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ARCHITECTURE AND CIVIL ENGINEERING

UDC 624.154:624.131.389(55)
PILE FOUNDATION IN THE INTEGUMENTARY DEPOSITS OF IR  AQI MESOPOTAMIA

ALI ABDULLA ABD AL-ROBA'Y, N. BARANOV
Belarusian National Technical University, Belarus

The paper presents the results of field testslespn Mesopotamia. In spite of the marked drawhafck
the American methods (ASTM) practiced in Iraq, dsveoncluded that it's feasible to implement a ding
practice of Iraq actions of the Belarusian standalRilessed load should start such in which the esstint pile
of tens of millimeters and there is a completaufailof the shear forces along the barrel. Relisddémate of the
ultimate bearing capacity of piles should be perfed after additional field studies.

The natural basis structures in these regionsaaf, in most cases are clay soils. Based on data éro
gineering and geological surveys in the desigraéifand strip foundations of low-rise buildings sltbbe lim-
ited to the contact pressure approximately 80 —KP€) where settlement reaches the normative vdllies

If necessary, transfer the base of large concedttabds and avoid high deformability in such ainstances
expedient to apply the foundations of deep depdSharacteristic for the Mesopotamian area of Metsopia geo-
technical incisions to a depth of 20 to 30 m aiillirdy are presented in the work of column. [2]

Planned in some areas of Mesopotamia constructiamigue objects for Iraq (support span bridges,
slab-bottoms tank capacitive, high-rise buildinigs) to the relevance of the use of high load-bgacepacity of
foundations. In areas of Mesopotamia the authdedegiles pressed by statistical load (Fig. 1)allrcases, the
pile cut through the clay layer with the lower esfcthe pile rests on a layer of sandy soil. In Addiiyah 2-
meter layer of clay on the 4-meter layer of sandewiain by clay formation. In Al-Diwaniyah 14-meteayer of
clay soil is underlain by sand sediments. In Khdeneter layer of clay soil is underlain by fine dafest piles
are made in Iraq practiced by American method (A$T4]1 Figure 2 shows a plot of the settlement@rfiload
P, and marked by the length of piles. Shutter speeldr load was 1 hour and then proceeds to thieste. In
this stabilization could remain unfinished, whidtoald be attributed to the shortcomings of thisitégue.

The presented in Figure 2 graphs show that theabséittlement piles define the value 2,77 — 7,61 inm
this case, for small values of settlement pile$ tlranot even reach maximal shift is not possiblgutige the
actual full load-bearing capacity. Soil shearsatasice along the side surface of the barrel an¢gmsa them at
the low end, were not realized to the full magnétwee can conclude that the piles are able to takdoad more
than their value in the experience. Therefore fitmed decision should be taken after further stofipiles with
higher loads at full pressed settlement measuréehis of millimeters after the collapse of the sHeeces along
the trunks and inclusion in the process of comjoessf the soil under their lower ends.

a) b)

Fig. 1. Diagram and experienced test stand pilésritation:
a) — the platformp) — end viewg) — side viewd) — jack with the reference Istemi;
1 — testing pile; 2 — hydraulic jack with a pump; ghe base support; 4 — longitudinal beam;
5 — crossbar; 6 — the reference system with defileter; 7 — load
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Practiced Irag method ASTM piles comprise studék lof exposure time on loading levels within 1
hour - for this stabilization time cannot end.

In this regard, it is appropriate to use in Iracht@ques Belarusian standard TKP [3], which corstag:
quirements excerpts load steps to stabilize setthésn

Field test piles pressed load in different arealesopotamia have confirmed the possibility of sfen-
ring heavy loads on piles, cutting through clagtstrand to wipe them with the lower end on the gardund
they spread. However, due to the limited abilitycteate value of the pinch load and low precipitatfa few
millimeters) of the complete failure of the shearcks along the barrel did not happen.

For accurate final assessment of bearing capatpyjlas bases in Mesopotamia they should be temted
the pinch load with bringing settlement trunks &dues not less than ten millimeters in which th&stance of
the soil under the lower end and the side surfacebe realized in full.
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UDC 721.011+69.03
THE STRENGTH CALCULATION FOR BULK MATERIALS STORAGE

ALEXANDER BOBROV, IGNATI ZAZERSKY
Polotsk State University, Belarus

Silage bunker, lateral pressure, Kuhimann’s graphinethod, bulk materials, bending moment, symméthe
load, calculation of strength. The aim of this wizrko study issues of identifying the lateral pugs of loose bodies on
the walls of bunkers and calculation of internalcés arising from this load. As a result, studiesénshown that the
presence of a hard core of loose body significamtiiyces the amount of sliding wedge, thus redahimdesign load. In
this work the calculation of the horizontal belipper with the use of force in the calculation afisally indeterminate
systems is carried out. The result of the studiiewss that the presence of the hard core in granulaterial significantly
reduces the amount of sliding wedge, thus redubigdesign load.
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Storage tanks for bulk materials have acquired wgbge in various industries. The most technoldigica
advanced in the process of construction and operatie tanks of rectangular shape. In the desigil@mfbun-
kers, bridges and retaining walls are used Kulmagnaphical methods [1, 2] to determine the latpraksure
of bulk materials, Kennen-Jansen’'s and Erie’s fdarB8]. The derivation of Erie’s formulae to deténen the
horizontal pressure on high walls of infinite hdighmiting the granular medium is based on thessieal solu-
tion of the equilibrium conditions of sliding wed@&DE, (Fig. 1).
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Fig. 1. Design scheme

In calculation of the lateral pressure by Erie’'sfalas there is a significant discrepancy with experi-
mental results, which suggests the formation odral ltore of a rechargeable battery (AKB), weresihg of the
sliding wedge ACFK and KFDB can occur. To estabtlsb claim we introduce the following assumptiotiee
backfilling material is taken incoherent by theraof break of the AU and AK frictional forces. Ri@xercise,
the equilibrium conditions of the prism ACFK we aiot

Q=w ‘97K
1=l + (u+ 1) t98

)

2 4

Here6 — the plane angle with the horizon collapse, he-doefficient of the backfill internal friction dn
W= the coefficient of friction of the backfill aigast the containers; — the density of the backfilling material.
Lateral pressure is the biggest when substitutedtie formula of the determined value:
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The equation (4) can be simplified if we take:
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The largest determining lateral pressure appeavix tas low as that calculated by Erie’s formula O
the ground of the analysis of the results obtaindd] and [2] we propose the replacement of therkd pressure
uniformly distributed around the perimeter by thading zone of the silo according to the schenwstiort side
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of the triangle and the long side of the trapez8iach horizontal pressure distribution allows tasider under-

statement of the value which confirms the resuksented in [3].
The rectangular belt hopper is a closed out lshest, three times not identified by the systene édiculation
of the frame is made by force method [4] and [, basic system of the force method is shown oRithae 2.

X:

x </ N
C Ty, X

Fig. 2

The System of canonical equations of the force awkttas the following form:
G11X1F G12Xot G13X3 TA1,=0
G21X1F GoXot GoaXs TA2,=0 (1)
G31X1+ 03X+ O33X3 +A3,=0

The primary system is formed by using the symmptgperties that allows you to divide the system of
equations (1) into the subsystem.

611X1H 012X+ A1,=0 (2
033X3tA3,=0
G21X1H G22X o1 A2, =0 (3

The last of the equations (2,3) becomes an idedtity to the symmetry of load. Thus, the problem re-
duces to solving a system of two equations (2)dadculation the dimensions of the rectangle frameeas fol-
lows a = 3m b= 4m.The determination of the coedfits of the unknowns and free members of the caabni
equations are satisfied by the graphic-analyticethod. Mp diagram is presented in Figure 3.

77 /

77—
335 * /7\7p
A il

26/

45

Fig. 3
Solving the system of equations X2F -1,52,X,=-1,22.
The final diagram is constructed by the formula:
M =Mp + M1x; + My Xp.

The moment diagram is shown in Figure 4.
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Comparison of the results of the above calculatith those obtained in [6], [7] are presented ifbl€a

Point 1 2 3 4 5
Uniform Load 1,31 1,55 0,16 1,55 1,31
The specified load 1,22 1,38 0,15 1,32 1,28
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The comparative analysis of the results obtaingdther with the solutions presented in the [6], {jere the
load is regarded as uniformly distributed alongpemeter of the frame and shows the followingadiieg moments in
the long side of the middle section are less théf, The average cross-section is less than thé silerby 9 %.The
greatest reduction of bending moments coinciddsthé@ constructional unit and makes about 12 %.
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UDC 692.484
TO ROOF FRAME OPTIMIZATION

ARTHUR HIL, VENEDIKT GRINEV
Polotsk State University, Belarus

This paper shows the design criteria truss, iderdibptimization problem for such structures. Shaws
example of calculation for optimization lattice dgr supporting roof trusses with a triangular lagiin order to
find the most efficient configuration of the botlyisture.

In the modern industrial, civil, agricultural, cangtion, and are often used in bridge girdersp[177].
Material for their manufacture may serve as comrcneietal, wood. The geometrical dimensions of #iené are
more dependent on the operating conditions. In énthe choices of geometrical parameters arentahk®
account the requirements of minimum weight farnssyell as the smallest area of the outer contotiefarm.
Weight structures made up of weight belts and di2jg. 118]. With increasing height the belts fanmight
decreases and increases the weight of the lattieetal increase in length and bracing struts. Detengp the
most effective configuration of the body farm imajor task of optimization.

Lattice trusses should be used small element, plsifarm. The choice depends on the type of latliee
sign features of the farm; method nodal lattice poumds belts bearing on the kind of the column,dhsired
dimensions of the space between the array eleniEimésmost commonly used with additional trianguddtice
struts, since it has the least number of rods asdrablies.

Design criteria such as farm structures are thaauo@ indicators — the cost, weight, complexityd aura-
tion of erection or unique design and aesthetieets{3, p. 37]. However, in the latter case, titeréa for examin-
ing hard and their use do not fit into the framewof mathematical programming problems. There arecatly
quite a lot of approximate methods for solving wjitation problems of building structures [4, p. 8he of the
important problems in this area is the developraadtimprovement of methods for solving engineepraplems
of structural mechanics, which have a maximum dgitp) reasonable accuracy. These methods incleésb-
perimetric, solving complex optimization for prestsed trusses [4; 5, p. 143]. When using the isopgic
method in the classical sense solutions are olstaméhe form of unilateral or bilateral isoperimetinequalities
characterizing a set of geometric shapes. Theggafides have some practical value and give satisfy evalua-
tion of physical-mechanical and geometrical charéstics (area, perimeter, aspect ratio, etc.).

As is known, various types of lattice trusses pegecéateral forces [6, p. 121]. As a rule, the systde-
termines the overall complexity of grids manufaictgrfarm, its metal consumption [7, p. 78]. For mxde, for
farms with parallel belts effective are the useadfiangular lattice, which allows you to obtaire tminimum
number of identical units and the minimum lengtlaohy elements [8, p. 301; 9, p. 113].

Exemplas of optimization farm with a triangular lattice

Consider the example of optimization roof framarigular lattice (Fig. 1).

7
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Fig. 1. Roof frame with a triangular lattice

Figure 1 shows the number of farm belidelt lengthd, length strutd, length struts and a variable angle
to the vertical braca. We define the perimeter and the sum of the lengthnternal bracing given the fact that:

d =2alsina ; (1)
h = al¢osa . (2)

The total length of all elements of the farm will bqual to:
U =2a(2nsino + cost + n .. 3)
The area bounded by the outer perimeter is equal to
A=a [hEin2. (4)
We define the ratio of the area of the farm limite the length of the outer perimeter truss elémen

P
K =é _ g nsin 2o . (5)
U 2a(2nsino+ cost+n’

To differentiate the functioK for an unknown cornea:

dK
=0 (6)
2ancos21f D sim+ cos+r=dn sind @ cas- s (7)
Will reduce the resulting equation fan:
d =2alsina 2cos@[ 2 sin+ cas+r=a simd 2 s st (8)

A further solution of (8) is possible by iteratiaith the substitution of arbitrary values mfanda. The
angle of inclination to the vertical brace vari€@s&?, usually a multiple of the value ofis 1.5 (3)m, and de-
pends on the span of the building.

This optimization technique farm when changing dhgle braces can be used for other types of lattice
(diagonal, sub diagonal, rhombic). It should besddhat the proposed method of optimization ofsiements
refers only to find the most effective configuratiof the body structure. It does not take into aotahe proper-
ties of the raw materials, the possible deformasimactures, as well as the types of external arfaes.

Thus, further research in this area must take &etmount external factors, their values and the madte
used.
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UDC 69:504.03

CONVERSION OF DESIGN PRINCIPLES TO «GREEN» STANDARDS
IN REPUBLIC OF BELARUS. SOLAR BATTERIES

EKATERINA GALAI, KRISTINA ZABORSKAYA, EKATERINA ORLOVSKAYA
Polotsk State University, Belarus

The term «green building» is examined in the atidlhe definitions of solar batteries and solar glarare
given. Advantages and restrictions on the use laf smergy are specified. Some examples of solaelpausage in
constructions on the territory of Belarus are praeel. The analysis of potential efficiency of sbiatteries usage on
the territory of the Republic of Belarus at theenge of favorable conditions of insolation is cadrbut.

In the recent years the relation to housing constrm in the highly developed countries has beeaangh
ing under the influence of such global factors dsaestion of natural resources, climate changesreoyploita-
tion of lands and growth of population.

It is known that buildings around the world usedd®f all consumed primary energy, 67 % of elediyici
40 % of raw materials and 14 % of reserves of dinipkvater, and also make about 35 % of emissiortardfon
dioxide and nearly a half of all solid city wasfg.[In this regard, it is necessary to considerrttaén character-
istics of housing in complex: environmental frieindks, profitability, energy efficiency, providifgalthy life-
style and comfort. These principles are fundamentafjreen construction».

«Green construction» («Sustainable building») pgactice of construction and exploitation of builgié
at simultaneous preservation or improvement ofdingjs quality, the purpose of which is to decrethselevel
of energy consumption and material resources throuall life cycle of the building: beginning with site
choice for design, construction, operation, angfimg with repair and demolition.

The energy which is spent on production of matsiiglone of the main indicators: the energy consump
tion is lower, the used material is better. In tleigard, steel, plastic, cement belong to the mstgy-intensive
construction materials, wood — to the least. Thathy the statement that wood is the basis of gneen» house
and is an environmentally friendly material is tigh

The construction of buildings from wood on «greéechnologies at this stage of development is dgtive
conducted in the USA, Canada, Europe (Germany,riddtrance, Sweden, Norway, Finland), Japan, South
Korea and some other countries. Belarus and Rassitagging behind the developed countries anthfopre-
sent use «green» technologies and materials dittied?2].

Most of people don't think over what amount of ggehey consume and how these indicators can berdmiv
due to energy saving. Energy certification givasugus to people and to the organizations to iniesnergy saving
actions in their own buildings. In the RepublidB&larus within the pilot project energy certificatiof five buildings
is carried already out and the results are veryeasgive [3]. The Renewable Power association hers treated, the
law «About Renewables» is adopted. Belarus enteesthternational agency on renewables.

The potential of solar energy in Belarus is rathigr. Already now on roofs of private houses a large
number of solar batteries appear [4].

«Solar panelsfsolar batteries) are sets of the «solar cellenexted with each other and enclosed in a fraiie «
solar cell»(a solar element) represents the small semicamdi@tice transforming light energy to electricrgge

This phenomenon was opened in 1839 by the Frengicgt Edmond Bekkerel and called in a consequence
«photoeffect». The use of solar energy for recgigactricity has a number of advantages: it dodemand fuel, works
constantly, silently. It has a long term of acctdege service, reliability, general availabiliggssibility of any change of
power of operating system. Solar panels are amaopii choice for autonomous systems of power supplyalso they
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have restrictions: in winter time the productiafysolar batteries decreases by one and a halbdirhes, they have low
efficiency for use in heating systems, the nedudgif energy efficiency and sufficient intensitylight [5].

In general, in Minsk it is possible to use the sam®unt of energy, as in Warsaw, Berlin, Amsterdaon;
don. And in Riga, Tallinn and Scandinavian citiésaar energy it is much less, than in Minsk. TRemany pro-
vides 20 % of all the needs for energy at the esgen alternative sources, and by the amount ofihesnergy it is
on the first place in the world. By quantity of thelar energy arriving on a surface, Belarus ihatsame level as
Germany, Japan, Canada, where the solar powereenigig develops very actively. Potential efficienfysolar bat-
teries usage on the territory of the Republic daBes only at the expense of favorable conditidrnssmlation is more
than 10 % higher, than in Poland, the Netherlaih@smore than 17 % higher, than in Germany.

In our country there are conditions for the develept of the science intensive photo-power. Theee ar
large research centers in the field of micro antbelectronics, the corresponding analytical anddpetion
equipment, a number of essential scientific resultthe areas of materials science, chemistry,neiclyy of
silicon, connections of A3B5, A2B6, formation cfgiing luminescent, sheetings, etc. which can bel wgleen
developing solar elements. Rather big material limseloaded and it is suitable for providing agkelot pro-
duction of solar elements and heliostations. Imsuthere are highly qualified personnel and themxperience
of the international scientific cooperation in e areas. Industrial production of solar batteitethe republic
hasn't been developed yet, and there are no consasevell. But there is a possibility of joint faplementary)
use of photo-power with other types of renewaldesaf collectors, bio-energetics, etc.). Some rdg¢heBelarus
where the photo-power with success can be usedeaiso found. The special system of preparatiahran
training of personnel capable to make solar bafdnasn't been organized so far, but it can beectemsily.

Anyway the work on installation of solar panelthiarepublic has begun. They can serve as an exahgpbuilding of
Kraysk agricultural cooperative (Fig. 1), the hanséoronyansky St. in Minsk (Fig. 2), one of thaldings of Milavitsa fac-
tory (Fig. 3), BSUIR university (Fig. 4) and prigdiouses in Minsk and Minsk area (Fig. 5.) and roters.

Fig. 1. Agricultural cooperative Fig. 2. Minsk, kmyansky St. Fig. 3. Milavitsa factory

Fig. 4. BSUIR Fig. 5. Private house in Minsk

Installed capacity of station in Kraysk agriculiucaoperative makes 70 kW. There are 280 solaebatt
ies and 3 inverters which transform the direct enirrdeveloped by the battery to the variable. Tdrenfis
planned approximately on 400 animals. The elepovver requirement of one cowshed with a milkingoeffis
about 40 kW « h. The installed batteries will allsupplying in the summer the requirement of thizsired and
one more which construction has only begun. «Excesgrgy can be provided to a network. The statast 1
billion rubles, and has to be repaid approximatel§ years. In spite of the fact that the builditgdongs to the
state, energy will go to a network at the usuatervithout the raising factor. The state is readipuy such en-
ergy from the private companies three times mopepsively than a usual tariff in order to stimuldte devel-
opment of «green powers.

On the rooftop of the building in Voronyansky St.experiment solar batteries are installed fronthwttie illu-
mination of entrances works. The battery will tfanms solar energy into electric. The electric poisesccumulated and
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transferred in the special place where LED lamesratalled. For some years of their usage theoeaiorfeasibility in
installation of similar solar batteries weren'trstierefore in practice they aren't used wideMinsk.

The solar thermal collector installed on a roaira# of buildings of Milavitsa factory allows to hep to 500 | of water.

On the roof of the building of BGUIR and ecologicatdiversity named after A.D. Sakharov solar batter-
ies are installed, but their application is monedemonstration and education, than practical.

Requirements to modern housing are constantly gigwthey can’t be satisfied without the use of the
most perfect technologies and materials. The e@abgssessment of construction materials becoogisaent
to indicators of their bearing ability.

It is necessary to consider the main charactesisifchousing in complex: environmental friendliness
profitability, energy efficiency, providing healttijestyle and comfort.

The energy which is spent for materials producisoone of the main indicators: the lower is energg-
sumption, the better is material for usage.

The advantages of solar energy usage: lack ofnferet,, permanent and silent job during the long &m
accident-free service, reliability, general availsiby, possibility of any change of power of system.

The restrictions of solar batteries usage: dedlinproduction in winter time by one and a half wiot
times, low efficiency for use in heating systenes of high energy efficiency and sufficient intgnsf light.

Potential efficiency of use of solar batteries loa territory of the Republic of Belarus only at thepense
of favorable conditions of insolation is more tHEh % higher, than in Poland, the Netherlands; isentiban 17
% higher, than in Germany.
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EXPERIMENTAL STUDY OF WELDED BEAMS,
SUPPORTED BY SLOPING REINFORCEMENT RIBON A FLAT BEN D

ANATOLY IVANOV, OLGA IVANOVA, VALENTIN KISELEV
Polotsk State University, Belarus

The article investigates the impact of the geomeairy type of sloping reinforcement rib on the bagdi
stiffness of reinforced thin-walled bars. Experitarstudy is designed to determine the coefficarangesin
deformability of beams in the formulation alongithength of sloping reinforcement rib. A quantitet assess-
ment of the impact of sloping reinforcement ribtloa stiffness of thin rods with bending momenhisry

The theory calculation of thin-walled spatial ragisey include I-composite beams) is continuously im
proving on the basis of the achievements in thd fi¢ theoretical and experimental studies. Howetlex fore-
said does not apply to simple bending of thin-whidpen section with sloping reinforcement rib.

In the special literature, predominantly nationaly a few papers of theoretical [1, 2, 3, 5] axpkemental [4, 6, 7]
character are published, in which the authors sisitie issue of the steel continuous beams tweftat with walls reinforced
of sloping rib. The main disadvantage of theser@xpatal studies was that they were conducted atetsavith small geo-
metric dimensions (L = 1500mm). The lack of congktperimental data on the effect in an arbitracjien of the beam,
as well as its bending stiffness required furtesearch implementation, which are described below.

Moving in the middle of the span is found accordinghe formula Mor-Vereshchagin.

A =Y [=—=dx. @)

Moments of cargo and unit status:

| o
m = Ex-
2 2

P

1
m==x 2
), m 2>< )
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Installation of sloping reinforcement rib stiffnealong the length of the element will change areteh
fore, to find a displacement mid-span it is neeidecbnsider cross-sections with different rigiditie
That is why this equation moving section of therhed mid-span:
11 ql ax’
Lk g 2 (D B-—)

M
8 =X [P Frax=2 22— 2oax 3)

where |# const.
As the moment of inertia in this case is variakle,will set its value piecewise intervals in whighl be

determined in accordance with Figure 1.

Fig. 1. Determination of intervals piecewise

Since the neutral axis passes through the cenigmawfty of the cross section, its position on at {3 >
x > Xlis determined from the condition:

t b tf hw - S( )9 tf S(X)
(b H—+h - +(h- ¢ YOI )-(tObL—+ &R+ (s)X,t—)-
2 2 2 2
t t : 4)
—— b, -t )———+s(X) - xOana )= 0
cosa 2 cosr
where s(x) — distance from the upper face of thtobochord to the center of gravity of the crosstise.
Hence:
t
2 2 t b, -t ) xOana -——
t Eﬂ) t T f w
h4a, _t Lab O Q--+h)+ 2cosa
s(¥) = 2 2 2 cosy . (5)
tr Ilbf _tw)
2, O, +h O +—
cosa

Fig. 2. Determination of the moment of inertia wilhedges
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Thus, the moment of inertia of I-section, suppotigaloping ribs can be represented in the form:

[(x) =

b, @ h ot
Osx<xl- 200——+h 0O H_W+_)2)+_w w
12 2 2

t
12

b, @ t t
x15x5x2a(2EI?+bD§HH’2+ h-o 2- }())2+Hf2+ $ &+ [RF )+

t h ,
H—t 4t Ty, 2 - (8- o))+ (
12 2

t
b {—)
cosg) L
12 cosff )

b g - RB-| - pane ) )

X2< X< X3 & (25%+q[p[((t—*2+hw-sq>e— }<))2+te’2+ 4 8- )+

t

(6)

t, O, h, . cos@) t
th, 0 - <( 8- " hi(§ 8- B-| 8-
+( " +t, qu g R))+ ( " + co&ﬁ)rﬂﬂ R-| pctang ) )
b, O; h ot t
X3< X< x4 - ZH—+QD§H—W+—)2)+ w — w
12 2 2 12

Experimental studies of beams with sloping ribsaofiat bending was conducted on seven models of
welded single-span simply supported beam pivotaflymmetric airfoil span L = 3 m cross-sectionaméh-
sion; the wall — 500x10 mm, horizontal sheets —<I1H0mm. Alignment along the length of the test bgamd
dimensions of inclined stiffening ribs are showrFigure 3.
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J000
Fig. 3

Beams were made of steel BM-ST 3ps GOST 380-6Ceidiwg zones, walls and inclined ribs were con-
ducted electrodes E-42A with a thickness of 8 mamseEach beam was tested in the horizontal positiothe
200-ton hydraulic press.
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The load as a concentrated force P was passedlapan through the square stamp size 60x60 mm to
the compressed zone in the plane of maximum ssfne

Monitor stresses in these sections was performad) drain sensors mounted on the wall and belts in
compressed and stretched zones.

The load was transmitted steps from zero to 32 tatis a constant step 4 tons. Moreover, the researc
was fulfilled for the load, increasing by stagésyas held for 20 — 25 minutes at each subsequzge seaches.

Table 1 summarizes the data theoretically, numieaicd experimental research.

Table 1 — Summary table of results

Test data Data . Theoretical data
Name . of numencal solutions _

Deflection, | oX, max, Deflection, | ox, max, | Deflection, | ox, max,

mm MPa mm MPa mm MPa
B-1 (without ribs) 3,09 220,27 3,02 167,81 2,76 681
B-2 (2 ribs 90°) 3 220,27 3 167,37 2,76 191,68
B-4 (2 ribs 45°) 2,89 198,14 2,96 169,43 2,63 181,6
B-5 (5 ribs 45°) 3,01 166,73 2,91 168,78 2.62 191,6
B-6 (2 ribs 60°) 2,87 198,45 2,98 168,44 2,67 181,6
B-7 (5 ribs 60°) 3,08 177,75 2,96 167,72 2.69 191,6
B-8 (2 ribs 30°) 3,11 203,96 2,87 173,73 2,58 181,6

Thanks to setting sloping reinforcement rib th&retss of reinforcement rods is increased. Theed&tin
can be reduced by 1,3 — 14,5%. Normal stegds dangerous section can be reduced by 4,4 —%4ile in-
creasing the total weight of the structure by 113;3 %.
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ON THE USE OF TRUSSES WITH LOWER AND UPPER TYPE
OF BELT BEARING

VIKTORYIA KALITUKHA, ALENA KREMNEVA
Polotsk State University, Belarus

The article deals with trusses of lower and uppgetof belt bearing, types of the upper belt andhme
the calculation of the most effective type. Thessection type of the chosen truss is analyzedhs

Trusses make the bases of numerous framed stra@uacevary in their usage. They are applied in ceil
ings, floors, as profiled walls of covers, shiftsc. Trusses are applied in various fields of eegiimg: bridges,
frames of industrial buildings, sports objects|daltage constructions, tents and runways.

Trusses have various shapes depending on archikend functional specifications of the design- Ge
ometry of a truss is specified by the belt shagktha mesh type.
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According to the belt shape trusses are dividenlti@pezoid, triangular, parabolic or segment, gohal,
flat-chord trusses (Fig. 1).

a) b) c) d)

£ I
Ll

Fig. 1. Trusses according to the belt shapérapezoid; b) triangular; ¢) polygonal; d) flabss

According to the mesh type trusses are divided liméxed diagonal, triangular, triangular with aidaial
poles, triangular with truss poles, rhombic, cr@sg. 2).

a) b) c) d)
NNNAVZ/2 U A VAVAVANIN 7 74 NN 6020
Fig. 2. Trusses according to the mesh type:
a) diagonal; b) triangular; c) triangular with addital poles; d) cross

Flat-chord and trapezoid belt trusses are used oftae. Lenticular and former trapezoid trussegpliad in
the construction of the entry zones of buildinggyehrecently become rather widespread as well.€Taer only
two types of bearings among all the types of thestrconstructions: the lower and the upper bek. [dtver belt
bearing type was typical of the XX-century building he upper belt bearing type construction hasntgcfound
its industrial application in Vitebsk region, Belar Nowadays closed profiles are used for crogsmsemanufac-
turing: double angles, channels. The choice ofbaring type and the most effective cross-sectimpe of the
belt are the issues to be clarified.

To find the most effective type of bearing the 8inf of the rehabilitation water centre was chossm
diploma project as well.

The building designed consists of a two-storeyed padministrative and economic room, and a one-
storeyed part — a swimming pool. General charastiesiare27,38 x 39,4 x 12,2m.

The space of the swimming pool was examined foptissible usage of trusses (Fig. 2).
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Fig.1. Section of the building

Two trusses of trapezoid belt and diagonal mesh tgpre been chosen for the experiment, as the most
widely used types in the Republic of Belarus. Tiusges are of 18 meters span each (Fig. 3).
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Fig. 3. The studied trusses:the lower bearing type; b) the upper bearing type

Sizes, belt shapes and diagonals are assumed ak Equal unit load is applied to find the internal
forces. Forces of the poles are shown in Figure 4.

b)

110,37 179,52 226,56 ‘ ‘ 226,56 179,52 110,37

Fig. 4. Forces of the poles of the trussggorces of the lower bearing type trusses;
b) forces of the upper bearing type trusses

According to the calculations the forces of theegohre identical. The upper bearing belt trussasem
economically sound as the material consumptioraftuss is 10 per cent less, when the span is 18rsné&o
the upper bearing type truss is relevant for furtksearch.

Three types of belt sections are compared and tst affective type of the section is found for the-
sen type of the truss. The results are arrangdtkitable (Table 1).

Table 1 — Belts characteristics

Section Size, mm Ared, cnf Radius of inertia, cm Mass 1m, kg
a1/ 75x75x5 14,78 3,35 11,6
.//””:‘L‘\‘.
o 1024,5 13,8 3,5 10,82
O 100k100x3,5 13,19 3,91 10,36
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The results prove that a bent-weld-and-closedlprisfthe most effective one according to its ottersstics.

In conclusion it is important to say that the uppearing type truss is the most economically saypd
due to 10 per cent lower material consumption &mhetruss, when the span is 18 meters. Bend-weletmsed
profile is the most effective, among the studiagk tb its lower mass and section area.
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UDC 691-405
MIXTURES AND THEIR CHARACTERISTICS

NATALLIA KHLUD, DZMITRY SHABANAU
Polotsk State University, Belarus

Here the mixture, which used for filling up the @®rof macadam basis and promoting receiving the
monolithic basis with the minimum of shrink defotioras and with the help of a vibrodelivery methodl gene-
tration viscometer are considered.

The aim of our research is cement dough, the methbis best arrangement between macadam base, as
the aim of our research — to create a monolithclwhiill be strong, rigid, and non-shrink. It is anportant
characteristic of the highway.

We can determine viscosity of a raw mix by the pexten viscometer. The principle of operation loé t
PM-3 penetration viscometer (Fig. 1) is the follogi

Fig. 1. Penetration viscometer PM-3 (1 — cone;@odel; 3 — scale with weightes;
4 — little table; 5 — electric motor; 6 — indicat@r— lamp; 8 — switch)

The principle of operation of the penetration viseter shows that by results of measurements on the
penetration viscometer the limit tension of shiftand the operating tension of shiftvhich part, except,, is
the dynamic component depending on viscosity agdadient of speed in a shifted layer is defined fbius,
for definition of rheological characteristics bysuéts of measurements on the penetration PM-3 wister it is
necessary to know the character and the sizesdhtft area of the studied environment at movereiitthe
conic indicator, and also the size of a gradiergpefed of shift [1, p. 9].

Let's consider the deformation scheme which isrehgimportance as it is the characteristic forrtee
jority of the raw mixes applied in production ofnsbruction materials. Figure 2 shows that the plagiof the
environment adjacent to a surface of a cone, mogether with the last, and at a certain distanemfa cone
surface where a trajectory of movement of partigiass to horizontals, they aren't mobile. Thereforall de-
formable volume there is a shift. Thus the slidsugface I-I, dividing deformable and not deformabiéumes
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of the environment, is the cone surface which wwipades with top of a conic indenter. Tags on hanmtal lay-
ers of the material, formed by immersion of a thii@el plate in strictly vertical direction in a gambefore in-
troduction of a cone (Fig. 2). Therefore, particdéshe environment move vertically. [1, p 12]

Fig. 2. Trajectory and diagram speeds of movemepadicles
at cone immersion in clay and cement dough; cermeshtsand solution, silicate mix

At separate concreting of designs by vibrodeliveay it is necessary to use mixtures with grainthef
different diameter, answering to the requiremehtsas to them, as to materials for concrete. Howé¢verma-
jor additional technologies property which grainshvthe maximum diameter have to have at separaieret-
ing, their ability to pass cement dough in intengigpace is. In steam channels of filling up froraigs as a pe-
culiar incompressible viscous liquid with deterntioa mobility can identify movement with the maximudi-
ameter of cement dough from filtration viscous itjin the porous environment. One of parameterthefpo-
rous environment, characterized its ability to pghssugh itself viscous liquids, is hollowness.

pV3

2r ,

N
Ap

A s

Fig. 3. Arrangement of grains of sand in a rountktat formation of a steady wedge

The meaning of optimization of granulometric staetmixed knitting is defining when construction-ma
terials are receiving. As the powders mixed fromtiples of different types and the sizes, whichnfospatial
structural units clusters that conducts to streaindi of disperse system. The maximum instabilitpliserved
on the boards of the section of structural unitseréfore, it is necessary to consider their qualésand quanti-
tative structure, depending on the purpose of thednpowders.

The models of the new class «Mixture-mixture-featyroffered in works is perspective are used fer th
solution of tasks of the analysis and optimizatibthe mixed knitting.

Granulometry of powders — interdependent factoms femixture».

Average values of results of explosive durabilityppints of the plan are shown in tables (for pawath-
out lime table 1.1, from 10 % of lime table 1.2rfr 30 % of lime table 1.3). Values of explosiveahility are
expressed in PA.

Table 1.1 — for powders without lime

1 2 3 4 5 6 7 8
2,69 3,12 2,19 2,35 2,34 2,71 2,65 2,28
9 10 11 12 13 14 15
2,56 2,17 2,24 2,78 2,35 2,74 2,70
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1 2 3 4 5 6 7 8
3,63 3,99 3,25 2,86 2,69 3,38 3,61 3,48
9 10 11 12 13 14 15
2,83 2,73 2,95 2,86 3,04 3,39 2,93

Table 1.3 — for powders from 30 % of lime
1 2 3 4 5 6 7 8
4,52 4,80 4,42 4,10 3,61 3,67 3,51 3,60
9 10 11 12 13 14 15
3,65 4,08 3,95 4,06 4,19 3,56 3,43

From the tables it is obvious that it is possildedgulate structure of a mix and to select thetrfaor-
able structure by means of composition change wieos [2].

The packings of spherical particles modeling mospelise silica gels of varying density are consuby the
Monte Carlo method. Each model contains 8000 pestia a cube with periodic boundary conditions.dels with
densities (extents of space filling)= 0,59 and) = 0,37 were studied in detail. For quantitativalgsis of the structure
of empty interparticle space, Voronoi-Delaunay gewital constructions are used. By analogy withrttieecury po-
rosimetry method, the «intrusion» curves, indicathre fraction of the pore volume accessible forabe of the given
size are built. The results of a standard anabyfdisese curves and the real arrangement of imtenpaspace in these
models are discussed. The approach using the raaisirulation and the geometrical method suggdstechodel
analysis is a promising trend in structural studigsorous materials.

Atomic arrangement is a traditional goal of strraitstudies. In recent years, however, increadiegt®on has
been paid to another aspect of structure, nanmelytyanteratomic space. Problems of this kind spoymise of interest-
ing applications such as diffusion studies in glass chemical potential calculations in liquidsd¥l transfer in corpus-
cular porous materials is a broader applicatichisfaspect of structural research. Disorderedipgslof spherical parti-
cles are rational structural models for such nagetherefore, methods for model constructionamadysis elaborated in
the physics of fluids and glasses for atomic systammve to be useful for this problem as well.

For mass transfer in porous materials, it is esalefior the micro- and macrostructural problemsb#oin-
terpenetrated. It is necessary to have a clearrstaheling of the structure of individual cavitiesy the one
hand, and to handle the whole system of pores,hwiki@ macroscopic object, on the other. Tradiligntheo-
retical investigations deal with only one of th@seblems; the other is treated in a rough approtanaThis is
partly due to the fact that the pore microstructwagy not be quantitatively defined in cases othantelemen-
tary. For example, in systems of spherical padicthe simplest pores are configurations of sevapheéres. In
previous works, typical configurations were chosee the unit cells of particular crystal latticEsr the unit
cell, one can easily use the unit cell approadeowhole system, which is rather problematic, beeahe ma-
jority of the compounds under study are noncryisiallin another approach admitting the existenca sihgle
pore system, the starting construction is a ngooé nodes (cavities) and bonds (narrow throatsjetgroblems
of different kinds arise. First, the microstructwthe net nodes and bonds, performing the roléheflocal
pores and windows between them, is unknown. Sedbedstructure and connectivity of the net itseff aot
clear. No physically justified answers to thesedfjioas can be given [3].

At research of the received mixtures, the restiltroctural durability allow to choose optimumkiigs and to
pick up mixtures with adjustable steam channelstufes of granulometric mixes structure and exésterfi steam chan-
nels in their structure allow to use a vibrodeljveray of concreting. For similar structure of mixbg penetration
method of mixes with different granulometric stunetis used and optimization on D > 40 d is cawigid

In further researches it is planned to use and nemred sand solutions for concreting of the balsas,
additional researches to avoid jamming of structame necessary.
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ON DEFLECTED MODE OF PRE-CAST
AND IN-SITU CONSTRUCTIONS IN THE CONTACT JOINT ZONE

ALIAKSANDR KOVALENKO, ALENA KREMNEVA
Polotsk State University, Belarus

Pre-cast and in-situ constructions are widely usdauilding industry of the Republic of Belarus H],
Such constructions are rather various nowadaystddteology of pre-cast and in-situ slabs productiame to
Belarus from Europe, where mass erection of dethbl@ses has been applied for more than 50 yeaadgl
The most known European and national constructiethads, based on gilled pre-cast and in-situ staBela-
rus and the CIS, are «Dakh», worked out in PolStsite University and adapted for use in Belarus;garst and
in-situ slabs «Marko», Russia, and others [3].pk#-cast and in-situ constructions include foutsitheams of
different spatial frame types, block-liners, a mestu in-situ concrete. The principles of the usafdight-
weight reinforced beams are rather similar. Théedéhces are in their configurations and the maitefi block-
liners: porous ceramics, haydite concrete, cellpédystyrene, etc.

Research of pre-cast and in-situ constructionsgetlre emergence of extra deflected mode as d ofsul
inconsistency of shrinkage and time yield of cotenhen traditional concrete, based on Portlandecgnis
used as an in-situ part of a built-up section.

The matter of research is the influence of shriekag deflected mode of the whole construction under
working load and its taking into account in dedijh The information found in literature is rathentradictory.

A great amount of national and foreign researchke/@re devoted to the problem of concrete adherence
In-situ operations, use of permanent forms andystifdpre-cast and in-situ constructions stimulaterstists’
research activity. Contact joint durability has h&&dely studied by numerous scientific, design addcational
institutes of Belarus: BNTU, BSTU, BelNIIS, PSU;datne CIS: NIIZHB, NIISP.

The concrete adherence matter comes into condolerat the process of reconstruction and newlytbuil
pre-cast and in-situ constructions, as there shootde any shift of jointing surfaces. The rateoftact joints
between old and new concretes should be minimi2gdlfints in constructions are widely stressedéyding
moments, contractive, stretching and shearing force

Estimation of joints resistance to shearing fordethere are reinforced rods crossing the joistone of
the most important and complicated issue. Corrstitnation of shear strength of a joint influendes ¢ombina-
bility of units in the construction and a load-gamg capacity in general [4].

To find the influence of shrinkage strain of corterim an in-situ unit on shearing forces it is irrpat to
find out the strength of the joint by in-situ coets curing [4].

Figure 1 illustrates the relation of free shrinkatyain to curing.
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Fig. 1. Relation of free shrinkage strain to curing

Calculations of contact joints durability are cadiout on the bases of a pre-cast and in-situ slab
«TERIVA» (Poland). Shearing forces in the jointafre-cast and in-situ constructionstlireir performance
have been found. Forces of the kind happen dueetdlifference in shrinkage strain of in-situ and-past con-
cretes and proper weight of a construction (Fig. 2)
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Fig. 2. Data comparison

The data received guarantee the durability of dmact joint because of the stress by in-situ @iaaturing.
The durability of the joint is almost 27 per cergher than working shearing stress. So we are thateshrinkage
strain of in-situ concrete influences a pre-caanbas well as the whole construction. The ratefafence of shrink-
age strain on the deflected mode of a construdtimimg its operation requires additional studies.
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TECHNOLOGICAL AND METHODOLOGICAL WORKING-OUTS INTH E SCOPE OF GRADUAL
REDUCTION IN POWER CONSUMPTION BY HEATING AND VENTI LATION SYSTEMS OF
BUILDINGS DURING THEIR MODERNIZATION

SVETLANA LANKOVICH, VLADIMIR LIPKO
Polotsk State University, Belarus

The working-out refers to the technique of heating ventilation and is proposed for use in the town
planning industry for energy- and resource- savindheating and air supply to buildings with modewarm
attics and ventilated transparent facade systems.

According to current regulations, the ventilatidrresidential buildings is carried out by meansndftration
through unorganized arrival of outside fresh & ihe living space through leaks in the exteriafling, vent or any
other ventilation devices. In this case, all thes@oinputs to heat outdoor air are compensatetidi¢ating systems,
which exceed the heat loss through the exterioelepe of buildings. The removal of the ventilat&in flow from
areas of maximum allocation hazards (kitchens,rbaths and toilets) is organized through exhaushiogs in the
volume of warm attics, with the subsequent reledsearm air into the atmosphere through the seatiexhaust
shafts. This technological scheme of heat anduaiplg to buildings is too power-consuming, as islmot use the
secondary and natural energy sources.
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The reduction in power consumption from externalrees of heating and ventilation of buildings re-
quires a gradual modernization of technologicaksods and design, the creation of new technologaations,
the development of theoretical fundamentals of badt mass transfer processes and analytical metiazd-
culation and design of systems of heat and airlguggight buildings in terms of energy efficiency

According to the results of research the techncddgcheme of using warm attics not as three-diovadsectional
exhaust chambers, but as the supply volume chamfibrpreheating outdoor air due to transmissiohezit lost by the
building through the floor of the upper floor ahe hatural heat of solar radiation through the wioan of the attic with
subsequent heat removed exhaust air through tleehglat exchanger installed in the volume of watia) &or preheating
outdoor air supply ventilation air has been develofPatenke 9618 «Technological attic of the building» 22.07.2)

Hinged transparent facade systems turn out to beeféicient by virtue of architectural and aestbgta-
rameters, the protection of facades of buildingsnfatmospheric influences, durability, economy,diaity of
design and a number of other positive qualitieslof ventilated air layer, in which under the imfhece of the
greenhouse effect natural heat of solar radiasaaccumulated on the outer side and on the indertke trans-
mission heat lost through the outer fence is cldsga@ hinged facade, reinforcing the effect of piing of
outdoor ventilation air supply. (Pateit 8381 «Regenerative device ventilation building:0842012r.).

According to Figure 1, it is seen that with a grdonodernization of the building by introducing the
technological scheme of warm attics, suspendedltreant facades and data sharing activities, tad tm the
heating system is significantly reduced, and tlereefthese activities are energy efficient.

Based on the analysis and generalization of thevkrtechnical solutions a complex of measures on fur
ther improvement of heating and ventilation systemshe criterion of minimizing energy consumptimom
external sources due to a more extensive use eifnialt reserve of potential secondary energy ressuand
natural heat of solar radiation has been developkd.methodological basis for the analytical cadtioh and
design of systems of heat and air supply to eneffigiency buildings has been formed, confirming gignifi-
cant reduction of their energy consumption froneexal sources.

The results of the research are used for educ&iomposes during lectures and practical sessiarsy-
ing out research on the state budget subject anbeavidely used in the practice of urban planning.
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Fig. 1. Diagram showing changes in the thermal lmathe heating system with a phased modernization
of the building with the introduction of the techmgical scheme of warm attics and wall facades
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UDC 697:721.011.25
COMBINED AIR AND HEATING SUPPLY SYSTEMS OF AIRPROOF BUILDINGS

ANZHELA LAPEZO, VLADIMIR LIPKO, VOLHA SHIROKAVA
Polotsk State University, Belarus

Nowadays the exterior envelope of buildings demtasonstant increase in its heat-shielding chistics.
The buildings are designed according to the nowediase of the Republic of Belarus. But on theesthgalculating the
temperature balance there often occurs the follgwituation: the heat loss is much less than tlag ¢@ins. In this case
the entire heating load is directed to the heatihgnfiltrating air. This air has to be taken insidlisorderly but that is not
possible because of the high airtight packing eftibilding envelope. This report represents thertelogical schemes
and practical solutions to the effective energy beat air supply to the leak tight buildings.

The embedded panel systems are widely used inuitdirigs with the high standard comfort. The heat-
ing elements of the embedded panel systems areatigrtime coil pipes made of stainless steel.

Water is basically used as a heat carrier in thesb@onstruction. Steam is rally used at induséridér-
prises and domestic household. This report corsither possibility of overheated air use. The latter be used
as a heat carrier which can be low n through tlezeated canals of concrete panels. This will sbkeeprob-
lems at the same time: heating and air supply.

Heat supply and ventilation systems are the mogtepoand resource-consuming. Modern engineering
equipment must provide the reliability and comfmirhandling together with its low value, steel méy, labor
intensity during its installation and the high-téntlustrial development of the building construatio

Heat energy, gas and electric power are the malgspread types of power consumption in urban plan-
ning branch of economics.

Gas is still most widely used for cooking and wateating but in the near future it will be repladad
electric power because of the hygienic, economitsdrategic reasons.

City and industrial heat power plants, big disthofler houses are the source of heating in resaleand
public places. Individual local boiler houses vl used more seldom because of the air contaminatio

The production efficiency of the heat energy isthies higher than that of the electric power atahdi-
nary heat power plant. Still the use of the elegiewer can be economically practical because ettmnsider-
able transit waste of heat energy of the branchjrakized systems in big cities or far-away digsic

According to sanitary and ecological standardshilygest heat supply sources are located outsidss cit
That increases the cost of the construction andatipe of heat supply systems.

Heat supply troughs are constructed for heatingtifa¢ing and hot water supply systems. Their strec
of the feed through is complex and demands corsidieispace (from 15 to 100 square meters) depeoditige
equipment, type and parameters of the carrier.presence of boosting recycling pump demands threase of
space up to 25 square meters.

Heating systems are related to ventilating systamserning their final goal-the creation of humamfort in the
buildings. That is why the foreign experience efiise of air conditioning systems shows its highratjpnal characteristics.

To compare the achieved level and perspectives dfngeaentilating systems development one must
take into consideration the climatic conditions.eTdlimate of the Republic of Belarus is colder thhat of
many foreign countries. The open air average teatpes of the coldest month in Minsk is -6,9 °Citebsk -
7,9 °C, in Berlin -0,3 °C, New York +0,8 °C, in Far2,3 °C, in London +4 °C. Because of these diffiees
man) heating-ventilating devices can't be appliredur country.

The research in the sphere of updating the heagngjtating systems has been constantly carriedayut
over 25 years by the Chair of Heat/Gas Supply aadtiation at Polotsk State University. It has begther
state financed or self-supported. The huge amaduwbdk has been fulfilled within the sphere of iilsplemen-
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tation into the national economy of the RepublidBefarus, the former USSR with the considerablénal
and economical effect.

Figure 1 presents one of the process flow shedtsedbuilding air heat supply. It is suggestedge.urhe
natural and waste energy (solar radiation and esthait) are actively used along with the primaryrse - natu-
ral gas and air supply in it.

Fig. 1. Air heating of the buildings

The peculiarity of the architectural-planning opena of the multistoried building is the accommaddat
ladder cage and sectional air flue 5. It gets thhoall the building. Air flue is constructed aseatical shell-and-
tube heat exchanger. There are gas-burning, defdced heating (13) in the bottom part of the fhie and also
a pan for condensate gathering and drainage. Thpad contains clack valve and ventilator (15)tfer spent
air emission into the atmosphere.

Inside the heat-exchanging hole (dr. 6) there aa-bxchange pipes (6) which are vented to the stmo
phere air through the horizontal air flues (7)he top part and air-intake pipes (3). The air-intgkpes (3) are
made up of high-angle panes (2) and the face tter ovall load carrying structure (4). In the bottqart the
heat-exchange pipes (are vented to the atmospheheaugh the horizontal air flue (8), locatedtire basement
and the air diffusion pipes (9), constructed aachiable ones to the inner surface of the outer (llthrough
supply registers are connected with the rooms, lwhie vented to atmosphere through the exhaugtraginal
(20), vertical pipes (11), horizontal air flues,(8)be space of the heat exchanging hole (5), clable or venti-
lator (15) are vented to the atmosphere.

This process flow diagram shows the natural ortigesiirculation of the open air through the pesipressure
network of the heating ventilation system. Firstdipen air enters the vertical air-intake pipessiRg the pipes bottom-
up the air is simultaneously and preparatory hdadeduse of the solar radiation heat and trangmiksiat. Then the air
is directed to the heat-exchange hole throughogdadrizontal air-flues and moves the heat-exchaimgedownwards.
The air is simultaneously heated up to 70 % becalfe heat utilization of exhaust air which moassan approach
flow bottom-up through the tube space. The finatihg to the reference temperature of the incorinig done with the
help of gas-burning devices, equipped with thehgafgtomatics and air temperature control.

Figure 2 shows the temperature calculation resiltthe incoming and evacuated air during its motion
through the heat-exchange hole with the variabtelitions depending on the setting temperaturesebpen air.

The recommended combined system of heat and gifyshps three vertical riser flows in the flow ciitc
These riser flows have the height of all the bogdiThere is also a descending current with thagihg height. This
provides steady natural circulation of the air fegatier during the heating season. When the ojpdaraperature is
increased {t> C) and the gravitational pressure is decredsetidle ventilator usage is needed.

The new progressive heat and air supply technaagfieesidential and public buildings are to beatzd
nowadays. They can provide human comfort accorttirige criteria of energy, resource-saving andapol

Together with the rise of heat-shielding propertiéthe walling and its tight packing (that twice-d
creases heat consumption of the buildings) therddficient way in the urban planning is the furtlieevelop-
ment of the heat supply technology of the buildingth the water replacement on steam and air. Wilhake
possible to get rid of expensive and energy-consgrpumping facilities, which are used to pump hag®unts
of water in multitube long-distance and distribgtgystems and lift on the multistoried buildingdtei
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Water pipe lines branchy network, numerous multipse hardware, various heating devices are charadte
not only by high capital outlays but are also haroperate because of the high persistence ofdter hweat carrier.
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Fig. 2. Ventilating system

The air heating process flow sheet of the multistband public houses has many advantages in compar
son with the certain analogues. The air heatingital is practically combined with the ventilationwhich the
quick-acting types of heat carriers (superheateanstand air) are used.

Figure 1 shows the heating system of the multistbbuilding of cellar structure (residential builgs,
hostels, hotels, sanatoriums etc.), in which thénééke goes through the intake hole 1, heatimgree?, air dif-
fusing hole 3, and vertical channels 4 of the bi@ywentilation. The spent air vent is provided tlgi holes 5
of the exhaust ventilation and exhaust hole 6. @nly ventilator can be installed in the enclostweshe rated
air change in summer and also during the transfigniod if there is #ttle natural draft or there is a lack of it.

The host-based system of mechanical ventilatigme$erable for public buildings, demanding highedev
of air exchange (shops, banks, hospitals etc). Systems work according to the heating schedulehich the
air motion is forcibly performed by the ventilatinstalled in the air handling or exhaust chamibéy.(2).

The high pressure air-conditioning systems areilest in multistoried public buildings of cellulatruc-
ture abroad. The speed of air in their air flue2ds- 30 m per sec. This allows to decrease thi#lgad the air
flue and the volume it takes in the building. Thegstems must be equipped with a high-pressurélatant an
airproof air flue and special acoustic absorbesas et to work during the air outlet into the rootmsprevent
aerodynamic noise. These systems can perform heatictions, but they may have high capital andratienal
costs and are not widely used in the civil engimgeconstruction in our country [2, 3].

It is important and economically practical to const more effective heating-ventilating systemsesfi-
dential and public buildings in the Republic of &®is which imports energy raw resources in the itiomg of
the world energy crisis. That is a heavy burdertiereconomy of the whole nation.

Thanks to the implementation of the pipeless hgat@thnology combined with the air supply systems
the huge amount of the expensive pumping equipméhtbe disengaged. Shut-off-and-regulating armatur
from steel, iron and non-ferrous metal, steel piged metal-roll can be used in industry or in agtice for
irrigation systems construction and water supply.

On condition that the energy consumption is dee@gssing the air heating technology) more than a
third of energy output can be directed on expantdase and currency receipts.

The economical effect of the suggested technologleémentation in the housing complex of the Repub-
lic of Belarus (calculation due to 01.01.2000) j98 billion US dollars. As for the actual pay p#riod itis T =
7,18 year. If the competitive product is marketedRussia the economical effect will be much higher.
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IMPROVED CONSTRUCTION OF PLATFORM JOINT
OF HOLLOW CORE SLABS OF FORMLESS MOLDING

ANDREI LAZOUSKI
Polotsk State University, Belarus

The improved joint design, in which the verticakgsing force is not transmitted over the entireaané
supporting zone by the top of the wall, but «innp®t — at the locations of the top working reinfarent,
greatly increases the vertical compression of amiclgozone of the upper prestressed reinforcement.

The production of precast prestressed hollow-dales ©f formless molding on long benches has lmerched
recently in the Republic of Belarus. [1] The feataf the manufacturing processes of such parghsiiseinforcement in
the form of exceptionally longitudinal prestressaeds (or wire ropes) and the inability to insta# tshear reinforcement
grids in shelves and embedded parts. In addifienlength of the stress transmission area on aateneinforcement
typically exceeds the length of the site of theiading on the wall. As a result, a negative bendiogent is practically
perceived only by a concrete cross-section [Zhdiuld be noted that during their design and ex@stial processes hol-
low core panels are presented as simple beareddteanures. It is not fair for application of th®st common platform
joints for multi-storey buildings with brick, blocnd paneled walls. In the bearing zone of slabgalthe entrapment a
negative bending moment occurs. The above feabfitbe design of panels in platform joints may lteisuthe forma-
tion of shear and cracks with large opening irbeseing zone.

Modern regulations on the design of hollow coregbgnin addition to avoiding possible negative bend
ing moments with the help of some structural measulake account of them in the design calculatiBnd].
Known methods of structural mechanics calculatfondinearly deformable materials without real warkrein-
forced concrete with cracks and knots complianceatogive reliable results. Therefore, obtaining tepend-
ence «support bending moment — the angle of rotatio the place of the platform joint is relevaat the ac-
count in the calculation of deformation featurefollow-core slabs of formless molding.

In order to increase strength and reduce compliahe@choring of the top fixtures in the area @& hatform
joint there was developed the advanced desigrfanéem which the vertical pressing is not trantediover the entire
area of the top supporting the wall, but «in peirtst the locations of the top of fixtures. Fds fiurpose additional steel
plates have been used, which were located on ther epds of the locations of fixtures within itglaorage. In such a
construction of platform joint the value of comsies reinforcement anchorage zone is multiplied.

The purpose of the experimental study is to vadidae proposed design of the platform joint, set th
cracking pattern and eventual destruction scherdesatablish the dependence «support bending monat
angle of rotation» in the place of the platforrmjoi

Experimental research was performed on samplepeagfia-fragments of platform joints, which are two
pieces of hollow-core slabs beared as consoledeatand to the lower portion of the vertical waltlgoressed in
the place of their bearing portion of the top & tkertical wall.

On the upper bound of the plate over the locatidrigp fixtures on a cement sand mortar steel phaith di-
mensions of 50 x 100 x 5 mm are installed. Thacatnpressing from the overlying floors is trangedtand distrib-
uted between the plates by means of distributeretses with a width of 200 mm enhanced with trarssvstiffeners
, imitating the upper portion of the vertical walhe design and dimensions of samples of platfointg, as well as
the geometric dimensions and reinforcement of telore slabs are presented in Figure 1.
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Fig. 1. The geometric dimensions and reinforcernéhbllow-core slabs:
1 — distribution traverse; 2 — steel plate; 3 H4dwlcore slabs; 4 — wall panel

The sample was tested on a joint platform cantiéel/scheme. The plates at one end were supportedrag-
ment of a wall panel 200 mm thick and at the othiey the end of the lever from the rolling I-beavhjch balanced the
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weight of the hollow-core slab. The distance fromndxis of the platform joint of panels to the poirapplication of the
vertical load was about 2 m. The scheme of a fratjofehe experimental setup is shown in Figure 2.
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Fig. 2. Schematic of the test set: 1 — hollow-cdads; 2 — distribution traverse; 3 — wall panel;
4 — Arm; 5 — deflectometer; 6 — the dial gauge;éleetronic inclinometer

Experimental research showed the performance opttbposed design of the platform joint. The maxi-
mum value of the negative bending moment was 38m,kwhich exceeds the value of the bending momént o
formation of cracks which equals 22 kNm.

There was a feature noticed in the joint destraodtidhe local pressing of the anchoring zone @ftbrking rein-
forcement, which consists in the broken outlinghefcrack on the upper bound of the plates inainé rea (see Fig. 3,
a), as compared with the uniform pressing of thelavarea of the upper bearing wall fragment (Fig).3

Fig. 3. Appearance of samples after the testsnpjaved joint platform; b) joint platform with uifm pressing

The experimentally obtained dependence «suppodibgmoment — the angle of rotation» in the place
of the platform joint allows the calculation of law floor slabs of formless molding with platformints of the
proposed design based on the actual scheme ofd#skirmation. The experimental dependence «sueord-
ing moment — angle of rotation of the cross seetigrshown in Figure 4.

—e—Improved

Support bending moment, kKNm

Rotation angle, deg.
Fig. 4. Experimental dependence «support bendingend— angle of rotation of the cross section»

The improved joint design, in which the verticagégsing of slabs is not transmitted over the eatiea of
supporting the top of the wall, but «in points»t-tte locations of the top working reinforcemenigaly in-
creases the vertical compression zone of anchofitige top working reinforcement plates.

The experimentally obtained dependence «suppatirtgemoment — the angle of rotation» in the plddheoplatform
joint, allows the calculation of hollow-core flaglabs of formless molding based on the actual ssbétheir deformation.
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TECHNICAL SOLUTIONS OF VENTILATION SCHEMESIN INHABITED AND PUBLIC
BUILDINGSWITH EXTERNAL FENCES OF THE RAISED TIGHTNESS

VLADIMIR LIPKO, NINA KUNDRA
Polotsk State University, Belarus

In the work are presented possible variants of technological schemes for an effective utilization in sys-
tems of ventilation of high-rise buildings with external protecting designs of the raised tightness to which the
preference is given systems combined heat and air delivery, combined with ventilation.

Currently, any building or structure shall be ofeetén compliance with all applicable technicaltations, and con-
formity with the principles of energy conservatiBor energy efficiency use of modern technicalt&nis, technologies and
materials [1]. In modern construction, increasiragly building with outer fences high tightness.tRerdesign, construction
and operation of such facilities should providenfimasures to meet the required parameters of timaate of buildings. To
ensure the required parameters of internal aiinigead ventilation systems are used.

For the buildings of the inhabited and public appmient having external fencings of raised tightness
three basic technological schemes of ventilatienparssible [2, 3]:

- systems of exhaust ventilation with natural grdigtgal prompting and the organized inflow of extdrn
air for the account of infiltration through equigat apertures, cracks, channels or ventblockseof/étnious de-
sign, arranged in external protecting designs;

- systems of forced-air and exhaust, general and lecdilation with natural and mechanical prompting

- systems of ventilation combined with air heatindoildings.

In all considered variants wide use of regeneratieans of warmth deleted from ventilated premispessible. By the
first variant of ventilation the delivery of extalrair in ventilated premises is carried out throadificial apertures in external
protections under the influence of the naturaligdianal prompting resulting in difference of @ea® on either side of an ex-
ternal protection because of a difference of teatymes of external and internal air. The normalieegberature of internal air is
supported in the set limits by the system of hgatfribuildings with which help the cores heat thesugh external protections
and additional losses of the warmth are compengatejor loss of the building occurred throughreexal enclosures: walls,
windows, floors, above the basement or attic, Awdditional losses are linked to the heating oftkeke air through the venti-
lation openings in the outer fencings. Devicesifoiow may vary in design, such as holes, valiannels or ventblocks. All
air shaftsducs, and openings, whether for inlet or outlet gfrainst be constructed so as to be easily cleated@hauinlets
must in addition be fitted with regulating valves épening and closing them in varying degreeS[#. general technological
scheme of such ventilation of buildings with exa&protections of the raised tightness is repredéayt Figure 1.

Fig. 1. The building with a natural extract and ¢liganized inflow through apertures in externallsval
a) the scheme of movement of air streams; b) coctsbns of devices for air flow
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The second technological scheme of ventilationudélings with external protections of the raiseghthess as-
sumes the device of forced-air and exhaust gemadhllocal systems of ventilation with the naturad anechanical
prompting the circuit diagrams of which are presgin figure 2. The technological scheme of theddrair and exhaust
ventilation with the natural prompting, representedigure 2, a) assumes the air exchange orgamizat ventilated
premises of many-storied buildings removal of mdkmir through exhaust channels and giving othfresternal air
through inflow channels. Air intake for the flowtine lower part of the building through naturafediénce of pressures.
Of the total duct, located in the basement or dbhrtical premises, outside air enters the prerojzested by vertical
channels. As the air warms up it gets into theedepremises in the amount of not less than regulaAir elimination
also occurs on vertical channels emerging on thieorca warm attic.

The diagram shown in Figure 2, b) includes combisetilation system of the building. This schenwyvides the sys-
tem of channels, fans and other equipment fareaitmhent. Supply and removal of air in ventilateniises can be done in two
ways. If the housing is to maintain the naturaligiventilation, enough with the significant diffiece between the outside and
inside temperatures, the fan does not operatee kvarm season of the year the outside air terapeispproaching the inter-
nal temperature, pressure difference decreases: WWhexchange of air reaches the minimum valppjysand exhaust fans
are automatically enabled to increase the airfioilvet required values. Mechanical aeration modeespaspecially necessary
in the case of the alignment of internal and eatetintemperatures. In such cases, to create tab¥oconditions for the envi-
ronment there should be intensive airing of thetesy of mechanical ventilation well.

" . o ai N

o

_— e e e e e e
[ PR EEPE Y (P P EEPE e S S PR B

T7H Ll L]
4 — 4 —
DI TTT T AT T T e %

a) b)

Fig. 2. The scheme of a forced-air and exhaustlaéion of buildings:
a) with natural prompting; b) with mechanical prding of movement

In buildings with increased requirements to comfafriconditions in summer with intense exposure to
sunlight may be used an inflow fans for the admisif warm external air through chambers of annisitee
irrigation with delivery cooled air in the adialategime in ventilated rooms according to requinetsie

By the third variant ventilation of buildings wigxternal protections of the raised tightness cacabged out
under the technological scheme of combination thighair heating which circuit diagram is presemtedrigure 3.
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Fig. 3. The circuit diagram of air heating of thélings, combined with ventilation

29



MATERIALS OF VII JUNIOR RESEARCHERS’ CONFERENCE 2015
Architecture and Civil Engineering

Unlike the first variant in which having heated external inflow air it is made at the expense tfiermal
overload of system of water heating, in the thiediant ventilating supply air overheats to settleinealues and
moves in a heated premise, compensating it hesalu maintaining temperature of internal air immaized limits.
At such combined technological scheme of the coatbimeating and ventilations the scheme of automadiote-
nance of the set temperature mode of a buildingnétallation of gages of temperature in contronmises and the
automatic regulators of the expense establishemdobeaters of air. As a result, installationseztting supply centers
are greatly simplified. .It will allow changing atist instantly parameters of air with changing ofitler conditions
(intensive solar radiation, wind, overcast, etéthwonsiderable economy of thermal energy.

Along with economy of thermal energy the simpleesob of regulation will allow to exclude dependence
of internal parameters of a microclimate from weattonditions, to create stable conditions of tiheeaviron-
ment in ventilated premises and thus it raisestioéal importance of such technical decision [2, 3]

An extensive introduction in scales of town-plammniof technology of ventilation of buildings of inha
ited and public appointment under the schemes awedbivith heating assumes to all national economhef
country considerable economic benefit.

For this purpose it is enough to imagine that iw wenstruction building there will be no necessiyay
a too much of pipes of miscellaneous diameter, ®sipe multipurpose armatures, numerous heatingcdsyi
various on a design. In buildings will not be itista circulation pumps that move huge masses oémiaating
systems and consume significant energy in the tiparaf hot-water heating systems of buildings. &edg
costs through the implementation of short-termoiditiction of new technologies of heating and vetiitain
accordance with the proposed scheme, there is ialilereconomic benefits and their weights for thantry,
the national economy. If all these expenses shaoplgduce at the expense of realization of skertitintroduc-
tion of new technology of heating and ventilationdar the offered scheme of the combined operatindem
there are indisputable economic gains and thelesdar a national economy.
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THE ANCHORAGE OF UNTENSIONED REINFORCEMENT

VERA LYMOREVA, ALEKSAND KOLTUNOV
Polotsk State University, Belarus

The article concerns the main factors that influenice anchorage of untensioned reinforcement and it
also presents the analysis of the effect of webcamdinement reinforcement in welded reinforcememdsle by
resistance spot welding, on the anchorage of lomfital reinforcement EN 1992-1-1-2009.

Anchorage is the process of fixing reinforcementancrete, which is achieved by putting the reicder
ment behind design section to the length necedsamyutting a bar into work (straight embedmentaathor-
age) or by taking special building measures. Therraaof detensioning in reinforced-concrete strretude-
pends on many different parameters. For exampdesh& mechanism of straight anchorage they are:

1) the properties of concrete — mix proportions)sistency, shrinkage, a direction of concretingiccete
strength and so on [1, 2];

2) the properties of reinforcement — mechanicatattaristics, profile, diameter, depth of concrateer,
arrangement of H-bars and so on [3, 4, 5, 6];

3) stress strain behavior of enveloping concrétis. known that the increase of concrete compressio
tensity within 0,1 — 0,4.f leads to the gain of adhesional strength durimgphiling out. And conversely, the
existence of force leading to web reinforcementeases the effectiveness of anchorage greatly.

Structural anchorage (used to plain reinforcing)dardone by fixing hooks, offsets, anchoring opwire at the
ends of bars. When grip anchorage or anchoragetheithelp of hooks or loops of wire is not enoygbcil anchorage
devices are used, such as anchor washers , battenkkort bars and bars welded to base tablas and 7] (Fig. 1).
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Fig. 1. The examples of the anchorage of a longialdar by the means of special devices:
1 - bar;2 — anchor washeB — buttenhead4 — angle seat — welding

By using in reinforced-concrete structures weldeidforcement units (welded wire fabric, bar-manrei
forcement, space frame) that are made by the n&fanesistance spot welding, a bearing rod obtadlustimnal
factor that increases the properties of the angegodd longitudinal reinforcement — welded cross disdribu-
tion bars, some of which will be in the transfenemf prestress (Fig. 2).

CSS S S e
lan lan lan 7]
a) b) c)
Fig. 2. Theanchorage of welded longitudinal reinforcement lmar$ree end supports of flexural members:

a) — in beams with welded reinforcemelnf— in beams with space welded frarop;- in fabric-reinforced slabs
(1 - longitudinal reinforcemeng, — cross reinforcemer®,— distribution reinforcement)

In such elements one of the main factors that absitige nature of thenchorage of longitudinal rein-

forcement in a cross joint is the weld shrinkagdaifs - quantitative characteristic of bars pregsio in the
place heated during resistance welding to theiplashdition (Fig. 3).
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Fig. 3. Weld shrinkage of bars

In technical conditions the minimum quantity of tiweld pressing of bars in cross joints with staddar
and non standard strength is fixed on welded redefment units for reinforced-concrete structytable 1).

Table 1 — Relative value of the weld pressing agba

Type of | Class ofein- § Value of h/q’ for joints with diametre ratio dd, lvlcl)irr:)i\lj?ct;ir:gvr?l)uni toafnr:}lleglj'r,d
welding forcement 1 0,5 0,33 0,25 strength
S500 4-55| 0,35-0,4 0,28-0,4% 0,24-0/4 0,22-0,35 170,
K1Kr S240 6-40 | 0,33-0,6 0,28-0,52 0,24-0,46 0,22-0,42 170,
S400 6-40 0,4-0,6 0,35-0,7 0,3-0,6p 0,28-0,56 0,17
S500 6-32 0,4-0,6 0,35-0,446 0,3-0,46 0,28-0,42 0,20

But, the calculation procedure in [9] provides fbe possibility to increase the load-carrying aypibf
anchorage by taking into account available welded<bars, only for reinforcement with similar noalidi-
ameters — only cross bars with 30,6 should be taken into account (Fig. 4). Sahéstandard [8] there are
formulas for the calculation of anchoring capadifycross bars with the diameters 14 — 32 mml# mm with
the bar diameter 12 mm.
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Fig. 4. Equivalent length of anchorage for weldeass bar according to EN 1992-1-1-2009

From practical design experience it is known thathe manufacture of welded reinforcements and
welded fabrics (especially in cases when crosgamiament is placed for reasons of design) the matidiame-
ters of welded cross and longitudinal bars is uguaDb,25. So, in the standard the decrease of anchafec-
tive length for such welded reinforcement unitstisatken into consideration. That's why, it's nesasy to find
out the generalized coefficient of a welded crassibfluence on the anchorage of a longitudinal dmathat it
should include the maximum possible amount of factthe ratio of reinforcement diameters, sheasingngth
class, amount of shrinkage, the amount of crossdatdbution bars in the zone of anchorage andrso
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STUDY OF THE EFFECT OF PLASTICIZER ON THE PHYSICAL
AND MECHANICAL PROPERTIES OF CONCRETE MIXTURE
AND CONCRETE IN ACCORDANCE TO THE INTERNATIONAL TES T METHODS

MAHMOUD TLAYSS, SERGEI ROMANOVSKI, ALEXANDER BAKAT®ICH
Polotsk State University, Belarus

This article is devoted to the methods in preparatf concrete, corporation between the Americagh an
the European methods, climates in the Middle Easntries, the effect of weather on the concretat,h@ois-
ture and curing of concrete,

Concrete is the most widely used construction ri@térrough the world and has gained a unique place
in the construction industry, it is used more thay other man-made material in the world. As of@@éund
7.5 cubic kilometers of concrete are made each yeare than one cubic meter for every person othEa}.

Concrete is a hardened building material createddmybining a chemically inert mineral aggregatai{us
ally sand, gravel, or crushed stone), a bindewu(ahbr synthetic cement), chemical additives, aater.

During hot weather conditions, a number of on-&igtors can work against deriving optimal perform-
ance from concrete. When combined with low relativenidity and strong winds placing and finishinguies
special care. Recently this problem have been reffeet on the construction business in the GulfbABiates
such as Qatar and Saudi Arabia according with theveather, the water scarcity and the cost ofefitrg. The
coastal cities environment in Saudi Arabia andGlf states are classified globally as one of tighrisk on
the concrete structures because they contain giest percentage in the world of ultraviolet arfdaired rays
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with the lack of rain every year [2]. We supposat tihe appropriate methods for solving this probiemrepar-
ing of concrete is by adding some chemical admédudepending some precautions and curing concrete.

Firstly, we will review the following points:

1. The international methods in preparation of concree

* GOST - State Standard Gost

GOST standards are regional standards adminisbgréite Euro-Asian Council for Standardization, Me-
trology and Certification (EASC).

The collection of GOST standards includes over@Dtlles used extensively in conformity assessaetntities
in 12 countries. Serving as the regulatory basigdvernment and private-sector certification progg throughout the
Commonwealth of Independent States (CIS), the G&&Tdards cover energy, oil and gas, environmpragction,
construction, transportation, telecommunicatiorisjng, food processing, and other industries. Teving countries
have adopted GOST standards in addition to their, ovationally developed standards: Russia, Beldgigaine,
Moldova, Kazakhstan, Azerbaijan, Armenia, Kyrgyastazbekistan, Tajikistan, Georgia, and Turkmenigth

* BSI — British Standards Institution

BSI is the independent national body responsitig@feparing British Standards. It presents the Udew
on standards in Europe and at the international.l&®koyal Charter incorporates it [4].

* New European standards for concrete

European Standards are being introduced gradualtgglace the current British Standards used in the
construction industry. The standards are beingemghted across Europe to create harmonization batak
member states and remove trade barriers betweerbensnThis harmonization will create and promotparp
tunities to increase free trade throughout the pe@o Community.

From 1 December 2003, the British standard foreecBS 5328, was withdrawn and replaced by the ne
European standard for concrete, EN206-1. This Eunage standard is complemented by the Britishaeiaf the con-
crete standard, BS 8500. In the UK, EN 206-1 &lmtlalled BS EN 206-1 and together with BS 8500Q€llBS 8500-2,
will offer direction and guidance on the specifimat production and control for ready mixed corecfet.

* American Concrete Institute

The American Concrete Institute (ACI) Founded i®4%nd headquartered in Farmington Hills, Michi-
gan, USA, the American Concrete Institute is a ilegduthority and resource worldwide for the depehent
and distribution of consensus-based standardsnitedhresources, educational programs, and proxpargse
for individuals and organizations involved in cogter design, construction, and materials, who sharemmit-
ment to pursuing the best use of concrete Ifg$hould be noted that the Middle East countried the Gulf
States usually were used the European method. BRgbey use the American method.

2. The difference between the American and European ntigods

Table 1 represents the basic regulations on thefaeiaring methods, storage and testing of conseeteles.

Table 1 — The basic regulations on the manufaguriethods, storage and testing of concrete samples

Method American Concrete Institute European standardsdocrete
Form, size and num- : ;
’ : Cylinder, 300 x 50d mm and 2 cylin- Cubes, 100 x 100 x 100 mm
ber for ?é)g;presswe ders or more for testing and 3 cubes for testing
Room with temperature = 23+2° C|{/ Room with temperature = 20° C / chamber
Storage and Curing| Tank fill ofwater in temperature =| at normal temperature = 20 + 2° C with a
= 23+2°C relative humidity of not less than 95 %.
Compressive strength By using special compressive mat By using special compressive machine for
for samples chine for cylinders cubes

The differences are manifested in the form of mésh¢he minimum number of samples and storage con-
ditions. For example, in ACI — American Concretstitute usually uses cylinder with 150 mm diameted 300
mm of height, but EN - European standards for astecusually uses cubes, that are length, widthhenght
equals 100 mm. Also there is a difference betwe€hakd EN in storage and curing samples, for exangtor-
age in ACI shall be in a room with a temperaturpragimately 23 + 2° C. After 24 + 8 h we must reradhe
specimens from the molds and cure them by usingrvsbrage tanks from the time of molding until the-
ment of test. For EN, storage specimens shall be ioom with temperature 20° C and curing mustrbe i
chamber at normal temperature 20 £ 2° C with givedumidity of not less than 95 %.

3. The effect of hot weather on the concrete and theays of precautions

Generally, the climate in the Middle East is veof Bnd dry in the summer. In Lebanon (Beirut) fer e
ample hot with temperature average is approximat8®° C and humidity 55 %, but the climate in thelfG
States is not only very hot, but also very dry. Tdraperature average in Saudi Arabia (Makah) irsthmmer is
approximately +44° C, with humidity 25 % and +42°29 % in Qatar (Doha).
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Using and placing concrete during the hot summanthsopresent far different challenges than usepau-
ment during cold weather. The summer month effgctemperature, wind, and air humidity can all haveegative
impact on the performance of concrete. For purpokesncrete use and placement, «hot weather»eaefined as
any period of high temperature during which spgmiatautions need to be taken to ensure propetitngnolacing,
finishing and curing of concrete. Hot weather peofid are most frequently encountered in the surmboéritical
drying factors such as high winds and dry air cauoat any time, especially in arid or tropicaeltes [7].

Higher temperatures cause water to evaporate fieisutface of the concrete at a much faster rdteement hydra-
tion occurs more quickly, causing the concretdiffersearlier and improving the chances of plasticking occurring. Con-
crete cracking may result from rapid drops indinegerature of the concrete. This occurs when aaterstab or wall is placed
on a very hot day and which is immediately follovagch cool night. High temperature also acceleca®nt hydration and
contributes to the potential for cracking in massioncrete structures. Higher relative humiditdgeio reduce the effects of
high temperature. Other hot weather problems iadhaeased water demand, which raises the wagsment ratio and yield
lower potential strength, accelerated slump |@gsctn cause loss of entrained air, fast settirestrequiring more rapid finish-
ing or just lost productivity [7]. It should be adithat the international specifications and coefEsnmend procedures for plac-
ing concrete in a hot and cold climate, they dadetjuately address the influence of the totale@mwient. ACI 305R, «Guide
to hot weather Concreting» for example, definesaatther as any combination of high ambient tererehigh concrete
temperature, low relative humidity, wind velocitydasolar radiation that tends to impair the qualitreshly mixed or hard-
ened concrete by accelerating the rate of molstssend rate of cement hydration [8].

We supposed that the following list of precautisiigeduce or avoid the potential problems of Wetather concreting:

« Use materials and mix proportions that have algecord in hot-weather conditions.

« Cool the concrete, one, or more of its ingredi€aggregates and mixing water).

» Add ice if it is needed to lower the temperatofeoncrete.

» Use a concrete consistency that allows rapidgohent and consolidation.

» Reduce the time of transport, placing and fimighas much as possible.

» Schedule concrete placements to limit exposuegrntwspheric conditions, such as at night or duidg
vorable weather conditions.

« Consider methods to limit moisture loss duringgog and finishing, such as sunshades, windscreens
fogging, or spraying.

 Apply temporary moisture-retaining films aftereening.

« Organize a preconstruction conference to disthesprecautions required for the project.

« Consider modifying the concrete mixture to in@wsit retarders and water reducers, and the lowest

practical cement factor[9].

4. The need to use chemical admixtures

Water reducers, retarders, and superplasticizeradmixtures for concrete, which are added in otder
reduce the water content in a mixture or to slogvghtting rate of the concrete while retainingftbeing prop-
erties of a concrete mixture. Admixtures are usethodify the properties of concrete or mortar tckenthem
more suitable to work by hand or for other purpaaesh as saving mechanical energy.

ASTM C494 Type F and Type G, High Range Water Red(ElRWR) and retarding admixtures are
used to reduce the amount of water by 12 % to 3@hile maintaining a certain level of consistency avorka-
bility (typically from 75 mm to 200 mm) and to ire@ase workability for reduction in w/cm ratio. Thgewof su-
perplasticizers may produce high strength condidxe

For unusual cases in hot weather and where camgigiction is maintained, a retardingadmixture baalgeneficial in
delaying the setting time, despite the somewhegased rate of slump loss resulting from their Alsgdration control admix-
ture can be used to stop cement hydration anagséttydration is resumed, when desired, with thiitiad of a special accel-
erator (reactivate). Retarding admixtures shouifbom to the requirementsof ASTM C 494 (AASHTO MI9].

We should be noted that like these admixtures lysusgd in the Gulf States such as Qatar and aabia.

5. Curing of concrete in the hot areas

Curing has a strong influence on the propertiesanflened concrete; proper curing will increase Hilitsg
strength, water tightness, abrasion resistancemektability, and resistance to freezing andthgnaimd deicers.

Curing and protection are more critical in hot vieaitthan in temperate periods. Retaining formdane
cannot be considered a satisfactory substituteufing in hot weather; they should be loosenedas as prac-
tical without damage to the concrete. Water shahé&h be applied at the top exposed concrete ssifae
hardened concrete and on flat concrete surfacpariicular, curing water should not be more thaouali1°® C
(20° F) cooler than the concrete. This will minimieracking caused by thermal stresses due to tatoperdif-
ferentials between the concrete and curing watee. ieed for moist curing is greatest during th& few hours
after finishing. To prevent the drying of exposexharete surfaces, moist curing should commenceas as
the surfaces are finished and continue for at IBdgtours. The concrete should be protected frorimgiwith
curing paper, spraying fogging and sprinkling, hedliecting plastic sheets, pond of water or meméra
forming curing compounds [11].
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In the first stage of experimental work conductedles of the samples modified concrete by the oekth
described in GOST.The studies used Portland ce@®Eht | 42,5Nwith an activity of 47,5 MPat a rate of 350
kg per 1m3. The results are shown in Table 2.

Table 2 — The physico-mechanical characteristidch@foncrete mixture and concrete

Consumption Compressive strength
Number Type admixtures, Mobility, Density, Mpa, at the age
of of admixtures % of the wic cm kg/m3
sample weight of 7 days 28 days
cement
1 Without admix. - 0.55 4-5 2444 24.4 30.5
2 Superplasti- 0.6 0.55 20-21 2447 24.4 30.3
3 cizer C-3 ' 0.45 4-5 2474 34 43.5
4 Superplasti- 0.5 0.52 21-22 2449 24.3 30.2
5 cizer Type F ' 0.42 4-5 2475 44.5 47.7
6 Superplasti- 05 0.52 21-22 2446 26.7 33.4
7 cizer Type G ' 0.42 4-5 2483 42.8 46.3

Superplasticizer C-3 was added in an portion of0&f the weight of the cement, which increasechtbbility
of concrete mixture to 20 — 21 cm. When using flgsticizers of type F and G, similar performanes achieved on
mobility of concrete by adding additives with threaunt of 0,5 % of the weight of cement. The derditpontrol com-
position and experimental concrete specimens rdvaegen 2444 — 2449 kg/m3. It should be notedusiag less addi-
tives of type F and type G (compositions 4, 6)hdjgreduced water consumption, compared with tmaposition 2.
Using superplasticizers allows to increase the lityobf the concrete mixture 4 — 5 times comparethe control com-
position and at the same time get a full-strengtitiete at the age of 7 and 28 days.

Adding superplasticizers provides an opportunityanty to increase the mobility of the concretetams; but also in-
crease the strength of concrete while reducing watisumption. While maintaining the mobility o£% cm in the experimen-
tal compositions 3, 5 and 7, water — cement raiimedsed to 0,42 — 0,45. Reducing water flow aldeveondense concrete
structure, which is confirmed by an increase iratieage of density of 40 kg/m3, as well as sutimttgimcrease the strength of
concrete. At the initial stage of curing at 7 dagrength of concrete with the addition of C-3aased by 40 % compared to the
control composition 1. The greatest effect of regpthe flow of water is observed in compounds #ithadditions of type F
and G, where strength increased 76 — 83 % moretittae control composition 1 and 26 — 31 % thampmsition 3.

It should be noted that in the 28 days strengthevaf compositions 5, 7 exceeds the value of 7 daiys
with 2 — 3,5 MPa. In this case, the strength ofccete with the addition of the C-3 (compositions)ncreased
by 28 % and the figure will be closer to 5, 7.

Thus, reducing the flow of water allows to obtainaretes strength exceeding controlling composifien 28 days by 43
— 56 %. Effectiveness in strength occurs in tsedays after adding type F and G to the compusitidoncrete that contain the
additives gains about 90 % of the strength inrtérfdays according to the indicators at theé88 days.

According to the results in the first stage of $hedy, we can conclude that, for the manufactistedled and
tested specimens, and according to the procedu@38T, significant effect of superplasticizerewal to increase the
mobility of the concrete mixture by 4 — 5 times,ilefmaintaining the required concrete strength obitity of a given
concrete mixture by reducing the water flow, amigasing the concrete strength by 1,4 — 1,55 times.
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MORTARS WITH CARBON CONTAINING FILLER

VERONIKA NAUMOVA, JULIA VISHNIAKOVA
Polotsk State University, Belarus

This work presents the results of the investigatafithe basic properties of mortars and solutiafik the car-
bon containing filler. The optimum amount of tierffor cement and lime plaster has been defifiéa indicators of
viability of mortars, their frost resistance anettlegree of adhesion of solutions to the surfage haen identified.

In the laboratories of the department of constauncgiroduction complex studies of the fundamentappr
erties of mortar mixtures and solutions with thebca containing filler have been carried out. Féeclsfor a
large-tonnage filler is water treatment sludge,clihis a secondary product of the Polotsk and Nolaaglo cen-
tral electrical heat plants. 192 kg of cement-lipfester type M 75 and lime- sand mortar whereia dtlime to
sand was 1: 6, the latter used for interior de@ugatvere taken for control. The mobility of mogaras 8 cm.

The optimum amount of filler was determined, on ¢gheunds of indicators of strength of solutiongith
peel ability and water-holding capacity. The resolt the studies are shown in tables 1 and 2.

Table 1 — Key indicators of quality of cement pdaistg mortars and solutions

Ne Cement con-| Consumption Strength, MPa Water-retaining
compo-|  sumption filler WIS Laminating, % T
sition 1nf kg 1n?, kg 7 days 28 days ability , %
1 168,6 33,2 (40*/20") 1,45 4,1 5,8 10,6 95,2
2 167,5 49,4 (60/30) 1,28 4,6 6,6 9,4 95,5
3 166 65,5 (80/40) 1,12 55 7,8 8,2 96,5
4 165 81,2 (100/50) 1,19 5,0 7,2 8,0 97,2
5 163,8 96,7 (120/60) 1,24 4,7 6,7 9,1 97,8
* — percentage of filler input from the calculatedss of lime;
" — percentage of filler input from the calculate€ight of cement.

Table 2 — Key indicators of the quality of lime gti@ring mortars and solutions

No Consumption, kg Strength, MPa o Water-retaining
composition lime filler water | 7days | 28days Laminating, % ability, %
1 230 - 343 0,8 1,5 7,8 96,2
2 190 38 (20 %)* 328 0,6 15 7,8 96,5
3 169 58 (30 %) 314 0,8 1,6 7,9 96,3
4 147 78 (40 %) 305 1,3 1,8 8,1 96,6
5 124 99 (50 %) 301 0,9 15 8,0 96,4
6 99 118 (60 %) 301 0,7 12 8,3 96,0
* — percentage reduction of lime consumption byghei

The optimal addition of the filler with a maximurarticle size of 80 microns to plaster cement n®ita80 — 100 % of
the estimated mass of lime. The strength of theat@olutions, which are 7 days old, exceedsdhaement lime mortars
by16-20 %. Experimental data based on the restttis cesearch have revealed that for lime plagitdures the optimum lime
consumption reduction is 40 — 50 % if the amouth@filler constitutes 80 % of the mass of théal lime. Peel ability and
water retention are kept at the reference valwegereas the strength of the filled seven- daysaliation exceeds that of lime
mortar by 60 % and the strength of twenty-eighelalgfilled solution exceeds that of lime mortadby6.

Additionally, it was found out that shrinkage def@tion for cement - calcareous solutions was 185-1,
mm/m, and for those with the cement filler 0,7-fin/m. In lime mortars shrinkage deformation contoin-
position is 2,1 mm/m , while in lime mortars witketfiller it is 1,2-1,4 mm/m.

Reduced shrinkage strain at 40 — 60 % promotefothaation of a more homogeneous structure, reduces
the probability of occurrence of micro cracks amdstincreases the strength of plaster containiadiltbr.

Viability is an important indicator in the produmti of plastering mortars. In order to find out them of
the possible use of mortars with the filler chaimgaobility over time was estimated.

Within half an hour a decrease in the mobility efreent and cement-lime mortars was recorded. Aiter t
first hour of the test only the mobility value d¢fet filled cement mortar, where the amount of therficonsti-
tuted 100 % of the calculated weight of lime, remedi unaltered. The greatest fall in the mobilitylh§ cm was
observed in cement mortar. 3 hours after the efatfte test the mobility of the cement mixture feat 5 cm,
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and lime - cement — 5,5 cm. During the same tinreentbbility of the filled mortars decreased by 122-%. One
hour later the mobility of cement -lime mortar wa8 cm and that of the filled ones amounted to-5695 cm.

It was found that decrease in mobility of plastertars is much slower than that of cement or ceifiraatand
amounted to only 5¢cm after 6 — 8 hours after #ie sf the test. For plaster mixtures viabilityreeses by 1 — 2 hours.

Intense change in mobility in plaster mixtures i dhot only to low initial mobility, but also tolarge
amount of cement in plastering compositions.

In experimental plaster filler mixtures the incread the dosage of the filler up to 100 % by weight
lime slows down the processes leading to hydraifarement and prolongs the term of its hardenirgckvcan
be explained by the increase in the amount of dcgampurities containing in the filler — up to 10 %and also
by the presence of plaster — up to 9 %. At théaingtage of hydration there appears ettringit,clutin a finely
divided state slows hydration 3CaO @} and prolongs the time of cement hardening.

An important indicator of durability of solutions their frost resistance. When holding researcrethas
determined the frost resistance of plaster mogald50 and M75 brands. The tests for frost resistashowed
that changes in the strength of masonry solutidng%0 and M75 brands and their mass losses werelnot
served after 50 and 75 cycles, respectively.

In plastering compositions M50 brand strength réidacwas observed after 55 cycles of freezing and
thawing. During the examination of samples of ma$brmulations after 60 cycles there was deteatatight
peeling on the surface of the control and expertalesompositions. After 60 cycles the cement-linoduson
dropped in strength by 11 and the cement mortdr filier by 8 %.

It was recorded that the cement-lime mortar stredgtreased by 25 % after 70 cycles. The strefghtie dilled
mortar decreased by 17 %, and only after 80 cyfle alternate freezing and thawing it decrebgezb %.

In the samples of the plaster cement-lime mortalypé M 75 superficial peeling appeared after 75 cy
cles, with a slight decrease in strength by 8 %@ plaster filled mortar had no damage to théasaerand
only after 80 cycles slight peeling was noticed.

Strength test at 85 cycles of alternate freezintjthawing displayed the deterioration of the chimnas-
tics of the cement-lime mortar by 13 %, and thdstn® cement mortar with the filler by 7 %. Afted 8ycles of
testing the strength of the cement-lime solutioordased by 26 %. It must be noted that the magmitidhe
fall in the strength of the experimental sampléa#f as much and is equaled to 12 %. The strenfjtheoex-
perimental sample reached the maximum permissbig bnly after 100 cycles and amounted to 23 %.

The decrease in frost resistance of mortars M5W0aflwithin 5 — 10 cycles as compared to that efrtiasonry
structures is determined by the difference in traposition as well as the granulometry of therfillghich is quartz
sand. It causes the increase in the absorptiomighvl he dependence in question is confirmed dydta of water ab-
sorption by the mortars, which is 7,6 — 8,1 % &g 115 % higher than that of masonry compositions.

For plaster M50 and M75 indicators of frost resisadiffer by one brand. So cement- lime mortar M50
has a frost resistance brand F50, and a cemenamwith filler — brand F75. Lime-plaster cement guosition
M75 corresponds to frost resistance mark F75, anteat mortar with filler — mark F100.

Thermal performance of plastering mortars was oiéted on the mixtures of brand M 75. Cement-limetans
served as control mortars. The control lime mohatsa ratio of components 1:6. The results anershotables 3 and 4.
The indicators of density and a coefficient of thalrconductivity are for solutions in a dry state.

Table 3 — Heating technical parameters of cememtarso

Consumption, k Coefficients.
Ne Appointment : : Density, thermal con- Thermal re- | Factor vapor
CO-TPO' solution lime filler kg/ ductivity sgt&n/t\:/s, per/meark]) "'},y'
sition (W/m-°C) m*- mg/( m-h -Pa)
1 plaster 90 - 1820 0,51 0,048 0,1
2 - 72 (80 %) 1920 0,45 0,064 0,095
* — percentage filler input from the calculatedssaf lime

In experimental compositions with the filler dengicreases relatively to the control compositipi®®— 110 kg/ffiThe
increase in the density of the solutions is dileetdormation of a maximum dense structure ofdinaert filler, which lowers the
initial emptiness of the system. Itis also expldiny a lower aquasolid interaction of the movtétrsthe filler.

Table 4 — Heating technical indicators of lime raost

Ne Consumption, kg Coefficients Thermal Factor of
com Appointment Density, of thermal ; vapor perme-
po- ; : . b resistance, -
sition solution lime filler ka/ conductivity m2-K /W ability, mg/(
(W/m-°C) m-h -Pa)
1 laster 230 - 1690 0,39 0,081 0,12
2 P 147 78 (40 %)* 1780 0,35 0,095 0,11
* — percentage reduction of lime consumption byghii

37



MATERIALS OF VII JUNIOR RESEARCHERS’ CONFERENCE 2015
Architecture and Civil Engineering

The coefficient of water vapor permeability of gislime mortars is 14 — 16 % higher than thatef ¢
ment compositions. For cement mortars the coefftadd water vapor permeability virtually remainschanged
and is within 0,095 — 0,1 mg/(m-h-Pa) and for Im@tars it is 0,11 — 0,12 mg/(m-h-Pa)).

The formation of denser structure solutions wigfilling results in lower open porosity as comgéaecontrol compo-
sitions. Therefore, despite the higher densitipéemental compositions with a filler the indiaatof factor conductivity are
11 — 15 % lower than those of the control comjpusitiVWherein the thermal resistance is increases b5 %.

Thus, the heat engineering characteristics of céraed lime mortars containing the filler providee th
necessary parameters for dressing both the exsanbthe interior of buildings.

While determining the degree of adhesion of motargaining the filler it was found that by usifgimn as a
base for ceramic bricks and concrete blocks, h#zaeiure occurred within the solution, i.e. it bareohesive character.
Despite the high surface roughness of gas sillatks destruction generally has an adhesive natitte the partial
destruction of the samples observed on the routgcsustructure of silicate units. Adhesion strierigtthe surface of test
solutions is 33 — 42 % higher than that of thercbfitrmulations and amounts to 0,3 — 0,59 MPa.

The results of the studies of adhesion of therfitlentaining plastering mortar showed that in tbatrol
samples the degradation, regardless of the matdriak base, occurred on the boundary betweemtr&ar and
the base whereas the contact surface of the soltgimained virtually intact. The samples of limertacs with
the filler were destroyed within the structure bé tsolutions The adhesion strength of the test ogitipns
reached 0,23 — 0,29 MPa which is 21 — 38 % higfem that of the solution with lime.

Research efforts reveal that the optimum filler pdestering cement mortars is that with the maximum
size of particles amounting to 80 microns and thet Bhare of it is 60 — 100% of the estimated ro&bme The
durability strength of solutions with the filler thin 7 days exceeds that of cement-lime mixtureddy 17 %.

Optimum lime consumption reduction for plasteriimgd mixtures is 40 — 50 % with the introduction of
the filler to an amount of 80 % of the replaced snaflime. Water-retaining and peel ability rematrthe level
of the control data, whereas the strength of tifedfimortars exceeds the strength of the lime caition by 60
% within 7 days and by 15 % within 28 days

The presence of the filler in cement plaster foatiohs can increase the viability of the mortarslify—
2 times which makes it possible to reduce the suppthe amount of the mortar to the constructigassthus
decreasing labour intense and transport expensgse@ plasters with the filler have a lower watesaption
and lower strength drop in water-saturated statgy 25 % compared to the cement-lime mortar whimf
tributes to frost resistance increase by 15 % asdres compliance with STB 1307 requirements.

Adhesion plaster cement and lime mortars filled entian 30 — 35 % of the performance of control for-
mulations, which presumably would reduce the pdgyilof peeling plaster layer from the bottom imetopera-
tion of buildings in the event of exposure.

UDC 711.04
DESIGN FOR SPECIAL POPULATIONS

DARYA NAZARKINA, ALIAKSANDRA BARAUKOVA
Polotsk State University, Belarus

There is a small number of people that deviate ftoenhealthy norm in society due to stages in human
development, injuntraumas, congenital disease or genetic abnormalitighe design for special groups is cre-
ated for these groups of people.

For many yearghe needs of people with disabilities have beerstzonly ignoredCreation of necessary
conditions for such people just was not considérgzbrtant or essential.

But now, the design of interiors and buildings thee disabled has become of a different charactesidd
for people with special needs has become a stamdangdonent in the construction.

Nowadays people with disabilities can get into atmany office buildings, dwelling houses, shopping
centres or cafes. Such opportunity has appearedghrthe creation of a special barrier-free envirent.

Barrier-free environment or universal design allaallspeople, including older people and people with
disabilities to move in the public space withouy@me’s help. It is an opportunity for people witisabilities to
engage in social, professional and cultural sphares sport life of the country, obtain decent etincaand
qualified job and have a rich and full life [3].

Basic principles of the universal design are etyya#spect towards each other’s peculiaritiesfanctionality.

A barrier-free environment is a space that alloree fand safe movement, function and access fareall,
gardless of age, sex or condition. A space of sesvihat can be accessed by all, without obstaslgs dignity
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and with as much independence as possible. Theoamvént means buildings, roads, parks, gardenstret
places, services, modes of transportation, prodafatigily use, etc. There is a popular belief gaahmp and an
elevator lift are all that is needed to make atlaghce barrier-free [4].

It must be clearly understood that barrier—freesgae beyond just a ramp and has many other nagessa
aspects. These range from passage widths of doficoting surfaces, from counter heights to doandies and
railings, from signage and auditory signals toikagjuides.

On the face of it, it is only persons with diséibi for whom barriers become major obstacles. Mexyit is necessary
to realize that every person, at some stage ofdies barriers. A small child, an elderly orinfperson, a pregnant lady, the
temporarily disabled, all are vulnerable to basri€herefore, the list of people affected by harigeas follows:

- Wheelchair users

- People with limited walking/ movement abilities

- People with visual impairment or low vision

- People with hearing impairment

- Elderly and infirm persons

- Pregnant ladies

- Children

- People with temporary disabilities [1].

A barrier-free environment is a basic right of #llis not a matter of choice or option. Ensuringess is
a basic social necessity benefiting everybody. &llotwing a person equal opportunities and partidgpais an
infringement on his or her rights as a citizenhi$ country.

In January 1992, the American Disabilities Act &0 (the ADA) became law. This landmark civil
rights legislation represents one of the most figant steps in eliminating widespread discrimiaatcaused by
the imposition of barriers restricting persons vdisabilities.

People with distinctive but similar design needsstitute special population. This group includespes
with limited motion, hearing, or vision, as well e elderly who may have some form of impairmentre or
more of these areas. For such people, it is negetssareate a special interior [2].

The minimum clear passage width for a single whaglis 900 mm continuously. An accessible routellshbe 1200
mm wide to allow both a wheelchair and a walkingqe except where extra space is required at tnevalgs (Fig. 1).

The minimum passage width for two wheelchairs tespside by side is 1500 mm. In the case of con-
tinuous stretch of corridor, the preferable widtii800 mm.

1500

900 + ’
i~ -

Fig. 1. Wheelchair Passage Width
Ground and floor surfaces along accessible routéreaccessible spaces, including floors, rampsssind curb
ramps, should be level, stable, firm and slip-tasisThe surface should not be excessively tek@ame undulating.
Any part of an accessible route with a slope grethten 1:20 shall be considered a ramp (Fig. 2) [5]

Fig. 2. Ramps
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Handrail texture:

- Railings must meet all necessary dimension requrgs(Fig. 3).

- Handrail should be slip-resistant.

- Railings should be painted a contrasting colouhe surroundings for the visually impaired.

- For emergency stairs or ramps a tactile striigadt 900 mm long should be applied to the toplaotd
tom ends of the handrail to alert the visually iinga [5].

N
v
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wall
surface
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Fig. 3. Handralil

Any type of door, hinged, folded or sliding shdudve a minimum clear opening of 900 mm when fydigro(Fig. 4).
Revolving doors and turnstiles should be suppleatenith auxiliary side hung door not less than é0@
clear. In the case of double-leaf doors, at leastdmor should have a minimum opening clearan88@mm.
Thresholds, if unavoidable, should not exceed 12mdshould have a bevelled sloped edge at 1:12gtad
Door hardware should be selected such as not toresfine finger control, grasping. Handle shoutdds
a lever type rather than circular knob. Door hamdwsuch as handles, latches, etc should be mobeteden
900 mm and 1200 mm from the finished floor leved amust enable the user to operate it by a singid fiB, 6].

Fig. 4. Doors

The washroom should have a minimum internal dintemsf 1750 mm x 1500 mm. Controls must be

mounted between 900 mm and 1200 mm from the fidislo®r level.

Bathing space should have minimum dimensions 0066 x 750 mm for usage by all types of the dis-

abled, it should provide a 900mm horizontal grabdrad a 750mm vertical grab support at 900 mm fthen
finished floor level.

A shower head for the cubicle should be of the Haeld type with allocation for fixed use. The hose

must be not less than 1500 mm long. Enclosures fiedee shower area and bathtubs should not evienfvith
the controls and must allow easy transfer spac¢htvperson on the wheelchair. Soap dishes mustdessed

and placed on the same wall as the shower headeight between 900 mm and 1200 mm from the fiishe

floor level.
A toilet cubicle designed for a wheelchair useutshbe of internal dimensions not less than 1500500 mm [1].
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A minimum clear space of 1500 mm dia. must be pledibetween the counter and the opposite wall to
facilitate wheelchair turning.

Shelves should be such that they are not more§8Grmm deep and not more than 1200 mm high from
finished floor level. There should be a minimum gdé@00 mm between the edge of the work-top andaiver
edge of the upper shelves.

Thus, the barrier-free environment is designedntsuee that buildings and facilities accessible éopde
with disabilities such as the inability to walk ffdiulty while walking, resting on crutches, blinglss, speech
defects, hearing or vision.

Providing the building with all the necessary regmients for persons with disabilities will provigie opportunity
for everyone to participate in all spheres of gpc@ocial, sporting, economic, educational, esitament, etc.).
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UDC 662.613.1
PERSPECTIVES OF USING ASH FROMTHE COMBUSTION OF PEAT IN CIVIL ENGINEERING

MARYNA PODOLYAK, LIUDMILA PARFENOVA
Polotsk State University, Belarus

The article provides an overview of the compositiad properties of ash waste from the burning aftpe
at power stations in Belarus. It also summarizeggsstions for the areas of peat ash use in the ymiah of
building materials. It is shown that peat ash canused in the manufacture of ceramic products, pets of
autoclaved hardening and also for water-repellentdry mixes.

According to the State program on the creationrefrgy sources based on local fuels the flow of ash
waste is to increase up to 300 000 tons annuathpuating to nearly 10 % of the total quantity ofmiipal and
industrial waste [1]. The most widely spread Idcall is peat, the share of which in the total gitgrf fuel will
have amounted to 4,3 % by 2020 [2]. The largestrves of low ash and medium ash peat are concedtiiat
Vitebsk region — 46 % of all stocks of the Repulfit: Due to its physical and chemical compositpat ash,
as a raw material, can be used in different pradnstand, above all, in civil engineering.

The dependence of the chemical composition of astag ash, as the products of the burning of peat,
the substances which they include is displayedainld 1 [3].

Table 1 — Averaged chemical composition of theasthslag ash

SiO, | AlLO3 | FeO; | CaO | MgO | KO | NaO | TiO, | P,Os SO TITI
4165 | 6-10 | 817 | 12-28 | 0,5-0,81,1-1,7 0,5-0,7|0,3-0,50,4-2,00 0,06-1,4 | 0,01-6,0

It was found out [4] that peat ashes consist maihlgmorphized by firing clay material and quantaigs,
hardly altered by firing. The crystalline phaseepresented mainly by quartz; besides, there @ucaloxide, dical-
cium silicate, hematite, feldspar, minerals ofriredklit group and presumably pyaticalcium trihaloati

A phasal chemical analysis of peat ashes, by meatise technique developed by S.M. Royakom, E.I.
Nagerovoy and G.G. Kornienko [5], showed that treganpart of calcium oxide in the ash is preserth&nform
of silicates and calcium aluminates, these compsuand easily hydrated.

The correlation of the components of ash deterniisestivity and astringent properties. The maiteigon for
determining the binding propertie s of ash is tes@nce of free calcium and magnesium oxides. Hjar characteris-
tics of the chemical composition of ashes are thdute of the basis MO, which is the correlatiorweetin mass fractions
of the major oxides and the total content of adidides, and the silicate module MC, which displagsratio of reactive
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dioxide of silica to the total content of aluminamd iron oxides. For basic slags and ashes M@c¥ Weak acidic — MO
=0,9 - 1,0, for acidic — M0 = 0,6 — 0,9, and toorsgy acidic — MO < 0,6. However, according toweks P.lI. Bozhenov
it is more appropriate to apply [6] the Core Towehich has the following formula:

_ (Ca0 +0,93Mg0 + P,0) — (0,55A1,0; + 0,35Fe,0; + 0,750 + 1,27C05)
ocH 0,935i0, ' 1)

The concepts of free open CaQ, free closed Sag),.; free and total lime CaQ,, .have been intro-
duced in this work where.

CaQyMCB = SaQTKpCB + Saanpcs- (2)

It has been found out [8] that the basic ash ctmessentially of reactive calcium oxide CaO, siti@x-
ide SiGQ and aluminum oxide AJO,;. Mass fraction of calcium oxide CaO is not lesantii0%. The basic ash
contains hydraulically active ingredients and dependently astringent.

Acidic ashes consist mainly of Si@active silicon with a mass content of not lésst25 % aluminum and
AL ,Os, wherein the calcium oxide content does not ex&8e¥kh and the mass fraction of free calcium okld€,, is not
more than 1 %. [8] Acidic ash has properties atslpozzolans and can be applicable as an actherahsupplement.

Such products of firing clays as: amorphous cldystance of metakaolinit type — amorphous ;Si@d
A1,0s, and aluminosilicate glass reveal pozzolanic #@gtim the composition of the ash and slag. Re#gtivw
calcium hydroxide is different with them and depewoa the temperature changes of kaolinite claysgduel
combustion. Having a large specific surface aretaka®linit ALO; x 2Si0O, reacts with Ca (OH) at ordinary
temperatures to form calcium gidrosilikates andageélenit [3].

Activity of amorphous Si@and ALO; formed at higher temperatures is much less, wieRplained by a sharp
decrease in the specific surface area due toismtand crystallization of new formations — mulkited cristoballite. High
temperature sintering and melting of clay minerediuce sharply their surface area and their actigitordingly. Conse-
quently, the glass phase of the ash and wastditibecdictivity at ordinary temperatures. Increaséhe combustion tem-
perature over the allowable limit leads to a drogadtivity of most types of fuel ash [3].

The results of the calculations of activity criesf ash waste solid fuel done in this work [3]given in table 2.

Table 2 — Quiality criteria of ash waste solid fusisome power enterprises of Belarus

Enterprise Type of fuel Mo Mc K
A mixture of wood chips (60 %)
and peat (40 %). 0,39 2,98 0,51
Brest Republican unitary enterorise _[Peat fuels. PRUTP "Gatcha-Osovsk] 0,36 | 2,83 0,47
elegtricit «Breste)rller O»p ~" Peat fuels. TPU "Berezovsky" 0,27 | 6,27 0,38
y g A mixture of 60 % wood chips
0,32 | 4,82 0,45
and peat 40 %.

Slag 0,55 2,17 0,70

RUE Minsk Electricity «Minsk-energy» Shredded peat briquette 0,59 1,08 0,75
| Zhodinskaya CHP Milled peat 056 | 253 | 0,73
Berezino District management indus- Milled peat 0,52 3,23 0,76
trial gas enterprise «Berezinoraygal Peat briquettes 0,78 1,46 1,08
JSC «TBZ Usyazh» Peat briquettes 0,52 2,22 0,7

JSC «Starobinsky TBZ» Peat briquettes 0,47 2,78 0,64

Branch «Nesvizh»

The authors of this work [3] draw a conclusion tthett investigated ash waste of Belarusian ent@pis
mostly of hidden active type, requiring intensifioa of hardening. It is supposed that they carused in the
manufacture of industrial products hardening byt brestment alongside with activation.

As a result of previous studies [9] binding prdpserexhibited by slag from burning peat at aut@tavardening
have been identified. It has been discoveredttisaparticularly important to have 25 % or morealtium oxide in ashes,
which determines their hydraulic activity duringterethermal processing. It has also been foundhgitatvith a lower con-
tents of calcium oxide exhibit binding propertiesyavhen lime and gypsum dehydrate are added to it.

A series of bricks with peat ash from the city’s EWas manufactured at theVilnius sand lime brick fa
tory. It was noted [4] that the sand-lime brick lwjieat ash (ash: lime 1: 1) was sufficiently sjroand after
autoclaving it satisfied the requirements of GOS8iTtlhe products of brand 150.
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In the same factory gas silicate partition platéh peat ash binder were manufactured. The moldindure
consisted of 90 % peat ash, 10 % lime (about 90rk9) and 5 % gypsum dihydrate. Gas silicate strengjin the
density of 950 kg / fhamounted to 4,5 — 5,0 MPa. The binder of the ssomgosition was used to produce ash sand
wall blocks. At a consumption of 550 kg of the lEnger 1 mof concrete its strength was 22 — 25 MPa [4].

With the peat ash from the Kirov TPP autoclavefmied slabs were made. 3 % of gypsum was added
to the ash. The strength of concrete with 450 Kgider per 1 rhof the product reached 25 MPa. Ash and sand
walls of «Krestianin» type were also manufacturacdageat ash basis at Petrashunayskaya TPP. Adtenatu-
ration under normal conditions, they showed thergfth of 20 MPa and were able to stand 15 cycléseefing
and thawing. [4] Organic compounds emitted fromtpas material may be used for hydrophobizatiordigf
mortars, preventing caking, clumping, and consetiyetihe loss of activity during storage and traorsation.

[3] Our work prooves that the concrete and cemehitisns prepared on the basis of hydrophobizedurés
have reduced water permeability, water absorptiah frost resistance and so on.

Bitumens are considered to be initially composetiyafrophobic peat raw materials. It was proposed to
carry out the activation of the hydrophobic orgamiceral mixture in order [10] to give the dispersaterial a
maximum water proofing effect. It was found that thydrophobic effect of the modified cements insesawith
the rise in the degree of decomposition of the psatmaterials used to prepare the additives. Timeparison
of a group chemical composition of peat organictemaused for production of additives, showed that ce-
ments (dry mix), which were filled with the modifewith predominant contents of bitumen as welhasiic
and fulvic acids, have the highest hydrophobiciilye system acquires high water repellency propevtith the
optimum ratio of the initial components in a drynao.

According to their strength characteristics coner@td cement mortars based on hydrophobized peat
binding additives are not inferior to the samplésunomodified materials, with the concentration bkt
mineral binder [10] up to 3 — 5 % of the weight1]1t is pointed out in this work that the ash ofid fuels
can be used in the manufacture of ceramic prodycts/iding a reduction in density of a ceramic dcoc
and improving the thermal protective performancebofk. It was discovered that, depending on the
chemical and technological properties of the clag the desired characteristics of the finished povdhe
amount of peat ash injected into the charge cag fram 5 to 20 %. Adding ash clay to charge, beside
reducing the coefficient of sensitivity to dryingan improve the rheological properties of the dbgyin-
creasing plastic strength, thereby reducing thebmamof defects, arisen during the process of ekirnysn
macrostructure of the ceramic skull, thus enhanaieghanical strength and frost resistance of i3tk

Thus, the results of the research and experimggestithat the ash waste from the burning of pdatlarusian
enterprises are hidden active. It is possible ¢opasit ash as part of binders in the manufactyseodficts of autoclaved
hardening. First of all peat ashes with a shacalofum oxide of 25 % or more are to be used.

Organic compounds released from peat raw matedaishe used for water-repellency of dry mixes.

The addition of 5 to 20 % of ceramic ash peat ® ¢bmposition of clay in the manufacture of batch
products can provide a reduction in the densitgasAmic crock and improve a thermal protective grarince
of brick.
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ubC 79.11

CALCULATION OF EXTREME BROADENING OF LOADED FOUNDAT IONS ON NATURAL BASIS

MIKALAI POPEL
Polotsk State University, Belarus

Bases loaded immediately after the construction,pased with those in which the area of the suppgrparts in-
creases as load grows, have different stress-staia of the redistribution of the ground confaetssure at the base of the
foundation.

The calculation is performed for an increasing arefaundation supporting parts in the processasfstruction. It is
necessary to take into account different typesedbminability of the foundation soil under the cahtand lateral areas at
different stages of loading. The calculation isfpened in two stages.

At the first stage we study the stress state ofsiistem under loadr, at the second - n.d.s. broadens the plate to
size L under IoadFi taking into account the different deformabilitytb& soil under the central and side areas.

A stress field is formed when the initial load gpéed to an array of ground. After the applicatmfinan additional
load there appears an increase in the ground eoliggactive earth pressure under accrued (sidey @réal, ; L, ) Func-
tion additional load isPE(x; y) = f(a F)And under the center — functioning of the initialdaadditional load at the same

time P(x y) = L(R)+ f(aF)- For the final decision we summarize the interratresults.

Let us consider «strip» conventionally isolatedhfrthe foundation tape transverse as a strip ofwicdith. As indi-
cated above, the calculation is performed in tvages. The first step in the study of the mechawifarmation n.d.s. where
deformation characteristics of a base (using thekigF hypothesis — the coefficient bed) are assutodx constant over the

entire length| . To determine these characteristics we use a grbpload-precipitate». At the first stage of laaglithe load
is considered tobe zero, then the numerical vafube coefficient of bedK, isdetermined in the first section of the chart,

and the ratio of pressure on the groupdo the value of rainfall Stamf$ experienced caused by this force action:

K, =2
S

At the second stage, the calculation of band widitllled load is donaF = F, — F . Characteristics of subgrade at
this stage of calculation should be made at diffetength L . For the central portion having already upSgCoefficient
bed K, characterized by cutting 1-2. Value2 equal:

K,=—2P
S-3
Under the side of the plate contact pressure bligtdn is uneven: the busiest sectior}si§2 . Thus, we have two side
portions that have come into operation at the siame after the application of the additional ladd having, in principle,
different stress state. Coefficients of bel, ( K, ) are characterized by a secant slope portiond-inarking the change in
pressure in the first case from O,g(plAnd in the second - from O tap, . Coefficients K, andK; may be equal or different

because of the peculiarities of formation of thetesbf stress. In the case of separation of tteefsaihdation from a subgrade
bed one of the coefficients is zero.

The state of equilibrium or movable of deformalylgtems is known, besides differential equatiooaritbe described by using
variation principles. Thus, the equilibrium positiof a conservative system is a position in whighforce function of all the forces of
the system has a minimum value. To determine tmgnum,the so-called direct variation methods,udrlg the Ritz method are
applied. Most problems in the theory of elastiaityl structural mechanics can not be solved exdttyusage of the variation princi-
ples allows obtaining an approximate solution drnlleasame time with all desired accuracy.

This method is used to determine the effectivedsr@s well as linear and angular displacementsdiered under
load, applied with a certain force, the support tnenitying on the Vinklerovom basis. An elastic listedy of the foundation

strip (b =1m) is described by a coordinate function adoptetthénform of a polynomial of the 6th degree:
V(X =a,+ a,15F ¥ -5Fx + X),

where Initial bandwidth (after broadening 13,, , a,; — Unknown coefficients.
At the ends of the strip imposed power conditions:
EIV'(0)=0, EIV"(L) =0,
EIV" (0)=0, EIV"(L)=0.
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The left edge of the strip is accepted as origiBaked on the upper band, the potential energyeobémd broaden-
ing is the sum of the potential energy of benditagepand the potential energy of the elastic fotinda

| |
Iy =1/2fE L V" (F dx+ 1/ K\ =
0 0
| 2
=1/2[E|l,[ 8,,(30* - 60+ 3&* ) dx+
0
| 2
+1/2[ K[ ay, + 8, (18X - 8°x"+ x°)] dx=
0
=1/2[E 1,a5,186° + @}] + 7.72,2,]"+ 28.78%|° K |=
=93E 1,a5° + K, (0.53] +3.86,,a,|" + 14.385]*° ).
Power function of the external force has only téaking into account the initial work load:
Vs = FV(l/2+e)= F{a, + a,(3.43f - 12.3T e+ 84€- 7.86- 128+ @+ &} The total en-
ergy of the system to build:
Dy =1M,-U =93 1,a5|°+K, (0.82] + 3.86,a,]"+ 14.38°|° Y FV I( /2e .

Using the basic equation of the Ritz method:
09s _0(lTg-Uy) -0

08, 0g
Weobtain:
G)C)
aalsl =K,a,l+3.86Ka,l"-F;=0
033 — 9 7 13 _
. =186EF l,a,]" + 3.8K a,/ "+ 22.0B a,]
Qy

~F,(3.43°- 12.3Fe + 8Me’~ 715e%~ 1.2%%+ 8%+ ¢° 3

We denote by A the expression at fadtgiin the formula . After transformations we obtaie Bystem of equations:

a,K|+3.8Ka,]"-F,=0
3.86K,a,,|7 +a,, (186E,1/°+ 22.08|® YFA= O

Determine the parameteg, , a,,, &,,, a,, ,We obtain expressions for the forces acting intiteadened under load
and upload foundation strip.

V() =V(Y+V(Y= g+ g[15(V2) x-5(I/2f X+ X]+
+a, + 8, 15(L/ 2 X' = 5(L/2f X'+ X ;

0() =V' (¥ = &,[30(1/ 2f x- 20( /2§ X + 6¢]+
+a,,[30(L /2 x- 20(L /25 X+ 6¢] ;

M (x) = ~E 1,a,,[ 30(1/ 2 - 60( /2§x*+ 3&*]~
~E,1,a,,[ 30(L/2) - 60( /2§ x*+ 30¢] ;
P(X) =~ |,,[ -120(1/ 2)x+ 360¢ |~ E L a,[ - 120( /2)x+ 36&].

The endurance capacity of foundation depends orfaators: the strength of the structure itself #mal stress state
and the strength of the base. The diagram of trgssure on the broad foundation is differentnfthat of the ordinary and
it can be concluded that the stress field in thiebsse will also be formed in different ways, lieit equilibrium zone soils
at different stages of loading and under varioasices of scalable foundation slab will have aetiéint character.

As it is known, the zone of plastic deformationtlie ground increases under the slab while it iatkat below the
broadening of the plate edges. The broadening agdudheniya of these zones reduce, until the cammlever. But then
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increasing load zones begin to develop under tgesdf the broadened plate. These areas are erpeaantti deepening. It is
noticed firstly that the zones differ in configuoat; secondly, that in the case of the constructiba consistent depth of
zones of limit equilibrium is smaller; Thirdly, dete the greater depth of the development of threegainder the most criti-
cal section the foundation slab they are reduceinparison with the areas emerging in the casesoigle loading.

To investigate the stress-strain state (n.d.sgo@fmass under Accreted stove should use oneeofribist popular
numerical methods - the boundary element method (BENRIs method allows tosolve a variety of boundeaiue problems
of mechanics of deformable bodies, using variougl@mental solutions of boundary integral equatiémgyeneral terms,
they can be taken down in the following way:

GEAOUE*+[FEIUITCI=[§ EXp(RdX).

In this work we preserat study of a stress-strain state of round andnguitar plates supported by ribs, which appear gina
operation of plastic deformation.The techniqueatédnining the stress-strain state is enhanceacbsasing the cross sectional area of
the beams. We also formulate recommendations odetign to broadens the foundations on naturaingrdoaded centrally and
eccentrically with applied load. The obtained dathe conclusions and the methodology developad ehgineering level can be used
to solve specific problems and remove defectssimi#velopment of standards of construction elements
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UDC 72.01=111
COLOUR IN ARCHITECTURE

JULIA ROZHANSKAYA, IRYNA WATKINS
Polotsk State University, Belarus

The article is about different ways of using colguarchitecture. It is devoted to the way a colmftu-
ences another one and human perception as wellsét explains how we can change the whole viewdfia
tectural objects using colour.

Colour in architecture is one of the means of apressiveness. Composition tasks in the rangelofico
of constructions and architectural complexes aheeglousing the colour of buildings or finishing reaals, the
colouring of surfaces in building process, or engifing of separate constructive elements industri@olour
promotes the manifestation of volumes, the pladesils.

With the help of colour, we can distinguish a sefgabuilding among other buildings of an architedtcomplex.
For example, intensive colour of the building af tfiloscow Council of deputies of workers distingessit from other
buildings forming the street and the square adjgitie building. Thus, the building gets the preidaiing role in the
composition of the street and area in spite ofatbigthat its size is less than the size of hthejring buildings.
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In mass construction according to standard prajée¢srole of the colour is rising. With the helpool-
our, we can completely diversify the same housespamts of buildings; we can give elegance andetitin to
the buildings with a simple form. For this purpas@ew regions of cities large wall panels of vasa@olour are
grouped in buildings using different schemes oélative positioning; the emphasis on colour of bales, log-
gias, staircases, entrances and etc. is also wéghgllyed.

The colour of buildings has an impact on the lefehverage illumination of streets: the fewer thenn
ber of floors is and the bigger the width of stseist the greater the effect on emotional and &igue character-
istics of buildings is. The streets formed withygfacades of buildings at an insufficient levelilbimination
look gloomy, dim, and those formed with yellow amtlite facades look "solar" even on cloudy days.dptc
emotional, symbolical value, the colour also hascfional importance. Colour gives us the informatabout
constructions, and also about the main functionthaf object. Besides, we can distinguish functigrienpor-
tant elements such as doors and windows and defdlie building with the help of colour.

Symbolic and psychological meaning of colour scate architectural instructions

Many monuments of different eras prove that th@wokcale has a symbolic meaning and a huge psy-
chological impact on a person. In particular, trebfon temple of Nebuchadnezzar had the colouesoah-
bolizing seven planets, which were known during tieriod to mankind. Gradual transition from blaokor-
ange, red, yellow, green, blue, and white created domposition of traditional symbolics, and showike
grandness of the construction as well.

In Ancient Egypt temples, the palette of exquisite wall paintings consistédellow, green, blue, purple,
white and black colours. They all symbolized sefgacancepts: the golden-yellow colour — the Sumrétd colour —
the person, the green colour — the eternity ofreatbe purple colour — the earth, the blue colojstice. In exteriors
of Ancient Greece temples, which became famousdbrornaments and decor, terracotta shades wetk and in
interiors cult statues painted and inlaid with galdry, and expensive wood were given an impontalet Thanks to
the refinement of colours these decorative elenmaate an impression of solemnity and luxury.

Colour in XX century’s constructions

The achievements in science and technology, arelvaway of stylistical thinking in the XX century-in
creased associative and psychological meaningloticin architecture. Artists of the European coiest, first
of all, of France, Holland, Russia and Germany,satered colour as the main tool for the organizatb the
artificial environment thus having form-buildingépsychological qualities. However, it did not Idke main
properties — the symbolical ones. The red colaurgekample, became a symbol of revolution.

In 1920 a well-known Swiss architect Le Corbusigmried out polychrome experiments which had an ur-
ban character. In the settlement of Pessak buitti@project near Bordeaux facades of all houses weloured.
It means that the polychrome played a role of diveatown-planning element here.

Colour compositions of modern buildings

Today experts of different countries are studyimginfluence of colour on the architectural envinent and im-
ages of the building. It is difficult to solve thisoblem in housing, where precise geometricahrhybf typical houses
combines with the environment. That is why nowadagge often you can find bright facades of multistiouses and
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complexes in new regions of Moscow, Kiev, Kishired other cities. Such facades differ in a saturatif super-
graphics drawing on a light background of the $kere is a very wide palette of colours used inenodrchitecture.

They say that it is not a problem that new housgtesbright colours began to appear in cities. Bistvery important
to have a unified colour concept in cities, whigs is make an urban environment harmonious, drd tuon into a crazy
quilt, which is formed on a whim of private custosdt is very difficult to keep the city from chimocolour schemes with-
out a uniform concept, and it is desirable to w@ditbne colours for city architecture to avoid &d rectilinear shades for
facades of residential sites of the city. Theyuse locally, for allocation of separate partheffacades. It gives people a
more positive mental spirit. The half-tone bettatahes the natural landscape of the earth anklythe s

Scientists claim that the accompanying conditiofisence the perception of colour. First, colouthi environment
is considered in the aspect of four scales: acian area, a street or a square, a certain luaiags. Secondly, specific as-
pects of perception should also be noted, for eleasigte, front, top, and bottom views. Thirdly, éxistence of natural and
artificial illumination, also the falling shadowofn surrounding objects cause various versionsladicaision. The accom-
panying conditions must be taken in account ofgdesiecause they can change the impression dfiéiserc colour in the
environment making it different from what it shotddbe. There are two most widespread spaces fmban architecture;
they are streets and squares. The colour scaisficezmce their look. Light tones can emphasizerttegrity of the flatness
of a street. When the colour of the sidewalk regiaahe design of facades, or it is included tinéohorizontal partitioning of
the buildings along the street as means of theadid colour strips, the effect of lengtheningésited. One more method of
composite manipulations by means of the coloundsexpressiveness of the vertical position of fagalll is carried out
through vertical partitioning of buildings by cat colours.

Now we can notice the problem of very contrast cmatiions of the colour palette characteristic & hi
torical buildings together with the newest elemesfta city environment. We can expect that the afseew
materials and technologies will change colour cptgenew qualities of the environment will be cesaand the
characteristic image of the city will be developed.

Colours make various physiological impact on thes@e They cause good or bad feelings, raise arcesd
person's activity. The colouring of industrial, adistrative and educational objects has signifidgafitence on the
increase or decrease in productivity; in medicstititions effective room colouring may have a ffieia impact on
patients' health. The influence of colour on a hummady can be indirect, thanks to the propertyotdwr increasing
or reducing the sizes of rooms visually; therelakes an impression of their isolation or freedom.

The strongest irritant is the orange colour; théofeing ones are yellow, red, green, purple. Cahdl a
neutral colours (blue, green-blue and differentdsisaof violet) have the lowest irritating influendeitating
colours are suitable for colouring only of smaltfages indoors, quiet — for surfaces of a biggatesc

Warm colours work actively and cause a feelinghl#erfulness, and under certain conditions, they eve
cause excitement. A cold colour works in a calmiray disposing to rest and thoughtfulness and syre@reen
colour removes a nervous tension.

Physiological action of this or that colour alspeleds on its brightness and on a place of usagen Wght col-
ouring of the top parts of a room favorably infloes the person; the same colouring of walls mdie¥s tloser to the
viewer and causes the feeling of warmth; floorschvizire painted in these colours visually increasenrheight, give it
lightness. Warm dark colouring of a ceiling givies toom spatial clearness and solemnity; the dofpof walls empha-
sizes their protecting function; floors of darkaak make impression of durability and reliabil@old bright colouring
of ceilings gives the feeling of light and easep@m with such colouring of walls seems spaciond, the floors look
more smooth and cause a desire to speed up the Gwidedark colouring of ceilings makes a gloomyiession: the
same colouring of walls causes a feeling of cblelfioors of dark and cold colours lower the roaight visually. White
colour is the colour of absolute purity and ortfecolour designing of interiors, it plays the leggrole. It gives different
shades to the rest of the colours, changing thtiration, giving different lightness.

The perception of colour changes over time, noy phlysically, but also psychologically. Like classifour
types of the temperament of person, colour haséifispmeaning. Bright, saturated colours posdess snpulses capa-
ble of mobilizing and influencing for a short timeow-saturated colours, on the contrary, over tiimeé new nuances
possessing more long-term influence on the humad.dVarm colours (red, orange, orange-yellow) oally make a
stimulating impact in an interior, but they mustda¢anced by opposite or neutral colours, for eXxangpay-green. Vio-
let colour gives balance to any interior. Softkdanes can also muffle some gushing forth tempenaof the sanguine
person. And the choleric person, for example, ptyfgets on with red colour, even in its mostmsige forms. The red
functions dynamically, actively, temperamentallyightly. The bluish-red mutes a very sociable terapent, at the
same time without bringing the choleric personassivity. The counterbalancing additional colowresen.

In our dynamic, chaotic time contrast scheme afralination of colours in an interior appears torimest popu-
lar. But any experiment, even the most couragealosiigstic one, shouldn't ignore fundamental lafa combination of
colours. Psychologists noted that the best ofalidns' eyes perceive a combination of blue colowviite background,
and worst of all - red on yellow. All colours stgiy differ on extent of drawing attention. Bluedgbwill absolutely
attract your look, dark blue — 90 %, turquoise -9@5ntensive lemon colour — 60 %, black — 47 %k-d#let — 42 %,
yellow — 22 %, blue — 17,5 %, light-blue — 14,5v@wn — 9,5 %, ruby — 7,5 percent of views.
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So, in conclusion we must admit that colour is @anseof art expression, it promotes the manifestadfo
volumes, the planes, details. With the help of anleve can emphasize the main purpose of the Ingildi an
architectural complex. Besides, colour has infleean human psychological state. That is why we Ishpay
more attention to colour in architecture.
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DYNAMICS OF MULTI-SPAN BEAMS
ON NONLINEAR ELASTIC TIES UNDER ARBITRARY LOAD

SERAFIM SHAROKH, VALENTIN KISELEV
Polotsk State University, Belarus

In this paper we propose a method that simplifiescreation of mathematical models of the dynamwics
beam systems with an infinite number of degredseafdom, a large number of boundary conditionstaed
composition of active forces. The method is bagsethe iterative solution of the equations of theaiyics of
the free beam under the action of many forces, winicluded support reactions.

Consider the solution of the problem of vibratidran elastic beam on an elastic mass on an elzesiie
ing, as shown in Figure 1.

i I

Fig. 1

In order to explain the advantages of the proposetthod of solution, compare it with the traditional
method of solution of the problem decompositiothieir own forms.

In accordance with this method, the displacemext ty(of any point of the beam at any point in tiree
represented as a sum of products of functionseofdtm W,(x) on a temporary function, @):

Y%, 9= >W (G, @)

wherek — number of waveforms.

Time function depends on the type of exposure (Isgustep, or a harmonic or more). For this example
assume that the exposure step, i.e. at time tttlteacenter beam by the force applied F(t) = Huiclv contin-
ues to operate for an indefinitely long periodinfe.

The shape function depends only on the coordinatasd in a general way for beams of constant cross
section is determined by the function Krylov.

Sakx), T(akx), U(akx), V(akX):

Wk (X) = C1 - Sakx) + C2 - Tlakx) + C3 - Uakx) + C4 - (akX),

C —constants determined by the boundary conditions;

S(akx) = 0.5(ch (akX) + cos(akx)),

T (akx) = 0.5 (sh(akx) + sin (@kx)),

U (akx) = 0.5 (ch (akx) - cos(akx)),

V (akx) = 0.5 (sh(akx) - sin (@kx)) — Krylov function
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In this example, the left end of the beé&mh x = 0) and no reaction in the sealing of time, thereftine,
second and third derivatives of the shape fundii@nequal to zero, this in turn means that theteotsC3 and
C4 are also zero. From the shape function of thetiive terms are:

WK(X) = C1 - S(akx) + C2 - T(ak¥). )

When moving from the left to the right end of theain after passing through the intermediate suppfotm ad-
ditional term functiorwV (x) = DV ¢k (xI)), where | — coordinate support, so when 1 x shapaibn has the form:

WK(X) = C1 - S(akx) + C2 - T(akx) + DV (ak (x-1)). 3)
Dn — constant determined by the magnitude of the idmagl R from the elastic sealinB:= R /a3EJ To
determine the constant D we obtain the expression:

WO __ ¢
D=~ oogy g g3 GSENFC.TEN) @

The right end of the beam (as well as the lefifes so the second and third derivatives=at are equal to zero.
As a result of reforms and expressibgjthroughC2 obtain the frequency equation:

(@) =T(@L)+ S(a ) Sa( L= )=
U (L) + S(a ) T(a( L= 1)) ——— c T (5)
aEJ [U (aL) +T(al)S(a(L- 1) ngJ

V(L) +T(aDT(a(L-1)

a’EJd

As mentioned earlier, in this example, the casthefstep of loading the design. With zero initiahdi-
tions for each form of motion is described by thellwnown relation to fluctuations in the systenttwbne de-
gree of freedom with damping. Only instead of mat#fpess, damping coefficient and natural fregryeshould
be replaced by their equivalent values:

G, (1) :i{l—e'“‘t (cos(rkt)ki sin(jktﬁ. (6)
C, o

k

Expression (6) is the time function, as discuseatié beginning. As a result of transformation ssituiing the
expression (6) in (1) we obtain the equation taialihe coordinates of any point of the elastitesysat any time.

Now consider the method proposed in this papeolweshe same problem. Represent beam lying on an
elastic support (and generally any number of esilsupports), as a free beam. In this case, weotloeed to
be bulky frequency equation and the shape funckoeguency equation and the function of the fremfof the
beam are easy to deduce or take from the directory:

f(0)=V(aL)T(aL)+U (aL)?,
ViakL)
Wk(x): U{akL) 'S(akx)+T(akX).

Taking into account the dynamics of the beam equoatbtation is as follows:

Mkék+2hkm<c1<+Q<G!<: R(Y (1)
wherePk(t) — the sum of the forces acting on an equivalergte

RO = (-F( ~oy(L W) =~(F(9- S W) GO,

whereF(t) — dependence of the driving force from time toeim

y (I, t) — the movement of the point of attachment to thetie sealing of the beam.

Knowing the initial conditions for the function tifme, we find its new value at timtg, ; = t;, .. To do
this, we consider the solution of the differenggluation of motion (7).

Equation (7) is a non-homogeneous differential eqoeof the second order. Its decision is made fup o
the general solution of the homogeneous equatidragrarticular solution of the inhomogeneous equati

G(t) = Go(t) + Geh(t).

Particular solution of the inhomogeneous equatiescdbes the natural oscillations and containsawo
bitrary constants, which are determined by théaihitonditions:

Gq(t) = €™(C,cospt) + Cysin(ot)).
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A particular solution of the inhomogeneous equatiescribes the forced motion of the system after a
complete decay of natural oscillations and congight-hand side can be written as [3]:

G, (1) =—{ e " (cosptH— sm(jtﬂ
Thus, the general solution of the inhomogeneousatamuhas the form'
G(t) =e™(GeosE t)+ G sing )i — { e" (cost t} ¢ t)} )

After transformations we obtain the final expreasiath which the |n|t|aI conditions and the valugsall
the forces acting can calculate the new valug ahd its first derivative.

Due to the linearity of the equation (7) to imprdive accuracy, stability and speed of the algorithits solution
instead of the usual numerical methods, such dsoaebf Euler or Runge-Kutta, conveniently at datdygration step
used an analytical approach. Consider a one-gegration. We neglect, changes in polRkt) for this step. In this case,
the formula (8) is exposed stepwise in a solutiomever, dividing the time interval into sufficisnsmall steps,any im-
pact can be represented as the sum of a large nofrdlightly different from each other steps.

To illustrate the usefulness of this approach &dalculation of the dynamics of systems undeirifie-
ence of forces that vary not stepped law, condigerdynamics of a system with one degree of freednder
the force varies harmonically. The solution of deqra(7) for the harmonic effects is as follows:

(0° -w?)
i {G(O) m(c — ) A }cosbt)"
Gt)y=¢e™ . 2
+[G(0)+hG(O)_i _ho* -?) Z}Sin(m) ©)
o rm(o‘ —(o)+4h(1)
FO

m[ (0 - &?)? +4h'w? | [(0° -w)costat )+ Two singot

Figure 2 shows graphs of oscillations built witepst = 0,2s. In Figure 3, the same process is built step
0,01s As initial conditions, the following values wetaken:G (0) =5 m,G (0) =50 m/s.

NGy
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Fig. Z

Fig. 3

According to Figure 2 and 6 show that the time stef.01s results are the same.

To summarize, we can conclude that for a large rmumabsupports solution for the problem of the &ibr
tion of elastic systems with an infinite numberdefgrees of freedom can be made, representing tra free.
This approach is in contrast to the classical am alows without making cumbersome expressiondetier-
mine the frequency equation and the shape functimmget a reasonably accurate solution, thus tsiden the
nonlinear elastic ties, to calculate the dynamicthe system under the influence of arbitrary pgwietermined
at each iteration depending on the behavior oéthstic system.
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THE CHURCH OF THE INTERCESSION OF THE BLESSED VIRGI N MARY

SERAFIM SHAROKH, RAISA PLATONOVA
Polotsk State University, Belarus

Polotsk as one of the oldest towns of Belaya Rauknown for its numerous monuments of Orthodox ar-
chitecture. Sophia Cathedral of the Xl century dektin reconstructed form), complex of the Saviour-
Euphrossinia Convent with buildings of differenné periods. But there were buildings on the Poltaski of
temples, information about which you will not fiimd any books on architecture, not in publicatiomsicheol-
ogy. These were religious buildings of later, nbthee medieval period. During the Soviet periodcduese of
their large number, they were not give the stafiarchitectural monuments and were totally to tkiemt possi-
ble destroyed. The result of this policy was corgbtiestruction of the architectural heritage ofiggl one.

In Polotsk victims of the post-revolutionary perizgre not only people, but also churches: Catheafral
St. Nicholas, St. John the Theologian convent ird®agava, the church of the Archangel Michael ipdlate,
the Church of St. George in Ekimani and Churcheflntercession.

Polotsk Church of the Intercession of the Blessedilv Mary was built in 1781, or to be more exaet,
built from an old Polotsk Church of the Epiphanynastery. To some extent this was a continuatidhefradi-
tion... in the ancient city of necropolis, were irstlplace since the time of the Polotsk Principalityaces of
this necropolis were discovered by archaeologigtid the construction of fiberglass.

In 1804, by order of Emperor Alexander 1st, whatePolotsk in July 1802, the Church of the Inésrc
sion Cathedral, that is the city's main churchyailty started to performs the role of the cathedhairch.

After the restoration of Polotsk diocese and thauifehurch of St. Pereosvyascheniya, Jesuit Chofrct.
Stephen's Cathedral Church of St. Nicholas of Mgra833 the Church of the intercession was coedértto a parish.
57 years later after moving to a new location ther€h building fell into complete decay, and wassetl. Instead, in
1838, a new Church was built in a former Francisoanastery. The Church received the name of Nokoaiskaya
Church and was located in the Nizhnepokrovskageatdtt]. However, next year the brick building leé former Church
got covered with cracks due to settling of the @iion, and the Church was closed. In 1867, wdtedro the exten-
sion of the bell tower and the alteration of theden Church of the intercession, which was clogdu38 years. Per-
haps around this time (in late 60 — early 70t} renovated and reopened.

1900 illuminates the site of a wooden building thatised the Church. The fire destroyed the temulel@0
yards. However, icons and jewelry were been saratithe congregation moved them to St. SophialseQedl.

In 1903, the decree of Polotsk Orthodox Consistdirgut the construction of the new Church [2].

In the 30-ies, like many other churches, the Chuvek closed, the priests were subjected to rejpressi
and persecution. After the liberation of the towonf the Germans, the building was desolated fomthiée, and
then it was the candy factory (Fig.1). In 1960 féngtory was burnt in a fire.

¥

Fig. 1. The Church of the Intercession at the torhBolotsk occupation by Nazi invaders.
Winter 1941 — 1943
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The issue was only raised in 1991. The restordimmever was delayed for many reasons: the building
was desolated for a while. Then it was made intordectionary.

Active restoration work began in 2003 with the blag of Metropolitan Philaret, who was then in powe
The author of the new project was the architect Bgamnov Mikhail lllarionovich.

In July 7 the first dome of the temple was instille

In October 14, 2004 during the celebration of theedcession of the blessed virgin Mary the Restored
sanctuary was sanctified and put into operation [3]

Fig. 2. The Church of the Intercession of the Blelsgirgin Mary. Modern look

The Church of the Intercession of the Blessed Yildiary has a tragic history: it suffered from aglar
number of fires and rebuilding’s. But in spite akeything in the 21st century, Pokrovsky templefgens its
educational mission, helping many people find Peaskjoy.
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RIGID REINFORCEMENT EFFICIENCY IN STRENGTHENING OF STRIP FOUNDATIONS

YURY TRUBACH, ALEXANDER KREMNEV, ALEXANDER KREMNEV
Polotsk State University, Belarus

The article focuses on the main advantages of nigidforcement in the strengthening of strip founda
tions. The analysis of constructive solutions ping the collaboration of existing foundation eletseand
those of the reinforcement is done. The main resiltesearch work on the bearing capacity of fatiwh pil-
ing of reinforcement foundation by rigid reinforcemt are presented.

When designing the strengthening it's necessays®to the maximum the existing foundation, provid-
ing its collaborative work with the reinforcemenglements [1, p. 131].

Collaborative work of reinforcement’s elements tipsfoundations with existing construction is pro-
vided by several methods:

1) by the installation of concrete keys, projectiomgavities of the existing foundation or bearingst
tures of a building;

2) by the installation of anchors embedded in the bafdyxisting foundations;
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3) by the installation of through armature;

4) by the welding of armature of elements of spreati ekposed armature of reinforcing foundation;

5) by means of special support elements: braces, diniganetal or reinforced concrete beams.

When using rigid reinforcement, metal-rolling ptefivill create rigid connection between existingifie
dation and construction of reinforcement that githes possibility to reinforcement’s elements to pub the
operation immediately, without initial deformatiotisat can negatively affect existing foundationeTise of
rigid profile when reconstruction works and strémagting of foundation has significant advantagesompari-
son with the above mentioned methods of ensurira@plidiboration:

1. Rigid profile let elimination of attenuation obnstruction that on the contrary needs to be oeded.
Using this method of strengthening it's possibleatmid attenuation of foundation in those placeenehthe
implementation of element of reinforcement underghle of existing foundation is planned. It's gi&ssible to
refuse making keys and cavities, using this metiifoetinforcement collaboration of new and old ceterwill
be provided thanks to rigid rod and surface offeeiring construction with made notch that will legth reduce
the cost of reinforcement, and avoid excessivaa#ton of existing foundation as well.

2. The use of rigid profile, in comparison with anchorade of steel reinforcing rod let avoid even small
displacements and deformations of reinforcemengment with respect to existing structure, thattchea fully
performed by anchor made of steel reinforcing nmthedded in the body of reinforcing foundation.

3. When using rigid profile, the hole in the foutioia body is arranged with help of diamond crowat tthoes
not provoke vibration load to the foundation bodg @oes not result in accidental deformations,taadole is com-
pletely filled by concrete mixture and it's not theea of attenuation, after completion of reinfareat works. When
doing through-hole bores for reinforcement barstaiied with the use of perforator, there is vioral load spread
the whole body of the foundation that can leadridesired attenuation. Besides performed apertumeotde com-
pletely filled during concreting, that's why it's@ace of low coherence after completion of reicdéonent works.

4. The proposed method using rigid reinforcememase cost-effective than using installation offatif
ent constructions with braces and metal distrilguberams along the entire length of the reinforémgdation.
Saving is done due to the fact that there is nal rieeuse installation of metal-rolling distributirdements.
Rigid rods are installed in increments when the m@ssion zones disjoint and therefore destructadnsom-
pressed concrete are eliminated that allows exausi distribution beams.

5. Method of strengthening of strip foundationsngsrigid reinforcement is more mechanized and less
dangerous, as there is no need to attenuate theldtian to install reinforcement construction unter sole of
foundation, there is also no need to install keyd eavities in existing foundation that allows hotattenuate
reinforcing structure and avoid injury while perfing of work. The proposed method does not allogvdbl-
lapse of construction and it can be performed wittiall development of a ground up to the baseoohflation
that eliminates pile heave and violation of hydmlggical conditions under existing foundation.

6. This method makes it possible to transplanp $oundation tgack piles, bored piles or inclined piles
situated on one or both sides of the strip foundatiVhen strengthening using transplantation @b $tunda-
tion on piles it's possible to eliminate almost gietely development of deformations and foundasettle-
ment, because bearing capacity of shaft bearimgipibf 200 — 400 kH, bearing pile — 800 — 1000 kH.

To ensure a durable adhesion between new and okiate the surface of existing foundation should be
purified from soil, old waterproofing layer, cherais, as well as from incoherent solution, concritey should
wash and dry, perform notch of contact surface[228].

In order to study strength and deformation propertf interface node with rigid armoring a numbgr o
experimental tests using almost natural samples weried out.

For the initial test sample was taken foundatioclbkeries FSB 9-6-3. With the help of diamond a;awthe mid-
dle of the block in transverse direction there deage hole to insert there rigid rod. Diameter oflenaole is of 160 mm.

For reinforcement there were chosen two rigid radgannelNe 6,5 for samplée 1 and flanged beam (welded
of two channelsVe 6,5) for sampléNe 2, and, for comparison, when reinforcement ofstimapleNe 3 it was used rein-
forcement cage of four rods with a diameter of 16 amd reinforcement class S240. All rods of careassdentical
and equal; distance between lower and upper paitsls was of 96 mm and distance between rightieihdods of
35 mm. For transverse reinforcement of carcase thiere taken 3 clamps of armature of class S240dimeter of
6 mm. The cross section of carcass has been cbogbat the geometric characteristics of carcasgide with the
geometrical characteristics of the cross sectidwofchannels welded by walls.

Load transfer from foundation block (existing foatidn) when reinforcement using rigid armoringesfprmed
using rigid rod and concrete additional part ofnfitation (banquets). Size of banquet for the testadapted of 300 x
% 300 x 600. Moreover, foundation block, as of ceteelements of reinforcement (banquets), isdelap to 100 mm.

There were taken 3 blocks for the test that willtte compare efficiency of use of rigid reinforcerhe
with appliance of different sections of reinforcialgments.

For concrete pouring there was used concrete s6c:80 / 37, which was further proved by results of
test of selected control samples of concrete. Sqplmchitor was used to condense and compress coneiigte
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Demolding of reinforcement elements was perfornféet 8 days; tests were performed after 28 days afte-
cution of concrete works. Preventive maintenanceaoofcrete was executed by saving humid environroént
surface of construction that was in contact witkropir.

For testing there were installed 12 strain gautfeéd & 10) in places of the greatest by size digaents
of one point in regard to another.

For the first sample there was taken foundatiorlbleBS 9-6-3 reinforced by use of rigid rod — chalnn
Ne 6, 5. Ready sample was placed under press arasiingtalled on a layer of cement-sand mortar.nitignt
of sample was performed on support site of pregantetrical center of foundation block was determhjrte
provide central loading and exclusion of irregdampression of sample. Load was applied in stefstoffis.

Breaking load, for sampl¥el, attained 68 tons. The first micro-cracks appeatdoad of 20 tons at base
of foundation block near sensh¢3. With further loading the same cracks began fmeap near sensdw9. Fi-
nally destruction of concrete element of reinforeabtook place that delicately deteriorated dupuiaching by
rigid rod - channel. Appearance of test saniolk after test is shown in figure 1.

Fig. 1. General view of samphel after test

For the second sample there was taken foundatich BBS 9-6-3 reinforced by using rigid rod - fladgobeam
(welded of channelie 6,5). Ready sample was placed under press witfistilation on layer of cement-sand mortar.
There was executed alignment of sample on supiifpress. Geometric center of foundation biels determined
to provide central loading and exclusion of irrega@ompression of sample. Load was applied in sigpsons.

Breaking load, for sampl&2, amounted to 103 tones. The first micro-crackeared at load of 40 tons at the
base of foundation block near send&® andNel12. Cracks in the length of the test were not fagmitly increased. Fi-
nally destruction of concrete of foundation bloo&k place due to cutting force of rigid rod thatndestrates effective-
ness of such reinforcement. With significant crgadwth and destruction of foundation block thereeasso cracks on
one of the elements of reinforcement. AppearansaropleNe2 after test is shown in figure 2.

Fig. 2. General view of samphe2 after test
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For the third sample there was taken foundatiortkbleBS 9-6-3 reinforced using prefabricated rein-
forcement cage. Ready sample was placed underpitsits installation on layer of cement-sand raoriThere
was performed alignment of sample on support difgr@ss. Geometric center of fundamental block deter-
mined, to provide central loading and exclusiolri@gular compression of sample. Load was appliestéps of
5 tons.

Breaking load, for sampl&e3, amounted to 82 tones. The first micro-crackseapgd at load of 40 tons
on the top of foundation block. Cracks during aiie of test were in progress and increased. Fimhtruction
of concrete of foundation block took place due witting force of reinforcing element. Although nawf de-
struction of sampleNe2 andNe3 matches, but rigid rod as a result could supjpad of 20 tons more than rein-
forcement cage, which also witnesses of effectigeraé rigid reinforcement.

Appearance of samph3 after test is shown in figure 3.

Fig. 3. General view of samphe3 after test

After undertaken test of foundation elements raitédd with use of channel, flanged beam and frame of
rod armature we can conclude that use of rigidilerig more effective than carcasses, it can ba &een dia-
grams of deformation of experimental samples, whighdisplayed in figures 4 and 5.
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Fig. 4. Diagrams of deformation (vertically) of éxpnental samples when central compression
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Fig. 5. Diagrams of deformation (horizontally asbaf concrete footing)
of experimental samples when central compression

From the graphs, it can be seen that displacerbertisin horizontal and vertical positions with e of
I-beam are significantly less than in other vasawitthe reinforcement. Consequently, the usegid rrod in the
reinforcement significantly increases the rigidiiyjjunction of the reinforcement element and thisteng foun-
dation. It can also be noted that the use of rigidl not only reduces deformability, but also inse=abearing
capacity of the whole construction what is alségaificant factor when choosing a method of reioctment.
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UDC 624.04:620.17(043.3)

PLANT FOR INTEGRATED STUDY OF SIMPLE BENDING,
RESTRAINED TORSION, TORSION BENDING

ILYA TSELUIKO, VALENTIN KISELEV
Polotsk State University, Belarus

The article deals with an experimental plant desifjfor the integrated study of simple bendingraestd tor-
sion and bending torsion of different elements@mtstructions. The authors introduce a schematigrdim of the plant
with a description of its constituent elementayal as some testing points of the constructions.

The plant is designed for the integrated studynable bending, restrained torsion and bendingdorsf different
elements (Point. 7) and constructions, made oétalesnents: prismatic bars (Fig. 2a), closed sestion (Fig. 385),
open profile (Fig. 3, r, n), pre-stressed strut frames (Figh)2bents, trusses, roof and floor slabs. The nadgenf the
studied elements and constructions are reinformedete, steel, duraluminium, plastic.

The plant consists of two rigid rectangular frartfesint. 1; channel No. 40), rest upon four basein{P2).
The bases are fixed to the bed with six anchos!&itmm in diameter each. The angles are fixedeapper part
with bolts (Point. 5) and expand spatial rigiditiytiee installation and serve as fastening elemehthe vertically
placed constructions. I-beams (Point 4) are placethe lower cross-channels No. 40 (Point. 3)etlaee hydraulic
jacks on the beams (Point. 8) which generate thizakbottom-up load up to 500 kN on each jack.
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The load, measured with dynamometer (Point 9yaissported to the construction (Point. 7; simpledse
ing, pure bending) by means of post supports (P@Bjt The load is transported from the jacks special con-
struction by torsion bending and then to the sdidilement. The construction, transporting torsimed| may
vary due to different profiles of the cross-sectidhe construction consists of two beckets (Pdiff.12) and
welded cantilevers (Point. 14), when reinforcedocete tubes are tested (Fig. 5). To increase drictietween
them and the tube the beckets are tightened with Hagh-strength bolts with the help of elasticelis (Point.
14). A torque spanner is used for tﬂiﬂghtening.

Fig. 5

Strain tension may vary from 10 kN to 100-150 kiNdépends on geometric parameters of the tubes.
Shifting the load point P along the cantilever (Roil3), the bending stress rate less than 5 pas cdf re-
strained torsion stress can be observed, thustordipnal deformation can be taken into accouth@future. A
set of removal cross bars makes the plant unigbe.bars are fixed to the frames (Point. 1), theistlicon-
structions are fixed to the latter. The bars ardemaf welded channel and L-angle 16/10 to enlasgeling ri-
gidity of the bar. The installation is loaded befdhe test itself to press the bolts down. Bendiefprmation
properties of the cross bars and cantilevers shmeilthken into account by data analyses.

Tension and deformation of separate sections afahstruction are changed by means of resistarsie gauges,
strain gauge factor equalsite 2.5-3.0; indicating gauges, grating period@ @nm; and Maksimov's deflectometer.

Industrial, civil, mechanical engineering and féiuiding are the most favourable fields of applizabf the plant.
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RELIABILITY OF REINFORCED CONCRETE STRUCTURES DESIG NED ACCORDING
TO THE DESIGN CODES OF BELARUS AND THE UKRAINE

D. MARKOUSKI
Research and Production Enterprise «Modostr», MinskBelarus

V. TUR
Brest State Technical University, Belarus

The article presents the results of reliability &rsas of reinforced concrete structures designed bmilt
in accordance with design codes that are valid @aBus and Ukraine. It is noted that such structuhave dif-
ferent reliability levels as well as failure prohtities. Approaches to assessment loads and actonstructures
which are stated in European, Belarusian, formerSBS and Ukrainian standards were analyzed. It mash
that in most cases former USSR and Ukrainian stedsddo not meet the modern requirements for safety
structures. Additionally the results of reliabilibased calibration of partial factors are presentdthe calibra-
tion resulted in the reduced value of partial fastéor permanent loads on precast elements.

The process of reforming the Belarusian systemasfdards is not completed yet. It is confirmed Hogy t
fact that three generations of normative documbate legal validity. These documents have folloveersvell
as opponents, at the same time they lead to théisdlat are sometimes differ significantly.

In this connection numerical criteria for unbiaseanparing different design codes are needed asasell
the tool and methods to estimate the criteria.

According to the concept of reliability of struotsr stated in the international standard 1SO 2394 [1
structures and structural elements should be dedigasing on the standardized target reliabilinapeeters that
are expressed in terms of permissible probabilitfadure P; or in terms of reliability indicep. Therefore the
comparison of all the standards based on the noalefilues off seems to be the most objective.

The rules for setting the characteristic valuealidhe variables together with the system of phfictors (also
called safety factors) and load combination faatoeate the safety margin for structures. Ide#lshould correspond
to the target reliability levels stated in struatwwodes. And of course, the expected reliab#itgel of structures should
be checked before making any corrections in destgmdards. But in reality it doesn’t always happen.

There are lot of works devoted to reliability lewsisessment for different countries (Holicky, Sgkdre-
tief, Sgrensen, Faber and many others [2 — 6]). mMéptioned works were aimed to assess existinghiéty
level and to calibrate some partial factors witthie bound of Eurocodes, considering its unifie@suind ap-
proaches to assess loads and combine them.

Performing the same study, namely to assess igiligl level of structures designed in accordanite Eurocodes
is needed for Belarusian and Ukrainian conditithmell show the level of reliability of new and isking structures.

It should be noted that the standardized approdgchassessing loads and actions on struchaes an essential
influence on reliability level The comparative in-depth analysis of all the meetl standards regulating the rules for
assessing loads from the position of the religiifieory has not been carried out till this moment.

Moreover there is a lack of data on reliabilitydés/of structures designed and erected by formeRJS
standards, as well by modern Belarusian and Ulaaistandards. The main challenge of such studyisteria
creating the base for comparing different standakdst will be shown later the considered standazdmprise
completely different rules for deriving design cdrdiions of loads on structures. Actual statistitata on ac-
tions (e.g. snow or wind loads) should be takea &dcount at that.

The aim of the present paper is to estimate thel ledesign reliability of structures (provided bsing a
system of safety factors and combination factorddads and resistance of structures) in persistesign situa-
tions, according to the design codes that have bakdhin the Republic of Belarus and Ukraine foe fast dec-
ade. The following problems should be solved fig pgurpose:

- to formulate the state functions for structuralnedats that allow considering different ratios of-pe
manent, live, and snow loads;

- to develop the probabilistic models of basic vddalzontained in the state functions;

- to estimate the reliability level of structuressimed in accordance with different standards.hat,t
different systems of safety factors and combinafeetors as well as the difference in combinatiales for
loads should be taken into account;

- to perform reliability-based calibration of the palr factor for self weight of precast structurdg-e
ments.
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Known methods of reliability theory will be usednang them are the methods based on the 1-st qupliexa
mation of the probabilistic state functions as asllapproaches of extreme values theory (for assas®f stochastic
processes of loading). The detailed explanatidheoethods and models used will be given below.

The comparative analysis of the standards reguglatia rules for assessing loads while designingehe
inforced concrete structures is carried out in #nigle.

Three groups of standards are valid in the Repuflelarus at present. These are:

— Eurocodes EN 1990 — EN 1991 [7, Be(einafter referred to as Eurocodes

— Belarusian design code SNB 5.03.01-2000 «Concreteeinforced concrete structures design» [9];

— the USSR design standard SNiP 2.01.07-85 «Loadaeti@hs» [10].

Comparing the code SNB 5.03.01 [9] with the systérRurocodes and ISO 2394 [1], it should be noted
that these standards are 100 % harmonized in reepémads assessment in design. However, the ihajof
provisions stated in SNiP 2.01.07-85 [10] contrathie ISO 2394 and EN 1990 [7] that are also vialiBelarus.
For example, there are inconsistencies in the ifilzetion of loads and actions, in values of pariictors for
loads, in combination rules for loads fditimate as well asServiceability Limit Statdesign of structures.

The Ukrainian standard DBBL.1.2-2-2006 «Loads and actions» [11] is also censitlin the article. This docu-
ment mainly repeats the concept of SNiP, but alstais some approaches similar to those used BN

The Eurocodes and SNiP 2.01.07-85 [10] are of diffegenerations of standards, and the requirements
to safety level for SNiP are already out of dateeyare both based on limit state design principlesystem of
partial factors and combination factors makes #giule to present limit state functions in a senobabilistic
form. However, there are certain differences botthe rules for deriving design combinations oflean struc-
tures, and in numerical values of partial safetydesy and combination factorg.

The Ukrainian standard DBR.1.2-2-2006 «Loads and actions» [11] mainly reptasoncept of SNiP,
but for determining characteristic values of snowl avind loads an approach similar to the one usefuiro-
codes [7, 8] is applied. This approach is basef(spears return periods for the extreme valuesads.

The rules for deriving design combinations of loadsstructures in persistent design situationspaee
sented in Table 1. The case when permanent, lncesaow loads are imposed, is considered.

Besides the differences shown in Table 1 it shdedstipulated that coefficientsandy have disparate
treatment and mathematical concept within the bewfdcorresponding standards. As well, there as&nti
tions in loads classification and in method ofiagttharacteristic values of loads and actions s&haspects are
indicated in Table 2.

Table 1 — The rules for deriving design combinagiohloads on structures in persistent design tsitos

Standard Design value of load effect on a structurer a structural element
EN 1990:2002 [7] Yo By + Yo Wo o R +Y s[Wy, B,

SNB 5.03.01-2002 maxs & Vs (B, +Yo R+ Vs s[5,

o] £V (B, + o Vo [Q, +V L5,

SNiP 2.01.07-85 . (Vo [y * Yo W g aeed @+ y s (B Y,

1ol (VG (B +Yo MW g Q" +y s SEBQ v,

DBN B.1.2-2-2006 e (Vo [y * Yo W g aeed @+ y s (B Y,

] (VG (B +Yo [ g Q" +y s SEBQ v,

Note: detailed symbol definitions may be foundabl& 2

One can see from Table 2 that there is a signifidéference between the approaches to settingachar
teristic values of loads. The safety factor permanent loadgs in Eurocodes has a greater value, but it should
be used together with combination coefficiérthat is not specified in the other two groups taihdards. An-
other important difference comes from the fact thighin the bounds of SNiP the factpt has a physical mean-
ing of overload factor, and its value is assignsishgi this consideration.

A striking difference in approaches to setting eleteristic valuesor snow loadsshould be noted: in
EN 1991-1-3 [8] the characteristic value is theuealhich on average is exceeded once in 50 yeaanaio-
gous approach is accepted in Ukrainian standard DBy Meanwhile, within the bounds of SNiP [10het
characteristic value of a snow load is the meanevaf 1-year maximums.

Wind loadsare not considered in this paper because the appes to setting characteristic values of
wind load are similar to the ones just described.
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Table 2 — The comparison of approaches to settiagacteristic values of loads in the structuralesod

Eurocodes, SNiP DBN
SNB 5.03.01 2.01.07-1985 B.1.2-2-2006
Permanent load
Characteristic value Gk =E[G] Gy = E[G] Gy = E[G]
Partial safety factor ve =1.35 ve=1.1 ve=1.1
Combination factor £=0.85 - —
Snow load
Characteristic value S =E[Snad S = E[Snad S = E[Snad
for T=50 years for T=1 year for T=50 years
Partial safety factor vs=1.5 vs= 1.4 when vs=1.0
(Gk+QJ)/%>0.8
vs= 1.6 when
(Gk+ QW /&<0.8
Combination factor Yos= 0.6 ys=0.9 ys=0.9
Variable (live) load
Characteristic value [o} =0, =0,
Qk(reduced.)__o ] 2Qk Qk(reduced.)__o 2 EQk
Partial safety factor yo=15 vo=1.3 vo=1.3
Combination factor Voo = 0.7 Yo = 0.9 Vo, = 0.9
Yo reduced= 0.95 Yo reduced= 0.95
Reliability coefficient depending on — vn=0.95 vn=0.95

importance of a structure

Notes:

1) operator E[...] means the mathematical expectatiba parameter;
2) subscript k (e.g. in Pmeans the characteristic value;

3) return period T is a statistical measurementdahen historic data denoting the average recurreinter-
val over an extended period of time for an event

According to SNiP [10] and DBN [11], in contrastEarocodesyariable live loadsare divided into full
and reduced values. The ratio of full and reducddes in Table 2 is estimated using the charatitexialues of
live loads on floor slabs in residential buildin@sven in SNiP and DBN).

In the fundamental case the state function (offaftere function) of a structure comprises two grswf
basic variablesnamelyR (related to resistance of the structure), aridelated to the loads on the structure). A
state function can be formulated as:

g(R L) =R-L. (1)
The probability of failure of the structure may dsessed through
Pr = Probability{g(R, L) < 0] = ProbabilitfR—-L < O]. 2

The reliability indexp is a conventional measure of reliability. It idated with probability of failure
through the following equation

Pr= @[ -], ©)

where®][...] is the cumulative distribution function of tretandardized Normal distribution. The relation be-
tweenp andPs is given in Table 3.

Table 3 — Relation betweg¢handP;

Py

10+

10

10°

10*

10°

10°

107

B

1.28

2.32

3.09

3.72

4.27

4.75

5.20
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Originally the reliability index was introduced as the complete solution of thélera with two nor-
mally distributed basic variables, which is havagywell the simple geometrical interpretation. Ndags it is
still widely used in different reliability problemas the numerical values pfare more convenient to operate
with than very small numbers of failure probaleigi

For estimating reliability level of structural elents, which is provided by the system of partiatdes
and combination factors, the following procedureapplied. It is based on the 1-st order reliabilitgthod
(FORM) as well as the method of quickest descehidlware both used for analysis of probabilistatestfunc-
tions of structures and for estimation of the valoéreliability indices). The Ferry Borges — Castata model
[12] and Turkstra’s rule [13] are used for probahit modeling of actions and combinations of awsioThis
approach provide for transformation random procesédoading into appropriate random variables,vibich
probabilistic models should be determined.

The value of target reliability index for structarés accepted af = 4.7 for the reference period
T =1 year in accordance with EN 1990 [7]. Normatrlbution is adopted for modeling permanent lo&lsm-
bel distribution — for modeling variable loads, R@l distribution — for load effect uncertaintiesggNormal
distribution — for modeling resistance of struct@laments.

In general form the probabilistic state functigfX) which characterizes safety margin of a structural
element Ultimate Limit Statgincludes basic variables describing loads as agtesistance:

9(X) =zR-0[(1n) G +n((1+JQ + k)], (4)

whereX = {R, 0, G, Q, § — is a vector of basic variableg;=is a cumulative design parameter, e.g. cross-
sectional area, reinforcement aré&as= factor between 0 and 1, giving the relative im@oace of snow load
among two variable load$ive load— snow load; n = (Q« + S)/(Gx +Q« + S) = factor between 0 and 1, giving
the relative importance of permanent load amongrdtiads fermanent load — variable loads

In the general case the process of making proktbilnodel comprises two steps: the selection ef th
appropriate distribution law for the consideredd@am variable or random process, and the settinthefpa-
rameters of this distribution.

The probabilistic models of basic variabks$ncluded in state function (4) are described ibl€at. They
characterize resistance of structural elemBngermanent loads, variable liveQ and snowS loads, as well as
basic variabl® which makes it possible to take into account utadety in load effect model.

While developing the probabilistic models the cadictions of standards Eurocodes, SNiP, and DBN in
loads classification as well as in mathematicaltireent of a characteristic value are taken intcsictamation.

Table 4 — Proposed probabilistic models of basiabtes

Characteristic

Basic variable Distrib. n c \Y
value
Permanent load G) Gy Normal Gy 0.1G, 0.1
Live load (Q)
(for residential building)
Eurocodes
(Q« = 1.5kN/nf) Q« 0.2Q« 0.1, 0.95
SNiP 2.01.07-1985 Gumbel
Q"= 1.5kN/nf) 0=, 020, 01%, 095
(Qk(reduced,)__ 03|(N/IT?) Qk(reduced.)__o.zQk
DBN B.1.2-2-2006
Q= 1.5kN/nf) QMN=Q, 020, 01%, 095
(Qk(reduced,)__ 035kN/rﬁ) Qk(reduced_)__olzggk
Snow load(S)
Eurocodes 0.385, 0.21S, 0.55
SNiP 2.01.07-85 S Gumbel 058, 03X 055
DBN B.1.2-2-2006 0.38% 0.21S 0.55
Resistance R) Ry (design value) LogNormal R 0.1%Ry 0.11
Model uncertainty (©) O Normal O 0.08,  0.05

for load effect
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The proposed probabilistic models for variable adrrespond to the return peridod 1 year.

The probabilistic models dive load (see Table 4) are developed basing on the inwagtigof statistical
parameters of loads on structures in residentidtlings presented in JCSS Probabilistic Model C{g. It
should be noted that JCSS guidelines correspondetoesults of investigation published in USSR taizRr,
Bulychew et al. in 1980s [15-17].

The probabilistic models afhow loadare based on the own results of the current Statisnvestigation
of long-term data collected from 18 weather staiamich are spread proportionally on the territofyBelarus
[18]. Moreover the zoning of the territory by chetexistic values of snow load according to the Beden Na-
tional Annex to EN 1991-1-3 [8] and SNiP 2.01.07{88] is also taken into account. While considerthg
Ukrainian standard DB®.1.2-2-2006 [11] we accepted that the same appraadh Eurocodes is applied for
defining a characteristic value of snow load. TFenee the probabilistic models are described heeatidal to
those corresponding to Eurocodes.

The probabilistic model of theesistance of structural elementsifRdeveloped for flexural reinforced
concrete members basing on the experimental aoddtieal investigation [18].

Generally speaking we consider a reinforced com@ttictural element designed with the followinguasp-
tions:

— resistance of the element is calculated accordirigurocode 2. This means that all the coefficiests
lated to the resistance as well as partial fadtmrsoncrete and steel strength are taken from €92119];

- loads and actions on the element are set in accoedaith the concerned standard (Eurocodes, SNiP,
or DBN) with appropriate partial factors and condtian rules;

- the element is supposed to be part of a structuie luilding located in Belarus. This condition is
relevant for assessment of snow loading only; daissed by the fact that we have comprehensivistitat data
on snow loads available only for the territory afl&us.

Figure 1 shows the reliability indgkas a function of load parameteyandks which define the ratio of
permanent, variable live and snow loads.

The reliability indexp, = 4.7 is stated as a target value in EN 199047 ]RC2 reliability class of struc-
tures and for the reference peribe 1 year.

The compiled reliability diagrams make it possiteconclude that provided the proposed probatilisti
models of basic variables (Table 4) are valid §stesn of partial safety factors and combinationdexstated in
Eurocodes gives the required level of reliabilifydesigned structures in most of the design sibmati However
in some cases reliability of structures in persistiesign situations does not meet the requirenediRC2 reli-
ability class; and the actual average reliabilégydl corresponds to the minimum recommended leMethe
same time the rules for assessing loads on stegioraccordance with SNiP 2.01.07 [8@] not meemodern
reliability and safety of structures requirements.

One can see on diagrams from Figure 1 that usimgdede results in structures with the value ofali
ity index at average greater by 1 than for stregutesigned in accordance with SNiP 2.01.07 [1@helans that
the probability of failure for the latter can 106lfimes exceed the maximum permissible values.

In respect of the Ukrainian standard DBN [11] ieigdent that there will be no significant incre@see-
liability of structures if the characteristic vatuéor snow and wind loads are defined basing oyegls return
periods but using an old approach (those stat&Nif [10]) to deriving design combinations of loads

In this section we describe the results of calibrabf partial factor for self weight loading. Withthis
case study we consider a precast reinforced canstaictural element. Such elements can be charatteas
heavy elements for which the load of self weightldde of considerable proportion among other loads

According to EN 1990 [7] the design combinationsacfions on a structural element persistent or
transient design situationsay be expressed in general format as:

Z(VG,] BBk,j)"'yQ,l mpo,1m<,1+Z(VQj W o [Q i,)

J i>1
Z(E Ws, | [q;k,j)+yQ,1mk,l+Z(yQ,i Wy [Qu)
i i>1
where the less favorable of the two expressiois i chosen.
In case of only one permanent and one variable &mdithg, e.g. self weight plus live load, the dasig
combinations should be:

L, = max

(5)

_ Yo (B¢ + Vo [, [0 (6.1)
L =
i max{a ¥e (G, +Y, @, (6.2)
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Fig. 1. Reliability inde>3 for structural elements as a function of load petern with:
a) ks=0.0;b) ks =0.33;c) ks= 0.6

In general case the following values of partialtdas and combination factors are recommended in
EN 1990, as given in Table 5.

Table 5 — The values far, v, , andé according to EN 1990

Load type Partial factor Combination factor
Permanent — self weigki ve =1.35 £=0.85
Variable — live load) vo=1.5 Yoo =0.7
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The probabilistic state functiag(X) of the structural element){timate Limit Statgcan be presented as:

9(X) =zR-0¢ [y G + (1-0Ql, ()

wherez =is a cumulative design parameter, e.g. cross-s&ttarea, reinforcement arega= G,/ (Gx + Qu) =
factor between 0 and 1, giving the relative impactaof permanent load among other logushanent load —
variable loads.

The probabilistic models of basic variables areegiin Table 6. The models for the resistaR@mnd live
loadQ are the same as described in the previous sections

Table 6 — Proposed probabilistic models of basiabtes for precast elements

Characteristic

Basic variable Distrib. n o \Y
value

Permanent load G)

- for any element Gy Normal Gy 0.10G, 0.05

- for precast element Normal Gy 0.05G, 0.05

Live load (Q)

(for residential building, reference perida: 50 yrs) Q Gumbel 0.&c 0.20Qc 033

Resistance R) Ry (design value) LogNormal 14 0.1%R; 0.11

Model uncertainty (©)

for load effect O Normal Ok 0.059¢ 0.05

It is known that precast concrete plants shouldeheanformity assessment for product geometry and
strength of materials organized. It means that yectedwith geometrical parameters being out of solees
should be rejected. That is why self weight of pgtelements cannot exceed considerably its nomalaés.
Thus the difference between cast-in-situ and pteslaments in terms of reliability theory may beeessed in
changing probabilistic model for self weight loagliin our case we assume that the coefficient datian of
self weight for precast elements should not exdée68. The model for permanent lo&din Table 6 takes into
account this assumption.

It is possible to estimate reliability level of pesst structural elements by applying the approaahdsnethods
as stated in the previous sections.
Figure 2 shows the reliability indgxas a function of load paramejer

The reliability indexp, = 3.8 is stated as a target value in EN 1990 ¢r]the RC2 reliability class of

structures and for the reference period 50 years.

l} ‘ | \ ‘ | \ \ | \

- Persistent design situation ‘equatioln 6.1 |
L (T=50 years) equation 6.2 = == =|| |
50l — [ | | |

: ‘\ 7e=135 £=085 1|
— T =15 =0.7
‘0 | / /¢ & — e .YQ | Yo

3.0

‘\
K % =0k (Gk+ Qi) |]

0.0 0.2 0.4 0.6 0.8 1.0

/

2.0

Fig. 2. Reliability inde>3 for structural elements as a function
of load parametey for the reference periofl= 50 years anglg = 1.35

66



MATERIALS OF VII JUNIOR RESEARCHERS’ CONFERENCE 2015
Architecture and Civil Engineering

One can see from the Figure 2 that there is ceetedessive reliability in the area where contribatof
permanent loads is significant£ 0.6). It means that we may reduce the valugszdh such an extent that the
reliability level for the considered area will rimeg lower than the required target lepel

The new reduced value @f = 1.15 was determined for those elements correipgro the area on the
plot with significant self-weight loadg € 0.6). The new reliability diagram is shown on FigG.

B IR T T U000 0k
7 . . . . IS LIPS, Yoz 7y

- Persistent design situation ~ |equation 6.1
L (T=50 years)

 [ye=115 085 |
ye=15  we=0.7||

0.0 0.1 0.2 0.3 0.4 0.6 0.8 1.0

Fig. 3. Reliability inde>3 for structural elements as a function
of load parametey for the reference periofl= 50 years angls = 1.15

The Belarusian National Annex to EN 1990 [7] allowging the reduced value of partial factgr= 1.15
if the following conditions are provided:

— the system of quality control is organized at tlenp

— the coefficient of variation of self weight of teguctural element is not higher than 0.05;

— the ratio of the variable loads to the full loadtloee element including self weight should be inrtirge:

ZQK i
Bl <0.4. 8)

Ols =—"=>——
ZGKJ+ZQ<I

j=1 izl

It can be seen that assuming the mentioned conditiee value of the partial facteg for self weight
loads can be reduced significantly. These resuiseapected to provide a great economical effecpfecast
concrete industry.

The existing combination rules for loads 1ditimate Limit Statedesign of structures have been de-
scribed according to the three design codes the¢ lb@en valid in the Republic of Belarus as welliras
Ukraine for the last decade.

Probabilistic methods of reliability analysis ofusttural elements were used to compare these stinda
by a criterion of reliability index that is providéoy the appropriate design rules for loads assessrRrobabil-
istic models of loads have been developed suljettiet nature of these loads and to their expeateation.

It has been shown that the levels of reliabilitystfuctures designed according to former USSR and
Ukrainian standards are significantly lower thaa thquired level, and that the probability of fedlifor such
structures can exceed maximum permissible values Wp0 times.

Additionally the results of reliability-based catittion of partial are presented. The calibraticsuted in
the reducing the value of the partial factor fdf-sesight loads on precast elements fregg= 1.35 toyg = 1.15.
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SELF-COMPACTING CONCRETE — A MATERIAL OF A NEW GENE RATION

NATALLIA SHPILEUSKAYA, V. LAZARENKA
Polotsk State University, Belarus

We consider the technological, technical and ecanadvantages of self-compacting concrete (SCC)
compared with traditional concrete of vibrationabrapacting.We analyzdhe state ohormative basdor the
application of self-compacting concretedanstruction practice, as well as composition of2S®/e investigate
the possibility foreducing the cost of self-compacting concrete.

One of the dominant trends in concrete technolagynd the last ten years has been growing inténest
the self-compacting concrete.

In the literature we can find many definitions bétself-compacting concrete, but they charactérize
the same way. It is concrete, that is able withoytact on it additional external energy to flow endts own
weight, retaining its homogeneity, and also enguarcomplete compaction, filling formwork and ersalption
of rebar and embedded parts.

The advantages of self-compacting concrete in aasopawith other traditional types of concretezdollows:

- creation ofbuilding structures, having high strength and niects caused by errors when compacting
the concrete mix;

- the ability to create any geometry of concretecstme;

— the use of a simpler and less massive construtitimmwork (due to the lack of the concrete vibration
process, on the formwork is not affected by addéalcstatic and dynamic load);

- the possibility of placing per shift larger volurokconcrete;

— no necessity of concrete compacting and hencergiting errors, which might arise during its comjpegt

— work of the personnel in a safe conditions duriagareting;

— the absence of noise and vibration, which havegathe impact on both the staff and the residents
living near the construction site;

— shortening the duration of construction.
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History of the self-compacting concrete began padan 1990. Professor Haim Okamura [1] createdpamnd
into practice a new generation of concrete admestuhat is high additives for improving the mapitf the concrete
mix on the basis of polyacrylate and polycarboxylbéte managed to get the concrete mix, havingtagiasticity and
a low water content, allowing to provide high-gtyapierformance and increased durability of the oetec Due to the
unique properties and advantages of the concreaickly spread through Western Europe.

In November 2003, in Berlin, «<German Committee rianforced concrete” published normative document
«DATfStb-RichtlinieSelbsverdichtenderBeton (SVB-Riittie)» [2], which set out the terms and definitions, mdtho
for diagnosis of the self-compacting concrete, lamkdges document with other European regulations.

Summing up the experience gained when using setipacting concrete in 2005 European organizations
BIBM, CEMBUREAU, ERMCO, EFCA, EFNARC in 2005 develed a document «European standards for
liquefied self-compacting mixture», which regulatée technical characteristics and consumer geslition-
structions, made from self-compacting concretequirements to source materials and compositiorootiete
recommendations for its use At present the studh@felf-compacting concrete and methods of dagrbstics
is actively continuing. Recently the studies hagerbcarried out in at the construction departméthe Tech-
nical University of Berlin, under the supervisiohRyofessor Bernd Hillemayera [3].

So far the regulations of the Russian Federatioe im@ indication of the possibility for the consttion
of the self-compacting concrete. In the republi®efarus research in the field of the self-compartioncrete
has been conducted for eleven years and its thitgdgmve become the basis for the developmentohiiical
Code of practice «Products and designs from selfpazting concrete. Rules for the manufacture»Téthni-
cal Code provides requirements for the self-conipgatoncrete, guidelines for the appointment ohtextogi-
cal modes of concrete works, technique of desigoingpncrete with the characteristics of the spabidy of
the concrete mix, strength and deformability of arette, kinetics of increase in strength for a gitemperature
and humidity conditions.

In the selection of composition tfe self-compacting concrete most researchers dentiiat in solving
this problem the most important thing is the ragiloselection of recipes for self-compacting corerdthe con-
cept of this formulation is based on increasingah®unt of small dust particles, the type and arnotiaddi-
tives. Traditional concrete mix, in which predomaspossible high content of particulate filler anbw con-
tent of fine particles, is not used in the pregarabf self-compacting concrete, instead suspeffitedparticles
(cement +particulate filler with a grain size 0,125 mm + additives for concrete), mixing watad ahinner
SCC form a glue, in which a large granular fillestj «floats».

At present in the production of self-compacting aete they use thinners of new generation based on
polycarboxylate, highly efficient complex chemieabdifier, which appeared in the 1990s and refetoed PC
or PCE.The action of plasticizers of a new type basedaoset of electrostatic and spatial effect, which is
achieved by means of lateral polyether chains alrdyyhobic molecules of the polycarboxylate ethen. dde
side should be known, the interaction of cemenyqarboxylate based diluent, on the other side whinnec-
essary to take into account the mobility charasties based on temperatuBesides some thinners when mixed
int he mixer can cause excessive thinning actidrichvis denoted as «sediment effect» and can leadtise-
quent delamination concrete.

To maintain a high fluidity strength and preverpamtion and prevent the concrete mixture must laave
certain viscosity. This problem is solved by intnothg in the concrete mixture of additives, thickenor using
highly mineral additives. Introduction of mineralditives such as silica fume, ground limestone tlogrewith a
smaller loss of mobility gives concrete mixture thmeral additive for two hours than without.

Spherical particles of the additives function asatings» by reducing the friction between the phasi
Mineral supplements function not only as thickenaggnts (increasing the viscosity of the concreite and
water retention capacity), but also increase hyahgbrocess of the binder, contribute to an ine@dasthe de-
gree of crystallinity and the resulting hydrate cag whichthe proportion increases of more stable and sustain
able weakly basic Hydrosilicates calcium.

The composition and types of self-compacting caercage constantly evolvtd by many researchers.

Thus Kotov D.S. [5] in his study of the propertefscement stone used cement PC 5@-Buperplasti-
cizerCM-1, hyperplasticizers HP-1 and «Stachement-20@B0», mineral additive — fine dolomite.

The paper presents experimental and scientifisalljnd mathematical models of the compressive #remgl
tensile modulus, the longitudinal and transvensens, strains of shrinkage of self-compacting cetec It has been es-
tablished that to obtain a more accurate matheahatiodels of physical and mechanical propertigh®fSCC it is ad-
visable to use structural methods, and structhebcteristics by proposed N.P.Bleschikom and graptoof BelNIIS.

Ta Van Fan [6] revealed a pattern of influencea husk ash in combination with silica fume anpesplas-
ticizer on the pore structure and the strengttmitalline concretion own deformation of cemenhst&CC.

In the opinion of N.M.Morozova, V.I.Avksenteva, LBbrovskih, V.G.Hozina [7] its economically effec-
tive to use as fillers crushing screenings gendrdteing the production of aggregates. Screenitfigsushed
rubbles by their chemical nature zre close to taghmomponents of concrete and they are non-cowpgihich
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suggests that they are sufficiently effective ia tomposition of self-compacting concrete. In #tigly, consist-
ing of crushed waste in SCC were used together silita fume, allowing to obtain high processingperties
of the mix and strength properties of the hardermttrete.

However Ivanauskas EV [8] revealédat crushed granite screenings and ground quarttis not suitable as
components of the SMS because of the low wateidtplthpacity, angular shape of the patrticles, largptiness and
pollution and he found that it is effective to @sea substitute for the cement. Dolomite cementesdsp to 15 % by
weight of cement).

Chan Le Hong [9] proved the possibility of obtagispecial heavy self-compacting concrete mixtufes o
highly mobile benign on three fractions aggregaie finely divided filler of barite ores in combirat with hyper-
plasticizer additive.

It has been established that the high content okrdense than conventional concrete cement stoee do
not impair the deformation properties of SCC — gatmus shrinkage values and the values of thealiniti
modulus of tension.

S.L. Gorbunov, Y.B. Fedorov, B.J. Trofimov, E.A. @aliy [10] investigated the effectiveness of plasti
cizers in self-compacting mortar mixes. Used akatigizer — superplasticizer C-3, a new generagigperplas-
ticizer ADDIMENTFM 40 on polycarboxylate ethereal the basis of firm ADDIMENTSika (Germany). Then
obtained adequate mathematical specifications d#pgon the dosage of cement systems plasticizetsddi-
tives ash -for variable values water-cement ratio.

A.K. Dyatlov [11] justified a possibility of obtaing modified fine self-compacting concrete on tlasib
on Portland cement with integrated nano-contaimidditive using microfiller type «Mikrodur RX», caihing
up to 20 % of nanoscale grains < 1 mm, using migotype «Mikrodur RX», containing up to 20 % o&no-
scale grains < 1 mm, and fine flour carbonate 8 mkm), would increase the degree of hydrationhef
binder due to accumulation of water, increase ternae of cement gel and reduce the capillary poyosi

The patent of Shan Sandrine (Fr.), TiboTeri (Ft3][proposed to use for self-compacting concreg¢e th
mix of different types of calcined bauxite sandddferent particle size distribution: fine sand lvian average
grain size of less than 1 mm and coarse sand wihage granulometry of less than 10 mm, and if sssy,
white carbon, where 90 % of the particles haveza Ess than 1 micron, with an average diametabofit 0,5
microns, contains fumed silica in an amount of mote than 15 parts by weight 100 parts cementfcamiing
agent, superplasticizer (predominantly used typmadified polycarboxylate superplasticizer ethediadnally
ultrafine calcium carbonate particles having a Hjgesurface equal to or more than 16 hy).

J.A. Alexandrov from engineering marketing compaMC Bauchemi» [13] notes, that, in accordance with
the experience of the application of plasticizarthe preparation of SCC outstanding results halel®en achieved
with hyperplasticizers based on ether polycarbdegléPCE). Other types of additives (based on ISHIF, etc.) can-
not compete with ether polycarboxylates techniodl @conomic parameters. Additives, including atraéning, ac-
celerating and decelerating hardening concretebearsed in the same manner as in ordinary cont@ted on the
additives manufacturer's recommendations for thegrin a methods of introduction.

Analyzing the state of the regulatory framework $eif-compacting concrete in general and primarily
the Republic of Belarus, it can be concluded thatdurrent Technical Code of practice 45-5.03-26@ains
guidelines and recommendations for the design,tnart®on and use of heavy SCC, intended for thestran-
tion of concrete and reinforced concrete structustisg formwork. These technical standards andlagigus for
self-compacting concrete for road surfaces arerdbse

From the perspective of the priorities in road ¢ardion in the Republic of Belarus with cement €on
crete coaling, the development of technical reguiatis important.

After analyzing the cost-effectiveness of SCC om iasis of the experience of using this type of con
crete, it should be noted:

- self-compacting concrete because of its modifieshposition and cost of individual components of
the concrete mix is more expensive than ordinancte the same species. The difference in pricauata 13
to 18 Euro per 1 cubic meter;

- the most effective mineral additives are metakaafid silica fume. Metakaolin (kaolin thermally ac-
tivated) was obtained by calcining kaolinite aemperature of 650-8000 C. The process of obtaithiisgmate-
rial is associated with high energy and fence nsdter

— significantly higher sealing effect in the struewf self-compacting concrete is achieved by the us
of ultrafine microsilica (silica dust). Microsilices the most expensive mineral supplement, the absthich
ranges from 0.25 to 0,50 EUR / kg;

— economy of means is possible by using the SMS altiect fact that there is no need of compacting the
concrete mix at the construction site, the devi@aks during concreting and its cost ranges froim 8 euros
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per 1 cubic meter of concrete. Besides, the praatucf high quality concrete structures of enhandedhbility
ensures long life of their operation without mai@tece and major repairs.

Summarizing the above, it should be noted:

1. The use of self-compacting concrete in the mastufe of precast and construction of monolithin-re
forced concrete structures is a perspective dordti improving technology and precast reinforcedarete and
further development of the building complex Repabli Belarus.

2. Due to the high cost of SCC, we must carry egearch so as to get economical components for self
compacting concrete.
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UDC 624.012.454
STRENGTH AND DEFORMABILITY OF CONNECTIONS OF REINFO RCING BARS

ALEXEY KOZEL
Polotsk State University, Belarus

The aim of presented in this work experiment iskttain experimental data on the strength and deform
ability of connections of reinforcing bars.

Selection of the binder in the composition in tbenf of the joint of the polymeric composition based
epoxy resins due to the possibility to obtain higtength during rapid-day material. Connection tarig this
combination is taken to be the initial 250 mm (déen of the abutting rods multiplied by 10) basectlwe re-
sults of the tensile test samples of compounds aifferent length sleeves. With a length of pip&0+125 tests
showed stable values gap in median plane connegitbrefforts of relevant ultimate steel pipe (FIg.
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Fig. 1. Construction coupler connection reinforcatizars
1 - docked rebarid 25 S5002 — coupling of d = 38 mm pipe with wall thicknedsdomm;
3 — epoxy compoundt — 3 mm diameter hole.

Given the experience [1] proposed design with tieelsgrade C235, used in the manufacture of pipe
compound offers a long anchoring 4d (100 mm). Dutime preliminary tensile test three samples weseetl.
The tests were carried out on a tensile testinghinad?-50 at a constant rate of loading (Fig. 2.(A)

The destruction was caused by pulling one of thefarcing bars with loads of 153kN, 141kN, 194kN.
As a result, it was decided to increase the len§tinchoring to 5d (125 mm).

Compression testing was performed on the P-125m@ea constant rate of loading. To conduct the ex-
periments special steel base of the prism, theifex 200 x 50 mm, were made, two on each enddeo&tma-
ture. One of each pair of prisms were drilled aehollater prism bolted. Prism was inserted in k o upright
position and secured by rebar epoxy resin, themaas operation was done with the other end fginGeneral
view of the structural assembly can be seen onr€&iguB.

A) B)

Fig. 2. The test sample in the tensile testing rimacth),
general view of a mechanical press as compound (B)

Taking into consideration the importance of therahgeristics of deformability connection rebar tody
the characteristics of strain distribution along tength and displacement relative to the couplots abutting
ie compliance of the joint, the deformations werenitored at certain points of the samples by medrsirain
gauges type PKB with base 20 mm.
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Observation of the linear movement of the abuttiods relative to the clutch lever was carried oyt b
mechanical strain gauges of Gugenberger with aaracg of 0,001 mm.

5 samples were tested bytension and compressiats ®sted were numbered 1P, 2P, 3P, 4P, 5P. Rods
controlled compression 1K, 2K, 3K, 4K, and barswdbuplings 1C, 2C, 3C, 4C, 5C. The loading wasi@ar
out step by step with an interval of 25 kN and Nodompression tension.

The results of these tests are shown in Table &.r&sults of processing the data obtained are grdgh
formation connection sample and the value of #sneints and relative movement of the coupling algittdds.

Table 1 — Summary table of tests of mechanical ections fittings

Compression . Tension .
Ne of sample| Crushing load Type of destruction Ne of sample| Crushing load Type of destruction
1C 256 kN Loss of stability B 212 kN pulling rod
2C 256 kN Loss of stability R 210 kN pulling rod
3C 276 kN Loss of stability 3P 230 kN pulling rod
4C 269 kN Loss of stability B 240 kN pulling rod
5C 270 kN Loss of stability B 240 kN pulling rod

Under compression deformation in the coupling sestiwas considerably less strain abutting roddl at a
stages of loading. The explanation for this is Essss intensity at a higher cross-sectional dnethe transition
zone, at the beginning and at the end of the cogpthe gradient is formed of deformation assodiatéh the
process of redistribution of stresses between tieketl bars and clutch. Right in these areas bendfinge
specimens observed at the time when the bucklini iin compression effort.

When stretched, the initial stages of loading Up N, character strain distribution along the length of
the joint is similar to the distribution pattern evhtested in compression. At higher stages of tmpdipproach-
ing the critical zone is clearly seen anchoringnifgsted through the work of adhesion forces iragu@f intense
transmission of forces between the rods and thelicmu Also at high stages of loading a zone ofatbed
nonlinear deformation middle joint, where in théuhe due to the achievement of ultimate strengtbteél and
the cleavage of the coupling.

Deformation of elements in the compound and thettegurods relative movement of the coupling
amount and nature of compressive deformations iffiereht from deformations in tensile movement. Beg-
ence N,/ Ni — compressive prototypes joints equal to the levébading 0,7 Nay is linear, with further load-
ing schedule becomes non-linear shape, showingdsiolg character of displacement values equalQ4 O.
0,08 mm. Tensile dependencg\/ N; — is linear up to 0,7 N, then there is a growing non-linear dependence
to the values 0,06 — 0,1 mm. It follows that by mngvthe rod with respect to the coupling connecttompli-
ance with the tensile force is 1,3 — 1,5 times tgrethan that when compressing.

After spending this research, the following conas can be made:

« Tensile test of the proposed design of the machhoonnection in the adopted configuration showed
stable values gap efforts by the average crosmsemrresponding to ultimate steel pipe couplings.

* Limiting compressive load at buckling interfacetotypes had values close to the results of thsilte
test.

» The nature of the strain distribution along teedth of prototypes was found as well as its coamglie
in the form of linear displacement with respecttte coupling abutting rods. The areas creatingnst@ncentra-
tion along the length of the joint were determined.

REFERENCES

V3ei CTHIKOBOTO COSIMHECHUSI CTEPIKHEH apMaTyphl B CIKAaThIX xene300eTonubix anemenrax / C.A. Manarsiu [u ap.]. // Beron
u xkene3o0eron. — 2008. Ne 2. —C. 2-5.

73



MATERIALS OF VII JUNIOR RESEARCHERS’ CONFERENCE 2015
Technology, Machine-building, Geodesy

TECHNOLOGY, MACHINE-BUILDING, GEODESY

UDC 504.75

PRODUCTION ENVIRONMENT AND EMPLOYEES™ LABOUR ACTIVI TY FACTORS
OF AUXILIARY DEPARTMENTS OF JSC «NAFTAN »

SVIATLANA BARATYNSKAYA, PAVEL CHEBOTAREV
Polotsk State University, Belarus

At present oil refining and petrochemical industrage the most stable operating sectors of theosepn
ensuring population and national economy demandii& and energy resources. However the vast riajof
substances used in the refining and petrochemmdaistry have harmful (toxic) and carcinogenic praps. The
main directions in ensuring a safe production emunent for people are the hygienic regulation afnifal
factors, socio-hygienic monitoring of working cotidins and workers™ health with the appropriatersmebased
development and implementation of environment dualontrol system and the prevention of harmfultdes
impact on the basis of effective public health suis@®n and implementation of preventive activities

In recent years, human health maintenance in thikplace can be referred to one of the major prable
humanity. It depends not only on social and ecoadswtors, but also largely on the state of thelyrtion environment. In
connection with the increase of air pollution ie thiorking area, the problems of human health giotebave been and
remain rather acute, since half of the Belarusignuiation live and work in the industrialized atie

It is known that the working environment of refiesris formed under the influence of a number otoaent
factors, which have different material nature, geduliar features of effects on the human organisuman labour
activity is connected with the exposure of a varigt production environment factors, severity antérisity of the
process. Hygiene labour conditions are determigiedebproduction process organization, the equipomed the degree
of automation and mechanization, which specify shectrum and intensity of production factors expmsit is
repeatedly proved that the adverse productionrfabtave a negative impact on the health of workers.

In the development of norms and standards of vgpiéamditions factors each factor is consideredratgya(without
taking into account the simultaneous exposure tar dactors on the worker). Therefore the usagengfe assessments of
individual working conditions factors can signifitig distort the real impact of the labour condii@n the employee. For example
the combined action of noise and temperature s&reration and temperature reduction and méeyofThe combined effects
of factors of working conditions on the worker,vas know, can be manifested in the form of potémgigidisproportionate
exposure intensification), the summation of inddpetaction effects, as well as in the weakenitigedinal effect. Thus, workers®
health damage is attributed to the complex infieefiproduction environment factors.

To assess the working conditions at the workpla€esixiliary departments we used and analyzed Viarkp
certification maps on working conditions for mafdue-collar occupations of departmevts «Repair and assembly
shop»,departmen®9 «Energy supply shop» and departm@at «Transport department» of JISC «Naftan», Novigiolo
The ground for the selection of research subjedtseifact that at refineries it is also necedsapay attention to auxiliary
departments since the cumulative impact of harpmfduction factors adversely affects the healtharkers.

Certification of workplaces and complex hygienileation of working conditions at the auxiliary ggments of the refinery
plant enabled to identify groups of factors, e&ehah individually or in combination could advelisaffect the health of workers:

— physical: noise, infrasound, vibration, microelieq lighting, EMF, UV radiation, thermal radiatidnst and aerosols;

—chemical: harmful substances - manganese inngeltrosol, iron oxide, ozone, carbon monoxideyratat
hydrocarbons C1-C10, benzene, toluene, acids,deuisulfide, methyl ethyl ketone, nitrogen dioxigelrogen fluoride.

— psycho physiological: emotional stress (degreeesponsibility for the personal activity outcontiee
significance of errors, your own life risk degréiee degree of responsibility for the safety of esheworking
stance (squatting position, kneeling, work in ankaard constrained or sloped posture); physiological
discomfort (PPE), sensory load (duration of focuskservation).

The analysis of the results of workplaces certiftra showed that the working conditions of workers
under study in accordance with SanPin RB 13/02/2<8ygienic classification of working conditions»nige
from allowable 2nd class to harmful 3rd Class oft Hegrees.

Optimal working conditions (class 1) are such ctods that preserve workers’ health and create the
background for maintaining a high level of workief§iciency.

Acceptable working conditions (class 2) are chatdmtd by such levels of production environment and
working process that do not exceed the hygienitdsteds for workplaces, and possible changes ifutihetional
state of an organism arising under their influeremover during the regulated rest or by the begmmf the
next shift and do not adversely affect the near thiedlong-term health status of workers and th&spoing.
Optimal and acceptable conditions of work are refitto safe ones.
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Harmful working conditions (class 3) are charazgetiby the presence of harmful industrial factoisgibeyond
the hygienic standards and having adverse effadtsecorganism of the worker and / or his offspring

1% Degree of Class 3 (3.1). Working conditions ararahterized by such deviations of harmful factors
levels from hygienic standards that cause functiaieanges, restoring usually during a longer (thha
beginning of the next shift) interruption of cortadgth hazards and increase the risk of health dgma

2" Degree of Class 3 (3.2). The levels of harmfultdex causing persistent functional changes and
leading, in most cases, to an increase of produatanditioned morbidity (which is manifested by reased
morbidity with temporary disability and, above dllj such diseases that reflect the state of the mbserable
organs and systems for the given harmful factahs),appearance of initial symptoms or mild (withtags of
labour capacity) forms of occupational diseasesiragiafter prolonged exposure (often after 15 yearsore).

3 Degree of Class 3 (3.3). Working conditions ararahterized by such levels of harmful factors, the
effects of which, as a rule, lead to the develogméccupational diseases of mild and moderatergg\Vwith
the loss of labour capacity) in the period of thlkdur activity, the growth of chronic (work-relayqzhthology,
including elevated levels of morbidity with temporaisability.

4" Degree of Class 3 (3.4). Working conditions amratterized by such levels of harmful factors, umdgch
severe forms of professional diseases and highdégeneral morbidity with temporary disability ynarise.

The conducted analysis of certification materidlsvorking conditions shows that workers are exposed
to a number of harmful and hazardous working fagtdre main of which is undoubtedly the chemica.on

Workers™ working conditions of the most common igiiss of department number 5 «Repair and assestnbfy> of JISC
«Naftan» (electric and gas welder, turner, hegtietrat HFC units, grinder, sharpener) refer tmfudwconditions of the 3rd class 2-
3 degrees. Arc manual welder works under the aamslibf the highest degree of danger 3.4 accamlirtgemical factors.

Working conditions of the electrician of repair amgfallation of electro equipment at departmenityer 9 «Energy supply
shop» of JSC «Naftan» are referred to harmful BssC degree; workers’ of department number 4éngjport department» of
«Naftan» (bulldozer operator, excavator operatmt bader driver) work under 3rd Cla8d2gree harmful conditions.

There are harmful chemical substances*bf, 4" hazard classes (class of substances is deteriyirieel MPC) in
the working area air of the considered departm&tsducted researches have shown that under dteadyf the
technological process, the concentration of harsofostances at the departmaifs Ne9 andNed6 does not exceed the MPC.
Deviation from the hygienic standard MPC is depamtis5 for arc manual welder. The MPC data are reflént@€dble 1.

Table 1 — Chemical factors of production area gadienentNe5 JSC «Naftan» Novopolotsk

Factors and indexes of - Arc manual welder . .
production environment nitrogen carbon hydrogen manganese in| iron
dioxide monoxide fluoride welding aerosol oxide
Hygienic standards (MPC, MPL) 2 20 0,5 0,1 6
Actual values 2,81 35,87 1,36 6,19 19,5

Despite the fact that the concentration of harmsfutbstances in the working area air does not exceed
permissible concentration, combined with adversgsigll factors of production area they can advgraéfect
the health of the workers of the investigated gmise. Their influence is diverse and lies in ti@ation of the
nervous, hematopoietic, cardiovascular, digestmejune and other systems’ functioning.

It should also be taken into account that prolongegbsure to noise with levels above 80 dB, whgh i
typical of each specialty, can lead to impairmdriaaring — professional bradyacuasia.

Auxiliary departments workers™ contact with hazarsl@and harmful occupational factors at the refinery
enterprise affects the health and has an impatti@state of the main physiological functions @& Hody.

Taking into consideration that chemical substanicaging negative impact on the organism of the
refinery workers are the part of raw materials éinhed products, it is not possible to excludenthfrom the
technological cycle. It is necessary to developmemendations and actions to improve working cood#j to
prevent occupational diseases and reduce occuphtianmatism at the refinery.
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OCCUPATIONAL RISK ASSESSMENT AT HAZARDOUS INDUSTRIA L FACILITIES

YULIYA BULAUKA, DMITRY PAVERAU
Polotsk State University, Belarus

The present study proposes a semi-quantitative approach to occupational risk assessment at hazardous
industrial facilities. The basic idea of the proposed approach is to merge spatial information and job profile
featuresin order to improve occupational risk assessment.

Nowadays high attention is paid to integrated aistessment which is mainly forced by the tendemeyrhore
efficient safety management system. Occupation@h560S) and Accident Hazard (AH) are two majonagrns at
process industry. These two risks have been tadity analyzed in a separate way in industriattwa as well as in the
legislation. In industrial practice, AH scenarias &ery roughly evaluated during OS assessment/iardversa. At
present the increasing attention towards integrasdety management systems is forcing plants toageaall risk
sources. This integration becomes critical fordagstablishments — such as refineries and petrocdieplants — due to
the high number of exposed workers and the intrjpisint complexity [1 — 5].

The goal is to have a unified metric for all potehbazards: occupational injuries and diseases (eie
to chemical and physical exposures), and majordaats (e.g. due to losses of hazardous or toxienais,
etc.). Thus, an integrated risk levBf) characterizing thgth work profile (i.e. for each worker belongingttos
job profile) has been proposed in equation 1:

R =3[ (R, +([(RI..), ] ®

where the; — parameter represents the time spent by-thevorker in thek-th unit (expressed as percentage);
theRys andR,sindexes estimate occupational and accidentaleigds respectively in thieth unit.

Then the two risk indexes are described in detail.

For theRys estimation, an individual OS risk level indexdisfined by equation 2 for theth unit:

Ny
R« = Z R [Bx My, (2)
=

where N is the total number of hazards estimated inkitk unit; theS parameter estimates the severity of
consequences characterizing tié hazard in thé-th unit; theP,, parameter represents the event probability
and theM, , parameter represents the mitigation capabilityrested for the-th hazard in thé&-th unit.

For the Ry estimation, a global risk level characterizing khenit is defined in equation 3:

Rk = Zh: Rn By, ©))

whereN, is the total number of accidental scenarios eséthén safety reports; th&,, and theP,,, parameters
represent respectively the consequence severityhengrobability (expressed in event/year) evallifoe theh-

th accidental scenario. The ., parameter is defined as the part (expressed agrgage) of the plant area
affected by damage areas, estimated fohtttescenario.

The following hypotheses have been suggested éomibdel development:

— Estimated risks in each area are independent.

— Hazard sources have a fixed position within theplayout.

— The worker presence at different plant units isiaed constant during the work shift.

The proposed method has been tested at a plambpépe deasphalting sludge «fiaftan» JSC, where
about 50 people work every ddyrepresents an effective test case as differanatd types are simultaneously
present. Information about estimated probabilitg aonsequence severity for eaeth hazard category outlined
for each k-th workplace (YW W) are reported in Table 1.

Results showed that Wand W, are the most critical workplaces for the Occupwid&afety analysis.

Information about estimated consequence severityth@ probability (expressed in year) evaluated for
theh-th accidental scenario are reported in Table 2.

After calculating separately the two indexeg{Rnd Ry), the integrated risk level for each job profile
may be derived as defined by equation 1. Thuseth&xcal» indexes characterizing the specific tyge will be
converted in so called «individual» indexes by commly with data about the time spent by each irthiad job
profile at each workplace (detailed calculatioprisposed in Table 3).

Thus, high risk level at the unit of propane dea#ipig sludge of «Naftan» JSC is due to such
occupations, as compressor unit machinist and mistluf processing pump machinist.
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k-th workplace
3 utdoor .
; = - hot propane in control
i-th hazard category @ equipme compres : :
% nt area sor pumping | pumping | furnaces| room
@
o
W; W, W, W, Wy W
P« 0,0522 0,0522 0,0522 0,052 0,0542 0,05p2
- Sk 10 10 10 10 10 10
Injuries by fall My | 01 0.1 0.1 0,1 0,1 0.1
Ros 0,0522 0,0522 0,0522 0,052 0,0542 0,05p2
Pix 0,0169 0,0169 0,0169 0,0169 0,0169 -
Injuries by contact with Sk 10 10 10 10 10 -
moving, rotating parts M; 0,1 0,1 0,1 0,1 0,1 -
Ror 0,0169 0,0169 0,0169 0,0169 0,0169 -
Pix 0,071 0,091 0,103 0,116 0,199 0,0005
; Sk 3 3 3 3 3 3
Hearing loss M.\ 0.5 05 05 05 0.5 0.5
Ros 0,1065 0,1365 0,1545 0,174 0,2985 0,0007
Pix 0,0002 0,0002 0,0002 0,0002 0,0002 0,0002
. Sk 10 10 10 10 10 10
Electrical shock Mg 0.1 01 01 01 01 0.1
Ros 0,0002 0,0002 0,0002 0,0002 0,0002 0,0002
P« 0,0196 0,0196 0,0196 0,0196 0,0196 -
Sk 3 3 3 3 3 -
Thermal burns M, 01 01 01 01 01 -
Ros 0,00588| 0,00588 0,00588 0,00588 0,00588 -
P« 0,0082 0,0082 0,0082 0,0082 0,0082 -
Chemical burns and freeze Sk 3 3 3 3 3 -
burns M 0,1 0,1 0,1 0,1 0,1 -
Ros 0,00246| 0,00246 0,00246 0,00246 0,00246
Pk 0,0101 0,0195 0,0096 0,0215 0,0219 -
Sk 10 10 10 10 10 -
Exposure to harmful substanc " 01 01 01 01 01 -
Ros 0,0101 0,0195 0,0096 0,0215 0,0219 -
Total estimated B | 0,19424| 0,23364 0,24174 0,27314 0,39804 0,05313
Table 2 — Data required for the/restimation
Accidental scenario Probability, Consequence Damage area, RAH
Pt,h severity, St,h M2
Explosion 2,7105 100 82448 2,99-3
Fireball 100 32206 1,1700-3
Pool fire 10 1600 5,8110-6
Table 3 — Estimated total integrated risk leve)) (Rjlues for each j-th job profile
j-th job profile tix_on k-th workplace Parameters
(occupation) W, W, W3 W, Ws W Ros Ran R;
Unit supervisor 0,15 0,24 0,045 0,045 0j1 0,34 816 0,0035 0,1721
Unit mechanic 0,14/ 0,02 0,125 0,04 0,50 0,0996 0029 0,1025
technological unit | 57 | 54 | 013 013 -| 047 01280  0,0032 0,1321
operator
Compressor unit | g5 . - - | 027| 041615 0,0034 0,1649
machinist
Processing pump | _ - | 019| 046| - | 025 01849 0,0035 0,1884
machinist
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A semi-quantitative method for integrating Occupa#il Safety and Accident Hazard risk has been
developed and tested at the plant of propane dekisghsludge of «Naftan» JSC. The model can bédieppt
processing plants characterized by different ue#isuring different risk types.
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TECHNOLOGY OF RECEIVING ELEMENTAL SULFUR FROM HYDRO GEN SULPHIDE ACID
GASES AT OJSC «<NAFTAN»: ENVIRONMENTAL ASPECTS AND FEATURES OF THE
TECHNOLOGY

ANTON BULAKH, IRINA BURAYA
Polotsk State University, Belarus

Sulfur-bearing compounds are very detrimental to the environment and to indugtrial process equipment. They are
formed during the purification of hydrocarbon gases from acidic components and usually convert into sulfuric acid or
demental sulfur. Currently industrial production of sulfur is mainly performed by using the Claus process. Utilization of
aulfur, obtained during the process of ail refining, isa problem of great environmental significance.

Currently OJSC «Naftan» is at the stage of «recocsvn and modernization program of OJSC
«Naftan» for 2010 — 2015», which is based on thestaachievements in the field of oil refining aafes into
account the rapidly changing market demands inraaénprove efficiency of enterprise performanBeoject
of delayed coking unit construction is underway purpose of which is to increase the depth ofefihing up
to 92 — 94 % and the output of additional volumikghit petroleum products.

Due to implementation of technology of environméptelean diesel fuel production, with sulfur conte
of 10 ppm (0.001 wt.%) at the hydrotreating unit@4/7 and LCH-24/7 with «<Merox» unit, and also doghe
introduction of value-added oil refining processr(struction a delayed coking unit) the amount aiegated
hydrogen sulfide increases and it should be udlize

With an increase of oil refining (up to 12 millidons) and implementation of all the tasks specifigd
«Development Programme», the production of hydregéide will become approximately 8800 Hmby 2015[1].

Today hydrogen sulfide, produced at facilities ST «Naftan», is utilized at:

— «unit of sulfuric acid production» | and Il stage

— «unit of sulfuric acid regeneration».

The total designed capacity of the plant is 4806/imm

Existing units of hydrogen sulfide utilization wogkactically with full designed load. Their capgcit
currently can’t be increased above the designed.

In this respect, problem of sulfur-containing gas&zation at the enterprise has become crucial.

Novopolotsk industrial complex has a significarpatt on the environment of the city, primarily ttuéhe emission of
pollutants into the air and discharges into surfeeter and groundwater. Powerful industrial develent of Novopolotsk not
only increases the anthropogenic load on the emagat, but also has a negative impact on the lietnglitions of the
population. Table 1 presents data of pollutantsséaris into the air in Novopolotsk over the pasieEss [2].

Table 1 — Dynamics of pollutants emissions intoatmosphere in Novopolotsk, thous. tons/year
2000 | 2005| 2006/ 2007 2008 2009 2010 2011 2012 2013
From stationary 51,5 | 54,2| 64,0 800 586 639 503 512 678 585
sources
Per capita, kg 481 519 599 750 548 614 480 485 636198

78



MATERIALS OF VII JUNIOR RESEARCHERS’ CONFERENCE

2015

These table data show the total amount of emisgiadsamount of emissions per capita. Of course, the
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real impact of emissions on population cannot lierstted to simple arithmetic. In reality, it is ressary to take
into account the remoteness of the industrial &@a the residential one (at least 4 — 5 km), awdral rose,
which allows to dissipate most of the emissionsasitp in direction to residential areas. Howevaerissions of
pollutants are large enough to have their negatiyv@act on ecosystems and human health.
Gaseous and liquid substances dominate in théusgwaf pollutant emissions into the atmospherdafopolotsk
(99,5 %), the share of solid accounts only for%0,5 ' he main share among them are volatile orgampounds (VOCs —
52,4 %), hydrocarbons without VOCs — 7,5 %. Othbstances are distributed as follows: sulfur diexd5,5 %, carbon
oxide — 5,0 %, nitrogen dioxide — 8,5 %, otheriiqand gaseous substances — 0,6 % (Table 2).

Table 2 — Average annual concentrations of polistanambient air, mg/fn

Controlled substance 2005 2009 2010 2011 201p 2013
Solid particles 30 <15 <15 <15 <15 <15
Sulfur dioxide 2 1 2 1 1 3
Carbon monoxide 902 1633 1509 835 330 577
Nitrogen dioxide 38 45 40 42 47 54
Formaldehyde 8 7 7 6 3 3
Phenol 0,7 0,6 0,6 0,9 1,0 1,0
Ammonia 2 9 5 8 10 8
Hydrogen sulfide 15 1,4 1,2 1,0 1,0 1,2

In this way, the above information shows that Naoisk refers to the type of cities with the highaensity of
harmful substances emissions in the Republic cirBsl The main sources of air pollution are therprises of oil
refining, chemical industry, power engineering, anotor vehicles. The largest volume of pollutanissions from
stationary sources in Novopolotsk falls on OJSCftela. A significant contribution to air pollutian the city is also
made by the following companies: Plant «Polymir&SOXNaftan», Novopolotsk CHP.

The Claus process continues to be the most widely process for the conversion gSHb sulfur. The task of Claus
processes is to recover elemental sulfur from garsulfide and, more generally, from byproductgiagginating from physical
and chemical gas and oil treatment units in ré@gianatural gas processing, and gasificatiorsptarguote a few. They consist of a
thermal reaction furnace, a waste heat boilera@ades of catalytic reactors (converters) andermers (Fig. 1).
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Fig. 1. The schematic structure of a typical Clani

The reactions occurring in the furnace are numerand several authors have attempted to delinbate t
important ones. The overall reaction characteritivegprocess is as follows [3]:

2H,S + O — S, + 2H,0. 1)

In the first step or thermal stage, one-third af tHS is completely oxidized to SOn the reaction
furnace, located at the front end of a unit. Thedpction of significant quantities of elementalfsulS;) during
the thermal decomposition of,8l is also beneficial. In fact, the sulfur produaethe furnace makes up 60 — 70
% of the total amount of sulfur condensed at tl@plThe main kB oxidation reaction is:

H,S + 3/2Q — SO, + H,0. )
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The reaction furnace is followed by the waste heiéér (WHB), where heat is recovered by cooling fitrnace
product gases. In the second step or the catatgitie, unreacted,H is then combined with SQeacting via eq. 2, over
an alumina catalyst to form elemental sulfur iedbbed reactors by the following reaction:

2H,S + SQ © 3/2S, + 2H,0. ©)

Since this reaction is exothermic, decreasingdheérature leads the equilibrium reaction towagllk thand, i.e.
more sulfur yields. On the other hand, low tempegatdecrease the reaction rate. Therefore, aopaigpe catalyst must be
used to increase the reaction rate. However, hiir gields still necessitate a multistage proeétisinterstage cooling and
sulfur condensation [4].

Sulfur formed in each stage of the Claus unit isdamsed and recovered to achieve maximum conversion
in the catalytic reactors. The unrecovered sulfuglemental or combined form {8, COS, Cg, is combusted
to SG in the tail gas incinerator which is then emittedthe atmosphere. Tail gas clean-up units are chdde
sometimes prior to incineration to increase théusukcovery and minimize emissions.

One of the furnace functions is the destructioaryf contaminants what may foul downstream equiEnénbil
refinery operations, NHs formed as a byproduct and is then directelataifur recovery facility for destruction. Incdetp
pyrolysis or combustion of NHn the furnace results in Nkind NO carryover into the catalyst beds. Ammoaiaform
ammonium salts, which can plug or foul the catdlgsis, other equipments, or piping. Although thedtion of SQoccurs in
the catalyst bed regardless of the presence oftfd@resence of NO in the beds acts as a cataiysefconversion of S
SG;, which in turn causes catalyst sulfation. Of then@ry causes of catalyst activity loss, catalyaon is regarded as the
most significant. It is therefore critical to cortviss much Nkito N, H,, and HO as possible [5].

For ammonia destruction, an empirical rule of thumimdustry is that furnace temperature shouldreater than
1200-1250°C. The furnace temperature must be lbwemperature limitation of conventional refree®of 1600°C and
above the minimum stable furnace temperature df@2Zehe reaction furnace temperature should nateekd@380 °C in
order not to exceed the maximum temperature liotigbf the equipment materials [6].

In the Claus process, other sulfur compounds willdomed, such as carbon disulfide £CG81d carbon oxysulfide
(COS), and these compounds can often contributeZdto 50 % of the pollutants in the tail-gastemmore, presence of
O, traces in the GSH1,0 mixture caused a decrease in the activity of iamind titania catalysts due to sulfate formation.
Therefore, COS and ¢Should be hydrolyzed in the catalytic convertestamwn below:

COS +HO < H,S + CQ, (4)
CS, + 2H,0 — 2H,S + CQ. (5)

The temperature of the first catalytic reactoraintained at about 350°C to hydrolyze COS angl WSle that of the
subsequent reactors is just above the sulfur dgwpoint. Transition metal oxides can be usedaddifjngamma-alumina to
form a catalyst that is effective at temperatuigisen than the dew point of sulfur. However, thestymamics provide a strong
incentive to operate the catalytic convertersvatiéamperature as a lower temperature should ircteasexothermic reaction
efficiency. Therefore, the temperature of the m®gas at the inlet of the catalytic convertersidhme such that the effluent gas
temperature is about 14 — 17°C higher than theceegbeutlet sulfur dew point and high enough falrblysis of COS and GS
for the first catalytic converter only (about 35Dt

Figure 2 shows the theoretical conversion g6 b elemental sulfur by the Claus reaction asnatifbn of
temperature.
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Fig. 2. Theoretical Conversion of8lto Sulfur by the Claus Reaction
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The temperature of reaction furnace of a typicaduSeé Sulfur Recovery Unit is adjusted to ensure
suitable NH destruction. Moreover, the inlet temperaturesRbUSonverters are determined in order to achieve
proper conversion without any processing problefte process temperatures are important in desighiag
Claus sulfur recovery units.
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PRODUCTION OF SULFONATE ADDITIVES FOR LUBRICATING
OILS FROM PETROLEUM AND SYNTHETIC FEEDSTOCKS

DARIA KHODICOVA, SERAPHIMA POKROVSKAYA
Polotsk State University, Belarus

This article gives a brief overview of the stages of production and mechanism of action of sulfonate
additives (detergents). The prospect of switching to synthetic raw materials in the production of high-alkali
sulfonate additives at the enterprise JV «LLK-Naftan» is considered.

JV «LLK-Naftan» has the largest and most comfaeitities for productiorof lubricant additives in the CIS area.
The assortment of manufactured additives and eddiiackages for lubricating oils includes produftslifferent
functional groups capable of providing a wide ranfi@perating properties of modern and prospedtivecants. A
special place among the additives, according o tinéversality of application, efficiency, prodigt volumes, occupy
sulfonate additives that have detergent, dispensantralizing and anti-corrosion properties.

The main purpose of detergent and dispersant adslits to prevent the deposition of oxidation piidu
and their consolidation on metal surfaces, reduthiegamount of residue, and carbon deposits odetwls.

The synthesis of additives depends on the choiceawfmaterials and a sulfonating agent. As a raw
material for petroleum sulfonates (C-150, C-30@hhi purified oil distillates are used. Sulfonate additives
CCK-300, CCK-300D, CCK-400, and CCK-400D NSSK-38 produced on the basis of synthetic materials, for
example, sulfonate additive CCK-300 is synthesimed synthetic alkyl benzene sulphonic acid.

The production process of sulfonate additives cissif the following steps:

1) Oil-sulfonation with gaseous sulfur trioxide:

SOH
OO

Adverse reactions:
SOZ + Hzo — HzSO_},,
SQ + Hzo — HzSO4.

2) Separation of the acid tar from oil.
3) Neutralization of the sulfonated oil and extractionof ammonium sulfonate:

R SOH
@ % {NH,OH — R@ SONH L Ho

4) Stage of exchange reaction (exchange decompasitireaction) and partial receiving of calcium
sulfonate salt as a result of «thermal stabilizatio»:
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H,0
R@ SO,NH, +Ca(OH), —>— R @SO3 Ca +2NH,+ 2H,0
2
H,0
R @SO3 Ca + Ca(OH), tz 2R @SO3Ca(OH) '

2

5) Carbonation (receipt of the colloidal dispersionof hydroxides and calcium carbonate stabilized
in hydrocarbon oil by calcium sulfonate):

SO t
2
SO,
R

where x, y, z — coefficient

Ca + g @ S05Ca0H + (x-y)Ca(OH), + (y-z)CaCOs + (y-(x-y))H,0 + Zimpurities
2

Carbonation step should be conducted so that ¢nbased products obtained colloidal stability dfess than 80 %.

6)Stripping reaction of methanol and water after the step of carbonation.

7) Purification of carbonated product from mechanial impurities.

The Stage of mechanical purification is importartgroducts with a maximum colloidal stability.

8) Distilling of the solvent from the additives afer the purification step [1].

The mechanism of action of detergent additive(gents) can be explained by their adsorption ermsiiface of
the insoluble particles in the oil. As a resulthaath is formed on each particle of hydrocarbdinats which are converted
in the volume of ail. It prevents the coagulatidparticles of pollution, and their contact wittchather. Polar molecules of
additives form an electric double layer, which gigemilar charges to the particles on which theyaaisorbed [2]. Due to
this the particles repel and the probability ofrtimeorporation in large aggregates decreasesJ-ig

+R\/EE§ R+

+R

+ R+
5N]
+R

Fig. 1. The mechanism of action of detergent adelti

Level of the ability of the detergent to neutralthe acid is characterized by its base number.hidfeer
the value of the base number, the better the etfethe detergent. Model of the structure of therbased
sulfonate is shown in Figure 2.

Overbased sulfonate additives of JV «LLK-Naftansmpany are involved in the production of
multifunctional packages for multigrade engine @ilspassenger cars and commercial vehicles.

The traditional additives production technology®t«LLK-Naftan» by sulfonation petroleum feedstock
has a number of drawbacks [3]:

— Insufficient dispersing properties and low thelrstability of resulting additive.

— The low output of the desired product.

— A significant share of by-products.

— Low environmental efficiency of the technology.

Switching to the industrial production of sulforstbased on synthetic raw materials provides the
following advantages:

1. The reduction of the technological producticaircithe stages of raw materials sulfonation witfuric anhydride,
separation of acid tar from ail, neutralizatiothef sulfonated oil, extraction of ammonium sulfesiare excluded).

2. The increase of target product output by 52 %.
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Fig. 2. Model structure overbased sulfonates

3. Ensuring the company's competitiveness in the teng.

4. Increasef profit by 60 %.

5. Solution to the problem of realization of byghwots obtained during the process of sulfonatetigdsli
production.

6. Independence from the «Naftan» in terms of supptaw materials for the sulfonation.

7. Will enable JV «LLK-Naftan» to become one of thegest producers of oil for modern engines of
automotive technology in Eastern Europe.

Thus the transition to the synthetic base productib overbased sulfonate additives is economicatigl
technologically practical.
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OUTLINE OF LOCAL ADDITIVES PRODUCTION PROBLEMS

LIZAVETA KHODIKOVA, ALIAKSANDR ZAVADSKI, IRINA BURAYA
Polotsk State University, Belarus

The article describes the actual problems of local additives manufacturing. Analysis of the lubricants quality is
performed.

In order to satisfy the consumer needs in respecaromarket production, today engineers are obllige
construct that sort of internal-combustion engimdgch will provide durable and good mechanism wogki
under extremely severe conditions. However, pdadaadf engines construction leads to increasinthefload
which present-day lubricants must withstand tos$atihe requirements of modern technique. Simutiasky
the environmental aspect is considered which ctsmsighe toughening of requirements imposed orgtradity
and composition of the lubricants produced. Inhipdssible to update the quality of marine, motat gear oils
without inserting of high-quality additives of diffent functionality in their composition for theasmn that
additives give the required functional propertie®ils. Nevertheless, there are tendencies to sethe content
of additives in commercial oils and to increaseqtslity defined by the environmental requiremefotsthe
relevant products. In this way a difficult tasksist before the manufacturers of additives, whiatutes the
production of goods which will be competitive o tworld market because of their high quality anthatsame
time will be characterized by low additives content

One of the ways to improve the oils quality is %pand the range of additives. Unfortunately atgmieadditives
packages are formed and inserted into base ojlslepénding on their functional effects. However,fact that the presence of
several additives may cause changes in the intecotat interactions of the solutions of additiveshie oil as well as the
solubility of additives in different base ails istitaken into account. Eventually all this facteesl to deterioration in the quality
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of ails and to colloidal stability of oils with aitides. Very often the sequence of inserting ofithditives packages components
and mixing modes are not taken into account. Alrtay result in the reduction of sedimentatiohilgtaof commercial oils
under operating and storage conditions. Some patiadditives precipitates from the oil solutiomfiing a precipitate on the
surface of engine parts. Consequences of suchrpbeaare varied in the nature, for instance: dedidn of oils filtrability,
filters clogging and others, in general deterioradif performance properties.

Therefore one of the ways to improve the qualigdufitives and their packages is to increasedblfgidal stability.
However it is necessary to improve production teltigies in order to achieve the desired qualitgdifitives. It includes
optimization of dosage and the order of comporieststing into the reaction mixture, organizatiérdeeper and more
perfect additives purification from mechanical imiies, selection of more effective solvents addegtarious stages of
additives production technology, usage of high-teethods to affect the colloidal state of additiispersions in oil.

In order to maintain the colloidal stability in eiblution additives must be minimally subject teemal factors that
may change intermolecular interactions of additimehe volume of oil. Most of additives like degent surfactants have
hydrophilic and hydrophobic groups. Polar groug(bphilic) determines the functional effect of dislds and nonpolar
group (hydrophobic) determines its solubility ie @il [1]. In this way nonpolar groups must provide maximum possible
solubility margin of the additive particularly ihe process of the oil exploitation in the enginenduwhich oil viscosity
changes and accumulation of oxidation productérigad the additives association takes place.

Increasing of polarity of dispersion medium leadgddcrease of oxidation products association, vagchmulate in
the process of oil exploitation and to increasadufitive solubility in the oil solution which irsiturn increases colloidal
stability (fig. 1).

Fig. 1. Additive solubility in the oil solution

With increasing content of impurities the numberpotential coagulation centers also increases which
leads to integration of the additives particles anbsequent precipitation of them together with maadal
impurities particles in accordance with Stak&aw.

With increasing content of coagulation centerstizddparticles adsorption from dispersion mediuso ahcreases
owing to presence of uncompensated surface emdggrption-desorption balance which takes placghensurface of
coagulation centers stipulates particles growthindrease of the number and of the size of parfiells to their more intense
interaction, coagulation structures connection @né result to the formation of coagulation carcHsis phenomenon is
accompanied by surface tension changing at thréairigé surface and promotes gradual precipitati@iispersive phase out of
dispersion medium. This phenomenon stipulatesgeafiadditive package colloidal stability.

Additives perform three basic functions in oilsgyhrestore oil properties which were lost or degeds
during oil purification, improve original propersiof the base oil and impart new properties tavbiich it didn’t
possess originally. Additives belong to high-tectoducts which are characterized by the fact thatrth
development costs are comparable with the costs pheduction development. Consumer propertieshesé
products continuously increase therefore they Hagber price on the world market than the priceotfer
petrochemicals. Main foreign companies producirgdjtagts are Lubrizol, Exxon Chemicals, Chevron Cloats,
Texaco, Rohm and Haas, Shell and Infineum [2].

However financial crisis in 1998 has once agairvedothat orientation on imported additives packages
perspectiveless. Price for additives is increasiity the same rate as their consumption level. Tieigatively
affects the price and realization of locally proeéddubricants. Therefore much attention is to biel pa the
quality improvement and diversification of locafiyoduced additives.

One of the major tasks set before domestic adslitvenufacturers is to develop production of domestiifoam,
depressor, antioxidant and other high-quality aedithe absence of which forces to focus on foreiarket of additives.
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THE HEALTH STATUS EVALUATION OF EMPLOYEES
OF THE ADMINISTRATIVE DEPARTMENT IN A PETROCHEMICAL  COMPANY

DMITRI ADAMOVICH, SNIAZHANA LEMACHKO, S. GORUNOVA
Polotsk State University, Belarus

The structure and dynamics of illnesses with a temporary loss of working ability have been analyzed in
the current article. The research refers to the employees of the main office of the plant «Polymir» JSC «Naftan».
It has been revealed that in the research period in the main office no professional diseases were registered. It
has been discovered that the long-term average annual morbidity rate for the employeesis close to the average
morbidity rate with a temporary loss of working ability (further referred to as TLWA).

At present a lot of attention is given to the agtinvestigation and forecasting of the level offgssional
risks of the workers in oil refineries. The maimmgp is formed by the employees of the chief pradacand the
auxiliary units of oil refineries, and the contrgioup is formed by the administrative departmeritshe
enterprise (the main office), more rarely the colngroup can be formed by other service personnel.

When discussing the results of the research inrdegathe dynamics of the professional and ocoorpali
pathology in the above mentioned control groups ailithors are confined to the statistics on thergéstructure and
morbidity dynamics with the aim of comparing it lwithe key figures for the main professional growithout
specifying the morbidity structure and morbidityeynics within certain medical entities.

The studying of morbidity with a temporary lossvadrking ability of the employees in the main office
has been carried out by analyzing the statistitzsafaannual reports on the employees’ temporaygacity to work
(form f16-u). The data on general sickness ratewaten into consideration. The data on the nurmbsickness
cases per 100 workers on average and per eachahedtity were also considered. Apart from thag, dherage
length of 1 disability case specifying the numbedays, the wastage indicator as a result of teamyanability
to work specifying calendar days per 100 employesswell as the dynamics of the number and gender
composition of the studied groups of employees@period from 2003 to 2011 were considered.

In the course of the research it has been revéadeth the specified period the number of empleysehe main
office stayed nearly the same, however in the y2at® — 2011 the number of women in the workingntsharply
declined: in 2003 women accounted for 73,28 % eftéam, in 2011 the figure went down to 41,05 %.a@grage
within the period from 2003 to 2011 women accoufte®3,5 % of the team in the main office.

The fact that women prevail over men in the teampmsition of the main office, suggests a highe it
endocrine diseases, genitourinary diseases anditsymeéhen compared to the other departments [At #ie same time
due to the decreasing number of women in the tdaheanain office in 2010 — 2011, a decrease inbidiy rate of
endocrine diseases, genitourinary diseases anditsiigoexpected. In table 1 you can see the datheotemporary
dynamics of disease for the employees of the nffiie of the studied petrochemical company.

Table 1 — Morbidity with temporary loss of workiagility in the main office of the oil refinery

Year Numbeerrr?glt(:)z;\/seeess per 1 Number of calendar days per 100 emplo_Aveﬁcgfngtgsjsl ca
2003 94,28 797,08 8,45
2004 84,20 714,30 8,48
2005 94,09 795,96 8,46
2006 96,75 836,14 8,64
2007 95,40 865,99 9,08
2008 91,88 928,11 10,10
2009 99,98 890,89 8,91
2010 63,74 597,53 9,37
2011 38,87 349,17 8,98
Average 84,35 752,80 8,94

According to the evaluation scale of the TLWA iratinrs, which was suggested by Y.L. Notkin in 1977,
the morbidity level of the main office employeesdze estimated as close to the average. In patieuthe
TLWA frequency index is average, the temporary loissorking ability rate is lower than average.thé same
time from 2006 to 2009 the morbidity level in thaim office remained average, in 2010-2011 — it loaser
than average, in 2003 and 2005 — the morbidityl levthe main office was transitional.
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From the data in table 2 it is clear that the datlie structure of TLWA of the main office empl@gein
the petrochemical company, which is identical ® standard for the given industry, covers 16 médictities.

Table 2 — The structure of TLWA in the main offigkthe petrochemical company

Average number of cag Average number of da
. ) : o 1Average length of
Medical entity per 100 employees, p¢ of disability per 100 case, days per yehr
yearroa employees, per year

Respiratory diseases 52,32 362,96 6,94

Musculoskeletal diseases 7,66 71,42 9,33

Poisoning and injuries in the

workplace 3,05 69,81 22,93

Disease of blood-circulatory and

cardio-vascular systems 4,24 39,72 9,37

Diseases of digestive organs 2,22 24,41 11,02

Genitourinary diseases 3,87 40,87 10,57

Skin diseases and subcutaneous tig 1,43 13,82 9,68

Diseases of the eye and the append 1.66 1431 8.63

of the eye

Diseases of the ear and the adnexu 0.63 555 8.83

mastoideum

Tumours 2,06 36,94 17,92
Infectious and parasitic diseases 0,31 4,13 13,18

Mental diseases and disorders 0,22 2,13 9,49

Nervous system diseases 0,43 5,37 12,47

Endocrine diseases 0,37 7,04 18,87
B_Iood diseases and bloddrming orga 0.06 1.28 2212
diseases

Reproductive disorders among worn 3,84 53,04 13,81

Total 84,35 752,80 8,94

The percentage ratio of the groups in the gertenatgre of TLWA for the main office of the studipdtrochemical
company is slightly different from the analogoutader the chief industries and for the enterpaisa whole. The first rank
place in the structure of TLWA in the main offi@dccupied by respiratory organ diseases (63,49 &b the cases of
TLWA), the second place — pathology of the muskellesal system (9,3 %), the third place — diseasb®od-circulatory
and cardio-vascular systems (5,04 %). Further weegseitourinary diseases (3,96 %), poisoning ajuiéa in the
workplace (3,71 %), the sixth place belongs toadytive disorders among women (3 %), the sevdatie s taken by
diseases of digestive organs (2,69 %). There existher high level of tumours (2,51 % rank place), also a high level of
diseases of the eye and the appendages of th2,@ye4, § place). There is a low level of diseases sushingliseases
and subcutaneous tissue (1,73 98, dlace), diseases of the ear and the adnexum d®sti0,78 %, firank place), as
well as endocrine system diseases (0,46 %,pk&e). Nervous system diseases occupy theatik place (0,53 %).
Infectious and parasitic diseases (0,39 %) ocdupyld' place, mental disorders (0,28 %) occupy tHe flace. Blood
diseases and blood-forming organ diseases amréis (0,07 %, feplace).

It must be noted that th&and the %' rank places of respiratory organ diseases amithelogy of the musculoskeletal
system in the structure of TLWA are typical of pefiemical companies. As a rule, the third medidityewhich is typical of
the chief industries of the petrochemical enterpyis the group of poisoning and injuries. Iharacteristic of the employees of
administrative services that the personnel carrnghair professional duties in comfortable envirentnwhich excludes the
necessity of climbing to great heights from therfiground). It also excludes the possibility fuistrial injuries as a result of
contacting the technological equipment. Due to ttisindexes are lower compared to the indextee @hief industries in the
group of poisoning and injuries in the main offi€¢he petrochemical company.

At the same time the percentage of respiratorpaligaases in the structure of TLWA, in termseftbmber of cases per
100 persons, and in terms of the number of dagfsatfility is maximum — 63,49 and 48,21 % respagtiConsequently, the
pathology of respiratory organs is leading forpeochemical company, which includes also the@regs of the administrative
department. The respiratory organ diseases aesegf@d by acute respiratory infections (91,70 tedevel, 88,90 % days of
inability to work), flu (5,68 %; 6,06 %), pneumoliz30 %; 1,01 %), and other diseases of upperatesp passages (1,27 %;
1,77 %), chronic bronchitis (0,48 %; 1,18 %) amhtinial asthma (0,57 %; 1,08 %).

In the group of poisoning and injuries there arailyadividual injuries of soft tissues in differeparts of the body
(41,16 % of cases), individual fractures of uppebs and lower limbs (34,85 %), burns and freeripgies as well as
other cases (11,08 %), multiple and combined &gu(b,55 %). Next to this there are intracraniglries (5,21 %),
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dislocations (1,50 %). Other nervous system ir§uide65 %) are the rarest in this group. Duringathele period of study
there were no cases of poisoning. No consequefitmegoampact, of injuries, burns, freezing or apnsequences of head
injuries were detected. On the whole in the pdramua 2003 to 2011 the level of occurrence of paoigpand injuries in the
main office team changed very little. Since 20@@ethas been a tendency to the level decreasingyloat the same time
the index of temporary inability to work among émaployees has been increasing.

Based on the results of the work, the followingatasions have been drawn:

1. The long-term average annual morbidity ratelj8Bcases of TLWA and 752,80 days of loss of wagrkbility
per 100 employees, and in accordance with Y.L.iNetkcale dated 1977 is close to the averagedévVelWA.

2. Respiratory diseases are the leading patholdgthe® main office of the studied petrochemical
company. They account for 63,49 % cases of TLWA 48@1 % of total disability. The second rank plée
occupied by musculoskeletal diseases, their peagerih the total structure of TLWA on the basishef number
of cases per 100 employees and on the basis ofthber of disability days is 9189,74 % respectively.
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UDC 621.91.01/02
MINIMIZATION OF BACKLASH IN THE THREADED CONNECTION S IN BORING CUTTING TOOLS

ANDREY GERASIMOV, NIKOLAY POPOK
Polotsk State University, Belarus

The articleis devoted to modeling of precision treaded connections in SolidWorks software. Experiments
were carried out to reduce the backlash in threaded connections of boring tools.

In metalworking boring heads are widely used fakingaprecise holes. They allow to set the sizé@tdol with high
precision and to achieve high-precision machinimg) guality. The possibility to control the sizetioé tool can improve
processing efficiency by reducing tooling costs iamatove performance through the use of modemnadérials as cutting
teeth such as hard metal, mineral ceramics anthsnpenaterials that allow the use at higher cuttiode [1].

Progressive tools are adjustable single-blade Qoprefabricated heads, equipped witplaceable
indexable carbide inserts.

Figure 1 shows an example of a structure of aygiimyle-tooth boring head for boring holes irrémge 30 ... 150 mm.
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Fig. 1. Single-tooth boring head for boring holaghwa diameter of 30 ... 150 mm

These heads consist of a head body 2 on the fidaio$ which there is a corner recess of the «dolet
In the recess a tool holder 1 is accurately plaitéths a possibility of radial displacement. Irs&d tool holder a
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replaceable indexable carbide insert 3 is mouritdas triangular or tetrahedral shape with reaners. A plate
fastening according to its design is performedgisistuck 5 and a screw or screws through theihdles plate.

Geometric parameters of the insert: entering apgte90 ° for triangular plate and 75 ° for tetratedr
plate, front angle = 0, rear angle = 8 — 10 °.

The housing of the head is provided with an adjgsticrew 4. Along the screw 4 the guide rail 6 rspve
which serves to focus the holder 1. When the sérautates the guide rail 6 acts on the pin 8, &edhblder 1 is
moved in the radial direction, thereby ensuringuestte adjustment of the head to the desired sz¢ntent. After
setting the required size, the holder 1 is firniked in the slot due to the elastic deformatiorthaf body 2 while
tightening the screw 7. To create a possibility deformation of the «dovetail» type groove the s have a
longitudinal slot. The housing and the holder aedéned to HRC 32-40. Accuracy of adjustment avlailan the
operating conditions of up to + 0,01 + 0,02 mm aejzeon the diameter and experience of an operator.

On the basis of analysis of boring tool structutesan be concluded that in modern engineeringnigpri
tools can be divided into boring cutters, microhnd boring heads.

Tools with indexable inserts in accordance with GAI®042-80 or 1ISO 1832 (it could be also found
forms of indexable inserts that differ from thesenslards) are most common nowadays. It helps toowep
reliability of cutting tools, intensify cutting med, and provide quick-tool change in case of wedich is
especially important for automated production.

The most promising direction in boring tool desigmd application is creation of instrumental systems
based on a modular principle.

Particular attention is paid to the constructioruoftes for micrometric adjustment and moving cigti
blades, as well as cartridges or cutting blocks.

One of the main problems of these systems isléwirof rigidity and accuracy due to the presericaare joints
than in the solid tool. One of the most effectivaysto improve the accuracy of the blocks is toelements for adjusting
the dimensions of cutting tools, such as micrdBut the main drawback in the design of microburs@ther instrumental
system blocks having a micrometer screw as a tegullement is a gap in the micrometer screw Baiducing instrument
inaccuracies in setting the size by means of tltsometer screws is made by imparting the preloatthénthreaded
connection, however, a question of influence ofrohiar design parameters to create necessary iaterge and thus the
precision and rigidity in the connection, has resrbstudied enough.

There are many ways to make the preload in theamieter screw connection of microbur. This variety
is shownmost thoroughly in the pateN2349426 [2].

According to this patent the boring head consists micrometer screw, playing the role of the toalder 1.
On one end of the tool holder 1 there is a groovénflexable insert 2, fixed, for example with ansp 3 with help of
screw 4, and on the other end a key 5 is set. @& lcan slide along the keyway of a mandrel 6pgadents rotation
of the tool holder 1 around its axis. A limb 7 anushing 8 are conjugated with tool holder 1. lithb 7 is set in the
rotatable housing 9. A vernier 10 is made at thet @nthe housing 9 for precision adjusting of tbel tholder 1.
Between the sleeve 8 and the housing 9 an elastigber 11 is mounted (Fig. 2).
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Fig. 2. Boring head assembly and section view

The elastic element 11 can be made as diaphragmgspurved washer or wavy washer. The elastic
element 11 can also be made as one part with s&asea diaphragm spring (Fig. 2) with rolling biegs 12, a
slotted spring (Fig. 3) with an abutment surfacemi3he housing 9, etc.
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Fig. 3. Elastic elements
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The limb 7 interacts with the sleeve 8 (transmisjtie) through slots 14 and ridges 15, performed
respectively in limb 7 and sleeve 8. Shouldersrid B/ may also transmit torque (Fig. 3) due to édleutouts
at the ends in limb 7 and sleeve 8, respectivelyhé central limb opening 7 excluding threads igescircular
recess 18 is made as a cylindrical inner surfatie aéameter d (Fig. 4).
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Fig. 4. The limb with a circular recess

In the tool holder 1 the thread tops are procegsat] without violating the average diameter of the
thread and the diameter d of the recess18, anddarouter cylindrical surface 19 of diameter d (l5g

Fig. 5. Boring head. Cut-A

However, the resilient member in the form of atsldtspring is the easiest to manufacture.

During the projecting process and developmentehtw boring instruments with micrometer adjustrnoéitite
cutting blade the main task was to solve the prohéth clearance adjustment (to reduce to the sapesize) in the
thread connection of the boring head. It was regedthat some factors influence the clearance saemely the
parameters of the slots on the housing of the bgsind the stresses of prior pressing or wedgimgp(ior preload).

A plan-matrix of the complete factorial experiméGEE) was done for the purpose of estimation dfslo
influence on the accuracy of the thread connectiormur case there were three factors: width ofdlog step
and depth of the slot. To reduce the number of hsode used two levels of each factor. Thereby wa &ia
models [4]. The plan-matrix of CFE is shown in &l

Table 1 — Plan-matrix of CFE

Sample # The width of the slot, mm The step ofdlbe mm The depth of the slot, mm
1 1 1 18
2 1 1 21
3 1 15 18
4 1 15 21
5 15 1 18
6 15 1 21
7 15 15 18
8 15 15 21

This connection was subjected to structural angalysing the built-in SolidWorks tools. Wedging of
bushing slots and simultaneous pressure on theoaitie screw inside the bushing were modeled @&id).
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Fig. 7. Map of the stress distribution obtaine®alidWorks

After analyzing the connections using the finiesrent method, we can conclude that during thevetatging and the
simultaneous action of an axial force on the s¢oesmponent of the cutting force) prior preloadisted on the split bushing.
This happens at certain values of slots wedgiig fand it is sufficient to minimize gaps and baatkla the threaded pair.

After the research and calculations had been daieguSolidWorks software, experiments were
conducted on natural samples of split bushings.

During the experiment split bushings were wedgetth tie help of measuring plates, and then the ®rqu
in the threaded connection was measured by measw@fing and unscrewing of the screw (Fig. 9).

Fig. 9. Measurement of torque with a torque wrench

After analyzing the structure using finite elememgthod in the program SolidWorks, you can drawirpieéry
conclusions about the acceptability of such a cosgi®n of gaps in the threaded connection of mmieter screws in
precision cutting tools. However, due to the natirealculations in SolidWorks Simulation it is iogsible to model a
situation of split bushing compression and thefalhg screwing the screws. Thus, further modeliag warried out on
real models. During experiments it was found thegaded connections moments occur at the samarsiepidth of
slots, but at a more favorable depth of slots. Hewevhen the width of slots equals to two stephefthread and the
step of slots equals to two steps of the threasl,btlishing changes from the elastic deformation tinéo plastic
deformation zone. Thus, we can conclude that tite sh bushings should be no more than 1.5 steppe dfiread and
have a maximum depth (for a square in cross-sgction
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UDC 621.893

ANALYSIS OF NANOSCALE ADDITIVES INCLUDED IN THE LUB RICATING OIL REALIZING
THE EFFECT OF TRIBOLOGICALLY FRICTION SURFACES

ANASTASI YA HUSHCHA, ALEXEI DUDAN
Polotsk State University, Belarus

Considered modifying nano-sized additives of lubricants used to improve wear resistance of the friction
surfaces of machines and mechanisms.

Losses from friction and wear in developed coustreach 4 — 5 % of national income, and overcoming
the friction absorbs worldwide 20 — 25 % of the rgyeproduced per year [1]. Providing the requiredel of
coefficient of friction, decreasing the wear of tfrction surfaces and preventing clogging of thietion
depends on the nature and properties of the lufdrared its components.

Traditional methods of improving the wear resistaand durability of friction include the use of rial,
vegetable, animal and synthetic lubricants, paftsnagnesium alloys, magnetic traps of wear padictae
magnets impact on grease and others Continuouimprent of the load-speed modes of machine oparatio
exhausted the possibilities of these methods. Ttwerethe scientists face the task of further imyprg the
design of parts and assemblies, methods of maimterend repair.

Currently one of the priorities of improving therahility of the friction surfaces is the developrehlubricants,
realizing the effect of tribomodification. The mfiction of the friction surfaces is mainly duetie introduction in to
lubricants nano-sized additives. These additivesalid insoluble substance with a characterigte af from 0,1 nm to
several tens nm, which support high antifrictiod antiwear properties of the lubricant materighimprocess of friction.

Foreign and domestic scientists developed margreiift compositions based on the minerals of natndbartificial
origin, which received the name geomaodifires cfifin (GMT). Getting on the friction surface alamigh oil or grease, they
initiate the process of formation in friction swda of nano-sized structures with high wear resistand low coefficient of
friction. As a result of application of concentcheispension GMT on the basis of serpentine wéthligpersion of a natural
mineral from 0,01 to 5 micrometer in all mechanisimd devices the wear of friction is reduced or B30 %, the losses due
to friction are reduced 1,5 — 2 times and vibredgtis reduced on 50 — 100 % [2]. This is duédhtoihcrease in the effective
contact area and the formation of the originalciire of the dynamic ultra-thin layer of hydrocartmiains of particles
GMT and wear products of less than one micrometersfliquefied | layer).

On the basis of serpentine and concomitant imgsititie compound for treatment of friction pairss developed. It
includes the fine powder of diamond or stones,raethl-containing additive which is a mixture offipowder of metals,
selected from the metal base and the metals, forangtable system with the base material takendraomber of Cr, Ni,
Mo, Nb, Ti and their alloys [3]. This combinatioh @mponents provides for the formation of strorghynd with the
friction surface of a modified hardened surfaceraf specified composition, and this makes itiplesto achieve a stable
reduction of wear and friction coefficient and imptthe technical parameters of machines and machsiniFor example,
for the pair of friction steel 45 — steel 45, thefaces of which are treated by this compositigrihb following technical and
operational characteristics are characterized:nbkasd 390 — 410 HRC, the coefficient of friction 08,0~ 0,008,
compensation for wear of 1 —3 mm [3].

Modern nano-sized additives also include ultrafiiaenond-graphite powder (UDP-AG). Diamond playsrtie of
abrasive material on the account of which durirggatjion the process of submicrocutting of singlerasiystems takes plays
and that leads to a noticeable increase of thetieéfecontact area of friction pairs. The smaller particle size of the
diamond powder, the more of them get into the efdfdctional contact, and this offers more antiavg@erformance.
Presented in work [4] results show that the intoido of UDP-AG into plastic lubricant CIATIM-20Inkances its anti-
friction properties, allows to reduce the operat@mgperature of the friction on 13 — 15 % and thefficient of sliding
friction on 25 — 32 % (Fig. 1) and to reduce thegtemess of the rubbing surfaces in 1,5 — 2 times.
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Fig. 1. Dependence of the change of friction ce&fit on road friction lubrication CIATIM-201
at a load of 150 N and 250 N (b): 1 — without fill2 — filled with UDP-AG [4]
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UDP-AG in lubricating oil is often used in combiimat with ultra dispersed and other additives. lis th
case, the nature of their interaction and concgatraletermine the properties of lubricants, ad agltechnical
and operational characteristics of treated bydbimpound friction surfaces.

When UDP of iron and UDP-AG are used together thenohd-metal composite is formed on the friction
surface. It combines high hardness (resistanceém)wcladding properties (thickness up to 4 mieten), as well as a
synergistic effect (the coefficient of friction thie stage of break-in does not exceed 0,23 fopdresteel3-steel3) [5].
Investigations of lubricant containing UDP-AG (8;5 %) in combination with fine salt of sulfate Show a 2 time
decrease in the wear rate and the coefficientatibin is decreased by 12 — 15 %. At the same tingeload capacity is
increased by 25 %. In the case of reducing theertwration of UDP-AG friction regime is the samevath usual
lubricants without additives. If the concentratisrgreater than 5 %, the friction passes into biestmode of boundary
friction, combined with an increase in coefficienfriction and wear [6].

The staff of the scientific-production Associatiefltai» developed and conducted a series of indugtsts of
antifriction grease for abrasive materials, whigtilided ultradispersed diamond and molybdenuntidisuAs a result of
application of the lubricant with cluster diamottiuss efficiency of the operation of grinding andrpkaing increases by 10-
25 %, and the purity of the treated surface ir-R3imes, while the ecological conditions of war& improved [7].

At the end of the last century in the UK Neil Goettdeveloped and widely used a special liquid SBK-
on the bases of polytetrafluoroethylene (PTFE),tbet its use was suspended. But even now PTFpast af
many lubricants as a polymeropoulos composition. aAsesult, on the friction surface a thin (about 1
micrometer) structured coating is formed. It pr@d&dncreased adhesion, anti-wear and anti-fricifects. The
efficiency is preparations is determined by theeleof ultradispersed PTFE, dispersion of partidleshe
solvent, the presence of surface-active substafstefactants), reinforcing the mechanical inte@ttiMany
modifications of PTFE (polyflon, algoflon, teflon-idar and others), are also developed. They fawvad
application in automobile and chemical industrkas, also in many other areas.

Currently there is also a large number of lubrisawith dispersed ferromagnets. Transition metadssome
of their intermetallic compounds, such as iron-eickon-cobalt are of practical importance. Magads the most
widely used. It has good adsorption ability witlspect to surfactants, and is also capable of fgraircolloidal
dispersion with high magnetization. Magnetite @astituent of many metalloplastic lubricants. Shaparating layer,
preventing the interaction of parts of frictiorsmch greases, forms particles of metals or metaksong compounds,
filling the microscopic irregularities of frictiosurfaces and thus reducing the amount of contasspre. Such
additives are fine powders of zinc, bronze, coplead and some others with a particle size of 40 micrometer.
Salts of monocarboxylic acids with metals or mptakder which is industrial waste of electrocheméattroplating
processes containing copper and mixed with oleit ae also used. When metalloprotease film is éofrim the
contact zone the accelerated migration of magipetiticles from the volume of lubricant takes platieat reduces
wear, friction torque, and improves anti-wear tesise of friction [8].

Discussed in the article nanoscale additives cgnifgiantly improve the wear resistance of friction
surfaces (70 %), technical and operational perfagean 1,5 — 2 times, reduce the time and imprbeeguality
of their extra earnings, lower the temperature afrking units (up 15 %), noise and vibration, which
significantly contributes to increasing the rellapiand durability of machines and mechanisms.
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UDC 528.5

PROSPECTS OF GRAPH THEORY USAGE IN THE ECONOMICAL
AND GEOGRAPHICAL ASPECTS OF TERRITORY PLANNING

ALIAKSANDR KURPATAU
Polotsk State University, Belarus)

In article problems of using graph theory to solve some tasks of economical and geographical
planning are considered. The abilities of geographical information systems (GIS) are also discussed.
More attention is given to the potential of graph theory application in the planning of territorial
industrial complexes and clusters.

Graph theory is the section of discrete mathematies studies graphs, groups of non-empty sets of
nodes and edges (each edge connects only two nddespite of large number of unsolved problems and
unproven hypotheses fields of usage are wide enoligiong them are: social networks and communication
information technologies and geographic informasgstems (GIS), etc.

Speaking of GIS, the geographical objects (anyatbjcated on the earth, under or above its seyfac
existing or designed buildings, installations, lkaeeven settlements can be treated as nodespif;gad roads,
engineering networks, power lines as edges of taphg Applying different calculations on the gragllows
finding the shortest detour, planning the bestapdéfining a «service area» of shops, malls, aanmel stations,
fire stations.

Modern GIS have a big arsenal to solve any taskspattial planning. The solution of some of
them, such as optimization of transport costs bstrébuting stops and determining the shortest path
between these stops, considering limiting factans€, capacity machines and maximum travel time)
becomes more illustrative using graph theory. A bemof modern GIS software has extensions
dealing with the principles of graph theory. ArcGh@&s «Network Analyst», Quantum GIS contains
«Road Graph». Such modules have been successfidbd Wby enterprises and organizations,
governments, allowing them to carry out their aities more efficiently and to make grounded
strategic decisions. The graph theory is useful afficient when choosing the place for industrial
complex, service center, and transport and logistienter from several options, when analyzing the
geography of supplies.

On the other hand, «Network Analyst» (as well agm®sions on the bases of some other GIS software)
has a significant feature: it is well designed dtvs traffic problems, especially for public transpand is less
convenient for logistics. So the analysis, for eganof nearby shops, it performs easily using suetameters
as distance, elapsed time, and not so easily whesidering the cost of goods, range, etc. Butratte taken
into account by the consumer as well, when chooairggore, in which he will go shopping. Therefouels
modules are not so convenient for solving the wisplectrum of economic and geographic problems daty
logistics in full.

For these purposes, where the modules of GIS saftaee not so efficient, it is better to address to
special software, for example software «Grafoaa#diz> (current version 1.6) for Windows or «Rocswrfent
version 1.12) for UNIX-like operation systems. Quan build directed graph with weights of edges aodes.
However, the choice of criteria for weights of neded edges determination.

The choice of criteria for determining the weighitedges and nodes depends on the tasks and obpectiv
of planning. Conditionally we divide the tasks pafial planning at the macro (regional) and miaotérprise)
level. At the macro level, we will evaluate the gmafal of the regions, settlements. The weighthef mode will
include:

— the population of the village, the region;

— the quantity and quality (skills, qualifications)workforce;

— number of enterprises by economic sector,

— availability of scientific institutions, highend secondary special education, enterprises and
organizations of scientific and technical sphere;

— other criteria if applicable.

The weight of edge will consist of:

— distance between cities in kilometers;

— the value of migration streams between nodedfioasand people per year;

— the volume of mutual trade between enterprisesles» in currency per year;

— the frequency of interactions / business contaet&een enterprises and organizations of «nodes»;

— other criteria if applicable.
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Optionally instead of graphs one can use the grawidtdel, by analogy with Newton's law of universal
gravitation [1], which states that two points attraach other with a force that is directly projmoral to the
product of the two masses and inversely proportitmthe square of the distance between them.

In this case, the mass will represent a set ofegbf the evaluation criteria. Taking pairs andwialting
the value of their «mutual attraction» one can camsettiements and get an idea of the weighttdéseent in
regional economical system and its relations witteolocalities/regions.

Let's call micro-level, planning at the level ofnigpanies and organizations, such as planning aeclost
an industrial complex. The key features of the teluare: the geographical proximity of participaatsd the
presence of companies in the same or related inesigtiuster members). The correct choice dependthe
effectiveness of the cluster as an economic agagrgngthening the competitive advantages of firmg toe
region. To date, the problem of selection of pgéints, cluster formation is relevant and one sthaohsider it.
For cluster formation the following factors are ion@ant:

— the presence of enterprises of small, mediumlange enterprises, specializing in working in pardar
sector;

— the presence of companies operating in relatetdrse

— the presence of businesses and organizationgagéhe cluster members, but do not participateatiy
in the production (banks, insurance sector, coimguttompanies and others.);

— satisfactory financial and economic conditiorenferprises;

— availability of educational and scientific ingtibns that provide training (retraining) of spédisis and
have the research base on the profile of the cluste

— the geographical proximity of the participants;

— the possibility of the existing or the abilitydoickly create a new transport and logistics nekwo

— the presence of centripetal tendencies amongiaiteluster members.

One should clarify: technological proximity, contity production, geographical proximity are criteri
which distinguish cluster and the holding.

The assessment of potential clusters is made bystes. The first step is evaluation of enterpreses
organizations. It is sufficient to assess the imtive activity or innovation potential, the coeféint of absolute
liquidity, financial independence ratio, asset twer ratio and other parameters, if necessary.vaimn activity
includes: interaction with science, design bureamgstment activity; active renewal of productassets; the
presence and number of innovations successfullypteted during the last 3 — 5 years. Evaluationmémorises
and organizations is expressed by weight of a node.

The second step is assessment relations betweerpeses and organizations. Weight of the edge will
reflect the frequency and amount of interactionveein enterprises and organizations, the degreentigcity
of production, and other factors.

However, the cluster activity is affected by suelttbrs as the macroeconomic, fiscal, monetary
policy of the state at a given time, the investmefimate, even personal relationships between
management of companies, force majeure. An effbrtlwster members is not enough to run the project
and these conditions are difficult to express imsoguantitative terms. All the same, the results ba
used in selecting potential participants of clustier planning of new members, in coordinating the
cluster, industrial and innovation policy in thegr@ens. Potential investors can assess the atteutiss
of the enterprise and the region for investmentad Anost importantly, we should remember that an
important feature of mathematical methods is that/tuse to explore the mediated reality. They a®du
exclusively in the form of models — in some fornadistractions. Soviet economist, Nobel laureate L.V.
Kantorovich said that mathematical models can o#ftbe structure, relationships and the dynamics of
the observed phenomena, and it's important to oleseonstantly their corresponding properties of the
simulated reality [2].

So, we came to a conclusion that the standard td@eographic information systems are not so Blgta
for solving the problems of economic and geogragdhidanning. Graph theory has application prospémts
solving this type of problems, but the list of eria and their quantitative expression affecting teight of
edges and graphs currently requires further stadyder to clarify and verify the above statemertd provide
opportunities for the practical use of these hypsés.
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UDC 648.15.495
APPROACHES TO THE DESCRIPTION OF PROCESSES IN THE MAIN PIPELINE TRANSPORT

ALIAKSEI LUKASHONAK, ALIAKSEI VARONIN
Polotsk State University, Belarus

It was suggested to use technical regulatory leg#é as the basis for constructing process diagrioms
safety evaluation of processes in the main pipdlisesport.

At the stage of identification of hazardous factdrat may affect the risk evaluation at the siteshe
main pipeline transport for clarity and conveniemdethe procedure it was suggested to describe dehwf
network of operating processes at an enterprise [1]

Processes can be described by a variety of methodsapproaches. As a result of process modeling
languages review for quality management it was dotinat IDEFO language was the best for describuginess
processes at the enterprise. Therefore this lamguag used during the risk evaluation at the sifdhe main
pipeline transport. IDEFO notation was developed bhased on the methodology of structural analysisas
successfully used in a variety of industries anoved to be as an effective means of formalized ristsm,
design, analysis and improvement of business psesesnd complex systems.

One of the main advantages of IDEFO methodologpisespondence to the approach to the international
standard 1SO 9001: 2000 concerning the descriptiothe quality management systems and thus thersyst
safety assessment [2]. Considering that securitnes of the indicators of quality, it is advisalideuse these
methods and adapt them to the description of theark of processes during their safety evaluatiime main
feature of the proposed approach is the selectidnrdascription of processes in which the emergehsecurity
“loss” as well as the processes of transmissiothese “losses” to other processes b means of ifiiom and
material relations take place.

Processes directly or indirectly influence safetgd dangerous situations. Such processes accoalihg t
ideology of documents 1ISO 9000 [3] as part of th@mmpipeline transport are the processes of tleechfcle
services which directly influence safety. In adutiti such processes must include management precssgply
processes, measurement processes. These proaesseseiof abnormal functioning indirectly influenite
occurrence of dangerous situations through makingmpetent decisions and orders, inaccurate measuts,
the supply of substandard materials, etc. In thisecincompetent orders are transferred througichhen of
processes at the enterprise that result in thegamee of accidental situations in the lifecyclegasses.

The purpose of constructing a functional modelasassary and sufficient formalized description Ibf a
sub processes as well as the nature of relatiosisfgiween them. This model is able to provide admcture
of processes and flows of information and materials

The description of network of processes was camigdthrough operation of the linear part of themma
pipeline. Selecting the operation of the lineart péthe main pipeline as the life cycle stage waisditioned by
the fact that operation illustrates the maximum benof hazards. A pipeline is a linearly extendbjkot with a
random spatial distribution of defects which areendifficult to detect than in platform objects.

The process of operation of the linear part ofrtkan pipeline in graphical form can be written e t
bases of two sources of information.

According to the first one the description of the@im pipelines operating by mean of diagrams of
interrelated processes with inputs and outputsheafased on real enterprise operating of the migielipe
transport. According to this method it is necesdaralk to and obtain information from employeéslalevels
of the enterprise which makes it possible to setesyic processes and operating mechanism of tleepeise,
existing information flows at the enterprise, pssi®@nal relationships between the staff in the team

According to the second method a source of infoionain the description of the company is presented
by technical regulatory legal acts. Enterprise afieg is organized on the bases of technical réguldegal
acts. All requirements for the content, qualityrafv materials and staff, types of work, the seqaesfcactions
in the organization and execution of works whicln dze found in technical regulatory legal acts defin
enterprise operating. In other words, the techmieglilatory legal acts represent a verbal mod&éi@genterprise.

Technical regulatory legal acts are developed msepsus of scientific institutes, leading spedmlaf
enterprises, ministries and specialized agencisedan the latest achievements of science anddtatiyn new
developments in production organization, moderetgakequirements. For this reason the adequadyeofriodel
of enterprise operating as reflected in the te@dinmgulatory legal acts is in no doubt.

The advantage of using technical regulatory legtd as the basis for constructing process diagtass
in the fact that these acts constitute formal dambsawith a concise precise objective content aadat out in
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the form of the system. Using the results of in@mg with the enterprise staff as a source of mémion for
networking processes may be accompanied by swigotinon-systematic presentation of informatioayrbe
time-consuming. Against this background the firgtiod of using technical regulatory legal acts alassen as
a source of information for constructing procesgdams of operation of the linear part of the nmajreline.

At the same time processes construction langudgEeHD) lacks such an element as an opportunity to
define objects’ attributes. Thus the constructediehof operation of the linear part of the mainglipe serves
as an information basis for further analysis aral@ation of the integral risk of the whole process.
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UDC 648.12.452
SAFETY MANAGEMENT OF PROCESSES IN THE MAIN PIPELINE TRANSPORT

ALIAKSEI LUKASHONAK, ALIAKSEI VARONIN
Polotsk State University, Belarus

It was suggested to create a fund of technical leguy legal acts that would allow to increase safety
of processes in the main pipeline transport.

It is necessary to carry out quantitative risk eatibn in the main pipeline transport to identigzhrdous
processes and to draft arrangements that will teefprevent hazards. This approach should be impi&adein
the safety management system of processes in timepip&line transport.

Different control and safety systems can be disiisiged. In the technical regulatory legal aotshe
Republic of Belarus such concepts as total safgistem, products safety management, flights safety
management system, information safety systemsféifety system.

One of the most urgent tasks in the main pipeliaagport is the management of industrial safetytdue
the fact that industrial hazard is the charactierist this means of transport. The requirementstialgish safety
management systems are stated in Russian techegeaatory legal acts.

Safety work [1], environment [2] and quality contf8] management systems are the closest to each
other in relation to content and requirements adeguThey are part of the overall management systhioh
includes planning, responsibilities, methods, pdoces, processes, resources.

Due to the fact that security is one of the quadlityicators and service hazard arises in processésty
management system of processes must be considethd framework of service quality management syste
which uses a process approach. Management respitysitesource management, life cycle processes,
measurement, analysis and improvement are the blesitents in the model of the quality managemesitsy.
This model is based on the methodology known aD#wing Cycle PDCA [4] which represents an itemtiv
sequence of operations such as planning, impletti@mtaverification, i.e. actions that will lead tmntinuous
improvement.

As shown in the model of quality management systachin Deming Cycle the most important processes
are those which are carried out by senior manageriéerefore from the entire list of processes oesfble
management and planning are in the first placehi/ithese processes senior management sets pdiotes
objectives, ensures the implementation of the requiprocesses, provides resources, analyzes andsmak
decisions on improvement measures.

Executing senior management decisions passes thiof@rmation channels by means of documented
control actions. Documentation conveys the idethefdecision and the sequence of actions that lbeudbne in
the implementation of decisions of the senior manaant.

Controlling actions by means of documentation may ttansmitted through external and internal
information channels. The external information afelncontains documentation which is worked out ty t
government. The internal channel includes docuntientavhich is worked out within the company on bi¢lod
senior management.

Attaining quality and value to products or serviedue takes place in the processes of a lifecykti¢he
same time in the processes of lifecycle the losguality in the form of hazard formation which adsfrom the
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influence on raw materials by means of mechanismsoatrolling actions. In this case the processthef
incoming raw materials, raw materials changing mnaegtm, controlling action and output in the form of
products or service can be regarded as a modaizafrth formation.

In this case the process of the life cycle at tlwvigion of service as well as other processesgsilated
by entrance into process management, i.e. comtgolliction. Consequently entrance into the process
management plays the most important role in atigimjuality to products or service and at the same the
loss of quality products or service which meansahdZormation. All components of the process, pengsb
actions, mechanisms work, parameters of incomimgmeterials and outcoming products or service ageu
the influence regulatory documents.

Thus competently elaborated regulatory acts allewiding accidental situations in the main pipeline
transport. Taking into account the priority of régary acts in providing safety, accidental sitaaf which
occur in the main pipeline transport indicate tied to improve the existing technical regulatoryaleacts.
Accidents may occur due to poor elaboration of ireguoents for processes, lack of some requirememts f
processes or lack of the whole technical reguldtaggl act for the process.

To reveal the lack of technical regulatory legat far a number of processes in the main pipeline
transport is possible be means of compiling a tofaiabase of technical regulatory legal acts arir th
systematization according to legal status, life leyprocesses, the type of transported product, cobje
localization.

At present there is no documented system of viewth wriorities of standardization and ways of
improvement of present fund of technical regulategal acts in the main pipeline transport. Thatiom of this
documented system would allow increasing safefyrofesses in the main pipeline transport.
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UDC 621.9.04
STIFFNESS OF BLOCK-MODULAR CUTTING TOOLS

ANDREY MAKSIMCHUK, NIKOLAY POPOK
Polotsk State University, Belarus

The results of experimental studies of clampinghaeisms stiffness are presented, recommendations to
improve clamping system are given.

Reliability of prefabricated cutting tools is daténed to a large extent by the reliability of figiplates
in the housing. There are several structures ohgiag mechanisms according to the working condéiof
cutting tools and peculiarities of their manufaetit, 2]. The existing systems of cutting platesfy are shown
most thoroughly in [3, 4, 5]. These systems reftbet current trends in the designing of cuttinglsodigh
precision of cutting plates manufacturing, closeabges precisely manufactured to place cuttingeglatutting
plates clamping mechanisms with a minimum numbesstafctural elements, such as a screw or a lever.
Implementation of such systems in terms of domestat production is not always possible, as it e
special equipment and precise high-quality comptmeérherefore, it is urgent to establish a systéroudting
plates fixing that is efficient for domestic prodioa conditions and is not inferior in reliability the best
foreign systems.

During the experimental verification of the obtalnealculation data the displacement values of mgitti
plate and those of a strap were fixed at diffepmints for different clamping forces of the screigyre 1). In
particular, the displacement values of the cutpfae (pos.5) in the tangential, radial and axiedations were
measured by indicators (pos. 1, 2, 3). The disphace values of the strap (pos. 6) were measureddigator
(pos. 4). The clamping force of the screw (posv&3 created by a torque wrench (pos. 9).
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b
Fig. 1. 3D-modeld) and the experimental unit)(for measuring displacement of a cutting plate astrap:
1, 2, 3, 4 — dial test indicator; 5 — cutting pjde- strap; 7 — cutting block; 8 — clamping screw;
9 — torque wrench

The results of displacement measurements of angytlate and a strap in the cutting block are priese
as graphs in figure 2.
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Fig. 2. The dependence of displacement valueseottitting plate and the strap in the cutting block
on the torque wrench load

As shown in the graphs, the cutting plate displaa@nvalues are minor and minimal in the radial
direction. At a load of about 2 Nm displacememasg observed, which indicates sampling of gaps eeiwthe
plate, the sides of the groove and the screw. Titag@ $1as greater displacement than the cutting piahich
requires changings in the structure of the forn@alculations of cutting block structure stiffnessrer made
according to the obtained displacement values &odt® applied to the screw. The calculations wergde as
the ratio of the clamp value to the displacemehiesaf the unit. The results of experiments andwations are
presented in figure 3.
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Fig. 3. The dependence of cutting block structtifeness
on the screw torque 1, 2 and 3 — cutting platbénradial, tangential and axial directions, 4 afstr

As shown in the graphs, at a certain screw torguthih 1 — 2 Nm) the cutting plate has maximum
stiffness of fixing and the strap has minimum eg#s of fixing.

Reliability of the cutting block fixing in the hoing module were experimentally tested with stuclesc
clamps (figure 4a) and single and double wedge-screw (figur®)dnechanisms. A certain torque was applied
to the cutting block, which simulated the torquecotting force. The applied torque caused turnifithe cutting
block. The tightening torque and the value of thpli@d torque were consistently fixed during theenment.

b

Fig. 4. Experimental units for studying of the cfging mechanisms:
a — stuck-screwb — single and double wedge-screw

Figure 5 shows the results of the experiment.

As shown in the graphs, turning torque of the ngttblock in the clamping mechanism increases
according to the value increase of screw torquelafping mechanism, and at maximum torque value the
cutting block displacement in clamping mechanisrasdoot occur. Moreover, a reliable fixing in doubledge-
screw mechanism of cutting block occurs when thbtéining torque is 5 Nm, while in the single wedgesw
and stuck-screw it is only at 12,5 Nm and 15 Nnpeesively.

Thus, experimental results confirm the efficienéplock-modular cutting tool structures.

1. The presented clamping mechanism ensures reliximg ©f the cutting plate with minimum values
of screw torque.

2. Double-wedge screw mechanism for cutting block gimg is the best one out of the studied
mechanisms as it provides 2 — 3 times greater éorqu
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Fig. 5. The dependence of turning torque of th&rayblock on tightening torque
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UDC 528.21

EVALUATION OF THE ACCURACY
OF THE GLOBAL GRAVITY MODEL EIGEN-6C2 IN COMPARISON
WITH THE MODEL EGM2008 IN RELATION TO POLOTSK GEODY NAMIC PROFILE

KIRILL MARKOVICH
Polotsk State University, Belarus

Polotsk geodynamic profile was created in 2004henttasis of geological, geophysical and seismo#bgic
studies [1, 2, 3], carried out in Polotsk-Kurzename of tectonic faults. This belt isolated relayveecently in
the body of the East European Platform group ofaggsts and geophysicists of the Institute of Gemaistry
and Geophysics of Belarus on the basis of gramignetic anomalies and seismological data [1].

Polotsk geodynamic profile includes 12 leveling dlemarks, the centers of which are laid at a depth o
3.0 meters (Fig. 1). Eleven leveling benchmarksewaid in 2004Ne 59 leveling benchmark included in the
previously established network of state high-piieci¢eveling.

As you know, the height anomaly is one of the ctiaristics of the anomalous gravity field distrilont
on the earth surface which can judge the degrémwwiogeneity or heterogeneity of the local grawitaai field
of the Earth in the study area. Assuming that thigomogeneity of the gravitational field in the tairg
geodynamic profile caused by the presence of inlygmeities in the earth's crust, it is expected thahges in
height anomalies in the profile will be observedstfof all, on the faults.
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Today thedetermining of the height anomaly is gassin two ways: using gravity data and a
combination of satellite and leveling measurements.

W e ww =

Fig. 1. Scheme of leveling benchmarks on Polotsidgeamic profile:
1 — leveling frame public network; 2 — over laigdéing frame; 3 — the road;
4 — line leveling; 5 — the expected fault
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Fig. 2. The design leveling benchmarks on Poloskdgnamic profile
(basic dimensions are in centimeter)

In accordance with the theory of Molodensky anomhgights anywhere in the earth's surface is
calculated as the difference between geodégiand normal height&d,," [4]:

¢™=Hy —Hw". 1)
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The simplest method is based on a combination tefliéa and leveling measurements. With the help of
satellite measurements obtained geodetic héightand with leveling, reduced to a system of norh&ghts —
normalH,,". In summary:

(=Hgur—H pyeine (2)
To calculate the height anomalies using gravitydhere is a strict theory and methods of compuriati

Molodensky [5]:
R

¢= : 3)
ary([ (g-y+39) B(W) dw

where ¢ —v) — gravity anomaly;
R — radius of the sphere, which is the same surfatigeogeoid [4];
dg — refines the amendment;

S(LIJ):COS%— 65in%+ + 5cod - 3casO In(s%ﬁ s% —function Stokes;

Y — spherical distance from the current point togbint that defines the perturbing potential.

As a result, estimated accuracy of the global gyaviodel EIGEN-6C2 in comparison with the model
EGM2008 for Polotsk profile anomalies by comparthg heights of frames obtained using gravity models
EIGEN-6C2, EGM2008 and height anomalies derivethaglifference between geodetic and normal heights.

Coordinates of the points for which the heightaniesavere determined are presented in Table 1.

Table 1 — Coordinates of the points

pointname latitude longitude height (meter)
2898 N55°32'38,9" E28°47'12,5" 159,998
3895 N55°32'27,8" E28°46'45,0" 163,352
3902 N55°34'42,2" E28°46'47,4" 150,085
59 N55°30'19,6" E28°44'54,6" 149,273
5960 N55°35'19,6" E28°47'22,7" 162,723
6931 N55°32'39,9" E28°46'45,5" 161,913
7100 N55°33'41,2" E28°47'03,2" 152,858
7130 N55°30'46,4" E28°45'44,0" 154,649
7701 N55°31'53,9" E28°47'04,8" 163,448
7873 N55°32'15,5" E28°47'01,9" 165,143
8372 N55°31'12,7" E28°45'58,6" 155,879

For height anomalies in designated areas by mot@ER-6C2 and EGM2008 used data Calculation
Service sitelnternationalCentreforGlobalEarthModel&CGEM. Height anomalies models derived from tiyeo
Molodensky approximate formula Bruns (4) [6]. Thelues of height anomalies relative to WGS-84 edligs
obtained by the gravity model are presented ingabl

(=L, (4)
Y
Table 2 — The height anomalies obtained from tlaeity model
pointhame { EIGEN 6C2 { EGM2008

59 20.639 20.613
7130 20.612 20.586
8372 20.595 20.570
7701 20.556 20.532
7873 20.547 20.523
3895 20.546 20.522
6931 20.540 20.516
7100 20.507 20.483
3902 20.483 20.459
5960 20.456 20.432

The anomalies of heights obtained from the gramitydel EIGEN-6C2 and EGM2008 regarding point
Ne59, taken as a stable shown in Table 3.
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Table 3 — Values of height anomalies regarding {sirb9

pointhame 59 7130 8372 7701 7873 3896 6931 7100 2 3905960
EIGEN-6C2 0 -0,027 | -0,044| -0,084 -0,093 -0,093 -0,099 -0,13%€,156 | -0,183
Incrementsyl 1
EGM2008 0 -0,027 | -0,043| -0,081 -0,09 -0,091 -0,096 -0,13@0,154 | -0,181
Incrementsyl

Comparable with gravimetrical data information abtinie anomalies of heights was got with the use of
results of GPS-measuring and geometrical levelimgrmation is got by comparison of differencesgebdesic
heights between leveling benchmarks of profile Eveling benchmarkse 59, certain from satellite data, with
exceeding between these pointfound from the gedsaéteveling. Thus, in second case the anomallgeaght
was determined on a formula (4) [7]:

|
g :(le_ijgsg)_zh! (4)
Me59

where(, — is an anomaly of height on currgetiepe in relation topoiniNe 59;

H° u Hsg — geodesicheights of current point of profile @aiht Ne 59, got from satellite data;

>h — total exceeding on a profile between paMat59 to current point, found from the geometrical
leveling.

Values of anomalies of height in relation to a p&n59 (anomalies of heights in relation to the ebips
of WGS-84), got on results GPS-measuring and legefiresented in a table. 4.

Table 4 — Anomalies of height in relation to a pditb9, got on results GPS-measuring and leveling [7]

pointname heightofkvazigeoid, m

59 0

7130 -0,032
8372 -0,052
7701 -0,085
7873 -0,098
3895 -0,104
6931 -0,106
7100 -0,134
3902 -0,151
5960 -0,197

For 10 points statistical treatment is conductelde Tifferences of values of anomalies of heights, g
from the models of EGM2008 and EIGEN6c2 and diffiees of geodesic and normal heights were processed
(geodesic heights in relation to the ellipsoid 068+84). The results of treatment are presentedabla 5.

Table 5 — Statistical treatment of differences alfres of anomalies of heights

Model of EGM2008 Model of EIGEN-&2
Model of EIGE.N'&:Z by comparison to GPS by comparison to GPS
Errors by comparison . :
measuring measuring
to EGM2008 . : . .
and geometrical leveling and geometrical leveling
[Al/n, ecm 0,21 0,73 0,52
+A, max,cm +0 +0,3 +0,5
-/, min,cm -0,3 -1,6 -1,4
CKII, cm 0,23 0,90 0,75

It is possible to mark coming from the results tdtistical analysis, that the law of distributiofi o
differences of anomalies of heights is near to radrihe difference of surfaces of a geoid (in msgand a
quasigeoid (received as a difference of geodetit mormal heights) makes 0,73 sm and 0,52 sm for the
EGM2008 and EIGEN-6C2 models causes systematit ahihodels concerning results of satellite deioms
and geometrical leveling respectively.

Proceeding from the done work it is possible toadtize following preliminary conclusions:
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Data of anomalies of heights are obtained by mexdrthe gravitational EIGEN-6C2 and EGM2008
models, and by means of a combination of GPS anchggical leveling. According to these data it asgible
to claim that the correct use of these gravitationadels yields quite decent results which can seduand
without attraction of other data.

Fig. 3. The schedule of anomalies of heights caringrpoint 59

The proved EGM2008 model doesn't concede on tharacg of the latest gravitational EIGEN-6C2
model. These models have very similar charactesistihd yield almost identical results. BecauseEG&12008
model is long enough used and showed good conveegeith results of satellite and leveling measunasin
the territory of Belarus, we can't unambiguousigoramend the new EIGEN-6C2 model for replacemenhef
EGM2008 model yet in those works in which the EGI2@nodel was used.

The made analysis shows the need of far deepey sfuthe new EIGEN-6C2 model with attraction of
the additional information of bigger volume coveriall territory of the republic, and bigger densitlydata:
satellite measurements, high-rise component ofrépaiblic, data of gravitation measurementsThe regio
model of a geoid of Republic of Belarus of the aacy of 2 — 3 cm has to be an ultimate goal of seskarch.
As a basis perhaps the EIGEN-6C2 model can alse ser
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PNEUMATIC TRANSPORT OF CRUSHED PEAT

VICTORIA MASLENKOVA, MARIA SELEZNIOVA, TATSIANA KARALIOVA
Polotsk State University, Belarus

Traditional area of peat use as a fuel, which wmysortant in recent years, especially in the post-wa
period, remains in demand and now. Peat is alsguerand often indispensable raw material for thoapection
of a number of high-tech and high import-substitgtiproducts (bio-stimulants, growth substances faeed
additives, sorption materials for absorption ofrhfal and toxic hazardous substances, including yheastals
and radio nuclides from water and gases, natura$,dyst converter, complex biologically activergdar and
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liquid fertilizer with trace elements, etc. Congtgnincreasing demands on the culture of productaon
hygienic working conditions, the need to reduceitehgosts and maintenance costs of continuousspiam
equipment put on the agenda the issue of widefruselustry and agriculture systems, pneumatic egance
of different granular media. Experience of entexgsiin various industries shows promising appbeetiof
pneumatic transport to move the dust, granularpfis and small piece goods, and the possibilitigsofise for
transporting various media.

RB industry produces peat moss, packs it in snadkpges for sale to the public and for export igda
plastic bales. This peat is used as a nutrient soil

Currently, the movement of peat in the shop andidetis made by the belt conveyor, which is
represented in the picture. (Fig. 1).

Fig. 1. Conveyor belt for transporting peat

Disadvantages of this method:

—  Loss of transported material;

—  Dusty environments and the surrounding area;

- Large size installations;

- High operating costs.

The advantages of pneumatic conveying systemsaitier types of transport equipment are well-known.
They are compact, simple in design, easy to fa mtvariety of processes, and are characterizatebgbsence
of waste and waste transported materials, highemygiconditions of their transporting, the possipibf full
automation and improvement of working conditioneeTadvantage of pneumatic conveying of granularianed
is that it can be used in conjunction with a variet mass-transfer and technological processe$, asicooling
and drying of transported material, its grindingl agparation, purification from all contaminatidfneumatic
installations allow the movement of granular mettiea complex trajectory, unloading material fronegiety of
delivery vehicles and picking it up from out of thay places, issuing the material at various poiateliable
weather protection and protection of the environimfeom excessive dust emissions. Pneumatic conveyor
equipment is easy to use and easy to control.

The disadvantages of pneumatic transport inclugdatively high specific energy consumption, wefr o
pipes and other elements of installations in cdntdith the transported material.

In general pneumotransport installation dependimghe functions they perform, can be divided into t
groups [1]:

1. Aspiration craft facilities located within thedustrial premises, which remove the bulk matdrizin
processing equipment, and then transport it ingideplant or outside it. For these purposes, suetiial suction-
injection installations of low pressure are mainged.

2. Transport installations operate purely transporttions, i.e. move the two-phase flow inside plent
in the process stream through the territory ofehterprise and beyond. These settings dependirigectype of
transported material, its concentration and theadee of transporting may range conveying sucpoessure air
suction and injection wells. In addition, pneumaosport installation can be stationary and nontatiy.
Stationary installations are designed mostly fqggadtments, shops and enterprises in general. Eodekign of
mobile pneumatic systems it is necessary to knosichHy the same input data as for stationary. Heredue
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to the fact that the demand is made to move diftengaterials, differing from each other by theilypical and
mechanical properties all of these units are desidar use in a variety of conditions than statigna

Pneumatic suction installation type is easy to nfesture and install and can take material from sdve
places.

In pneumatic conveying suction installation gasusked together with the material and on the way th
are mixed. Next, two-phase flow “air-particle bufkaterial” moves in the transfer line to the consume
separating apparatus where the material is seplafim the carrier medium, which enters the blow&rem
blowers carrier medium is released into the atmesphFig. 2 shows a schematic diagram of the pngétima
suction installation type [1]. Separation of makdan be carried out by two-step purification feé transported
gas from hard particles depending on the initimosmtration of impurities.

Fig. 2. Schematic diagram of the pneumatic sudtistallation:
1, 5 — feeder; 3 — blowing machine; 4 — separ&terhopper

In addition to the pneumatic suction action instiadins with one picking up place and one unloading
device, it is possible to use scheme for the naltstipply in to different places with the instaiat of various
types of switches on the transport pipelines. Semtlups are especially justified when you want &dféhe
conveyed material from multiple locations into one.

The major disadvantage that limits the use of praiomsystems, is large power consumption in
comparison with other types of continuous transpbinis is largely due to the arbitrary choice of thir flow
rate, the concentration of fuel mixture and pipentiter.

For all the pneumatic lift (vertical pnevmotranspaair velocity and diameter of the pipeline can be
selected, in which power consumption is the low&gherein the selected predetermined speeahd the
performancesm of the pipeline material diametBris determined from concentration aeromixture

The energy consumption of pneumatic transportadipends on the air flow and pressure loss. In order
to reduce the air flow it is advisable to chooseldrgest possible concentration. However, withdéasingu the
pressure losses rise. Consequently, the choideeofaluen must be adequately justified. Considering the abov
to determine the optimal values (from the conditafnthe least power consumptiom) D and p must have
dependencieg.= f (v, D, u ) and the data about pipeline blockage boundary.

There have been several experiments on the sepaxtipeat in the vertical collector-reservoir ghd
cyclone in a pilot setup, which is located in tlemtiation laboratory of EE “PSU".

For the experiment, a nutrition soil on the basishigh-moor peat produced by the enterprise UE
“Vitebskoblgas” was used. A portion of peat with@@paration into fractions was passed through &caér
collector-reservoir [2] and the cyclone and it aand that the cyclone collects fines and the ctdelarge
fraction respectively. l.e. peat separated in yedone is a better quality (no sticks, debris aitually no fiber
connections). Capture efficiency coefficient of ls@m installation is: in the collection-reservgis 78%, and in
the cyclonen = 67,1% . The overall installation efficiencyns 92,7%.

By reducing the loading time increased concentnatib sample was obtained and there was a higher
collection efficiency in the collection reservoir= 86,9%, while in the cyclong = 70%. The overall efficiency
of the setup turneq = 96,2%.

When the sample passes only through the separeyicdonen = 98% entrapment was obtained. The
experimental results are presented in Figure &dpiam.
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Fig. 3. Experimental setup:
1 — feeder; 2 — vertical collector-reservoir; 3yelone; 4 — bunker; 4 — exhaust pipe

M inthe
vertical
collector

M in the
cyclone

efficiency,”

0,06 0,1 0,1
concentration ,kg/kg

Fig. 4. Material separation efficiency in the expemntal setup

A portion of peat was sifted through a sieve arfda6tions of different diameters were obtained.teac
fraction was passed through the setup, and the aofate particles of each fraction separated incibiéector-
reservoir and in the cyclone was determined.

To determine a sustainable transport velocity @& flarticles terminal velocities of peat particlds o
different diameters were determined in a pilot gétuthe ventilation laboratory of EE “PSU”".

Dependence of the terminal velocity of particleghmn fraction diameter is shown in Fig. 5.

~ curve speed

O P N W R,

1 16 2,5 5 7 fiber

the diameter of the faction,mm

the speed of wool,m/s

Fig. 5. Dependence of the terminal velocity onftaetion diameter

1. The use of two-stage separation of the two-phaslemixture of peat by means of a vertical caltec
and a cyclone leads to a separation of the matnilsedimentation in the reservoir-collector oféafractions
and debris, and the cyclone gets fine fractionalfegparation efficiency is around= 92 — 96%.
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2. When using only a cyclone for peat separatiencteaning efficiency is aboyt= 98%. The two-stage
separation may be due to the need to obtain highitgugranular fractions of peat without dust aridef
connections used, for example, for growing seedlimigplants and other purposes.

3. The terminal velocity of particles increases rplyawith increasing their diameter from 1 mm
to 2.5 mm It remains constant from 2.5 to 7 mm d@ragps sharply for fiber connections.
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ALTERNATIVE ENERGY SOURCES

MIHAIL MIHAILOV, INNA YELSHINA
Polotsk State University, Belarus

Human life is unthinkable without energy. We aleagtustomed to the use of fossil fuels, such ak co
gas and oil as sources of energy However, as we kii@ir reserves in nature are limited. And soooetater
they will run out. The answer to the question “wtatlo in anticipation of the energy crisis?" hdeeady been
found: it is necessary to look for other energyrses — alternative, non-traditional, renewable [What are
the main alternative energy sources available cotly&

Scientists warn of possible exhaustion of known awdilable oil and gas reserves, depletion of other
essential resources such as iron ore and coppielnmanganese, aluminum, chromium, etc. Todaynitgd
energy is based on non-renewable energy sourcesat Gopes in the world are pinned on the so-called
alternative energy sources, the advantage of whitlirat they are renewable and environmentallynétig [2].

Such sources may include [3]:

—  solar energy,

- wind energy,

- the energy of tides,

— the inner heat of the Earth,

—  biomass fuels.

Let us consider the most relevant types of altéraanergy sources for the Republic of Belarus.

Solar energy

The method of generating electricity from sunligtgs been known for over a hundred years. The
phenomenon of PV was first observed by Edmond Beredun 1839. Conducting a series of experiments on
electricity, he plunged two metal electrodes irbaductive solution and subjected the setting tdighi Some
electrical voltage occurred between the electrodiée. development of solar cells in Bell's laborgtar the
early 50-es revolutionized the electronics indusByace industry would be almost helpless withbeirt. Light
solar energy generators allowed to approach thblgmo of creating artificial Earth satellites in angpletely
different way. In addition, solar energy can bedusgesolar houses [4].

Solar installations can be designed for heating lastdwater supply of residential houses. Solar powe
systems can save expensive mineral fuel throughiqud use of solar energy.

The idea of the solar house (the house in which $w@ply, cooling and hot water supply are caroatl
with the help of solar energy) has become widelgvim Perhaps the perfect example of such a house is
traditional Japanese house. Both in summer andritemit has an acceptable temperature for liviigwever,
real solar houses with a fully developed systerhagiting and cooling are still relatively few. Itrist easy to
make them economically viable. However, it is ewid#hat the natural reserves of oil and coal inwloeld are
not enough for the long term and further technfmalgram is inextricably linked with the need to serve
energy.

Wind energy

Apparently, for the first time wind energy was useanove sailing ships, and later — for lifting emaand
grinding grain. It is believed that the first wirtdrbines were built in China, Japan and Tibet mitran
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2 thousand years ago. The ancient Babylonians thesd for the drainage of wetlands. In Egypt andMtigdle
East wind water-elevators and mills were built.

However, wind energy was seriously dealt with mimter. In Russia this kind of energy became an
object for research only after the revolution [5].

Abroad, wind turbines are most widely used in Aalsdr New Zealand, Latin America, Greece, etc.

Despite larger capital investments wind turbines mrore efficient than thermal plants due to low
operating costs (costs are 6 times lower). Hertgecosts are compensated during 1 — 1.5 yearsiditian, the
service life of wind turbines (relatively slow maebs) is much longer than that of heat enginesréfbee, the
unit costs of metal per unit of production for #mtire period of service, as well as depreciatiostcare lower.

The reasons behind the desire to expand the usmdfenergy are [4]:

- the rapid growth of energy demand with limited reses of liquid and solid fuels and potential
hydropower resources;

— the sharp increase in the prices of mineral fuels;

— the greater use of coal, oil and gas (in chemigdli$try for the production of synthetic materials);

- significant achievements in the field of aerodynssnand mechanics, aircraft engineering and
chemistry, electrical engineering, etc. allow teate better and more efficient wind turbines.

Wind turbines can be most widely used in agriceltiar charging rechargeable batteries, desalinatfon
saline water, pumping water for drinking, aeratiditbasins.

In addition, electrical low-power wind turbines,oafj with charging the batteries, can energize the
beacons and buoys, protect gas and oil pipelinamstgcorrosion. The use of autonomous wind farpesating
in isolation is limited to energy supply of watdtihg and drainage installations.

Biofuels

Biofuels are biological fuels, various organic mitks that emit heat in the process of decay, wiisch
used for heating greenhouses, hotbeds and warnieaoure, household waste, core (bark, taken ftres),
sawdust, flax shive, waste textiles, dry leaf, wuheposed peat are used as initial substances.

In contrast to traditional oil or gas, biofuels gm@duced from renewable biological materials sash
plants, manure or waste [6].

Types of bio-fuels.Bioethanol is a biofuel substitute for gasolineslmade from crops, mostly wheat in
the United Kingdom, sugar beet and maize, soyasaad sugar cane in the United States and Southidane

Biodiesel is a biofuel substitute for diesel. Itmade from oil crops — mostly rapeseed in Europkpatim
oil in South-East Asia.

Two of the above forms are the so-called “firsteyation biofuels”, as they are produced from theler
material, which can be used in food production.

Biogas is a biofuel to replace natural gas. It iedpced from organic waste, including waste from
livestock farms and waste collected from municigalnmercial and industrial sources that have uraderghe
process of anaerobic decomposition. In Europe Bioggproduced from animal waste, and due to thesari of
landfill gas.

Benefits of usingThe main practical use of alternative bio-fuelsttiat they can be combined with
traditional “fossil” fuel and used in existing eggrsystems, such as engines in cars and trucks.

In the use of biofuels instead of fossil fuels thare two main environment-saving factors. Firstfue!
is a renewable resource, so it is a long-termtivelly cheap and reliable source of energy. Segorubfuel
emits far fewer greenhouse gases in its productjote and use [7].

The so-called “second generation biofuels”, syrnthéiels, although derived from biomass, simulate
chemical characteristics of fossil fuels. This atous to integrate it into the existing fuel systeiwre deeply. It
also can be made with a higher proportion of wodalemass, such as straw.

Increasing environmental pollution, the disruptioihthermal balance of the atmosphere are gradually
leading to global climate changes. The energy ageraind limited fuel resources show the inevitabdf the
transition to non-traditional, alternative energyurces with increasing sharpness. They are envieotatly
friendly and renewable, their basis is the eneffgh® Sun and Earth, water and air.

The role of energy in maintaining and further depehent of civilization is undeniable. Today, active
research of all possible renewable energy souscbeing conducted. In some cases, the resultssmem to be
very optimistic and allow to hope for some changes.

Energy is not only one of the most discussed casdmplay; in addition to its main physical contdht,
has numerous economic, technical, political anceot#spects. Mankind needs energy, and the demandt fo
increases every year. However, the reserves atitmaal fossil fuels (oil, coal, gas and othersg axhaustible.
The reserves of nuclear fuels, such as uraniunttertim are also limited.

There are two ways: austerity in the expenditureemérgy and the use of unconventional renewable
energy sources.
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COMPUTER SIMULATION OF STATIC ELECTRON BEAM ENERGY ANALYZER
USING IBSIMU PACKAGE

DMITRY OKUNEV
Polotsk State University, Belarus

The possibility of computer simulation systemslefteon and ion optics by means of the open source
computer code IBsimu was considered. The resulte et and their analysis was carried out withire th
applied task of restoring the values of the inigakrgy of beam electrons.

There are many simulation packages that allow thlatien of problems of electron optics and, in
particular, to carry out the simulation of processé extraction and transportation of electron @ndbeams
from plasma sources. Possibilities and methodkexfd packages differ markedly. Many packages areajzed
in academic institutions, while others are onlyikde on a commercial basis. All of them can bad#id into
three groups [1] :

a) A computer code includes simulation of appeagard disappearance of charged particles in plasma;

b) a computer code that allows to calculate thgedtaries of charged particles (i.e., provides an
exceptional opportunity to solve the problem ot#ien optics);

c) a computer code with a simplified model of plasmhich gives the opportunity to solve the probtefrof
extraction of electron and ion beam from plasmaicgoand the problem of its further transportatioays, etc.

Plasma simulation packages often use methods dfncmus media (hydrodynamic), or the so-called
method of “particle in cell” (particle in cell (P)Cintegration methods of Monte Carlo or hybrid haets. The
development of plasma models is very time consuraimdjcalculations take a lot of computer time.

Packages that build trajectories of charged pagijgbroviding a solution to problems of electrod @m
optics, often work within the formalism of transfeatrix method. Moreover, the packages are absolee the
problem of associated arbitrary electric and magretlds calculation. The most well-known examptdghis
group of packages include the following: Simlon,b@am Vector Fields and Integrated Engineering Sarftw
Lorentz. These packages have broad opportunitigsgre spread only on commercial bases.

The third group, i.e. packages allowing to extlzeams of plasma sources with restrictions are RBGu
and IGun (work in two-dimensional and cylindricalymmetric geometry, allowing to simulate plasmarses
of positive and negative ions), Kobra-INP (workghathree-dimensional geometry and extraction frdasma
positive ions). The disadvantages of these packatges include their commercial nature. Package niBsi
which belongs to the same group, but which is ithisted freely, was used in this research.

IBSimu — lon Beam Simulator package was developdkdeaUniversity of Jyvaskyla, Finland, Kalvasom T.
(T. Kalvas) and posted on the Internet for pubticess [2] under the GNU General Public License (GPhis
package is a library of classes and methods, whiglritten in the programming language C++ andvisilable
for use under the operating systems Linux and Wirsdo

The main feature of this package is to calculate #hectrostatic field and potential distribution
determination by solving the Poisson equation ¢lineans of finite element method. One-, two- anugetely
three-dimensional tasks are available. The desonijgtf the distribution of space charge of the bguarticles in
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position vectors and velocity space, taking intocamt independent magnetic field is considereddbyirsg the
Vlasov equation (2).

mp=-£, (1)
80
_ q/=z -_ = f_
f ——(E+ B =0. 2
v m( v ) ov @)

A simple electrostatic energy analyzer for electbpeam extracted from the plasma source was sindulate
in this research by means of IBSimu package. Dedp#& simplicity of such a device, its manual cltion is
nevertheless difficult even for classical geometfyplanar capacitor. Boundary effects are comptbgijr role
can be reduced by increasing the length of therelges and reducing the distance between themr3jase if
the shape of electrodes is different from flat aces, and an electrostatic field between them fsuniform,
analytical calculation becomes generally impossibhel the task requires a numerical solution.

The simulation was performed in a two-dimensioredrgetry of two cases - an electrostatic field which
was close to homogeneous (planar capacitor) andnlammogeneous electrostatic field generated by the
electrode with a tip. The length of the simulatieolume was chosen similar to the volume of the beam
extraction camera in a real setting. Feynman amitidét’s boundary conditions were used and the enical
tasks decomposition grid parameters were chosehebasis of two factors: special considerationtheftask
and at the same time the use of little computerutation time.

The results of the simulation of electron beam ssjm by the electrostatic field between two flat
surfaces are shown in Figures 1 and 2.
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Fig. 1. Passing of electron beam through the dedleqotential difference of 100 V. 10,000 partgle
with average energy of 400 eV and beam currentiyeof0.05 A / m2. The beam is red, the electrodkthe
deflection system are blue, equipotential linethefelectrostatic field are green

The simulation results of the electron beam sefmarahhomogeneous electrostatic field are shown in
Figures 3 and 4.
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Fig. 3. The passage of an electron beam througinamform deflecting electrostatic field. The pdieh
difference between the electrodes is 200 V 10,G0€igles with an average energy of 400 eV and beament
density of 0.05 A/ m2. Beam is shown in red, tleeteodes of the deflection system — blue, equiptidélines
of the electrostatic field — green
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Fig. 4. The dependence of the electron energyegireddes potential difference
for selection in the aperture of Faraday cup

Computer simulation IBSimu package is a powerfull aavailable tool for solving problems of
electrophysics, connected with transportation ofirghd particle beams. In this research the sinwulatif
electrostatic analyzer with two different electredeas carried out. The shape and position of thetreldes can
be randomly chosen, so that the solution of th@blgm may be optimized depending on the real cmmdit
available in the electron gun.
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THE METHODS OF FUNCTIONAL COATINGS APPLICATION ONTO FLAT SEALING SURFACES
OF THE STOP VALVES PARTS

ALEXEI PIROGOV, VICTOR DANILOV
Polotsk State University, Belarus

The actuality and effectiveness of the stop val@s-part reclamation are presented. The resultthef
comparative analysis of the known techniques ofegtve finishing onto the sealing surface for eahservice
properties restoration are given. The classificatiof anti-abrasion coating application methods ajien
depending on their properties and characteristieactors and conditions influencing the abrasionistnce of
the coating material and its adhesion with the ddiase material are defined. The usage of thezireg out
coating process onto the flat sealing surfacesiefstop valves parts are shown.

In practice the service life of the stop valvestpas frequently less than the standard one, what i
predetermined by many reasons, namely, by stifteninoperation conditions: the increase of tempeeaaind
working medium (water, steam, drilling and boreenhfhliids, natural gas, hydrocarbon oils), its ceive power.
Due to the high rate of the working medium vibrgintsive loads, cavitation and flowing section eletse
erosion of valves emerge, against this backgrountligh temperatures such damaging factors as aferasi
erosion and mechanochemical wear intensify.

The current concern lies in the issue of increasiveg durability of the stop valves used in pipeline
transportation systems (oil-and-gas, heat-and-poveance their insufficient endurance capabilityh dae the
reason for the environment pollution, increasessttape of repair-and-renewal operations, partsrspack.

Special importance is paid to the matter of pipelmalves parts service life improvement in the eesf
the used materials and know-how. This can be exéetpby prefabrication of parts with sealing swda from
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volume-alloyed materials with further heat treatinand application of electrochemical coating method
surface impregnation. However the possibilitiesttid employed abrasion-resisting materials and ti@wvk
technologies of their application to a consideragktent re used up, that's why the employment ofemo
enabling technology to assure high durability ocgly wearing parts of the stop valves is a pertipedrend.

Practically the low post-repair performance pebthe repaired stopping-control valves due toriniee
destruction of the restored coating on sealingasgrtakes place. The frequent reason for thisuisyfadhesion
of the protective coating with the material of teetored part, and in some cases insufficient ogdtardness as
well.

Thereupon the elaboration of new and the improvéraéthe applied restoration processes of pipeline
valves parts worn-out surfaces, providing secutgesidleness between the coating material and theigaf
great practical consequence.

The solution of this task is connected with the essity of carrying out of the system comparative
analysis proceeding from requirements to functiaoaltings.

Parts subject to wear out fall under two groupstspiorming friction couples; parts destructionvdiich
is called by the working medium (liquid, abrasiatle, gas etc.) [1].

The shutter parts are the most loaded elementsvafva, the probability of its failure depends & t
sealing reliability [2].

The coating structure; geometrical and physicallaaial condition of the coating facial layer; dogt
material compatibility with the counterbody in fimn couple belong to the main factors defining dugability
of the parts protective coatings [1].

The main requirement raised to the geometrical itimmdof the coating facial layer applied to theveyi
groups of the valves parts is the quality of thekivg surfaces, for instance, the sealing surfacghness shall
be not less than Ra = 0,61 [3].

The main performance requirement to the partsad stlves is high abrasion resistance of the cgatin
surface cover.

The biggest influence on it is given by the preseotcarbides and borides in the microstructuréhef
coating.

Valves parts operation conditions contribute to kimg surfaces gripping leading to score marks
resulting in intensive destruction of the sealingfaces. One of the main ways to reduce contadaces
gripping is the increasing of their hardness.

Thus the main criteria for choosing the methodestaration are the hardness of the protecting mgati
and its adhesion with the base material.

From many ways of increasing pipeline valve palimsion resistance by means of protective coating
application [4] one should single out thermal spragting and surfacing.

However for the sprayed coating the mechanicatlotking and a low level of cohesive resistancthat
boundary “coating-base” are characteristic. Proteatoating and base material cohesive resistaniseieased
by means of surface preparation for the coating ttie help of “ragged” threading, abrasive flovatreent, etc.

To obtain sufficiently solid and anti-abrasion dogtwith good bond between coatings and a base
surfacing and diffusion alloying are widely usedowéver the last strengthening method due to the low
thickness of the obtained coatings is not suitédal@pplication of functional coatings restoringogeetry of the
worn-out part.

The surfacing process has got wide applicationpfiots restoration and quite sufficiently explor&dl [
This method has a number of advantages [5], theviolg ones are important in the respect to stdpgegaparts
restoration:

—  possibility to apply coatings of a big thicknesshahiigh efficiency;

— absence of restrictions in sizes of the facingasas;

- possibility to apply a wide range of wear-proof togs;

- possibility to combine with other restoration teitjues.

While repairing the valves of heat-and-power arléhnd-gas equipment the protective coatings surfaci
in the majority of cases is performed by meansrofraethod. Nevertheless the quality of the pad vieldot
always assured high and stable due to the conbigedepth of penetration, which leads to undesirabl
interfusion of the base and built-up metals.

Based on the usage of the highly concentrated sswtenergy contemporary methods don’t have this
disadvantage. Laser, plasma and electron-beam itees of surfacing provide inconsiderable depth of
penetration and the width of the heat affected zone

Plazma technique of protective coating applicatsotie most widely used [6].

Nevertheless performing plazma surfacing of therwesistant coatings it is impossible to adjust the
degree of the base metal penetration.
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Comparative analysis of the methods of protectvatings application on the wearing sealing elements
of the stop-control valves by means of the surfgacmethod shows that each of them has significant
disadvantages to eliminate which certain conditiabke to assure the formation of the superficiatguxtive
coatings with a set of necessary properties habe jorovided.

Thus to obtain quality coatings applied by meansle€tron-beam and laser surfacing it is necedsary
perform surfacing of the coatings with preheating @ some cases with concurrent heating of the bastal to
reduce the residual tensions as well as to redoeeptobability of cracks emergence in the builtlaper.
Though the introduction of the preheat leads taitein price of the technique.

The important role in the formation of the proteetcoating is played by the processes of dampiag th
surface of the solid metal by the molten and ofgerature fields distribution in time during the Md@rocess
of surfacing. Under electron-beam, laser, arc aladmpa surfacing the damping is of “dot” nature. tAat
regardless that the thermal energy source is appabed to the quick-acting in the process of pribteccoating
application by the given methods, neverthelessiit loe viewed as dot method with concentric distigouof
temperature fields because of its immediate action.

As a base material for the fabrication of the ghrupiart with sealing surfaces usually chromiumlstee
used, that's why to prevent chrome burning-outsiingacing shall be performed quickly avoiding timedks and
reheating.

The disadvantage of the “dot” damping in the preaassurfacing by the point source vividly emerges
the stage of the metal bond formation, when thesjgly contact and chemical interaction of both fiaet
material and the coating take place.

Based on the outcome of the comparative analysih@fprotective coating surfacing methods it is
possible to note that to receive quality combirmatid the coating metal with the base metal and mméhicontent
of the elements of the base metal in the surfaciatal while surfacing it is necessary to assure:

— minimal depth of penetration of the base or to exelit completely;

— damping the surface of the solid metal by the nmodtik along the building-up surface;

- minimal duration of solid and liquid phase contact.

None of the considered surfacing methods assumesoliservance of the total set of the necessary
conditions which allow obtaining the qualitativesuét — required service properties of the appliedcfional
coatings under the high efficiency of the restemfirocess.

If to consider the pipeline valves from the poiftview of shutter unit design, so, according [#kihg
into account the quantity of the units used stdgesamake up 80% of all the valves. Herewith tageat valves
with flat sealing surfaces are used in the mairatBhwvhy one of the promising techniques of stolves parts
surfaces restoration is the method of freezingswhtch allows restoring their geometrical paramétea single
cycle with high efficiency [1].

Freezing-out method lies in dipping the flat fluxaadface of a detail for on definite time into fusiof
the process alloy with bigger temperature. As alted the ongoing thermal processes the coatirfgrised on
the surface by means of crystallization of the yallayer and a solid bond is assured when the emeege
between the activated atoms of the base metal rnoegs alloy.

Nevertheless the traditional method of freezing-igutharacterized by low bond strength between the
coating and the base related to insufficient deatidgdch of the base surface.

To eliminate this disadvantage it is necessarymmrove the method of coating by means of freezinig-o
with a degree of deoxidation of the base surfafficent for a strong metallic bond formation.
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A NOVEL METHOD FOR LARGE SCALE SYNTHESIS OF PORPHYR INS
USING GENETICALLY ENGINEERED E. COLI

KATSIARYNA TARASAVA
University of Colorado, Boulder, USA

The biosynthetic method described below presesigraficant improvement over the current methods of
porphyrin production. It represents a sustainaldayironmentally friendly, and economically viablegess of
making large quantities of protoporphyrin for pretdtaic and other commercial applications.

The effort in moving toward clean and renewablerses! of energy has incited interest in solar energy
With the power of 120,000 terawatts, the amourgadér energy hitting the Earth’s surface is moantth0,000
times the world’s total energy use [1]. The sunvjtes more than enough energy to satisfy our eneegyls, it
is just a matter of harnessing it. Currently, s@aergy accounts for only 1% of the total energg. ushe
challenges associated with increasing this fracéicn 1) increasing the efficiency of photovoltdievices; 2)
making the production and installation costs oas@anels more economically viabférganic photovoltaics
may offer the answer to the second problem. Orgphatovoltaic materials offer the advantage of Ioeest,
easier processing, and desirable physical charstatsr such as light weight and flexibility, whichake them
an attractive alternative to traditional inorgaphotovoltaic materials [2].

Some of the organic compounds that have gainedesttéor their potential application in photovottai
devices are conducting polymers. Conducting polgnieeve overlapping pi-orbitals that allow greatecton
mobility through an extended conjugates systemHE&amples of such polymers are polyacetylene, piipe,
polythiophenes, and polypyrroles. Another emerdietyl of research ismall-molecule organic solar cells
Like polymers, small-molecule organic material teneasily processed; in addition, small molecuieseasier
to synthesize and purify than polymers, they araadésperse, and have higher carrier mobilitiesyiPet-
fullerene materials, based on polythiophene, pbthanine, or oligo(p-phenylenevinylene), offer higbwer
conversion efficiencies in the range of 5 — 10% [{hough their performance is lower than in sqmoéymeric
semiconductor systems, small-molecule organic pludiaics hold a great promise for overcoming thehtgcal
and economic challenges of the field. Among the emale classes that have a high potential for use in
photovoltaic materials are porphyrins and phthamayes [4]. Here | will focus on porphyrins as aample of
small-molecule photovoltaic material.

Chlorophyll is a molecule present in the cells &nps and algae that is involved in multiple stefs
photosynthesis, including light harvesting, eneagy electron transfer [4]. It is nature’s solal aelthe sense
that it allows conversion of solar energy into otfgms. An important molecular component of chiugll is
porphyrin, which is a cyclic tetrapyrrole derivagithat gives chlorophyll its green color and ispressible for
conductive its properties. Polypyrroles are a kna¥ass of conducting polymers, attractive for ighhthermal
stability and conductivity. Porphyrins, having exded conjugation and the ability to coordinate daion,
surpass polyporroles in their range of absorptijn [Recent applications of porphyrin dyes for dgastized
solar cells have shown solar conversion efficiemeigproaching silicon based photovoltaic devicgq (5.

Porphyrins have many other applications. They canubed as redox catalysts, dyes, sensors, and
photodynamic therapy agents [7], [8], [9]. Of peutar interest iprotoporphyrin [Fig. 1], a cyclic tetrapyrolle
and an immediate metal-free precursor to hemedioporphyrin can bind different metals ions, indhgdiron,
magnesium, zinc, nickel, and copper, each compbxbging a different UV-vis absorption, as well as
fluorescence excitation-emission, profile [Fig. [2]0]. This property presents a possibility to mgdthe
absorption range by simple change of ligand, widollld be of great utility in photovoltaic applicatis.
Protoporphyrin has also been used for moleculangrinted polymer (MIP) applications as a functiooat
monomer, along with methacrylic acid, to producen@mory” material, which can help detect the bimgof
the template molecule used during polymerizatioeeddaon spectroscopic changes upon complexation [11]
Based on the molecule’s functional versatility,avb chosen to focus my research proposal on prgibpon.
This molecule can be further functionalized, whesfpands the range of its potential applications.

The traditional synthesis of porphyrins involves complex chemistry carriegt @ solvents and under
strict reaction conditions. These are exemplifigadh® Ruthemund sealed-tube anaerobic reactiogridipe at
200 °C (ca. 5% yield), the Adler—Longo reactiorphopionic or acetic acid under aerobic conditiot® € 30%
yield), and the MacDonald coupling of dipyrrole® (2 20% yield) [7]. Recent proposals for green lsgais
methods include a one-step synthesis of meso-Tglpaaphyrins from pyrrole and aryl aldehydes witho
solvents or catalysts using air as oxidant by tledsgroup [7]. However, the proposed method invelkigh
temperature (> 200 °C) in gas phase. Another gobemistry approach for synthesis of tetraphenylpgrip
was developed by the Momenteaub group. It involveating in microwave oven pyrrole and benzaldehyde
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adsorbed on a solid acidic support [12]. This meétisovery quick (10 minutes), involves dry mediadidions,
and simple purification; however, this method iscatarried out at high temperature and involvesuse of
chloroform, benzoaldehyde, and hexane, which azardaus to human health.
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Fig. 2:a— UV-vis andb —fluorescence spectra of free; Zn- and Fe-boundparphyrin

Biosynthesis of porphyrins is an attractiyeen alternative to synthetic methods. Enzymatic reactions
have extremely high efficiency, excellent substsgtecificity, and regioselectivity, allowing pregisontrol over
spatial orientation of functional groups. In aduliti most enzymes can function in mild conditions§gnt
temperature, physiological pH), limiting the needise of expensive metal-based catalysts, hazaatheusicals
and solvents. Pathways for synthesis of porphyeirivdtives are present in major classes of orgamismnon-
photosynthetic eukaryotes such as animals, inskgtgi, and protozoa, the pathway begins with #ection of
the amino acid glycine with succinyl-CoA from thigric acid cycle. In plants, algae, bacteria (extdep thea-
proteobacteria group) and archaea, it is produa®d flutamic acid [13]. Normally, however, the puction of
porphyrins is limited by the cell’s physiologicaéeds. In order to overcome this limitation and bée do
produce porphyrins in industrial quantities, theltgical pathway needs to be modified using syntH&blogy
tools.

| propose anovel method for large scale synthesis of porphyrgsusing genetically engineered
E.coli. This method offers the advantage of using rendsvededstocks, environmentally benign chemicals,
and low-energy production requirements. These im@ments are in accordance with the principles of
green chemistry defined by the ACS [15]. In additim being sustainable and clean, the described
biotechnology approach offers a promise of bringdmyvn the cost of these materials, especially i th
light of the long-term prospect of petroleum shgea | hypothesize that large-scale production of
protoporphyrin for commercial applications can lzeried out using recombinaf.coli. The strategy for
this project is to utilize molecular biology andnggic engineering tools fdg.coli genome manipulation in
order to increase the amounts of compound produced.
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LABOUR PROTECTION. GENERAL INFORMATION ABOUT FIRES.
FIRE SAFETY AT ENTERPRISES

EGOR TIHONENKO, ALEXANDR TANKOVID
Polotsk State University, Belarus

Labour protection is a system of preservation fef nd health during labour activity. Labour proi@t
must not be identified with safety engineering usigial hygiene, occupational health, because #tineyelements
of labour protection, its constituent parts.

The tasks of labour protection are:

1) Establishing of a system of laws and normatagal acts in the field of labour protection;

2) Control over law compliance and normative leak;

3) Evaluation and analysis of conditions and sadétgbour;

4) Analysis of injuries and illnesses, investigatand registration of accidents at work;

5) Training and instructing employees in rules aafity requirements;

6) Creation of measures for improving working cdiotis and performing of norms and rules of labour
safety.

An important question in the field of labour prdten is to provide safe work at enterprises, and in
particular to ensure fire safety.

Fire is the uncontrolled process of burning, whiglaccompanied by the destruction of material \&lue
and it poses a danger to people's lives. The cafdess at industrial facilities can be dividettd two groups.
The first is a violation of fire safety conditions careless handling of fire, the second one imkaton of fire
safety in the design and in the construction ofdigs.

Fire is a chemical reaction between combustiblestautzes and oxygen (or other kind of oxidizing
environment). There are three components nece$satiie occurringof fire. They are combustible material,
oxygen, and the initial heat source with sufficienergy to start the combustion reaction.

Fire may cause several different hazards. Thedimstis increased temperature in the combustior.Zbn
can cause thermal burns of humans’ skin and intenmgans as well as loss of bearing capacity ofdings and
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structures. The second factor is emission of sicanit amounts of harmful combustion products it air in
working areas. In most cases it leads to poisoofq@eople.

So, fires cause huge material damage and oftefl datgh. Therefore, protection against fire is thest
important duty of every member of society and hé¢d on the state scale.

Fire protection aims to find the most efficientsteffective and technically based ways and measafre
preventing fires and their liquidation with minimdamage using the most rational forces and means of
extinguishing.

Fire safety is certain conditions that prevent asulity of fire, and if it occurs, the necessangasures
must be taken to eliminate the negative influerfd&d® hazards on people, buildings and materiflles

Fire safety can be ensured by measures of fireept®n and active fire protection. Fire prevention
includes a set of measures to prevent fire or tvedese its effects. Active fire protection is measuo ensure
the successful fire fighting or a dangerously esple situation.

A set of forces and means, as well as legal org#inizal, economic, social, scientific and technical
measures form a system of fire safety.

The basic elements of fire safety system are pahitborities, local governments, businesses amtog
involved in fire safety.

Causes of fires at industrial sites are:

— casual handling of fire (40%);

— violation of rules of electrical equipment operatid8%);

—  violation of rules of devices application and opieraof the heating furnace (7%);

— violation of rules of operation of heat-generatitgyices and units (19%);

- arsons (10%);

- other (6%).

Responsibilities of enterprises

Managers and other officials at the sites in ac@ocd with their responsibilities perform the foliagy
functions:

—  providing fire safety and fire-fighting mode;

—  providing fire protection training in a proper tirmaecording to the instructions;

—  creation of freelance fire formations and orgargzineir work;

- keeping fire equipment in working order;

—  providing a plan of actions and practical trainfogworkers in case of fire;

— adopting measures against violators of fire safetpirements, and others.

Fire prevention

Fire barriers include walls, partitions, floors,otls, gates, hatches and windows. Fire walls mushdxe
of non-combustible materials, have a fire-resistarating of not less than 2.5 hours, and must hi¢ d the
foundation. Fire walls must be designed sustainabléng into account the risk of unilateral cobepof floors
and other structures during fire.

Fire doors, windows and doors in fire walls musténfire-resistance rating of not less than 1.2 soand
for fire overlaps at least 1 hour. Such overlapstmot have openings and holes through which cotidrus
products can enter during fire.

Evacuation routes

When designing buildings it is necessary to progdfe evacuation of people in case of fire. Peoplst
leave the building within the shortest possibleguepf time, which is determined by the shortestalice from
their location to the exit to the outside.

The number of emergency exits in buildings, premesed each floor is determined by planning, butethe
must be at least two. Emergency exits must be gldigpersedly. In this case, elevators and othetham@cal
means of transportation of people are excluded ff@planning. The width of the sections of evaicuatoutes
must be at least 1 m, and the doors on escapesrauteast 0.8m. The width of the outer doors a@fchses must
at least be equal to the width of the flight ofirstathe height of the passage on escape routesbausot less
than 2 m. Buildings with a height difference shobédprovided with fire ladders.

Following these requirements will ensure fire safetve lives and health of workers, as well asiatq
labour activity of management and employees atprises.
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UDC 519.854
ALGEBRAIC APPROACH TO THE SOLUTION OF RENUMERALS OF COMBINATORY TASKS

OLGA AGAFONOVA, OKSANA GOLUBEVA
Polotsk State University, Belarus

Abstract— In the article available means showed the wathefsolution of combinatory tasks on transfer
based on use of internal symmetry of the body gimea condition that, in turn, reflects close contien
between objects of research of the theory of fimalips and the combinatory analysis. A key stepesolution
of similar tasks — heuristic finding of shifts.

The theory of enumerations developed by Polya ahdramathematicians is widely used in quantum
physics, equipment, cybernetics, organic chemigiigipgy. One of basic provisions of this theonBisrnside's
lemma. That to formulate it, we will define conceptan orbit of permutation group.

Let G ={a, =¢,a,, ...,a,_,} — permutation group on a skt ={1, 2,...,n}. The subseD 0 M is called

asan orbit of groupG, if:
1) action of permutations o& on the elements d® does not bring them out @ ;
2) anytwo elements o® can be transformed into each other by some petiontaf G .
Burnside's lemmal1]. For any permutation group performed the equality

-1
t(G) = Te IaDZ(;x(a) :

where (o) — number of fixed points of permutationz) — number of orbits of permutatio® , acting on the

setM .

It's easy to prove that every permutation groupthasorbit. It's clear that any two orbits of threwp are
either disjoint or coincide. It follows that thetskl is the union of disjoint subsets — orbits of theup G. In
connection with the divisioM into the orbit of the permutation grop, two questions arise.

1) How many orbits has the gro@on the setM ?

2) What is the length of each of these orbits?

The answer to the second question can be foundyusigrange's theorem. The answer to the first
guestion gives Burnside's lemma.

Consider the problem of the number of ways thatgemu paint the top of the cube in four colors.

Discuss the condition and solution of this problédme vertex can be painted in four ways. For other
vertex coloring are all the same four ways that'tddepend on the color of the remaining verticescagkding to
the rule works have

4-4-..-4=4" =65536
\__V_f
B paz
ways of coloring the vertices of a cube in fouraesl So it is possible to solve the problem, if weeve all the
vertices are different, that is, the cube is fikedpace and its vertices are numbered.

If the cube can freely rotate, some ways of a éafpbecome isomorphic each other, that is at tofres
cube coincide (fig. 1). It is clear that when cédting ways for coloring the vertices are isomocpbjptions need
to be exclude.

Turns of a cube can be carried out round its akeyrmmetry. The set of turns at which the cubdfiise
combined, forms group of symmetry under multiplicatof turns. Turns are described by permutatidits.
example, the rotation of the cube in fig. 1 coroes}s to a permutation

[1234567

=(1562)(3487.
51486 2 3

Orbit of vertexwill call a sequence of vertices obtained repegtdormance of the same turnikgcycle
is called the smallest sequence of vertices ohait maps initial vertex into itself. For examgle5 6 2) — the
cycle of vertex 1 at turn of a cube on a conti@rround an axi®©; 0, (fig. 1).

If as a result of turn color of vertex hasn't cheghgit's calleda fixed pointof rotation. Otherwise —
moving point To apply Burnside's lemma to the solution of gktayou need to determine the number of fixed
points of each permutation.
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Fig. 1. Rotate the cube on a cordearound the symmetry axis
2

connecting th&®; andO, centers of the opposite faces

For example, concerning permutatior=(1234)(56 7 8, a coloring of vertices from one color and a

coloring of vertices from two colors, in one of whiare colored the vertices of the first cyclelia bther - the
vertices of the second cycle, will be fixed poirf@sunt all the possible options:

4+ A2 =16= £,

Arguing similarly, we conclude that the number dfetl points of permutations. equal 4, where
k —type permutatiorfsequence of lengths of cycles of decompositiopesmutation in product of cycles).

Let the cubes of the same size, which are fixesbice, having different coloring of the verticesfa
setM . Then|M F 4.

We show that the grou of rotations of the cube consists of 24 permutetidVe number the vertices
of the cube (fig. 2).

In table 1 will write down permutations corresparglito rotations around the cube axes connecting
opposite vertices (fig. 2).

I
.
_ HR
] Py 1
- T O
T Y ...-"'
- -
1-"*-, L o
- P
i a*‘ " i =
1 S
J,gj _____ ~ FAN S = 3
& \
& &
J' Ll
-
- 5
| 2

Fig. 2. Cube with axes connecting opposite vertices

In table 2 we will place permutations correspondtogrotations the cube around axés b ¢
connecting the centers of opposite faces (fig. 3).

Fig. 3. Cube with axes connecting the centers pbejie faces
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Table 1
axes angle ermutation decomposition type
9 P into product of cycles permutation
on 123 4567 :
- 254)(368)()(7 <3,3,1,1>
1-7 3 [156 4873 (254)(368)()(7.
4n 1234567 ‘
- 245)386)()(7 <3,3,1,1>
17 3 {1 4 85 2 37 ( ) o
on 12345867 ‘
- 163)(457)(2)@8 <3,3,11>
2-8 3 [6 2157 3 4 ( ) N2)e®
I 1 23 4567 :
- = 136)(475)(2)@8 <3,3,11>
28 3 (3 2 6 7415 3 ( X )2)@
2n 1 2345867 '
- = 168)(274)?3)5 <3,3,11>
3-5 (67325843 168)(274)3)(5,
An 1 234567 :
- = 186)(247)(3)(5 <3,3,1L1>
35 3 [8 4 3756 2 3 ( X 3G
2n 1 234586 7 ‘
- = 183)(257)(4)(6 <3,3,1L1>
46 3 [8 5147 6 2 3 (183)( e
4n 1 234586 7 ‘
46 | = (3 S8 426 5 (138)(27 5)(4)(6 <3311
Table 2
axes angle ermutation decomposition type
9 P into product of cycles permutation
1 23 456 7
a T (1562)(3487 <4,4>
2 51 486 2 3 :
1 23456 7
16)(25) (38) (47 <2,2,2,2>
a | = [65872143 (16) (25) (38) (47)
a 3 1234567 (1265)(3784 <4,4>
2 2 6 731528 ‘
1 23 456 7
b T (1584)(2673 <4,4>
2 56 21873 ‘
1 23 4567
18)(27)(36) (45 <2,2,2,2>
b n (87654323 18)(27)(36) (45)
b 3 1234567 (1485)(2376 <4,4>
2 4 378126 '
r 1234567 (1432)(5876 <4, 4>
c 2 4 1 2 3 85 6 '
1 234586 7
. T (3 412 785 3 13)(24)(57) (68) <2,2,2,2>
1 23 456 7
3n ,
c > (2 3416 7 8 3 (1234)5678 <4,4>
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Table 3 contains a permutation of the cube cormedpdo a rotation around axés |,, I, 1,, |5, g,
connecting the midpoints of opposite ribs (fig. 4).

I!j L e .' .'\_‘_‘

Fig. 4. Cube with axes connecting the midpointspgosite edges

Table 3
axes angle permutation . decomposition type
into product of cycles permutation
15 m i z 2 i g 3 ; j (14)(28)(35)(67) <2,2,2,2>
l, T ; 2 Z 3 : g I j (17)(28)(34)(56) <2,2,2 2>
I, T ; 2 2 : : i Z 3 (17)(23)(46) (58) <2,2,2,2>
l, T ; i : : 2 i ; j (12)(35)(46)(78) <2,2,2,2>
lg m é 2 ? : i 2 ; j (15) (28)(37) (4 6) <2,2,2,2>
ls n ; 2 2 g 2 g I j (17)(26) (35) (48) <2,2,2, 2>

In Table 4we define thenumber of fixed pointsfocletype ofpermutations.

Table 4
typepermutation of perthTtZtri](;Jnns]boefrthis type number of fixed points
<1,1,1,1,1,1,1% 1 £
<2,2,2,2> 9 £
<3,31,1> 8 4
<4,4> 6 L

By Burnside's Lemma we obtain:
t(G) :2—14(48 +9%' + 84 + 614 F 291

Consequently, there is a 2916 different ways obitog the vertices of a cube in four colors.

In article developed a method based on the useudfidie's lemma, which allows the use of algebraic
tools for solving problems on sets of a more gdneture than the set of natural numbers, whicH@maulated
and solved problems of classical combinatorics.
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UDC 621.37.037
SUPERRESOLUTION OF RADIATION SOURCES ON THE BASIS OF KEYPON’'S METHOD

YURY ANDREEV, VICTOR YANUSHKEVICH
Polotsk State University, Belarus

The results of theoretical analysis of super regofuof light sources using antenna arrays with tiedp
of Keypon’s method have been presented. Digitdinigeies to ensure effective noise reduction featared
high-quality processing of radar signals have beapplied. The function of the angular resolution of
authorization objects is analyzed. The resultswdies for one or two light sources are given. Ree®ndations
are given to reduce the computational complexitglgbrithms. The results of the research can bel iiseadio
position finding and radiolocation.

One of the most important tasks of the radar iméasure the angular coordinates of the radiatiarceo
of the desired signal, which is based on the detetion of the direction of arrival of electromagnewaves
emitted or reflectetdy the target.

The relevance of the study is determined by thetfat for modern radar stations severe restristiom
the weight, dimensions and power consumption apog®ed, which excludes the use of high-power trassion
devices and limits the size of the web array.

Keypon’'s method was proposed in 1969 to resolvespieetral components of the discrete spectrum [1].
Using the analogy of the frequency and spatial tspenethod was proposed for estimating the andlasrival
of signals using an antenna array.

Model signals received from the N antenna arragnel@s may be represented as follows:

J
Z=Ya9S(9,)+ X, (1)
k=1
whereJ — the number of discrete sources;
a., ¢, — complex amplitude and angle of arrival of thes@scorresponding to indéx
Sp,) —N-dimensional vector signals received from the pogrét with the numbek;
X —N-dimensional noise vector own antenna array elesnent
Z —N-dimensional vector of the received signal.
The model assumes that the complex amplitudes ofesveof different sources are statistically
independent, i.e.

o; (k=m);

ok % m). @)

<akaEn>:{

Since the discrete sources, the signals in the eslesmof the array for each source are assumed to be
correlated (correlation coefficient equal to unitfhis means that the signal vecSp,) of each source is
deterministic and describes both the nature ofathee front and the configuration of the antennayarNoises
in its elements are assumed to be uncorrelatecequdl in power. The problem is formulated as folow is
necessary to find the weight vector W, which mizies the average power output of the antenna aritaythe
proviso that, for some angle of arrivaltransmission ratio is fixed and the lattice is; éxample, a unity
Mathematically, this task can be written as follows

min <[ z[ > providedW" S(¢) =1. (3)

It is the task of a conditional extremum.
To solve it, we need to create a functional Lageang

D(W)=<[r" 2 >—(W"S(9)-1). (4)
They — undetermined Lagrange multiplier.
The first term in (4) can be written as

< ‘W“ zZ| s=w" <zz" >w=w'mMw, (5)

whereM = <ZZ"> — correlation matrix of the signals at the inpfithe antenna array.
For the adopted model signals (1) it is easy toutate the correlation matrix under the conditig (

As a result, we obtain
J

M=% c;5(p,)5" (¢,)+0°E. (6)

k=l
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Theo? — the average noise power in a single elemennaatarray.
In view of (5), the expression (4) is transformetbi

(W) =W MW —y(W"S(9)-1). @
The gradient of the functional equate to zero dtdia the following equation:
MW =LS(@). ®)
Hence we find the weight vector:
W =yM"S(op), ()

whereM™ — inverse correlation matrix of the input signals.
Now the weight vector (9) should be substituted tesired condition (3), and the undetermined fgcto
then can be found in the form of

o . =1
x=[5"(o)M's(e)] . (10)
The final solution of the problem is obtained b@)Substituted into (1). As a result, the weighttee
that minimizes the average power output accordinigeypon’s criterion will have the form

.1 -
W= (p)M~'S(p) S(@)- (12)

In an optimal state, when the weighting coeffickenf the antenna array are established in accoedanc
with (11), the average output power is found byssitiiting (11) into (5). This value is the functiaf the

resolution, which we denotg(®).
Thus, for Keypona’s method the resolving functisound to be

n(e)= (12)

|
5" (@)M™'s(0)
An average power output can be measured. Therefugeyalue is of interest in terms of the angular
resolution of sources.
1. Suppose that the space has a single sourceeXample is useful to consider, although in casa of
single source the question of angular resolutiogsdwt make sense. In this case the correlatiorixnié) takes
the form

M=05(¢,)5" (0 )+c’E. (13)

Figure 1 shows the function (12). The calculatiasese performed for the linear equidistant antennaya
with the number of elements Nf= 16 and a half-wave length between elements.

n,(@)
14

12t .

08 1
06 1
0ar o

02k ;I | -

-1 08 06 04 02 0 0.2 0.4 06 08 1
O, rad

Fig. 1. The average power output of the antenreyarf the anglep
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It was assumed that a plane wave coming from thiecedn a direction normal to the antenna array, i.

cpzl = 0. The average power of the desired signal hachbise floor in each element taken respectively 1,
o =1

2. Let us now assume that the space has two soUrees, the correlation matrix of the received aign
(6) has the form

M =0.5(g,)S*(¢,)+05(0,)S" (¢,)+ 0. (14)
Assume that both sources have the same average poeach antenna array element. We also assume
that the ratio of signal power to the power souraise floor in each cell is equal to unitg, is;?= 1,0% = 1; the

angles of arrival of waves are assumed to be equakn/64, @, = —n/64.

As before, assume that the measurement of anglemrvfl of the waves is performed by linear
equidistant array of 16 element$ £ 16) and a half-wave length interelement@l =0,5. Let's apply Keypon's
method (12), which does not require a priori knalgle of the number of sources, and is based onlthen
knowledge of the correlation matrix of the inpwgrels. The results are shown in Figure 2.

m,(P)
14 T T T T T T T T T

12 - .

/
T 08 06 04 02 0 02 04 06 08 1
@.rad

Fig. 2. The average power output of the antenrayatepending on the angpe
with 6,°=0,"=6"= 1

Keypon’s method has the following advantages:

— does not require a priori knowledge of the numideadiation sources;

— less computational complexity of the algorithm tila@ maximum likelihood method;

- has a higher resolution than the maximum likelihowthod;

— less influence of random amplitude and phase errors

However, the method has some disadvantage:

- the worst accuracy rates than the method of “thenwise”;

— this method does not allow to estimate the numbeadiation sources.

The analysis of Keypon’s method for super resofutias been performed. There have been developed
recommendations based on a symmetric matrix thigt feeluce the computational complexity of algorithm
which allows to simplify the digital implementatiaf these algorithms. The research results cansked in
radar systems.
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UDC 004.932

ANALYSIS OF MOTION DETECTION IN VIDEO FOR EARLY FOR EST FIRE DETECTION

DMITRIY AVSEENKO, RYKHARD BOHUSH
Polotsk State University, Belarus

Reliable and early detection of forest fire canndfigantly reduce the damage caused to forestrynd)s
of machine vision systems, namely video fire datedbelongs to promising area forest fire recommt Motion
detection is the key step for smoke and flame wrmit in video. This document describes some mstiobd
movement detection in video sequences, includingpacative analysis of opportunities to find moviegions,
their advantages and disadvantages.

Forest fires are one of the main problems in regiwith hot climate and extensive vegetation. Thekwo
in [1] reports that, each year, about 0.1% of tleeldvforest surface is destroyed by fires. In nuastes, manned
surveillance towers are adopted to watch foreshsamehich present the greatest risk of fire. Lookimwters
equipped with cameras are a more feasible appreaute many cameras from different locations andtpmf
view can be monitored by a single control station.

Recently, many research projects have studied tssilplity to develop automatic fire and smoke
detection systems based on sensor networks or ngehtion techniques, in order to achieve a betffiziency
and a shorter alarm response time. These approhelesthe advantages of a great distance visiagnae of
latency, and the possibility to extract more infation (such as position, size, growth, and kindif and
smoke) [2].

This article presents a comparative analysis ofingpkegions detection methods in order to iderttiir
strengths and weaknesses.

Two approaches to detect moving objects in videages are commonly used now: background
subtraction methods [3, 4] and the Gaussian mixiwwdel based on background subtraction methodd [5,

Using background subtraction methods is the mostngon approach to detect moving regions in the
video image, obtained using a stationary camera. édsence of these methods is the per-pixel cosguadf
the current frame with a pattern that is usuallyned as a background model. Background model, wisieh
description of the scene without moving objectssthhe constantly updated to reflect the changesatteanot
associated with the movement of objects.

In most cases the adaptive system is used to dgathe background and threshold values. The
background estimation is computed as follows:

aBlx,y.t) + (1 — alI(x, y.t).if (x.y) stationary

Blr.y.t +1) = IB{L y. t),is @ moving pixel

wherel(x; y; t) represents the intensity of the pixel at locatigny) in thet-th frame of the frame sequenke
E (x: i t) is the previous estimated background intensityhat same pixel positiorga — is a positive real
constant close to one. Initiallg, (= v: 07 is set equal to the first frandeix; v: 0.

The motion detection of a pixel is determined dk¥es. A pixel positioned atx y) is assumed to be
moving if it satisfies the disequations:

Iy 1) — I y.t— 1D = Ti(x, v.£)
|I'ix,y,'|2:] - I':x, y..t - 2:] | = I:.{_r_, ¥, t]

where Ii{x: v: t — 17 is the intensity of the pixel at the locaticx: ¥) in the (£ — 1)-th frame | and
T (x: v t) is athreshold updated at each frame, accorditigetequation:

BT + (1 — 8 li(x. v, £) — Blx, v, ). if (x.¥) stationary

Goy.t+1) = IT:{E], if (x.v) is & moving pixel

wherec is a real constant greater than one laigla positive constant close to one. Initial thdd values are set
to a predetermined non-zero value. In order toad&een slow moving regions, as described in [3§ possible
to use two different background estimatio&$3% (x: y: t)and B <o (x v £ BT3% (4 y: £) is updated at
every frame and B¥™ (x; y; t) is updated every second. For every pix&t ¥), the value
Dy (x: v: £) representing its motion is computed as follows:
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0, :-f|E,r'E.3t _ pelow | < T

B;‘csr _ Bsim-.' — Time {f:] fi I
| | LENg :.f T::m-.' = |B.."E3t — BS-_m-.'| = T;:._'g;:r
Thight — Tiw

L :-f rf‘:'.'g?:t = |Bf-':3f _ Bsim-.'|

Dy =

wherel = Timw < Taigre are threshold values. The result is a maliix(x, ) with values in the ranggl; 1].
The resulting matrixd,, is threshold in order to reduce the computatioima and by considering regions with
low values of movement.

This approach is simple and fast method for deteingithe motion in the video sequence. However,
since it is using the frame difference, then itlmracterized by all the shortcomings of the fratifference
method: high sensitivity to noise and inaccurafgaduction of the form of moving objects.

A technigue of moving object detection, that reebecame popular, is a Gaussian mixture modeldase
on the method of background subtraction [5].

In order to adapt to the changes, you will needigdate the training set by adding new samples and
discarding old ones.

Selects a reasonable time peribdnd at time t we havet, = {x%,...,x'*"™'). For each new sample is
updated set of training dat and reestimates(x|X;.EG). However, among the samples from the recent
history there could be some values that belondn¢oforeground objects and the need to mark thimatt as
p(xV| X, BG + FG ). Using GMM withM components:

p(x®|%0, BG + FG) = T¥ N (s A1)

wherey; .. 4y are the estimates of the means gnd... & are the estimates of the variances that desdnibe t
Gaussian components. The covariance matrices suenasl to be diagonal and the identity matrix, | pwager
dimensions. The mixing weights denotedmy are non-negative and add up to one. Given a néavsdanple
x'? at time t the recursive update equations are [6]:
(e]
Ty — Wy + a{um - ﬂ:w}

&1
Um = My + ﬂrrf (a/mm ¥

02 — o2 +0 (=) (6%, 8, - 02)
Tm

whered,, = P . Instead of the time interval T, that was mentibabove, here constagtdescribes an
exponentially decaying envelope that is used tat line influence of the old data. Retaining the samotation
having in mind that approximatelg= 1\T. For a new sample the ownersh‘:’;ﬁj is set to 1 for the 'close'
component with largesiy:, and the others are set to zero. Define that pkai® ‘close’ to a component if the
Mahalanobis distance from the component is for gitantess than three standard deviations. The sduare
distance from the m-th component is calcuIalteoi?é'!f![;r”“:']I = &5 Gm/ o2 . If there are no ‘close’ components a
new component is generated With ., = &, u ., = x'© u Oy.1 = Op, Wheredy — is some appropriate initial
variance. If the maximum number of componentsaghed we discard the component with smaifiast

The presented algorithm presents an on-line clasteslgorithm. Usually, the intruding foreground
objects will be represented by some additionaltehgswith small weights,,,. Therefore, can be approximate

the background model by the fiBtargest clusters:
M

?{x::r:'LE»_nBG} = Z TV (20 1, a#ﬂ

m=1

If the components are sorted to have descendinghtssim, we have:
B
E=arg m_In{Z T = (1 —cf)])
)
m=1

where ¢f — is a measure of the maximum portion of the daga can belong to foreground objects without
influencing the background model.

Using the Gaussian mixture distribution to preshatbackground model has a list disadvantageglyirs
the method is not adapted to passing changesht tigat is natural for some videos. Second, th@&lization of
distribution parameters is time-consuming.
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A relatively large number of parameters requirdscimn of the most optimal values for specificalat

This document contains a comparative analysis @ftiag methods of automatic detection of moving
smoke areas on video sequences. Noted, that thepmpslar methods of motion detection methods ased
on background subtraction. Gaussian mixture modsét on the method of background subtraction sahess
problem to noise and inaccurate reproduction ofingpwebjects’ forms, but it is not adopted to raplithnges in
lighting as well as the distribution parametersaitization is rather time-consuming procedure. §,imefining of
the algorithms in predetermined directions is ndedamprove the detection of moving areas.
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MODELING ELLIPTICAL SLOT ANTENNA
IN THE PROGRAM HIGH FREQUENCY SYSTEM SIMULATOR

YURI BELOBORODOV, KARYNA KREMENYA
Polotsk State University, Belarus

This article presents the results of modeling diptatal slot antenna in the software High Frequgnc
System Simulator (HFSS). It was investigated tipemidence the characteristics of the antenna orcliamge

in thickness of the substrate. For research astsatesmaterial is selected the dielectric with pétivity &= 3,
thickness of 1.575 mm, 2 mm, 3 mm. The resultprasented in the graphs: the standing wave ratWRS,
polar pattern, input impedance. It shows the suuetof the antenna with the description of its parfhe
regularities of changes in the characteristics fuf €lliptic slot antenna according to the variatsoof dielectric
thickness are identified. Recommendations are gigenhe development of ultra-wideband antennaglise
selecting the thickness of the dielectric. The ltesean be used to construct broadband antennas in
telecommunication systems.

Development and creation of antennas which correspo contemporary market requirements assumes
the usage of progressing instruments and methodshwbermit to carry out engineering calculations fo
identification of functionality and operating cheteristics of the future device. The basic methadthis has
currently become computer simulation.

Using contemporary software packages any shapatefna can be drawn easily on your computer and
all kind of materials can be prescribed, and aftat you will get the needed characteristics. Meez@antenna
can be searched and optimized for specific contitiand requirements while changing its operatiregofa.
After all, on the real antenna changing many ojregénctors is either very difficult or almost imgsible.

One of the instruments that is allowed to carrytbetdesigning of antennas, to calculate its paréorce
attributes, to make a computer experiment which etfoodonditions of the real world is the program tHig
Frequency System Simulator (HFSS).The investigatibthe dependence of the characteristics of tligtie&l
slot antenna on the change in thickness of thetitbsvas conducted in this program.

Antenna construction. The appearance of both side A and B elliptical alatenna is demonstrated on
figure 1 (A and B) correspondingly.

The antenna is accomplished on dielectric basebéaah one side is metal elliptic resonator 1 with
connected power line 2, on the other side all aktvegwhole area of dielectric is metal screen Hwiltiptic slot
6. Antenna stimulation originates from discretetf8with impedance 50 Ohm.
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Fig. 1. The appearance of the sides of antenna :
1 — elliptic resonator; 2 — power line; 3 — diserpbrt; 4 — dielectric baseboard of antenna;
5 — earth surface; 6 — elliptic slot

Resonance wave-length of elliptic resonator cafobed from expression:
- , €
)\pez =i [\/ Soqbqb e/ (im '

wheree=+/ & - I / a— eccentricity of ellipseg:® — n root even or odd function Mathieu first typderm [1].

Elliptic shape resonator has good spectral banttiggsaand basically is used in honresonance midps
antenna [2].

The results of researchThe material of dielectric in HFSS was chosen Rog&D3003 with permittivity
€ = 3, thickness of 1.575 mm, 2 mm, 3 mm. As a riatef emitting area was chosen copper 0,3 mm thhre
length of antenna is 40 mm, width 35 mm. Reseagchand is 2,5 GHz — 20 GHz.

During modeling the following characteristics weeeeived: polar pattern, standing wave ragaVi,
reflection coefficient from antenna admissi@. ). They are shown on the figures 2 — 4 correspongingl

-90

Fig. 2. Antenna polar pattern:
1 — dielectric width 1,575 mm; 2 — dielectric widthmm; 3 — dielectric width 3 mm
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Fig. 3. The standing wave ratio (SWR):
1 — dielectric width 1,575 mm; 2 — dielectric widthmm, 3 — dielectric width 3 mm
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Fig. 4. Reflection coefficient from antenna adnossi
1 — dielectric width 1,575 mm; 2 — dielectric widthmm; 3 — dielectric width 3 mm

For dielectric with width 1,575 mm antenna direntibgain equals 1,44, antenna radiate into straigtit
reverse directions, the width of polar patter@is.

For dielectric with width 2 mm antenna directiogalin equals 1,17, the width of polar pattern i§°10
and in direction of 0° is a small crevasse of pglattern till 1,13 and antenna radiates small arourto
reverse direction .

For dielectric with width 3 mm into direction 0°tenna has crevasse of polar pattern. Accordingéo t
diagram antenna radiates aside -50° and 50°.
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Antenna with the dielectric width 1,575 mm showsdanatching qualities on the part of frequency from
6,2 GHz to 20 GHz, but more uniform meaning SWR lbarseen on frequency 9,5 — 12,5 GHz.

Antenna with the dielectric width 2 mm shows goodteching qualities on the part of frequency from
6 GHz to 13,3 GHz and 17,6 — 20 GHz.

Antenna with the dielectric width 3 mm shows goodtching qualities on the part of frequency from
8 GHz to 12,4 GHz and 17,6 — 20 GHz and meaningr$$\thanging from 1,3 to 2.

In the antenna with dielectric thickness 1.575 rtim, reflection coefficient decreases from the anrde
of -3 dB at 2.5 GHz to -30 dB at 9.5 GHz.

With further increase in the frequency value of Sikks. The magnitude of the reflection coefficient
varies from -31 dB to -10 dB. at a frequency of @Hz an extreme point (minimum) with the valueSifl
exists.

In the antenna with the dielectric thickness of th,nthe reflectance decreases from the entrance of
-2.5dB at 2.5 GHz and -23 dB at 12 GHz.

With further rise in frequency the value of S11lwihcrease. The magnitude of the reflection coefit
varies from -23 dB to -15 dB. at 12 GHz. An extrgpaint (minimum) with the value of S11 exists.

In the antenna with a dielectric thickness of 3 rtim, reflectance decreases from the entrance dB-8t
2.5 GHz and 17.5 dB at 8.7 GHz. With further inseean frequency the value of S11 will increase. The
magnitude of the reflection coefficient varies frofiy.5 dB to -10 dB at a frequency of 8.7 GHz aad the
minimum point value S11.

In the course of the simulation it is set that:

—  The thickness of the dielectric base elliptical slotenna affects its band width. When the thicknes
of the band used tapers, set the optimum thickoédhe dielectric in which the antenna has the éagh
broadband, which is 1,575 mm. The operating frequdrand in this case is 6.2 — 20 GHz, i.e. bandtwisl
13,8 GHz.

—  The analysis showed that the thickness of the digtealso affects the directional properties dof th
antenna. Increasing the thickness of the dielet@ads to the expansion pattern diagram correspgndi the
smallest width of the substrate thickness 1,575 mvmen the level 2 equals to 0,707 and 80°. When the
substrate thickness of 3 mm is a division of theénmabe and 2 in the direction of the maximum okedr
failure pattern.

- As aresult of the simulation set the thicknesthefinsulator has an impact on the value of VSWR.
By increasing the thickness of the substrate magchroperties deteriorate and uneven frequencyresspSWR
increases significantly. Good agreement with treée link antenna is observed in the dielectrickihéss of
1,575 mm.
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METHOD OF ESTIMATING PROTECTION FROM SPEECH SIGNALS LEAKAGE
THROUGH LOW-FREQUENCY TECHNICAL CHANNELS OF INFORMA TION LEAKAGE
BASED ON THE CORRELATION FUNCTION

IRYNA BURACHONAK, VLADZIMIR ZHELEZNYAK
Polotsk State University, Belarus

There have been studied the parameters of a meagsbrioadband chirped signal in bands of equal
intelligibility and offered the estimation of prateon of informatization object from speech infotina leakage
through low-frequency technical channels of leakbgea broadband chirped signal based on the cotiata
function in the bands of equal intelligibility. Soa data for implementation of the method of ediimgathe
parameters of a broadband chirped signal on newgples in terms of influencing factors have bebtamed.
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The level of protection of informatization objest abjectively assessed by release of weak measuring
signals from the high level noise in channels a&fexih information leakage. To assess protectiomafiels of
speech information leakage harmonic signal is widedled as a measuring, substantiated correlat@orythof
speech intelligibility [1]. State standard RST 3LP9-2011 establishes the use of harmonic measmtem
signal when splitting the spectral density of theexh signal by 20 bands of equal intelligibilithe analysis of
the literature [1,2] showed, that the use of a lmamimsignal solves this problem with a high premisifrequency
resolution and high sensitivity. However, for a egle signal with a frequency range from 100 Hz tokHa
estimation by only 20 harmonic components does exatlude some methodological errors. Method for
estimating channels of speech information leakagérbadband chirp signal processing with time-fesgry
Wigner transformation [2, 3] excludes methodolobieearors, inherent harmonic signals and improves th
methodological precision, frequency resolution aadsitivity, which requires significant additionabcessing
time.

Theaim is to develop on a new principle the evaluatiorthoe of protection against leakage of speech
signals through the low-frequency technical chasmiélinformation leakage which is based on theeatation
function in terms of high level noise and othetughcing factors.

For this we have researched the characteristicparaieters of broadband chirped signal when isygjitt
the spectrum of the speech signal by 20 bands wdlaqtelligibility and assessed the impact of bage and
duration of the signal on sensitivity and accuracy.

The research of broadband chirped signal’s paramets in 20 bands of equal intelligibility. Unlike
harmonic signal a broadband chirp signal allowsrding the capabilities of protection evaluationspéech
and controls the deformation of the spectral dgrisithe bands of equal intelligibility, which tlpeech signal
spectrum is splitting, rather than at isolated tsom the real axis.

Using the expression of [4], 20 broadband chirmalg is formed and investigated in the bands ofkqu
intelligibility with various initial values of theibase and duration.

According to [5] initially baseB of signals is set as a permanent and the residémeeT, of every

single broadband chirp signal in the bands of equalligibility is determined for values of basg= 200, 500,
5000. It has been established that broadband cldmal has the smallest variations of frequencyiatien
Af,_, =140 Hz in the thirdN, band equal intelligibility, and the largeAf, _,,=2750 Hz — in the twentietiN,,
band equal intelligibility. Frequency deviation hdband chirped signal in the twentietd,, band equal
intelligibility is almost 20 times more than theefluency deviation of the signal in the thiN, band equal

intelligibility. This difference significantly affets the estimate signal formed for a constant vafumse.
If we talk about the total time of 20 broadbandrglsignals at the value of the bd&&e200, it is equal to
T =16,86 s. However, with this value of base it i$ possible to do evaluating in the band equal ligibility

in the same conditions, because the duration ofdivand chirp signal in the bar,, will be T,=0,07 s,
whereas, in the bandll, the duration of broadband chirp signal will bg=1,43 s, that means the difference in
energy of signal more than 20 times. In order t®sas broadband chirp signals in equal conditioilssngécessary
to use a constant value of base not less thaBthB000, however, at such value of base, the toted tf all 20
wideband signals in all bands equal intelligibiliggll be T, =421,79 s, that does not allow to achieveet
goal.

According to [5] and on condition, that the valdete signals duratiof, is set as a permanent, the base
value of every single broadband chirp signal intheds of equal intelligibility is defined for vas of signal
duration T,=1,2,4,6 s. According to the research it has beemd, that for duratioril,=4 s base broadband

otal

chirp signal in the third bandl, (the narrowest) is equal B =560, whereas, in the barid,, (the widest) base
is equal toB =11000. Increasing the base signal allows to reduedevel of oscillation of the spectral density
chirp signals in the last bands of equal intelligjpand does not change the quality of the aseess. Thus, the
total time equal in duration signals all in 20 bsued equal intelligibility isT,,,, = T,[20= 2[20=40 s when the

otal
duration of the signal =2 s and accordinglyT,..,, =80 s when the duration of the sigriak4 s.

The result of research broadband chirp signalQiténds of equal intelligibility with constant velof
base has determined, that with increasing bandwiliration of broadband chirp signals decrease uaing
broadband chirp signals with constant value of bas®t expedient. Proposed to use identical iratiiom and
having different values of base signals. This dye@duces the total time estimation of channeinéérmation
leakage.
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Parameter estimation broadband chirp signal based m the correlation functions. Analytical
description of signals and their spectra are thstimsportant and comprehensive characteristics lunhsignal
characteristics were obtained: the autocorreldtiootion (ACF) and the cross-correlation functi@Cf).

The autocorrelation function — a time function, ehiallows to estimate the level of similarity ofaw
signals and has the dimension of energy. ACF isrghw [4]:

R,(1)= ]:sl( ) s( 1) dt )

where s (t) u s,(f) — the input and output signats;— time shift between the signalg;z(r) — ACF of two
signals s (t) u s,(t). Function (1) further allows to estimate the legélsimilarity of two signals, as well as
their relative position on the time axis. At thendi, when the output signal(t) is the most similar to the input
signal s (t) , the correlation function will have a maximum. Twielth of this maximum — twice the length of the
initial pulse and is symmetrical about the ceritres (t) =s,(t) , the expression (1) fORLZ(T) is an expression
ACF of signals(t) =s () =s,(1):

R(1) = js(t) s(t-1) dt. (2)
Figure 1 shows the ACF and its envelope broadbdritp csignal with a frequencyf,=640 Hz
(Af =140 Hz, N,), base B=280 and durationT,=2s. ACF allows to assess the level of compliance

(correlation) signal with its time-shifted copy. & main property of the ACF — at time offsetequal to zero, it
defines the energy of signal.
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Fig. 1. ACF and its envelope of the signal at tiguit of channels of speech information leakage

The energy of the signal shows total energy retbasethe resistorR=10hm for a specified time.
Unjammable reception is possible on condition wtilennecessary energy of the desired signal in hienal
receiver is provided, and its magnitude is inuist increases with: increasing time signal praogssncreasing
the amplitude of the signg(t) ; expanding the range of the signal.

To estimate the parameters of the broadband clamalsat the output channel of speech information
leakage with high accuracy it is required to coesid random signal delay relative to input of theasuring
signal, due to its passage through the propagatedium and equipment delays. Even a small randday d®-
200 ms duration significantly increases the errothe estimate output parameters. The method basettie
estimation of parameters of the cross-correlati@iwben broadband chirp signal, passed through the
propagation medium with a specified delay, and meag broadband chirp signal eliminates errors eissed
with the delay of the signal in channels of speiaétrmation leakage. Figure 2) shows the ACF function of
the signal at the output of channels of speechrimétion leakage. Figure ®) — CCF function between the
measuring signal at the input and output signalshennels of speech information leakage. Randomydehe
is determined by the difference between the maxiratoms-correlation function between the signahatdutput
of channels of speech information leakage and migasibroadband chirp signal, and the maximum of the
autocorrelation function of the measuring broadbelnidp signal. This time span is the delay of theallband
chirp signal at the output of channels of speeftrination leakage.
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Fig. 2. The joint display ACF and CCF:
a) ACF signal at the output of channels of speeérination leakage;
b) CCF between the generated measuring signalhensignal at the output of speech information lgaka

Sensitivity defined as the ratio of change of ottpalue signal/noiseQ,, to the value signal/noise
Q, causes it to change the input signal. The depedefnihie output value of the signal/noise ratiorfrchange
of the input values of the signal/noise ratio carrdpresented by [6]:

Qout = f(Qm) ’ (3)

P . . . .
where Qm:(—s) — ratio of the power of the measurement signal ntise power at the input;
in

n

P,, P, — power of broadband chirp signal and power o$@oi
For broadband chirp signal in the bands of equelligibility Q,, is given by [6]:

Qui =2[E/N,, (4)

where E — the energy of the signal at the output of chasmmdlspeech information leakag®l, — power
spectral density of noise in the band equal igitdlility broadband chirp signal.

By the formula [5] on the basis of correlation ftinos were obtained results output parameters
broadband chirp signal in the banbs, , N,, and sampling frequenclf, = 44100 Hz.

The values of the ultimate sensitivity for eachband at a constant base vaBie= 200,300,500,600 was
obtained [5]. It has been established thaBat 200 in bandsN,, (T,=0,09 s,Af =2240 Hz),Ny (T, = 0,07 s,
Af = 2750 Hz), the signal is almost not detected. WVhkise B = 500 in bandsN;g (T,=0,22 s), Ny
(T, = 0,18 s) signal is detected, however, the systamvery low sensitivity. According to the resuifsthe
experiments, the optimum value of base in bawgsN,, should be not less than 5,000. If we consider the
ultimate sensitivity in other bands of equal ingghility, then at values of base above 500 theigalf maximum
sensitivity increases insignificantly, thus furthiecreasing the value of base is impractical, bseawith
increasing value of base, the total time of broadbehirp signals increases rapidly. In Figure 3vghahe
dependence of the coefficient of variation [7]lé imaximum sensitivity with a constant value ofebsignals.
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Fig. 3. Coefficient of variation of the maximum s#ivity of measuring instrument
output broadband chirp signals in noise at a cohsi@ue B
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Further values of the limiting sensitivity were ainied for eachk band with at a constant value of the
signal durationT,= 1, 2, 4, 6s [5]. Figure 4 shows the dependerfcth® coefficient of variation of the
maximum sensitivity with a constant value of signdliration. From Figure 4 it follows that under toadition
that the duration of the signal has a constantevahd the value of the base size is different &mheof thek
band, the coefficient of variation decreases wWithincreasing duration of signals.
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Fig. 4. Coefficient of variation of the maximum séivity of measuring instrument
output broadband chirp signals in noise at a cohstaue T,

To estimate the parameters of broadband chirp lsigneonditions of high-level noise, in order tovea
the total evaluation time of channels of speecbrimition leakage, it is reasonable to use 20 igsats in each
band of equal intelligibility duratioT, = 4 s. This time allows keeping as a constanttved earlier parameters

by maximum sensitivity, high accuracy and finaisture of the processed measurement signal.

It has been justified, that the method of assessmEmprotection against leakage of speech signals
through low-frequency technical channels of infotiova leakage based on the correlation functions of
broadband chirp signal for values of duratidn= 4 s provides the value of the maximum sensitiahd

accuracy in all bands of equal intelligibility, r¥eed earlier by method of assessing by broadbaimd stgnal
with processing time-frequency transformation Wigaad allows to simplify the procedure for autordate
measurements, reducing the time of security estimaif channels of speech information leakage iild@s.
Using a 20-broadband chirp signals, identical iratlan, but with different values of the base silews
to reduce time assessment in each band of eqedligiiility more than 5 times compared with theopessing
time of 20 broadband chirp signals with a constaaltie of base and the variable value of duratiometi
Considering the fact, that in assessing the priotecif channels of speech information leakage din@tion of
the formed measuring harmonic signal in each bédrdjoal intelligibility, is regulated’; = 1, 10, 25 s, then the

use of identical in duration (for exampl€, = 4 s) broadband chirp signals with different eatif bases, allows
to reduce assessment time in each band of eqedigittility from 6 s to 20 s.
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THE INTRODUCING TO SEARCH EMPLOYEES IN SOCIAL NETWO RKS

VITAL DRAZDOU, ARKADZI OSKIN
Polotsk State University, Belarus

The article represents basic principles of recngti advantages and disadvantages of searching
employees in social networks. As a result we seémportance of the formation of a special expgstem for
searching empoyees.

A complex process of personnel managemefivhich includes such components as monitoringhef t
organization’s personnel needs, recruitment, persioselection, release, development, evaluationp@nsonnel
certification) becomes important in modern condisicof market economy forming and economic efficjienc
increase of enterprises. Particular attention ofmmganies is paid to the recruitment process, because
organisation’s efficiency, competitiveness and pability at the market of goods and services delpen how
efficient the organization is staffed [3].

Personnel selectiorshould be based on the following principles [4].

—  The requirements for the vacant position are necgse be known.

—  The requirements should not always be tough, ctenistic similarities are often enough.

— Itis necessary to avoid subjectivity in the setat(patronage or bias).

A program of personnel inspection both at the swigselection and during the operation with staff i
being worked out to ensure the personnel safety.program includes:

- Professional selection.

- Candidates study.

- Verification of the information provided.

—  Complex analysis of all the information received.

—  Checking activities and psychological testing & tandidates for managing positions.

- Working out of psychological portraits of organipatleaders.

— Revelation of the unsuitability of the candidatesédmployment for certain positions.

—  Acceptance with a probation term.

Based on the above-described requirements twdidasaof professional selection of the candidates c
be singled out: live and distant.

Live iteration is based on direct interaction wiitle candidate and it is usually the final stage itheludes
an interview or tests.

Distant iteration is of the greatest interest farhecause it includes the selection based on staoimit
applications and the search for the candidates.

Resources and methods are required to carry ogelbetion. The methods of selection are focuseitson
various directions and have different fitness essest.

Among classical resources we can name labor exelsamgown database of companies, formed from a
variety of sources and own experience. Their maawbdack is the presence of highly specialized mfation,
often not enough for a full analysis, besides #ievance of such data is in doubt.

In 2003 — 2004 a tendency called “social netwosktatted to gain popularity in society.

Social Network is an online service or a web sitdended for the construction, reflection and
organization of social relationships, the visualma of which is social graphs.

The term “social network” was introduced in 1954 by a sociologist from Maesthr School James
Barnes in his work “Classes and Meetings in Norardsland Parish”.

We classify social networks according to their cfuoal and functional organization. The type of
interpersonal contacts, in which a particular nekngpecializes, can act as an attribute that uhycaffects the
structural and functional organization of the natwo

On this basis the following types of social netwgrixisting today, can be singled out.

Universal networks. They are the most popular among users. Their fuaiotion: search for people
(friends, relatives, acquaintances, business partneolleagues and even future employees) and efurth
communication with them.

Social networks of the diary type They are usually called blog-platforms, becahseuser’s profile is a
blog. Blog (abbr. from the English Weblog — is amime journal or diary of events) — is a regulanfydated
web-site.
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Network specializing in objective interpersonal cotacts. Objective in this context are social networks,
the appearance of which does not depend on thieedlate desire of the user. Contacts can be ditfelbetween
relatives (kinship networks), students (studemvoets), partners and colleagues (professional misyg¢6].

According to the description of social networks @@ concluded that they can contain any information
about a person and, what is more important, tinmglyrmation. It is they that are one of the maiurses of
information for the search and selection of thedédetes in modern conditions.

A recent study, the aim of which was to find out to what exteotial networks are popular with
recruiters, was carried out by the portal of empient www.hh.ru in September 2010. 500 HR-specsalistre
surveyed. Most experts (57%) admitted that theyd usecial networks for staff searching. However, the
percentage of those who does not consider sodiabonies as one of the ways to find employees is 4BBis is
mainly due to the fact that today there other, maeal variants of recruitment. This fact is canfed by the
research results: 61% of HR-managers are quitsfigatiwith traditional methods of search, and tfeeethey
do not have any need to search for staff throughakoetworks. Each fifth of recruiters admitteatithe search
for employees through social networks requires miiicte, for which it is necessary to allocate aduahdl
resources which eventually makes such a searclofitaple. 10% of employers refused to search thinosarial
networks, because they believe that the majoritythef candidates in social networks do not meet the
requirements for their jobs (mainly it is the comigs operating in medicine and building).

As might be expected, those employers who carnaoudctive search for candidates, rather than nggiti
for feedback from applicants, are more successftiieir search. Although their number divided altrezgually:
53% of employers expect activity from the candidatiy% show it themselves [7].

Based on the aforesaid, we distinguish advantaggsisadvantages of social networks as a new way of
recruiting.

Advantages for employers in comparison with tradiél methods are:

—  The relevance of the information provided.

—  Substantial money saving.

- The ability to receive the information generallyt specified in the résumé: style of communication,
social circle, mood, friends, hobbies, social satamily, etc.;

- The search in thematic groups, classifying the icktes according to a circle of interests;

—  Special-purpose candidate search (you can searchefiple of certain occupations, companies,
including in other cities and countries);

But at the same time this method has quite a |ldisafdvantages [8]:

—  The ignorance of search techniques in social nédsyor

- Blocking the account for non-friends or providingtwthe minimum information (if the person does
not want to report excess information) do not altovereate a full idea about the candidate;

-  Time-consuming;

- Low efficiency in certain cases (for example, tlitemtial candidates of certain groups do not have
their social network accounts);

— The need for a strategy of active search for thedickates (it is more effective than waiting for a
response from the applicant).

Thus, the issue of the study consists in the dedfmiand formalization of the requirements for the
candidates for employment, the identification ofjuieed metrics in social networks, based on pubita
provided by the application programming interfagé®k), and the working out of the prototype of arpest
system, which performs basic tasks: the searclanalysis of the candidates for employment.
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UDC 519.854

SOFTWARE IMPLEMENTATION OF DIJKSTRA'S ALGORITHM

NICOLAI GURTOVENKO, OKSANA GOLUBEVA
Polotsk State University, Belarus

Currently, there are many algorithms to find theodhst way. The most effective of them is Dijkstra’
algorithm. This article is devoted to the softwamgplementation of this algorithm and its interfadesign,
convenient for the use of schoolchildren, studantsteachers in order to quickly resolve the prablef finding
the shortest way.

Navigating troubled people has long been a probMavigation history begins from the time of trade
caravans, the development of relations betweenmgtimilitary campaigns. Even at those times raugps and
routes were drawn. Navigation continued to evoleger, travelers started to draw maps of the whadeld;
maps of individual regions appeared. In the XX ggnscience and industry began to develop activaaty it
led to the emergence of artificial satellites afidveed to draw a detailed map of the earth. The tmesent
inventions are navigators that help a person toerinuvthe direction of a certain point, not knowitihg exact
route, using the communication with the satellN&vigators are now built into all smartphones afféroa
variety of programs, allowing to determine yourdtion and build up the desired route. Also thereais
possibility of communication between users with ktiedp of navigators, tracking traffic jams, speadgidents
and even traffic police posts. The most famous amnes<Yandex Navigator», «Navitel», «OsmAnd>» armbic.

Roads are a network. A network is a connected gigwithout loops, the weight of each arc in whish i
a natural number (the capacity of the arc). Thetskbpath is a path with the lowest cost in paséiimancial,
fuel, time, ect.).

One of the algorithms for finding the shortest vimPpijkstra's algorithm. The algorithm was inventad
a Dutch scientist E. Dijkstra in 1959 and is todapsidered one of the most efficient algorithmsfiioding the
shortest way. The algorithm works with networkshwiit negative weight edges (if we have a one-wag Iib
will not take into account going in the oppositeedtion; it will not let you go along the opposiéme). In terms
of software implementation Dijkstra's algorithnmgigite simple. It needs reasonable system resounrcesasing
the speed of the construction of the way. One d@aidge is the fact that it is not free. The alfponiis patented
and its commercial use is not free of charge.

An overview of analogs of the algorithm

There are several analogs of Dijkstra's algorithihe most popular ones are:

- Bellman-Ford’s algorithm finds the shortest waynfrmne vertex of the graph to all others in a
weighted graph. Weight edges can be negative.

—  The A* search algorithm finds the least wastefulteofrom one vertex (primary) to another (target,
final) using a searching algorithm based on ttst fiest match on the graph.

- Floyd — Warshall's algorithm finds the shortest viegween all nodes of a directed weighted graph.

- Johnson's algorithm finds the shortest ways betwadkepairs of vertices of a directed weighted
graph.

- Lee’s algorithm (wave algorithm) is based on thethwoé of widthway search. It finds the way
between the vertices of the graphsadndt (s doesn’'t match), contains a minimum number of intermediate
vertices (ribs). Its main application is tracinge thlectrical connections on the crystals and chipsprinted
circuit boards. It is also used to find the shdrtiéstance on the map in strategic games.

- Kildall's algorithm also finds the shortest way.
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- Kosaraju's algorithm is used for finding ways iredted graphs.

All of the algorithms listed above can be usediita the shortest way, but some of them have found
another use. Below we will describe each algorithmmore detail.

Bellman-Ford’s algorithm is the algorithm to fintet shortest way in a weighted graph. Over time
O (V] x El) algorithm finds the shortest way from one vertéxthe graph to all others. Unlike Dijkstra's
algorithm, Bellman-Ford’s algorithm admits edgeshwiegative weights. It was proposed independemly
Richard Bellman and Lester Ford.

The A* search algorithm in computer science andheraatics uses a best-first search and finds a least
cost way from a given initial node to one goal ngdet of one or more possible goals). As A* traesrshe
graph, it follows a way of the lowest expected ltatsst or distance, keeping a sorted priority quelialternate
way segments along the way. It uses a knowledgeHpduiristic cost function of node x (usually dedd{®)) to
determine the order in which the search visits sadé¢he tree. The cost function is a sum of twacfions:

- the past path-cost function, which is the knowniadise from the starting node to the current node
(usually denoted(x));

- the future path-cost function, which is an admigsitheuristic estimate” of the distance froonto
the goal (usually denotddx)).

The h(x) part of thef(x) function must be an admissible heuristic; thatitisnust not overestimate the
distance to the goal. Thus, for an application li&ating, h(x) might represent the straight-line distance to the
goal, since that is physically the smallest possilistance between any two points or nodes.

Floyd-Warshall's algorithm is a graph analysis aitton for finding shortest ways in a weighted graph
with positive or negative edge weights (but withmagative cycles) and also for finding transitiVesare of a
relation R. A single execution of the algorithm will find tHengths (summed weights) of the shortest ways
between all pairs of vertices, though it does ptiimn details of the ways themselves.

Johnson's algorithm is a way to find the shorteaysvbetween all pairs of vertices in a sparse, edge
weighted, directed graph. It allows some of theeedgights to be negative humbers, but no negatwrigiw
cycles may exist. It works by using the Bellman-e~algorithm to compute a transformation of the ingiaph
that removes all negative weights, allowing Dije&ralgorithm to be used on the transformed graph

If Dijkstra’s nondecreasing priority queue is impiented as a Fibonacci heap, then Johnson’s algorith
work is stillO (V ~ 2\ logV + VE). A more simple implementation of a non-decreagingrity queue time work
become® (VE\ log V), but for sparse graphs this value in the asynptimit behaves better than the running
time of Floyd-Warshall's algorithm.

Lee’s algorithm (wave algorithm) is used in the elepment of printed circuit boards and is widely
distributed in computer games. The problem of figdihe shortest way between points A and B in ithlel bf
play with randomly placed obstacles is charactdrineostly for today's popular tactical and strategames. As
a secondary problem, it can occur in almost anyegasuch as RPG, quests, logical games (a typieahghe is
“Color Lines”). Why is it necessary to seek thersbst route? In some games, such as “UFO-2", “L&sgrad”,
the length of the route depends on the number it oftime spent. It means that the more optimay wrill be
found, the faster the warrior gets to the goal, Butexample, in “Color Lines”, the path lengthnist stipulated
by the rules; the only significant fact is the pbaisy or impossibility of moving the ball. But ithis game it will
be nice, if the ball goes straight to where itlistsnot defiling mysteriously across the game boahe solution
to this problem comes to us from a very remote aueh as electronics, to be exact PCB laying out.

Kosaraju’'s algorithm works as follows. Létbe a directed graph ai®be an empty stack. Whiledoes
not contain all vertices, choose an arbitrary vekenot in S. Perform a depth-first search startingvatEach
time that depth-first search finishes expandingeaex U, pushU onto S. Reverse the directions of all arcs to
obtain the transpose graph. Whiieis nonempty, pop the top vertdékfrom S. Perform a depth-first search
starting atV in the transpose graph. The set of visited vestidl give the strongly connected component
containingV; record this and remove all these vertices froemgtaphG and the stacls. Equivalently, breadth-
first search (BFS) can be used instead of depshgearch.

Statement of the problem and the implementation athe algorithm

When writing a program for Dijkstra's algorithm itamenting, we were faced with certain problems. We
were looking for a prefabricated version of its lempentation. But among open source software we have
found anything worthwhile but for non-working piecef code. If we talk about finished assemblies,hage
found one program working on the algorithm. Howevieris impossible to give a matrix of weights ther
directly, only through drawing a network. Due te tlack of ready code, we wrote it ourselves usheggearch
engine «Google» looking for certain functions amglering some obscure points. While searching aimen
service was found to solve problems of Dijkstrd{goathm. Solutions are given there in detail, thatrix is set
conveniently. The only drawback is the inabilitytork offline and no graphic representation.

At the very start a rough outline of the programswaritten, the so-called “pseudo”, including key
functions with their responsibilities and intert@as. However, in practice it turned out to be enoomplicated.
Implementing of the algorithm itself was easy, kinmyvits mathematical representation. It was necgssa
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simply “be translated into a programming languadé.this stage, the program is a console applicationhich

you want to set a matrix of weights (the prograksdsr a specific value, the user enters it), drahta starting
and final points are requested and the shortestisvegiculated. In the future, we plan to issueaarintuitive

and simple interface, add a graphical represematidshe network, add some modifications of theogtgm.

The program will be useful for pupils and studeintsorder to understand Dijkstra's algorithm while
dealing with the problem of finding the shortestyw@he program is also useful for teachers tottessolutions
pupils and students find quicker. Developing thisj@ct, you can get quite an interesting, usefuddprt,
besides being unique and versatile.

UDC 004.896:613.62
APPLICATION OF FUZZY LOGIC IN MODEL OF OCCUPATIONAL RISK ASSESSMENT

ALENA HALYNSKAYA, YULIYA BULAUKA
Polotsk State University, Belarus

The paper discusses the use of fuzzy logic inrtht@gam of occupational risk assessment.

Soft computing includes fuzzy logic, neural netwgrkrobabilistic reasoning, and genetic algorithms.
Today, techniques or a combination of techniquemfall these areas are used to design an intetiegsystem.
Neural networks provide algorithms for learningsdification, and optimization, whereas fuzzy ladgals with
issues such as forming impressions and reasoniagsemantic or linguistic level.

Fuzzy logic was initiated in 1965 [1] by Lotfi Aadeh, professor for computer science at the Urityers
of California in Berkeley. Basically, fuzzy logis ia multivalued logic that allows intermediate esuo be
defined between conventional evaluations like falgs#, yes/no, high/low, etc. Notions like rathalt br very
fast can be formulated mathematically and procebgezbmputers, in order to apply a more human-lke of
thinking in the programming of computers [2].

In 1993 Kosko (Kosko) proved a theorem on fuzzy ragimation (FAT — Fuzzy Approximation
Theorem) [3], which states that any mathematicatesy can be approximated by a system of fuzzy logic
Therefore, using natural language rules “If — théaifowed by their formalization by means of thedhy of
fuzzy sets can be any arbitrary accurately refleetrelationship “Input Output” without the use afmplex
apparatus of differential and integral calculuaditionally used in the management and identifisati

Fuzzy logic has emerged as a profitable tool fer ¢bntrolling and steering of systems and complex
industrial processes, as well as for householdeamdrtainment electronics, as well as for otherexgystems
and applications like occupational risk assessment.

In the real world, vagueness and ambiguity existabhee of the limitations of our language and other
factors, such as context and perception. Closddyee to this ambiguity is the question of lexizaprecision in
natural language; when expressing knowledge, iddals would rather use words than numbers.

Occupational risk assessment deals with uncertaiat®ns, that is, situations in which we do navé
complete and accurate knowledge about the systm stich as estimate severity consequences gbatoooal
accidents.

Additionally, legal records, statistical data arig slocumentation produced by companies are gdperal
insufficient for determining risks. On-site inspects generally use linguistic expressions rathantimetrics to
assess the safety risks. These facts increasenfiredision and inaccuracies of the occupationklassessment
process, and this imprecision is the reason whyseea fuzzy approach.

For systems in which imprecise and inaccurate médion is available, fuzzy concepts and techniques
provide suitable ways to collect observed inputdaid represent it in a uniform and scalable wayz¥ sets
seem to be quite relevant in three classes of @gfns: classification and data analysis, reagpninder
uncertainty, and decision-making problems.

In our work, we use the lattermost application e€idion making because it will allow the combinatio
of all risk factors using aggregation operatordéfine a general level of risk assessment.

A fuzzy inference system (FIS) essentially defiaesonlinear mapping of the input data vector into a
scalar output, using fuzzy rules. The mapping mec@volves input/output membership functions, FL
operators, fuzzy if — then rules, aggregation dpatisets, and defuzzification.

The FIS contains four components: the fuzzifiefeience engine, rule base, and defuzzifier. The rul
base contains linguistic rules that are providediyerts. It is also possible to extract rules fraumeric data.
Once the rules have been established, the FISeaietved as a system that maps an input vecton twugput
vector. The fuzzifier maps input numbers into cepanding fuzzy memberships. This is required ineor
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activate rules that are in terms of linguistic ahtes. The fuzzifier takes input values and deteesithe degree
to which they belong to each of the fuzzy setsmé&mbership functions. The inference engine defimapgping
from input fuzzy sets into output fuzzy sets. Itadtmines the degree to which the antecedent isfigatifor each
rule. If the antecedent of a given rule has moaa thne clause, fuzzy operators are applied tombtaé number
that represents the result of the antecedent &rrthe. It is possible that one or more rules rin@yat the same
time. Outputs for all rules are then aggregatediriguaggregation, fuzzy sets that represent thputudf each
rule are combined into a single fuzzy set. The dafier maps output fuzzy sets into a crisp numisaveral
methods for defuzzification are used in practioeluding the centroid, maximum, mean of maximaghgiand
modified height defuzzifier. The most popular deiffization method is the centroid, which calculatasd
returns the center of gravity of the aggregatedzyuget. FISs employ rules. However, unlike rules in
conventional expert systems, a fuzzy rule localiaesegion of space along the function surface austef
isolating a point on the surface. Also, in an Fi&lltiple regions are combined in the output spacerbduce a
composite region. A general schematic of an FEhawn in Figure.

Production rules

. . . Aggregation
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Fig. Schematic diagram of a fuzzy inference system

The fuzzy model includes three fuzzy inferenceayst F$, FS and F3 [4].

Input variables of the first fuzzy inference systettme probability (frequency) of hazar@;), which
considers prescription of accidef), severity of the consequences of hazards infle¢gy and the duration of
hazards exposuredf). An output variable of the first fuzzy inferensgstem is a level of occupational risk
(Ronai), Which caused by unsafe hazard. The level of patonal risk is used as a basis for making a dectis
about the necessity of risk management actions.

Two variables are accepted in second fuzzy infaresystem: class working conditions KM7;) and
relative risk OF;) for a certain class of diseases. The result®filazy inference system is the second linguistic
variable — “professional risk of effect of occupatal hazard” Rz q:)-

The first variable of third fuzzy inference systens hazard indexi{B,) for definite profession or to the
structural subdivision. The second variable; B number of temporary disability for all illneger 100
employees 3BVT,). An output variable of third fuzzy inference syst is “an occupational risk of complex
effect of hazards"Rz;q).

According to the results, employees of followindpdivisions are exposed to high level risk of comple
influence work environment: tankage facilities, dasjuipment and repair department. It is neceseatgvelop
preventive control solutions to reduce risk.

The main advantage of using fuzzy logic in our nliogecompared with other mathematical modeling
techniques is the easy representation and manipulat empirical knowledge about ill-defined contep

Application of the proposed fuzzy model of occupadil risk assessment for health workers at oil
refinery would prejudge adequate administrativeigiens on elimination or limitation impact factocf
production in the face of uncertainty as a reswiprove the quality of functioning of occupationafety
management systems.
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ON THE PROPERTY OF PARTIAL UNIFORM GLOBAL ATTAINABILITY
OF LINEAR CONTROL SYSTEMS

IRINA INTS, ALEKSANDR KOZLOV
Polotsk State University, Belarus

In this paper we consider the problem of global Lyapunov reducibility of linear differential systems and
shows the main results available to solve this problem. With entered our concept of partial uniform global
attainability, we obtain a solution of this problem for three-dimensional systems with discontinuous and rapidly
varying coefficients.

Consider a linear non-stationary control system
x=A(t)x+B(t)u, xOR", uOR™, t>0, Q)

with locally integrable and integrally bounded matoefficients A and B. Closing the system (1) with the
control defined in the form of a linear feedback
u=U(@)x, (2)

whereU is a measurable and boundg@dxn) — matrix, we obtain a closed system
x=(AQ)+BHU )%, xOR", t>0, 3

coefficients are also locally integrable and inédigr bounded. Along with (3) we also consider abitaary
system

z=C(t)z, zOR", t>0, 4)

with measurable integrally bounded matrix coeffitseC.

The problem of global Lyapunov reducibility of linear system (3) is to construct for a system (1) a
measurable and bounded control (2) that the lirgatem (3), closed this control will be asymptdtica
equivalent [1, c. 56 - 57] to system (4). This mefh, c. 57 - 58] that there will be a linear trfamsation
relating system (3) and (4)

x=L(t)z,
matrix which satisfies

sup(| L[|+ L) |+ L) D) < 0.

There|| O — is spectral (operator) norm of matrices [2,55]3i.e. matrix norm induced by the Euclidean

norm.

The problem of global Lyapunov reducibility wasrfarated [3] by representatives of the Izhevslosthf
mathematics Tonkov E.L. and Zaitsev V.A. in tlaelye90th years of the 20th century. Professomkde E.L.
proposed to seek a solution to this problem asgyumiiform complete controllability of system (1).

Definition 1 [3, 4]. The system (1) isuniformly completely controllable if there are numbers

0>0, y>D0,thatfor anyt, >0 and x,JR" in interval[t,, t, + 0] there is a measurable and bounded control
u at all td[t, t,+o] satisfying the inequality| u(t) [< Y| %, || and transforming the vector of the initial
condition x(t,) = x, of the system (1) to zero on this interval.
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In 1999, using this approach by Professors Mak& ¢t and Popova S.N. has been proved [5] global
Lyapunov reducibility of a two-dimensional syste®) (vith piecewise continuous and bounded coeffisien
the case of piecewise uniform continuity of the nixaB .

Definition 2 [6]. Let M, is space of reahxm matrices with spectral (operator) norm; then therix
function B:[0,+») — M, piecewise uniformly continuous on the positive semiaxis, if it satisfies the doling
conditions:

1) the functionB is piecewise continuous and bounded on the pessmiaxis;

2) there exists a numbek >0, that the length of each interval of continuity (jTJ ON) of the
function B satisfies the inequalitV J.| 2A;

3) for any € >0 there exists sucid = 3(¢) > 0, that for eachjOJ and for allt,sC1,, satisfying the
inequality [t -5 < 8, the relation || B(t) - B(s) | < &. is true.

Remark. In view of Definition 2, the system (1) with a p@avise uniformly continuous matrix of the
control can be called slowly varying systems.

Later, on the basis of the results of [5] Popowé. Shown [6] that fom -dimensionalw-periodic system
(1) (which obviously is a slowly varying system)ifenm complete controllability is sufficient for ¢hglobal
Lyapunov reducibility of the corresponding a closgdtem (3).

It should also be noted that in solving the probte#rglobal Lyapunov reducibility [1, 3, 5-7] byadsics
condition piecewise uniform continuity of the matrB plays an important role. The refusal of this dtod
leads to unlimited growth of the desired conttd(t) for t - o, but this is unacceptable on the basis of
formulation of the problem. In this connection #hés the question of transferring the results ols@diby the
classics on the system (3) with discontinuous apdidiy oscillating coefficients, i.e. solution toet problem of
the global Lyapunov reducibility for systems (3}wiocally integrable and integrally bounded cazéfints.

We also note that problem of global Lyapunov wlility of linear system (3) is a generalizatioh the
problem of global control Lyapunov's exponents {8]this system, which is responsible for its asywtipt
stability, i.e. availability of the system (3) pey of the global Lyapunov reducibility is a seféint condition
for global controllability of Lyapunov charactdicsexponents of the system. In the turn geneaatibm of the
global Lyapunov reducibility of (3) is the probleshuniform global reachability [7].

Definition 3. [7]. Let M, :=M,. For any r>1 we denote the set of matrices

G(r):={HOM, :detH >1/r,||H || <r}.

The system (3) is calledniformly globally attainable, if for some T >0 for any r >1 there exists a
numberd =d(r) > 0, that for each matrixH OG(r) and randomt, > 0 in the interval[t,, t, +T] there exists
a piecewise continuous and bounded contdol satisfying ||U ||<d for all tO[t,, t,+T] in which for the
Cauchy matrixX (t,s), t,s> 0 of the system (3) with this control is providedietity X (t, +T,t,) =H.

Individual results for solving the problem of unife global attainability were obtained by V.A. Zaits
[7], E.K. Makarov and S.N. Popova [5]. However, deneral solution of this problem to date has feand.

It is known [7] that the presence of the systemp{@perties of uniform global attainability is affszient
condition for its global Lyapunov reducibility. lthis study, we found that for three-dimensionaltsys a
sufficient condition for the global Lyapunov redbitity is a weaker condition than the uniform glbba
attainability — availability of the system (3) peagies of partial uniform global attainability.

Definition 4. The system (3) ipartially uniformly globally attainable set of matrices G(r) with respect
to subsets § 0 GL,(R) of non-singular square (nxn)- matrices, if for someT >0 atallr >1 andt, >0
there exists a matrixF 0§, that for any matrix H O G(r) there is a numbed =d(r) >0 and a controlJ,
satisfying the inequality|U || < d for all tO[t,, t,+T], which for the Cauchy matriX (t,s), t,s> 0 of the
system (3) with this control satisfies, (t, + T,t,) = FHF ™.

Definition 5. Let G,(r) is the set of upper triangular matrices®fr). Then the system (3) jsartially
uniformly globally attainable if it is partially uniformly globally attainablset G, (r) with respect to a plurality
of orthogonal(nxn) - matricesO(n) .

Thus we proved

Theorem 1. Let n=3, m{1,2,3}. If the system (3) with locally integrable and integrally bounded
coefficients partially uniformly globally attainable, then it is globally Lyapunov reducible.

Also, we found that the property of uniform compleontrollability of system (1), in turn, is a daiént
condition for the partial uniform global attainatyilof the corresponding closed system (3), i.evpd
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Theorem 2. Let n=3, m{1,2,3}. If the system (1) with locally integrable and integrally bounded

coefficients uniformly completely controllable, then the system (3) has the property of partial uniform global
attainability.

From theorems 1 and 2, the main result of this work

Theorem 3. Let n=3, m{1,2,3}. If the system (1) with locally integrable and integrally bounded

coefficients are uniformly completely controllable, the corresponding closed system (3) is globally Lyapunov
reducible.

The work was performed within the framework of tBelarusian Republic Foundation for Basic
Research (grant number F13M-055).
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UDC 621.396.13
PULSE MODULATION FOR ULTRA-WIDEBAND COMMUNICATION SYSTEM S

MIKHAIL IVANOU, VALERIJ CHERTKOV
Polotsk State University, Belarus

The basic types of pulse modulation used for ultra-wideband communication systems are considered. The
interactions between a modulated signal and additive white Gaussian noise are analyzed. The most noiseproof
and optimum types of modulation for practical implementation are defined.

The fundamental direction is to increase the chiaoapacity for wireless telecommunication systems.
Data transmission rate is proportional to the widthsignal spectrum. So, for example, sufficienamel
bandwidth makes 8 kHz for a voice signal, 180 kelzHigh-quality transmission of music, 5 MHz fodeb [1].
The ideal case is to have a universal communicativennel which can be used to transmit any kind of
information, which implies a large bandwidth. Chahtransmission ultra-wideband (UWB) communication
systems or “impulse radio” has a similar property.

Information transfer in UWB communication systerascarried out by means of short pulses of sub-
nanosecond duration. One of the major advantagasVéB systems is the lack of direct interferencenalg
propagating with his reflections on various obje@bort pulses extend through different obstadbesause
attenuation happens not in the entire range. UW4Besys can operate with low average total transavitgp due
to the high effective gain, so these systems dainmietfere with other wireless devices operatinghia same
band. Since the energy of the UWB signal is disteld in a wide range, the task of detection anerdefption
becomes almost impossible. [2]

For the “mpulse radio” can be used various typesmofulation: PPM, PAM, OOK, BPSK [3-4].
Therefore, the organization of UWB communicatiosteyn appears task of choosing the optimal typeutsiep
modulation. The solution must satisfy the followicmnditions:

- high noise immunity;

— ease of implementation of the modulating demodutegiquipment;

- high data rate.

In the case of Pulse Position Modulation (PPM) gidal “1” and a logical “0” encoded different
positions relative to the reference pulse (Figa)). ©On-Off Keying (OOK) implies the presence of ghoulses
at “1” and their absence at “0” (Fig. b)). In case of Pulse Amplitude Modulation (PAM) “&hd “0” coded
varying amplitude of ultra-short pulses (Figd)( In the case of Binary Phase Shift Keying (BP3Klpgical
“0” and a logical “1” corresponds to a certain phas the pulse: Qor 187 (Fig. 1 @)) [4].
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Fig. 1. Types pulse modulation: PPK),(OOK (b), PAM (c), BPSK ¢)

The noise affects the signal in the communicatitilanoel. The noise type can be different: RF
interference, atmospheric noise, thermal noisehefreceiver caused by the Brownian agitation. Tledfescts
can be described by additive white Gaussian nd&ability of the transmitted signal to noise rasestimated
as a function of bit error rate on the receivirdgson the ratio of signal to noise in the channel.

For analysis effects of noise on the information B\dignal is used software environment «Matlab», in

which by means of «Simulink» created a model of Ud&Ba transmission systems. The structure of thdemo
is shown in Fig. 2.
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Fig. 2 Model UWB communication system
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Block “Gold Sequence Generator” is the source @f ttansmitted data and represents a Gold code
generator. In the blocks “uwb_transmitter” and “uwdxceiver” implemented UWB transmitter and UWB
receiver respectively. By means of the block “ErfRate Calculation” with block “Error Rate Calcutatl’ are
calculated total number of bits transmitted (alf),ithe number of erroneous bits in the receivér @oror) and
bit error rate (BER). The calculation results aigpthyed on the display. Simulation of transmissotwannel
with additive white gaussian noise is carried oytniieans of the unit “AWGN Channel”, where the dedir
signal is added to the white noise. The varianaaoige is described by the equation (1) [5]:

145



MATERIALS OF VII JUNIOR RESEARCHERS’ CONFERENCE 2015
ICT, Electronics, Programming

o= (SignalPowrx SymbolPend)

Es/ N,

(SampleTimex10 0 ) (1)

NoiseVariac

The probability-density function of Gaussian nadescribed by the equation (2):
1

C(u-un)®

2mme 28

p(t) = )

As the receiver is used strobe receiver model. Aioation of UWB signals in the stroboscopic reagiv
is provided due to the accumulation of receivedsgsilat a certain time delay. It is known that ilgead-noise
ratio is proportional to the square root of therage number of pulses (assuming Poisson statistisgibution)

[6]. Therefore, all dependencies are removed ferstime number of pulses accumulation. The simualatisults
are summarized in the graph, and shown in Fig).3 (

As seen from the graph in Fig. B) the highest noise immunity for the signal-to-meoiatio 10 dB has a
system with BPSK keying, and the least — with PAMdulation. The PPM system is second with respect to
noise immunity, but has an advantage before BPSkesyrelatively the complexity of the technicallizstion.
Besides using PPM system becomes possible of catiagpulse delay directly of a combinations synthat
as a result, increase the speed of data rate.

BER
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Fig. 3. The dependence of the bit error rate oktheal to noise ratio in the channel
at different modulation types), the dependence of the bit error rate for thaaigp-noise ratio
in the channel equal to 10 dB for different typésnodulation
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For the implementation of UWB communication systeptimal type of pulse modulation will be PPM
modulation, considering analysis results of noisenunity of a signal and a condition of simplicity a
technical implementation of system. The use of modeLDs allows creating a flexible structure of the
modulator / demodulator. To achieve optimum sevigjtiof the receiver can be varied the number dgsi
accumulation while adhering to the specified data.rThe classical approach of coding logical “08 dogical
“1" different pulse delay can be replaced with eafisingle delay directly a certain bit pattern, ethiwill
increase the capacity of the channel.
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THE DEVELOPMENT OF THE INFORMATIONAL AND EDUCATIONAL ENVIRONMENT
BASED ON GOOGLE APPSFOR EDUCATION

LEVON KEHVOYAN, ARKADY OSKIN
Polotsk State University, Belarus

The article is devoted to the establishment of educational environment based on the platform Google
Apps for Education, which would facilitate the work of students and teachers in higher education institutions, as
well as enhance study progress control.

High-quality training at university is not possibigithout study progress control throughout each
semester. An effective system of study progresgsraballows assessing not only each student’s impiatation
of the curriculum at university, but also helpsetmluate the quality of ongoing educational prograto draw
attention to the difficulties students encountertheir studies, and to obtain certain indicatorsefféctive
teaching.

If we consider the fact that the 21st century teatury of information technology, it becomes clwat
modern information technology can be reasonablyl dse study progress control at university. For repée,
you can use cloud services to store electronicsteg that can be accessed and searched in an wagién
comparison with paper registers and numerous agshiv

Thus, an idea to develop a system that would helfatilitate lecturer’s work in relation to study
progress control has appeared.

The modern system of university education is griigwalapting the rating system of academic progress
assessmenfl he rating system of academic progress assessment is a set of organizational, educational and
control measures, based on all sorts of didactioueces available for this or that subject.

Taking into account what has been said above, steblishment of the electronic environment able to
control the learning process of students becomesugent importance. Moreover, it can be helpfuffimal
evaluation of students’ academic progress togetitérthe rating system.

Since March 2012, Polotsk State University has bedewmeloping informational and educational
environment based on Google Apps for Educationcesiiugust 2014, this medium was supplemented with a
new service -6&oggle Classroom.

Google class helps teachers save time by organ&sses quickly and easily and communicating
effectively with students. It allows teachers teate and maintain a task quickly, assign gradaseleomments
and communicate with students. In turn, studentskegp a job to Google Drive and take the workqrenéd in
the classroom and to communicate directly with eztbler and with teachers.
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Creation and submission of assignments

In class, you can work with Google Docs, GooglerTand Gmail. Because of this, teachers can assign
tasks and collect works, forgetting about pilesiofebooks. They will also be able to see at a glamico has
submitted or delayed the assignment and commetiteowork individually in real time.

Effective communication

Teachers can make announcements, ask questionscamehent in real time. Communication with
students during class and after class has neverdueeffective.

Convenient organization of work

A class is automatically created on the disk fofdereach assignment and each student, and stuckemts
always see what tasks they need to perform oroltewing page [5].

Theaim of our work isthe refinement of Google Classroom functions and adding the following new
featuresto them:

- uploading the results of students’ work on the sgrv

- development of a universal system of settings tckwth Google Classroom;

— development of a system of students' knowledgentest

One of the main tasks of the developed system will be the storing of students’ academic progress
the system is a kind of data storage. Naturallg, glistem is primarily designed to facilitate therkvof the
teacher. Google provides the possibility of usimgjit cloud services and applications.

Cloud storage is a kind of online storage where data is storedrltiple servers distributed on the
network provided for the use of customers, mainjyatthird party. In contrast to another kind ofadatorage
based on its own servers, purchased or leasedisplgifor such purposes, the number or any irdéstructure
of the servers is not generally visible to a cliechhe data is stored and processed in a so-calted! ¢hat
represents, from the point of view of a client, daege virtual server. Physically, these servers loa located
remotely from each other geographically, even dfeidint continents [3].

Naturally, the question of creating such informatienvironment rests on the development of a web
application, which is an important issue, sincehis case it will be necessary to use third-pafiyaties from
Google and adjust to their standard building wehliegtions.

Web Application Development is the process of éngatveb pages or sites. Web pages are created using
HTML, CSS and JavaScript, they can contain simgké @and graphics, recalling a static document. ®aga be
interactive or static. Creating interactive pagea little more complicated, but they allow yocteate websites
with rich contents. Today, most of the pages aterattive and provide advanced interactive seryisesh as
dynamic visualization or display of difficult stiure data [4].

Web application development is carried out usingcgdized programming languages.

The most common programming languages for writing Web applications are:

- PHP.

- CH#H

- Python.

- Java.

- JavaScript [1].

JavaScript is commonly used as an embedded landaageogramming access to the application sites.
Is is most widely used in web browsers as a sogganguage to make interactive web pages [2].

It should be noted that libraries that Google hpened for individual completion of their applicat®
require the use of Javascript precisely, so basedhat fact and on our own experience and knowledge
Javascript will be used as the task language.

Thus, the modification of the service Google Classroom and the use of Google cloud storage will
allow us:

— to improve the quality of education due to the iisiécation of the educational process, the
revitalization of the faculty members and studeatsaintain and improve the content and teachintpouss;

- to strengthen regular monitoring of students' wawking the development of the basic educational
program in the specialty (direction);

- toincrease the motivation of students to the dgumkent of educational programs;

- to strengthen the discipline of students;

— to improve student attendance of classes;

—  to strengthen independent and individual work oflents.
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SCHEMATIC ASPECTS OF PROCESSING BLOCKS OF INFORMATION
INTHE ALARM SYSTEM

ALIAKSANDR LEPOTSENKO, DMITRY DOVGIALO
Polotsk State University, Belarus

The operation principle of a standard alarm system is considered. The block diagram of the alarm system
is defined A6-04. The schematics analysis of the main components of this system is given. The ways to improve
modern alarm systems are shown.

Now automatic systems of protection are gainingnareasing popularity. The development of automatic
protection systems is connected with the fact ¢évary year the requirements of mankind grow andcts of
property increases. In addition, everyone wantpraiect their property. The first systems of pratet were
invented in Ancient Egypt and Japan and had notlirgpmmon with present security systems. Let’ssober
some outstanding inventions which laid the fouratatsf modern alarm systems. The first and most mapb
invention was electric current and devices reléateil Thanks to electricity people got an oppoitiyto transfer
information to considerable distances in second®tider invention was the creation of a photo céliclv could
distinguish violators in a zone of protection amdtsh on the alarm. Then sensors of various physjoantities
were invented. They were incorporated in alarmesyst improving their functionality. A standard segur
system includes the following set of sensors:

— motion sensors (IR sensors detect the infrarechtiadi emitted or reflected from an object, if no
motion is being detected, the relay contact iseddp# motion is detected, the relay opens, triggethe alarm;
ultrasonic sensors generate high frequency sounesvand evaluate the echo which is received bacthdy
sensor, measuring the time interval between sentimgignal and receiving the echo to determinadtbience
to an object; microwave sensors);

— glass break sensors (acoustic sensors);

— automatic door open/close sensors ( such sensergalganomagnetic converters or magnetically
operated sealed switches);

- smoke detectors;

Modern security systems can also include sets ldro$ensors if needed. Modern protection systems
differ in the quantity of protected zones, systesntml flexibility, ergonomics. Security systemseusireless
data channels, for example GSM, GPRS, radio link;FiWHowever Wi-Fi channel is used only in home
security systems as it allows to manage the sgcsyitem by means of the smartphone. Thus, alastersg are
widely used in industrial enterprises, offices, phopublic institutions and organizations, and ats@rivate
houses — “smart home” systems.Let’s analyze thekbiitagram (figure 1) that shows A6-04 alarm systerd
schematics features of the data processing block.

A signal from sensors goes to the sensing contomkbfrom which it is transferred to the informatio
processing block. The information processing bloakes calculations and forms output signals whiztoghe
block of the formation of the notification. The amfnation processing block also arm and disarm &ogirity
system, activate light and sound signals in casatofision. The block of the formation of the nimt#tion
generates signals of various levels, both analogd,digital, as these signals go on various deVfmesexample

149



MATERIALS OF VII JUNIOR RESEARCHERS’ CONFERENCE 2015
ICT, Electronics, Programming

calls, buzzers and blocks of the secondary siggalirGSM modules). The specialized power unit fetbes
system. There is also an emergency power accumuwldich is built into the alarm system.

sensors

1
1
1
1
I Interface Interface Interface Interface
Ethernet NCA-8 unit GSM |

1 PM-64 GSM
! —Ii 4\ module to the antenna
: [ — HE
1 block 1
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1 processing of formation 1
1 block the notice To external devices of the notification
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1
1

system
1 of protection block
1 of control
1
1
1
1
1
1
1

signal from sensors

Fig. 1. Block diagram of the information block abpessing system of the alarm system

In the diagram there is also a set of interfacesotomunicate with various control units. Let’s cdes
each of them. InterfacBM-64 represents the interface system which connt#etscontrol and measuring
(adjustment) panel to the information block. Insgers the security system into different modegign2 [3] this

panel is presented.

Fig. 2. Control panel

The module of coordination IFFETHERNET createsribsted systems and transmits data within the
local Ethernet network by means of the TCP/IP oPUidotocols [2]. InterfacdICA-8 allows contacting the
owner of the security alarm system via the telegHore.

Thus, it is possible to allocate some main unigés tleed updating:

- Information processing block;

- Block of the formation of the notification;

- Sensing control block.

We will consider in more detail the information pessing block. Microcontroller ATmega 8 is used to
increase of the speed as it is functional, flexdnd convenient in use. A couple of registers aremected to the
microcontroller to simplify processing and commuation with other devices. In the information bldblre is a
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memory chip to store command signals coming fronoua sources, for example, programming can beechrr
out by means of PR-1 panel, the command-driven Ipanespecialized programming units. Thus, due to
microcontroller ATmega 8 the delay of signals haerbreduced. However, to increase signal procesgiegd
we need to update the program part of the blocle diagram of the information processing block igegiin
figure 3.

signal from a protection key

clock
generator load block f formation of the notice
registers
microcontroller
ATmega 8
(data

processing)

system of
Information protection

against
opening

sockets

compensation
cascade

L v AP (S~ S ——

signals from the block of controlthe sensors

Fig. 3. Block diagram of the module of informatiprocessing

The sensing control block represents a set of $edkewhich alarm wires from various sensors are
connected. It also includes a set of various irifging devices and proofreaders for noise elimioatin a
signal. Due to the use of intensifying and corregttascades it is possible to increase the furaitgrof the
whole system. In the given alarm system therelaeetsensors, two of which (a motion sensor andss dpreak
sensor) need strengthening and correcting of apubwignal. The schemes of the corresponding iifieng
cascades are given in fig. 4, 5.
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T2 ] 700k cs To the scheme of processing
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120k 1
c1 100k
R1 R4
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2.2n
VD2
I
N
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Fig. 4. Electric circuit of strengthening of the tiom sensor [6]
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To improve the characteristics we choose precifeasuring) operational amplifiers which give both
noise reduction and stabilization of the sensor ansensitive element. Stabilization of sensor patars
normally requires about 5 seconds, however if wayapperational amplifiers LM2904 and OPA2348, ttiise
decreases to 0,5 — 1 seconds. It should be noa¢dhitse operational amplifiers have an essert@teoming —
they are extremely sensitive to static electrigityich makes them very vulnerable. To overcome [HtX it is
necessary to cover the chips of amplifiers withstatic varnish.

The block of the formation of the natification esponsible for signals which will notify in caselstak-
in. The studied system has a set of channels @ntiification. These schemes represent DAC or AiDh
form a certain signal at the exit. In the studiéatra system there is a GSM module, so it is alstessary to
form a certain signal (inquiry) for it. In the stad system the formation block is constructed anghnciple of
consecutive approach that gives the chance toliesstabgood compromise between speed and accuracy.

Security systems must be able to resist to breakind bypassing the system. For this purpose
information security methods are used. In the giaarm system special registers for storage ofegtimn
requisites are used (passwords, codes, etc.pdtiatludes special schemes which interrupt infoionaransfer
in communication lines at emergency situations.

To increase protection against electromagneticidié is necessary to use screens from materidts wi
high electric conductivity (for example, steel, pep, aluminum, brass). They are in the form of &heet less
than 0,5 mm thick or a grid with cells no more tdax4 mm.

Notification channels are an important part of thlarm system. They include sound, light and
information systems of notification. The GSM systhas become very popular recently as they are siapl
use. In the studied system the GSM module is alstalied. The block diagram of the GSM module isnsited
in figure 6.

The control element of the device is the ATmega fé&ocontroller of the Atmel company [4]. The
signal of violation of the mode of safety goes froine block of formation of the notification to tH&SM
module. Then a text message is sent by the SIM96@8uha. This GSM module is connected to the main
payment of the alarm system by means of the XPKes¢2].

GSM modules have a number of shortcomings concgiinfiormation security:

— active attacks (the GSM equipment can be exposattdaoks of the equipment imitating the work of
base stations);

— impossibility to determine the reliability of data;

— weak enciphering algorithms.

Thus, the local Interface of the GSM module andatea of data transmission to a base station dre no
properly protected. In fig. 7 the block diagramdaita transmission on the GSM channel with designatof
security of areas is submitted.
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Fig. 5. Electric circuit of the sensor of breakilgss
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____________________________________________ a signal
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Fig. 6. GSM module electric circuit
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Fig. 7. Data Transmission Process

One of the most widespread methods of increasimogeption is the use of the SSL protocol. The
SSL protocol is the cryptographic protocol proviglisafe data transmission on a network. Certain SSL
tunnels which provide protection against encroaamsg5] are created. And as a result we get the
system presented in fig. 8.

Thus, the only unprotected channel is a commuminathannel from a base station to the client. Hawvev
SSL — enciphering can be used here. To do thisliecessary to address a telecom operator and atahige
function.

GSM modules are constantly improving and their fiomality is increasing. It is possible to manage t
whole security system via the GSM-channel. As altege get the dual transfer and reception charthelvever
to connect this function we need both hardware softivare means which makes the device more compiex.
the studied module we can get such a dual chabuele need additional software for the SIM module.
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Fig. 8. SSL enciphering

Let's consider GSM modules on J2ME. Java ME (J2MEa powerful built-in platform intended for
mobile devices and security systems. It allows agp®y functionality of GSM modules. Its advantages the
following:

— high level of safety and security of the systenpading to certificates of X.509;

—  built-in debugging facilities;

— high stability, lack of system resets;

— means of difficulty of perception of a code.

Developers can build in the GSM module appendiaeghe JAVA platform with several peripheral
interfaces [6].

In summary let's mention some of the problems whielelopers of security systems should solve to
increase reliability and to reduce unauthorizedcasdo the protected perimeter. Further developwfesgcurity
systems (including the studied A6-04 system) nemdse modern and functional element base. Then full
microprocessor information processing will be phoissilt, in turn, will allow using more modern atijbms of
signal processing.

One more important moment is energy consumptioniatiah. A big problem for security systems is
autonomy, i.e. independence of power supplies fteicessary to look for alternative sources ofteéteenergy
more carefully. It is necessary to avoid the bneg&iconnected with loss of electric energy fronevork.
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PAYMENT RECEIPTSIMAGE PROCESSING FOR DATA INPUT AUTOMATION
WITH MOBILE DEVICES

EDWARD MIKHAILOV, RYKHARD BOHUSH
Polotsk State University, Belarus

In this paper we propose an approach for payment receipts image processing obtained from the camera
mobile devices. The main steps of the algorithm and the experimental results are presented.

Modern specialized optical character recognitiolitemms (OCR), developed by ABBYY or Nuance allow
organizing complex optical input of financial docemts with the help of special scanners or ordiagpliances for
making digital images (such as a home scannemareaetc.). Despite the fact that all financiatifnons try to get

154



MATERIALS OF VII JUNIOR RESEARCHERS’ CONFERENCE 2015
ICT, Electronics, Programming

rid of paper document flow, using barcoding systamd distant client service, for observance oftiregicy while
working with clients it is still necessary to reflessome information in papers (checks, invoiceg.€fhat’'s why the
development of OCR systems based on using embeddbide device cameras is important for optical tnph
financial information by a client. Images obtailadembedded mobile device cameras have a rangamfrés: a
high level of noise, low sharpness, inaccuracyaflar rendition and others.

As a rule, at the stage of obtaining full receiptage, we get a low quality image, which can’t be
processed automatically. So it is reasonable taiokd receipt image by its fragments. At this stagecan
check image quality using methods of prior quatkst [1].

Images obtained by mobile phone camera are ustedhived in case of poor lighting. For making the
acceptable image brightness, one can raise maihik $ensitivity which leads to the appearance rajhiness
and chromatic noise on the image. The absenceffi€isnt illuminance of the paper document and shnap
conditions, specific to the mobile device (tremfliof a camera, etc.) do the image smoothed ancctovirast.
To be saved, an image is compressed by algorithithsdata lossy (for example JPEG), that often leaddhe
appearance of artifacts. One more feature of mahikges is the appearance of geometrical and peigpe
distortions. The source fragment of the documesh@wn in Picture 1.

Prior image processing is aimed at image qualitpromement and contains noise filtering, increase of
sharpness and image contrast, alignment and céordosthe format used by the system. For the ggion of
uneven lighting during mobile shooting, and also fiee normalization of the illuminance local levele
algorithm of SSR (SingleScaleRetinex) [2] is used:

R(x,y)=logl; (x,y)-log[F. (x,y)*I, (x,y)]

where R (x,y) — output image], (x,y) — source imageF, (x,y) — Gauss function.

The method based on the use of Bezier patch [3]sed to eliminate geometrical and perspective
distortions. It takes into account implementationnaobile devices and provides the high speed ofatioe and
simplicity.

For adaptive binarization it is recommended to pppbdified, robastny to noise, Christian's algarith
The example of the algorithm applying for the imagewn in fig.1 is given in fig. 2. The binarizatithreshold
(T) for the sliding window is calculated as [4]:

T=(@-0,)*p+o,*| —* —|v|+o(*|v|j
@-a)*pu+a [& [u-M]

Y Y
wherea, = kl*[%j , a, = kz*(%) , ki and k; — positive constants, at= 2,k; and k;, is recommended to be
in ranges 0.1 — 0.2, 0.15 - 0.25 and 0.01 — 0.05;

0 — mean squared deviation of brightness in thergiiedow;

R, — maximum of mean squared deviation in the giverdow;
K1 — mathematical expectation of brightness in themiwindow;
M — minimum brightness in the given window.

Fig. 1. Receipt image fragment, obtained with endeeldnobile device camera
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Fig. 2. Example of receipt fragment adaptive biretion with Christian's algorithm

Then automatic image fragments patching from alrgadcessed parts is applied by comparison of SIFT
descriptors (Scale Invariant Feature Transform:TSk one of the most effective characteristic poisearch
algorithms on two or more images, it is invariantrhage scale and brightness changes, and isatlser isteady
against foreshortening changes [5]. As a resulilgbrithm the set of special points on each cowoflenages
with a set of the descriptors turns out. Thesetpaine compared in pairs on adjacent images amesifriptors
of two selected points match in repartitions of gineen accuracy, two points are accepted as thpigate. It is
possible to read that these points were receivedpmejection of the same three-dimensional pairthé planes
of two cameras. The example of operation of algorits shown in fig. 3.

Markers separation and search is based on thé S&tD descriptors and on binary document image Th
main markers types are partitioned into 3 main gsozoncerning their significance for document idaaition:

- the most significant signs are seals, logos, basostylized texts;

— the second group includes lines, intersectionsléapgtext units and separate labels;

— the least significant signs are separate characters
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Fig. 3. Receipt image fragment, with SIFT charasterpoints found on it

Carried out experiments showed that the providgdrahm of receipt image processing allows to pnése
the document in the form of ordered, well percdptgigns set, and the intermediate algorithm ressuitbe used
by character recognition systems without prior pesing.
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PROGRAM FOR PRACTICAL STUDYING OF GRAPHS

YEVGENI POGREBNYAK, ALEXANDER LOBANOV, TATYANA RUDKOVA
Polotsk State University, Belarus

This paper describes a program that was written to help students better learn the material on the graph
theory. The article also contains a summary of the graphs, some algorithms and graph theory.

In mathematics and computer science, graph theorhe study of graphs which are mathematical
structures used to model pairwise relations betvedgects. A “graph” in this context is made up eéftices" or
“nodes” and lines called edges that connect thengrdph may be undirected, meaning that there is no
distinction between the two vertices associateth wach edge, or its edges may be directed fromveriex to
another. Graphs are one of the prime objects dfystudiscrete mathematics [1].

Discrete mathematics is the study of mathematicattres that are fundamentally discrete rathan th
continuous. In contrast to real numbers that h&eeproperty of varying “smoothly”, the objects sadlin
discrete mathematics — such as integers, graptsstatements in logic — do not vary smoothly irs thvay, but
have distinct, separated values [3]. Discrete nmadties therefore excludes topics in “continuousheatatics”
such as calculus and analysis. Discrete objectsoftan be enumerated by integers. More formallgcidite
mathematics has been characterized as the bramohatb&ématics dealing with countable sets [3] (Bt have
the same cardinality as subsets of the natural ewnbncluding rational numbers but not real nuraper
However, there is no exact definition of the terdistrete mathematics” [4]. Indeed, discrete mathemas
described less by what is included than by whak&uded: continuously varying quantities and eslatotions.

The set of objects studied in discrete mathemateosbe finite or infinite. The term finite matheimatis
sometimes applied to the parts of the field of itz mathematics that deals with finite sets, paldrly those
areas relevant to business.

Graphs can be used to model many types of relatodsprocesses in physical, biological, social and
information systems. Many practical problems camdpeesented by graphs [2].

In computer science, graphs are used to represetmiorks of communication, data organization,
computational devices, the flow of computation,. dor instance, the link structure of a website ten
represented by a directed graph, in which the cestrepresent web pages and directed edges repliegen
from one page to another. A similar approach cataken to problems in travel, biology, computempctiésign,
and many other fields. The development of algorthienhandle graphs is therefore of major intemesbimputer
science. The transformation of graphs is often &imed and represented by graph rewrite systems.
Complementary to graph transformation systems fagusn rule-based in-memory manipulation of graptes
graph databases geared towards transaction-sasistpat storing and querying of graph-structurathd2].

There are some algorithms for working with graphsey are:

1) Dijksta’s algorithm;

2) Floyd-Warshall algorithm;

3) Kruskal's algorithm;

4) Prim's algorithm;

5) Depth-first search;

6) Nearest neighbor algorithm.

The essence of our program lies in the practiealysbf algorithms working with graphs. The algonith
for study is selected in the program, and aftergimeeration of a graph, the program gives thetlipsthe user
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needs to solve the task by having chosen earlgorihm. Also in the program, there is a test medth
disabled tips, but there is a time limit for théusion of the task, and by the end of solving thsktthe number
of errors and the full course of solutions are show

In the program includes both the generation otk tith a certain level of complexity and the laaglof
a previously created task.

The screenshot of the program is shown in Figure.

“v~» GRAPHLTHEORY | [EHEAI nPABKA HACTPOMKM — OX

& naag o enetn O veenwuums NOCNEAHWE AEACTBUA

= MPA CTEHEFMFOBAH

Fig. Screenshot of program
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IMITATION OF THE BREATHING APPARATUS OPERATION
ON CHEMICALLY BONDED OXYGEN AFTER THE CHANGESIN ITSOPERATION MODE

E. POTAPENKO, S. ALSHANIKAU, SERGEI EKHILEVSKIY
Polotsk State University, Belarus

Recordkeeping of the initial clogging of the regenerative cartridge [1, 2] is necessary to imitate real
situations that arise at the exploitation of the mine rebreather. Among them are the following items: the change
of the air filtration rate at the variation of work load, reverse of the air flow if there are pendulum or combined
junctions of the airway, and so on.

In this paper we will consider the operation of treathing apparatus after the change in its ojperat
mode due to the decrease in the filtration rat¢hefair recovered. Since in the problems consideredw
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structure of the working sorbent layer is formedhére is its initial contamination, we will usestformalism
offered in [2]:

-, (1) =wE, )€ {U(E,O)+j[e‘oo(i T )dr}, 120 1)
u(E,T)=e‘T[u(E,O)+j[erw(E,r)dt), 120 2)

where w(§,1) and u(§,t) are the reduced volume concentrations (9, molecules and fixed carbon
respectively,& and t are the dimensionless coordinate and time condegtih the depth of penetration into
the filterx and the operating period of the apparatinsough the ratios

E=Px/v, T=pwt, @)

wherev is the rate of filtrationf3 andy are phenomenological constants characterizingateeand resource of
the reaction ofCO; fixation
In the offered arrangement(&,0) is the known initial clogging of the cartridge, isth influence on the

sorption dynamics is the purpose of the presentystu
According to [2], the solution of (1) can be reneted as a series in powers&of

(A)(E,T) - efti fn (T)

n=0 n!

&, 4
which variables coefficients are determined bycursive procedure
fn(D) = ug”) (o, 0)+J. f,@)dt—-f, (@), n=0,1,2.. (5)
0

which start is provided by the relation which fell® from (4) with§ =0
f,(1) = 'w(0,1), (6)

providing the influence of a variable boundary dtind on the dynamics of sorption activity. The dagence

of w(§,1) on the initial cloggingu(§,0), in accordance with the Maclaurin’s formula, wasliided in (5)

through its derivatives at the filter inlet

0 uén)(oyo)zn
n! '

UE =) ™

Relations (4) - (6) allow to findo(€,T) by the knownw(0,1) and u(,0), when we substitute the result
in (2) we can calculatel(§, 1), thus completing the solution of the heterogenemusnon-stationary problem of

sorption dynamics.
In particular, if there is no initial cloggingi(¢,0) = 0) the relations (1), (2) will take the form

~w, (§,1)= w(E,T)—e"JT'eT(o(E,T)dT, ®)

u(E,T):e'TIe‘w(E,T)dT. (9)
0
Performing integration by parts in (8) we obtain

o €1 =] W0+ [edwED)|. (10)

It follows from (10) wheret =0

W(E,0) = w(0,0)e™. (11)
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Considering this, it is convenient to look for geution of (10) in the form

N f(T)

WwE )=y (12)
n=0
BbLJICIIUB 87E B Ka4CCTBC MHOXHUTCIIA. Bnaroaapa YeMy HUCYE3aCT MOoCJICAHEC CllaracMoOC B (5)10
having singled out™ as a multiplier factor. Thereby the last summaisdmpears in (5)
fra(D = [ £, (D dT. (13)
0

With & =0 condition (16) follows from (12), which at a coast concentration of the solute at the filter
inlet (w(0,1) = 1) will take the form
f (1) =¢€". (14)

The solution of the recurrence relation (13), (54)

nlk

f(r)=¢ Z—,n =1,2.. (15)

Substituting (14), (15) into (12) we obtain the degence ofCO, breakthrough on time and coordinate
with zero initial clogging of the cartridge and @nstant concentration @fO, at the filter inlet

o n 5 n n-1 -k
wl@,1)=e*" fo(r)+zz— f@|=¢e? 1+ZE— eT r (16)
perlly] na Nl o k!
Using (9) we will find the corresponding (16) clagg of the cartridge
_—EwEn —-1_ 1 —EWEnT
ul€,1)=e*> =g, (1) =1-¢"| 1+e Z—Z— (17)
n=0 n! n=1 n =1 kI
wherein
n Tk
gn(0 =1-e"> 0 (18)
k=0

We will assume that before the change in the oferanode of the apparatus the clogging of the
cartridge evolved in accordance with the formulbg) @nd (18). Then, at the point in tim#& the filtration rate
a has changed. At the same time, in accordance(®@jtithe dimensionless length of the cartridge walilhnge

at a™. That is, if we imply& as a dimensionless coordinate after the changkeeirmode of breathing, it is
necessary to substituté(a &,1) as the initial clogging in (1), (2). For the re@nt procedure (5) the derivatives
of this function by& will be required at the inlet of the cartridge

2"ul(a E,t)|
n &=0
0g
According to (17) we have the equations

=q" mh_o ] (19)

w0z T g e El), @,

uL; (0,1)=-g, (1)+g, 1),

o0

a6 D=6 30,021 S, et Y S, )

uL, (0,1)=g, @)~ 29, )+, ().

By analogy,
UL (0,1)=-g, (1)+ 39, )~ 3, € )+ 9, € ).
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which allows to observe a common pattern

W O1)=) 17 Chg, ), (20)

where C¥ are the numbers of combinations framof objects ofk .
That is, in accordance with the above stated amdaitmulas (19), (20) and (18) we shall replacéin

u"(0,0)=ug” @& 1), = ag € 1)”(::( re‘lio%n;) . (21)

At the same time, to start the iteration procedtignecessary to use the formula (14) for a ckanghe
filtration rate does not change the contenf6% at the expiration.

We have considered a situation where a three-felcblération of the air flowd =1/3) increases the
dimensionless length of the cartridgente 10. According to [3, 4], this corresponds to the selcuer with the
mass of the oxygen containing product of 1 kg dutime transition from the f0Obreathing mode (close to the
maximum load during the rapid evacuation of a minem the accident area) to th& @ower than the average
load during a quiet exit of the miner from the degit area).

It can be seen (Fig. 1) that a deceleration inréhe of air filtration done at the momerit= 2.077 of
CO;critical breakthrough @il(n,t1)= 0.37%) has led to a longer stay of carbon dioxide mdk=in the layer of

the chemisorbent and, as the result, dec;ine af tatent in the regenerated air (curve 2). Thisuns almost
instantaneously 1=0) (during the flow of the slow front through thdtdr). Then a gradual (evolutionary)
growth inCO, concentration begins due to the further graduahestion of the regenerative cartridge absorbing
resource. Finally, at momernt=12=2.078 a critical breakthrough of O, is achieved again (curve 3) in the
already weakened operation of the breathing aparsife shall note that thus the time of the protediction

of the apparatus increases by 1008z/¢1= 1).

b (s, )

0.EF

0.ar

0.4

0.2F m

§

0 2 4 & g 10

Fig. 1. The change @O, critical breakthrough (curve 1)
after air deceleration: 2+=0;3 -1=12

It is essential that curve 3 is more convex thanwveed which describes the reduced concentratidgheat
critical breakthrough, but before the flow decdi@ra This means the formation of a new structufehe
working layer of the sorbent after the change efliiing mode. SlowarO, molecules fix at the same time to a
narrower layer of the absorbent. In the resultftbat part of the working sorbent is loaded andrésource is
exhausted more quickly. For this reason, the dedaincurve 3 in the front layer of the cartridgesigwer than
that of curve 1. At the end of the cartridge theves intercross, the working sorbent layer becaaneower after
the filtration speed deceleration.
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This can be seen by considering the evolution effiked carbon distribution in the cartridge (Fa). In
contrast toCO, breakthrough the change of clogging does not wudlarleap at the moment of the deceleration
of the airflow (ul(a &,11)=u(,0)). Both of these functions describe curve 1.

bus,o
ST T T T
ngf N
. . " 3 .
- 2‘& 4
0.8 ™ . - .
'\ - N
*x_ -
0.4F T R
0.2F .
I I I I 5_
0 2 4 6 3 10

Fig. 2. The evolution of the cartridge workout attee criticalCO,
breakthrough (curve 1) with the deceleration ofalifow 2 — 1 =12;
3 — 1 =5 and without it (curve 4)

Curve 2 corresponds to the momear when the second critical breakthrough is achie@lviously,
when there is a change of the device mode the mibafighe critical breakthrough (increase in lifeéjrcannot
be used to measure the protective action growthoting to [5] the average clogging of the carteiddpould be
used for that. In this case, its growth is 28.3%icW is equal to the relative difference of theagrander curves
1 and 2.

Curve 3 corresponds to the momart 5 after the change of the device mode. To compare Hig. 3
shows curve 4 which corresponds to the same nuwbéO, molecules, entered into the cartridge aftér
which works in the former modeil(§,t1+ a [5). Due to the higher speed of filtration the breattigh is higher,

and the degree of the oxygen containing produckeutris lower. At this, curve 3 is more convex tltamve 4,
which confirms again the narrowing of the workiagér of the sorbent.

Thus, we have developed a formalism which allows$niitate air regeneration in the rebreather after
changing its mode of operation.
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METHODS OF AUTHENTICATION WHEN INTERACTING
WITH WEB SERVICES VIA API

DZMITRY SAUCHANKA, YAUHEN SUKHAREU
Polotsk State University, Belarus

The paper discusses the methods of authenticaed when interacting with third-party web services
via application programming interfaces on behalf afuser. The methods provide different level of
authentication credentials security, different rgqd level of mutual trust among the parties ofheautication
process and different capabilities in organizingefigrained separation of access permissions.

The Hypertext Transfer Protocol (HTTP) is an apdlmn-level protocol with the lightness and speed
necessary for distributed, collaborative, hypermediformation systems [1]. HTTP, alongside with the
traditional usage of hypertext transferring andeotltases, is used as atransport for RESTful sevic
Representational State Transfer (REST) is an &cthital style to build distributed hypermedia sysd2] that
is widely used to design application programmintgiifaces (API) for rich internet applications (RIAuch
APIs need to provide means for third-party appioca to act on behalf of auser via process of user
authentication. The authentication method is reguto ensure highest level of user credentialsrig@and the
least possible required level of mutual trust amibvegparties of authentication process.

HTTP provides a simple challenge-response auttaiit mechanism which may be used by a server to
challenge a client request and by a client to gl®wduthentication information [1]. This is a gehéiigher-level
mechanism that allows various specific implemeateti Authentication information challenging is ddme
a server with theVWW-Authenticatdneader and response catl (unauthorized). Providing authentication
information by a client is achieved with tAeithorizationheader.

The simplest “basic” authentication scheme is basethe model that the client authenticates itath
a user identifier and a password [1]. The usertiflenis concatenated with the password separhied single
colon character and the result is encoded withBase64 scheme. Obtained string is prepended wittd wo
“Basic” and the result forms th&uthorizationheader value. Thus, to authenticate on behalhefuser with
identifier “john doe” and password “OiyrB7bhzZzéietfollowing header should be sent to a server:

Authorization: Basic am90bl9kb2U6MGI5cki3Ymh6Wnph

This authentication scheme is non-secure in terhaithentication credentials security and is based
assumption that the connection between the cliet the server can be regarded as atrusted carrier.
Furthermore, the scheme requires a client applicaid be aware of user credentials and thus itnassuhe
application to be trusted to by the user. This s@halso requires a server to store user passwolaintext or
in encrypted with reversible algorithm form. Thare highly limited ways to separate access peramssiith a
basic authentication scheme: the separation caanheachieved by the server by requesting diffeneser
passwords for different request URIs.

The Digest Access authentication scheme allows dawpi the most serious flaws of Basic
authentication [3]; this is achieved through natdieg a user password in plaintext Authorizationheader
when performing authentication. Instead, a hasheftring containing username, password, and ersguver-
generated nonce is sent as authentication infoomatiD5 is typically used as the hash algorithm.iti
simplest cas@uthorizationheader value is formed in this manner:

Al = MD5(username:realm:password)

A2 = MD5(method:digest-uri)

Hash =MD5(Al:nonce:A2)

Authorization-header = Authorization: “Digest”

“username”=username,
“realm”=realm,
“nonce”=nonce,
“uri"=digest-uri,
“reponse”=Hash

Here

usernamas user identifier;

realmis a string sent by a server ¥XXX-Authenticateheader and displayed by client to users so they
know which username and password to use;

passwords user password;

methodis the HTTP request method (GET, POST etc.) usélk current request;

digest-uriis the HTTP request URI used in the current regjues
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nonceis a server-specified data string which shouldibiguely generated by a server each time and sent
in XXX-Authenticatdeader.

Thus, to authenticate on behalf of the user witnidier “john_doe” and password “OiyrB7bhzZza”
given that the server returned reatmth@example.commnd nonce59fb925ffbc8a83d8c0993ee264a94id
http://example.com/index.html URI is requested ViERTP GET methodhe following actions should be done
to form authentication request:

Al = MD5(john_doe:auth@example.com:0iyrB7bhzZz#@becf28e28cc61aae0ca0c35154931f0

A2 = MD5(GET:http://fexample.com/index.html) = 2584949a69ec6d4ed9c7884d2f785

Hash = MD5(4bccf28e28cc61aae0ca0c35154931f0:591i9e5a83d8c0993ee264a946f:25ed971549a6
9ec6d4ed9c7884d2f785) = c6428a734599e224606b9ca36RP

Authorization-header = Authorization: Digest

username=john_doe,
realm=auth@example.com,
nonce=59fb925ffbc8a83d8c0993ee28859
uri=http://example.com/index.html
reponse=c6428a734599e224606b9c1Bt22f

Digest authentication scheme cannot be consideredrs though it does not assume transferring user
password as a plain text and does not requirengtaiser password in reversible form on the sender (Enstead,
MD5(username:realm:passwordiash can be storgdit still requires a user to trust his or her cratthds to
a client application and it still provides highlynited means to organize fine-grained separatioraaifess
permissions.

The OAuth 2.0 authorization framework enables altparty application to obtain limited access to
a HTTP service on behalf of a user (resource ownihout knowing authorization credentials by orstnating
an approval interaction between the resource oanérthe web service [4]. This is achieved througrasating
the role of the client from that of the resourcenew instead of using the resource owner’s credksntd access
protected resources, the client obtains an aco&ss t— a string denoting a specific scope of acddstime,
and other access attributes; the access tokeernsubed to access the protected resources hostbe Isgrver.
General abstract OAuth 2.0 flow is presented inrfigl and includes the following steps:

A. the client requests authorization from the resowwmer (the client); the request can be made
indirectly via the authorization server as an imediary as it is done in authorization code grapét

B. the client receives an authorization grant, whishaispecial credential representing the resource
owner’s authorization;

C. the client requests an access token by authemticaiith the authorization server and presenting the
authorization grant;

D. the authorization server authenticates the cliadt\alidates the authorization grant and issues an
access token for valid authorization grant;

E. the client requests the protected resource fronrékeurce server and authenticates by presenting
the access token;

F. the resource server validates the access tokeaaames the request for valid access token.

——A——Authorization Request—>|
Resource
o Owner
k«B——Authorization Grant —|
——C——Authorization Grant —>| L.
Authorization
Client Server
k< D——Access Token
——E——Access Token
Resource
Server
<—F—Protected Resource ——

Fig. 1. OAuth 2.0 Protocol Flow
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It is not necessary for authorization server arsbuece server to be separate entities; they maphée
same server.

The authorization code grant type is used to obtmicess tokens and is optimized for confidential
clients [4]. This is a redirecting-based flow ahdg the client must be capable of interacting wlith resource
owner’s user-agent (typically a web browser) angbbée of receiving incoming requests (via redi@tctifrom
the authorization server. Authorization code fl@wllustrated in figure 2.

Resource
Owner
B
Client Indentifier
——A—and Redirection URI L.
User- Authorization

—B User authenticates

Agen rver
gent «—C Authorization Code Serve

A C
‘ \L Authorization Code
——D——-and Redirection URI
Client
k—p—Access Token

Fig. 2. Authorization Code Flow

The flow includes the following steps:

A. the client directs the resource owner’s user-atgetite authorization endpoint; the client includss
client identifier, requested scope, local statel amedirection URI for authorization server to gerser-agent
back to after access is granted or denied;

B. the authorization server authenticates the resaunceer via the user-agent and establishes whether
he or she grants or denies the client’'s accesestqu

C. assuming access has been granted by the resouneg, diae authorization server redirects the user-
agent to the client using the redirected URI predi@arlier and including an authorization code ladl state
provided by the client earlier;

D. the client requests an access token from the am#tion server by including the previously
received authorization code and redirection URMusly used for verification;

E. the authorization server authenticates the clialigates the authorization code and redirection UR
and, if valid, responds with an access token.

Obtained access token then can be used to formutimrization header when accessing protected
resources. “Bearer” authentication scheme is usedonstruct the header [5]. Assuming that accekento
obtained from the authorization server @db2c93ebcf6098f6cch08807ed66e02934248tde following
Authorizationheader should be passed to the server:

Authorization: Bearer ddb2c93ebcf6098f6ccb08807e08834248a5

OAuth 2.0 authorization framework provides relatyvaigh level of security since it does not require
a user to trust his or her credentials to a clegmplication, does not require storing of a usersyasd in
reversible form on a server, allows fine-grainepasation of access permissions through means esasropes
and explicit user access grant, does not requamtpkt password transferring when performing autilbation
since access token, bound to specific client agfdin, is used. The framework, however, does néheeny
ways of secure user authentication via user-agedtitis assumed the security is provided by meains
encrypted HTTP over SSL protocol.

Summary characteristics of authentication methodgeesented in table 1.

OAuth 2.0 authentication method provides the maximavel of security compared to other methods,
though it requires more complex client applicationplementation since the application should be able
interact with user-agent and receive requestsedaection.
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Table 1 — Authentication methods summary charesttesi

Authentication method . o . _ OAuth 2.0
Basic authentication Digest authentication Co
property authentication
Client is required to haye Yes Yes No
access to user credentials
Server is required to store
user password in reversible Yes No No
state
Plain text credential Yes No No
transferring
Fme—gralned_separatlon of Partial Partial Yes
access permissions
Client is required to be
capable of interacting with t_he No No Yes
user-agent receiving incoming
requests via redirection
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UDC 681.5

EVALUATION FUNCTION AS A KEY FACTOR IN SOLVING THE TASK
OF UNIVERSITY SCHEDULE CREATION

ALEH TRAVKIN, DMITRY RUGOL
Polotsk State University, Belarus

The paper is devoted to further investigation ofaloevolutionary method for solving discrete
optimization problems, namely, the applicabilityttis method to the problem of scheduling the ugitye

This problem is NP-hard and has a strong appliedgfolt remains relevant, particularly, for univées
in Belarus.[1]

Unsolved problems include the following:

a) effective restructuring of the schedule duehanges in the source data;

b) taking into account the specific constraintdatied by the organization of the process of sclieglim
specific universities;

¢) acceptable rate of the convergence of the opditiain process of scheduling. [4]

The quality evaluation function plays the key ralethe evaluation of the quality of the schedulel an
determining the limits of the optimization process.

The initial data for the drawing up of the educasibschedule are:

A={a} — set of auditoriums;

T=<t;> — amount of time — arranged set of study timentpuéquantum — two academic hours);
W={w} — set of lecturers;

P={p;} — set of classes;

G={ g} — set of student groups;

U={<p;,g>}PG - set of learning plans for student groups;
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Thus, the task of drawing up of educational scheduformulated in the search space

S:ATWR, (for Polotsk State University there are about536 977 600 combinations. Using the brute
force search it would take about 40 years to stilegoroblem).

Let us formulate the description of the task. Sitieeschedule is unacceptable if it contains adtleae
conflict to the teacher, or a group or audiencs, jifossible to formulate strict limits

For everys,;=<ay,t;,wy,p>S ands,=<ap,tr,W»,p>S, for each;=t, is true

1.8,

2. Wy Wy,

3.U/{p} U/{pa}=;

It should be emphasized that the restriction #8ides the right planning of streaming classesnlajy
no intersection of streaming groups.

4. For classes, the duration of which is more thaa quantum of scheduled time, it is necessary to
introduce an additional constraint on the captughgequential quanta.

5. The schedule must be submitted to all schedaladses fronf — this is the requirement of the
completeness of the schedule.

6. A pair (v, p) is usually assigned to every lecturer (See. sdata). That's whyw,p) in schedule
should also exist in the lectureRsassignment plan.

The problem of the optimal schedule is to find lhestule with the lowest price. We propose to usamas
evaluation function the following heuristic funatiof preferences:

Q(9=(a1 G1+ay Gy+az Gs+ay Ga+as Gs)+(as Ar+as Ag)+(ar WitagWa +agWa)+ay o Py,

Here:

G; — number of transitions among university buildinigsing the day for student groups (subgroups);

G, — number of gaps in student groups schedules;

Gs; — amount of diversity in classes during the daysfadents groups (subgroups);

G4 — amount of deviations from the planning of classe

Gs — going beyond the recommended study time calendar

A; — number of gaps in auditorium schedules;

A, — degree of utilization of auditoriums during ass;

W, — number of transitions among university buildirtyring the day for lecturers;

W, — going beyond the recommended lecturer’s workaigndar;

W; — number of gaps in lecturers’ schedules;

P, — degree of learning plans coverage by the incetegchedule;

a;, &, s, ...— scaling coefficients.

The selection of scaling coefficients can also liffer@nt. We have applied the method of expert
assessment of the impact of various factors orgémeral idea of the correct schedule. Maximum piesadre
applied for unacceptable violations of our idea gfood schedule .
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UDC 004.021

FAST ALGORITMS FOR LONG ARITHMETIC

ANDREW TITENKOV, MAXIM MATSIUSH
Polotsk State University, Belarus

In modern software industry it is often necessarywork with large numbers. These numbers are
generally longer than the dimension of standardadgpes. Long arithmetic is usually used to safve t
problem.

Long arithmetic in computing is operations on nursbéhe bit of which exceeds the length of the
machine word of the computer technology. These aijmers are not implemented in hardware. Their
implementation is done programmatically using tteediwvare platformof working with numbers of smaller
range.

Representation.In the classic form,an array of integers is usedHe realization of long arithmetic, and
each number is a decimal one digit from the soaf@elarge number.

We can use the following modification of the implemation of a large number storage. Let's choose a
basi$. Then any numbercan be represented in the following form;

Y= @y x Bh e [T ag s Pt

As a matter of convenience of working with suchrespntations of numbers, write-back is commonly
used, i.eqq isusually written in the first cell of the array; in the second one, etc.

Addition. When adding, in long arithmetic correspondings bitf each large number are summed
successively, and if the amount exceeds the blasathie excess after dividing by the base remairgsdiven
digit, and the next digit increases by 1.0ne cantkat the addition of two large numbers in longhamnetic is
performed in a column.

Subtraction. Subtraction in long arithmetic is made similarly&ddition. We consistently subtract the
corresponding subtrahend bit from the minuend. ®hly difference is that if the corresponding bit the
minuend is lower than that of the subtrahend, wkthd basis to the minuend, and from the next digitake 1.

Multiplication. There are many algorithms for multiplication imd¢parithmetic:

- Simple;

Karatsubaalgorithm;
Toomalgorithms;

- Fouriermethod.

Simple algorithm involves calculation “in a columhis method is very simple to implement, butash
low speed.

Karatsuba algorithm refers to “fast” multiplicatiafgorithms and allows multiplying of n-digit numise
with the complexity of computing:

M(n) — 0 (nlﬂg? 3)'

log, 3 =1,5849

For multiplying two numbers in excess of the comngpwiord length, the Karatsuba algorithm is called
recursively as long as the number does not becafiigiently small so that they can be multipliecratitly.
Software implementation of this algorithm impliecursion that, with very large numbers, can caustaek
overflow. With small numbers the algorithm is néftaéent.

The algorithm is due for rapid multiplication, whidies in calculating the intermediate results of
multiplication by primitive factors. l.e. we dividthe second number (in its decimal representatiotothe
numbers (0 to 9), then we compute the product effittst multiplier with each primitive factor (irhé worst
case, we are to make 9 multiplications of the faistor by primitive factors). The final product thie first to the
second factor willbe calculated by adding the eyet the previous stage product of the first fackdth
primitive factors. Note, however, that the additafrshift is necessary to make the number of litsasponding
to the number of primitive factors correspondints loif the second number. In fact, this method isptimized
multiplication “in a column” of on-time performancéut it requires more memory (to store intermediat
results). Example:
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Let us assume that we need to multiply 11111 arBP32We divide the second factor in toprimitives.
These are numbers 1, 2, 3, 2, 3. This means thaees to calculate the following intermediate ressul

- 11111x 1 =112111;

- 11111x 2 = 22222;

- 11111x 3 =33333.

Then we rewritethe primitives in reverse order gedform addition of the intermediate results with a
shift:

Primitives: 3, 2, 3, 2, 1.

Summation: (33333) +(22222 << 1) + (33333 << 2P2222 << 3) + (11111 << 4) = 33333 + 222220 +
3333300 + 22222000 + 111110000 = 136920853.

Further optimization of the algorithm is possibldie essence of optimization is to change the poiaci
of the partition of the second factor into primiss Primitives will be repeated sequences of nusmhest us
take the previous example and perform multiplicat{@1111 and 12323). We divide the second facttw in
primitives. This is the sequence: 1, 23, and 28vNwve need to calculate the following intermediatsults:

- 11111x 1 =112111;

- 11111x 23 = 255553.

Summation: (255553) + (25553 << 2) + (11111 << 4)36920853.

Exponentiation. For exponentiation a number which is raised shdddmultiplied by itself as many
times as the exponent. However, the expoment 3 already requires large computing power. Tanauge
exponentiation so-called “binary exponentiatiorsed’. The essence of the method is similar to thgested
multiplication algorithm (intermediate calculatioase used). The essence of the method is the fioltpw

Provide the exponent in the form of a sum of povedI2.

Calculate the number of intermediate squares.

Multiply them.

Let us take a detailed look atthe method. Let'siagsthat we need to calculafe

We provide the exponent in the form of a sum of @@wof 2. Each number can be written as:

mn
n=Zai+2i=a0*2°+al*21+a2 x 22
i=o

+od a2V 4 g, =20

wherea [0 {0;1}.

Next, we compute the intermediate squares, i.dinged, x*, etc.

Finally, we multiply the intermediate squares tbget It is worth noting that the multiplicationdarried
out only with those intermediate results ,wh&rim the expansion of the exponentis 1.
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MULTIPATH PROPAGATION PROBLEM ANALYSIS IN DATA TRAN SMISSION SYSTEMS

ANASTASIA TSYRO, VICTOR YANUSHKEVICH
Polotsk State University, Belarus

This article deals with the problem of multipathopagation and electromagnetic wave when it is
incident on a layered medium.

For the selection of tangible objects on the baokgid of the environment in practice is usually used
reflective characteristics serving tool to optimthe electrical parameters of the probing signal.

The fall of a plane electromagnetic wave on abflaindary of two semi-infinite anisotropic mediarida
2 is illustrated in Figure 1 for the horizontal (pendicular) polarization when the electric fieldctor is
perpendicular to the plang, Efall, and vertical (parallel) polarization whemetelectric field vector lies in the
plane E fall.
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Fresnel reflection coefficient for horizontally palzed waves (in the coordinate systeny, z, shown in
Figure 1).

Fig. 1. The fall of a plane wave at the interfadthwhe horizontald) and vertical If) polarizations
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and the complex characteristic impedance (chaiatiteimpedance) of the environment

w=E-= /ﬂL“ =120n\ﬁ. 3)
H &g €

Where in a nonmagnetic medium

 — 120 _ 1201
W==£22= 22 4
N @

As for the angles of incidence and refractionhibvidd be borne in mind that, according to the Snskh
law for absorbing media

: 1 B
sinB ——sme1 : S|rﬂ (5)
Y2 Mo
is complex.
In case Whersll ul are real, the true value of the angle of refracisoequal to

6, = arcctq Re(ctd, }) (6)

For vertically polarized wave in the coordinateteys X, y, z in Figure 1 we have the following
expressions

Elx W cosﬂ WcoQ
(1—2)13 Eny W cosd +w co8 | -

_ E2x _ 2W cosG
(1—2)B E0 W cose +W co@

(@)

©)
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It should be noted that sometimes the reflecticeffaient for vertical polarization is determineg the
ratio of the corresponding magnetic vectors. Tha shanges: —H /K =—F
Ry =/ Ho=-E/E

For vertical drop elzezzo) and non-magnetic media expressions (1), (2), a1 (8) take the

Rlz—\/\/:i \/\/: C)

2 [€
_ Ak )
T2 S+ Es
Let us consider the multilayered model, which takds account the layered permafrost, alternating

layers of sand and clay, and so on. Let us reptesdan the form n - 1 layers with uniform impedanc
22,23__2” (complex permittivities are respective%,ég,sn) located between two semi-infinite media 1 and

following forms:

n+1.
Multilayered model is presented in Figure 2.

“‘:J I Z,
)
&2 r"z! Z;
f | .
hs | Z;
I
[
_____ _i_...__..._
Gﬂ'f : zu—l
by |2 zZ,

Fig. 2. Multilayered model

Let us assume that there is only a layer with ingleand the medium with index n - 1, as well as tith
n + 1, extends indefinitely. Then, the input impetanf the upper boundary layer of indeis

2y
2N - Z +1+Zn)+(Z . Z) 62V Y nZ _ (11)
Zag*Z0)~(Zyy =20 €2 i n
Since while moving through the boundary layer tanigé components of the electric and magnetic field

do not change, impedances are saved as well. Thmerehe impedance at the lower boundary of therlayith
indexn — 1 coincides with the input impedanzgx of the layer with index.

Gradual transition from one layer to another erghis to find the input impedanzgx at the upper
boundary layer with index 3. The addition of anotheyer (with index 2) allows us to calculate thgput
impedance at the upper boundary for the entireegystf layers in the form of:

; 2y
S(n1) Z x+zn_1)+(zn -7 D€ Y m1h a1

z
Gx B
(z A+, (2 1)e2V pth 1 L

(12)
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Therefore, the final reflection coefficient of ttayers is
_@Z&-7). (13)
(22:+2)

Let’'s consider a two-layer medium, which= 3. The thicknesses of the 1st and the 2nd lagezs
respectively, hand h, and their propagation constants yéey?) This medium coefficient (13) is calculated
using the formula (12), if we substitute the va@g@x calculated by formula (11):

53 Gtz e Y3h3z-3. (14)
o (2292429 g2Y3h3

In a particular case when the thicknesses of wlirkaare equal to zerbZ =h3 = 0), the input impedance
of the systemz'gx is equal to the impedanz’«z, as it should be in case of absence of layers.

The above formulas enables expression (14) tottekéollowing form

L Slinicy (15
HR_ +weeY2h2

where
3 5 . . _2y
=285 g5 a8 33 (16)
2ty TRy Ry (eI
This method makes it possible to analyze the layenedia, specifically, to determine the physical

properties of the layer (e.g., dielectric constastwell as their number. This method can fingpplication in
geology and geolocation to detect all kinds of d#go
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MODEL MANAGEMENT SYSTEM THAT IS BASED ON DATA PROCE SSING AND ANALYSIS
IN REAL TIME WITH INSTRUMENTS MATLAB

ALEXANDER VYSOTSKY, VALERIY CHERTKOV
Polotsk State University, Belarus

The block diagram and the practical implementatioh model management system based on the
processing and analysis of data in real time aresidered. Interfaces mutual exchange of data stseam
MATLAB and external equipment were considered.eMagnple of using the data in real time with apgima
of the system objects MATLAB is given.

Communication and control systems are the most itapbaspects of work with hardware and software.
Direct communication with equipment and periphetaVice allows you to quickly test and verify algbms,
and to carry the necessary changes in projects uiedelopment. MATLAB software provides a lot offdrent
ways to interact with sophisticated equipment agxiipherals.
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The MathWorks system of computer mathematics MATL&Ban interactive environment that uses a
high-level language for numerical computation, gi&ation and programming. It is possible to depelo
algorithms, to analyze the data and to generateste@hd applications on the basis of this systgm [5

The use of digital oscilloscopes and analog-totdigionverters together with mathematical modeling
MATLAB program opens up a lot of promising oppoities in the processing and following use of the
measured data for the design of various systems.

The transmission of data flow measured in the m®dato the MATLAB workspace and ensuring
hardware and software compatibility of equipmerd anpersonal computer (PC) are the main difficirtyhe
implementation of the exchange of data.

The problem of processing a large amount of infdiona which is based on data that is obtained by
measurements, in real time often appears in costralems. This treatment is practically impossibithout
expensive physical prototypes or equipment. Howeseen if you have such equipment, developmentintes
and verification algorithms can be very risky amére lead to damage. Method of constructing a motiéhe
target system and simulation of its work (for exéamin the MATLAB) in various modes before launafian
real hardware is more reliable and less expengijve [

The block diagram of a simple management modeldasedata analysis and processing in real time is
presented in Figure 1.

PC i
Drnamic library Dynamic
o - library
created in VS :
developers
Graphical environment [ 4
MATLAB ¥
ry ¥
Driver
= NMATLAB B-423
Driver -~ i
USB « RS-232
&
USB USB
¥
¥ DAC
U;:Bonv;l;e;}z MCU Oscilloscope
MSP430FG4618 B-423
? » TUSART
RS-232

Fig. 1. A block diagram of hardware and softwarstem

The oscilloscope of the Auris B-423 company will iieed. Manufacturer does not give us completed
solutions for its use in conjunction with MATLAB. dwever, dynamic libraries (*.dll) are supplied witte
software for the development of the off-site softevim the use of the equipment purchased.

A microcontroller (MCU) from “Texas Instruments’efses MSP430FG4816) was used as a controlled
oscillator. This highly integrated MCU allows yauuse almost any combination of family MSP430 gdezipls.
Connection facility of a variety of integrated p#hérals and other devices involves enough oppaigsnio
develop equipment and makes microcontroller anl ijdl@éform for its base [2].

Let’s turn to realization the system shown in Feglr

1. The interfaces of communication with external egipment.

MATLAB package includes a variety of interfaces ftata access, clients, servers, and external \sutin
that are written in other programming language® miost commonly used interfaces are:

- COM. MATLAB provides access to functions that allgau to create, manage, and delete COM-
objects (both client and server).

- .NET. MATLAB provides access to the software platiocNET Framework on Microsoft Windows.

It is possible to download the .NET assembly (Adslées) and to work with objects of .NET classesniro
MATLAB environment [4].
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- DDE. MATLAB provides functions that allow it to agss other applications in the Windows, as
well as those applications to access data from MABL

-  COM-port. Interface to the serial port of MATLABquides direct access to peripheral devices and
scientific equipment connected with the computenulh a serial port (COM-port).

— DLL. Interface MATLAB that is referring to the conam DLL libraries allows you to call functions
that are in the normal dynamic link libraries ditgdrom MATLAB. It also must have a function C-kfface.

USB communication interface is used for connecthmgy oscilloscope B-423 with a computer, and data
communication on which to MATLAB from the oscillagze can be done in two technologies .NET and DtL. |
should be noted that the direct use of a dynamiclibrary (DLL) external functions (OSCB423Lib.gfor the
oscilloscope in MATLAB was not possible, due to thiknown structure of the developers’ library. Tdfere,
we applied the technology .NET for our model ossitiope control, and its own dynamic library of dienp
functions (Osc.dll) in C # environment Visual Smdl013 was written for that. Written library is aatching
link between developers’ dynamic library (OSCB428til) and MATLAB. Only two functions are amount of
the created library: Setting () - for the basidiegs of the oscilloscope and Measuring () - fa theasurement,
and return the data in MATLAB.

COM-port is selected to control the microcontrolieterface and provides a simple interface for dire
connection of RS-232 communication. Due to the fhat the system was developed on the laptop, mahe®
personal computer, additional interface was intoedito system — converter USB-RS232.

2. Using MCU to work as a controlled oscillator.

We used 10-bit DAC peripheral module as a signaleggtor, and the built-in peripheral universal
synchronous-asynchronous receiver-transmitter USARSE used for verification. A developed programecod
for MCU was tested with the help of the Code Conep&tudio v6 software. [2]

3. Initialization of the oscilloscope to measure.

Connecting of library with the help of .NET techogy in MATLAB occurs with the following command
in the application’s console:

>> NET.addAssemblyfyrs_x_oubmuorexe\Osc.dll);

Creating of NET object corresponding to the clalssus dynamic link library (Osc.dll) occurs witheh
help of the command:

>> obj = Osc.Program;

4. Implementation of measurement and transmissionfahe data stream.

Setting up the oscilloscope for measurement iszexdwith the command:

>> obj.Setting();

Measurement and transmission of the data streannénMATLAB workspace are made with the
command:

>> X = double(obj.Mea&caleX Scaley);

Variables ScaleX and ScaleY are selected to cordighe scan, the significance of that will be
determined by the number of samplings for a se@ontithe scan potential. Moreover, values that fireetkin
the library developers are used at the time ottuwice of these variables (ScaleY and ScaleX) too.

5. Digital processing of streaming data.

Using streaming and time-lapse processing techyodtigws to accelerate simulation due to buffering
input data into frames and simultaneous processimultiple samples of data. Acceleration of sintiolia is
also achieved by focusing on the treatment profiged immediately a lot of data. In MATLAB streangn
signal processing is achieved due to the use desyobjects (System objects) to represent datariv
algorithms, tools, data input and output of the eledSystem objects implicitly manage a lot of aspef the
system such as indexing, data buffering and segelation algorithms. In one program it can be coet
system objects with standard functions and opesabMATLAB.

Here is the example of using the system objectFd#&p () that computes the discrete Fourier transform
(DFT) from the samples of the input signal. Systehject can use one of several types of fast Fotnaasform
algorithm (FFT). When you create a system objéds usually indicated by the parameters: the lergjtthe
input digital signal, the estimated window, bitdioéctional order of output samples and the typalgbrithm.
Creating a system object in the MATLAB console Isdike in the following way [3]:

>> hfft = dsp.FFT(FFTLengthSource', 'Propertys TEength', 1024, 'BitReversedOutput', false, "Wmppt',
true, 'FFTImplementation’, ‘auto’);

Object’s uses for calculations

>>Y = step(hfft, y);

Here, y- is the input vector of data or the framtihne data stream. Y is calculating vector for tosk FFT.

6. Presentation of the measurements’ results.

Large quantity of data is usually obtained as #milt of made calculation, so it is difficult toadyee it
without visual imaging. In this case, graphics dalitees of MATLAB are high-end and manifold. Theye
often called high-level graphics. This name refidbe fact that the user is not in need to delteaf the details
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of direct work with graphics. At the same timen#dcessary, the graphic representations of the gsededata
can always be easily represented in the form afglesWindows-based application.

The example of a graphical display of the procegsiifect and data flow analysis that was measuiitd w
an oscilloscope is shown in Figure 2. Graphs ttasaperimposed on the graphical user interface:

— A graph that represents the data obtained froma$alloscope in the form of a temporary
representation of the signal,

- A graph that images the processed data from thi#azeope with the help of system object in the
form of a spectrum.

Analysis of the data takes place by four markead tdontrol the maximum and minimum values of the
signal amplitude and the maximum signal power &edtarmonic frequency at which it is calculated.

' Data analyse | =] —i:;—-‘

Signal
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Fig. 2. A graphical interface MATLAB:
Marker 1 — is the maximum amplitude of the sigeapressed in volts; Marker 2 — is the minimum atagk of
the signal, expressed in volts; Marker 3 and Matkerare a setting frequency band management;
Marker 5 and Marker 6 — are a position of a pomtle spectral graph

7. Determination of the controlling effect on the ignal generator.

MATLAB makes the determination necessary impacthensignal generator based on the analysis of data
from the placed markers 3 and 4 (see Figure 3)alulilated values surrounding markers 1, 2, 5 and 6

Task designed management system to provide retenfidghe frequency of the oscillations generated
within the established using markers 3 and 4. Hséesn can adjust the amplitude of vibrations aedjdency
through the MCU command via RS-232. The algoritomdeciding on the choice of a team at this stagpiite
simple:

—  The command to increase the voltage is issuedrat#dues x of the measured voltage;

- The command to change the sweep voltage is issuéltht case if the command to increase the
voltage does not work for one second;

—  The command to change scan at the time base is givibe case if the frequency range defined by
the markers will be at the beginning or in the nedof the entire frequency range at the given sargphte;

— The command to increase or decrease the frequdribg generated oscillations issues according to
the position of the calculated value of the frequewith regard to range defined by markers 3 and 4.

As a result of this work, a model block diagramaofontrol system that is based on the processidg an
analysis of data in real time was developed.

Integration of oscilloscope B-423 “Auris” for ree@ig the data stream was realized through the fise o
.NET technology.

Your own graphical user interface for displayinglanalyzing data obtained from oscilloscope in real
time and generator control in automatic or manuadiewas written.

The example of using the data in real time wasqmtesl with the help of the MATLAB system objects.

We have created a model that covers almost alhthim stages of management development systems
based on the data obtained in real time.
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UDC 681.586.78
SENSORS OF ALARM SYSTEMS

ULADZISLAU ZYBAILA, DMITRY DOVGYALO
Polotsk State University, Belarus

The standard structure of alarm systems has beewsidered. The description of the principles of
operation of sensors has been provided. Alternatipgons of touch elements of security system Heen
shown.

Security alarm is a complex of electronic secudéyices, which allows to provide object’'s protegtio
from offences by means of the owner or law enfomenbodies alerting. There are two main types afnal
acute for Belarus: 1) the alarm using MIA secudBpartment brigade of the Republic of Belarus caith
monthly pay; 2) GSM-alarm, the activation of whialert message by means of SMS or mobile phoneisall
delivered to the owner.

The security alarm system consists of the contnit {(with GSM-module or without it) and different
sensory devices depending on the guarded objeet.system also contains uninterruptible power supipiy
with an accumulator battery and security systerablee Control-security device may be wire-conneetesith
sensory devices, as well as unwired — the connmedietween sensory devices is realized with the bélp
radiofrequency signal (power supply is wire-conedgt Control of radio-security may be realized byams of
wireless radio-breloques [1]. Control unit showsrent alarm mode (“Attention”, “Warning”, “Removal’it's
also activates/deactivates with the help of Touamnidry key or SMS-message. Let’s look at the priesipf
sensory devices’ working and its configuration. fehere three main sensory devices in the system: a
movement-detecting device, the device of a doonimgélocking fixing process and the one of glassaing.

Let's consider a movement-detecting sensory devids. based on IR-detector, that uses deposition o
thermal energy the perimeter breaker emits. Movefdetecting IR-sensors are used for the securitgrofed
bank buildings - cash operating units, depositoridse principle of thermal movement-detecting mdth®
based on the physical theory of electromagneticesaradiating by objects, the temperature of whghbove
the absolute zero point. Movement-detecting andgitee sensory devices react on the photocell HR-lig
occurrence and disappearance. Such IR-light oaueerdisappearance are often caused by human gcthatre
seldom — by factors which aren’t connected with nianexample, by warm air moving from a radiattr. e

That's why false activations are observed with @il the movement-detecting (presence) sensors.
Movement-detecting devices are more simple indtsstruction and they react only on active movemarfta
walking man, for example. A general arrangemenivirg of IR-sensor work is represented at figur@]L [

There are various constructions of movement-detgctR-sensors, which are intended for specific
technical objectives and conditions. The most papebnstruction of the movement-detecting IR-sefsgiven
in figure 2 [3].

The principle of movement-detecting sensor on pegiment is the following: perimeter breaker’s thekrma
stream goes to the Fresnel lens, which focusestiadi on the pyroelement, after that thermal stréam
transformed into pyroelement’'s temperature chafge internal structure of the pyroelement redistels
(charges rearrange themselves) and potential ge)ltappears on the pyroelement’s leading-outs. Silgisal
enters sensory device control unit, i.e. cascadgawing and its transformation into digital form.

One of the important parts of modern security systea door opening/locking sensory device.
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Fig. 1. The block diagram of functioning the movetdetecting sensor on a pyroelement
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Fig. 2. Construction of movement-detecting IR-senso

Sealed contact sensor is a special device createseparate objects’ protection level increasinige T
main active components of such product are seadathict and magnet, according to which the device wa
named. The sensor reacts on doors-opening in detduduses or garages, utility rooms. Sealed comtaidting
is based on interreaction of two main elementsmp@ent magnet as a master element and sealed tcasitac
actuating element.

Sealed contact is a unique element in radio eleicspwhich consists of two or three permalloy @ats
weld airproof inside of the glass balloon with agen at high preassure. Such construction techpalbgws to
exclude completely any oxidizing process appearancsealed contact. Sealed contact interface detai
covered with special lightweight film made of nobbetals, so that low transient resistance, highraesistance
and the possibility of current commutation is pded.

A master element, or permanent magnet, is fixedlexible part of the guarded object, an actuating
element, or sealed contact, with all commutatidoals and wires — on stationary part of the obje¢hen the
master and the actuating elements of sealed cosgasbr are placed together, sealed contact leadscked
under the influence of magnetic field. In this casmsor works in “Security” mode. If these elemests
separate, weakening of magnetic field influencaealed contact is observed, as a result, leadfismennected,
and the sensor turns to “Warning” mode. The amoaofitee distances between the main elements arzibled
in operating instructions of each sensory devidetyprovides stable forming of the above-descriinedes.

The principle of operation of the sensor of bregkglass consists in response to fluctuations with a
frequency in limits 1,5 kHz, which arise when glassaks, or higher frequency in cases when glasstisut by
means of the special tool. If the range of noiset@ios a component, which coincides with a rangglass,
which was damaged, it means that the sensor waatadt In this task as the sensor of breaking gleidisbe
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used the acoustic sensor. When using the acoestsosthe electret microphone will be a sensitleenent. The
signal is amplifies and analyzed by the electr@aiteme.

As a result, it is possible to tell, that the syste hi-tech and represents very reliable deviceirtrease
functionality of security system some sensors fidssible to change. We will consider analogs es¢hsensors
and their principle of action.

Movement-detecting sensor DRM-01 can be used aprédsence sensor. The sensor allows to define the
movement through wooden boards, glass and pladtieement-detecting sensor DRM radiates and acc¢bpts
reflected high-frequency electromagnetic waves witfrequency 5,8 Hz. The sensor defines changékein
reflected waves caused by movement of object inrdralled zone. It is also defines the movemenblgect,
both on approach, and on removal. The movementconé&rolled zone leads to automatic inclusion ghting.
From the moment of inclusion, each movement suppawhtinuous lighting. Only lack of the movementain
controlled zone disconnects time of maintenancéhefincluded lighting. The next movement in a coltd
zone or its absence during counting of the set timo&on time at first. Motion of action allows ugibRM as
presence sensor. After the set time lighting wéll dwitched off automatically. The motion sensosupplied
with the photosensitive automatic breaker whichckdolighting inclusion in the afternoon. The sensor
activated in a verification regime of the movemant readiness for lighting inclusion only after mgeh of
twilight. The consumer by means of a potentiomesar set time of activation of the sensor. In addithere is a
possibility of adjustment of the area of the reviginthe detector in a radius of action of a beaomfi3 to 10 m
(with an installation heightt = 2,5 m), and also adjustment of time of inclusiddighting in the range from 5
seconds up to 12 minutes. Inclusion of the consumesignaled by a luminescence of a green lightitergi
diode. The movement-detecting sensor can work orgams.

Sensor of breaking glass pyronix Break Glass 2001 is-the acoustic sensor of breaking glass i |
intended for detection of destruction of the glamedfaces: breaking glass of windows, show-windows,
partitions. For minimization of false operationsnser of breaking glass pyronix Break Glass 2000s use
microprocessor algorithm of processing of a sigmal HF-LF-components: fixes a characteristic soufd o
withdrawal panes of glass against pressure diftereswing to blow. As a result sensor of breakingsg|
pyronix Break Glass-2000 have the balanced charistiteof reliability of operation and is calculdten work
with the majority of all-widespread types and tiees of glass, including double-glazed windows, tdrapered
and armored glass.

The main particularities of the given sensors &t tthey can provide measurement with a contactless
method.

The sensor of opening/closing of doors or windowhgs to contact type of sensors in this system.
Wireless sensor of opening of a door/window Ajax MWH. is intended for detecting of opening of doors,
windows, hatches, gate, etc [5]. The sensor caneistwo parts — a magnet and the block with seatedact.
The principle of operation of the sensor of operohg door/window is based on properties of a seatetact —
the element that is carrying out current underitifieence of a variation magnetic field. In a notratate, the
magnet and the block with the sealed contact argedl As soon as the door, on which the sensaisialied,
opens — the magnet moves away from a sealed cpotathcts are disconnected angkon ceases to carry out
current. When closing a door there are return m®e® the magnet comes nearer to a sealed cargatdcts
are closed and sealed contact starts carryinguwternt. In both situations, the sensor works asthintly sends
the message on alarm on the central block. Diffexexf the sensor consists in: it is protected fopaning by a
tamper, thanks to special algorithm of energy sawiorks from the battery till five years, respofeseel — 1 cm,
there is a possibility of a choice of logic of wdrkacts only to opening, or both to opening, andidsing).

Increase of reliability of security systems is arual problem. Now in the majority of security atar
systems, both import, and a domestic productionnetgcontact sensors are used (sealed contact)evéow
use of sensors on the basis of effect of the Htadtead of sealed contact promotes increase iabibty of
security system (because of lack of any effectaftact) also allows to realize the security semgitih more
flexible characteristics (adjustable sensitivity).

Now on the basis of Hall effect many firms makefadiént sensors, as for measurement of directly
magnetic induction (teslameters), and for the a&giptiurposes, for example, production automationvéver, in
security sensors not enough attention, even onspafyproducers is paid to use of Hall effect. Issh time
using of the Hall sensors in security systems altmincrease their reliability and flexibility comparison with
traditional magnetic and contact sensors, anddunbre the simple contact.

We will give advantages from using of the Hall s#ssas security sensors, there are:

— default of theclosing-disconnecting contacts;

- higher sensitivity on distance;

—  possibility of adjustment of sensitivity;

- the dime-size that is important for the hiddenaiiation.
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For carrying out tests some versions are choserement-detecting infrared sensors various producers.
When developing the program of tests were consileState All-Union standard (USSR State standard
specification)P 50777-95 (IEC 839-2-6-90) [6]. Tests were caroetion the following items:

— range of action. As “object”, the standard studeas used by weight 70 kg and length X¥5 An
“object” passed across “half line” a way to threetens. Was considered that the device “took” aadist if it
reacted to the object moving with a speed fromt6,3 m/s. Range of steady operation on the violafdhe
protected perimeter at the tested infrared sengassfluctuate in limits from 0,3 to 12 m. It shouid noted that
the maximum range when carrying out experienceser2@dmeters. The probability of detection of thelatior
in the range of 12 — 20 meters made 80% in thisiection it is possible to consider that this distaisn't a
zone of sure operation.

— resistance to an external flare. The movement-tietednfrared sensors has to react only to
emergence in an area of coverage of the persomandotice, for example, “spot of sunlight” or lighf
automobile headlights. For research of this charastic, various sensors were located in the davk dosed
from all directions except a lobby. The beam ofight lamp went to it, but to exclude influenceinfirared part
of a range, on the way of a beam established alealduble-glazed window of firm Rehau. Practicaig
modelled a life situation: operation on the passiag This experiment was made 5 times within 2@sds. All
sensors successfully passed tests as didn't ;earternal excitement.

— resistance to change of the feeding tension froih th8242 V. Fluctuations of mains voltage are
very frequent and in rural areas, and in the ditys, there is a probability of failures in opesatodf IR sensors,
consisting of a sensitive element and an electrbimding. At a supply voltage variation from lowdrfor 15%
to rather standard raised for 15% (220 V) it waaldshed that these changes had no essential irapagork
of a sensitive element of the IR sensor as its {d@dV) was stabilized by the central blosk-04 [1].

Test of sensors of breaking glass were imitatechbgins of fluctuations of the glass jar filled watmall
metal subjects — nuts, screws, washers, etc. Chahffequency of sound vibrations was formed byios
filling of glass capacity, changing amplitude aimde intervals of stirrings.

Also we was made experiment with the sensor of ingériosing of doors. Sealed contact settled down
on doors of laboratory as it is specified in figGre

magnetooperated contact

sealed contact

Fig. 3. Scheme of connection of the sensor of apgaiosing of doors

Experiment was made as follows:

1. The knot with a permanent magnet the sizes of825 mm from nepmamios was established
directly on a door;

2. The module of a sealed contact was fixed on a dagrw

3. When opening a door the distance between a magukes@aled contact increased, the magnetic
energy operating on the module of the sealed cbtitat led to disconnection of contact in the sealentact
decreased. The maximum distance at which else ihershort circuit of the sealed contact exceeth9
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