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In picture 4 the oscilogram of frequency the maded signal at the following data:

fo=40 MHz, F=MHu is resulted.
In picture 5 the spectrum specified above a signadsulted.
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Fig. 5. Spectrum video signal

To sum up we shoul underline that the researt¢heofrequency modulation allows to improve thesroi
refines security of the channel of transmissiomidéo signals. Comprehensible level of non-lingadistortions
of signals is thus provided. Analysed method candsal for transmission of video signals to a cédlkvision.
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RECENT TRENDS OF INDUSTRIAL USE OF THE HEAT PUMP TE CHNOLOGIES

IHAR PISKUN
0JSC “Naftan”, Novopolotsk

Describes technical and energy conditions for thaagic use of the heat pump technologies in Housing
and Public Utilities, heat-recycling systems andratustrial plants, which are utilizing water-retang cooling
systems for process equipment. An example obthedtential heat flows’ evaluation at the refineag well as
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an example of the steam-air heat pump’s use inihguend communal service and at the refinery’s lyaia
reforming unit are made.

In economically developed countries the producgrower-efficiency reaches 70...80 %. This figure is
obtained by means of production’s technology upwaadsition, which allows for maximum feed, matésja
energy conversion to the end product. Neverthekssy large-scale production has a high inergatraining
pace of development of the innovation techniquéss problem is especially urgent in post-sovietrtaas,
where the large-tonnage production was based capofeergy resources.

Currently the situation is changed and it is higbhioritized for the countries lacking energy resms
and electric energy. Specifically in Belarus consdnguantity of the energy resources is 8-10 timiggdy
than its own energy potential [1]. In current sitaa special attention shall be paid to all techhigolutions
directed at the deep recuperation of waste hegpedsed to the atmosphere.

At industrial plant the heat flows can be conditittydivided into two groups: high-grade and lovade.

To high-gradeheat flows belong the feed flows and final prodfiotvs with temperature from 200°and
higher, transporting the heat energy and diredlfigipating in technological process. bw-gradeheat flows
can be added the heat energy, which is out of theggs and dispersed to the atmosphere via aiingoassels
or water-retaining cooling system by means of watacks (open construction).

It is obvious that power efficiency of the prodoctiwill be determined by effective use of all Iteeat
flows, but the most important factor for product®power efficiency increase will be reduction @wl potential
flows and implementation of the low potential energcuperation technology.

Let us take the refinery as an example and evali@eotential and scale of the waste heat from low
potential heat in water-retaining system. To camld different flows by means of heat exchangingiggent
there is used recirculated water as a cooling nmedirculating through the exchangers water, warmedo
30...40 T, is supplied to water stacks, where due to theacowith air it is cooled down by 5...1@ °and
returns to production process to cool down the fieass. In spite of the fact that the water tempenachange is
usually around 10C, due to the big quantity of circulating water #hés dispersed a considerable amount of heat
to atmosphere:

Q=GAT,-T2), 1)

whereQ — quantity of heat waste to atmosphere ( joul&stheat carrier flow (kg/s); — specific heat capacity
of the heat carrier (joule /(Kg)); T,,T>— heat carrier temperature (K).

According to calculation (beginning of 2000) mateDJSC “Naftan-Plymir” it is found that loss ofth
low potential heat in water stacks can be rathempared with heat consumption in the form of stean8]. For
example during summer there is supplied to watakstaround 30 000 m3/day of the circulating watdotal,
where the water is cooled down from 37...40 to 25.°Q (depends on the ambient temperature). At the same
time there is transported to the atmosphere arc2®@00 kJ /s. Evaluating this heat flow with calesation of
the oil combustion specific heat we will derive amd 55 tons of oil per day in equivalent. Givegufies are not
indicative of the water circulation system’s ineffincy and they do not call to replace the watackst with
other technologies, it is just an indication of thege potential in low potential heat wastes’ use.

Apart of the refineries, heating systems of the $flogi and Public Utilities have a significant soucfe
the low potential heat. Generally, heat for housitark is supplied via heat supply system fromhéat station
or boiler house. In view of inefficient performancEmany heating systems the return water flowkhadeat
station at the temperature higher than set by testp® charts. As a result, the heat loss by tramaion
reaches 30% when the standard is 5...10 % [4; 5]t HEvery of the return water before sending tathe
station could increase the efficiency of the entioaver system by 10...15 %.

Analysis of the low-grade heat loss (Housing anglieWwtilities and industry) reveals a huge potaehti
and perspective of use of low-grade heat recovechrologies. Currently the most common solution for
recuperation of the low potential heat is the lahp [6]. This is the only equipment that perforims process
of heat transport from the low temperature levetaphe higher temperature level, pulling the udusatural
and anthropogenic heat into useful circulation.

The Republic of Belarus has an experience of usheofieothermal heat pumps. In 2011, on the teyrito
of the hothouse complex “Berestye” (Brest regidhgre was put in an experimental operation a geothle
station with the capacity of 1 MW. By means of twaoported heat pumps, the constructed heat pump
geothermal station increases temperature of thengrevater from 24 C to 60 T. Consequently, the station
heats a part of the greenhouses and provideswdtet supply for its own production needs [7].

Moreover, Belarus is developing the design and petdn of the domestic low power heat pumps up to
100 kW. Similar vapor compression heat pumps arsigded on the basis of piston, spiral and screw
compressors in the A.V. Luikov Heat and Mass Transfstitute of the National Academy of Sciences of
Belarus [8].
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However, the common constraint for the wide usthefheat pumps at industrial plants is the fadt disa
a working medium in heat pump units are used haxmrdubstances such as ammonia, freon, hydrocarbon
mixtures. Forthcoming withdrawal from circulatiohtbe freon heat pump units is a problem for mamgdtan
and leading western manufacturers of the heat pumips is related to ratification of the Kyoto poobl.

Search for the alternative heat pumps’ working medis a complicated and open problem yet. To fulfil
the processes in thermal transformers the workirgliom must possess the required thermodynamic and
physicochemical properties: low vaporization terapane; low condensing pressure; high heat of vaptian
and high enough value of the polytropic indé&x<1,3...1,4):

K=C,lC, )

whereC,— specific heat at pressuPe C, — specific heat at volumé

The steam-air mixture with water vapor content ab® % vol. can be considered as an alternative for
the working medium. At certain conditions the irgime water vaporization can be obtained (tempesatur
25...40 T and vacuum 20...30 kPa abs.). Moreover, it is knothat water has one of the biggest value of
vaporization heat and at certain ratio the polytrapdex of the steam-air mixture can be 1,5...1,7.

Under the supervision of professor Abaev there wergertaken the lab studies at PSU (Polotsk State
University), at “Polymir” plant and at JSC «Techibel (Polotsk). The purpose of those studies was
construction and testing of the liquid-vapor heainp. Consequently there was designed a pilot uitiit the
capacity of 25 kW and efficiency not less than BieTmain parts of this unit were rotary-plate vacuum
compressor and jet device. The unit was capableaiperation of the low potential heat with tempae
25...40°C by means of “hot water” productioft € 80...90C) (fig. 1).

Fig. 1. Model of the steam-air compressive heatpu

Implementation of the given type of the heat pumpdifferent branches of national economy, for
instance, in the water rotation system of the péemical enterprise OJSC “Naftan” and in the heasiystem
of Housing and Public Utilities.

One of the sources of the low-grade heat in OJS&ftad”, as it has been mentioned before, can be the
heat of the circulating water of the cooling systefrprocessing facilities and product stream.

Analysis of the heat losses in the system of théemweotating system of the pump-and-compressor
equipment of Catalytic Reforming Unit has reveadedund 1.5MW/h of the low-grade energy. Accordingly,
the usage of the heat pump in the cooling systetheopump-and-compressor equipment is suggestaaiar to
lower the temperature of the circulating water hatiwater generation (Fig. 2).

The proposed type of the heat pump will allow remowg only a tiny part of the heat energy of the
circulating water of the system, nevertheless dssjble implementation will let obtain field expance of the
industrial application of the heat pumps.

Application of the heat pump in Housing and Pultliities is possible for the heat recovery of the

circulating district heating water coming from tlessidence buildings back to the Heat and Poweio&téFig.
3). The recovered heat is supposed to use in Higerece building heating, lowering the consumptibthe hot
water coming from the Heat and Power Station. @atshe cold season, the district heating waterbeansed
for heating the potable “hot” water in the househbbiler. Estimating the quantity of the heat purfsthe
Housing and Public Utilities is was determined tfat the typical two entrance halls of the nineristd
residence house of 72 flats one heat pump witlcdpeacity of 25 kW is enough.
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Fig. 2. Heat Pump application diagram for the pssggg unit of OJSC “Naftan”
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Analysis of modern trends of heat pump equipmeptiegtion in industry shows dynamic development
of technologies and designs for low-grade heatuwergo Analysis of low-grade heat loss amount, akdnsing
and utilities sector, and in industrial plants skowge potential and perspective of low-grade heabvery
technologies application. However, modern techriegnd equipment, which is based on usage of fiigied
and hazardous working mediums, have significantditions, which restrains its wide industrial apption.

Consequently, designing of effective heat pump witloderate and safe working medium is a
contemporary direction for the development of madsience and technologies in Belarus.
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GIS TECHNOLOGY APPLICATION FOR DETERMINATION OF POT ENTIAL ZONES
OF ACCIDENTS ON MAJOR PIPELINES

ANASTASIYA BODRAYA, GALINA SHAROGLAZOVA
Polotsk State University, Belarus

The author has collected and systematized dategrmi@ting factors causing accidents on major
pipelines. The analysis of these data has foundtjma application in the establishment of GIS jgeijmaps of
zones of potential accidents on major pipelines phrpose of these maps is to identify potentiddiggerous
areas of pipelines, which are exposed to geodyndattors, and timely warning of possible catastraph
consequences.

Predictive estimation of the risk of accidents omon pipelines is a necessary element of the desigh
building of engineering constructions. However, asule, the problem of accidents on major pipelifes
analyzed from the engineering aspect only: at theigh and construction stage hydraulic, thermal and
mechanical calculations are performed [1]. Thudsrsie-tectonic factors are practically not takertoin
consideration. Moreover, there is no direct guidaoc taking into account the interdependent infbgeof man-
made and tectonic factors.

The paper tries to generalize the accumulated sxergeological, geophysical and seismological data
related to the conditioning of accidents on lineanstructions on the territory of Belarus. GIS pobjwas
created on the basis of collected and systematilogieal, geophysical and geodetic data, deterrgiféwctors of
accidents on major pipelines of Belarus. It reBgmbssible occurrence of accidents (POA) on maj®lipes.

The analysis of information on the accidents showext the probability and density of accidents is
primarily influenced by such factors as the acyif tectonic faults, the proximity to power lindbge type of
salinity of subsurface water.

The selection of these factors is explained byfaHewing:

— the fact of confinement of accidents on oil pipetiin Belarus to tectonic faults for more than 706

— electromagnetic fields generated by power lines@mdent leakage increase corrosion processes to a
large extent;

— electrolyte properties of mineralized fracture watee enhanced under the influence of power lines,
which leads to intense chemical corrosion [2].

The composed GIS project takes into account tHege factors, and it is aimed at identifying theasr
of possible occurrence of accidents (POA) on mpipelines.

The layout of GIS project has been created usiogn@ogy ArcGIS9.3.1. The geodatabase consists of
the attribute tables containing the necessary datigr images and layers. Working with maps ofedéht
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