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THE INFLUENCE OF GLOBAL CLIMATIC CHANGES ON
FORMULATION OF MUDSTREAM IN THE RIVER OF MAJOR
CAUCAUSUS AT PRESENT.
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Institute of Geography after acad. G. A Aliyev of The National Academy of Science
of Azerbaijan, H.Javid ave, 31, Baku, Az 1143, Azerbaijan
E-mail address: jumamamedov(@yahoo.com, tel.: +994 124313251, +994125183821

Abstracts

Article is devoted to the change of global climate influencing to forming of the streams.

It has been defined that in comparison with expenditures of middle perennial water till the year 1977,
from the year 1977 to nowadays in the expenditure norm in the direction of decreasing changes happened.
So, low norm of the expenditures of middle perennial water has increased at 2.6, but the upper norm
decreased 1.7 times. The reason of the increasment of low norm expenditure since the year 1976 ,the
increasing the number of water basins in the lowland of Kur- Aras and their capability of soft influence
to local climate circumstances but decreasment of the upper norm mentioned before in the comparison
of global warming can be explained by being weak. Such scenery has been observed in the features of
alluvium. So till the period of 1977 year the alluvium of middle many yearly expenditure of water
changed between 0.23-120 kg/s but from year 1977 till nowadays it decreased between 0,23-86 kg/s.

The use of mountainous areas for accumulation of purposes of economy and great
number causes weathering materials on the surface of river basins. The intensive
downpour taking place during the period of strong droughts cause weathering materials
accumulated on the surface of river basin to run into the river and this forms the mud
stream. This damages greatly natural and anthropogenic landscapes. Lately, the influence
to the flowing of rivers the change of climate in global scale reflects on our republic.
[1;5;7; etc]. The influence of global climate changes to the torrent materials is defined
by the intensity of weathering [2;3;4;6;]. According to the climate investigators the
longstanding temperature of weather norm 0,6 C° and above it warming is connected
with global changes.

Nowadays, the flowing of torrents transported alluvium also proves it.

So, in the river Shin flowing through the territory of Major Caucasus the capacity of
alluvium was in 1962 197000 t, in 1992 609000 t, but in 2008 was 5000 000 t.

If in Talachay the capacity of alluvium in 1964 was 282 000 t, in 2003 it was equal to
5918 800 tones.

The harm that caused such torrents stands on the same level as natural disasters,
sometimes overcomes them.
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Through the United Nations Organization announced the 1990-2000 years to struggle
against the natural disaster, but in not fluttered countries haven’t paid any strict attention
to the study of torrents.

Firstly, it explained by lack of financial equipments.

The study of torrents on a large scale, gives an opportunity to continue the scientific
researches on international level.

And it helps to study the mechanism of happening torrents in regions.

Scientific side of study torrents is to discover the processes that take place on the
surface of river basins and to display in the environment mutually and struggle against it.

The complication and solution of the problem demands a deep scientific relation to it.

Taking into consideration upper mentioned our duty is to study some characteristics in
the rivers flowing through Major Caucasus.

Such features formed with influence of climate change on global level, water and
changes that take place, longstanding observation over the raise of alluvium.

To solve the problem in details the National Hydrometrological Department at the
Ministry of Ecology and Natural Resources gathered the materials of water and raise of
alluvium observation facts till the year 2007 and generalized.

Taking into consideration the global climate changes and since the year 1976 had made
water reservoirs, increase, the water measuring 38 observation posts and till the year 1977
and from that year up to now is divided into 2 parts and compared.

The analyses of generalized quantities show that according to the territory the many
yearly norm of expenditure till the year 1977 the norm changed from 0,13 m?/s- 105
m?/s, from the year 1977 up to now middle longstanding norms expenditure of water
degreasing ( 0,34 m*/s- 66,9 m?/s) changed.

The lower level of norm of longstanding expenditure of water increased 2,6 times, but
upper norm is 1,7 times reduced.

We suppose that it is because of global warming of climate.

We must note that since the year 1977 up to now the references middle longstanding
expenditure till the year 1977 middle longstanding expenditure of water changes between
0.76-1.13 times.

From the year 1977 up to now the references of the expenditure of water to the year of
1977 the middle longstanding expenditure of water from 38 water measuring posts in 20
large, in 1 unchangeable, and in the rest was less as well.

As it is seen though the global warming of climate the number of expenditure of water
is the largest.

But the largest expenditure of waters had to be reduced in comparison of previous
times.

The solve problem we consider to analyze upper mentioned references, the two
characteristic of the rivers of Major Caucasus.

So, as the river flowing in the north-eastern slope of Major Caucasus the noted

Innovations and Technologies News Ne2(11)2011 www.InnovationsLine.com



Earth Sciences -

references changed 0.76- 1.57 times, in the South slope increases between 0.86-2.36.

In the rivers flowing in the South slope the values of upper and low borders increased.

The reason is that since the year 1976 in our republic in the South slope of Major
Caucasus and in North —Eastern slope of Minor Caucasus including, and in South-East
slope built in Kura Hollow rising evaporation basins together with convective cloudiness
was condensed.

One of the features confirming these values of references in the rivers flowing through
Northeast slope in 21 water measuring posts in 7 large, in 1 unchangeable and in the rest
posts was little.

But in the rivers flowing through the South slope the values of references in 17 water
measuring posts in 13 large and in 4 was little.

The analysis show that the alluvium raise till the year 1977 longstanding expenditure
changes between 0.23 kg/s- 120 kg/s, from the beginning of the year 1977, nowadays it
changes between 0.22 kg/s- 86 kg/s.

Probably the reason for it is since 1976 the feculence of the rivers was reduced and
washable constant breeds and in comparison of the previous periods, is explained the
flowing to the surface.

The references of the flowing water values compared in the raise of alluvium reference
in 12 water measuring posts in 5 large, in 6 little and in 1 remained unchangeable.

Depending on the height of basin the alluvium is formed longstanding period the
largest raise of alluvium flowing through the rivers was different.

The largest expenditure of raise of alluvium is flowed till the year of 1977 in May
1300m- 2646 in June 800-2630 mm in July it was between 1000-1600 in height.

But in period from 1977 up to now the largest expenditure of alluvium rise in May
1000-2300m, in June 2630m it flowed in the middle height.

It is interesting that in the period till 1977 year the largest expenditure of alluvium raise
of the least border passed from 890m for June, but from 1977 till nowadays the boarders
increased to 1560 meters.

Similar position was observed in the period till the year 1977.

The same position was observed in longstanding period of alluvium raise the largest
expenditure of the flowing in May till the year of 1977(1300-2640m.)

The analysis show that in May the alluvium raise of upper flowing boarder was reduced
down 340 m.

The largest expenditure alluvium raise in June till the year 1977 passing border was
890-2630m, from the year 1977 up to now that limit raised 1560-2636 meters.

So, the largest expenditure of alluvium raise of the least passing border rose from
890m to 1560m in the latest period.

The analyzed all the features can be considered as the features of the changes that take
place in the climate.

The influence of the global climate changes to the formulation of torrents in the
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basins of Major Caucasus, the greatest expenditure of water and the alluvium raise can be
explained by the factors of their changes.
So, for the calculation of the expenditure of water forming torrents the relation

n

O =k| X vE was investigated.
H

The general picture of relation is as following: here Q _ norm of longstanding of the
largest expenditure of water, m?/s; X-maximum daily precipitations mm’, F—the basin
area of river km?, H- the middle height of river basins with m-, n and k — possesses
different values in the group forming rivers.

The connection with the upper mentioned features reflecting complex between the
largest expenditure of water gained connection formula was differential in 5 groups. The

parameters of relationship was given below in the first table.
Table 1.

Parameters of equation for calculation of greatest expenditure of water.

Territory the area using | The upper degree | Coefficient of The middle From factor

the relationship of formula proportionate high of basin with % per
N K m-s

The north-eastern slope Larger then
of Major Caucasus 1,01 1822 2400 m as+ 19
The north-eastern slope Less than
of Major Caucasus 1,01 99,42 2400 m as+22
The southern slope of
Major Caucasus 1,11 27,7 1000 m lower as+ 17
The southern slope of
Major Caucasus 1,11 60,8 1000-1860 as+23
The southern slope of higher than
Major Caucasus 1,45 149 1860 as+ 19

The global climate changes influenced to the largest expenditure of river waters.

The calculation show that in the investigated territory the largest expenditure changes
of rivers change between 0.10-2.99. It caused because of daily precipitations.

So, for studied territory rivers in the maximum precipitations the connection between

C,  was invented.
0O max
The influence of global warming of climate to the largest expenditure of alluvium

raise...
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n

. F .
Forthis R, =k| O,.. .[—— | relation was learned.

max.
mese

R-the longstanding norm of the largest expenditure of allivium raise: kq/s, Qmax- the
largest expenditure of water 1 longstanding norm of m?/s, Pm- the formula of basins in
the area of forest km? n-the degree of formula.

The connection formula was differentialized in 7 groups. Each group is divide into the
smaller groups.

The parameters of connection was given in table 3.

The analytic picture of relationship is a following: C, = kX" -the largest change of
expenditure of water; X-daily maximum o

Precipitations in mm-s, k-changes coefficient, n- the upper formula degree.

The connection formula was differential in 4 groups. The formula parameters is given

in the 2" table.
Table 2

Parameters of equation for calculation of changeability expenditure of water.

The territory using the | The upper degree Changeable coefticient Calculated C,
relation of preciptal n e

Between Gussarchay-

Agchay 3,51 0,00114 or 0,114x10? as +28

Garachay-Derkchay 3.51 0.000326 or 0.0326x10? as+ 32

Between Derkchay-

Sungoutchay 3.51 0.000342 or 0,0342x10? as+ 14

Balakanchay-Pirsaat 3.51 0,1222 as + 31

Table 3

Parameters of equation for calculation of greatest expenditure of raise of alluvium.

The territory using the The upper degree of The hight Calculated expenditure of
connection formula K water from factors per-
sent %
Samurchay-Luchek, 2.2 10,39 as £24
Akhti-Usukhchay
Gudyalchay-Kupchal, 1.246 1,765 as+18

Valvalachay-Tangialti;
Agchay-Sukhtagala

Sabranchay-Zeyne 1.246 0,115 0
Kharmidorchay-Khaltan 1.246 0.2 0
Innovations and Technologies News Ne2(11)2011 www.InnovationsLine.com
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Atachay-Altiagage 1,246 0,0333 0
Balakanchay-Balakan 2.21 34,54 0
Katekhchay-Gabizdara 2.21 72 0
Talachay-Zakatala 221 302.9 0
The basin of Kurmukhchay 2.21 1.878 as £20
Between Ayrichay-Kischay 1,797 305,65 as +28
Gaynarchay 1,797 5 0
Damiraparanchay- 1.173 0,316 as 21
Vandamchay

Goychay- Goychay 1,115 9,813 0
Bumchay-Bumchay 1.115 2.93 as-13
Goychay-Buynuz 1,115 6,433 as -25
Aghsu- Aghsu 1.115 28.1 as +17
Pirsaatchay- Shamakhi 1.91 0.85 0
Pirsaatchay-Poladli 1.91 1.49 as+15
Sumgaitchay-Pirikushkul 1.91 1.49 as+15

In the changeable coefficent of allivium raise was the influence of global changes of

climate too. It proves the C, = aX " relation (connection).

max.

C,  changeable coefficient of the largers expenditure of allivium raise, x- daily
maximum precipiatation mm-s, n- the degree of formula.

The relation formula was differencialized in 5 groups. The parameters were given
below in 4™ table.

Table 4.

Parameters of equation for calculation of greatest expenditure of raise of alluvium.

The territory using | The upper degree | Coefficient of | The middle heigh | Calculated C,
the relation. of formula proportionate of basin in m-s
N ¢ from factory
The north-eastern
slope of Major
Caucausus 0,855 0,0892 1380-2400 as +17
The north-eastern
slope of Major
Caucausus 0,855 0,1707 2400-2590 as 18
The north-eastern
slope of Major
Caucausus 0,855 0,0512 2590-2930 as 14
The south slope of
Major Caucausus 0,55 0,079 - as 18
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The generalize the influence of global climate changes in the river basins
to the formulation of torrents to the coefficient of the largest expenditure of allivium
raise the investigated territory carried out regioning.

According to the coefficent of the largest expenditure of raise of alluvium change
carried out regionaliioning is 2 hight zone and 8 local region. There are given in the 5%
table.

Table 5.

Change of greatest expenditutr raise of alluvium in high zones and azonal regions.

According to the changing | High zones and | The hight zones and The hight zones and
coefticient hight zones and | territory of local | the midhight of local | the borders of change

local regions regions in km? regions in m-s coefticient according
local regions

1.Hight mountains and 13950 Higher than 2000 m 1.1-4.3
partially middle mount
1.1 SamurMishlesh aronal 563 2800 0,17
region
1.2 Usukhchay- Usukhchay 272 2640 0,96
region
1.3 Gusarchay-Gudiyakchay 670 1400-2960 0,67-0,92
territory aronal region
1.4 Tikanlichay-Tikanli 120 1380 0,53
aronal region
1.5 Kurmukhchay local 166 1990-2440 0,67-0,98
region
2. Mainly middle low,in 23630 2000 m low 0,1-1.1

mountainous surrounding
zone

2.1 Atachay- 64.8 1360-1386 2,7
Kharmidorchay local region

2.2 Ayrichay-Ismayilli local 88.2 940 2
region

2.3 Damargiq near the local 35 1860 2,6

region

The analysis of the 5th table shows that the 3 of local regions high were separeted
mountaneous and partly middle montainous but 3 of them in the middle of low
mountainous.

It is because of in high mountains spreading there are centers of torrents in middle
and low mountainous beside the many yearly actions, change of climate and the
influence of antropogen factors.
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Abstract

The subject of the article is the definition of the existing mathematical models used for calculating some
operation factors during wells drilling process; the problem of the article is the detection of the influence of
load concentrators’ presence in a wedge-shaped well on a destruction process; the aim is the definition of
the stress intensity in concentrators using the base mathematical model for detection of SIF. In this article
we analyze the advantages and disadvantages of represented mathematical models in order to conduct the
systematic foundation of scientific results.

Setting of the problem and its relationship with the important scientific tasks.
The main problem during the solid rocks destruction is to ensure minimum of the
specific power inputs. The solution of the mentioned problem is provided for cre-
ation of energy-saving technology of competent rock drilling using wedge-shaped
wells. The importance of the problem is confirmed by the Decree of the Presidium
of the National Academy of Sciences of Ukraine Ne 55 from 25.02.09, entitled: «The
basic scientific directions and chief problems of fundamental research in the field of
natural sciences, technics and humanities from 2009-2013».

Analysis of the latest research and publications, where the solution of given
problem was initiated. In accordance with [1] the fundamental mechanics the de-
struction is the energetical theory of Griffiths, which allows to neglect the detailed
analysis of the mechanism of the interatomic bond rupture at the end of the opening
crack and to record the relationship between internal (RADIUS, the length of the
crack) and external parameters (stretching force and it’s pressure angle ). The advan-
tages of Griffiths’ model; the explanation of the stuff’s rigidity decreasing in regard
to the theoretical; capability of the debris’ hardness testing through the physical and
stress-strain properties of the material; it was reported that maximum destructive
stress is achieved after reaching a critical crack dimension (that is individual for
each separate task). Disadvantages: it disregards the quasi-brittle fracture, notably
the ability of the material to resist the crack growth, geometry of massif (length,
width), in which the crack was discussed also the crack’s geometry (form, large and
small radius).
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In mathematical model of Orovan - Irwin [2] was defined with the help of the test that:
1) the plastic deformation concentrates in a seam near the surface of a crack (a fracture
with the plastic deformation has been called quasi-brittle), 2) energy consumption dur-
ing the creation of new surfaces been destructed, is connected with the functioning of the
plastic deformation stuff size located on the crack path, 3) flux of energy concentrated
in the crack tip is determined by the cohesive force work. Advantages: the decision of
Orovan-Irwin allowed making a conversion from the ideal material in Griffith’s model to
real materials. The established quasi-brittle destruction scheme takes into consideration
that the zone of nonlinear effects in comparison with the crack length is small and gives
a possibility to control the deformation by means of stress intensity factor (SIF), liquid
limits, compression ratio and characterize stress field around the plastic zone through as-
ymptotic equations; determined the radius of the plastic zone around the apex of crack ;
calculated plastic correction data for estimation of the plastic zone. Disadvantages: The
mathematical model does not consider the massif geometry (length, width) as an account-
able factor, in which crack was examined, its shape and geometry (radius, vertex angle);
does not determine the influence on the destruction of such factors as: the cross-section
of well with concentrators, frequency in location of wells and their interaction during the
destruction.

Barenblatt in his research [3] defines the geometry of the crack apex its growth start
and further development as opposed to Griffiths’ energy principle. Adhesion forces
between surfaces at the apex of crack, allocated so that the opening geometry of the
apex of crack into a wedge with the lips as falling exponential form, and the total
load of field is considered generically. Advantages: The mathematical model accounts
that crack lips are not free of loads, and they locate under the force of cohesion; the
lips of crack are considered in falling exponential form, which increases the accuracy
of calculations, the load directed to the crack lips is closed because crack tip stress
intensity factor is zero; mathematical model with the help of singular equations confirms
unlimited intensification at the tip of cracks. Disadvantages: The mathematical model
of Barenblatt ignores composite material structure, since the vast zone under load stress
and flaw shape form comparative with environment destruction, does not consider the
massif geometry (length, width) in which crack was studied, its shape and geometry
(radius, apex angle); does not determine the effect on the destruction of such factors
as: the well’s overcut with the concentrators, the frequency of wells’ location and their
interaction during the destruction.

Mathematical model of Dahdeyl — Leonov — Panasyuk [3] differentiates in following:
1) calculates a cohesion force of the crack lips through the material constant, 2) crack
growth occurs when the discrepancy comes to the boil 60, MPa. Advantages: The
mathematical model of growth limits the load increasing p at / — 0. For short duration
crack p — o0, takes into account SIF change in the calculation of short-length cracks.
Disadvantages: does not consider the massif geometry (length, width) in which crack
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was considered, its shape and geometry (radius, apex angle); does not determine
the influence on the destruction of such factors as: : the cross-section of well with
concentrators, frequency in location of wells and their interaction during the destruction.

In the paper of Eloev - Dzahoev [4] was determined the massif with the blast holes
under the static stress (tension) was considered, in which fracture initiation appears after
reaching the boundary value of critical voltage, setting the destruction of the massif in
the specified course; dynamic of initiation and motion of cracks around the blast holes
in mine workings with a glance of the depth of excavation, the mode number of tectonic
and gravitational forces. Advantages: The mathematical model takes into consideration
the dependence of SIF from the radius of the range of stress, mode number, depth of ex-
cavation, tectonic and gravitational forces, and its influence on the crack size, spreading
rate relative to their initiation, taking into account the geometry of the blast hole (radius,
length of concentrators), and the distance between blast holes. Disadvantages: this mod-
el simulates only the strategy of cracks under the squeezing, does not include the massif
size (length, width), does not discount the form of stress concentrator.

The delimitation of unsolved parts of the general problem. Making a review of
mathematical models of the destruction of the rock massif using the stress concentrator
demonstrates that there is no method that takes into account both the width, block length,
interposition of wells, form and stress concentrators’ length.

The aim of this work is to review existing mathematical models, to choice of the base
mathematical model, and a mathematical model for detection of SIF, which depends on
the width, block length, interposition of wells, form and stress concentrators’ length.

Exposition of the basic material of the article. The selection of the basic model is
conducted by means of the hierarchical analysis. As critical parameters it was chosen: the
accuracy of the model (equivalence between the theoretical calculations and the experi-
mental ones), the quantity of variables that model takes into account (length, width of the
block, the length of concentrators, well’s diameter, etc...), structure of the material, where
the well concentrators exist. According to the sum of integral criterions the mathematical
models are organized in following order: model of Eloev-Dzahoev - 25.12; Dahdeyl-
Leonov-Panasyuk - 22.54; Orovan-Irwin - 21.32, Barenblatt - 20.89; Griffith’s - 19.08.
Using a paired-comparison method the model of Dzahoev-Eloev is considered to be a
constitutive one.

SIF is a measure of stress and deflection, which takes into account the cracks forma-
tion processes that take place within the plasticity zone. The total SIF system defined by
the superposition theorem that is separately analyzed three cases of rock massif destruc-
tion: 1) it does not account the geometry of the block and concentrators form, 2) it takes
into account the geometry of the block, 3) its considered geometry of concentrator. The
crack expansion starts when the SIF reaches the critical value or when the stress in the
well reaches the critical value o > o. For wells centers are located in a line which crosses
the apex of the concentrators:

Innovations and Technologies News Ne2(11)2011 www.InnovationsLine.com
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O = [Kfl fi-H)/Y(4) Vma, Pa
(1)

where: K;* - SIF first kind, Pa-m"? from [4];
fi- corrective factors in [2], that takes into account the distance between the well
center the acting;

f>- corrective factors in [5], that takes into account the thickness of the block, the act-
mng;

Y () — the dependence function of crack length from the thickness of the block, acting;

a — the distance from center of the well to the well’s crack, c.

Depending on (1) fi- corrective factors take into account a distance from concen-
trator’s border, to the point of application of destructive force, the total length of the
concentrator (with a radius of well). And in the corrective factor f5- was entered the rear-
rangement of the material and durability to breakdown a mountain mass to determine the
thickness of the block. The function Y (4) determines the effect of thickness of the block
on the value of SIF, adjusting limit stress value o .

For wedge-shaped wells located in the close drilling of equation (1) according to [6]
takes the form:

o= [K;l fi- - R)Y(A) - Vma, Pa
(2)

where: f3 — coefficient of well survey, acting.

In the coefficient of well survey f5 — wells variables are included that take into account
the distance between wells in one row, the distance between rows, and length of concen-

trators with a borehole diameter. Factor f; — is adapting the mathematical model (1) for
drilling wells using net.

Finding dependences (1, 2) define the terminal pressure when cracking begins. The
formulas differ from legacy ones, taking into account the geometry of the depleted unit

(corrective factors f;, the function Y (7)), the distance between the centers of wells (cor-
rective factors f3), form and length of stress concentrators (K}'), the distance between
rows of wells fz — (for wells located in the drilling net).
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Conclusions

1. To select of the base mathematical model for detection of SIF during the destruction
of the rock massif by means of the wedge-shaped wells method of paired comparisons is
used, that gave us an opportunity to conduct the systematic foundation of scientific results.

2. According to the sum of integral criterions the mathematical models are organized in
following order: model of Eloev-Dzahoeva - 25.12; Dahdeyl-Leonov-Panasyuk - 22.54;
Orovan-Irwin - 21.32, Barenblatt - 20.89; Griffiths - 19.08. As a basic mathematical
model the model with the largest integrated assessment was selected (25.12).

3. It was obtained mathematical models that define the terminal pressure when crack-
ing begins: 1) for wells in one raw, when their centers are located in a line which crosses
the apex of the concentrators 2) for wells located in the drilling net. The formulas differ
from legacy ones, taking into account the geometry of the depleted unit (corrective fac-

tors f5, the function ¥ (1)) the distance between the centers of wells (corrective factors f;

), form and length of stress concentrators (K;'), the distance between rows of wells f (for
wells located in the drilling net).
4. Proposed mathematical models differ from legacy ones, taking into account the

geometry of the depleted unit (corrective factors f;, the function Y (1)), the distance be-
tween the centers of wedge-shaped wells (corrective factorsf; ), form and length of stress
concentrators (K;'), the magnitude of a force of the destruction that appears in the well

during the explosion - K/, the distance between rows of wells f3 (for wells located in the
drilling net).

5. Mathematical models that define the terminal pressure when cracking begins: 1) for
wells in one raw, when their centers are located in a line which crosses the apex of the
concentrators 2) for wells located in the drilling net.
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MODERN STATE OF PRODUCTION of the ECOLOGICAL
CLEAN and HIGH-ANTIKNOCK MOTOR-CAR PETROLS

R.A. Ashrafov
E-mail: ashrafov(@yahoo.com, Tel.: +99 450 3232776
Institute of Petrochemical Processes, National Academy of Sciences of Azerbaijan,
Baku, Azerbaijan

Abstract

The article is devoted one of basic tasks of modern oil-processing industry to development and
mastering of production of motor-car petrols, satisfying modern ecological requirements. One of ways of

improvement of ecological indexes of motor-car petrols consists in the decline of maintenance in them.

COBPEMEHHOE COCTOSIHHUE ITPOU3BOJACTBA 9KOJIIOI'MYECKH
YUCTBIX BBICOKOOKTAHOBBIX ABTOMOBWJIbHBIX BEH3MHOB
AIITPA®OB P. A.
E-mail: ashrafov@yahoo.com, Tel.: +99 450 3232776
Wuctutyt Hedrexumuyeckux nporneccoB HAH AszepOaiimxkana, r.baxy,
Azepbaiimxan

OnHoift W3 OCHOBHBIX 3aJad B YIYYIIEHUH HKOJOTUYECKUX XapPAKTEPUCTUK
ABTOMOOWJIBHBIX OCH3WHOB SIBIISIETCS OTKa3 OT NMPUMEHEHHsI OCH3MHOB, COACPKAIIUX
TOC B kauecTBe aHTHJETOHATOpa. JTa 3anada pemeHa B Anonun, CIIA u Kanazne. B
HekoTophIx cTpaHax: lommanauu, ABctpun, lanuu, bensrun, llIeiinapun, 1lIBenun,
Ounnsaanu, Hopseruu u ['epmanuu pa3penieHo BBOAUTH STUIIOBYIO KHIKOCTh TOJIBKO B
CrieluaIbHble BBICOKOOKTaHOBBIE copTall;2].

[lepexon Ha HEATHIIMPOBAHHBIE TOIUIMBA HE TOJILKO MPEIOTBPAILIAET YMUCCUIO CBUHIIA
C MIPOAYKTaMH CTOpaHusi, HO U cokpamaet Ha 60-90% npyrue BpeaHble BHIOPOCHI IyTeM
WCIIOJIb30BaHUs KaTaTUTUYECKUX HEUTPaATU3aTOPOB, /17151 KOTOPBIX CBUHEIL SIBJISICTCS S/IOM.
Kpome Toro, B 3TOM cityyae BO3MOXKHO MNOJJAEp>KaHUE COCTaBa TOIUIMBHO-BO3IYIIHON
cMecH, ONM3KOe K CTEXMOMETPUYECKOMY, YTO OOeCle4YMBaeT TaKWE ONTHUMAIbHBIC
XapaKTEepPUCTUKH OEH3WHA, KaK IIOTHOCTH, BSI3KOCTh, HCIAPSEMOCTb, YIIIEBOIOPOIHBII
COCTaB, KOTOPbIEC MPAKTHUYECKU HE BIUAIOT HA TOKCHYHOCTb OTXOAIIKX ra30B. Ho oTka3
OT STWJIMPOBAHUS BIICUET 32 cOOOM MPOOIEMBI, CBSI3aHHbBIE ¢ oOecreueHneM TpedyeMoro
OKTaHOBOTO YHCJIa OCH3WHA.

[lepBoHa4YanbHO ATUIMPOBAHHBIE COpPTAa 3aMEHSUIMCH DETYISIPHBIMH OCH3MHAMU
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C OTHOCHUTEIBHO HHM3KHM OKTAHOBBIM dYHCIOM (82-86 M.M.). DTO OBUIO CBS3aHO C
OTCTaBaHUEM TEMIIOB HApalllMBaHUsI MOUIIHOCTEH MPOM3BOACTBA BBICOKOOKTAHOBBIX
KOMIIOHEHTOB OT TPeOOBaHUU MO CHMKCHHIO HOPM 3TWiHpoBaHus. OpHako aeduiuT
BBICOKOOKTAHOBBIX HEATUIUPOBAHHBIX OCH3UHOB ObLT BpeMEHHBIM. J{0J151 3STUITMPOBAaHHBIX
OCH3MHOB Ha TPOTsbKeHUU 80-X TOMOB €KEroHO CHMXKAlach B cpenHeM Ha 5-6%. B
1995 1. nong HEITUIUPOBAHHBIX OCH3MHOB AocTHIIA 65% oT obuiero norpedneHus, a
k 2000 . - 6onee 90%. OCHOBHBIM BUJOM HEITHIUPOBAHHBIX OCH3MHOB JIOJKEH CTATh
MIpEeMHANIbHBIN OSH3UH ,,eBPOIIPEMHUYM .

N3BectHO, uto CLIA - npu3HaHHbIM nuaep B 001acTu TpeOOBaHUN K SKOIOTMYECKOI
YUCTOTe TOMIMB. PoCT uucima aBroMoOWied mpenonpeneiseT  YKeCcToueHUe
HAI[MOHANIFHBIX CTaHAAPTOB, OTPAHHUYMBAIONIUX BPEIHOE BO3JCHCTBHE OTPAOOTABIINX
razoB. B cooTBeTCTBMM C HOBBIMM JIOMOJIHEHHUSIMU K 3aKOHY O YUCTOTE BO3JYIIHOTO
OacceiiHa OCHOBHBIMH OTJIMYUSIMU Ka9eCTBA aBTOMOOUIILHBIX OCH3UHOB C YIYUYIIEHHBIMU
9KOJIOTUYECKUMHU XapaKTePUCTHKAMH, HA3bIBAEMBIMU Takke pehopMyTHpOBAaHHBIMHU,
MOJU(UIIUPOBAHHBIMH, ,,3€TIEHBIMU ", IKOJIOTHYECKH YUCTHIMU U T.II., SIBJISTFOTCSI:

- HU3Kas JIETy4eCTh (JIaBJIeHHE HACBIIIIEHHBIX apoB);

- NOHMXEHHOE CO/Iep)KaHhe apoMaTHuecKux (0coOeHHO OeH307a) M OJePUHOBBIX
YTJIEBOJIOPOJIOB, YYACTBYIOIIMX B 00pa30BaHUM CMOTa;

- 00s13aTeNbHOE MCIIOJIb30BAHUE KHUCIIOPOJCOAEPIKAIIMX KOMIIOHEHTOB M MOIOIIUX
MIPHUCAIOK JIJIsl TPEOTBPAICHUsT 00pa30BaHUs OTJIOKEHUH B CHCTeMax MOJayy TOILTHBA
B JIBUTaTele;

- OTCYTCTBUE CBUHIIA, MapraHiia 1 Ipyrux TSHKEIbIX METaJJIOB.

Hcnapenne OSH3WHOB - OCHOBHAsI MPHYMHA €CTECTBEHHBIX MOTEPh U BHIOPOCOB B
OKPYXaIOIYI0 Cpely TOKCHYHBIX YIJIeBOOpoAoB. [Ipu TpaHCHOPTHPOBKE, XpaHEHUU U
3arpaBKe aBTOMOOWIICH OEH3MHOM MOTEPH OT UcHapeHus gocturatoT 1,5-2%. CHuxeHnue
COJIepKaHMs CBUHIIA M N3MEHEHHE COCTaBa aBTOMOOUIILHBIX OCH3MHOB MPUBEIH K IPYToit
npobieMe - yBEIMYEHUIO IOKa3aTess JIeTy4yeCTH TOBapHBIX OeH3uHOB. [lokaszarenm
JIETY4YEeCTH aBTOMOOMIBHBIX O€H3UHOB (YIPYTOCTh MapoB mo Pely) /uis Terkux coproB
OCH3UHOB MOBBICKIUCH ¢ 609 10 714, s 3uMHUX - ¢ 798 10 931 r/cMm?. YriieBomopo/ibl,
cojieprKaluecs B mapax O€H3WHOB, MPEICTABISIOT OMACHOCTh HE TOIBKO KaK TOKCUYHBIE
BEIIECTBA, HO, Y4acTBYS B (DOTOXMMHUYECKHUX PEAKLHUAX IO JCHCTBUEM COJHEYHOTO
CBETa, MPHUBOAAT K 00pa3oBaHMUIO cMora. Bce 3TO BBI3bIBa€T HEOOXOAUMOCTh CHUKEHHS
JIABJICHUS HACBIIIIEHHBIX MMapoB OEH3MHOB, YTO, B CBOIO OUepe/lb, MOHIKAET UX PECypChl
U JICTOHALMOHHYK CTOMKOCTh. MakcMMajbHOE [aBJIEHUE HACBIIICHHBIX I[AapOB JIs
OCH3MHOB C YITy4IlIEHHBIMH SKOJIOTHYECKUMU CBOWCTBaMU - He BhIie 79,9 klla.

B HedrenepepabarbiBaromieli MPOMBINUIEHHOCTH TPHUHAT P  U3MEHEHUH B
TEXHOJIOTUH TPOM3BOJCTBA OeH3WHOB. Tak, OONBIIMHCTBO HedTenepepadaThIBAOIINX
KOMITaHUH MOILIO MO MyTH CHIKEHUS COIepKaHUsI B OEH3MHAX KOMIIOHEHTOB C BHICOKUM
nokaszaresneM Jerydectu. K mocimenHuM oTHOCATCA #-OyTaH, KHCIOPOACOAEpKAllue
COEIMHEHMUSI, JIETKHUI MPSMOTOHHBIN OCH3UH U JIETKHE MPOAYKThI Pa3IMYHbIX POIECCOB,
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JI0J151 KOTOPBIX BO3PACTAET C POCTOM JKECTKOCTH PEKUMOB padOThl ycTaHOBOK. CymMMapHast
701 TaKMX KOMIIOHEHTOB MoxeT pocturatb 40% ot obmero oObeMa TOBapHBIX
OEH3MHOB. YCHEIIHOMY pPELIeHHI0 MpoOieMbl CIOCOOCTBOBAI BBOJ B AKCIUTyaTallHIO
JIOTIOJTHUTENBHBIX MOIIHOCTEH MPOIIECCOB, TAKHX, KAK aJIKWINPOBAHHUE, KaTATUTUYECKas
MOJIMMEpH3alMs U JUMEpH3allts, a TAkKe CHI)KEHUE JaBJICHHUS Ha YyCTaHOBKAX Ipolecca
pudopMuHTa, Mepexo] K IMpoleccaM C HEeNpepbIBHOM pereHepanueil Karaau3aropa.
W3MeHeHns: B KOMIIOHEHTHOM COCTABE IPOAYKLUHU B CTPYKTYPE TEXHOJIOTMYECKOT0 MapKa
HedTenepepaboTKH COMPOBOXKIAINCH TAKXKE YBEIMYCHHEM COJEp)KaHUs B OCH3MHAX
apOMaTHUYECKUX YIVIEBOJIOPOJOB U M30MapaMHOB, CHIKEHHEM JIOJIM HU3KOOKTAHOBBIX
n-niapaunos[3].

EBponeiickuM KOMUTETOM CTaHIapPTOB TAKXKE Pa3pabaThIBAIOTCSI HOBbIE HOPMATUBBI HA
NPEeIeNbHO JO0MYCTUMbIE 3HaU€HUs! IUIOTHOCTH OCH3MHOB U YIpyrocTu mapos. Crnemyet
OTMETHTh, YTO B LI€JIOM IO CTpaHaMm 3amagHoi EBponbl u B SImOHMUM 3TOT mokasarelnb
HECKOJIBKO HIYKE, UeM B aMepUKaHCKUX cTanaapTax. C Lenbio CHUKEHHUs T0Tepb OEH3MHA
OT HCHAapeHHsl HOBbIE€ MAIIMHBI B €BPOIEHCKUX CTpaHaX CHA0XaroTCs CleLUalbHBIM
KOHJICHCALIMOHHBIM OakoM ¢ momtotuteseM. [IpenycMoTpeHbl Takxke 3alliuTHBIE MEpbl
10 YMEHBUICHUIO NIOTEPh B CUCTEME pacnpezeneHus OeH3uHa. PaccMarpuBaeTcs BONpoc
O CHW)XEHUU TPeiEibHO JOMYCTUMOM KOHUEHTpaluu OeH30/1a B HEITHIMPOBAHHOM
OeH3uHe, cocTapsomei okoso 5% 00., a B Oyayiem Huxe 1%. OqHako ucnonb30BaHue
KaTaJln3aToOpoB JIO)KUra M CIELUANbHBIX OakoB MPHUBOIUT K PE3KOMY COKPAILCHHIO
BbIOpOCOB OeH301a B atmocdepy[3]. M3 pucyHkoB 1, 2 u 3 BUAHO, 4TO 101 OEH3011a, CEPhI
Y CyMMBbI apOMaTH4ECKHX YITIEBOJIOPOIOB B COCTaBE TOBAPHBIX aBTOMOOMIILHBIX OCH3UHOB
COIIaCHO €BPOIEHCKUM HOPMaM B IIOCJIEHHE I'O/IbI CYIIECTBEHHO CHIKaeTcs[4].
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Puc. 1. -MakcumanbHO JOITyCTUMOE CofiepKaHne O€H30J1a B TOBAPHBIX aBTOMOOMITBHBIX
OeH3MHax
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Puc. 2. - MakcuMaabHO TOIMyCTUMOE COACPIKAHUE CEPhI B TOBAPHBIX aBTOMOOMIIBHBIX
OeH3MUHAX
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Puc. 3. - MaxkcumaiabHO A0IMYCTUMOC COACPIKAHUC CYMMBI apOMAaTUYCCKUX

YITICBOAOPOAOB B TOBAPHBIX ABTOMOOMILHEIX OCH3MHAX

C 1enbio NOBBIIEHHSI OKTAHOBBIX XapaKTEPUCTHK TOBAPHBIX OCH3MHOB UCIIOIb3YIOTCS
CIMPTHI U IPOCTHIE 3(PUPHI B KauecTBE KOMIOHEHTOB. Ciie10BaTeIbHO YIJIEBOJOPOAHBIH
cocTaB OeH3MHA C YIy4IIEHHBIMHU YKOJIOTHYECKUMH XapaKTePUCTUKAMH HOPMUPYETCSI IO
COZIep)KaHUI0 apOMATUYECKUX COeAMHEHUH, 6eH3ona u onepuHoB. Coneprxanue OeH3o0Ia
B 6eH3uHe CIIA coctaBnser He Oonee 3%, B HOBBIX CleHU(UKALMIX HA HKOJIOTHYECKH
qrcThle OeH3UHBI - He 6oee 1%. OrpannyeHne coaep kaHus apoOMaTHYeCKUX COSTMHEHU I
10 20-25% (BMecTo paHee MpUHATHIX 35-50%) MPUBOAUT K YI0pOXkKaHUIO OeH3MHA. Bp1OOD
HSKOHOMHUYHOM CXEeMbI CHIKEHMs conepkKaHHs OeH3oja B OCH3MHE 3aBUCHT OT MHOI'MX
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(akTOpoB, Cpenr KOTOPBIX MpeodiagaeT MOASPHHU3AIMs YCTAHOBOK KaTaJIUTHYECKOTO
pudopmunral4].

OpHMM ©3  HaWIyylIMX BapUaHTOB  SABIIIETCS  MCIOJIb30BaHUE  Ipoliecca
TpaHCaIKuIupoBanus Oensona ¢pakuuu C+ OeHsuHa puU(OPMHUHTA, NPU KOTOPOM
MOJYy4YEeHHbIH OeH3MH Jaxe Oe3 pa30aBleHUS HEAPOMATUUYECKMMHU KOMIIOHEHTaMH,
yaoeneTtBopsieT TpeboBanusiMm ['OCT P-51105-97 mo conmepkanuto Oensona. Kpome
TOTO, B MOMy4eHHOM Oensune Ha 31,4% MeHble apoMaTu4ecKkux yresoaoponos Cgt,
BBI3BIBAIOLIMX MOBBIIIEHHOE HarapooOpa3oBaHue B IWINHAPAX JBUTaTeNeil BHYTPEHHETO
CropaHMs W YBEJIMYEHHE BBIOPOCOB CakH B arMocdepy ¢ OTpabOTaBIIMMHU Tra3zaMH.
CHmxeHue cofiepxkaHus OeH30J1a M yBEJIIMYEHNE OKTaHOBOT'0 YK CJIa T0JTy4aeMOro OeH3uHa
MO3BOJISIFOT CHU3UTh TPEOOBAaHUS K HEAPOMATHUECKOW COCTAaBIISIONICH, MCIONb3yeMOi
IIPU COCTABJICHUU KOMITO3UIMI TOBAPHBIX BEICOKOOKTAHOBBIX OCH3MHOB.

Ha ocHoBe OeH3nHa TpaHCAJIKUIMPOBAHUS IPE/UIaraeTcsi BapUaHT MPOM3BOACTBA
ToBapHOro Oen3zuHa Al-95, yIOBIETBOPSAIOLIETO CIEIYIOIUM TpeOOBaHUSAM —
copepkanue OeHzona He Ooinee 3% 00., cyMMapHOe cOJEpKaHME apOMaTHUYECKUX
yrieBoAopo1oB He 6osee 45% 06. Takoit 6eH3UH MOXKET OBbITh MOJIyYEH MTyTEeM CMEIIEHUs
80% Oen3uHa TpaHcankuiaupoBanus U 20% ankuiara, OH UMEET OKTaHOBOE 4YHCIO 96
UM u 87,1 MM, conepxanue OeH30a U CyMMBbl apOMaTHYECKUX YITIEBOIOPOJIOB 2,5 U
44,1% 00. COOTBETCTBEHHO.

B T1abn.l mpencraBieHa CpaBHUTENbHAS XapaKTepUCTUKAa OeH3uHa pudopMUHTra
v OeH3MHa, TOJYy4aeMOroB MPOILECCe TpaHCalkuaupoBanus ¢pakuun C, OGeHsuHa
pudopmunra ¢ ppakuuneir C+, 1 KOTOPOH BUIHO YTO, TOJNYYEHHBIH 110 MPEIaracMom
TEXHOJIIOTUU OCH3MH MMeeT okTaHoBoe uucio 97,1 UM, uro Ha 1,1 myHkra Oomnblie,
4yeM y OeH3MHa KartajauTudeckoro pudopmunra. [Ipu stom conepxanue 6eH30a B HEM
coctaBiseT 3,3% wmac., i 3,2% 00., To ecth Ha 37,7% OTHOC. HHXKE, YEM B OCH3MHE
pudopMHUHTa.

Tabmuna 1

CpaBHI/ITeJ'ILHBIe XapaKTCpUCTUKHU OCH3MHA KaTaINTHIECKOTO pI/I(bOpMI/IHFa u
66H3I/IHa, MOJIYYCHHOI'O € HUCIIOJIb30BAHUCM IIPOLECCA TPAHCAJIIKUIIMPOBAHU.

IToxka3zarema bensum Bensun
pudopMuHTa TPaHCATKHIHPOBAHHIL

OxTtaHopoe yncio, MM 96,0 97.1

ITnotHocTh Tipu 20°C, Kr/M3 776 773

Brixoa Ha pudopmar, % mac 100 95,1
VriepogopoaHsiii cocras, % Mac.:

ITapaduHOHA(DTEHOBEIC 34,6 35,3
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ApomMarHuecKue 65,4 64,7
B T. u.: 6eH301 5,3 3,3
Tonyon 17,2 20,1
Cs 23,5 28,0
Cot 19,4 13,3

[Ipu noGaprneHun OeH3WMHA TPAHCAIKUIUPOBAHUS B COCTAB BBICOKOOKTAHOBOTO
AKOJIOTMUECKH YHCTOTO TOBAPHOTO IO3BOJISIET CHHU3UTH COJEP)KaHME OCH30Jla B €r0
coctaBe Huxke 1%.

Hcnonp3oBanne MPEmIOKEHHON TEXHOJOTHH TIO3BOJIIET YIYYIIUTH SKOJOTHIO
OKpYXKAIOIIEed Cpelbl, YMEHBIIUTh pPAacXoJ HEAPOMAaTHYECKUX BBICOKOOKTAHOBBIX
KOMIIOHEHTOB ~ OeH3mHa. HeoOxomumo OTMETHUTh, YTO TPUMEHEHHE IpoIiecca
TPaHCATKWIMPOBAHUS MTO3BOJISIET BOBJIEKATh B COCTAB TAKMX O€H3MHOB IMPAKTUYECKH BECh
pudopmar 1 yCTaHOBJIICHHBIC HOBBIM CTaHAAPTOM TPEOOBaHUS JOKHBI OBITh BKIIFOUCHBI
BO BCE€ BHJIbl HOPMAaTHUBHBIX JOKYMEHTOB Ha O€H3HWHBI.

Jlureparypa

I'yceiinoa U.C., Mup3oesa JIL.M., IOunycos C.I', I'yceitnoBa A.ll., Ampados P.A. AnkuiupoBanue
OeH30bHON (pakuuu OeH3WHA pUGOPMHUHIa Ha IEOJUTCOAEpIKAlleM Karainu3arope. [lporecchr
HepTexumun U HerenepepadoTku, 2008. Ne 3-4(35-36). C.208-213.

I'yceiinoBa A.Jl., Mupsoesa JI.M., I'yceitnoBa U.C., FOnycor C.I., Ampador P.A. IlomyueHue
9KOJIOTMYECKH YUCTHIX KOMITOHEHTOB aBTOMOOMIBbHBIX OCH3UHOB. A3epOaiikanckoe He(hTIHOE X035HCTBO.
2009. Ne10. C.51-55.

I'yceiitnoBa A.Jl., Mup3soesa JIL.M., I'ycerinoBa W.C., FOnycor C.I., Ampados P.A. HNzyueHwue
BO3MO)KHOCTEH CHM)KEHUS COJepKaHus OcH30ma B OcH3uHAX pudopmunra. AsepOaiimkanckoe HeTsiHOES
x03s1icTBO. 2010. Ne2. C.55-59.

Marysos I'JI. Pasutne texmonoruit pupopmuposanus ymiesonoponos C.-C ., s mpousBoncTsa
0a30BbIX KOMIIOHCHTOB aBTOMOOMJIbHBIX OCH3MHOB. [luccepraius kaHa. TexH. Hayk. Yda:YTHTVY,2010.
154c.

Kaprios C.A. KauecTBo aBTOMOOMJIBHBIX OCH3MHOB B CBET€ COBPEMEHHBIX O3KCIUTyaTal[HOHHBIX
tpeboBanuii. Hedrenepepadorka u nedrexumust. Ne 1, 2007, ¢.16-19.

Innovations and Technologies News Ne2(11)2011 www.InnovationsLine.com

21



Physics -
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Abstract
Main features of a scalar calibration method for an inertial instrument cluster consisting of gyroscopes
and accelerometers unit are viewed. The method allows to determine of biases, scale factor errors and
mounting misalignments of the sensors without applying special requirements for alignment of test
equipment and sensors alignment on the test equipment. But it requires sufficiently high accuracy of
measurement of the output signals of sensors: the algorithm works fine when the number of digits is at least
eight decimal places in normalized output signals of accelerometers.

Introduction

Usually gyroscopes and accelerometers making up an inertial instrument cluster are
calibrated by the rate transfer test [1], where the output signals from gyroscopes and
accelerometers are compared with the given reference input motion. For a reference input
motion, the rotation rate of the rate table @ for gyroscopes and gravity acceleration @
for accelerometers can be used. The major disadvantage of this method is its stringent
requirements to angular alignment of testing equipment.

There is also a scalar method of unit calibration used for gyroscopes and accelerometers
[2] based on a scalar reference input motion. For the gyroscopes in the Earth’s gravitational
field such scalar value is the Earth’s rotation rate €2, and for accelerometers — the value

of gravity vector g.
Scalar calibration method

Normally an inertial instrument cluster consists of a triad of single degree-of-freedom
gyroscopes Gy ,Gvy, G, and a triad of accelerometers Ay, Ay, A, that are mounted

to a vehicle with body frame Oxyz with orthogonal sensitivity axes, as shown on Figure 1.
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Figure 1. Inertial instrument cluster

Taking into consideration the errors of instruments (biases, scale-factor errors),
mounting misalignments of the gyroscopes and accelerometers, which cause cross-
coupling terms, and in-run random bias errors, the output signals may be expressed as
shown below:

= [ e, D e RN S BEEE (1)

U, B, 0 : SA+E,+M, | a WA
where UG( A)” is a set of output signals of gyroscopes (accelerometers),
0=|o.,0,,0, ]T - are applied turn rates acting along the principle axes of the vehicle,

a= ax,ay,aZ]T- are the accelerations acting about these same axes, Sg,5, - is a

diagonal matrix representing the scale factor of gyroscopes and accelerometers:

S, 0 0 S, 0 0
Sg=| 0 S, 0 [:S,=[0 5, 0
0 0 8. 0 0 S,
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BG( A)- is a three element vector representing the residual fixed biases,

WGaA)- is a three element vector representing the in-run random bias errors,

E - 1s a diagonal matrix representing the scale-factor errors of gyroscopes and
G(A) g P g gy P

accelerometers the same like SG »S A » Which elements are scale-factor errors, MG( A) -18

a skew symmetric matrix representing the mounting misalignments and cross-coupling

terms [3]:
0 szG — AxyG 0 szA - A o
Mg = _AyzG 0 Any . M, = —Ayz 0 AyxA
Azy -A_, 0 Azy -A,, 0

Here in notification of sz angle, the first index is shown that the unit is mounted on

ox axes and has been rotated about oz axes on A, angle.
Be noted that listed above linearized model (1) are present to closer for optical sensors
like ring laser and fiber optic gyroscopes. For the conventional gyroscopes and dynamical

tuned gyro, the above equations should be added to 3x 3 matrixes representing the
g-dependent bias coefficients and anis elastic coefficients.
Calibration is done on fixed foundation in the gravity field of Earth, hence will pass

from a special forces @ to the projections of gravity vector g and from the body turn

rate @ to Earth’s rate Q. Let’s divide every expression of output signal of accelerometer

on corresponding scale factor and vector’s module g (g = \/ gi + gi + gz2 ) and every

expression of output gyro signal on corresponding scale factor and vector’s module €2 (

Q=,/02+02+0?)

New denotations of dimensionless output signals and values of right parts will be as
follows:
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e SN Bi ., B _ M.
Ja 8 > Dja € ja Mja g
S;,& g S;,& S, S;,8
L T U T
g Sj Q’ J 9 >]g Sj Q’ g Sj >Ig Sj QO
G G G G

Here j =Xx,y,z,and also

_ e . _ AJ‘J’A(G) . _ YR .

*Za(g) e g P Va8 ’
*a06) X 4(6) Yace)
_ Yaue . _ Dae . _ AzxA(G)

Wa(g) >V gy >y ’
SyA{G) SZA(G} Z4e)

According to the scalar method of calibration, it is necessary to calculate the scalar
value of measuring vector and compare it to the known scalar value of measurable vector.

As far as gﬁ + g)% + gzz =1, and also ignoring values of the second order to the

trifle, for the triad of accelerometers will get

1
E(uia + u;a +u§6I —1)=

=(b,,tn)g, + (bya + nya)gy +(b,, +n_,)g, + 2
+ €8s +€,8,) + €8, +
+ (5xza - 5yza)gx§y + (5zya - 5xya )gxgz + (5yxa - 5zxa )gng'

For the triad of gyros analogically will get
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1
E(Hig +uig + uzzg -1)=
= (byy + nv,%_,,)ﬁJr E(OrE nyg)ﬁy + (b, + nzg)ﬁz 3

+e,,QF +e,, Q7 +e,Qf +

+ (04, =0, )20, +(5,, )Q,Q, +(8), — 0, )Q,Q,.

— é‘xyg

Hence, the difference between the scalar value of the normalized measurable vector
and his actual value that is equal to one, proportional to the errors of the inertial instrument
cluster. Coefficients in this dependence are the normalized values of measurable

acceleration g.,g,,8, for accelerometers and angular rate ﬁx,ﬁy,ﬁz for gyros,

their exponential orders and compositions.

18 unknown parameters should be found in equations (2) and (3). These 18 parameters
are distorted of the inertial instrument cluster output signals. Six of them are differences
of mounting misalignments angles of the devices.

To calibrate the inertial instrument cluster we should in the gravity field to turn around
the certain direction at fixed angles and in every position get the normalized output
signals. To solve the equations (2) and (3) it requires at least nine of the inertial instrument
cluster position, so number of tests should be more or equal of nine. The fact is that in
each one position of the inertial instrument cluster its output signals simultaneously
have been measuring either gyroscopes or accelerometers, so the minimum number of
positions in the two times less than the total number of required parameters.

Consider the equation (2) and (3) in matrix-block form:

S EETEEE T PP 4)

where u,, u, isa nx1 column vectors of the normalized inertial instrument cluster
output signals:
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2 2 2 2 2 2

(uxal = uyal t Uz 1) E(uxgl + z’lygl + uzgl 1)
o 2 15 2 2

u, = (uxa.'2 + uya2 T Uz 1) ] ug =2 (uxg2 + ung + uzgz 1)
2 2 2 2 2 2

7 e +uyan+uzan—l) 5 Uyen +uygn+uzgn—l)

G, Q2-isa nx9 matrixes of normalized projections of the acceleration g and turn

rate Q of dimension:

- - - T N R — —_
Exl gy] £21 &axl gyl &21 gxlgyl £x182 gylgzl
= = — =) 2 =) — = _—
G= Ex2 gy2 822 Ex2 gy2 8z2 nggyZ Ex28z2 gy2g22 :
= — - — =) — — SRR SR
_gxn Em 8Bzm Exn Eyn 8z ExnE€yn ExnEzm  Eyn8zn ]
A o) o) ray 02 ray ol e} o0 a0 |
Qxl le Qzl Qxl le Qzl QxIle Qxlgzl QyIQzl
— — — —2 — _— — — T
Q= QxZ QyZ QzZ QxZ Q QZZ QxZQyZ QxZQZZ QyZQZZ
ra) ray ray 2 o2 2 o0 a0 a0
L an Q yu an an Q yu an an Q yn anan Q yn an |
€,.€,-isa 9x1 column vectors of unknown parameters

[b th bya+nya’bza+nza’ xa- yavezavé‘xz 5yz 15 é‘xyav&yxa _é‘zxa]T

xa?s

g = |bug +115gobyg + 1y boy + e e S ~5, ,5% 8y B ~ Oy [

Solving the matrix equation (4) by least-squares method, we obtain:

_ : T : -1 : T -
e, G : 0] (G : 0 G : 0] u,
€, 0 : Q|0 : Q 0 : Qf |u,
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where U - is an estimating values of U, €, ég - is an estimating values of the unknown
parameters of inertial instrument cluster.

Thanks to the least squares method the results are smoothing, and as long as average
of distribution is equal to zero

Min j=Min, f=Min_}=0,
then estimated values éa ,€, will not have a random noise.
Let us consider the matrix elements of the normalized projections of the acceleration
g and turn rate Q). We shall define the orientation of the inertial instrument cluster on
the local geographic navigation axes 0£n¢ by Euler-Krylov angles @, 3,7 .

The transition from the coordinate system o0&l to oxyzis determined by the
direction cosine matrix

an; 42 93

az; dzp ds3z

—

For the stationary base, the components @ and ) on axis 0xyz in matrix form
appears as follows:

g, 0 Q. 0
g, |=Al 0| Q, |=AlQcosg |, (7)
g. -g Q. Qsin @

here @ - is a latitude.
Using the matrix equations (7), we can obtain normalized projections of acceleration

g and angular speed Q:

g, =—a3; Q. =ay,cos @ + a5 sin @;
g, = —ay; Q,, = ay, cos ¢ + a3 sin @; (8)
g, = ~a33; Q, = ay, cos p+az3sin .

Innovations and Technologies News Ne2(11)2011 www.InnovationsLine.com

28



Physics -

Consequently, the solution of equation (5) - implementation of computational
procedures with matrices, as transposition, multiplication and inversion is mainly with

the elements of the direction cosines matrix A . Moreover, if for accelerometers latitude
location does not affect the calculation of their errors, then for gyroscope, this effect is
important.

Since, changing angles of rotation «;,f3;,7,;(i =1,n) inertial instrument cluster

respectively to the local geographic navigation axes0&n¢ , measuring and normalizing
the output signals of the inertial instrument cluster, a pre-computed elements of the
direction cosines matrix, you can determine the inertial instrument cluster errors with help

of the direction cosines matrix. Note that with increasing number of tests 7(#,,;, =9)
there are smoothed results.

Simulations results

To test the algorithm of scalar calibration the output signals of accelerometers triad
were simulated with the following normalized values:

S TRES W [ TP (e Y B (1
4 _ 4. _ 4. _ —4.
T RH (1 et RS Ja (1 T RED S [t It I [

XZ,

8, =2-10 %6, =-2-10 %

Figures 2 are shown the absolute value of relative error of the biases depending from
the number of digits after the decimal point in the output signals of accelerometers.

Delta

120
1
80
40
N,
9 3 ¥
6 7 8 9 N
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Figure 2. The dependence of the absolute value of the relative error of the biases from
the number of digits after the decimal point in the output signals of accelerometers. Here
curves 1,2,3 correspond to the relative determining error by, by, b, inpercents.

Note that the plots of the absolute value of relative error in determining the scale
factors €ya, €xa, €za  and differences of the angles of nonorthogonality from the

6xza - 5yza ’ 5yx 5zxa’ 5yx
output signals of accelerometers are qualitatively similar form to Figure 2.

It is obvious that the algorithm works fine when the number of digits is at least eight
decimal places in output signals of accelerometers.

In addition, it should be noted that in dealing with the matrix equation (5) it could be
singular matrix. To solve this problem, the angles of rotation of the triad of accelerometers

P 0 5xya number of digits after the decimal point in the

should be different, such angles & could change from 0°to 360 °by step of 40°, angles

f - from 0°to 80° by step of 107, and angles ¥ also could change from 0°to 360 by
step of 40°.

Conclusions

Thus, the scalar method of calibration for gyroscopes and accelerometers has both
positive and negative features:
» it does not require to firmly “tie” the rate table axes to the inertial instrument cluster
axes;
* one set of rotations in principle allows to calibrate a triad of accelerometers and a
triad of gyroscopes;
« alignment errors of the gyroscopes and accelerometers (nonorthogonality angles) are
linked in pairs, although the customers are interested in their individual values;
+ it requires sufficiently high accuracy of measurement of the normalized output
signals of sensors;
* the singular matrix problem may arise in the calculations.
However, as practical experience shows, these problems in principle can be resolved.
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Abstract
Influence of alloying, modifying, complex treatment of fusion and a set of technological operations on
tensile strength, corrosive resistance and weldability of AK9 type and AK8M3 type aluminium alloys was
investigated. It was stated that application of the above mentioned operations positively affects on tensile
strength, corrosive resistance and weldability of these alloys. This conclusion allows recommending these
alloys to be used as a construction material for the production of bimetallic and combined vessels for
storing hydrogen.

It is known that vessels of storing hydrogen that made of steel are exposed to «hydrogen
degradation» that is revealed as an influence of hydrogen on durability and constructive
integrity, leads to environmental leaks of hydrogen and reduced reliability of vessels.

Aluminium alloys are not subject to «Hydrogen degradation», because they are
characterized by minimal diffusion rate at usual temperature, sufficient leaktightness and
corrosive resistance in moderately acidic environment.

However durability of castings aluminium alloys is worse than durability of austenitic
class steel that, eventually, limits their applicability for hydrogen storing vessels at high
pressure.

The task to reveal the applicability of casting aluminium alloys as a construction
material for hydrogen-storing vessels at the pressure of 10-15 MPa was formulated in this
paper. To this end influence of alloying and modifying of the Al-Si-Mg system casting
aluminium alloys, their hydrogen, out-of-furnace and the special treatments to improve
mechanical durability, corrosive resistance and weldability of tested specimens were
investigated.

AKO type and AK8M3 type experimental alloys were selected as an object for the
investigation. AK9 type alloy has such chemical composition (%): 8,1 of Si; 1,4 of Mg;
0,25 of Mn; 0,15 of Ti; 0,1 of Zr; 0,1 of Be; <0,6 of Fe and the rest is aluminium. Unlike
AKO type alloy, AK8M3 type is characterized by higher content of copper and beryllium
and has such chemical composition (%): 8,1 of Si; 3,5 of Cu; 1,5 of Mg; 0,25 of Mn;
0,12 0f Ti; 0,12 of Zr; 0,15 0f Be; <0,6 of Fe and the rest is aluminium. Alloys were
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smelted in a resistance-heated furnace SShOL-1,6/12-M3 using of raw primary materials.
Alloying additives of copper, manganese and titan were added into fusion of aluminium
and silumin at the temperature 1003 +10 K as twin ligatures, whilst magnesium — by
the additive of metallic magnesium of type Mg90. After dissolution of the above listed
alloying additions the fusion at the temperature of 1013 + 10 K was exposed to hydrogen
treatment during 3-5 minutes by water steam and the LaAlH, compound in an amount of
0,25 % of the total mass of fusion. After 10 minutes delay, a ceramic crucible placed into
a thermostat was filled up with the fusion. Then, the fusion was exposed to out-of-furnace
treatment with the combined modifier (2,4 %) with such chemical composition (%): 16-
18 of fluoride-zirconium potassium, 2,0-2,2 of metallic boron and 80-82 of powdered
aluminium-beryllium ligatures [1]. After this, the fusion at the temperature of 1003 + 10
K was placed in a metallic casting mold produce experimental specimens in accordance
with GOST 1583-89 in order to determine their tensile strength and explore corrosive
resistance of these alloys.

Chemical composition of the alloys was determined by the MFS-8 emission spectrum
analysis system in accordance with GOST 7727-81. Mechanical tests of regular specimens
of the alloys were conducted by the FP 100/1 tensile tester.

Exploration of corrosive resistance was conducted on specimens of 18 mm of diameter
and 4 mm of thickness, which were mechanically preprocessed, polished and finished.
Experimental specimens were explored on corrosive resistance following the standard
method (GOST 9. 021-74) during 24 hours at the temperature of 298 K in moderately
acidic environment: 3 % NaCl + 1 % HCI.

Weldability of the alloys was researched at five times zooming of specimens intended
for mechanical tests after their destruction and subsequent connection by means of argon-
are welding.

AKO9 type and AK8M3 type aluminium alloys were not occasionally selected. The
selection was made because they belong to a set of impermeable castings silumins
with good casting abilities. That’s because they content a plenty of eutectics and has
a short crystallization interval [2]. Taking into account the results of previous research
[3], where was indicated insufficient durability and, especially, weldability of the Al-Si-
Mg system alloys, AK9 type and AK8M3 type have already contained greater amount
of alloying elements. This fact allows improving their machineability. With increasing
of alloying elements content, especially Cu, Mn, Ti and other additions, in complex-
alloying aluminium alloys, the diffusive mobility of hydrogen, which is accompanied by
decreasing of diffusion rate, is slowing [4]. On the one hand, it’s important for usage of
these alloys as a construction material for hydrogen-storing vessels, of the other hand,
greater content of copper in AK8M3 type alloy follows to worse corrosive resistance
capability of cast blanks and extension of crystalline connectivity. Active treatment
methods and a set of technological operations were applied on liquid metal in order to
improve corrosive resistance and machineability of the alloys.
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Influence of complex treatment and a set of technological operations on durability and
corrosive resistance of these alloys are presented in table 1.

Applying of complex treatments, including hydrogen and out-of-furnace ones, on the
fusion by the combined modifier follow to improvement of durability of these alloys up
to 22-26 %. It is explained by the fact that in the process of hydrogen treatment with the
LaAlH, compound that dissociates with formation of lanthanum and atomic hydrogen [5],
which can execute both refining and modifying function [6]. Lanthanum, as an alloying
element, consolidates a-solid solution [1]. Zirconium and metal boron, introduced into
the fusion as effective modifiers, and beryllium, introduced at out-of-furnace treatment
stage of liquid metal, lead to further alloying of a-solid solution, grinding down of
structural components and even distributing of eutectic and intermetallic compounds in
an aluminium matrix [1]. Applying of heat treatment with TS mode increases the manner
of durability of these alloys.

Table 1.

Influence of complex treatment and a set of technological operations on durability
and corrosive resistance of AK9 type and AK8M3 type alloys.

Alloy type Treatment type Tensile strength, Corrosive resistance, Am,
op, MPa g/m*h
AKO9 type baseline 215 5,2
AKSM3 type baseline 245 6,2
AKS9 type hydrogen + out-of-furnace 270 2,6
AKSM3 type hydrogen + out-of-furnace 298 4,5
AKS9 type hydrogen + out-of-furnace + heat 318 2.4
treatment 15
AKS8M3 type hydrogen + out-of-furnace + heat 350 3.8
treatment 15
AKS8M3 type | hydrogen + out-of-furnace + graded - 3,2
hardening + plastic deformation
(5 %) + artificial graded ageing
AKS8M3 type the above + surface of specimen - 2,75
polishing

Corrosive resistance of these alloys, with the conduction of a set of technological
operations, is being increased all time that is proven by decreasing of loss of the mass
of specimens after they have been tested. Increased dispersion of structure and the
presence of beryllium as a surface-active element, which forms protective skin around
silicium-phase and intermetallic inclusions, are ending to this feature. The presence of
stable cathode 6-phase (CuAl,) in AK8M3 type alloy is reducing its corrosive resistance
to some extent as compared with AK9 type alloy where this phase is absent. The
combination of dispersion hardening and plastic deformation, which is accompanied with
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the compression of specimens and formation of dispersion 0-phase (metastable phase)
with less electronegative potential than for stable 6-phase, results in reducing of potential
difference between dendrite of a-solid solution and the given phase. This prevents rising
of intercrystalline corrosion of AK8M3 type alloy [2]. Usage AK8M3 type alloy for
hydrogen-storing vessels as a constructive material without increase.

Polishing of specimens by water emulsion of chrome oxide decreases their surface
roughness. This leads to the reduction of the probability of «corrosive ditches» formation
and increasing of their corrosive resistance.

The results of weldability investigation of specimens made of AK9 type and AKS§M3
type alloys are presented in table 2.

It’s possible to see that durability of welded connections of experimental specimens,
made of AK9 type and AK8M3 type alloys, where 1201 type alloy welding wire was used
as an electrode, is featured by significant reduction of (by 20-25 %) as compared with
baseline alloys with appearance of crystallization cracks in AK9 alloy.

Technology

Table 2.

Characteristics of the welded connections of AK9 type and AK8M3 type alloys.

Material Type of State of core Tensile strength, Relative Quality of the
electrode metal og, MPa elongation, 3, % welded
connections
AKS8M3 type - T5 352 4,5 -
AKDO type - T5 300 1.8 -
welded
connection of welding wire TS 287 5,5 cracks absent
AKS8M3 type 1201
alloy
welded
connection of welding wire T5 230 2.4 cracks in 50 %
AK9 type 1201 of specimens
alloy
welded made of tempering- 290 5,6 cracks absent
connection of AK8M3 type 573 K, self-
AKS8MS3 type alloy control is 1 hour
alloy
welded
connection of made of AK9 tempering- cracks in 15 %
AK8MS3 type type alloy 573 K, self- 242 2,0 of specimens
alloy control is 1 hour

Usage of welding electrodes, made baseline alloys, and preliminary tempering at the
temperature of 573 K with self-control within approximately 60 minutes promotes the
quality of welded connections. Slow cooling of the welded connections in asbestos fabric
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reduces the appearance of hot crystallization cracks in AK9 type alloy in 3 times, while in
AKS8M3 type alloy cracks do not appear at all.

Consequently, the improvement of characteristics of these alloys makes it possible to
use them as construction material for making hydrogen-storing vessels, which work at the
pressure of 10-15 MPa.

Bibliography

1 Chernega D.F., Kud P.D., Ivanchenko D.V. Casting aluminium alloy for hydrogen-storage vessels. //
Scientific reports NTUU «KPI», 2010.-Ne 1.- Page. 125 - 130.

2 Belov A.F., Dobatkin V.I., Kvasov F. I. The industrial aluminium alloys. Reference book.- M.:
Metallurgy, 1984.- 528 pages.

3 Chernega D.F., Sorochenko V.F., Kud P.D. Influence of complex treatment of fusion on a structure and
mechanical properties of AK9 type alloy. // Processes of casting. 2009.- Ne 6.- Page. 12 - 16.

4 Chernega D.F., Byalik O.M., Ivanchuk D.F. and other. Gases are in the nonferrous metals and alloys.-
M.: Metallurgy, 1982.- 176 pages.

5 Antonova M.M. Properties of hydrides of metals. Reference book.- Kiev: Scientific thought, 1975.-
128 pages.

6 Afanas’ev V.K., Popova M. V., Prudnikov A.N. Hydrogen is an alloying element of aluminium alloys.
// Reports of institutes. Black metallurgy, 2005.- Ne 6.- Page. 36 - 40.

Innovations and Technologies News Ne2(11)2011 www.InnovationsLine.com

35



Technology .

ESTIMATION OF RELIABILITY OF CONDENSATION
UNITS IN PLUNGER OF PUMPS ON THE BASIS OF THE
PROBABILITY-PHYSICAL APPROACH TO OF WEAR PROCESS

Professor I.A.Habibov, Doctor of sciences, V.Sh.Huseynova, engineer
Azerbaijan State Oil Academy, Baku, Azadliq str. 20, Az1010, Azerbaijan
E-mail: h.ibo@mail.ru, vh74@mail.ru, tel.: +994502164887, +994124986539

Abstract
Wear process of condensation units in plunger oil-field pumps is considered as continuous Markof
process with monotonous realizations to which there corresponds diffusion monotonous (DM) distribution.
For an estimation of parameters of it distribution iterative procedure which rather quickly converges to
exact values of parameters is offered.

Introduction

One of peculiarities in operation of oil-field pumps is rather low level of service life of
their hydraulic part. Plunger pair and sealing cuff while in service are exposed to intensive
deterioration that promotes a premature stop of pump installation with the subsequent
replacement of these details and units and to increase in expenses of time at repair.

Piston and plunger pumps of a high pressure are applied in drilling wells, at various
influences on borehole zone of layers, clearing of wells and some other works. In the majority
of'the listed technological operations a details of a hydraulic part of pumps are exposed to wear
process by an abrasive layer (pistons, plungers, cylinder cartridges, rods) and to percussion -
abrasive wear process (breech blocks and saddles of the valve). In this connection important
value is given to selection of condensation units’ construction in pumps [1].

Usually at research of reliability of separate details of pumps for refusal of a detail the
size of its deterioration is accepted and the elementary model of linear deterioration [2]
is used

n(t)= ot +p,
where o — speed of wear process, B - initial value of deterioration: = n(O).
Random variations of value o reflect distinction of initial properties of the object

providing various speeds of deterioration.

In the assumption, as atand B - the independent random variables, submitting to
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normal distribution (and therefore, T](t) has normal distribution), receive distribution of
operating time T as Bernshtein’s well-known dispersive distribution [3]. So, in work [4]

with the help of Bernshtein’s distribution it is received wear resistance of the piston
pump’s rods by results of their bench tests. At this time presence (before infringement of
tightness in interfaces and transition in a state of catastrophic wear process) the established
rectilinear site of a curve of wear process of a detail in time with differing speeds of wear
process of the samples, dependent on initial quality of their manufacturing and assembly
is supposed.

Suppose, that distribution of random values o also [3 submit to the normal law,

proceed from the following habitual reasons. Values o also [ are the sum of the big

number N items, each of which is a component of the speed, arising under influence of
any one physical process (abrasive, fatigue, oxidizing and others wears). If all items have
the identical order it is possible to accept, that their sum it will be good to follow the
normal law. Thus central limiting theorem (IIIIT) of the theory of probability which is

validity at enough large number N — o0 of items, in essence, is used. For final N the

statement of this theorem can and not be carried out.

The analysis of works under the theory of reliability [5] shows, that use of normal
distribution in theoretical models of distribution of an operating time is one of the reasons of
the unsatisfactory decision of reliability’s tasks for mechanical objects (details of machines
and systems). However investigators use in the given appendix normal distribution from
considerations of calculation convenience (simplicity of formular expressions) with the
subsequent essential methodical errors in an estimation of reliability’s required parameters.

In case of small values of sizes asymmetry and an excess of statistical density of
distribution, i.e. at small deviations of a statistical curve of distribution from normal type,
enough effective estimations of non-failure operation and reliability of condensation units
oil-field pumps can be received (see [6, 7]) with use of a perturbation function method
offered by S.N.Bernshtejn [3].

Forincrease inservice life ofahydraulic partin pumps we had been carried out researches
at the choice of a material for sealing cuffs and circuits of their accommodation. As one
of kinds of a material the composition on a basis ftoroplast marks FT4A (TNAT 6-05-
1995-85) and graphite I'K-1 (GOST 17022-81), made according to the recommendation
[8], and also configuration sealing cuffs from ftoroplast FT4A with composite material
(SKN4O+SKEPT60+PVCH10) was used. Materials of used compositions, circuits of

Innovations and Technologies News Ne2(11)2011 www.InnovationsLine.com

37



Technology -

accommodation of sealing cuffs and corresponding values of a time between failures are
resulted in tab. 1 of the given work.

Research of reliability of considered kinds of sealing units is lead in the present
work on a basis diffusion monotonous distribution (DM - distributions) the refusals,
recommended by standards [9-11] as theoretical model of distribution of an operating
time to refusal. The given model represents a probability-physical method of the
description continuous Markof process of deterioration with monotonous realizations.
As shown in [5], mathematical models of processes of degradation as continuous Markof
processes with monotonous and no monotonic realizations to which correspond diffusion
monotonous distribution (DM - distribution) and diffusion no monotonic distribution
(DN - distribution), are more adequate for random processes of destruction, than used
in [2] as model of refusals idealized linear fan process. Diffusion distributions in a new
technology of research of reliability for technical systems, independ of type of products
(electronic or mechanical) [12].

A probability-physical research method of reliability of machines and
equipments on a basis diffusion distributions.

The probability-physical approach to research of reliability of machines and equipments
is based on use of distribution laws for refusals (models of reliability), following from
the analysis of physical processes of degradation and bringing to refusal. Thus physical
processes of degradation are considered as random processes. This approach directly
establishes connection of probability for achievement of a marginal level by physical
determining parameter, i.e. connects value of probability of refusal and the physical
parameter causing refusal. Distribution of refusals (distribution of an operating time
to refusals) which parameters have concrete physical interpretation, as against strict
probability distributions (models) of refusals (exponential, Veybulla, logarifmic normal,
etc.), it is accepted to name distribution of refusals by probability -physical distribution
(model) of refusals [13, 14].

In [9, 12] the detailed comparative analysis of existing circuits of formalization of
probability-physical models of refusals is given. Thus four circuits of formalization
are considered: 1) fan random process to which there corresponds alpha - distribution;
2) “strongly hashed” Gauss process to which there corresponds normal parametrical
distribution; 3) continuous markof process with monotonous realizations to which
corresponds diffusion monotonous distribution (DM - distribution); 4) continuous markof
process with nonmonotonic realizations to which corresponds diffusion nonmonotonic
distribution (DN - distribution).

In [9, 13] also it is shown, that diffusion distributions (DM and DN) are more flexible
functions better leveling the skilled data in comparison with known two-parametrical is
strict probability models (Veybulla, logarifmic normal, gamma - distribution, etc.), and
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also in comparison with normal parametrical and alpha - distribution. Besides diffusion
distributions are represented by rather simple functions having simple expressions for
various estimations of the parameters, and also for all basic parameters of reliability.

Diffusion distributions as probability -physical models of reliability have the big
advantage before strict probability models that their parameters can be estimated as
on the basis of refusals statistics (in this case they are considered as strictly probability
models), and on the basis of the analysis of statistical characteristics of the physical
process bringing to refusal, and also at jointly use of statistical information on both types.
The major factor promoting the decision of various of reliability’s tasks at use diffusion
distributions is that the form parameter of these distributions represents the generalized
characteristic of investigated mutually reversible processes (process of destruction and
distribution of an ope_@lfé_lg time) - factor of a variation. And the factor of a variation
as the generalized characteristic with sufficient accuracy for engineering practice can
be estimated a priori on the basis of numerous researches as processes of destructions
(durability, weariness, wear process, etc.), and the statistical data on refusals under tests
and exploits of products - analogues.

An estimation of reliability of units of plunger pumps condensation units with
use diffusion monotonous distribution.

Among the reasons of refusals of condensation units in pump installations the
important place occupies ageing of system. In the course of time materials of which
elements and connections of condensation system are made, undergo irreversible changes.
These changes are generated by corrosion, deterioration, accumulation of deformations
and weariness, diffusion of one material in another, etc. These processes are imposed,
cooperate and finally cause change of work characters.

That system as a whole and her elements were efficient, work characters of them should
lay in some limits determined by a system’s kind and designated purpose. When the work
characters leave for the set limits, the element (system) starts to work unsatisfactorily,
and it is qualified as refusal. Generally the work characters under influence of ageing
can change nonmonotonicly, however in most cases it varies monotonously. The further
reasonings will be based on the assumption of monotonous character of change of work
characters of pump installation’s condensation unit. This assumption is much wider

accepted in [2] assumptions about linear fan character of change of work characters 7(7)
and enables to use as model of refusals diffusion monotonous (DM) distribution.

For test of samples condensation unit we shall accept 3 circuits: 1) the unit of
condensation will consist only from FT4A, and each package will consist of 4 cuffs
V - figurative type; 2) the unit of condensation is made from FT4 and rubbers of
mark IRP- 1293; 3) the unit of condensation will consist of configuration FT4 and
SKN40+SKEPT60+PVC10.
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For each chosen circuit 10 complete sets were exposed to test. The statistics of refusals
of pump installations under each chosen circuit of units of condensation is resulted in tab. 1.

Table 1.
A material of Value of operating tike for group of condensations
The circuits of condensation
condensation cuffs 1 2 3 4 5 6 7 8 9 10
' Ftoroplast
FT4A with 34 | 352310 | 36 | 340 | 37 | 37 | 35| 36 | 371
the 0 1 0 2 0 6
maintenance
of 10% of
graphite
Ftoroplast 29 | 295 270 | 30 | 295| 29 | 30 | 26 | 28 | 277
and rubber 0 1 3 0 0 0
Ftoroplast
FT4A and 32 | 374 380 | 35 |380| 37 | 38 | 40 | 39 | 400
SKN40+SKE | 6 0 9 5 1 2
PT
60+PVC10

Methodology of an establishment of quantity indicators of objects’ reliability on the
basis of the statistical data on refusals at tests or while in exploit provide acceptance of
this or that theoretical model of refusals (function of distribution of an operating time to
refusal or on refusal) and definition of parameters of this of distribution function.

Let’s accept as theoretical function for distribution of an operating time to refusal of
pump installation’s condensation unit diffusion monotonous (DM) distribution. Integral
function of this distribution has the following simple expression

F(t) = DM (t, 1,v) = 0( ”J (1)
VA Lt

where O

1 z

\/2_ _[ exp(— —]dx - the normalized normal distribution; L — the
7[ —00

parameter of scale consider us to a distribution’s median of a random variable t; v —
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parameter of the distribution’s form for a random variable {, the representing factor of a

variation; [ - an operating time to refusal.

We shall estimate parameters DM - distributions separately for each of three circuits
of condensation on the basis of the statistical data on its refusals at the plan of full tests
(the plan [NUN]) (N=10 tests), submitted in the corresponding line of tab. 1. The most
widespread and effective from the theoretical point of view a method of definition of
a sample estimation of parameters distribution’s parameters is the method of maximal
plausibility (MP).

The given method, as is known, possesses the important advantages: it always results
in well — off estimations (which efficiency grows with increase in volume of sample),
having the least possible dispersion and in the best way using the information on the
unknown parameter, contained in sample.

MP- estimations for distribution’s parameters are received from function of the
maximal plausibility

L= ﬁ f,(t; ), )

i=1

where t,,t,,...,t,, - operating time to refusal (N -number of the samples put on test);

N

f y (t .y u,v) - density of probabilities of DM - distributions:

(n+t) (u-t)*
f(tuv)=——""—_ex 3)
u(tiu) 2vt, 2nut 2viut
Taking the logarithm equality (2), with the account (3), we shall receive
N N N N (lvl t)
InL =>In(u+t)-NInv——Inu-> 2t .\/2n
2inlu+t) 2 “E(' )Ezvut
4)
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The maximum of function (4) is finded from the decision of system of the
equations

aénL _0,
GI:L ®
=0.
ov

In designations

N 417 N 1 N
0= N[Zz(wt,) } G= N(Zt, ) S= ot
i=1 i=1 i=1
(6)
the first equation of system (5) will be written down as
Va0 —12G " — v+ S=0, 7)
And the second - as
2+v2—pG‘1—§:0. (8)
1)

Thus, MP - estimations ]I,V of parameters W,V are determined from the decision of

the following system of the equations

VRO -G -[iV’ + S=0, o
24V _[G'-fi"-S=0.
From the second equation of system (9) we find
VE=HG'+1'S-2 (10)
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Having made replacement V? in the first equation, we shall receive a quadratic
concerning parameter [l :
2 -20(G+0)+20G+GS=0.
The unique decision of last equation under condition of G<U < S results in

expression of MP - estimations [1 of parameter L.

Thus, MP - estimations of DM — distribution’s parameters following from the decision
of system (9) have the following kind [15]:

N=G+0-(G°-SG+0?)”, (11)
V=[G +1"S-2)". (12)
Inwork [16] the simplified well-off estimation for scall’s parameter of DM - distributions
Ti=(SG)” (13)
Is offered.

Also it is marked, that at enough large N (more than 100) estimations (11) and (13)

practically coincide.

We shall notice, that by virtue of first of designations (6) 0 = e(u) and at substitution

in the equation (11) instead of O a corresponding estimation

0=6(f)= N[zg(m +t, )1} (14)
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the system of the nonlinear equations concerning unknown persons [,V will turn

out:

n=G+6(1)-(G*-SG+6%(1)) ",

V=G +1"S-2)" >
For solving the system (15) it is possible to apply iterative procedure

i, =G+6(,,)- (6" -G+, )", y

v, =[G +7i,'s-2)" .0 =1.2..) e
having taken for initial values of calculated parameters

i, =(S6)"%,9, =([7,G" +7,'S-2)"". (17)

Let’s make calculation of parameters 4V for the first circuit of condensation, sample
of values of an operating time to which refusal is submitted by a variational series (see to
tab. 1):

310, 340, 350, 352, 361, 366, 370, 371, 372.

From two last formulas (6) we find G =35248.S =3532

From formulas (17) we find 1, =3528. VO =0,043

Let’s calculate 0, = o(f, ): 6, = 35456
From formulas (16) at N =1 we find FL1 =352798. 71 =0,044

So, after the first iteration of procedure (16) we have ﬁ1 ~ 3528, V1 =0,044 to

within the second and third sign accordingly. More exact values can be received, applying
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this procedure for N=2,3,...

Estimations 1,V for the second and third circuit of condensation are finded similarly.

So, for the second circuit we have a variational series of an operating time to refusal
(tab.1):
260, 270, 277, 280, 285, 290, 293, 295, 300, 301

Then G=28452, S=2851, fi, =28481, v, =0,0448 0, =28482,

i, = 284809, ¥, = 0,0447.

So, after the first iteration we have [l = 284,81 and V = 0,045 to within the

second and third sign accordingly.
For the third circuit of condensation a variational series of operating time to
refusal looks like:
326, 350, 374, 379, 380, 380, 385,392, 400, 401

Parameters G and S in this case have the following values G = 37535, S = 367,7

,,=37602, ¥, = 0,059, 6, = 376047, fi, = 376,02.

So here it is possible to accept [T = 376,02 and V = 0,059 to within the second and

third sign accordingly.
Thus, for considered three circuits of condensation integral functions of distribution
will be written down accordingly as:

t - 35280
F(t)=a : 18,
© [0,04 35280-t) )
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F(t):q)[ t— 28481 J as)

0,045,/284,81-t

F(t)= q)( t—376,02 J as)

0,059y376,02-t

As the maximal operating time to refusal under the second circuit is equal 301 h., it is

natural to compare values of function of reliability 1— F (t) of considered three circuits

at t =300h.

For the first circuit we shall have:

300-3528

0,044,/3528-300

1- F(300)=1- cp[ j =1-d(-3,69)=D(369)=0,99989;

for the second circuit:

300- 284,81

0,045,284,81-300

and at last, for the third circuit:

1- F(300)=1- q{ ]: 1-®(1,15)= 0,12507

=1-®(-5,03) = ®(5,03) = 0,99997.

1-F(300)=1- q{ 300-376,02 J

0,059 -4/376,02-300

From here follows, that more reliable is the third circuit of condensation. At calculation of

function of standard normal distribution CI)(X ) the table A.1 from Appendices [17] was used.
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The conclusion

1. For work characters of serviceability of machines details and equipments speed of
wear process usually is accepted and the elementary model with linear dependence of

speed of deterioration on time n(t) = ot + Bis used. Besides believe, that factors o and
[ this model are independent normal random variables. Such assumptions are made for

convenience of calculation and can lead to essential methodical errors in an estimation of
reliability’s parameters.

2. In the assumption monotonous (not necessarily linear) character of change of
work characters with use as model of refusals diffusion monotonous (DM) distributions it
is possible to estimate reliability’s function of each separate circuit of pump installation’s
condensation and to choose the best circuit on the greatest value of reliability’s function
for the considered period of time.

3. Diffusion monotonous distribution is represented by rather simple function
(standard normal distribution), having simple expressions for estimations of the parameters.
The offered in this work iterative procedure for estimation of the given distribution’s
parameters is rather fast (practically for 2-3 steps) convergence to limiting values.

4. DM - distribution is more flexible function better leveling the skilled data, in
comparison with known two-parametrical is strict probability models (Veybulla,
logarithmic normal, gamma-distribution and etc), and also in comparison with normal
parametrical and the alpha - distribution corresponding to linear fun process, determined
by linear model of deterioration.

5. Continuous markof process with monotonous realizations to which corresponds
DM - distribution, is one of circuits of formalization of probability-physical models of the
refusals resulting in increase of accuracy of estimations of reliability’s parameters and
decrease of expenses for reability’s research irrespective of type of products (mechanical
or electronic).
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Agriculture

Influence oflong-term increase of air temperature onto a photosynthetic apparatus
capacity and yield of contrasting winter wheat varieties, Galina A. Priadkina, PhD,
Institute of Plant Physiology and Genetics, National Academy of Sciences of Ukraine,

Vasilkivs’ka str., 31/17, 03022 Kyiv-022, Ukraine, e-mail: pryadk@yandex.ru

The changes of photosynthetic parameters - chlorophyll content in leaves, leaf area index (LAI) and
chlorophyll index (Chl I) - and grain productivity of 2 contrasting varieties of winter wheat (high-yielding
variety Favoritka and low-yielding one Mironovskaya 808) were investigated. The studied photosynthetic
apparatus components differently respond to prolonged elevated temperatures. LAI was more determined
from the temperature increase, chlorophyll content and yield greatly dependent from genotypic features of
varieties. The greater size of assimilating surface during grain maturation of high-yielding cultivar allowed
to higher, compared with low-yielding one, grain productivity in conditions heightened air temperature.

Innovations and Technologies News, Nr.1(10), 2011, Latvia

Biological Sciences

The investigation of free-radical oxidative reactions participation in development
of phytotoxic action of graminicides, Yevgen Morderer, Mariya Palanytsya, Olena
Rodzewich, Institute of Plant Physiology and Genetics (IPPG), Ukraine National Academy
of Sciences (NASU), Department of Physiological Action of Herbicides, Vasylkivska
street 31/17, 03022, Kiev, Ukraine, corresponding author’s E-mail: emorderer@mail.ru

Herbicides that inhibit acetyl-CoA-carboxylase (ACC) form a group of so called graminicides due to
their ability to selectively control weeds from Gramineae family and are commercially the most promising
in group of herbicides. However, essential disadvantage of graminicides is reduction in effectiveness at
unfavourable weather conditions, as well as antagonistic interaction with herbicides, effective against
dicot weeds. It should be noted that antagonistic reduction in graminicide phytotoxicity is not caused by
alterations in their uptake, translocations, metabolism or ACC inhibition. Therefore, final graminicide
phytotoxicity is not exclusively determined by inhibiting action in the site of action, but depends upon
subsequent course of herbicide-induced pathogenesis. Effect of haloxyfop-R-metyl (HF) on reaction of
lipids peroxidation (LP) meristems of maize ( Zea mays L.) roots was investigated. The effect of well-known
antagonist for graminicides 2,4-D and free radical scavenger tocopherol - in development of phytotoxic
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action of graminicides was studied. It was established that primary products of LP - lipid hydroperoxides
(LOOHSs) and the end products of these reactions — TBA-active substances (TBA-RS) did not increase
under HF action. In contrast to leaves of old plants, meristems have showed increase of unsaturated fatty
acids in integral lipids. Thus, the necrosis of maize meristems was not accompanied with intensification of
peroxidation reactions of integral lipids. When tocopherol and 2,4-D were used with HF, they decreased
the appearance of necrosis. On the basis of aggregate data, we offer the hypothesis about the participate
of oxidative stress in the development of phytotoxic action of graminicides. In our opinion, the changes
in unsaturated fatty acids can be a signal that activates the secondary signal system of the plants, and, in
turn, leads to the induction of programmed cell death. In this context the possible role of plants NADPH-
oxidase and lipoxygenase signal systems in development of pathogenesis, induced by graminicides, is

discussed.

Ukrainian Journal «Physiology and Biochemistry of cultivated plants», Nr.1, 2008,
Institute of Plant Physiology and Genetics, Ukraine.

The generation of reactive oxygen species under the action of graminicides and
modifiers of their phytotoxicity, Mariya Palanytsya, Yevgen Morderer, Valentina
Trach, Olena Rodzewich, Institute of Plant Physiology and Genetics (IPPG), Ukraine
National Academy of Sciences (NASU), Department of Physiological Action of
Herbicides, Vasylkivska street 31/17, 03022, Kiev, Ukraine, corresponding author’s
E-mail: emorderer@mail.ru

Effect of haloxyfop-R-metyl (HF) and their modifiers on induction of necrosis and generation of
reactive oxygen species (ROS) in meristems of maize ( Zea mays L.) roots was investigated. Antioxidants
tocopherol and ionol decreased and hydrogen peroxide (HP) increased necrosis in meristems, induced by
herbicide HF. During HF action the short-term generation of HP and prolonged production of superoxide
radical (SOR) was observed. ROS generation increased under exogenous effect of HP and decreased under
the effect of antioxidants. When ionol was used with HF, the generation of ROS decreased. In contrast,
under the effect of HF with HP the generation of SOR and endogenous HP increased. The conclusion about

participation of ROS in the development of the pathogenesis induced by graminicides was made.

Ukrainian Journal «Physiology and Biochemistry of cultivated plants», Nr.4, 2009,
Institute of Plant Physiology and Genetics, Ukraine.
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The possible participation of reactive oxygen species in the development of
graminicides phytotoxic action, Mariya Palanytsya, Yevgen Morderer, Valentina
Trach, Olena Rodzewich, Institute of Plant Physiology and Genetics (IPPG), Ukraine
National Academy of Sciences (NASU), Department of Physiological Action of
Herbicides, Vasylkivska street 31/17, 03022, Kiev, Ukraine, corresponding author’s
E-mail: emorderer@mail.ru

It was established, that the appearance of necrosis, induced under the effect of haloxyfop-R-metyl
(HF) in meristems of maize (Zea mays L.) roots, increased with the adding of unphytotoxic concentration
of hydrogen peroxide (HP). Under the effect of HF in maize meristems roots were observed changes
in activities of enzymes, that participate in transformation of reactive oxygen species (ROS), such as
superoxiddismutase, catalase and peroxidase. Dynamics of these changes had a complicated character,
but it was established that HP intensified HF-induced changes in enzyme activities, while antioxidant
tocopherol inhibited corresponding effect. The possible role of ROS in the development of the phytotoxic
action of graminicides is discussed.

Ukrainian Journal «Physiology and Biochemistry of cultivated plants», Nr.4, 2008,
Institute of Plant Physiology and Genetics, Ukraine.

Energy

Lifetime extension of K-200-130 steam turbine housings over park resource,
Chernousenko O.Y., Nikulenkova T.V., The National Technical University of
Ukraine «Kyiv Polytechnical Institute», Kiev, Ukraine, E-mail: cher olya@?2c.kiev.ua,
a-Nikulenkov(@yandex.ru

On the basis of the developed comprehensive approach to the operation time extension of the steam
turbine power equipment with an allowance for the existing damages and repair-and- renewable changes
of the elements design constructions in the process of operation is proposed a technique of the further life
cycle prediction for CHP and CMP rotors, valves and bodies of 200MW steam turbines. On the real object
there were obtained new data and substantiated the recommendations for the operation time extension of
200 MW steam turbine high-temperature rotors and housing details. The results of the investigations of

K-200-130 turbine operation time extension can be used for the TPP power units.

Innovations and Technologies News, Nr.1(10), 2011, Latvia
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Use of low-enriched uranium in nuclear fuel cycle in Ukraine, Kuzmenko I.M.,
NTUU “Kyiv polytechnic institute”, Peremogy av. 37, Kyiv, Ukraine, e-mail kin@
aprodos.kpi.ua

The paper describes the status of nuclear power in Ukraine, problems and prospects. Analyzed
the contribution of nuclear energy in the country, prolongation of operating period and replacement
old nuclear reactors. Perspectives mining uranium ore in Ukraine and its enrichment. Described
the operation of waste fuel storage Analysis the way to create nuclear-fuel cycle in the country. Is
recommended develop production of low-enriched uranium using the heavy water rectors.

Innovations and Technologies News, Nr.1(10), 2011, Latvia

Mechanics

Exploitation of surface layer of re-construction details under dynamic loading,
R.J.Bashirov, Azerbaijan State Marine Academy, AZ1000, Baku, Zarifa Aliyeva str. 18,
E-mail: bagirovag@rambler.ru

The joint vibration of reconstructed detail with surface coat on it is considered in this article. Assuming
that the considered construction is elastic and thin-walled, the behaviour of this construction is modeled
by the behaviour of the two-layered elastic thin-walled beam. It was shown that at the largest values of
frequencies of driving normal loading, the profile of deflection may have some stationary points, which
correspond to possible exfoliation in this places.

Innovations and Technologies News, Nr.1(10), 2011, Latvia
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Technology

THE EXPRESS TRAIN-DIAGNOSTICS OF POWER SEMI-CONDUCTOR
DEVICES AND CONVERTERS FOR THE RAILWAY TRANSPORT. Kurmashev
S.M., Zazybina E.B., The Petersburg state university of means of communication,
190031, St.-Petersburg, Moscow pr., 9, Russia, KSMspp@rambler.ru, Elzazybina@
yandex.ru.

In this article a number of the devices of the express train-diagnosing of semi-conductor converters is
considered. The given devices allow to reveal the fault and potentially-unreliable power semi-conductor
devices in converting plants of the electric municipal and railway transport.

We developed the set of the express-heating devices to test power semi-conductor devices.

We suggest to use the pyrometric checking to reveal the potentially-unreliable power semi-conductor
devices in the converter under load. Then the measurement data are processed automatically by the
developed method.

Kurmashev S.M., Zazybina E.B.express train of power semi-conductor devices and converters
for a railway transportation. Sci. Works ZabIIZT. — Chita, 2009r. p.101-107.
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We consider the problem of optimal feedback control of the discrete-time dynamic systems on the basis
of the analysis of possible state sets where the uncertain quantities are known to belong to given sets. For
describing of the system states set the mathematical tools of theories of the atomic functions, R-functions
and fuzzy sets are used. The proposed procedure is intended for the design of optimal control of complex
discrete devices at the uncertain external perturbations.
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