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UDC 666.972.522
ANALYSIS METHODS FOR DETERMINING CONCRETE WATER

DARYA ZELENKEVICH, ALIAKSANDR YAGUBKIN
Polotsk State University, Belarus

Showing different ways to determine water resigaofcconcrete. Describe their main characteristics
identified positive and negative points. The natesf a new method of determining the water resis¢ of
concrete.

Modern construction is unthinkable without concretebillion m3 per year — that is today the world
volume of its application. This is one of the mpspular building materials, which largely deternsribe level
of civilization. However, concrete — the most sabated artificial composite material which carvéauite
unique properties. It is used in various operatiogditions, in harmony with the environment, hasuatimited
resource base and relatively low cost. To this khba added to high architectural construction egpiveness,
the relative simplicity and availability of techogly, the possibility of widespread use of local raaterials and
disposal of anthropogenic waste during manufaaiyriow energy consumption, environmental, safetg an
reliability. That is why concrete, without a doubtill remain the main structural material in thadeeeable
future.

All this is possible not only to create and magtex production of new types of concrete, but also
significantly expand the range of materials useddnstruction: concrete construction, special, freatlating,
chemically resistant, strain, radiation protectiaads, waterworks, etc. [1].

Concrete mix for making watertight structures h&wdoe prepared from aggregates of dense rock. The
best result is achieved in this case by using dréveequires less water and is well within thexcete mix. For
high-strength concrete structures should be udelleuProperly selected particle size distributiddmaggregates
provides water resistance of concrete. Sand angeg(gravel) alone should have particle size disition
according to GOST 2780-50 and GOST 2781-51 [2, 3].

Professor B.G. Skorotaev the selection of watettigincrete structures proposed increase in sand
content, thereby increasing the density of conciatéhis case, increased connectivity of concreite there are
small water separation and good workability. Ac@ogdto his research, we recommend that the mixaire
aggregates with a high content of sand (45 — 53%%¢. greatest strength of the concrete is achievsehvthe
content of the sand in an amount of 35% in the egape mixture [4].

Need to know that the sand should be of medium &iree sand has a large overall surface area, thus
increasing amount of water required for mixing aete. Close same sand will create a large-sizeésparthe
concrete structure, which is also a negative impadts waterproof.

Also factor in the density of the concrete struetand, consequently, the water leakage is a wataent
ratio. With increasing the amount of cement comcteindle decreases, the density increases, ana lieac
water resistance of the concrete. With the increaswater decreases the strength and water resestah
concrete, so gauging the concrete mix should ta&éetast amount of water.

According to studies to determine the optimal watment ratio, conducted by Professor M.G.
Davidson, for waterproofing concrete mixture shouwddre a water-cement ratio of 0,40 — 0,45 [5].

Type of cement has a significant effect on the wedsistance of concrete. Cements used finer ghind.
this case, the cement paste will have a high wedsistance, which is caused by low water separation
(sedimentation), small and evenly distributed pamed a high degree of hydration [5].

For watertight concrete prof. S.D. Okorokov suggeéghe following sequence of application of various
types of cement, in order to increase the watefpefiect: aluminous cement, Portland cement, paaral
cement, slag cement [6].

The most effective are pozzolana cement and slagice Aluminous cement was also less widely used,
since the water demand of cement, aluminous somehitjaer than portland cement, and is 25 — 28%t iss

3



MATERIALS OF VI JUNIOR RESEARCHERS’ CONFERENCE 2014
Architecture and Civil Engineering

less durable, as compared with Portland cement,maverials for its production is limited, and prise5 — 6
times higher [7].

There are the following methods for determiningaer resistance of concrete:

A method for determining the water resistance afccete, "wet spots”, according to which samples are
attached, and a cylindrical shape is sealed inigpeages, fed in steps of 0.2 MPa water pressareng of the
end surfaces of each sample by holding the presgurach stage for a predetermined time until thergence
on opposite end surfaces of the filter characiesistf these samples in the form of droplets ofewatr wet
spots, and for taking appropriate waterproofingspuee value of 0.2 MPa at a reduced [8].

This method has several disadvantages. The metmadnsiderable complexity, since the tests shioaild
subjected to at least six samples. Unreliabilightiiess samples lead to additional errors and texpéests. Feed
pressure 0.2 MPa stages are very rough and caditiersal systematic errors reaching 10-30 %. Beedios level of
0.2 MPa may be omitted as well as the values ofwditerproof 0.1, 0.3, 0.5, etc. For example, inbEa0.3 MPa
waterproofness by this method must be adoptedrditBeor 0.4 MPa instead of 0.5 MPa — either 0.0.6rMPa.
Tests by this method are very durable - at everyesbf retention time is 16 hours, but in genstath as waterproof
0.8-1 MPa test duration is 7-8 days. In this testhould be conducted around the clock and usimgresive
compression settings, as well as requires thevewwgnt of operators for a long time. The disadwgnta this method
is the use of sample and only a cylindrical shaqaecmly one diameter (150 mm).

Method of rapid determination of water resistanteamcrete in his breathability, whereby the susfa¢
the lower (by hypothesis forming) the ends of tleengles — cylinders or cubes flange mounted camera
vacuumizing device coated with a sealing ring hssmmastic. With said device creating under pressutbe
chamber is not less than 0,064 MPa, determined drpja in vacuum pressure chamber penetration i aér
resistance of concrete and concrete water is datedrby a predetermined calibration relationshipsMeen
water resistance and resistance to air penetratinorete [9].

This method has the following disadvantages:

Used to test samples may have different humiditgt ts a different degree of filling pores with et
which leads to a different strength of concretegbetion of air. Because this deviation of the rueed values
of the waterproof resulting from calibration cumeaches 15-20%. The very same calibration depepdeag an
error of 10 — 15%, as the air is not like watertha appearance of its properties such as surfatsote
viscosity, and thermal expansion.

Establishment of the calibration dependence isig &nd time consuming process, as it requires émgag
the base method [8]. This situation is compoundethb fact that the relationship should not be drrey want
to install as much as controlled concrete compwsiti as the method is supposed to apply calibration
dependence established only for a specific relabetween aggregates and cement in concrete. Thus th
discussion method is not precise enough, and &geuires a preliminary, labor-intensive and tena@suming
tests to establish the calibration dependences Fesult, the total error determination waterprestby this
method is not less than 30%.

A method for determining water resistance of cotesrimcluding water saturation water samples, dyyin
them to constant weight to determine their watesogfition and water resistance to finding tabulatadistical
dependence between water resistance and watepébadd.0].

The disadvantages of this method are the high acgumwhich reaches 40% and a substantial length
thereof, up to 7 days.

High error method is primarily caused by the faettthe water resistance is proportional to thelleay,
and not the total porosity of the material, whidhrresponds to the absorption of water. The totabgity is
generally 1.3 — 1.5 times the capillary. Additidpalf the same capillary volume may be charactdiby a
porosity different pore size distribution and, #fere, various water filtration resistance undersgure, which is
waterproof. This method also does not accounthist t

Considerable duration of the process is due tonéweal for a complete saturation with water sampheks a
their subsequent drying to constant weight (requéet determining water absorption according to GOST
12730.3). Duration of implementation of each ofstheperations is approximately 4 days.

A method for determining water resistance of ceitiem$ materials, which comprises drying the samjde
constant weight, waterproofing their side surfasester saturation, determination of water absonpiod water
resistance calculation in terms of saturation efrttortar and the rate of water absorption of thé [1

The disadvantage of this method is the large emsaching 30%, and increased the duration of its
implementation, reaching 5 days.

The large error in the method is due to the faat tater resistance is proportional to the capilland
not the total porosity of the material, which cepends to both water saturation and water absorfsiee above
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analysis of the previous method). Furthermore, @ditimnal source of error is the saturation of ganple
through an end surface of the sample state andosipowhich is not quite adequate and porositthef material
in the sample. Increased duration of carrying &ig tethod due to the same factors that are listetthe
foregoing assay method.

In Polotsk State University the work on the devetept of a method for determining water resistarfce o
concrete with high marks for waterproof W18 — W8demarks frost resistance F200 — F400 is caonigd
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UDC 666.972.522
CHOICE OF METHOD OF INCREASING THE WATER RESISTANCE OF CONCRETE

DARYA ZELENKEVICH, ALIAKSANDR YAGUBKIN
Polotsk State University, Belarus

The article shows various ways to improve the wagsistance of concrete. Their main features are
described, positive and negative sides are idedtifiays to improve the water resistance of coaarah be
divided into two groups. The first includes actestinvolving the use of different materials forteraroofing.
Without changing the degree of water resistanceouoicrete, it protects against the penetration amgact of
groundwater and process water. The second grougpetial device eliminates the waterproofing layed a
provides for increased water resistance of concrete

The last decades of the twentieth century were athbly significant advances in concrete technoldyy.
those years there were widespread and new moditiersoncrete binders, active mineral additives &ihers,
reinforcing fibers, new technological methods anethnds for building composites. At the turn of trentury
greatly enriched understanding of the structure @nogherties of concrete, the processes of strudtureation,
the opportunity to predict the properties and ctigréstics of the active material management, sssfody
developing computer-aided design of concrete atmhaated process control.

Today a lot of different types of concrete are usethe construction, and the creation of new cetgcr
intensively continues. Concrete is widely used éridential, industrial, hydraulic, energy and othgres of
construction.

Concrete, being the most striking representativa wfider class of materials — construction compessit
hydration hardening projected on the basis of glsimaterial, gives a new impulse to create layetieit-
walled, and other specialized types of buildingatures of the new generation [1].

Concrete has high mechanical properties: durapfiity resistance, easy adaptability to almost fang.
But it also has disadvantages, which primarily tedat watertight. Under the pressure of groundwttere is
usually underground part of industrial, civil andbfic facilities. Seepage of water into structu¢egdraulic
facilities, tanks, pools, tunnels, basements, d&taes) can cause serious consequences. Therefgrepning the
water resistance of concrete is an urgent task.
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Ways to improve the water resistance of concratebeadivided into two groups. The first includeg\ties
involving the use of different materials for wategfing. Without changing the degree of water tasise of concrete,
it protects against the penetration and impactadigdwater and process water. The second groupecfas device
eliminates the waterproofing layer and providesrioreased water resistance of concrete [2].

There are the following main types of waterproofitige painting (from the roll and film materials),
plaster, asphalt and team (made of metal and plasigets and profiles). Found application isolatiast
(insulating material is poured into the insulatedace and fills the gap), impregnation (saturatibithe upper
layer materials) Loose-fill (from hydrophobic powsgand injection (injection into the cracks andwvites of
waterproofing material) [3].

In the last 5 — 10 years for waterproofing civildaimdustrial buildings penetrating materials arteof
used. It has become common practice, both in thetaection and the rebuilding of their health. Wpateofing
materials are on the market for over 15 years dnéh® leading groups of companies takes “Kalmatron”
producing a whole family of penetrating waterpragfimaterials and hydrophobisator NGL-11P.

Protective waterproofing penetrating material “Katnon* consists of Portland cement, dried, purified
and fractionated quartz sand and complex reactimenal supplements.

For “alerting” material “Kalmatron“ requires onlyiring the dry mixture with water in a certain ratio

The principle of operation is based on the intéoacbf water in the presence of the chemicallyvecti
part of the cement (as contained in the “Kalmatrarid the concrete structure to be protected), veimeh
formation of this kind of electrolytic solution wasaturated, which is due to osmotic choke strugbemetrates
the available concrete therein capillaries and pdeven towards the water pressure). And alreadthén
concrete of this solution sparingly grow crystdlattand compacted concrete structure, but notlyigtaling
surface (the film), and sharing existing voids @odes on numerous smaller capillaries.

In any quality concrete have more or fewer non htalt cement (i.e. not entered into the chemical
reactions that result in a crystalline lattice ohcrete). And these unreacted cement grains arak'lirks" of
the lattice, reducing its strength properties. Kathon involves them in a stronger reaction to fanmstals,
thereby increasing the surface layer of concrete.

Kalmatron may be used not only as a protectiveilmgabut also as an additive in concrete and mortar
(cement) mixture to streamline the entire arragaicrete structures (due to complete passage abtigd of
cement). Kalmatron concrete strength increase® B0% increases water resistance for 2 — 3 stegpsakso
increases the cold resistance of 50 cycles.

In addition, all materials family Kalmatron do naintain in their composition components harmful to
human health, which allows their use in contachwlitinking water.

Hydrophobisator NGL-11P (30% solution of sodium Inyétiliconate, NGL analog-11H) is designed to
protect from moisture absorbent porous buildingemals and structures. Composition “NGL-11E" givester
repellency treated materials.

Used for:

— processing materials in the masonry (brick silicateramic brick, concrete, natural stone, etc.) to
protect against water saturation;

— conservation decorative properties of constructioaterials for many years color retention and
technical characteristics of the material reducatemnabsorption by 25 times;

- preventing the occurrence of leaks and efflorese@mcthe surface of ceramic bricks.

The treated surface retains its properties foredrs.

On a constructive solution waterproofing can beglsinor multi-reinforced and unreinforced, with a
protective layer and without ventilated when spager cover communicates with the outside air.

View received waterproofing depends on the requireality, strength, existing groundwater backwater.
Take into account when selecting the required \watefing indoor dryness, fracture designs. Selbosé
materials that best meet the requirements for wedefing, by comparing their performance with thpemting
conditions [3].

Unlike waterproofing associated with high labor ahd cost of not providing the required quality and
durability of construction, waterproof concrete hssrious advantages, causing its wide application i
construction.

To improve the water resistance of concrete thexahee following groups of additives:

- sealing additives;

- hydrophobizing additives;

- plasticizing agents;

- complex additives.
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Packers supplements increase water resistancenofate through the use of water-soluble inorganic o
organic substances. As used mill ground and mirgupplements from fine raw materials granulatedtbla
furnace slag, fly ash and slag FCS. The effectheb¢ additives is mainly to reduce mudding cajstain
concrete, and other leaks section greater than 1thmough which the moisture migrates. Such adestiwhen
soaking swell and clog the pores of the cementestbtineral supplements are considered waste amdftne
cost-effective, but they increase the water resistaf concrete is negligible.

Water-soluble additives, concrete sealing matenmedside the following materials: iron chloride,dsiom
and potassium silicates, calcium nitrate, sodiwmétate, etc. [5].

Most cheap, simple and effective supplement isigalaitrate (NC). At a dosage of 0.5 — 1% by weight
of cement concrete water provides the best intessihe strength development and increases thmaiti
strength of 20 — 30% [6].

Hydrophobic additives — substances imparting hydobjic properties of concrete and reduce water
absorption of concrete [7].

They are adsorbed onto the cement grains in tha fifra thin (monomolecular) layer to form on the
surface a water-repellent film. However, they dffde curing process, contributing to the formatadrcement
with more homogeneous and fine-grained structure.

For water-repellent additives include abietatesliisn oleate, silicone water repellents (NGL), bierm
emulsion, etc.

Complex additives — chemicals that are multi-fumedl activity and containing in its composition tao
more single-component additive [7].

The most used and effective complex supplementsideca comprehensive waterproofing additive
“Mabel” crystal- additive for water-resistant coata Betocrete C-17 (C-17 Betokret (BFAU)).

Work on the technology of water-resistant concoetst is many times cheaper than the device difficul
time consuming and costly waterproofing. This textbgy greatly affects the quality improvement stases
extend their service life, and positively affediet properties of the concrete.

In Polotsk State University carried out the workaomethod to improve the water resistance of caacre
under the brand waterproof W18 — W20.
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UDC 624.012.25
STRENGTH OF MASONRY WITH RETICULAR REINFORCEMENT

ALIAKSANDR KHATKEVICH
Polotsk State University, Belarus

The results of the research of the strength of mgswith transverse reinforcement are given. The
coefficient of the effectiveness of reinforcemart the coefficient of the utilization of armaturee alefined.
New dependence by determination of the durabifithe squeezed elements is offered.

Masonry is a monolithic anisotropic building magériA difficult tension arises in it under the inéince
of loading. It is caused by different strength aledormation characteristics of brick and solutibfasonry is
widely used in the constructions working for congsien. At the same time the increase of durabilityeparate
parts of buildings (columns, walls, etc.) is oftequired. Mesh reinforcing can be used for it.
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The norms [1, 2] are developed in accordance \kighdependences received in the 30-60th of the past
century. They are published since then practicaityhout adjustments [3]. At the same time the piitun
technology of brick and the idea of masonry tensi@ne changed, other types of solutions and reiefoent
appeared. All these facts demand of the specifinadf existing techniques of design and calculation

In Polotsk State University the researches of stwly-deformed condition of masonry with transverse
reinforcement are conducted. The examples indha bf prisms were made from brickwork. The parthe
examples were made as not reinforced, the othémzer reinforced by grids of two types. The gridisType
A" are in the form of a flat spiral; the grids dfype B” are from being crossed cores.

The characteristic of the examples are represéntidb. 1.

Table 1 — Characteristics of the samples

Series Sl Sll Sl SIV SV SViI
Designations K1,K2 | K3,K4,K5 | K6,K7,K8 | K9,K10 | K11,K12,K13 | K14,K15,K16
Brick M150 M150 M150 M200 M200 M200
Solution M75 M75 M75 M75 M75 M75
Type - TypeB TypeA - TypeB TypeA
The percentage dof
reinforcementy , % 0 0,407 0,407 0 0,19 0,19

Tests were conducted in accordance with our progaach taking into account [4]. Longitudinal and
transverse deformation was measured. Stresses iodis of reinforcing mesh were determined.

The character of the destruction of reinforced mas@s identified [5]. Failure occurs in the sheariof
the outer layer and crushing rows of masonry. @ngaA.; was worked in the latter stages, see fig. 1. Steess
in the armature class S500 reached 350MPa. Suciyathe utilization rate: 350/500 = 0.7 (in the mative
documents — 0.6).

s
>

Aetf

) |

Fig. 1. Character of destruction reinforced samplegsion section ot andA4,

A single value of the coefficient of the effectiems of reinforcement of masonri{™ for all types of
brick K = 2 established in [1, 2]K" is 3.8 ... 5.4, calculated by [6] — 10, based[b8], an average of 8
according to the results of experiment. The quamtft“K” was a 3 ... 4 and decreased to 2.2 at 0.8. 1r6% i
experiments of V.A. Kamejko [17]. see fig. 2.

In the calculations of reinforced concrete strussur

— the coefficient K depends on the present of reinforcement, concettength and armature
[8 =10, 11];

- inthe norms [12 46] “K” is assumed to be a single number;

— the percent of reinforcement is defined only faraaof section .

A new dependence for determining the breaking tbad [1, 2] was proposed:

N, = mg(R A ) )
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where m; — the coefficient taking into account the effettamg-acting loads;
¢ — the coefficient of buckling;
R,. R, —the tensile strength of masonry and normatisest@nce of armature, respectively;
K — the coefficient of the effectiveness of reinfament.

K
Biigez [T T T T 1
12
10_, \ —Z | _ I_' m g,\)n,s\\;,l VI — Series SlI, SlII,
F; \ §— —|— approximating line -+ — o1 .
Stfkcd < [ /| | I KC-2, KC-5, KC-8 — [18]
= 2.7-[6]

|
5

6 ‘tIIJ' - o ] B
4 T

7'y =
|4 A05 4uC6| |l c7

—

— | A

aha
KC-8 c3cl

_ 1 X
0 025 05 075 10 125 15 175

Fig. 2. Dependence oK” on U
Comparison of value®N, obtained in an experiment witN, by [1, 2] and (1) is satisfied in tab. 2

Table 2 — Results of calculation

. (N, - N )
Series * R,,MPa | R,, MPa K N, , kN —4 —42100%
A 5 300 2 887 14,1 (18,6)
I, 1 B 4,95 350 3,8...4,9 1033(1090) -
C 5 350 3 1023 1,0 (6,1)
A 4 300 2 930 40,8 (42,5)
V, VI B 4,43 350 5..54 1572 (1617) -
C 4 350 3 1181 24,9 (27,0)

* 4 —mo [1, 2]; B — the experiment result§;— of (1)

Suggested dependence (1) corresponds to the meohamii destruction of masonry with mesh
reinforcement. Calculations according to (1) gieed agreement with experimental results.

It is possible to use new methods of calculatiothwhe development of computer technology. For
example, using the finite element method, we ptanreate finite element models and their comparistosss
state with experimental data. Also we considerdireelopment of methodology for calculating crosgisas of
arbitrary shape and reinforcement using both dajiilin equations external and internal forces, deédion
diagrams, deformation conditions section.
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UDC 711.04
THE FOUR TEMPERAMENTS IN INTERIOR DESIGN

DARYA NAZARKINA, ALIAKSANDRA BARAUKOVA
Polotsk State University, Belarus

Designers and architects pay special attentiorh® psychological type, especially, temperamentreThe
are four human temperaments in psychology. Theg gesat influence on creating the interior for egurson.

Modern interior design — is an amazing art, whielsatibes architectural and artistic building space.
talks about organization and combination of lirdspes, textures, furniture, lighting and coloairoom. As a
result, there is a particular environment of a mamracterized by functional convenience, safeliyate,
comfort and artistic appeal.

Since people spend most of their time in rooms|-desgigned interior plays an important role in eirsy
their psychological comfort. Interior design effeoin productivity, helps save money, provides heatid safety
of people.

For each person concept convenience and comfortddferent. That's why all the interiors are
fundamentally different from each other. They hthair own distinctive features or characteristics.

The first and the most important step in creatmtgrior spaces is the study of the character obtineer,
his preferences, tastes, interests, work, etc.

Definition of temperament is a major factor in singpthe future of the interior from the psycholagic
point of view.

Temperament — a complex of individual personaligtfires of the host.

Only after determining the dominant temperamerthefowner an architect can move to the next shep: t
development of conceptual design.

There are four temperaments in psychology. Theypategmatic, choleric, melancholic, and sanguine.
Each temperament has its own positive and negehiseacteristics.
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Among the positive qualitiese can consider:

melancholic — a tendency to deep feelings and emsiti

phlegmatic — no hasty decisions;

sanguine — responsiveness for any job;

choleric — activity to work.

Of negative qualities we can consider:

melancholic — isolation and shyness;

phlegmatic — excessive tardiness;

sanguine — superficiality, dispersion, inconstancy;

choleric — hasty decisions, irritability, aggressiess.

Temperament — is the outward manifestation of tpe tof higher nervous activity. As a result of
education, self-education the outward manifestati@y be distorted, modified, there is a "disguite true
temperament. There is no so-called "real temperafndihere is a combination of two or even three
temperaments in a man.

The rhythm of activity, speed of movement, relaxatmethods depends on a person’s temperament.
Consequently, the creation and development of enment depends on a person’s temperament too.

Each temperament has its specific manifestatiotisainnterior.

Choleric

Choleric — one of the four types of temperamentmidn choleric temperament can be described as rapid
and abrupt, but at the same time, unbalanced. t€hiperament is characterized by strong, quicklyeappg
feelings clearly reflected in speech, gesturesfacidl expressions.

There is a mixture of several styles in the intedbcholeric apartment. He calmly combines classid
hi-tech, minimalist and country styles in one rooBuch people can go to the experiments and ady rea
bring new parts into their home.

An interior that will smooth and trim choleric stay temperament is the best. It must satisfy craviog
change. The best color is a deep blue color. Thebewation with green will relax and soothe the mstv

The better way is to stick to minimalism. Furnitsteuld be light and capable of transforming (fig.

Choleric prefers all technical achievements. Thae curtains and a chandelier on the remote control
sensor lights and etc.

Choleric likes experiments, including in the des@jrrooms. They can easily paint one wall in a Ibrig
color, so materials are always changed in a room.

Fig. 1. Interior for a choleric

Phlegmatic

We can describe phlegmatic person as slow, imp@hble man with stable aspirations.

Phlegmatic person is one of the four main typeseaiperament. It is characterized by a low level of
mental activity, slowness, and expressionless lfagjaressions.

Stability and peace are two values of the phlegmtgmperament. They are fully reflected in the
character of the interiors. Such person likes thinghich are not subject of fashion trends. Ther&uiniture
from parents or even grandparents in the housélefymatic.

The phlegmatic prefers a classic style. The furaitis durable. All elements of furniture are made o
ecological elements. The interior is solid and eesgble, almost without a change for decade.dbiy, because
of warm colors and natural materials (ceramics, dyaatural stone).
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There are many paintings, books and sculpturesphlegmatic’s house. Each item has its own history
and artistic value (fig. 2).

Fig. 2. Interior for a phlegmatic

Melancholic

Melancholic temperament is one of the four mairesypf temperament. Such person is easily vulnerabl
and weak.

The melancholic is characterized by low levels afntal activity, slowness of movement, speech and
motor restraint. Melancholic feature are high eowdl sensitivity, depth and stability of emotioms low
external expression. Negative emotions are dontnate

The main thing for the melancholic is to avoid stteHe creates an atmosphere of comfort, warmth and
tranquility. Melancholic addictions in interior avery diverse: from classic to modern, from the rigli@avian
style to ethno.

Space and emptiness are not for a melancholic.refers cubbyholes, hidden from other eyes. Here he
can relax and perhaps spend time in the compaolpsé friends.

Typically, melancholic zones space with shelvirggeens or translucent blinds. He prefers softudétl
lighting. There are many carpet floors and softere\(fig. 3).

The most using colors are shades of yellow, ambeért@rracotta. Romantic and sentimental melancholic
has many deferent things with their own historyefehare many photos, children's drawings, souvetuys,
dried flowers in his house. Therefore interior ahalancholic person consists of cupboards, alcamdschests.

Fig. 3. Interior for a melancholic

Sanguine

Person with sanguine temperament is living, movatgerful and jovial. Sanguine is characterized by
high psycho-analytical activity, vigor, efficiencgpeed and liveliness movements, diversity andngsh of
facial expressions, the rapid pace of speech. Samgmotions are mostly positive. They occur rapiahd
quickly replaced. Sanguine person quickly adapteete conditions and rapidly converges with people.
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Sanguine lives brightly, so he paints walls of ieéne in fresh and bright colors: yellow, orangeaon,
red, amber, terracotta. The house of a sanguifélisf joy and energy. There are noisy childreninaals and
guests, the music plays. His apartment is fulliofad light.

Sanguine does not like large furniture and excédsgs. But we cannot say about one stylistic
preference. Maybe, one sanguine prefers the romaitytie, and the other - an extreme. His housaliof air,
light and color. The sanguine person has lot adggknd mirrors that visually expand the space.

In short, a sanguine tends to create bright andomgihg atmosphere in his house.

=

LI
T 1!

Fig. 4. Interior for a sanguine

Thus, knowledge about temperament is widely usechany fields of human activity, especially in the
design. It is clear that unlike people need a cetspy different decor. Interior is a reflection the individual
owner. That is why psychologists and designersmegend paying special attention to the psycholodiga¢ of
the owner, especially his temperament.

Creating a specific interior in his apartment ou$® an architect try to find the point of intetsat of
the two worlds: the world of interiors with theaws, canons, history, and the world of his own lesd taste
preferences. Therefore, experts say that the sdarclhis style" interior is simple and complexthe same
time: decor elements should be in harmony withither world of a man.
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STRENGTH AND DEFORMABILITY OF COMPRESSED CONCRETE E LEMENTS
WITH MECHANICAL CONNECTIONS OF REINFORCING BARS

ALIAKSEI KOZEL, JURIJ POPKOV
Polotsk State University, Belarus

In this research work experimental data of the maedtml properties of armature of mechanical
connections are presented. They ate featured bjcelesimplicity, minimal cost as well as the necegsa
strength.

Results of research obtained from testing connestio full-scale samples - reinforced columns.
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Due to the increasing part of monolithic constmuctiof buildings and structures, as well as the
development of high-rise construction in Belarussiions of docking rebar very relevant and in time.
Consideration of this issue suggests that the argchl butt splice fittings for the last 10 yeaesé found their
place in the monolithic construction in our coundgnyd the CIS.Industry documents that establishireqents
for splicing rebar developed for introduction of ehanical connections in the design and constructibn
buildings of nuclear power plants. Constructionsengsed on most built objects [1].

Currently, there are multiple options for the matbal coupling connections rebar, built on diffaren
principles of force transmission between the dodkaid. The main requirements for methods of joiritings
for their implementation:

— guaranteed reliability of mechanical connection;
minimum cost of connecting element;

— minimum cost to operate the equipment when perfograi connection;

— minimum time to perform a connection.

Evident that to achieve simultaneous full implenagioh of all conditions cannot be [2].

Field of application of mechanical connections exfsm and gets new horizons in the practice of
monolithic construction.

The purpose of this research work is to deterntieenfluence of mechanical butt- joint of armatofea
new construction on strength and deformability @hpressed concrete elements.

As prototypes were made 8 samples of reinforcedrede rectangular columns size 200x200x2000 mm
(fig. 1(a)), manufactured of heavy concrete witleisgth of 33.5 MPa and 45.8 MPa.

200
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Fig. 1 a) Scheme of longitudinal reinforcement ske®polumns; b) construction coupler connection
reinforcement bars:

1 — docked rebarBl 25 S500; 2 — coupling af = 38mm pipe with wall thickness of 4mm; 3 — resin
composition; filler — silica sand; 4 — 3mm diametete

Samples were reinforced with working longitudinainforcement in the form of four rods of 25 mm
diameter grade S500 (At 500C), one type of conarctinds of the rods shown on fig. 2(b). Columnsewer
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tested for central compression. For variable faofaxperimental study was taken location of datat$ in test
samples 3 types of location couplings were useddbrmns:

- four connections at one level;

— four off set connections;

- two connections.

The cross reinforcement of columns performed cunataimps envelopes working longitudinal
reinforcement. Connection of longitudinal reinfar@nt and binding wire clamps performed. At the esfddhe
columns used headroom with end plates welded ttotiggtudinal reinforcement.

This type of device is characterized by simpli@tyd minimal cost of production [3, 4]. Selectiontioé
binder material in the joint part in the form ofetlpolymeric composition based on epoxy resins duthé
possibility to obtain high-strength quick-materiiat a day. Connection length in the initial comliioa is taken
to be 250 mm (10 diameters abutting rods) basetésts tensile samples of compounds with differength
sleeves. With a length of pipe — clutch @5 tests showed stable values gap in median pliatiee @ompound
in efforts relevant interim resistance steel pipe.

All the experimental part of the work carried outhathis type of mechanical coupling. We used rebar
diameter 25mm, smelting 10103 A500SP made by TU-5497-2004, of RUE "Belarusian Steel Works." In
terms of tensile tests on the average yield sttergdt 551 MPa steel, tensile strength 687 MPa, which
corresponds to the requirements of the fixturesc&s00 (A500). Couplings used for the manufactfirgedded
steel pipes produced by JSC Moscow Pipe Plant éRisil made according to GOST 8734-75 , an outer
diameter of 38mm and a wall thickness of 4mm . Bmihner surface of the tube were cut depth prioings
1 - 1.5 mm, to improve adhesion. According to thsults of tensile tests on the mean values of \@kehgth
steel clutch 360MPa, tensile strength 504. Straigrdm was constructed for the main steel rodsstewl sleeve
(fig. 2).

0, MPa
600
0,4=551 ]
7/<¢255500
sleeve
400 0,,=360
200 //
0
0 2 4 6 51107

Fig. 2. Strain diagram of steel rods and steel mpigie couplings

When compressing deformation in the coupling sesticonsiderably smaller deformations abutting rods
at all stages of the load (fig. 3). Explanation fis is the lower intensity of stress on great®iss-sectional
area. In the transition zones at the beginning ermdl of the sleeve is formed deformation gradiesbeiated
with the process of redistribution of stresses etwthe docked and coupling rods. It is in thesasapbserved
bending of the sample at the time of buckling fatueshold compression.

Columns concreting was performed on the basisabdtfk State University. Concrete was made on
PRUE “Novopolotskzhelezobeton” and delivered to tésting laboratory El “PSU” in the form of readyxm
Concreting samples occurred in the laboratory HUP. Concrete mixture compression when laying cetecin
formwork was produced with vibrators.
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Fig. 3. Strain diagram sample butt joint under coeapion (a) and tension (b):
1 — docked rebars; 2 — sleeve;
0 — strain at the level of loading Oi5.,; A — the same with ONj,., + - the same with 0.

Columns prototypes were tested on a hydraulic pp#gsl000. For uniformity of transmission to the
column, immediately prior to the experiment, thadm®om between the columns and press plates laigka of
cement-sand mortar. The load is applied columns gased out stages — 0.1;\delayed 10 minutes.
Transverse and longitudinal deformation of concretee measured at the interface using strain gaageslial
indicators.

Tablel — Characteristics of full-scale sampleslaroos

The prism
No The code Characteristics of the sample Strength Destroying
B sample and the symbol of the longitudinal force, kN
concreteylPa
1 K-1 Control samples without connections 33,5 2100
2 K-2 (*) 45,8 2420
3 K-3 Four connections in the same level 33,5 2140
4 K-4 (x) 45,8 2500
> K5 Fourconnectionswithoffsek) 458 2400
6 K-6 45,8 2490
7 K-7 . 45,8 2450
8 8 Two connections(v) 335 2200

The results of processing of the measurements warstructed graphs showing the dependence of the
relative transverse deformations of concrete cokiofrthe applied load (fig. 4).
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Fig. 4. Relative cross deformation of concreterotqypes columns

— Character of the strain distribution was set altheglength of prototypes couplings and its commlé&an
as a linear displacement relative to the couplodgrabutting. The areas of strain concentratiamgathe length
of the connection were creating.

— Experimental tests of columns with coupling sle@ave possibility to determine the strength of
prototypes columns at the central compression.

- Placing a mechanical connection in the compreseaed did not lead to additional significant strains
in concrete and did not affect the strength, aedetlivere no influence on stiffnessof tested coraretumns.

— The obtained results allow us to recommend newtoactson mechanical connections for practical
application.
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UDC 72 (Architecture); 502/504 (Environmental sciece)

ECOLOGICAL TRENDS IN THE BUILDING INDUSTRY

MALGORZATA SLIWKA
AGH University of Science and Technology, Poland

The article discusses the criteria for environmémrtssessment of buildings and the various methods
of environmental certification. Sustainable buildiis based on the use of environmental technologigsh
as non-waste technologies, low emission technosogie renewable energy sources, reducing of energy
consumption and use of ecological materials.
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The building sector is a sector of the economy,ctvhias a very strong impact on the environment,
among other things; it is responsible for the comstion of 42% of energy and emission of approxiryad&%
of greenhouse gas emissions in the EU. At the sangeconstruction in the EU market is buoyant (16R&DP
and 7% of the workforce), with a high potential fienovation. The implementation of the conceptudtainable
development in the construction industry includegimnmental aspects, social aspects and econoaspaicts.
The chances of improvement in the housing secespansible for 26% of total energy consumption are
substantially higher than in commercial construtti@omprehensively assessing the environmentaldtrgfaa
building, usually shall be taken it impact on th@hancing of the greenhouse effect, the ozone ldgpletion,
consumption of primary energy, water consumptiod avater pollution (eutrophication and acidificafipn
generation of waste and emissions of hazardousasudes and the impact on the local microclimate.

The Assessment of the impact of the building on ¢hgironment is to determine the interaction of
process and environmental and quantify of resouacgisenergy flows charged from environment and techit
into the environment [5].

To assess the impact of the building on the enuiemt throughout the life cycle analysis is used LCA
(Life Cycle Assessment) (Fig. 1).

-

extraction of raw
materials

)

production

W\
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building N—// construction

Fig. 1. Life Cycle Assessment of building

recycling

demolition

In the life cycle analysis of a building the enviroental impact of all stages is considered : etitiac
and processing of raw materials, the manufactupragess, transportation, distribution, design, trocson,
operation and repair, end of life, change the wlayse and re-use of waste. At each of these stagesilding
strongly interferes on the environment, and interiee may have either a negative or positive impglee
overall impact on the environment is determinedtlyy balance of positive and negative impacts. LGA o
buildings can be seen in the context of the analykthe environmental impact of individual buildimaterials.

The longest stage in the life cycle of the buildisdts use. The average person spends 80% offéniis |
building, therefore comfort and indoor environmerg it is very important things. Analyzing the dtabf life,
most often is taken into account criteria such ealth, safety of life, the environment and houssitgation
[niezabitowska]. The quality of the building, acdimg to the POE (Post-Occupancy Evaluation) caxibéeed
in terms of technical quality, functional qualitipehavioral quality and organizational and ecomdnica
effectiveness. By ABSIC (Advanced Building Systelmi®gration Consortium) the quality of the buildingn
be assessed in terms of quality of space, theramafart, air quality nad acoustic and visual quajl;

Among the tools used to assess the quality of tiildihg include:

- REN (Real Estate Standards) — Dutch norm of re@tesconstituting a systematic checklist, that
allows to determine needs through discussions flielipr architects when determining the requirernseott the
investor).

- PBAP & MM (Physical Building Audit Procedures andahitenance Management) — it is the
procedure for checking the physical condition & Building and its maintenance management — expeftiod
for Facility Management in intelligent buildings.

— LCA & LCCA (Life Cycle Analisis & Life Cyclec Cost#nalisis) — analysis of life-cycle costs of the
building, allowing for the evaluation and calcutatiof economic justification of modernization [3, 5
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The implementation of objectives of sustainableedtgyment with regard to construction is reflected
primarily on tightening requirements for thermaguation of external walls and reduce the seasdamand for
energy for heating the building. So every buildihgt meets the criteria for sustainable buildingstrhe, by
definition, energy-efficient building. Criteria fassessment of buildings, in terms of its compkandth the
criteria established for sustainable constructsoshiown in Fig. 2 [4].

SUSTAINABLE
BUILDINGS
CRITERIA
[ environment ] economy | [ living comfort ]
OBJECTIVES
low indoor the functional
reduce resorce reduce durability maintenance vironIental and aestetic
consumption greenhouse gas costs quality e lues

costs in the life
cycle of the
building

Fig. 2. Evaluation criteria for sustainable builgkr4]

For the assessment of buildings in terms of enwiramtal requirements apply multi-criteria evaluation
systems are used. They take into account the impfabuildings on the environment and quality ok libf
residents. The most commonly used systems are BRE&# LEED.

The British system — BREEAM (BRE Environmental Assment Method), which is also used in the
international version, takes into account localdittons and law regulations in each country. BREtKeS into
account many features of the building includingood environment quality, energy efficiency, availi#p of
transport, materials and design, exploitation ampglémentation, water and waste management [1, 2].

LEED (Leadership in Energy and Environmenral Dekign a certification system recognized
internationally. It refers all the parameters, thed most important for buildings and society, asrgy saving,
rational water consumption, reduction of CO2 emissj improved indoor environmental quality, reseurc
management and well-being of inhabitants. The systevery highly flexible and can be used bothasidential
and commercial. LEED is recognized and used througthe world, however, does not seem exam in ¢edpi
climates.

There are also local environmental building assess$systems that are used at national or regienal.|
The German Sustainable Building Certificate — DNGBbased on the concept of integral planning, that
determines the character of the building at thergleg stage. DNGB system considered issues suebasgy,
economics and social quality, technical qualitypgass quality, and the quality of the location. Amahe
environmental certification systems should alsduide a system developed for the European Union — EU
GreenBuilding, Geeen Star (Australia), HQE (Frarao®) the system CASBEE (Japan) [2, 3].

Sustainable development in the building industrgagried out by balancing production and consunmptio
patterns in relation to local conditions, the proimo of sustainable energy management system astdisable
transport system in residential areas. In the yastrs there are many initiatives to promote thatioas of
settlements in the industrial, devastated areds aviisk of biodiversity. Areas for building aredirening to be
treated as a natural resource, which could be tiplén the sustainable building industry, mucleribn is
paid to the protection of the environment, mainjythe energy management (reduction of energy copsam
thermal modernization of buildings, installationRIEES) at all stages of the LCA, the use of lowhon-waste
technology, low carbon emission technology, prompttlean production systems and BAT technologies. |

19



MATERIALS OF VI JUNIOR RESEARCHERS’ CONFERENCE 2014
Architecture and Civil Engineering

order to maintain the quality of products theresed classification and labeling of chemical prdslspecifying

the risks of their use, the marking of constructiwaducts and equipment (in terms of energy consiem@and
eco-design of energy-related equipment, as Eneafpell,. Ecodesign) and their impact on the envirorir(teco-
label). Implementation of the concept of sustaieat#velopment in the building industry should becpded by
legislative procedure, adapting national legistatand national strategies related to constructey) €nergy,
environmental protection, sustainable developménattegyy), as well as a comprehensive examinatiothef
environmental problems in the legislation, plannamgd management. The implementation of the economic
criteria should be based on the develop of econ@mit ecological account system , efficient usewvailable
economic instruments and market conditions, sucheagreen procurement, green tax reform, grees [jblb].
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UDC 691-405
MODELLING OF THE BASIS OF SOIL OF VARIOUS RIGIDITY

MIKITA AVERCHANKO, DZMITRY SHABANAU
Polotsk State University, Belarus

The model of the basis of soil of various rigiditiyich provides rigid structure is offered and regeats a
monolith which doesn't give in to shrinkage. laisimportant factor for design of highways as thebtem of
shrinkage of the basis &ctual today. For a thorough assessment of soilhawee to go deep into structure of a
monolith, into its packing, and also consider boaies steam channels.

In one of his books the American scientist JamedMatson not without humor and a fair share of
sarcasm tells about, how he together with BritistnBis G. Shout and Maurice X. F.Uilkinsom opertegcsure
of a gene spiral. These three scientists receivedNbbel Prize in 1962 for this discovery. If tast Watson, he
carried out the most part of time in search of gatlements and only sometimes for own pleasurectftd on
how to construct gene model of small balls. The tesnsisted in that, knowing approximate number and
sequence of an arrangement of atoms in DNA moletaleonstruct its model of balls and cores. Thesiof
balls in model corresponded to the extent of atonl8NA molecule. Their work which has become noweada
classical, — a striking example of how, playinddat is possible to get the Nobel Prize.

In a chain of reasoning about the most dense spatiquickings somebody was come, probably, to mind
by thought that such pickings are capable to arigeonly by careful laying of atoms one to one, blgo is
casual. For the sake of experience it would beiples® take a box with spheres, to shake it prigpend then
to investigate packing structure. Such experimésu aas carried out. However, thus, the densestipgof
spheres with volume filling in 74% never turned,aigually density of packing made about 60%. thsious,
that crystals get the structure not in a random,vaaig there is some regularity. Not by gift a papag with
peas or grain it is always used only for 50 — 6G%e volume.

Fritz Laves investigated the Dutch crystallographejuestion of what most friable (least dense) ipgck
of atoms, in general possible in crystals. It afiirhas to be constructed so that some atoms thekess
adjoined among them, differently there won't beedbl be a firm body. Laves came to a lattice wittumne
filling to 5,5%. However in the nature, apparentiych crystals don't exist.

After scientists understood a structure of crysthéy undertook determination of their theoretiahbility. It in
principle is very simple. Between atoms the comeatian forces which size with a sufficient accuricgstablished by
physics of a firm body work. From such private é&mcnaturally very small, there are general totaes. Wish to break
off someone a metal crystal and it should overdbiese total forces of communication.
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Whether it so means, what the theory of forces ahmunication in crystals is incorrect? Some
generations of researchers reflected over this tipmesCalculations and experiments validated thesori
However packing of crystals, alas, isn't so fasft/eas in a case with our balls for Ping-Pong. Aeck too it is
found out that though the nature is in general tonged symmetrically, in trifles it allows deviatis.

All our crystals contain defects, or as tell crilsigraphers, dislocations. Theoretically theseatiations
reduce the possible durability of crystals morenthg 90%. Now we already learned to grow up qoiteearly
the faultless crystals, which durability 10 timesrmvalues, than at earlier known materials. Unfuately, such
crystals are very insignificant. Once you grow hpmh larger, again there are defects. In equipmienitas
faultless high-strength crystals of metals or carball threadlike. There is no doubt that in theef®eable
future it will be possible to create methods ofdarction of faultless materials of the big sizes.

Nevertheless we can state the following: time ial rerystals symmetry “up to the last atom” isn't
maintained, it is impossible to use the theoretigdlies of durability calculated for ideal crystads soon as the
problem of creation of faultless materials commahgj our bridges, railway cars, cranes and wilsbéed [1].

To reproduce static work of the model similar torkvof a construction in nature in experiment, it is
necessary that materials of models of separats ph# construction and the basis had the sanmeohtigidity
that willows to nature. Rigidity of rocky materiadsd concrete in calculations can be estimatedzes ©f their
modules of elasticity of E. Sledovatelno, it is @ssary to apply materials to separate parts of moide
construction and its basis, the ratio of which medwf elasticity would be approximately same, @il as in
nature. For example, if the module of elasticityttod rock appears twice less, than at concretsadel of the
basis it is necessary to use a material with thstieity module twice smaller, than at a materfaimodel of a
construction. Existence in the basis of layers fromterials with various mechanical characterisiigs
reproduced on model materials of various pliahility

Thickness of model of the basis on each site imiapgd proportional to a ratio of modules of eleisi
of materials of considered sites of model.

On model the part of the basis of a constructiortaled “an active zone” outside which tension and
deformations of the basis it is insignificant canrbproduced only are small [2].

On picture 1 (a, b) the continuous line showecetii@ries of change of dimensionless ordinates intpo
1 and 3. At cyclic loading unloading in a static deoof the loading, carried out within work of basis
redistribution of contact tension with a tendendysmoothing of a fornvmropsr and its approach to more
uniform is observed.

The ordinate of distribution diagram in each cheastic point has the main branch of change (the
continuous line on rice 1, a, b), defined by bebawif basis at the first loading. At repeated logdi change of
ordinate is characterized by a redistribution brafacdotted line on fig. 1, a, b).
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Regularities of change intense the deformed canditf the basis at the first and repeated loadings
testifies that as theoretical model of the incohersil environment it is necessary to accept maxfean
elastoplastic bodies with hardening. As justifioatthe following features serve:

a) the schedule form a precipitation of the basishiaracteristic for deformations of an elastopldsddy
with hardening;

b) there is no unambiguous communication betweersitte of external loading, the contact tensionand
basis precipitation to the same average presswe te basiscp there can correspond an uncountable set of
values a deposit. (fig. k) and ordinates distribution diagram contact temgifag. 1, a, b), depending on
background of loading.

The solution of a problem of increase of durabilihe primer concrete of massifs and reliability of
antifiltering veils at development of undergroungase, their stability at various aggressive inflen
possibility of management of curing process in to@ditions of low positive and negative temperatuiie
reached by use of impregnating compositions orbsés of the fine mineral knitting. The analysighu world
market of construction materials showed that reagifine mineral compositions by a way of air sep@n the
ground mineral components can be previously the effective solution of objectives.

Theoretically also possibility of increase of pltysiechanical properties of soil and defective
underground parts by impregnation by the nanomediiuspensions on the basis of fine knitting wittiza of
grains from 0,2 to 6 microns is experimentally @dv The colloidal solutions which were formed tlassa
result of hydration with a size of particles of 180 nanometers, have high level of superficiatgynand serve
as the crystallization centers as on a surfacéeais space of an inject material, and in steamespeamoting
formation of the crystal joint consisting of hydsosilicate of various basicity, hydrous silicatecafcium, Sa
(IT) 2, hydro aluminum sulfate and hydro sulfatécitan. Thus, the main volume of products of hydratis
presented by gel structure in which dispersive ehasecyomukpokpu-cramisl calcium hydro silicates [3].

Wells of 1 (fig. 2) drill from two parties of a rdébed 2. In the course of drilling the polymericphed
upsetting pipe 3 through which the polymeric stioetforming with strengthened soil cylinders 4 ésced
under pressure is inserted into a well. Couplegails are drilled from one point to the right andthe left at an
angle, for example 45°, to an axis at distance fe@oh other, for example 4 m. The distance choéted®en
wells is defined by need to provide uniform distiion of forced polymeric structure under all stggrened
platform of a cloth. The spatial design consistifigwo lattices is as a result created [4].
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On these researches we created the option of mddeh consists of packing of spheres through which
time there passes a concrete mix and the monéitith3) is created.

LLlebeHOYHOE OCHOBaHWe

MOHOIUTHBIN FPYHT I

Fig. 3. Model of packing of spheres

We created the road which meets the requiremenitshwie put before ourselves. Namely: to create soil
of various rigidity, to create the monolithic basisd the main thing, the road which can be apphedesign
presently (fig. 4).

Fig. 4. Highway

Modeling of the bases of soil of various rigidigpresents process of creation of the nonshrinlsingng
highway which can come instead of existing roadsthA basis we have soil and rubble which proviigidity
of the basis and above we use a mix which represssit of various layers. In our opinion, such saherh
design of the highway is successful and it willused in practice.
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UDC 72.03

THE HOLY EPIPHANY MONASTERY

SERAFIM SHAROKH, RAISA PLATONOVA
Polotsk State University, Belarus

Polotsk, one of the oldest cities in Eastern Eurapé Belarus, was first mentioned in the annal862.
The Principality of Polotsk was one of the biggslstvic states, which became a center for the dpwednt of
crafts and culture and occupied an important ge@iniaal position on the route “from the Varangiarsthe
Greeks". However, in spite of numerous historidadcks, Polotsk was and remains one of the mainumllt
cities of Belarus.

The Holy Epiphany Monastery is located in the cenféPolotsk, on the right bank of the Western Rvin
It includes the Holy Epiphany Cathedral and a dweglhouse [1].

In 1582 the king Stephen Bathory gave two areast$obuilding and exempted it from taxes. It was
originally a wooden structure. The Holy Epiphany Mstery obeyed the Kiev Metropolitanate and the
Patriarch of Constantinople. The Monastery was apga as an orthodox one by the diploma of Wladyslaw
IV in 1633 [2 - 3].

In June 1683 the city was on fire. As a result, rti@nastery suffered too. After another fire in 1L7&i&
Holy Epiphany Cathedral was built of stone from 176 1779.

Today the Holy Epiphany Church is a building havin@reek cross in its plan, one apse and two single
stage towers on the west facade (fig. 1). The Ghigcompleted by a high light drum with a sphdritame,
topped with a faceted lantern. The facade towerda@ped with the same elements in smaller sizdbés the
northern tower was a belfry. There is a choir ggllwith a forged decorative fence in the westerrt pathe
church above the entrance. The walls, the towedstha facets of the lantern are cut with high séwcudar
window openings. The interior is lit by two rang#svindows. In the center four massive square ngilupport
the arches, the brattice and bear the sphericatduith a lantern.

Fig. 1. The Holy Epiphany Cathedral

After her visit to Polotsk in 1780, Catherine llaglated some funds to streamline the monastery7 82
the famous architect Giacomo Quarenghi designegrbiect, according to which it was planned to ageathe
composition of a group of buildings along Nizhnemmskaya street. In the early 2@entury there were
28 monks in the monastery. During the years of &gqower there was a gym in the church. Afterétgaration
in 1981, the Holy Epiphany Church was an art gglfer almost 10 years. In 1991, the church was adraler
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to the Orthodox diocese and it is now the cathedfalhe Diocese of Polotsk — Glubokoe. The Epiphany
Monastery was founded in the 16th century and fanynyears it became a major center of Orthodoxy in
Polotsk. The training and education, carried oetrdhwere not only religious by its nature. Childef the
orthodox gentry, clergy, artisans and merchantdietithe Slavic, Greek and Latin languages, singinetoric,
arithmetic. There was a so-called school theatdeuthe brethren's school. The Brotherhood didaihio be
inferior in anything to the Jesuit college and wadng to compete with it in the education and fation of
Polotsk youth. In the second half of the XVII cagt&imeon of Polotsk worked as a teacher in théhbea'’s
school under the monastery.

The monastery building is L-shaped (fig. 2). In éast wing there were the monks' cells, the Father
Superior’s room, in the angular part of the buitdithere were two winter churches dedicated to &th&ine
and to St. Euphrosinya. The monastery complex v8 mmnument of Baroque architecture with some elésmen
of classicism. It is supposed that the projecheffamous St. Petersburg architect Giacomo Quarsvagiused
during its construction in the XVificentury.

Fig. 2. Monastery building

Today this former brethren’s building is now hogsthe Polotsk museum of Belarusian printing and the
Museum-Library of Simeon of Polotsk. The museuremtiosts the readers' conferences and organizemgzee
with Belarusian writers [4 — 5].

The Holy Epiphany Monastery has a tragic historgs lexperienced countless fires, rearrangements,
attacks from the Jesuits and non-believers, wasilte\nd no matter what, even now, in the*2&ntury, The
Epiphany Monastery is not only a valuable histdrioanument, but also a spiritual center of Pol@sk of the
whole country.
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CALCULATING THE STRENTH OF THE LIFTING ASSEMBLY
IN NON-FORMING MOULDING SLABS WITH MOUNTING TABS AT THE ENDS OF PRODUCT

ARTHUR HIL, VENEDIKT GRINEV
Polotsk State University, Belarus

The calculations of the strength of the liftingemsbly are made for non-forming moulding slabs
installation of mounting tabs into the ends of greduct. The data are obtained on the strengthheflifting
unit, the required diameter of the hinge pin, thiedth of the anchoring loop.

Non-forming molding technology of hollow floor sidoes not provide for the installation of mountigges
and fixings. This caused some difficulties whenlgipg such types of slabs due to lack at many cocsbn sites of
special traverse equipped with carrying devicedifiimg, transportation and assembly. There angoua ways to
install mounting tabs into such slabs. The pedtyiaf these methods is that the mounting tabsirstlled into
freshly molded products while providing for uppkabsplane collapse at loop installation sites.

Study of these problems led to the conclusion abwipossibility to make mounting tabs with unitate
anchors and to place them in the slab voids aeths of products [1, p. 69]. The developed solutmplace
mounting hinges at the ends of products has beéenteal. Lifting assembly design is a mounting loop
embedded in monolithic concrete in the hollow clemt the slab end (Fig. 1).
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Fig. 1. Installation scheme of one-sided anchopiloo
1 — hollow slab; 2 — void (channel); 3 — partitidn:- loop with unilateral anchors;
5 —reinforced concrete; 6 — extreme rib; 7 — medith

For the application of the developed version afghg further slab field testing are required wsilrch
loops at the ends of products. Before proceedirfgltscale research it is necessary to calculagestrength of
the lifting assembly which will include the selaxtiof the diameter of the hinge pin, loop anchotienggth
calculation and determination of the carrying céyaaf the lifting assembly.

Selection of the diameter of the hinge pin is penied by the method described in [2, p. 86]. Acaugdi
to this method, the weight when lifting the struetean be passed to three loops. Load on a siogfe taking
into account the maximum allowable angle of sliag®J (1/sin48 = 1/0.707 = 1.4) is equal to:

N=G1.4/3 1)

Weight of a slab as long as Mm2(a slab of exactly this length is planned to kstet@ in the future) is
equal to 2,64&g (26.4kN), and hence the load on one loop will be;

N =26400001.4/3= 123 H

Given that the dynamic factor when lifting is 1@dahat efforts are accepted by one branch ofdbp,|
the section will be determined using the followagation:

A =1.4IN /R, @)
A =1.401232/218& 0.79/
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The selected diameter of the hinge pin isvi@, reinforcement class is S240 (= 1.18f).

Determination of the length of anchoring loop vk done on the basis of the methods of concrete
fracture mechanics [3, p. 13], where, along with ¢bncrete strength the aggregate size, thickrfedbe product
and the distance to the edge or opening, as wedpasific designs for strapping are taken into antd3, p.
119]. Seeding depth (anchoring) of a loop [3, p]1BObe lifted M) is determined basing on possible panel
destruction due to concrete puncturing:

Lo =[N/ (1.2500K )], 3)

where J/4 — the dynamic factor equal to 1.8 — lifting loop factor, @& = 0.92; h — member panel thickness
(0.22m); K, —the calculated value of the critical stressrisity factor equal to, determined from table 7.3 [3
p. 120 ;7 — the coefficient is equal to 1, taking into acabihe ratio of the distance between the detailthrd

edge of the produdd to the depth of embedment pattsdetermined from table 7.4 [3 c. 12INjp — normative
load on the item (weight is passed to three loops).
Thus regulatory load on the item will equal:

N,=26.4/3= 8.8H = 0,008%H
Bearing this load in mind, anchoring loop lengthi tvé:

|, =((0.008811.5)/ (1.26] 0.92 0.2Z2 04 1)y 0.0i6

Loop termination length is accepted as 24, since the length of anchorage must be at leaktdttsl at
least 250mm([4, p. 54].

We define the carrying capacity of the lifting asbdy. Mounting loads affecting the loop at the node
from the slab in the absence of shear reinforcenfienhon-forming moulding slabs only longitudinatep
stressed reinforcement is provided) are acceptgdipnthe concrete of tension intervoid ribs [5,14.3]. For
sealing of mounting tabs inside hollow channelsimmally assume the same concrete as for C25/30ssl
Sealing concrete function is as follows: to prevemunting tabs from extension and slipping undex th
mounting loads [5, p. 114].

Determination of the strength of the load-carryimit will be done basing on the same procedure byed
Belevich V.N. in 2009 for the calculation of theatbcarrying unit with spatial loops for slabs mamfeline
«Weiler Italia» [5, p. 115]. Minimum load bearingpacity of the lifting unit can be determined bg gtrength
of concrete of two closest to the loop intervolasron the axial extension from the condition:

F = A\:,eff cht ! (4)

whereF — load on the product lifting assembl; . — sectional area of concrete of slab intervoid @ibs
mounting tab sitef,; — concrete resistance to axial tension ofMF&.
Calculated effective area of the concrete of stédrvoid ribs is conditionally equal to:

A\:,eff = 2br|s ! (5)

whereb, — intervoid rib width, equal to 4im I — the projected length of the mounting tab accaydnthe
calculations performed, equal to 256n
Thus the minimum load capacity of the unit will be:

F =204#1P501.8 36.84

Given that the load from the slab is transferredhi@e loops and, respectively, three lifting unite
total carrying capacity of lifting devices whertiliig a slab is equal to 110KN. This strength is enough. For
testing we use the following calculation results:

— assembly loop] 12, S240 A, =1.131cn);
— planting depth is 25m
— loop sealing concrete is C25/30.
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INNOVATIVE MODERNIZATION IN HEATING AND AIR SUPPLY  OF LOFT BUILDINGS
WITH HINGED VENTILATED FACADE SYSTEMS CONDUCTING LI GHT

SVETLANA LANKOVICH, VLADIMIR LIPKO
Polotsk State University, Belarus

Research refers to the technique of heating antilatem and is proposed for use in the town- piagrindustry
for energy- and resource- saving of heating andigply to buildings with modern warm attics andkiaged transparent
facade systems.

In all kinds of energy transformation at presertehese of the imperfection of the technological psses
to final consumption is lost over 60% of the poi@nenergy resources used. Energy-saving priorigsesf
particular significance for countries importersfuél-energy resources, and the Republic of Belaktighe State
level in recent years adopted a series of measoreshance the energy saving mode. Developed gyl
the State program for energy development and enawggervation for the near term, the Cabinet ofistans
established the Committee on energy efficiencyematgy oversight, a number of fundamental decisiomed
at strengthening the work in the national econoamehergy efficiency.

The largest consumers of energy in the RepubliBadérus, with its temperate climate after industria
facilities are the engineering systems of buildjnghere heat supply and ventilation spent about 36%ll
kinds of solid, liquid and gaseous fuels, which iseavy burden for the economy of the entire natienonomic
complex of the country. On the basis of the abtwe scientific and technical development in thédfigf energy
saving are relevant and a priority.

In practice, urban planning widely use attics ifnldings. Some functional and structural charactiess
can be named: warm, ventilated and cold.

Warm attics are intermediate sectional extractibB-d cameras, which offer all of the exhaust cledsin
organized system and exhaust ventilation locatékinvone section of the building, followed by themoval of
the warm exhaust air via a separate sectional sttafthe atmosphere.

In ventilated attics exhaust channels are also d@pesectional volumes of attics, but instead separa
sectional shaft to remove air in the atmosphereutin the ventilation openings in the side opposaés of the
attic through cross-ventilation.

In buildings with cool verandas all exhaust pipepasate transit pass through volumes of atticsesamid
warm air through individual shaft directly into themosphere.

When garret buildings for a warm and ventilateetattinder the influence of the bias, the pulsatingg
pressure due to the difference of the aerodynamgsspres on the windward side and the facade vsalele
formation of garret volumes, pressure increasechvis effect of reverse circulation or “rolloveréntilation,
exhaust ventilation or completely off or converiatb intake with air exchanges and regulated miormate
parameters of ventilated premises. In cold attigaized air exchanges is more resistant, butl thalgarrets
of buildings the main drawback is the warm exhairsemission into the atmosphere without prior ctida of
the heat consumption for heating outdoor cold ialeheating systems through infiltration.
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Photoconductive ventilated facade systems withgaip not only provide excellent appearance of
buildings for years to protect enclosures from mdéclimatic influences of humidity and low tempgrres, but
also significantly increase their heat-shieldingreltteristics.

Energy efficiency, adaptability, durability, relisy and respectability of hinged ventilated trament
systems evaluated by the builders and operatobwitifings of various purposes in all civilized ctigs of the
world and, since the 90's, are widely used inmdanning and reconstruction of old buildings [1].

Solar energy [2] in the form of direct and diffuseliation influences the building, equipped withiaged
ventilated light noise facade systems in such a thay the capacity of conventional silicate glemgatie almost
completely passed through a the rays heat enertheispectrum of visible light wavelengths, 38050 hm and
infrared optical zone of the solar spectrum witlvelangth within the 750 — 2500 NM, all this warngiperceived by
external surfaces of enclosing constructions whibkn heated become secondary sources of thermalyenethe
form of infrared radiation with wavelengths fronb 7o 14 mm. For radiation with a wavelength rangerdinary
glass becomes a screen, because its transmisbioited by the wavelength of about 5 mm.

So the radiant energy of the Sun under the infieleot greenhouse effect convertible into heat, the
accumulated air which is in the slot area, limitédged ventilated of light-transparent the facadd the outer
surfaces of the building envelope, causing it tathg. When heated air rises, its temperature aocedses the
density that promotes the movement of the forcegrafity from the bottom up, giving the effect cdtaral air
circulation.

Outside air that fills the slot channel simultanrglguaccumulates not only heat from solar radiation
coming through the front system from the outsidet Wwarmth, lost transmission building through eiter
fencing from the inner side of the slotted feed oy during daylight hours, and 24 hours a dapulghout the
heating season.

On the basis of the foregoing, it is appropriat@bolish the high quality energy efficiency fenattm
hinged ventilated facade systems

Completed staircase-lift volume, usually placeddasbuildings and occupy up to 20% of the heated
space, is not binding, as in the heating periodehants are in them in warm clothing.

By design completed staircase-lift volumes of hige- buildings represent a huge shaft, verticatipas
through the entire building, constantly openingthgh exterior entry doors from below into the atpiese, and
are also linked to the atmosphere through the machispace elevators and reinforced ventilatioepiwith a
diameter of 500 mm with deflectors from remove delsiystems. Such constructive solutions to builsling
violate aerodynamic and powerful rising air strefliat arises under the influence of the force oWigyanot
only blows, but also disrupts the operation of ilatibn systems, causing it to “rollover”.

Under the current regulatory framework in the resithl buildings to remove exhaust air is organized
through volumes of kitchens,y = 90 m/h of toilets and bathroomis,q = 25 ni/h and for combined toilets in
Lua = 50 ni/h.

The driving force of airflow in ventilation vertit&xhaust pipe (mine) is the gravitational pressure
whose value is estimated (by) of the expression:

Py =hg(p, —p,) . @)

whereh — is the excess of the mouth of the canal ablowertiddle exhaust grilles, m;

g — is gravitational acceleration, /s

pv — density of air inside the ventilated premisegnk;

pn — density of air inside the ventilated premisegnk.

Braking force of the air flow in the channel (ming)the aerodynamic resistance, which includesidiic
pressure loss of length and local resistance adetesmined by the formula:

S=>(RIMB+ 2), 2)
A E_PV_Z . . . . : -
whereR=— — is the resistance to movement of the air flogida the channel (mines) from the friction of

the surface roughness of the walls, Pa/m$
| — length conductive air channel (duct, mines), m;
B — wall pipe roughness coefficient (mines, air);
A\ — drag coefficient of friction;
d — channel diameter, m;
v — velocity of air movement in the channel, m/s;
p — air density in kg/m.
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The resistance coefficient of friction is deterndri®y the formula:

0,25
A= 0,11[€ﬁ+@j , 3)
d Re

whereK, — is the absolute equivalent roughness of theasardf the pipe (duct), m;
d — duct diameter, mm;
v — velocity of air flow in the duct, m/s;

Re:@ — Reynolds number;
v

v — is the kinematic viscosity of air (temperaturependent, for ventilation whek, = 20°C,
v =12,59110° n¥/s).

As the basic prerequisite for sustainable operatfonatural ventilation is significant excess (mtmnan
10%) magnitude of the gravitational pressure oRh@ver the forces of air motion resistar®m real variables
operating systems, this condition is almost notteaespecially for the upper floors of high-risglthings in the
approximation of external and internal temperatuassn the formula (1) value of h is minimizeddahe value

(pn —pv)generally tends to zero. In these real world camakt of natural ventilation does not work with af

the negative effects of the gas, water, reducedtdatding properties of exterior fencing, moulditing wooden
structures, destruction of finishing materials &mallike.

Thus, the regime organized the aerodynamic veiatilaif residential buildings excludes the unorgadiz
flow of external air in ventilated premises througfiltration and the creation of a compulsory rigary air
exchange on sanitary-hygienic requirements.

Based on the above, the main conclusion is thatiéisggn and construction of residential buildingghw
external enclosures with increased thermal insaiagind tightness, that in the conditions of conterary urban
development is required, preferably use organizidgf outdoor ventilation air inlet, structurallynd
methodically set out in papers [1-22] using theedateffective energy technology, waste energy regov
recovery of assimilating low heat emissions andirghisources of solar radiation and wind energy.

In order to reduce material and energy spent orsihguand garret heat and power supply public
buildings using ventilated translucent systems iregua functional modernization of warm attics with
converting them from intermediate bulk section extasent chambers for removing the warm exhaudbdine
atmosphere through the sectional extraction mimtila&ion air volume camera technology to capturevjpusly
heated in slot conductive air channels formed mgéil ventilated conducting light facade systemseaternal
vertical structures, protecting outdoor ventilatiain inlet and then serving it via "tube inside thentilated
premises.

Energy efficiency technological scheme heatingaanslpply loft buildings with external enclosuvéth increased
thermal insulation and tightness, hinged ventilataoducting light systems and upgraded warm vegasdaresented on
Fig. 1, which shows a fragment of the attic oftibiding with a regenerative device influx-and-agtrventilation, proposed
for implementation in urban planning practice.

Regenerative device and exhaust ventilation of khiéding includes a vertical air guide channel 1,
formed translucent hinged facade 2 and the outémcriof the external load-bearing design 3 antbboslotted
hole 4 the whole width of the facade 2 for frestake of external air, and at the top of the opandtie warm
attic 5. In the warm attic 5 is a central platettea@hange 6 with four ports:

- inlet first opened in volume 7 of the warm attic 5;

- another nozzle 8 is connected with vertical sucdorduct chassis 9, to which are attached ther floo
flat horizontal ventilation ducting 10 with adjuta grates for airflow 11;

- the third tube 12 connected with vertical exhauisdact chassis13, to which are attached the floor
flat horizontal exhaust ducting 14 with adjustadplates 15 to remove air from the ventilation of pinemises;

- the fourth tube 16 compounds from shafted 17 whiels reported to the atmosphere from above
through roof fan 18 or 19 the air valve.

Works regenerating device and exhaust ventilatiofodows.

Fresh outdoor air under the influence of the natyravitational pressure or by forced circulatiammes
out from the bottom through the slotted hole in #ieGuide 4 channel 1, which is a preview of héated
through a hinged ventilated facade light transpaPetirough direct and diffuse solar radiation dgrthe day
and through the outer surfaces of enclosing coctétns 3 constantly day and night during the hegpieriod,
foregone the transmission of heat. Outdoor aithi air Guide Channel 1 enters from the bottom tiinotine
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slotted hole 4, and the top opens in warm atticw@ 5, which also sees the lost building transimisgiarmth
through the ceiling of the top floor, as well asedt and scattered solar radiation through a tapaoaarm attic
5. In the warm attic 5 pre heated inlet ventilat@ninlet 7 passes through the Central plate & éeehanger,
which selects the heat of the exhaust air vent,eamers through pipe 8 in vertical supply air dctontinue on
experiencing horizontal venting the air ducts tlgtod 0 through the adjustable grilles for air flolv domes in
ventilated premises from which the warm exhaustsaiemoved through adjustable grille 15 floor apemnt
horizontal exhaust ductwork 14 vertical exhaustt dwse 12, 13 operation 6, 16, 17 shaft tube, &aprll9 the
air valve to the atmosphere.

18
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Fig. 1. Regenerative device and exhaust ventildiighling

Vertical supply air duct and exhaust air duct eaftd, 13 to have a common wall, 20, is transit bgahange
between suction and exhaust airincreasing effecaaivery and increasing the thermal efficiencihefentire system
of heat and air supply buildings increased themsalation and tightness.

To ensure effective summer operating mode in otdeavoid overheating the building under the
influence of solar radiation at the top of the pgmnducting air, 1 provided 21 adjusting device clihtloses,
and the air valve opens the 22 that creates ailingpmode of irradiated by the Sun outdoor enclesuwith
hinged ventilated facade systems to skip.

Analyzing and summarizing the results of the exegutvo State scientific and technical programs GTIN
1.5.159 “to develop and implement energy savingenes and technologies in the construction andatjon of
buildings and structures and the GTIN 4.02.08". “Geate and introduce new materials, technologres a
design system for resource savings, homes, reduesaurce and energy consumption during the cartgiru
and operation of housing”, and based on many y&atseoretical, experimental and patent researclitiyear
survey of the existing housing stock with the bestld experience and achievements of science artmhtdogy
in the area of housing are justified the proposedvations.

In order to create a favourable and comfortableraaiomate of dwellings with a minimum of material
and energy, achieving a significant reduction ia donsumption of thermal energy in the urban seatdhe
economy requires the following changes to buildingth external enclosures with increased thermsililiation
and tightness, used for mass housing developmegiéimo

1 Completed staircase-lift in a spatial volume of khélding is necessary to make inside the building
position adjacent to the Northern face milling acdde without heating as tenants in the heatirigdoare in warm
clothes and use it as a platform.

31



MATERIALS OF VI JUNIOR RESEARCHERS’ CONFERENCE 2014
Architecture and Civil Engineering

2 A warm attic functionally modernized with the triomsation of its volumetric of the exhaust chamtaer
remove warm air into the atmosphere in large intgational camera to gather pre heated outdodr &iedlower and
then heated in recuperate with heat of exhaust air.

3. Use the external decoration of the building vestilacurtain facade system, which not only imprdwe t
aesthetic appearance of buildings, but for yearsitimize the heat power for spending when thegiatation at the
expense of the greenhouse effect.

4. In order to significantly reduce energy consumptioeat buildings recommend for wide introduction in
practice of authentic urban development of regémerdevices supply and exhaust ventilation underpatent of the
Republic of Belarus using the latest energy-efficend resource-efficient technologies, a thregestgheme of waste
energy recovery, recovery of assimilating low legaissions and using the natural heat of solar gnerg
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UDK 69.04
METHOD OF CALCULATING SPACE OF MULTISUPPORTS CONSTR UCTION

YAUHENI PUKHAU, VALENTIN KISELEV
Polotsk State University, Belarus

This paper presents a) the method of calculatiothefspatial multisupport construction.

Two-moment bending torsion theory together with thethods of construction mechanics makes it
relatively simple to calculate the spatial systesush as a thin-walled one, having in a span artrarily
given points intermediate supports. Such systerohide, in particular, the design of beam bridgethwi
diagonal supports (Fig. 1), the design covers tikbed vaults shells with respect to the longitadiadges
of the support rod (Fig. 2). For simplicity sake wigall assume that the system in cross sectionahas
vertical axis of symmetry.

Fig. 1. Design with diagonal supports

Fig. 2. Strain model

Suppose that such a system is under the influeticéneo vertical load, for which the resultant
transverse strips of unit width in the plane of syetry of the profile. An example of such a loadths
weight of its own design. This load in the absen€easymmetric support connections according to the
above theory, cause a bending deformation onlyor8ivonal deformation is absent, since the load palés
through the center line of bending, also lying ire longitudinal plane of symmetry. In the presente
links arranged at a certain distance from the akisymmetry of the profile design, along with thenld and
will experience torsional deformation caused byctems of reference relationships. To determines¢he
reactions, we can use the methods of structurahamcs, extending and generalizing these method& to
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considered here walled spatial system. We will peatfrom the force method. We choose as primary thi
walled single-span structure, obtained from thebgedropping the intermediate support connecti@igin
state of the system at any complex loading can dterthined by applying the elementary conditions of
bending and torsion of the bending. Since in ouaneple the external load and the supporting
communications vertical, the states of elementagid system we are interested in the status otwioe
species, namely, pure bending and bending-tordtan (, b, 2, b).

Action reaction of any of the support rod, not fregghrough the center of curvature, can be reduced
the busy main system concentrated vertical lodtarplane of symmetry and causing pure bendingrdeftion,
and concentrated torque that causes the bendingnaion of the torsion. Vertical deflectigd =y1 (z, t) of
the rod in any section z = const of a concentragztical load P acting along the axis of symmeirany other
section t = const with hinged support rod endsrdated by the formulas:

values for >z>t

P(l-2)t 22T,
n(zt)=——= 6E1 | [P-(-2-t]; (1.1)
for values ot >z>0
_P(|—t)Z 2 _ (1 _+\2 _ 52
”(Z’t)_—eEu [F-(-1)?-2°]. (1.2)

Equations (1.1) and (1.2) can be prepared eitheh&ymethod of initial parameters for the diffeiaht
equation in Equation beam bending system, or byyampthe general Mors formula for the displacement

ll(z’t):j‘Mz(S)Mt($ds,

1.3
= (1.3)

0

where M(s) and Mt(s) — the bending moments frominldévidual forces applied at two different pointith the
beam axis and z abscissae t. Formula (1.1) and éte2a function of influence (Green's function) the
problem of bending of the single beam with hingpparts at the ends. Torsion angle in arising in sention z
= const of torque concentrated H = D acting in pkane of any other sectidn= const, is determined by the
formulas:

values for > z>t

h Kt
oz = L-2- lElS—T[lshk(I—z) - (1.4)
Gl k shk '
for values oft > z> about
H|1-t_ 1 Shy ("t) k
Bz t)=— |l 1 Tk 4 (15)
G| 1T “ k= shk |

These formulas presented the influence functioneé@s function) for the problem of single-span
flexural torsional thin-walled beams, having thel®nf the hinge bearing also.

Formula (1.4) goes into the formula (1.5) by replgz-t, which is in accordance with the symmetry of
Green's function, and the reciprocity theorem Betovements: int( 2).

In the case of ribbed vaults shells used in thesitontion business, as well as in the case of dsitial
and prismatic shells open profile, widely used wraton and shipbuilding, stiffness GJd Sen-Venaorsion
factor is secondary importance foam values. Assgrttiat the stiffness and hence the magnitude efjiual to
zero, we can simplify the formula (1.4) and (1.5). do this, expand the hyperbolic functions incllidie the
formula (1.4) and (1.5) in a row, two terms expandor each function, and take the limit.

We simplify, for example, formula (1.4):

34



MATERIALS OF VI JUNIOR RESEARCHERS’ CONFERENCE 2014
Architecture and Civil Engineering

Il(t(l gzzt jk(l—z)[1+;22(l—z)2]
Im(z,t)-hm% IE(I—z)—|ED : =lim 1 H W-2),
g k(1+k] <0Gl |
6
% K, v N HK (1= 2, R (1.6)

[1 [“F ][“?(' ?) }[“_GDW'W@T, E A it

_ H t-2)r._ 2,2

W T [17=( ~2)*-t*]

Formula (1.6) is valid for values oflz>t. For values of >z> 0 from (1.5) we obtain

02,9 =—— X --02-77], T

w

Formulas (1.6) and (1.7) have a similar structoréhe formulas (1.1) and (1.2) and differ from thim
quantities related to the displacements, the |oalta the generalized geometric characterizatitwe. idlentity of
these formulas is also a consequence of us madtleeugpeneral provisions relating to the mathematcallogy
in the theory of rods in bending and torsional dikat.

We now give a formula for the deflection of the maiystem outward transverse uniformly distributed
load g, acting in the plane of symmetry:

dy=my+ob, (G Jj=1,23,..., 1),
B =Tisg (i=1, 2, 3,..., n),

n(z) = -212+ 7. (1.8)

24EI [

Knowing the strain our basic system considered hisrelementary states; we can now easily obtan th
equations for the unknown force method reactiondioa piers. These equations when the number n of
intermediate supports is of the form:

811‘)(1"}‘01: z+ —1—31an+0 —0\
321X1+azz =+ Oyn n+ozp—"0

...........

W AR SIS R g w9

Here, the desired reactions, 5 |, 2, 3, ..., n) with positive considered potif they comply with the
stretchable support links.

Coefficients and the free terms of the equatior8)(are calculated by the general formulas: whenred]

— the serial numbers of equations and unknownsefleEtion of thd-th section of the support unit concentrated
force corresponding to the desired reacfitin support; — Torsion angle in thwth section of support from the
local, single torquédj = b, acting in a plane passing through jtl support.

The b value represents the half width of the structwioegie shoulder). In accordance with the rule of
signs, this value will be positive for poles lochtan Fig. 1 and 2 to the right of the axis of syrtimand to the
negative poles to the left of the axis.

Free term bj-th equation is calculated by the formula (1.8)deflection for a given load in the section
passing through thieth prop. Determined from the equation (1.9) suppeactions, we can then use the above
formulas for elementary states the basic systerthbymethod of superposition to get deflectiomangles of
twist given spatial multisupporting system. Norraal tangential stresses in the cross-sectionsedgytstem, in
the case considered here should be calculatededsiibmial formula:

o(z9=-Hn"(3 ¢ 3+ xA }

(2 9= E{ (a5 z?(‘;;
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UDC 624.159.4.111
STRENGTHENING OF FOUNDATION BY BUILDING-UP WITH RIG ID REINFORCING

YURY TRUBACH, ALIAKSANDER KREMNIOU
Polotsk State University, Belarus

This article treats methods of strengthening oipsfoundations by increasing the base of foundation
Structural concepts providing joint work of elensemif existing foundations and concrete buildingane
analyzed. It's shown that reinforcement of grippem interface by rolled profiles allows more stramg and
more reliable interfacing of new and old elemerftéoandation. Construction diagrams of installatiohmetal-
rolling profiles in reinforced foundation are showhechnology of strengthening of foundation by dnd-up
with the use of rigid rebars is described.

When reconstruction of buildings and constructitai®es place there is often necessity to strengtien
foundations. Mostly this problem should be solvetew superstructure of additional floors, increashey span
between the supporting structures, changing ofreehaf support of overlapping elements etc. Stresmtiy of
the foundations is also made during the stabibratif ground foundation deformations of a buildthgt is in
an emergency condition.

As it is shown by building practice, works of fowtithns strengthening are labor-consuming and quite
expensive. Cost of foundations strengthening waiks compose more than half of cost of all worksrdur
buildings reconstruction. In many instances, retonton, connected to strengthening of the fouiodat
becomes economically impractical.

Working-out of new structural concepts of the foatimh strengthening that satisfy requirements of
manufacturability, security, minimal consumptionroéterials and labor intensity will allow to redumansiderably
the cost of such works and to make projects ofn&tcoction of buildings more attractive for invasto

The mostwidespread method strengthening of strip foundations is increasirglihse of foundation by
building-up the reinforced concrete martlethfrom one side, and from the other side of reinfdrindation.
At present, there are some methods of broadenmgttip foundation base by building-up protrusiomih the
use of anchors (fig.1,a); with the installationrefnforced construction under the base of exisfmghdation
(fig. 1, b); with the use of perforating anchors (fig.c};, with a simultaneous injection of foundation (fig d).

Joint work of reinforcement elements with existiogndation in abovementioned methods is provided by

— arrangement of concretdowels, projections in recesses of existing foundation opp®rting
structures of building;

— arrangement of anchors embedded into body of agistiundation;
arrangemenof perforating armature;

- welding of armature of elements of broadening witned fittings of reinforced foundation;

- with the use of special support elements: strutlyading metal oreinforced concrete beams.

In this work the method ostrengthening of strip foundations by building-upthwuse of rigid
reinforcement. As rigid armature can be used ropedfiles in the form of channel sections, T-beaons
I-beams,jnstalled intodrilled by diamond crowns holes. Schemestwéngthening is shown on fig. 2

In proposed method, metal-rolling profile will alNocreation of rigid connection between existing
foundation and construction of reinforcement tharot be provided fully with the use of anchorssiBes,
there is no need in installation of longitudinalwads or metal beamever the entire length of reinforced
foundation, thus, the step of installation of rig&inforcing element is determined by the conditidmproviding
the strength of concrete extrusion of the existmgdation.
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Fig. 1. Broadening the base of strip foundatiorbbiding-up the protrusions:

a — with the use of anchor& — with the installation of reinforced constructionder the base of
existing foundation¢ — with the use of perforating anchods: with a simultaneous injection of foundation;

1 — existing foundation; 2 — building-up the praians; 3 — anchors; 4 — preparation; 5 — injectidnes
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Fig. 2. Structural scheme of installation of metaling profiles in reinforced foundation:
1 — reinforced foundation; 2 — transverse metahtsemstalled into holes punched in a wall of fourag
3 —tides of concrete; 4 — concrete preparation

The method in question is less labour-consumingsarelr in comparison with currently used methods of
strengthening of strip foundations because thermiseed to weaken the foundation during the itagtah of
reinforced construction under the base of exiskingpdation.

Structural scheme of installation of metal-rollipgpfiles into reinforced foundation should corresgdo
equal load transfer from overlying constructionsthie foundation. It can be reached upon the caditf
installation of closely-spaced rigid armature kig impossible to affect the integrity of reinfoctéoundation
because it can cause the loss of supporting cgpatithe foundation as well as deformation of oyierd
supporting structures.
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UDC 711. 346

REVALORIZATION OF INDUSTRY TERRITORIES OF SUBURB RU RAL SETTLEMENTS
AS A COURSE OF IMPROVEMENT OF ENVIRONMENT OF HUMAN VITAL FUNCTION

TAT'JANA KUZ'MENKO, VASILY LYAKH
National Technical Yuri Kondratyuk University, Ukra ine

Modern condition of productive territories of subuural settlements was observed, stages wereatkfin
preconditions and courses of renovation, trickrahsformation of productive territory and re-prafig it into
living was mentioned on a real example.

The influence of economic crisis is sharply marlad productive territories both metropolises and
suburban territories which are zones of commorrésts of territorial communities of city and villagrhe best
part of subjects of business drop in productionpseguently productive territories went into liguida
completely or partly. It concerns the most partwhl settlements — the emplacements of former riejeats of
farm business, so-called “brigade villages”. Thesecesses gain the intricate character both negatid
positive. It is known from the analysis of projefticumentation and in-place tests of developmergsubtrb
rural settlements (SRS) that buffer breaks betwesitential areas and productive objects not alveaygorm
to the normative, but often absent at all. Lockdpsiach manufacture certainly is a positive occureefor
improvement of living environment not only ruralgadation but urban population too. The problem siihg
white lands and their rational functional organimatappears.

Studies by Biryuk S., Gabrel M., Donenko V., Zinoke A., Korol Y., Mazur T., Silogayeva V.,
Semenova V., Shtompel N., Scherbyna L., Shtoddl®. %, 7] and other authors are dedicated to thblems
of renovation of productive territorie3he most part of thesstudiespurpose researching the problems of
industrial zones of cities, searching the ways efaforization of industrial giants’ territories ahportant
industrial centers, cities and megapolises etc.eSapproaches to the problems of reconstructiorradyctive
territories principally farming of central villadé, 7] and reorganization of social infrastructofevillage were
outlined in the last researching conducted ontina territories (Stepanyuk A., Ogonyok V.).

The purpose of the article ihe analysis of moderstate of productive territories of suburb rural
settlements, finding of territories that can bejsabof revalorization, foundation of renovatiocsurses.

The transition to postindustrial period which clwaegizes with stopping of extensive developmerthef
factory-farm complex, polyfunctionalization of tovlmilding space, alteration of socioeconomic oiiegnt
points of society, transition to the type of ecogowith predominance of service and high technologiustry,
with searching of directions of rising of efficignasing of existent industrial projects or redeypehent of those
plants which went into liquidation [1] are takimgace on the modern development stage. Functional
transformation of productive territories comes thgb some stages in its development.

Owners of existent productive objects which greatly or completely went out of their business are
giving in a lease to other subjects of entrepreakactivity isolated playgrounds, buildings, build elements
inside of which different of outset activity is ifgenting, on the starting. Owners of such objbéetge an
intention to vest interest to use realty and sitirith the aim of optimization of activity with thdevelopment of
production. Partial transformation happens on #well of inner transition of building and faciliti@s the result
of redemption of leased objects. Existence of féjects of production results to individualizatiolh @ them
into detached object and accordingly disintegratiércontinuous territory on isolated areas. Thecfiomal
transformation of productive object (fig. 1) happes the result of such processes.

Renovation of these objects occur expedient incthee if productive objects were disposed with big
normative sanitary break (from 300 metres: hog &riowl-farm, calf house, market-milk diary et@hd direct
in the residential area of settlement. The worchération” is understandable in the meaning of updat
adaptive using of building, facilities, and commexunder change of functional destination. Wastkeland
nonfunctional productive territories help to saeniing land at that and the process of transfommagiet
features of self-organization, i.e. outlet from trderless system (chaos) to the order.
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Fig. 1. Sort of fragmentation of productive zonerange of small firms and farms

Thereby such transformation is a promising couffsenprovement living environment. It defined such
courses of renovation [2]:

— Change of function on living (social housing, laftartments);

— Educational course (preschools and schools);

— Cultural diversions (cultural centers, concertfiathuseums);

— Public-service industry;

— Sporting sanative course;

- Planting course;

— Administrative arrangements;

— Supporting centers which will keep for the accouwtfitfunds, charitable foundations (for the
vagabonds, homeless children, juvenile mothers],ggemer prisoners etc.).

It is found examples such transformation (villagesrak, Kalashnyky, Kovalivka, Machukhy etc.) with
in-place tests of suburb rural settlements of ragin surrounding Poltava city when factory farmidiéd on
some farms. So livestock farm in the village Madiywkeing situated in the center of the village witrmative
buffer zone 300m went into liquidation. The farmswir from the residential area only with a striwtt
certainly is not enough. We have an example ofrenment’s improvement with enhancement of ecoldgica
situation in this case. But it is permeated amdmguillage negative attitude to the liquidationstfarm. On the
one hand — loss of jobs, on the other hand — eVifetam have sufficient unpleasant form over a distaof 20
years and tumble into ruins. Organization of erfeepof IV — V category which doesn't claim of grdmuffer
break in these agricultural production buildinggens rational. Village Machukhy is situated atdistance of
12 km from Poltava city, trunk traffic with metrdj® not worse than with its uptowns. Invention afck
enterprise would have positive meaning both foy aid for village: providing of people with job-glment,
transit of production from the city with drawingiit close vicinity to residential of free labor oesces (in the
village Machukhy great reserve of free labor — Béfons of unemployed people, and 1162 personsmvgpirk
metropolis and make daily migratory relocationd)efie are many such rural settlements in the fiefit(to 20
km) of Poltava city, for example Rossoshentsi, Alde, Shcherbani, Tahtaulove, Petrivka, they amm@e of
common interests of metropolis’s habitant and sbibwral settlements in a clear understanding. Rekka
productive grounds of rural settlements are quitenobeing restructured into living territories. &raxample of
such solution is in the village Verkholy — transfamtion of former productive territory of livesto¢krm and
restructuring its into living.

This transformation passed in some stages:

— Producing department (cattle farm 300 head) wamtiquidation;

— Housing district was constructed beyond of bufterezin the northern part of village (building Igfiod home
building was allotted), agricultural productionldirig which doesn’t function, dismount;

— Block of integrated housing with civic center yatenned on the white land;

— Another new block with building area 20 ha was iptahon land reserve between two residential contiegini
Shopping and entertainment center next to thorauglaind entrance to the settlement provided osaiime territory. So
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forming of plan structure of village continues asichultaneously optimization of social amenitiessaburban zone’s
habitants and metropolis’s habitants continues.

It is defined preconditions of expedience of datfitnovation in the rural settlements:

— Existence of great free labor;

— Positive demographic situation;

— Distance to the metropolis less than 20 km.

The potential of productive territories is so gtbat expedience their renovation has not onlyitaathral but also
economic and social implications. Renovation ofdpative territories of residential areas will impeoon ecological
environment and standards of population’s living thucreation of new jobs. Improvement of enviramnoecurs herein
both in city and in village: providing the jobs fanemployment people and removing of productiomfthe metropolis
which claims great territories and dislocate iritggf development.
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UDK 69.04
STABILITY OF PLATES SUPPORTED BY STIFFENER

VICTOR KOSENOK, VALENTIN KISELEV
Polotsk State University, Belarus

Critical loads for plates depend on the cylindristffnessD. Stability can be increased by making the
plate thicker. This solution is not economical. Tdest solution is to increase the rigidity of th&aduction of
stiffeners. As an example, consider a plate widelfr supported edges, compressed by forces apaii¢ue
edgesx=0 andx=a. Plate supported by a single stiffener (Fig. 1).d.&ke the form of deformation during the

loss of stability as:
T is
W=4-sinm—x-sinn—y (1)
a o

Changing the potential energy of deformatdfwill consist of the potential energy of the plate:
1 me o
6V =-DA*z*ab (—_+—,) (2)
a a* o+
and potential energy of deformation stiffener whiehges together with plate:

51 15 '55(5':11-’)2 y.,
GV =3 J; e dx Q)

| By

B — flexural rigidity.
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ValuesA will consist of work forced\,, which compress the plate:

GA =-N_A%73im*
a8

(4)

X
and work force P, compressive stiffener:

54, =%P f (i%) _dx (5)

y=

¥ | b3

We calculate the integrals in (3) and (5):

aw T T . A
—_ =_4?11—CDE?H—IS]IIH—:
dx /. a a 2

Mo

g e T T
- =-Am?* —sinm—x -sinn—;
(a.rz )"_ PE n a n 3

2w m* a . _ @
J; (5‘.\") .|.=-:ﬂ1 = A%g4 a .ESIE.HE'
a AWy oz amifa  .o@
J; W =£ﬂ.‘. = A%*mw a3 '55“1 hi.

Changing of the potential energy of deformation:

1 . m®:  ne 1 . m*  _ ow
6V = 8V, + 6V, = —DA*z*ab (—+ ,—)+ ~BA*r*a—/sin*n— (6)
8 a* bi) 4 a* 2
Work compressive forces:
) _ 1 I T R N
0A=04, + 5_-12 ==N, A*m*m*— 4+ -PA*r* —sin" n— (7)
8 - a &% a 2

EquatingsV = 6A and reducing by we obtain:
: a’(m‘ ﬂ._.): 28 __m?* T P T

miD % —sin®*n—=N, + 2_—-sin®*n—
H g b 2

m2 h

a%*  h3

Represent this equation as:

n3 1 a? : B _ .. =m f 2P . )
—Dllm+—-—=-n%) +2—mTsin*n- =_-"-.',-(1—-—, — sin- n=
as o bhE bD 2 - \ 5-‘""}.‘ 2,
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B P abyt byt
Vv o= T 0=—= |- = 1' (8)

bD bN, obh bk
obtain an equation for the critical load:

Denote

o

-

1. a 7 > 7 - 7 I'T
2 (m+—=--n)" +2ym"sin“n5
Jv;:p = — D m b Er (9)

2 .2 T
a 1*2551:1':‘:%

Single out particular cases.

L
sin“n-==1:
, 2

1. n=1 )
z (m -1-l 2. n*)? + 2ym?
ne="p m_b* , (10)
a* 1+26

To determinam calculate its derivative and equate the derivativeero.

d 1 a®y’ - 1 ad 1 af
—|\m+—=-53] —2ym|=2{m+—-3 -—r—l=4ym=0
am m b3 ' m k3 mE L3 !

1 a* a 1
A+r2ym-—7=0m=r-——.
e 4 o1 <« 2v
m must be an integer.
L2 T
2. n=2°" "z
2 4 a’
N¥ = _D(m+—-—)% (12)
* a’ ( m b*}
Consider as a plate without stiffener with~ 2.
L2
3. n=3° " "3 Tk
9 a.-
2 m+—-3=z)"+2ym
N — H—D( m b"} ' (13)
* a® 1+28
Here we have a plate of buckling toward
The case ofi > 3 in this case is unlikely.
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UDC 69.01
DESIGN FEATURES OF OPERATED ROOF

VERONIKA SMANTSER, HALINA ZAKHARKINA
Polotsk State University, Belarus

This article describes the design features of ofelaoofs in the city, as well as types and praperof
used construction materials.

The idea of using flat roofs always attracted aetis. Use of vacant space of the roofs in lartiesc
where the cost of the land is very high, is esplgcialevant. Intensive development of the huge Bngpeas of
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flat roofs began after the appearance of a newrggar of roof materials and introduction of the sho
progressive technologies in building practice. Ehare the most common two types of operated roafsadern
designs: green roofs and roof-terrace. Often, éalbein the design of large-scale residential @oednmercial-
recreational complexes, a combination of the varigptions is used. Moreover, the establishmentaodens on
the roof terrace, due to the scarcity of greensanedahe ground level, is becoming an important gositional
and spatial component of not only space-planningalso urban-planning structure [1].

When we design operated roof, we need to takeaiotount several features. The design of operat#d ro
must withstand significant operational load:

— the radiation exposure;

— atmospheric precipitations;

- temperature differential;

- load from exploitation (walking, car movement);

— materials gravity load;

- wind load;

— snow load.

At the device of 'green roofs' it is also necessargreate a watering system and remove excessur®is
through the drainage system , to solve the secpraglems associated with evacuating people fr@ogerated
roof, to provide the necessary fire prevention roess

To repair the operated roof, in contrast to coneeral, is difficult. Therefore, it is necessaryuse such
technical solutions and materials that guaranteehiighest possible maintenance-free service lifeerd are
some main elements that make up the design of mukr@ofs: supporting structures, waterproofingathe
insulation, vapor barrier, drainage and cover (E)g.

sand-cement

paving slabs mixture "pillow"

geotextile Dormit

heat insulation material

waterproofing

dreniz

caoncrete base
{roof slab)

[evelcrete

Fig. 1. The design of operated roof

Supporting structures can be: prefabricated redeftbrconcrete slabs, beams, etc. Standard metheds ar
used for calculation supporting structures of ofgetaroofs such as precast concrete roofs. Howewes,
necessary to take into account a number of addititrads, in particular, vibrational. During thesidm it is
necessary to consider deflections of bearing bedixetion of overlap relatively to supports buildirand
resistance to compression of all involved in thefirggy materials ‘working' on the distribution oflds.

Waterproofing layer is in the design of a 'pie'fracherefore, when we choose the type of waterpngof
and technology of installation, they should be gdithy considerations of the greatest reliabilityeie are some
main characteristics of the coating materials dsedvaterproofing flat operated roofs:

- elasticity;

— resistance to mechanical impacts;

— fire resistance;

- lifetime;

— manufacturability stacking;

— the safety of fixed properties when temperaturaengba (from -50 to +50).
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Today the building market offers a wide range affrmaterials: rolled materials (stekloizol, stekéss,
rubiteks, polysilicon, ELAST), which are based dtuimen, fiberglass or polyester and without polymaed
bituminous or mastic asphalt roof. etc.

These materials have a relatively high lifetimedoefrepair (from 15 to 75 years), so their exptatais
much more advantageous than using standard ruberoid

Roofing materials based on bitumen have resistamgaant roots (up to 90 days) and special antiroot
additives introduced in modern coatings. Filterelagnade of special geotextile which does not afloshing to
drain small soil particles, prevent siltation bétdrainage system and improve its effectivenesestied between
the drain and the soil in case of roof installatigth a layer of vegetation.

Material for paving a surface of operated roof mostnot only attractive, but also strong enough to
withstand heavy traffic and pedestrians. Besidesuist securely protect the underlying layers froechanical
damage (bituminous, liquid mastic, asphalt pavemantl also tiles is used for exterior applications)

The application of special liquid compositionsparticular made of polyurethane for surface of afser roof
is very promising. They provide resistance to higensity loads and retain tightness in the rangeperating
temperatures (from -50 ° C to 100 ° C) for morenth& years. The layer of gravel or shingle, ade isipoured on
heat insulation for the protection roof from winttian. In addition, it greatly reduces the undésaaffects of ozone
and UV - radiation, and in some cases it is a greésée for compliance with fire safety.

Drainage system must ensure collection and diversioflows formed from rainfall and snowmelt, as
well as the water, that is used for watering pldintishe case of ‘green roof"). In this case wetroossider the
size of the surface, slope, the presence of vagetatoil type, etc. (Fig. 2).

) e
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Fig. 2. Water drainage from the surface

As a rule, the materials used for paving surfacepafrated roof, may in time lose the tightnesstdube
partial destruction, mechanical displacements asfibrchations as a result of impact of loads or noést
Therefore, besides providing necessary roof pitthhe structure of the roof 'pie' provide for sipécrainage
layer freely permeable water. It may consist obeops concrete, pea gravel, pure coarse-grainetietan

When we design an operated roof we should providasuares for regular cleaning of the surface of the
excess snow mechanical or otherwise. Method of vmgosnow by heating, both of the surface of captind
funnels gutters and trays proved itself [2].

The most important issue in the design of operateds is the choice of material for heat insulataond
locating heat insulation layer in the roof struetipie’. For a long time on flat roofs for the miton heat
insulation from getting wet - it was over waterpiing. Now these roofs are called traditional. Udeheat
insulation materials with low water absorption de roof have allowed waterproofing underneath. &hresfs
are called inversion or inverted. Such a methodstaicking materials can increase the lifetime of the
waterproofing carpet. Thermal resistance is 6,efTAP.

When we made traditional flat roof waterproofingutation is laid on top, and when the device inoers
vice versa. The seams of protective carpet of weadefing materials are soldered and then bituman ¢bated
on a polymer waterproofing is melted by gas burfégices contiguity waterproofing with roofs elenseshall
be waterproof, it provides sealants and masticedas polyurethane resins. The edge of roof watefjrg
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plant on the vertical plane is at a height of 20 & the roof waterproofing material is used asoaes grit and
bitumen-polymer waterproofing and waterproofing PM€mbrane.

In order to make the flat roof "breathe" so thaishoe doesn’'t accumulate in the insulation onrthef
surface uniformly, we should set aerators. Contygto the parapet and plums requires careful exatutor
this the junction of heat insulation slab to lanteroof make the transition bumpers. For insulatibfiat roofs
we should use rigid insulation materials. And welstl lay cables for heating of the roof, so thatewaear the
drain funnels doesn't freeze.
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CALCULATION METHODS OF BENDING MOMENTS ON SUPPORTS
IN PRECAST PRESTRESSED HOLLOW-CORE SLABS WITH PLATF ORM JOINTS

ANDREI LAZOUSKI
Polotsk State University, Belarus

Experimental results of intermediate floors stréngith precast prestressed hollow-core slabs wittfgrm

joints are presented. Precast prestressed hollow-stabs with [] 5mm reinforcement of high-strength wire are
produced by a continuous formless molding methbgthaimposes particular features on its reinforcatmgich as
absence of transverse reinforcement near jointscamgjer of its destruction from shear on supports.

Nowadays production of precast prestressed hollong-tormless molding slabs is launched in Belarus.
These slabs have longitudinal reinforcement fromhtdtrength wire or strand of S1400 steel. Producti
technology of such slabs, unlike the aggregate ffsduction, completely eliminates the installatiof
transverse reinforcement, horizontal grids in flesigembedded steel plates and tie-down loops in siabs,
which imposes definite restrictions on the appiaabf such slabs in designing floors.

Singularity of designing floors with platform jogbf hollow-core slabs and wall panels is in emecge
of bending moment on supports [1,6.4. [2]. In hollow-core slabs made by aggregaierfor conveyor
technology emergence of negative bending momeat aflacking is perceived by longitudinal bars opeip
support steel reinforcement grid and by verticghpsut steel frames. In precast hollow-core slabsdire
moment on supports is generally perceived by céaamss-section because minimal size of suppoduais
80...120mm. Estimated length of zone of stress tearzone for reinforcement strands and high-stiengte
amounts correspondingly 500mm and 330mm. Crackaitem of similar precast prestressed formless imgld
hollow-core slabs by “MAX ROTH” production in suppicone testifies the danger of destruction froraash
near support in the place of normal crack formation

Herewith [2] it is recommended not to take into sideration appearing bending moments on supports
when slabs are supported by masonry walls includioegolithic belts made in this types of masonry.tiA¢
same time typical series [3] requires to take icosideration appearing bending moments on suppdresn
slabs are supported by block masonry walls.

The value of negative bending moment on supportsnwising platform joints of precast prestressed
hollow-core slabs with wall panels varies in diffiet sources. In [1] bending moment on support fecast
prestressed formless molding hollow-core slabs MAX ROTH” production which are reinforced by high-
strength wire VR-II with 5Smm diameter is definedting coefficient of anchorage degree to the vafuseading
moment on support which is defined from anchoragelition of the slab in the wall panel. Herewitretfacient
K=0.51...0.79 is taken according to anchorage lemgith stress from pressing of wall panels. In typseies
for precast prestressed formless molding hollovedabs by “Weiler” (Italy) production which arenforced
by seven-wire steel strands with diameter 6mm, 9tPmm and 15mm [3], bending moment on supports is
taken equally tom, =ql?/17, where q — effective distributed load. In typicaries for precast prestressed

formless molding hollow-core slabs by “Vibropregsbduction [4] which are reinforced by high-strengtire
made of S1400 steel and with 5mm in diameter begndinment on support should not exceed 11.9...14.9 kNm
according to concrete class, otherwise strengtigemh supporting zone is required with corresponding
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reinforcement. In recommendations [2] estimatedu&abf bending moment on support is taken equally to
Mo, =M+ M, where 7, is bending moment from vertical reaction on suppgr, is bending moment from

frictional forces reaction.

Experimental averages of negative bending momeantthé platform joint zone in the moment of
destruction of experimental samples of platformtdiagments PJ-1 and PJ-2 and also calculated]bj2] and
[3] are presented in Table 1

Table 1 — Bending moments on support in the morokdestruction

Bertl)(:llr;%;gc())gent Bending moment Bending moment] Bending moment Bending moment
Element (experimental on support on support on support on support
average), kN-m [1], kN-m [2], kN-m [3], kN-m [4], kN-m
PJ-1 -30 -32,52 -6,08 -11,9 -21,1
PJ-2 -34,56 -33,9 -40,53 -11,9 -21,1
Ancorage -45,8
Swivel 0

Comparison of experimental values of bending monmmsupports of platform joint fragments with
estimated values shows satisfactory convergendepritposals [1], which consider the influence afgsing on
supports on the value of negative bending momeisupport in the platform joint zone. Methods desedi in
[3] and [4] evaluate bending moment on support noarefully and with low pressing in [2]. Method [&jth
high pressing overestimates appearing negativeitgmidoment on support in the platform joint zone.

Examined methods consider the value of negativelihngnmoment on support only in critical strength
state. Methods which consider the actual performarfcprecast prestressed hollow-core slabs in kuopm
joint zone and allow to define internal forces aespectively stress-strain state in hollow-corésla any time
of its load including effective loading. The existe of negative bending moment in hollow-core slabthe
platform joint zone reduces span bending momentdmidrmations of the floor, enhances crack resitait
enhances the value of critical force in criticaéagth state.
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RESTRUCTURING OF HEAT AND AIR SUPPLY SYSTEMS OF BUI LDINGS
WITH RECYCLING OF LOST HEAT

ANZHELA LAPEZO, VLADIMIR LIPKO
Polotsk State University, Belarus

The possible options and solutions of the effidmat and air supply energy of multi-story buildingith
exterior fences with increased thermal protectiord ampermeability in which it is possible to use energ
resource efficiency techniques to reduce energgumption due to the recovery of heat, the heatuergoof the
removed ventilation air and the study of the nalthieat of solar radiation.

46



MATERIALS OF VI JUNIOR RESEARCHERS’ CONFERENCE 2014
Architecture and Civil Engineering

In order to implement organized and comfortablertta air treatment facilities it is necessary tclage
the influence of external factors and make mandgeamnd thus managed, the processes of heat trainsfe
buildings, which requires the following basic cdratis:

- Make the room completely sealed;

—  To ensure the continued removal of harmful emissi@arbon dioxide, excess heat and moisture)
by means of local exhaust ventilation in volumeiofcurrent;

—  To make technical means for the orderly admissfdnesh outdoor air;

- Provide a comfortable indoor climate, correspondmghodern sanitary requirements.

In addition, all received constructive and techgadal solutions must meet the basic requirements of
modern reliability, durability and economy of engand raw materials.

To fulfill the first condition of sealing the presgs, completely unorganized filtered air throughdhter
fence should be excluded.

Filtration through the exterior building envelopease is disorganized under the influence of pressur
difference on both sides of the fence, createdrbyity and wind, because of leaks in the constomctind air
permeability through the cracks, pores and cradkext, ceiling and walls. Moistening of the matétiilding
envelope constructions is due to the effects ofipi@tion on the outside and the allocation of $ehold and
technology of indoor moisture, resulting in moistiexchange across barriers that reduce not onljhehe
shielding properties, and in general durabilitypafldings.

To reduce heat loss irrecoverable, durability affetiency in buildings is necessary to consider the
dynamics of the formation of indoor climate, takiimjo account the laws of heat and mass transifece <he
action of connective and radiate heat transfer mads transfer processes, the internal air temperaind
internal surfaces offences are interdependent ave la significant impact on health-sanitary envinental
conditions in the area of permanent or long-staydmu

The objective of this research is to study waysrefiting a microclimate ventilated houses and publi
buildings with outdoor enclosures increased tigkgnd’rotecting designs isolate buildings from ewtkspace
weather impacts and allow you to create them aidify at the expense of specialized engineerinpexting,
ventilation and air conditioning desired microclima

On the thermal regime of the space in a buildininfRienced by multiple permanent and temporary
factors and processes that form the thermal enwiesnt, which must be considered in close connectiith
each other, as their combined effect can repeatgtipge the parameters of the microclimate. Fompie,
filtering the air through the outer fence and hyidrastructures can be several fold increase in losa from the
room.

The first condition of normalization of the micronhte associated with sealing exterior walling jules
significant savings in thermal energy by reduciitglaw through the building and connected with filiration
irretrievable loss of heat. At the same time atpasieffect in terms of increased tightness ofdheer fences in
residential buildings and public facilities distebthe normal mode of airspace.

Under the existing process flow ventilation hazaedhoval from the premises (household humidity,
carbon dioxide from human and technological conibuosbf gaseous fuels in the pelvic plates) is earrout
together with return air through the exhaust systématural or forced ventilation.

In a closed volume sealed room ventilation effeetites a vacuum that will soon equalize the didgesa
pressure exhaust systems, after which the moveaidéntioor air is completely stopped, although tl@aist
system continues to operate.

For violation of air space results in the accumatabf excess moisture and carbon dioxide in indwor
spaces of residential and public buildings by pe@pld domestic use hot water and gas, which adyefects
human health, reduces the recovery function ohtiman body that affect productivity, and ultimateigke the
premises unfit for long-term and permanent residendhese people's medical and biological reasons.

In addition to these violations of sanitary reqmiemnts for buildings social housing and culturad,lifhe
accumulation of moisture in the air space leadwaterlogging of building structures, which reduces only
their thermal insulation properties, but also thrergyth characteristics affecting the durabilitystfuctures and
buildings in general.

To solve this major problem for modern urban plagnit is necessary to create as soon as possible an
industrial basis in large volumes of new constarctand renovation of existing facilities of sodmusing and
cultural life with latest technical means for thederly flow of fresh outside air into the ventildtespace
enclosing structures of buildings with high airkigess.

Researches in this direction are made by many mesearganizations, not only in our country but
throughout the civilized world [1]. Similar studigsthe framework of the state scientific and técahhprogram
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1.5.159 “Building Materials and Technologies” ore tlinstructions of the Ministry of Architecture and
Construction of Belarus 02/02/04, held in Polotskt& University, Department of heat and ventilatiBaculty
of Civil Engineering [2].

The results of the investigations are designed,ufaatured and tested experimental lots of technical
means for the orderly flow of fresh outdoor airventilated rooms of residential and public buildirgnclosing
parts of high integrity.

The main advantages offered for the widespreaddnition of ventilation supply unit in front of ahe
known world analogues is the ease of applicatiosigie efficiency in the manufacture, use standadliz
elements of conventional materials, the abilitypteheat outside air through the heat recovery fheptine
possibility of preliminary mechanical adjustmentiidg commissioning work and the ability to autoroatiy
maintain the regime constant flow rate of suppiyathout additional specialized automation equipine

In addition, the marked structural and technoldgizhvantages offered by the technical innovatioretme
the basic requirements of modern reliability, diligband economy of energy and raw materials, that world
standard and make it competitive not only in domebut also foreign markets.

Apart from the previously mentioned technical armbreomic advantages, the offered technological
innovation corresponds to the fourth conditionceiminder the current process of ventilation floe tlutdoor
air, passing through the slit porch of window franaad balcony doors, dramatically reduces the testhype of
the indoor air, especially during windy days anddese of the unmanageable processes of heat argl mas
exchange there is a discomfort zone near the aking.

Under the proposed technology of ventilation ofdestial and public buildings with high-seal sturets
for the supply of fresh outside air into the veatgld space there is a special multifunctional @psy device,
which, first of all, does the recovery functiontb&é heat exchanger in which the preheating of thidamr air is
done by an outgoing transmission heat flux throtlgh complex and efficient heat transfer processete
construction device.

Secondly, in the construction of the proposed deuic inlet there is a two-step mechanism of retgaia
of the used air flow and the rate of its releage the work area of the room, in which the mobilitfyair is
regulated by norms to a strictly limited range® ©.0.3 m / s, for example, for premises [3].

Thirdly, the proposed innovation when installingoit the facades of buildings facing the noisy city
highways provides insulation effect, because iticed noise levels to acceptable standard limits.

The possibility of quantitative regulation of alow through the air inlet device is also a very artant
advantage of the new ventilation technology ofdestial and public buildings, especially in higheridesign. In
high-rise buildings at the existing technologicztheme of ventilation much more fresh air goes enritom than
in similar areas in terms of the upper floors beseaaf the fact that the natural draft is createthaexhaust
ducts due to gravitational forces, proportionalte difference in density between the indoor antd@ar air and
a height of exhaust channels for different flooshjich is variable. Although the project uses teghes to
equalize the flow, by creating more resistancehtorhovement of air decreasing living section anatilagion
channels (regulated) lattices, to take into accauiditional factors influence atmospheric (baroingiressure,
wind, etc.) is not possible.

Methods of calculating the design parameters optloposed device allows the air at the design stage
ensure a strictly normalized parameters on air wopsion 3 m3/ch-m2 floor space, located on différféoors
of multistory buildings. In addition, the designtbé device, an additional manual adjustment ofi@ivs during
start-up operations.

Thus, the proposed process of ventilation flow ofldings fully corresponds to the condition of
normalization of microclimate on health and hygieequirements, as the outside air is not only patdte but
also available in a ventilated room with low vet@s and in the right quantity, without compromgsithe
comfortable parameters and of insulation from extkesources.
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CALCULATION OF THIN-WALLED RODS BY NUMERICAL METHOD S

KATSIARYNA BARANAVA, ANATOLI IVANOU
Polotsk State University, Belarus

Thin-walled steel structures are used extensivelganstruction. They have become a common design
solution for low-rise building, attics, walling ntigtory building.

When modeling thin-walled structures the integraggstem SCAD Office is widely used.

SCAD Office is a suite of programs designed togoerfthe calculations of the strength and structural
design of various kinds. The system, in particulacludes a program for creating spatial modelsiufa,
formation and calculation of geometrical characgtics of sections, consul strength calculation taficures,
SCAD. Modeling of thin-walled elements can be earrout easily in the Forum included in SCAD Offioe,
directly SCAD.

The main objective of this work was to developchri@ue for constructing finite-element simulation
models of such elements.

Building a profile to begin tracing its sectionaite in AutoCAD (or other graphics program), the fig
saved as dxf. Then dxf-file with the section pfinport preprocessor program “Forum” (Fig. 1).
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Fig. 1. Result of export dxf-file to the preprocas¥-orum"

Section on individual segments produce consistermdtion shelves profile by selecting the function
“wall” in the tab “scheme” with the job she neeqmdameters. Thus the length of the rod is set @iglit of the
wall”. Passing successively from segment to segnfierrh the whole profile (Fig. 2).

If necessary to form a beam or a thin-walled elegmwith perforations, choose the item in which to
perform the holes. Further note the plane in wiiiégh assumed the formation of holes in the lefigyaselect a
function Forum “change”. When this function is a&ated automatically switched to the program Consul.
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Fig. 2. Shaped profile

For further markup section must create grid. Tahis, on top of the selected function, “grid”, whiset
the new window. Option “Show / Hide grid” make ttped visible. The settings are snapping to the .gxext,
choose the function “inner loop” and the elemeo¢using on the grid nodes, specify the desiredeshages. It
must be remembered that the circuit must be clogéten creating a design model is recommended t@#$mo
corners holes that usually corresponds to the bshage of the rod hole in the shelf. To do thidest a function
to “smooth corners” and set the desired radiusipfature.

If necessary, create a circular hole in the takitethoose function “given radius circular hole” the
dialog box set the radius of the hole. Precisetjpméng of the hole in two ways. Easier to usefamence to the
grid step. In more complex cases, you can useetth@anel, which displays the coordinates of alhpoof the
holes, and change them.

To create a duplicate can be created opening hipléisrough a predetermined distance. To do thishe
tab “edit” function is selected with the “copy inneop”. Noting right-click the hole open a windaw which
you specify the step of copying one or two coortiina

Described sequence of steps provides a model afoimplex profile.

If the calculated design has transverse stiffecenstructing sequence is as follows:

1) it is necessary to calculate the coordinates ofitpodf intersection with the walls of the ribs and
shelves beams;

2) create knots on the edges of shelves and wall beamsidering the coordinate system in a given
pattern;

3) create transverse stiffeners using the “Overlaylef@tions to create shelves and walls will be simil
to that described above. The convenience of sutimigues job stiffeners that team "Overlap" alloyesi to
create not only the plate perpendicular to the akithe rod. Sequential assignment of the cornémtpmf the
plate allows you to place it in the inclined plaifitls

Formed of a preprocessor Forum enlarged modeleofdt with holes and / or transverse ribs generated
finite element project SCAD. The key here is toas®mthe partitioning steps into finite elementg (Bi).

One of the important features of the profiles witbles are its size, expressed in hundredths of a
millimeter. For correct operation of the program ARCto adjust some settings, namely, select "Setting
environment” and in the tab "design scheme" sedraBly accuracy and precision of the estimate cdenti
nodes 0.001 mm [2].

Since the task loads, fixing conditions and calbotadirectly considered beams similar to any other
structures, will not consider these points. Dwellyoon the task types of finite elements and tkgffness.
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Fig. 3. Beam with transverse stiffeners

Fig. 4. Finite element design SCAD, presentati@ppics
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Finite elements library computer system allowsdaleulation of the most complex designs. It inckide
variety of finite elements (FE). Each finite elerhenthe library assigned type — serial number.|@dbgives a
classification of types of FE possible signs ofesign scheme for their work, the identificationcadculated
forces (stresses).

Table 1 — FE classification

Type of FE Content Signs scheme Calculated efforts
Rods
1 —flat farm 1,2,4,5 N
2 — flat frame 2,5 N, M(My), (Qz)
3 - beam raft foundation , 5 Mk(Mx), My, Qz
4 - spatial farm

1-10 |5 - spatial 4,5 N

6 - taking into account the spatial shear 5 N, Mk, Qz, Mz, Qy
7 - beam on an elastic base raft
foundation S N, Mk, My, Qz, Mz, Qy
10 - universal 3,5 Mk (Mx), My, Qz

depending on the type of circui

11-20 Plates 3,5 Mx, My, Mxy, Qx, Qy

Elements for solving the plane elasticity

problem tense (beam-wall) and the For flat-hard problem: Nx, Ny,

21-30 calculation of plane strain 21, 22, 29, 30, 12,45 Txz; For p’I\f;lZneTit;am: N, Ny,
23, 24, 27 ;

31— 40 Elements to solve the bulk of the 45 Nx, Ny, Nz, Txy, Txz, Tyz
elasticity problem

41-50 | Shells 5 N, Ny, T, '\g’; My, Mxy, Qx,

51-60 Elastically pliable connection

Elements for the solution of the
61-70 axisymmetric problem of elasticity theof 11 NX(1), Ny(.N2(2), Tx2{rz)

<

Elements for the calculation of multilaye
shallow plates and shells, taking into
account the transverse shear, compression
layers and curvature

=

Nx, Ny, Nz, Txy, Txz, Tyz,
vertical movement at the
boundary layers

71-80

Elements for the calculation of multilayer
81 —-90 | shallow plates and shells, taking into 9
account the interlayer shifts and curvature

Zero elements for calculating effort to

questions 1-5

150 - 160

200 Empty element any

Forces and stresses are evaluated at the begianthgt the end of the rod, and for other typesnitef
element — the center of gravity calculation seteesupport the rods in the intermediate sectiotigraypes of
finite element — at the nodes.

Typically, the stresses and strains in the FE ¢atled in the local coordinate system. For rods sthcit
the major axis of the cross sections of the flexjmbrtion. If the figure in the table element ig specified local
coordinate system X1Y1Z1, then the stresses aaéhstare calculated in the global coordinate systewn all
flat and spatial FE is possible to set the cootdisgstem computing effort.

Universal finite elements for the solution of tHane problem of elasticity theory can count astitgit and
flat deformable systems. In the most general @8t node of finite element has three degreeseddm: U - axis of
linear movement along X; V - linear movement altimgaxis Y; W - linear movement along the axis [3

Degree of freedom, V is absent in all the elem#rscan only lie in the plane XOZ: 21, 22, 29, 30.

In type elements 23, 24, 27 which may lie freelyhia space, it is introduced to the docking spddbeo
structure.
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The complex SCAD includes the following FE solusdor the plane problem:

1) rectangular elements such as 21 (in the plane X@d)type 23 (an arbitrary position in space);

2) triangular elements 22 type (belongs to pl . XOZ &ype 24 (arbitrary position in the space);

3) quadrangular elements with the number of nodes #dm8, type 30 (mp lies . XOZ) and type 27 (an
arbitrary position in space. Besides the quad a@h sade may be one more node. Numbering nodes8&tio-
arbitrary;

4) quadrilateral element with the number of nodes frbto 12 in the plane XOZ type 29. Besides the
quad on each side may be even up to two nodesndibering of nodes from the 5th to the 12th arhjtra

Elements beams, walls often located in the plan&Z X©mmon system of coordinates (and planes
parallel to it). In this case such elements areesgnted by the local coordinate axis system elsnehnen the
element lie in the plane of the axis X1 and Z1, andixis Y1 perpendicular to its plane.

If the beam-wall is not in the plane XOZ (or inlane parallel to it), and arbitrarily located plaas part
of a spatial structure), it uses elements of thmeskind of shape (rectangular, triangular, rectégubut they
will treat other types than those described above.

Force (tension) in the plane problem is calcula#hder in the center of gravity or more elements (a
indicated by calculators) and element nodes.

As a result, bills are calculated move nodes inglbeal coordinate system, as well as efforts atcénter
point (center of gravity) of the element in thedbcoordinate system (the default) or any other tti®y user)
coordinate system, the position of which is detegdiby the data specified in the document. Nodwadtiens are
only issued in the local coordinate system.

Positive displacement directions are coincidenhtite corresponding directions of the basis vectors

(right Cartesian coordinate system).
g
: OO L0 O
|

Fig. 5. Example display contour plots of stressmé#l-beam.

The list and the rules of reading effort and nadaktions are shown in (table 2). The dimensiagivien
for the case of job stiffness characteristics,inrand loads in tons and meters. If other unitme&surement
results of the calculation will be prepared acaogdb the selected measurement units.

Table 2
Type . - .
of EE Indexation Description Rule of signs
a)
21-30

41— 50 Ny (ox) | Normal stress acting along the axis XIPositive sign corresponds to tension

Positive sign corresponds to tension. For items
Ny (oy) | Normal stress acting along the axis Y221 — 30 is calculated only for plane-deformed
systems

21-30
41 -50

21-30 | N,(s,) | Normal stress acting along the axis ZIPositive sign corresponds to tension

B Shifting section belonging end member |in
41-50 | Ty (ty) | Shear stress directions opposite to the axes X1 and Y1

Shifting section belonging end member |in

21-30 | Te(ve) | Shearstress directions opposite to the axes X1 and Z1

b) Bending stresses (forces)

11-20 M Moment acting on the cross sectipiThe positive thing is stretching the lower
41 -50 X orthogonal to the X axis (relative to the axis Z) fiber cross-section
My That is, the orthogonal axes Y The same

Rotation section belonging to the end of the
Torque (acting in section orthogongelement counterclockwise when viewed from

11-20 M,y to the axis X1) the end of the axis X1
41 - 50 Qx Shear force in a section orthogonéPositive shearing force acts in the direction| of
to the axis X Z axis on the part of TFE, wherein the missing
node 1
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11-20 . .
41 - 50 Q That is, orthogonal to the axis Y
Reactive soil resistance wherPositive force acts in the direction of the axis Z
11-20 ) e . S T
Rz calculating shell plates on elasti(minus sign indicates that the soil |[is
41 -50 .
foundation compressed)
¢) Nodal reaction
21 -30 Horizontal forge n the-noc_je finite The positive force exerted on tieh node in
RX element coinciding with the S )
41 -50 . . Ny . the direction of the axis X
direction of the X axis direction
41-50 Horizontal forge n the-noc_je finite The positive force exerted on tieh node in
23, 24, RY element coinciding with the the direction of the axis Y
27 direction of the Y-axis direction
11-20 Horizontal forge n the-noc_je finite The positive force exerted on tieh node in
21-30 Rz element coinciding with the the direction of the axis 7
41 -50 direction of the Z-axis direction
11-20 The reactive moment in thenode Positive m"”.‘e”t acts- on théth node
RUX . : counterclockwise when viewed from the end| of
41 -50 FE relative to the axis X .
the X axis
11-20 The reactive moment in thenode Positive m"”.‘e”t acts- on théth node
RUY . : counterclockwise when viewed from the end| of
41 -50 FE relative to the axis Y .
the Y axis
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UDK 624. 012. 45
PRECAST BENDING REINFORCED CONCRETE CONSTRUCTIONS

ALIAXANDR KAVALENKO, NATALIA SIVTSOVA, ELENA KREMNEVA
Polotsk State University, Belarus

Currently, precast reinforced concrete construstiane widely used in the building industry of the
Republic of Belarus. They are used both in the mstraction of buildings, structures and in new ¢arion.
The advantage of precast structures is associatédtie possibility of connection of multiple lagewith
different properties in one construction. The valiga of precast construction includes the usepafsitive
properties of each layer separately and joint vadflayers as a single unit up to structural failure

So, during the reconstruction of buildings andatites a method of enlargement of the cross seofian
construction to reinforce steel bending concretecstires is commonly used. It is a fairly simpleywaf
reinforcement. It allows to increase the structwtaéngth and to reduce the time of strengtheriiing. use of
other ways of strengthening is limited by weightl averall dimensions of structures, as well asube of large
construction equipment.

The efficiency of reinforcing work technique is bdson the use of a horizontal surface of a former
construction as a fixed formwork. Reinforcement bancarried out under total or partial dischargeimder a
load. Reinforcement-under-the-load-activities ane imost profit-proved. The works are carried outhwi
minimal efforts. So, for example, there is no needismantle and then mount back the work equipmdrith
can remain non-removable. Besides it is practicafigossible to relieve a fully unloaded structurbe proper
weight of an item is a minimum load.
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As a result of such reinforcement a precast antticastu construction, which combines at least two
layers of different properties, is made. And thedmof layers’ deformation can be various.

The use of precast and cast-in-situ constructisn®levant both to a new low-rise building and laps
replacing under strained conditions of reconstauctiThe use of precast and cast-in-situ constmstia this
case allows reducing the cost of construction §iganitly, eliminating the use of hoisting machinasd
mechanisms during the mounting of structures. Aesalt a several layer structure is made, and thdenof
layers’ deformation can be various.

Modern precast and cast-in-situ flexible constardi such as lap-slabs, are very diverse. Theylynain
consist of prefabricated beams with reinforcemand block-liners. Large-span slabs of the Germaresys
“ALBERT", polish “TERIVA FLOOR?” slabs [1], Belarusan “Dakh” [2], the Russian system of prefabricated
concrete slabs “Marko” [3] and many other systemsvadely known.

In general, precast and cast-in-situ system cansfghree parts:

1. Reinforced concrete beams with a spatial reinfgrdiar structure in the form of a light truss of a
triangular cross-section. The basis of the farrmisiersed into concrete. The truss consists of thegs. The
diameter of the bars depends on the length of ¢laenls and a required strength of laps.

2. Hollow block-liners that fill spaces between beaamsl serve as a fixed formwork. Material for
hollow blocks can be different: ceramics, hayditearete, foam concrete, cellular polystyrene caegietc.

3. In-situ concrete, after its curing, makes a preaasdtcast-in-situ construction.

Fig. 1 shows the “Dakh” system developed in PSU.

Fig. 1. General arrangement of a composite precastast-in-situ slab “Dakh”

Theoretical studies and experimental researchpseghst and cast-in-situ constructions are caoigdn
many countries of the world, such as Germany, Rblanthe CIS countries — Russia, Belarus, Ukraare]
many others. The structural elements are elaboratalil systems; durability, fracture strength,dbness of the
whole construction is investigated as well. Thisacly proves the relevance of this type of strieguBut
guestions about the influence of initial deflectadde caused by concrete shrinkage of a cast-indsiituof a
construction on the entire system up to destructianstill in the dark. Besides, there is a questibout the
influence of the load on the structural strengtheimforced constructions.

Joint work of the precast and cast-in-place coecieta unit, both in new constructions and renayate
ones, makes conditions on a composite deflectecemaeldich is different from conventional reinforceahcrete
beams or slabs.

The researches of precast and cast-in-situ systisex$ in new constructions and renovated ones have
already being carried out in PSU for 20 years. Témearch is carried out by the staff of Departnat
Constructions Among them are candidate of technical sciencés. Wirinev, candidate of technical sciences
A.H. Kremneva [4], Dr. Lazouski D.N. [5], candidaiétechnical sciences Popkov Y.V., and masteechmical
sciences Kovalenko A.A. In the labs experimentaeagch of precast and cast-in-situ slabs “Dakhéb sl
constructions forced under a load or without icasried out .

Various deformation models are used for the analgbiexperimental data and assessment of the gained
results. More than 500 calculations are made usiege models. At the same time, for confirmatiod amore
detailed analysis of precast structures work theaecalculations, based on the deformation madsihg the
system of lapping “Teriva”, Poland, are also praabs

Today the university staff are carrying out theesgshes on influence of initial deflection modeaof
precast construction on fracture strength of syskesns:
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— the impact of shrinkage of cast-in-situ concrateluding modified admixtures is being studied,;

— the effect of load on the prefabricated structingyarticular reinforced by means of enlargement of
the cross section of a construction is being exacdin

Theoretical studies and experimental researchesvedl assessing the percentage of reinforcement of
precast and cast-in-situ constructions and theingdével of a precast unit, which influence thacture strength
of the system as a whole.
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UDC 72.05
THE DEVICE OF A WINTER GARDEN AND THE GLASS HOUSE

VLADA STALMAKOVA, HALINA IVANOVA
Polotsk State University, Belarus

Ways of building and prominent features of glassises and winter gardens are considered and
analysed. Stages of building of constructiondiefgiven sort are presented.

All people like nature and its unusual “design”f lai’s think of it a little. If you suddenly warddo have
a slice of this nature at hand at any time you khmflect on such construction as a winter garlien 1).

Fig. 1. A winter garden with a glass roof

It has been noticed that winter gardens, as weljlass houses, are most claimed by people who
are interested in the nature and want to be cltusér

Glass in such house or a garden can be transparemttte, get effect of an easy misting or be
partially decorated stained pattern. Now desigerso use actively glass in an interior. Interrodmors,
tables, chairs, cases, regiments and so on are ofaglass. Modern production techniques of glaseval
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using transparent walls and roofs as the excellantding decision of a thermal insulation, sound
insulation, protection against an ultraviolet, ppéations, at absolute reliability of a transpardesign.

Installation demands the separate designing inoldiifficult calculations of all design and each
of its elements. Complexity of works will turn oaktremely high, at comparison with usual civil work
on facing of a facade of a building.

The installation principle does not differ. Panatg fixed on a standard purlin, or are straightion
wall. They screw component parts for fixture, ustag variants, with visible system of fixture or
hidden. If bracing elements are visible, headswssreivets, clamps, used for fixture, are decoraied
painted.

Grooves from the interior of panels prepare for aaaled fittings. Glass blocks are attached
through them to load-carrying structural components

Before starting to build such a construction inecessary to think whether it will stand separately
or will be attached to already constructed house.

If a winter garden is attached to a ready-made @ptle main task - to avoid mutual motions of a
building and an annex. A driving depth of the basesa rule, is made identical. Thus, it is uséduadd
a base design with the screw adjustable bearersssacy for elimination of shrinkable warps. Ovee th
base necessarily stack a waterproof finish. Overlthse necessarily stack a waterproof finish fronm t
layers of the rolled material pasted on bitumen ticagor designs of roofs this variant is not ahgely
approaches. One of widespread ways of a waterpfioafh is processing to isolating materials on the
basis of a water glass.

Front systems are universal: for walls and a rtaf $ame set of racks, beam heads and the angle
units made of hollow profiles is provided. Steedaaluminum in a profile are of great popularity.erh
steel section has the highest durability and caar blee greatest area of a glassing. A profile leckig
enough mass of a framing and susceptibility ofeeek{even processed by anticorrosive structuresd. ru
For this reason, steel constructions demand regptatective treatment. Aluminum in the profile
provides high durability of a framing at a low mags reduces loading on load-carrying structures,
increasing reliability of all system as a whole. Aluminum lack is its high heat conductivity that
increases a thermal loss through a roof.

It is possible to enter a winter garden in archid@ec shape of the building constructed in modern
style. To achieve this it is possible to use a sgetype of a glassing on a roof (or in all designyo-
called structural. Special aluminum profiles andnistandard double pane units (their exterior glass
more internal thanks to what the ledge closing afifg of a framing) are formed for this purpose.eTh
usual plain glass for the design of roofs, opendshar transparent walls impressing in the sizesdud
approach — it is too fragile, heavy enough, anthatslightest blow breaks up into sharp-edged @Edse
being under such a roof is extremely unsafe). Besid spends heat too much (that is in the summer i
can be too hot indoors, and in the winter too coldgrefore use double pane units.

Double pane units mount by means of only cold-tasisjoint sealant, doing without clamping
laths. Result is the smooth glass surface whicfedsfthe original exterior and possesses one cenau
advantage: snowflakes and rain drops easily rolvmddrom it. As alight-transmissive fill frames ihd
walls and roof of the winter garden mainly glazisgused. For walls use two-chamber with wide chammbe
and power saving up glass, for roofs - only singhember with low-emissivity glass (not to increase
loading by a framing).

For security glazing for the roof must be made abbrdinary glass, and laminated glass (inner)
and tempered (external). Experience shows thatrthst reliable framework system for conservatoris i
made of galvanized steel profiles closed sectionisTis evidenced by cases where the roofs on the
adjacent conservatory goes wet spring snow withbloeks, and these designs provide reliability. dlee
to focus attention on the triplex.

So, let's talk about the triplex. It does not impaambles, only crack: get a stone into it andilk crack,
but pieces will not fall out of the glass roof. 8#driplex special gluing layer of polymer is sanched between
two sheets of glass. Another advantage of triplgeed soundproofing. Lack of material - large aedduse of
the thickness of said multilayer weight. So befasing the triplex, it is necessary to strengthendad framing
fairly. And here the tempered glass fairly appr@actior sleeping rooms as it does not injure galsdts
infringement of integrity of glass. The temperedsgl has practically forced out usual as its apjiicas safer
for manufacturing of furniture, tables and casessies advantages such glass has essential latdlksgxlso
it is sharp such material it is almost impossilied give to glass the necessary form and to dpéirtures it is
desirable before spending its temper.
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An excellent example is built in Singapore (fig). 2.

Fig. 2. A winter garden in Singapore

Tempered glass use is not desirable at a glassinmgads. Let it also will not wound, but, it is
unpleasant, when on a head poarglass medley. In addition, a few years later temagdeglass with age
cracks and crumbles on its own, without any exteinfuence, according to professionals; this is a
maximum of ten years.

That's how you build a conservatory its mast [1, 2]
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STRENGTH OF REINFORCED CONCRETE BEAMS, STRENGTHENED
WITH ADDITIONAL PRESTRESSED TRANSVERSE REINFORCEMEN T

YAHOR LAZOUSKI
Polotsk State University, Belarus

In this article the author gives the results of theverimental and theoretical studies of the sttlergg the
reinforced concrete beams, strengthened with amtuhfi pre-stressed transverse reinforcement.

For obtaining new experimental data about the hiehaof reinforced concrete beams, strengthened in
shear zone, under load, experimental studies weréucted. The studies included testing of expertaidieams
that were strengthened in shear zone with the iadditpre-stressed transverse reinforcement. Treagthening
was at the initial stress-strain state and undetahd action also.

Test Procedure [3].The experimental studies were conducted on thebiesins with the rectangular
cross-section (175 mmbY x 400 mm K). The length of the test beams was 3m. As varaofs in the
experiment, shear span (ranged fromdli® 2,5)) and the value of load under which strengthenioguored
(from the initial load level (the dead weight arfte tweight of the test equipment) to the load value,
corresponding to 71% of failure load).

During the experimental studies, three series sff beams were tested. Each series consisted @& thre
beams. First test beams in each series were tedtedifferent shear spans without strengtheningedsrence.
The second and the third test beams were testedthdtir strengthening at the initial stress-stedate and under
the load action respectively.

Test beams of the | series were tested with thargdpan 1,8, 1l — 2d, IIl — 2,5d respectively.

The actual cross-sectional dimensions of the teatris, transverse reinforcement characteristicsrdefo
and after the strengthening, shear spans, the dll@ad, acting at the strengthening of the tesarbs are
shown in Table 1.
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Table 1 — The Characteristics of test beams
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The experimental studies of the test beams werdumted in the laboratory of the EE “PSU". Only
checked equipment was used. The load was applite: teample by means of the press PR-1000. Toaidh&
magnitude of the applied external load press dymaater was used.

During the test, to obtain the data about the stsémin state of the test beams shear zones, the
measurements of the basic and additional transvensrcement strains, as well as shear zone etaestrains
were conducted.

The strengthening scheme of the test beams is showv#ig. 1.

The experiment showed that all test beams, strengthin shear zone by installation of an additigmet
stressed transverse reinforcement, collapsed ishttbar zone by the critical inclined crack with #t&inment of
the basic and additional transverse reinforcenteains values, corresponding to the yield strength.

The ultimate strength calculations were performsitigithe real physical and mechanical charactesisti
of steel and concrete, which were obtained fromekgeriments. The calculation results, that weriiobd
using the limit equilibrium method [1], strut arid tmethod [4], limit equilibrium method for bendistructures,
strengthened in shear zone [5] and proposed methaskd on the Modified compression field theory and
general deformational model [2], as well as thatrehship of experimental data to the calculateldies are
shown in the Table 2.

1. It was experimentally confirmed the efficiency bétstrengthening of the reinforced concrete beams
by installing the additional pre-stressed transwveesnforcement in shear zone in the initial stgssin state and
under load action also.

2. The results of the experimental and theoreticaflisgihave shown the satisfactory convergence
between the experimental data and data, calculatied) proposed method, based on the modified casjome
field theory and general deformational model [2].
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Fig. 1. The strengthening scheme of the test beams:
1 - strengthened beam; 2 — additional ransverséoreement]12 mm; 3 — gupsum slurry layer;
4 — steel distributor plate 100x100x5 mm; 5 — spd&te washer 50x50x5 mm; 6 — nut and lock nut M12

Table 2. — The tested beams shear capacity

Ko

‘E

% Vth ’ kH \_/m Vth 1 kH \—/%D- Vth ’ kH \_/m Vth 1 kH \—/%D-

E Vexp kH [1] Vth [4] Vth [5] Vth [2] Vth

S [1] [4] [5] (2]

s
Bb-I-1 283.3 281.05 1.01 50.34 5.63 - - 267.3 1.06
B-I-2 482.8 398.01 1.21 143.44 3.37 - - 465.5 1.04
b-1-3 460.8 398.01 1.16 143.44 3.21 384 1.20 445.3 .031
B-lI-1 244.5 252.5 0.97 50.34 4.86 - - 236.8 1.08
b-11-2 3514 351.74 1.00 143.44 2.45 - - 363.2 0.9y
B-11-3 335.6 351.74 0.95 143.44 2.34 344.7 0.9y 348. 0.96
B-llI-1 184.8 224.5 0.82 50.34 3.67 - - 176.38 1.0%
B-111-2 315.6 323.7 0.97 143.44 2.20 - - 290.9 1.08
B-ll1-3 2954 323.7 0.91 143.44 2.06 316.Y 0.98 276, 1.07
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APPLICATION OF WASTE WOOD FOR RECEIVING BUILDING MA TERIALS

AKJEMAL MEREDOVA, YULIYA KIREYEVA
Polotsk State University, Belarus

Organic building materials include wooden materiaad items, polymer-based materials and also
organic binders and bitumen-based materials. Thepprties of wood, its application are describedtlire
article.

Organic building materials include wooden materald items, polymer-based materials and also argani
binders and bitumen-based materials.

Wooden Materials and Items

In modern building practice wood is extensively duder walls and floors of buildings, carpentry and
graded plank items, as well as prefabricated standaoden cottages. A great quantity of wood isscomed in
building and installation work for making piles,les, various loads-bearing components, casing&pitsa

Glued wood components — beams, trusses, archesgdrand roofs of buildings and installations — are
very effective in chemically aggressive environmieatause their life span is 1,5 times greater thanof steel
or reinforced concrete.

In building conifer (pine, spruce, larch, fir) abcbad-leaved (oak, birch, alder, aspen, beech, imaple)
wood species are used. Pine is used for buildifty whdwelling houses, bridges, poles, window saslransoms,
floors. Larch is used for the manufacture of podiislers, and in general hydraulic engineering taoson. Broad-
leaved species mostly used in building practicériomming work because it has a pleasant textutdecator.

Structure and Properties of Wood

Wood is organic natural, fibred, porous (macrogtme) material, which consists of living and deatlc
of various size and shape (microstructure). A tivaell provides of trees with growth. After a whiteese cells
die and become hard and strong. Macrostructure anfdwis studied by cutting the trunk in three diiets:
cross-sectional, radial cut and tangential. Thesss®ction has layers formed during the growingseéspring-
autumn). They are called annual rings. Each aminglconsists of light (early) wood resistance atrdng. The
higher the percentage of the late wood, the stnotihgewood is.

Wood as a building material has a great numberatfable properties: high compressive and bending
strength, small true and average density, low heaductivity. Wood has several negative propertits:
anisotropy results in different strength, heat emtidity and electrical conduction in length andass fibers;
wood is a hydrophilic and combustible material.

Properties of wood are greatly affected by moistiostent. Therefore its principal properties (sgtén
average density, heat conductivity) calculated with use of standard moist are equal to 12%. Woayg m
contain water in three forms: capillary (of freeygroscopic and chemically bonded. Moisture contérwood
exposed to prolonged contact with air of constafdtive humility and temperature is called the Bgaum
moisture content. Because of structural differeneesd shrinks during drying or swells irregularty various
directions. Linear shrinkage along the fibers besween 0,1 and 0,3%, in radial direction betweamd 6%, in
tangential direction between 7 and 12%. Wood isdifiom 15 to 20% (air-dry) and is suitable for tpen air
application; and it can be dried from 8 to 13 %o¢mdry) as well and is applied indoors. These messallow
to avoid shrinkage of the material during its exalton.

The following drying methods are in current use:(aatural), chamber, electric, in hot liquids, tteef
methods are air and chamber drying.

The true density of wood is approximately equailtspecies and averages 1,54°t/m

Due to anisotropy, the resistance of wood to meichaaction differs the fiber orientation. Compriess
strength parallel to fibers of wood at 12% moistooatent varies greatly with wood species, the edingm 30
to 100MPa, and compressive strength perpendicular tosfibewood amounts from H to 25 MPa.

Decay of wood stops as soon it dries, and alluhgifperish. Wood in construction items or in sieranay be
attacked by fungi and insects. Wood can be prateatminst decay and its life span in structureseased by
preventing its humidification by structural meassch as painting or coating, leaching and imprégmatith
antiseptics. Antiseptics are substances whicha@sepous for wood-attacking fungi. They should bentless to man
and domestic animals. Antiseptics are subdividexhirater-soluble, oil and paste varieties.
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Water-soluble antiseptics are used for making wowistureproof. Because of high inflammability and
sharp odour, oil antiseptics are used only for Egpating or coating wood placed in the open ait,csavater.
Antiseptic pastes are subdivided according to thieiders into bitumen, silicate, etc., varieties.

Wood preservation with liquid compositions includesface preservation, impregnation in hot-cold and
high-temperature baths, impregnation under pressure

Wood is very inflammable, this being one of its araghortcomings. Wood can be protected against fire
by plastering, coating with gypsum or asbestos-cersieeets or surface treatment with fire resissabstances.
There are two surface treatment techniques, narmpealgiting and impregnation with fire protection quoands,
or antipyrines.

Materials, Items and Structures from Wood

Building logs from conifer and broad-leaved spesiesuld not be less than 14 m thick at the top4atad
6,5 m long. Logs are used for hydraulic engineerstigictures, bridge elements, power transmissiath an
communication lines, railway tracks.

Sawn timber is obtained by longitudinal cuttingags planks, sleepers. By finish, sawn timber faite
clean-cut variety in which both edges have beertlmotughout their length and non-trimmed varietywihich
the edges are not cut or cut less than half teegth. Sawn timber for glued items and structuagshs, beams,
farms) should have a moisture content not more %, and that for bridge span structures and diset-
bearing constructions should carry not more th& Pfoisture.

Factory plank used for various building applicatianclude platbands, plinths, finished floor boards
handrails for barriers, treads, window-sill boandl &xterior sheathing of house.

Floor materials include piece parquet, parquet dmafinish flooring boards, wood chipboards, wood
laminates and fiberboards.

Wood chipboards are sheet materials manufacturedolbynoulding of wood chips, impregnated with
polymers. In the course of hot-moulding, chips @epacted, and the viscous polymers harden, to retine
filler into a monolithic material. Wood chipboardse made of wood of conifer and broad-leaved specie
Resistance of wood chipboards to water biologigaings and fire is enhanced by treating chips witiisaptics
and antipyrens.

Wood fiberboards are sheet materials composedgzinic fibrous fillers (wood, reed, hemp) polymer-
bonded together by hot-moulding. Culled wood istfitut into chips, than into fibers. Fibrous pupdiluted
with water and pumped to a reservoir for mixinghnat solution of phenol-formaldehyde polymer (4-584he
dry mass weight), hydrophobic additives, antisepéind antipyrens. Fibrous pulp is pumped from &senvoir
to a long mesh moulding machine for dehydrating amallding the pulp into a continuous sheet, whigh i
passed to a machine where it is cut into boardghBly average density, wood-fiber boards are aftglin three
kinds: semi-hard (not less than 400 ki/nhard (not less than 850 kghmand extra-hard (not less than 950
kg/m?). Soft boards are used for heat-insulating of svaihd floors, semi-hard and hard boards are used fo
facing walls and the extra-hard ones, mostly foorfs.
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ENERGY CONSUMPTION REDUCING IN THE ASPIRATION SYSTE MS
AT THE WOODWORKING ENTERPRICES

MARIA SELEZNIOVA, TATSIANA KARALIOVA
Polotsk State University, Belarus

The article deals with traditional and modernizedpaation systems at woodworking enterprises. It

presents some activities for aspiration systemsinelogy improvement, which help to reduce energy
consumption. It researches a volume vertical paekagollector application in the aspiration systeih;
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introduces graphical dependences of aerodynamiampeters and waste catching degrees during the moder
aspiration system working. It contains the analysisthe results and recommends methods, which wepro
aspiration system working.

The woodworking enterprises produce a good deadaste: wood chips, saw dust and dust. Wood wastes
are removed from the room by bush aspiration systavhich contain waste and air receivers, ductlipies,
cyclones and ventilators.

The bush aspiration systems don't only serve fer rifoving of materials, they are also used as local
retractable ventilation systems. It is a specifiaracteristic of bush aspiration systems. The presdecreases
in the system due to duct pipeline wall frictiontednsported materials and transported air, matpaticles
surface friction of the air, that have less speedl also friction of material particles. Shapedgpaf the duct
pipeline and the used equipment have increasedtaase. There are energy expenses for overcoming th
material weigh [1].

In view of aspiration systems features, we canrofée improve technology of these systems and
significantly decrease the length of material tpamgation or energy consumption decreasing. Thatig we
offer to install volume vertical packaged collec{@j in the middle of the machines location, whéaege
particles of the transported material precipitatégclone is installed after the packaged colledtoclears only
medium and small dispersion dust (fig. 1).
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Fig. 1. Scheme of modernized bush aspiration system

1 — vertical packaged collector; 2 — duct pipelires- dust receptacle casing; 4 — truck; 5 — \esofi;
6 — packaged duct pipeline; 7 — damper; 8 — vdittilavalve; 9 — cyclone;10 — exhaust pipe; 11 kpged duct
pipeline; 12 — pneumatic tubes; 13 — micromanometer

The most widely used at the enterprises are thie &siration systems. Every such system unites thare
ten woodworking aggregates. In the middle of thgregates location and their suctidhsve offer to situate the
vertical packaged collectdr[2], which is appended in the top part of ducepipes2 from waste receivers. The waste
receivers connect with machines. The main funatibpackaged collator is to drop out the basic weafhwood
waste particles from the air flow. Such accumutatakes place due to fast decrease of the air stebd collector,
which has the biggest diameter (8-10 times) thampipeline diameter from the waste receivers.

Wastes accumulate in the vertical collector under own influence of weigh. Fallen wastes don't
transpose and don't have cyclone purificatorit is a reason of energy consumption reducind 20 %. The
cyclone9 and the ventilatob are situated at some distance of collector asdugually situated outside. Waste
removal from the collector is produced by the aitlet to body truck 4 or to conveyer.

Air quantity, which is drawn out by ventilatdron the packaged duct pipeli6eaccording to the number
of synchronous working machines, is controlled bytitation valves8. These valves are mounted in pipeliges
directly near the every machine sucti@®nAll the currently inactive machines disconnectoawatically of the
aspiration’s net, thanks to ventilator valves, vhhiare electrically connected with machines. In ltethe
ventilator5 draws out less air quantity and therefore it comssia reduced power, through the so-called, net
throttling. However transporting speed is fast eEtlin the packaged duct pipeline 6, when the squalhtities
of machines are synchronously working. It makesphgfication efficiency of dust worse in the cyoi®9.
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That's why it is necessary to provide the instaiatof the speed react®rat the air inlet in the cyclone. Speed
reactor will maintain the air speed at the allowaldvel and it doesn’'t matter how many machines are
synchronously working [3]. Wood dust, which was glatuby cyclone, is periodically unloaded from thenker
in the truck4 or to the conveyer.
The air speed on the net part can be less thaspinatng speed or more than terminal velocity, beea
only dust is transported in the duct pipeline dmrhass concentration of aero mixture is negligible
Transporting speeds and terminal velocities of wdast can be determined from the formula [2]:

U :cEE4H1B5i+ 001D, +bjﬂ\/% -

= 110{ 400201+ 001500+ 7) E{/j’; =132m/sec

wherec = 1, 1-the coefficient, which considers the spéedrease in the local consumptiopsi the density of
the material, kg/mh p, — the density of the air, kg — the concentration of material, kg/kg: the air speed,
m/sec;v, — the material speed, m/sde;— the experienced coefficient, which depends an kimd of the
transporting material (for dubt= 7).

P, 500

=014 0 08 = 5 m/sec
(0,02 + m Oo, [0,02 + ]m,z

wherea = 0,9- the coefficient, which depends on the shafpmarticle;h — particle thickness, mm.
According [4] the values of the dust transportipgexds belong to the interval:

v, = 0140

MO U< N Vs

wherems — the minimum value of the diphasic flow speedoading to the kind of the transporting material,
m/sec;nvs — the maximum value of the diphasic flow speedoetiog to the economic conditions of the
aspiration systems operation, m/sec.

The minimum value of the dust transporting spee@.islO, 5 m/sec for the experimentally received
meaningan =1, 8,n = 2, 1. Satisfactory air speed by dust outlet nél about 6 m/sec in the duct pipeline. This
air speed is scarce for the cyclone work, sorieisessary to install a speed reactor in the cydldate

Experiments were conducted with changing air comgion from 120 to 180 fth. The aero mixture
concentration was accepted within 0, 1...0, 5 Kg/Results of the experiments are presented indha bf
graphs (Fig. 3, 4).

Based on the graphic dependences in Fig. 3, 4awarake the following conclusions:

- aerodynamic characteristic and, therefore, the wopsion of the packaged duct collector net with 10
modes constitute insignificant part of all instdfla consumption;

— disconnection of temporary inactive machines frdra aspiration net significantly reduces energy
consumption for material transportation, althougft consumption is increasing due to decrease ofathe
consumption. If you accept the coefficient of taehronous working machines as 0, 6, that poweswaption
of energy consumption will reduce on 21, 2% ineéRkperiment;

- the main wood waste mass (86-90%) falls in theiaartollector, thus it isn’t necessary to tranggor
by expensive pneumatic methods, which need largerggnconsumption. There is a tendency to some
insignificant decreasing of the accumulated wasasstwith the increasing of synchronous workingisust It
can be explained by the difference between moddiseofvaste entrance in the collector shell. Iteésassary to
connect air channel of the suction to the collestwll, which is leaned angle 40 — 50°;

— the additional economy of energy consumption isuad@®%, what is achieved by the main mass of
large wood waste transfer induct pipelines on thartsdistance from machines to the packaged collett is
helping to reduce pressure loss;

- only 8 — 13% of small factions of all waste masssge the cyclone, besides, the load slightly
increases in the cyclone with the increase of giiechronous working machines quantity, althougle, th
purification degree stays on the constantly higlell€93 — 97%). It can be explained by the presericgpeed
reactor and small mass of the fine-dispersed destesl in the atmosphere.
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Fig. 2. Aerodynamic parameters of the aspiratistem:
1 — air consumption; 2 — aerodynamic characteridtibe aspiration system;
3 — aerodynamic characteristic of the packageectt net
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Fig. 3. The degree of waste separation with thedwgd aspiration system:
1 — waste quantity, which was separated in the qgadk collector; 2 — dust concentration in the icteons;
3 — waste quantity, which was separated by cyclone
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THE SYSTEMATIC APPROACH IN THE SOLUTION OF MODERN P ROBLEMS
OF ARCHITECTURE DEVELOPMENT

OKSANA SAZONOVA
National Technical University, Ukraine

Nowadays, the method of “systematic approach”ésniost efficient in the solution of challengingkss
incidental to the modern stage of development afiping and designing practice.

This approach is in some way universal methodoldgy investigation of urban development,
architectural, esthetic, and artistic problems, &mday, there is no thought wave as for concretetent of
“systematic approach”. Furthermore, there are nmitelogical definitions of terms (i.e., the tertiiteory of
systems”, “system analyses”, “systematic invesibgef “systematic methods” are widely used), buttaialy, it
is general principle, which requires investigatodrobjects and processes in their integrity.

The terms “theory of systems” and “systematic itigasion” are clearly defined since their appeaeanc
So, in the works of L. von Bertalanffy, the lastesses that the “theory of systems” investigatespttinciples
related to the systems in general. As for “syst@matestigation”, it should be understood thati¢ans “the
complex of scientific and technical problems, taskd developments, which having all different sfieity are
alike in dealing with the systems of one or othirdkand nature. On the basis of this method angatpf
science or practice could be considered as themsyst

The systematic approach to the solution of problémsrchitecture is set as top priority deductive
analysis of problem — from the most complicatecanrdevelopment systems to simple architecturabteSi, it
means the investigation from the functioning of #ystem in general to investigation its simple qafthe
movement from up to down during the analysis ofh#ectural systems is reasonable not because at gre
influence of human upon the nature, but becauskeofact that decisions made, i.e., on the levalityfsystem,
are more responsible and important for all lowechdectural sub-systems. That is why, taking up and
investigating of architectural-territorial systemsasonably should be started from the top levels lalso
necessary to take into account the fact that actital-territorial systems are the component etesmef a more
complicated ecological system.

The human ecological systems could be dividednatoral, artificial and mixed types. The pure @i
ecosystems nowadays are developed only in cases lwhvaan cannot exist in natural environment (incepa
under water, etc.). The natural ecosystems aredsilple on the modern stage of mankind evolutiorat T why
all human ecological systems, which are in the aearchitectural investigations and designing,luding
trading services system, are mixed systems, whoakai both artificial and natural elements.

Nature as environment of society life, impacts bwith its factors, making necessary the creatibn o
artificial environment, which provides the conditfoof protection and consumption of this objectamergy and
information impact. The population impacts on natand changes it only using “another nature”. Biri
interaction with the nature, the society is in fiimeal unity with the objects of artificial (arcbittural)
environment — with premises, buildings, urban areaachineries, communications, etc. Undoubtedlg, th
human influences upon nature also directly, buséheontacts are only of “passive” character andipdor
biological systems. That is why only direct linkdture-population” exists.

In interaction of demoecosystem with the natures ihe human who establish tactics and strategiygb
in this system as motivator, means that here thia rodteria are different from those generally gueel
technical-economic criteria.

In the process of scientific analysis dependingheninvestigation task set, the architectural disjeould
be divided into components by two characteristifgnetional and areal. As a rule, one of the abmentioned
characteristics is not enough to solve the taskithahy in the majority of cases appears the reget create
two interrelated models. The systematic approaghires first of all, the functional analysis of tbbject — its
dividing into qualitatively different from the futional point of view elements.

V.A. Lefebvre investigating the problems of theedtis as system, wrote the following: “when we labk
human as functional element of social organismm the human only due to its external relationsigntegral
unity with the elements of technics, householdn sgstem and finally, with its activity. And hettbg special
principles for dividing, not areal and time, buhftional, are necessary.”

So, the components of architectural object shoaftéet necessary from the functional point of view
(system creating) kinds of activity, which charaiz® him as integral system. On the basis of thisciple, all

66



MATERIALS OF VI JUNIOR RESEARCHERS’ CONFERENCE 2014
Architecture and Civil Engineering

kinds of activity, taking place in architecturalsggm, can be conditionally divided into two groupsoductive
and communicative.

The first group includes the processes, which ceftbhe purpose of one or another system. The
communication activity serves for material, eneagyl information transfer between all without angeption,
components of the first group. Certainly, each congmt of these two groups of activity can in itsntioe
divided into its specific components. For examphes material element includes reproduction of pafoih,
creation of artificial environment (machinery, piiees, buildings, etc.); the energy element canelpeesented
as complex of activities for energy production amekrgy raw materials for machinery, foodstuffs people;
information element includes scientific, leadingi\dty, etc.

Once again it is necessary to stress on condittgnall this division, which follows from necessitf
accuracy of functional analysis: so, for exampbe,ififormation activity the system needs materéaid energy,
which provide production, storing, transportinglod information of this type at the distance skt, e

The division of architectural objects into funct@rcomponents is qualitatively different from iteal
division, where the population is separated asl émealized object and is a subject of structuralgsis in the
same way as artificial and natural environment.t&ely, during designing and forecasting of devehemt of
different levels integrity architectural systentse tmore detailed division of system componentossible. And
in this case it is necessary to follow strictly twrespondence of this or another area componehttlevel of
hierarchy of the following system or subsystem.

The principle of interrelations of different levedschitectural systems in that the result of foiorabf
the system of the following level determines theaafor possible decisions for the system of loweel. The
detailed analysis can retrace, split any object &itmple components, but it does not mean thaherbasis of
empirical knowledge after this analysis it is pbksito create the integral structure needed, wiidhe most
viable from the point of view of society vital fuiian.

The general, formal definition of object and subjetinvestigation is insufficient for determinatiaf
structure and level of architectural system orgativn. It is necessary to determine clearly thedboy of the
system by the way of separation of main systentiogalements and to disregard elements and raktidich
are unessential for decision making. The autheamntiof scientific results depends upon the corresgnef
execution of this stage.

If refer to existing practice of determination ofrters of architectural objects of different levels
complicity, then in number of cases it will be alws that the optimization of objects which havefunctional
integrity, took place. So, for instance, it is iffit to make conclusions as for volume and argamization and
economic practicability of the shop without takingp account the information on demography, levielelfare
of population, etc.; it is impossible to tell abdhe practicability of shopping center not knowithg level of
integrity and self-sufficiency of this object fromhe functional point of view. On some stages ofamrb
development there were some attempts to build fiayt” city; with expansion and development of knadge
about mechanism of cities development it was stétatl on modern stage of urbanization city is reddy
integral object in functional sense, and its growiid functioning depend on character of the systém
populated areas, the organic part of which it . tBe background of formation and developmentif are
determined on higher level of architectural hiengrc
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CARTRIDGE TOOLHOLDERSAND BORING HEADS
FOR HIGH-PRECISION HOLESTREATMENT

ANDREW GERASIMOV, NIKOLAI POPOK
Polotsk State University, Belarus

The analysis of cartridge tool holders and boringatds constructions was done, the constructions of
micrometer adjustment of blades were consideredietsoand results of stress, displacement and sédetgr
for split bushing are shown.

One of the perspective ways of boring tools comsimns development is using the principle when they
are made from different modules. When we use thisciple we increase the safety during their world a
maintenance conditions by reducing the amount afuteconstructions. In addition the using of thisdules in
projecting reduce time and labor content for engjirthis constructions, give the opportunities feimg new
methods of engineering.

Special attention is given for the constructionsnidrometer adjustment and movement of cutting édad
assemblies, cartridges and cutting blocks as well.

In connection with that there was the task to dedilpck and module boring heads with micrometer
blade adjustment for surfaces treatment that mgkasisible to:

- reduce the boring tooling variety that are usedtaedeby to reduce the cost for tool production;

— produce boring heads at the enterprises thabaegdd in Belarus.

Foreign analog. Modern boring tool system includes: boring headsgle-point tool or cartridge tool
holders (blocks or modules) for holders or blockele boring tool systems.

The major manufacturer of those tools at territofyCIS is JSC “Vint” (Russian Federation) [1]. The
manufacturer offers hole boring systems in whiah @sed single-point or double-point tool cuttingdids, tool
holders for cutting tools mounting, cylindrical @ with reducing bushings for cutters’ mountinglirdrical
pilots for microbors’ mounting.

The analyses of the patents. During the analyses of the patents of the boriegdis were found out the
next inventions.

In [2] is shown a boring head (Fig. 1), that conefsmicrometer screw that is used as a tool hdldén
one end of the tool holder 1 is done a slot fouttimy blade 2, that is fastened for instance layngling 3 with a
help of screw 4 and on another end is based a ké&y& key 5 has an opportunity to slide by key slothe
cylindrical pilot 6 and prevents the spinning oé ttool holder 1 round his axis. Index plate 7 andhing 8 are
joined with the tool holder 1 by thread. Index pl&tis installed in body 9 with turning capacityn e face of
the body 9 for the accurate adjustment of the tmddler 1 the vernier 10 is done. Between bushiremd@ the
body 9 the springing element 11 is installed.

g
#
f 7N
h \; Ny
L'T'I . )
I it
| 2
FImey
a) b)

Fig. 1. Boring head. Sectional drawing (a) and s (b)

In boring head [3] the generation of the radialrsiz in thread is made automatically by installihg
boring head body into the cylindrical pilot. It ddube done because the boring head that includebdty with
the vernier, the index plate and the tool holdethva shape of a micrometer screw on, one sidenaf is
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fastened a cutting blade and on the other sidestefied a key. The tool holder is joined by thrggld two nuts,
which are separated in the axial direction by gprig elements. One of the nuts is inflexibly joingih index
plate and another is fixated in the body with argrr

During the projecting process and developmentehtiw boring instruments with micrometer adjustroéitite
cutting blade the main task was to solve the probléth clearance adjustment (to reduce for thesszrg value) in the
thread connection of the boring head. It was rede#that some factors that influence on the clearaadue: the
parameters of the slots on the bushing body argtrieses of prior pressing or wedging (for priarsize).

For the purpose of estimation of slots influencetlom accuracy of the thread connection was done the
plan-matrix of the complete factorial experimentg]}. In our case there were three factors: widtthefslot,
step and depth of the slot. To reduce the numberaafels we used two levels of each factor. Theredpad 8
models [4]. The plan-matrix of CFE is shown in &l

Table 1 — Plan-matrix of CFE

Ne Width, mm Step, mm Depth, mm
1 0,5 1 18
2 0,5 2 18
3 0,5 2 21
4 0,5 1 21
5 1 1 21
6 1 1 18
7 1 2 18
8 1 2 21

For bushings estimation during it’s stressing aditwy to the plan-matrix of the experiment was done
eight models and their analysis (Fig. 2).

Fig. 2. Solid model of the bushing

All models were divided into final elements withelp of KOMPAS 3D V13 SP1 APM FEM library
while stressing them were gotten data about stsedégplacements and safety factors of modelsré&sdts
were shown as distribution maps of stresses, dispiants and safety factors (Fig. 3).

484
30.63
2043
19:22
0.02024

Fig 3. Example of distribution map of stresses
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The results of distribution maps analysis is showriig. 4.
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Fig. 4. Dependence of stresses (a), safety fa@iprnd displacements (c) in split bushing fronessr
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It is evident from these dependences that the auxstptable for the further experiments are san®lés
6 and 8, because they don’t have so many strelsseause that could cause very high value of sdéetpr.
From all this factors we choose the most rationatle 5, because it has the highest level of displents and
secures the minimum clearance in the thread coiomeat any stress.

During the projecting of new boring heads and djiical pilots the foreign products of the world’s
leaders of instrumental industry, the analysesefgatents were done. The prior investigationsoostruction
were done, the best results had the split buslhiaighad width and step of the slot twice longenttigead pitch
and depth of the slot was 4/5 of bushing diamdterfurther experiments we plan to ascertain whitthe
methods prior resize (pressing or release) is ibfettan thread connection and when the clearandéé thread
connection will be at its minimum level.
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KINETIC REGULARITIESOF THE DIESEL FUEL HYDRODESULFURIZATION
AT THE L-24/6 UNIT

SERGEY VELIKOV, SERAPHIMA POKROVSKAYA
Polotsk State University, Belarus

In accordance to Technical Regulations of the Qusttynion TR TS 013/2011, the marketing of the
diesel fuel class lower than K5 will be prohibiiedhe Republic of Belarus from th& df January 2015. The
K5-class diesel fuel is produced on L-24/6 unii®€ Naftan since 2012. The results of the stuttyeadinit
operation are presented in this article.

Hydrotreating is the process of the heteroatomsl(®)) removing from the feed by the hydrogenatibn
sulfur compounds, nitro compounds and oxygen comgeuSimultaneously the hydrogenation of unsatdrate
and polycyclic hydrocarbons occurs; the metal ataiee are removed [1]. The requirements of therieclh
normative and legal documents limit the sulfur @adlycyclic aromatic hydrocarbon content. It is wiifficult
for JSC Naftan to achieve the requirements forldter due to the nature of the feed. To reducestiitur
content to 10 ppm (environmental class K5), a deepernization of equipment is required. With this ghe
new reactor block has been built at the L-24/6,unftich is the part of the Complex of Hydrotreatimdild
Hydrocracking and Rectification.

Since the main goal of the hydrotreating procest isemove sulfur compounds, the kinetics of the
desulfurization reactions is studied in this reskaiThe process takes place in an axial multibedtoe. The
molecules of liquid and partially vaporized feedaewith hydrogen molecules on the catalyst surfétehis
reactor the Albemarle’s catalyst system is loaddus system is a combination of inert compoundsiliay
low-active catalysts and main Cobalt Molybdenumrbyméating catalyst KF-757. The scheme of the mrast
shown in Fig. 1.

The kinetics of the hydrotreating process is infleed by many factors, such as the reaction tempetat
the time that reactants contact with catalyst, bgdn partial pressure, total system pressure ngaiinge of the
feed, hydrosulfide partial pressure, uniform digition of liquid flow through the reactor sectiaatalyst life-
cycle, etc. [2] Some parameters are uncontrollagdene are nondescript in commercial unit conditiofise
control of hydrotreating process primarily carriedt by temperature change in the reaction zone. The
temperature is a part of the Arrhenius equatione-af the main chemical kinetics equations [3]:

_E
k=A@ RT
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wherek — rate constant;
A — pre-exponential factor, which characterizesftéguency of interacting molecules collisions;
E. — activation energy;
R — universal gas constant;
T — temperature.
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Fig. 1. The scheme of the reacReR01:
1 —inert filling KG-55; 2 — olefin hydrogenatioatalyst KG-542; 3 — denitrification and hydrogeaoatcatalyst
KF-841; 4 — desulfurization catalyst KF-757; 5 eritfilling (ceramic balls)

As the temperature changes along the reactor haighthe weighted average bed temperattAgT) is
considered commonly:

WABT = %Ti,in + %Ti,out

wapT= 2 WABTY)

where WABT — weighted average bed temperature of-tecatalyst layer;

Tiin» Tiout— inlet and outlet temperature of theh catalyst layer accordingly;

V; — volume of the-th catalyst layer.

The using of the Arrhenius equation for the calttates allows to establish the relationships between
such important and available for analysis pararegtuch as reaction time (or inverse value — lichodrly
space velocity, LHSV), the sulfur content in feedl goroduct, weighted average bed temperature [4n5his
case the influence of other parameters is not densil. Typically, the value of these parametersirdgen
content; the system pressure; flow rate of recgele, make-up gas and purge gas) does not varisaly
throughout the unit operation time.

As a result of study there was obtained dependeshes/n in Figures 2 — 5. The average annual
technological and quality values were taken to naaeulations:

volume feed rate 108,4%h;
sulfur content in feed 0,886 %wt.;
sulfur content in product 9,083 mg/kg.
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Due to the obtained graphs listed above, thertgeipossibility to predict required increasing or
decreasing of the temperature in reaction zones@ hbanges can be caused, for example, by vasdtion
productivity of the unit or by changes in desiredycee of sulfur removing.
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TECHNOLOGICAL CHARACTERISTICSOF THE SURFACE OF THE CUTTING TOOLS
AFTER THERMOCHEMICAL TREATMENT

DZMITRY KARBOUSKY, ALEXEI DOLGIH
Polotsk State University, Belarus

In modern machine industry more and more attenigopaid to reliability and durability of the cuttin
tools. As a consequence, a large number of expetgand research for the purpose to increase lifieation of

cutting tools and their operating reliability is w#&d out. One of the methods to improve these attaristics is
a thermochemical treatment.

Thermochemical treatment (TCT) is a universal meéthbsurface alloying which provides formation of
diffusion coatings on steel, cast iron, hard alloys

Roughness of surface is one of the most importaatacteristics defining the operating charactesshf
the cutting tool. Its value influences on the resise of the cutting tool and on temperature anarnage both of
the front surface and the back surface.

Influence of the application of the diffusion lagemn the surface roughness of the cutting todigsve in
Table 1. The surface roughness of the sampleséeiud after saturation is evaluated on profilogrépbdel
201 according to State Standard 2789-73). Classoofhness was determined by the magnitude of the
arithmetic average of profile ,Rwhich determined at five sites of test surfaceughness of surface after
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application of the diffusion layers exceeds theiaghisurface roughness by 1-2 classes. The exceighe
process of diffusion chromizing, after which roughs is stagnant or even decreases.

Table 1 — Roughness of surface of solid alloys aftermochemical treatment

No BK6 TT10K8b

- Type saturation . Class of roughness . Class of roughness
/i R, micrometer R, micrometer

of surface of surface

1 Basic 0,22 -0,26 a%- B 0,23 -0,26 -

2 Cr 0,19 -10,23 ®— % 0,26 — 0,29 9

3 Nb 0,66 — 0,77 ¥ 0,40 -0,45 8

4 Cr-Ti 0,61 -0,62 8 0,52 -0,60 8

5 Ti-Nb 0,61-0,72 F—& 0,40-0,52 8-

6 Cr-Nb 0,70-0,80 B/ 0,90-0,91 @

BK6, TT10K8B [2].
The surface hardness of the samples after the tudremical treatment is measured on a Vickers

hardness tester of 100 N and a Rockwell hardnesdsrtender load 600 N. The result is determinedhas

arithmetic average of 10 — 15 measurements.
Application of the carbide layers increases thelhass of samples when measured on Vickers devite an

slightly reduces the hardness on scalef Rockwell device (Table 2).

Table 2 — Effect of the application of the diffusicarbide layers on the hardness of hard alloys

Ne Type saturation BK6 TT10K8b

n/n P HY HRA AV HRA
1 Basic 1420 88,0 1530 89,0
2 Cr 1850 85,3 1850 86,0
3 Nb 1680 84,1 1850 83,2
4 Cr-Ti 2290 87,6 3200 88,4
5 Ti-Nb 2830 86,9 1850 87,8
6 Cr-Nb 2320 87,8 2190 88,5

In the process of metal cutting most of the medwnivork, which expended in the cutting process, is
converted into heat. The temperature in the cuttimge has a significant influence on the cuttingcpss and

tool wear.
Carbide layers give high wear resistance at highptratures to carbide tools, reducing the tendémcy

seizure and improving chemical stability, criterighich is to enhance the oxidation resistance.

Heat resistance of the samples with and withodiisidn layers is determined by the gravimetric rodth
according to State Standart 6130-71. Test temperdguselected to 80Q°in an air atmosphere. Selecting the
test temperature of 800°because, when the surface of the metal cuttinggria is heated to the same a
temperature. To simulate the conditions of the ca#ting process, the heat resistance inflictefision coatings
was determined by cyclic heating samples by meaguhie weight gain after 20 minutes of heating &ttal
exposure time temperature for 2 hours. Each regadt obtained as the average of 4 - 5 measurenems.
quantity of heat resistance was evaluated by thee@se in weight of the sample divided by the serfarea of

the sample according to the formula:

-4 %
K ==2—%2 mg/ sqcm, (1)
S

where @, and (, — the mass of samples before and after heaffjg:- the surface area of the sample before
test.

Samples measuring 12x512,5x 4,75 mm. The thickness of the diffusion layers Wakb micrometer.
The test results on the heat resistance of thg almpleBK6 andTT10K8B, at two-component saturation (t =
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1000T, 4 hour) showed significant improvements in oxioatresistance (the best score in carbide inserts
subjected chromium-titanium).

When oxidized carbide alloy, then cross-sectiothefoxidized sample in the plane, parallel to thgiral
surface has the shape of a Maltese cross. Appeasdistich a sample with outgoing angles at thesedge typical
sign of easily oxidation on the surface of theisacinetal-oxide [1]. Porosity of scale explainedatiity resulting
oxide W@Q. Tungsten carbide is susceptible to oxidationgeeater extent than titanium carbide.

When happen combined saturation with forming ifudibn layer a titanium and niobium carbides, heat
resistance curve has a smooth appearance, thaidieectly serve as proof of the formation of mibdicarbides
in layer.

Differents in heat resistance of carbides can Ipdaged as follows. When oxidized carbides sidesiog
oxidation of metals, then form gaseous oxides ob@a and nitrogen, that loosen the oxide film. Bctve
ability of oxides can be roughly estimated by iielaPilling-Berdvards:

LM
" m: 2)

where M — molecular weight of the oxide, resulting in twédation of 1 mol of a compound; m — molecular
weight of the oxidized compounB;, d — density of the oxide and compound.

This relation shows how the specific volume fornigdthe interaction with the external environment of
the oxide is more or less than the specific voluh#e oxidized compounds. If the valueds< 1 oxide film
formed is not solid, that causes a continuous dixida if the value @ >1 forms a protective oxide layer,
hindering the access of oxygen to the compound.l&ge values of the oxide layer, it receives largernal
stresses, has brittleness and loses its protegtoqgerties. The greatest protective properties lexige layers,
which somewhat greater than 1. Pilling-Berdvardsesfor some carbides are given in table 3.

Table 3 — Values of the Pilling-Berdvards’ critario

TC | ZC | N,C | T.C | CrC, | Mo,C | WC Ve

Relation Of Pilling-| 4 53 | 142 | 222 | 101| 117 356| 279 345
Berdvards

t . .Of active 1100 — 1200100 — 1200900 — 1000 900 — 10001100 — 1200500 — 800| 500-800 800 —900
oxidation, T

1. It is revealed that roughness of surface of idarktutter insert after thermochemical processes
increases, excluding the diffusion of chromium ipigit after which roughness is stagnant or eveimfall

2. After thermochemical treatment of solid sinteratloys, increased their heat resistance and
microhardness of the surface layer. Better headtegse have hard alloys with application of chnamicarbide
layers, which is consistent with the data obtaibgdPilling-Berdvards’ criterion.

REFERENCES
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UDC 656.051
CROSSROADS

ULADZIMIR SHCHAPIALKOU, VLADIMIR IVANOV
Polotsk State University, Belarus

Traffic on roads may consist of pedestrians, ridderherded animals, vehicles, streetcars and other
conveyances, either singly or together, while usirgpublic way for purposes of travel.

A road junction is a location where vehicular ti@ffan change between different routes or direstioi
travel.
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Roads were initially built as rights of way to lin&cations of interest: towns, forts and geographic
features like fords. As a result, many such loceiformed the meeting point of such roads and bleeame the
first road junctions. Where roads met outside afrtothese junctions provided an attractive poirtbdd a new
settlement, such that they could receive passadetfrom both directions. Scotch Corner is an exampsuch
a location.

In the United Kingdom and other countries thereaipractice of giving names to junctions to help
travellers find their way. On older rights of wayias often the practice for a pub to be locateti@tiunction to
maximise passing trade, and the junction has sieceme known by the name of the pub (even in oabese
the pub has since been demolished). Other juncti@sbe named after local natural or man-made fesitu

However, with the 20th century advent of road tecaffoads became much busier and junctions became
clogged with vehicles unable to cross each otlpatlss. In modern practice, bypasses and ring rasdssed to
keep through traffic out of major population cestre

Intersections are classified as 3-way, 4-way, 5:wéyvay, etc. depending on the number of road
segments (arms) that come together at the intérsect

- 3-way intersection — A junction between three readments (arms) is a T junction (two arms form
one road) or a Y junction.

— 4-way intersections usually involve a crossing oektwo streets or roads. In areas where there are
blocks and in some other cases, the crossing stoeebads are perpendicular to each other. How#werroads
may cross at a different angle. In a few casesjuthetion of two road segments may be offset fraohewhen
reaching an intersection, even though both endshaayonsidered the same street.

- b5-way intersections are less common but still ex@specially in urban areas with non-rectangular
blocks.

— 6-way intersections usually involve a crossinghoéé streets at one junction; for example, a angssi
of two perpendicular streets and a diagonal stseetrather common type of 6-way intersection.

— Seven or more approaches to a single intersecimi as at Seven Dials (London) are rare.

— Another way of classifying intersections is by fiatontrol:

— Uncontrolled intersections, without signs or signér sometimes with a warning sign). Priority
(right-of-way) rules may vary by country: on a 4yniatersection traffic from the right often hasquity; on a 3-
way intersection either traffic from the right hpsority again, or traffic on the continuing roaor traffic
coming from the same or opposite direction, thaictvigoes straight has priority over that which tuoff.

- Yield-controlled intersections may or may not hapecific "YIELD" signs (known as "GIVE WAY"
signs in some countries).

— Stop-controlled intersections have one or more "BT®igns. Two-way stops are common, while
some countries also employ four-way stops.

— Signal-controlled intersections depend on traffigmals, usually electric, which indicate which fraf
is allowed to proceed at any particular time.

- A traffic circle is a type of intersection at whittaffic streams are directed around a circle. Bype
traffic circles includeroundabouts, 'mini-roundatsjurotaries’, "STOP"-controlled circles, andnsigcontrolled
circles. Some people consider roundabouts to bestmat type of intersection from traffic circlesvith the
distinction based on certain differences in size @mgineering).

— A box junction can be added to an intersectionegaty prohibiting entry to the intersection unless
the exit is clear.

— Some intersections employ indirect left turns toréase capacity and reduce delays. The Michigan
left combines a right turn and a U-turn. Jugharnelfes diverge to the right, then curve to the lefinverting a
left turn to a crossing maneuver. These techniquesgenerally used in conjunction with signal-colhd
intersections, although they may also be usedptaintrolled intersections.

A fork (literally "fork in the road") is a type aftersection. When a road splits, the main roadrstt the
left or right, depending of what side you drive and the smaller road heads straight. It is comfoor2 lane
roads. Heading toward the main road, the travelestriurn left or right. If a road has a curb thitks out, it is
not classified as a fork.

In some places, wider white stop lines (see precediagram) indicate where vehicles should stognat
intersection when there is a stop sign or a relt lig a traffic signal facing them. Some intersaes have
pedestrian crosswalks designated on the streetrpate Some possible markings for crosswalks argvstas
examples. Note that the stop line is positionedatoallow stopped vehicles to block the crosswalk.

Ghost Island priority junctions are sometimes usetthe United Kingdom to provide safer turning area
which separate turning traffic from through traffica similar way to turn lanes (see above).
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FUZZY MODEL OF THE EXPERT ASSESSMENT OF OCCUPATIONAL RISKS
ON THE EXAMPLE OF THE WORKING CONDITIONS OF EMPLOYEES
AT THE OIL REFINERY PLANTS

YULIYA BULAUKA, ALENA GALYNSKAYA
Polotsk State University, Belarus

Fuzzy model of the expert assessment of occuphtieka to employees' health at oil refineries is
presented in the article.

At the present stage of development of socio-tedirsystems, a convenient instrument of the modelin
of complex dynamical processes under conditionanaertainty and multicriteriality is the applicatiof the
fuzzy sets and fuzzy inference theory [1 — 3].

Impact of production factors on oil refinery empdeg is difficult to predict and depends on various
circumstances and conditions. Therefore, the detisiaking procedure to determine the professiasias tevel
is a complex of variables of different nature. Bus reason it is expedient to use fuzzy modelofmsupational
risk assessment.

This paper presents fuzzy model and results ofgusinzy model for occupational risks assessmettief
employees’ health at oil refineries.

The fuzzy model includes three fuzzy inference eaystS, FS and FS (Figure 1) [4 — 5]. Input
variables of the first fuzzy inference system dre probability (frequency) of hazard), which considers
prescription of accidenk(), severity of the consequences of hazards infle€8y, and the duration of hazards
exposure (. An output variable of the first fuzzy inferensgstem is occupational risks levelR;), which
caused by unsafe hazard. The occupational risks iewsed as a basis for making a decision albeutécessity
of risk management actions.

Two variables are accepted in second fuzzy inferaystem: class of working conditionsk¥(T;) and
relative risks QP;) for a certain class of diseases. The result efftizzy inference of the second system is a
linguistic variable — "professional risks of occtipaal hazard effect "(Riei).

The first variable of the third fuzzy inference s — is hazard indeXiBy) for a certain profession or a
structural subdivision. The second variableg{fSa number of temporary disability cases dudltifirresses per
100 employees3BVYTy). An output variable of the third fuzzy inferensgstem is “occupational risks of
complex effect of production hazards"g(Ry).

One of the steps of fuzzy inference is a develoggroérule base by expert. There are 125 rules i F
and 25 rules each for F&nd FS.

On the basis of expert assessment and the prinzipleguistic pattern recognition, it is determéhthat
the changes of input variables can be most thofgudgscribed by terms, which have triangular mersibigr
functions (except the input variable®P; and /7B, and output variableRo;4i, Rpraei, Renow Which are
characterized by trapezoidal membership functions).

As an algorithm for fuzzy inference algorithm Mamida adopted. Assessment of the professional risks
level to employees of oil refineries causedbly hazard (for th&-th profession) consists of the following steps:

1) identify input parameters RS; by recognized expert and statistical methods;

2) perform fuzzification of input parameters values finding appropriate graphic framework of the
membership function term&{ — X7) on the basis of the values of quantitative orlitateve criteria in step 1
(i.e, the values QPi, S, D, KVT,, UB\, OP;, 3BY Ty );

3) determine the degree of validity conditions forteatthe fuzzy rules productions;

4) construct the resulting membership function foe tutput parameterRé;qei, Rsrai, Renar) in
relation to the degree of the validity of all pratian rules;
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5) calculate the resulting (fine) value of output paeters Royqi, Rerai Renek) by defuzzification using
the center of mass method;

6) decide on the admissibility and the need for pr@venmanagerial impacts on set in step 5
professional level.

P, FS;: qu :{xF,//JF),<lj (xp)},,u:,(” (xp) - [0,1],xp D[O,l],

=3

S

0§
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) F————® .
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Fig. 1. Fuzzy inference system in occupationalsrissessment model;, XY; — values of linguistic
variables (terms). Expression: A x/{ua(x)} — a set of ordered pairs of fuzzy subsets ofmyere p £) — the
membership function of the underlying variakl® a subset A

This model is used for simplification and improverneof the quality assessment of the level of
occupational risks. The model was implemented ftwswe on programming language C# in the develogmen
environment of Microsoft Visual Studio 2010 Exprésiition. The results of occupational risks assesgrfor
workers at JSC «Naftan» which were obtained basdeSpsoftware are presented in table 1.

Table 1 — Occupational risks assessment for woikiedSC «Naftan»

Structural subdivision Level of the risks  Confidetevel, % Risk category
Petroleum fuels and aromatic hydrocarbons 0,47 100 middle
Production of lubricating oils and bitumeng 0,51 010 middle
Repair production 0,70 100 high
Production of electricity and wastewater middle
treatment plants 0,54 100
Tankage facilities 0,70 100 high
Workshop electricity 0,50 100 middle
Workshop of instrumentation and automation 0,56 94 middle
Central Laboratory 0,50 100 middle
Motor transport workshop 0,51 100 middle
Workshop equipment base 0,70 100 high
Production of additives 0,54 100 middle
Oil refinery as a whole 0,59 56 middle

According to presented result employees of follgvsubdivisions are exposed to high level risk of
complex influence work environment: tankage faeiif base equipment and repair department. Thexrenéed
to develop preventive control solutions to redusks:
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Application of the proposed fuzzy model of occupaél risks assessment for the health of employees a
oil refinery plant could facilitate taking adequatdministrative decisions on elimination or limitat of the
negative impact of production factors under unéetyaand, as a result, improve the quality of tleeupational
health and safety management system.
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APPLICATION OF TECHNOLOGY OF LASER SINTERING OF METAL POWDER

HENADZ| ZDOR, YAUHENI LIVSHITS, ANDREI RUBAN
Polotsk State University, Belarus

One of perspective directions of creation of auttadgoroduction is using technology of direct metal
laser sintering (DMLS). The essence of this teamlis paired computer-aided design (CAD) with auto
manufacturing parts using special devices — 3D ters

In view of the development of scientific and tedahiprogress, we have an actual problem of complex
automatic and robotic equipment. Moreover, duénérassive creation of flexible production it ic@gsary to
develop mobile, single and small-scale manufactuunits. A feature of these developments is thattrobthe
issues involved in creating technological complefedisin the conjugation technologies, such as raeats and
electronics, electronics and IT. That is why madstaoveries nowadays raise issues of interfacingnelogies.
This technology covers metallurgy, electronicsjagtquantum physics and IT.

Laser sintering of metal is a kind of additive $yagis technology.

Direct metal laser sintering (DMLS) is an additive manufacturing technique used i@ Ibw volume
production of prototype models and functional comgrts (fig.1) [1].

The technology has many benefits over traditionahufiacturing techniques. The ability to produce
quickly a unique part is the most obvious advantagmause no special tooling is required and parise built
in a matter of hours. Additionally, DMLS allows fanore rigorous testing of prototypes. Since DML®& cae
most alloys, prototypes can now be functional hamdwmade out of the same material as production
components [2].

So, the benefits are:

— a significant increase in production flexibility;

- an excellent mechanical properties of items;

— improving the competitiveness of production;

— reduction of production costs, especially for alsszale production;

- greatly reduces computer numerical control (CNQ)lé&ctrical discharge machining (EDM) costs;

— reduction the time to market new products;

- the integration of computer technology and CAD eyt [3].

The main problem is the hardware to ensure accurattye manufactured products. Key issues to ensure
accuracy are the following:

— preparation of metal powder for sintering;

— selection of lasing mode;

— ensuring of the positioning of the reflecting mitro

- focusing of laser beam.
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Laser
scanning
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—- Laser beam Pre-placed
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powder particles
{broean stale) Laser sintering

Unsintered material
in previous layers

Fig. 1. Process of laser sintering

Before laser sintering (scanning) a powder mixiaraligned by a special roller (fig. 2). One of thest
difficult problems of the sintering process of metaot is heat transfer in porous environment,ineestigation
of thermal fields arising in the powder layer withlsed laser treatment.

Powder
delivery Object being
system fabricated

Powder delivery piston Fabrication piston

Fig. 2. Process of laser sintering
In laser 3D-printers an executive body uses sdhteslasers. As the active body used a rod of arby
glass doped with neodymium or YAG doped with neoidymor ytterbium. It is located in the lighting ahber.
To excite the atoms of the active body a lamp pisngsed. The lamp pump creates a powerful fladigbf.
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Power of laser is chosen according to the boilingtpof the powder, the thermal diffusivity, theagie
and the average particle size to prevent burnirtgetample. It is extremely difficult to pick cermnpirically the
optimum value of power. The need to achieve a sta¢hich the liquid phase in the powder layerbat 15%
does not allow preventing the melt to be overhedézdling to the formation of a fluidized layer.

There are servo motors as components of precisgragat in printer. The basis of a sensor system
consists of different contact and contactless ssnso

3D-printers software is divided into three categsi(fig.3):

1) Computer-aided design. In a few minutes, you caater three-dimensional physical body and even
assembly units of any complexity.

2) Drivers and utility programs that convert filesm@8D-object in a machine understandable byte code.

3) SCADA-systems are used for industrial purposesasting production processes.

| i 3D Object

3D Cad STL Slicing Layer Slices & 3D 3D
Model File Software Tool Path Printer Object

Fig. 3. Stages of manufacture: from modeling taitation of a physical body

This technology is used to manufacture direct pfarta variety of industries including aerospacentdl,
medical and other industries that have small mediiz®, highly complex parts and the tooling indystr make
direct tooling insert.

With this technology, you can make parts of any pi@xity.

Technology of DMLS allows to prepare implantspresits and guides for surgery (fig. 4) [4].

Fig. 4. Printed jowl implant

No less interesting direction of DMLS is micromathg (fig. 5) [5].

Fig. 5. Elements of micromachining.
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The process of creating of 3D-models has ceasbd thfficult and time-consuming. Furthermore, now i
is more economical and allows increasing signifilyathe flexibility of production. Moreover, it rettes the
number of technological processes in production.

The use of this technology is especially importanmnobile and rapidly developing IT-industries besa
the equipment for such production can be easilysparted and operated. This technology allows prioduan
original product — machine parts or components mitae of equipment — in any conditions.
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This article is about the industrial application xich a perspective material as polyacrylamide.

Currently ecology becomes a strategic indust @
affecting on all spheres of political and economiosperity ®
of the state . Natural resources, quality of lifealth and life ® o e® @ ® &
span and even future of the country — all of thespeshd on b
the ecological situation of the environment. > & ®

Protection of the environment from pollution is avfe L) & @ o
the major problem of modern society. Environmen M
pollution can be primarily seen in the quality effface and NS
groundwater that is used in water supply. The astptic ©
and chemical properties of water deteriorate from inflow ® [ ]
of wastewater, stormwater and meltwater [1]. @ &

This happens due to the change in the structure ¢ o 0
industry, physical and moral deterioration of seevagatment bt b )
plants, absence or lack of funds from enterprising e
weakening of control over their water protectiotiaiies. J}

In this regard, in the 21st century the main stiate
direction of reconstruction of water supply for ustrial * ®
enterprises is the creation of closed water systevhgh is :.. :.
impossible without alteration and improvement ofsérg
treatment facilities and introduction of advancedhhnologies o % e ® o9
and equipment. New perspective methods of wastew %, ®e
treatment are flocculation, sorption, membrane axidative

methods [2]. @
Among the effective ways of intensifying existin

technologies of natural and waste waters purificais the
use of high-molecular flocculants alone or togetheth
inorganic coagulants. Only due to the widespre&ddiuction

of physico-chemical treatment of industrial wasteraising ®
coagulants and flocculants can provide effective987% ® ..
removal of colloidal and finely impurities such @i§ grease, hd
dyes, surfactants, etc.

@ &
. 00 000 904 9
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Now a little more about the process of flocculatidflocculation is the process in which the
contamination particle of wastewater and high malkecweight substances (flocculants) interact. Thiuging
the flocculation process takes place flocculatimagromolecular substances react with particleténpurified
wastewater) and three-dimensional aggregates (ftmeaplexes) are formed [3].

The adsorption process occurs in two stages [4FB$t, each macromolecule attaches with several
segments to a single particle (primary adsorptidiijen, free segments fix on the surface of othetighes
linking them with polymeric bridges (secondary ag$ion).

The picture 1 shows a schematic diagram of theitindf the dispersion particles.

Acrylic amide polymer (AAP) is the best substanesall this requirements.

The AAP was obtained for the first time in 1893f blue to poor resource base the development of its
industrial production began only in the early 1950% AAP has an ability to polymerize in the preseof radical
initiators and possesses multipurpose propertles @hsured the rapid establishment and expanktbe production
of polymers. Initially, these polymers were usediasculants for sedimentation and filtration ofogphate sludge
processing technology of uranium ores and streadtitives for paper, and later became widely usedarious
industries, agriculture and medicine as floccularitsckeners , adhesives , lubricants, nucleasord, film formers.
Despite the wide range of important civilian apgtions of the AAPs, their use in the defense imgubas
substantially limited the availability of scientifinformation about them. As a result, until thelye&970s there was
little information in the literature on the prodiact technology of polymers. In recent years, witipiovement of the
resource base it has been created a scientificfbatiee targeted development of polymers with @elsproperties,
developed advanced methods for the synthesis gifneos — polymerization and copolymerization of harpide in
concentrated aqueous solutions and dispersionsiobtebf chemical modification of polymers have béeveloped.
Currently the AAPs are produced by large firmshim t).S., Japan and many developed countries irpEufdey are
the main suppliers of polymers on the world mar&at] in Russia, China and South Africa polymerspaoeluced
only for domestic consumption. The production ef &AP continues to grow steadily and by the enith@fcentury is
going to reach 400 thousand tons per year. Howgvewth rates do not satisfy the needs of prodactichich
increases annually by 8 — 10%. It is, therefoleyent to develop new and improve existing mettiodthe synthesis
of perspective the AAP, its derivatives and copagsrof AA.

The AA polymers possess a unique set of useful gtz and are widely used in various fields of
engineering and technology. Now a few worlds alatiffiérent applications and usages of polymers.

The AA water-soluble polymers are widely used aedllants for efficient purification of natural and
industrial wastewater, capture and release of adniseavy metals and toxic substances. Their ustilootes to
environmental protection, and in particular thetgetion of natural waters [6]. The effective bomgiof settling
particles is promoted by the increase of the dizeacromolecules in an aqueous medium as a rdsoltreasing the
ionic content of the molecular weight and the liitkthe chain. Small additions (0.02%) of partidilydrolyzed AAP
are used in water reservoirs, irrigation ponds swithming pools to decrease (up to 14%) the evaparaate of
water. Experts predict that in the future environtabdegradation will inevitably cause the increakpolymer use
for the treatment of natural and industrial wastewal'he AA polymers are also successfully useffoasulants in
medical, microbiological and food industries, éog.the purification of sugar syrups and fruit gsc

One of the traditional application areas of the ABPulp and paper industry. Used as a pulp birttier,
AAP additives help to retain filler and pigmentstiire wet and dry pulp and improve the structurpager sheet
surface and paper properties. For example, partlajdrolyzed AAP additive (2 — 23% hydrolyzation at
pH 6 — 9) increases retention of the kaolin inghper pulp by 30 — 35% [7].

Introduction of small additions of the AAP in wai@.001%) for cutting marble doubles the efficierdy
a water jet cutter. The cutting effect of the wgadris similar to that of sand and water mixtusat does not
destroy pipes and pumps of plant. Dust particlesttnent with aqueous solutions of partially hydzely AAP is
successfully used to reduce dust in coal minemeaeés, asbestos plants, and during drilling.

Currently, due to the worsening energy crisis tiiAare becoming important in the oil industry. hist
field, the polymers are used for different purpo$es instance, the polymers are used in the psocgdrilling
as stabilizers, filterability regulators, boringcaterators, rock and soil forming agents for stteeging the
walls of the well. During secondary oil productitie AAP additives reduce the mobility of water oigd into
the reservoir, which helps to displace oil fromaag rocks. Derived anionic and cationic AAP areduse the
creating of aquifer protective screens and deangasi water content in the produced oil. Aqueousit&mms of
the partially hydrolyzed AAP (with molecular weight(3,5 — 8) « 1&and the degree of hydrolysis of 1 — 30%)
for the treatment of 400 wells over six years hgieded a profit of 2400%. The use of 1 ton of the
"Temposkrin" reagent in the secondary oil produgtiobtained on the basis of AAP, can provide theaekion
from a borehole of extra 1200 — 1500 tonnes ofdil’].
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Summarizing, we can say that today the leadingtjosin producing and using belongs to such
polymers as polyamides, acrylic and polyacrylicda@i variety of analogues based on them. The refison
this, apparently, is the high effectiveness of thémgent, combined with the desired hydrophilicity,
relatively low toxicity against lower animals. R#ieely easy production of basic polymers
(polyacrylamide, polymethyl methacrylate), univdraad simple ways to modify them are also important
factors for their wide use.

However, there is no AAP production on the teryitof the Republic of Belarus, which makes actual th
subject of the study. The existing technology aducing monomers on the plant"Polymir" of the JS&aftan”
allows the production of acrylonitrile, which, itsiturn, can be used for the production of polyemde.
Therefore, the aim of further research is to finel technology for industrial producing of AAP inlBes.
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MUNICIPAL UTILITY WATER TREATMENT

DENISRUD, ARTYOM SVETLITSKY, INNA YELSHINA
Polotsk State University, Belarus

For more than 20 years there has been remarkabevtir in the need for quality water purification by
all categories of users — municipal, industrial,stitutional, medical, commercial and residentialheT
increasingly broad range of requirements for waqeality has motivated the water treatment industryefine
existing techniques, combine methods and explokewsder purification technologies.

Water treatment can be defined as any procedureetinod used to alter the chemical composition or
natural “behavior” of a water supply. Water supplae classified as either surface water or groatetwThe
majority of public or municipal water comes fromrfage water such as rivers, lakes, and reservaing.
majority of private water supplies consist of grdwater pumped from wells.

Most municipal water found in a city or communigday has been treated extensively. Specific water
treatment methods and steps taken by municipatitieseet local, state, national, or internationahdards vary
but are categorized below [1].

Screen prefiltration. A coarse screen, usually 35 to 140 microns, ainta&e point of a surface water supply,
removes large particulate matter to protect dowastrequipment from clogging, fouling, or being dgeta

Clarification. Clarification is generally a multi-step processréaluce turbidity and suspended matter.
Steps include the addition of chemical coagulantgH-adjustment chemicals that react to form fl6be floc
settles by gravity in settling tanks or is remoascthe water percolates through a gravity filtdre Elarification
process effectively removes particles larger th&mficrons. The clarification process is not 100%cient;
therefore, water treated through clarification msily contain some suspended materials.

Lime-soda treatment.The addition of lime (Ca) and soda ash {81&;) reduces the level of calcium and
magnesium and is referred to as “lime softenindie purpose of lime softening is to precipitate icacand
magnesium hydroxides (hardness) and then clargywhter. The process is inexpensive but only matigin
effective, usually producing water of 50 to 120 pipandness.
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Disinfection. Disinfection is one of the most important stepsitmicipal water treatment. Usually, chlorine gas is
fed into the supply after the water has been @drdind/or softened. The chlorine kills bactenaorder to maintain the
“kill potential”’, an excess of chlorine is fed irttee supply to maintain a residual. The chlorinellenust be constantly
monitored to assure that no harmful levels of emtones or chlorinated hydrocarbons develop.

PH adjustment. Municipal waters may be pH adjusted to a pH of apjpnately 7.5 to 8.0 to prevent
corrosion of water pipes, particularly to preveissdlution of lead into the water supply. In theeaf excessive
alkalinity, the pH may be reduced by the additi6i €, [2].

Tank-type pressure filters.A typical filter consists of a tank to house thefimedia and a valve or controller to
direct the filter through its various cycles—tyflicaervice, backwash and rinse. Easily the mdiitaraspect of pressure
filter performance is the relationship of flow e filter media surface area. This relationshithe primary cause of
failure or trouble in filter systems. If problemewvelop, the most common reason is that many fitersinaccurately
“sized” for the job. Some examples of pressurerfitand their applications are [1, 3]:

1. Sand filters. Sand or other filtration media are used to rentavieidity. However, the location of the
fine media on top of the coarse media causes the fiter to clog quite quickly and the coarsene$sand
allows many smaller impurities to pass through.

2. Neutralizing filters. Neutralizing filters usually consist of a calciunarbonate calcite medium
(crushed limestone or marble) to neutralize lowvpdder.

3. Oxidizing filters. Oxidizing filters use a medium treated with oxdaf manganese as a source of
oxygen to oxidize and precipitate iron, mangankgdrogen sulfide, and others.

4. Activated carbon filters. Activated carbon (AC) is similar to ion exchangeinein density and
porosity. It absorbs low molecular weight orgaracsl reduces chlorine or other halogens from watgrdoes
not remove any salts. These filters must be chapgebdically to avoid bacterial growth, but aret masily
reactivated in the field. Accumulated solids requirequent backwashing of the filter unless insthlhfter
reverse osmosis or ultra filtration.

5. Dual- or multi-media filters. Dual-media filters remove suspended solids to asdse 20 microns in
size, but no dissolved solids. The top layer isarse anthracite followed by fine sand.

6. Pre-coat filters. Usually with a media of diatomaceous earth, pre-dibi@rs remove very small
particulate matter, including some bacteria (fig. They are practical only for limited volume amgalfions but
are common for swimming pools, beverage plants,samall installations.

Fig. 1. Pre-coat filter

7. Cartridge filters. Cartridge filters can now be described two geneagk: as depth filters or surface filters.

8. Depth cartridge filters. In a depth cartridge filter, the water flows thrhuge thick wall of the filter where
the particles are trapped throughout the complexriogs in the media. The filter may be construofembtton, cellulose,
synthetic yarns or "blown" micro fibers such asypmpylene. The best depth filters have lower dgmsi the outside
and progressively higher density toward the ingid#. The effect of this "graded density" is toptreoarser particles
toward the outside of the wall and the finer pleticoward the inner wall. Depth cartridge filtare usually disposable,
cost-effective, and are in the particle range tof 100 microns. Generally, they are not an absahatinod of purification
since a small amount of particles within the migamge may pass into the filtrate.

9. Surface filtration—pleated cartridge filters. Pleated cartridge filters typically act as absopa#icle filters,
using a flat sheet media, either a membrane oiadigareated non-woven material, to trap particlse media is pleated
to increase usable surface area. Pleated memiitarseserve well as sub-micron particle or baatélters in the 0.1 to
1.0 micron range. Newer cartridges also perfortherultra filtration range: 0.005 to 0.15 micron.

Electrodialysis (ED) and electrodialysis reverdaDR) employ electrical current and specially-pregiar
membranes which are semipermeable to ions basdédeoncharge, electrical current, and ability tduee the
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ionic content of water (fig. 2). Two flat sheet ni@manes, one that preferentially permeates catinddtee other,
anions, are stacked alternately with flow chanhesveen them. Cathode and anode electrodes aredptac
each side of the alternating stack of membranedraay the "counter" ions through the membranes,iteav
lower concentrations of ions in the feedwater [1].

lon-Concentrated
lon-Depleted (Brine)

i

Electrode [

I Electrode
(Anode)

{Cathode)

Feed

Fig. 2. Electrodialysis

The efficiency of electrodialysis depends on theidosolids and fouling potential from organics and
particles in the feedwater, the temperature, the flate, system size and required electrical car@rganics
and weakly-charged inorganics are not removed by B€xent developments have improved the efficiesfcy
ED by reversing the polarity of the electrodes qaidally.
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ABOUT THE APPLICATION OF INORGANIC MEMBRANES IN MOD ERN INDUSTRY

ALIAKSEI BURAK, INNA ELSHINA
Polotsk State University, Belarus

Separation systems are a vital part of most indalsfprocesses. These systems account for a large
fraction of the equipment and operating costs diuBirial processes. Inorganic membranes have thenpial
for providing separation systems that can reducth leguipment and operating costs. Some optimistiaghts
will be given on how several industries can be apenally and economically revolutionized with iganic
membranes systems. Some examples of developmeets teichnology will be given.

Separation systems are a vital part of industrietgsses. These systems account for a large fraftithe
equipment and operating costs of industry. Sejparatiocesses are needed for everything from fee# staterials to
pure end products. Inorganic membranes have thent@it for significantly reducing both the equiprmemd
operating costs associated with these separatiaddition, there is a serious emerging systenablem of how to
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reduce or eliminate waste and environmental pohutireated by these processes. Inorganic membepagations
can recover and recycle materials; this will sigaifitly reduce or eliminate waste streams.

Where are inorganic membranes now? Ten years alystity all over the world showed a great deal of
excitement about the potential use for inorganienim@ne. Jean Charpin, in his plenary address td-itts¢
International Conference on Inorganic Membranesgghe French CEAQommissariat a I'énergie atomique
credit for that industrial interest in inorganic migranes because of their technology transfer pnegtawas
very well deserved credit. The release of theirganoic membrane, an outgrowth product from thesegas
diffusion program, was a major contribution. It hstémulated a very large amount of new researctat Th
program, which began in the late 1980s, gave tise dommercially useful inorganic membranes. Whtiikre is
a significant current market for the French membrémanufactured by the French Company SCT and reatke
by the US companyS Filter), it is limited to a few special applications iano- and ultra-filtration and its cost
is high. Since then, there has been a large ammiunseful research including modifications of theerkieh
membranes that resulted in demonstrations of laegaration factors at a broad range of operatimglions.
However, the availability of new commercial inorgamembranes has been very disappointing. Comniercia
development has been slow and the cost of metlvogeotiuce new membranes continues to increasesthydu
appears to be losing much of the earlier excitenfienthe promise of inorganic membranes. Some égper
(North American Membrane Society annual meeting,y M&894) believe that useful inorganic membranes
simply are not viable. Nevertheless current resergaining momentum. It has broad ranging, intiveaand
producing good promising results and significantvrexciting scientific information. Now some wordbaat
need of inorganic membranes for acceptance by induhere are a number of criteria essential farganic
membranes to be accepted by industry:

1) Large separation factors are needed to achiesgoeical enrichments in a single stage. The use of
multiple stages is always a possible means foreaghy a desired enrichment (e.g. uranium enrichnignt
gaseous diffusion), but multiple stages greatlyioedthe economic potential.

2) High permeance is needed to reduce the sizdneofstage. However, the permeance of inorganic
membranes is not as serious a problem as is uspatgeived. The perception is that a large amodint o
membrane area is needed to produce a given amdyrbduct. Large areas of organic membranes (spiral
wound or hollow fibers) can be assembled into @&gisize module. Because of the configuration ofganic
membranes (usually tubes), the perception is thamuzh larger module is needed to assemble enough
membranes to achieve the same throughput. Forem gihodule size, organic membranes can be assemtiled
1,000 to 10,000 times the amount of membrane d@a ¢an be achieved with inorganic membranes. tHat i
also true, for many applications, that inorganicmheanes can be produced with 1,000 to 10,000 tithes
permeance of organic membranes. Therefore, itasomable to expect that the size needed to proalgbeen
volume of product is about the same for inorgangerranes as for organic membranes.

3) Cost of the membrane modules must be reasoaableompetitive. At present, the cost per unit area
of inorganic membranes is about 100 times greater the cost per unit area of organic membranegeMer,
as in the case above, if a given module requir@@0Lto 10,000 times more area than the inorganidueoto
produce a given volume of product, then the inoigamodule would cost less than the organic modutd w
respect to the amount of membrane required by theute for the same output. Because of this larfferdnce
in the permeance and thus smaller membrane aradredqgfor inorganic membranes, it is perhaps not
appropriate to price inorganic membranes by thearei.

4) Reliability is generally recognized to be inangamembranes best advantage. They can be expected
have significantly longer useful lifetimes. Theynche used in much more harsh corrosive environmémts
addition, the openness and favorable hydrodynarhias can be achieved with smaller areas of inormani
membranes can significantly reduce fouling problems

In order to achieve acceptance by industry, itsiestial that scientists concentrate on developiagtical
working systems that can demonstrate the costigleess and reliability of inorganic membrane eryst.

The above comments were not intended to implyitleagganic membranes should be considered competitio
organic membranes, only that the difference in isosbt nearly as large as is generally perceiveld. believe that
inorganic membranes will eventually replace mantheforganic membrane (but not all). However, esgmt, the most
important applications for inorganic membranesiangrocesses for which the organic membranes cdrmapplied.
The major advantage of inorganic membranes is tprating range. That operating range includels aigd low
temperatures, high and low pressures, and all kihdsrrosive environments. The operating conditemge not only
allows the inorganic membrane to be used in thasghtenvironments, but also adds more freedometalékign of
separation processes. By choosing the appropmniatgainic membrane and operating conditions, givecegses can be
optimized in terms of separation factors, permeaae cost effectiveness.
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In order to achieve a given separation, it is efseto choose a process in which the components ha
velocities that are as largely different from eatter as can be achieved. Ideally, the componene weparated
should have a velocity high enough to be economaad the other component or components should have
zero velocity. The real beauty in inorganic membsais the large number of transport mechanismsctrabe
utilized. These many transport mechanisms providarge number of parameters that can be considered
designing an inorganic membrane to achieve a gbemaration. Included are such parameters as thacahy
and chemical properties of the material used, pme void fraction, and membrane operating cooiiti When
designing membranes it is important to have a #texal basis for the design process instead ofgutie
Edisonian or trial and error approach.

Inorganic membranes have the real potential fooltgwnizing a large number of industries. That
revolution can be in terms of the way the indudtnyctions, the cost of doing business, the safeagdsing
business, and the environmental soundness of dousiness. Efficiency improvements and revolutionary
changes can be made in many industries and sepapabcesses such as those shown in the tables.belo

Table 1 — Application of inorganic membranes irfetiént industries

Industry Application
Environmental Restoration Recovery and Decompasitio
Food Processing Sterilization and Heat Recycle
Gas Production Low Cost Purification, Replace Datton
Microelectronics Low Cost Ultrapure Water
Petrochemical High Yield Membrane Reactors, Repliséllation
Petroleum Refining Recover and Recycle Hydrogep)d&e Distillation
Pulp and Paper Closed Cycle Processing, Recovamy Waste Streams
Waste Management Volume Reduction, Recycle
Water Purification Sterilization, UltrapurificatipReplace Distillation

Table 2 — Potential for successful implementatidinaganic membranes for separation different tsiosis

Separation Process Potential For Successful Impitatien of Inorganic Membranes
Hydrogen From Coal Gas Excellent
Hydrogen From Methane/GO Excellent
Hydrogen From Catalytic Reactors Excellent
Photocatalysis Excellent
Micro-Ultra-Nano Filter Excellent
Cleanable Gas or Liquid Filters Excellent
Reverse Osmosis Excellent
VOCs From Air Good
CO, From Methane Fair
Nitrogen From Methane Fair
Oxygen From Air Fair

Inorganic membranes have great flexibility for askly into almost any size module for commercial
applications. For example, a small module mightrtaele to produce a few gallons per day of potablemfar
home use. A large example might be a module assehibl produce millions of pounds per day of enriche
natural gas. A real example of such a commerciad & a diffusion stage, near the feed point, & thS.
gaseous diffusion plant where the interstage flowliout 100 million pounds per day when the plamtinning
at full power. The modular structure of the memberamits can be adapted to almost any configuradiah
environment for specific applications.

In conclusion we can say this paper presents begifiormalism towards understanding transport meshas
important in engineering the design of inorganieni@nes for the discussed applications and mang. be gaseous
diffusion process for enriching uranium isotopébused around the world, has shown that inorgammbranes can be
manufactured on a large scale. Inorganic membrpogsitial for producing a new industrial revolatdepends on the
ability to understand and choose transport meamsnito precisely engineer membranes, to econoynicelhufacture
them and to rapidly transfer the appropriate teldgyao industry. National laboratories and priviaidustry must form
partnerships and begin working together doing wehah does best in cooperative agreements to $legréndividual
expertise in order to accomplish this goal.
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MECHANICAL CHARACTERISTICS OF SINTERED HARD ALLOYS WITH CARBIDE LAYERS

ALEXANDER ZABAGHONSKY, ALEXEI DAUHIKH
Polotsk State University, Belarus

Cutting tools made of hard alloys allow to imprdbe processing of parts for their cutting spee@-%
times higher than that of the tools made of higkesbsteel (HSS). In addition to this, a solid cdebiool can
process hard materials that are difficult to proses not treatable at all by a HSS tool. The opiera! stability
of carbide inserts is greatly influenced by mechahproperties changing during the deposition oflxide
layers by CTP. This paper deals with the studyefrhechanical properties of hard alloys with casbldyers.

In the process of thermochemical treatment of stethdjrades of carbide it is a change of chemical
composition and structure of the surface layersyelsas the occurrence of internal stress, whiab & certain
influence on the mechanical and cutting propedidzard alloys.

Diffusion saturation surfaces of the insert of haltbys simultaneously by two or more elements
(multicomponent saturation) allow a much greatedification of the properties of the surface laymart that of
the one-component saturation.

Cementation process is conducted in alumothermatunds on separate embodiment, a preliminary
restoration of the mixture at a temperature of 8AA.00C using reagents classification "chemically puteV;'.

Before performing the processes carbide plate wgsedised, and then packed in a refractory vessiel wi
a saturating mixture. For sealing the containetttehduse boric anhydride was used. Maintaining desired
temperature in the furnace was realized automéatidaling the process of saturation.

The performance properties of the alloys with aehileposited layers are influenced by the streafjth
adhesion layer with the substrate material, thitwloif the diffusion layer to withstand static adginamic loads,
the absolute value and the nature of the residtedssdistribution in the layer [1].

The study found that there is an optimum thicknefsthe diffusion layers, equal to 3.10 microns, at
which mechanical properties of coated carbide medcth The sharp decrease in values for carbiderdaye
thicker than 10 microns says the deteriorationhefadhesive strength of the layers obtained wighbihse, the
accumulation of structural stress, the nature efphase, which leads to chipping layer.

Carbide cutting process is a subject to high weids (both static and dynamic). For this reasos, th
output of their failure often occurs as a resultrfichanical failure, which is why the mechanicaparties of
hard alloys largely determine their performanceratigristics.

The most common measure used in the evaluationewthanical properties of hard alloys is tensile
strength transverse bending (determined accordi®QST 20019-74).

The samples are used for testing ground cappiag &ix 5 x 35 mm carbide TT20K9 GOST 3882-74).
Tests were concentrated load applied at mid-spdheakoading rate of 1 mm/min. Tensile strengtimsxeerse
rupture was calculated by the formula:

0M32 W ! (1)
whereM is a maximum bending momemis a moment of resistance.

For specimens of rectangular cross section trassvegnding

usze T ) (2)
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whereF is a breaking load, N; | is a span (distance betwsupports), mmb, h are width and height of the
sample, respectively, mm.
The results of investigation of the saturation é¢tods and the type of carbide layers on the tensil
strength transverse bending carbide TT20K9 arengiveéable 1.

Table 1 — Tensile strength transverse bending darbi 20K9 with different carbide layers

Saturation mode, time 4 hour

Ne . t = 1000C t=1200C
olp thermochemical treatment 0/ L - 0r/Gorg L -

0,, MIla 00% f, % 0,, MIla 00% f, %
1 Original alloy (uncoated) 1611 - 17,2 1611 - 17,2
2 (TiOxNb,O5=3:1) 1329 82,5 3,5 1158 71,9 4.8
3 (TiOxCr,05=1:1) 1331 82,6 5,3 958 59,5 5,9
4 (TiOx:Cr,05=3:1) 1333 82,7 6,1 1086 67,4 8,2
5 (Cr03:Nb,0s=1:1) 1041 64,6 3,8 980 60,8 4.4
6 chromium-plating 1222 75,9 3,0 1124 69,8 6,9

In all cases, after saturation at 120Ghe greater decrease in strength of carbide dften saturation at
1000°C was detected. This is due to the growthhefdarbide layer, and as a consequence, incre#sing
thickness of the brittle — phase.

Plate with carbide deposited layers is charactkrizg considerable homogeneity properties, whickely
important when they are used as the material afittimg tool on automatic, CNC machines and skthimes.

The table shows that the tensile strength in trarsgvbending after thermochemical treatment isasdiu
to 20 %, which is consistent with the results df [£hich refers to a decrease in flexural strergtbys of VC
and TC for coating carbide titanium.
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RESTORATION OF SHAFTS OF AGRICULTURAL MACHINERY

ALEXANDER VALYTOV, SERGEI GRIZKEVICH
Polotsk State University,Belarus

Technical progress in agriculture is continuoushnmected with the constant improvement of repair
production. Nomenclature of parts whose recoveryadsisable for most repair facilities is continulgus
expanding. An important condition is to achieve lgyaof new parts at low costs. These circumstances
necessitate the development and implementatidmeimepair manufacture resource saving technologies.

Limited public stocks of fuel and materials in Bels cannot provide adequate reproduction of vehicle
fleet forces and engineering along with its preagon, maintenance require the development of priboi,
which saves a lot of labor and materials. Overhequire, for example, seven thousand harvesterthd@d®and
tractor engines, 50 thousand vehicles, 150 thousaitd of process equipment. Repair is economidakgible.
About a quarter parts repair fund is not frayedvorn within acceptable limits and can be reusethéir cost of
2-3%, and about half of the parts can be used edt#oration at a cost of 15 — 30% of the priceef parts ,
respectively [1, 2]. Parts restoration retainsrgdaxnumber of materials, energy and labor.
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Most agricultural machinery include internal comlausengines, and among the items to restore, snaftk occupy
a special place. The cost of one crankshaft darrersgines ranges from 10 to 25%, and foreign — f#6rio 50% of the
motor [3]. During the operation they are subjetdetdrsion and bending lose initial accuracy antigtig margin.

Wide application of coatings to restore crank adlou to return the functional properties of thefame and
increase the structural strength of the produdtsilestrength and viscosity changes with applestiegs reducing or
changing the chemical composition of the deposdflidy. The creation of various structures in theaticg
nonequilibrium transition zone increases the stremgrdness, wear resistance, but it lowers tigeigastrength.

During the deposition, in areas which are heated temperature above the phase transformationalue t
the rapid cooling , and , as in the weld metal, dradtransition zone the following processes ocburning of
alloying elements, the occurrence of residual imdkstress, formation of non-equilibrium structusesh as
carbon supersaturated and alloying elements, soligtions, and increase the grain size (area ofheating),
which have different effects on the performanceéhefshatfts.

On the one hand, the metastable none quilibriunctres provide high hardness, strength and wear
resistance of the surface layer parts, but on therdand, the surface layers none quilibrium $tme; increased
grain size, internal residual tensile stress amgiche resistance to cyclic impact loading.

Because of uneven wear necks, short time overloaimuneven fuel into the cylinders, the cylinder
displacement of supports due to the aging of thelnand for other reasons there is a conditiowlch the
crankshatft is working with congestion. As a redthiére are places with most intense fatigue damage.

It has been found that the endurance limit of enéfg worn crankshatfts to restore was reduced by 2% [4].
The main dangerous load for diesel engines is #mlibg moment, and for gasoline — torque. Typicattéire
crankshafts first occur on the cheeks, secondly the cervix. When rounding shaft gasoline engimesemoved from
the surface layers of the necks of accumulateguatdamage, and their capacity leads to unload imesise metal
layers. All this contributes to the restoratiorthadir resource. Completely to remove a mannermgiiedestroyed layers
of metal shafts in the area of diesel enginesdiltedifficult, so their life cannot be restored.

Thus, the range of items to be restored contimugsotv, expanding repair production leads to theduction of
resource-saving technologies , welding is wide@dus restore crankshafts of agricultural machijribeymain parameters
determining post-restoration engine hours are vesistance and fatigue strength . To improve jstbration operated
internal combustion engines it is necessary toargoperational performance such as wear resisamactigue strength,
which are influenced by the material and the rieguthicrostructure of the coating.

The aim of improving the fatigue strength and wesistance is in the reduction shaft agriculturatinmes.

The material used for the manufacture of steel $ssfb. The samples were prepared in accordanbe wit
GOST 25.502-79.

Used for coating wire marks U7 and 08H13. Coatimgtite samples were applied by using electric
welding environment [Ar + (20 ... 30 % GQ .

Then surfacing was carried out on samples of gmipdiachines mod. 3A151 to a roughness Ra 0,383.nQ

Fatigue tests were carried out on the machine Wk1Destruction of the sample, the machine stops
and the counter allows to determine the numberyolies prior to destruction. Type of loading for edises was
the same — cantilever bending torsion, in whichuwbkage varies over a symmetric cycle (skewness=R1).
The external environment for all testcases wastaohs

The results of experimental studies of fatigue earwere constructed samples weld various brands of
wires (Fig. 1). Coatings resulting from the weldiag characterized by high hardness and wear aasist but
they are characterized by high brittleness, asdgtis with the formation of coatings significanehéput [6 ],
and as a consequence there is a decrease in fatigagth.
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Fig. 1. Fatigue curves of samples with weld deposit
0,and — voltage in a dangerous section of the sariplenumber of loading cycles

92



MATERIALS OF VI JUNIOR RESEARCHERS’ CONFERENCE 2014
Technology, Machine-building, Geodesy

Maximum values of the fatigue strength obtainedrdusurfacing wire U7. In this case the hardness of
the weld metal is determined by the carbon contéethigher the carbon contenti, the higher theiess. Wire
carbide contains alloying elements, however dusogacing, more intensive burning of carbon, asl el
stirring with a basis (Steel 45), which leads twéo hardness of the coating material, but thiséases the
fatigue strength of samples. The coating hardnedd wire U7 HRC 35 ... 40. After surfacing due e thigh
cooling rates formed quench structure (martensitestite).

The hardness of the coating produced by welding W8H13 — HRC 30 ... 33. One indicator of the
properties of the weld metal is hardness, whiclsdmetimes identified with the wear resistance, Wwhéen
assessing the durability necessary to considesttiueture of the obtained coatings hardness ofitatix, the
presence of carbides and their dimension, fasteranigides in the matrix. The microstructure of tbhating is a
"solid solution + chromium carbides". Alloys witimslar structure with a low content of carbon halre ability
to significantly increase the hardness, strength\aear resistance as a result of work hardeningiwiiastic
deformation with a significant degree of plastidadmation ), the use of surface plastic deformatidter
welding wire 08H13 improves fatigue strength of.250%.

Implementing recovery technologies crankshafts ptesisaving, as the cost of crankshafts on domestic
engines ranging from 10 to 25%, and foreign — f&ho 50% of the cost.

To restore steel crankshafts surfacing medium [Ar20 ... 30% C@) ] 08H13 wire diameter of 1,6 mm
is recommended, followed by hardening of surfaesta deformation .
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ASSESSMENT OF HEALTH STATE OF WATER TREATMENT WORKE RS
OF AN OIL REFINING ENTERPRISE

SNIAZHANA LIAMACHKO, PAVEL CHEBOTARYOV
Polotsk State University,Belarus

The influence of harmful production factors on hanmealth is analyzed. The negative impact of those
factors on morbidity with temporary disability ot water treatment workers of JSRaftari' is established.

In the current conditions of the development ofaBeas$ian leading industries the problems of efficien
and reliability of professional activity, as wel &ealth protection and working capacity underithpact of
unfavorable factors are becoming the main direstimioccupational health and safety policy [1,2- 2

A third of their lives people are busy with workiragtivity. Therefore, it is very important that
occupational conditions don't do any harm their ItheaThe working activity of a person is necesgaril
influenced by various factors of the productioniemrvment, difficulty and intensity of labor process

It is repeatedly proved that adverse productiotofachave negative impact on workers’ health, calise
professional pathologies and account for up to 8@%e cases of morbidity with temporary disabiligfl these
unwanted implications demand essential materialt;yon carrying out medical and preventive measwass
well as on social benefits and compensations iékat@adverse working conditions [2, p. 67].

It is also necessary to consider that unfavorateamic situation of many enterprises caused bfirtaacial
crisis considerably complicates the solution of ynproblems of labor protection. Among the mostaesiproblems
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of the kind are difficulties in choosing prioritygventive measures which may result in decreasiagnorkers’
morbidity with temporary disability up to a certaioceptable level at the lowest cost [3, p. 88].

Morbidity rate with temporary disability in the #tgics of general morbidity takes a special place
reflecting state of health of the working populatishich is considered, in its turn, both as a preigte and one
of ultimate goals of social and economic developnuérBelarusian state. Results of the analysis ofhbidity
with temporary disability allow to define not ortlye level and structure of morbidity of the workipgpulation
or those of its separate groups, but also to aiceextent characterize the current condition aundlities of
medical and sanitary service, help to control efficy of health improving measures and medical parp. 57].

It is well known that the majority of enterprisesal refining industry in the Republic of Belarase
referred to a class of the maximum professiond. ridhere is a high probability of impact on workevgh
dangerous and harmful factors of production envirent because of particular characteristics of &psion or
special working conditions. Technological processssd at the oil refining enterprises are the sowfcair
pollution. As a result, working zones at these gutses get inevitably polluted by harmful substs)omostly
by hydrocarbons and their derivatives. Such chemgicgironment strongly influences human body araditeto
emergence of work-related diseases [5, p. 202].

Taking into consideration all said above, the asiaglyof workers’ morbidity with temporary
disability in a form of the statistical reportingpN16 — VN for 2009—2011 on one of productions lodf t
leading oil refining enterprises of the Republic Bélarus — water treatment works of JSC “Naftan
Novopolotsk” was carried out.

In the sick lists analysis with temporary disakilihe standard indicators were used: indicatorasks of
temporary disability due to illness, characterizthg frequency of cases of temporary disability tuéiness
per 100 workers; indicator of days of the tempordigability, characterizing the frequency of casds
temporary disability due to illness per 100 workers

In compliance with the data presented in receraeh, the most characteristic diseases of empmoykee
the oil-processing enterprise were chosen, nammblignant, good-quality and new growths formatiaris
uncertain character, blood diseases and haematodamilies, endocrine system, gastrointestinal path,
cardiovascular system of respiratory organs.

The analysis of dynamics of indices of indicatofsngidence with temporary disability showed that i
number of cases the increase by 1,1 times, in nuofbdays of temporary disability in a little smedldegree —
by 1,03 times is received.

The most significant growth was registered on tifving diseases: sharp respiratory infectionshef
top airways (5,48); arterial hypertension (0,1%)e €eiseases of and their additional device (0,§8%d-quality
new growths and new growths of uncertain chardotenations (0,43).

It is noteworthy that incidence indicators in separyears for the studied period fluctuate in cergible
limits. So, for example, the number of cases ped ®@rking emergence of good-quality formations and
formations of uncertain type was registered theimmim quantity in 2011 — 1,15, and in 2010 — 2,14t e
growth of malignant formations is observed twicevamny.

Observed growth of cases of malignant formatiorsdiseases it is proved by the numerous literatg da
on cancerogenic and danger of mineral oils of eihapis and their adverse influence on the condibbn
cardiovascular, nervous systems, systems of blagaplg, respiratory bodies that allows to make some
assumptions: periodic excess of maximum-permissiblecentration of separate components in the aia of
working zone; influence of chemical and physicatdas; individual sensitivity of each person.

Thus, impact of harmful production factors on healtater treatment workers at the oil processing
enterprise during the small period of time can itdavelopment of a large number of diseases avariaty of
reasons for disability.
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AERODYNAMIC AND THERMOTECHNICAL TEST RUN OF AN AIR- GAS
REGENERATIVE HEAT EXCHANGER

VOLHA SHIROKAVA, VLADIMIR LIPKO
Polotsk State University, Belarus

The article represented the experimental test bemokthods and results of aerodynamic and
thermotechnical investigations of characteristicadaoperation modes of shell-and-tube direct flovathe
exchanger.

The plant (fig.1) consists of a heat source 1, lexahanger, including calefacient flue 4 of circula
section, with the diameted , a boiler air heater of square

section with inlet and outlet pipe branches. 5

For registering temperatures of calefacient andet
carrier and temperatures of surfaces, glass 3abd&ontact
10, 11, 12 thermometers are set down.

For registering speed of movement
consumptions of calefacient and heated air carxiane
anemometers 13, 14 are used on the plant. Formdieiag
the consumptions of flared gas on the plant, gaemi® it
used, and micromanometer 16 is used for registeym
pressure.

When kindle gas, using a burner 6, products o
combustion and induced air form mixture of heatgas
directed to a flue 4 by a convective flow, whichshale'

th, and outlet tS. temperature, registered by

thermometer 5. Mean temperature of the heat-re

surface tg, of a flue 4 is measured by coni

thermometers 9, 10 and found from the formula: 16 3
t;[;-():tg +tJl:lO

2 14

where tg,t;, are respectively inlet and outlet temperat - 2

of the surface of a flueC 9
Amount of heaQ,.,, extended for warmir

ventilation air from the surface of flue, will beefthec \‘;1
according to the formula:

Qrcn = Kr DFHF ;IELO _t§a4)v (:
where E_ — is a heat-transfer coefficient through a flue
wall 4, Br/m? °C;

F.c — heat-release surface of a flue, sq.m;

t®5 10— mean temperature of mixed gas in a flgg,
t®s 14— mean temperature of warmed ventilation .

Fig. 1. The plan of the experimental test bench for
testing a heat exchanger

°C.
a heat-transfer coefficier is defined by the following
formula:
1
[ S T
a, A a;

where d — is wall thickness of a flue, m

95



MATERIALS OF VI JUNIOR RESEARCHERS’ CONFERENCE 2014

Technology, Machine-building, Geodesy

A —is thermal conductivity of the wall materialaflue, W/m of °C;
A; — is surface heat exchange coefficient from migasd to inner surface of a flue, which is defined by

the following formula:

_ q
ay=——1 4
8 Tl [rs — Ty )

g — heat loss, classified to running meter of timgll of an air flue.

dg —is the bore of an air flue, m

T, — is mean temperature of the outside surface eba pipeline, °C;;

T; — is temperature of the inner surface of an ag fiall, °C;

a; —is heat-transfer coefficient from the outer stefaf a flue, which is defined according to therfola:

a, =11,6+ N, (5)

whereV,,; — speed of warming ventilation air when moving desa heat exchanger.

Heat-release surface of a flue is defined accorttine formula [1],
Fix =mld, O, (6)

where dg —is the bore of a flue, m

I, -is length of a heat exchanger, m
Under such conditions, amount of hé@t., , transferred through the fuel’s wall, is equathe amount

of heat, passing to warmed ventilation air instue lheat exchanger, i.e.

QGCP = QPG' (7)
Q¢ is a numerically equal to the amount of abstrafiimeh the surface heat fuel of a fuel, i.e.
Qe = a7 Fog [qtgac - tg%)* (8)

where all input values are known and defined bymatng or experimentally.

Having found the valueQ.., from the formula (8), including the formula (7)ewill define t2

according to the formula (2):

Ao _ 4 fi Q
@ =th ke ©

andt. according to the formula:

toe = 2006 ~ e, (10)
Values of Re for definingr; , are computed by calculating,
Ug [
Re=—<" 9 (11)
v

where dg —is aflue’s bore 4, m

Ugi, - Speed of mixed gas movement, measured with am@ameter experimentally (fig. 1), m/s;

v —is a kinematic viscosity coefficient (for mixgds mean temperature).
Details and results of the research are represémtbe tables 1.1 and 1.2.

Table 1.1 — The results of the research

ts tg ts to t1o t11 tiy | Aty tgag tlﬁflz n, | m/60 n, n,/60 v,

2 3 4 5 6 7 8 9 10 | 11 | 12 13 14 15 16

20,5(35,3| 74(28,8|41,0|128,2|27,2| 14,8| 349 27,7| 85 1,4 129 | 43 0,7

21,0{42,0|189(31,4|43,0129,0|285|21,0|37,2(28,8] 91 15 145 | 48 0,75

21,0{ 44,0|1 98| 30,0| 45,0|1 27,0 25,0| 23,0|137,5(26,0]| 75 | 1,25 | 135 | 45 0,63

22,0( 48,0|110| 34,0| 48,6| 33,6| 27,6 26,0| 41,3| 30,6| 98 1,6 173 | 57 0,78

22,01 50,5|119] 37,0/ 53,5/ 31,0]29,5]| 28,5(45,3|30,3] 105| 1,75 | 173 | 57 0,84

22,5[52,01129( 39,0| 54,01 31,5|30,2| 29,5/ 46,5(30,8| 113 | 1,88 | 184 | 6,1 0,89

N0~ [W[IN[F|F-

22,0] 55,5/140] 42,0( 60,0( 32,4| 31,6| 33,5| 51,0| 32,0| 120 | 2,0 187 6.2 0,92

96



MATERIALS OF VI JUNIOR RESEARCHERS’ CONFERENCE 2014
Technology, Machine-building, Geodesy

Table 1.2 — The results of the research

o, [Lne| Vi | Qg;* At |t In AAtE:t At AL, AAtE:t € | My | k| Re
17 18 19 20 21 22 | 23 24 25 26 27 28 30 31
2,010,0067| 0,22 149| 82,4 8,3 [5,7] 0,375 2,6 1,456 | 27,9 | 6,92 | 15,7 | 8070
2,210,0071| 0,24 15,0| 67,5 | 10,4|1,0( 2,340 9,4 10,4 | 31,5 | 4,02 | 21,25| 8877
2,1 0,006| 0,2 | 14,7| 58,1 90 (1,0] 2,200 8,0 9,0 32,5 3,64 | 20,2 | 8473
2,710,0074| 0,25| 15,1| 75,2 | 12,0|0,6( 3,000 11,4 20,0 | 35,0 3,8 | 25,05| 10895
2.7] 0.008]0.27| 15.2] 108.7| 15.0|3.0| 1.610 | 12.0 | 50 |36.25] 7,45 | 185 | 10895
2.8/0,0085| 0.28| 15.3| 111.8| 16.5|2.0| 2.110 | 145 | 8.25 [37.25] 6.87 | 20.6 | 11298
2,9/10,0087| 0,29| 15,4| 149,0| 20,0(4,5| 1,490 15,5 4,44 |38,75| 10,4 | 18,14| 11702

According to the data above, we developed the ndeimal obtained the experimental results for updatin
regularities of changing intensities of a direcwflof heat exchanger productivity for the purposesing it in
the systems of energy-efficient buildings.
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UDC 629.113.004.67

MATHEMATICAL MODELS FOR CHECKING LEAKAGE IN THE COM  BUSTION CHAMBER
OF AN INTERNAL COMBUSTION ENGINE

IGOR DANILOV, ADEL ASKAROVA
Yuri Gagarin State Technical University of Saratov,Russia

We propose a mathematical model to present chaingbg pressure within the above-piston space of an
internal combustion engine depending on the tentpegawithin the compression chamber. The modelktake
account leakage through the piston ring-liner segli

Investigations referring combustion engine failsiraw that 31 % of combustion engines failed diufautts in
the cylinder piston group, whereas 45 % of fail@esdue to the faults in fuel system [1]. Wear t&ad of the engine
may cause leakage of the working fluid throughpilston rings or intake valves. The main leakagd@fworking fluid
from the cylinder body occurs through the pistamg fjoints. These findings result from the numenmesasurements
conducted for the leakage of the working fluid dd piston rings [2]. With successful break-imunfvorn set of piston
rings, 80 % of leakage is due to expansion gafteipiston rings [3]. The flow of the working fluitbwn the piston ring
joints is at 250-300 m/sec. Thus, the contact beteveen the working fluid and piston ring sidesiisimal, and the gas
flow process may be regarded as adiabatic.

The given mathematical model was developed forriaiecombustion engines and can be used to
simulate the engine performance and engine outpaes Therefore, it is significant for defining rhaaical
conditions of the cylinder-piston group and moriiigrthe overall performance of the engine.

Meanwhile, it should be noted that mathematical el@groposed by Prof. V.G. Dyachenko are best
applied to simulating complex physical processdbiwithe combustion chamber of a diesel engine,camdbe
utilized for the processes of mass and heat trairsthe above-piston space. In the cases of cossjme travel,
changes in the pressure can be determined usirfgltbing formula:

cp= T2 ity VAR ) @

where dMyr = the decrease of the working fluid mass in thevakpiston space caused by the leak of the

working fluid down the valvesgrt = piston rings over the computed period, =adiabatic exponent of the real
working fluid under temperature values as of thgalhcomputed time intervaldQ; = loss of heat energy of the
piston walls surface to and from the working flwithin the computed time intervalV; = volume changes of
the above-piston space caused by the piston traosé the computed time interval® u V = respectively
pressure and volume of the mixture at the statbaiputed time interval.
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On the other hand, the model used to measure gasye between the rings of an engine cylinder is
described in the works by Prof. R. Petrichenkohgyfollowing formula:

dM, 1
d_(plzg [{+Gi1G)), 2

where G;_;,G; = working fluid flow through the piston ring jost

Taking into account transformations to models (i &), as well as assessment data for leakagaedievo
of the working mixture fire, the processes undeestigation are given by

k 1_dM; . k-1 (+d

dp=NP o Ly KO ) ®
V. 'p dp° k p

Therefore, the final value for the calculated imgérA7 (final value for the crank angle is given by

Ap=1-5), pressure, volume, mass and temperature of thkimgpfluid, as well as the amount of heat from

the walls to the working fluid, and back from therking fluid to the walls of the above-piston spat¢he end
of the calculated interval, can be determined leyftiowing formulas:

Pi+1=R AR ; (4)
_Pi+a D‘/i+1 .
T == (5)
"M, R
M r1y=My ; (6)
V(is1)=Vy+AVry ; (7
Qri+1) =Qri #AQri (8)

where p;, p+1 = pressure values at the start or end of the lealitime interval; R= a universal gas constant

per 1 kg of the working quidM'V and Vy, = mass and volume of the working fluid at thetstéthe calculated
time period.
With the final value of the calculated time peridgki; (crank angle Ag ), the formula for the
compression travel will be as follows [5]:
Ap; =[J—“ki—-1D A9 AV . 9)
Ki P;
The values for the eat interchang®Qy; from the surface of the above-piston walls to tlweking fluid

within the calculated time period are given by [5]:
N T
dQr -E J'=1O(T_j O-Terj ) 05 o, (10)

wherea .. = gas side heat transfer coefficient for the waiface of the working body «j» characterized foygical

T,
properties in terms of convective heat trandfer; current values for gas temperature in the apesten spaceTcr =

average surface element temperature ks> surface area for the above-piston space walls.

Thus the above equation can be used for chang®ipressure at the end of the compression stroke
(within the calculated time periodt)dtaking into account leakage of the working flutttough the engine
cylinder with misfiring, which is important to djaose engine problems. The conducted experimentsegr
analytical calculations. Application of the abovepdndences will produce the resources for promasament
of the engine sealing, and determine optimum imtisrfor diagnosis of the cylinder piston group.
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UDK 621.787
IMPROVING PERFORMANCE OF SHAFT SURFACE PLASTIC DEFO RMATION

INA HRANKINA, VLADIMIR IVANOV
Polotsk State University, Belarus

In this work one of ways of a naplavka is consideeg restoration of shaft by superficial plastic
deformation, on completion of work the result abanfiluence of superficial plastic deformation on
endurance and intensity of wear of a cranked shafs summed up.

The main causes that explain the need for repamaxthines, are fraying and fatigue destruction artg
operating in conditions of exposure periodic loagical load detail, requiring increased wear stsice and
fatigue strength are the crankshafts of internatlmastion engines. If there is a loss of efficierttygre is a need
for crankshafts of their recovery, as they arelstgensive and expensive parts, replacement of pewducts
economically impractical. To restore the crankshafe widely used various ways of surfacing. Ha@rg of
wear resistant surfacing materials allows you &taee the geometry and coating with high wear tasce,
fatigue strength of remanufactured shafts are rediby 25-30%.

Negative effect of welding on the fatigue strengththese parts can be significantly reduced byypglthe
technology of repair of surface hardening plast@cpssing methods-surface plastic deformation (§PD)

The aim of this work is to improve the performaipeceperties of shafts of the restored building-idtrction
to technology repairs SPD.

As a material for manufacturing samples used weoankshafts, constructed of steel 45 with a giveenibal
composition for obtaining the required technoloigateength, but prone to hardening structures asd result, cracks
[2]. Fatigue tests were carried out on the catdkie10 m on samples manufactured in accordance @@EIST 25.502-
79. The tests were conducted to complete destnuatithe samples. Wear rate was determined acgalitne scheme
"disc-pad" (paper liners bearings AO20-1) by ctifm SMC-2 by defining mass intensity of wearkin - cm-2 for
1000 m friction GOST 17364. As your welding materied wire 1.6 N-0813.

Using wire 1.6 N-0X13 to prevent the formation of cracks due to mimerthe transition zone.

Hardness of coatings obtained by welding wire Mux08-HRC 30-33. One of the indicators of the
properties of deposited metal is the firmness witiich sometimes equate durability, but when evaigat
durability must be taken into account and the stmecof coatings: matrix hardness, presence ofidasband
their dimensions, consolidation of carbides in matMicrostructure of coatings obtained by weldingre
08X13 is a solid solution with chromium carbides. Aboof similar structure, with low carbon contenstibe
ability to significantly increases the hardnessigttness and wear resistance as a result of testitiy plastic
deformation with a considerable degree of deforomitiAs a result of the SPD in the surface layedegdosited
coating is formed texture with high concentratidnlaitice defects that inhibit the sliding planeaking it
difficult for their further spread. Just after th@D cover arise internal residual compressive siredich block
the disclosure of the fatigue cracks, turning thietm a wide range of stresses in unspreadable.

Introduction to the technology of repair when weddiwire shafts 1.6 N-08L3 operation of surface plastic
deformation increases the fatigue limit of the &ced shafts on 25-30%, and the wear rate is redncé5-20%.
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UDK 621
VISCOUS LUBRICATION

IVAN SHIMUKOVICH, VLADIMIR IVANOV
Polotsk State University, Belarus

Viscous lubrication — the most common type of ket — its structure, composition, basic properties
as well as advantages and disadvantages are stuilithis paper.

Viscous lubrication (greases) is used to reduc#idri and wear of those units which cannot be ¢cbaty
forced oil circulation. Easily penetrating into tbentact friction parts, greases hold on the fiictsurfaces and
do not flow down from them, as is the case of@ileases are also used as protective or tightenatgrials.

Viscous lubricants or consistent greases are hastgants produced by introducing solid thickeriarbquid
petroleum or synthetic oils and mixtures there@n&ally, viscous lubricants are colloidal terrsygtems containing
a dispersion medium (liquid base), discontinuouasph(thickener), and structure modifiers, additif@kers,
additives). Due to the high concentration of cdidiparticles greases form a thickener spatiattstral framework,
where oil is firmly held in its cells. Most viscolubricants have a fibrous structure. The high eegf structuring of
the dispersed phase gives greases elasticity arad ugeful properties which distinguish them sigaiitly from the
liquid lubricants. At low loads or in their absergireases exhibit the properties of solids, do potasl under their
own weight, hold on vertical surfaces, and caneotdsily discharged from moving parts by inerbatés. However,
at some critical pressure (typically of 0,1 — @dely of 2 — 3 kPa) exceeding the tensile strenfttine structural
frame, the so-called thixotropic transformationetalplace: greases get destroyed and begin to déforflow) as
though plastic body without discontinuities. Aftemoving the load the flow stops, the deformed &aestores itself
and greases acquire the properties of solids again.

Oil is a base of lubrication (see below), and tiverier accounts for 70 — 90% of its weight. Oil pedjes
define the basic properties of the grease.

Thickener creates a lubrication space frame. Simpptyit can be compared with foam, holding oilitsy
cell. The thickener constitutes from 8 to 20% & thass of lubricant.

To improve the performance properties of viscobsitants the following preparations are needed:

« additives are mostly the same as those used mmaucial oils (motor oils, transmission oils, etc.)
additives constitute oil-soluble surfactants andhpadse 0,1 — 5% of the weight of lubricant;

« fillers improve anti-friction and tightening pregies; they are solids, usually inorganic, instdub oil
(molybdenum disulfide, graphite, mica, etc. ) cang 1 — 20% of the weight of lubricant;

* structure modifiers contribute to a more duraduhel elastic structure lubrication; represent stafas
(acids, alcohols, etc.) constitute 0,1 — 1% ofwtleégght of lubricant.

Assessment of the quality of viscous lubricant$udes defining properties that underlie the setectind
application of lubricants (e.g. shear strength,iminm load, causing a transition from elastic-plagi&formation
to the flow of lubricant). With temperature increatubricant generally reduces. The temperatunghath the
strength limit of material approaches zero, char@mts the upper limit of viscous lubricant perfamoe.
Strength assessment is made with a rheometer:lghiftation is carried out in a special finned ilapy under
the pressure of thermally expanding fluid. For mastous lubricants shear strength constitues @,,0-kPa (at
200°C). Lubricant viscosity determines pumpabibttylow temperatures and the possibility of fillimgth it
friction units. For viscosity measurements capjilaiscometers are used. Rheological propertiesilofidants,
that is their ability to recover from destructi@re characterized by mechanical stability. Mechalrstability —
change of the strength of the viscous lubricanindpits deformation — is measured with a taximeter.

Penetration is an indicator of the strength ofikedorts. The immersion depth of the standard weight
for 5 seconds in the lubricant, expressed in teonfhsiillimeters, is called a penetration number e Tdofter
lubricant, the deeper the immersion of the cond,imnd the greater penetration number of the cadinés
indicator is used to establish the identity of pesi and compliance with production technology @frikants.
Penetration number of the viscous lubricant is 2 420.

Colloidal stability describes the ability of gresde resist oil separation (due to temperaturesspre and other
factors, or due to structural changes, such aswits weight) during storage and operation periodlo@ostability of
greases is determined by the perfection of theictsiral frame and viscosity of the dispersion medithe higher the
viscosity of oil, the more difficult it flows ouff @ lubricant volume. Many industrial lubricantsed on low viscosity oils
or with a low content of thickeners are not colidig stable enough. To prevent or reduce oil sé¢iparaut from the
greases, the latter are packed in small contai@etiid stability is measured by the share of(#) in mass of the
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molded grease at room temperature for 30 min;ifmous lubricant it should not exceed 30% in otdeavoid a sharp
hardening, violation of its normal admission tolth®icated surfaces and deterioration of viscasiky lubricity.

Chemical stability is a grease resistance to oiidaby atmospheric oxygen (in a broad sense — the
absence of changes in the properties of lubricahisn exposed to acids, alkalis, etc.). Oxidatiad¢eto the
formation and accumulation of oxygenated compoundsgbricants, reducing their strength and detation of
colloid stability, and other factors. Chemical slibof viscous lubricants can be promoted by ¢alrselection
of base oil and thickeners, introduction of antitait additives, and technological change in pradnanodes.
Resistance to oxidation is particularly importamt those lubricants which are tucked in frictioritsiri-2 times
in 10-15 years, operate at a high temperaturdsinnldyers and contact with ferrous metals. Mosthods for
determining this index are based on viscous luhtic&idizability blocked in a thin layer on the fage (glass,
steel, copper) at a high temperature, and measyréee induction period and rate of oxygen uptake.

Thermal stability is the ability of lubricants nimt change their properties and not reinforce thtveseby a
short-term exposure to high temperatures. Theramginening hampers the delivery of lubricants itwidn units,
impairs their adhesive properties. Thermal stgbdit a viscous lubricant is measured with an imsent called
strength meter by changing the limit of the stribrgtfore and after it exposure to high temperature.

Volatilization is an indicator of stability of lulmants during storage and use. It depends primarilyhe
volatility of the oil: the higher the volatilityhe lower the chemical stability of the lubricamdahe thinner and
larger its surface. Quantitative assessment oftilibfeof greases is based on measuring the logsads (in %)
of the sample which is maintained under standandlitions for a specified time at a constant temijpeea

Microbiological stability is a resistance to charajdubricant composition and properties under dabion of
microorganisms. To prevent the microbiological mesion, in lubricants can be introduced microl@sidantiseptics
(e.g., salicylic acids, phenols, organic derivatioéHg, Sn etc.) and some additives. This index is evalubiethe
absence or growth, for example, fungi on the seréd¢he grease in Petri dishes or on metal plagues

Radiation resistance is an indicator of the stighilf greases under the influence of high-energljataon
(o- and B-particles,y-quanta, free electrons). Resistance to radiatogreases is largely determined by the
composition of the dispersion medium. Dependingttmm type of thickeners, greases can acquire "irdluce
radioactivity. Most easily become radioactiMa-greases. Radiation resistance of grease can lssassby
changing its properties after irradiation with e@mtintensity.

Dropping point is the minimum temperature at whioh fall of the first drop of the heated greaseumscit
conventionally characterizes the melting tempegatirthickener. Maximum application temperaturegefases are
usually taken at 15—-200°C lower than the droppemgperatures. However, maximum application temperatoes not
allow all greases to be properly assessed in reptwir high temperature properties. Thus, tpming temperatures
of Li-greases are different from the temperature afipper limit of their performance at 40-70°C.

To evaluate the anticorrosive properties of greasesal plate was immersed therein at high tempszat
depending on the dropping temperature. About thgremgiveness of lubricants can be judged by a &hang
state of the surface of the plate. Antiwear prapsrof a viscous lubricant are defined with a fbatl- wear test
machine. Limit values of wear beads are set depgnoli the purpose of greases and their operatinditions.
Protection (conservation) properties of a viscausitant can be evaluated when it deposited on talméate
and exposed to high humidity and temperature, fayaher corrosives. The evaluation of propertiegstous
lubricants also includes determination of waterteot) the free acids and alkalis therein.

The advantages include their ability to hold onfaees, not to leak and not to be squeezed outeof th
unsealed friction nodes, as well as wider tempegatperating range than that of oil. These advastadow to
simplify the design of friction units and, theredotto reduce their metal content and cost. Somesgrhas good
sealing ability and good conservation properties.

The main drawbacks of greases are confining in ttrenproducts of mechanical retention and corrqsion
which increases the rate of destruction of the indpburfaces, and poor heat transfer from the ¢albeid parts.

A favorable combination of properties of liquidsdasolids in viscous lubricants can be used in &tar
of friction units: open, unsealed, hard-to-reaatiglad toward the horizon, and operating in a widege of
temperatures and speeds. Viscous lubricants opeffatetively in a vacuum; in the mechanisms, wigneases
can be rarely changed; in media in which there ieed of specific environmental precautions in eegpin
situations of forced contact with water, etc.
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IMPROVING OF FIXING SYSTEM
OF CUTTING PLATES IN BLOCK-MODULAR CUTTING TOOLS

ANDREY MAKSIMCHUK, MIKALAI PAPOK
Polotsk State University, Belarus

The paper present research system of fixing cugtlates and blocks in block-modular cutting tools.

Reliability teams cutting tools to a large extemtatmined by the reliability of fixing plates ineth
housing. There are many designs of clamping meshemitaking into account the working conditionsttod
cutting tools and features for their manufactudeede systems reflect the current trends in thegydei cutting
tools: high precision of manufacturing of cuttintates, the closed grooves and precisely manufatttoe
accommodate the cutting plates, the cutting plef@sping mechanisms with a minimum number of stmadt
elements, such as a screw or a lever. The impletientof such systems in terms of domestic produadiol is
not always possible, as it requires special equifiraad precise, high-quality components elemerteréfore
urgent to establish a system fixing cutting platieshnological conditions for domestic productiord amot
inferior to the best foreign systems reliability.

The system of fixing cutting plates, including fiolowing key elements (Fig. 1): the cutting pldp®s.
1) is set to open width direction groove cuttingdi (pos. 2). Fixing module of (pos. 3) is configdiras a "T-
shaped" strap, "the horizontal shelf* which is ddiiced into one part of the cutting plate hole Engdressed
against the front surface of the cutting plate,levithe other part is brought into contact with devel of the
cutting block. The "horizontal shelf' of "T-shapesttap is installed by planting in open longitudigeoove the
cutting block. "Vertical shelf" of strap is desigh@s a screw threaded into "horizontal shelf" o&gtand
installed in the "oval-shaped" hole of the cuttiblpck. When the strap screw is performed simultaseo
movement of strap in horizontal and vertical dits, and the strap of the cutting plate on theptse side
surface and the hole.

In the proposed system, the grooves are made apknediability of fixing of cutting plate is provet
except moves in radial, axially and tangentiallatige to the machined surface of the work piece.
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Fig. 1. The system of fixing cutting plates

The design of the cutting block (Fig. 2) includesudting plate with hole installed into the transes
open groove relative to the geometric axis of thesing at a certain angée Clamping of plate provided a "T-
shaped" strap placed in an open longitudinal gramfvilhe housing of block and having formed at aglen
"strapping planar part" and "support part" in tbenf of plane or spherical surface. In the strapjpiag is a pin
incoming hole of cutting plate. Strapping planartpa contact with the front surface of the cuttipate and
support part — with a flat surface of the housifplock arranged at a predetermined angl€lamp of strap by
using screws threaded into it and freely enteriveg"bval-shaped" hole in the housing of block.
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Fig. 2. The design of the cutting block

Proposed design of cutting block differs from knoavralogues following:

1. Clamp made T-shaped as opposed to most similadfetractures (the L-shaped). And strapping part
has «leverage» smaller than the reference.

2. Clamp is placed in a groove of the housing onldhding provides free movement in the longitudinal
direction and fixed in the transverse, i.e. clamprks as a "yoke", the retaining plate on the transy
displacements.

3. Strapping part has a bevel at an angléhe value of which is chosen as the value ofptbsterior
angle of the cutting plate and a few adjusted étfrlscking angle for the contacting materials.

4. The supporting part is performed flat or spherarad contacts with beveled anglgplane of housing
of cutting block, whose value is chosen based emptssibility of longitudinal displacement of strap

5. Pin included in the planting to hole of strappirgrtpand has a spherical end (part of the hole of
cutting plate).

6. Clamping screw enters freely into the housing tzore is slid able transversely direction in relation
its axis.

7. Housing of block is cylindrical, allowing its ind@ion in the housing module whole tool and clamp
two hollow cylindrical elements with radius "sangleof the corresponding cylinder of the housingd an
tightening screw them.

8. Design of elements of clamping as cutting plated housing of cutting block provides action of
clamping forces on the direction of the cuttingcicomponents that ensures additional samplinglpesgaps
in the design of the cutting process.

Fixing system of the cutting block in the housingdule (Fig. 3) also technological and reliable.tiDgt
block mounted on the cylindrical surface in theehathere previously through the other hole enténem one
element of the clamping mechanism ("cotter"). Thnoduced another "cotter" and both "cotter" teghihg
screws, thus providing reliable clamping of cuttisigck between two "cotters" and exclusion of mogatof
cutting block in all directions. The exact locatioh"cotters" relatively cutting block considerseatition acting
on cutting plate cutting forces — clamping forceedied along the cutting forces, which eliminatapgin the
contact elements during vibration system.
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Fig. 3. Fixing system of the cutting block in theulsing module
Thus, the reliability of the proposed design ofditanodular cutting tools is dependent on the aayura

of performing linear and angular parameters of ¢benponents, material selection and details of tbat h
treatment, and compliance with the sequence ohadyeand adjustment tool.
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RESEARCH OF PRESSURE DROP AND EFFICIENCY OF NEW DESGN OF VALVE TRAY

MAITHAM AL-SAEDI, WALID KHALIL, DZMITRY MISIULIA
Polotsk State University,Belarus

The article represents a new type of valve traycths used in tray columns. This type is the restilt
optimization of the common valve tray. This articleludes a design of a new type of the valve aag
experimental results of its efficiency and pressimgp which are illustrated in the diagrams.

Separation of mixtures is considered a major ofmrah the chemical industry and related branchfes o
production. Separation processes based on theipleda®f mass transfer require effective columnagproach
the perfect separation of mixtures. Trays, randakjng, or structured packing can be used insideobfmns.
They use different mechanisms of mass transferthmumain feature for all is a good approach toildxjiwm
through the generation of large amounts of intéafearea. This interfacial area results from thespae of vapor
through the perforations of trays, or the spreadihliquid on the surface of packing [1]. The choigetween a
tray and backed column for a particular applicattan only be made with complete assurance by @pstich
design. However, this will not always be worthwhite necessary, and the choice can usually be needthe
basis or experience by considering main advantagesdisadvantages of each type like. For exampdg, t
column can be designed to handle a wider rangeqafdl and gas flow-rates than packed towers; packed
columns are not suitable for very low liquid ratesl the efficiency of tray can be predicted withrencertainty
than the equivalent term for packing and we usugdlya higher efficiency in trays than in packifgr these
and many others reasons, we have preferred coluays [¢].

The bubble-cap tray is a flat perforated plate wihlrs around the holes, and caps in the formvefried cups
over the risers. The caps are usually equippedsidth or holes through which the vapor comesSiatie tray is a flat
perforated plate. The most common type of trayvalee tray [2]. In valve trays, perforations acwered by lift able
caps. Vapor flows lift the caps, thus creatingw farea for the passage of vapor. The lifting degets the vapor to flow
horizontally into the liquid, thus providing bettaixing than it is possible in sieve trays.

Sieve and valve trays have comparable capacifgjezfty, entrainment, and pressure drop. Bubbleticgs
have lower capacity and efficiency, and higheraémtnent and pressure drop than sieve and valve. fféag cost of
bubble-cap trays is the highest. Sieve trays @rdetist expensive, but valve trays do not cost rhigiter than sieve
trays. Maintenance, fouling tendency, and effettoaosion are the least in sieve trays, althaigly are not much
greater for valve trays. In general, bubble-capst@e mainly used in special applications. Fortratiger services,
either sieve or valve trays are the best choiexeSrays have advantages when the service isdpai corrosive, or
when turndown is unimportant, while valve trays pneferred when turndown is essential. With higkrgn costs, the
energy saved during even short turndown periodsllygustifies the relatively low cost differencetiveen valve and
sieve trays. This has made valve trays most poputhe industry [2, 3].

For these reasons we have chosen valve tray felaperg and designing a new type of valve tray. Wile
pursue the following optimization goals: high afiecy, low moderate pressure drop, high capagity Jew cost.

Principle of work of the tray is shown at the follmg (Fig. a). The valves will move up and down in
response to changing vapor flow rates. At norm@amftate, the valve is roughly in the middle positié\t low
vapor rates, the valve settles over the perforadiot covers it to avoid liquid weeping. The valgbsuld be
heavy enough to prevent excessive opening at Iqgendow rate. As the vapor rate is increased,vhiee (1)
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rises vertically. The upward movement of the vasveestricted by retaining cage (2). Liquid entides tray from
the down comer (3) of the tray above. The liquitegng the tray is aerated with vapor rising frome tray
below to form froth on the tray. The froth flowsrass the tray until it reaches the outlet weir @)e froth then
flows over the weir into down comer, where the vapalisengaged from the liquid.

00 0 © 004
000 O 004
00 0 O 00
90 O C 004

Fig. A

Experimental studies for designing valve trays waesle on two models:
1. Desorption of (C®) from water
2. Evaporation of water from the tray
Pressure drop for tray is determined by a diffeeebetween static pressure above and below tray.
Effectiveness of mass transfer could be determimetthe changes upon liquids (p h), and humiditgiofin the
entrance and outlet of the columns. During the ermtal studies desorption (Gof water efficiency valve
tray can be determined by the equations (1) and (2)

E = ﬂ = 1 — 10 (PEour—2he)
Cin (1)

€ = 2.69.10°7Fk @)

k
Such that ¢, G, concentrations (C£in water in the column entrance and outlgi’fé.a).
Efficiency of evaporation of water was determinedair-water system by basing on the humidity of air
in the entrance and outlet of the column by theaéquo (3)[5]:

-’Euut - "!'::'r.

E =
X100 ~ Xin 3)

k
Such thatX1gg absolute humidity of saturated stear%&;!).

Experimental results are presented in FiguresAfLadd (3).

From figure 3 a dependency may be noted that thespre drop of the tray is within the range of B:25
0.454 k pa at a gas speed less than 1.4 m/s.

The range of stable operation of the valve trayeli® enhanced with increasing the air velocityrfr@.65
to 1.36 m/s. When liquid flows down the column tigh down comer and then across the tray deck, whjper
flows upward through the liquid inventory on thaytr Then gas liquid dispersion-foam occurs on w tirathis
mode, the gas-liquid contacting occurs on a surfdiche bubbles, the gas spray and liquid dropthersurface,
which in large quantities over a bubbling layer forening at the outlet of the gas bubbles fromlibbble layer,
and the destruction of their shells. In the foamiesxe mode phase contact on the tray is maximurtactn
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The efficiency of tray ranges from 86.7% — 96.4%dasorption of (C¢ (fig. 2) and 91% — 98% at
evaporation of water (fig. 1). When comparing tHéeaiveness of different constructions trays, wan c
conclude that the efficiency of the new valve thigher than the efficiency of other trays.

Evaporation of water from the tray Desorption of (coz) from water
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Based on the studies, the following conclusionstiEamade:

1. The pressure drop value of the new valve tray agesl is proportional to the square of the gas
average velocity in the column range of (0.255-8)4&pa.

2. The efficiency of the new valve tray, increasesprtionally to the square of the gas average vloci
in the column, with range (86.7- 96.4) % at desombf (ca) and (91-98)%at evaporation of water.

3. Tray has a wide range of stable operation, relgtilev pressure drop and high efficiency, which
makes extensive use of such trays for mass trapsfeesses.

4. The efficiency of the new valve tray doesn’t depamtdon the liquid flow rate in evaporation of water
and this considered good properties on the wodobfmn tray in the Chemical Industries.

5. We noted the quantity of entrainment is low to nratke in the new type when comparing with other
trays, and this quantity increases proportionaltythe gas velocity.
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NATURAL EMERGENCY SITUATIONS,
CHARACTERISTIC REPUBLIC OF BELARUS FOR VITEBSK AREA

PAVEL KALININ, EVALD KALVAN
Polotsk state university, Belarus

The analysis of possible natural emergency situaticharacteristic for Vitebsk area of Republic of
Belarus is carried out. Numerous consequences otrad weather conditions are considered. Population
actions are specified during dangerous meteorollgicocesses and the phenomena.

According to numerous observations in the Vitelesgion may be hazardous meteorological processes
and phenomena (hurricane force winds, snow blizzawtirlwinds of large diameter, thunderstormshgkrous
hydrological phenomena and processes (floods gmtlgenic and natural), wildfires.

Hurricanes usually form in the equatorial zoneifTldggpearance is due to the uneven heating ofeliffareas of the
rotating earth. Equator is heated more poles —Téssheated air rises , forming a region of higisgure, which combined
with the rotation of the earth, the air mass ktifih surface layer, the influence of the moon @theér planets causes the
nucleation of vortices of large diameter (hundiefdslometers), which moved into the northern aodtisern latitudes and
eventually scattered. Wind speed in the surfaes tfysuch a vortex of hurricane force reache&k&vd0h and more.

Ravages of strong winds intensified loss of heasins, flying through the air objects. On the
approximation of strong winds population notifigdrsn warning. Upon receipt of such notice must eltise
windows, doors, hold fixing work, swept away by thied objects sturdy shelter in the building.

With the approach of winter snowstorms is recomreenithat a number of the activities listed above, as
well as stock up on food and water.

Vortices of large diameter — is an air funnel ditganel00 — 1500 m with a pressure drop between the
center and the periphery to 8 kPa, which descefrdedthe cloud , leave the terrain wide swath cftdection a
few tens or hundreds of meters and a length ofrab¥mindred meters to tens of kilometers or moigese
vortices cause very great destruction: scratchiegst destroy buildings, rip and move large objectsthe
ground . In the equatorial zone, these vorticesalled tornadoes.

Approximation of such vortices cannot be long-tdamecasting. In this case, you have to be venniare
Seeing the approaching cloud of dust, the impendasiruction of the countryside in a narrow barml) peed to
determine the direction of the vortex, quickly leahe area of his actions and thus save themsédas.— quite
widespread and atmospheric phenomena associatedlggtrical discharges — lightning. The magnitatithe electric
lightningtion is 20 — 30 Cl, in very rare casega0 Kl, the force of the discharge current is RBQtemperatures up to
40,000°C. Teaching Stock thundercloud has a leafgabout 2 km, and the duration of the lightningleys 30 minutes
or more. Lightning strikes cause destruction, cafiies, often lightning killing people and animal

Ball lightning is in the form of a luminous ball dfameter 20 — 30 cm, driving on the rough patthwit
silent disappearance or explosion, causing damadecasualties. With the approaching storm needetéopm
the same action (meropriyament), and that the @gprof strong winds. Particular attention shouldob@& to
the drafts, because of which the room can geeadit.

The most dangerous places where you cannot hidetfie rain during a thunderstorm are:

— Stand-alone buildings, trees, especially withr@ng roofing system, oak, poplar, etc. (out of 1lightning
strikes 54 parishes in oak, poplar, on 24, 10 effithpine 6 to 3 on the beach, lime and 2 fonhcacia).

— The hills with dense soils.

— Areas surrounding the lightning rod, etc.

During a thunderstorm, you cannot move on with noiding objects such as shoulder braid, forks, etc.
You cannot swim during a thunderstorm. Upon detectif a fireball in any case cannot be run bectuseair
flow can captivate her for a bit and call themssheis necessary to determine the trajectorytofdtal travel
and without causing airflow exit zone location.
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Flooding — flooding is a significant area in thestlaction of hydraulic structures — dams, as weltte
rise of the water level in rivers and lakes. Exieifiooding predicted by the intensity loss préi@pon of snow,
ice thickness, the intensity of their melting.

According to established practice flood is dividetb three stages:

— disaster forecasting and organization of workewuce harm, including notification management and
population unit dams to limit the extent of floogdjrthe preparation of forces and means to fight ;

— implementation of measures to save the peopleesaand strengthen the capacity of dams and
embankments , survival evacuees;

— recovery housing ; facilities management, comimisg and operation, agricultural rehabilitation,
works on flood (deepening riverbeds, dikes, embaarks) etc.)

Upon receipt of notice of the flood should haveatty completed the protection of the populationiand
the ES (prepare documents, money, place the pyogedducts, food in attics prepare for evacuatiod cattle-
like). At the announcement of the evacuation, neecome to the assembly point, register and waifdcher
instructions. A placement in evacuation must compty the administration of the tent camp or setiat.

After the evacuation should first examine the galr@mndition of buildings, if necessary, work t@agthen them
and begin to flood relief .When approaching waveetdase should take a hill or upper floors of dwndgs. Fire —
uncontrolled combustion process entailing the detin of wealth, people. The Republic is mostroftgest, peat fires
and less wild. They occur as the fault of the pgerand as a result of spontaneous combustion fiersun or a lightning
strike. Statistics show that 80 % of fires occurdese of the person, and only about 20% of thedanhture.

If the hot weather there is no rain 15 — 18 ddys,forest becomes a fire hazard. Spontaneous caiomus
of peat is very rare — in 5 cases out of 100. Mwstflammable dead wood, pine young, cutting detteless
dangerous and mixed deciduous forests.

Forest fires are:

— Grassroots (lit litter, the propagation velo@fy0.3 to 1.0 m / min to 1 km / h);

—riding (burning crown, the speed of 8 — 25 kn);/ h

— Stable fires when all lit tree, the speed of&km / h;

— Underground (burning peat layer extends at acsfié — 0.5 m / min);

— runaway fires when burning dry grass (usuallh@spring);

— steppe (field) fires occur in the open countrgdidthe presence of mature breads, dry grass.

The main way to fight forest fires are entanglembatkfill soil, fill with water, creating a barradand,
start a fire at the oncoming wind direction chanigg4.80 °. With the threat of falling into a fordse lane must
go to the fields, the barrage band, ditches, whtaties. In dry weather, forest protection at thguest of
visiting forests prohibited.
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ENERGY CONSUMPTION REDUCING IN THE ASPIRATION SYSTE MS
AT THE WOODWORKING ENTERPRICES

MARIA SELEZNIOVA, TATSIANA KARALIOVA
Polotsk State University, Belarus

The article deals with traditional and modernizedpaation systems at woodworking enterprises. It
presents some activities for aspiration systemsinelogy improvement, which help to reduce energy
consumption. It researches a volume vertical paekagollector application in the aspiration systeih;
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introduces graphical dependences of aerodynamiampeters and waste catching degrees during the moder
aspiration system working. It contains the analysisthe results and recommends methods, which wepro
functioning of aspiration systems.

The woodworking enterprises produce a good deaiaste: wood chips, saw dust and dust. Wood wastes
are removed from the room by bush aspiration systavhich contain waste and air receivers, ductlipips,
cyclones and ventilators.

The bush aspiration systems don't only serve fmtioving of materials, they are also used as fetactable
ventilation systems. It is a specific characterisfibush aspiration systems. The pressure desrgae system due to
duct pipeline wall friction of transported matesiaind transported air, material particles surfectoh of the air, that
have less speed, and also friction of materialgiest Shaped parts of the duct pipeline and tied eguipment have
increased resistance. There are energy expensa&fooming of material weight [1].

In view of the features of aspiration systems, wae offer to improve technology of these systems
significantly decreasing the length of materiahgportation and energy consumption. That is whyotfer to
install volume vertical packaged collector [2] hetmiddle of the machines location, where largéiglas of the
transported material precipitated. Cyclone is ifetlaafter the packaged collector. It clears onlgdmm and
small dispersion dust (Fig. 1).

4 93 4 Y3

Fig. 1. Scheme of modernized bush aspiration systenawvertical packaged collector; 2 — duct pipetin
3 — dust receptacle casing; 4 — truck; 5 — vewtij@ — packaged duct pipeline; 7 — damper; 8 -tilagion
valve; 9 — cyclone; 10 — exhaust pipe; 11 — padteest pipeline; 12 — pneumatic tubes; 13 — micnoomaeter

Bush aspiration systems are widely used at therpgises. Every such system unites more than ten
woodworking aggregates. In the middle of the agaesglocation and their suctioBswe offer to set up the vertical
packaged collectot [2], which is appended in the top part of ductepies2 from waste receivers. The waste
receivers are connected with machines. The maictiumof packaged collector is to drop out the bagtight of
wood waste particles from the air flow. Such aruaudation takes place due to fast decrease ofitlgpeed at the
collector, which has bigger diameter (8-10 timbatthe pipeline diameter of the waste receivers.

Wastes accumulate in the vertical collector undeirtown influence of weigh. Fallen wastes don't
transpose and don't have cyclone purificafoift is the reason of the 15-20 % reduction of ggpeonsumption.
The cyclone9 and the ventilatob are situated at some distance (mostly outsidej ftloe collector. Waste
removal from the collector is produced by the aitlet to body truck 4 or to conveyer.

Air quantity, which is drawn out by ventilatdron the packaged duct pipeliieccording to the number
of synchronous working machines, is controlled bytitation valves8. These valves are mounted in pipeliges
directly near suctior8 of each machine. All the currently inactive mackirdisconnect automatically of the
aspiration’s net, thanks to ventilator valves, vbhare electrically connected with machines. As sulie the
ventilator5 draws out less air and, therefore, consumes lesemp through net throttling. However transporting
speed is reduced in the packaged duct pipeline &nwhe small quantities of machines are synchr@nou
working. It makes the purification efficiency of stuworse in the cyclong@ That's why it is necessary to provide
the installation of the speed reac®at the air inlet in the cyclone. Speed reactot mtintain the air speed at
the allowable level and it doesn’t matter how muehchines are synchronously functioning [3]. Woodtdu
which was catching by cyclone, is periodically waded from the bunker in the trudlor to the conveyer.

The air speed on the net part can be less thaspinatmg speed or more than terminal velocity, beea
only dust is transported in the duct pipeline @/ rhass concentration of aeromixture is negligible.
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Transporting speeds and terminal velocities of wdast can be determined from the formula [2]:

umpch€4md’—6+o,omw+bJD/L—2= 1,1{ 410,02114 0,01 560 ) 11—’22= 13,2 m/
V] Pg

M 1

wherec=1, 1-the coefficient, which considers the speetteise in the local consumptiops: the density of
the material, kg/fh p,- the density of the air, kgfinp- the concentration of material, kg/kg; the air speed,
m/sec;p,-the material speed, m/sbahe experienced coefficient, which depends orkthe of the transporting
material (for dusb=7).

500 = 5 m/se
0,9

0, 02'-] 01,2
3

wherea=0,9- the coefficient, which depends on the shdpmadicle;h- particle thickness, mm.
According [4] the values of the dust transportipgexds belong to the interval:

MO U< N Vs

wheremos — the minimum value of the diphasic flow speedoaging to the kind of the transporting material,
m/sec;n- vs — the maximum value of the diphasic flow speed adogrdo the economic conditions of the
aspirationsystems operation, m/sec.

The minimum value of the dust transporting spee@.islO, 5 m/sec for the experimentally received
meaningan= 1, 8,n = 2, 1. Satisfactory air speed by dust outlet bélabout 6 m/sec in the duct pipeline. This
air speed is scarce for the cyclone work, sorieisessary to install a speed reactor in the cydldae

Experiments were conducted with changing air copiamfrom 120 to 180 ffh. The aeromixture concentration
was accepted within 0, 1...0, 5 kd/iResults of the experiments are presented imthedf graphs (fig. 3, 4).
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Fig. 2. Aerodynamic parameters of the aspiratistem:
1 — air consumption; 2 — aerodynamic characteridtibe aspiration system;
3 — aerodynamic characteristic of the packageecwt net
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Fig. 3. The degree of waste separation with thedwgd aspiration system:
1 — waste quantity, which was separated in the gggadk collector; 2 — dust concentration in the icteons;
3 — waste quantity, which was separated by cyclone
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Based on the graphic dependences in Figure 3, 4awenake the following conclusions:

— aerodynamic characteristic and, therefore, theswmption of the packaged duct collector net with 1
modes constitute insignificant part of all instafla consumption;

— disconnection of temporary inactive machines fritv@ aspiration net significantly reduces energy
consumption for material transportation, althougit consumption is increasing due to decrease ofathe
consumption. If you accept the coefficient of tachronous working machines as 0, 6, that poweswaption
of energy consumption will reduce on 21, 2% inéRkperiment;

— the main wood waste mass (86-90%) falls in th&oad collector, thus it isn’'t necessary to tranpit
by expensive pneumatic methods, which need largearggnconsumption. There is a tendency to some
insignificant decreasing of the accumulated wastsstwith the increasing of synchronous workingieunst It
can be explain by the difference between modesi@fntaste entrance in the collector shell. It isessary to
connect air channel of the suction to the collestall, which is leaned angle 40-50°;

— the additional economy of energy consumptionbisua 40%, what is achieved by the main mass of
large wood waste transfer induct pipelines on thertsdistance from machines to the packaged collett
helps to reduce pressure loss;

— only 8-13% of small factions of all waste mastsgm the cyclone, besides, the load slightly inses
in the cyclone with the increase of the synchrenearking machines quantity.

Although, the purification degree stays on the tamity high level (93-97%), it can be explain b th
presence of speed reactor and small mass of thalfapersed dust ejected in the atmosphere.
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IMPROVING OF FIXING SYSTEM OF CUTTING PLATES
IN BLOCK-MODULAR CUTTING TOOLS

ANDREY MAKSIMCHUK, MIKALAI PAPOK
Polotsk State University, Belarus

The paper present research system of fixing cugilates and blocks in block-modular cutting tools

Reliability teams cutting tools to a large extemtetmined by the reliability of fixing plates ineth
housing. There are many designs of clamping meshemitaking into account the working conditionsttod
cutting tools and features for their manufactudeede systems reflect the current trends in thegydei cutting
tools: high precision of manufacturing of cuttintates, the closed grooves and precisely manufatttoe
accommodate the cutting plates, the cutting pla@®ping mechanisms with a minimum number of stmadt
elements, such as a screw or a lever. The impletientof such systems in terms of domestic produadiol is
not always possible, as it requires special equifiraad precise, high-quality components elemerteréfore
urgent to establish a system fixing cutting platieshnological conditions for domestic productiord amot
inferior to the best foreign systems reliability.

The system of fixing cutting plates, including flalowing key elements (fig. 1): the cutting plgteos.
1) is set to open width direction groove cuttingdi (pos. 2). Fixing module of (pos. 3) is configdiras a "T-
shaped" strap, "the horizontal shelf* which is ddiiced into one part of the cutting plate hole Endressed
against the front surface of the cutting plate,levithe other part is brought into contact with tevel of the
cutting block. The "horizontal shelf' of "T-shapesttap is installed by planting in open longitudigeoove the
cutting block. "Vertical shelf" of strap is desigh@s a screw threaded into "horizontal shelf" o&gtand
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installed in the "oval-shaped" hole of the cuttiblpck. When the strap screw is performed simultaseo
movement of strap in horizontal and vertical dits, and the strap of the cutting plate on theepts side
surface and the hole.

In the proposed system, the grooves are made apknediability of fixing of cutting plate is provet
except moves in radial, axially and tangentialkatige to the machined surface of the work piece.

7 J

N
N

% )

A=

Fig. 1. The system of fixing cutting plates

The design of the cutting block (fig. 2) includesudting plate with hole installed into the transesopen
groove relative to the geometric axis of the hogsim a certain angle. Clamping of plate provided a "T-
shaped" strap placed in an open longitudinal gramfveéne housing of block and having formed at aglan
"strapping planar part" and "support part" in tbenf of plane or spherical surface. In the strapjpiag is a pin
incoming hole of cutting plate. Strapping planartpa contact with the front surface of the cuttipate and
support part — with a flat surface of the housihglock arranged at a predetermined angl€lamp of strap by
using screws threaded into it and freely enteriveg"bval-shaped" hole in the housing of block.

[1 \

7z

< |

Fig. 2. The design of the cutting block

Proposed design of cutting block differs from knoavralogues following:

1. Clamp made T-shaped as opposed to most similadfstractures (the L-shaped). And strapping part
has "leverage" smaller than the reference.

2. Clamp is placed in a groove of the housing on émgling provides free movement in the longitudinal
direction and fixed in the transverse, i.e. clamprks as a "yoke", the retaining plate on the transy
displacements.

3. Strapping part has a bevel at an angléhe value of which is chosen as the value ofpbsterior
angle of the cutting plate and a few adjusted édirlscking angle for the contacting materials.

4. The supporting part is performed flat or spheraad contacts with beveled angtegplane of housing
of cutting block, whose value is chosen based erptssibility of longitudinal displacement of strap

5. Pin included in the planting to hole of strappingrtpand has a spherical end (part of the hole of
cutting plate).

6. Clamping screw enters freely into the housing borkis slid able transversely direction in relatmits axis.

7. Housing of block is cylindrical, allowing its in$i@ion in the housing module hole tool and clamp
two hollow cylindrical elements with radius «sangieof the corresponding cylinder of the housingd an
tightening screw them.

112



MATERIALS OF VI JUNIOR RESEARCHERS’ CONFERENCE 2014
Technology, Machine-building, Geodesy

8. Design of elements of clamping as cutting plated bhousing of cutting block provides action of
clamping forces on the direction of the cuttingctocomponents that ensures additional samplingldesgaps
in the design of the cutting process.

Fixing system of the cutting block in the housingdule (fig. 3) also technological and reliable. ti@gt block
mounted on the cylindrical surface in the hole, hgreviously through the other hole entered ime element of the
clamping mechanism ("cotter"). Then introduced lzaedtcotter” and both "cotter” tightening screvusstproviding reliable
clamping of cutting block between two "cotters” adlusion of movement of cutting block in all difens. The exact
location of “cotters” relatively cutting block caters direction acting on cutting plate cuttingcés — clamping force
directed along the cutting forces, which elimingigss in the contact elements during vibratioregyst

I

Fig. 3. Fixing system of the cutting block in theuking module

Thus, the reliability of the proposed design ofditanodular cutting tools is dependent on the aayura
of performing linear and angular parameters of ¢benponents, material selection and details of tbat h
treatment, and compliance with the sequence ohadyeand adjustment tool.
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FINDING OF RADIUS OF CONVERGENCE OF THE POWER SERIE S CONTAINING
NOT ALL POWER (X-A) WITH THE HELP OF FORMULA BY MEA NS OF SIMPLE
TRANSFORMATION OF COEFFICIENT OF THE SERIES

DMITRY OREL, ALESYA PEREVOZKINA
Polotsk State University, Belarus

Functional series of the form:

agta(x—a+ a(x a%+.+ g(x d1+...=z RO x ¥, (1)
n=0
wherea, JR, n=0,12,.., alR are called a power series. Numbegsa;, a,,...,, are called coefficients of

power series.
If a=0 we receive a series of the form

a0+a1x+a2x2+...+a,>’<’+...=z a xR, )
n=0

we will examine such power series from the poinviefv that if in series (1) puk—a= y one can always go
to a series which looks like form (2).
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Abel's theorem implies that ik # 0 there is a point of convergence of power serigst(#2 interval
(=1 ;1% I) consists of points of convergence of this serésall values x out of this interval series (2)
diverges. Interval(—|Xg |;]|%y |) called the interval of convergence of power serfegtting the interval of
convergence can be written &sR; R) . The number R is called the radius of convergerfitke power series.

For finding of radius of convergence of power se(2) in the majority of manuals are offered to trse
following formulae:

R= lim |20 3)
N-o 8nyy
R= lim —= (4)

which are derived from Dalamber and Cauchy's aoiterTo derive formula (3) one will make a serids o
modules of members of these power series:

lag |+ |61><1L [+ |a2><2 B .+ | X ¥ . to the turned-out series we will apply a criteridssume that there is a

+1
limit fim |20 = jim |M Elx | lim P ¢ oxz 0
n-o U n- oo anx n-o &y
On the basis of the d'Alembert series converges if
x| lim |2 1 (5)
n-o  ay

the series made of modules of members of seriesd{(?rges at those values, for whi¢k > lim | a |-
N 8nig

Thus, for series (2) the radius of absolute cormecg is given by (3).
Similarly, having used Cauchy's radical criterigns possible to establish that the radius of @gence

can be found by formula (4).
Consider the example of how to use the above farnsuthe radius of convergence of the power series.

e n
Example 1. Find the radius of convergence of thmqm(}serieszx—.
n=1

Solution: For the above serieg =£; any =%1 using the formula (2) we obtain:
n n

1
= lim |—|— I| |—|:1
n-— o
n+1
But it should be noted that formulae (3) and (4stnie used very carefully, as if the infinite setaefficients
®© .2n
addresses in zero, it is impossible to use thefisggormulas. For example, we will take a serEX— at it the infinite

n=1

set of coefficients is zero, namely all coefficieat odd degrees are equal to zero, in too tinféctems at even degrees are

other than zero. Applying (3) we receive on thelm@ R = lim B g ,onthe otheR = lim Bont1 _ 0.

N—c 8pn-1 N 8n+2

We will take any pointx, other than zero, then, aR = lim B g Xg is a convergence point, but
n-o 8n-1

L . @ o . .
on the other hand in view of the fact thaR= lim =21 =0 same the point is a divergence point, so we
n-o 8o,
received a contradiction.
This occurs when the number does not contain allgpoc. For example:

XN X2 X8 X .
— =—+—2 +—3+...+— (contains only even degreeg or
n

) n 1
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© 2n-1 1 .3 .5 -1
=+ 4+

=N 1 2

In this regard, many authors recommend to usetatmeation of radius of convergence of such power
series directly Dalamber and Cauchy's criteriorhautit resorting to general formulas for determirting radius,
which complicates the calculation limit.

In this report we will consider a method of finding§ radius of convergence which allows to work not
with the general member of a row as in DalambeZauchy's criterion, and uses only coefficientshef $eries,
by their simple transformation.

2n
: X . . e
Example, our senesZ:— convert to a form that will contain all the powersWe will divide all
n
n=1
coefficients at n into that expression which fapeim an exponent. The exponent is equal in our @&rén

(contains only odd degrees).

Lol n
. S - X
respectively we will divide all coefficients at m @. E Y

n=1 —
2
Find the radius of convergence of the series obthby the formula (3):
1
n
R= lim | 2= lim |2(”+1)|=1
nooo 2n
n+1
2
Find the radius of convergence of the originalesekiy d'Alembert:
n+l
X L "
2 S
fim 2L = gim SO i 2™ i
n-oco L” n-o (n+D)x" n-o (n+1) X nooo N+1
n
|X|<; |XF}: 1, Tx. R x|, 70 R=1.
n 1
| lim |—|
n- o n+1

As we can see the result is the same.
00 Xan
We will consider now a seriegﬁ ,rae a,c — coefficients at n,a, b, cd R.

n=1
Find the radius of convergence by d'Alembert
a(n+1)
( ny,aictn ) )
lim | b |— lim |u E[x® | lim |i |, on a formula (5) we receive:
no o X Nn- oo bcnbcxan No o bC
ﬁ
1 1 -
[x2 | lim | =K 1= X $————= lim |b° |- [x4 B, as|x E R receive
noo p° 1 n- oo
lim |—|
n- oo b

C
R= b2 . Based on this, | guess in the original seriesbmadivided both coefficients on the same natusahlmer
not equal to 0. That is, in the original seriesfficents, divide bya:
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As you can see, we get a series in which all thveeps at present, therefore, we can apply the far(Rl
and (4), which greatly simplifies the calculaticiradius of convergence.
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RESEARCH OF THE ALKYLATION PROCESS OF PHENOL BY TET RAMERS
OF PROPYLENE ON ION-EXCHANGE SMOLS

DZIANIS MIRANENKA, ALIAKSANDR ZAVADSKI, SERAPHIMA POKROUSKAYA
Polotsk State University, Belarus

The article is described the regularity of phentiky#ation process by tetramers of propylene by ion
exchange catalyst. This process possesses a tunmest in manufacturing of phenol engine additi
Reaction’s conversion and selectivity were estichatedifferent circumstances.

Currently in the process of synthesis of alkyl pildny phenol alkylation of propylene tetramers used
ion exchange the catalyst has a high sensitivitgntasture, even at 3 wt% water using it ineffectivdil the
maximum permissible temperature of operation. Gitvert the maximum operating temperature sulphogi¢io
TULSJON T-66 is 403 ° K (130 ° C), its applicatimyuires the provision of special technologicalditbians on
the content of moisture in the system /1 /.

Basic physical and chemical properties of the sampF ion exchange resins in passport supplier are
shown in Table 1.

Table 1-Basic physical and chemical propertiehefsamples

Catalyst Bulk density | Specific surface Pore |Total capacity Maximum operating
area, m2/g |diameter,A eq/kg temperature, ° C
Catalyst 1 610 53 300 4,7 120
Catalyst 2 560 50 300 5,0 150
Catalyst 3 770 33 240 54 150
Catalyst 4 500 35 450 - 500 4,9 130
Catalystb 540 - 580 45 - 60 120 - 300 4,7 -

Synthesis alkylphenol based catalysts investigated

Alkylphenol synthesized by apkilirovaniya phendtéeers of propylene catalyst cation exchange ( ion
exchange resins ) . Temperature range study agvitedhe industry and is 130-150 ° C. Diffusion iipition
removable stirrer at a speed above 300 rev / raimd, the reaction takes place in the kinetic motlé / In the
studies of the impeller shaft speed was maintaaeb0 rev / min.

Study phenol alkylation tetramers of propylene easied out in a three necked reaction flask uaimgflux
condenser for condensing the vapor; the reactimpeeature was recorded with a laboratory thermametgensive
stirring of the reaction mixture was carried ounhgsa laboratory stirrer throughout the alkylatimocess . The first
component introduced into the reaction mixture yphsnol. After introduction of the catalyst wasefillin phenol
required mass quantity by weight of the mixtures Tirated mixture was stirred for one hour to peefter catalyst and
swelling ; propylene tetramers further injected ithte reaction mixture . Duration of the experim@as 180 min. The
ratio of phenol: alkene depending on a seriesud@xents were on the level:

- 2:1 mol / mol, and a catalyst loading of 20% (welative to the weight of the reaction mixtutet 1 ;

- 4:1 mol / mol and a catalyst loading of 20% (welative to the weight of the reaction mixtuteve series ;

- 4:1 mol / mol and a catalyst loading of 10% ()welative to the weight of the reaction mixtuBeseries ;

- 6:1 mol / mol and a catalyst loading of 10% (welative to the weight of the reaction mixtureseries .

Reference points were selected the following indica

1) concentration monoapkilfenolov ;
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2) the concentration dialkylphenols ;

3) Conversion of propylene tetramer .

As a result, the alkylation of phenol tetramergpadpylene to be achieved the highest conversion of
alkenes with the highest yield and the lowest yigldnoapkilfenolov dialkylphenols . The basic mettaid
analysis is the gas-liquid chromatography / 2 /.

The analysis of the alkylation products Compositibthe reaction mass obtained are shown in Tasks

Table 2 — Results of the chromatographic analyiphenols in a molar ratio of phenol: propylene
tetramers a 2:1 mol / mol and a catalyst loadingG86 (wt.) relative to the weight of the reactioixture.

The type of the alkylphenol Content of| The content Contents of Contents of
propylene of free monoalkilpheno|  dialkilphenol
tetramer phenol I
Catalyst 1 4,59 7,96 70,98 16,47
Catalyst 2 5,88 8,21 71,98 13,93
Catalyst 3 6,01 7,52 73,01 13,45
Catalyst 4 7,31 7,74 68,91 16,05
Catalyst 5 14,43 10,21 69,88 5,48

Table 3 — Results of the chromatographic analysandadlkylphenol with a molar ratio of phenol: prigme tetramers
ratio of 4:1 mol / mol and a catalyst loading of20Qwt.) relative to the weight of the reaction mive¢

The type of the alkylphenol Content of | The contento] Contents of Contents of
propylene free phenol | monoalkilphenol| dialkilphenol
Catalyst 1 3,62 25,78 62,63 7,97
Catalyst 2 3,36 28,70 63,91 4,03
Catalyst 3 2,27 27,59 65,71 4,43
Catalyst 4 2,26 22,92 69,56 5,25
Catalyst 5 3,11 28,38 63,81 4,70

According to the results of chromatographic anglgéiTable 2 it can be concluded that a molar cdtjghenol:
propylene tetramers a 2:1 mol / mol and a cathdgsting of 20% ( wt. ) relative to the weight oftireaction mixture of
propylene tetramer maximum conversion is achiesddgucatalyst 1, the highest yield of monoalkilfieno- using
sulfonic catalyst 2, the smallest output dialkylpbie - using sulfonic catalyst 3; however, useatélyst 4 leads to the
highest level with the lowest output dialkylphenmdsversion of propylene tetramer applying sulfaaitalyst 5 leads to
the lower conversion of propylene teramerov ; divgialds alkylphenol fractions and the degree ofwersion of
alkenes are approximately at the same level faetimaining three catalysts.

According to the results of chromatographic anslgéiTable 3 it can be concluded that the molar cdiphenol:
propylene tetramers ratio of 4:1 mol / mol andtalyst loading of 20% ( wt. ) relative to the wetighthe reaction mixture
of propylene tetramer maximum conversion is acliex@ng catalyst 1 , the highest yield of mondalkilov - using
catalyst 2, the smallest output dialkylphenolsirgisulfonic catalyst 3; however, use of sulforatalyst 2 leads to the
highest level of output with the lowest conversitiakylphenols propylene tetramer . In further eidf experiments
catalyst 4 excluded from the study of cation exghaasins on the basis of 1 and 2 series of expetdm
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UDC 004.02
REVIEW OF IRREGULAR CHARACTERISTICS OF PROGRAM CODE

MAKSIM MATSIUSH
Polotsk State University, Belarus

Analysis of the code used to solve the actual problof determining the qualitsgarching plagiarism
and authorship of source code. For each specifigaacan be approached only certain methods andrédlgns
of analyzing the source code of programs.

In the source code of programs, in addition tostamdard features, there are also characteristingipr
to a particular author (naming of variables, th@esof writing, the linguitic peculiarities of conents, the
number of different data types, stable level ofaiarmetrics, etc.) [1 — 4], so it is appropriateuse the concept
"programmer’s handwriting".

The concept "programmer’s handwriting” is difficuld define as we are to find code optional
characteristics that are inherent to a particutaggammer. Programmer’s handwriting can manifestfitin the
architectural solution, for example, in the abusamy design pattern or coding rules, nominatiorvarfiables,
methods, and other structural units of the programgranguage, such as:

— naming of classes, methods and variables, lar#dbles of the method, method parameters;

— the place of initialization the class variableeating unused class methods (i.e. excess predisad
comes from the design, but isn’t used in the curiraplementation);

— the number of comments, the view of commentspthee of comments;

— the length of method names , the use of types;

— the use of transfers;

— the listing of interfaces, but not the use ofypmbrphism;

— the use of a specific template in all the prograrhthe author, a certain standard set of codeignet
that have the same value in all programs of a ipgeogrammer, etc.;

Programmer’s handwriting should first clearly defithe website source code, as well as to find the
handwriting of the author in search problems ofjjdlesm. Since under the programmer’s handwriting,also
mean a certain level of supported source code esethtie quality of handwriting has an equivaletdtienship
with the quality of software code. Thus, this cleéeastic simultaneously embraces calculation afecquality,
searching of plagiarism and authorship.

Let's consider the concept "native programming lagg". It is the language the programmer is good at
when creating a software product. And when a prognar happens to write a program in a so-called non-
"native" programming language, the text manifestsr@agrammer’s accent. The programmer’s accent is an
integral part of the programmer's handwriting. llowas the programmer to focus on selection in addito
greater accuracy in search problems of plagiaristhauthorship also conduct statistical researcimignation
programmers with a particular programming languaged the accent allows determining the compliandé w
the negative coefficient coding standards for &t tode, which in turn is the quality of the code.

Heuristic methods for the isolation programmer'seat must allocate a priori set of mandatory and
optional features that are specific to a particglaosgramming language, when reduced to a commas dé
singularities, and the subsequent search for tleegeres in the source code with a great programainguage
of this class. This feature can also assume thertaioty in the case where the source code doematwth any
of the inspected class accents set , even thewi#sshe certain programming language source camewhich
will be analyzed. In this case, it is considereat this not the focus, but a simple ignorancerogpammer.

What is clear is that when searching for a acdeistfgrocess becomes part of the process of defiming
unique programmer’s handwriting. Therefore necdlgsstylistic features of programming is not a pesa to
the action, as it was originally a person can felkhe rules , and it is the task of searching timpleasis goes
into searching programmer’s handwriting. When coma@ato the literary language, such programmers are
illiterate. The latter assumption allocates anothetric —-programmer’s literacy
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Literacy of programmer is accordance of source d¢bhdeprogrammer to standards proposed and widely
used for a specific language. This problem is irtgoay for example, in hiring and monitoring the lifyaof
software code. Solution of the problem reducesetieminining the criteria of literacy, layout and mer serial
programmer check code for compliance. The rules imelyde naming of variables, functions, or methaasl
then adopted language syntax token sequence. utdshtso be noted immediately that the design rde®ne
language do not match the rules of registrationdoother. Because of this, and there is emphasithen
transition from one programming language to another

Programmer’s literacy, on the one hand, is the sippaharacteristics to the accent of programmang,
the other — an integral part of programmer’s haiititvg determines its quality. But beyond that litey
determines the correctness of the instructionsraled that are characteristic for most programnémguages.

Programmer’s handwriting covers all other charésties, but not uniquely determines the uniqueussat
that is typical for this programmer. This featusecialled the unique style of the programmer whd bé
calculated by finding the unique performance charistics and previously considered to have botitiye and
negative tendency to change the quality of thecsapde. Typical metrics that reflect the uniqudesof the
programmer can be non-standard commenting souide, ealding his own prefixes and suffixes to thesda’
names, methods and variables.

A distinctive feature of this characteristic isttitacan be deliberately varied by programmer hifngénis
characteristic can be specifically introduced by fmogrammer for the protection of its source codmu can
also divide a programming style for good and baith weéspect to the rules of registration code, retbpaly, and
the quality of software code. And in this conteahoonly mean bad that the author of the sourceiserbt
specifically follows the general rules of the pragming language , maintains its own because ofréagte , or
to leave a unique code. Good style is considerstyla that is not contrary to the rules of registra but has
redundant comments or instructions that are hakmaf the author.

Positive dynamic of these characteristics is propoal to the lowest programmer’s accent, zero
indicators unique style of programmer, high litgraate programmer and other indicators of good @umgner’s
handwriting. Is proposed that the code "clean't ifsi particularly ideal for solving the problem. &main
difficulty in finding this criterion — are predefd ideal solution that is utopian. It is therefpreposed to use
this feature only to specific instructions and ctiemre with design patterns.

Features of team programming. Modern high-loadgmtsj are the result of working of not one, but a
group of programmers. These can be developed awadepunrelated modules and one class (as a syntax
language unit) by team. This feature may requireguef the above metrics are not one the progranandrto
the team. In this case, it will be a general charéatic of the average of all team members. Atsthe case of
team programming, if they are known to work evemygpammer and prefilled reference characteristicsefch
programmer, it will be possible to carry out anedyen the percentage of participation in writing 8ource code
each programmer in the team.

Another feature of the team programming is a diffiérskill levels every programmer that is expressed
a variety of characteristics, namely indicatorshahdwriting, literacy, accent, etc. This featurlowas you to
define the maximum and minimum, and to measurechiaacteristics of the dynamics of change in theeeco
This figure will more accurately allocate the ovedynamics of changes in indicators of the tearangfing its
participants.

Also it is worth noting that this feature of thee programming is in conjunction with the developime
of migration between manufacturing companies artlvaoe generates precedents plagiarism. It is stded
that the proposed non-standard characteristicseaboftware code after their implementation candaatified
and such copyright infringement.
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DESIGN A CONTROL SYSTEM FOR THE MOVEMENTS
OF CAMERA IN UNMANNED AERIAL VEHICLES (UAV)

MOHAMMAD AL-MASHHADANI, ALEXANDER LOBATY
Belarusian National Technical University, Belarus

This paper describes three controllers designectifipelly for adjusting camera’s position in a srhal
unmanned aerial vehicle (UAV). The PID, Pl contddl were displayed firstly and simulated and theuhs
displayed graphically using MATLAB technique, then displayed the fuzzy logic controller(FLC) andvis
simulated .The goal of this paper is to make a @ipn between the three controllers for the dekire
performance.

Unmanned Aerial Vehicles (UAVs) have been providétth video cameras for feeding video and images
back to the ground control statiomdost of the UAV, use the servo motors for the movements in botharal
pitch. The camera in the UAV is connected to thel-dxis (roll and pitch mechanism), the rotatiopasition is
controlled by a tow motors (servo motors or DC mejtgosition control and feedback circuits. Roloerand
pitch error signals obtained from gyro systemshm WAV are subtractive combined with roll and pitadsition
signals, to generated control signals to be appliedtate the camera in a way that compensatethéoroll and
pitch movements of the UAV, and effectively isokathe camera from roll and pitch movements of tide/U
and the camera will provide a good photo or vidéhout loss in information [1].

DC-servomotor is one of the most widely used prmmvers in industry today. Generally speaking the
DC servomotor System is low order (no more 2nd cdoBler) and presents no particular design or
implementation difficulties. However, the systemedocontain nonlinearities which have an obstructive
influence on system response, such as the loadteffee Servos are used for precision positioneg:ause of
their high reliabilities, flexibilities and low ctss DC servo motors are widely used in industrigblizations,
robot manipulators and home appliances, also theyised in robotic arms and legs, sensor scanndrsnaRC
toys like RC helicopter, airplanes and catthere speed and position control of motor is negili{2]. The DC
servo motor transfer function can be in the follogvform:

2
D)
G p(S) = 7n2 (1)
s(s+2¢ )
The closed-loop transfer function is:
2
() =l? p(s()s) . W 2
Gp® s*+2ts+w;
From the experiments, the resulting transfer funmcfor servo motor is found to be:
T(s)= 17.64 (3)

g2+4.36% + 17.64

The proportional — integral — derivative (PID) calier operates the majority of the control sysiarthe
world [10]. It has been reported that more than 98#the controllers in the industrial process cohtr
applications are of PID type as no other contrafiextch the simplicity, clear functionality, applxéty and
ease of use offered by the PID controller [5]. B controller is used for a wide range of probldikes motor
drives, automotive, flight control, instrumentatidD controllers provide robust and reliable parfance for
most systems if the PID parameters are tuned psop@r A PID controller is described by the follawg
transfer function in the continuous s-domain:

Go@=K pi

+Kd*S (4)

Fig. 1 shows the simulink model of the PID cont&pknd the plant (servo motor) with unity feedback.
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Fig. 1. PID controller system

Fig. 2-a, shows the output signal of the systemigdesl. The final values for the PID controller gain
after tuning are determined to Bek10, K= 1, and k= 1.21 for T = 0.01 sec. As we see that the outpstan
overshoot and undershoot ripple of 10% but stegate ®rror equal to zero. Let us now use the Pirober and
decrease the controller gain Kd and Kp to minimwsnpassible for the desired response. By adjustieg t
controller gain Kd=0 and the Ki= 0.864 then thepamitwill be as shown in Fig.2-b

(a) (b)

Time offget. 0

Fig. 2 .Output response for(a) PID controller (bxéntroller

The field of Fuzzy control has been making rapidgpess in recent years [7]. Fuzzy logic control has
been widely exploited for nonlinear, high orderifa¢ delay system [4]. Simulink model of the fuzontroller
and the considered process with unity feedbackasva in Fig. 3. For a two input fuzzy controlleruadly of (

3, 5, 7, 9 and 11) membership functions for eagiutirare mostly used [9]. In this paper, only twazy
membership functions are used for the two inputsrée) and derivative of error (e*) as shown ig.H-a. The
fuzzy membership functions for the output paramet@r shown in Fig.4-b, where (N) means Negative, (Z
means Zero and (P) means Positive. Depending upether the output is increasing or decreasingles nwere
conducted for the fuzzy logic controller (Table ®here the sign of the output takes the sign oé dlror
(e).These four linguistic rules are sufficient tver all possible situations. The output resporigesystem is
given in Fig. 5.

-_ﬁ | -
i L =5
Sep L m_ B e LRLpa T Bg JF -

Tramsfer For Zain SELERLEN Soopa

Fuzzy Logic
[T Contodler

Cmnvaties

Fig. 3. Fuzzy logic controller scheme
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Table 1 — The rules for the designed fuzzy logiataaler

e*

0|2

N|Z2

Fig. 5. Fuzzy logic controller output

Fig. 6. Output signals for PI, PID and Fuzzy logimtroller

The performance time domain specifications are calulated by observing Fig. 6. These are compared

and tabulated as shown in the Table 2.

Table 2 — Comparison between the three controllers

Controller used

Performance parameters

Overshoot Mp(%) Settling time Ts(sec) Rising timéséc) | Steady state error Ess(%o)
PID 10 2 0.1 7
PI 0 3.6 1.7 0
Fuzzy logic| O 1.8 0.8 0
controller

The paper presented an overview of Pl, PID andyflzgic controller using MATLAB / SIMULINK.
Fine-tuned PID controller gives high overshoot aattling time with 7% steady state error.
Fine-tuned PI controller gives high settling timghazero overshoot and steady state error.
The Fuzzy Logic controller gives no overshoot, zemady state error and smaller settling time than
obtained using with tuned PI, PID controllers.
The simulation results confirms that the proposezzly logic controller with simple design approacid a
smaller rule base can provide better performanogpening with the tuned Pl and PID controllers.
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USING NONSTATIONARY ELECTROLYSISFOR FORMATION SN-BI COATINGS

VIKTORYIA BRANTSEVITCH, ALEXANDER KHMYL
Belarusian State University of Informatics and Radioelectronics, Belarus

The use of periodic pulse reverse current allowftm tin-bismuth electroplated coatings, with higilue of
term storage stable solderability. The reseachligsi the influence of nonstationary electrolysissolderability of the
Sn-Bi alloy coatings have been demonstrated. Theoppate conditions for obtaining high-quality dree coatings
with high solderability have been found. The bestenis T,, = 1.0 A/dM, ziow: Trever= 4:1, = 0.1...1 Hz.

Among the special electrochemical coatings with bigality and reliability of solder joints in elemtic equipment, Sn-
coatings are especially pointed out. However, Suréends to spontaneously phase transformatianveeimperatures and
during prolonged operation. Numerous bath composifor formation of Sn-based alloys are develapedder to eliminate
this phenomenon. Zinc, nickel, antimony, silveppy, and bismuth are used as alloying compoimettisse baths.

Most economical and promising for conditions of eypsoduction of microelectronics are Sn-Bi, Sn-Sb,
Ag-Sn alloys [1].

However, existing processes for the formation qfadited by DC Sn-based coatings are inefficierit-(0,
0,12 m/ h), and don’t provide the desired soldiditplthat decreases after three months of stosga result of
high value of porosity and low texturing of the ting.

One way of solving this problem is the use of natighary electrolysis. As electrocrystallizatiorreunt
is one of the main factors determining the eledtemical and structural conditions for the cemeatatso it can
widely control quality of the coatings by changimgrent according to certain laws.

Using periodic pulse reverse (PPR) current eletitop leads to changing of ordinary way of crystal
formation, their growth and properties of coating.

PPR current is sequentially alternating cathodét amodic processes on one electrode. Periodicdisgthe
most active portions of the cathode (usually peidms) tends to equalize the surface, makes it sn@ferm. In this
case, number of lattice defects, porosity, andectrtf impurities in the precipitate are reducdd [2

Based on the above mentioned using nonstationactrelysis for deposition Sn-Bi-coating is current
and advanced affairs.

The influence of nonstationary electrolysis wagetson the Sn-Bi-coating. Plating solution contdine
SnSQ (50 gfl), Bi(NGy);3 (1.4 gll), HSO, (125 g/l), neonol AF-9-10 (4 g/l), additive CCN-82g/l), which was
manufactured by research and production associaB&M.M». Coatings were plated at room temperature.
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Electrodeposition was performed by using develoB8IR power supply SP 24-5. Power supply can
form pulses of positive and negative polarity, whparameters are set by the computer.

According to GOST 9.302-88 the functional propertié coatings were investigated.

Varying the parameters of PPR current leads tofdhmation of dense, uniform, fine-grained coatings
(Fig. 1) and allows expanding the range of opegatinrent densities.

It has been established that the value of the sslat@ading factor is reduced from the value fr@#3o
87% on a constant current (on the current densityn 0.5 to 2 A/drf). Solder spreading factor is index of
solder wettability of the coatings. Also, this D& hnology does not provide long-term storage adesalbility
due to its high porosity and a coarse crystallinacture.

Fig. 1 The influence of DC (a) and PRC (R§'60.5 A/dn?, y=1,67, f=0,1 Hz) on the structure of Sn-Bi coating

Reduction of solder spread factor with increasimgent density occurs due to the quality degereamaif
the coating under higher densities. The qualityediegation of surface is observed by using QG 1.8 A/dnT).
Using nonstationary electrolysis extends range pdrating current densities and allows to increasé lof
operating current and to form light metal coatimgth high value of the solder spreading factor. d&2&$ of
solderability after three months in laboratory dtind was conducted. It has shown that using naiastary
electrolysis leads to forming of coatings with higilue of term storage stable solderability (taliles3).

Table 1 — Solderability of Sn-Bi pulse electrodefemsalloy (i*'= 0,5A/dn?, f = 10 Hz)

f, Hz Solder spreading factor, % Relative variation, %
as-plated coatings stored
1,25 91,8 77,3 15,8
2 91,5 81,9 10,5
2,5 90,9 86,2 5,2
3,33 89,0 82,6 7,2
5 91,3 84,8 7,1

Table 2 — Solderability of Sn-Bi PPR electrodemasialloy (i2= 0,5A/dn?, y = 1,67)

f, Hz Solder spreading factor, %
as-plated coatings stored
0,1 89 76
1 91 78
10 90 83
100 84 70
1000 90 83

Table 3 — Solderability of Sn-Bi PPR electrodepsialloy with different ratios of length of the ¥eard
and reverse pulsg{= 1,0A/dn?, f = 1 Hz)

Solder spreading factor, %

Trorw- Trever
as-plated coatings stored
3:1 94 88
4:1 93 88
10:1 83 80
20:1 92 89

It's been established, that using PPR current alldv form Sn-Bi coatings with high value of
solderability continuing long-term storage.
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Optimal conditions for obtaining high-quality le&@e coatings with high solderability were develdpe
The best PPR mode was seleciég= 1,0A/dn?, tiom: Trey = 4:1,f= 0,1..1 Hz.

The author would like to thank staff of the ReshdraboratoryNe 10.2 of the research and development
department at BSUIR for their support and contidng.
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MODERN TECHNOLOGIESIN TASKSOF WEATHER FORECASTING

TATSIANA STADUB, YURI LIVSHITS
Belarusian National Technical University, Belarus

This article deals with modern technologies of mssing of weather information. The model WRF
(Weather Research and Forecasting) of weather &mting is described in it.

In the atmosphere there are the diverse physicalesses which are continuously changing its stdte.
physical condition of the atmosphere near the &astirface and in the lower 30 — 40 km is calledtiver. Data
for a weather forecast are gathered from variousces: meteorological stations, meteorologicaldwals, space
satellites, etc. World centers of a weather forecaseive information from all over the world andntpose
global weather forecasts (fig. 1).

Fig. 1. Composition of global weather forecast

Weather forecasting are used synoptic, statistindlnumerical methods. Synoptic method of forengsti
is based on the analysis of weather charts. Stafigorecasting methods allow the past and preseté of the
atmosphere to predict the future state of the vegatle. predict changes in various meteorologieabmeters in
the future. Numerical weather prediction (NWP) beeaa significant source for weather forecasts. Nwieel
is a modern set of computer programs that contaathematical and physical equations / algorithnetscribe
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the atmosphere and its changes over time to cvesdther forecasts. On scale reproducible processeglobal,
regional and mesoscale [1].

Nowadays global models of the atmosphere don'tidensll local features of territories for whicheth
forecast is formed. Application in daily practicd the mesoscale WRF model (Weather Reseach and
Forecasting) allows to reproduce more preciselggsees in small scales that is necessary for fetirgeof the
weather phenomena. Weather Research and Forecd®tiR§) — one of the most modern and developing
systems of numerical weather prediction and atmespimodeling [2].

The main WRF components include dynamic core, pnogmodules of presentation of physical
processes (Physics Packages) and the interfadeeinfibteraction with dynamic core (Physics Integfpg the
module of variation assimilation of these meteagadal observations (WRF-Var) and model of a chemica
composition of the atmosphere (WRF-Chem). The rateWRF components are the system of preparation of
entrance data of WRF Preprocessing System (WPS}emyof the objective analysis of these standard
meteorological observations of OBSGRID, variouswafe of visualization and the subsequent procgssin
the output data of WRF (fig. 2) [3].

. BxoaHble gaHHble

WRF Software Framework (WSF)

JnHaMuueckue anpa

- PUNbTp -
A RN ARW

OBSGRID WRF-Var NMM

Physics Interface

Busyanmzaums
ObpaboTka pesynbTaros

JaHHble

. WRF-Chem
MeTeoHabniogeHui | +

Physics Packages

Fig. 2. Components of model WRF

How the model actually works? Downloaded set ofitmgata (the current state of the atmosphere)eis th
result of another atmospheric model calculatio®erithe preprocessing module starts, which consfstaree
programs: geogrid.exe — process static data (tepbgr soil types, hydrography); ungrib.exe — unpattie
initial data; metgrid.exe — interpolates the abdata in a grid of model. Then the core of the matiits, which
with the help of numerical methods solves the maar system of differential equations. It consistgwo
programs: real.exe — performs vertical interpotatid input data; wrf.exe — solving core (fig. 3).[3

®

geogrid.exe

©) @ ®

metgrid.exe ——» real.exe — wrf.exe

@

ungrib.exe

Fig. 3. Programs of the preprocessing module

126



MATERIALS OF VI JUNIOR RESEARCHERS’ CONFERENCE 2014
ICT, Electronics, Programming

Modifying different parameters, you can choose edéht color drawing data, labels etc. For each
parameter (temperature, pressure, wind and pratiguis) creates a separate file (fig. 4).

4E

Fig. 4. The result of the work model WRF

The WRF model allows to automate the process of alivogl of weather and obtain the necessary
information for weather prediction. Being free sadte, WRF used in scientific and practical purposes
different countries of the world and is continugugéveloped.
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ELECTRIC DRIVE FED FROM BATTERIES. ANALYSISAND MODELING OF PROCESSES

STANISLAU VARATNITSKI
Belarusian National Technical University, Belarus

The paper reviews the work of induction motor wlittee-phase inverter feeds by batteries, whichlmn
used in electric vehicles. Simulation model andgrants are presented.

Many manufacturers around the world are investiegvily in the development of electric vehicles,
fueled by a steady rise in prices of petroleum pot&l the need to reduce emissions from the cartlad
development of energy storage devices, power copsom technologies. The term "electric vehicle", or
"electromobile"” refers to a vehicle that is drivnone or more electric motors.
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This electric motor can be powered by rechargehblteries, solar batteries or fuel cells. The most
widespread construction is electromobile poweredatgery. Battery requires regular charging, wielm be
supplied from external power sources, by recovettiegoraking energy and from on-board electric geioe.

For better representation let's show a kinematieste (fig. 1).
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Fig. 1. Kinematic scheme of electric vehicle: Tent axle; 2 — batteries; 3 — voltage inverter;
M — induction motor; 4 — gearbox or transmissior; main gear; 6 — mechanical differential; 7 — r@de

As part of this work recuperative braking was rewgd. Graphs that display modes of traction motor
were obtained. The next operation mode of tradtidve was simulated in the simulation environmeratlsb.
These modes are:

- acceleration to the rated motor speed;

- work at the rated speed;
freewheel;
braking to a low speed;
low-speed operation;
final braking.

We are most interested in freewheel mode and bgakiode, because they provide energy recovery, i.e.
is charging the batteries. Another important fatddhe using of pulse-width modulation, which makerking
electric drive system to the real conditions.

It was assumed that the selected motor can bellegtstan a passenger bus MAZ-203. So the engine
power 160 kW and synchronous rotation speed 15@@nie was adopted according to preliminary caldala
[1]. Parameters of the accumulator batteries systemne adopted as follows:

Li-ion, nominal voltage 550V, capacity 240 A*h, X@Qharge level.

The total voltage of 550 V is obtained from a plitlyeof cells, each rated voltage of 3.7 V [2]idtabout
149 battery cells. In a subsequent study it is q@nto make the calculation and simulation of lositage
induction motor, so that it could be used in pagserehicles.

But for the bus this choice is justified because tlamber of batteries will also depend on the etedt
energy consumption. And priority will be accountidgpending on the distance traveled by electriebum a
single charge.

Let's analyze the work of the resulting model.

This model (Fig. 2) illustrates simulation of adbfphase inverter and discrete three-phase putif wi
modulation (PWM) generator. This circuit uses that&y block of Electricdrivelib™ library [3]. It odels a
550 V, 240 Ah Li-ion battery, connected to a Unsadrbridge. Battery voltage, state of charge (SQ@)tor
speed and Motor current signals are availableeabthiput of the block and plotted in Scopes.

The system consists of three-phase PWM voltageceolihe Discrete 3-phase PWM Generator block
generates pulses for carrier-based PWM conve@etsof three-phase sinusoidal voltages a, b aadpplied to
the input of Uref. Time variation for the amplitydghase and frequency of the fundamental can be pre
programmed. The signal of Phase Locked Loop blsd@pplied to the input of wt. Inverter uses spedifpower
electronic devices are IGBT/Diode pairs [4]. Theerer feeds asynchronous machine (squirrel-cafyi).
parameters of this motor are calculating in m-file.

128



MATERIALS OF VI JUNIOR RESEARCHERS’ CONFERENCE 2014
ICT, Electronics, Programming

Discrete
Discrete 3-phase 3-phase

PWM Generator!  Programmable Source

Uref abec Virtual PLL

i
= To Workspace

M Wt
. . a To Workspaced
J A
+
m S—— e "d‘ —_— “an_inv1 D

»
-
—_—T Cl= node 10 van_invi
- Universal Bridge I
° T Vab_load >
Battery B q_ — Vab_load
Scope

.
SOC (%)= |

m
I — "W =Rotor speed (wmj>
> >
=Current (A)=] . o
I To Waorkspace? I <Electromagnetic torquelTe [N*m}= | |

ym— E\f'? Asynchronous Machine Scopel
51 Units w
Scope3
v To Workspace2

To Workspaces X
Discrete, e . m
Ts = 5e-006 s.

Clock To Workspace5 To Workspace3

¥

node 10
- . ;
| q] -+ rl i |
- | Re\ayl To Workspace1
sot
T =Stator current if_a (A= »
D To Workspaces £ l A
“ "

Fig. 2. Three-Phase Three-Level PWM Converter

Demonstration: Att = 0 s the driver pushes theskrator pedal accelerates the motor to full speed;

At t = 2 s bus moving on the constant speed;

At t = 3 s start the freewheel mode freewheel madé bus moves inertially until the speed drops by
20%;

At t = 4 s the driver pushes the brake. The mgteed reduce to speed is equal 10 % of nominal;

Followed by work at reduced speed and braking to.ze

The obtained characteristics are shown below %fid, 5, 6, 7, 8, 9).
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Fig. 4. Motor torque Fig. 5. Stator current during start up
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Fig. 6. Line voltage of the motor Fig. 7. Battery current
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Fig. 9. Battery SOC

Presented simulation model is a suitable tool solystransients of induction motor driven from vgka
inverter and accumulator batteries. On the obtagreghs, we can see the change in velocity of tiggne, its
torque, and most importantly can observe the psoadscharging the battery at freewheel and braking.
Pulsations of torque and speed are due to theHacscalar model and pulse-width modulation wesedu
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UDC 004.931
A NEW HYBRID ALGORITHM FOR FIRE DETECTION USING CCTV

DZMITRY TYCHKO, RIKHARD BOHUSH
Polotsk State University, Belarus

This paper proposes a new method to detect smakllerdtame in real-time by processing the videcadat
from CCTV. Distinctive features of the algorithmeisiployment of spatial and temporal wavelet analysi
both flame and smoke on the stage of classificadiod reducing a possibility of false detection aatic
movement estimation in revealed areas in terms @fement vectorsExperimental results show that the
proposed method is successful in detecting fire.

Now CCTV systems are open to a wide class of uaats solve effectively many tasks in people’s
practice [1, 2]. The developing of such system&danected not only with the increase in video casier
specifications, but also with the automatizatiordefection-concerned events that occur in a coaned. This
automatization is achieved through the developroéminage sequence (dynamic images) processing metho
and algorithms, when images are received from eovichmera. Automatic fire detection (includingdiie open
space) is one of the applied problems of curraetést that has recently been solved via machgiervsystems
and CCTV. In this case, methods of dynamic imagesgssion are focused on automatic detection of lias
factors that can be caught by a video camera — sraoH free flame [1]. In connection with high atityeand
difficulty of the task there is a number of dynanmtages processing algorithms for video smoke dauthef
detection [1, 3]. As a rule, they are focused andhtection of one of the fire features: eithemtiaor smoke. It
can be explained primarily by different charact@ss of these objects. At the same time, the aimlgé
intelligent video systems’ development and corresipay fields of scientific researches show us that
invention of dynamic images processing algorithnith wnhanced functionality, which would be abledttect
both fire features, is essential.

To solve the task, a hybrid algorithm was develofédids algorithm enables the detection of smokee fr
flame and their complex on dynamic images. The rilyn includes the following operations: colour
segmentation, pre-processing, interframe differemci background update, foreground segmentation,
morphological operations, contour analysis, optit@v calculation, random movement estimation, casit
analysis, spatial and temporal wavelet analysis.

Movement is a characteristic of both smoke and dlatherefore the algorithm considers it as a common
feature for their detection. Extracting of movinieds is performed on the basis of adaptive baakgto
subtraction.

The background imag®, at timet is estimated recursively using a frarhe; and a background image

B, as follows [4]:

aB_;(x y)+@-a)k_1(x), if (x, y)d moving regio
Bi_1(X Y), otherwise :

Bt(xy)={

where (X, y) — frame pixel andx is adaptation parameter on interval (0; 1).

The mixing parameter (called alpha-channel) wasdhtced by Porter and Duff to control the mix of
background and foreground images [5]. Mathematic&iame I;,; is a linear combination of foregrouné; 4

and background3, components:

ltva (%, Y) =BRa(x Y)+ (1-B)B (X V),
where3 — blending parameter.

Further combining of pixels in connected areaseifggmed with the help of morphological operations
and contour analysis. A distinctive feature of thigorithm that enables us to reduce the possibilitfalse
detection is random movement estimation in reveakeas in terms of movement vectors, which areifipéc
by the Lucas—Kanade method of optical flow caléatat The algorithm estimates whether the vectorshef
object’'s movement are codirectional or not. The dat#d&anade method assumes that the displacemehe of t
image contents between two nearby instants (franigssmall and approximately constant within a
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neighbourhood of poinp under consideration. Thus the optical flow equatian be assumed to hold for all
pixels within a window centred gt Namely, the local image flow (velocity) vect@r,,Vy) must satisfy

I (@)Vy + 1y(@)Vy =~1i(a)
Ix@2)Vx + T y(a2)Vy =-11(qp)

@yt T (aVy=~=1{dy
where ¢y, 0p,..., ¢, are the pixels inside the window, aig(q;),1x(@y),1(d;), are the partial derivatives of the

imagel with respect to positior, yand timet, evaluated at the poir; and at the current time.
These equations can be written in a matrix fodw= b, where

(@) 1x(@p) =l (o)
A= |x(:qz) |x(:(42) , V={;X}, and b= "t:(CI2) ,
: : y :
Ix@n) 1x@p) =l¢ (@)

This system has more equations than unknowns amsl ithis usually over-determined. The Lucas—
Kanade method obtains a compromise solution byetdmst squares principle. Namely, it solves the ystem

AT Av= Al b
v=(AT AL A

where AT is the transpose of matriA . That is, it computes

{vx}_ D@ @)y @) l—zilx(qi)lt(qi)

AR DNCHNCH IS I MCHENN I EYIAMCHNCY

y
with the sums running fronis1 ton.

The matrix A" A is often called the structure tensor of the imapeointp.

Then, colour segmentation and smoke contrast aeadyapplied with taking into account a distinctiof
bright and colour properties of fire features. Réasegmentation is performed in the YCbCr area ¢duro
considering a global frame analysis and an analykia local candidate-region. A distinctive featukthe
algorithm is employment of spatial and temporal &at analysis for both flame and smoke on the stige
classification. Smoke and flame is semi-transpammmthe edges of image frames can lose their saaspand
this leads to a decrease in the high frequencyeobrf an image. To identify smoke or flame in arsg the
background was estimated and any decrease in fegladncy energy was monitored using a spatial wavel
transform of the current and background image.owoilg the 2-D spatial wavelet transform, the whatege is
separated into four regions: horizontal low-bandieal low-band (LL), horizontal low-band vertichigh-band
(LH), horizontal high-band vertical low-band (HLand horizontal high-band vertical high-band (HHheT
wavelet sub-images LH, HL and HH contain horizontaltical, and diagonal high-frequency informatfomm
the original image, respectively. If smoke or flaowvers one of the edges of the original image; the edge
initially becomes less visible and it may disappeam the scene after some time as the smoke théckehe
spatial energy is evaluated block-wise by dividihg image into regular blocks of a fixed size amohsing the
squared contribution from each coefficient imageslaown on the following formula [6]:

E(Boi)= . [LH(M0?+ HUm 0%+ HHCm #],
m, i B¢
where By is thekht block of the scene anld is the input image at tinte

The energy value of a specific block varies sigaifitly over time in the presence of smoke. Thiggne
drop can be further emphasized by computing the @mtbetween the image energy of the current inputé&hm
and that of the background modb. The energy ratio has the advantage of normalitiegenergy values and
it allows a fair comparison between different seemdnen the block energy can itself vary signifibanThe
ratio of the blockBy is given by

E(B. It)

a(By.i;, BG) = EE. BG)
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The application of the united methods of dynamiages processing for detecting smoke and free flame
simplifies the algorithm structure, simplifies iesalization and allows us to lower computationatso

The algorithm is implemented in C++ in Microsoftsval Studio 2010 development environment using a
computer vision Open CV 2.2 library. Experimentsravearried out on video successions received ih rea
conditions using a Panasonic SDR-S50 video canvench are also loaded on http://signal.ee.bilkeht.&/
VisiFire/Demo/SampleClips.html, http://www.openvisirg, http://cvpr.kmu.ac.kr. The examples of ditec
are presented on fig. 1. The time costs for fraime 320x240 pixels are shown in table 1. The tesafl the
research show that the algorithm allows a stableksimflame or their complex detection, includingeoon
complicated dynamic background with moving objeotspbjects with alike bright and color properti&ébe low
speed of calculations is explained by single-thre@dputing.

Fig.1. Examples of smoke and flame detection witlytarid algorithm

Table 1 — Time costs for frame analysis

Stage Time cost (Ms)
Preprocessing 4
Interframe difference calculation 11
Countour analysis 51
Optical flow calculation 23
Weber contrast calculation 6
Spatial and temporal analysis 22
Flame color segmentation 12
Total 129

Multithreaded programming with task parallelizatisnsupposed to be applied on the further stagebeof
development. Preparatory frame processing task&l@o succession, segmentation of moving areaghuotmyical
operations and random movement estimation can oy hgarallelized. In this case, parallel fulfillmeof relatively
low amount of computation is practical. Nevertheledter this stage a possibility of parallel fuifient of two
independent branches of the algorithm appears: esrdetection and free flame detection. Thus the tifneame
processing reduces in a nonlinear way becausendtisecessary to carry out all the steps when srooklame is
detected, and the possibility of reducing a nunab@andidate-regions on initial stages of analsisiss. Hereby, the
suggested approach allows reducing the frame miogetme by 45% on average as compared to thiénght of
the whole cycle of frame analysis in one thread, iaifets us increase a number of frames in prawg$s unit time,
that means to increase the quality or quantityjodii information.
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UDC 621.396

NONLINEAR JUNCTION LOCATOR WITH THE POSSIBILITY
OF IDENTIFYING NONLINEAR OBJECTS

MIKHAIL IVANOU, VALERIJ CHERTKOV
Polotsk State University, Belarus

It is concept of nonlinear radar with the ability tdentify nonlinear object using DSB-signal in tioée
of the probe. The block diagram developed nonlijeaction radar. Here formalized tasks that are resagy
for the efficient operation of the nonlinear radavhich helps to raise the accuracy of the iderdtiin of
objects that include elements with nonlinear cutresitage characteristics.

Currently nonlinear locators are used to searchaftificial man-made objects, containing nonlinear
electrical contacts. It is principle of operatiohnonlinear junction radarthe frequency signal is converted to
higher harmonic due to the nonlinear propertiethefabove elements with their subsequent re-emisgiair
during irradiation high-sounding call objects thahtain non-linear electrical contacts [1].

Almost complete absence of non-linear propertiethefelectromagnetic natural background (soil, wate
vegetation) can effectivelyuse nonlinear radarfioding various artificial objects, including smaiized and
fixed use, which is practically impossible to caoyt by means of traditional radar.

Nonlinear junction radars can be used to detecésshopping devices, regardless of whether they are
turned on or off, the radio-controlled devices,tsas remote detonators; wreckage of planes andolpedirs,
small arms. Also used in nonlinear radar remotekingr for example, underground objects, "black ts3xaf
aircraft and certain terrain. There used for this $o-called non-linear markers (usually — semiootat diodes
loaded on antenna reflectors) [2].

It is known that the spectrum of the non-lineardfesck element is different from the spectrum of the
acting signal. It is enriched in components of kigharmonics acting a sign&tatic IVC any nonlinear element
can be represented as a power series.

i=ig+aU +ajJ?+aud+..., (1)
hereig — quiescent current operating poiat;— IVC slope at the operating poitat — the first derivative of the
slope;as — the second derivative of the slope and etc.

When exposed to the non-linear element DSB-signal:
u(t) =Ug + U cosg+Aw ) +U o cos@g+Aw Y, (2)
here: uy + Aw — the band centrum of the upper sideband spectrum;
wy —Aw — the band centrum of the lower sideband spectrum;
Wy — suppressed carrier,

Aw — suppressed subcarrier.
feedback of the nonlinear element representeddgxbression:

i a
i) = ag *+ 28Uy CoSwo+ Aw )t + 81U » COSE g~ Aw )+?2 U2+ U258

+a—22U§ﬂcos(Zoo+ Aw)+%zu r2r12 cos(@g— Bw t)

3 2
3a3U ml 3a3U mlU m2

+apU U mp €0S(20¢ J + aJ ) mp cos(Bw ‘)‘{ )

J cosfy +Aw t)

3
3aqUS, | 3aUpU3 us agu3
J{ a34 2,23 22 MJCOS%—AU))+—a34"‘1 cos(&y + Boot)+—34m2 cos(d— Moty
3agU U3 3 2

+ 2237 me= m 42 mlcos(auo +Am1+—a3uzzu”“cosr@0+ Bw t)+

3agUqU2 3agU U2
+WCOS(&)O —A(J\))+%]2 COS@O_ Aw t) .
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Fig. 1 shows the principle of conversion form, ahdrefore the spectrum of the input signal by a
nonlinear element (a semiconductor diode).

In practice, most IVC real objects can be with isight accuracy approximated by finite power series
because harmonics generated by such objects atieasnpditude. Degree approximating polynomial detagres
the number of the highest harmonic in the spectfithe response of the nonlinear element.

Among the nonlinear properties of real objects egped most strongly in semiconductor junctions and
pinch the metal contacts. IVCs are most semicomayanctions included in all elements of moderrcelenic
equipment, close to quadratic. CVCs dissimilar fsetand metal-oxide-metal corrosion occurring agsult,
are approximated by a polynomial of the third degr@/hen irradiated with nonlinear radar semiconoluct
junctions harmonic signal at the second harmoredifack is much stronger (about 20 dB) than thel tior
metallic contacts the picture is opposite (Figi3})

i B

(it}

VRV

=

t
Fig. 1. It is Converting harmonic signal on the ligar element:
A — operating point in IVC, approximated by a polynanof the second degree; B — operating point in IVC,
approximated by a polynomial of degree greater than

Analysis of the available publications on nonlingarction radar shows that in matters of accurawy a
speed of the object localization are by varioudienst united. This indicator is caused by the charatics of
antennas and receiver, recording the reflectedagri@Question of identification of objects at thement is
more in the stage of theoretical debates and depsoktly on the experience and skills of persomsiig
nonlinear junction locator.

—D— N\
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A \\/ A \/
l L f 1 |f

fo 2fy 3fy fo 2f0 3f0

Fig. 2. It is nonlinear transformation of the hamuwosignal with frequency fO semiconductor devifle)
and objects formed by contact of metal parts (Jight

From Figure 2 it is obvious that it is theoretigafiossible to distinguish objects containing eleait
components, metal structures, or combinations tfiete an object of the re-spectrum signal. Howewer
practice this approach is accompanied by a numbeéiffeculties. Difficult problems, for example, arthe right
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choice of power and frequency of the signal. Lowveo(amplitude) of the probing signal does notwlforce
to produce a nonlinear harmonic. Too high powehb® signal shifts the operating point of the noeér
element beyond his typical IVC (quadratic areastmiconductor junctions), see Fig. 1, point B. Assult, the
spectrum of the response element varies. Additigndlis necessary to consider that power of tihebmg
signal determines the detection range of the rabgacts nonlinear. Moreover high power radiatiorymesult,
for example, to actuation the electronic detonatBesgard to the selection frequency sensing rej@ctbis a
complex set of dipoles of different geometry, lodda nonlinear elements. Obviously, these objedtheve a
different response to different frequencies (défernonlinear effective dispersion surface). Typessponse is
characteristic of a particular type of object. fiorease the range of detection of objects, it &rdele to use the
frequency at which feedback is maximal goals, deitee the frequency of such advance either extremely
difficult or impossible.

To solve these problems, modern nonlinear junctaar can use different modes of signal emission
(pulsed or continuous) and power control algoritliadiation [4, 5]. It should also be noted thataading to the
technical characteristics of the existing nonlingaction radars frequencies use they radiaticthénrange from
400 to 1000 MHz (receive frequency from 800 MHB6D0 MHz respectively). Interesting solutions teimve
the characteristics of nonlinear junction radarpr@gposed in [2, 6, 7, 8]. American authors suggfestuse of
several harmonic probing signals to increase thgeaf nonlinear junction radar.

The authors of this article suggest the idea telbgva sensing using DSB-signal, programmable power
control radiation. Such an approach can increasediability of the identification of objects bgftected signal,
as well as increasing the range of the radar. Neali object emits modified probe signal, when et
nonlinear object DSB-signal. You can get informat@bout the nonlinear effective scattering surfat¢he
object at a given frequency and it is highly likedyrestore IVC nonlinear element in appearanceciadacter
reflected signal. (fig. 3).

T, e
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2f0 3fo fo 2f0 3f0

7
\

Fig. 3. It is nonlinear transformation of the spent noise-like signal (PSK signal, the center fitpy f0)
semiconductor devices (left) and objects contemtéaining metal parts (right).

Fig. 4 shows a block diagram of the nonlinear radlamction of the main block does not require
explanation. It should be noted that additionafigludes a fast digital-to-analog converter. It égtcolled by
Matlab program that is installed on the PC (perbarmmputer) and it provides her with the data for
visualization. DSB-signal generator generatinga@bprsignal and run the program MATLAB, which he rules
the power output. In this case it is possible toareffectively explore the object for its charaistic frequencies
increase radar range, improve the accuracy ofifitexiton of nonlinear objects.

In conclusion, we pose questions that are critizdahe effective nonlinear junction radar that useise-
like signals. Firstly, it is necessary to simuladle process of re DSB-signal array of dipoles dfedént
geometry, loaded by linear loads, in order to deiee how the signal spectrum will vary for diffeterbjects. It
would be interesting to conduct field trials.

Secondly, you need to define the characteristiddSB-signal (center frequency, amplitude and fofm o
the side lobes of the spectrum), which will enspp&mal tactical and technical characteristicstef tlevice in
terms of accuracy, range, stealth, etc.
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Fig. 4. It is block diagram of the proposed nordinginction radar using DSB-signal

Interesting technical challenges for future redeacould be the development of decision-making
algorithms for the identification of various objean the basis of information extracted from thectum of re-
signals, as well as adjust the emission powerefhtimlinear radar.
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THE BASIC PRIMITIVESOF DIGITAL CIRCUIT OBFUSCATION

VLADIMIR SERGEICHIK, ALEXANDER I VANIUK
Belarusian State University of Informatics and Radioelectronics, Belarus

Features of obfuscation as applied to specification VHDL language are considered. Brief survey of
obfuscation types is given and their drawbacks iawestigated. Circuit obfuscation methods are coesad.
Basic primitives of circuit obfuscation are propdsend ways of their usage are explored.

Hardware piracy assisted by modern equipment tumida threatening problem during past decade.
Today the financial loss from illegal manufacturiagd usage of digital devices is estimated in nmbas 1
billion dollars a day [1]. Piracy is not the onlgrijer. Other threats are evolved and improved, thesats are
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developed. Successful attacks on hardware impleatiens of secure cryptographic algorithms (sideacieh
attacks) take place more often. Examples of suibh clhannels are leakages of power during computafi),
electromagnetic emanation [2], timing imperfecti¢2ls even acoustic emanations from power suppbirchare
already exploited [3]. Side channels allow deducsagret key values. Another threat is hardware afroj
injection. Hardware Trojan is malicious modificatin circuit. Trojans can negatively affect functidity of
circuit, leak secret information, switch off andeavdestroy circuit. Trojans pose the greatest datageritical
applications: power stations, medical equipment amlitary systems. High difficulty in detecting afuch
malicious alterations makes situation even worsethis context the development of hardware pratecti
methods turns into the most urgent and importarjeablve. Obfuscation is one of the possible ways.
Obfuscation is intended to make structure and fanaif circuit difficult to perceive and compreheimdorder to
prevent reverse engineering or substantially ireéts time and cost [4]. Also obfuscation is oftesed to hide
author’s watermarks and user’s fingerprints [5].

There are two types of obfuscation methods in HDddse:lexical and functional (circuit)[6]. Lexical
obfuscation affects only source code level. Ancelisrrooted its main disadvantage: synthesis iediltcuits)
before and after obfuscation are identical [6], c&cuit remains unchanged. This observation risvéae
simplest method of attack which is logical (RTLh#yesis [6]. Many different approaches of lexicafuscation
have been developed for general purpose programiainguages. Comprehensive taxonomy is presented
here [7]. These approaches are suitable for pioteof HDL sources as well.

Formally lexical obfuscation can be described asvshbelow:

ViV =obf(V); V)< @V); Sck DP V= DV,

hereV — HDL source,V - lexically obfuscated sourcabf — obfuscation,O — complexity, DD — synthesis
procedureSch —circuit.

Considering lexical obfuscation for HDL descriptiare should note that synthesis can help to create
lexical transformationsCollapsing signals introductiomserts combinations of interweaved signals intsigte
These combinations are distributed across sourde;calso they are parts of expression, which coesut
constant. Synthesizer always detects and remowtscaimbinations, so they don't affect resultantwit: But in
order to remove them manually reverse engineeretbto locate all of them, put together and compulie
expression. Using previous notation this transfdionaand several others (identifiers scramblingnowents
removing, layout destroying) can be described hevis:

V' =VzxV;Sche DBV; Sch- DDV)= DD¥ ,y= DDM DODY= Sehi= S

hereV, — HDL description of nonsynthesizable (empty) citcui

Lexical obfuscation example is presented in figrdllowing obfuscation transformations are use¢hjn
identifiers scrambling, comments removing, collagssignals introduction, layout destroying. Elensef} and
(d) clearly illustrate main drawback of lexical obfasion.

a)process (000100i00,0i1000i00,0i1000i00) begin 000100i00<=(0i1000i00) OR 0i1000i00; end process ; process (000000i00,0i1000i00,0i1000100)
begin 0o0oo0ioo<=(0i1000i00) AND 0i1000l00; end process ; process ( 0i1000i00,0i1000i00,0i1000l00) begin 0i1000i00<=(0i1000i00) AND not
oi1000lo0; end process ;process (000100110,000100ll0,0i1000i00, 0i1000i00,0i1000l00) begin if (000100110 = '1') then 000i00110 <="0"
; elsif (rising_edge (000100l10)) then 000i00110 <= 000100110; end if;000100110<=000i00110;0i1000i00<=(not 0i1000i00)AND not 0i1000l00;
end process; process (000100i00,001000i00,000000i00) begin 000100ioo<=(001000i00) OR 000000i00; end process; process (000100ioo
,000100i00,000100i00) begin 000100i00<=(000100i00)OR 000100i00; end process ; process (001000i00,0i1000i00, 0i1000100)
begin 001000i00<=( not 0i1000i00) AND oi1000l00; end process ;

b c) d)

)g;oti::ss(d, clk) FDC EDC
_g d q 000100110 000100110
if (rst ="1") then ———D Ut ———{p QT

X <= 0"

elgif clk e 000100ll0 "
. = Co—

(rising_edge(clk))then st CLR 000100110 CLR

gx <=d; 1

end if;
q<=qx;

end process;

Fig. 1. Example of lexical obfuscatiora) (obfuscated snippeth) target code before obfuscation;
(0), (d) synthesis results before and after obfuscatispeetively
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The essence o€ircuit obfuscation is creating more sophisticated and taligible circuit which
functionality (externally observed behaviour) isieglent to the original one [6]:

ViV’ = obf (V); Sch= DD(V); Sch = DD(V"); Sch# Sch; fung(Sch = func(Sch );
O(V") > O(V);0(Sch) > O(Sch;

herefunc —functionality of circuit.

There are several approaches to circuit obfuscatit8tuttering ciruits method is based on
transformation of circuit in a way that when theomg key is passed the circuit performance degrades
significantly but it is still functioning [8]. Andter method is insertion oftithe bomb’ by designer. Time
bomb' is logic which disables device functioning afexpiring of evaluation period (several number ofvpo
ons) until the correct key is entered [9]. The nerthod is based on FSM state space expandingc®beigins
its work at random state. In order to reach thet statate user has to pass the correct key. Ikélgels wrong
then ciruit goes intoblack-hole-statéwhere it loops until reset [10].

Constant generators insertida one of the basic methods of circuit obfuscati@anstant generator is a
form of opaque predicateyhich value is known at obfuscation time but habdéadeduced by adversary during
analysis [7]. The method implies substitution of '&d "1" pins by circuits (primitives), which geate
appropriate logical values permanently:

Vio1y DD (Vo1 ) = Schy; U{Vpp ,GND}; fund Schy,} = fundVy, , GNDY},

hereVy, 1; — HDL-description of the primitiveypp, GND —sources of logical "1" and "0" respectively.
Complexity of opaque predicate will be determingdabalysis difficulty of the primitive.
Fig. 2 illustrates examples of proposed constanegors.

e ) b) X <=xand src; c) ©o0ooilool <=o0ooilool
q q<=X; and oo0oilooi;oo0o0ilool
<= o00ooilool ;
e) process(a, clk, b) f) process (0i1101i10,0i1101110,0i1101110
begin ) begin if (0i1101110="1" )then 000101110
if (b ="1°) then <='0"; elsif (rising_edge(0i1101110)
val <="0"; ) then 000101110 <= oi1l0li10;end if; end

elsif (rising_edge(clk))  process;001101110 <= 000101110 and 0i1101110;
then val <= a; end if;

end process;
q <=val and b;

Fig. 2. Generators of constan#, (d); original HDL-sourcesh), (€); lexically obfuscated sources) (f)

It is critical to make generator circuit unrecogrdzand not minimized by synthesis tool. Different
circuits which were made using only combinatiorai¢ weren't sufficient. Sequential circuits andjsential-
combinational circuits are more promising and dffecfrom hardware resources utilization point déw.
Considering further tricks, we should mention usafesignals with well-defined semantics (such astey
reset, clock) on the inputs of generators.

Generators from fig. 2 were synthesized using XS# IRelease 8.1i. Synthesizer wasn’t able to
recognize constants and minimize such circuitscutir@) has two flaws: synthesizer throws warning about
combination loop, which itself gives good clue &mtversary; if inpusrc has "1" during power-on then until it
will be changed it's possible for output to returti'. Countermeasure against second flaw is to conne
generator’s input to system reset. Circbijtié free from such flaws, but it utilizes more haestesresources and
can produce glitches.

Basic primitives pave the way for many other citabfuscation transformations. With help of basic
primitives we can build compound primitives for rmazomplex functions. For example, having "0"-getiega
basic primitive we can implement logicahd using 2-input multiplexor. It is illustrated ingfi 3@). We can
build logicalor in similar way, it is shown in fig. 3(b).
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mux

b) mux

Fig. 3. Obfuscated and gate and its truth tableofafuscated ogate and its truth tablé)

Synthesizer doesn’t recognize these compound [wasit so reverse engineer is forced to completely
analyze such circuits.

Main advantage of circuit obfuscation is complingtof comprehension not only of HDL description but
also of synthesis result. Mentioned examples iaistproblems of circuit obfuscation which are @ase in
hardware utilization and regress in performancsoime cases.

Primitive’s insertion process takes place on HDteleIn order to increase complexity it's possibde
create primitives which are depended from key.dy ks wrong then they generate random signals kbrga
specification and correctness of device’s functigni

Software metrics are usually used for complexitypsoeement of source codes. Complexity metrics delic
quality of source code. Also these metrics are usgful to measure efficiency of obfuscation tramshtions against
human-reader. The main difference is that in césgbfuscation the goal is not to minimize but toximaze their
values [7]. Such metrics have their problems ineocak circuit obfuscation. First, they don’t indieahardware
overheads and time penalty which is incurred byudilobfuscation. Second, they don't take into aot@omplexity
of the resultant circuit. The solution to the fibblem was proposed in [11], where the methodofduscation
transformation quality estimation is described.sTimiethod considers area and time overheads amasdliexible
metrics tuning. The second problem is still opdme Possible solution may be to borrow logical é¢iscaomplexity
measurement approaches such as the total numigatesf or the number of gates on the critical pa#. [The
obvious flaw of such approaches is their inappllitglior sequential circuits; also they don't takeo account the
number of interconnections between blocks or cdiorelines.

The lexical obfuscation of HDL-sources alone is swfficient for the protection of circuits becaubke
result of such transformations doesn't survive Bgais. The solution to the problem is circuit ob&i®n,
which changes not only HDL-sources but also cirddifferent approaches exist to circuit obfuscatidheir
main drawback is additional area and time overhealdgh they impose on desig@onstant generators
insertion allows hiding of constants which are valuable slder reverse engineer. Necessity to explore
interdependencies between primitive’s inputs angre® circuit’s signals further increases time andlgsis
complexity of obfuscated circuit. It makes sensede different types of obfuscation complementargrider to
increase protection on all levels of abstracticor. €&ample, HDL obfuscation makes source code eiftigible.
Circuit obfuscation makes circuit functionality astlucture unclear. Processor's commands obfuscatiakes
understanding of processor actions difficult. Dat#uscation makes data transfer protocol betwegitatli
device and memory unclear. It can be accomplisf@dexample by introducing function which maps s@ur
address to destination. It's obvious that everytinerd obfuscation type has its own applicatiomafee their
composition allows creating of more secure systems.
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APPLICATION OF FUZZY LOGIC IN PROBLEMSOF RISK ASSESSMENT

ALENA HALYNSKAYA, OKSANA GOLUBEVA
Polotsk State University, Novopolotsk, Belarus

The paperdiscusses the use of fuzzy logic in thielgmns of risk assessment in economics and IT.dBase
on fuzzy logic method of occupational risk assesscunsiders.

The basics of fuzzy logic were formula tedby faméuserican mathematician Lotfi A. Zadeh attheend
of 1960s. The paper "Fuzzy Sets"waspublishediniféte "Information and Control". It laid the fourtdms
for modeling human intellectual activity and becartte reference point for the development of new
mathematical theory [1]. Zadeh gave the name ferrbw field of science — "fuzzy logic" (fuzzy — weyg
uncertain). However, this theory was not put to usél the mid-1970s, when Ibrahim Mamdanidesigéd
fuzzy controller for a steam engine [1]. Since thierzzy logic is widely use in control problems.pEsially
widespread fuzzy logic typical for Japan, where wwld's leading companies are exploring and usirzgy
logic to design more commonsense instruments, dedad systems management.

Fuzzy logic manipulates such vague concepts aslxcaetlose», «fast», etc., inherent in human thigki
The notion of fuzziness refers to classes in whiige are different scales of toiletries, interragelbetween full
membership and belonging to this class of objedjtslf other words, a fuzzy set is a class of disjéc which
there is no sharp boundary between those objegtsth in this class, and those that it does rodddie.

On the basis of fuzzy inference were obtained sgha large number of problems of analysis and abafr
power systems [3], and process plants: chemicatamsa electric motors, welding processes, instatia for water
purification, cooling units, fans and air condigos, heaters, rechargeable units, communicatioensyg$4], transport.

Based on its instruments fuzzy logic has receitsedpplication in expert systems, including conpralblems
and risk assessment. In the early 1990s a heatthgament system applied for large firms in Japha.flizzy system
diagnoses the health of patients and draw up paised plans to help them prevent disease andistay

The use of the theory of fuzzy sets expandsto problof management and risk assessment, decision
support. Widespread fuzzy set theory gets in tlim@mic sphere. For example, in [5] provides a caispa of
methods and models for risk analysis of bankrupfocording to the results of the comparative analyise
most highly accurate prediction of bankruptcy ofeeprises Mamdani (90%) and Tsukamoto (88%)models
showed, followed by fuzzy multiple Nedosekin's nah(80%) and finally, the worst performance preaditt
accuracy has a classic method Altman’sdiscriminanalysis (73%). In a paper [6] also conducted a
comprehensive evaluation of the risk of bankrugimsporations based on fuzzy descriptions.

Paper [7] devoted to the application of fuzzy kebty to analysis of investments in the securiti@sket.
The questions assess the risk of bankruptcy ofidbger, the project risk of direct investment, tisk of
investments in stocks, bonds, options, and combimathereof. The paper presents a technique $arsasg the
investment attractiveness of the shares. Suggéstéite author an independent theory of risk assessmsing
fuzzy sets formed the basis of a number of softywaoelucts developed by Russian companies. In BLte of
fuzzy logic in assessing investment risks.
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A new approach to the description of informatioskrbased on fuzzy sets and fuzzy semantic networks
presents in paper [9]. Application of this methodswhe basis of a software decision support syshemn
performs some of the functions of the expert infiblel of information security.

The theory of fuzzy sets is actively used to asss&s in the economy, information technology, and
existing studies demonstrate the effectivenessuoh snethods. On the other hand, there are mangrelift
approachesin the assessment of occupational viglish are not very flexible and are often very idifft to use.
Fuzzy set theory provides convenient tools for iggtibns in which an important role have expert\kleulge.
Because of these reasons, it is possible to ugg et theory to evaluate occupational risks.

Currently, assessment of occupational risks isrgooitant task, which is a quality solution with afehe key
areas in order to reduce accidents and occupati@eases in the enterprise. Determining the Evetcupational risk
allows developing risk management measures to mrexposure of occupational hazards to the hemployees.
That is, at the moment this method is regardedrasca more effective alternative to incident reggon

The level of occupational exposure is influencedsiigh factors as the state of injury, occupational
diseases and conditions in the workplace, whicheapressed in quantitative and qualitative formp&mweling
on the level of risk in the workplace, there argaia requirements to respond. The level of riskxpressed in a
qualitative way, such as "acceptable risk". Thainput data are quantitative or qualitative datad output data
risk assessment methods should be qualitative rdetation of the level of risk at the workplace. $he
qualitative variables operates fuzzy set theonjictviconfirms the possibility of its applicationtinis case.

Currently, there are several algorithms for fuzzfeience, the most famous of which are the algmsth
Mamdani Tsukamoto, Sugeno and Larsen [10]. The emsimon is Mamdani fuzzy inference algorithm. This
algorithminclude following steps: forming the basé fuzzy inference rules, fuzzification of the irpu
parameters, aggregation, intensification sub-ctin fuzzy production rules, defuzzification. Mooften
than not fuzzy systems glean their rules from etspeExpert determines linguistic variables and dbts
membership function for each linguistic variablenie Aggregation is a definition the degree of tratmditions
for each of the fuzzy inference system rules. Nexdetermination degree of truth each of the casichs of
fuzzy rules. Finally, defuzzification is performading the method of the center of gravity.

Occupational risk assessment methodology usingikeified fuzzy inference was presented in [11js Th
methodology has been implemented as a softwardcatiph "Calculator occupational hazards". The igppbn
determines the impact of occupational risk occopati hazard, occupational hazard and occupatidsialof the
combined impact of harmful factors. Imprint apgiica were compared with the results of model -b&sedronment
fuzzy TECH identical sets of input data. In genetad results were similar in values.

Obviously, the most difficult step is the formatiohthe rule base and the determination of memligrsh
functions for linguistic variables, as at this athe determining factor is the knowledge expérb \werforms
these actions. That is the quality of the entirelehds largely dependent on the professional lexpkrt.

Based on the application of fuzzy set theory todhsessment of risks in the economy and information
technology was determined the possibility of applythis theory to the evaluation of occupationatdnes
which are caused by health and safety hazardsr&tplace. On the basis of methodology for asseg$iadevel
of occupational risk was developed application tQktor occupational hazards", the realization bicl is not
a difficult task. Such an application can be usedhe enterprise as a result of its work to astesdevel of
occupational risk. It can be concluded that theliegiion of fuzzy sets theory is a promising direntto
improve methodology for assessing occupationalrdsza
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AN APPROXIMATE METHOD OF DETERMINING THE COEFFICIENT
OF VOLTAGE HARMONIC DISTORTION

ULADZISLAU BAZEHSKI, ALIAKSANDR VIARSHININ
Polotsk State University, Belarus

This article is devoted to investigations of diéier methods of determining the coefficient of gata
harmonic distortion. The paper contains approximabgression for the calculation of the coefficiaft
harmonic distortion of the voltage according to teetimony of voltmeters and tasks for its furtmetrological
studies and checking.

One of the important tasks of modern electric powdo control and maintain the quality of eledtsic
(SCE) in accordance with GOST 13109 - 97[1], asmaish SCE established requirements leads to disgni
economic loss[2].

For an objective quality evaluation of electriclBBCE should be measured instrumentally, using the
appropriate measuring instruments. SCE measureisgmassible in part by a general-purpose instruatem
[3] or using special measuring instruments for meéag the SCE [4].

Of course, special measuring instruments of SCEfarerable because they are universal, measured
practically the entire spectrum of the SCE, are mging with the requirements of GOST metrological
characteristics, able to record and store inforomatibout the measured SCE etc. Meanwhile, thispeugrit is
complex, expensive, often intended for stationastdllation and not always mobile. Therefore, i€essary,
and in the absence of special instruments for meas8CE GOST allow the measurement of certain 8€ikg
a general-purpose instruments. [1]

Really, measuring instruments of SCE are devices$ #ttually measure voltage, i.e. to its original
purpose are voltmeters. However, not all SCE caméasured with a voltmeter. In addition, measurearotthe
SCE frequency counters and spectrum analyzerseaessgary [4].

Such SCE as steady voltage deviathh the depth of the voltage difiJ, , voltage asymmetry on the
reverse sequence K2U and zero sequdfi@d can be measured with a voltmeter [5] . Inforomtabout
measuring the coefficient of harmonic distortiomgsa voltmeter cannot be found in the technidetéture.

Harmonic distortion of the voltage according to §stimated coefficient voltage harmonic distortion
and coefficient of n-th harmonic voltage compon@&ftthese coefficients using voltmeters can trgétermine
only the coefficient of voltage harmonic distortikip; .

Harmonic distortion coefficient voltage Kaccording to [1] is defined as:

lman gz
\;El:=zl'll:

iy

Ky = -100% (1)

where U — active value of the higher harmonics;
U, — active value of the first harmonic
For simplification, we introduce a replacement:

a0 g2
LI :.,HIIEF.:ZUF.: (2

For the ideal sinusoidal voltage the relation bemvéhe amplitude and the current value in the f@m
typical [6]:

Uim _ .5
U =42 3
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Estimate of the coefficient of voltage harmonictalison to build on the default logical expressi@®),
where:

Yom ~ 2 (4)
Up

where Up, — measured maximum voltage;
Up — RMS measurement of distorted sine wave.
Rms value of the distorted sine wave can be expdess [6]:

2, T4 g2
ﬂﬂ = "\IlUl + Ek=z Uﬁ! (5)
Considering (2):
—_—
Up = [Uf+ Uy’ (6)

Distorted voltage amplitude is equal to the algEbsum of the amplitudes of harmonics with phase
shifts, and thereforligy & Upm.
Rms value of the voltage distortidiy; can associate an ideal sinusoidal voltage withraplitude U =

Y2 - Up, and the current valuég = Ujp.

Then the difference between the amplitude of thévadent sinusoidal voltage and voltage distortiath
be proportional to the total current value of tighler harmonicd/,, :

_UEm_UDm:U _U Dm
° 2
Then, on the basis of the above mentioned, withm@y provide an approximation formula rated voltage
harmonic distortion factor as:

Ky, = |1 —%| - 100% @)

To determine the suitability of this formula it mecessary first to explore its systematic erroth
determination of the coefficient of voltage harnwodistortion, and secondly — in which ranges ofieal of this
coefficient can be used. Furthermore, we shouldyaeanfluence of instrumental errors voltmetersweacy of
determination of the desired coefficient.

For these investigations as a test of the distosted wave AC voltage should be taken with a known
harmonic structure, and known in advance the exalcie of coefficient voltage harmonic distortiorcodrding
to the research may require correction of the esgioa (7).

Effect of instrumental errors voltmeters with timesrvalue of the distorted sinusoidal voltagednd U,
amplitude value can be estimated by standard methdtresearch can be done by numerical modelingny
convenient software environment.

For an approximate factor measurement voltage haimalistortion can be measured with a voltmeter the
rms value of the distorted sinusoidal voltage dac&mplitude values. Previously an approximate esgon for
calculating this coefficient has been obtained as:

Ky, = |1 —%| - 100% (8)

wherellp,, — measured maximum voltage;

Iy — RMS measurement of distorted sine wave.

To estimate the systematic error of expressionficierit of voltage harmonic distortion in the for()
as a test of the distorted voltage use voltage tiaicrcomposition known in advance, the current gatithe
voltage, its amplitude value and the known exattevaf the coefficient of harmonic distortion. Waké as a
distorted test trapezoidal alternating voltage wathvoltage amplitudely,, and a changing function of a
trapezoidal angle: in the range from 40° to 60°.In favor of this atwiis possible to carry that this form is
closest to the sinusoidal and has a coefficieiaomonic distortion close to real conditions.

Assessment of systematic error of expression (8) heid a numerical method in Mathcad software
environment and the provision of information ingnecal form.

Therefore distorted function alternating voltagéris

u = 4'”:"" [sina - sine - £ +%{siﬂ3a - sin 3w - t) -I—E%{sinﬁa +sindew - tl+:+]1  (9)

wherelir..- amplitude value of voltage;
a - angle of fracture trapezoidal function.
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Rms value of the trapezoidal voltage equal to:

|

Up = Uppy 11 =22
T .m_\'I (10)

T~

=

First harmonic amplitude trapezoidal voltage is [7]

Ulm - 4'|.--_|-:::I n & (11)
The total rms value of the higher harmonics find as

Uy, = /U — U, (12)

The exact value of the coefficient of distortiontiapezoidal voltage:
_ e,
Ky, = 7=+ 100% (13)
The approximate value of the coefficient of harneadistortion trapezoidal voltage according to (8):

Ky, = |1 - Z5] - 100% (14)

Let Up,= 100 V., anda varies from 40 (i'—:) to 60 (5) with step & (1'—;). With the help of Mathcad

receive the results of the calculation of exactigalof the coefficient (13), and the approximatefficient (14)
in the form of graphs, which are shown on Fig.1.

20 T T T T
151
Kurl o)
10
Eour =)
5 -
| | | |
H.?*‘-l 078 nie 02 e 024
Ute
Fig.1

Dependence of the difference of exact and apprdaeimalues of the coefficient of harmonic distortion
for trapezoidal voltage by changing the angia the same range is shown in Figure 2.
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C’ T T T T

=03 b

Kur(o)-Kum(o)

=13 b

o ! I I I
"B.?‘:‘l 0.76 0.78 0.8 0.82 0.84

Urlo)
Fig.2

The obtained dependence represents the absoluteododdgical error of calculation of the required
coefficient of harmonic distortion voltage for thepression (8).

To reduce this error in expression (8) it is advisdo introduce the offset and the average madaitf
this error. Then, in accordance with Fig. 2 a redisformula to calculate the coefficient harmongtattion of
the voltage can be represented as:

- Mom |
Ky, =1 ‘«-"z-uu| 100% — 1.3 (15)

Dependence of the difference of exact and apprdeimvalues of proximate coefficient harmonic
distortion (15) for the trapezoidal voltage by chiaig the angle: in the same limits is shown in Figure 3.

1
0.5

Kured-Kuife) 0

7 0773 ngs
Ut cs)
Fig.3

From the analysis of the graph (Figure 3) it shdwddsaid that when the angietrapezoidal functions
ranging from 40 (i—':) to 6¢ (;3) with step £ (ﬁ) the methodical error of determining the coefitief

harmonic distortion of no more than 1.3%.
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Thus, if the sum of simultaneously acting ampligidé harmonics A3 + A5 + A9 + A7 + Al1l is equal to
or less than 8% of the amplitude of the first hamiopthe coefficient harmonic distortion of voltagees not
exceed 7%, and the absolute error of its deterimimghe formula (15) is not more 1.3%.

With a coefficient of the voltage harmonic distortiup to 7% of the proposed formula for determining
the coefficient work and allows us to estimate mwnsoidal voltage with an absolute error less th&d6.

This is verified and the trapezoidal waveform vg#an the range of angle changes from 40 degre@8 to
degrees, and at a voltage in the form of an aritraxture of harmonics up to k = 11 inclusive.

In this article an attempt is made to approximatéednination of the coefficient harmonic distortion
voltage indications of the voltmeter, measure the value of the distorted sinusoidal voltagednd peak value
Upn, the same voltage.

We received approximate expression (7) for theutation of the coefficient of harmonic distortiofi o
the voltage according to the testimony of voltmeter

The formulated tasks for the metrological studibsamed expression to determine the possibility of
practical application of the obtained formulas daiculation of the coefficient of the harmonic digion of the
voltage according to the testimony of voltmeters.

The expression (8) can be used for approximatesagsnt of nonsinusoidal periodic voltage via the
measured RMS voltage and of its peak value in @dthrange of coefficient for voltage harmonic disbn up
to 7% with an absolute error no more than 1,3%.
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UDC 534.781

DETERMINATION OF THE FINE STRUCTURE INFORMATION SIGNS
OF THE SPEECH SIGNAL

IRYNA BURACHONAK, VLADZIMIR ZHELEZNYAK
Polotsk State University, Belarus

The paper presents the research results of metba@dsess primary features of the speech sigrafrdiquency of
the mail tone and formants. Deviation of the cal@d values of the main tone investigated by nafdhese methods was +
1,37%. The most resistant to noise method for @stignthe frequency of the man tone is the autetadion method. The
paper also presents the research results of mefooditermining the basic phonemes of RussiarefttisnAccording to
the research the first phoneme of Russian fornaéris the most resistant to noise.

The determination of primary features of the spesighal, such as the period (or frequency) of ta@rtone
(MT) Ry, is a necessary criterion for determining thesgmee of speech in high level noi$ée determination of the
formantsF; F, ...,F, is the source of additional, but not less impdriaiormation, not only about the speech signal,
but also about the individual signs of the speaKee. analysis of works by L.R. Rabiner, R.V. ShafeMarkel, A.H.
Gray, 1.O. Arkhipova, V.B. Gitlin, V.G. MikhailovL.l. Zlatoustova, A.N. Golubinsky, S.l. Rasskazd¥e5] and
others shows that existing methods for determittisgrequency of the main tone and formants ofdpeeere tested
in normal conditions and practically were not stadin terms of influencing factors. Therefore, gwaluation of
primary features of elements of the speech sigmet ss the frequency of the main tone and formantisrms of
influencing factors, is one of the most importagks of the design and control of communicatiornipegent and
systems for the protection of speech informatiomftosses by technical channels [7].
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In order to identify the best methodologies foresssnent of the frequency of the main tone we studie
Russian language phonemes without influencing factdhe deviation of the calculated values of th& M
frequency was + 1,37%. Based on studies of eighthoas for assessing MT frequency from their noise
immunity and sensitivity, as well as the analysisl grocessing of the results we chose the followhrge
methods: amplitude, cepstral and autocorrelatiomther, these methods have been studied in terms of
influencing factors. Influencing factors were wh@aussian noise with the distribution of amplitaehel chaotic
pulse sequence noise. Fatditional signal distortion different kinds ofpping have been used.

Studies were performed on the basis of Russian vplaemes, o, y, 2, u, &1 pronounced by male and
female voices, with an average duration of 0.3 \&l&ation of themain tonefrequency was performed at
various signal/noise ratio. THeequency of the main torend the intelligibility of phonemes at differentéds
were estimated and the thresholds of cutoff sigligping were specified.

Studies based on the method of amplitude seleaarg cueing points in the maximum values of quasi-
periodic signal portions showed that, despite #et that this method is simple to implement andiireg few
computational resources, its evaluation resultsofneery low precision and stability even at lowiselevels.
When clipping is high, the chance of missing thimam and incorrect definition of the main tondrisquent.
When the cutoff threshold is higher than 30-40%s tlalculation is not possible.

Cepstral analysis method was developed by R.V.f8chad L.R. Rabiner [1]. This method is based han t
calculation and analysis of the cepstrum — an ssv€ourier transform of the logarithm of the poggectrum of the
signal. This method is the best to assess vocatiso®@ne of the features of this method is anasang influence of a
low-frequency noise component due to the operdtigarithm spectrum. Work was in the unreal-timej smimprove
the precision in estimating the time window, thedsthing operation should be applied. Thereforec#pstral method
has not been widely used to determine the maintiecause it has low resistance to noise and cotigqmatecomplexity.

On the basis of experimental data, the autocoimalatethod is the best to estimate the periodafithe signal
depending on the delay. A short-term autocorreidtimction (ACF) is used for the analysis of theesgh signal. For
the vocal phonemes ACF has a clear maximum inelaydequal to the period of the main tone. Thithoek allows
us to determine the frequency of the main ton@®tpoken phonemes exactly and allows us to detesite signal,
despite the background of strong noise and diffdyges of clipping. It has been found that thetreécutoff at high
levels of threshold changes the frequencies afrihi@ tone. This leads to a change in voice angrafisiant decrease
in intelligibility. When determining the main tofiequency from vowels spoken by a female voicendsy, u are
subject to change significantly, while soumgls are not. In the study of a male voice we obseratidernble changes
in sounds, u, 2. Soundsy, 2, o are less susceptible to changes

There are several properties of the cepstrumilit fireserves information about the spectrum amgét
of the original signal, and decreases the contriiattte frequency components. These properties rtaksistant
to the formant structure of signals. Therefore trapsanalysis method was chosen out of the invati)
methods of discrete Fourier transform, linear prtdéekk coding and wavelet transform.

The criteria for evaluation were deviations of pioe formants allocated for various influencingdectfrom
phoneme formants isolated in the absence of alogides. Analysis of the data evaluation formagufencies from the
literature does not allow us to make a concluslmutithe use of different methods and conditiomsafsessing the
formants.The results of our experiments match the resottmed by M.A. Sapozhkov for vowel phonemes [8]

Under applicable in phonetics vowel quadrangle desd by E. Skuchik [9] or so-called triangle
(trapezoid) vowels described by L.V. Scherba, wai#t some curve, establishing spread dependeneiesns
formant frequency, of the first forman¥;, for investigated phonemes (fig. 1).
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Fig. 1. Formants triangles
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The vertices of the quadrilateral are souads, y, u, but sounds, » are located in the neighborhood of
the resulting figure. We obtained figures basedhenanalysis of female and male voices, which sti@mi with
a decreasing voice (male) the quadrangle shiftedgmrigin and with an increasing voice (femalegway from
the origin. However, the relative position of tleisds does not change. If the voice is hoarsdptiaion of the
quadrilateral changes, but the relative positiotthef phonemes does not change. Quads vowels vifdredit
ratios of signal/noise were built. Figure 2 shows thange in the dependence of formantand F, for
phonemes spoken by a female voice.
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Fig. 2. The change of the location of phonemes utiaeinfluence of noise

According to the research it can be concluded fitvabant F; for phoneme: is most resistant to noise.
And as the relative position of the sound remaivesyecognize the voice. Thus, by changing the ionadf the
formants and relative displacement of the vertiwescan assess the magnitude of the distortione&geech
signal. Anda shift of formantsF; allows us to assess the intelligibility of a peutar phoneme. Figure 3 also
shows the stability of formants phonemes to interiee.
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o W _
M Y o A bl 3

Fig. 3. Noise immunity of phonemes

As a result, the research proposed to use a cotihinaf methods to assess primary features of the
speech signal: AFC for frequency of the main tone eepstral for the determination of the main fontagjust
the first two formants). This approach will allowetdrmining the presence of speech in noise andsisgethe
magnitude of the distortion of the signal.

REFERENCES

1. Rabiner, L.R., Digital processing of speech signalawrence R. Rabiner, Ronald W. Schafer. — New JeRmntice
Hall PTR, Englewood Cliffs, 1978. — 512 p.

2. Markel, J.D. Linear Prediction of Speech, Springeriag. / J.D. Markel, A.H. Gray. — Jr. New Yorl976.

3. Muxaiinos, B.I'. U3mepenue napamerpos peun. / B.I'. Muxaiinos, JI.B. 3naroycrosa; mox pea. M.A. CamoxkoBa. — M.:
Paguo u csa3s, 1987 — 168 c.

4. Apxunos, 11.0. Beinenenne 0CHOBHOTO TOHA PEYEBOI'0 CHUTHANIA C UCIOJB30BAHHUEM AKTUBHO I'€HEPUPYEMOU (YHKIHH
pewenuii. / 1.0, Apxunos, B.B. Tutinun // Axycrudeckuit XKypnan. — 2000. -T. 46. —Ne 5. —C. 588 — 595.

5. Tomy6unckuii, A.H. Pac4€Tr 9acTOTHl OCHOBHOTO TOHA PEYECBOI0 CHI'HAJIA HA OCHOBE TIOJIMTAPMOHUYECKOH MAaTeMaTHYECKON
mozenu. / A.H. Tonyounckuii. // Becrauk Boponexckoro uxcruryra MBI Poccuu. — 2009. -Ne 1. —C. 81 — 90.

149



MATERIALS OF VI JUNIOR RESEARCHERS’ CONFERENCE 2014
ICT, Electronics, Programming

6. Pacckaszosa, C.1I. MeTtox ¢opmaHTHOTrO aHann3a Ha OCHOBE BEUBIET-TPeoOpa30oBaHUsl B CHCTEMaX Paclio3HABAHHUS Peud
/C.J. Pacckasosa, A.W. Brnacos // HaykoeMKHEe TEXHOJIOTHH U WHTEIICKTYallbHbIC CHCTEMbI: cOOpHHK TpynoB IX Hayuno-
TexHn4eckoit konpepentuu. —M.: MI'TY um. H.D. baymana, 2007. -C. 38-43.

7. XKenesnsk, B.K. 3aumra nHbpopMauy OT yTedkH MO TEXHMYECKUM KaHanam: y4ed. moco6. / B.K. XKenesusk. — CIIG:
T'VAII, 2006. — 188.

8. CamoxkoB, M.A. Bokonepnas cBsizb./ M.A. Camoxkos, B. I'. Muxaiinos —M.: Paguo u cBsize. 1983. — 248, ni.

9. Ckyuuk, E. OcuoBsl akyctuku. / E. Ckyuuk. // T. 2; mep. ¢ nHem. s3. AJL. Cocemosoii, B.II. ['otoBa ; mox pexn.
10.M. Cyxapesckoro. —M.: M3narenscTBO HHOCTpaHHOIT tntepaTypsl, 1959 — 565 c.

UDC 004.021
VARIANTS OPTIMIZATION ALGORITHMSFOR SOLVING SYSTEMSOF LINEAR EQUATIONS

ANDREY TITENKOV, DMITRY GLUHOV
Polotsk State University, Belarus

This article describes options for increasing tlagerof convergence of algorithms for solving systein
linear equations and considers the relaxation metfur solving systems of linear equations

The subject of my report intersects with my mastarésis "Optimization algorithm for calculatingeth
stationary gas networks". At this point a calcaatalgorithm based on the method of simple iteratwhich is
applied to the numerical methods and can be c#flednethod of successive approximations, is deeelap
our university.

The idea of the simple iteration method is thatahaationf(f) = O results in an equivalent equation
r = () so that the mappinﬁg(ﬂ?) was contracting. If it succeeds, then the sequehiterates¥i+1 = ()

converges. This conversion can be done in diffengyts. In particular, the roots of the equation are

retained in the forrd = T — A{z) f(2 ). ifA(z) # 0 on the investigated interval.

The iteration method is the easiest to implemeotyaver, this method is not very effective, duehe t
slow convergence.

Let us consider some ways to optimize the algogthm

1) reducing the accuracy of the calculations;

2) the distribution of computing power;

3) the replacement of the basic algorithm for solingar equations.

The first and third methods refer to software, #mesecond - to hardware. Let's dwell on each efith
closely.

Reducing the precision of calculations is quiteeffactive way to increase the performance of atgors
for solving linear equations, as it reduces thaiiregl number of iterations to achieve the finauteby several
times, but if the algorithm is used in industryisthrocess is irrelevant as it usually requires Bscuracy and is
not specified in the condition. Therefore, this Inoet can’t be used in the context of the topic ofdisgertation.

This hardware method implies partial transfer calibtons to other computers or hardware of the local
computer, which is not currently engaged in caliboies. For example, we have two independent sysi&ms
equations, which ultimately influence the final d#mn. Having two computers, we can parallelize ghkitions
of these systems, and then put the final datahegeThe method is quite effective, but entailsitatthal risks:

1) incorrect data transmission;

2) incorrect receive in processed data;

3) failure of network hardware;

4) inability to local use.

In this case, a replacement of the basic algoritheans changing the program used for solving systems
of linear equations. Replacement of the basic dlyor in our case, complicates the implementathon,at the
same time, increases the efficiency of the algoritas a simple iteration method has the slow spded o
convergence. The methods for solving systems eflirequations are direct and iterative. Well-kndterative
methods are:

1) Jacobi method (simple iteration);

2) Gauss — Seidel method,;

3) The method of relaxation;

4) Multigrid method;

5) MethodMontante;

6) Abramov method;
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7) The method of generalized minimal residual,

8) The biconjugate gradient method;

9) The stabilized biconjugate gradient method;

10) The quadratic biconjugate gradient method;

11) The method of quasi-minimal residual.

To optimize the existing algorithm I'm going to wsenethod of relaxation. Let’s consider the metimod
details.

System of linear equations:

AT+ .. A, = b
o1 T+ ...+ A, = by
(1T + --'+a‘1'.ﬂxﬂ. — b‘l".l.
is reduced to the form:
bty +bpgra+ ... by, +cg = 0
bﬂ1xl+bn2$2+---+bﬂnrﬂ+fﬂ = D
where
0 bi
bz'j — _ 4 Ct' = —

i | il

we find residuaIRJ':

n
B = o St
=2
n
B = o 3 bt
4 7=1,7#2
RS?) = -ra_xﬂ "‘Ebnjxgo

Is chosen initial approximatiorx

At each step, we must bring the maximum discrepamagro:

RY) = arltl o gD =, RS‘A"_” — H'A' + b drls)

Stopping condition:

IRP| <ewji=Tn

The answer:

T, o :r!{-m +3 61?)
1

According to the preliminary calculations the relian method will increase the speed of convergence
of the system of equations by two times.
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METHOD OF THE CONSECUTIVE ANALYSISOF OPTIONSIN A PROBLEM
OF DRAWING UP THE SCHEDULE

MARYIA DEKANOVA
Polotsk State University, Belarus

On the basis of the theory of consecutive decisimasdynamic programming the general scheme of the
consecutive analysis of options was developed. t€bobnique of consecutive development, analysis and
elimination of options consists of development pfioms and creation of analysis operators whichowadl
eliminating unpromising initial parts of optionsfoee their full construction. On the basis of trengral scheme
a number of algorithms of the consecutive analgbisptions were developed. They received broadiegijmn
in practice.

The branch of science, which received the naméhef«theory of schedules», originated from Henry
Gantt's well-known work of 1903 [1] which introdutevhat today we call Gantt's charts referred tonany
works on the theory of schedules [2, 3].

The first works in the field of automated schedglappeared in the 50s-60s of the XXth century wdfen
automated control production systems were introd(i¢g

At the turn of XXth and XXIst centuries the creatiof automated education systems management [5]
became an actual problem. The reasons were trenfaly: to strengthen quality requirements of tnagnito
develop new forms of education including distareahing, to increase economic efficiency of trajpietc.

There is a set of methods aiming at drawing upstiiely schedule: a local and evolutionary method, a
multiagent approach, a method of replacements, thadeof the consecutive analysis of options, a tiene
algorithm, a method of coloring the vertices ofragl, an intellectual method, etc.

In this article we consider how a method of thesemutive analysis of options can be applied to ohgw
up the study schedule.

On the basis of the theory of consecutive decisaamsdynamic programming the general scheme of the
consecutive analysis of options was developed. Ffwmanpoint of view of formal logic, the scheme bkt
consecutive analysis of options is consolidateithéofollowing sequence of repeated procedures:

1. to split a set of versions of the task solutioto some subsets, each of which possesses specific
properties;

2. to use these properties to search for logicatradictions in the description of separate subsets

3. to except further consideration of the subsktesions which have logical contradictions.

Thus the technique of consecutive development,yaisaland elimination of options consists of the
development of options and creation of analysigapes which eliminate unpromising initial parts agtions
before their full construction. This technique aleduces computing expenses.

On the basis of this general scheme a number ofitdigns of the consecutive analysis of options were
developed. Many of them received broad applicatiqoractice

Approximate methods can be divided into the follogvigroups: methods of local optimization,
modification of exact methods, heuristic method®thmds of casual search, and methods combining loca
optimization with casual search.

We will note that many approximate algorithms allsalving problems of discrete optimization in a
dialogue mode. Depending on allocated resourcese(timemories of the computer, etc.) these algosthm
optimize the task solution by changing of all omsoof the basic data.

The considerable part of approximate algorithmdisérete optimization is based on computing schemes
of exact methods, such as a method of brancheb@uérs, the consecutive analysis of options ahdrst

One of the most developed approximate methodseisrtethod of the local optimization, searching for
locally optimum decisions. At certain stages oftidiek solution these methods are often combinel mvéthods
of casual search and heuristic methods which redwsss of options and consider the specifics as#.t

It should be noted that algorithms in which variddsas are combined appear to be the most effective
By means of these methods numerous challengestabgssification, placements, planning and desigmew
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solved. The main advantage of these methods isithglicity of realization, and the main shortcomisgthat
they can't adapt to conditions of a task. Much nitengble are methods in which the probabilistievldepends
on outcomes of the previous tests and changesifevation to iteration. These are methods of caseatch.

Methods of casual search are used for the appresismdution of multidimensional tasks on a rankd an
problems of linear Boolean programming of big disien.

The specification of the scheme of the consecutimalysis of options is in several directions. In
connection with the solution of tasks of lineartaelike structure the generalized principle ofimplity for
monotonously recursive functionalities on the bagia/hich it is possible to build the scheme ofidiems, free
from some restrictions inherent in initial procesgliof dynamic programming was created.

For treelike structures, the questions connecteld @rider of viewing of branches were investigataut
ways of minimization of the number of informatiorrays necessary for the realization of procedufeth®
consecutive analysis of options were found.

The method of the consecutive analysis of optioas wsed for planning and design (calculation of
transport networks, problems of placement on dikeeenetwork, design of distributive electric netks, a
choice of optimum parameters of the main gas pipslietc.).

Further on the basis of the algorithmic scheméhefdonsecutive analysis of options, effective mdsho
of designing, analysis and elimination of optionsrevdeveloped to solve scheduling problems. Baseth®
theory of scheduling the exact methods of the sniubf different classes of problems of small digsien were
proved, necessary and sufficient conditions of a-gmution for problems of scheduling with the same
equipment were proved, effective ways which usesralf domination were developed.

Decomposition algorithms based on schemes of theemutive analysis and elimination of options were
developed to solve problems of big dimension ofmdite separable and linear integer programming.

Thus the narrowing of an initial set of options veasried out by eliminating components that gawe th
chance to consolidate the solution of an initiadkpem of big dimension to the solution of set obtsisks of
small dimension.

The method of the consecutive analysis of optignisaised on the elimination of unpromising elements,
both on restrictions, and on criterion function.

The method of the consecutive analysis of optiohglcan be used to draw up the study schedule is
considered. The method is effective for problemsm&ll dimension as at big dimension of the solutiask
time significantly increases. Decomposition alduris which are based on the schemes of the congecuti
analysis and elimination of options were develofmedolve the problems of big dimension of discisgparable
and linear integer programming.
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UDC 681.5

THE NOTION OF THE"COMMON FIXED POINT" ASONE OF THE FACTORS
OF THE LOCAL EVOLUTIONAL SEARCH EFFICIENCY

ALEH TRAUKIN, DMITRY GLUHOV
Polotsk State University, Belarus

This article is devoted to the efficiency evaluatiof the local evolutional algorithms. Efficiency
evaluation is one of the most important aspectgéating of the new optimization approaches.

The problem that discrete optimization deals wgittoifind an extremum of function on a discretegpbints. If the
function domain comprises a finite number of pdinésproblem of discrete optimization can be sobhesically always by
trying out the whole set. However, being finite sieé can be too large so the enumerative techrjioes to be inefficient.
[1] the overwhelming majority of such problems haveistinct application character and it is vergidal for modern
science as well as for manufacturing to find aitpiae solution for them. "Classic" methods sustganetic algorithms,
annealing simulation algorithms, neural networks leive common traits: all of them are adaptivatite and stochastic
algorithms. Their every step deals with the valfi@ gualitative function and every single one anthcan prove its
convergence to the absolute optimum.

One of the more reliable methods is a heuristicckeanethod. The heuristic search is a kind of state
space search that utilizes the knowledge of thélpno to find a more effective solution. It is uduyatasy to
make heuristic algorithms that quickly find a s@uat but it is impossible to prove that the heugistigorithm
always finds the solution that is close to the mopti one. [2] Moreover one of the major drawbacksuéh
methods is the absence of a predictable procedure.

The local evolutional approach is based on theh&gi$ of the heuristic and the evolutional appreach
The heuristic approach contributed the use of lbeaiistics (i.e. local rules of solution searcf)e evolutional
one contributed the parallel development of marydeprocesses (the population) and the selectadem

The peculiarity of the local evolutional approashtie ability to conduct the search in a stronglyried
solution space. This peculiarity allows to substdiytreduce time costs compared to traditionalhnods and to
increase the quality of the solution.

Additional compression of the search space becqgmssible when using heuristics of a special kind,
particularly, the recursive ones. One of the mogicial problems while developing solution algorithbrased on
the recursive heuristics is the evaluation of theirk efficiency and estimation of the moment whiea search
space reduction stops and further work of the B&aralgorithm becomes a waste of time and comguiower.

We will introduce several definitions.

Definition 1. Heuristics fiis a functional imag& - S Heuristics allows to move in the solution search
space S in the direction of the evaluation functi¢s) > ¢(fi(s)) (1) lack of growth whereé(s) :S - R.

Definition 2. Recursive heuristics is the heuristics that tesnla fixed point (FP) fi(s) = fi%(s).

If we set any point of the initial search spacerfimplementing the first heuristics we will ineatily
come down to the reduced space and never exceldutgls. That is why the search space compreskamnds
be considered a result of the approach to theisolgearch and not a workaround.

It is easy to prove the term character of the sdaiheuristic calculation. Unfortunately, it isgossible to prove
generally the convergence of the recursive hewngsticulation, because in our case the halt conditiill be [Ifi(s) :
fi(s)=s (3), and this situation depends on the heurigitem applied and can be unrelated to reachingiopti

A stable (and efficient) work of heuristics is ubyamentioned as the main factor influencing the
heuristic search efficiency.

The first point worth paying attention to is theagsh space compression effect when using recursive
heuristics. In this case the search space powele{f#|.

Definition 3. We will express the fact of the search space cesgon with theratio of reduction
r=|S|/|S*|. This ratio characterizes the heuristics systeaahole and is connected with efficiency.

Definition 4. We will express the fact of the search space cesson due to the work of separate
heuristics with the ratio=|S|/|S| which we will call the heuristic power. It is calated as an average power of
the Sla; partition classes.

Another factor connected with efficiency is thetfltat heuristics have “common fixed points” (CFP).
The fact of this possession indicates the seaffitiezfcy loss in these points up to a halt. In otiverds, such
points make the calculations “thrash”.
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Definition 6. We will define the search efficiency loss recombefficient in CFPs as

2Isl_2 sl

s S

p= [% =r DZ—::; It equals the average number of “malfunctionihgUuristics at any given

moment of calculations.
We will introduce time cost estimation as p&ﬂ i.e. we suppose that the bigger the reduced space
r

and the bigger the losses because of inefficielsutzions in CFPs, the longer the calculationd take. This
estimation characterizes the time cost expressemigh conventional units. However, it neglects btithe
complexity of the heuristics and their work chaeact

Thus it is easy to see that the main merits ofladbal evolutional approach is a relatively shomieifor
the search for a quasi-optimal solution, it depedulsctly on the losses due to the inefficient warkthe
heuristics in CFPs. That is why with regard to teristic work character it is usually possiblesteggest
heuristic management strategy for the time of datmns. The aim of such strategy is to minimize gnesence
in CFPs thus reducing time loss due to inefficialtulations.
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CONTRIBUTION OF THE AMENDMENT OF THE FIFTH ORDER IN THE ASYMPTOTICS OF
FUNCTION OF DISTRIBUTION COORDINATE OF THE ELEMENTARY ACT OF SORPTION

OLGA MURASHKEVICH, STEPAN EKHILEVSKIY
Polotsk State University, Belarus

The problem of dynamics of sorption is the corrmrst of many chemical and nature protection
technologies connected with the cleaning of harrafalssions. To model this process we use the amsatf
mathematical physics. Thus let's solve the systdnihe differential equations in the private derivas
describing kinetics of sorption and balance of afwsd impurity. For linear isotherms and standamgiamal
conditions such a system (see [1]) is reducedea@tjuation

—ox =€ e'E+Ié dw|, (1)
0

wherew — the given concentration of absorbed substdnesdt — the respectively dimensionless coordinate are[8].

It is obvious that the elementary act of sorptioa easual event. The respectively dimensionlesseotmtion
w(&,T) can be interpreted as statistical probability esigiration of particles of impurity in absorbinggaon depthg .

Respectivell— w(§,1) — probability of absorption of a molecule sucletayf a sorbent, and
01-w(,1))
0¢

— density of probability of the elementary act offion.
Using (1), itis possible to find the initial monteof a random variable without solving the equmetiee [3])

f&.1= =-0% (&,7) (@)
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n k k
vn(r):n!;)(—l)k%;)cﬁ]ﬂ(—l)', (n=0,12,..) 3)

where CL+1 — the numbers of combinations. Knowing the initiabments v, (1), it is easy to find the
corresponding central moments

Ha()= Y (-1 Ch™ (1) Bh () (4)
i=0

The knowledge of all moments of a random variablequivalent to the knowledge of its function of
distribution. On the basis of this fact in [3] weceive that undet =18 the random variable is distributed under
the law close to the normal

_(emm)?
f(er)00 0 fy(En) = L o 2007 (5)
To® @G(I)
dependence on time of its parameters
m(t) =T1+1, o(t) =2t +1. 6) (
We will define a deviation of asymptotic expresgienfrom differential function of distribution &nal times
fEn) = finEHL+9E 1), (7)

where §(&, 1) — the relative error arising at replacemdn(t,t) with the normal law.
The amendment$ (&, 1) caused by asymmetry and an excess are in [3]

(&) =Z%((i’;», 8)

where ¢, (x) — some functions which are subject to definition.
Functions¢,,(x) are the polynoms which senior degree is multiptethree [3]

3n
On() = cuX', ©)
k=0

where ¢ — unknown numerical coefficients. Polynongs,,_;(X) contain only odd degrees and give a
contribution to asymmetryf (,T) . Similar to ¢,,(x) — are even functionsand provide an excesk(&, 1)

3n-2 3n
$on-1(X) = z Con12e X< Gn(¥) = z Con 2108 . (10)
k=0 k=0

Developing probability-theoretic approach to modglof dynamic sorption activity, we will show that
$,(X) with any number decide on the help of the centraments of a random variable of coordinate of the

elementary act of sorptiod (see 4). It is convenient to pass into the sysbéronoordinates connected with
working layer of a sorbent and as the charactersitie to use a mean square deviation

x(€,1) = € -m(1))/a(). (11)

From (9) we will pick up coefficients,, so that identities were carried out

Wi (1) =°°(a -m(1)

) ] F(E,0)dE, (1=0.1,2,3,.... (12)
o(m) H\ o0

Having substituted (5), (7), (8) in (12) and havengcuted variable replacement, we will receive
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2
W@ _ 5 - ¢n(X)]
e 1+ dx. 3j1
o(r) n-!(T) Ne [ 5 0"(1)
ao(1)

On the bottom limit of identity (13) arise®,-as the population meam(t) grows over time quicker than
a mean square deviatiar(t) (see(6)). Taking into account this circumstan@® (e will receive

2
Wi (@) _ Pn(x)
: 1+ . 14
a(1)’ _j «/_ [ Z:‘io (T)J § (1)

Equating coefficients at identical degree&) in the left and right parts (14) for evemve will receive
on one equation concerning &l},(x) with even numbers, and at otld on one equation concerning gl}, (x)
with odd numbers. The ratio (14) allows us to chitan ¢,(x) with any number. For example, passing
§1(x), 2(X), d3(x) evaluation andp,(x), we will find at onceds(x) (see (10))

05(X) = Gsyx+ GsaX + GssX + Gk + GsgR+ G X+ 05.,13%<3+ G5 15%. (15)

Integrals in the right part (14) at coefficientscgfwill be other than zero for odd Taking into account a
type of the right part (15), we will need eight darly independent equations (14) with odd numbers
(i=1,3,5,7,9,11,13,15). Thus in the left part (14isitonvenient to mark out obvious dependence efctintral
moments fromo(T) .

pl(r):0 u3(r): 3 1 u5(r): 30+ 50 36

o(t)t om?® oM o) o®° oM o3 o)’

u7(r): 315+ 2415+ 714 1590 l.lg(T) 3780 74340 213192 63792 94024
o’ oM o) om® o®m’ om° oM om3 om° o)’ of)°®
H11(T)_51975+ 2061675+ 1575882_9 21516660 18051220 6653340

ot oM  o()? o(1)® o(t)’ om? oM’ (16)
Hq3(T) _ 810810+ 56486439 8599991&0 3622853_5'_20 2150885 4006270632 393371611
o) o) o(1)® o(1)° o(t)’ o(1) ® o(t) o(t) B3
Hy5(T) =14189175+ 158445787_? 415288773+90 35611450%_7935959124109_ 5814691974(
o(1)t® o(1) o(1)® o(1)° o(t)’ o(1)® o(r) 1t
_ 957880837209_ 45599275904

o023 omB

We will equate in these eight equations coeffi(sieﬁttcy(r)_5 on the left and on the right, we will receive

0 0 X2
j oz c|)5(><) dx=0 % j R €2 ¢g( ¥ dx 213192,
<] _0:0 X2
T -[OX e 2 ¢5()O dx=0 %_v[o %1 e? ¢5( X dx 15758820, ( )
17
[ [ x2
J_ j x’e 2 ¢5(x)dx——36 %L 23 e 2 ¢g (¥ dx 859999140,
o0 x2 o X
iﬂ_j‘ x'e 2 ¢5( X dx="714, % _j X% 2 g(¥) dx=41528877390.
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Having substituted in (17) decomposition (15) aadlihg executed integration o we will receive the
system of the linear algebraic equations of ratirdmown coefficients written down in a matrix forg x.,

k=0,1,...,7

Cs1 0
Cs3 0
Cs5 -36
P e N (18)
Cso 213192
G511 15758820
Gs13| | 859999140
Gs15) |4152887739(

L., i 2
where A =12 - ey 1 J' x2Me 2 dx=10B060.0(2m- 1), e 1,2,3,..
o \/E[_w
In o I2n—1
The only decision (18) is the set of numbers
487 630 3964 1360
CSl__ES' Cs 53 055—‘m- 057_@'
_ 508 _ 97 13 1
G50 =77’ G511 o0 %187 gy GasT o (19)

We will emphasize that the system for their recejvivas certain and thus we in any way didn't use

information aboutd,(X), ¢5(X), d3(X), d4(x).
The fifth amendment defined by formulas (15), (1&Jequately approaches a deviation of the

Ng=Tf—Tfy@+P+Po+d 3+ ,) fourth approach from distribution functioh(&,t) (fig. 1).

510

- 50 ®

| | T
50 100 7

£
L3

Fig. 1 —Function deviatiof{¢,60) from the fourth approach (a continuous curve) andraribution of the amendment to its
fifth order onc™ (a dotted line)
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MATHEMATICAL MODEL OF THE FIXED OXYGEN BREATHING APPARATUSWITH A
CIRCULAR AIRWAY SCHEME

EVGENIY POTAPENKO, STEPAN EKHILEVSKIY, OKSANA GOLUBEVA
Polotsk State University, Belarus

The research deals with the influence of @@, breakthrough on the dynamic sorption activity loé t
regenerative cartridge of fixed oxygen breathingpaatus with a circular airway scheme. It is illusted that
the breakthrough return during breath at the lagtages of the apparatus operation is essential deygending
on the apparatus model or its operating regime geztbly (up to 10%) reduces its protection term.

The atmosphere in the fixed oxygen breathing appsireegenerates in the process of the exhaled air
filtration through the regenerative cartridge wiporous granules of potassium superoxide-based oxyge
containing product. As a result of ti®, chemisorption in the proportion close to ideal tixygen necessary
for breathing is produced

4KO, + 2C0,= 2K,CO3+ 30,+ 360 kJ , (1)

Regenerating process modeling is a classical tdskormption dynamics (sefl-3]) that traces the
evolution of admixture break through the absorlaget. It is usually solved by using mathematicaygits
methods if there are stationary boundary conditiogpsn entering the filter [4]. However, the appasatvith a
circular airway scheme, besides the invariable amept set by the apparatus operation regime, d@dsQ,
breakthrough that steadily increases as the regévercartridge resources exhausts. In other wadsriable
absorber concentration upon entering the absodyer ltakes place. The research [5] suggests ar@qgme
formalism that analytically describes the dynantigpsion activity with a variable absorber concetitra upon
entering the filter and comes to the following etiprasystem:

-@ (€)= w0+ [ed wEn) 120, @

u(f,T)=e"je’w(f,T)dr' r>0, ©)
0
where 1 and ¢ are dimensionless time and coordinate (the pei@irdepth in the absorber layer) respectively,
(&, T) — reduced concentratidfiO,, uwy(0) — its initial value upon entering the filten(§, 1) — waste product

ratio;
The solution (2) can be presented as a series

e f(7)
- &-1 n n , 4
W& 1) =¢€ ;Tl g (4)
with its coefficients connected by the recurrentelation
T
frea (0 = [ fa( T, (5)
0
and knowing that
fo(1) = ' wg(T) (6)
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allows to calculate anyf,,(t) up to any number. The formula (6) fdp(t) follows from the series (4) and the
boundary condition

w(0,T) = wg (1). (7)

Using computer calculations the correlations (2)/}-allow to describe th€0O, chemisorption in the
regenerative cartridges of the breathing appanaitls a circular airway scherheTo do sowg(t) in (7) in

accordance with the described above should beaegflaith

W (1) =1+ w(n,1), (8)

where n is a dimensionless cartridge length. As a resuelfconsistent problem of defining the required
function w(&, T) appears. In order to solve it an iterative proceduith a small parameten(n, 1) is used.

In order to get a null approximation in (8) the ddtroughwn,t) = 0 should be considered completely
negligible. This leads back to the stationary baugcconditiorto(0,1) =1, with its solution for the recurrent
correlation (6) written analytically

n_ll'k
fo(t)=e' - — (n=1, 2, ...). 9)
= k!

Having substituted (9) into (4) we get the knowsute(e.g. (10) in [6])

© En n_l.[k
WOE,1)=€"¢ 1+ZF[1_ e’ F] : (10)

The next step of the iterative procedure correspondo the first approximationwl(é,t) is the

substitution of (10) into (8) and a numerical impkntation of the recurrent procedure (5). To da special
program was written in the MathCAD package envirentrwith its main fragments illustrated in fig. 1.

The breakthrough-time diagram drawn using this mog(fig. 2) is predictable and allows reasonable
interpretation. In the beginning when @, breakthrough is small, the graphs drawn for thenofgurve 1) and
the circular (curve 2) schemes of the airway asefirally identical. But as the cartridge resouegbausts the
breakthrough in the circular scheme grows at atgremte, which is natural since tli®, molecules that
avoided chemisorption return during breath incregidhe CO, amount in the exhaled air. As it develops the
process moves farther away from the one which tak&se in the open scheme. As a result the criticad

breakthrough timer,,, is reduced by 11.6%. It equals in the order ofiealto the value received in [7] using

approximate approach, based on the hourglass plkéneiccording to which the apparatus operation term
determined by the amount of the ente@&}) molecules [8].
The second iteration (corresponding to the appration w2(€,1)) deals with the substitution of

w2(&,T1) into (8) instead ofw(n,T). The result of the subsequent implementation efrécurrent procedure (5)

is also graphically represented in fig.2 (curveT3d)e criticalCO, breakthrough time has reduced by 0.9% which
is hardly distinguished by eye. However, it raisesjuestion of the convergence of the applied iterat
procedure within the current breakthrough changgea

! In terms of application the fact that the equat@nwas received without considering the steadyeiase ofuy (t) is also
important. It means that the correlations (2) —d&) also describe the admixture desorption withdiiution upon entering
the filter.

2 The way the amount of in the breathed air infagmnthe gas exchange in the organism and, corrdisygbyn the amount of
CO;, in the exhaled air is a complicated issue. Thathg the concentration additivity is an idealizatias it is and can only
be accurately implemented in a breathing simulator.
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0
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Eeh
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kY
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Fig. 1. The program to calculate the evolutionh&f@O, break through the regenerative cartridge of thecdi
oxygen breathing apparatus with a circular airneyesne
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Fig. 2. The evolution of th€O, break through the regenerative cartridge of tkedfioxygen breathing
apparatus connected via: 1 — the open schemehe eirtular scheme (the first approximation),
3 — the circular scheme (the second approximation)
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Due to the breathing physiology the carbon dioxpdésoning starts when its amount in the inhaled air
reaches 1.5%. Normally, a person exhales air witBbaamount of the carbon dioxide, i.e. the condifior the
critical CO, breakthrough is

w(n,T,,) =15 4= 0,37 (11)

It means that ift <7, then the adjustments g (1) (see (8)) appearing during the iterative procedure

can be evenly estimated by the members of a desgegdometric sequence with the denominater 0.375
which converges ifi<1.
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UDC 622.867.322

EVALUATION OF THE RESOURCE USAGE EFFICIENCY INCREASE OF THE FIXED OXYGEN
BREATHING APPARATUS

EVGENIY POTAPENKO, STEPAN EKHILEVSKIY, OKSANA GOLUBEVA
Polotsk State University, Belarus

The research shows that th&0, critical breakthrough time when using a heterogmmsdy fitted
regenerative cartridge connected via the open sehprovides an understated breathing apparatus [taia
increase evaluation. It is better to employ therage oxygen-containing product usage along thelépth of
the cartridge by the time of th€O, critical breakthrough, because the breakthrougltrdase due to the
dependence of the product granules diameter orgtheules occurrence depth evolves in time by itsels
shown that the suggested evaluation in terms oftifyeequals the one determined by the protecomtfor the
circular airway scheme where tli&), breakthrough returns during breath.

The current fixed oxygen breathing apparatus haseletantial reserve for protection resource usage
efficiency increase of the regenerative cartridgm. instance, a 2-litre cylinder for P12 respiradesigned for a
4-year protection term is filled with 5509 of corapsed oxygen. The PX-4 apparatus is designed dosame
term. Its regenerative cartridge contains 3.7kgorygen-containing product 90% of which is potassium
superoxide. Taking into account the formula X@&@ the chemical compound and the molecular wedafhits
elements we get 0,9.3,7.32/71=1,5kg of oxygen dfapply the stoichiometry of the reaction

4KO2 + T02= 2K2CO3 + 302 + 360 kJ , 1)
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1.508 4= 1.1%kg is produced in free form which is more than svbe amount in the cylinder. It means that by

the end of the apparatus protection term only bélthe cartridge resource is used. The performaricine
apparatus with a shorter protection term is evers&o

The main reasons for the inefficient resource usagedead layer of the sorbent which is not ugsethe
CO, critical breakthrough time and granule sinterifgthee oxygen-containing product affected by uneyenl
distributed exothermal heat sources [1].

When the dynamic sorption activity is mathematicatiodeled, dimensionless variables related to time
and coordinate as

T=pyt[0,T |, g=px/vo[on] @
where v is the filtration speedyy, — the CO, critical breakthrough timen — dimensionless length of the

cartridge, 3 and y — phenomenological constants that characterizesfbed and resource of the reaction (1).
The intervals of changin§ andt characterize in a general way not only the regener cartridge itself, but its

operation regime.

Attempts are made to increase the cartridge resausage efficiency by means of influencinfe, 3]
altering the apparatus structure in order to acatdethe filtered air flow in the frontal layers thfe oxygen-
containing product, and to slow it down in the aigs It allows to broaden the product working layer. to
engage a greater amount of product with a largat tissipation surface in the process of heat renat/the
beginning of the cartridge. As a result the cageidemperature conditions soften and the chandeegbroduct
sintering lowers. On the other hand the contace tohits reagents increases at the end of theidgeti.e. the
dead layer of the chemisorbent gets thinner. Thie fawtors increase the cartridge dynamic sorpdictivity i.e.
increase the cartridge resource usage efficienoweier, introducing additional elements to the aphes
construction results in additional weight, dimemsiphysiological cost of wearing and reduces rdltsietc.

The alternative way to increase the cartridge iefficy is suggested in [4, 5] and based on contigolihe
granulometric composition of the oxygen-containgrgduct. The point is that the sorption speed tsrieined
by CO, molecule diffusion inside the oxygen-containinggrct granules and it is inversely proportionattieir
square diameter [6]. Since it is ti value that is influenced by the granule diameter will introduce a

correction factora :
B ap, (4)

which possesses the valuewf and o, in the first and the second parts of the cartridgpectively.

Now we will evaluate efficiency increase of the engrative cartridge available resource due to the
granule diameter reduction towards the filtratiémh@ exhaled air. In order to do so we will apgilg formalism
developed in [4].

W&, 1) = (&, 1)0([ —&)+wr(§-C,T)BE ), (3
u@E ) =wE 1Bl -&+wE-C1)BE-0), 4)
o0 n n-1 k
w (8,1) =918 [1+ nzz‘i—(aln? [1— g a1t ;)—(all(f) J] , (5)
el n_n k
(1) =1-¢ T {1— e—ﬂlfg Wlﬂf) kzl (O‘f!) J , ©)
Uy (&, 1) = e‘O‘ZTazj &2, 1) d, @
0
_ Am02(E+T) o fn (1) n
wE1)=e 20 @d)", (8)
n=0 ’
foaa(0 = o [ fp(D) T, ©)
0
fo(1) =27y (2, 1), (10)
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where w(§,1) is a modifiedCO, concentration in the filtered airstream(E, 1) is a modified concentration of
fixed carbon,{ is a dimensionless coordinate of the point of ¢henule diameter leap anél(€) is the

Heaviside function.
The correlations (3), (10) allow any precision afoulation of the breakthrough and determinatiothef
waste product share (see pic. 1, 2 curves 2) igdhidge with granule diameter leap. The calcoitest are done

for n=4,426, {=0,91, a; =0,64, a; =1,78
a (1)

0373 T

T

0 I ! I
I} 1 2 3

Fig. 1.CO, break through the regenerative cartridge:1 — hamnegusly fitted; 2 — with a granule diameter leap

u(L, Ty

1 | 1 |
0 1 2 3 PR

0

Fig. 2. Oxygen-containing product wear: 1 — in mmbgeneously fitted cartridge; 2 — with a granudditer leap

The curves 1 introduced for comparison in both fégucorrespond to a homogeneous cartridge are
constructed with the help of formulas (5) and @pectively witha; =1

U L P
w, € 1) =€t 1+ | 1-e it (11)

© gn N _k
u,(§,1)=1-¢" [1— e'EZ%ZTk—I] , (12)
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The CO, critical breakthrough time was established on @andthat
w(n,T,,) =0.375. (13)

It increased by 6.9% in a heterogeneously fittadridge (fig. 1). The fixed carbon distribution (all
as the exothermal heat sources) has become moreagwkthe average regenerative cartridge perforenanc
increased by 12.9%

Now we will find out which of the last two valuesewshould use to evaluate the breathing apparatus
protection resource usage efficiency increase. Wst itake into account that the apparatus is ingsglate. the
breakthrough remains inside the airway. It mixethwie air that comes for a breath inside the biegtbag.
This leads to the increase of th€®, amount exhaled. It means that the boundary camdior the sorption
dynamics problem stops being stationary. Suchtsituas simulated in [7] for a homogeneous carteidgsing
the iterative method, breakthrough addition to ¢bastant constituent (conditioned by the apparapesation
regime) shows the substantial reduction of thegatain term. The effect must be less noticeabbmniapparatus
with a chemisorbent granule diameter leap becabfise dbower breakthrough growth (see fig.1). In orte
perform a quantitative assessment expression (5) bauneglected when describing the breakthrougheirfirst
part of the cartridge and formulas (8) and (9) ninesapplied having substituted, for ay:

@) =160y 0 Dy, (14
n=0 ’
frea(0) = ay[ fp(@dr. (15)
0

The first index in the left part of (14) numbers ttegenerative cartridge part under study andeahersl
one — the steps of the iterative procedure (foremimtails see [7]). According to the mentioned ablov f(T)

instead of (10) we should write

fo(1) =™ (1+ 0(n, 1)), (16)
where w(n,t) must be calculated using (3), (8) — (10). Theltegpfunction w,1(¢,T) must be substituted into

(10) as a modified boundary condition in order & @ising (8) and (9)) the breakthrough in the sdgoart of
the cartridgews,4(n, 1) :

) =20y Il g ey, )
n=0 '
frea(0) =0z fa(Ddr, (18)
0
fo (1) =e“2%wy4(C, 1), (19)

Remember that the first index of the reduced cotnaBan w numbers the parts of the regenerative
cartridge and the second one — the steps of thaiite procedure. By combining the functions (14) &17) in
the first approximation we determine the evolutiointhe CO, modified concentration of the regenerated

airstream in a heterogeneous cartridge of an apsavath a circular scheme of the airway

WP (E,1) = w1, 1)B[ — &)+ 01 (E -, TBE =), (20)

As the null approximation we should use expresgi®n that describes the&”O, break through a

heterogeneously fitted cartridge connected via ¢ipen schemew(o)(i,r)zm(i,r). The results of the
calculations done with the MathCAD package aresitiated in fig.3
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Fig. 3.CO, break through the regenerative cartridge: homomesieg fitted with the circular (1) and open (2)
connection schemes; with a granule diameter ledipeircircular (3) and open (4) schemes

The curves 2, 3 and 4 are built using formulas,({20) and (3) respectively. And the curve 1 — viit
procedure described in [7]. Apparently, the infloerof the closed character of the airway is lesdeg¥ in a
cartridge with a granule diameter leap. It increathe critical breakthrough time growth from 6.98612.9%
which equals the value calculated on the averafietjpm of the cartridge connected via the operescé by the
time of theCO, critical breakthrough time. This is probably notaamdom coincidence and it is a result of the
carbon dioxide molecules conservation law. Indeeith a specified filtration speed th€0O, critical
breakthrough time is determined by the number ofemdes that went into the filter which equals thember
produced in the process of human'’s vital activiipus those absorbed by the cartridge.

Thus there is no need to build the circular ainselgeme in order to evaluate the protection increése
heterogeneously fitted apparatus. One is only koutate the average pollution growth of the cagedvith an
open connection scheme.
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UDC 512.64
ABOUT ONE LEGAL ROUTE
IN THE SPACE OF THE SQUARE MATRIXES

ALEXANDR KOZLOV, ALEXEY BURAK, NATALIA KONOPELKO
Polotsk State University, Belarus

The task of the construction of one legal routé¢him space of the square matrixes of the n-th oisler
considered in the article. This route connectsaentity matrix with a certain matrix the last colaraf which is
a preassigned n-dimensional vector-column codioeeti with the last column of the identity matrix.

Let's consider Euclidean n-dimensional spad®’. Let's denote the vectors of the canonical
orthonormalized basis of this space by meang pofi = 1,n. We take up the spadel,, along with the vectorial

space R" . The spaceM, is the space of the square real-valued matrixesnobrdern with the spectral
n

(operator) norm [1¢.355], i.e. the norm, which is induced &n,, by Euclidean norm in the spacR”. We
give the following definition.

Let &,...,&, be the sequence of vectors from the spatewherep is a certain positive number. The
sequence of matrid®),...,R O M, is called p- legal route (concerning the sequence of vecrs which

connects points}, and R, if the unequality is in progressetR=p, i =0, and vectorsy; OR", i =1| are

found, and in everyi =1| the following correlations take place

R-Ry=§ .
A natural numbel is called the length of the legal route [2].
The legal route is an auxiliary instrument when welve tasks of the global controllability of difét
asymptotical invariants [2—6] of the linear nontistaary control systems of the ordinary differehguations
of the following type

x= Atx+ BHu xOR", uOR", t=0. (1)

So, for example, with the help of the appropriatsystructed legal route [2] we got the proofstaf global
controllability of Lyapunov's exponentsdimensional linear systems (2) with the sectigneltenly continued
factors, as well as of two-dimensional [3] and éhdimensional [4, 5] linear systems (1) with locgkgrable
and integrally bounded matrixes of the factoksand B ; we set the global controllability of the compglet
summation of Lyapunov's invariants [6; @, 281-325] of the two-dimensional linear system$ \ith a
continuous and bounded matri and with a bounded piecewise uniformly continumagrix B .

In our research we drew on the method of the cocistn of the legal route for the square matrixethe

second order [3] and found the legal route in thece M, of the square matrixes of the-th order. This route

connects an identity matrix with a certain mattig tast column of which is a preassigned n-dimeradivector-
column codirectional with the last column of theritity matrix.
The main result of the paper (theorem 2) is baseldmmas 1,2, theorem 1 and its corollary.

Lemmal.lf we have any numbe8 <3, B< 1 and arbitrary identity vector€; OR", i =1n with the

estimation | detg; ... &£, & & among vectorsy; OR", ||v; ||=1,i =1,n which meet| detp, ... v, 1B, for
everyl 0{1,...,n} , there can be found at least one vectprat which the following correlation is correct
|detfy ... &1V &41.-- &n [£OB /N

Let's denote normalized bases formed from vecigg) OR", i =1n for every j =1n through B
i.e. a set of vectors

B ={vi(),va(i)vn ()0 G =19 [ YR =B}
The volume of a system of the vectors (ba&'s){vl,vz,...,vn} OR" [8, c.260-261] is a non-negative number,
which is equal td detB|=| defv; v, ,..v,]|.
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Geometrically lemma 1 means that for every two ba@8e u B, from the space ofR", which have a
sufficiently large volume, and for every vectey 0B, there can always be found at least one vectars,,

so that if we replace; by v,, we get a system of vectors frofy , which will be a normalized basis in tH’
This system of vectors has a sufficiently largeuna¢ (it depends on the volumes of ba®gsu 5,).

T heorem1We have a canonical basss, i =1n of the spaceR". For random number§0(0,1]
in everyn the set of the identity vectové(li),v(zi) ,...VEP OR", i=1n with det[vf) ,v(zi) ,..vﬂ) 1= B,ther can be

found at least one vectond) . This vector belongs to thie-th set and at which the following inequality is
correct

|detwP g, 6,...0 18 B/ =5,, |detiW? W) g.. eHS, ...
| detin® w® w®  wh) 1ps
Geometrically theorem 1 means that for the canériesis of the n-dimensional vectorial space
8,8,...6 0 R and an ordered sequenceromormalized baseSs; , i =1,n of sufficiently large volumes in

every of them there can be found at least one vec%&ﬂ%i . Jj 0f4,...,n}, . If we coherently replace every
vector g for v(jii) 0%;, we get a system of the vectors from the canomiaais
: 1) (2 k . .
B; :{v(jl),VJ(Z),...,vj(k),q(ﬂ,...,eh}, KO, k=1, n

This system of the vectors will be normalized basethe R" sufficiently large volume (however, this

of a
system of the vectors will possibly have the diggtbpposite to that of the canonical basis).

Observation.If for vectow®, i =1,n , described in the theorem 1, we put
Vi :=sign(detp; v ... Vi—1W(i) G+1--- @ M), i =1n
we’'ll get inequalities
detv, & .,683,...§¢]20,, det),v,.8...6E0,, ..., detfvoVva.,.v,20,
Corollary totheorem Matrixes
R=ER=M&. .8l B=[¥v % & ..@ . ... P=[¥¥. .0

in which vectorsv;, i=1,n are determined by theorem 1 and observation, confim the spacenxn-
matrixes &, -legal route relative to the sequence of vecters i =R,connecting pointE u B,.
Lemma 2.For any numbersO<d4 1 and 0<¢ <& 2and arbitrary identity vectors; OR",

i=1n with the estimation| det E; ,&,,...&, |[B® if for the identity vector& OR" the inequality
<(&k.&k) < ¢ is completed withk O{1, ..., n} , the correlation|det ;.85 ,...6x-1 &k &xe1---4n 120 /. s
correct.

Geometrically lemma 2 means that if we have «thgadure» of one of the vectors of the normalized
basis by a sufficiently little angle measure.(ifeve replace one of the vectors of the normalibasis for an
identity vector situated together with a removalaetor in a cone and the cone has a sufficieiitthg langle
measure), the system of vectors which we get wilhlso the basis. Its volume can change insigmifiga

When we make the legal route and work with vectdrdifferent normalized bases of the spaR®, we'll
reckon that the following operations with theseteexz are executable:
1) expansion (shrinkage) of every vectors. (nultiplication of the vector by the real number);

2) substitution of every vector from every basis such two identity vectors of the spaB€ which are
«deflected» from the replaceable vector by a defiity little angle measure §. situated together with a
replaceable vector in the cone of a sufficientelitingle measure) and a certain linear combinaifowhich
gives a replaceable vector.

The relevancy of the introduction and feasibibifythe given operations on vectors of normalizedds

of the spaceR" follow from the possibility of their introductioand justification when we solve the main
problem — the problem of the global managementyajunov's exponents [3].
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T h e or e m 2Suppose that for a random numb&(0,1] we get the identity vectors
V1, Vo, .,V OR" and detR, :=detp; v, ... v, B d, takes place. Then for any non-zero vectbrd R,

found a vectowv,o, which belongs to

which is codirectional with the vector,, and everyi =1,n . .. pd

the i-th set of the random identity vectorsw; () OR", j =1n,that meets the inequality
|det[\l\{|_(i),W20),.. Wh Q)]ZBD (0,1], and the sequences of the numbersOR bounded on the module
lai g @ BY (Ih |F 1) =y, i =1n and o; 0{1,2}, that if the correlations are correct

a=22"2n(lh |+ Do BY" and ¢ <arcsin(lia)
then for evenyi =1,n and for the vectorst , W [0 R', the conditions are correct

w l=w =1, <6 w 56, < @@ w3o,i=In

and a certain linear combination forms vecmP, the following equality takes place
h=v, =W +a’wh+...+a)w,
and the following estimations take place

detP, :=deth;+ € 1flaw V5 ... Vo1V BO,
detP, :=deth;+ € 1faw v, ... Yoo Vp+a' Wy B3,
detP; :=detpy + € 1law v+ € 1§2aw, ... vV +a' Wi B3,
detP, :=deth;+ € 1flawg yo+ € 1520w, ... vV, O Wabw,] 28, ...,

n
detPy,y = dethy+ € 1faw v o+ € 152aw,... v ot € 0 Taw v+ aiw |-
i=1

=det; + 1ftawy v, + € 1f2aw,, .. vog+ € 1§ law,  hB 3.
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