT IPOEKTH II0 OpraHM3alus Ha JABW)KCHHETO Ha
TPAHCIOPTHUTE MOTOLM 110 METO/Aa “TIpeAU U ciien”.

2. H3no0xcenue

2.1. MeTtoau 3a NPOrHO3MpaHe CKOPOCTTA HA JBHMJKEHHE HA
TPAHCHOPTHUTE CPEeICTBA IO IPaJCKH MapupyT (CTATHYHH
Mojesn).

B npaktukara Hali-uecTo ce Hajara Aa ce M3I0J3Ba MOJEN 3a
NpeACKa3BaHe Ha cpegHaTa CKOPOCT Ha MABIWKECHHE MO IEeNHs
MapIIpyT, Haph4yaHa olle KaTro CbhoOmmuTenHa (MaplIpyTHa)
CKOPOCT WJIM CpeiHa CKOPOCT IO OTAEITHH y4acThLH OT MapLipyTa —
Y4aCTBKOBa CKOPOCT.

HOHyJ'IS{pHPISIT CKCIIOHCHIIUAJICH MOZIECI, npu KOWTO
CpaBHUTEIIHO JICCHO CTaBa q)OpMaJ'IHOTO npeACTaBIHE Ha OTACITHUTE
q)aKTOpI/I, BJIMd€IKX  BBPXY CKOpPOCTTa Ha  JIBUXKCHHEC Ha

TPaHCHOPTHOTO CPEACTBO 11O MApUIPYT.

Exgun or MeromuTe 3a MPOTHO3MpaHE HA CKOPOCTTa €
SKCIIOHCHIMANHU MoJed ¢ pgageH B paboru [3,4], xpaero e
npencTaBeHa KOpeNaldoOHHA 3aBUCHMOCT MEXIy MapuIpyTHaTa
CKOPOCT M Opost Ha CITUPKHUTE [0 MapIIpyTa
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@
KbJeTO V,, € MapuipyrHara ckopoct, km/h;

V, — HoMHHanHaTa (YCTaHOBEHATa) CKOPOCT, KOSTO ce
MOCTHIa 38 KOHKPETHHs Mapuipyt, km/h;

- KOC(DUIMCHTHT 3a OTYMTAHE BIMSHHETO HA BCSIKO
crpaHe;

Sopu— OPOST Ha CIMpaHKATa O MapIIPyTa HAa KUWIOMETHD
(mopanu BesKSIKBA IPUYKHA), Oposi/km.

To3u B Ha MoJIeNIa JjaBa Hall-rpyOM OLICHKH 32 CKOPOCTTa
[0 MapupyTau 3a pa3JIMUYHUTE YCJIOBUS Ha JBIKEHHE
(MHTCH3WMBHOCT HAa JIBIKCGHHETO UM THIIOB CBhCTaB Ha
TPAHCIOPTHHSA MOTOK, C WK 03 OTJeHA JeHTa 3a IBIKEHHE U
MHTEH3UBHOCT IO HeEs, BpeMeé 3a CIM3aHe M KauyBaHE Ha
IIPTHUIIATE W JpPYyrH), napamerpure V, W @ UMaT OTICIHU
CTOMHOCTH.

B npyra pa6ora [5] momensT (1), oTuMTa XapakTepa Ha
CMUpPAHUATA [0 MAPLIPYTa — CIIY>KEOHO CIIMPAHE Ha CITUpKaTa M
CIMpaHe CBBP3aHO C OPraHU3aIMATA HA IIBTHOTO JIBIDKCHHE.

_ —(aScr+BSox)

V,=V,e )

KBIETO [ € KOe()UIUEHTHT, OTUHUTAIl BIHSHUETO Ha BCSKO

JOI'BJIHUTEIHO  CIIMpaHE€ CBBP3aHO C OpraHusanusaTa Ha
IIBbTHOTO JABHUXXCHHUE,

Sci— OposAT Ha criMpaHUsTa IO MapIIpyTa Ha KMJIOMETHP Ha
CIIUpKH, Oposi/km.

Sop— OpoAT Ha CIMpaHUATAa HO MapLIPyTa HAa KUIIOMETED,
TIOpajy OpraHU3aIHATa Ha ITBTHOTO JIBIDKCHUE, 6pos/km.

ITapameTpuTe Ha TO3M BapUAaHT Ha MoOJeja HMMAaT CbllaTa
HHTEpHpeTanust kakto B Moxena (1), HO Tyk ¢ koedurmenra [
MOJXKE Jla C€ OTYETE BIMAHMETO Ha JOIBJIHUTEIHUTE CIIMPAHUA U
TEXHHS XapakTep, CBbP3aHH C OpraHM3aLMATa HA ITBTHOTO
JBI)KEHHE 110 Mapuipyra — Opoil KpbhCTOBMINA II0 MaplupyTa C
NpeauMCTBO M 0e3 NpeAuMCTBO HIM chC M 0e3 cBerodapw,
pa3penieHo Wiy 3a0paHeHo MapKUPaHETO MO TPAaceTo Ha MapIIpyTa,
BHCOKA IUTBTHOCT HA TPAHCHOPTHHMS U TEMIEXOJHUS TOTOK H JPYTH.

OueBHAHO €, Ue BIUSHUETO Ha Te3H (aKTOPH Ha OpraHH3aIHATa
Ha I'BTHOTO JBMJKCHME OKA3BaT B pa3jIMuHa CTEICH BIMAHUE, KOETO
O3Ha4yaBa Pa3IMYHM Terjia Ha BCEKU eIUH (aKTOp 3a KOHKPETHUS

MapLIpyT.

Jpyr BapuanT Ha Mozena (2) ce pasriexaa B padorure [1,2],
KBICTO BIMSHHETO Ha oTaenHuTe (akTopu (ocBeH Opost Ha
CIIMpaHMATA II0 CIIMPKUTE) CE€ MPEACTaBiIT C €IUH HHTErpajeH
(akTop — BpeMe 3a NPEcTOd WM 3aJPBXKKH B ABIKCHHETO MO

MapupyTa:
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kpieTo f e KoeQUIMEeHTHT (IapaMersbp), KOWTO OTYHTa
BJIMSIHUETO HAa BPEMETO Ha MPECTOs CHOPE] OpraHU3aluATa Ha
IBTHOTO JIBHKECHHE,

Sosu— OpOST Ha CHMpaHUATa O MapLIpyTa Ha KWJIOMETBD
(mopanu HsiKakBa NpHYKHA), Opos/km.

Tor— OpoOAT Ha CIMPaHUATA [0 MApLIPyTa HAa KHIOMETHD,
TIOpaji¥ OpPraHU3aIHATa Ha ITBTHOTO JIBIDKECHUE, 6pos/km.

Hamocnexbk  Hikon  aBropu  [8]  BriurouBar B
CKCIIOHCHIIMAIHHUA MOJENI BpPEMETO 3a IIpecTod, 3a Ja ce
YCBBBPIIEHCTBA H3CIEIBAHETO HA BPEJHUTE €EMHUCHH OT
TpajcKus TpaHCHOPT. MoaenbT mokasBa J00pa UyBCTBUTEIHOCT
Ha TIPOMEHJIMBUTE XapaKTEPUCTUKH KaTo: TIOCOKa Ha
MBTYBAaHETO; MEPHOJ HAa IBTYBAHETO U  TEXHUYECKH
XapaKTEPUCTHKH Ha TPAHCIIOPTHOTO CPENCTBO.

ITapameTpuTe Ha TO3M MOJEN ca IIOKa3aHH B ClieJHATa
¢dopmya:

VM — (VH +VH’5H + VH”é‘B )e [(0”0"54 VS osi +(B+B'Sy )747.7] (4)

KbICTO 6H € HaIllpaBJICHUE Ha IIbTYBaHE, KaTO B 0IM30CT a0

UeHTbpa Ha rpaja s, = 1; usbH rpana 5, = 0;

é‘B - KOG(i)I/IL[I/ICHT'I)T 3a BpEMETO Ha MObTYBAaHE, KAaTO BbLHB

BBPXOBUTE MHTEPBAIU - O 5= 1, a B HEBBPXOBUTE UHTEPBAIH -
5,=0;

Koeq)I/IHI/IeHTI/I OoTUUTaIllu TEXHUYCCKUTC

Oy Oy~
XapaKTepucTUKH Ha asroOyca (s, &, = 1 (3a aBroMarnyHa
npezaBatelnta Kyrus); &,, 5, = 0 (3a crenenna npenasaresna
KyTH#));

' - YBGJMUYCHHETO Ha

HOMHHaJIHaTa CKOpOCT, ako

VH
aBTOOycUTE IIBTYBAT B OJIM30CT A0 LIEHTHPA HA TPpaja;
v, "— YBCIMUEHHETO HAa HOMHHAJIHATa CKOPOCT IPH BHPXOB
H

UHTEPBA;

a' n B KOC(HIMCHTH, OTYUTAIIM BCSKO CIMpaHe (Ha

aBTOOYCHU CIIMPKH MJIM OT OPraHU3alusTa Ha JBHKEHHUETO).

KOG(i)I/H_[I/IeHTI/ITe VH ,a I/I,B uMart CbUIOTO 3HAYCHUE KaTo

BBB Mojena (2).

ABTOMaTHYHATa IIpeAaBaTeNHa KyTHS HOpaxJa IUIaBHO
YCKOPEHHE U HaMaJIiBaHe Ha CKOPOCTTA, TaKa 4e €()eKTHT OT BCSIKO
CIUpaHe HapacTBa, a BPEMETO 3a MPECTOH € HaMaJeHO 3all0TO Ha
BOJIAYMTE UM OTHEMA I10-MaJIKO BpEMeE Jia [OTEIJIAT.

AKO B ONMCAaHMETO Ha MOJEIA ce€ H00aBU OIBIHHUTEIHATA
(bUKTHBHA TPOMEHIINBA, MOXKE JIa CE MOKaKEe e€PEKTHT OT OTHAECIHA
(BUS)nenTa. MomensT 100HBa CICTHHUAT BHT:

VM = (VH +VH,6H +VH"5B +VH’ §~‘7 je [(Ma% 'sanr(ﬂJrM”p)Ianr(Hms ]SOJA(WU%S )ng}(5)

KLHCTOZSCH66p05{T COMpaHus Ha aBTOOYCHHUTE CIHPKH,
oposi/km;
s - OposAT cnupaHus TOpagd OPraHHM3alUATa Ha ITBTHOTO

on
IBIKEHHe, oposi/km

T, ~ BPEMETO 3a PECTOii Ha aBTOOYCHUTE CIIUPKH, S/CRupane;

T - 3aJpBbXKKUTEC, NOpaJd oOpraHu3anusaTa Ha I[IBTHOTO

o1
,E[BPI)KCHI/Ie,S/CI’lupaHe,'
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8, - KOC)UIMCHT 3a OTACIHUTEC BUIOBC IBTHINE;
Opr Oy, - KOCQHIMCHT 32 TCXHHYCCKHTC XapPAaKTCPHCTHKM HA
aBTOOYCa, Ipu cnupane (X = S — Ha aBTOOYCHH CIIUPKU; X = P -
[I0pajii OPraHU3alUusTa Ha IBTHOTO ABWXCHUE), (5, Oy, = 1

(3a aBTOMaTH4YHA NpeAaBaTesHA KyTHs); O 0 (za

Ax ' 5Mx -
CTCIICHHA MPEABATEITHA KYTHS)).

Crenpamiarta CThIKa € KaKk €€ M3MOJN3Ba TO3M MOZEIN, 3a
Hpe/cKa3BaHe Ha MapIIpyTHAaTa CKOPOCT B PEaHH YCJIOBHS, WM 3a
OLICHKA HAa XUMOTETHYHH CUTyauuu. B peasHn ycnoBus

CTOHHOCTUTE Ha MapamMeTpuTe S Soqt Tey U T, MOTAT z1a Obaar

NOJIYYEHH €KCIEPUMEHTAIIHO U YPE3 CUMYJIAllUA.

MHOro aBTOpH H3IOJ3BAT JIMHEHHATA BPB3Ka MEKIY BPEMETO
[pEeKapaHO Ha CHHMPKUTE M OpOSAT Ha KayBaIUTE CE M CIM3ALIU
I'BTHULM OT BCEKH aBTOOYC ChOTBETCTBA 10OpE HA Pe3yATaTUTE OT
uscnenBaHero. Clie10BaTeIHO BPEMETO 3a CIIMPAaHE Ha aBTOOYCHHUTE
CIIUPKH MOXe Jja ObJIe MPEe/ICTaBEeHO C U3pasa:

(6)

Ter =Ty +Max; {TK I + T 1oy }

KBJIETO € T, € BPEMe 3a 00CIIy)XKBaHE HA IBTHHLMTE HA CIIUPKATa,

s/cnupane;

I1,, - cpenen GpoOil Ha IBTHULMTE KauBallM Ce Npes3 Bpara i,
i

bpoi/mpancnopmnomo cpeocmao;,

1., - cpeseH Opoii Ha MBTHULIUTE CIIM3ALIU TIpe3 Bpata i, 6poil/

MPAHCNOPMHOMO CPEOCMB0;

- HEU3IOJI3BAaHO BPEME 3a CIIM3aHEe U KauBaHe, S/CHUpame;
THI/I

TK - BpEME€ 3a KaUBaHC Ha BCEKHU IIbTHUK, S/I’l‘bmHuK,'

T, ~ BPEME 3a CIIM3aHE Ha BCCKH IIBTHHK, S/NBMHUK.

Ilpn eKCHOHEHUMATHMS MOJAEN KaTo pPa3sHOBHUIHOCT Ha
MaKpOCKOITMYHKS MOJEN 332 MaplIpyTHa CKOPOCT, OpOST KadBalln
Ce W CJIM3AIIN ITFTHUIM 32 BCSIKO TPAHCIIOPTHO CPEICTBO, MOXKE Ja
ObJIc IOTy4YeH OT MO-0000MICH! TaHHU.

ExcrioHeHIMaNMHUAT MOJEN HMa pPa3IndHU  [PUIOKEHHS.
Hampumep BBB [6,7] ca pasriemand HIKOM KpPHUTEpUH 32
omnpenensHe eQeKTUBHOCTTa Ha paboTara Ha rpaJCKUs IbTHUYECKH
TPaHCIIOPT.

2.2. MeToau 3a MporHo3upaHe Ha BpPeMeTO HAa MPHUCTHTaHe
HA TPaHCHOPTHUTE CPeACTBA HA TIPaACKUTe CIOHPKH C
u3noa3Bade Ha GPS n1anHu (IMHAMUYHHE MOJIeJIH)

OmueHKHTE 32 MECTOIIOJIOKEHHETO HA TPAHCIIOPTHO CPENICTBO OT
GPS 3a nBWXEHHETO OT CErMEHT i B j, Ile ce ONIpeneld B eqHa
IpEeIBApUTENIHO  ONpeAeNeHa  MaTpuma  OT  BpeMeHa
MpEJCTaBIsIBAIIN OLEHKUTE 3a BPEMETO Ha ABIXKEHHE OT 1 J0 j.
Bpemero 3a gBmKeHHEe Ha Kk-TOTO TPaHCIOPTHO CPEICTBO B
CerMEHTa 1 € O03Ha4eHO KaTro, a MPOTHO3MPAaHOTO BpeMEe Ha
MPUCTHTAHE B CETMEHT j KaTo.

CieoBaTeIHO TPOTHO3UPAHOTO BpEME 3a NPHCTHraHe Ha k-
TOTO TPAHCIIOPTHO CPEJICTBO B CEIMEHT j Ile ObJe:
t (j|i)=t @M+, j) (7
k k
JlanHnTe 3a MarpumaTta 3a IBIKEHHETO Ha TPAHCIIOPTHO

CPEJICTBO BBB BCSKA TOYKA OT MapuipyTa Moxke Jia Objie H3rOTBEHO
OT PA3IHCAHUETO 3a IBIKEHHUE 110 MapIIPyTa.

AKO 3a CerMEHTHUTE 1 ¥ j B TPaHHULUTE HA ABETE CIHUPKH M U N
Ce O3HAYM BPEMETO Ha MPHCTHIAHE HAa TPAHCIIOPTHO CPEACTBO IO
pasnucaHue ¢ U, TO BpEMETO 3a IPHBIKBAHE OT 1 /10 j ©



®)

I

z(@i, j) = -[t, (mt, (m)]

I mn
K'BIIeTOlij € Pa3CTOAHUECTO MEXKY ABaTa CbCEAHU CErMCHTA.

Merton, ocHoBaH Ha peanHu AaHHH oT GPS u pasnucanuero 3a
JIBI)KCHHE Ha NPEBO3HOTO CPEJCTBO.

B TO3M moaxon, KOraro TPaHCIOPTHO CPEACTBO € jaajed OT
creqBamiata cnupka n  (CerMeHTa j), KOopeJauusara MeXIy
3aKBCHEHUETO (OTKJIOHEHHETO) 32 NMPHUCTUTAHE B TEKyIaTa CHHpKa
m (B CerMeHT 1) € TOIKOBAa MaJKo, Ye MOXe na Oble
npenedpernato. OOpaTHO, KOpenanusiTa CTaBa TOJIKOBA I0-CHIIHA,
KOJIKOTO ~ TPAaHCIIOPTHO  CPEACTBO ce  JoOmmkaBa 10 .
ITpOorHO3MpaHOTO BpeMe 3a HMPHCTUraHe Ha K-TOTO TPAHCIOPTHO
CPEACTBO B YUaCTBK j €:

[t (D
tk(”')_{tk(i)+r(i,j)

npu

i<p<]j
©)

KbIACTO P € nparosa CTOﬁHOCT, TOJIy4Y€Ha OT OIMTHU U3CJIEABAHUSA

U ce CBHP3Ba C BPEMETO 3a JBHXKEHHE OT i110j, KOJIKOTO BPEMETO
HapacTsa or { (|) , TOJIKOBA M » HApaCTBa.

Oue no-rossMa TOYHOCT AaBa METO/1a 33 IPOTHO3UPaHe, KOUTO
BKJIIOYBA M JIOITBJIHUTEIIHU JJAHHY 32 3aKbCHEHUETO.

PasnucaHneTro Ha TPAHCHOPTHO CPEJICTBO IO Mapupyra e
HAIpPaBeHO 32 HAKaKBa MOCTOSHHA CPEJJHA CKOPOCT 3a Y4acTbhK M U
n. ITepBuTe 1Ba MeToJa ce 0Oa3upar Ha MPEIIIOJIOKCHHETO, e
TPAHCIIOPTHOTO CPEACTBO CE JBUKH C TaKaBa CKOPOCT, HE3aBUCHMO
OT 3aKbCHEHHUETO.

IIpakTHYeCKH, aKoO IO pa3IHUCaHWE TPAHCIOPTHO CPEICTBO
clieqBa Ja MPUCTUTHE HA CIUPKA B i-THsI CETMEHT B MOMEHTA t, (i)u

TO © ChC 3aKbCHCHHCY, (i) t (i), TO BOJAAYLT HA TPAHCIIOPTHO
p

CPEICTBO c€ CTPeMH Ja KOMIIEHCHpAa 3aKbCHEHHETO, 4pe3
yBeJIMYaBaHE Ha CKOPOCTTA M HaMaJIsIBaHE HA IIPECTOs Ha CIIUPKATa.
TIpOrHO3MpaHOTO BpeMe 3a NPHUCTUIaHE B TO3H CIIydail ¢

t (j[i) = t, (i) + A(t, (D)t () + 2 (i, j) 10)

KLL[CTOZ/1 e B rpanunute 0 1o 1, u ako A =0, TO TO3U METOJ
craBa KaTo nbpBus (2.32).

Jlormuro ¢ /A na 6bae HamansBama (yHKIHES Ha
Pa3CTOSHUETO MEXIY | | J,T.e. KOJKOTO MO-0JM30 € TPaHCIOPTHO
CPEJICTBO JIO CIIEABAINATA CITUPKA, TOJKOBA MO-CHIIHO LIE BIIHSE
3aKbCHEHHETO, T.€. TPYIHO MOXE Ja Ce KOMIICHCHpa OT BOjlaya Ha
TPAHCIIOPTHO CPENCTBO.

B wmsxou paboru [9,10] A ce NpeJcTaBs  Karo
OTHOILICHHUE Ha |ij /| (xpmero: |ij € OCTaHAJIOTO Pa3CTOSHUE JIO j,

al e mpmkunara Ha Mapmipyta). Jpyr MeTo, KOWTO mpejara omie
MO - ToNsIMa TOYHOCT € METOABT 3a NMPOTHO3UpPAHE Ha BPEMETO Ha
NPUCTHTaHE HA TPAHCIOPTHO CPEACTBO HA CMMpPKAaTa, BKIOYBALL U
KOHTPOJIHU BpEMEHaA Ha MOTETJITHE OT HAKOM CITUPKH MO MapLIpyTa.
3a IOpOrHo3WpaHe Ha BPEMETO Ha IPUCTHIAHE Ha CleABallara
CIMpKa € BaXKHO J]a CEe 3Hae BPEMETO Ha TPBIBaHE OT IPEAXOJHaTa
cnMpKa. 3aKbCHEHUETO MOJKE J1a HaMallABa 10 I0COKA Ha JBUKEHUE
Ha TPAHCHOPTHO CPEACTBO C OTAale4aBaHE OT KOHTPOJIHATa
CTIHpKa.

Axo n=1,2..NcermeHra 3a MapuipyTra, a KOHTpOJa IO
criupkute eC(M), karom=/,2...M, TO BpeMeTO 3a MbTYBAHEOTII0]B
CIy4auTe, KOraro HsMa KOHTPOJI Ha CIIMPKHUTE 3a IMOTEIJISHETO, Ce
ompezessi OT MaTpHuIaTa { 7 (i, J)}, a BpEMETO 3a IIbTyBaHE
MEXIy JBEe IIOCIENOBATENHH  KOHTPOJIMPAHH  CIHHPKH €
T [c (m),c(m +1)]. B ciyuast Koraro Mexay IBa CEermMeHTa i u

jmomaza eqHa KOHTPOJHA CIHPKA, TO BPEMETO OT KOHTPOJIHATA
CIUPKA T10 TI0COKA Ha JIBMKEHHETO Ha TPAHCHOPTHO CPENCTBO € C,
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(i) u 3a obparnara mocoka Ha nBuwxenue c, (i). CnemoBarenHo
BPEMETO 3a MPUCTHTaHE HA CErMEHT (CIIMPKa) j, MPOTHO3UPAaHO Ha
CEerMeHT i 3a K-TOTO TPaHCIIOPTHO CPE/ICTBO €

t @+7(.J)

t (i)+{i,cn (i)}

+71¢ ()]
r{c(m),c(m+1)+tp(co)} T[O }

(10)
tk(j“)= max CO
+ Z_
¢ ®

IIpu cpaBHsABaHE Ha OTACIHHUTE MOJEIH CE M3IIOJI3BA IpelIKaTa
Ha IIPOTHO3UPAHE Oy, KOATO NPEACTABIsIBA pA3jIMKaTa MEXLY
JNEHCTBUTEIHOTO W MPOTHO3MPAHOTO BpeMEe 3a MPUCTHTaHe Ha
cerMeHTa (Crupkara) j3a K-ToTO TpPaHCIIOPTHO CPEACTBO 3a M-Tara
H3BaJIKa, T.€.

S =t (iDL () (11)

3. 3aknrouenue

B 3axioueHne Moxe Jja ce Kaxke, 4e MpeICTaBeHUTe MOJIENH 3a
NPOTHO3MPAaHE Ha BPEMETO 3a MPUCTHraHE Ha TPAHCIOPTHO
CPEICTBO Ha CHMpPKA Ca MOAXOMAIL HHCTPYMEHT 33 peajiM3upaHe Ha
Pa3HOBHAHOCTHTE HMHTCIMICHTHH WH()OPMALIOHHH CHCTEMH B
TpaHCIopTa.

CrnenoBaTelHO  pasriieaHUTe  IO-TOpe  BapHMaHTH  Ha
IUHAMHYHHAS MOJEN € MOIXOJISII 3a OLCHSIBaHE Ha (haKTHIECKa
cpennara ckopoct Ha TC ot I'TIT BB BCEKM MOMEHT OT JBHIKCHHUE
[0 MapLIpyTa, Thi KaTO JAaHHUTE B TO3M MOJEN CE aKTyaJu3Hupar B
peasHo BpeMe C OTYMTaHE Ha BCHUKK OCOOCHOCTH 10 MapUIpyTa.

To3sm Mozen ¢ HEropuTe BapHaHTH C€ U3MON3Ba B
CBbBpPEMEHHNTE MH(GOPMANMOHHU M yIpasisiBamy cucremu 3a ['TIT
¥ MHQOpPMUpaHe Ha TBTHULUTE.

Hoxnaoem ompassiea pezyimamu om pabomama no npoekm No
2016 - @T - 03 na mema ,, Hzcneosane Ha cumynamop 3a oOyuenue
Ha 6odauu 3a nodobpsasame 0Oe30nACHOCMMA HA NHMHOMO
osudicenue , gunancupan om ¢Gono , Hayunu usciedsanus” na
Pycenckus ynusepcumem. “
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Absract: in the article is considered questions of the organization structure of the software of information-management systems in
railway transport. A new approach based on matching software structure with functions and their level criticality by safety. Received results
allow to implement the synthesis of structures of systems with regard to their purpose and the functions they perform.

KEYWORDS: SYSTEMS STRUCTURE, SAFETY, SOFTWARE AND HARDWARE.

1. Introduction

Railway transport is one the most intensively developing
sectors in the global economy. Modern train control systems is a
difficult complex software and hardware. Besides the usual
technological tasks assigned to them a very important function -
providing traffic safety and continuity the transportation process.
Most of the functions of information-management systems
implemented at the software level. In connection with this question
of improving the software of these systems are timely and relevant.

Problems of safety and reliability of the application
software of railway automation has traditionally been considered
from the standpoint of classical reliability theory, as evidenced by
the work [1-3]. Usually authors in the process of synthesis of
software and hardware structure not take into account the specifics
of the technology of functioning of the control object. Often
enough the software structure is tied to the structure of the
hardware. Some few authors, try to link the structure of software
and hardware complex with the singularity technology work of the
control object, as that can be a railway station.

This work is a logical continuation of this direction. The
objective is to formulate the basic principles of synthesis of
software and hardware systems considering the specifics of the
functions information and control system.

If we consider from this positions functions automated
train control system on the station, in accordance with [4], it is
possible to allocate:

-responsible functions, implementation of which ensures the
functioning of the control system and its safety factor;

-functions related to ensuring of the system which are not critical to
safety;

-service functions.

Regulatory documents of the EU and Ukraine (IEC
61508) sets different levels of risk dangerous events, as well as
qualitative and quantitative indicators of the safety of functioning
management systems.

2. Preconditions and means for
resolving the problem

With this in mind, let us consider options for organization
of software structure with classical two-channel reserve of station
microprocessor control system, pic.1.

83

Reserve A Reserve B

Channel A Channel B

Comparing

Control command

Pic.1. Block diagram of a hardware-software complex of the station
information management system.

According to the scheme in picture 1, channels interact in
scheme logical "AND", and reservation in each channel is carried
on scheme "OR". Obviously, all the functions of control and
management will be implemented by this logic.

After this we transform the scheme on picture 1, keeping
in mind all the responsible functions, which are most critical to
safety. In a case of failure, the system must go into the condition,
so-called "the deffencive condition”, wherein it's functioning is
limited.

Basing on this limits, we have no need in reservation. And
the main task consists find and to block mistake. For a software
implementation of such functions, mostly fits the logical structure
"AND"—"AND", pic.2.

Channel A programm |
(main channel)

| Channel B programm
{main channel)

AND = RESULT

Channel A programm |
(reserve)

| Channel B programm
(reserve)

Pic.2 The structural scheme of realisation of responsible
functions.



The output signal can be created only with full identical
work of A and B programms of both channels. A priori, such a
structure loses in reliability, but can have good safety parameters.
With the help of this structure, can be realized functions of object
blocking, artificial opening, enabling of invitating light etc.

The structurally-logic scheme "AND"—"OR" can be used
for realisation of functions, which are not so critial to safety, pic.3.

Channel A programm | | Channel B programm

{main channel) (main channel)
AND
OR | > RESULT
AND

-

Channel A programm
(reserve)

Channel B programm
[reserve)

Pic.3 The structural scheme of realisation of management
functions, which are not crirical to safety.

Such a structure is designed for the realisation of the main
system commands, which are linked with the setting of the route,
and also with locking and automatic unlocking. At the expense of
the balance between the indicators of safety and reliability, it can
provide an effective work of the hardware and software complex
under the influence of destabilizing factors.

Failure operation serves as a main indicator of success for
the service functions of information-management systems.
According to this requirement, it's logical to suggest usage of
operation "OR", pic.4.

Channel A programm
(main channel)

Channel B programm
(main channel)

OR | = RESULT

Channel A programm
(reservie)

Channel B programm
(reserve)

Pic.4 The structural scheme of realisation service functions.

In this approach, some ambiguity is not excluded if one of
the programs will crash. But it doesn't matter in two reasons. The
first one, is that information is provided to the human operator. And
the second one. It's not critical to the railway traffic safety.

3. The solution of the considered problem

The successfull work or the crashing of the system can be
described with help of the combination of final events, which are
united into the composite tree of all dangerous conditions of system.
We can determine the parameters of probability for the all system
for their further comparing.

The simultaneously pairwise coincidence of refusal in
main and reserve channels A, A’, B and B’ of system software are
the criterion of refusal at performing control functions for the
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scheme on picture 2. Let's mark by ¥ the parametre of condition of
system which characterizing refusal, . then for the scheme in pic.2,
it can be represented by a function of the form:

Y1=(A&B) & (A’ &B’). 1)
In the same way for the structure, which is not so critical for safety
on pic.3.:

2= (A &B) | (A’ &B’). 2
The structural function of refusal for service functions has a form of
classical scheme "OR"

¥3=(AlIB) | (A" B). @)

According to this logic, the conditions of element or the whole
system determine by auxiliary binary variable parametere of
function of probability refusal component Yi [5]. Obviously, event
occurs if Yi = 1, and conversely, doesn't occur, if Yi 0.
Accordingly, similarly for the systems of realization in general Z1,
Z2,Z3.

A publication analysis [6-9] makes it possible to formulate
a hypothesis about the independence of primary events, and to
suggest the presence of exponential law distribution.The latter
hypothesis is supported by the majority of researchers, working in
this field [10-13]. A list of the main indicators of reliability and
safety is set by normative documents, particularly in the evaluation
of software according to ISO/IEC 9126, ISO/IEC 12207, GOST
28195-89. The issues of provision computational formulas required
statistical data reflecting the reliably behavior of the system and
with sufficient sample objects, is the main problem, faced by
researchers.
We're going to use a maximum value for Zo=9*10° 1/hour in
flollowing discussions.

4. Results and Discussion

Taking into account the above the functions of probability
of failure , for each of the proposed structures:

Z1=Y1*Y2*Y3*Y4; (4)
Z2=1-[1-Y1*Y2][1-Y3*Y4]=Y3*Y4+Y1*Y2-Y1*Y2*Y3*Y4; (5)
Z3=1-[1-Y1][1-Y2][1-Y3][1-Y4]=Y4+Y3-Y3*Y4+Y2-Y2*Y4- -

Y2*Y3+Y2*Y3*Y4+Y1-Y1*Y4-Y1*Y3+Y1*Y3*Y4-Y1*Y2+

+Y1*Y2*Y4+Y1*Y2*Y3-Y1*Y2*Y3*Y4. (6)
where are Y1,Y2,Y3,Y4 — parameters characterizing of refusal
component of the system A, B, A", B', respectively.

Based on the fact that control system an arbitrary time t
implements only a single function, and in the range [t; t+At] system
may implement a row of basic functions. Then the function of
refusal of the whole system is written like:

Zo=71|Z2 || Z3. 7
We assume that the intensity of refusal of programs A, A’, B and
B’ are the same, A1=A2= A3= A4. This assumption may have a right
to exist in connection with the setting task of comparison potential
capabilities of different structures of the organization of the
software.
To simplify further change of the last expression, considering
previously adopted assumptions about the equality of the intensities
of refusals components A,B,A’,B’, we make the change of variables
Y1=Y2=Y3=Y4=X . Then in the final form the function of refusal
of system can be represented by the equation:
Z0=4X-4X*-4X3+11X-8X>+8X - 11X 8 +4X *+4X 10-4X 4+ X1 2
(8)
Figure 5 shows the probability of refusal Zo, Z1, Z2, Z3 from the
refusal of individual component Pi.
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Pic.5 The structural scheme of realisation of safety functions
Exterior view of implementation schedules Z1, Z2, Z3, and of
whole system Zo confirms the prospects of the proposed approach.

5. Conclusion

The considered embodiments structure of hardware and
software do not exhaust all the possible implementations. This is
most likely just a basic configurations, icombining and extending
them will allow to get considerable quantity of different
modifications.The choice of a particular type is determined by the
requirements for the overall system and for its individual functions.

Also it should be noted that to obtain the expected
properties in reliability and safety it is advisable to allocate a
hardware implementation of the programs A and B in the main and
standby channels. Otherwise, malfunctions and failures on the
general reasons may significantly to worse the expectation of
developer.
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NEW MATERIALS FOR IMPLANTS OF THE HUMAN HIP JOINT AND
TECHNOLOGY OF THEIR MACHINING WITH THE ACHIEVEMENT OF HIGH
PRECISION AND QUALITY OF SPHERICAL SURFACES
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Abstract: In view of the fact that the endo-prosthesis heads of human hip-joint are operated in extreme conditions, in respect of load, the
selection of corresponding material and also increase of precision and quality of machining of spherical surfaces is rather topical task.

In the submitted work are reviewed the problems connected with definition of the influence degree of orientation of the sapphire crystal on
its workability during diamond grinding with a butt of the ring and elaboration of the perspective, original scheme of formation of the
incomplete spherical surface, particularly, of the sapphire head of endo-prosthesis of the human hip-joint.

KEYWORDS: SINGLE CRYSTAL SAPPHIRE, ANISOTROPY, GRINDIBILITY, ENDOPROSTHESIS, PRECISION GRINDING FORMING,

SPHERICAL SURFACE.

1. Introduction

Endo-prosthetics is effective and often the only method of
the function restoration of the human joint. It is established that
every year in the world are made about a million operations of
exchange of the human hip-joint.

The endo-prosthesis heads of the human hip-joint from the
point of view of the character and value of load are operated in
extreme conditions. The contemporary joint endo-prostheses
consist of acetabular (cup) and hip component (leg) and also the
head from metals or ceramic materials on their base. At present
there is an acute problem of creation of wear resistant inert
materials for implantology.

Therefore, in each specific case the selection of the
necessary material with corresponding physical — mechanical
characteristics and also increasing of precision and quality of the
most significant part of endo-prosthesis — spherical surfaces is
rather actual task the acuteness of which intensively grows in
recent years. The number of used endo-prostheses is some tens of
millions of pieces a year and the statistics shows that
unfortunately this number increases every year.

The production of implants from bio-ceramic materials is
rather profitable direction. Up to now a powerful industry of
fabrication of implants, tools and accompanying materials has
been created and the western market of this product is evaluated
in 2,5-3 billion Dollars a year. The basic developing and
producing countries of implants are: USA, Japan, Germany,
France, Great Britain, Russia, Italy, South Korea, countries of
Asia region and other countries.

It is conditioned by the fact that if earlier the necessity of
similar operations was caused by the age factor of the man or
traumatology fractures in recent two decades abruptly increased
the number of patients at young age of 30-40 years of both men
and women without any injuries and fractures. In opinions of
physicians the principal reasons of it are non-active way of life of
youth, composition of contemporary artificial food products and
metabolic disorfer. All the above-mentioned reasons determine
the number of used endo-prostheses in some tens of millions of
pieces a year.

The medical practice proves that the repeated prosthetics of
the human hip joint is connected with big problems. In many
cases the implementation of such operations becomes practically
impossible. Therefore, the durability of the endo-prosthesis of the
human hip joint to the end of the patient’s life especially at young
age has especially significant meaning.

The contemporary elaborations of the endo-prosthesis
structure are directed to exchange of chirulen by ceramic material
that leads to the change of the endo-prosthesis structure,
development of new ceramic materials with the improved
physical and mechanical characteristics, development of
processing of internal and external spherical surfaces,
development of diamond tools providing the high quality of the
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machined surface, definition of the optimal wear resistance of the
pair of materials for manufacture of the endo-prosthesis etc.

For nowadays in the world practice these heads are
manufactured from various alloys, composite materials and
ceramics which mainly are isotropic materials. Therefore, the
data of the above-mentioned works do not give the necessary
information on machining of anisotropic materials, particularly
artificial crystal of sapphire (Fig. 1).

Fig. 1. Hip heads from sapphire (a), Zirconium ceramics (a), b -
Stainless steel, ¢ - Biologically pure titanium alloy.

Together  with indisputable  positive qualities the
contemporary structures of endo-prostheses from metal, ceramics
polymers have certain defects. Among them there is an
insufficient biological inertness and redundant wear of
components of the friction pair that lead to short duration of work
of the artificial hip-joint. Besides that as the result of wear of the
material in the friction pair of endo-prosthesis hinge toxic and
onco-dangerous products of the dissociation in various organs
and tissues accumulate that in 30-40% leads to hard
complications and requires complex disabling interferences.

The circle of materials that satisfy the criterion of biological
compatibility is rather limited. Because of it and requirements of
the resource of articles in condition of action of alternating loads,
corrosion active environment titanium and its alloys as the
material for fabrication of endo-prostheses have the advantage
over Co-Cr-Mo alloys.



The wear of heads from zirconium ceramics is 7-9 nm a
year while titanium 105 nm a year. Coming out of this the
fabrication of implants from bio-ceramic materials is a
perspective direction of development of the science intensive
technologies of creation of materials and their machining. Most
bio-compatible with the human organism, wear resistant and
durable material for fabrication of the above-mentioned article is
the artificial mono-crystal of sapphire.

For nowadays basically the circle of materials for
fabrication of pairs of bearing surfaces of endo-prostheses of
joints with minimally possible number of products of wear has
been determined. Such pairs of bearing surfaces with excellent
characteristics of wear resistance are the friction pairs of
ceramics-ceramics, metal-metal and polyethylene with a high
degree of cross-section links in combination with ceramics or
metal. Together with that the basic unresolved problem of the last
decade was the development of bearing surfaces that could
endure much higher loads with young and movable patients. The
surfaces that are being investigated at present in laboratory
conditions due to their hopeful characteristics of wear are
ceramic matrix (82% of aluminum oxide, 17% of zirconium
dioxide, 0,3% chrome oxide), zirconium dioxide and ceramics in
pair with cobalt-chrome alloy.

Together with that sapphire representing the mono-crystal of
aluminum oxide as a material for bearing surfaces possesses
unique inertness including electrolyte passiveness, perhaps the
best of the well-known materials, bio-compatibility, corrosion
resistance and hardness. Resistance of sapphire towards any acids
and alkali is rather higher than that of metals and even poly-
crystalline oxide of aluminum. Probably because of it sapphire
doesn’t change the immune status of the patient. If metals and
poly-crystalline materials used for the bearing surfaces have
different speed of wear of the micro-sites it leads to the
coefficient increase of the pair friction and wear increase then
this effect with sapphire is absent.

Tribological investigations of the friction pairs of materials
were conducted by the scheme of rotational friction with the
contact geometry of “ball on disk” type. The flat disk was
manufactured from the investigated material and the ball from
the material of counter body (Fig. 2).

Fig. 2. Schematic arrangement of rotational friction — a, and
example of counter bodies — b.

The obtained dependencies of the friction force of pairs:
sapphire-sapphire, sapphire-ruby from the time of tests (number
of cycles) has mainly non-monotonous abrupt character. From
them one can mark out three stages of wear, namely: running-in
wear — creation of the work roughness and necessary supporting
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surface on frictional surfaces. At the moment of beginning of
work the contact of bodies takes place in the point, accordingly
the specific load is sufficiently high that leads to the abrupt
growth of the friction force and as a consequence of wear of the
surface material.

Normal wear is after achievement of the surface wear
meaning, at which the optimal meanings of characteristics of
supporting surface are reached, the stable process of friction of
bodies has place with gradually decrease force of friction.

Catastrophic wear is in the process of friction of counter
bodies of the wear products which fill the pockets on the
friction surface and because of the weak (drop) feeding of the
Ringer solution into the area of friction the wear products
accumulate occupying all the vacant place in the pockets and as
a result of this take part in the process of wear of the
investigated surfaces as a free abrasive.

The pointed out above stages of wear can have different
length of time or generally to be absent in the wear process.

From the dependencies follows that the best results in
relation of the friction force to the pressing force shows the
friction pair of sapphire-sapphire with orientation of the
crystalline lattice on flatness 0001, linear wear of the friction
pair of sapphire-sapphire with the orientation of the crystalline
lattice on the flatness 0001 and sapphire-ruby.

Titanium and alloys on its basis are widely used in medicine
as implants and other articles. From the point of view of bio-
compatibility for the implants working for a long time in the live
organism the use of titanium is preferable that unlike alloys does
not contain alloying additives harmful for the live organism.
However, titanium in its usual state has low mechanical
properties in comparison with its alloys. This problem was solved
by means of formation of nano - and composition structure in
technically pure titanium.

The use of the friction pairs of sapphire/titanium consisting
of non-toxic materials would help us to solve the pointed out
problem. However, for nowadays it is considered that from
titanium and its alloys is impossible to manufacture a friction pair
because of their high inclination to a contact snatch and as a
consequence increased wear during friction. This property makes
dangerous the use of titanium in the friction pairs (Fig. 3).

Fig. 3 Experimental specimens of titanium head and
sapphire cup for endo-prosthesis of the hip-joint.

Thus, the work objective is the creation of a new bearing
connection of endo-prosthesis of the hip-joint having the
improved quality at the expense of use of hardened sapphire
and biologically inert technically pure titanium with
modification of the surface layer of IPD and subsequent



nitrating as materials improving tribological properties of the
connection.

For conduct of investigations of machinability of the
sapphire crystal the method of Low Temperature Precision
Grinding (LPG) has been chosen developed at the Department
of Mechanical Engineering of the Georgian Technical
University as a version of progressive methods of diamond
grinding of hard and brittle non-metallic materials.

In Fig.4a the machined parts set on the cassette in
separators or by other method of mounting, for example, gluing
carry out rotational movement with angular speed of , and the
grinding ring with speed of w; in the same direction. In the
cutting area the pressing is carried out by force P of the
machined surfaces of parts to the work surface of the grinding
ring.

The experimental investigations were conducted on the
laboratory setting equipped with the special precision head (Fig.
4b).

By the data analysis of complex, all-round experimental
investigations conducted by us one can make the following
conclusion:

By other equal conditions of machining the most intractable
is orientation 0001. For all the tested diamond rings the ration of
meanings of the linear removal of material q is within gogo1/01010=
0,25...0,5, at that, Q1012/Q1010 = 0,751

The productivity of machining grows in the range of cutting
speed of V=1...6 m/sec while at the further increase of the
cutting speed to 12m/sec it remain constant.

With increase of the pressing force P in all the investigated
range the productivity of machining grows, however, in the
interval of P=1000...1500 kPa the productivity growth
considerably decreases.

Fig. 4. a- Schematic arrangement of LPG: 1- Grinding ring,
2 - Cassette with parts, b- Laboratory setting for LPG.

From characteristics of the diamond tool on productivity by
the prevailing way influence granularity and bunch of the
diamond tool. The concentration influence is insignificant. With
the increase of the grain size within d;=14/10...28/20 the
productivity grows 1.5...2.5 times. The maximum productivity of
machining is provided by the tool on ceramic bunch ({0001 —
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130mkm/min; {1010} — 300mkm/min; {1012} —250mkm/min),
then on metallic ({0001} — 50 mkm/min; {1010} — 200mkm/min;
{1012} - 170mkm/min) and organic ({0001} — 30mkm/min;
{1010} - 120mkm/min; {1012} — 110mkm/min). The tool on the
ceramic bunch works in the mode of self-grinding.

From characteristics of the diamond tool the granularity and
material of the tool bunch influence in prevailing way on the
surface quality. With the grain increase in the investigated range
the height of unevenness R, grows within 1...1.5 classes and the
depth of the violated layer H 1.5...2 times. In other equal
conditions of machining on orientation (0001) higher quality of
the surface is reached than on the rest two. The difference is in
1...1.5 classes of roughness. By this indication the best results
are shown by the diamond rings on organic bunch. So, for
example, on the diamond rings on bunches BC-11 and organic
special are obtained the following results: R,=0,25 mkm;
tpos=35...45%; H=2...5 mkm. At that the meaning of parameter
Rz is in order below than parameter tpp— 1,5 times higher of
parameter H- 3...5 fewer than the meanings of corresponding
parameters that are obtained on the diamond rings on ceramic
and metallic bunches.

The influence character of the process factors on output
parameters for the chosen orientations of the sapphire crystal
((0001), (1010), (1012)) is constant.

By study of morphology of the machined surface the
possibility of cutting the sapphire material by plastic deformation
of the removed layer at low cutting speeds V=1...3 m/sec with
the least depth of the violated sub-relief layer has been proved

(Fig. 5).

Fig. 5. Micro-photographs of surfaces of experimental
specimens of sapphire machined by the LPG
method: a - Orientation 1010, b - 1012. Diamond
ring-ACM 14/10, bunch organic special, 50%.
Cutting modes: V=1m/sec, P=750 kPa.

It is known that machining of vitreous materials,
particularly, the sapphire crystal by means of plastic deformation
of the removed layer instead of fragile destruction — dispersion,
the pledge of acquisition of the machined surface practically
without hereditary defect — without sub-relief layer. Value H
appeared to be the least namely on these specimens of sapphire.
The obtained meaningful result requires individual investigations
the conduct of which is being planned.



The development of a new or updating of the existing
technological process of machining of the sapphire head sets the
actual task of creation of new highly effective schemes of
formation. The optimization criteria of technological operations
such as productivity, indices of the surface quality and precision
of machining determine the place of new schemes-methods of
formation in technological process taking into account their
advantages.

The schematic arrangement of the spherical head of endo-
prosthesis is shown in Fig.6. The partial sphere is determined by
its radius and angle B of spherical segment. There are several
ways of machining of the spherical head.

The closest to the LPG process in kinematics is the scheme
of grinding of the partial sphere with use of the end grinding ring.
The machined part rotates with angular speed of ®, and w3
around axes 2 and 3 subsequently (Fig. 7). This kinematics
forming the incomplete surface of the sphere is taken as the basis
of development and possible realization of more effective
schemes of grinding of spherical heads of endo-prosthesis taking
into account the kinematics and other positive features of the
LPG method [1 - 6].

b2 2
135° 135°

xl/

Fig. 6 Endo-prosthesis heads:
B — Angle of spherical segment.

_ I } I

Fig. 7. The scheme of forming a partial spherical head of
endoprosthesis by face grinding: (a), (b) and (c)
are successive relative positions of a ground head
while axis 2 turns around the axis 3 within 180°.

67°30

The end grinding ring rotates with the angular speed of ©;
removing the tightness for machining from sphere with the
required speed of cutting and rate of feeding. For full machining
the spherical head must rotate simultaneously around axes 2 and
3 with the angular speed of , u w;. Axes 2 and 3 intersect in the
centre of sphere in the point O. As it is seen in Fig.4 the angle
between axes 3 and 4 must be equal to p/4 but for to machine the
whole surface of partial sphere angular speeds ®, and ®; must
cinematically correlate as the both of them specify the values of
components of the feeding rate. The linear speed on the ring/ball
juncture and correlation of angular speeds w,w; will determine
the surface texture of the half-complete or complete head of
endo-prosthesis. The detailed analysis of kinematic connections
between rotational speeds and other relative parameters of the
grinding process are out of the Report and this will be discussed
in the following publications. One of the formation schemes of
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the incomplete spherical surface with the forming grinding ring is
shown in Fig. 8.

The partial spherical head rests on the forming grinding ring
consisting of internal and external cones with abrasive layers
(Fig. 8 a, b) and rotates around axes 2 and 3 with angular speeds
of w, and w5 in the same manner as it was described above in
Fig.8. The machined part by means of a strong spring P is
pressed to the forming ring and is continuously fed to the
required depth in direction of the ring. The applied pressing is
equally distributed on the end of the ring work i.e. in points A
and B (Fig. 8 b).

2

[ — ]

[
(3609 Py2= 45\¢/ b
Fig. 8. Scheme of forming of a partial spherical head
by shaped grinding wheel (based on LPG
method).

In Fig. 8a are shown eight subsequent positions of the
spherical head in one cycle. For clarification all the positions are
equally distributed along the ring although such subsequent
positions are in the same place M. This scheme enables also carry
out machining in “machining stations” around the ring.

The main defect of this scheme is a complexity of the
grinding ring and difference of speeds in points A and B. The
latter can be compensated in the same way as in the LPG process.
Comparatively simple schemes of formation of the spherical
heads of endo-prosthesis with the use of commercially available
shapes of the ring are shown below in Fig.9 a, b, c and d. The
schemes presented in Fig.9 a, b and c differs only by the shape of
used rings. The kinematics of formation of the partial spherical
head is the same as the first scheme presented in Fig. 7 and 8.

As for the case described in Fig.8 the partial spherical head
rests between two grinding rings but preferable are three (Fig.
9d) that accordingly consist of two or three terminally located
elements. For effective use of full space of abrasives on the used
rings is suggested the implementation of coordinated in time
harmonic movement of rings and machined sphere within the
required distances as it is shown in Fig. 9 with arrows.

The diameters of grinding rings are unlimited when the
grinding mode is carried out with two rings. In case of grinding
with three heads the sphere radius (r) and maximum radius of the
ring (R) are interdependent. The mode of three rings provides a
high stability of the grinding process. In subsequent studies will
be seen more detailed development of structural schemes of



formation of spherical heads and carried out experiments with the
real spherical heads for endo-prosthesis.

Fig. 9. Possible versions of grinding of the endo-prosthesis
during the use of commercially available usual rings.

2. Conclusion

1. Scale of influence of single-crystal sapphire of the
crystallographic flat orientation and the grinding conditions in
the mode of removal of material, surface finishing and the
state of sub-surface layer studied during low-temperature
precise grinding have revealed that workability of single-
crystal sapphire considerably depends on the crystallographic
flat orientation. The relative values of removal of the material
against the specimen with crystallographic flat orientation
(1010) are within  Oooo1/01010=0.25...0.5, and  Q1012/01010
=0.75...1. In other equal conditions of the LPG process the
high quality of the ground surface is achieved for crystal
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orientation (1010). The difference with two other orientations
of the crystallographic flatness is within 1...1.5 class of
roughness.

2. By the studies of morphology of the ground surface was
proved the grinding possibility by single-crystal sapphire in
compliant mode, i.e. removal of the deformed layer by cutting
without cracks at the low speed of cutting. In such conditions
of machining was detected the least depth of the faulty sub-
surface layer.

3. The structural schemes of formation of the partial spherical
heads of endo-prosthesis for human hip-joint need a further
analysis and optimization with the aim of designing of
advanced technological processes and the prototype of
grinding machines.
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OPTIMIZATION OF GEOMETRIC PARAMETERS OF HARD METAL MICRO DRILS
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Abstract: In the presented work investigated the changes of power characteristics of deep drilling package of printed circuit board’s hard
metal micro drills depending on the drilling depth, cutting data and geometry of the drill. In particular studied the nature of changes in
axial efforts and torque depending on the drilling depth drill with different inclinations of the spiral grooves using specially designed highly
sensitive devices, enabling direct measurement method. Based on the analysis of the results of the study, changes in the geometry of existing
standard drills. Proposed new construction of micro drills vary-angle spiral grooves in such a way that the angle is the maximum value at
the top of the drill and uniformly decreases towards the end of the working parts. The drills are manufactured with different inclinations of
the spiral grooves. Based on the experiments of them chosen more for its near standing power rates to the standard drill bit and its
comparative test with a standard drill bit, bringing them up to the breakage, thanks to which the proven advantages of drills new design.
Taking into account the results of the experiments proposed drill elongated structures to improve performance by increasing the processing
drilling depth and accordingly the number of plates in the package of printed circuit boards.

Keywords: DRILL, GRADIENT OF SPIRAL GROOVE, VARIABLE ANGLE, DEVICE.

1. Introduction As for measurement of a torque, in our case the existing
indirect method at which measurement is carried out by means of
It is impossible to imagine modern equipment without measurement of power of process of cutting is unsuitable as we
electronic knots, starting from household and ending with space deal with very low indicators. That is why it is necessary to use
equipment. Printed circuit board’s production, basic parts of this method, which will make it possible to measure directly the
electronic equipment associated with drilling process vast torque with high precision. To this end, we have designed and
quantities of small diameter holes (about 1mm or less). Carry out manufactured a special device (see fig. 2), in which table for
drilling of micro carbide drill geometry, which has multiple drilling is equipped with rotating lever mechanism. As the
experiments an experiences relevant production. In particular: the measuring element, elastic element applies here too with the
optimum cutting angle and spiral angle grooves respectively is system of load cells, only the higher strain measure (0.2 g).

300, and the rear angle 180. They are refaced through each hole
and 1000 are designed for 3-4 regrinding costs.

Production of printed circuit boards is mass production,
where performance is carried out with the aim of increasing the
drilling package, composed of several plates, it has a place of
deep-hole drilling, where the drill depth exceeds the diameter of
8-10 times.

Downtimes of expensive technological equipment, especially
in mass production are associated with significant economic
losses. In the production of printed circuit boards easy connected
not only with the replacement of the tool with the aim of
reshaping, but unexpected, caused by fragile destruction even
before the first reshaping. Probability of brittle fracture grows
significantly during deep drilling package of printed circuit
boards. When this zone is located in the near destruction of the
end of the spiral grooves.

Providing the best mass production processes for
manufacture of printed circuit boards, at least a slight increase in
resistance, including fragile resistance micro drills and
consequently increasing productivity processes, can provide
significant economic benefits.

2. The Main Part

Research work with a view to enhancing the resistance of
tungsten carbide micro drills and deep hole drilling process
performance package of printed circuit boards were held in the
laboratory precision micro instrumental Department “Industrial
Technologies Engineering Mechanics”, Georgian Technical
University in close cooperation with specialists of the Institute of Fig. 2. The device for measurement of torque.
Manufacturing Technology and Quality Management (IFQ)
Magdeburg University Otto-von-Guericke (Germany).

Studies were initiated the study of the nature of the change of
power indicators-torque and axial reinforcement depending on the
depth of cutting and drilling printed circuit board package from
fiberglass.

To measure the axial effort was the appliance is made on the thick P fiq. 3
basis of known methods and existing analogs, measuring element, ickness of 8mm (see fig. 3).

S : : . Drilling of blanks is carried out on different modes of cutting
\(’ZZ‘;CE gls f)]e system of strain gauges mounted on the elastic casing depth up to 7 mm and 1 mm the depth of the recorded testimony

Experiments were conducted with drills from solid alloy
VK60M diameter ¢ 0,9mm long spiral groove 1=10mm. Rake
angle and spiral angle grooves respectively =30 rear angle was
18%.

Drilling was carried out a package of printed circuit boards
of fiberglass thickness 1.6mm composed of 5 plates with a total
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every depth controlled readings. Experimental results are shown
in fig. 4 and 5.

From this results, clearly shows that the load power with
increasing depth progressively increasing. If the axial thrust is
growing, approximately 1.5 times the amount of torque is
increased 3-4 times.

1 2

oo
\lmmbwmpo

I L

Fig. 3. Package diagram printed circuit boards of 5 plates.
1-copper foil, 2-fiber, 3-double layer of copper foil.
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Question, what caused this increase in power? Cutting
conditions at the cutting edge of drills with increasing depth does
not change. The only reason for this could be the increased
contact area abrasive chips with the surface of the hole and
emerged from it frictional forces.

You need to note that the sharp fall in axial efforts on areas
of depth 2-3 and 5-6 (see fig. 5.) on these sites due to the lack of
the work piece (fig. 3.) the copper layer.
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The main factor increase the likelihood of brittle fracture of
the cutting tool of these two power indicators may not increase the
axial effort and more progressive increase in torque because the
strength properties of carbide materials on the compression
significantly exceed indicators of torsion.

Accelerating the process of chips from the cutting zone
would contribute to the reduction of the force of friction and,
consequently, improve the reliability of the drilling process. The
problem of removal of chips when drilling deep hole in different
cases decide in different ways. For example, when drilling drills
dimensions solid this exercise method of leaching using a coolant,
which is supplied, into the hole through, done in the body of the
drill. In other cases, when the drill bit sizes do not give possibility
of coolant above method to remove shavings used drilling method
intermittent, where after a certain depth drilling is carried out
periodically by the disqualification of drills from holes fast
running.

The application of these techniques in our case nepriemlim.
In the first case we have with micro drills. The use of coolant in
the manufacture of printed circuit boards is not allowed. Design
and method of intermittent drilling, because it led to the strong
performance. When processing deep eyelet micro drills
accelerating factor could be an increase in chip removal step spiral
grooves, i.e. reducing the angle, but it would have led to a
deterioration of the cutting conditions, so-as will decrease the
cutting angle drills.

In the design of the drills carried out in a way that at the top
of the save the desired cutting angle, and toward the end of the
spiral grooves reduce its angle, IE a spiral groove cut into a vary-
angle [1, 3, 4, 5, 6] and gradually increase its step, it would
accelerate the process of chip and facilitate conditions for drilling.

Fig. 6 shows the scheme of drills with vary-angle spiral
grooves where the angle of the grooves at the top of the drill w,
and at the end of the working part of ®;. The width of the grooves
in the normal section B,, on all length does not change, but the

and at

change in the front section and at the top is g _ B,
oS @,

To

the end of the working partsg_ _ B,
COS @,

)

B n
n
By
“‘“‘\'.

Fig. 6. Drill scheme with vari-angle spiral grooves,
| — The useful mechanical section of the drill,
Il — Face section of the groove, Il — Useful
normal section of the drill, IV — Normal
section of the groove.

N

Changing and useful mechanical drill section. Useful section

at the top: S, :ﬂ_ 25, ,and at the end of the working

4  coswm,



) 2
parts: ¢ _md”

25, where S - square grooves in the normal
1

4  cosw,
section, d - is the diameter of the drill.

If you take into account that wy > o4, it turns out that toward
the end of the working part of the useful cross-section drills
intensifies. Then there are drills compared to standard must
withstand stress.

Production of such drills associated with certain difficulties.
At production of standard drills with a constant tilt angle of a
spiral flute the special adaptation carries out the mutually
agreement two movement — rotations of preparation of a drill and
its movement in the axial direction at a size of a step of a spiral
flute. Thus, this interrelation is defined by linear function. In case
of a variable step, this interrelation is defined by difficult
tangential function. Because of it was necessary to modernize the
equipment and its mechanism of axial giving of an element with
the Archimedean spiral to replace elements with a tangential
spiral, made by our special calculations [2, 3, 4, 5].

Besides, because of a variable tilt angle of a spiral flute, at
you - polishing of these flutes should change orientation of a
grinding wheel relatively to an axis of preparation of a drill
respectively to change of a tilt angle of a flute. It can be carried
out in two ways: at a motionless axis of a grinding spindle to turn
a preparation spindle axis round a point of intersection of these
axes at a corner size @ = @, — o, (see figs. 7), or motionless to

leave an axis of a spindle of preparation and to turn an axis of a
grinding spindle (see figs. 8) [7].

Fig. 7. Schemes of change of orientation of axesof a
spindle of preparation of a drill and grinding spindle.
Method of turn of an axis of a spindle of preparation.

Proceeding from constructive reasons the preference was
given by us to the first option (figs. 7) and in the course of
modernization of the equipment it was equipped with the
additional mechanism of turn providing when cutting spiral flutes,
turn of an axis of preparation of a drill relatively to an axis of a
grinding spindle at a corner size ¢ = @, — e, thus depending on
are long the cutting part of a drill turn is carried out by the linear

law: o =0 K, where @, - the current size of an angle of

rotation of an axis of preparation, fx - the current coordinate of
length of the cutting part of a drill, K," the size of change of a tilt

angle of a spiral flute per unit length the cutting part of a drill.
We have designed constructed prototypes of drills with vary-

angle © =30-17°, @ =35-20°, @=40—-22%and @ =43-23".
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All of these included circuit boards same experiments as the
standard. Experimental results for drills »=30-17° and
@ =35-20° are shown on fig. 9 — 12.

Fig. 8. Schemes of change of orientation of axes of a
spindle of preparation of a drill and grinding
spindle. Method of turn of a grinding spindle.

“I
)

("]
=

e

./’

(o]
h

[
=

Torque, (gr.cm)

-
n

wn

2z 3 4 5 [ 7
Depth of drilling (mm)

=+=10000 rpm. 0.01 mm/turn
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Fig. 9. The chart of change of a torque for drills @ =30-17".

Analysis of these graphs shows the following: for drills
®=30-17° performance of axial efforts almost indistinguishable
from a standard drill bit 4 =30°, so, it was expected, because
these same drill front angle and cutting conditions respectively at
the cutting edge. With regard to indicators of torque, they drill
= 30 —17°depending on the cutting was understated by 12-16%.
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1 2 3 4 5 6
Depth of drilling (mm)

~+=10000 rpm. 0.01 mm/turn
~#-15000 rpm. 0.01 mm/turn
20000 rpm. 0.01 mm/turn

Fig. 10. The chart of changes of axial efforts for drills
@=30-17"
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For drills ¢ = 35— 20° performance of axial efforts relatively
understated, as rake angle increased by 5% and this facilitated the
process of cutting, but indicators of torque with increasing depth
drilling grows more intensively and exceed indicators of both
previous designs. It is clear that the understatement of torque to
drills @ =30-17° compared with standard drills » =30°, due to
the gradual increase in step spiral grooves and accordingly
reduced contact area formed by chips with processed apertures.
Increasing the angle of inclination and therefore a decrease in
pitch of spiral drills @ =35-20" again causes the reverse-torque
figures intensively promoted.

50

——

1 2 3 4 5 6 7
Depth of drilling (mm)

——10000 rpm 0.01 mm/turn
~-#-15000 rpm 0.01 mm/turn
20000 rpm 0.01 mm/turn

Fig. 11. The chart of torque for drills @ = 35 - 20",

When drilling by drills of @ =40-22° and @ =43-23"
these power indicators are rather underestimated (see figs. 13-16)
that is explained by improvement of conditions of cutting because
of considerable (5-8°%) increases in a forward corner at the cutting
edge. However, reduction of a corner of a point at further
operation causes increase in intensity of wear, and they without
repoint reach only 600-800 openings.
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1 2 3 4 5 6 7
Depth of drilling (mm)
—-10000 rpm 0.01 mm/turn
-#-15000 rpm 0.01 mm/turn
20000 rpm 0.01 mm/turn

Fig. 12. The chart of changes of axial efforts for drills

®=35-20".
Obviously, to get a clearer picture further experiment need to

keep standard drills @ = 30° and drills with vari-angle spiral

300
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— — [}
=3 n (=]
=] = =

Axial force, (gr.)

n
=

=

grooves @ =30—17°. Experiments were continued until the
breakdown drills. Through each hole 200 checked power
indicators, with increasing cutting edge wear gradually increases.
After 1000 holes check carried out through every 100 holes, as
increasing the likelihood of breakage of drill. Throughout a series

of experiments for both types of drills, @ = 30° nearly identical
indicators remain innovative wear and axial efforts. As for torque,
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its value on the standard drills always exceed the value of drills
with variable angle of the spiral grooves @ =30-17°
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Depth of drilling (mm)
——10000 rpm 0.01 mm/turn
-2-15000 rpm 0.01 mm/turn
20000 rpm 0.01 mm/turn
Fig. 13. The chart of change of a torque for a drill
w=40-22°,
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Fig. 14. The chart of change of axial effort for drills
wm=40-22".
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Fig. 15. The chart of change of a torque for drills
w=43-23",
Statistics showed that the breakage of the standard drills
@ =30° going from 1200 to 1300 holes and drill with vari-



angle @=30—17° from — 1400 to — 1500. Performance torque
values before breakdown indicating the number of drilled holes N
traversed the path L and size of wear on back surface drills f
shown in Fig. 17 and 18.
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Fig. 16. The chart of change of axial effort for drills

w=43-23",
100
90
80
-~ 70
£
2 60
o0
S 50
=
£ a0
)
20
10
0
1 2 3 4 5 6 7
Depth of drilling (mm)
-30 —=<30-17
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Fig. 18. The chart of change the torque diagram
for drills @ =30—-17" before its breakdown.
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3. Conclusions

Solid Carbide micro drills with vary-angle spiral grooves in
deep drilling package provides improved chip control process
intensity of hole, promoting this underestimates the force of
friction and consequently the torque on the axis of the drill.

Implementation of the spiral grooves with a gradual lowering
of the w-angle from the top of the drill toward the end of the
working part provides useful cross-section reinforcement drills,
increasing the reliability of the brittle.

On the basis of the foregoing, it becomes possible to
manufacture drills with elongated working part at 2-2, 5mm and in
the package circuit boards add another plate, which will make it
possible to improve the performance of drilling process on 20%.
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EXAMINATION OF ACOUSTIC PROPERTIES OF A GEAR PUMP AFTER TOOTH
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Abstract: Among cavity pumps used in hydraulic drive systems as energy generators, gear pumps are the most widespread. Apart from
their numerous advantages from the point of view of noisiness and the delivery fluctuation coefficient, they are inferior to others. Steps are
undertaken to decrease the noisiness. According to the research results, own acoustic parameters of the pump depend on the technology and
performance quality as well as on the geometrical features of the tooth profile. The paper is restricted to the analysis of acoustic properties
of an innovative gear unit after tooth root undercutting. Acoustic properties have been described with taking into consideration induction of

decision trees and decision rules.
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1. Introduction

Hydraulic machines are one of the most widespread machine
classes, without which it would be hard to imagine the functioning
of modern industry and of society today. These machines can be
divided into pumps, water turbines, hydrokinetic drives, mixers,
water-jet drives, propellers etc., but also hydraulic transport,
hydraulic drive and hydraulic steering, etc. [1-4]. Overflow
machines form a wide group of systems. The work of overflow
machines is most frequently based on two states: transient state (in
which values of the system functions change in time) and steady
state (the functions values do not change in time or change
periodically). If the pump is the heart of a hydraulic system then the
valve is the brain. Valves are used to perform a large variety of
governing and controlling functions.

The noise is most effectively reduced through a combination of
the two ways (the active way being the most effective of the two).
Detailed studies have shown that the noisiness of the displacement
pump is due to the flow of the working medium (Fluid Born Noise)
and to the vibrations of its structural components (e.g. the unbalance
of the rotating parts, excessive clearance in the moving joints,
improper workmanship and assembly). The main causes of noise
generation, having the most significant bearing on the sound
pressure emission level, are the pressure fluctuation on the delivery
side and the trapping of the fluid in gear wheel tooth spaces. In
order to avoid such adverse phenomena, relief grooves and dampers
are used to at least partially reduce the fluctuations generated by the
pump (the passive method) [4, 12, 13]. Such measures, however,
entail additional costs. The authors’ own research has shown that
the pump’s acoustic parameters depend on the manufacturing
technology, the quality of workmanship and the tooth profile
geometry. The present study is limited to the analysis of the
acoustic properties of a novel gear pump with tooth root relief, in
particular with the use of a induction trees.

2. Tested pump

The designed and built prototype pump has a three-plate
structure shown schematically in Fig. 1. The front plate (1) is used
for mounting the pump on the drive unit. The middle plate (2)
contains gear wheels, slide bearing housings and suction and
forcing holes for connecting to a hydraulic system. The whole
construction is closed with a rear plate.
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Fig. 1 Three-plate design of gear micropump with external meshing.
1 — front (mounting) plate, 2 — middle (rest) plate, 3— rear plate,
4- driving shaft

The tested prototype unit was designed in-house and manufactured
by the Hydraulic Pumps Manufacturing Company Ltd. in Wroctaw.
The pump was designed having in mind the technological capacities
of this company [10, 11]. The novelty of the prototype pump
consists in the modification of the involute profile in its upper part
through the so-called tooth root relief (undercut). The main meshing
parameters for the pump with unit delivery q = 40 cm? are listed in
the table below (Table 1).

Table 1: Meshing parameters

Symbol Unit Value

Number
of teeth z ) 9
Modulus my [mm] 4.5
]« E 2

Gear

wheel b [mm] 322

width

3. Measuring rig

The reverberation chamber (3) for acoustic testing meets
standard ANSI S1.21-1972 and standard PN-85/N-01334 and can
be used for the vibration and noise certification of machines and
equipment. The chamber’s sound insulating power against external
noise in a frequency range of 20-20 kHz amounts to 50 dB. This
insulating power ensures the elimination of disturbances originating
from the drive system and from the hydraulic system supplying the
tested pump. Figure 2 shows a schematic of the rig for the testing of
acoustic parameters. For measurements the tested pump together
with a microphone array was placed in a reverberation chamber.

The chamber is made from two similar irregular polyhedrons,
one of which is placed in the other. The walls of the chamber are
made of solid brick while its inner plasters are made of cement
mortar.



Fig. 2 Block diagram of gear pump noisiness measuring rig: KA-
calibrator, MC-eight free sound field microphones, MU-multiplexer, WP-
instrumentation amplifier, AF-two-channel frequency analyzer, PC-
computer, PZ-gear pump, KO-chamber

Reverberation chamber

The chamber is made from two similar irregular polyhedrons,
one of which is placed in the other. The walls of the chamber are
made of solid brick while its inner plasters are made of cement
mortar (Figures 3). Standing waves have been eliminated owing to
the different dihedral angles and the concrete plasters. The
uniformity of sound field distribution in the chamber is good, being
within acceptable limits starting with the octave midband frequency
of 125 Hz. Eight constant measuring points have been fixed in the
chamber on the basis of sound field distribution studies. In
conformance with the above standards, the microphones have been
fixed at a height of 1.3 m from the floor.
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Fig. 3 Reverberation chamber

The equipment setup for measuring the noise of the gear pump
placed in the diffusion sound chamber is shown in Fig. 4.
Measuring microphones were positioned in eight points. The sound
pressure level readings taken from them were averaged. For data
reading the measuring microphones were selected by means of the
multiplexer, and the sound pressure level with the spectrum was
stored in the two-channel analyzer memory. The data were edited
using a PC and the B&K type 5306 software.

Fig. 4 A gear pump in the acoustic chamber
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4. Acoustic research

Acoustic measurements of an experimental version of the pump
respectively for the value of discharge pressure p¢: 0, 2, 4, ..., 30
[MPa] and the frequency f: 25+20k [Hz] have been obtained in the
analysis. Table 2 shows exemplary acoustic measurements of a gear
pump after tooth root undercutting for p,= 12 MP. Figure 5 presents
the value of the acoustic pressure level L, corrected acoustic
pressure level L,, acoustic power level L, and corrected acoustic
power level L in the function of discharge pressure p; at a constant
rotational speed of a pump shaft n = 1500 rpm.

The nolse of the pump prototype for n=1500 rev/min
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Fig. 5 The noise of the gear pump after tooth root undercutting for
nominal rpm.
Figures 6 and 7 present a tertian and an octave spectrum of the gear
pump after tooth root undercutting for nominal discharge pressure
and nominal rotational speed.

‘Ihe tertian spectrum for pt= 28 MFa, n= 1500 rev/min
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Fig. 6 The tertian spectrum of an experimental unit for nominal
pressure and rotational

Cetave spoetrum of an experimantal unit for pt= 28 Mpa, n=1500
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Fig. 7 The octave spectrum of an experimental unit for nominal pressure
and rotational speed

The dominant level in the whole scope of discharge pressures is
present in case of an octave of the centre frequency equal to 2k Hz.
Table 2 compares data gathered for an experimental unit and the
pump PZ4-32 TKs 186.



Table 2: Meshing parameters.

Pt

PZ4-32
[MP | Pumptest | ics186 | AL
a Laq) g 2000

AQ)

6 74,7 [dB]_[7955 [dB] |48 [dB]
12 74,8 [dB] [79,5 [dB] |47 [dB]
18 78,2 [dB] [83,6 [dB] |5.4 [dB]
24 81,0 [dB] [83,0 [dB] [2.0 [dB]
28 82,9[dB] |83,6 [dB] [0.7 [dB]

Figure 8 compare a corrected level of the acoustic pressure La,
and the corrected level of the acoustic power L, of an
experimental unit and pump PZ4-32 TKs 186.

Octave spectrum pump noise PZ4-32TKs186 for p-=18MPa
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Fig. 8 The octave spectrum of an experimental unit and pump PZ4-
32 TKs 186

5. Discrete methods of identification and

classification of acoustic signal

The classification is an important stage in the analysis of
acoustic properties. In this stage, properties characteristic for signals
of particular microphones are compared with each other. On the
basis of obtained results a decision concerning the classification of
the signal properties to a given group is made [5] Among the most
often applied methods of recognising acoustic signals are: HMM (
Hidden Markov Models) , VQ (Vector Quantization), LVQ
(Learning Vector Quantization), SOM (Self- Organising Maps),
ANN (Artificial Neural Network), GMM (Gaussiab Mixture
Models) [14, 16], SVM (Support Vector Machines). In addition,
there are classifiers based on the induction of decision trees, ML-
HMM (Maximum Likelihood Hidden Markov Model ) [6, 7, 8]. Ina
general case, the classification includes two stages: creating of
patterns for recognition and identification.

Tree induction as classifiers of acoustic signals

A decision tree is a structure which has ordinary properties of
trees in the meaning assigned to the tree in the information
technology, so it is a structure composed of nodes from which
branches come to other nodes or leaves. It is convenient to define
tree structures in a recursive way. Assuming that a given branch X
on which attributes a;, a, ,..., a, and the set of notions C of the
category C are determined:

1. The leaf containing any category label d e C is a decision
tree.

2. If t: X— Ry is a test made on the values of attributes of
examples with a set of possible results R= { ry, 1y, ... I, } are
decision trees, then the node containing the test t , from which m
branches come out, given that for i== 1, 2, ..., m branch i
corresponds to the result r; and leads to the tree T;, is a decision tree.

For any node of n decision tree, by t, we mean a test connected
with it, and for each of its possible results r € R; by np4 node or
child leaf, to which the n branch related to the r result leads from
the node. The notation described above is presented in Figure 9.
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Fig. 9 A sample query ““query-by-example™ to the decision-making
system
Information included in the set of training examples is equal to:

< |E | |E |
I(E)=-) ——1 —
© =2 ] g2(|E|
where:
E - the set of training examples
IE I the number of examples which describe i object
|E.

the number of examples in the training set E
The expected value of information after the division of the set

E™ m=1..,V,|

of examples E into subsets , for which the

Vin , determined as [15]:

I(E)

attribute a has the value

E(m)

I(E,a)= —

m=LK N, [ E™=2 | E |
where:

| E™ | - the number of examples after the division of the set
E in relation to the value m of a given attribute,
| E | - the number of examples in the training set E.
Figure 10 presents preliminary signals processing without a
filter for 8 microphones in the whole range of values of discharge
pressure that is 2-30 MPa.

a) b)
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Fig. 10 Initial processing of the signals for the four microphones: a)1.
b)3

A method of analysing a frequency spectrum has been chosen
as a parametrisation method. The method using this rule is called
the Burg method, the implementation of which is included among
others in the range "Signal Processing Toolbox" of the Matlab
programme [9]. The figure 11 shows the spectrogram for 2
microphones.
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The classification by means of induction trees has been made
separately for acoustic pressure L, frequency kHz and discharge
pressure MPa, as output attributes (wy): L,(wy), kHz (wy), MPa
(wy). Input attributes (we) are the values of acoustic measurements
registered from 8 microphones: microphonesl(we),
microphones2(we), microphones3(we), microphones4(we),
microphones4(we), microphones5(we), microphones6(we),
microphones7(we), microphones8(we). As a result of the
analysis, induction trees have been generated for each parameter

Lumj, Pe [Mpa], f [Hz].

microphone (T)

lb—l

”"']‘ I .\'IJ )
lm (L3 4} Fy t< LE))
- —— »
5 (7 ( 2 ) ) )
oL foe e S—o—:lﬂ "’. Oy 0% & C‘O
o oY A0 Qr::)-—l:']\(—ab— Oy D% O .|‘ FO (“)[[ m
0% b b %0 oo O La+ or y O
(& 3
(o] [e}s] —ﬁj‘— oo S Oed 00 O [e)'s}
o)
OO0 00 O [eXe)
. . OO . .
Fig. 12 The induction tree for the acoustic pressure Ly — without
trimming
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Fig. 13 A simplified induction tree for the frequency f [Hz]- the number
of examples forming the tree graph- 4, tree trimming- 40%
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Fig. 14 A 5|mpI|f|ed induction tree for the discharge pressure p; [Mpa]-
the number of examples forming the tree graph-4, tree trimming-25%

The induction tree determines the degree of importance of the
attribute from the most important one placed in the root, through
classification of any example. The most important acoustic signal
generated by the value of the discharge pressure is present in the
microphone 4- in accordance with the tree from Figure 14 whilst the
most important acoustic signal influenced by the change of
frequency is generated on the microphone 6- in accordance with the
tree from Figure 13. In accordance with the tree from Figure 12, the
most important signal influencing the value of the acoustic pressure
is the signal registered on the microphone 7.

6. Conclusions

In a decision tree, nodes store tests checking values of example
attributes and leaves store categories assigned to them. For each of
possible test results, there is one branch coming from a node to a
subtree. In this way, it is possible to represent any attributes of the

99

hypothesis admissible for a given set. All operations were made in
the real time during normal exploitation of the gear pump. On the
basis of the results received from the inference mechanism,
resulting from the correlation between acoustic signals measured in
a continuous manner and model signals placed in the data base,
there would be identification of the influence of particular signals
from microphones on the chosen parameters of the gear pump after
tooth undercutting
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DIRECTIONS OF DEVELOPMENT MECHATRONIC DEVICES TO MOVE IN
PIPELINES

HAIIPABJIEHUS PA3BUTHSA MEXATPOHHBIX YCTPOUCTB [J151 IIEPEMEILEHNS B
TPYBOIIPOBOJAX
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HanmonanbsHbIA yHHBEPCUTET BOJHOTO X035HCTBA U MPUPOIOIIONL30BaHus — POBHO, YkpanHa
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Abstract. Mechatronic devices are one of the most important innovative devices to achieve automated operation of process pipelines,
including their inspection, cleaning, repair, etc. In order to determine what kind of technology is recommended for a particular pipeline, it is
necessary to conduct research and analysis of existing types of mechatronic devices.

Known mechatronic devices can be divided into 8 types of robotic system, namely "spider”, "worm", with automotive principle “engine -
wheel", crawler, "feet", snakelike ("micro snake"), spiral, cylindrical.
In this paper analyzed the known types of mechatronic devices, based on what is selected, according to the author, the most universal, the
principle of operation is based on a prototype bionic-worm (Lumbricidae family). Proposed innovation to elaborate mechatronic device that
can perform multi-functional tasks in the maintenance and repair of sewer pipes and process piping.

KEYWORDS: MECHATRONIC DEVICE, BIONIC PROTOTYPES, MAINTENANCE AND REPAIR OF PIPELINES.

Hamu mpoBeneH cpaBHUTENBHBIN aHANMN3 pa3IMYHBIX THUIIOB
MEXaTPOHHBIX ycTpoicTB (MVY), KOTOpble MOTYT IEpeMenaThCs B
TpyOompoBozax s Haubosee 4acTo BCTPEYAIOIIUXCS TUAaMETPOB
TpyO, pe3yabTaThl KOTOPOTO MPEBEJIEHBI B ClIeAYIOMIEH Tabuie.

Tabnuuya 1
Cpasnumenvhvie XapaKxmepucmuKu MexampoHHbIX YCHpPOUCms
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Hcxons 3 aHanm3a mpeACTaBICHOTO B TaOJIHUIIEe, HAMU BBIOpaH
4epBAKOMOMOOHbI T MY s jpanpHeimein  mopaboTkwy,
MMOCKOJIbKY OH OTJIMYAeTCs BO3MOXKHOCTBIO CO3J[AHUSI BBICOKUX
TATOBBIX YCWJIHH, PEBEPCUBHOCTHIO W TPUMEHHUMOCTBIO IS
LIMPOKOTO JMana3oHa JHaMeTpoB TPyOOIIPOBOIOB.

N3BecTHO peBEpCUBHOE MOA3EMHO-TIOABUKHOE YCTPOMCTBO,
KOTOpO€ HCHOJb3yeTcs Uil oOpa3oBaHMS IOJIOCTEH B IMOYBE H
CO3/IaHMA JIMHEHHO-TIPOTSHKEHHBIX 00BekToB [1]. Hemocratkom
MTOJI3¢MHO-TIOJIBIDKHOTO ~ YCTPOWCTBA  SIBJISICTCS  HEOCTATOYHAS
rHOKOCTh, HE MO3BOJISIONIAS ABUTATHCS MO KPHBOJIUHEHHOMN
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TPaCKTOPpUH, a TaKKC KOHCTPYKTHBHAsA CJIO)KHOCTH
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@Due. 1. 1 - nocosas uacms, 2 — 2uopoosuzamens, 3 -
nepgopuposannulii yununop, 4 - snacmuunasn obonouxa, 5 -
pabouee meno, 6 — nopuens, T — wmox, 8 — conernouo, 9 —
cepoeunux, 10 - onopul kouenus, 11 - anexmpuueckuii kabenv, 12 —
onox, 13 — npyoxcuna, 14, 15 - oepanuquumens xooa, 16 —
nepexmouamenv, 17 - noOwWUnHuKk ckonvorcerus, 18 -
2oppuposannvlil yurunop, 19 - npyscuna pacmsicenus, 20 -
3a0HAA CIEHKA HOCOBOU Yacmiu.

IIpuanun  paGoTel  PEBEPCUBHOTO  MOA3EMHO-IOABMKHOTO

ycrpoiicTBa m300pakeHHoro Ha ¢ur. 1 3akimodaercs B
CJIETYIOILEM.

IIpn nocrymyeHMH SHEpProHocHTeNs 1o marpyoky 9,
IIOCKOJIbKY paJualbHble KaHalbl 15 OTKpBITBL, a KaHaiusl 13

3aKpPBITHI, TO TIOJ ACHCTBHEM IIOCIEAHETO YBEIUYUTHCI B 00BEME
anacTu4Has obosouka 3aaHel Gukcupyromeid kamepsl 6 10 ynopa
B CTEHKY IIPEABapUTENHFHO 00pa30BaHHOI IOYBEHHOH MOJIOCTH, B
pe3ynbTaTe dero KOpIyC IIOA3€MHO MOJBMKHOTO YCTPOMCTBa
¢uxcupyerscst. OTHOBPEMEHHO C 3TUM, SHEPIrOHOCHTENb JaBUT Ha
JIEBYIO IIJIOCKOCTb HOpPIIHEN 18, B pe3yspTaTe 4yero HOCOBas 4acTh
1, mpeononeBas CONPOTHBICHHE ITOYBHI, EPEMECTHTCS BIEpe] Ha
OTPE30K IyTH, PaBHBIM Xoxy mopuHsa. [Ipu mnoctymieHust 1o
natpyoxy 10 yBennuumtecsi B 0OOBeMe dnacTUdHas 000J0YKa
nepenHeil Gpukcupyromeit kaMeps! (3aJHAS, IPH TOM YMEHBIIUTCS
B o0beMe K IMpensiAymieMy pasMepa). B pesynbprate 3TOTO
3aUKCHpyeTcss HOcoBasg 4YacTh 1, OJHOBPEMEHHO C JTHUM
9HEPrOHOCUTENb OyleT AeiiCTBOBaTh y)Ke Ha HPaBYIO IJIOCKOCTh
nopuiHed 18, KoTopble BMecTe CO INTOKOM  YyIEp)KHBAIOTHCS
npenHel GUKcHpyomIeil KaMepo, U Ha THO Ka)KIO0TO M3 CHIIOBBIX
Moayned 19. DTo mpuBener K TOMY, YTO KOPIYC YCTpOHCTBa
MOATSIHETCS K 3aUKCHPOBAHHOW HOCOBOW HacTu. B pesymbraTte
3TOTO JAaHHOE YCTPOICTBO MEPEMECTHTCS BIEpen Ha OTPEe30K,
Ha3BaHHBIMA "mIaroM'", a TMEpUOTUYECKas CMEHA IIaroB MPHBEIET K
JIICKPETHOMY JBIDKCHUIO BIEpE].

B cinyyae HeoOXOAMMOCTH, MOXXHO IOJaTh KOMaHIy Ha
o0paTHOE NepeMeleHUe T013¢MHO-TI0/IBIDKHOTO YCTpoiicTBa [2].



Fang H.B. u np. [5] pa3paboranu cepBOABUraTelb,
OCHOBaHHBI HAa  HUCIOJHUTEIBHOM  MEXaHU3ME,  KOTOPBIN
HMHUTHUPYET aJbTEPHUPOBAHHOE YUIMHEHHE U COKpAIlEeHHE OJHOTO
JIO’K/IEBOTO YEPBAYHOTO cerMeHTa. CepBONPHBOA C MPHUBOJIOM OT
JIBUTATENIs, TIPOBOJIA U JICHTHI U3 MPYKHHHOW CTAJIA MPUMEHSIOTCS
B K&XJIOM CEerMEHTe po0OoTa Il WMHUTAIUH TPOJOIBHBIX U
KPYTOBBIX MBI JOXICBOrO depBsi. Kaxkmplii cerMeHT poOoTa
COCJIMHEHHBIX  IIOCIEIOBATEIFHO CHOCOOCH — COKpamathCs |
pacciaabnaThes, KaKk CerMEHT Tefla JOXKIEBOTO YepBsl.
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Due. 2. Mexampounoe ycmpoucmeo 4epesunoo muna:
a)cpagHumenvhbvlil paspes 00H#0e8020 4epsaKa U 00HO20 ce2MeHmda
MY;
6)xoncmpyryus M.

OAMHOYHBIA CErMEHT JTOr0 po0oTa COCTOMT U3 ABYX
MPO3payHbIX AKPUIOBBIX IIACTHH, @ IMEHHO TUIACTHHBI TOJIOBKU U
KOHIIEBOH TJTaCTUHBI, CEPBOJBUTATENb C YIPABIEHHEM POXKKA, JBa
CEepBOIPHBOJIAa C MPUBOAOM OT ABUTATENS M BOCEMB IPYXHHHBIX
CTaNBHBIX JIeHT. Kakable CerMeHTHl MOTyT OBITh HpPHBEACHHI B
JIeWCTBUE HE3aBUCHMO JpyT OoT apyra. HemocraTkom siBisiercs To,
YTO NPU HAIWYUH 3arpsI3HEHUH M HApOCTaHHH B TpyOe yCTpOHCTBO
MOXKET 3allelMThCS 33 BBICTYNBI M TPEKpaTUTh JalibHeHInee
nBmkeHne. HemoctaTkoM JaHOTO — CepBOABUTATENs — sIBISAETCS
HEBO3MOKHOCTh BO3BpAIICHHUS Ha3al.

Hamu npemnoxxen cBoi Bapuant MY Uil nepemernieHus
TEXHOJIOTHYECKOT0 000pyaoBaHus B TpyOompoBogax. KoHTakTHEIM
CerMEHTOM, KOTOPOI'O SIBIISIIOTCS ITHEBMATHYECKHE IIOMYIIKH,
Ka)XIasi M3 KOTOPBIX paccudTaHa Ha OIPEACJICHHBIN AnaMmerp
TpyObl. Hipke mnpuBeneH PHUCYHOK M ONHCAaHHE MEXaTPOHHOTO
YCTpOICTBa.

123 -L.’.-‘o‘_‘ i E
Que. 3. Mexampounnoe ycmpoiicmeo 0 nepemewenus 6
mpybonpoeooax.
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MexarpoHHoe YCTPOWUCTBO JUISt nepeMenieHus B
TpyOONIpPOBOAaX COCTOUT M3 HOCOBBIX 15, 16 u XBocTOBBIX 2, 4
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(GUKCHPYIOIUX ITHEBMOKaMep, IMOBEPX KOTOPHIX CMOHTHPOBAHO
YIPYTyto 0005104Ky 3 A JOTMONHUTENbHON 3allUTHI U CpenHei
YacTH KOTOpas HaxoauTcs B rodpupoBaHHOM Kopmyce 13. s
MEPEMENEHHs YCTPONCTBA 10 TOPU3OHTANN HCHONB3yeTCsl THOKast
MypTta 12, KOTOpas BpamiaeTcs pEBEPCHBHBIM JBHTaTelIeM
noctostHHOTO ToKa 10 m BkpyumBaercs B raiiky 14. s nepenauu
KPYTSIIEro MOMEHTa BaJa JIBUraTellsl HCrojb3yercs mydra 11.
Pazpaboran MopaepHH3HpOBaHHEI THII MY sBisiercst Goiee

THOKMM, HAJISKHBIM ¥ TPUTOAHBIM U1 TNPUMEHEHUS B
3arpsi3HEHHBIX  cpefax. JlaHHoe MeXaTpoHHOE  YCTpOMCTBO,
CIOCOOHOE  BBIMONHATH ~ OCMOTP, UHCTKY M TEXHHYECKOe

obcmykuBaHue TpyO IS 4Yero NOMOJHSAETCS IUIATGOPMOM IS
OBICTPOH 3aMEHBI HAOOPOB CEHCOPOB COCTOSIHHS TPYOOIpoBOIa M
000pyI0BaHUEM JIJIs €0 PEMOHTA.
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MATERIALS FOR ELECTROMAGNETIC INTERFERANCE SHIELDING
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Abstract: The electronic devices are everywhere in our life and for their proper performance it is very important to have them
protected from Electromagnetic Interference (EMI). Sources of EMI could be some components of the device, nearby conductors, other
devices, high voltage lines, atmosphere static discharges, etc. One of the main methods for protection from external EMI is by shielding the
whole device and for this purpose are used various materials. In this paper are presented two types of materials used for EMI shielding -
polyester silk with electrolysis metal coating and nitrile butadiene based compounds (NBR) containing as a filler natural magnetite. For both
materials is investigated the EMI absorption for electromagnetic waves in the band (8-12 GHz) and at 2380 MHz.

Keywords: ELECTROMAGNETIC INTERFERENCE, SHIELDING, FILLED ELASTOMERS, PLASTIC ELECTROMAGNETIC

INTERFERENCESHIELDING

1. Introduction.

Shielding from EMI is a complex process associated with
propagation of electromagnetic waves in environments with various
electromagnetic properties and their interaction with the object,
characterized with reflection, refraction, scattering and absorption.
For quantitative evaluation of the effectiveness of the protection is
used shielding coefficient (S) equal to the ratio of the amplitude of
the intensity of the electric or magnetic field at any point in the
shielded area compared to the amplitude of the intensity of the field
at the same point in the absence of the shield:

E
(1) Sg (dB) = 201g—%
E

o]

H
2) Sy (dB) = 20ig—=
HO

When an electromagnetic wave reaches the shield, one part of it
is reflected and another penetrates it undergoing absorption and
multiple internal reflections (MIR) as ultimately some portion of it
passes through the shield. All processes of reflection and absorption
lead to loss of electromagnetic energy:

() A/dB/=Alrefl./+ Alabs./+ AIMIR/

The energy loss from absorption (absorption loss) does not
depend on the type of the electromagnetic waves (electric or
magnetic field) and goes up with increasing the waves frequency
and the thickness of the shield, as well as with increasing the
magnetic permeability of the material from which it is made. [1]
The energy loss from reflection (reflection loss) depends on the
ratio of the impedance of the waves and the impedance of the shield
material. It is larger for electric fields, decreases with increasing
waves frequency, and does not depend on the thickness of the
shielding material. Multiple internal reflections always reduce the
shielding effect because each reflection inside the screen allows a
small amount of energy to pass through it.

2. Shielding methods.

Electromagnetic interference (EMI) is emitted by every wire or
electronic device associated with electrical energy transferring, sun
radiation, high voltage atmosphere discharge and other sources. The
rapid development of the electronic industry during the second half
of XX century resulted in implementation of electronic devices
everywhere. Each of them is a source of EMI, jeopardizing the
normal functionality of the electronic devices, thus bringing out in
the foreground this problem.

Basically the protection from undesired signals emitted from
electronic devices could be achieved by three methods:
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proper design; electromagnetic shielding of separate device
modules; shielding of the whole device. The last method is the
easiest for realization and economically profitable especially
because of the possibility for plastic shielding realization. The
frequency interval above 10 GHz is radio frequency and is the most
common in the everyday life.

For electromagnetic shielding are used various materials - metal
foils, metal grid, cloth with metal knitted fibers, materials with
electro conductivity fibers and absorbents - wood pulp, micro
porous rubber, polyvinylchloride resins with fillers, silicon rubber,
graphite filled textolite, etc. (tab.1)

Table 1: Characteristics of some shielding methods

. Resistance, Shielding,
Method | Width, um g
Q/0 dB
Avrc sputtering : ’
i 15-25 0,03 50-60
Spraying of :
molten zinc 25 40 50-60
Acrylic paint
with nickel 50 0,5-2,0 30-75
powder
Acrylic paint
with silver 25 0,04-0,1 60-70
powder
Acrylic paint
with copper 25 0,5 60-70
powder
Paint with
graphite filler 25 7,520 20-40
Cathode
sputtering 0,75 15 70-90
CalivErie 0.75 0.1 85
metalizing
Chemical
me/f;':)';::"m 125 0,03 60-70
nickel/
Chemical
metallization 1,25 0,5 70-90
[silver/
e 1,25 5-10 50-70
metalizing
lon deposition
of copper 1,0 0,01 50
Conductive
plastic /nylon ) 75-100 40-60
containing
40% carbon/




Nowadays microwave absorbers are mainly used for:

-protection of the environment and people from the adverse
influence of high frequency electromagnetic radiation due to
industrial and other sources;

-technical purposes like eliminating undesired signals and noise in
radio and television technique; in anechoic chambers; antiradar
camouflage of mobile and fixed military structure and objects for
reducing or altering the radar signature.

The main microwave absorbers’ requirements are minimum
reflection and maximum absorption of the electromagnetic energy.
The ideal absorber has broad frequency range of the absorbing
energy, excellent weather stability, light weight, characteristic
reliability and capability to work in a broad temperature range.

3. Measurment of the attenuation coefficient of

metalized fabrics

The measurement of the attenuation or shielding effect of the
metalized fabric was conducted within 8-12 GHz band. The samples
were installed between two coaxial waveguides for this frequency
range - R100 (3x10mm) and pressed with equal force. The signal
was transmitted from sweep generator HP 8620C and its changes
were monitored on spectrum analyzer HP 8559A (both sets -
Hewlett Packard make).The fabric samples size is 50mmX50mm.
They are pressed with equal force between the two waveguides
fully covering their openings.

The attenuation of the tested sample is calculated as follow:

4) A=10IgP /P

, Where
out

pass
P pass - power of the electromagnetic waves that passed through
the shield; P out - power of the electromagnetic wave outside the
shield; P out =4 - 5mW.

4. Experimental results.

The paper presents two types of shielding materials. The first
one is made of 100% polyester silk (K167 dtex.) with electrolysis
metal coating - “sandwich” type construction - Cu/Ni-P [1].

Data was collected according BDS - specific area mass 84 g/m?,
breaking strength on the basis 74,7 daN, weft-72,2 daN,
extensibility of the base and by weft - 400 n/10 cm, filling 77%,
coefficient of drape 23%. With appropriate combination of
thickness EMI attenuation above 50 dB is achieved in the band of
the civil radiolocation (8-12 GHz) and at 2380 MHz. The received
data of the experiments is given on tab.2, tab.3, tab.4 and tab.5.

Table 2: Electrical resistance of a square (£2//710cm) depending on the
conditions of the chemical metallization

Direction Duration (min)
Chemical of the
metallization | measure- | 10 20 30 45 60
ment
Coppering by base 0,12 0,09 0,075 0,05 0,03
by weft 0,24 0,12 0,08 0,055 0,045
Coppering by base 0,36 0,06 0,045 0,03 0,03
+10min nickel- | by weft 0,56 0,07 0,06 0,04 0,04
plating /Ni-P/
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Table 3: Shielding effectiveness (attenuation, dB) depending on the chemical
metallization type. Signal level 10mW, 10GHz

. Duration (min)
Chemical

metallization 10 20 30 45 60
Coppering 42 62 65 67 67,5
Coppering

57 65 66 71 72

+10min nickel-
plating /Ni-P/

Table 4: Shielding effectiveness (dB) depending on the duration of the
nickel-plating of fabric A

Electrolyte Frequency, 5min 10min 20min 30min
for nickel- GHz
plating
alkaline 8,06 39,5 51,4 55,5
29,1
pH=9,0 9,46 38,1 47,8 52,3
26,1
12,06 36,0 445 49,3
23,0
acid 8,06 385 47,6 58,6 -
pH=5,0 9,46 368 43,8 49,6 -
12,06 361 40,2 46,8 -

Table 5: Shielding effectiveness (dB) depending on the duration of nickel-
plating on fabric B (calendered)

Electrolyte | Frequency, 5min 10min 20min 30min

for nickel- | GHz

plating

alkaline 8,06 354 50,6 55,6
25,8

pH=9,0 9,46 34,9 48,1 52,3
24,5

12,06 33,6 42,9 46,8

24,2

acid 8,06 253 35 49,3 51,2

pH=5,0 9,46 243 33,8 46,7 49,4

There were also investigated the properties of thin elastomeric
microwave absorbers. The samples were built on the basis of nitrile
rubber, containing natural magnetite (particle size below 10p) as
absorption active filler.

The mixing process of the rubber with the filler was carried out
by Brabender Plasticorder at 50 °C. The rubber-filler ratio was 10-
60 phr. The films (average thickness of 100 u) were prepared from
2mass%  1,2-dichloroethane solution of the rubber-filler
composition. Magnetic field with induction of 0,60T was applied
for the period of 20 minutes during the film formation process. The
magnetic field induction was controlled by teslameter. The samples
were placed parallel and perpendicularly to the magnetic field lines
of force.

The optical microscopy pictures give us information about the
structure of non modified magnetite filled samples and another one
modified with EMF. (Fig.1.) In presence of magnetic field we can



see an organization in filler particles ordering, which increases the
probability the propagating wave to meet on its way a filler particle
instead of polymer matrix material. This probability in the absence
of EMF, when the structure has the usual disordered nature and the
filler particles are situated chaotic is considerably less.

Fig.1:Optical microscope pictures (x 70) of nitrile rubber films,
containing different concentrations of magnetite (H=0, without magnetic
field application; H>0- with magnetic field application)

c) 50 phr Fes04, H=0 d) 50 phr Fe;04, H>0

Fig. 2 shows the absorption of electromagnetic waves in the
range 8-12 GHz for our samples. The effects concern the influence
of the magnetic field on the magnetite distribution in the rubber
matrix. The material is magnetically soft and its particles orientation
is highly dependent on external magnetic fields.

The measurements were performed in a waveguide line. There
were three measured absorbing samples - one control and two
magnetically modified. For the first modified sample the direction
of the external magnetic field is parallel with the wave in the
waveguide. For the second sample it’s perpendicular. The
absorption of the no modified sample is the lowest. The sample
modified with a perpendicular magnetic field has the highest
absorption.

Fig. 2. Absorption of electromagetic waves in the 8-12 GHz range by films
based on nitrile rubber and natural magnetite filler.
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The application of magnetic field during sample preparation
affects the filler particles ordering causing secondary structures
formation guided by the direction of the magnetic field lines of
force.

The change in absorption of the electromagnetic waves of the
elastomeric microwave absorbers under the influence of an external
magnetic field is due to the orientation phenomena in the
elastomeric matrix, as well as the arrangement of the particles of the
absorption-active filler in a favorable manner for better interaction
between it and the electromagnetic waves falling on the shield [2].

5. Conclusions.

The researched materials were tested for effectiveness of the
shielding effect. The attenuation was measured after application of
magnetic field to the elastomeric microwave absorbents in both
ways of operation of the electromagnetic field - perpendicularly and
parallel to the sample in the range 8-12 GHz. The experiments
proved that the tested materials have better shielding effect,
compared to the control sample. For both materials the absorption
in both directions was higher for the whole range 8-12GHz than the
one of the sample. The observed improvement of the shielding
effect is due to the interaction of the electromagnetic waves and the
filler-magnetite. The oriented arrangement and resulting structure of
the particles of the active compound under EMF influence leads to
increase of the effect of shielding [3,4].
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N3CIEJABAHE HA TTIOJABATEJIHU EJIEKTPO3AIBUKBAHUSA
3A KJIAC METAJIOPE’KEIIA MAIIIMHA

STUDY OF FEED ELECTRIC DRIVES FOR A CLASS OF MACHINE TOOLS

NCCIEAOBAHME SJIEKTPOITPUBOAOB ITIOJAYN OJJHOI'O KJIACCA
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Abstract: This paper examines the features of feed electric drives for a class of milling machines with digital program control. The require-
ments that should be met with these electric drives are formulated. Practical settings of the represented DC and AC electric drives have been
carried out. Experimental studies have been conducted showing that the selected AC drive with permanent magnet synchronous motor satis-
fies the necessary requirements. The research carried out and the results obtained can be used in the development of such electric drives for

the studied class of machine tools.

KEYWORDS: MILLING MACHINES, FEED ELECTRIC DRIVE, DC DRIVES, AC DRIVES

1. Bveeoenue

IlopaBaTemHNUTE €NEKTPO3aJABIDKBAHHSA CE€ M3MON3BAT 3a MO3U-
IIMOHUPAHE Ha PEXEIIns] HHCTPYMEHT U 00pabOTBaHUs JeTaia Ha
JKeTAaHOTO MSCTO M Y4acTBaT B Ipolieca Ha MalIMHHA 00paboTKa.
Ilo Ta3u mpu4MHa, TAXHATA MO3UIHOHHA TOYHOCT U CKOPOCT BIMSAAT
CBIIIECTBEHO BHPXY KaueCTBOTO U IIPOU3BOIUTEITHOCTTA HA METAJIO-
pexenure MammaA [1].

KbM Te3u 3aiBIDKBaHUS ce HPEIIBSIBAT BHCOKH W3UCKBAHMS,
KOUTO MOe ce opmynupar no cnequus Hauus [2], [3]:

® IIMPOK AWAna3oH Ha PeryjaupaHe Ha CKOPOCTTa;

J00py IMHAMUYHH MOKa3aTelH;

IUIABHO PETyJIHPaHe Ha CKOPOCTTA B IBETE TIOCOKH;
TOYHOCT NPH 331aIeHN TPACKTOPHUTE Ha JIBIDKECHHE;
OCHUTypsIBaHE HA HEOOXOIUMUST BBPTSIL MOMEHT;
CHUT'YPHOCT;

HMKOHOMHYHOCT U JIPYTH.

[Ipu pa3zpaboTBaHeTO Ha MOAABATENHH €IEKTPO3aABIDKBAHUS 32
METAJIOPEXKEIN MallMHA € He0OXOUMO Jla Ce OTYeTaT PEeAnla Chb-
IIeCTBEHNU (paKTOpH, TAKUBA KaTO:

® 0COOCHOCTHTE Ha TEXHOJOTUYHHMS ITPOLIEC;

BU/Ia Ha 00pabOTBaHUTE MAaTEPUAIIH;
MapaMeTpUTE Ha U3MOI3BAHUTE HHCTPYMEHTH,
n30paHUTEe MEXaHUYHHU NPEAABKH.

Meroauku 3a n300p Ha JTHHEHHU U BITIOBH IOJABATEIHU €lIEK-
TPO3aBMKBAHMUS, IPUIOKUMHU KaKTO 3a MOCTOSHHOTOKOBH, TaKa M
3a MPOMEHJIMBOTOKOBH CHCTeMH € onucaHa B [4], [5].

MareMaTH4ecKoTO MOZENIMpPAaHe M KOMIIOTHPHO CHMYJIHpaHe
npearaT e(peKTUBHM HAYMHU 3a W3CJIEIBaHE HAa CHCTEMHTE 3a
3a7BI)KBAaHE NPHU PA3NIUYHKM JUHAMUYHHM W CTaTHYHU PEKUMHU Ha
pabora, 0coOEHO KOTaTo HE € BB3MOXKHO WIIM € HEyJOOHO Na ce
M3BBPIIBAT TAKUBA TECTOBE B Ja0OPATOPHM WM MPOMHIUICHU YC-
noBus. Pesynrat oT m3ciegBaHe MOCPEICTBOM KOMITIOTBPHO CH-
MyJIHpaHe Ha IOJAaBaTEIHU EIEKTPO3aJBIDKBAHHUSA Ca OTPA3eHU H
ananusupanu B [6], [7], [8].

B Ta3m craTms ca mpencTaBeHH pe3yiNTaTH OT U3CIEIBAaHHS Ha
MI0/IABATEIIHU EJICKTPO3a/(BIDKBAHUS C JIBUI'ATENM 3a IIOCTOSHEH W
MIPOMEHJINB TOK, MPeJHAa3HAueHU 3a €AWH BUA (HPE30BU MAILIMHU C
LITY, xouto umar 3 NHHEHHW W 2 BIIOBH MOJABATETHH KOOPIH-
HaTHU ocH [9]. HampaBeH e u cpaBHUTENEH aHAIH3 110 OCHOBHHTE
MOKAa3aTeln.

2. llocmosnnomoxoeu enexmpomdeuafceanuﬂ

Brnokopara cxema Ha €IHO OT U3CJICABAHUTEC JINHEWHUTE TOfa-
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BaTEJIHU €NEKTPO3aJBIKBAHHUSA C JBHUIraTelIM 3a IOCTOSIHEH TOK
(MIIT) 3a eqna koopauHATHA OC € AafaeHa Ha ¢ur. 1. M3mon3Banute
o3HauyeHus ca cnegnute: LITY — cuctema 3a nn¢poBo-porpaMHo
ynpasinenue; PC — perynarop Ha ckopoct; PT — perynatop Ha Tok;
CII - cunoB nmpeodpasysarer; JIIT — aBurarten 3a MOCTOSHEH TOK;
JIT — unkpemenTanex aatyuk Ha mbT; MII — MexaHuuHa npegaBka;
3M - 3a1BWKBaH MEXaHW3bM; 6 — BI'bJ HA 3aBbPTAHE Ha Bajla Ha
JBUTATENS; S — IMHEHHO NPEMECTBAHE 110 ChOTBETHATa KOOPAUHAT-
Ha oc. CxemaTa € TPUKOHTYpHA, C MOJYHHEHO peryiupaHe Ha
NIPOMEHJIUBUTE KOTBEH TOK, BITI0BA CKOPOCT U BIVIOB IIBT.
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Que. 1. Ilooasamenno enexmposadsudicéane ¢ [AI1T.

Pa3paboTBaneTo Ha MOJXOAAIIO MOAABATEIIHO €IEKTPO3aIBIIK-
BaHE Ce OCBHIIECTBSBA B CIEAHATA IIOCIET0BATEIHOCT:

1. Cp3naBane Ha MeTOMKA 3a H300p Ha Oa3aTa Ha MOCTAaBEHUTE
M3UCKBaHUS KbM 3a/IBIDKBAHETO, KaTO CE OTYUTAT OCOOCHOCTHUTE Ha
nporueca dpe3oBaHe, Buaa Ha 00pabOTBaHHS MaTepHal, Mmapamer-
pHTE Ha W3MOJI3BAHUTE HHCTPYMEHTH U THIIA HA MEXaHHYHUTE Mpe-
nasku [10], [11].

2. IIpoBexaHe Ha CHOTBETHUTE M3UHCIUTENHH MPOLEIYPHU I10
METOIUKaTa.

3. U3BbppmBaHe HAa TEXHUKO-MKOHOMHYECKH aHalW3 Ha BB3-
MOXXHUTE BAapHAHTH 3a €JICKTPO3aJBIDKBAHE C OTYHTAHE Ha Kara-
JIOKHUTE AaHH| OT Gupmu npoussoaurenu [12], [13], [14].

4. CpcraBsgHEe Ha MOJEN Ha €IEKTPO3aJBMKBAHETO 332 KOMIIIO-
THPHO CHMYJIUpaHE.

5. Pa3paboTBaHe Ha CTeH[ 3a EKCICPHUMEHTAIHU U3CIICIBAHNUS.

6. ExcrieppuMeHTaIHO yTOYHSBAaHE HA MapaMeTpHUTe, He0OXOoau-
MH 32 MOJIEIIMPAHETO.

7. OnTuMH3aIMs ¥ HACTPOIKa Ha peryIUpaniuTe KOHTYPH.

8. IlpoBexnaHe Ha M3CIEJBaHUSA HOCPEACTBOM KOMIIOTHPHO
CHUMYJIMpaHe TPH Pa3iuYHM HACTPOMKH, 3aJaBallld M CMYIIABAIIH
BB3/ICHCTBUSL.



9. IonpoOHN eKCIepUMEHTATHU H3CIEABAHUS B CHOTBETHHUTE
JMHAMUYHH ¥ CTaTHYHH PEKMMHM Ha paboTa 3a OLIeHKa Ha JICHCTBH-
TEIHUTE TIOKA3aTeIH.

OnTuMu3aLMATa Ha PEryIUpallkTe KOHTYPH M HacTpoikaTa Ha
CHOTBETHHTE PETYIAaTOpH Ha CHCTEMaTa Ce M3BHPIIBA, KaTo ce 3a-
MOYHE OT HAM-BBTPEIIHUAT KOHTYD (110 TOoKa B KoTBara). Ciely ToBa
ce MpeMHUHaBa KbM CJIe/[BalIHsl KOHTYD (II0 CKOPOCTTa) M HaKpasi ce
ONTHMH3MpPA Hal-BHHIIHUS KOHTYp, KOHTO € 0 OCHOBHATa KOOp-
quHara (o nosunusTa) [15].

Tonyyenara npenasarenHa (GyHKLIHMS HA PEryjiaTopa Ha KOTBe-
HUSI TOK, OCUTYpsIBaIlia IpeperynuHe mox 5%, e cieqHara:

1 W, (p)= Ras (Tazp +1)
&) pm(p)= S A CALETS

n®om@m! m P
KbleTO: Ry € CyMapHO aKTHBHO CHIPOTHBICHHE Ha KOTBEHATa
BepHra; lgy — CyMapHa €JIeKTPOMAarHuTHa BPEeMEKOHCTaHTa; K,
— Koe(UIHEHT Ha yCUJBaHE Ha cUIIOBMA mpeobOpasysarern; Ky, —
koe(hUIMeHT Ha oOpaTHaTa BPb3Ka IO TOK; @y — KoeduuueHT,
BIIHSICIL BBPXY TIOKA3aTCIUTE HA KOHTYpa; T ,, — MalKkara Bpeme-

KOHCTaHTa Ha TOKOBHSI KOHTYp, HEMOUIEXKAllla Ha KOMIICHCUPAHE.
IIpenaBarenHaTa (QyHKOUS Ha peryiaaTopa Ha CKOPOCT B TO3U
cirydail e momgyueHa B CISTHUS BUA:

1

_ aCT/lcp[Tﬂcp+l) _ KomT ws
K KocR Z/KOm KMKOCRaZaCT,uC ’
(Tﬂcp+lﬁ Mz P

KBJCTO: TMZ € CyMapHa CJICKTPOMEXaHWYHAa BPCMCKOHCTAHTA,

@) W, (p)

K,, — npenasareneH koeduiueHt Ha gsurareisi; Kgoe — xoedu-
IIMEHT Ha 0OpaTHATa BPB3Ka IO CKOPOCT; 8 — KOCS(UIUEHT, BIMs-
eIl BbPXY MOKa3aTeInTe Ha KOHTYpa,; Tyc — MaJlkaTa BPEeMEKOHC-

TaHTa Ha CKOPOCTHUS KOHTYP, HEMO UIeKAIlla Ha KOMIIEHCHPAHE.
IIpenaBarenHaTa GyHKIMS Ha perynaTopa Ha BT CE MPECTaBs
¢ U3pasa:

2K o€ cnmax
3 Wpn(p) = % '
on®nom

KBIETO: &cpmax © MAKCUMaJHMS TEMII Ha HaMallsgBaHE Ha CKO-
poctra; Ko — koedunuenT Ha oOpaTHaTa BpB3Ka MO IbT; @pom

— HOMHUHAJIHAaTa CKOPOCT Ha ABUI'ATEIIA.

HpI/I KOHKpETHAaTa HaCTpOﬁKa Ha NO3UIIMOHHOTO €CJICKTPO3al-
BH)KBAHE, 3aJI0KCHOTO MaKCHUMAJIHO 6Lp30HCﬁCTBHC MOXE a 6’]),[[6
OIr'paHUY€HO 1O TEXHOJOIMYHU NIPUYNHHU.

3. Ilpomenaugomokosu eneKkmpo3adeurceanus

Ha 6azara nHa ¢QopMmynupaHuTe H3HMCKBAHUS, IOCPEICTBOM
OCBIIECTBEHUTE H3YUCIUTENHM MPOLELYypH IO paspaboTeHaTa
Mmeronuka [4], e wu3bpaHa TNPOMEHJIMBOTOKOBAa CHCTEMa 3a
MOJJaBaTENTHO eNIEKTPO3aBIKBaHe Ha (pe3oBa MamuHa ¢ LITY.

DyHKIOHANHATA CXE€Ma Ha M3CIEABaHOTO MPOMEHINBOTOKOBO
eNIEKTPO3a/BIKBAHE ChC CHHXPOHEH ABUTaTell, Bb30YXIaH C TOC-
tossuan MarautH (CAIIM) [12], [13] e nagena Ha dur. 2.

M3nom3BaHusAT qBUTATEN € OT BUCOKO-MOMEHTHATA CepHs CHHX-
pounu Motopu DT Ha dupmara AMK c Brpanen enkoxnep 3a oopar-
Ha Bpb3Ka. Te3u JBUraTell OCUTYpsBaT IIHPOKA TaMa OT BBPTSIIH
MOMEHTH M MOIIHOCTH, UMaT BHCOKa NPETOBAapBaIla CIOCOOHOCT H
MHOTO n00pa AuHaMuKa. J[BUTATENMTE OT MOCOUEHATa Cepusl ca
MOJXOAAIL BAPUAHT 3a MOAABATEIHU ENEKTPO3aBIKBAHHS 32 pasr-
JEeXJaHUS Ki1ac (Pe30BU MAIIHHH.

Cepuure Ha AMK - KU u KE/KW ce u3nonssar 3a ynpaBiieHHE
Ha IPOMEHIIMBOTOKOBH JBUTATEIIHU, KaTO T€ Ca UACHTUYHU IIOMEKAY
CH KaTO KOHCTPYKIMS M (QyHKIIMOHATHOCT. YTIpaBisBalara qacT ce
peanu3upa upe3 KOHTpOJIEpCKAa KapTa, KOSTO OCUTypsiBa H3LSIO
undpoBo ynpasineHne. Cbc CHOTBETHH MapaMeTPH C€ OKa3Ba THIIA
Ha W3MO0JI3BAaHMS TIPOMEHIMBOTOKOB [BHTAaTeT U C€ H3BBPIIBAT
BCHYKH HEOOXOJMMH ONTHMAITHH HACTPOHKH 3a KOHKPETHO H30pa-
HOTO €JIeKTPO3aIBHKBaHE.

OcHoBHHTE (YHKIHH, KOUTO OCHTYpsiBa IIPEACTaBeHATa OT
AMK ympaBnsiBala 4acT, ca CIEJHHUTE: BEKTOPHO YIpaBJeHHE,
YECTOTHO yIpaBJIeHNE, OLICHKA U HaOJI0JJeHUe Ha eHKO/iepa, yIpaB-
JICHHE 110 MOMEHT, CKOPOCT U MO3ULus U Apyru [12].
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Due. 2. Ilooasamenno erexmpozaosudicéane cve CAIIM.
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OCHOBHHSAT €JIEMEHT B YIpapBisBalliaTa 4acT Ha HM3CIIEIBAHOTO
MPOMEHINBOTOKOBO  €IEKTPO3a/BIDKBAHE € MHKPOIPOLECOPHT,
KOWTO M3YHMCIIsABA IEPUOJUIHO MOMEHTHUTE CTOMHOCTH Ha HEOOX0-
JIMIMHATE TOKOBE, KOUTO CIIeJl TOBA C€ MOJaBaT B TPHUTE CTATOPHHU
HAMOTKH 4Ype3 WHBEPTOHHS MOJYJ, KaTo Ce OTYHTAT 3a/iajieHara
CTOMHOCT, JICHCTBUTEIHUTE CTOWHOCTH Ha (Da3HUTE TOKOBE, KAKTO U
MO3UIUATA HA POTOpA.

VnpasnsBauyte KOHTYpH MO CKOPOCT M MO3UIMS Ca peaan3u-
panu mocpencTBoM Mukpompouecop. Cucremara 3a yrpaBieHHe
ompezenst IEUCTBUTEIHUTE CTOMHOCTH 3a CKOPOCTTa U MO3UIMATA
OT CHUTHAJINTE Ha eHKkonepa Ha apurarens [14]. OcwiectBsBa ce
BEKTOPHO YMpABIICHHE C OPHEHTHUPAHE HA IMOJETO MO POTOPHOTO
MTOTOKOCIEIUICHHE.

4. Excnepumenmannu u3ci1e06anus u aHaau3

3a OChLICCTBSIBAaHC HA HEOOXOJHMHTE CKCIICPHMCHTAIHH H3C-
JeBaHuA € pa3paboTeH CTEeH]| 3a HACTPOWKA U U3CIIE/IBAHE HA CHC-
TEMHTE 3a eJIeKTPO3a/[BHKBAHE.

@ue. 3. Hacmpoiixa na nooasamenno enekmpo3aosudiceame.

IIpoBexxaHe Ha €KCIEPUMEHTAIHO H3CIEABAHE U ONTHUMAlIHA
HACTPOMKa Ha €THO €JIEKTPO3aIBHKBAHE 32 [101aBATEIIHO JBHKCHHE
€ WIIOCTpHpaHo Ha ¢ur. 3.

Ha ¢ur. 4 ca mpencraBeHH HSKOW OCIHMJIOTPAaMH OT H3CIeEN-
BaHUSATA HAa MOAABATEIHN MOCTOSHHOTOKOBHU €JIEKTPO3a/(BIKBAHM,
MOJTy4YeHH €KCIIEPUMEHTAIHO MIPU Pa3INYHH HACTPOWKU Ha PEryiu-
pamnmTe KOHTYpH 3a ChbOTBETHHUTE JIMHEHHU U BIIIOBH KOOPJIUHATHU
ocH.

Vi, mfs V. m/s
0.12 0.12
0.08 0.08
0.04 0.04 1
0 % 0
- -0.04
0'040 1 2 3 4 5 6 7ts 01 2 3 4 5 6 74,8
a) 0)
Vi, mis @, radfs
0.04 0.8
0.02 0.4
0 or
-0.02 -0.4

0 12 3 4 35 6 763 01 2 3 4 5 6 7Tis

B) r)

Due. 4. Ocyunocpamu na enexmposaosusicéanus ¢ [AI1T.

TpaextopusitTa Ha ABWXKCHHUE, NTOKa3aHa Ha (ur. 4a e cHera 3a
IbpBaTa KOOPAMHATHA OC (X) NpH 3aJajeHa JUHEHHa CKOPOCT

Vi, =1m/s.

Ha ¢ur. 46 e npencraBeHa TpacKTOPHA Ha JIBIDKEHHE NPH H3C-
TeqBaHe Ha BTOpaTa KOOPAMHATHA oC ().

Ha ¢wur. 46 e naneHa TpaeKTopus, MOMydeHa eKCIIEPUMEHTAITHO
3a TperaTa KOOPAMHATHA OC (Z) TIPH IBIKEHHE ChC 3aJaJieHa CKO-
poct V3, =0.04m/s.

Ha ¢ur. 4r e nokasana ocuuiorpaMa Ha CKOpPOCTTa 3a YETBBp-
TaTa KOOpAMHATHA OC (BBPTAIIATA c€ Maca), MOIyYyeHa IPH NpeMHU-
HaBaHEe OT 3a/1aJieHa CKOPOCT Ha BbPTEHE (4 =1rad/s kbm mo-

HHCKA CTOMHOCT @y, =0.5rad/s .

Ha ¢wur. 5 ca npencraBeHH HSIKOH OT MOJIYYCHHUTE Pe3yNTaTH
IIPU eKCTIEPUMEHTAIHO U3CJIEIBaHE HAa IPOMEHIMBOTOKOBA CUCTEMA
3a enekrpo3aasmwkBane csec CHAIIM. MimoctpupaHo € oChlIecTBs-
BaHETO Ha TO3WIIMOHEH IUKBI ChC 33/1aJICHO PA3CTOSHHE Ha IIpe-
mectBane oT S, = 0.49 m u BpbBHOIaHE ChC ChIATA CKOPOCT B H3-
XOJIHATA TTO3UIIHSL.

@ue. 5. Ocyunocpamu na enexmposaosuoiceane cvc CHIIM.

CHeMaHeTO Ha IOKa3aHHUTE XapaKTEPHUCTUKH Ce M3BHPIIBA Ha
0a3ara Ha u3noi3Banus nporpamer npoaykt AIPEX PRO, koiito e
UHTETpUpaH KbM eJeKTPO3aaBIKBaHuATa Ha pupmata AMK u nasa
BB3MOXKHOCT 3a IMOJPOOHH M3CNIEIBAHUS C BHCOKO KAadyecTBO Ha
pe3yaTaTurTe.

ITo abcrcHaTa oc € MpeACTaBEeHO BPEMETO 3a M3BBPIIBAHE Ha
H3CIIe[BAaHUATA, a M0 OpJWHATaTa — CKajarta € BbB BoiTOBE. ChC
3eJIeHa M YepBeHa JIMHUHM ca IPe/ICTaBeH! CUTHAJINTE 3a 0OpaTHATE
BPB3KH 10 CKOPOCT 3a eHaTa U JApyrara Nocoka CbOTBETHO, C ThM-
HOCHHS JIMHHS € ITOKa3aH CHTHAIBT 32 OOpaTHaTa BPB3Ka IO MO-
MEHT, a ¢ KadsiBa M CHHS JMHUM Ca NPEICTABEHU KPUBUTE Ha Ipe-
TOBapBaHE HAa JBUTATENS U HHBEPTOPA.

CucreMure 3a €l1eKTPO3aABMKBAHE ChC CHHXPOHHU ABUTATEINN,
BB30YyKJaHU OT MOCTOSHHM MAarHUTH ca 0COOEHO MEPCIEKTUBHU. B
CpaBHEHHE C aCHHXPOHHHTE IABUTATEIN C HAKbCO CHEIHHEH POTOp,
KOHMTO CBIIIO MMaT MHOTO no0pu mokasarenu, CAIIM mputexasat
penuIa npeauMcTBa, 00yCIIOBEHN OT CJISIHHUTE TEXHH CHEeUDUIHH
0co0EHOCTH:

e jMIICca Ha 3aryOu B poTopa;

® BHCOKO CHOTHOIICHHWE HA BBPTAIIUS MOMEHT KbM HHEPIH-

OHHHSI MOMEHT;

e ToJsAMa MOIIHOCT B MallbK 00eM;

e KOMIIaKTHa Gopma.

Kato HemocTaThk, Ha TO3H €Tal MOXeE J1a Ce MOCOYH MO-BUCOKA
I[eHa Ha TIPEJCTaBeHOTO MPOMEHIMBOTOKOBO €JIEKTPO3aJ[BHKBAHE,
KOSITO € CBbp3aHa C mno-creuuanHara koHctpykuus Ha CAIIM u ¢
M0-CJI0’KHOTO peasIM3upaHe Ha BEKTOPHOTO yIpaBJICHHE.

HampaBeHusT cpaBHHTENEH aHAIU3 II0Ka3Ba, 4€ CHOTBETHHTE
JUHAMUYHY M CTATUYHM MOKa3aTeNIl Ha M3CIEABAHOTO IPOMEHIIH-
BOTOKOBO eJiekTpo3aaBmxkBaHe cbc CIIM ca BHCOKM M HAIIBIHO
CBU3MEPHMH C TE€3U Ha MOCTOSIHHOTOKOBOTO MOJABATENIHO €IEKTPO-
3anBkBane. ChIIEBPEMEHHO TpPsOBa Ja ce OTOENeXH 3HAYUTEITHO
HO-JIECHATa EKCIUIOATAIIMOHHA MOJUIPBKKA Ha NPOMEHIMBOTOKOBHS



BapHaHT, MOPaJH JIUNCATa Ha KOJEKTOPHO-YETKOB amapar, KOUTo e
XapakTepeH 3a 3aaswxBanusara ¢ JAI1T.

5. 3aknrouenue

DopmynupaHu ca U3UCKBAaHUATA KbM I0JABAaTEIHUTE €NEKTPO-
3aIBIKBAHUS Ha €IUH BHJ ()PE30BH MalIMHHU C IH(POBO-TIPOr-
paMHO yIIpaBJICHUE.

V3BbpimieHa € ONTHMH3AIMS Ha PETYJNHpANIUTe KOHTYPH U
MPAaKTUYECKa HACTPOMKA HA U3IOI3BAHUTE €ICKTPO3aBHAKBAHUS 32
MIOCTOSIHEH | 3a IPOMEHIINB TOK.

OcChbIIECTBEHH Ca EKCIIEPHMEHTAIHN U3CIIEBaHUs, TTOKa3BalllH,
Yye MpeICTaBEHOTO MPOMEHIHMBOTOKOBO €JIEKTPO3aBUKBAHE C BEK-
TOPHO YNIpaBJIeHHE YAOBIETBOPSBA IOCTABEHUTE U3HUCKBAHMUS.

IIpoBenenure u3cneABaHUs U MOJIYYEHUTE PE3YATaTH OT TAX
MOXKE Jla ce M3IOJ3BAT IPH M300p Ha II0JIAaBATEIHHU EJIEeKTPO3ai-
BIDKBAHUS 32 Pa3IISKAAHMS KJIAaC METaI000paboTBaI MAIINHH.
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ABTOMATHU3UPAHO YIIPABJIEHUE HA ®UKCUPAIIl MOAY.J
3A ®PE30BU MALINHU

AUTOMATED CONTROL OF FIXING UNIT FOR MILLING MACHINES

ABTOMATU3MPOBAHHOE YIIPABJIEHUE MOJAYJIEM ®UKCALIUU U1 ®PE3EPHBIX CTAHKOB
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Abstract: This paper examines the features of additionally introduced fixing unit for milling machines with digital program control. The
requirements that should be met with this unit are formulated. Opportunities for its control have been carried out and features of the devel-
oped ladder diagram are indicated. The research held and the results obtained can be used in the development of such fixing unit for the

studied class of machine tools.

KEYWORDS: MILLING MACHINES, FIXING UNIT, AUTOMATED CONTROL

1. Bweeoenue

@pe30BUTE MAIIUHYU Ca U3TPAJICHU OT pa3yindeH Habop OT JM-
HEHU 1 BBPTSAIIY Ce KOOPJAUHATHH OCH, YPE3 KOUTO CE OCHILECTBS-
Ba MO3MIHOHUPAHE Ha JieTailia ¥ MHCTPYMEHTA, KaKTO U T€ y4acT-
BaT B Ipolieca Ha MexaHH4Ha 00paboTka. Te3n ocu ce 00CiIyKBaT U
3a/IBIDKBAT OT Pa3jMYHM MOCTOSHHOTOKOBH M IPOMEHIHBOTOKOBU
enektpo3ansmxkBanus [1, 2, 3].

BbpTsimTe ce KOOPAUHATH 3HAYUTEIHO Pa3MIUPsBAT QYHKIH-
OHAJHHUTE BB3MOXKHOCTU Ha ()PE30BUTE MALIMHHU, yBEIMYABAT MPO-
U3BOJUTEIHOCTTA U OCUI'YPSIBAT JIOCTUraHE HA JKENIaHUTE IapaMer-
pu nipu 00padoTka. Te3u ocH OCHUIECTBABAT BITIOBO HO3UIIMOHHUPA-
HE Ha JeTailla U aBaT Bb3MOXHOCT 32 00paboTKa ¢ BHCOKA TOY-
HOCT Ha Pa3jMYH{ BHHTOBU KaHAIH, KOPIIYCHH JCTAalld, YEPBSIUYHU
konena u Apyru. OGUKHOBEHO BIIIOBOTO MMO3UIHOHUPAHE Ha JCTaii-
Ja ce peayu3upa 4pe3 BbPTSAILH CE MACH, KPBIJIU JCTUTCIIHA MacH U
YHUBEPCAIHHU JEUTENHN anaparu [4, 5].

JlobGaBsHeTo Ha ympaBisgieMH BBPTSIIN Ce OCH KbM (ppe3oBuTE
MalllMHU, U3UCKBA U BHEAPSBAaHE HA CHOTBETHH €JEKTPO3aBHKBA-
Hus. ToBa BOJH 0 3HAYUTEIIHO OCKBIISIBAHE Ha IiJ1aTa MalliHA T10-
paju HAJTMYKETO HA AOMBIHUTEIHO H3IOI3BAHH JABUIATENH, CUIOBH
npeobpasyBaTey, JaTYHIM HA BT, KAKTO U HEOOXOJUMOCT OT I10-
CIIOJKHA CHCTeMa 3a U poBo-TiporpaMuo yrpasnenue [6, 7, 8].

HyxnaTa 3a TBBpHO MO3MIMOHMpAHE Ha AeTaila Ha CTPOro
(buKCHpaH BI'bJI, JOBENOXA [0 THPCEHE HA MO-CBTUHU U HAJEKIHH
pELICHHUS C IPAKTHYECKO IPHUIIOKEHHUE.

Tlpu MoaepHM3auuaTa Ha Kiac (Pe30BH MAILIMHU CE BbBEKAA
JombiaHUTeNneH Gukcupany Moxyi. Llenta e na ce yBenuyar npous-
BOJMTENHOCTTa U (QYHKIMOHAIHUTE BH3MOXXHOCTH Ha MAIIMHHTE,
Jia ce OCUTYPH BB3MOXKHOCT 3a 00paboTka Ha JeTaiiny chC 3HAYM-
TEJHO I0-CJI0XKHA FeOMeTpHYHA GopMa U 11a ObAe OCUIypeH 3HAUYH-
TEJIHO TT0-CBTHH BapPHUAHT OT BbPTALIHUTE ce MacH [9].

B Tasu crarus ca GOpMyIHpaHHd H3UCKBAHHUSTA KbM JOOABEHHSI
¢bukcupanms Moayn 3a (Gpe3oBH MAIWHH, U3CICABAHU Ca HAYWHHU-
TE 3a HETOBOTO YIpaBJEHHE, TOCOUCHH ca OCOOCHOCTUTE Ha paspa-
GoTeHara JOTHYecKa CXeMa U ca MPeJICTABeHH Pe3yJITaTH OT IpoBe-
JICHUTE EKCTICPHMEHTAIIHU U3CIICABaHHS.

2. H3uckeanus Kovm puxcupawus mooyn

PasrnexxnaHusaT KiIac MallMHU TPUHAIICKA KM MHOTOKOOD-
nuHatHute MammHu ¢ LITY. Te ca cbcraBeHH OT TpU JIMHEHHHU
nojaBaTesiHy ocH U mnuHaen. Ha ¢ur.l e npeicraBeHa mMammHa ot
pasriexaaHus Kiac, KaTo U3MO0JI3BaHUTE O3HAYCHUS ca ciequuTe:. 1
— TAJIO Ha MalIMHATa; 2 — IMyNT 3a yIpaBleHue; 3 — IBUraTen 3a oc
X; 5 — HHCTpyMeHTaleH Mara3uH; 6 — IBUraTe’ 3a INIaBHOTO JABHXKE-
HUe; 7 — IBUTATeN 3a oC Z; 8 — MeTalieH mKad, B KOMTO ca pas3mo-
noxxeHn cucremara 3a LIIY u choTBeTHUTE YacTh OT E€JIEKTPO-
3aJIBIDKBAHHATA TI0 CHOTBETHUTE KOOPAMHATHU OCU W INTHHAETA; 9
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— HampasmsaBamy; 10 — ckopoctHa kytHs; 11 — ¢pesoBu uHCT-
pyMeHT; 12 — XOpHU30HTaHA Maca, W3BbPIIBAIIA JUHEHHU ABHXKE-
HHMS 110 KOOPJMHATHUTE OCH X U y. IIpu MoaepHu3auusTa e 106aBeH
JOIIbJIHUTENEH (GUKCHpaIl MOYI, M3BBPLIBAL BIJIOBO MO3UILMOHU-
paHe Ha JeTaiina, o3HaueH ¢ 4 Ha durypara. M3non3sanusr ¢puxcu-
pamr MOy OCUTypsiBa Bb3MOKHOCT 3a TBBPIO MO3UIMOHHPAHE Ha
JBaHaJIeCeT IO3MIMH, IIPEe3 TPHIECET Ipajyca.

7
. 8
d/
_-"—'—-9
5 10
] 11
5 12
3 4 -

Que. 1. Mawuna om pasenesxcoanus kuac.

Ha ¢ur. 2 ¢ nokazaHa Bb3MOXXHOCTTa 3a HO3HMIHOHHPAaHE Ha
Jeraiina Ha BB 0T 90 rpajyca, ¢ KOETO Ce OCHIYpsiBa TIEpIICH M-
KyJISIPHOCT Ha oOpaboTKara.

Due. 2. Hoszuyuonupanus na demaiina om 0 na 90 epadyca.

IIpencraBeHUAT MOMYT ce 3aABMKBA OT ACHHXPOHEH JIBUTATElI C
HaKbCO ChEAMHEH POTOp Upe3 MeXaHWYHa IpenaBka. MexaHUIHaTa
YacT Ce ChCTOM OT MEXaHU3bM, KOHTO M30yTBa HANpes BbPTSALIML
JIMCK, TIPE/ICTABIABALL] TPUXO/IO0B BUHT. [IpH BBPTEHETO CH B IOCOKA
“Hampen” TOW MpeAM3BHKBA IpPEMECTBaHE B aKCHaJIHa MOCOKAa Ha
JIMCKa, PH KOETO Ce OTLEeNBAa XUPTOBUs cheauHuTen. IIpu pesepc



Ha eJICKTPOJBHUIATENS CTaBa OOPATHOTO- XUPTOBUAT ChEIUHHUTEIN CE
3alernBa, KOETO rapaHTupa, 4e € (UKcMpaHa TOYHATa MO3ULUS Ha
BBPTALIMSA JUCK, PECHEKTUBHO Ha JOIBIHMTEIHO BHBEACHUS MO-
Iy

M3uckBaHusATa, KOUTO CE MOCTABAT KbM jnobaBeHHs (QuKcHpan
MOJIyJI, MOXe Jia ce (POPMYJIHpPAT MO CICAHYS HAYHH:

- TBBPJO MO3UIMOHHWpPAHE Ha JeTaila Ha BI'BI OT TPHUIECET
rpajyca;

- HO3MLMOHUPAHE C BUCOKA TOYHOCT;

- BB3MOXHOCT 3a JIECHO IIPUCIOCOOSIBAHE KbM METanooopabdot-
Ball[aTa MallHHA;

- peanu3alys Ype3 CPaBHUTEIHO EBTHHO YIIPABICHHE.

3. Bvamooscnocmu 3a ynpasnenue

Br3moxxHOCTHTE 32 YIPABICHUETO Ha MPECTaBeHHs (hHKCHpAI]
MOJyJI ca: HEaBTOMAaTH3HUPAaHO W aBTOMATH3HPAHO, ITOCPEACTBOM
cuctemara 3a L{ITY. [Ipu mepBus cirydaii e pa3paboTeH JOIBIHHUTE-
JIeH MyNT, KOHTO OCHUTypsiBa HE3aBUCHMO 3aJBW)KBAaHE U yIIpaBlie-
Hue Ha moxyna [9]. Kato ocHOBeH HeZOCTaThK Ha TakbB BHA Y-
paBJeHHE ce sBSBa JIMIICATa HAa aBTOMATH3HPAHO YMPAaBICHUE OT
cucreMara 3a u(ppOBO-NPOrpamMHO yrpasieHue. ToBa 3HAYUTEITHO
YCIIOKHSIBA TEXHOJOTHMYHHMS TIPOIIEC, ThH KaTo He MoXe Ja Oble
MIOCTHTHATA ITbJIHA aBTOMATH3AaIVs, KaKTO M BOJM /IO yBEIMYaBaHe
BpPEMETO 32 00paboTKa Ha JieTaiia.

C noGassinero Ha cuctemara 3a L{ITY 3a ynpasnenuero Ha Quk-
CHpAIINS MOYJI, CE OCUTYPSIBA B3MOXKHOCT 3a:

- aBTOMAaTHU3UpPaHEe HA TEXHOJIOTUYHHS IPOIIEC;

- HaMaJsIBaHE BPEMETO 3a 00paboTKa Ha JeTaiina;

- IOBUIIIABAaHE HAa TOYHOCTTA;

- IOCTUraHe Ha M3HMCKBAaHUS KaTO YCIIOPEIHOCT M MEPHECHANKY-
JSIPHOCT HA JIETaiINTe;

- yBeNINWYaBaHe IPOU3BOJUTEIHOCTTA HA MAllIHATA.

M3nonsBanero Ha cucremara 3a LIIIY karo ynpasnsBaly ene-
MEHT, U3UCKBa pa3paboTKa Ha Jajep Juarpama U JoO0aBsHE Ha TOU-
HO OTIPEENeHO MACTO B OOIIaTa peneiHa 4acT Ha IilaTa MallnHa.
Pa3paboTBaneTo Ha JOTMUECKa CXeMa N3UCKBA JIETAMIIHO O3HABaHE
Ha 0COOCHOCTUTE Ha MEXaHM3MHUTE M TS IMPEMUHABA IPe3 HAKOIKO
erara, Karo 3a 1einra e paspadored anmropurbMm [10].

Kato BXOAHM JJaHHHM Ce 3a/1aBaT: U3MCKBaHUS 3a H300p Ha CHOT-
BETHATa MO3MLMs Ype3 M KOoMaH/Aa; OTYUTAHE M3IONI3BAHU MeXa-
HHU3BM B (QUKCHPALINS MOIYII.

HauannuTe etanu ca cBbp3aHu ¢ U300p Ha KOHKPETHA CHCTEMa
3a UITY u mpoGremHO-OpueHTHpaH e3uk. M30mpa ce cucrema 3a
LITY- Fanuc u ce oTunmTar CBOOOJHHWTE MO3UIMH BHB BXOJHHTE,
M3XOHUTE CUTHAIM U MexauHHITe ycmosus [10].

B Tabm. 1 ca mpencTaBeHn HAKOM OT BXOJHHUTE CUTHAIH, KOUTO
Ce OTHACST 3a JIONBJIHUTENHO BBBEICHUsS (DUKCHpAI MEXaHH3bM,
KaTO XOPH30HTAIHO Ca Pa3MOJIOKEHH aJPEecuTe, a BEPTHKAIHO ca
choTBeTHHTE OMTOBe B cucTemata 3a LI[TY. Te ca cBbp3aHU ChC
3aJaBaHe Ha KOMaHJa 3a W300p Ha MO3ULKS, ACKOIAMPaHH C
M11+M22, kakTo 1 Qsm — KJII0Y, U3MOI3BaH OT (PUKCUpAIIUSI MO-
nqyn. CurHanmTe ce pasmosaraT Ha CBOOOJHHTE MeCTa OT TaOJHIa-
Ta, 0e3 ma OBHAT 3acerHaTH OCTAHAJINTE YIpPaBIsieMU IepHdepHH
YCTPOKCTBA, KOUTO M3rPpaXkJaT METaI000paboTBaIaTa MaliHa.

Taobn. 1. Tabnuya ¢ 6xo0Hume CuHam, C6bP3aHU ¢ QUKCUPaAUUL MOOYIL.

7 6 5 4 3 1 | o
032 Qsm

033 M22

034 M21

037 M20

040 | M14 | M15 | M16 | M17 | M18

042 M12 1\41

W3xonHuTe CHrHamM, CBBbpP3aHUM C (UKCUpALIUs MOJYJN, ca
HpeICTaBeH: B TalJl. 2 KaTO XOPH30HTAIHO Ca PA3IOJIOKEHH aape-
CHUTE, a BEPTUKAJIHO ca ChOTBETHUTE OUTOBE B cucremara 3a LIITY.
Te ca cBbp3aHM C: BKIIOUBAHE M M3KIIOYBAHE HA PEJeTa 3a JIBIKeE-
HUE Ha MOAYJIa CbOTBETHO HAIpe[ U Ha3aj; BKIIOYBAHE U U3KIIOU-
BaHE CIMpayKaTa Ha JBUraTENs.

Taon. 2. Tabauya c usxoOHume CUSHANU, CEbLP3AHU C PUKCUPAWYUL MOOYIL..

07

K12 K13 K14 K15

B Tabn. 3 ca mpencraBeHH ChCTaBEHUTE MEXIUHHU YCIIOBHSA,
CBBP3aHH C OTYUTAHE JACHCTBHTEIHATA MO3ULMS HA (QUKCHpALINL
MOJIyJ OT rajierata W W3IMOJ3BaHHUTE TalMEpH, KOHTO IOA00pSBAT
paboTaTa Ha YCTPOWCTBOTO W yBEIWYABAT EKCILIOATAI[OHHUS KH-
BOT Ha MEXaHU3Ma.

Taén. 3. Tabnuya ¢ mesxcounnume yciogusl, C6bP3aAHU ¢ MOOYIA.

7 6 5 4 2 1 0
204 | M11A | M12A | M13A | M14A | M16A | M17A | M18A
205 | M19A | M20A | M21A | M22A | M15A | R30 R31
206 R32
210 | T™M17 TMO09 | TM10 | TMO7 | TMO8
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Crneny npeMHHaBaHEe HA BCHYKH I1OCIIEIOBATEIHH CTHIKU OT all-
ropuThMa 3a pa3paboTka Ha magep auarpama [10]: cecraBsHeTo Ha
Os0KOBaTa cXeMa Ha (pe30BaTa MAIINHA; YTOYHSBAHETO HA U3HMCK-
BaHuATa ¥ u36op Ha CLIIY; u36op Ha mpoOiIeMHO OpUEHTHUpPAH
€3WK; YTOYHSBAHETO Ha 0a30BH, BXOIHW/M3XOJHHU CUTHATH M MEX-
JIMHHH yCJIOBHUS, C€ OCBINECTBSIBA M3UepTaBaHe Ha pa3paboTeHaTa
pereiiHa cxeMa ¥ CbOTBETHATa TaOJIMYHA YacT.

Ha ¢ur. 3 ca npencraBeHH 4acT OT €NEKTPUYECKHATE CXEMH,
CBBP3aHy C HUKCHPAIIHSA MOIYJL.

73 7.2
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@ue. 3. Enekmpuuecku cxemu, C8bP3AHU ¢ PUKCUPAUYUSL MOOYIL.

Ha ¢ur. 4 e npencraBeHa yacT oT pazpaboTeHaTa JOTHYEcKa
cxema Ha pe3oBara ot ¢ur. 1, KosaTO 006CITyKBA TOMBIHUTEITHO Bb-
BEJICHUS MOZYJI.
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Due. 4. Jlocuuecka cxema, c6bp3ana ¢ Qurcupawust MOOyI.

Crieny yTOYHSBAaHETO Ha Jajiep Auarpamara, ce U3BbpIIBa U Tab-
JIMYHO TPEJICTaBsIHe, KaTO MaJIka 4acT e Ioka3aHa B Tabu. 4. [Ipexc-
TaBeHaTa TabJHIa ce OTHACS 3a yCJIOBHATA Ha pabora Ha (HUKCHUpa-
IIMst MOJTYJ, JIeKOAMpaHeTo Ha M KoMmaHuTe; H300pa Ha IO3HIHS U
Ch3/laBaHE Ha 3alllUTH, KOUTO yBEIMYaBaT HErOBHs EKCILIOATallU-
OHHHS JKUBOT.

Taon. 4. Tabnuya ¢ ycrosusma 3a paboma Ha uUKCUPaujss MOOYIL.

20 RD.NOT 66.0 ME Bazos curnain PC%N(E‘
3anaaeHa M dyHkumst

21 OR 205.1 R30 MeXIUHHO yCcIOBHE

22 | AND.NOT 304 Qsm BxozeH curHain ,,Kioq I-‘l‘a
JIOIBJIHUTEITHUS] MOZTYJT

23 T™S Taiimep, cBBp3aH ¢ .
JOITBJIHUTEITHUS] MOZTYJT

24 WRT 210.0 T™8 MeXIUHHO yCcIOBHE

25 RD 210.0 TM8 MeXAUHHO YCIIOBHE

W3xonen curnan
26 AND.NOT 7.3 KV12 ,JIBIDKCHHE Ha MOJyJIa
Hanpen
27 AND 384 *B.ESP Bxonen CI/II‘HaJ;I‘ ,»ABAPHEH
cTor
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4. H3cneoeane na no2uueckama cxema

IIpu cecraBsiHe Ha JOTMYECKaTa cxeMa Ha paboTa 3a ompesere-
HO TepH(epHO YCTPOHCTBO OT METATOPEXKeNaTa MAaIINHA, OT Ch-
IIeCTBEHO 3HAYEHHE ce SBsiBa HEOOXOJUMOCTTa OT MOAPOOHO MO3-
HaBaHe Ha MEXaHMW3Ma, KOHTO ro U3rpaxia.

VI3n0n3BaHUAT JOIBIHUTENEH MOJYJI ce YIpaBisiBa oT Tpuda-
3eH aCHHXPOHEH JIBUTaTeNl C JIBE MIOCOKH Ha BBPTEHE (IIpaBa M pe-
BEpC), KaTo KbM BaJla Ha JBUTATeNsl € KyIUTHpaHa eJIeKTpOMarHuTHa
CIMpavKa.

W3xomHuTe CHUTHANM, BOJENIM 10 BKJIIOYBaHE Ha CHOTBETHHTE
peleTa, ca CBbp3aHU C BbPTECHE Ha JABUTaTells ca cboTBeTHO KV12 1
KV13, a Te3u xoUTO BKIIIOYBAT U U3KIIOYBAT €JICKTPOMAarHUTHATa
cnupauka ca KV14 u KV15.

JIOMBITHUTETHUST MO M30Mpa BCSIKA OTAENTHA TO3HIH KaTo
ce 3a1aBa HiAKog oT M- ¢pynkuuure (M11+M22). JlekonupaHero 3a
BCsIKa OT M (yHKIMHTE C€ OCBINECTBSIBA IO CTPOTO ONpeseTIeHa
MOCJIeIOBATEIHOCT (3a1aBaHe Ha GazoBus curHain MF, xomanna 3a
JIEKOJIMpaHe C 3a/1aBaHe Ha >KeJIaHUsl HOMEp U 3aIliC B OIPEAEIEeHO-
TO MEXJIMHHO YCJIOBHE).

IIpu 3anaBaHe Ha cbOTBETHA M KOMaH/1a, aCHHXPOHHUST JABUIa-
Tel ce 3aBbpPTa B MpaBa MOCOKa. [IbpBOHAYATHO MOABMKHATA YaCT
Ha MOJyJa ceé M3MECTBAa aKCHAJIHO HAmpe] A0 OCBOOOXKAaBaHE Ha
XHPTOBOTO CHEIUHEHHUE, CIEI KOETO 3aM04Ba BhPTEHE Ha ITOJBIIK-
HaTa 49acT, JOCTUra n3dpaHara MO3MIMA, KaTo s mogMmuHaBa. Crex
TOBA JIBUraTelsIT c€ PeBepcUpa A0 BpblllaHEe Ha [OJBIKHATA YacT B
U3XO/HO MOJI0XKEHHUE, OCUTYPSIBALIO CE OT XUPTOBOTO ChEIUHEHHE.

AKCHATHOTO W3MECTBaHE Ha IOJBIDKHATA 4yacT ce CleAu OT
Jatyuk Qsm, a TeKyliaTa MO3ULHUsA Ce CIEAU OT raJeTeH MPEeBKIII0Y-
BaTel.

3a craptupaHe u30opa Ha MO3WLHUSA TPsAOBa Ja Ce HM3KIIOYH
€JISKTPOMArHUTHATA CITHpadKa, KOSTO € BKIIOYEHa B HOPMAIHO
cberosiHUe, upe3 m3xoa KV14. MzkmouBaHeTo Ha chupadkaTta ce
ochllecTBsaBa upe3 uzxoxg KV15.

C BBBEXK/IAHETO Ha TaiMEPU Ce OCUTypsiBa:

- IOBUIIIABAaHE HAa €KCIUIOATALIMOHHUS KUBOT HA MEXaHU3Ma;

- CUTYPHO ¥ TBBPJO IMO3UIMOHMpPaHEe HAa MOJyJIa Ha 3a/a/ieHara
MO3ULUSA;

- Ipe/ina3Ba ce JBUraTelsl OT MPETOBapBaHe.

IIpuemanero Ha 3aBbpuieHa M komanzaa ot cucremara 3a LITY
(FANUC), e neobxommmo axtuBHpaHe Ha curHama FIN - cren
MIPUKIIOYBAaHE Ha M300pa Ha mo3umus. ToBa ce OCBINECTBSIBA Upe3
AKTHBHUpPAHE Ha HAKOJKO IOCJICAOBATEIIHU MEXJIWHHU YCIIOBUA,
KOETO BOJIY JI0 aKkTHBHpaHe Ha curHaia FIN.

C nmpeiokeHOTO aBTOMATH3UPAHO YIPaBJIEHHUE, MOCPEICTBOM
cucremara 3a LIITVY, ce ocurypsia Bb3MOKHOCT:

- ITbJTHA aBTOMATH3AIMs Ha TEXHOJIOTHIHUS IPOIIEC;

- IOBUIIIABaHE €KCIUIOATAI[MOHHHS )KUBOT HA MEXaHU3Ma,

- HaJIeXKTHA ¥ 3HAYUTEITHO MO~ eBTHHA Pealn3aliysl.

5. Ekcnepumenmannu u3cieosanus

IpakruyeckaTa peanu3alys Ha BbBEICHHUS MOJYJI € CBbp3aHa C
BBb3MOXKHOCTH 3a 00pa0oTKa Ha JeTalli CbC 3HAYUTENHO IO-
CIIO’KHA TeOMEeTpUYHa popMa M M3MCKBAHUS 32 YCIIOPEIHOCT U TIep-
HEHUKYJIIPHOCT, KOUTO CE NMPEeBABAT KbM TAX.

@Duz. 5. Obpabomenu demaiinu ¢ NOMOWMA Ha urCUpawyus MOOyI1.



Ha ¢uwr. 5 ca nokasanu jeraiinu, noiydeHu cien ¢gppesosa 00-
paboTKa, MOCPEACTBOM H3IION3BAHE HA JOMBJIHUTEIHO BBBEICHHS
¢buxcupary Moy

Pa3paboTeHOTO M BHEAPEHO YCTPOMCTBO ¢ ABTOMATU3UPAHO YII-
paBieHre Ha 6Ga3ara Ha cucteMa 3a L{ITY nonpunacs 3a moBumaBa-
HE Ha NPOM3BOAUTENHOCTTa U IIOJOOpsIBaHE Ha KAaueCTBOTO Ha
paboTa mpu 06paboTKaTa Ha JAETaili ¢ MeTaloOpeKeIy MallHHH.

ChbIieBpeMeHHO pa3paboTeHaTa JIOTHYECKa CXeMa ITOBHIIAaBa
eKCIUIOATALHOHHUS KMBOT Ha MEXaHU3Ma U MO3BOJIIBA aBTOMAaTH-
3aIHs Ha TEXHOJIOTHYHUS TIPOLIEC.

6. 3aknrouenue

BrBenen e nonbaHuTENEH (PUKCHPAI MOIYII, KOHTO pa3IIupsBa
BB3MOXKHOCTHUTE, I10JI00psIBA TOYHOCTTA M OCHTYpSBAa II0- BHCOKa
MPOU3BOJUTETHOCT Ha PA3riIekJaHus KIIac MAIINHH.

PeanusupaHo e aBTOMAaTH3UPAaHO YIpPaBIeHHE Ha (DUKCHPAILUS
MoayJ, nocpenctBoM cucremara 3a LIIY, ¢ kxoero ce ocurypsiBa
BB3MOKHOCT 3a MO3UIMOHUPAHE Ha JeTaila mpe3 TpUIeceT rpaay-
ca.

W3cnensana e jorudeckara cxeMa 3a yrpaBJIeHHE Ha JIOIBIHU-
TEITHNSI MEXaHU3bM.

OchbIecTBEHH Ca eKCIePHUMEHTAIHN H3CJIeIBaHUS, TI0Ka3Bally,
4e BHEJIPeHUs (PUKCUpaI] MOAYJ yIOBIETBOPSIBA MOCTABEHUTE TEX-
HOJIOTUYHH M3UCKBAHUS.

Pazpaborenu ca rama (hpe30BH MaIIMHH, B KOUTO ca MPHIOXKE-
HU pe3ylaTaTH OT NpeAcTaBeHaTa Jafep Auarpama. MalluHH OT
pa3TIeKIaHus KJIac ca BHEIPEHU B PeAnIa GUPMHU.
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AUTOWAVES OF LOCALIZED PLASTIC DEFORMATION ON THE YIELD
PLATEAU AND ON THE WORK HARDENING STAGE

ABTOBOJIHBI JIOKAJITM30BAHHOM IJIACTUYECKOM JE®OPMAIIMU HA TIJTOINAJIKE
TEKYYECTHU U HA CTAIUU JE®POPMAIIMOHHOI'O YIIPOUHEHUA
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A study was made of the macro-scale plastic flow non-homogeneities, which occur in metals in the form of Luders bands or Portevin-Le
Chatelier effect. The motion kinetics was investigated for the mobile fronts of Luders bands observed for the yield plateau as well as
localized plasticity fronts traveling in the course of serrated plastic flow behavior (Portevin-Le Chatelier effect). It is shown that the
propagation of the above two kinds of band fronts can be regarded as macro-scale auto-wave processes of switching and excitation,
respectively, which frequently occur in active media of different kinds.
KEYWORDS: INSTABILITY OF PLASTIC FLOW, LUDERS BANDS, PORTEVIN-LE CHATELIER EFFECT, AUTOWAVES OF

LOCALIZED PLASTIC DEFORMATION

1. Introduction

Investigations of the plastic deformation in solids have been carried
on for 25 years. On the macro-, meso-and micro-scale levels the
plastic flow is found to exhibit a non-uniform behavior from the
yield limit to the fracture of material [1-4]. In the course of plastic
flow development a changeover in the modes of localized plasticity
auto-waves would occur, with each mode corresponding to the
respective flow stage on the loading curve plotted for deforming
material. Thus the phase auto-waves would form at the stage of
linear hardening; a stationary dissipative structure would emerge at
the stage of parabolic hardening (Tailor stage); collapse of the auto-
wave would occur at the pre-fracture stage where the onset of
necking takes place [4].The phase auto-wave is represented by a set
of equidistant localized deformation nuclei moving in a concerted
manner in one and the same direction. The phase auto-waves have
been considered in greater detail; the spatial period (wave length)
and propagation rate can be determined for this kind of autowaves
[4-6]. In a particular case, the number of moving nuclei might be no
more than four; hence, the motion of these nuclei would exhibit no
spatial periodicity. However, a correlation has been established for
the motion rates of nuclei propagating at the yield plateau. The
latter stage is characterized by plastic flow instability, which is
generally referred to as Luders band (LB) propagation [7]. The
plastic deformation is also known to exhibit another type of space-
time non-homogeneity, the so-called effect of Portevin-Le Chatelier
(PLC) or serrated flow, which would change the traditional shape of
the deformation curve due to the appearance of peaks [8]. The both
types of plastic flow instabilities and their formation and
development in the deforming medium are addressed herein in the
frame of auto-wave approach. The deforming medium undergoing
self-organization and structuring is analyzed in the frame of concept
proposed in [9].

2. Materials and experimental procedures
The LB propagation was studied for the test samples of low carbon
hot rolled steel, which had near ferrite structure and average grain
size ~20 um (steel composition 0.05...0.11 % C; 0.35...0.65 % Mn;
0.05...0.17 % Si). The PLC effect was studied for naturally aged
duralumin containing Al-based solid solution having grain size
~30 um and hardening particles having submicron size (duralumin
composition 3.8...4.8 % Cu; 0.4...0.8 % Mn; 0.4...0.8 % Mpg).
Note: alloy composition is in mass percent. The test samples having
dog-bone shape were cut out of steel plates; the sample gauge had
dimensions 50x10x3 mm. The samples were tested in tensile
loading in the testing machine Walter+Bai AG LFM-125 at the rate
Vinach = 3.3-10° m/s (deformation rate & =6.6:10° s) and at the
temperature 300 K.

In conformity with the requirements of the experimental
technique, the test samples had flat diffuse reflecting gauge. Using
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the method of digital statistical speckle photography, the
visualization and nuclei kinetics registration was performed for the
localized plasticity zones occurring on the sample surface [10]. The
sample was illuminated by the coherent light of a semi-conductor
laser having wavelength 635 nm and power 15 mW. The speckle
pattern superimposed on the respective image was registered,
digitized with the aid of video camera PixeLink PL-B781 having
frequency 10 Hz and then stored. A sequence of counts was formed
for each image point, which characterized variation of image
brightness with time. Then the dispersion and mathematical
expectancy were calculated; the ratio of the values obtained was
used for mapping deformation localization zones. The above
technique makes feasible in situ registration of material zones in
which deformation localization occurs for a given increment in
tensile sample length. It can be seen that the localized deformation
zones show up in the video images as bright bands.

2.1. Development of Luders bands

It was found that the micro-plasticity stage will be invariably
realized in the deforming samples of low carbon steels [11].
Therefore, the registration of localized plasticity zones was started
before the upper yield limit was attained (Fig. 1).
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Fig. 1. The yield plateau on the deformation curve plotted for the
test sample of low carbon steel

Speckle image recording was terminated as soon as the yield
plateau was over and the deformation hardening stage began. It was
established experimentally that the plastic deformation would first
localize in the form of LB nucleus emerging at the micro-plasticity
stage. The appearance of LB nucleus might be traced from acoustic
emission signals [12]. As is seen from Fig. 2, a narrow wedge of
deformed material would advance crosswise through the test sample
at the rate Vpuq ~ (0.4...1.2) 10 m/s. The diagram o(¢) represents
the nucleus growth as a fairly sharp yield point having an ascending
and a descending branch (Fig. 1). As soon as the LB nucleus
traverses the sample cross-section, the formation of LB is
completed and its widening would begin (band widening observed
in the diagram o(g) corresponds to the yield plateau). Now that the



LB formation is over, one front would emerge at the LB foreground
and the other at the rear. The both fronts start traveling in the
opposite directions along the sample axis at rate +V; (Fig. 3).
Sometimes a LB band and its two fronts would form at the clamp of
the testing machine; then one of the fronts would almost
immediately leave the clamp and become immobilized.

— 1 mm

Fig. 2. The nucleation of LB; the images were obtained at time
intervals of 7 s

The motion rate of LB fronts is an important characteristic of the
process. As soon as a single LB appears (see Fig. 3), two its fronts
start moving in opposite directions at practically the same rates, i.e.
Vi ~ £8:10° m/s; hence, |Vf | ~ 0.1 V. As one of the fronts
approaches the clamp of the testing machine, its rate drops down to
zero, while the rate of the other front increases up to (1.3...1.5)-10™

m/s.

p————i 5 mm

Fig. 3. The ingrowth and propagation of LB; the images were
obtained at time intervals of 60 s

When a couple of LBs forms simultaneously, four fronts start
traveling at practically the same rate  (3...5)-10"° m/s, which is
somewhat lower than in the former case (see Fig. 4). As soon as
fronts 1 and 4 approach the testing machine clamp, their rate drops
off and, both fronts would finally become arrested. Fronts 2 and 3
continue moving in the opposite directions at the rate which is
almost twice that of the original rate. The fronts of two neighboring
LBs would become annihilated on meeting. The original fronts are
inclined to the extension axis at the angle ~z/3; however, in the
course of front motion towards the clamp the inclination would drop
off to ~72.

p— 5 mm

Fig. 4. The propagation of two LBs; the images were obtained at
time intervals of 60 s

Thus in the case of mobile LB front, which emerges in the
deforming sample at the yield plateau at the pre-assigned value
Mach, the following rule holds true:

i|\/§”| = <Vf > =const , ()

where |Vf“’| is the modulus of the motion rate of ith LB front; N is

the number of fronts traveling in a concerted way and <Vf>:

1.6:10* m/s is the generalized rate of growth of the plastically
deforming zone, which emerges at the yield plateau in the test

sample. The relationship between the velocities Ve and <Vf> is

found from the equality of the time it takes for the given plasticity
zone to cover sample gauge length, L, and of the time of it takes for
a given sample to acquire ultimate elongation at the yield plateau,
aL,

<V > N Vmach .
The above suggests that such is indeed the case: the generalized
growth rate of deformed zone area is by about one order greater
than the rate of the movable clamp of the testing machine, i.e.

<Vf > = ivmach > Vmach . (3)

Generally, yield plateau length expressed in terms of deformation
(oL/L) varies in the range from 1% to 10% [12]; hence, <Vf>:
(10...100)Vmach-

L oL @)

2.2. Development of serrated flow
The PLC effect is manifested in duralumin at room temperature in
the course of deformation up to necking (see Fig. 5).
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Fig. 5. The serrated flow observed for the test sample of duralumin;
the insert shows toothing observed for the studied range of stresses

It can be seen from the diagram o(g) that the intermittent flow is
characterized by the appearance of type A, B and C toothing, with
the type of toothing varying with sample elongation [14]. Thus the
occurrence of a C type tooth corresponds to a single sharp decrease
in the deformation, while the appearance of A type tooth is
suggestive of working stress drops alternating with constant or
weak increase in the stress. The deformation diagram was obtained
for the linear work hardening stage in the test sample of duralumin
for the strain range 0.01<¢<0.03. It shows mostly C type
toothing, which can be attributed to separate localized deformation
bands corresponding, in terms of morphology, to non-complex
material areas. The PLC bands will originate in the middle of the
sample gauge or on the lateral side of the sample in the vicinity of
the clamp of the testing machine. The bands occurring in the tensile
sample would expand throughout the sample cross-section. The rate
of growth of PLC nuclei is ~1 m/s, which is three times that of the
LB nuclei. The band having an ingrown nucleus has a forefront and
a rear-front with ~2...3 mm separation in between (Fig. 6); it is
inclined to the extension axis at an angle ~4/4. The band would
travel along the sample to the testing machine clamp at a rate £V,
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0
Fig. 6. The localized deformation bands observed in the course of
serrated flow; the images were obtained at time intervals of 5 s

The modulus of band propagation rate is 1.3-107°
<V, <1.8:10° m/s, which is ten times that of the PLC fronts’

propagation rate or even higher. A sharp drop of the working stress
is observed in the diagram o(¢); it corresponds to the process of
nucleus ingrowth, while the motion of the PLC band (single C-type
tooth) corresponds to an increase in the working stress up to the
nominal value. As soon as the PLC band reaches the clamp of the
testing machine, a drop in the working stress would occur, with
resultant emergence of a new band in the middle of the sample. The
new band would start traveling along the extension axis in the
opposite direction relative the former band (see Fig. 6). As soon as
the new band reaches the clamp of the testing machine, the same
process is repeated once again. Thus, the serrated flow behavior has
a characteristic feature: the PLC bands of deformation localization
would travel repeatedly along the sample gauge, with each run of a
PLC band over half the gauge length corresponding to a single C-
type tooth in the diagram o(g). The same periodic motion of PLC
band fronts would occur at the stage of parabolic deformation
hardening; however, the motion rate of fronts would drop off
gradually and at the onset of necking the fronts would become
immobilized.

3. Discussion of results. Matching of the localized
deformation behavior at the LB fronts and the PLC

effect

The studies were performed on the base of experimental evidence.
The kinetics of mobile LB and PLC fronts suggests that they have
both similar and dissimilar features. Thus the plastic deformation
tends to localize within narrow zones of material; hence, the both
types of band fronts are macro-scale manifestations of this
tendency. In both cases the kinetics of band emergence is similar,
since localized plasticity nuclei would form on the lateral surface of
the sample gauge to grow finally through the sample cross-section.
As soon as the ingrowth of nuclei is completed, a sharp distinction
between the two kinds of processes becomes manifest. Thus the
evolution of LB is in point of fact its widening within the sample
gauge, with the entire plastic deformation becoming localized
within the mobile fronts traveling in opposite directions, with their
intricate shape varying in the process. The LB fronts would move
independently of one another; however, their motion rates would
vary in such a way that the sum of moduli of the fronts’ rates
remains constant (Egqn. 1). In case two or more LBs start
broadening, their fronts are liable to annihilate on meeting.

Due to the PLC effect, the plastic flow would become
localized within a single band, which excludes the possibility that
bands would annihilate on meeting. We are reminded that the LB
fronts would propagate over the sample gauge only once, while the
PLC front would travel repeatedly along the sample gauge. This is
an added reason to state that the effects in question differ
significantly.

The above distinctions are considered in the frame of auto-
wave model of plastically deforming medium by the workers in [4].
One of the main assumptions of the model is that the deforming
medium is an active one; hence, it must contain energy sources
distributed in the material volume [13]. By addressing the problem
of plasticity, it might be reasonable to consider elastic stress carriers
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as energy sources, which are capable of relaxation when crystal
lattice defects are formed in the deforming solid.

In the frame of well-known microscopic models of LBs [6,
10], the medium within the mobile front would pass from an
elastically stressed state to a plastically deformed state due to the
relaxation of stress carriers. The both states are stable ones;
however, the elastically stressed state is a metastable one and the
plastically deformed state, an absolutely stable one; hence, no
transition is feasible from the latter state back to the former. In point
of fact, the microscopic models of LB have nothing to do with the
auto-wave theory [13]. However, the relaxation of stress
concentrators occurring in the medium enables one to place the
given medium into the category of trigger type (bistable) systems.
Hence, the perturbation front might be regarded as a switching auto-
wave. The acts involving a changeover in the medium’s states are
irreversible ones, which precludes repeated passing of perturbation
fronts over one and the same area. For this reason, two switching
auto-waves traveling in opposite directions would generally
annihilate on meeting, which is the case with the LB fronts.

The PLC effect and the micro-mechanisms involved have
been studied in detail [7, 12]. The results suggest that the
components of the active medium might be in a different sequence
of states. At the PLC front the components may also pass from the
metastable elastically stressed state to the plastically deformed state.
However, the latter state is never absolutely stable, since the PLC
effect development occurs at the hardening stage. As the stress level
increases up to the nominal value, which is manifested by the
formation of C type tooth, the active elements of the deforming
medium will return to the original metastable elastically stressed
state. In conformity with the theory of auto-wave processes, such
elements and such active media is excitable to occur.

The excitable element is modeled by a three-state cycle. Thus
an excitable element, which is fully recovered from any previous
excitation, is in state A (at rest); state B is the excited state of the
excitable element and state C is the refractory state of the excitable
element. By way of illustration, let us consider the stress carrier as
an excitable element. State A is a meta-stable elastically stressed
state of the stress carrier; state B is the gradual disappearance of
stresses from the stress carrier and state C is the refractory state of
the stress carrier with the stresses increasing. A perturbation will
excite the quiescent stress carrier, which would become excited at
random times following an external stimulus, e.g. when subjected to
external periodic forcing by another excitable element or due to
thermal fluctuations. The transition from a refractory state to rest
takes place in the excitable element at the hardening stage due the
steadily increasing level of external stresses. So long as the stress
carrier is in a refractory state, it would remain inactive. As the
localized deformation front travels along the sample, all the stress
carriers would become excited following an external stimulus and
the medium would acquire a refractory state. The stress
concentrators would pass into the state of rest after the lapse of
refractory time; then another deformation front would propagate in
the sample. The above events summate to produce the macroscopic
dynamics of the whole system [13]. In view of the above, the PLC
effect is attributed to the propagation of excitation auto-waves in the
deforming medium.

4. Conclusions

1. It is shown that the LBs and the deformation bands related to the
PLC effect are initiated in the deforming medium via one and the
same mechanism, i.e. nucleus ingrowth throughout the sample
section on the lateral sample side.

2. It is found that the rate of deformation bands which form due to
the PLC effect is three times that of LB.

3. LB fronts and deformation bands related to the PLC effect are
switching and excitation auto-waves, respectively, which form in
deforming active media.

The study was performed in the frame of fundamental scientific
research program of Russian Federation state academies of science
for the period 2013-2020 with partial support of the RFBR Grant



No. 14-08-00299. The experimental studies were conducted on the
equipment made available by the courtesy of the Nanotech Center at

the ISPMS SB RAS.
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JTAHAMMYECKAS YCTOMUYNUBOCTH TPYBOIIPOBO/IA C
KOHIHEHTPUPOBAHHBIMU MACCAMMU

DYNAMIC STABILITY OS A PIPE WITH CONCENTRATED MASSES

riLac. 1-p unx. Jlonos Il npod. a-p umx. JInnkosa-Mapkosa Cs?
Vuusepcuter o Apxurekrype, CtpontensctBy u I'eonesuu, Codust, Bonrapus *
E-mail: dlolov@yahoo.com, lilkovasvetlana@gmail.com

Abstract: A pipe with a static scheme of a simply supported beam with attached concentrated masses is investigated in the paper. The
spectral method of Galerkin is applied in order to determine the critical velocity of the fluid. A great influence of concentrated masses on the

critical velocity of the fluid is observed.

Keywords: PIPE, DYNAMIC STABILITY, CRITICAL VELOCITY

1. Bseoenue

TpyOsI ¢ mpoTekaomuM (QIIOUIOM SIBISIFOTCS. OMHUM M3 4acTo
BCTpC‘IaIOU.[I/IXCﬂ B3JICMCHTOB B pa3HI/I‘{HLIX 06H3CT5[X
NPOMBIIUIEHHOCTH.  Pa3BuBaromuecss KkoneOaHust — TOpeaMeT

UCCIIEIOBaHUS MHOTUX YUYeHBIX. TpyOompoBOAbI B SIAEPHOH U
He(TSHOH NPOMBINIUICHHOCTH HMEIOT KJIAaNmaHbl M COCIHHEHUS,
KOTOPBIE MOTYT OBITH CMOJISTMPOBAHBI B BU/I€ KOHIICHTPUPOBAHHBIX
Macc. O4eHb BaXXKHO Y4YMTBIBaThb UX BO3ZICHCTBHE B HCCIIEIOBAaHUU
JMHAMHYECKOTO TIOBECHHS TPYOOIIPOBOIOB.

HccnenoBanme Takux TpyO cHeNaHO BIEpBbIE XWIOM U
CBeHCOHOM ®  mpencraBieHsl B [2].  UroOwl  pemmuth
muddepeHaIbHOe  ypaBHEHHE IS (QYHKIMHM TONEPEYyHOro
nepemenieHus npuMensiercst metoq ['anépkuna. beuto o6HapyxeHO,
4YTo, KOrja TpyOa KOHCOJNbHAas KOHLEHTPHUPOBAHHBIE MACCHI
CHIDKAIOT KPUTHYECKYI0 CKOpOCTb (uouga.  ITO CKOPOCTb
¢monna, pu KOTOpoH Tpyba TepsieT yCTOHIMBOCTb.

Yen u Mennpeituuk [1] NIPOBOAAT SKCHEPUMEHTHI M
UCCIeNOBaHUA Uil TpyO0 C MpoTeKarommM (IIOWAOM B IBYX
ciydasx omop: Q - yCTpPOWCTBO U OmOpa, IO3BOJISIONIAs
nepeMelnieHne BIOJNb OCH, a Takke M KOHCOJbHBIE TpyOnl. Ha
CBOOOJHOM KOHIIE TPYO HpHKpeIUIeHa KOHIEHTPUPOBAaHHAs Macca.
B skcneprMeHTax HCHONB30BaM TPYOBI M3 IBYX MaTepHaJOB:
HNONMATHIEH H akpwil. MccnenoBaHa ToTeps yCTOHYMBOCTH.
OrmnpeneneHbl KPYroBbIe YaCTOTHI CBOOOTHBIX KoJeOaHuH, (O yHKIUH
(hOpMBI ¥ KpUTHYECKAst CKOPOCTH (IO,

By u Paxu B [6] nDpeacTaBisioT MeTOJ| MCCIEIOBaHUA
KoebaHuit TpyOBl C KOHIEHTPUPOBaHHOW Maccoil. CKopocTh
¢monma MeHplle WeM KpuThueckas. ust TpyO ¢ pasnudHBIMU
omopaMH NoxydeHsl (yHKOuH (opMel. lcciaemoBaHo BIHMSHHE
KOHIIGHTPUPOBAHHOH MAacChl B CepeluHe TpPyOBl THIA HPOCTON
0aJIKK Ha KPYrOBYIO YaCTOTY CBOOOIHBIX KOJICOaHUIA.

2. ITocmanoeka 3a0auu

HccnenoBan TpbOONpoBoJ ¢ AMUHOM | 1 jKecTKOCTh Ha U3THOE
El . IToTOK ®HIKOCTH MMEET MOCTOSIHHYIO CKOpocTh V . BsskocTh
JKUJKOCTH W TPaBUTalMOHHBIE CHJIBI WTHOpHpyloTcs. Ha
TpyOONpOBOJE PpACIOIOKEHbl ¥ KOHIIEHTPHPOBAHHBIE MAcCChI.
Hccnenyercst yCTOWYMBOCTh CUCTEMBI.

PacuérHas Monenb cuctemsl Tpy0a-KUAKOCTh TIPEACTABICHA Ha
pucyske 1.

Puc. 1 Tpyba c KoHYeHMPUPOBAHHOU MACCOU.

Jludepenpuansaoe ypaBHEHHE, OIMCHIBAIONIEE IIOTIEPEYHEIE
KosiebaHust TpyOOIIpoBosia (B TOPU3OHTAIBHOMN INIOCKOCTH), UMEET
crenyromuii Bua [3]:

o*w . o%w %w
1) El—+|m; +m, + m;o\X—X; ) |——+2m;V ——+
@ ox? f p 21—1' i ( J) ot2 ¥ oxat

2
+me22_V2V:0
X

W(X,t) - (hyHKLUS TOTIEPEYHBIX MEePEMEILCHHH;
M¢ U My - COOTBETCTBEHHO Macca TPaHCIOPTHPYEMON XHIKOCTH
U Macca TpyObl Ha eIMHMLIE [UIMHBI TPYOOIPOBOAA;

m; Jj=1..,m - j-tas cocpeoToueHHAs Macca Ha OCH TPYOBI;

Xj — OTCTOSHHE j-TOH COCPEJOTOMEHHON Macchl OT JEBOro KOHIA
TpyOs! (puc.1).
O - Qynxuusa [upaka, Ui KOTOPO B COOTBETCTBUH C [4] ecTb

3aBUCUMOCTU:

5(x—xj)=0 npu X #X;j

(2) é‘(XfXj):oo npu X=X
b
J.f(x)ﬁ(xij)dx=f(xj) sa a<xj<b
a

B GonpmmHCTBE TPYZOB O TpyOax ¢ MpeTeKaronuM (IIIOHIOM
BBOJIIT CleyIonye Ge3pa3MepHbIe mapaMeTphL:

@) n= =

w, X] mp . my
X

X M, .
g_l’éaJ |8 I{m¢ +my )" (mg +m,, )

m
o [E [
me +mp | El

Torna ypaBaenue (1) mpuHUMaeT cieayromuil BU:

o* C 0?
@) #+ 1+jz_;‘aj5(g—gj) 87’27+2\/Ev

2 2
_8 i +v2—8 n =0

ol or Rl
Onpenenenue KPUTHYECKOH CKOpPOCTH ¢monna
OCYHIECTBIIACTCA CHEKTPAJIbHBIM METOAOM raﬂepKI/IHa Haz[o

UCKaTh NPUOIMKEHNE K TOYHOMY PEILECHUIO KpaeBoi 3a1auu (4):

© 1lc.e)=>w)a ()

i=1



B(@®)W (g’ ) - ¢yHKIHH GOpMEI TPYOBI 6€3 COCPeJOTOUCHHBIX

Macc u 0Oe3 ¢umomma B Hel. OTH (QYHKINM YIOBIETBOPSIOT
IpaHUYHBIE YCIOBUS TpPYOBL ai(T)' Heu3BecTHbIe (QyHKIUM

napamerpa 7 .

Bropaxenne  (5) He  sABIAeTCS  TOYHBIM  pelICHHEM
muddepenimansHoro ypasHeHus (4). IloatoMy mocite mojcTaHOBKH
B (4) moisrydaercst pyHKIHS OINOOK R(é' , z') :

6) R(.o)=|1+ > a;0(e ¢ )| Widi + 2 Bv W' +

j=1
+(\Ni'v +v2Wi” )ai

B metone N'anépxuna 11 GpyHKUMM OMIHOOK R(Q’ ,r) B oOmnactu
e [O;l] JIOJDKHO OBITH yJJOBJIETBOPEHO:

1
0 IOR(g,r)wk(g)dgzo sa K=1..n.

VYcnosue (7) sBasercs TpeboBaHueM GyHKIUSA OMIHOOK R(é’ , T)
OBITb OPTOrOHAJIBHOH K BCEM OCHOBHBIM (QyHKuusaM Wy (é’ )

Brpaxenne (6) moxcraBimsiercst B (7) W IOIydaeTcst CHCTEMa
b depeHnanbHbIX YpaBHEHUH ¢ HEM3BECTHBIMU (QYHKLMH @ (r)

Orta cuctema clieAyromas:

®) Z::'[Ol 1+

+6Ni'V +v2w ! )ai ]Wk (¢)¢ =030 k=1...n
3T0 MOJKHO 3aIicaThb B BUJIC MATPHUIIbI TaK

© [M]& +[cla +[<]a =0

m

2.

i=1

a;0(¢ —¢; )| Wid; +2( v, 4 +

Ipunumas Bo BHUMaHHE OpToroHanbHOCTh GyHkimid W, u W

JUISL MIAPHUPHO ONEPTOH TPYOBI HA ABYX KOHIAX, KKIBIA WICH
Matpur] B (9) moxy4aeTcs ¢ HCIOJIB30BAaHUEM CIEAYIONIHX (OPMYI

(3]:

(10) My =055+ > [y wile; Wwilc )]
-1
(11) CikZZVﬁMWnpuiikuCik=0npui=k
k— 4

(12) Ky =050 —v22 )3
3nece

(13) A4 =iri=123,..,n

(14) Wi(¢)=sin(4¢);

Jix — cumsou Kponexepa;

k=123,..,n

Cuctemy ypaBHeHHH (9) MOXKHO 3amucaTh B CIEAYIOIIEM BHIE:

(15) [Alia}+[Bla}=0

3nech
(16) fa}=fa() a()f
an A:‘[O] [M

] [c]
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(15) ymHOXaaeTcs ciaeBa ¢ [ATl . [lomyuaercs:
(19) [t}a}+[A]"[BYa}=0
rae [I] - eIMHUYHAs MaTpULA.

Jns ynkunu a; npuemaercs:
(20) a = A"

TS @ IOKa3aTeji€ ABJIACTCI MHUMas CAWHULIA.

A, - KoHCTaHTBI, a ) - Oe3pa3sMepHBIl NapaMeTp KpYroBoi
9acTOThI TPYOBl @ .

m¢ +m
Q1) Q= fEI LU

Torma u3 (16) u (20) momy4aercs cienyroniee BEIpaKeHUE IS

la):
(22) faj={a(z) a() =e' " {u}

B anemenTax BEKTOpa {U} Y4aCTBYIOT KOHCTAHTbIL A| .

(22) mnoacraBmsercss B (19) um momyuaercs criemyromee
ypaBHEHHE:

(23) Q[ Ju}+[Al*[BJu}=0

Cucrema (23) npencraBisieT 3a1a4y 0 COOCTBEHHBIX YHCIaX U O
COOCTBEHHBIX BekTOpax. IloToM 11 KOHKpPETHOH CKOpOCTH
¢monma MoryT OBITH ompexneneHsl 3HaueHuss Q. Ecim oxno mmm
HECKOJIBKO W3 OTHX 3HAYCHHH HMEEeT OTpHUIATENbHbIE MHUMBIC
YacTH, TO IPH COOTBETCTBYIOIIEH CKOPOCTH CHCTEMa HEYCTOWYMBA.
OTO yCIOBHE TIO3BOJISIET ONPENENNTh KPHUTHUECKYI0 CKOpPOCTB
npotekatomero ¢aynna. Ecim ImQ <0 u ReQ#0 To moreps
ycroitunBoctu Oyner ¢uarrepom. Korma ImQ <0 u ReQQ=0, T0
ToTeps yCTOHYMBOCTH - B TUBEPIeHTHON (opMme.

3. Qucnennvie uccnedosanus

[IpeameToM wuccnenoBaHMs B JaHHOW paboTe  sBIsETCS
TpybompoBoxn (puc 1). IlomepeuHoe cedeHue - C BHELIHUM
pamuycom 0,1m u BHyTpeHHHM paauycoMm 0,095m. Moayns
YIPYTOCTH  TPYyOBI E=21x10 KkN/m?, wmacca TpyOBl Ha

CAMHHLE JUIMHBL M), = 0.02404 t/m, a juna Tpy6er | =6m .

HccnenoBana TpyOa CO CTaTUYECKOW CXEMOI MPOCTOM OaiKH.
C 1IecTBI0 OJWHAKOBBIMH COCPEIOTOYCHHBIMH MaccaMH OHa
paszeneHa Ha CeMb PaBHBIX OTPe3KOB. CIHENaHHBI HMCCIIETOBAHUS
Ui TpEX BUJIOB ¢bmona c IUIOTHOCTSIMHU
o :O.8t/m3,pf =1t/m3,pf =1.2t/m3 Jlony4yenubie  pe3ysb-
TaThI IPECTABICHBI Ha Tpaduke Ha puc.2.

HccrnenoBanusi MOKa3bIBAOT, 4YTO Uil BCeX (IIOMAOB C
YBEIIMYCHUEM COCPEAOTOUCHHON Macesl M 1o 0.15t kpuTHyeckas

CKOPOCTh (prHom[a YMEHbIIACTCA. Kor;[a MacCa BBIIIC J3TOTO
3HA4YCHUA, HaO60pOT KpUTU4YECKas CKOPOCTh q)n}om[a
YBCIIMYUBACTCA.

B ciyuae TpyObl 06€3 KOHIEHTPUPOBAaHHBIX MAacC KPHTHYECKast
cKopocTh (urona oueHb Boicoka, V =155m/s st pe3yabraros,

NIPEJCTaBJICHHBIC HA PUCYHKE, KPUTHYECKAs CKOPOCTb JOCTUTaeTCs
npu (aaTTepHO MOTepH YCTOWINBOCTH.



14
[m/s]
27
25 /
23 / JlereHma:
e / o g0’
21 *\ I * =100
3
19 A pf:1,2 tm
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7 K*\L 4//
mj []
b 0 0.1 02 03 04 05 06

Puc. 2 3asucumocms kpumuueckou ckopocmu guiouda om 3navenus M

]
0N mpyobl ¢ Wecmpio KOHYEHMPUPOBAHHLIMU MACCAMU O MPEX MUnos
npomeKaemuix HCUOKoCmeli.

UccnenoBanus mnokazanu, yro npu 1, 2, 3, 4 wm 5
COCPEIOTOUYEHHBIX MACC, PACIIOIOKEHHBIX Ha PABHBIX PACCTOSIHHUSIX
Ipyr OT JApyra BIOJIb OCH TpyOBL, IS TpeX >KUAKOCTEH

(ps =0.8t/m3,pf =1t/m3,pf =1.2t/m3) H B Ipejmenax
3HAYCHUI m; <0.6t  moreps ycroliumsoctu TpyOsl B
IUBEPreHTHOW ¢opme. DTO COOTBETCTBYET OYEHb BBICOKOH

ckopoctu uronma V =155m/s . Takast ckopoCTh He JTOCTHraercs

TIPU TPAHCHOPTHPOBKH (IIIONJIOB B TPYOOIIPOBOAAX.

Hccnenosana Tpyba ¢ AByMs IIapHUpaMH B KOHIIAX. B Tabmmie
1 nokasaHbl pa3IU4YHBIC Pa3NOJOXKEHUS HiecTH Macc. OmpeznenceHa
KpHTHYECKasl CKOPOCThb IpoTekaromero ¢unonga. HHTepecHbBIM
ABJAETCSA OIM30CTh MEXAY 3HAUEHUSMU 3TOH CKOPOCTH B NIEPBOM H
B mocieaHeM ciydae. [loteps ycroiumBOoCcTH Ui Bcex TpyO
¢dmarrepom.

Taénuya 1: Kpumuueckas cKopocmb  npomekaemozo  ¢uiouda ¢
Pt =12t/m° npu  pAUYHOM — PACHONOJCEHUU MACC 60016 Mpyobl
(m;=02t).
Crarudeckas cxema Kpuruueckas
CKOPOCTh
—29-0000 _ Vo =1.67m/s
6x0.33 im T
PP PP PP vl Vo =8.41m/s
| x5 | im |
4 4 A
PP PP PP . Vi =6.68m/s
] 067 | |
A A g
r.—'—.—.—.—.j Ve =1.64m/s
| 740,36 N
A 4
4. Bo1éoount
BrinonHeHHbIE  YHCIICHHBIE — WCCIIEJOBAHUSI  ITOKa3bIBAIOT

0OJBIIOE BIMSHHE KOHICHTPUPOBAHHBIX MAacC Ha KPUTHYECKYIO
ckopocTh (ronga. WrHopupoBaHHWE Macc MOXET NPHUBECTH K
aBapUM UCCIIEIOBaHHBIX TPYOOIPOBOIOB.
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