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L. Anichshenko

THE PROBLEMS OF THE INDUSTRIAL WASTE WATER DISPOSAL INTO CARBONATE
RESERVOIRS OF THE PRE-CASPIAN DEPRESSION

The greatest threat to the natural environment is an industrial waste water, which is able to be filtered
and migrate, it penetrates deeply into the underground hydrosphere and spreads polluting substances over
considerable distances.

Cleaning technology is not developed yet for severely toxic and industrial waste water that is difficult to
decontaminate neither abroad no in our country, they are increasingly should be buried underground lately.

The territory of pre-Caspian basin is conducive to search for deep carbonate aquifers-collectors for the
disposal of industrial waste water. The most promising place for the disposal of industrial waste water is the
water zone of the First the Carbonate Column [1].

Experimental works take place at Zhanazhol and Alibekmola oil deposits to pump industrial waste wa-
ter into the water zone of the First the Carbonate Column.

Industrial waste water is a technological solution, resulted after oil purification from hydrogen sul-
phide and ethyl-, and metilmerkaptanov the Setup for crude oil demercaptanization.

The main physical-chemical indicators of industrial waste water are: pH value =12,3. The density of
industrial waste water is 10200mg/dm’. The dissolved carbon dioxide and oxygen are missing. The concen-
tration of hydrogen sulphide is 0,640 mg/dm’. The amount of dissolved substances (solids, TDS) are 11022
mg/dm’. The content of suspended solids (colloidal particles, TSS) is 106 mg/dm’, The content of calcium
and magnesium accordingly is 40,0 u 24,0 mg/dm’. The content of chlorides is 266 mg/dm’. The content of
sulfates is 365 mg/dm’. The content of hydrocarbons is 366 mg/dm’. The content of carbonates is 9780
mg/dm’. The content of phenols is 0,0189 mg/dm’. The content of petroleum products is 34,8 mg/dm’. The
content of common iron is 2,13 mg/dm’. The content of heavy metals (Cd, Pb, Cu, Zn) accordingly is
0,0052 mg/dm’; 0,0482 mg/dm’; 0,0188 mg/dm’ and 0,0198 mg/dm".

The industrial waste water corresponds to the standards of governing document 39-01-041-81 "Meth-
odology of predictive determining quality standards of wastewater for waterflood into oil zone of the new oil
fields" [2], where, in particular, the content of pumpable sludge solids up to 15-50 mg/dm’ and petroleum
products up to 15-50 mg/dm’.

According to the accumulated experience industrial waste water to be buried usually contains dis-
solved mineral salts, organic substances, particles and bacteria.

The chemical reactions occur while pumping the industrial waste water into the aquifer, which brings
sedimentation, heat, gas, etc. Together with the growth of the bacteria it can cause colmatage of porous ab-
sorbing part of the borehole and lowering capacity. To prevent such occurrence assessment of compatibility
is requred of industrial waste water from underground waters and water rocks, and special preparation of the
industrial waste water for pumping if nessessary.

Assessment of the compatibility of the industrial waste water and the formation water complies with
the industry standard 39-228-89 [3]. It compares the coefficient of permeability of rock samples measured
before and after the interaction of injected water with reservoir water and rocks (considering also the process
of precipitation of insoluble salts and sludge swelling clay particles of rock fracturing-collector).

The experiments are carried out at the formation temperature and current pressure difference. The co-
efficient of permeability of before and after the interaction of injected water with reservoir water and breed is
defined by the Darcy formula:
0-1-0-u-L

Cperm =
t-F-AP
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where:

Q — the volume of water passed through the layer, cm’;

t — time of water filtration, sec;

L - viscosity of water, mPa-sec;

L — the length of the seam, cm;

F — the cross-sectional area of a reservoir, cmz;

AP — the average pressure difference, MPa.

Set the increment coefficient of permeability (ACperm) models of rock formation element due to the
interaction of the injected water with reservoir water and breed:

ACperm = Cperm - ClJperm

Where:

Cperm - the coefficient of permeability of the reservoir until the water injected with interaction of wa-
ter and rock in-place, mem?;

Clperm - the coefficient of permeability of the reservoir after the interaction of water with the forma-
tion of the injected water and breed, mem®.

Then calculate the absolute accuracy of determining permeability coefficient (ECperm). Downloaded
water deemed compatible with reservoir water and rock if:

ACperm < ECperm

and, conversely, incompatible if:

ACperm > ECperm.

Examination of the compatibility of the water consists of the mixing the original types of waters in dif-
ferent ratios, storing them within a certain period of time and the weighting of the appeared sediment.

To determine the compatibility the filtered water was taken from the observation wells ##55, 132,
123, 405. Mixing was performed in volumetric ratio of 100: 0, 90: 10, 80: 20, 70: 30, 60: 40, 50: 50, 60: 40,
70: 30, 20: 80, 10: 90 and 0: 100 with filtered water from the line of pumping. Then samples were shaken
during 4 hours, filtered through filter "Blue Ribbon" which was brought to constant weight, the sediment was
dried at 110°C.

As a result of the above mentioned works due to chemical incompatibility of waters the sediment was
formed. Maximum value is due to low rate of dilution of the formation water with pumping water (Figure 1).
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The research results are presented in the Table 1.

Table 1. Compatibility of reservoir and injected water

The water The water Compatibility of the waters
content of | content of the the amount of sediment, g/dm’
the wells | line download |  well #132 well #55 well #123 |  well #405
100 0 0 0 0 0
90 10 1,5479 1,7684 1,3889 1,8806
80 20 1,6835 1,7899 1,3165 1,8245
70 30 1,6129 1,5124 1,5583 1,6494
60 40 1,5581 1,6013 1,5397 1,6957
50 50 1,5389 1,5948 1,5012 1,7613
40 60 1,4476 1,5132 1,3499 1,5866
20 80 1,3122 1,2377 1,0912 1,2874
10 90 1,1310 1,1082 0,9984 0,9248
0 100 0 0 0 0
Maximum values 1,6835 1,7899 1,5583 1,8806

In order to obtain information about condition of groundwater manufacturing monitoring is held
through sampling of the observation wells and absorption wells.

Sampling and analysis are carried out in accordance with the normative-methodical manuals (State
standard 17.1.3.06-82 [4], State standard 17.1.3.12-86 [5], etc) applicable on the territory of the Republic of
Kazakhstan. That provides maximum retention of salt and water gas composition, guarantees the exclusion
of the randomness of the selected sample. The volume of water required for the definition of substances, is
selected depending on the method of analysis.

REFERENCES:
1. Apeltsin M. . Preparation of water for waterflooding oil reservoirs. M., Gostoptehizdat. 1960. 287p
2. The standards of governing document 39-01-041-81 "Methodology of predictive determining quality stan-
dards of wastewater for waterflood into oil zone of the new oil fields "
3. The industry standard 39-228-89 «Water for waterflooding oil reservoirs. Quality requirements»
4. State standard 17.1.3.06-82
5. State standard 17.1.3.12-86

Pesrome
bateic Kazakcranaa emip jxoHe KOpIIaFraH OopTa KayilcCi3AiriH KaMTaMachl3 €Ty MaKCaThIHIA OHIIPICTIK aFbIH/IbI
cynapnsl Anubexmona, JKaHakod KeHOpBIHAAPBIHAAFbIAN KapOOHATTHI TY3YCTI TY3UIiMIepiHe aijay Taxipuoeci
KOJIZIaHBLIFaH.

Pe3rome
B 3amagnom Kaszaxcrane B 1enaX 0€30MaCHOCTH JKU3HEACATEIBHOCTH | 3aIIUTHI OKPYKAKOIIEH CPeIbl MMECTCs
OTIBIT 3aKAYKW MPOMBINUICHHBIX CTOYHBIX BOJ B KapOOHATHBIC TOACOJICBHIC OTIOKEHUS TaKUX MECTOPOXKICHUH, Kak
Anmmbexmoira, JKaHnaxoi.

KazNTU named after K. Satpaev Received 10.11.2012
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T. Abakanov, IN. Dyussembayev, A.T. Abakanov

DYNAMIC (PHYSICAL AND MECHANICAL) CHARACTERISTICS FINDING OF THE
KAPSHAGAI HYDRO POWER PLANT (HPP) LAIR DAM IN DIFFERENT BURIED LEVELS

Kapchagai HPP, located 70 km north of Almaty for the territory of Almaty region, is one especially
important object, which plays an important role in providing the Republic of Kazakhstan with electricity. On
the other hand Kapchagai HPP is located in seismic hazard region and represents a serious potential threat to
dense populated country sides Ili and Balkhash regions of Almaty region, crucified annex to the north of it.
Therefore, stable operation of the object at a strong earthquake is critical, both for the stability of the econ-
omy, and for the preservation of human life.

Modern seismic activity area surrounding the Kapchagai HPP was studied based on observations of a
network of stationary seismic station since 1951. In the area bounded by the coordinates 43 © 20'-44 © 20 'N
and 76 ° 30'-77 © 30 'E. for the observation period from 1951. Recorded 237 earthquakes, including the most
powerful - Bakanasskoe 25 September 1979. With K = 14 and 23 August 1960. With K=13. Up to 1969. Re-
corded two earthquakes with K =11 (in 1955 and 1956) and five earthquakes with K = 10. May 1, 2011 on
the shore of Kapchagai water storage basin earthquake with K = 13.

Program of work, the organization length is optimal (at least two years) seismic and seismic observa-
tions to track the activation of local seismogenic structures, refine the projected seismic effects on objects
Kapchagai, as well as studies of the dependence of the seismic regime of exploitation Kapchagai [1-6]. In
addition, provides a large amount of seismic surveys to determine the parameters of dynamic dams and out-
crop (shear modulus, Poisson's ratio) needed for calculations of seismic stability of waterfront facilities.

Kapchagai HPP consists of:

« riverbed and den dams built of alluvial and aeolian sands;

* rocky outcrop, in which body to tunnel conduits;

* the power house and other auxiliary facilities.

Comprehensive studies have been carried out:

+ assessment of seismic hazard in the region;

» geophysical field investigations;

* having a technical state of the structure using geophysical methods, mapping diving underwater
structures, determining the strength characteristics of the material structures;

* cash-parametric analysis;

* Model tests of the dam.

Large body of seismic to identify changes the rate of passage of longitudinal seismic waves at differ-
ent levels in the depth of the body of the dam to determine the dynamic parameters of the dams (shear mod-
ulus (E), Poisson's ratio (u)), necessary for the subsequent calculations. Seismic surveys were carried out on
the profile of seismic inversion method for stationary and mobile source point fluctuations. Seismic vibra-
tions excited by the shock method (rapid lowering bucket tractors "Belarus") in increments of 2 m from the
experimental work directly determined wave velocities V,. S-wave velocity V,determined from archival and
published sources.

Changes in P-wave velocities V, with depth, calculated refragiravian-refraction are shown in Figure 1.
They differentiate significant for different soils.

H.m = B3 E3-

Fig. 1. Graph of the depth of the dam: a) wave velocities, and b) the dynamic modulus of elasticity
(1 - sandy-loamy soil grussy (comb);2 - grussy sandy soil (berm);3 - rock mass (blowing hard prism)).
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Dynamic parameters u (Poisson's ratio) and E, (Dynamic elastic modulus) is given by:

Ve
=2,z E = V21(1+ﬂ)'(1—2ﬂ)
a) ,U=7VI;; b) Eg =PVpl ()
2(1--2)
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Fig. 2. Distribution of values of V in the body of the dam's Lair. V, = 0.45; V,=0.22; etc.
1 - depression curve 2 - the bedrock surface, 3 - surface undisturbed rock, 4 - the dam, 5 - axis riding hard prisms,
6 - axis of the dam, 7 - axis downstream hard prisms, 8 — lumber -gravelly soil, 9 - Aeolian sand, 10 - sandy loam and
sandy soil, 11 - rock
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Fig.3. Distribution of values of p in the body of the dam's Lair. p = 2.0; u=15.0; etc.
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Fig. 4. The distribution of values in the body Eg, 10°kg/m” Lair dam. E,=1.9; E,=0.7; etc.
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Figures 2-4 are the final data on the distribution of the parameters V), u, E, river bed in the body and
den Dam, which are then used to calculate seismic structures.
Such work has been done for the riverbed hydroelectric dam.

CONCLUSIONS

Based on the processing and analysis of materials on recent tectonics and seismic engineering materials revealed
that in an area of hydropower facilities Kapchagai forecast strong ground shaking is less than 8 points on the MSK-64
scale.

For the calculation of seismic objects waterfront Kapchagai HPP experimental distribution of Vp in the dam
body and on this basis calculated the values p and Eg. In calculating the river bed and den dams were considered the
experimental data. The calculation was carried out for different levels of water content - NEC (retaining regulatory lev-
els) according to standard procedure and the method of wave theory.

REFERENCES

1. Erzhanov JC, Kurskeev AK Timus AV Chabdar NM Earth's crust is seismically active regions of Kazakhstan.
/ / Alma-Ata: Nauka, 1982. 232P.
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UDC 622.807.2
F.K. Batesova, A. I. Batesov, Z. Mukanova
METHODS OF ANALYSIS OF ACCIDENTS AT PRODUCTION

Industrial accidents should be considered as a signal on unsatisfactory condition of preventive meas-
ures of traumatism on this or other vessel, or industrial place. Investigation materials and accidents report
data allow to judge about the condition of labor safety and becomes a basis for development and implemen-
tation measures on activation of accident prevention.

Research and analysis of industrial traumatism is made based on investigation material, and also using
monographic, statistic, topographic and economical methods.

The most precise and exhaustive presentation about reasons of accidents occurrence gives mono-
graphic method of analysis. Monographic method is used for research of technological process, machinery,
and other types of equipment; organization of working places, condition of air environment, lightning and
other types of industrial condition on vessel, upload and unload platforms, vessel repair platforms, means of
personal protection and its implementation.

The target of this method is: reveal of main circumstances, subjective and objective reasons of sepa-
rate dangerous situation, specific accident or research of conditions of technological operation implementa-
tion. The method allows establishing reasons labor protection requirements breach in specific industrial con-
dition.

The principle of monographic analysis is the definition of circumstances, unfavorable factors and other
indexes, characterizing industrial condition or dangerous situation in its different stages. It is carried out on
the basis of work place inspection results, and also learning of labor organization, technical documentation
and other sources of information.

After clarification of all circumstances, accompanying dangerous situation origin and abnormally high
level of industrial damages, reoccurs consequence of events and assesses the level of unfavorable factor oc-
currence, e.g. builds logical model of reason connections.

Statistic method represents totality of methods based on targeted acquisition, accumulation and proc-
essing of information on cases of industrial traumatism and professional deceases with further calculation of
statistic indexes. The target of this method is more exhaustive learning of characteristic reasons of industrial
traumatism and professional deceases, revealing of sources of danger and harm and development of preven-
tive measures system.

The main sources of statistic information are taken from companies’ report data and materials of in-
vestigation. It is well known that primary statistic data are separate facts reflecting only some sides of work
conditions. In order to get conclusions on primary and repeating accidents and professional deceases on the
basis of available information and consequently to have basis for development of effective measures for pre-
vention, statistic analysis is used.

Usually for analysis of traumatic cases the dynamic method comparison of traumatic cases quantities
of one economical sphere with other, and in sphere organization is compared with another, in organization
departments, places and separate technological processes of the same period are compared. Such comparison
of statistic data allows establishing spheres of economy, organization, department and processes with more
unfavorable condition safety measures.

Statistic method of analysis has essential meaning for operational work on traumatism reduction. It
gives a possibility to reveal unfavorable equipment, processes, work places, organizations and economic
spheres from safety measures point of view.

Ka3¥Ty xabGapmbicbl N26 2012 9
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Statistic analysis of traumatism must be used widely not only by safety techniques services but by all
productive services of organization, head committees and ministries.

Topographic method of learning of traumatism is in learning of reasons of accidents according to
places it happened. The principle of the method is not the repeat but its topography although not in same
condition of their origin.

The meaning of topographic analysis method is in following. On a plan of department where condi-
tionally all equipment and working places are marked, systematically all accidents are registered. The place,
where the accident is happened is photo shoot, which makes easy investigation of accident reasons.

Accumulation of conditional marks about accidents on separate places (aggregates, equipment etc)
will show where exactly and for which period (month, quarter, half year, and year) traumatism cases in-
creased.

The weak side of this method is: it doesn’t reveal potential danger, and applicable only in those cases
when material on traumatism quantitatively essentially big. It is widely applied in auto inspection.

The main advantage of topographic analysis method is in its visual. It gives the opportunity to estab-
lish a place where accidents happen more often, however do not reveal circumstances and reasons of trauma-
tism.

On the basis of topographic analysis departments of safety precautions must inspect with heads of de-
partments and trade union committee’s condition of safety precaution on unfavorable places, make deep
analysis of traumatism reasons. All these will serve as initial data for development of specific organiza-
tional and technical works on accident prevention.

Topographic method of analysis is suitable for department administration and also departments of
safety precautions. For this it is not obligatory to conduct such analysis every day. It is enough to apply it in
unfavorable places and productions.

Economic method is in definition of economic damage from traumatism to clarify economic cost ef-
fectiveness for development of labor protection implementation. However this method does not allow reveal-
ing reasons of traumatism and it is considered as additional.

Material loss (consequences) caused to society due to disablement of employee in connection with
trauma are made up of following costs and losses:

C1 — payment to a victim according to disability certificate

C2 - pension rate, defined to a victim in connection with trauma

C3 — the same for close relatives of a victim in connection with trauma

C4 — payment of benefits on temporary transfer of employees to another work due to trauma

C5 — compensation of loss to employees due to partial disability

C6 — cost of organizations for professional preparation of workers accepted instead of gone ones due
to trauma

C7 — other losses, which mainly are not taken into account, although they can be essential.

M, =Cl+C2+C3+C4+C5+C6+C7 €))

Consolidated calculation of general material losses resulting from before mentioned formula is defined
from dependence:

M12ﬂ3~3-j @)

where JIB — losses of working time of victims with ability loss for one or more working days, whose
temporary disability of finished in reporting period (for inspected period of time);

3 — average daytime salary of one worker;

J — Coefficient which considers all elements of material costs (payments according to disability certifi-
cates, pension etc) in respect to salary (=1,5,2,0).

Usage of any method does not exclude a possibility of application of other methods of analysis of in-
dustrial traumatism.

More full and objective results are given by complex methods combining several of abovementioned
methods.

10 N6 2012 Bectuurx KasHTY
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Pe3iome
B crarbe paccmatpuBaloTCs OCHOBHBIE METOIbI aHAIM3a HECYACTHBIX CITyYaeB U MPOM3BOJCTBEHHBIX TpaBM. Ma-
TEpHABI PAcCICOBAHUI U OTYCTHBIC JAHHBIC O HECYACTHBIX CIIyYasX MO3BOJSIOT CYJUTH O COCTOSHUH 0E30MaCHOCTH
TPyAa U CIy>KaT OCHOBaHHEM MJIsi pa3pabOTKH U OCYIIECTBICHHH MEPOIPHITHN 10 aKTHBH3AIUN TPOPHUIAKTHIECKON
PpaboTHI IO IPEAYIPEKICHAIO TPaBMATH3MA.

Summary
The article reviews the main methods of analysis of accidents and injuries. Investigation materials and accidents
report data allow to judge about the condition of labor safety and becomes a basis for development and implementation
measures on activation of accident prevention.
Research and analysis of industrial traumatism is made based on investigation material, and also using mono-
graphic, statistic, topographic and economical methods.

KazNTU named after K. Satpaev Received 05.11.2012

UDC 62-83-52
D.B. Akpanbetov, B.K.Baibutanov

MATHEMATICAL MODEL OF THE TWO - IMPELLENT
ASYNCHRONOUS ELECTRIC DRIVE

Increasing production requirements to quality of industry processes, needs of introduction high tech-
nologies, cause a steady tendency of introduction in various branches of industrial and agricultural produc-
tion with variable speed drive, including an alternating current (AC) multiengine drive.

Release of an AC variable speed drive grows annually, and makes 82-87 % from total amount of real-
ized electric drives. Use of variable speed drives in a combination to systems of technological automatic
equipment allows more flexibly, smoothly, dynamic, and the main thing also, is energetically to influence
production more economically, to provide considerable decrease in power consumption.

The essence of modelling consists in replacement of real system, the machine or their separate ele-
ments by model which simulates all parameters, processes and characteristics of real system [1].

At mathematical modelling the model and the original are various by the physical nature, but can be
described by the identical equations in a form. The mathematical model of controlled object is understood as
equation system in the form of the algebraic or differential equations, inequalities, logic conditions, operators
etc. reflecting essence the phenomenon, proceeding in object. The most important property of mathematical
model is its pithiness, i.e. ability to reflect the most essential parties of studied object.

The mathematical model of the two-impellent asynchronous electric drive with synchronous rotation
powered by frequency converters is presented by system of the differential equations:

Ka3¥Ty xabGapmbicbl N26 2012 11
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dt BT, BT,
A k. +k k
+ u?.CA _ ors 0s2 Aa)z + ors Aa)l,
Trs2 Trs2 rs2

For synchronization of electric motors’ angular rates is entered derivative feedback controlling a mis-
match of speeds with coefficient k.
The block sheme of the two-impellent asynchronous electric drive is shown in figure 1.

E AM E
RS1 PCH1 | i
i Z”Au ! PP} :
Aux.cl % k.\Cl + 1 Aursl‘ kpchl | ﬂl AMI 1 E ° Ag)l
C“; T p 1+T,.p i 1+T,p b BT,..p |
Au E E
os1 kOSl ~--.-----.._.---.--.--.._..--.--.________________l__
Auanc Auarxll k - Aa)21 = AC()Z —AC()I 21®
3 ORS |«
A
bAM2 e N
' AM , E
RS2 PCH2 i
: 22 i
oL e : B, AM, 1 L Ao,
rsC2 i I T >
T,.,p 1+T 0P ! 1+7T,,p A BT..p
Ay, koL S i

0s2

Figure 1. The block sheme of the two-implement electric drive powered by frequency converters
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The two-impellent asynchronous electric drive powered by frequency converters consists of two asyn-
chronous squirrel cage motors, two frequency converters and two regulators of speeds. Each asynchronous
motor powered by frequency converters has own derivative feedback with coefficients ko), kos2. For ensuring
synchronous rotation of motors is entered additory derivative feedback for controlling a mismatch of speed

(kors)- Speeds of the first(A@, ) and second ( A®, ) motors are compared in the summation unit X,. The output

signal Au,,,, =k, A®,, from the summation unit moves:

ors21

- in the device X4 where the given signal (Au,, ,,) is compared to a setting signal of control (Au, ),

ors21

then the setting signal of control (Au, ., ) is given on the first asynchronous motor powered by frequency

3.cl

converter of the two-implement electric drive;
- in the device X,4 where the given signal (Au,,,,) is compared to a setting signal of control (Au, ),

then the setting signal of control (Au, ., ) is given on the second asynchronous motor powered by frequency

converter of the two-implement electric drive.

The stability of the two-implement electric drive with concrete parameters of asynchronous squirrel
cage motor (type 4AHK315M4VY3, power of motor 7,5 kW) [2] was searched by program MatLab [3]. The
system’s matrix with coefficients has a form:

|
0 /ﬂ] T, 0 0 0 0 0 0

_B - y B
! 1’:21 T@] ! Tve1 0 O O O 0

_ kors + kosl _ krsl (k + kosl )

— 0 0 kors k rsl kors 0 0
T T T
A= rsl ﬂl ml Trsl ﬂZTmZ
1
0 0 0 0 0 /ﬂz T, 0 0
_1

_B / B
O O O O 2 Tve2 ng 2 Tez O

kors krs2k0rs 0 0 kors + kosZ _ k?‘SZ (kors + kosZ) 0 0
TrsZ ﬁlel ]:,Sz ﬂszz

For convenience to do sums on Matlab the variables of system (1) is designated

Ao, = x(1); AM | =x(2); Awy, =x(3); Aupe, =x(4);

Aw, =x(5); AM , =x(6); Awy, =x(7); Aupe, =x(8). @

Calculation of the two-impellent asynchronous electric drive’s stability with synchronous rotation,
considering the above-stated matrix, is shown in figure 2
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) Command Window
File Edit Debug Deskkop ‘Window Help

>> Kos1=0.4; Kos2=0.4; Kors=0.6;

>> syms a

>> A=[0 1/(b1*Tm1)000000;-b1/Te1 -1/Te1 b1/Te1 0000 0;...
00 -1Tpch1 Kpch1Mpch10000;...

00000 1/(b2*Tm2)00;0000 -b2/Te2 -1/Te2 b2[Te2 0;...
000000 -1Tpch2 Kpch2Mpch2;...

>> A=-A;

>> B=(eye(B)"a+A);
>> det(B)

<

J Command Windaw E|rg-_| :
Eie Edt Dehug Oesiiop Wirdw Heb

== b1=10.7; Te1=0.05; Tm1=0.0019; Kre1=0.5; Tre1=0.1; Kpchi=1.15; Tpch1=0.001;

22 b2=10.7; Te2=0.05; Tm2=0.0019,; Krs2=0.5; Trs2=0.1; Kpch2=1.15; Tpch2=0.001;

> Kos1=0.4; Kos2=0.4; Kors=0.6;

> BYME 3

> A=[01{b1"Tm1) 00 00 0 0;-b1/Te1 -1Te1 b1Me100000;...

00 -1Tpeh1 Kpeh1Mpeh10000;...

[Kors+Kre1)iTre1 Krel1"(Kors+Kos1){b1"Tm1) 0 0 KorsTrs1 Kre1 Karslb2 Tmz) 00;...
00000 L2 Tm2) 00,0000 -b2/Te2 -1ITe2 b2/Te2 0;...

000000 -1Tpch2 Kpeh2Mpeh2;...

KoralTra2 Kra2"Korsl(b1"Tm1) 0 0 -[Kors+Kos2)Tra1 Kra2" (Kors+Kos2)l(b2"Tm2) 0 0];
= A=A

== Bm{aye(B) a+A);

>> det(B)

N

a*B+2040"a*T+2092760019" a6+1813200000119" a*6+12637670000000/361 " a* 4+4690064

»> d=[1 2040 2092760019 181320000015 126376T0000000/361 ...

453005400000000/361 87265400000000000/361 1331010000000000000/361];

== z=roots(d) w
< *

>>b1=10.7; Te1=0.05; Tm1=0.0019; Krs1=0.5; Trs1=0.1; Kpch1=1.15; Tpch1=0.001;
>> b2=10.7; Te2=0.05; Tm2=0.0019; Krs2=0.5; Trs2=0.1; Kpch2=1.15; Tpch2=0.001;

-(Kors+Krs1)iTrs1 -Krs1*(Kors+Kos1)I(b1"Tm1) 0 0 Kors/Trs1 Krs1*Korsl(b2*Tm2) 0 0;...

KorsiTrs2 Krs2*Kors/(b1*Tm1) 0 0 -(Kors+Kos2)/Trs1 -Krs2*(Kors+Kos2)I(b2*Tm2) 0 0];

) Command ...
File Edit Debug » A
~
z=
1.0e+003 *
-1.0094
-1.0024

£0.0003 +0.1405i
-0.0003 - 0.1405i
0.0067 +0.1135i
0.0067 -0.1135i
0.0143

Figure 2. Program and results of the stability’s calculation on Matlab

Apparently by results of the calculation, the valid components of matrix’s roots are negative. It shows
that at the chosen coefficients of derivative feedbacks k., kos» and coefficient of derivative feedback control-
ling a mismatch of speeds ks, and at the calculated parameters, the system of the two implement
asynchronous electric drive powered by frequency converters is steady.

On the received system of the differential equations (1) in a software package of Matlab was made

modeling of the two-impellent asynchronous electric drive powered by frequency converters. In the figure 3

is shown the program of transients analyses of the two-impellent electric drive at various static loadings.

B |Editor - C:\Program Files\MATLABZ 1Wworkimodel.m
file Edit Text Cel Tools Debug Deskiop Window Help

D HE R~ | & #&f| a8 BREEBHA

1 function dx=model(t,x)
2 - dx=zeros(8,1);

Kos1=0.4; Kos2=0.4; Kors=0.6; Uzs=10;
Mnom=47.7;
if t<=3 Mc1=0; else Me1=0.7"Mnom; end;
if t<=7 Mc2=0; else Mc2=0.2"Mnom; end;
dx(1)={1{B1"Tm1))"x(2)-{1i{L1°Tm1))*Mc1;
10 - dx{2)=(b1Te1)*x(3)-(b1Te 1y x{1)-(1Te1)*x(2);
11 - dx{3)=(Kpch1Tpch1) x@)<{1Tpch1)*x(3);

13 UzsiTrs1-{{(KerstKos1)yTrs1)y* x(1)}+{KorsTrs1)*x(5);
14 - dx{B)=(1/{b2"Tm2))"x(8)-{(1/{b2"Tm2))*Mc2;

15 - dx{6)=(b2ITe2)"x(7)-(b2ITe2) x(5)-(1/Te2)"x(6);

16 - dx{T)=(Kpch2Tpch2)*x(8)-{(1Tpch2)*x(7);

18 UzsiTrs2-{(Kors+Kos2)Trs1) x(E)+(KorsiTrs2)"x(1);
19 - end

model

3 - b1=10.7; Te1=0.05; Tm1=0.0019; Krs1=05; Trs1=0.1; Kpch1=1.15; Tpch1=0.001;
b2=10.7; Te2=0.05; Tm2=0.0019; Krs2=0.5; Trs2=0.1; Kpch2=1.15; Tpch2=0.001;

12 - dx{d)=((Krs1"Kors)i(b2 Tm2))"(x(6)-Mc2)-{(Krs1 (Kors+Kos1))i{b2" Tm2)) (x(2)-Mc1)+...

17 - dx(B)=({Krs2"Kors)ib1* Tm1)) (x(2)-Me1)-{Krs2-(Kors+Kos2)){(b2 Tm2)) (x(8) Mc2)+...

S=ES

A x

BmB &0

Ln 5 Col 38

Figure 3.Transients analyses of the two-impellent at various static loadings.
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For calculation of the differential equations in MatLab was used the solver “odel5s”. The solver
“odel5s” is a multistep method of a variable order (from the 1st to the 5th, by default 5), using formulas of
numerical differentiation.

In figure 4 are shown oscillograms of transient — response curves of the two impellent asynchronous
electric drive powered by frequency converters at various loadings, according to the program of calculation
in figure 2.

35 T T ! T
. e o
. i o e e e e S i gt S O St e A S \N‘Oz ..... -
4 ; ; 1 5 7 N vf
25 ¥ : R j : g g
20 ; : L Ty — T vo— A sl s
: : i Urs2 : ;. Urs2
15L- b ............. ............................ S ............ il
10LF Sussssactusin ............. ............................ .............. ............ ]
5 : B P ........................... .............. ............ -
Mc1=Mc2=0 P Mc1=0.7Mno Mc2=0 I\ilc1=0.7M_nom Mc2=0.2Mnom
0 L i L i i i i
0 1 2 3 4 5 6 7 8 9 10

Figure 4. Oscillograms of transient — response curves of the two impellent asynchronous electric drive powered by
frequency converters at various loadings.

Apparently from the received transients, at various values of static loadings on motors shafts, the sys-
tem of the two-impellent asynchronous electric drive powered by frequency converters keeps synchronous
rotation of electric motors with identical angular rates. At start-up of electric motors without loadings, ac-
cording to figure, signals from exits of frequency converters (PCH1, 2), regulators of speeds RS1,2 are equal
(Aw,, =Aw,, and Au,, = Au,, ), consequently speeds of motors also will be equal. At throwing on of a

static load on a shaft of the first motor with value at the moment of time 3seconds, speeds of the first, second
motors are leveled at the expense of giving raised signal from an exit of a regulator of speed RS1, respec-
tively from an exit of the frequency converter PCHI to AM1, with that providing synchronous rotation of
electric motors of the two-impellent electric drive. At the moment of time 7 seconds occurs throwing on

loadings on a shaft of the second motor AM , =0.2M,  (thus AM_, =0.7M,  doesn't change). Appar-

ently from figure, signals from RS2 and PCH2 raise, thereby is provided synchronous rotation of electric
motors, and signals from RS1 and PCH1 remain invariable.

The result of experiments shows that the received system of the two-impellent asynchronous electric
drive powered by frequency converters at various static loadings, supports synchronous rotation of electric
motors.

nom

LIST OF REFERENCES
1. Sipaylov G.A., Loos A.V. Mathematic modelling of electric machines. — M.: High school, 1980, 176 c.
2. Katsman M.M. Electric machines. — M: Academy, 2006.
3. Gultaev A. Visual modelling in Matlab. St.P.: Piter, 2000.

Pesome
AJNBIHFaH OTHeNl YpJicTep OCHMUIOTpAaMMAachlHa COMKEC, KO3FalTKBIII OLTIKTEPIHAEri SpTYpJli CTaTHKAJIBIK
JKYKTEMeNep Ke3iHzae, MKHUUIK TypieHIiprimrepi 0ap eKiKO3FaITKBIILITHl AaCHHXPOHIBI JIJIEKTPXKETErl Kykeci
KO3FAJITKBIIITAPABIH OipJeid OYpBIUTHIK JKbUIIAMABIKIIEH CHHXPOHZBI aiHalyblH Kamramacel3 ereiai. Cyperre
KepCeTUIreHel, KO3FaITKBIITapAbl KyKTeMeci3 icke Kocy kesinpe I[TU1-2 »xuminmik Ttypnenniprimrepiniy, PCI1-2
KBUIIAMJIBIK PETTETIITEPIiHIH IIBIFBICBIHIAAFEl CHTHAIAAp TeH ( Awy, =Aw,, HHE Au,., :Au[,cz), coliKeciHIe

KO3FaIITKBIIITAPABIH JKbULAIaMIBIKTApPEI 1a Oipaei Oomamsl Aa)] = Aa)z. BipiHmri KO3FaITKBIITHH OUTIriHE CTATHKAIBIK
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Kykreme t=3¢ (Oyn kesne AM , =0) yakpiT MomeHTiHne AM, =0.7M,  MOHIMEH TYCKEH Ke3le OipiHmi jkoHe

Hom
€KIHII KO3FaNTKBIIITAPAbIH KblIaaMasikTapbl PC1 sKpuTIaMIbIK peTTeriminin, coikecinme [TH1 xkuinik peTTerinmaig
AJIl acuHXpOHIBI KO3FAITKBIIIBIHA INBIFBICEIHAH KOFAPBUIATHUIFAH CUTHANABIH ece0iHeH TEeHECTipiJieai, COHBIH
HOTHXKECIHJIE EKIKO3FaJITKBIIITHI 3JEKTPIKETEr KO3FAITKBIIITAPBIHBIH CHHXPOH/IBI aifHAIybl KaMTaMachI3 erineai. t=7c¢
YaKbBIT MOMEHTIH/E eKiHII KO3FaJITKBIIITHIH OUTITiHAE KYKTEMEHIH AM,,=02M,, MOHIMEH TYCyi OpBIH anaabl (Oy

kesne AM,, =0.7M,,, e3repiccis Kanaasl). by kesne, rpadukren kepiuin typraniaii, PC2 jxoune 142 wbIFbIChIHAAFbI

CUTHAJJIAp J>KOFapbUIaln, KO3FaITKBIITAPIBIH CHHXPOHIBl alHamyblH Kamrtamacel3 ereni, an PCl okxome 141
IIBIFBICHIHIAF]  CHTHANIAP e3repMeiimi. bepinreH ToxipuOenepaiH HOTHXKECI KOPCETKCHICH, allbIHFaH IKHLUIIK
TYPJEHAIprimTepi 6ap eKiKO3FANTKBIIITH ACHHXPOHIIBI AIEKTPKETEK JKyHecl opTYpIIi CTaTHKAJIBIK KYKTEMeNep Ke3iHae
CHHXPOH/IBI aifHAITy 16l KAMTaMachl3 €Te.
Pesrome

CoracHO MOJIy4EHHON OCIMIIOTpaMMeE TIEPEXOAHBIX MPOIECCOB, NPH PA3IMYHBIX CTATHYECKUX HArpy3kax Ha
Bally 3JICKTPOJBHTaTeleil CCTEMa IBYXIBUTATEIbHOTO ACHHXPOHHOTO 3JIEKTPONPHUBOJIA C TPE00pa30BaTENIMH 4acTO-
Tl TIOAJEP)KUBACT CUHXPOHHOE BPAIIEHHE 3JIEKTPOABUIATENCH C OAMHAKOBBIMHU YIJIOBBIMH CKOPOCTAMH. Bo Bpems
IyCKa 2JIEKTpoJBUraTeneii 6e3 Harpy3oK Ha Bajly, B COOTBETCTBHH C PUCYHKOM, CHTHAJIBI C BBIXOJIOB IIpeoOpa3oBareneit
gactotel [T41-2, perynsropor ckopocrei PC1-2 paenbl (Aw,, = Awy, 1 Aup., = Alip.,), COOTBETCTBEHHO CKOPOCTH

aBurareneit Taxke OynyT paBHeiME A®, = Aw,. Tlpu Habpoce cTaTUYECKOH HArpy3KH Ha Bajl IIEPBOTO JBHUTATElNs CO
snauenneM AM , =0.7M, B MOMEHT Bpemenu t=3¢ (mpu 3ToM AM , =0 ), CKOPOCTH MEPBOTO U BTOPOTO JIBUTATE-

JIel BBIPAaBHUBAIOTCS 3a CUET IOAA4X TOBBIIIEHHOTO CHTHAJIA C BBIX0Ja peryssitopa ckopoctd PC1, cOOTBETCTBEHHO U ¢
BBIXOMa TpeoOpaszoBaTens gacToTsl [TU1 Ha A1, TeM campIM oOeclieurBas CHHXPOHHOE BpaIlleHHE JIEKTPOIBUTaTE-
Jel ABYXABHUIATENBHOTO 3JIEKTPONpPHBOIA. B MOMEHT BpeMeHHN t=7¢ MPOMCXOAUT HAOpOC HArPY3KH Ha BTy BTOPOTO

neurarens AM , =0.2M,  (upustom AM , =0.7M

ka, curHaibl ¢ PC2 u ITY2 moBbImAalOTCs, TEM CaMbIM 00€CTIeUnBasi CHHXPOHHOE BpAIlleHHE JIEKTPOBUTATENICH, a CHT-
Hanbl ¢ PC1 u ITY1 ocratoTcs Hem3MeHHBIMA. KOHEUHBIH pe3ynbTaT JaHHBIX HKCIIEPHMEHTOB MOKA3BIBAET, YTO IOITY-
YCHHasA CUCTEMaA ABYXJBHUIaTCIIbHOTO ACUHXPOHHOI'O 3JICKTPOIpHUBOAA C HpeO6paSOBaTeJ'ISIMl/I YaCTOThI MPU Pa3JIMYHBIX
CTaTHYECKUX HArpy3Kax IOJAEP)KHUBAET CHHXPOHHOE BPAILCHUE JIIEKTPOABUIaTEIICH.

He nzMensercs). [Ipu aToM, Kak BUIHO U3 rpaKOB PUCYH-

HOM m
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UDC 620.22
A.T. Turdaliev, E.V. Chumakov, A.B. Telesheva

TECHNIQUE OF RESEARCHES VLIYANIKH OF MECHANICAL IMPACTS ON FORMATION
OF STRUCTURE OF CONSTRUCTIONAL MATERIALS IN THE COURSE OF
CRYSTALLIZATION

For research of possible influence of forces on formation of structure and mechanical properties of
aluminum alloy AD31 in the course of crystallization the experimental installation which scheme is provided
on drawing 1 was designed.

It consists of a centrifuge (1) on which blades 4 containers (2) are fixed. The shaft (3) through a varia-
tor of speeds (4) transfers rotations of a target shaft (5) electric motors (6) fixed on the basis of (7), a centri-
fuge (1). The variator of speeds allows 6eccrynendaro to regulate speed of rotation of blades.

On drawing 2 more detailed scheme of a centrifuge is provided. It has four lobes crosspiece (1) with a
landing opening (2).
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Drawing 1. Installation scheme !

3

Drawing 2. Centrifuge scheme

For research of influence of gravitation and temperature at crystallization of an alloy of each blade

the container (3) which represents the ceramic case with the spiral reeled up on it from HEUXpoMa and contacts
(4) for connection of a regulator of temperatures is fixed. In the ceramic cylinder the ampoule with an alumi-
num alloy is located. Measurement of temperature is conducted by thermocouples 5.
Before the beginning of test it is carried out it is sharp identical on weight with accuracy of + 5 mg of prepa-
rations from an aluminum alloy which then are located in a special ampoule. Through contacts (4) moves
necessary for melting and an overheat pacmnasa tension on electroheating elements. Control of temperature
is carried out the hromel-aluminum thermocouples (5). After heating to necessary temperature contacts (4)
were disconnected from a current source, and the thermocouple from the measuring device, the electric mo-
tor (6) and crystallization of an alloy turned on proceeded under the influence of a variable (gradually de-
creasing) temperature and the variable resultant force operating on pacmias. It is explained by the scheme of
action of forces given on drawing 3.

4 Fe
1
F 4 ?Fg i F
. +1‘T .......... @ .......... F_..
Frg’ W ¥ AT
F, i E,
5' 3
Fg
Fl:

Drawing 3. Scheme of forces

Thus, 3 schemes given on drawing give evident idea of change equally effective on absolute size and
the direction. Tests with use of a centrifuge allow to carry out researches of influence of variable forces and
temperatures on formation of structure and mechanical properties. Specific conditions of crystallization of an
alloy affect heredity of a constructional material that is reflected in its physicomechanical properties.
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Along with tests at rotation on a centrifuge in the vertical plane, similar tests at centrifuge rotation in
the horizontal plane were carried out. Such experiences allowed to reveal distinctions in the hereditary fea-
tures formed at a variable and constant loading. For the best perception is higher than the told we will con-
sider the scheme of the forces operating on a studied material at rotation in the horizontal plane. The scheme
is shown in drawing 4.

Drawing 4. The scheme of forces at centrifuge rotation in the horizontal plane

From drawing follows that at any position of blades of a centrifuge gravity of F,, centrifugal force of
F. and equally effective F. lie in one vertical plane passing through its axial line. At invariable speed of rota-
tion of blades of a centrifuge the size and the direction of equally effective force remain constants. The gravi-
tational component can't change in the course of test. A variable can be only centrifugal force which in turn
depends on linear speed and is connected with centrifugal acceleration by the equation

a.=Vr (1)

Thus, for the purpose of identification of influence of thermomechanical factors on structure and

properties of aluminum alloy AD31 it is obviously possible to carry out tests under three conditions:

- crystallization and alloy cooling in normal conditions without mechanical influence;

- crystallization and alloy cooling in the conditions of constant loading (centrifuge rotation in the horizontal
plane with constant speed);

- crystallization and alloy cooling at a variable in the direction and size to loading (centrifuge rotation in the
vertical plane with constant speed). Let's notice that in all three cases experiences were carried out at identi-
cal speed of cooling. It was provided with that crystallization and cooling were carried out in the same con-
tainers. At carrying out tests in normal conditions the centrifuge wasn't actuated and crystallization with the
subsequent cooling proceeded without influence of mechanical loading.

Samples were investigated after three various conditions of crystallization about what it is told
above. But in all three cases of cooling melt it was conducted in identical containers. After crystallization of
casting were exposed to aging within ~150 hours. Heat treatment — homogenization was the subsequent op-
eration. Casting heated up in the muffle furnace to temperature 450 °C and after the 8th sentry of endurance
were cooled with the furnace. Then from casting samples for mechanical tests prepared.

LITERATURE
1. Chumakov E.V., Uderbayeva A.E., Smagulova N. K. Complex researches of aluminum alloy AD31 for pro-
duction of profiles of different function//Works of the first International scientific and technical conference «New in
machine-tool construction, materials science and the automated design of machine-building production», 1 Tom, Al-
maty, 20010. — Page 293-297.
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3. Uderbayeva A.E. Influence of temperature of an overheat and time of endurance for mechanical properties of
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Pe3rome
AJ131 amfoMHHUI KOPBITIIACHIH OAaJKBITy, KPHCTALIIAHABIPY JXOHE CYBITy TPaBUTAASHBIH MEXaHHKAIBIK
KacHeTTepre jKoHEe KYPBUIBIMFAa MYMKIH 9CEpiH 3epTTey MaKCaThIMEH KYpacTBIPBUIFaH eHTPU(yTraHbIH OieKmenepinae
OeKITUITeH apHaibl KOHTEHHEepIIep e KYPrizyre MyMKIHIIK OepeTiH epeKIle TOCIT ChIHAIBII, KOJIJaHbUIIBI.

Pesrome
OmnpoboBaHa W UCIIOJIL30BaHA OPUTHMHAIIbHAS METOJMKA, ITO3BOJISIONIAsl TPOBOJMTH IUIABIICHHUE, KPUCTAIIH3a-
LU0 ¥ OXJIAK/CHHE CIUIaBa B CIENUANIBHBIX KOHTEHHEpax, 3aKpelyICHHbIX Ha JIONAacTsAX LEeHTpU(YrH, KOTopas naeTr
BO3MOXKHOCTb HCCIIEIOBATh BO3MOXKHOE MHTETPAIBHOE BO3JIEHCTBHS IPaBUTAIMU U LIEHTPOOEKHON CHIIBI Ha (hOPMHUPO-
BAaHUE CTPYKTYPBI U MEXAHUYECKUX CBOMCTB alfoMUHHEBOro crasa AJI31.
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DEVELOPMENT OF ELECTRONIC EDUCATIONAL RESOURCES FOR IT- SPECIALTIES AT
DISTANCE EDUCATIONAL TECHNOLOGY

Due to dynamically changing situation on a modern labour-market the considerable part of workers has
a need for obtaining new professional skills, knowledge and abilities, and one of the most demanded direc-
tions is specialties connected with computer technologies. In the government education development pro-
gram of the Republic of Kazakhstan for 2011-2020[1] electronic education is positioned as one of ten prior-
ity directions of education development. The education organization, assuming introduction of distance edu-
cational technology (DET), faces need of the solution of the following problems [2]:

- development or acquisition of information system DET;

- creation of an electronic resource of educational and methodical materials;

- education, involved in the DET;

- material support.

Development of a full-fledged electronic educational resource (the electronic textbook) is one of the
fundamental problems of distance technology of education. According to working curricula of TARSU 66
disciplines are consolidated to computer systems department. (taking into account training languages of 132
disciplines). In this regard, there was a task before the faculty to complete all educational and methodical
material in the form of the electronic educational course (EEC) on all disciplines. The main requirements to
electronic resources are stated in GOST 7.83-2001 "Electronic edition" [2,3]. Considering that at an initial
stage of introduction of DET it was necessary to develop electronic textbooks in a large number on consider-
able number of disciplines in short terms, the program of the automated process of receiving an electronic
educational course "CONTENT" corresponding above to specified GOST 7.83-2001 was developed by the
sector of educational and methodical materials of CDE. CONTENT represents the program cover supporting
the international standards of information products of educational appointment for automated designing of
electronic manuals from available materials on structure set by the user. CONTENT is figured on users who
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have no time or opportunity to master all knowledge of the web master profession and is intended for fast
creation of the electronic manuals using the web interface. Possibility of filling the modules by supervising
blocks, allows to create the interactive electronic training, supervising and combined manuals. CONTENT
allows to create quickly electronic courses on the basis of available sample interfaces and not less quickly to
change appearance of the created manual.

In the presence of initial materials creation process of the electronic module by means of CONTENT hap-
pens in three stages:

1) project creation

2) material addition

3) textbook assembly.

All that is required at creation of an electronic training course - a source text of the textbook in the text
editor (MS Word), transformed further in the HTML file [3]. Thus, preparation of a material requires only
knowledge of the MS Word editor. Besides, you can use already available material created in any other pro-
gram which is possible for transforming to a HTML format available means.

Figure 1
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At first it is necessary to define future site on a disk of the created manual. To load into the program a
ready material in a format (.doc Word) step by step do the following actions:
Figure 2

@I NokymenTl - Microsoft Word

Paiin | Npaeka BwA BcTaeka

] Cosaare..

Lj OTEPBITE...

3akpeITE

» 1l

CoxpaHHTE

COxpaHMTE Kak. ..

EE] |o

COXPAHMTE KK BE0-CTPaHMLY ..

Momce, annoe. ..
PazpeweHHa
MpEASapHTENEHEIF NPOCMOTE BE

MapamMeTpEl CTRAHMUEL . .

=

MpeASSPHTENEHEIFM NMPOCMOTR

20 N6 2012 Bectuurx KasHTY




e Technical sciences

1) Let's open already ready syllabus in the format ".doc", ".doc" is a typical extension of files of the
“MS WORD?” software product.
2) On the menu panel that is at the top of a window we click with the left button of a mouse the word

"File".

3) The context menu of the program will open. In the menu we select the "Save as ..." item as shown
in figure 1.

4) Further after we selected the "Save as ..." item the dialog box of saving of the file will open, an ex-

ample in figure 2.

In a dialog box as in figure 2 we specify a way to our CONTENT, namely that material which we want
to load in our case it will be "syllabus”. Then we set "File type" "Web page". I accent: that "The file name"
has to correspond to the name of the file already attached in the program, in this case it has to be "syllabus".
And pressing the "Save" button will be final action in entering the material to CONTENT.

Figure 3
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All files of the textbook will be placed in earlier chosen place on a disk. On the pages of an electronic
training course created with use of CONTENT, it is possible to place any kind of information (audio, video,
graphics, animation and others), supported by modern Internet. For preparation of illustrations you can use
any graphic editor, and for preparation of multimedia files you can use any program intended for this pur-
pose, both specialized and regular which is included in the delivery package of Windows.

CONTENT allows to carry out import/export of manuals in the international format of information
products for educational purpose of IMS Content Packaging. The CONTENT 2.1 version supports some
elements of the description standard of DublinCore information products. CONTENT is the independent
component entering into a complex of software for support and realization of distance learning, including
also program cover STSN. STSN represents a universal network program cover for the organization of edu-
cational process and creation of educational and methodical modules with use of network technologies.

For today due to the offered program and efforts of the faculty 93% of disciplines are provided with
electronic resources. Educational cases are prepared and exposed in the Internet by the beginning of an aca-
demic year. Training materials are available only for students, who received login and the password in the
Center of Distance Education [4]. Within creation of the information system (IS) of distance educational
technologies the automated control system of education "Tamos University Suite" is successfully introduced
by the center which includes also information system the DET.

The automated control system for education "Tamos University Suite" (ASUO TUS) carries out all
functions of office registrar for providing management of the educational process based on credit technology
in HIGHER EDUCATION INSTITUTIONS of the Republic of Kazakhstan.
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Table 1. Electronic educational courses of “Computer Systems” department

“Computer Systems” department

Ne Specialties Stufients Quantity of @isci— . Bercentage
contingent plines by curriculum | indicators YK
1 5B060200 - Informatics 65 36 93%
2 5B070300 - Information systems 174 38 95%
3 5B070400 - Computer facilities and soft- 88 37
ware 92%
Total: 327 111 93%

Additionally integrated system of distance education WebPROFESSOR allows to train students, using
a uniform database of system, and as the communication environment the Internet/the Intranet. This system
provides all cycle of formation of High school education.

On introductory studies work seminars with ACST TUS are hold for students. Employees of CDE give
out to each student individual login (user name) and the password for formation of the mailbox on the search
server. E-mail address of CDE — http://cde.tarsu.kz/. On this e-mail address students send messages and re-
sults of the independent work for the current and intermediate control of knowledge.

The teacher carries out consultation distantly, through a forum and/or a chat, or at the request of stu-
dents for internal consultation on the set subject of a course to EUK. The intermediate assessment of stu-
dents' knowledge is carried out by teachers with ACST TUS use, both distantly through the Internet, and
contactly in a tutorial class. Intermediate control of knowledge by the course termination is done internally,
at an obligatory appearance of the student in the university. Testing is held with participation of representa-
tives from CDE and the department of education quality monitoring, according to the approved schedule of
examinations. The final assessment of knowledge of a course is entered in the total sheet.

The student can receive an electronic educational case on all disciplines, according to the written indi-
vidual curriculum, written down on CD or the DVD carrier in CDE, and also to copy on the personal com-
puter through an educational site of CDE of TARSU, having entered into system under the login and the
password.
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S.S. Uderbaev

ABOUT NEW EFFECTIVE METHOD OF MINERAL BINDING AGENT
ADDITIONAL ACTIVATION

It is well-known that long keeping of binding agents in storchouses especially in unspecialized
(unequipped) ones may lead to the loss of initial activity of binding agents.

Besides, in construction practice, for cement economy, its part is changed by active mineral ad-
ditive. In this case additives are often of low activity, i.e inert, for example, some ashes of heating
plant are inert.

Consequently itis necessary to restore initial activity of binding agents or its mixture with inert addi-
tives. To increase activity in this case we use different methods: repeated grinding using chemical addi-
tives in hardening system and others. But these methods of activation are not always effective.

We are the first in the construction practice to use the new method of binding agent activation.
Before experimenting the idea to create principle of binding agent activation has appeared and realiza-
tion of this principle depended on working out the method, mechanism for carrying out. It resulted
in original systematic basis of the scientific experimental research. In the result the research was built
according to the following logical line: 1) idea; 2) principle, 3) way; 4) mechanism.

The idea lies in using possibility of binding agent polarization under effect of electric field for
additional activation of binding agents.

The ides became real owing to the realization of the following principal: additional activation
effect may be achieved by simultaneous influence of two factors: electric field going through liquid
phase and the process of pounding. The principal was called "principal of mechanical electric polari-
zation (MEP) activation”.

In virtue of experimental results of given principal examination the concrete method of activa-
tion has been worked out with the help of combination of two operations (the process of grinding
& electric polarization) inside spherical mill.

For activation method realization the spherical mill, its construction is made in the following
way: the shredding drum body is made like a through horizontal cylinder from dielectric material;
outside the cylinder there are vertical walls which are put because of the shall vertical wall with the
shell are combined as if intact construction.

Effectiveness of additional activation method in the given construction of the mill is achieved
because of absolute potential opening of electric nature of binding agents, i.e. in increasing degree of
polarization which is assisted by simultaneous mechanical pounding.

In the first table you can see data of cement experimenting, activated by the given method.

Table 1. Influence of additional activation of golden cement binding agent to its durability

Ne | Structure of | The type of electric Water & solid Time of wet Voltage Durability
astringents field reference pounding/ min limit While
compressing
kg/sm ? in
7 days
1. Cement: Without electric 0,5 10 - 90
Ashes mass | field
60:40%
2. e Alternating current 0,5 10 20 114
3. e — 0,5 10 30 124
4. | -——-- /-=-- Direct current 0,5 10 25 156
5. | - e /---- 0,5 10 30 122
6. | -—-- e /---- 0,5 10 35 118
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It is seen from the table Nel that durability of binding agents increases to 70-80% comparing with
durability of binding agent without electric processing. In electric field of direct current polarization of
binding agents is more effective than of alternating current.

One of the reasons of increasing durability while activating is decreasing of electrically kineti-
cal potential (table 2). Indexes were fixed with the help electrophorere method.

Table 2. Measuring of electrically kinetical potential

Ne Structure % Activation type Time in seconds Potential mB
1. Cemend: ashes taking away Without activation 41,3 -422
2. Cement: ashes taking away Wet grinding 54,4 -32

3. Cement: ashes taking away MEP 57,9 -30,1

Note: Given in the table land 2 indexes of binding agent content are taken after chemical additions.

Table 2 shows that MEP activation potential decreases from - 32 till - 30,1 mB. Processing time of
coagulation decreased to 9 minutes.

While researching the influence of electrocoagulators to the activation process there were ac-
cepted additivies of chloride alkaline soil metals type. In this case activating ability of electrocoagulators
is increasing according to lyotrope line.

Technically new method, mechanism and acknowledged structure of binding agents are recognized
to be invention & granted a preliminary patent.

To explain mechanism of binding agent hardening after activation in the mill there have been
held a complex of phisico - chemical experiments. The result of roentgen phase analysis is that crea-
tion of new phases takes place, but the degree of hydration alumine, content of portlacement which is
separated under hydration.

Specimen activated by new method undergo carbonization comparing with control specimen.

Results of microscope analysis allows us to consider that hydrated products of cement after ad-
ditional activation with the given method are modified and micro structure components take crystal-
lographical forms.

CONCLUSION

Simultaneous influence of electric field to binding agents and mechanical pounding lead to high
results, the reason is explained with the fact that combination of two types of effect opens effec-
tively potential of electric nature of the substance.

Consequently taken positive results of experimental research reflect to the rightness of the cho-
sen methodology through the logic line: idea, principal, method, mechanism. This method and mechanism
are profitable economically in case when additional activation is necessary for kept binding agents.
Results have been examined while making arbolit (cement wood) on the basis of golden cement bind-
ing agent. Rice is used for filling. The durability has increased to 4 MPA.
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Pesrome
JKympicTa MuHepanbIbl OalIaHBICTHIPFBIN 3aTTAapIbl KOCHIMINA OCICECHAIPYAIH >KaHA THIMAL O;ici Typajbl
ManimerTep KenTipuireH. KynieMeHTTI 0alnaHbICTBIPFBIITBIH,  OEpIKTIriHe KOChIMIA OENCeHAIPYAIH ocepiH
9KCIEPUMEHTANIB/BIK OILUICYJIEP/IIH HOTHKENIEepl KenTipilireH. BainaHbICTHIPFBILITHIH OEpIKTITiHIH ocyiHiH ce0ebiH
ANEKTPOKMHETUKANBIK MOTSHIIUAJIBIH MOHIHIH TOMEH/1Y1 apKbUIbI JTJICIICHII.

Pe3iome
B paGote mpuBeneHBI CBEACHUS O HOBOM pPa3pa0OTAaHHOM CIIOCOOE aKTHUBAIlMM MHUHEPATbHBIX BSKYIIMX Be-
miectB. [IprBeneHBI pe3yIbTaThl SKCIIEPUMEHTANBHBIX H3MEPEHUH 0 BIMSHUIO JOMOTHUTEIHHON aKTHBAUK HA MPOY-
HOCTB 30JIOLIEMEHTHOTO BSDKYILETO. Y CTaHOBIICHO YMCHBIICHHE 3HAUCHHS IIIEKTPOKMHETHIECKOTO MOTEHITHaIa 00BsIC-
HSIOIAst IPUYIHY ITOBBIIICHUS IIPOYHOCTH BSDKYIIETO.
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AN ANALYTICAL ENERGY CHARACTERISTICS EVALUATION
OF THE REFLECTED SUNLIGHT

We can calculate the reflected sunlight density at the current point of the aperture surface by somma-
tion of flux contributions of each mirror. But we need a fast and accurate method for calculating the bright-
ness distribution generated by a single heliostat. This problem consists in solving a double integral which can
be defined either over the reflecting surface or over the solar disk or over the image plane. From this starting
point, two basic types of methods have been developed for fields of focusing heliostats:

1. The first method, called "cone optics", comes to a direct numerical resolution of the double inte-
gral. It can yield accurate results if both the reflecting surface and the receiving surface have been divided
into sufficiently small elements. This requirement leads to using important memory storage and computing
time.[1]

2. The second method treats the density integral as a convolution of two probabilistic distributions.
The value of the convolution product is estimated through a two- dimensional Hermite function expan-
sion[2]. This method is convenient for taking into account guidance errors and for saving computing time
when the heliostat field is large. But its accuracy is disputable for small or medium size systems.

We propose a new approach based on a direct analytical convolution of the principal image of a helio-
stat with the radiation intensity distribution.

We characterize the relative position of the sun at any time by the direction of the "principal" ray,
coming from the center of the solar disk. We note Sy the unit vector of this principal direction, oriented to-
ward the center of the sun.

If heliostat guidance is perfect, the principal ray reflected by the center of a heliostat, My, reaches the
receiving surface at its center, Py. The unit vector of the reflected principal ray at M is

M P
Uy=r—"0 (1)
" MR
and the unit normal vector at My is
U, +S,
ny=7——— 2
US|
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We define the image plane as the plane passing through P, and perpendicular to U, If the heliostat
geometry is known, from n, we can calculate the terrestrial coordinates of the current point M, and of the
unit normal vector at M, n. Then, we get the expression of the principal reflected ray at M

r= 2(S0 -n)n—S 3)

The principal reflected ray coming from M intercepts the image plane at point P. As shown on Fig. 1,
the intersection of the cone with the image plane can be assimilated to a circle of center P.

"i Sun
- -
-:",-

Fig. 1. Intersection of a cone of reflected rays with = ——
the image plane.

Any point Q inside the circle is the image of M by a mapping 7, , In which @ defines the azimuthal

direction of MQ in the cone of reflected rays at M.
We can draw the relation between Io(W * m * « sr™') and the normal flux density E,(Wm™) at the con-
sidered time

EnJ.OaI(a)-ZMg(lthgza)da 3)

In most power tower systems, the receiver aperture is either plane, spherical or cylindrical [3]. Cal-
culation of flux density at the current point R of the receiving surface is performed after having projected R
onto the image plane of each heliostat.

Expressions of the flux density produced by one heliostat. Let dS be an element of area in the reflect-
ing surface, around M(v,w). Let dS' be an element of area in the image plane, around Q(X, y), r is the unit

vector of the principal reflected ray at M, U = (MQ/|[IMQ)]|) and « is the angle of direction MQ with direc-

tion MP.
The elementary flux density at Q produced by dS' depends on the value of

If & > ag, dF(x,y) = 0) (4)

dS cos Gcosﬁj 5)

fFO<a<a, dF(x,y)=,01(0!) PE

where p is reflectivity of the mirror; € is angle (Sp, n) = angle (n,r); £ is angle (U, r); d is distance
to the receiving surface.
Then, the elementary flux density at R(X, ¥) in the receiving plane is

cos@cosl'
HX.Y) = pldS =2 (6)

With 6’ = angle(n',U,))
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sin@,
With n'=| 0
cosf,
The flux density at R due to one heliostat is
cos@cosd’
HXY) = [ [ pley=—""——ds ()

2 is the useful part of the reflecting surfase seen from Q.
It is made of all elements of area for wich 0 < a < ¢

Since it is difficult to find an analytical expression of (7), we prefer to calculate the integral over the
useful portion of the image plane X' relatively to Q.

dS cosfcost’ N ®
ds'’ d’

#x.1) = [[ pl(e)

The correspondence between X~ and X' can be expressed as follows

= T(%) ©
In expression (8) the term (dS/dS") can be interpreted as the inverse of the Jacobian Ja(pw of Tmp
calculated at M(v,w). We can define CWUW such that
Ifa>a C,,,,=0 (10)
1
If0<a<a; C,,, =—— (11)
Ja(puw

Then we get a unique expression of @ (X, V) as an integral over the image plane

X, Y)=p I(a)C

cos@ios o' J-j:rw dvdy (12)

agxy

A relatively good simplification of (12) is possible since «g, is a small angle. The image of the

mirror by 7 o 18 very similar to the image by Ty translated of vector

t=[§J with d S (13)
n n=d-tgasing
Then C,,, = Cy(x—¢,y—1n) and from expression (12) we obtain
cos@cosé’ o0 -0
sV =p—=[ [ (14)
L(iyﬂ)co(x—f,y—ﬂ)dfdﬂ (15)
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With

L&) = 1(a)

V(& +n? (16)

o = Arctg — 7

85,44 | 85,44 | 85,65 | 85,83 | 85,84 | 86,13 | 86,25 | 86,40 | 86,61 | 87,04 | 87,26 | 87,65 | 88,00 | 88,35
85,38 | 85,53 | 85,58 | 85,67 | 85,75 | 85,94 | 86,11 | 86,40 | 86,50 | 86,85 | 87,15 | 87,30 | 87,78 | 88,06
85,55 | 85,61 | 85,63 | 85,66 | 85,73 | 85,91 | 86,10 | 86,19 | 86,52 | 86,70 | 86,95 | 87,18 | 87,52 | 87,84
85,42 | 85,51 | 85,39 | 85,57 | 85,68 | 85,72 | 85,86 | 86,08 | 86,30 | 86,36 | 86,73 | 86,98 | 87,30 | 87,52
85,50 | 85,62 | 85,56 | 85,64 | 85,68 | 85,81 | 85,85 | 86,03 | 86,10 | 86,36 | 86,64 | 86,76 | 86,98 | 87,29
85,60 | 85,57 | 85,48 | 85,54 | 85,53 | 85,63 | 85,81 | 85,94 | 85,96 | 86,23 | 86,29 | 86,50 | 86,72 | 87,07
85,73 | 85,55 | 85,55 | 85,61 | 85,59 | 85,69 | 85,63 | 85,75 | 85,85 | 86,23 | 86,10 | 86,43 | 86,75 | 86,81
85,74 | 85,59 | 85,55 | 85,70 | 85,47 | 85,65 | 85,66 | 85,69 | 85,77 | 85,95 | 86,02 | 86,33 | 86,40 | 86,63
85,92 | 85,72 | 85,78 | 85,60 | 85,51 | 85,61 | 85,44 | 85,64 | 85,76 | 85,93 | 85,85 | 86,01 | 86,23 | 86,41
85,81 | 85,79 | 85,67 | 85,72 | 85,49 | 85,45 | 85,61 | 85,66 | 85,62 | 85,74 | 85,83 | 85,99 | 86,15 | 86,29
86,07 | 85,88 | 85,77 | 85,56 | 85,51 | 85,66 | 85,57 | 85,63 | 85,58 | 85,66 | 85,65 | 85,67 | 86,04 | 86,01
86,28 | 86,02 | 85,92 | 85,83 | 85,68 | 85,62 | 85,48 | 85,51 | 85,48 | 85,63 | 85,61 | 85,68 | 85,95 | 85,93
86,34 | 86,00 | 85,96 | 85,73 | 85,63 | 85,60 | 85,63 | 85,51 | 85,42 | 85,51 | 85,50 | 85,55 | 85,73 | 85,71
86,45 | 86,33 | 86,18 | 85,92 | 85,77 | 85,76 | 85,48 | 85,47 | 85,53 | 85,55 | 85,38 | 85,47 | 85,57 | 85,60
factor of concentration 86,05

Fig. 2. Table of concentration factors

The convolution of L and C, can also be defined with C as the kernel

$0x 1) = p 0 [ [ L £y - C iy (17)
With
Lix-&,y-m)=1(a)
o = dretg V(- §)2d+ (y-n) (18)

Co(&,m) can be interpreted as the geometrical concentration from the mirror to the principal image at
point T(&,77). In the case of Fig. 1, we get the table of concentration factors of Fig. 2, each concentration

factor being attached to one element of area in the reflecting surface.

For a typical principal image, variations of Co( £,77) are not important. We can assimilate this function
to a step function defined as follows

if Q(&,7) belongs to the principal image, Co( £,77)=C

ifnot, Co(&,m)=C

The average concentration factor, C, and the limits of the principal image characterize the relative po-
sitions of the sun, the heliostat and the receiver at the considered time. Then, expression (17) can be rewritten

cos@cost’
HXY) = p—=—C[[ H@)dgdy (18)
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With J, useful portion of the principal image for point Q(X,y)

CE )

R(Em e, = 0< y

(19)

Jq 1s the intersection of the principal image with the disc of center Q and radius d tg o, .

In the case of square or rectangular reflecting surfaces, we simply characterize the principal image by
projecting the four corners of the mirror onto the image plane. We then assume that heliostat edges are sim-
ply transformed into straight segments. This assumption is generally satisfactory but in a few cases, when the
concentration factor is very high, the quadrilateral image obtained by this method is not convex, and we have
to shift one of its corners.

If the geometry of the reflecting surface is more complicated, it is still possible to obtain the principal
image by projecting a number of points of the mirror boundary onto the image plane. Then the principal im-
age boundary can be considered polygonal and the following results can be applied.

For each point R(X, Y) of the receiving surface, we want to calculate

#(X,Y) = pcosOcosOCo (20)

With
of [, 1()dsdn 1)

In the sequel, we show that integral (21) can be analytically solved if I(«r ) is represented. For
measured sunshape distributions, integral (21) must be solved by numerical techniques.

The integration domain of I( & ) can be rather complicated since it is bounded by arcs of circle and
segments. But integral ¢ can always split up into simpler expressions which all resolve into a combination

of two basic cases for which analytical expressions exist.
In the case of Fig. 3, the expression of the streaked area is

S =.[R2pArcos tad o (22)
1 4 P

with R = d tgag and g : distance from Q to the edge of the principal image (0 < < R). By
integration of (22) we get

S, =R2Arcos%—,uw/R2 —u’ (23)

Fig. 3. Intersection of the apparent solar disk with one edge of the principal image.
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Fig. 4. Intersection of the apparent solar disk with one corner of the principal image.

And the integral of solar intensity over that surface is

I 24| R° U
» :d_O2|:S1 —F|:?AI"COS——

%(31{4 + 4R 12 + 81" W R? —/Jz:|:| 24)
Now, if we want to solve a real case for which only one edge is intercepted by the circle (Q, d tgcry)
we must distinguish two possibilities:

If Q does not belong to the principal image, the flux density at Q is

¢ = pCcosBcosO'p,
If Q lies inside the principal image,

(25)
¢ = pCcosOcos'(p,. —,) (26)
With
I, o A
_forrf1o 2 27
(Dmax d2 7z ( 3} ( )
¢max = E

n

If more than one edge is intercepted by the circle, we have to determine whether or not the
intersections lie inside the circle.

The integration area is represented on Fig. 4 we assume that

(28)
a, <a,

Vo .
B =a, - Arcos(E,sm al) for i=1,2

The expression of the streaked area is
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S, = IR {al — Arc sin(% sina, ] —a, + Arc sin(% sina, ﬂpdp (29)

and, by integration
R . .
=~ [R(B, = B.)— utsin g, =sin . ] (30)

we note @, the integral of solar radiation intensity over the streaked area.

R My N P
?, :J; a, — Arcsin ;smocl —a, + Arcsin ;smoz2 o I—ZF pdp (1)

And we obtain the analytical expression of @, :

0, = ;[ 2 0~ Q(az))} (32)

With for i=1,2

6
O(a,) =R?,5,~ _ysing, [(3R4 +4R*v?sin’ @, +8v*sin @, )\/R* —sin’ @, —

—v® cosa,(15—-20cos” a, +8cos” a,) (33)

So far, we have assumed

T
Lca < 5 fori=l.2

If real intersections are not of this type, we can still solve the problem by using expressions ¢, and ¢, ,.

In the example of Fig. 5, Q is inside the principal image and (7 /2)< a, < 7.

. . V4
We then define «, = a, — 7z, which verifies 5 <a <0.

Fig. 5. A non trivial intersection configuration.

!

Expression ¢, is applied to (4, ,a, ) instead of (1, ).
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¢ = pCcosOcost (@, — ¢ — ,) (34)

An enumeration of all possible configurations would be tedious and useless since we have con-
structed an algorithm [4] which automatically classifies all intersections and calculates the appropriate com-

bination of expressions ¢, , and @,

The use of analytical expressions and simple tests has considerably decreased the computation time
necessary to simulate the flux produced by one heliostat.
On Fig. 6 we have reproduced a map of flux densities on an aperture surface 3 m x 3 m uniformly

divided into 225 elementary cells. The input data are the same as for Figs. 1 and 2, and 6. = 30°.

Maps of flux densities obtained by the cone optics technique depend on the size of elementary re-
flecting cells. They slowly converge to values close to the ones obtained by the analytical method.

For example, the previously considered mirror surface has to be divided into 100 x 100 elements in
order to get the map of flux densities of Fig. 7 which is not too different from the map of Fig. 6.

The computing times are 2 sec for Fig. 6 and 54 sec for Fig. 7 on Pentium I'V.

0,00 [ 0,00 ] 0,00 [ 0,00 [ 0,00 [ 0,00 [ 0,00 [ 0,00 [ 0,00 [ 0,00 ] 0,00 [0,00] 0,00 ] 0,00 ] 0,00
0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 |0,00]0,00] 0,00 ] 0,00
0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00/ 0,00/ 0,00
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Fig. 6. Flux densities (kW m™) for a single heliostat.
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Fig. 7. Flux densities computed by the cone optics technique
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It can be observed that when applied to insufficiently small reflecting elements, the cone optics tech-
nique yields average values instead of local values and this fact tends to decrease high flux concentration
values. However, this technique usually provides correct results when it is used to compute the total power
received by the target.

Now, we want to get the global map of flux densities by calculating the contribution of all the helio-
stats and the shadow effects between them. For simplicity, we assimilate the shadow effect on each heliostat
to a uniform decrease of its reflecting power. Of course this effect depends on the position of the sun, and we
calculate the percentage of shaded area of each mirror by an analytical method [5].
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Fig. 8. Flux densities for the collector field
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Fig. 9. Flux densities for the collector field with guidance errors

The flux density map of Fig. 8 has been obtained for a cavity aperture 4 m x 4 m and for solar data of
a winter day at 10 a.m. in the middle of Kazakhstan

En=0.76915 6, =0.64258 rd ¢, =0.67316 rd
Total collected power = 6 MW
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A proper simulation of heliostat fields should also take into account guidance errors and
imperfection of reflecting surfaces. On Fig. 9, we have simulated the heliostat field in the same condition as
for Fig. 8 but with a uniformly distributed error for reflected rays between 0 and 3 mrd.

If the average divergence of reflected rays is € for a particular heliostat, the shift of its principal
image on the image plane has the amplitude d tge. Guidance errors can therefore be simulated by random

shifts of principal images proceeding from a random generation of divergence angles €, according to a

probabilistic law.
Simulation of guidance errors clearly shows that the sun spot on the recever tends to spread when
precision decreases.

CONCLUSION

Description of the brightness distribution produced by a heliostat as a convolution integral is not just
a technique constructed for faster calculation. It corresponds to the classical decomposition of light into its
geometric and energetic features. In terms of technology, the energetic aspect is essentially external and the
geometric aspect internal to the system. By external, we mean that radiation properties remain after reflection
and concentration. The problem is how to convey and to transform energy with a sufficiently low rate of
loss. This condition imposes technical constraints such as a limit distance between heliostats and the
receiver, due to radiation divergence on the solar cone.

On the other hand, optical devices such as mirrors and lenses have been designed to modify some
geometric properties of light. But they are not perfect, and not even perfectly adapted to their own purpose.
For instance, focusing surfaces concentrate light on a point of their optical axis but their concentration power
decreases when the target moves away from this axis. And the principal image of a heliostat mostly
represents its intrinsic concentration limits.

REFERENCES

1. Perers B. Dynamic method for solar collector array testing and evaluation with standard database and simula-
tion programs // Solar Energy 50, 517-526. 1993.

2. Bymy3o6é B.A. DKcimyaTanMOHHAs HANEKHOCTh COJNHEYHBIX KOJUIEKTOpoB // [IpoMBINIeHHAs SHEepreTHka.
Ne§. 2003.

3. Tapnuoscesckuii B., Abyes .M. TexHudeckuii ypoBeHb M OCBOCHHE IIPOU3BOICTBA IUIOCKUX COTHEYHBIX KOJI-
nexktopoB B Poccun // Termosnepreruka. Ned, 1997,

4. @puo C.E. MeToabl TEIIOBBIX MCIBITAHUI COMHEYHBIX KosuiekTopoB // IIpenpunt Ne 3-248. UBTAH AH
CCCP. Mocksa. 1988r.

5. Smith C.C., WiessT.A. Methods of testing to determine the thermal performance of solar collectors.
Solar Energy. Vol. 19. P. 109-113. 1977.

Pesrome
KyHnik «MmyHapay xyHeciHJeri KOHUENIUIIBIK ecell Oepy MEH OChI IIaK YaKbIThIHIAFbl 0aKbuIay JKYHECiH,
COHBIMEH Karap Te3 KOJIIAHATHIH YKOHE HAKThI KOMIBIOTEPJIIK XKyieneri KaObUIIaFbIll aFblH THIFbI3BIFBIHBIH CapanTamn
ecenTeyiH Kaxer ereni. KilacCHKaNblK «KOHUTHKAJBIK ONTHKA» JKOHE «IJPMHUTTIH KONMYLIEC» dJiCTepiHiH Kenbdip
KBUIZAMABIK TIeH HAKTBUIBIK LIeKTeysepi Oap. bi3 aHanMTHUKaANBIK MOJENb ece0iH KypacThipa OTHIPBIN KYH KapbFbIH
reJIMOCTAaTHKANIBIK KopceTinyiHne OoiK. (SFHU «KYH HYKTECiHIH» OesceHi OeitHeci).

Pesiome
Konnennusi, oneHka U KOHTPOJIb B PEXXUME PEealbHOr0 BPEMEHH COJHEYHOH "OameHHO#" cucteMsl TpeOyloT
WCIIOJIb30BaHUsI OBICTPBIX M TOYHBIX KOMITBIOTEPHBIX IPOTpaMM JUIsS pacyeTa pacHpenesieHHs ITIOTHOCTH MOTOKa Ha
npuemMHuKe. Kiaccuueckre MeTosbl "KOHUUECKOH ONTHKM) U «MHOTOYIeHa DpMHUTA" UMEIOT HEKOTOPHIE OIPaHUYCHHUS
CKOPOCTH ¥ TOYHOCTH. MBI CO3/1alT aHATMTHYECKYIO MOAENb AJIs pacieTa CBEPKH COJIHEUYHOTO PACHIPEeIICHHS IPKOCTH
C OCHOBHBIM M300pa)KeHHEM TeIrocTaTa (T.e. akTHBHEIA 00pa3 Ha "COTHEUHYIO TOUKY'").
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B.K. Mukhanov, B.A. Suleimenov, A.K. Usenov, Zh. Omirbekova

DECOMPOSITION OF THE HEAT MODEL OF THE UNSTEADY NON-ISOTHERMAL LIQUID
MOVEMENT IN THE PIPELINE

1. Introduction

ANSYS Fluent software contains the broad physical modeling capabilities needed to model flow, tur-
bulence, heat transfer, and reactions for industrial applications ranging from air flow over an aircraft wing to
combustion in a furnace, from bubble columns to oil platforms, from blood flow to semiconductor manufac-
turing, and from clean room design to wastewater treatment plants. Special models that give the software the
ability to model in-cylinder combustion, aeroacoustics, turbomachinery, and multiphase systems have served
to broaden its reach.

Modeling of the temperature interaction of the main pipeline with environment takes an important
place in the issue of technological modes forecasting under the pipelines operation. That's why one still pays
quite much attention to the development of the oil transportation models in the main pipeline acceptable for
on-line mode operation.

2. Research

Using of mathematical models in control devoted a lot of research, for example [1-4]. To create a
process control fluid transport by pipeline is necessary to develop a thermal model of unsteady non-
isothermal flow in a pipeline. In this case, unsteady non-isothermal liquid movement in the main pipelines
should be considered as liquid-pipeline-soil system. Under this the model of the liquid flowing heat proc-
esses should presented as [5,6]:

opv +l opv _0
o s Oz
2
opv N Sa_P +l opv
ot oz s Oz
C@pT +lcapuT N

o s Oz

oT
Ckpkwka_tk:Eal(T_Tk)_anz(Tk _Tep)

or, o or,, 0 or,,
czppepa)ep A, a a + q2 - Q3

+AP(v)+¢gsinz =0

¢, =0 (D

a ol e )\ % ey
AP(v) = Spu(v)
q, = Fa,(T-T,)
Q2=an2(Tk_lp)
q3:F3a3(]12p_T603)

where: 0,0, p - density (kg/ m’ ), velocity (m/ S), pressure (%) liquid correspondingly in the pipeline; S
— cross section square (m°) T, Ty, Tu — correspondingly liquid temperature, pipeline wall temperature, soil
temperature (°C ), F,;, F, — heat exchange square (m’) liquid-pipeline (°C), pipeline-soil; Q, - heat ex-
change factor liquid -pipeline; ¢, - heat exchange factor pipeline-soil; ¢, p, @, - heat capacity, density, mMa-
tepuana TpyOsl reduced volume of the tube wall; ¢, o, @, - heat capacity, soil density, reduced soil vol-
ume. A - thermal conductivity of soil; 7, - environment temperature, q 811 Z- the drop conditioned with

the pipeline height change, ¢ - resistance.
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The presented model (1) is referred to the nonlinear equation type in partial derivatives. The model
realization is connected with specific difficulties which are determined with computing capacity of the used
data processing machines.

That's why the reduction methods for the indicated model is of great interest.

One should mentioned that it is the specialty of unsteady dynamic mode of the liquid-pipeline-soil
system that the change speed for liquid variables (v, p, T') is much higher that the soil temperature speed
change (T’ )

The indicated preliminary proposition of the different-scale change in time for the liquid variable of
the soil temperature can be the basis of the temporary model decomposition (1).

Under this we will use the small parameter method as the formal base for the procedures of the initial
system reduction (1) to the standard type/ The procedures are offered in [7,8].

In the statement (1) the product of ¢ ,p,,.®,; 15 the big value, that's why we will take

[ =—— as the small parameter.
csuil psoil a)soil
Taking into account the parameter smallness 1z <<1 we will neglect the right sides of the equation
comprising £ and write down the equation system of «fast movement» for the time ¢,
op 10pv
_p + _L — 0
o' s oz
opv 0P 10qv’
Y 1
ot' 0z § Oz
or 1 ouT

cp—+—cp—+q, = 2
p@t' S'O@Z q, 2)

oT,
Ckpka)ka_;:Eal(T_Tk)_FZaZ(Tk _Tgp)

+AP(v)+¢sinz=0

T, ~const; q, =Fa(T-T,)

Correspondingly, the equation system of the slow motion in the scale 7 = ' will be the following

oT oT oT
b _1fof, Y of, A, o
or ul\ox Ox oy oA

q, :anz(Tk _Tep)

-1 _ 1
q3 =F'3a3(sz _Teos) Tk :_ITk T, :;J.T

Thus, as the result of the conducted temporary decomposition the local models with different times
were obtained from the original one.

The model (2) describes unsteady one-dimensional liquid movement on the coordinate z, and the
statement (3) describes heat distribution in the soil on the coordinates x and y.

Thus it is suggested to use two —level model realization system (2) and (3) indications in the picture
1, where the coordinating interaction algorithm for the models (2) and (3) is located at the upper level, nu-
merical algorithms which realizes the statement (2) and (3) are located at the low level.

Coordination includes the task solution:

For the time 7 = '

air

_ 1% _ 1%
- integrate the values 7}, =—J.det; T, =— I T dt
T 0 T 0

- generate limit values for the task solution (3)
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Coordination
algorithm >  T(t,2)

soil 2p

Te T
Fast processes Slow processes
model model
Time of decision Time of decision

Picture 1. Interaction scheme for the models (2) and (3)

At the moment 7 :

-average on the coordinates x and y values T

i for the task solution (2).
The outcoming coordinate of the whole system is the liquid temperature T(t, z) along the pipeline.
This approach allows to use different computing resources under the realization of the original model

soundly (1).

3. Conclusion

The article offers the decomposition approach to the realization of unsteady non-isothermal liquid
movement model in the pipeline. The obtained two —level system of interaction of the original model allows
to realize it on different computing resources concurrently increasing the time of the computing procedures
for original model solution.
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Pesome
Byn wMakamama KyOBIpAaFrpl CTalMOHAPIBl e€MeC OCHM30TEepMHUSUIBIK AaFBICTBIH JKBUIYJBIK ~MOMETIHIH
JICKOMITO3UIMSACHI OepiiireH. Monenbai ecentey OapbhlHAAFbl YPIICTI aHAFYPJIBIM TE3ACTETIH €Ki JEHTeii ecenTey
XKyleci YChIHBUIFaH.
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Pe3lome
[pemmoskeH TEKOMIIO3UITMOHHBIN ITOAX0] K pealu3allid MO HECTAIIHOHAPHOTO HEU30TEPMHIUECKOTO Teue-
HUS )KUIKOCTU B TpyOomnporoze. [lomydeHHas qByXypoBHEBas CHCTeMa B3aUMOJCHCTBUS UCXOTHONW MOJICNN MO3BOJISIET
peann30BaTh ee MapauieIbHO Ha Pa3HBIX BRIYHCIUTEIBHBIX PECypcax, TEM CaMbIM yMEHBINAsl BPEMsI BRIYHCIHTEIBHBIX
MIPOLEAYP PEIICHUS HCXOIHON MOJIEIH.

KazNTU named after K. Satpaev Received 10.11.2012

UDC 621.73.042
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INNOVATIVE MODERNIZATION OF FORGING AND STAMPING PRODUCTION
BASED ON JSC JV «BYELKAMIT»

Industry of Kazakhstan is developing very rapidly. The greatest development observed in the oil and
gas, mining industries.

Each year, for each of the branches is used more and more stringent requirements for forgings. The re-
sult is that we have to buy a higher quality and more expensive billet material from abroad. This is especially
felt in the production of high quality forgings.

Today, main six companies with blacksmith shop are in Kazakhstan, specializing in the production of
forgings:

1. JSC «VostokMashZavod» - produces 30 tons/month;

2. LLP «Casting» (KSP Stell) - produces 50 tons/month, cannot produce the large size;

3. JSC "AZTM" - produces 20 tons/month, with the installed equipment allows production of forgings
up to 500 tons/month;

4. LLP "KazZincMash" - produces only for the needs of JSC "Kazzinc" - 40 tons/month;

5. JSC "ArcelorMittal Temirtau" - make for yourself;

6. JSC "PZTM" - do for themselves and for the needs of rail transport, production capacity is 110 tons
per year extruded products.

Consequently, only four companies are the main competition in the market of Kazakhstan.

Ratio of forging products on the market of Kazakhstan is presented in picture 1.

After careful analysis of consumers and producers, managers of JSC JV "Byelkamit" decided to cre-
ate the forging production according to international standards, with full reconstruction of the existing black-
smith shop.

It is planned to use existing machining equipment for made component from forgings produced hot
stamping, hot rolling and forging.

The basis for the organization forging production will be Building Ne3 with existing equipment.
Drawing of the Building Ne3 presented in picture 2.

Will be involved the specialists working in the factory. JSC JV "Byelkamit" will build on the experi-
ence of the staff, at the same time will provide training for this type of production.

Planned to produce up to 7,500 tons of forgings per year, this figure is given with the purchase of a
new advanced equipment and upgrade existing equipment.

Forging hydraulic press - the main equipment, which will be made up to 3 750 tons per year.

Forging complex is intended for all work performed during forging. Forging manipulator capacity of
5000 tons will be working with the press.

Main dimensions of forgings, which are planned to be produced on the press, are presented in table
number 1.

JSC JV "Byelkamit" has own laboratory at the plant for testing forgings.
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-

Ratio of forging products on the market of

Kazakhstan, %

W ISC«AZTM» -18%
m LLP «Casting» (KSP Stell) - 46%
J5C«VostokMashZavod» - 27%

WISC«PZIM® - 9%

Picture 1. Production of forging products on the market of Kazakhstan
Table 1. Main dimensions of forgings, which are planned to be produced on the press

Shafts circular cross section with
shoulders and flanges

Name Type of forging Dimensions
Dpin = 150 mm
iT Dpax = 550 mm
Forgings with a uniform length square e | I +—-—t Amin = 150 mm
or circular cross-sections T Bmax = 800 mm
B _h] L = 6000 mm
“+ e A
Dfmin =150 mm
Dpax = 550 mm

Lipax = 6000 mm

- i
Diax = 1200 mm
4 dpmin = 100 mm
Forgings circular and rectangular i _:I dmax = 200 mm
cross-section with holes and without Hpax = 150 mm
holes Boax = 800 mm
d |\ H B Liyax =200 mm
I - - - =
H : Dpnax = 1600 mm
< e ‘IF D,in = 650 mm
. T Hip = 200 mm
Rolled rings o 4 —a—' Hyin = 600 mm
Siax = 100 mm
T
_ Dpnax = 650 mm
i Ds ax = 280 mm
Hollow cylinders with uniform and Wi = oyo Dtain = 150 mm
variable size D i1 1 ¥ Lmin = 1500 mm
Y Lunax = 2500 mm
- _ - Siin = 100 mm

Flow head

Plans of different types
and sizes of up to 2 tons
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Ring rolling machine will be purchased to obtain high-quality rolled rings. Production on the ring roll-

ing machine will be up to 2500 tons per year.

Main dimensions of forgings, which are planned to be produced on ring rolling machine, presented

in table number 2.

Table 2. Main dimensions of forgings, which are planned to be produced on the ring rolling machine

Name

Diameter

Height

Rolled rings

Type of forging
H

Y
o

@_D

+

200 - 1250 mm

50 - 400 mm

Steam air stamping and steam air forging hammer - the existing equipment to be upgraded.
Steam air stamping hammer with a mass of falling parts 3.15 tons would be transferred to the hy-
draulic actuator, which will improve efficiency equipment. Production on the steam air stamping hammer

will be up to 500 tons per year.

Main dimensions of forgings, which are planned to be produced on the vapor swage, are presented in

table number 3.

Steam air forging hammer with a mass of falling parts 1 ton, which will also be transferred to the hy-

draulic actuator.

Production on the steam air forging hammer will be up to 1000 tons per year.

Table 3. Main dimensions of forgings, which are planned to be produced on the steam air

stamping hammer

Name Type of forging Dimensions
Bolts | MI6 — M64
Nuts E O M36 — M64
Squares E 0?20 - 075
Tees ’frl 020 -0Q75
Rivets (: @16 - B30
Cotter = @30
Gear wheels CE:) 0129 — 288
Eyebolts @ M8 - M72
Allen key head [:r *-I I S=36-145

40
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Main dimensions of forgings, which are planned to be produced on the steam air forging hammer, are
presented in table number 4.

As well as various parts such as clips, washers, bushings, do not exceed the weight of 17 kg.

All products will be in according with international standards ASME, ASTM, and GOST.

Table 4.Main dimensions of forgings, which are planned to be produced on the steam air forging hammer

Name Type of forging
i
Shafts smooth round and rectangular .ﬂ.'. | T | /
-wah- - L - ..‘..._:..é
I »
1_ o' 153
Round shafts and flanges with shoulders } = L 12
- L -
o H -
[ ¥
Cylinders and discs solid and perforated a =1 |
L | &
e Hor
i ._.:.T
Rolled rings al 1 1%
T
- D -]
. . R
Bushing seating washer > |5
X —3
Hollow shafts i, % — el D'
- L L

The billets will be heated by two gas-flame furnace.

The blanks for stamping will be heated by furnace with high-frequency currents.

Two gas-flame furnaces with moving table will be purchased for heat treatment of forgings.

Layout upgraded blacksmith shop is presented in picture 3.

Current products will conform to international and republic standards. Forgings will have higher accu-
racy class, increased strength and durability.

For the organization forging production to be acquired a modern innovative forging equipment that
complies with international standards. This will reduce the flow coefficient of the material, which signifi-
cantly affect the cost of production.

To obtain forgings that meet international standards, will be used high quality material imported from
Europe, the U.S. and South Korea.
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Pe3iome
Makanaga COFYMEH QIbIHATBIH COFBUIMAJIAPIBI  OHMIPETIH HAPBIKTHIH CaJBICTBIPMAJBI  capanramManapbl
kentipinred. Herisri 6acekenec kommanusuiap aHbIKTamabl. AK «benkaMuTy 0a3achlHAa YCTANBIK—KAIBINTAay OHIIPICIH
JKAHFBIPTYFa apHAIFaH OMICTep MEH MIemIiMAep KapacTHIPBUIAABL. OHIIPY KOCHAapJIaHFaH COFBUIMANIApIbIH, HETi3Ti
TUNTEP1 JKOHE OJIeMIePi KeNTipijreH.

Pe3rome
HpI/IBeIlCH CpaBHI/ITeJ'IBHHﬁ AHaJIU3 PBIHKa HpOHSBOHHTeHCﬁ KOBAHBIX NOKOBOK. BEBISBIIEHBI OCHOBHBIE KOHKy-
peHTHble KOMIIAHUHA. PaCCManI/lBaIOTCH METOAbI U pemeﬂym JJIs1 Moaepﬂnsaunn Ky3He’-IHO-LlITaMHOBOLIHOFO HpOI/ISBOLl—
crBa Ha 6a3e AO CII «benkamury. [IpiBeneHbI OCHOBHBIE THUIIBI M pa3Mephl IIOKOBOK, KOTOPBIE TNIAHUPYETCS IIPOU3BO-
IUTh.

KazNTU named after K. Satpaev Received 10.11.2012

UDC 621.01
S.B. Kosbolov, G.P. Tanzharikova, A. Zhauyt, A.B. Rakhmatulina
KINEMATICAL SYNTHESIS OF SIX-LINK LINKAGE WITH THREE DWELLS

INTRODUCTION

Compensation mechanisms are used on loom SWM type for controlling weft tension during the
formation of tissue. Figure 1 shows a cyclorama of the working link movement of the mechanism for the
battle angle 105° [1]. S =S ((0) - function of the working link of the mechanism depending on ¢ - angle of
crank mechanism. Slot ab - pulling weft after it cut at a certain position (output of the working link on the
top position), bc - dwell of working link on the top position. It is needed for stability of color changing
system work, cd —pickup of weft to reduce tension in the slot, de - dwell of working link in the down
position, ef - extension of surplus flipping weft and creation of a certain tension during the cut, fa — dwell
during the cut of weft.

3.166

1.666

295° 355° 360° [

Figure 1. Cyclorama of the working link movement of the III class mechanism
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On the base of analysis it was established
that the position of working body of compensator

group must be: on the top position S, = 190mm,

during the cut S, ,=100mm and on breakage S, =

95mm. Cyclorama movement of the working body
of the compensator which has three dwells is very
complicated and therefore combination of cam-
lever mechanisms is used.

Cam is the leading link connected with the
main shaft of the loom. Working body moves on a
plane which is perpendicular to the movement of
weft thread. The main disadvantages of the
combined mechanism are rapid wear of higher pairs
elements of cam-roller mechanism and separation
of roller from cam when the speed characteristics of
the loom are increased. To eliminate these defects a
new III class slider-crank mechanism which
provides three dwells for a cycle of work was
synthesized.
Analytical method for the synthesis of linkage.

The initial data for the synthesis of the six link
transmission mechanism of III class:

a) should coincide with axis OY of OXY system
according to the movement of weft thread of
guiding slide,

b) coordinates of the crank rotation must be
following:

18 <X,4<2,-05<Y,<-08.

Figure 2. Working principle of III class transmission
mechanism

Let’s consider synthesis of the III class transmission mechanism by given law of motion of the

driven link - slider in the displacement function of the input link - crank § = S§; (@) , 1= W (Figure 3).

Figure 3. Transmission mechanism of III class
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1 Statement of the problem
Let N be positions of two planes Q) and O, (cross-sections of solids)

QI(XA’YA7¢1‘)’ QZ(XD,-’YDI."//I‘) (izl’N)’ (D
relative to fixed plane Q. Coordinate systems OXY, Axy and D; x" y" are tightly associated with planes Q,

1and O,
° 1%. Points A(X, Y,), B(xsys), and C(x,y.) must be found according to planes Q, Q; and Q..
Distance between points B and C defined by equation 1 must have a little difference from a constant value R.
Variable coordinates X B, Y, , of the point B and X c > \% ¢, of the point C in OXY system are
expressed through their constant coordinates x,, y, and x_, y.. in Axy and Dx'y’ systems known as
linear transformation formulas:

0. %, %%, %%, %

Jr’:y‘f:.o ’rﬂ:l{?} ’e:%,-”e

v}

7 e 0
7777y
Figure 4. Four link initial kinematical Figure 5. Two link initial kinematical
chain ABCD with rotational pairs chain ACD with rotational pairs
_XBi ) _COS(pi — sinQ, X, ] [xg]
Yp |=|sing; coso;, Y, ||yg|, )
L] 10 0 1| 1]
_Xc,. 1 [cosy, -siny, X, NEA
Y. |=|siny, cosy, Y, Ve ’ 3)
1] L 0 0 L1

There are seven unknown parameters in this problem. They are X, ¥, coordinates of the point

AeQ, X4, ¥y coordinates of the point B € O, x., y. coordinates of the point C € Q5 and the
distance R between the points B and C.
Weighted mean difference for the i-th position of planes:

Ag, =|B.C;

1 11

2—R2:(Xc;‘XBi)zJF(I/ci_YB[)Z_RZ' <i:1’N) @
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Weighted mean difference A%‘ is a function of seven parameters X, Y,, x5, y5, R, X¢, Ve

(Figure 4). By grouping these parameters as three with common parameter R, the weighted mean difference
can be represented in three different forms. Expressing A q; through X 4,Y, and R, we obtain the first

form
gV = (%, —XA)2+()7AI, v, )Q—RZ, (=1N) (5)
X 4 cosp, —sing, 0| |x;| |cosy, —siny, X, ||x;
ii =—|sing, cosg, 0|y, |+|siny, cosy, Y, ||y (6)
1 0 0 1] 1 0 0 1 1

By forming the sum of squares of weighted mean difference for N positions, we get

N 2
§= le [A(é?] (7

Necessary conditions for minimum sum of variables X , Y, and R

oS oS oS
— =0, — =0, = = (8)
oX , oY, OR
with equations 5 and 7, we get the following system of equations
_N~2 N NN_'X_ _N2~_
Xy Xy ¥y DXy |74 2Ry Xy
i=1 i=1 i=1 i=l
N N, N X
ZXAl Az Z Ai z Al YA :E ZRA, Ai y (9)
i=1 i=1 i=1 i=1
N N N
XA: z A: N ZRA
: H : i
L i=1 i=1 J LA L i=1 |

2 52 52
where RA~ _XAi +YA1’

1

The system 9 allows to determine unknowns X, ¥, and R for given values of variables x;, y;,

X, Y& i.e. describes some correspondence between points B, C and 4 of Qla Q2 and Q planes.
The solution of these equations systems by Cramer's rule can be written as

(XA,YA,Hl)zDL(DXA, Dy, Dy, )when Dy #0 (10)
1

1
where R = (X%l +Yj +2H1)z.

Expressing A q; through x,, y, and R we obtain the second form:

Aql@):()?Bl__xB)2+(17Bi—yB)2—R2, (izl,_N) (11)
where
Xy cosg, —sing, 0]|X,-X, cos(wi ~ (pi) - sin(l//[ — (pi) 0 |xt
Y, |=|—sing, cosp, O|| Y, Y, |+ sin(y, —@.) cos(w,—@) 0| y.
1 0 0 1 1 0 0 1] 1

Conditions for minimum sum of variables x,, y, u R
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oS oS oS
—:0’ —:O’ - = (12)
Oxy vy OR
reduce to the system of linear equations
N, N _ N lr. 1 [N o ]
x
zXpg 2 AXp¥p X Xp | 17B =z Rp Xp
i=1 i i=1 i i i=1 i i=1 "1 i
N N N N
;5 - . 1R (13)
2 Xp¥p 2T 2 Yp ||\ Vg |5 Z BpYp |
i=1 17 i=1 "1 i=1 "1 i=1 "1 i
X Y H
i B S N2l S B
where
52 _ w2, 2 Ll 2
R, =X, +Y,, HZ_ER —Xp T Vs
Expressing A, through Xp, V¢ and R, we obtain the third form:
3 v ' 2 v ' 2 2 .
2P (%o -a) 2 (T -00) 2R (i=1N) (14)
where
Xe cosy, siny, O|[X, =X, [cos(g,~w;) —sin(g,~y;) 0][x,
Yo, |=—|=siny, cosy, O|| Y=Y, |*|sin(g;~y,;) cos(o;~w;) 0|]|ys
1 0 0 1 1 0 0 1 1
Conditions for minimum sum of variables x;., y;. and R
oS oS oS
; =0, ; :O’ _—= (15)
Ox,. OVe OR
reduce to the system of linear equations
N, N _ . N N ]
X 2 Xcle 2 Xc 2z ReXe
i=1 i = i i i= i x,C l]:\ll i
N N N
fort 52 ' _l 52 & (16)
zXcle 2 Yo XY Vo= x Rele
i=1 71 i i=1 "1 i=1 "7 ||g i=1 i i
N _ N _ 3 N ~
x X Y 2
L is1 S i=1 S N SR
where
52 T2, 52 _ 1( 2 "2 12)
R =Xo +Yc, H3_ER -x" =y,
To obtain the necessary conditions for a minimum sum, equation 7 for all seven variables
oS :
=0 =X Yy Roxg vg 20, 70) (7
]

systems of equations 8, 12 and 15 must be considered together. Excluding the first three unknowns X 4, ¥4
and R on the base of system equation 9, we get a system of four equations with four unknowns
Xz, Vg, xé s y; , which can be conveniently represented as
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N ~ T ~

>|\X,Dy, +Y,Dy +D, —tR. D} X, =0,

i=1

N ~ 1 ~

Y\X,Dy +Y,D, +D, —1R; D, |Y, =0,

i=1 - 1 1 1 - 1 (18)
N -N T ~

Y\X,Dy +Y,Dy, +D, —+RiD |} X =0,

Equation system 18 coincides with two equations of ninth power about two unknown parameters
Xp, yp of the point B € e which is given in work [2]. In contrast to the mentioned work, in this case, we
get a system of four equations relative to four unknowns Xz, Vp, x; , y; .

Therefore, each equation of the system 18 is an algebraic equation of the ninth degree relative to
X5, Vg, x; s yé . Total number of solutions is equal to 9* =6561, where the number of real is equal to 5% =
625 [1]. However, these solutions may correspond to minimum and maximum points, saddle points and rack
points of surface S=S(Xp, ¥ B,x'c, yé? ). Matrix of second derivatives of function S must be explored in

order to establish the form of an extreme point. However, this method of determining minimum points of
function S is hardly advisable, because the solution of the nonlinear equations system 18 is laborious task
itself. It is more efficient to use below given algorithm of searching minimum of function S which is based
on the following theorem.

Theorem. If Sl(l), S gl), Sgl) minimum values of sum §, determined for N positions corresponding

to the pairs of points

B eq, co(0,50)e 0.}
LUORD e, cO® 10)ep,}
R )0, B0 ]

such, that
S0 min ST Yo R 0 500, 0] [0, RO, 400, 0]
SO = i SPUTD, R,y 20, 50| [, v 10, R, 05001, 0]

$,= i SV, R 5]

(1) < ) < ¢(1)
then S5/ <85/ < S

Proof. The system 9 when D, # 0 defines for any points B” € Q, and C'” € Q, only one
solution (X ?,Y;”,Rl(l)) corresponding to minimum sum § of variables X , Y, and R [3]. Therefore, the

following equality can be written for a given pair (B”, C Oy
, , ,0) (0
Sl(l) = min S[XA, Y,, R, xg)), yg)), xc(o), yc(o)]z SlXS),Y(l),Rfl)’x/(s'o)’ygo)’xc »Ye o |

X4.Y4.R

Similarly, the system 13 when D, # 0 defines for the points A" € 0 and C' € Q, only one solution

(Xg),YB(l),Rél)) corresponding to minimum sum § of variables X5, V5 and R :
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0,0 00
5y =S[00 R 8 32 = e SR .y
B 1B
00
SminSl(l)[X,(éll)’le)’Rl(l)’xB’yB’xC » Ve ]SS{U

XB.Yp

The system 16 when D, #0 defines for the points 4" € Q and B" €, only one solution

() r(l) R(l) . .. S of iabl ’ ’ R-
Xc Ve 1y corresponding to minimum sum S of variables X, Y~ and R:

5, =S|, v, RO 05 v = i S, R iy )<
Xp v R
< min SR ¥RV 0 .y J< st
X Y
Consequently S gl) <S g) < Sl(l).
Algorithm for minimizing the function S :
1. We assign arbitrary points B” € Q,, C'” € O, and check the condition D, # 0.

2. Solve the system of linear equations 9 and define X S), Y/gl), Rl(l).

3. Set points 4 € Q , C'” € 0, and check the condition D, # 0.

4. Solve the system of equations 13 and define xg), yg), Rz(l).

5.Setpoints AV € Q , B" € Q, and check the condition D, # 0.

. , (1) , (1) (1)
6. Solve the system of equations 16 and define X~ , ) ,R3 .

7. Cyclically repeat steps 1 - 6, taking into account
AV =40 BV =BT CO =" i=0,12,...
We obtain a decreasing sequence of objective function values Sl(l), Sz(l), Ss(l), Sl(z), S;z), S3(2), S1(3)...,

having a limit equal to the value of the function S at a local minimum.
The iterative process of finding the minimum sum of function S can be completed if the inequalities
is done

RO - RUD|< X - x| <e,

where - & — error.

It should be noted that this algorithm can be applied to solve the problem of synthesis of the initial
kinematical chain ABCD with rotational pairs only in the absence of any restrictions on its parameters.

After solving this problem the following points are determined
A(XA’YA)E 0, B(xBayB)e 0, C(x'c,y'c)e 0,
Combining them with flat joints, we obtain the initial kinematical chain in ABCD open chain form with three
degrees of freedom (Figure 4).

Fixing or setting in various combinations of some unknown parameters of synthesis, we can get
different modifications of initial kinematical chain (Figure 5).

The geometric relationship for elimination of this degree of freedom can be imposed in a unique
way, namely, movement of link 4C about rack. Therefore, parameters of the motion of link BC should be set
to determine transmission angles y; on the slide C. In this case transmission angles y; can be changed in

Y-y <o,

certain limits and joint B of link BC must move along a complicated trajectory in the areas of dwell of arcs
with the center at a point C. To determine the parameters of the mechanism, the objective functions of the
initial kinematical chain should be constructed (Figure 4) and expressed in terms of the mechanism
parameters:
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2 N 2

S :Z[Aqi(XOI’Yl’xA’yA’R’xB’yB)] :Z[Aqi(Xol’YOI’(pO’a:b:yo,C)] )

i=1 i=1

2 2
S :é[ACIi(xE’yE’R’on’YOZ )] :i[Aqi(Bo:hr r, on’Ym)] :

i=1
At the same time the following limitations were taken into account, which provide the work of
mechanism in a given region:
a) on sizes of links

0.<¢pp <27 0.0<B,<m
04<a<0.7 1.5<h<3
0.9<h<1.3 0.4<r<l1
1.5<¢<2.8 0.< Xp, <25
1.7< Xy, <2 —-0.5<Y, <15
O.SY01 <-0.9

0) on transmission angles

270° < p; <320°

¢) on the condition of existence of the crank

2

(b+r—a) S[X(i +(YCI_ —Yol)z]z.

By solving the problem of synthesis of the III class transmission mechanism 65 initial positions of
input and output links were taken and besides values of coordinates were taken through one degree of crank
turn. Minimization of the objective function S = §| + S, was performed by using the above algorithm.

According to algorithm the value of the global minimum S = 0,0078248 has been determined as well
as the value of coordinates of the global minimum:

0, =113%41 a=0,6012 b=1,108
c=2,54153 Xo, = 1.9 Yo, =—0.7
p=12"9 h=1,925 r=0,795
X, = 2275 Y, = 04823

2 2

IIT class mechanism is designed that is shown at Figure 3 and working principle of this mechanism can
be seen at Figure 2.

Results and Discussion

Three required dwells of output link for one turn of the crank AB were obtained as follow. Output
link stops when a point B moves through the arcs ab, cd, ef of the circle. Crank AB makes rocker BC move
and rocker makes three-hinged rigid contour CFD move. Joint C moves along a complex trajectory, which

has three arcs albl, Cld | and €, fl The center of these arcs of a circle is the point of a slide F in the
Sy, S,, S, positions and link CF is the radius. Thus, the designed mechanism due to its structure and

relations of sizes of links provides three essential dwells.
Figure 6 shows a graph of the deviation AS function.
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Figure 6. Graph of the deviation AS

References

1. Jconoactexos YV.A., Kocboros C.B., [paxynose FO. YCTpOHCTBO KOMIIEHCAMM YTOYHBIX HUTEH K
MHOTOIIBETHOMY OecueTHOUHOMY TKankomy cranky: M.Ne01286650, 30.01.1987.

2. Capkacsan FO.JI. AnmpocnManioHHbIH cHHTe3 MexaHn3MoB. M.: Hayka, 1982, 304c.

3. JIxomnacoekoB Y.A., Koc6onoB C.b. CuHTE3 MCXOKHBIX KHHEMATHYCCKHX IICTEl] MEXaHHM3MOB BBICOKHX
KknaccoB.- B KH.: M3Bectust AH KasCCP, Ne3, 1987, c. 65-70

4.Cueauesa B.B., Maeocoe E.I"., Heanoe B.IO. KoMIlImeKCHOE HCCIIENOBAHNE TEXHUUECKOTO COCTOSTHHUS TKALIKO-
ro ctaHka. M3Bectus BY30B Texnomnorus TekcTuiabHOM npoMeinuieHHOCTH. Ne3 2003. - ¢. 197-201.

5. Knowledge Based Intelligent Techniques in Industry (International Series on Computational Intelligence) by
L.C. Jain. CRC Press January 1999, 336 pages.

6. Golubiewski M. Directed Graphs as the Generators of the Whole Set of Gerber Beams// Mechanism and Ma-
chine Theory "Special Issue Graphs and Mechanics First International Conference".- New York: Elsevier Science,
1995. V.30(7). - P.1013-1017.

7. Cenusepcmos, B. IO. MonepanznpoBanHbIi ToBapHBIH perynsitop cranka CTh [rekcr]/ B. 1O. Cennsepctos,
A. TI. I'peayxun// U3BecTus By30B. TeXHOIOTHS TEKCTHIFHON poMbInuieHHOCTH. — 2008. - No 6 C.

8. Koganesa O.C., Xosuna E.H., Maxapos B.A. Pekomermanmu mo Hanangke Tkankux mammH CTh. // B mupe
obopymoBarus. 2005, Ne 8. - C. 14 - 16.

Pe3rome
KymbicTa anTbIOYBIHABI HIHTIPEKTI MEXaHU3M/II KETeKIli OYbIH - CHIPFAaK Kipic OyBIHBI — aifHAIIAKTHIH OPBIH
aybICTEIPY (DYHKIMSACH pETiHAE OCpUIreH KO3FAIBIC 3aHIBUIBIFEI apKBUTBI KHHEMATHKANBIK CHHTE3ley eceOdi
KapacThIppUTFaH. Byl THNTI MEXaHW3M TITiH CTaHOKTAPBIHAA KOJIAHBUIAABI. 3ePTTEINIHIN OTHIPFaH XKaHa CHHTE3JCY
oMIici CHHTE3IEITCH MEXaHU3MHIH Kipic KOHE MIBIFBIC OYBIHIAPEIHBIH KO3FAIBIC 3aHIBUIBIFEI TYPIHIC €Ki )Ka3bIKTHIKTHIH
KO3FaJbIC eceOlHE HETI3IENTEH.

Pe3lome
B crartbe nccrnemyetcs 3agada KHHEMAaTHIECKOTO CHHTE3a IIECTU3BEHHOTO PHIUaXHOTO MEXaHH3Ma C TPEMS BbI-
CTOSIMH TI0 33JJaHHOMY 3aKOHY JBIKCHHUS BEIOMOTO 3BEHA — MTOJI3YHA B (PYHKIMH MEpEeMEIIeHHUs BXOIHOTO 3BeHa - KpU-
Bomumna. Takoi MexaHu3M NMPUMEHSIOTCS Ha TKAIKMX CTAHKaX THIIA CTAHOK TKAIKHH OECUYeTHOYHBIH Ui perynpoBa-
HUS HATSDKCHHS YTOYHON HUTH BO BpeMs (hOPMHUPOBaHUS TKaHU. McciaemyeMblii HOBBIA METOJ] CHHTE3a OCHOBaH Ha 3a-
Jlaue IBIKEHUS JABYX TJIOCKOCTEH Kak 3a/IaHHbIN 3aKOH JBM)KEHUS BXOJHOTO U BBIXOJHOTO 3B€HHEB CHHTE3UPOBAHHOTO
MeXaHH3Ma.
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UDC 004.724
N.A. Seilova
METHOD OF DISTRIBUTION OF DATA STREAMS IN A SWITCHING ELEMENT

For now existing networks and to local and global computer networks developed a large number of
different types of switching devices.

The process of transferring the package consists of a number of stages. In the transition from one stage
to another package may fail due to lack of resources or other reasons. In this situation, a protocol usually laid
possibility of a limited number of repeated attempts to get the desired service. If they all end up in failed, the
package has been lost and is not renewed. In overload conditions the number of such retries can significantly
increase the input current load and severely degrade the performance of the communication system.

Load Regulation on the network adapters latest generation is provided by the analysis of the work en-
vironment and its self-tuning to ensure the best possible performance. The quality of self-tuning is highly
dependent on the load. Performance of complex packet processing path includes elements such as hubs,
routers, switches, global communication channels.

Let us examine a simple case of the system, load balancing, suppose you want to distribute the packets
entering the system between N of servers. In addition, all of the same type of servers, each of which can han-
dle only one bag. One time, the package can be maintained only for one unit completely, and other incoming
packets can not interrupt the current and wait in lines.

Statement of the problem. it is necessary to construct a method of distribution of data flow between the
devices, effectively using available resources and has reasonable implementation complexity.

Prospective solutions:

- When the packets arrive in the system, select the device with a minimum burst in the entire system
and send the package to him, the average time the packet is in the system will be minimal. However, as the
number of devices in the system, the implementation of this method is essentially difficult and costly.

- When a packet enters the queue for service randomly selected instrument, intuitively, that provide
the same service time, the load will be distributed evenly among all of servers in the system. The disadvan-
tage is that it is not efficient enough for the packets with different service time.

- A method for the implementation and effectiveness of this algorithm in which packets arrive at the
system randomly selects a subset of all of servers. The distribution will be under the minimum, nominal and
maximum load and load conditions are symmetric with the same probability of income and to test the
method, calculations for asymmetric loading.

Spent analyzing the description of methods, we can conclude that the first proposed method is suitable
for large centralized systems, and has the highest efficiency. The second method is simple to implement, but
not effective enough, the application of large distributed systems. The third proposed method is optimal in
complexity and efficiency and is suitable for use in various applications.

Calculation of the presented model can be performed by solving a linear system of equations of bal-
ance. The task of evaluating the characteristics of switching element (SE) stated as follows. Given the values
of parameters to construct a mathematical model that provides analysis of the characteristics CE boot option
[1,3,4].

Thus, for a two-input switch models, proposed a balanced load distribution terms, for switched flows,
which provides distribution, depending on the load. For the calculation of the main characteristics of the SE,
has been used the implemented program.

For the evaluation of the flow coefficient (), we find the density and distribution function of the load
and on the basis of these results we calculate the mean and variance.

Estimate for the exponential distribution of data flow. Distribution function is a function F'(x), is de-

termined for each value of x the probability that a random variable X takes a value less thanx, i.e.
F(x)=P(X <x) [6]

The distribution function has the following properties:

Property 1. The value of the distribution function lie in the interval between [0;1]10 < F'(x) <1.
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Property 2. The distribution function is a non decreasing function F'(x,) > F(x,), if(x, >x)).

Corollary 1. The probability that a random variable takes the value X , enclosed in (a, b), equal to the
increment of the distribution function in this interval:
Pla< X <b)=F(b)—-F(a) (1)
Corollary 2. The probability that a continuous random variable X receives one specific value, for ex-
ample: x;, =0: P(X =x,)=0.
Corollary 3. If all the possible values of the random variable X belong to the interval (a, b), then
F(x)=0forx<a. F(x)=1forx>2b
Corollary 4. Will be the following limit relations:
lim F(x) =0, ligll F(x)=1 )

X—>—00
Assume that the input of the SE receives k independent data streams with intensity A(¢) . Continu-

ous transfer of data streams independent random variables.
Probability of falling in the interval (a,b) of the continuous random variable X , distributed accord-
ing to the exponential law:

Pla<X <b)y=e ™ —e™® (3)
Exponential is called the probability distribution of a continuous random variable X, which is de-
scribed by the density:
0 npu x<0
f(x) = )
Ae ™™ npu x>0

Given that the conditiona = 0.22;b = 0.54; 4 = 2, and using (3) we get:
P(022<X <054)=e"2 -0 =% _ 1% =030

This result shows that the probability that a random variable in the interval is 0.30. Each random vari-
able is completely determined by its distribution function.

At the same time the solution of practical problems need to know some numerical parameters, which
represent the main features of a random variable in a compressed form. These values are primarily the mean
and variance.

The expectation -a number of which are concentrated around the values of the random variable.

The mean value of all random variables will tend to his expectation for a sufficiently large number of
trials.

Expectation, variance and standard deviation of the exponential distribution is given by:

M(X)=1/A,D(X)=1/2, B(X)=1/2 (5)
Hence, M (X) =0,5. The variance of the random variable characterizes the measure of the spread of

a random variable around its expectation.

To determine the measures the spread of values of a random variable is often used standard deviation
B, caused by dispersion.

The calculations were performed using the developed program.

Variance of D(X) = 0,25. Standard deviation equal to f =0,5 .

Thus, the mean and standard deviation of the exponential distribution load equal [3,4].

In determining the probability density distribution of load, for asymmetric loading showed that the
density distribution of the data flow in the interval (a,b) is negligible and 0.11.

The density distribution of data streams in the interval (a,b), estimated the bandwidth usage of SE.

Score for a uniform distribution of data streams. The probability distribution of a continuous random
variable X is called uniform if the interval (a, b), which contains all the possible values of X | the density
is constant, namely, f(x)=1/(b—a) is the interval f(x)=0 [5].

Given that the condition a = 0.22;b = 0.54, we find the density distribution of load
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b b
Pla<X <b)=|f(x)dx=] Liv—mnx > = In(0.54) — In(0.22) = 0,89 (6)
X

The probability distribution of the flow of data on (a,b) equal to the value of 0.89, which indicates

the maximum load distribution [3,5].
The mathematical expectation, variance and standard deviation of the uniform distribution of load will

have the following values: M (X)=0,38" D(X)=0,008"4=0,09"
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Pe3lome
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Pe3iome
B craTthe mocTaBiieHa 3a1aya MeTo/1a pactpeAeTICHs TOTOKA JAHHKIX ¥ MPEJCTABICH CIIOCO0 ee PeIICHUS.
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NEW CLASS OF DISCRETE PROGRAMMING PROBLEMS

Abstract

The paper deals with the development and suggestion of a new class of applied problems definition
and solution: lobe-symmetric models and discrete programming methods.

There is given a general definition of lobe-symmetric problems, that differs from the well-known ones
by modularize properties (blocking), symmetry and by the presence of different types of arguments. To solve
this class of problems there was developed the algorithm of iterative mappings having polynomial
computational cost (complexity), that provide a solution of applied large-dimension problems. The paper
gives a definition of clustering problems as an example of defining applied tasks in discrete programming.

I ntroduction

A large number of applied tasks used in various economy sectors come to discrete programming
problems. Classic definitions and applied problem method-solving procedures in discrete programming are
successfully used to solve many practical objectives for various domains of science, engineering and
technology.
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However, discrete programming problems are very complex and have significant limits to be used for
a large range of numerous applications. First, to such limits we refer an exponential computational cost at
solving applied problems, calculation accuracy, dimension of current problems and others.

Attempts to eliminate the difficulties are not always successful and there is not a single approach and
theoretical foundations for overcoming this discrete programming situation. That is why researchers use the
way of developing exact procedures for small size model examples, heuristic and approximate methods of
solving discrete problems. Each result obtained in this sphere of research is to be carefully analyzed.

The paper deals with a new class of problem definition in discrete programming that has been used
practically at solving various applied problems: lobe-symmetric problems of discrete programming (LSP).

1 General problem definition

As the development of discrete programming models and methods progresses from day to day there
appears a need in developing new approaches and methods of solving such problems and one of such
methods is lobe-symmetric models and methods [1, 2].

Let’s consider a general definition and solution of lobe-symmetric discrete programming problems.

We have a given object set A = {a[;i = 1,_1} and a given object set B =1\b;; j =1,J having various
types of elements and links between elements of the given object sets: they are calculated by the matrix

W:H% i=11,j=1,J,

whichever elements are integral or Boolean. One must intergrades elements of the object set A into

disjoint subsets 4,, n = I,_N, and the elements of object set B — into disjoint subsets B, , m =1,M , in
order for an extremum to reach a target function F (4,, B,)).
For a formal definition of the problem we shall use the following variables.

LetX = me ,i=11; n=1,N isaBoolean matrix, where x,, =1, if the i-th element is distributed into

,J :L_J; m=1,M, where V=1, if the j-th

the n-th group, otherwise x,, =0. Similarly ¥ = Hy m
element is distributed into the m-th group and otherwise y,, = 0. In general, matrixes of variables X and Y

are integrals.
Let’s find on the example set of A x B, a function F (X,Y), that depends on a distribution A and B

set elements by 4,, B, subsets. Respectively on A set, the function @, (X ),k =1,K, on B set — the

functions ¥/ (Y ),S =1,S, correspondingly defining limits on the A and B sets.
The lobe-symmetric discrete programming problem is formulated as follows:

F(X,Y)— extr, (1)

with limitations
0 (X)< oy, k=LK, )
WS(Y)SWSO’SZI’S’ (3)

In the constraint set (2) and (3) depending on problem definition the none quality signs can be
reversed.

In a general case two-index matrix - the X and Y variables and a target matrix W can be integral.

Let see problem when the X, Y and W variables are the Boolean matrix. As a function F (X, Y) there
is often used F (Z) type of function, where

Z =XWY 4

Let’s see a formula (4) that is a product of X and Y matrix variables and of a target matrix W, which is
defined as a target function. As opposed to traditional discrete programming problem definitions in the
given definition there are two types of X and Y variables, the X and Y variables are relatively symmetric to a
target matrix W.

In (1) - (3) tasks one can identify a number of limitations of type (2), depending on the X variable and
a constraint set of type (3), depending on the Y variable.
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So? Let’s call a task of type (1) - (3) a lobe-symmetric discrete programming problem.

Let’s see a formula (4). The formula says that the X and Y variables are relatively symmetric regarding to a
target matrix W and the function (4) can be defined both from the left to right and vice versa, i.e.

Z=XWY=YWX (5)

On the basis of a general definition we can define basic properties in a formulated class of problems
that differ from traditional discrete programming problem definitions.

Property 1. Presence of two types of X and Y variables of different types presented in a kind of
Boolean matrix, defined on a target matrix W.

Property 2. The bloxity of the problem is in allocation of separate lobes of functions of type (2) and
(3) depending only on one X and Y variable.

Property 3. The symmetry of the problem is in making a calculation (5) in both directions the forward
and reverse.

2 Solution

The analysis of characteristics and properties in a problem set allows us to offer efficient algorithms
for solving this class of problems. Let’s see how a solution of lobe-symmetric discrete programming
problems is possible if X, Y and W are Boolean matrix. It is easy for us to prove the following statement.

Statement. Distribution of A set elements into disjoint sets An correspond to the Boolean add

operation of || @, || matrix rows and a distribution of B set elements into the disjoint sets B m - toalogic

adding operation of || W; || matrix columns.

The results of this statement allow just calculating estimates and solution directions for the
development of efficient algorithms.
Let’s introduce a concept of a problem solution basis. The basis means a target composition of

elements 4, and B m Subsets on the matrix w.

n
In the W matrix a basis is seen as a submatrix Z, whose elements are defined. This submatrix can

always be identified in the upper left corner by way of reversing the matrix W rows and column numbers
and their renumbering. This operation simplifies the evaluation procedure and a procedure of defining a
solution direction search.

In order to solve a lobe-symmetric discrete programming problem if X, Y and W are the Boolean
matrix there was developed an effective algorithm for iterative mapping. The algorithm consists of the
following stages: [3].

=1, N;m=1,M anddefineitasa

1. In the Boolean matrix W we select a sub-matrix Z = Zyn
basis for our problem solving.
' =n+1,1;n=1,N forthe X task

by way of logic adding nonbasic rows of W matrix with basis rows thus calculating a value of estimates only
by positions of the basis.

2. So we shall be able to define a matrix direction D = Hd n

3. The estimates obtained enable us to make the A subset elements distribution into An subset. In

=117 =1J.

the result we can fix the X solution and the intermediate matrix 1/ = ‘ T,

, j1 =m+1,1; m=1,M, a search direction of Y solution by

4. Let’s define a matrix D = de,n

with basis columns and calculate

way of logic adding the nonbasic columns of interim matrix /7 = ‘ 7T,

the value of assessments only by basis positions of the matrix IT.

5. According to the estimates obtained regarding matrix IT we can distribute the B subset elements
into B, subsets. In the result we fix Y solution and a target objective matrix Z whichever indicates the
meaning of a target function F (Z).
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It should be noted that a problem solution search can be performed by the scheme py py, and in
opposite direction by scheme Dy DX.

Let’s see an example of clustering functional task definition and documents they are used in at
designing the automated information systems.

3 Applied task definition example

A stage of technical designing of automated information systems is a most long and complex task. At
this stage there is formed an overall functional structure, a composition and a solution sequence of various
applications, database structure along with a general system-wide control of a system under design.

A large number of applied problems and complex document management system occurring there
comes a need in decomposing the whole system into clusters.

The cluster of applied tasks means a problem union into subsets and a cluster of documents i.e.
integration of docs into subsets and defining liaisons between relevant subsets. The relationship between
them reflect integrated liaison between clusters.

Works in designing data processing systems and a research made showed a need in decomposing the
original system that on a technical stage of designing allows to analyze deeper clusters of tasks and
documents, to parallelize the volume of works between designers and select data processing procedures
and information elements necessary for the development of applied software and database of automated
information systems.

So, as a performance criterion of the original system decomposing process we use a minimum of
information liaisons between clusters tasks and documents.

For a mathematical definition of system decomposition we shall introduce the following variables and
notations.

Let A= {ai,i = 1,_1} - are a set of processing applied data problems subject to automation;
B= {b 0 J = I,_J} - is a set of initial documents used for applied problem solution. So here we have a target

matrix W :"a),.j L i=1,1, J =1,J, where w,; =1, if the j-th initial document is used to solve the i-applied

problem of the system and @, = 0, otherwise.

Let’s book the variables X = ||xml. ||, m=1,M, i=1,1 -is a variable that reflects the distributed by i-

th the applied problems into the m-th cluster (group) tasks. In this case, we have

mi

3 {1, if i —th applied problem distributed in m — th claster,

0, otherwise.
Similarly, let’s book a variable

, n=1,_N, j=l,_J, where

Y= "y jn
B {1, if j—th document is distributed in n—th claster of documents,
n =

0, otherwise.

In some cases at the given stage there are determined tasks and document characteristics. Let’s book
t; - the i-th task development time; v - volume of the j-th document; ¢, - total cost of development of the i-

th task and j-th doc; 7, - development and preparation time of the j-th document; c,- the development cost
of the i-th task; s ; - the preparation cost of the i-th document.

One must break a system into subsets of applied problems and documents they use in order to
minimize a liason between the applied task clusters and documents in engineering process of automated
systems.

Let’s define additional variables in the following way:
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I
Lif Y x, o>1,
a . = = (6)

mj 1
0,if Y x,, 0, =0.
i=1
This variable reflects the use of the j-th document designed to solve tasks of the m-th cluster.

J
Lif 3 @, 21,
By, = ’:1 (7)

]
0.if 3, @3, =0.
=

The variable 3, reflects the use of the n-th cluster documents during the process of solving the i-th

problem.
Liaisons between applied task clusters and documents shall be defined in the expression:

D) AN I

Vom = (8)
0, if a . B =0.

1
mj Hin
i=1 j=1

The task of clustering a projected automated system can be formulated as follows.
It is necessary to minimize the function of the type

min 3’33 ix,m o, 7, ©)

m=1 i=1 j=1 n=
And restrictions on:
- adding each applied problem into only one cluster

me,=, i=1,1; (10)
- adding a document into only one cluster of documents
z v, =Lj=17: (11)
- time for engineering each cluster of tasks
th +Zr a,, <T,,m=1,M, (12)

- cost of designing each cluster of tasks

Zcx +Zs a,, <R ,m=], (13)

- number of applied tasks in a cluster
ZI:xmiSpg, m=1M,; (14)

- number of initial documents in a clus:tler
>y, <g,.n=LN. (15)

j=1

The objective (6-15) refers to the lobe-symmetric problems of discrete programming.

Conclusion

1. There was developed and suggested a new class of problems —lobe-symmetric discrete
programming problems, that differ from traditional problem definitions by the following properties: presence
of different types of variables, modularize and symmetry.
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2. There was designed a new algorithm of iterative mappings with polynomial computational
complexity at a target basis enabling to solve practical problems of high dimensionality.

3. The reviewed lobe-symmetric models and methods were used at the problem definition and solution
of a number of applied problems.
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Pe3rome
KapacThIpbUIblll OTBIpFAaH MakajiaJia JKaHa KJIAcC eCeNTepiHiH KOWBUIBIMBI MEH KOJIaHOANbl TarChlpMaap/ibl
menry: }:[I/ICerTTi IporpamMmaiiayiblH 6J'IOKTBI-CI/IMMeTpI/IHJ'ILIK Monenbuepi MCH SJIiCTepi KYPbUIBII, YCBIHBUIBIIT OTBIP.
Benrini €CCITCPACH 6J'IOKTI>IJ'II:IFLI, CUMMCTPUAJIBLIIBIFBI  )KOHE SpTYpJ'Ii TI/IHTeFi aﬁHLIMaJ'ILICLIMeH epeKmeHeHeTiH
6J'IOKTI>I—CI/IMMeTpI/I$IJ'H)IK ecer[Tepz[iH JKaAJIIbI KOf/iLIJ'II:IMLI KOpC@TiJ’IFeH.

Pe3iome
B pabote pa3zpaboran u mpeyiocKeH HOBBIN KIIAcC 337ad TIOCTAHOBKU M PEUICHUS MPUKIATHBIX 33a7ad: OJ0YHO-
CUMMETPHYHBIE MOZENH M METONBl ITHUCKPETHOTO MporpamMMupoBaHus. [IpuBemeHa oOmas TOCTaHOBKA OJIOYHO-
CUMMETPHYHBIX 3a/1a4, OTJIMJAOMIAsiCs OT W3BECTHBIX 3a/1ad CBOWCTBAMH OJOYHOCTH, CHMMETPHYHOCTH M HATMIHUEM
Pa3IMIHBIX THUIIOB IEPEMEHHBIX.

KazNTU named after K. Satpaev Received 10.12.2012

UDC 656.225.073.473:665.6/.7
G.M. Nurjanova, D.M. Tyulyubayeva

EFFECT OF TEMPERATURE CHANGES OF OIL CARGO ON WEIGHT DURING
TRANSPORTATION

The most significant factors that determine the quality of cargo transportation by rail in the Republic
of Kazakhstan along with regularity of services and cargo delivery date is safety in operation as well as
preservation, that is reduction of losses and damage to cargo. In this regard, the researches on the
development and implementation of specific rates of oil and oil products loading during their shipment to
North (Pavlodar station) and Southern Kazakhstan (Shymkent station) become important.

Statistic data on temperature conditions of oil handling were gathered at points of loading and unload-
ing for the period of 2010-2011. The analysis of data showed that they subject to normal distribution law
pursuant to which the lowest possible cargo temperature at loading point and the highest possible tempera-
ture at point of unloading were defined by month with probability P-0,99. Overall results are presented on
figures 1, 2.
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Figure 2. Minimum temperature of gasoline during loading and unloading by month of the year

As seen from the above schedules, temperature difference in loading and unloading of oil products is
significantly higher of temperature reserve for their thermal expansion. As a result, transportation cargo
losses significantly exceeding natural loss rates of oil products take place.

Analysis of gasoline transportation from Pavlodar station to Shymkent station for the sane period
shows that difference between final and initial temperature of oil product during transportation has a major
impact on cargo preservation (figure 3).
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Figure 3. Influence of difference between final and initial temperature of gasoline on losses  attributable to one
shipped ton in average.

The collected and processed data were confirmed by results of test transportation.

67 four-axle cistern cars loaded with crude oil and 21 four-axle cistern cars loaded with light oil prod-
ucts, all of them with carrying capacity of 50-68 tons were put to test transportation.

Tests were performed in two stages: at loading stations and unloading stations. At loading stations the
cistern cars were checked for serviceability both technically and commercially with completing reports.
Preparation of cisterns for loading was performed according to the technology accepted at loading station.
Loading was carried out in accordance with applicable Rules of Cargo Transportation [1].

Loading height, temperature and product density measurements were performed in accordance with
GOST 2517-85, GOST 3900-85, rail tanks calibration schedules [2].

Quality check for hermetization of loading and unloading equipment of cistern cars was conducted af-
ter finishing loading at oil stations. Cars loaded with light oil products were sealed with lead.

Check of delivered cistern cars for technical and commercial serviceability with completing reports
was made at unloading points, also cargo weight was performed by volume-weight statistical method. As a
result of test transportation the following has been established. Loading of cisterns was conducted in com-
pliance with applicable norms of oil products loading. Due to exceeding of final temperature over initial
one for 17°C during transportation, the level of cargo was higher for 3-8 cm at the unloading station. In those
cars where depreciation of joint packing did not exceed 25% and not less than 6 of 8 bolts were locked on
manhole cover, amount of cargo losses ranged from 28 to 1611 kg. Average shortage in the car made 542 kg.

At the same time, the cisterns with incomplete set of closed swing bolts of manhole cover (dome) or
with damaged joint packing (cuts, improper joint, depreciation) or its full or partial absence, as well as tilts of
the manhole, the deficiency varied from 28 to 2092 kg, and on the sidewall of the tank there were traces of
spillage of carried cargo. Average value of deficiency made 732 kg in cistern cars where hermetization was
not provided properly.

The reason of cargo loss appears from the exceeding of final temperature of transportation over the
initial temperature and as a consequence expansion of the product, its leakage through the manhole cover
(dome) and safety valve [3].

At warming-up of the oil products its volume increases, that is thermal expansion, which should be
taken into consideration when loading cistern cars. Thermal expansion is characterized by volume expansion
factor f, i.e. additional volume to which oil-formation expansion occurs at heating for 1°C [4]. Volume of oil
product at heating:

V,=V,(1+ pAr) (1)
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where ¥, — volume of cargo at loading, m’;
At — temperature difference, ‘C.
We can convert formula (1) to determine initial oil product volume:

v, 0995V,

t

V”:1+ﬂAt_l+ﬂAt 2)

where ¥, — full tank volume of the cistern car, m’;
volume expansion factor £, in accordance with [5], is determined by formula:

Pis ~ Pso
p=Lila
35p5 3

where p;s, pso - product density at 15°C and 50°C accordingly, t/m’ .

It should be noted that the lower density the oil product has at 20°C, the higher volume expansion fac-
tor it offers. The lightest oil products such as gasoline and oil have the highest volume expansion factors [6].

In accordance with this procedure the cistern filling ratio is determined in a fraction of the total tank
volume.

Implementation of the said standards will allow to greatly reduce transport cargo losses, in addition to de-
crease probability of occurrence of emergency situations with such cargo in the process of transportation [7].

Calculation of expected economic benefit from reducing costs connected with compensation of oil
product deficiency with regard to annual volume of motor gasoline transportation we perform by formula:

3603,»! = (ll - i2 )N Pcm ll ep (4)

where i; — share of gasoline losses in transported volume according to statistical data;
i, — share of gasoline losses during transportation using specific loading rates;

N — average annual volume of gasoline transportation, cars;

P, average static loading of cistern car, t;

1], weighted average price of gasoline

In order to determine i;, N, P., we compile table 2, using data presented in table 1.

Table 1. Average annual data on unpreserved transportation of motor gasoline from Pavlodar
station to Shymkent station

Title of index Gasoline A- Gasoline Weighted average value
76 AI-93
Quantity of used cisterns N 2240 450 2690
Weight hauled, t 115920,5 24980,4 140900,9

Shortage by standards, kg 34473 7331 41804
Actual shortage, kg 526066 195666 721732

Average load of cistern P, t 51,7 55,5 52,4

Shortage by standards i,, kg/t 0,3
Actual shortage i;, kg/t 4,5 7,8 5,1

Thus, in prices as of the end of 2011 we receive

3503,»1 =(0,0051-0,0003)-2690-52,4-7200 = 4871,4 thous. calculation indexes

Calculation index is the coefficient for calculation of payments in accordance with the laws of the
Republic of Kazakhstan established by the budget act for certain year. Any money depreciates over time. If
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you prescribe a fixed amount in tenge, these amounts subject to changes over time due to inflation.
Therefore, instead of indicating specific amounts this factor is used. The size of CI is estimated in planning
and budgeting process, based on the expected amount of inflation in the coming year.

Conclusion. One of the most important factors determining the quality of transportation of oil
products are safety and security. On conditions for the transport of liquid cargo in bulk in tank cars is
significantly affected by the change in temperature of the surrounding air and the effects of solar radiation.
The analysis showed that the transport of oil and oil products from North regions to the Southern regions,
there is a definite relationship between the loss of cargo and temperature conditions of loading,
transportation and unloading. Implementation of evidence-based filling volumes of oil and oil products will
allow to make the best use of technology and transportation industries, safety of transported cargo and rail-
road traffic safeguarding.
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Pesrome
MyHaii eHIMIepiH TachIMainay Ke3iHIe Herisri (QakTopiapblHBIH Oipi TackManjay Kayilci3giri jkoHe
caktaimybl. CYHBIK KYKTEp/iH TachIMaJiay IIapThIHA KYH COYJIECIHIH KOHE KOpIIaraH ayaHbIH TEMIIepaTypachIHBIH
e3repicrepi acep ereni. MyHali eHIMIEpIH OHTYCTIK ayJaHIaplaH TackIMajiay Ke3iHIe JKYKTIH CalMarbIHBIH
@3repicTepiMeH XKoHEe TeMITepaTypallblK IapTTap/AblH OaillaHbICHl aHBIKTAIIBL. FBUIBIMU 3epTTey apKbLIbl MYHAMHIBIH
KEepeKTI KYIO KOJEeMiH XOHE KOIIKTIH TeXHUKAIBIK KYPBUIFBUIAPEIH KOJNAWIEl MMalifaiady IapTTapbl KOPCETLUIreH.
MyHa#i eHIMIEpiHIH KayBINICi3 TachIManmay MapTTapbl KOPCETUITEH.

Pe3rome

OnHUMY U3 BaKHEHIINX (PAKTOPOB, ONMPEICISIFONIMX KaueCTBO MEPEeBO30K HE(TIHBIX TPY30B SABISIOTCS Oe3omac-
HOCTb U COXpaHHOCTL. Ha yCJ'IOBI/I}I nepeBo30K KUIOKUX I‘pySOB HAJIUBOM B BaFOHaX—I_II/ICTepHaX CYH.ICCTBGHHOC BIINSHUC
OKa3bIBaCT M3MEHEHHE TEMIIEPATypPhl OKPYIKAIOIIEr0 BO3MyXa M BO3ICHCTBHE COJTHEYHOHN pamuarvu. AHaIU3 MOKa3all,
YTO IIPpHU MEPEBO3KaAX He(l)TI/I nu He(l)TerOZ[yKTOB Ha IO)KHBIG PETrUOHBI CYHICCTBYECT OINPEACIICHHAA 3aBUCUMOCTb MEKIY
NOTEPSIMU I'PY30B U TEMIICPATYPHBIMH PEIKUMAMU HAJIMBA, TPAHCTIOPTUPOBAHHUA U CJIUBA. BHeﬂpeHI/Ie HAay4YHO 06OCHO—
BAaHHBIX 06”I>GMOB HaJInBa He(l)TI/I nu He(i)TerOILYKTOB IIO3BOJIUT 06GCHC‘II/ITL OIITUMAJIBHO UCITIOJIB30BAHUEC TCXHUYCCKUX
CPCACTB TpAaHCIIOPTA U TPOMBIINIJICHHBIX HpeI[HpPIHTI/Iﬁ, COXPAaHHOCTb MEPCBO3UMBIX I'DY30B U 6€3OHaCHOCTI) JABHWXKCHUA
II0€3/10B.

Kazakh Academy
of Transport and Communications Received 12.12.2012
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S. Tsoi, 8.S. Zhussupbekov, Zh. Erkebalayev

ELABORATION OF A NEW WAY OF OPENING AND EXPLOITATION
OF HYDROGENIC URANIUM DEPOSITS

Elaboration of any hydrogenic uranium deposit is carried out by the most simple, highly effective and
original method of drillhole in situ leaching. Basically this leaching method can be applied with success to
manufacture of nonferrous metals in conditions of both underground and open-cast mining of their deposits.

Boreholes are the basic technical constructions providing injection of a chemical or biochemical solu-
tion, management of process of its filtration in a solid mass of a hydrogenic strata, processes of uranium
leaching and output of product solutions to extraction wells on a daylight area for their processing. Thus, the
system of the boreholes of different function drilled from the daylight area in depth to hydrogenic strata is
represented in an image of underground mine.

For developing of hydrogenic uranium deposits, injection of biochemical solutions, and also pumpings
out of product solutions are conducted vertical wells. According to the destination they are subdivided into
the following: technological, observant, control and special.

The injection wells are wells through which the working solution consisting from usually sulfuric so-
lution (H,O + n% H,SO4+ microorganisms (Thiobacillus ferrooxidans) chutes in hydrogenic strata.

The extraction wells are wells through which the product solution is got out froum productive horizon
on a daylight area.

In practice of exploitation of hydrogenic uranium deposits the injection and extraction wells can be
applied as the extraction wells, and injection wells as the extraction wells, in other words each production
well can be used in the capacity of both injection and extraction wells. Thus, reversing is carried out —
change of a direction of working solutions movement in productive horizon on a angle of 180° for the in-
creasing degree of valuable elements extraction from bowels.

Depending on a production well location the developing scheme of exploitation fields of hydrogenic
uranium deposits is defined.

In practice of hydrogenic uranium deposits exploitation are adopted the following schemes of produc-
tion well location: linear (or in-line), the areal (or cellular) and combined.

Linear systems of well location (fig. 1) consist of deposit rows area of consistently alternating injec-
tion and extraction wells. Depending on a filtration coefficient and uniformity of solid ore, the distance be-
tween rows and wells in rows fluctuate in extended limits (15-50 m and more). The winning cell usually con-
sists of two injection and one extraction wells, belonging to three consistently located rows.

Figure 1*. Linear system of production well location
a- rectangular; b- staggered; c- a ratio of the number of extraction wells to the number of injection wells is ¥,
1/3 et cetera; 1- lock well; 2- the winning cell; the distance between rows — L, between wells — L.

* The figure 1 was adopted from the paper [1]
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As well as now, linear systems of well location were widely applied on uranium deposits in the USSR.
They are most effective in development of the extensive hydrogenic uranium deposits composed of aqueous,
well water-permeable (K¢ > 1,0 m/days) ores and formations and being in difficult hydro-geological condi-
tions.

It was established by researches [1] that the linear system with staggered well location is optimum in
ratio 1:2 of the distance between wells in rows to the distanced between rows is the most favorable, the least
favorable — system with a rectangular location of wells with correlation of distance in 1:1.

On pages 349-350 of this paper [2] it is noticed that in the domestic industry is mainly applied the
scheme of alternating linear rows of injection and extraction wells with a 15-40m distance between wells in
rows, 30-80M between rows. It is the scheme of a well location possesses the big advantage — it is a simplic-
ity of a construction and its exploitation. The ore deposits extended in respect of the form with good indica-
tors of permeability is most favorable for such technological network. Depending on particular conditions
rows can be spaced along the strike or in a cross to the girtwise. Under conditions of equal outputs of extrac-
tion and injection wells (Q, = Qs) the distance between wells in rows is also accepted as identical (fig. 2.1).

If outputs of extraction and injection wells are not equal, injection wells in rows is spaced more than
extraction wells, and number both type of wells are in inverse ratio to their outputs (fig. 2.2).

"The three-row" system of wells is applied at exploitation of the narrow extended deposits in width up
to 100-150m, i.e. extraction row is spaced down on the deposit axis, two injection rows— in the right and left
of its parties (fig. 2.3). "Single-row" system of alternating extraction and injection wells is applied if the
width of a deposit makes 40-80m (at sufficient permeability). (fig. 2.4).

Hexagonal, triangular and rectangular cells concern the areal (cellular) system of wells.

Square pattern with alternating extraction and injection wells can be applied for the isometric form ore
deposits with relatively low permeability parameters, which also allows to recover equal outputs of wells (Qq
= Q3) (fig. 2.5). It is expedient to use hexagonal grid of injection wells with extraction well in the center of
each cell for ore deposits with the difficult wrong form with low parameters of permeability (fig. 2.6). The
correlation of outputs in such scheme is Qy = 2Q;, and in the exploitation systems of shaftless in situ leaching
the number of extraction wells is twice less than injection wells.
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Figure 2*. The main schemes of production well location
Hatched counter line— ore deposits, wells o — extraction wells, o - injection wells”

* The figure 2 was adopted from the paper [2]
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In the paper [3] on page 168 are noticed that the second possible variant of increase of inter-well dis-
tances in extraction row to 40-50 m inevitably leads to formation of the considerable not elaborated "dead"
area among extraction wells which total area can reach 30 % from the area of the operational block. There-
fore the only adoptable decision, in particular hexagonal scheme, providing the ratio of the injection wells to
the extraction wells at level 2,5+4:1, is application of cellular schemes of deposit opening for the deep mine
development (depending on the size of deposits) and simultaneously increase the inter-well distances in in-
jection. Long-term successful exploitation of Northern Karamurun deposits is clear example of using of
wells hexagonal grid with 40-50m radius as basic scheme of opening.

The combined scheme of production wells opening concern group of systems with the use of horizon-
tal and vertical sealing curtains for limitation of leaching reagent spreading in horizontal and vertical direc-
tions — hydro sealing curtains and hydraulic formation fracturing for the purpose of creation of an artificial
permeability barrier.

In the paper [1] on page 117 authors notice that the areal (cellular) systems of well location (fig. 3) is
usually applied for deposit developing confined to aqueous stratified non-uniform ores and horizontal or
low-inclined foldings formation, in condition of relativelty low water permeability of ores (x;~ 0,1+1
m/days). These systems represent uniform alternation of extraction and injection wells on the deposit area,
forming cells among themselves (triangular, square, hexagonal, etc.) with small inter-well distances (8+20
m). In Soviet Union the cellular well location was seldom applied.

The areal (cellular) schemes of well location will find wide application at the further involving in de-
veloping by drill-hole in situ leaching method more difficult in the morphological relation ore deposits with
relatively low coefficients of filtration ( up to 1 m/days), the big variability of physical and chemical proper-
ties of ores and containing formations, with the use high output pumps for extraction of solutions.

In the paper [3] on page 350 it is noticed that cellular systems of wells are less extended in domestic
practice. So the breadboard model for ore deposits of the isothermal form with rather low, but allowing to
recover equal outputs of wells parameters of permeability (Q, = Q,) is accepted by a square grid of alternat-
ing extraction and injection wells.

It is expedient to use hexagonal grid of injection wells with extraction well in the center of each cell
for out of shape irregular form ore deposits with low parameters of permeability. A correlation of outputs in
such scheme is Q,= 3Q,. The number of extraction wells is twice less than injection wells.

There are other possible arrangements of production wells in particular, triangular and pentagonal
cells. There is a method of in situ leaching of stratified infiltration deposits of metals with a help of hexago-
nal drill hole leaching circuit, which we adopted as a prototype:

Patent of the Republic of Kazakhstan (19) KZ (13) B (11) 15192

(51) E21B 43/28 (2006.01)

(64) KZ(A) Ne15192. 15.12 2004 b. 12

(72) Yazikov V.T., Rogov Ye.l., Kaipbayev D.

(54) The method of in situ leaching of stratified infiltration deposits of metals.

In the method of in situ leaching of stratified infiltration deposits of metals including drilling-wells
with a hexagonal system of their distribution, supply of leaching solution into injection wells and diversion
of productive solution through the extraction well according to the invention, the second row of the border
injection wells of hexagonal cells used in the reverse mode (Fig. 3). During the time T, is used as injection
wells, after a period of time T is used as the extraction wells.
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Y77 — not elaborated SR sites;

(® - extraction wells;

* —injection wells;

O — drill holes with reversing SR.

Further, the authors of this patent note that "... so, when working on the proposed new technical solu-
tion, the second row of injection wells of hexagonal cells 773 days will work as injection and then the time
To =470 days - as extraction that reduces the metal loss during the extraction of its in situ leaching."

The disadvantages of this patent are:

1. The use of the hexagonal system of wells location leads to the worst case of linear systems use of
production wells location.

2. The second row of injection wells of hexagonal cells will act as 773 injection days, and then the
same wells will work as 470 extraction days. In this case, there is a large number of the chemical solutions
leaching loss.

3. Layout diagram of hexagonal cells (Fig. 3a and Fig. 3b) is the linear systems injection and
extraction of the worst type wells location, as one linear row of extraction wells (Fig. row 3) served by four
rows (Fig. 1.2, 4, 5) of injection wells, which shows absurd technical solutions.

From the above brief annotations on the works of the CIS countries leading scientists in the field of
hydrogenic deposits of uranium, it is clear, that the general acceptance to use of cellular well (hexagonal,
triangular, rectangular cells) location systems during the development of hydrogenic deposits of uranium.

This kind of production wells location layout’s separation (injection and extraction wells), used for the
opening and operation of hydrogenic uranium deposits, is erroneous.

All area systems (hexagonal, triangular, rectangular) are linear systems of the worst type, the use of
which in the construction and operation of uranium mines causing large-scale damage.

Proof

Figure 4" shows the area (cellular) system location of production wells: a - hexagonal cells, b - trian-
gular cell.

Draw the lines, connecting all injection and extraction wells. We get in straight lines parallel to each
other, i.e. on hexagonal cells we get straight lines (rows) 1, 2, 3, ..., 11, which are parallel. In this case, on the
lines of the right and left sides of 3, 6 and 9 extraction wells there are two injection lines, on which injection
wells are located in a checkerboard pattern (Fig. 2).

* The figure 2 was adopted from the paper [1]
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All injection rows (1, 2, 4, 5, 7, 8, 10, 11) and extraction rows (3, 6 and 9) can be shown in the plan
(Fig. 4) get the linear system of production wells location, each row of extraction wells (3, 6 and 9) is pro-
vided on the right and left rows of extraction wells (3), (6) and (9) are located by 2 rows of injection wells
1.2-45,45-78;7.8-10.11.

Similarly, we obtain the linear systems of wells location from triangular system (Figure 4).

12i_4567891011 12345 6789

Figure 4. Cellular location of wells:
a - hexagonal cell, b - a triangular cell, 1 - extraction wells;
2 — injection wells 3 - outline of the ore deposit

From Figure 4 it is clear that at hexagonal system of production wells location around one row of ex-
traction wells there are 4 rows of injection wells, and at the triangular system of production wells location
around two rows of extraction wells there are two injection rows, i.e. between two injection rows there are
two series of extraction wells.

From these figures it is seen that the hexagonal and triangular systems of wells location are nothing
more than a linear systems.

Around two rows of extraction wells there are one row of injection series in each located.

In the first case, the ratio of the extraction wells number to the number of injection wells is 1:4, in the
second case, the ratio is 2:2.

In all cases on practice, in terms, when the coefficient of filtration Kf> Sm/sutki, the ratio should be
1:1 or 1:2, i.e. one row of extraction wells served by two rows or one row of injection wells.

Thus, in the above first case, two rows of injection wells become redundant, and in the second case,
one row of extraction wells of the two became unnecessary.
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1
® ® D Injection row @
2 ® ® ® @ Injectionrow @
3 O O O Extraction row (o)
4 ® ® ® @— Injectionrow @
5 ® o)) @ © Injection row
6 O O O O— Extraction row (o)
7 ® D @ @ Injection row @
8 @ & @ @— Injectionrow @
9 O O O Extraction row O
10 ® ® ® @— Injection row ®
11 ® ® ® Injection row ®
Figure S
1
® ® ® Injection row (2]
2 O O Extraction row (0]
3
O O Extraction row (o)
4 D D P Injection row <]
5 O O O Extraction row (o)
6 (@) O O Extraction row o
7 @ D D P Injection row (2]
Figure 6

As explained by Kazatomprom [5] about successful development of Kazakhstan uranium mines, there is
no information about use of bacterial leaching method in the process of uranium productive solutions mining.

According to references, use of uranium bacterial leaching allows to accelerate leaching process in
100 times more, than at the chemical one.

The bacterial leaching represents the most ecologically harmless technology, which in the long term
can become the most cost-effective technology of metal extraction from ores.

High efficiency of use of gold bacterial leaching method from ore can be shown by the following ex-
ample. In October, 2001 the gold mining company “The Polyus” reported that the Russia's first technological
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complex on gold extraction from ore by means of special bacteria is put in commission to one of the largest
in the country “Olimpiadinskoye” field, located in 600 km to the North from Krasnoyarsk. Since 2002 annu-
ally the Polyus company gives 30 tonnes of gold to the country. It’s approximately the fifth part of all pre-
cious metal, extracted in Russia. If 720 gold mining companies across Magadan region mine 30 tonnes of
gold in a year, the Polyus company takes the place of 720 companies, thanks to use of bacterial leaching
technology. The Polyus company has employed 1000 people, and similar western or Russian companies —
11000 workers each.

Annually in the USA 300 thousand tonnes of copper and 4 thousand tonnes of uranium are extracted
by leaching method. Researches on mining of Cu, Zn, Pb, Mn and other metals by leaching method are
widely conducted.

Also Kazatomprom officially declared that “depending on a configuration of an uranium ore body two
various types of ranges opening can be used: linear or hexagonal”.

At initial uranium mines development and their exploitation, use of hexagonal system of production
wells arrangement causes large-scale economic damage and that is inadmissible.

Conclusion

This research is devoted to development of a new method of hydrogenic uranium deposits opening and
exploitation.

The core of this method is to reduce time of leaching, cut down the cost of production wells
construction, economic efficiency increase of extraction of metals product solution by a drillhole in situ
leaching.

The technical result of a proposed method is to reduce the number of production wells twice, to
product solution with a high concentration and to decrease the losses of biochemical solution.

The technical result is achieved in that opening and exploitation of hydrogenic deposits by the method
of the drillhole in situ leaching, is carried out by system of production wells with the linear network and use
of each production well at the same time as the injection and extraction wells, so-called "piston wells", by
means of which for some time discharge (pumping in) and recharge (pumping off) are carried out cyclically
(repeatedly), forming the pulsed filtration flow of biochemical solution in the massif of the hydrogenic de-
posits, that accelerates the process of uranium leaching and increase of its concentration in the productive
solution, which is pumped out on a day surface for processing, and also the minimum losses of biochemical
solutions are ensured.

The distance between the piston wells, located on a linear series and between rows, is defined depend-
ing on the pressure head, under which biochemical solution to the massif of a hydrogenic deposit moves, and
filtration coefficient of this massif.

For sake of brevity, proposed technology of leaching it is possible to call a method of the piston wells,
which will allow to gain large-scale economic effect by reduction of technological wells quantity twice, i.e.
by means of abandoning of injection wells linear rows, and acceleration of biochemical leaching process of
uranium from the hydrogenic massif, and also decrease losses of biochemical solution and increase of ura-
nium concentration and other valuable elements.

Executive summary:

1. The new method of drillhole in situ leaching of various valuable elements, among them uranium
from the massifs of the hydrogenic deposits, including their opening and exploitation by system of techno-
logical wells is developed, characterized in that the linear system of “piston” wells (i.e. without rows of in-
jection wells) is applied, by means of which for some time discharge (pumping in) and recharge (pumping
off) are carried out cyclically (repeatedly), forming the pulsed filtration flow of biochemical solution in the
massif of the hydrogenic deposits, that accelerates the process of uranium leaching and increase of its con-
centration in the productive solution, which is pumped out on a day surface for processing

2. Areal systems (hexagonal, triangular, etc.) are linear systems of the worst type, which bring enor-
mous both economic and material damage.

3. Unlike the conclusions of Kazatomprom that “depending on a configuration of an uranium-mining
body, two various types of ranges opening can be used: linear or hexagonal” [5], we consider that it is neces-
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sary to refuse use of hexagonal system of technological wells arrangement when opening ranges, as unsuit-
able, bringing enormous damage in economic and social spheres.
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Pesrome

JKyMBICTBIH HETi3ri MakcaThl THAPOTEHIIK YpaH KeH OpBIHAAPHIH ally jKOHE IMaliIajaHyAblH KaHa TOCUIH icKe
acwIpy OOJIBIIT TaOBIIAIBL.

Bys >KyMBICTBIH HeTiri MakcaThl CY3€KTey IPOLECIHIH yaKbBITBIH KbICKapTy, TEXHOJOTHSIIBIK CKaKHHATapIbl
KypyFa KEeTeTiH WIBIFBIHAAPbI a3aiiTy,MeTalaapasl cy30eney oliCIMEH aily MpOILECiHIH SKOHOMHKAIBIK THIMIUIITH
apThIpy.

TocingiH TEXHUKAIBIK HOTEKECI TEXHOJOTMSUIBIK CKBOKHHAIAPIBIH CaHbIH €Ki peT a3aiTy, OHIMILIK
CUITEeNepiHiH KOHIIEHTPAIMSICHIH 6Cipy JKOHE IIBIFBIHIAPBIH a3aiTy OOJIBIN TaObUIa IbI.

Pe3rome

JanHas paboTa MOCBsIIEHa pa3padoTKe HOBOTO CIoco0a BCKPHITHS U SKCIDTyaTallMd THAPOTCHHBIX MECTOPOXK-
JIeHUH ypaHa.

CymHOCTh JaHHOTO CIIOCO0a 3aKTF0YACTCS B COKpAIIEHHH BPEMEHH BBIMICIAYNBAHNS, CHIDKEHHIH 3aTpaT Ha CO-
OpY)KEHHE TEXHOJOTWICCKHX CKBA)KUH, TOBBIIICHHA 3KOHOMHUYECKOH >((GEKTHBHOCTH HW3BICUCHHUS MPOIYKTHBHOTO
pacTBOpa METaJUIOB MTOI3€MHBIM CKBAa)KMHHBIM BBIIIETIaUNBAHHEM.

TexHU4ecKuil pe3ynbTaT MpeaaaraeMoro crocoda 3aKio4aeTcs B COKPAIICHUH KOJIWYECTBAa TEXHOJOTHYECKHX
CKBa)XXMH B JIBa pa3a, MOJyYeHUH MTPOAYKTUBHOTO PacTBOpA C BBICOKOW KOHIIEHTpPAIIMEeH U YMEHBIICHUH OTEPb OHOXH-
MHYECKOTO pacTBoOpa.

KazNTU named after K. Satpaev Received 12.12.2012

YK 669.1(075)
A.Beisembaev, A. Burlibay

PROGRAM TRAJECTORIES SYNTHESIS OF ROBOT MANIPUPULATOR BY USING OF LANGRANGE
INTERPOLATION POLLYNOMIALS

Keywords. Manipulating robot, degree of mobility, generalized coordinate, direct and inverse
kinematics problem, program trajectory.

Introduction. Let us consider the motion of the manipulating robot gripper along a given circle. It is
necessary to define the program trajectory by degrees of the robot mobility. It is proposed to interpolate
trajectory programming Lagrange polynomials.

Given a manipulation robot (MR), which has three levels of movability, the first one, rotating around
the axis OZ, the second 2 and third 3, rotating around a straight line parallel to the plane OXY (Figure 1).

In this case, generalized coordinates are the angles of rotation, marked as @,, @,, @;.
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Let us determine t

Figure 1

he conventional sizes of MR links for the synthesis of program trajectory, which are

equal to Z1 =3, Zz =6, 13 =4 decimeter respectively. The limits of change of generalized coordinates

will be the following —90° < ¢, <90°, 0< ¢, <180°, 0< @, <90°.
Let us suppose that it is required to perform (make) MR movement along the radius R =2 decimeter,
located at the height of / | = 3 decimeter, perpendicular to the OXY plane. The center of the circle is located

at the point with coordin

ates x, =7, Y, = 0,z o =3 decimeter, respectively.

The given circle will be indicated with eight points at the circle, which are presented in Figure 2.

2_

Y

24

Figure 2. Indicated circle, along which the MR circumference is to move.

The coordinates of eight points indicated in the circle (Figure 2) are summarized in Table 1.

Table 1
The coordinates of indicated circle

Points Number of points indicating circle
coordi- 1 2 3 4 5 6 7 8
nates
X, 5 7+42 7 7-2 ? 7++2 7 7-42
Vp 0 \/E 2 \/E 0 _ \/E -2 _\/5
z 3 3 3 3 3 3 3 3
P
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To determine the law of change of generalized coordinates in level of the MP mobility, it is a necessity
initially to solve the inverse kinematics problem. For the MR, which has three level movability, inverse
kinematics problem is solved in an analytical way, using the following equations [1]:

¢y =arcig(y,/x,);

z —1 B-L+x>+y +(z, —1)°
gozzarctgzp—zlllziarccos = 32 £ Y, * (2, > 1‘2 e )
(xp+yp) 212[xp+yp+(zp_ll)]
122+132—x§—yi—(zp—ll)2

= *|r — arccos
¢ =4 20,1,

As a result of solving the inverse problem, the figures of generalized coordinates are obtained accord-

ing levels of the MR mobility, which are summarized in table 2.
Table 2

The figures of generalized coordinates for positioning the gripper in the indicated circle points

Points co- Number of points indicating circle
ordinates
1 2 3 4 5 6 7 8
o, 0 14,2148 | 15,953 9,546 0 -9,546 -15,953 -14,2148
®, 41,43 39,718 33,337 25,006 20,752 | -25,006 -33,337 -39,718
?; 124,2 113,023 | 88,759 64,263 52,76 -64,263 -88,759 -113,023

To verify the results of the inverse problem, there is solved the direct problem of kinematics and com-
pared the obtained points positioning the MR gripper with indicated points of the circle. In this case, the di-
rect kinematics problem is solved by the following equations [1]

x, =1, cosp, cos, +1;, cosp, cos(p, —p,);
Y, =1, sing, cosp, + 1y sing, cos(p, —ps); ¢ . (2)
z, =1 +1,sing, +1;sin(p, — ;).
Next, let’s perform interpolation of generalized coordinates values ¢,, @,,@; by the lagrange polyno-

mials [2,3]. We consider in detail the procedure for the first generalized coordinate ¢, .Knowing the general-

ized coordinates values in nodal points, we form the lagrange polynomial as follows:
o ()= 0. U=V (=) U4 (=5) (=) (=T)-(=8) 4 o4e.

1 (0-1)-(0-3)-(0-4)-(0-5)-(0-6)-(0-7)-(0-8) ’
(t=0)-(t=3)(t=4)-(t=5)-(t=6)-(t=7) - (t-8)
1-0)-(1-3)-(I-4)-(1-5)-1-6)-(1-7)-(1-8)
14’2148'(t—0)~(t—1) t-4)-(t=5)-t-6)-(t=7)-(t=8) N

3-0)-3-1)(3-4)-(3-5)-(3-6)-(3-7)-(3-8)
(t-0)-(t—1)-(t-3)-(t-5) (-6)-(t—7)-(t—-38) N
(4-0)-(4-1)-(4-3)-(4-5(4-6)-(4-7)-(4-8)
15,053 . U=0) (=D -(=3)-(=4) - (1=6)-(¢t=T)- (:=8)

(5-0)-5-1D-(5-3)-(5-49:(5-6)-(5-7)-(5-8)

(~15,953)-
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(t=0)-(t=1)-(t=3)-(t-4)(t=5)(t=-T7)-(t-8)
(6-0)-(6-1)-(6-3)-(6—-4)-(6-5)-(6-7)-(6-8)
(t=0) (1= (1=3)-(t=4) (1=5)-(t=6)(1=8) o (t=0)-(r-1D-(r=3)
7-0)-(7-1)(7-3)-(7T-4)-(7-5)-(7T-6)-(7-38) 8-0)-(8-1)-(8-3)-
=8 (t=5)-(1-6)-(t=7)
(8-4)-(8-5)-(8-6)-(8-7)"

+(~9,546 ) - +9,546 -

Next we determine value L, ()

L,(t)=0;
L,(t) = —0,0028204 -¢7 +0,09307 -1°—1,255 -+° +8,842 -1* — 34,279 -1* +
+ 69,246 -t — 56,8592 -1,
L,(t)=—-0,01974 -¢7 +0,612 -1° - 7,601 -1° + 47 876 -1* —158 218 - 1> +
+250,022 <12 132,671 -1,
Ly(t) = —0,05539 -17 +1,662 -t°—19,831 -#° +118,986 -t* — 370,974 -1* +
+549 398 .12 — 279 186 -1,
L,(t)=—-0,06647 -t +1,928 -1° - 22,135 -15 +127 ,295 -¢* — 379 ,826 - 1> +
+ 540,824 -t* — 268,019 -¢,
Ly(t)=-0,02651-¢" +0,742 -t* —8,219 -£° + 45,607 -t* —131,756 - £* +
+182,745 -t* —89,092 - ¢,
Ly (t) = —0,009469 -¢" +0,256 -t° —2,737 -£* + 14,744 -t* — 41,573 -£* +
+56,592 -t* — 27,273 -t,
L,(t)=0.

Then we obtain interpolation polynomial in following way:

@, (t)=—0,1804 -7 +5,293 -t° -~ 61,779 -+> + 363,352 -¢* -
-1116 ,627 -¢* +1648 ,829 -¢* —853,1014 -¢.

Similarly, we can get the interpolation polynomials and other generalized coordinates:

0,(1)=—0,411-¢7 +12,075 -1° —141,292 -£° + 834,197 -+* —
—2580,135 1> +3856,4102 > —2061,994 - + 41,4306,
0,(t) = —1,098 -¢7 +32,302 -£° —378,4906 -¢° + 2238 ,408 - 1* —
—6938,001 1> +10400 ,169 -¢> — 5590 ,514 -¢ + 1242,

The resulting interpolating polynomials are program trajectory in levels of the mobility of the 3-power
manipulation robot, providing movement of gripper along the given circle.

Conclusion. Thus, the program trajectory synthesis problem can be represented by the following
procedure. Let us to resolve the inverse kinematics problem for a given point of the circle. As the result,
there will be determined the values of generalized coordinates by degrees of the robot mobility. The obtained
values of the generalized coordinates are interpolated lagrange polynomials. The resulting polynomials are
analytic description of the trajectory programs by degree of the considered robot mobility.
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Pesome
by sxyMbicTa 1mieHOep TypiHjae OepiireH TpaeKTOpusi OOMBIMEH KapMmay KO3FaJIbIChIHA apHaJFaH YII KO3FaJIbIC
Jopexeci 6ap MOHUITYILSIIUSIIBIK POOOTTHIH GafFmapiiaMalibiK TPASKTOPHSIAPbIHA TNy CYPaKTaphbl KAPACTHIPBLUIFaH.

Pe3rome

B pabote paccMOTpeH BOIIpOC CHHTE3a NIPOTPaMMHOM TPaeKTOPUH MaHHUITYJISIIHOHHOTO poO0Ta UMEIOIIETO
TPU CTENEHH MOJBIXKHOCTH ISl JBHKEHHSI CXBaTa BAOJIb 3aJaHHON TPAeKTOPHUH B BUJI€ OKPYKHOCTH.
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Nurmakanov Y.Y., Itkulova S.S., Zakumbaeva G.D., Yelighayeva G.Z., Yermaganbetova A.K.,
Mukazhanova A.A., Nurgaliyeva 1. A.

SYNGAS PRODUCTION FROM BIOGAS OVER THE BIMETALLIC Co-CONTAINING
CATALYST

Introduction

Syngas (mix of H, and CO) is a source for the production of many chemical and petrochemical com-
pounds like methanol, other oxygenates, and Fisher-Tropsch synthesis products, also it is used for reduction
of iron ore [1-3]. The main methods of syngas production are coal gasification, methane conversion, and par-
tial oxidation of hydrocarbons [3]. Natural gas is the basic source for methane [4]. Besides, biogas contains
of methane. Since, the geographical location and hydrocarbon sources availability predetermine the syngas
production from the traditional sources biogas is represented as a more universal type of source.

Biogas can be produced by anaerobic fermentation of biomass such as different wastes of human eco-
nomic activity or the specific cultures. The main components of biogas are methane (45-70%) and carbon
dioxide (30-45%) with non-significant admixtures of hydrogen sulfide and sulfur oxide [5].

The main industrial technologies for methane conversion are steam reforming, partial oxidation and
dry (CO,) reforming (equations 1-3 respectively) [6]:

CH#+ H,0=CO+3H,  AH=+206 kJ/mol (1)
CH4+ 1/20,=CO +2H, AH=-35.6 kJ/mol )
2 CH4+ CO,=2CO +2H, AH=+247 kJ/mol 3)

Practically only steam reforming (1) is industrially used. The Ni-based catalyst is used for the process
under elevated temperatures (700-900°C) [7]. As regards the reaction (2), Shell has developed the non-
catalytic technology carried out at the high temperatures (1100-1300°C), which was implemented at the
small plant in Malaysia [8-9]. Process on a base of reaction (3) is still at a laboratory and pilot level. It should
be noted that dry reforming of methane or carbon dioxide conversion has an especial interest because allows
utilizing both green-house gases — methane and carbon dioxide [10-11]. From this point of view biogas
represents an ideal source for carbon dioxide reforming of methane.

According to stoichiometry of the reaction 3, in biogas with the content of carbon dioxide is less than
50% oxygen is in deficiency for appropriate syngas production. For example for Fischer-Tropsch synthesis
syngas should has a ratio of H,/CO~2. In this case the combination of two reactions: steam and dry reform-
ing allows providing methane conversion with producing syngas with high hydrogen content.

The major precondition limited the wide industrial distribution of dry and bireforming of methane is
carbon deposition especially over the traditional Ni-containing catalysts [12-13]. The main efforts are di-
rected to development of catalysts resistant to coke formation.

This work deals with the catalyst containing Co in amount of 4.5 mas. % and metal from 8" Group of
Elements in amount of 0.5 mas. % supported on alumina. The catalyst has been studied in dry and bireform-
ing of a model biogas mixture with an equal ratio of methane and carbon dioxide.
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Experimental

The Co-containing bimetallic catalyst promoted by M; supported on alumina has been used in both dry
reforming and bi-reforming of the model biogas mix (methane/carbon dioxide=1/1). The content of metals
(Co and Pt-Group metal) is 5 wt. % from total catalyst amount. The Co/M mas. ratio is 9/1.

The processes were carried out at a flow quartz reactor supplied with the programmed heating and con-
trolled feeding velocity under conditions: atmospheric pressure, space velocity - 1000 hr' and varying tempera-
ture from 300 to 800°C. The volume ratio of a model biogas was 1/1 and steam additives was 15 vol. %.

The gaseous initial and final reaction products have been on-line analysed by the gaseous chro-
matographs. Liquid products were collected in a special cooling trap and analysed after reaction by
using the GC.

Results and discussion

Dry reforming of methane was carried out over the 5%Co-M;(9:1)/Al,05 catalyst at varying tempera-
ture in a range of 350-770°C, atmospheric pressure and ratio of CO,:CH,=1:1. The effect of temperature on
conversion of methane and carbon dioxide is presented in Figure 1.

100 -
90 -
80 -
70 -
60 -
50 - ——X(CH4), %
40 -
30 -
20 -
10

0 ——

300 400 500 600, 700 800
Temperature, °C

== X(CO2),%

Conversion, %

Figure 1. Effect of temperature on CH, and CO, conversion at dry reforming over the 5 %Co-M; (9:1)/Al,0; catalyst
(CH4:CO,=1:1, P=0,1 MPa, S.V.=1000 h™")

Conversion of methane and carbon dioxide is increased with growing temperature. For example, the
conversion of methane grows from 12.5 to ~ 100 % with increase in temperature from 350 to 770°C, and the
conversion of carbon dioxide rises from 9.8 to 96.9 % under the same conditions. In the range of tempera-
tures of 700-770°C the methane conversion is slightly changed. Further increase in temperature is not desir-
able from the point of view of energy saving and prevention of coke formation.

Syngas is a main product of methane dry conversion over the 5%Co-M; (9:1)/Al,05 catalyst in the en-
tire temperature region studied. The product yield is 95-100% depending on temperature. The H,/CO ratio in
syngas at temperature 770°C is 0.84, while the conversion degree of methane and carbon dioxide are equal to
~100 and 96.9 % respectively (Table 1).

Table 1. Dry reforming of methane over 5% Co-M;(9:1)/Al,0; catalyst under P=0.1 MPa, S.V.
=1000 h”', CH,: CO, = 1:1

(L °C Conversion, % Reaction products
’ CH, CO, H,/CO ratio Yield of oxygenates, %
650 93.0 95.1 0.96 traces
700 97.6 95.5 0.91 traces
750 99.0 96.4 0.84 traces
770 ~100 96.9 0.84 traces
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It is necessary to note that the hydrogen content in syngas is decreased with temperature increase that
can be caused by strengthening of carbon oxide formation under high temperatures. For example, tempera-
ture growing from 650 to 770°C causes decrease in the H,/CO ratio from 0.96 to 0.84 (Table 1). The yield of
oxygenates doesn't exceed 1 % and corresponds to traces amounts (Table 1). The main oxygenate is acetic
acid, which content in liquid fraction varies from 60 to 90 % depending on the process conditions.

The results obtained demonstrate that the 5% Co-M;(9:1)/Al,05 catalyst has the high activity in con-
version of biogas dioxide into syngas, but the ratio of H,/CO below 1 (0.84). It is known that there is no
complete methane conversion over the known catalysts at temperatures < 800°C [7].

For the purpose of increasing the amount of hydrogen in syngas, the combined steam and dry reform-
ing of methane, by other words bireforming of methane, has been studied with using the 5% Co-
M1(91)/A1203

Bireforming of methane over 5% Co-M,(9:1)/Al,0; catalyst was carried out with adding 15 vol.% of
water steam. The dependence of conversion of a biogas mixture with the equal volumes of CH4 and CO,
from temperature is shown in Figure 2. Other parameters were constant: atmospheric pressure, speed velocity
- 1000 h'l, additive of water - 15%. Conversion of methane and CO, grows and reaches the values of 98.2
and 68.5% respectively with temperature increasing from 400 to 750°C.

100 -
X 80 | =—#=X(CH4), %
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Figure 2. The effect of temperature on CH, and CO, conversion
at bireforming of methane over the 5% Co-M,(9:1)/Al,0; catalyst (CH;:CO,:H,0=1:1:0.15, P=0.1 MPa, S.V.=1000 hh

The main product of the reaction is synthesis gas. At the process temperature - 750°C synthesis gas has
a ratio of Hy/CO = 0.95 (Table 2). In bireforming, H,/CO ratio drops from 1.05 to 0.95 with increasing tem-
perature from 650 to 750°C. But it should be noted that in bireforming hydrogen yield is higher than in dry
reforming in the whole temperature range (see Tables 1 and 2). In the bireforming also trace amounts of
oxygenates are produced (Table 2).

Table 2. Bireforming of methane over the 5% Co-M;(9:1)/Al,0; catalyst at P=0.1 MPa,
S.V.=1000 h', CO,: CH,: H,0=1:1:0.15

Conversion, % Reaction products
0 -
t, C CH, o, H,/CO Yield of (();(ygenates,
0
650 84.3 46.8 1.05 traces
700 95.2 54.2 1.00 traces
750 ~100 68.5 0.95 traces

Comparative data of dry reforming and bireforming of biogas at complete conversion of methane over
the 5%Co0-M;(9:1)/Al,0; catalyst are collected in Table 3. The complete conversion of methane is carried
out in bireforming at a lower temperature - 750°C and synthesis gas has H,/CO = 0.95.
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Table 3. The effect of water for the reforming of biogas over the 5% Co-M;(9:1)/AL,0; catalyst at
P=0.1 MPa, S.V.=1000 h', CO,: CH, =1:1

Vino, . Conversion, % Difference betwegn bi.reforming
Process vol.% t, C H,/CO and dry reforming indexes
CH, CO, AH,/CO AXcon At,’C
Dryreforming ofmeth= [ | 770 | ~100 | ~100 | 084
Bircforming 15 750 | <100 | 685 0.95 0.1 315 -20

These results indicate that the simultaneous reactions of carbon dioxide and steam reforming of meth-
ane are occurred over the catalyst 5%Co-M;(9:1)/Al,0;. Water steam inhibits carbon dioxide reforming re-
sulting in lower carbon dioxide conversion of 31.5% in bireforming in comparison with dry reforming. Add-
ing water has a positive effect on the conversion of methane over the 5%Co0-M;(9:1)/Al,0; catalyst: process
temperature is reduced (At = -20°C) and H,/CO ratio is increased (AH,/CO = +0,11) (Table 3).

Conclusion

1. The synthesized catalyst on a base of Co promoted by VIII-Group metal - M; in amount of 0.5
mas.% demonstrates the high activity in biogas conversion. Almost complete methane conversion is occurred
at 770°C and space velocity 1000 h™'. The main product of biogas conversion over the catalyst is syngas with
a ratio of H,/CO=0.8.

2. The effect of steam on biogas reforming has been studied. The adding water into the initial biogas
leads to improving the process indexes over the 5%Co-M,/Al,O;: temperature of complete methane conver-
sion is decreased by 20°C and ratio of H,/CO in syngas is increased by 0.11.

3. Except syngas traces of oxygenates are formed over the 5% Co-M;(9:1)/Al,0O;, basically acetic acid.

4. The catalyst studied is a stable one. The 5% Co-M;(9:1)/Al,0; catalyst worked during 3 months
without decreasing in its activity.
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Pe3ome
Kympicta 5% Co-Mi(9:1)/AL,O; xaranmm3atopblHIarsl OMOTa3NblH, METaH MEH KOMIPTeK JMOKCHIIHIH apaKaTBHIHACKI
CH4:CO,=50/50, esrepictepi KapacThIpbUHaH. bHOra3 KOHBEpPCHSACHIHA TEMIIEPATypaHbIH, Cy OYyJapbIHBIH 3CEpi aAHBIKTAIFAH.
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MeTtaHHBIH Kyprak oHe Oy KOCBUFaH pU(OPMHHI Ke3IHIErl apakaThIHACTBI CuHTe3-Ta3 apakarsiHachl H/CO= ~1 mmemrysl
kepcerinreH. benri Oip sxarnaiapia oTTeri KOChIHIBUIAPBL, CIPKECY KBIIKBUIHI YIFaiMaIbI raiina 6oajibL.

Pesome
PaccmotpeHo npeBpartienre Ororasa, cozepykalliero Merat 1 IMokeu yriepoza B cootHommenry CH4:CO,=50/50, Ha 5% Co-
Mi(9:1)/AI, 05 xaramizarope. Onpe/ienieHb! BIMSHAE TEMITEpaTyphl, BBEICHHI MTapOB BOIBI B HICXOAHYIO CMECh Ha KOHBEPCHIO OHO-
raza. [TokazaHo, 4T0 TpH YIJIEKHUCIIOTHOW M NApOYTVICKUCIOTHON KOHBEPCHH METaHa Ha JJAHHOM KaTalu3aTope 00pasyeTcs IperMy-
LIECTBEHHO cHHTe3-Ta3 cooTHoteHneM H,/CO= ~1. B omnpeneneHHbIX YCIOBHsIX 00pa3ytoTcsi OKCUTeHATBI, PEUMYIIECTBEHHO YK-
CyCHasI KHCIIOTa.

KazNTU named after K. Satpaev Received 10.11.2012

UDC 622.24.055
B.M. Nuranbaeva

METHOD FOR THE RECOVERY OF PRODUCED
VANADIUM FROM OIL

Today in Kazakhstan opened more than 200 oil fields, its guaranteed reserves are estimated at 3.6 bil-
lion tons, but even so significant reserves are not infinite, because they correspond to only the volume of an-
nual world oil production. However, the bowels of the earth are full of so-called "non-traditional" UV-
minerals: high-viscosity oils, natural bitumen, oil and tar, fuel and carbonaceous shales. All of them in HC
composition are a good alternative to oil and are of great interest to the chemical industry. Many of these
minerals with properties peculiar natural sorbents, contain a large amount of valuable as (Ti, V, Ni, Mo, Pd,
Ag, Pt, Au, etc.), and toxic (S, As, Se, Br, Cd, Sb, etc.) trace elements. The success of the integrated devel-
opment of oil fields directly related to the need for information about their composition and essentially de-
pends on the degree of effectiveness used for its production of analytical methods. To date more than 60 oil
discovered trace, of which the most important and studied is vanadium.

Vanadium content in hydrocarbons is low (from 10-° to 10-*%), they negatively affect many catalytic
conversion processes. Corrosive properties of vanadium and its compounds into the oil causing great damage
to refining plants oil is burned settings, disabling catalysts reduce the life of turbo, diesel, gas turbine engines
and boilers, as the combustion of vanadium-containing fuels are formed adhesive and corrosive inorganic
vanadium compound is one of the main causes of intense ash drift and high-temperature corrosion surfaces.
Vanadium can be using heat-resistant, corrosion resistant and superconducting alloys in high demand. Pure
vanadium is used in nuclear power and electronic devices, in the textile, paint and glass production. Negligi-
ble production of vanadium, and insane price it is easily explained, despite the fact that the earth's crust con-
tains a lot of vanadium about 0.2% (i.e., 15 times more than lead, and 2000 times more than silver), its clus-
ters are found on the ground is extremely rare. Ore containing 1% of vanadium is extremely rich, industrial
processing ore is subjected even those that contain only 0.1% of this valuable and scarce item.

Given the low vanadium content in the ores (maximum of 1500 g / t), its climb extracting oil and bi-
tumen is relevant. In the world there is a direct and practical experience of vanadium extraction from oil.
Foreign experience of industrial development of vanadium oils confirms the economic feasibility of using oil
as a raw material for the production of vanadium content of its 200 grams and up to 1 ton of raw material.
Apparently, the efficiency can be improved by using crude oil for extraction of vanadium with its pre-
concentration in the high part.

Overseas small-scale extraction of vanadium from combustion products of petroleum and petroleum
products is a long time. Semi work on vanadium recovery of bitumen and heavy oil is held in England,
Venezuela, Mexico, Italy. The U.S. patented method of extracting vanadium from Venezuelan oil, containing
0, 03% V. The company Petrofina Canada since 1965 extracts vanadium from petroleum residues of heavy
Venezuelan crude. The process of extracting vanadium includes the following process steps: oil desalting,
atmospheric distillation, coking residue, coke ashing, extraction of vanadium from the ashes of sulfuric acid,
oxidation of vanadium to the pentavalent state perchlorate and sodium ammonia deposition. Then hydrated
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vanadium oxide is melted and cast into pellets. The mechanism of the formation of sulfuric acid salt of vana-
dium. The methods for extraction of vanadium and other metals from the soot deposits.
In this connection it is interesting to note that the extraction of vanadium from the soot obtained by burning
oil around Lake Maracaibo in Venezuela, has developed into an industrial process. The article analyzes of
petroleum coke Wells reporting that 0, 22% V,0s in bitumen breccia of Terlingua (Texas); 0,043% V,0s
(equivalent to 61% ash) in the asphalt of Baoby (hole 1) (Lake Bermudas, Venezuela), 12, 2% in the ash
from the vicinity gragamita Pedzh (Oklahoma) and 45% in the ash asphalt from Nevada.

For example, of the Venezuelan oil in Canada, the United States and Italy recovered it for decades,
and there is no more vanadium than Buzachinsky. According to estimates by our scientists, 1 million. tonnes
of contained 440 tons of vanadium pentoxide. This is not so little, given the scale of production and con-
sumption of oil on the world today. It is necessary to mention that the highest content of different metals so-
called heavy and extra-heavy oil. The ones who would run the production is limited due to the difficulty of
processing. In general, the geological reserves in its oil Buzachi peninsula, done at a depth of 300-600 me-
ters, is estimated hundreds of thousands of tons. It is not difficult to imagine what benefit would receive land,
extracting its oil this scarce metal.

Methods of extracting vanadium from oil and oil products

Method 1, ways of extracting vanadium from petroleum coke by mixing with alkali metal salts, baking
batch at a temperature below the melting point of added salts and subsequent transfer of vanadium in aque-
ous solution, from which it can be precipitated by known methods.

Method 2, the method for extracting vanadium from petroleum coke by total gasification of coke, and
vanadium extraction from the ashes.

Method 3, method of processing of petroleum coke, including heat treatment in the presence of air at a
temperature of 425-575°C for 0.5-2 hours, for further processing in a 20% solution of H,SO4 at S: L = 1: 10
in the presence of NaOCl at 70, 80°C for 4 hours.

Method 4, petroleum coke is crushed to a size <100 microns, in the presence of air is kept at a tem-
perature of 380-420°C for 2-6 hours, the air supply is adjusted so that the weight loss amounted to 40-70% of
coke leached for 2-3 h at T: L of 1:3 to 1:5 and a temperature of 90-100°C.

Oil studies in Kazakhstan, in Table 1 and showing that the vanadium presents in all oil fields.

Table 1. The vanadium content in the oil fields in Western Kazakhstan

Field Content, g/t Field Content, g/t
Mangistau region Aktobe area
North Buzachi 100-300 Bozoba 50-120
Karazhanbas 70- 300 Sinelnikovskoye 5-50
Kalamkas 60- 300 Zhanazhol 1- 10
Zhalgyztobe 60- 200 Kenkiyak 1- 10
Karaturun 70- 140 Ostansuk 1-5
Besoba 70- 140 Atyrau area
Uzen 0,5-5 Karaarna 40-70
Asar 0,5-5 Tortay 10-80
North. Rakushechnoe 0,5-5 Kumshety* 10-60
Zhetybai 0,1-1 Biikzhal 5-40
Shinjiro 0,1-1 Tengiz 0,1-1
Tasbulat 0,05-0,5 West Kazakhstan region
Oymasha 0,01-0,1 Gremyachinskoye 20-50
North. Karagie 0,01-0,05 Zap. Teplovsko 1- 10
Uylyuk 0,001-0,01 Karachaganak 0,05- 0,5
Zhilindy 0,001-0,01
Aschisor 0,001-0,01
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Different types of trace elements, not only in oil but also in the bitumen and shale. Here is an example
in Table 2 that the concentration of vanadium in these products.

Table 2. The vanadium content in the oil and bituminous rocks of the Western Kazakhstan

Field Content, g/t Field Content, g/t
Aktobe region Atyrau region
Akbulak 50- 400 Imankara 20-80
Dongeleksor 20-70 Akshoky 10-70
Mortuk 10-70 Kolzhan 30-50
Field Content, g/t Field Content, g/t
Shilikty 20-50 Karamurat 20-50
Copa 1-20 Munayly 10-30
Mangistau region Karasaj 5-30
Tyubedzhik 10-70
Karasyaz-Taspas 5-30
Beck-Taspas 5-30
Tyubkaragan 1-20

In Kazakhstan, oil fields such as (North Buzachi, Karazhanbas, Kalamkas Zhalgyztobe, Karaturun,
Besoba, Bozoba, Sinelnekovskoe, Karaarna, cakes, etc. Kumshety) contains vanadium in concentrations of
10 to 300 grams per ton of oil produced. However, to date not a technology of vanadium extraction.
In this connection it is of interest to create advanced ion exchange resins for the extraction of produced rare
metals from crude oil and petroleum products. A general technological scheme of the collection and prepara-
tion of oil and oil products, the extraction of rare metals and polymer membrane technology.
Based on these studies, we propose (Fig. 1), the following flow chart extraction of produced precious metals,
allowing for preparation in the field and refinery processing to extract them from the oil and oil products,
thus improving the quality of the latter.

Gas

Addition of polymer

2 T ¢
;\ Desalting and Extraction

1| Collection B  Separation |»  dehydration metal AVT

—~ 1

Metal
comprising
complex

l

Selection of Metal
metals using | —p| product
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Technology

|

Polymer I

1, 2, 3 — of produced metal-mine, AVT — atmospheric and vacuum distillation of the Oil
Figure 1. A new flow sheet gathering and treatment with extraction of produced metal
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Thus, these problems can be solved by the introduction of the oil industry of sorption processes for the
extraction of metals based on polymers with membrane technology. This corresponds to the integrated de-
velopment of the oil fields.
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Pe3rome
Maxkaraga MyHail XoHe MYHall ©HIMICpIHCH)KONIIBIOAH OHIipy/ne BaHAIWIAI COPYIOBIH WHHOBAIMSIBIK OIicCi
yYChIHBIIAMEL.. MeMOpaHai blK TEXHOJOTHSMEH TIIONIMMEp HeTi3iHAeri COpOISUIBIK YpAiC ~ MyHail J>KOHE MyHai
OHIMJIEpIHEH BaHAAMI/I COpy MyHall canachlHa €Hri3y o[ici Heri3iHJae KapacThIpbUIFaH. bysl MyHaii/blH canachlH
apTTBIPY MEH eHIIpyleH Oacran TYThIHYIIbIFA JCiiH OHBIH TaCMaJJaHy THIMJIUIIIT MYHail KeH OpBIHAAPBIH KEIICHI
Urepy/iiH TaJlanTapbiHa CIMKec Kee.
Pe3lome
[IpenyiararoTcss MHHOBAIIMOHHBIN CIIOCOO M3BJICYCHHUS IMOIYyTHO-T00BIBAEMOT0 BaHaaus U3 HedTH U Hedrenpo-
IYKTOB. B ocHOBe croco0a mpeaycMaTprBaeTcsi BHEAPCHUS B HETSIHOM OTpaciid COPOMOHHBIX TPOIIECCOB LIS U3BIIC-
YeHUs BaHAIHS U3 HE(PTH U HEPTEPOAYKTOB HA OCHOBE MOJMMEPOB, & TAK)KEe MEMOPAHHON TEXHOJOTHH. JTO COOTBET-
CTBYET TpeOOBaHHSIM KOMIUICKCHOT'O OCBOCHHS HE()TSHBIX MECTOPOKICHHIA, TTOBHIIICHNS KadecTBa HeTH U 3hekTrB-
HOCTH €€ TPAHCTIOPTUPOBKHU C MECT JOOBIYH IO TIOTPEOUTEINA.

KazNTU named after K. Satpaev Received 02.11.2012
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HOW TO IMPROVE THE GOLD HEAP LEACHING WITH
WASTE OF URANIUM INDUSTRY

The aim of this work is to improve the efficiency of leaching while waste disposal and leaching of
radioactive ores. The way to develop the tailings that is including, the minimum grain size of the ore, density of
the surface tension of the leach solution and the contact angle [1], as well as a method for treatment of ores. [2].

In contrast to the above methods, the proposed method is mixing the leach ore radioactive waste
(rock, sludge, etc.), which will increase the temperature and heat transfer between the solution and leach ore,
which in turn leads to rapid oxidation of the ore, and thus increase the yield of ions in the solution of useful
components. To increase the heat in the heap's surface is covered with the same radioactive nuclear waste.
All this leads to more efficient leaching, in addition, to avoid the emergence of new waste is proposed to
form a heap leaching in waste pits for subsequent disposal on-site leaching.

Leaching process was implemented on the models in the laboratory. Particle size analysis is carried
out by the gravimetric method with a certain amount of ore. Particle size distribution of the leach ore is
presented in Table 1.

Table 1. Particle size distribution of ore leaching

Ne vV, m’ Size distribution of the ore, %, m
volume 0-0,20 m 0,21-0,40 m 0,41-0,60 m 0,61-0,80 m 0,81 m

1 7,7 50,2 21,5 13,4 12,6 2,2

2 8,1 53,1 22,2 12,7 10,4 1,5

3 9,0 55,5 21,5 12,5 8,7 1,7
4 7,0 56,6 21,7 11,7 7,6 2.3

5 10,2 57,4 20,6 13,4 7,3 1,2

6 9,5 47,4 19,4 15,9 15,0 2,2

7 8,5 52,5 21,0 12,3 11,7 2,4
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As can be seen from Table 1, the percentage of fraction 0-0,20 m this fraction should be subjected to a
more detailed analysis of the particle size on the screens by the gravimetric method. The results of particle
size analysis of fraction 0-0, 20 m are presented in Table 2. And we take this fraction as a hundred percent,
and define the other factions.

Table 2. Particle size fractions of ore 0-0, 20 m

Number of Interval of 1 2 3 4 5 6 7
fraction fraction, mm 01, % 01, % 01, % Q1, % 01, % 01, % 01, %
1 0-1,0 4.5 4,3 5,2 5,0 3,7 3,5 4,1
2 1,0-2,5 6,0 5,8 6,5 6,1 7,0 6,9 6,0
3 2,5-5,0 7,3 7,5 6,9 8,0 7,2 7,5 7,2
4 5,0-7,5 6,4 6,6 7,9 8,5 7,5 8,5 6,9
5 7,5-10,0 7,7 7,3 9,2 8,7 9,3 9,4 7,3
6 10,0-12,5 9,4 9,0 9,6 9,3 9,6 10,4 9,0
7 12,5-15,0 8,9 9,2 10,7 9,5 10,2 9,1 9,2
8 15,0-17,5 9,9 10,0 7,2 8,5 11,0 7,7 9,4
9 17,5-20,0 7,3 6,7 6,5 4.8 4,1 4,5 9,8
10 20,0-30,0 6,5 7,5 7,0 8,5 6,8 6,9 6,7
11 30,0-40,0 5,9 5,5 5,1 4,5 5,3 6,6 7,5
12 40,0-50,0 6,0 5,8 49 4.4 5,9 6,8 5,5
13 50,0-100 5,4 5,6 5,1 4,0 4.5 4,0 5,8
14 100-150 4.8 5,0 4,5 5,3 4,7 5,2 3,6
15 150-200 4,0 42 3,8 4,5 32 3,0 2,0

To create a physical model of the leaching of ores, we represent it as a disconnected environment
with heterogeneous porosity. Represent the real volume leach ore, consisting of fractions from

these N = N — N, ; large fractions constituting the main skeleton of leachable ore, and fractions are filling,

considering the volume ratio of the filler and the skeleton of a real object obtained relationship between
porosity and aggregate real object [1]:

NI .

my, :&_Z@, (1)
Pn, =l

Where m - porous aggregates;

m - Porosity of the real object;

Nl

Zg/)i/ - Amount of volume fraction ratio of the each share, the aggregate, which refers to the total

i=1

volume of the real object, which should be defined as the ratio:

N,
N, Z Pi

ol =— @)
i1 ?x,

Here ¢, - Share of the aggregate amount of each fraction referred to the total volume filler;
@y, - Share of the total aggregate, referred to the total volume of a real object;

To select a model porous aggregate is computed by (1) using the tables 1 and 2. If the porosity is less
than the aggregate porosity of the real object, the separated fraction of the aggregate transfer one or part of
one or more major factions of the skeleton of a real object and continue the calculation as long as the

porosity of the aggregate will be equal to the porosity is not a real object (le =m, ) Number of fractions,
N, where m = m, should be selected as a model of a real object.

In some cases, the porosity of the aggregate may be higher porosity of the real object, in this case,
adding the skeleton of a real object or a part of one, or a few more fines in the pre-selection, the computation
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of aggregate as long as the porosity of the aggregate will not equal porosity real object, i.e., my =m,.

Number of fractions N, where my; =m should be selected as a model for laboratory studies.

The same principle was selected porosity of radioactive waste, which is leached ore is stirred. The
results of calculation of porosity model leach ore and radioactive waste were subjected to experimental
verification. The calculated and experimental porosity of leached with radioactive waste coincided with a
relative error of 15%. It can be concluded that in this way the chosen model is adequate to the real object,
No. 10 (H) porosity model (aggregate) is the porosity of the real object. As the model is taken to the tenth
inclusive fractions in the same percentage as shown in Table 2, i.e., the following fractions 0-1,0; 1,0-2,5;
2,5-5,0; 5,0-7,5; 7,5-10,0; 10,0-12,5; 12,5-15,0; 15,0-17,5; 17,5-20,0; 20,0-30,0 (intervals in mm). Thus, the
model is formed on a concrete slab with a hole for drainage, leaching solution. The concrete slab is concave,
so that the solution flowed out of the hole. The model pile was formed in such a way that the ratio of
the volume of ore V ¢ volume of radioactive waste V consistent_Y»_ _3, and its surface is covered with

po
radioactive waste.

The model pile was watered 2% sulfuric acid solution. Pregnant solution was analyzed to identify it
mineralization.

Leaching gold ore with mixing radioactive waste in relation to the volume 2 — 3 and coated surface
\Y

po
radioactive waste allowed increased output of gold pregnant solution by an average of 20. The results of the

leaching of gold ore on the models in the laboratory are shown in Table 3.

Table 3. Results of the leaching of gold ore on the models in the laboratory

No Type of ore and radioactive waste Extraction Au from a productive solution
prototype The proposed method
1 Sulfide ore deposits containing gold Akbakai 1,6 g/t 75-78 80-85
Gold ore 2,0 g/t 87-96 93-97

Thus, the proposed method can improve the leaching of ore leaching efficiency and reduce the
environmental impact on the environment due to leaching of waste disposal and the nuclear industry in the
waste pits.

To extract gold from the pregnant solution leach ore commonly used sorption technology, in this case
as sorbents used costly imposed from abroad sorbents (tar, coal and others.) To reduce the cost of obtaining
gold from leach solutions proposed for use in sorption technologies domestic polymers [3, 4].
In this regard a study of the sorption capacity of polymers in relation to ions of gold. Implementation of the
project will address a number of environmental challenges of our waste disposal, reduce man-caused
environmental burden to mining and oil and oil regions of Kazakhstan. Based on these studies suggest the
following innovative technological scheme to extract gold (Figure 1).

Addition of
polymer
|
Leaching Collvection R Sorn};zl;rll of Gold-polymer
of solutions
l
Allocation
gold Gold
membrane | | Product
technology
v Figure 1. Scheme showing the
The selection of new technological for gold
the polymer extraction operation
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Pe3iome
Maxkanana KopiapAbl ®KOHE KUBIH OaWbITEUIATHIH KEHAEPAl TYCTi )KOHE achll METAIApPMEH YHMEIeNn CUITLIey
omici YCHIHBUIAIBI, MBICANIBI YHKENy HBICAaHBIHAA OCTKI OHAEYAIH algblHAA YCaK KEYeKTI MaTepHaimapIbl KaOaTreH
aly apKbUIbI, SSFHU KAJIOBIKTApIaH ypaH KOPJIApBIH OHJIEY JKOHE IIBIFapy, COHBIMEH KaTap MOJUMEPIIEPIiH alThIH
HMOHBIHA KATBIHACTHI COPOIMSIIBIK KaOiIeTTePiHiH 3epTTeyepi KeNITipiireH.

Pe3rome
[pennaraercs crocoO BbIIIENAYUBAHUS OTBAIOB (Ky4) 3a0allaHCOBBIX M TPYAHOOOOTaTUMBIX Y[ LBETHBIX U
6JaropoIHBIX METAJUIOB, B KOTOPOM Iiepe]] 00paboTKOM MOBEPXHOCTH BBIIIENIAYNBACMBIX 00HEMOB ITOKPBHIBAIOT CIOEM
U3 MEIIKOTIOPUCTOr0 MaTepualia, HapuMep, OTXObI JOOBIYH U NepepadOTKH YPaHOBOW PYAbI, a TAKXKe IMPOBENICHO UC-
clieIoBaHuE COPOIIMOHHON CITOCOOHOCTH IOJIMMEPOB 0 OTHOILIEHHUIO K HOHAM 30JI0Ta.

KazNTU named after K. Satpaev Received 12.11.2012

Kas¥TY xaGapumbicbl N6 2012 87



e PHYSICO-MATHEMATICAL SCIENCES

UDC 621.37
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ANALYTICAL SOLUTION OF THE MATHEMATICAL PROBLEM OF LINEAR ELECTRONIC
CIRCUIT ANALYSIS

Introduction. It is known that an important step in the design of electronic circuits is their analysis
[1,2]. The analysis procedure consists of determining the properties of a given or chosen description. The
analysis allows estimating the degree of satisfaction of the design solution to the given requirements and its
suitability. The analysis results make it possible to change the scheme under investigation, to consider its
various options and choose the best option for the given criteria.

Problems in analysis of electronic circuits are quite complex. Traditional approaches, when the de-
signer relies on his knowledge and experience, do not always yield the desired results. Therefore, mathe-
matical methods, focused on the application of computer technology, are widely used to solve them during
recent years [1-5].

Nowadays, computers have been successfully used in various stages of electronic circuit design. How-
ever, the design process with the use of the computer will only succeed if there is a good mathematical de-
scription of each of its stages. Therefore, mathematical modeling of the problem precedes the use of com-
puter analysis methods for electronic circuits. Mathematical modeling, in turn, leads to the formulation of a
mathematical problem.

Depending on the problem definition for the analysis of electronic circuits, various mathematical prob-
lems can be supplied. In many cases, the solution of these mathematical problems is associated with certain
difficulties because of their complexity. In particular, when the voltage (or current) source is a complex func-
tion of time and when the system of differential equations is being solved [5]. Therefore, the search for and
choice of effective methods to solve them are an immediate problem. This article discusses the analytical
solution of one of such problems of linear electronic circuit analysis.

General problem statement. Analysis of linear electronic circuits in many cases leads to a system of
linear differential equations. In general, the matrix form of such system has the form [3]:

av_ _ (1
—=FU.0

Here U (t) and F (U, t) can be n - dimensional vectors. Parameters that describe this scheme comprise
the components of the vector U (t). They are the unknown functions of time t. In this case, analysis of the
circuit is performed in the time domain, and therefore all major parameters depend on the independent vari-
able t. The right-hand side of (1) is a vector F (U, t), whose components can be complex functions that de-
pend on the unknown functions and time t. They can be both linear and nonlinear functions.

Note that the form of the function F (U, t) depends on a specific scheme and may have a different
structure.

For the solution of system of equations (1) some initial conditions should be specified:

t=0,U (0)=U, (2)
and the Cauchy problem (1) - (2) for a system of n first order differential equations. In the given formula (2)
Uy is some given vector describing the initial state of the scheme in consideration at t = 0.

88 BecTHMKE RasHTY N:6 2012




e Physico-mathematical sciences

The existence and uniqueness issues of the Cauchy problem solutions for a system of differential
equations (1) - (2) are considered in sufficient detail in the mathematical literature [6]. There are various
methods for solving this problem. For simple linear circuits analytical methods, or the method of operational
calculus, using the Laplace transform [2-4], can be used but for complex or non-linear problems, these meth-
ods cannot be used. Therefore, to solve these problems approximate or numerical methods are used. For the
implementation of numerical methods the use of a computer is required.

Depending on the structure of the analyzed scheme the number of differential equations in (1) can be
quite large. However, the principle and solution process of the Cauchy problem (1) - (2) for any number of
equations will be the same. [6] It can therefore be restricted to the analysis of a simple electronic circuit.

This article describes an example of the solution of the analysis problem for one simple circuit. For a
more complex scheme a solution of the Cauchy problem for differential equations for several variables is
required.

Problem statement for a system of two equations. Let’s consider as an example the following sim-
ple scheme, representing a linear RC-circuit (Figure 1).

Ca iz

i(t) ;) —_— €, §R

»
Figure 1. Linear RC-circuit

It is known [2-4], that there are different ways to set up the state equations of the circuit in normal
form. Here we use one of these methods. For this circuit (Figure 1) based on Ohm's and Kirchhoff's laws the
following well-known formulas can be written:

du du
L) +i,(0)=i(0); §(1)=C, 7; d_tz;

From these formulas, after simple transformations, the following first-order equations for the functions

u;(t) and uy(t) can be obtained:

s LM)=C,- u, =u, +iR. 3)

%:—MZ_ul_F@’ %:—ul_uz_ (4)
dt RC, C, dt RC,

In these formulas, functions of time are: u,(t) and u,(t) - the voltage on capacitors, i (t) - current. Con-
stants: R - resistor (resistance), C; and C, - capacitors. Here i(t) can be a given function.

Without loss of generality, for simplicity’s sake, we can assume that at the initial time (t = 0), the ca-
pacitor voltage is zero. Then the initial conditions for the system of differential equations (4) can be written
as follows:

t=0,u; (0)=0,u, (0)=0. (5)

Thus the Cauchy problem (4) - (5) for a system of two differential equations is obtained.
Analytical solution of the problem. For the convenience of writing the formulas in further calcula-
tions it is useful to introduce the following denotations:
1 1 i(?)
N N Oy (©)
RC, RC, 4 C,

Taking into account these denotations (6), formulas (4) can be written in the following normal form:

a
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du, du

—t=a-(u,—u)+ft), —F=b-(u,—u,). (7)
” (uy —u)+ f(2) 7 (u; —u,)
From the second equation (7) it follows that
1 du,
uy =u, +
b dt

Subject to the given expression a differential equation of the second order will be obtained from the

first equation (7)
2

S t(a+ b) —==b-f(0). (8)

Initial conditions for the solution of the given dlfferentlal equation (8), satisfying the conditions (9),
can be written in the following form:
du,(0)
e ©)
dt

Partial solution of the equation (8), satisfying the initial conditions (9), can be written in the following
form:

t=0, u,(0)=0,

u,(t)=>b- j.Z(x) -exp[—(a +b) - x]dx. (10)
Voltage u, can be found by substituting the obtained solution (10) into the second equation (7):
u,(t) =u,(t)+Z(t)-exp[—(a+Db)-t]. (11)
In the formulas (9) and (10) function Z(t) is the following integral:
Z(t):j-f(x)-exp[(a+b)-x]-dx. (12)
If the function f (t) is given, i.e. function tha(ft determines the change of the current i (t), then using
formulas (10) and (11) the capacitor voltage u; (t) and u, (t), followed by (3) — i;(t) and i,(t) can be deter-
mined.

Now it is necessary to go to the original notation of the constants (6). Then the formulas (10), (11) and
(12) will be written in the form of the following formulas:

t
y = —— Jexp(- S22 2 (s
RC, 3 RC,C,
C1+C

) Z(t), (13)

u, =u, +exp(—
1

2
Z(t) = j i(t)- exp( RC c LT =2y gy

Thus, the analytical solution of the problem, depending on the change of the current i (t) will be ob-
tained. If the function i (t) is given, then the calculation of the integrals in the first and third formulas (13)
gives the solution to the problem.

Suppose, as an example a special case where the current is a periodic function is considered:

i(t)=Asin (ot), A - amplitude, ® - frequency.

In this case, the integral (12) is easily calculated and is given by:

Z(t)=4- _RG, [exp(at) - sin(t) + @. (1—-exp(at)-cos(mt))], (14)
C, +C, a
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where ¢ = S H 6
RC/C,
Values of uy(t) and u,(t) for the special case, when the current is alternating with the frequency o,
can be found by substituting formula (14) into (13):

u,(t) = ﬁ - {i -(1-cos(at)—- ésin(a)t) + a—wz (1- exp(—at))}
u(t)=u,(t)+4- _RG, [sin(a)t) + 2. exp(—at) — @, cos(a)t)} (15)
,+C, a a

By differentiating the functions u; and u, (formulas (15)) over t, and multiplying by respectively C,
and C,, formulas for the current in circuit branches can be obtained:

i(t)= —% -exp(—at) - gTR? . {exp(at) -sin(wt) + %(1 —exp(at) - cos(a)t))} + A -sin(wt)

i,(t)= % -exp(—at)- A -%[exp(at) -sin(wt) + g -(1—exp(at)- cos(a)t))} (16)

1 2

Conclusion. In conclusion, it should be noted that the solution to the problem of the linear electronic
circuit analysis, when the current source is a complex function, can be reduced to the solution of the Cauchy
problem for ordinary differential equations of the first order. In this paper, using a simple circuit as an exam-
ple, formulation of a mathematical problem and the possibility of its analytical solution are demonstrated.
Analytical solution of the Cauchy problem in this case is obtained in the form of analytical formulas depend-
ing on the given function of current i(t). These formulas allow us to determine the capacitor voltage and cur-
rent in the circuit.

A special case when the current of the source is a variable described by a sine function is considered.
Specific analytical formulas for determining the voltage across the capacitors and the current in the circuit
are obtained.

In general, the paper shows the possibility of analytical solution to the problem of linear circuit analy-
sis, when it is reduced to a solution of system of two differential equations. The solution of such a problem
for more complex circuits can be realized in this way.
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Pesome
Crarhsi TOCBSILEHA AHAIUTHYECKOMY pelleHuto 3anaun Kommu ajsi cucTeMbl JOBYX JU(QepeHIranbHbIX
ypaBHEHHH, OMMCHIBaOINX JUHEHHYI0 RC-1iemb. B kauecTBe mpuMepa paccMOTpeHa MpocTasi CXema, COCTOSIIas U3
pe3ucTopa U IByX KOHAEHCATOPOB. Pe3ynbTaThl penieHus 3a1a4u NpeCTaBIEHbI B BUJIE ONPEIEIEHHBIX UHTETPAJIOB.

Pesome
CoebIkThIK RC-Ti30erin cunartaiiTein exi quddepeHnnanaplK TeHaeysiep cucreMachiHblH Komm ecebin
AQHAIMTHKAJIBIK [IenIyre apHairaH. MpIcan peTiHe pe3ucTop MEH €Ki KOHICHCATOpAaH TYPAaThIH KapamalblM cxema
KapacTeIpeUTFaH. EcenTiH menryiHiH HOTIKec aHBIKTAIFaH HHTEeTpajIaap TypiHae OciiHeIeHreH.
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B. Akhmetov
BUSINESS INTELLIGENCE AS UNIVERSITY MANAGEMENT TOOL
1 Introduction

Management of the university aims to improve performance of the university, such as research, the
opinion of employers, teaching and internationalization. But how to achieve optimal performance,
as excessive pressure or lack of exactingness from the management results to a decrease in performance. The
same is true for teachers who want to increase the performance of students (Fig. 1).The task oftop
management is convergent in finding this optimal point where the interests of each objects match. Well
known that variety of factors impact the status of the student such as the atmosphere in society, the basic
training, etc. Typically, university administration does not know what's going on in a particular faculty or
department and why does it happening.When raises the question why performance in one faculty or
department higher and in other lower at the same condition that in each of the departments and faculties
excellent local managers, teachers and studentsto top university managers is difficult to answer.To
solve these problems and improve performance could take years, but competition can be played. For the
universities are valid business requirement faced by the typical company. To win the competition, many
companies have resorted to a variety of information-analytical systems for the timely response to emerging
issues [1-3].

Manager

o

; =,
‘ Global Optimum
N

Teacher 1 'iStuder‘lt

Figure 1. Optimal point

2 Developing university BI system

The problem to any university manager is to find this global optimum. It is not achievable without
help of information technology, as the number of students and teachers are many and each of them has his
own performance. Need some technology for collecting, processing, analysis and forecasting of all
data, indexes, and all related information of each object. This technology, which is widely used today, is
known as business intelligence. Business intelligence (BI) is a set of technologies and processes that allow
people at all levels of an organization to access and analyze data. Actuality and practical value of this
approach in the management of the study confirm the «META Groupy, under which up to 95% of the world's
leading companies actively use BI technology to achieve competitive advantage and getting big return on
their investment. According to the «International Data Corporation», for three yearson average,
they received a 400 percent return on their investment in BI systems [2-5].
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The most important activities of the university is teaching, research and educational work, as for
student, also for teacher and managers. Due to the global informatization of society, many universities have
increased their level of maturity as in the provision of information also in control of knowledge . In order to
apply business intelligence technology as a tool for university top management this system at least have to
contain the following components: [1,3,4]

- Integration component (ETL);

- Data warehouse;

- OLAP;

- Data mining;

- Predictive component;

- Interactive visualization;

- Ad hoc query and report.

Based on the above can be presented University business intelligence system (Fig 2).

Reporting

1 ataminins
Student E orta
e _

ETL

_,\:__’

Figure 2. University business intelligence system
2.1 Calculation of “teacher’s value”

Quantitative data is base for business intelligence and their absence results unfitness of the given tool
and technology in general. In a university subject the basic difficulty in reception of an objective assessment
of indicators because many estimations are subjective and presents serious difficulties implementing BI
systems. For example, how to quantify the indicators as the value of the teacher, student, faculty dean and
etc. [6,7]

There is provided a method of receipt quantitative assessment of "teacher's value" based on the fuzzy
logic. By "teacher's value" we will understand a numerical value that reflects the utility of teaching to all
subject of university such as students, colleagues, managers and etc.

This indicator depends on many factors such as teacher responsibility, professional competence,
professional improvement, relationship with students and colleagues and etc. For example, in al-Farabi
Kazakh National University teachers have following indicative: number of published books, number of
published papers, courses in English, academic mobility, the relationship with the students and colleagues,
etc. For simplicity, we would take only three indicators of teacher: number of published books, number of
published papers and courses in English. In addition, there would be two types of published papers: "Journals
with Impact factor" and "Journals without Impact factor".

On the basis of the selected indicators considered the following scheme of numerical definition
«teacher's value» with use of the fuzzy logic (Fig.3).
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Figure 3. Scheme to obtain the teacher's value

To obtain quantitative estimation of "teacher's value" we will enter corresponding linguistic variables:
"books", "papers" and "english courses". We define the possible values for these variables: "bad", "normal"
and "excellent". Furthermore, the linguistic variable "papers" we will be depend from another two linguistic
variables: "Journals with Impact factor" and "Journals without Impact factor".[9,10]

In Fig.4 membership function of linguistic variables "Journals with Impact factor" and "Journals
without Impact factor" is presented.

(a) Journals with Impact factor (b) Journals without Impact factor
1 1
s il — hiad
s 1y 1T w— rorrmal
1/2 1/2
excellent excellent
o 0
o 1 2 3 4 5 [ 0 2 4 & & 10 12 14 16 18 20 22 24 26 28 30

Figure 4. Membership function of linguistic variables

Using these linguistic variables we can determine the value of linguistic variable "papers" with the
following production rules:

Rule 1.1. If the linguistic variable "Journals with Impact factor" has the value "bad", "normal", "bad"
and the linguistic variable "Journals without Impact factor" has the value "bad", "bad", "normal" respectively
then the linguistic variable "papers" would have a value "bad".

Rule 1.2. If the linguistic variable "Journals with Impact factor" has the value "excellent", "normal”,
"bad" and the linguistic variable "Journals without Impact factor" has the value "bad", "normal", "excellent"
respectively then the linguistic variable "papers" would have a value "normal".

Rule 1.3. If the linguistic variable "Journals with Impact factor" has the value "excellent", "normal",
"excellent" and the linguistic variable "Journals without Impact factor" has the value "normal", "excellent",
"excellent" respectively then the linguistic variable "papers" would have a value "excellent".

In Fig.5 membership function of linguistic variables «books» and «english course» is presented.
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(b) english course
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Figure 5. Membership function of linguistic variables

In Fig.6 the membership function of linguistic variable "teacher's value" which is a function of above
three linguistic variables.

1 g
s byl
/ sy rrnal
Y 7. 0 ESSRE, ' SRS —— A -
excellent
a 1 1 T
0 1/3 2/3 1

Figure 6. Membership function of linguistic variable "teacher's value"

Based on the foregoing we can determine the value of linguistic variable "teacher's value" with the
following production rules:

Rule 2.1. If the any two linguistic variables have the values "bad" or any one linguistic variable has the
value "bad" and another two linguistic variables have the values "normal" then the linguistic variable
"teacher's value" would have a value "bad".

Rule 2.2. If the any two linguistic variables have the values "excellent" and another linguistic variable
has the value "normal" or "excellent" then the linguistic variable "teacher's value" would have a value
"excellent".

Rule 2.3. In all other cases the linguistic variable "teacher's value" would have a value "normal".

In (1) - (3) an analytical description of membership functions of linguistic variables reviewed.

Membership functions to the term "bad":

Moy =1-3%,x€[0,1/3],
Moy =0,x€ (1/3,1].

Membership functions to the term "normal":

My =3%x€[0,1/3],
My =2—3%xe(1/3,2/3],
My =0,x€(2/3,1].

Membership functions to the term "excellent":
Koy =3X—1,Xe€ [1/3,2/3],
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Hopy =1, x € (2/3,1].

Let’s consider an example of calculating "teacher's value". Let reviewed teacher had written one paper
in impact factor journal, eleven papers in journals without impact factor, one book and had proposed three
courses in english language.

According to the Fig.5a papers with impact factor concerns to the term "bad" with probability 0,5 and
with probability 0,5 to term "normal". According to the Fig.5b papers without impact factor concerns to the
term "normal" with probability 0,9 and with probability 0,1 to term "excellent".

In accordance production rules 1.1-1.3, the linguistic variable "papers" would have value "bad" - 0,5,
"normal" - 0,5 and "excellent" - 0,1. In accordance production rules 2.1-2.3. the linguistic variable "teacher's
value" would have value "bad" - 0,5, "normal" - 0,5 and "excellent" - 0,1 (Fig 7).

1

ol

— T
1/ R -

e lent
1]

0 1/3 2/3 1

Figure 7. Fuzzy set of "teacher's value"

This function can also be written as follows:

Hg =05 x€[0,1/2],
Hog =2-3-X<[1/2,19/30],
Heo = 0,1, x € (19/30,1]

With using the formula of the maximum center of gravity we calculate the teacher's valueT, :

X
Ix-yi(x)dx
T - Xw

Xmin
[ i (x)dx
Xmax

where: X X ... boundaries of the interval of a fuzzy set; x - input variable Xe X where X -

min *

domain of the conditions of fuzzy production rules; g (X)- membership function.

Aftersimplecalculations, we obtain:

1/2 19/ 30 1
jx-o,Sd(x)+ j X(2—3-x)d(X) + jx-o,ld(x)
=- 1/2 119//230 1?/30 z0’35
fos5dog+ [ (2-3-9d0)+ [0,1d(x)
0 1/2 19/30
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2.1 Loss of student knowledge

Let's see how does “teacher's value” influence to knowledge of students. Below the questions
of quantification students knowledge loss as a result of low “teacher’s value” is proposed and the quantity of
students' knowledge that they should get after graduation is correlated with the cost of study.The structure of
the object is a three-level whose representatives occur in differentgroups of objects (Fig. 8). For generality,
we assume that in a direct subjection of the university and faculty there are no teachers, they are all assigned

to the relevant departments.[11,12,13]
The top level - faculties (1)

F={F,.Fyx} O

where: NF - number of faculties.

Middle level formed by departments Dij J=1NF,j=1, NDij >
F. = {Di> Diysres Diy, |
F, = {Dy1, Dass Darg, |5 2)

Fye = {Ders Dyezseeos Daeno, |

B

included in the relevant faculties (2).

where: ND, — number of departments in faculty i,i — index of current faculty, j — index of current

department.
Departments distributed intofaculties (3).

ND NF
UDb,=F. (D;=2.
j=1 i=1

The  bottomlevel  consists  of department teachers. In  this case, for  the  teacher
Tim» =1L NF, j=1,ND;, m=1,NTcould be written (4)
NTij ND
UTijm: Dja ﬂTijm:® > @
mel j=l
where: NT, ; — number of teachers of department j of faculty i.
Fy Fool -eeeeeee- Fae
I | I |
Dll D12 -—-- DINDI DNF] DKN|:2 ______ DNFNDNF
| - |
T T | 777 T, T, Tuenn 5 |77 | ThEND.NT e
Figure 8. Structure of university
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Deduce a formula for calculating the loss Lof department teachers follow the abovestructural model (5).

NG
Lare =Co '(l_Tabc)Z g;-NC,, (5
i=1
where: C — payment of student for one credit, NG — number of groups studied by given teacher,
T, — «teacher’s value»of teacher Cdepartment D faculty @, ¢, — number of students in the group i,

NC, - number of credits in the group i according to academic plan.

Generalizingthe formula (5) for all the teacher we obtain the formula for calculating the loss of
students' knowledge (6).

NF  ND  NT KG
L:Coz Z Z(I_Tabc)z g;-NC;, (6)
a=1 b=1 c=1 i=1

where: C,— payment of student for one credit, NF - number of faculties, ND- number of

departments, NT — number of teachers in the department, NG — number of groups studied by given
teacher, T,. — «teacher’s value» of teacher Cdepartment b faculty @, g, — number of students in the

group i, NC, - number of credits in the group i according to academic plan.

3 Conclusion

The problem of improving the quality of education can be achieved in different ways. The paper
discusses one way of its increasing by using technology of business intelligence, which has been widely
used in recent years. Bl is next step of evolutionof decision support systems with extensive use of
information technology for analysis. Also in the paper proposed the model of quantitative evaluation
of teachers by using fuzzy logic and its impact on knowledge of the students.The proposed model allows the
performance of subjects to a single digit which allows the university manager to make decisions on
improving the quality of academic, educational, social, scientific and research of the university.
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Pesome
binim Gepy KbI3MeTi HapBIFBIHAAFBI O9CEKEIECTIKTI )KOFaphUIaTy OLTIM carachiH JKOFaphl O011iM OoceKenecTiriHig
HerTi3ri (akTopsl peTiHae Kaobuinainsl. KapKputaHaslpy skoHe 6acka /1a SKOHOMUKAIBIK, (DaKTOpPIapIblH HIEKTEYITIIir
KONTETeH YHUBEPCUTETTEP OaCIIBUTBIKTAPBIHBIH OCTYPII 9MICTepAi KalTa KapaCTHIPHIN, Y3aK Mep3imai OorarmarbiH
€CeNTeH OTBIPBIN, >KOFaphl OLTIM JKOHE FHUIBIMHBIH CTPATETHsUIBIK JaMyblHa OW TOKTaTyna. YCBIHBUIBII OTBIPFaH
MOJIeNh YHUBEPCHUTET OaCIIBUIBIFBIHA OLTIM Oepy, SIeyMETTIK, )KOHE YHUBEPCUTETTIH FHUIBIMHU JKYMBICHIHBIH CallachIH
JKaKCapTy TYPFHICHIHAH IIeNIiM KaObUigayslHa KOMEK OepeTiH >KoFrapbl Oi1iM 00BEKTLIepiHiH eHIMALIIriH O0ip caHMeH
Oarayayra MyMKIiHIIK Oeperi.
Pesome
[ToBeleHne KOHKYpPEHIMM Ha pPbIHKE 00pa30BaTENIbHBIX YCIYr CHENalo KaueCcTBO 00pa30BaHMs OCHOBHBIM
(aKTOpOM KOHKYPEHTOCIIOCOOHOCTH BbICIIero oOpazoBanusi. OrpaHudeHHOe (UHAHCHPOBAHME W PsJl  JPYTHX
9KOHOMHUYECKHX (DaKTOPOB 3aCTaBMJIO BBICIIEE PYKOBOACTBO OOJBIIMHCTBA YHUBEPCUTETOB II€PECMOTPETH
TPaANIOHHBIE METOJBI M COCPEJOTOUNTHCS Ha CTPATETHYECKOM Pa3BHTHH BBICIIEro 0Opa3oBaHMs M HAYKH, KOTOpas
NIPUHUMAeT BO BHUMAaHWE JIONTOCPOYHBIE MEPCHEKTUBBI. [IpemyioxkeHHas MOJENb IO3BOJIIET  OLEHUTH
MIPOU3BOAUTEIEHOCTE OOBEKTOB BEICIIEr0 00pa3oBaHus OHOM H(POH, KOTOPas MO3BOJIHUT PYKOBOJCTBY YHUBEPCUTETA
NPUHAMATh pELIeHHs 10 YJIy4YIICHWIO KadecTBa OOpa3oBaTeNIbHOW, COLMANbHOW W HAayYHOH JAESATENHbHOCTH
YHUBEPCUTETA
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FORMATION OF REGIONAL MANAGEMENT AS AN EFFECTIVE MECHANISM OF
TERRITORY MANAGEMENT

In the 70s of XX century the idea of regional development based on principles of sustainability, equity
and social orientation became popular [1]. Of course, the experience of regional management in countries
with market economy can be used in newly independent states (NIS), which include Kazakhstan, featuring
the territorial organization (huge uninhabited area with planetary significance, the diversity of natural and
climatic conditions, ethnic and cultural composition, significant reserves of mineral and raw materials).

For us regional management appears as a science and a practice of managing socio-economic
processes in the region in order to achieve effective management and positive dynamics of parameters of
quality of life. Its methodological base consists of system of scientific knowledge, including principles,
methods, models and mechanisms of regulating territorial development. Relying on the mentioned research
methods, the authors have reviewed problems and perspectives of developing regional management in
relation to a particular region - the South Kazakhstan region.

The region has abundant resources that make up the potential of its unique competitive advantage.
This include large working-age population, which is 15.1% of the total population of the country; large
reserves of barite, coal, iron and polymetallic ores, uranium, bentonite, vermiculite, talc, limestone, granite,
marble, gypsum, quartz sand and etc. [2]. 156 subsoil users carry out their activities in this region, 13 of
which are enterprises with foreign capital that are involved in the extraction of uranium, gold, oil, plaster and
other raw materials. Transit potential of the region is in economically advantageous location at the crossroad
connecting the countries of the Asian region, Middle East and Europe.
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Of course, over the years of independence there have been dramatic shifts in the national economy:
development institutions were designed, economy is transforming from resource into an investment
economy, and now it is in a transition to an innovative economy. There is an active search for innovative
methods and tools in managing the economy of the country, the reforms are transferred to the regional level
of management [3].

Thanks to the State program of forced industrial-innovative development for 2010-2014 large
investment projects launched in traditional sectors of the economy oriented to export [4]. A policy of
maximum import substitution was adopted, increasing the local content of products and food and energy
security. The use of these business opportunities should provide a multiplier effect on the entire spectrum of
industries of national economy.

However, today, economic growth is ensured thanks to the intensive development of non-renewable
mineral resources, which threatens the economic security of the country due to technological backwardness
of enterprises. That being said, the increase in the population outstrips the increase in production of some
products, as a result, needs are met not at the expense of domestic production, but at the expense of imports
from other regions and countries. There is an increase in the difference between the rate of growth of average
wages, cost of living and real income per capita among the regions of Kazakhstan, which affects the
stratification of society, creates social divergence of the cost of living.

The experience of developed countries shows that the new knowledge embodied in technologies,
equipment and organization of production must be accompanied by dramatic, institutional changes in the
socio-economic structure of society, in this case, changes in the regional governance. In the authors' view,
the transition from the traditional system of managing territorial economy to regional management in the
NIS consists of the following changes:

- The orientation of the region’s development to solve social problems, to create conditions for a high
level of human life as the highest value of society;

- The formation of the organizational and economic preconditions for the implementation of principles
of economic freedom and independence of decision making by the authorities of the region;

- Carrying out investment and structural policy in the region, aimed at meeting consumer demand,
import substitution, output of product, which has a high value-added part and export-oriented,

- The transition from the regional statistics to development monitoring of the area using modern IT-
technologies, the methods of systematic analysis of socio-economic, political and environmental situation in
the region;

- Assessment of the final result of the regional management through social standards, budgetary
provision for a person, the optimal structure of income and expenditure of families, food and environmental
safety.

With the deepening of policy reforms in Kazakhstan, regional management policy should consist of
redistribution of functions between government structures, implementation of the principle of separate
competence, regulation of property relations. Marketing and innovative activity should be a priority for the
regional managers.

A special place in the regional management is assigned to the stimulation function. Businesses and
organizations of different ownership forms operate in a mixed economy of the region, but the methods of
direct influence by the regional managers are legitimate only to the objects of municipal and communal
property. For other entities methods of indirect effects, i.e. stimulating of activity can be effective.

The stimulating function of regional management is recommended to implement through the leverage
of interests of businesses, organizations and social groups. Thus, the Mayor's Office of region can not bind
the company under private ownership, to allocate funds for the construction of a facility with regional
significance. However, the regional administration may enter into a contract with this company on the
conditions of partnership, under which the company finances part of the construction and the administration
will create business stimulating environment (the exemption or privileges to specific taxes, the provision of
engineering and social infrastructure on preferential terms, and etc.) for it.

A new industrial zone on the territory of former phosphate plant in Shymkent city operates on this
principle, where 23 new companies were started, state budget have provided significant preferences and
privileges. Businesses are provided with a minimum set of infrastructure, discounts on water and electricity
are also provided.
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Redistribution of functions between the republican and local government structures are proposed to
implement on the principle of Separate competence, i.c. every business have well-defined functions, a certain
competence in the statutory field of activity. The fact is that the regional management by itself does not
guarantee social and economic stability in the country, does not eliminate the differentiation of the levels and
quality of life in the regions, therefore the principle of a separated competence becomes an effective
instrument of regulation.

It is known that state and municipal enterprises, which are also called unitary enterprises, enter into
economic relations with local authorities. These relations are defined by the fact that the latter are established
on the initiative of local bodies that define the operation parameters of enterprises, specialization and
production profile; regulate their activities through the development of regional programs, with purchase
orders and contracts. Today in the state of regional property the following features can be mentioned:

1. There are various property relations due to different forms of them, changes in legislation during
privatization, the adoption of different, sometimes contradictory decisions by local authorities.

2. Differences in the provision of territories by mentioned forms of ownership determine substantial
irregularity in the socio-economic arrangement of the regional entities.

3. State and municipal property in the regions is often costly property. If there are shortfalls in
revenues, that was the case, for example, during a crisis, maintaining objects of regional property becomes
burdensome.

For efficient use of regional property it is proposed to sell, lease or transfer it into a trusted
management, use of other mechanisms of "dumping" unprofitable municipal property that is not carrying any
social stress. According to the authors, the central and local authorities could have increased their influence
on unitary enterprises by performing the delegated functions of state property management.

Global modern challenges, challenges of post-crisis development, present new perspectives for
regional managers:

1) First of all, economic and social transformation of the region’s economy is needed; the former
entities, inherited from the planned economy, do not correspond to market realities, do not contain elements
of innovation;

2) There is a need of optimizing financial flows in the regional sphere, because the development of
market relations created new development institutions, business structures, subjects of financial market,
which require formation of more efficient conditions and mechanism of regulating economic activity in the
region;

3) New structural, investment, science and technology policy should be formed; infrastructure
facilities that meet the standards of civilized countries should be created in the regions.

New ways of regional development should be researched, since previous methods, forms and
structures are unsuitable, they do not meet the new relations. Today the fight for a world-class production
increases. Norms of control are changing, mobility of labor is increasing. It must be assumed that changes in
political system occurring in some regions of the world will be fundamental.

The new trends include:

1. Strengthening of the role of information society — government once was defined by labor, capital
and natural resources; over time government is becoming dependent on information.

2. The complexity of the world and information explosion will strengthen the abilities of human mind,
the role of intelligence increases, the intuitive decision-making will become important. There will be a
reduction in middle management, many problems can be solved with the help of computers and innovative
work methods.

3. Mobility and globality of economy lead to the fact that the workforce is increasingly characterized
by variety of languages, cultures and value systems, maturity of civil society increases, the influence of
nongovernmental organizations increases.

Principles of regional management should be changed and re-formed. Thus, in the framework of
decentralization the decision-making functions of the national bodies will shift to the agents of the market.
This will limit the monopoly of the regional management on the absolute power, will expand the freedom of
economic entities in the region and a more democratic system of polycentric decision-making will develop.

The factors of competitiveness, which distinguish this region from others should be identified and
activated. It is expedient to place main emphasis on creation of such advantages as well-developed
infrastructure, modern communications, security system (personal and business), the availability and
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effectiveness of institutions supporting the business, efficient industrial policy, presence of qualified
personnel, and presence of advantageous conditions for the investments.

An essential element of regional management is monitoring — the flow of necessary information about
the behavior of the object of observation, control of the situation, keeping track of the condition of the
territory as a system and timely notification of emersion of a qualitatively new processes in the economic,
environmental and social subsystems. It is also about preempting of critical situations. On the basis of
accurate knowledge about the sources and factors of the regional development, one can:

* identify factors that cause economic and social threats now and in the future;

* accelerate the changes, if they are desirable for the territorial community, and maximize final results;

* in advance take adequate measures to future events, thereby enhancing stability and security of
population activity.

First of all, regional monitoring acts as a regulatory mechanism that ensures stable development and
management in critical situations; secondly, as a special method of accumulating knowledge about the
contradictions and regularities of forming socio-economic space in the region; and thirdly as a basis for
identifying the causes of deviations from the normal course of events, for programming and planning.

Researchers have noted that in any complex event, where the movement is the result of interaction of
many factors, it is always possible to establish the main sources of development. In terms of system
characteristics only some of many factors are important. In most systems 20% of factors determine 80% of
the properties of the system, while the remaining 80% of factors determine only 20% of its properties [5].

This allows and encourages regional monitoring means to seek substantial reasons and conditions for
the development of territories. As part of regional development management we propose to develop the
ability to innovate among administration employees, by cultivating and encouraging personal characteristics
as transparency, the ability to accept new experiences, flexibility, willingness to abandon outdated ideas and
models, tolerance for others and different views.

One of the factors of achieving a stable leadership in leading innovative companies was the creation of
a motivating vision among the employees [6]. In our view, this approach is also productive when applied to
the activities of local authorities. Vision is a set of representations of the organization workers about what
organization should be in the future. The vision is an image, project of future state that motivates people to
make independent creative actions.

Ability of vision is more important task than forming of traditional plans. The creation of vision
involves not only understanding, but also emotion, that’s why its formation also involves cultural elements of
the organization. Vision has a powerful stimulating effect. It places members before the challenge and helps
to move towards future. Imaginative idea of where would follow one or another local community helps each
employee of administration independently set goals that are compatible with the common aspiration of the
people. Research of the International Development Organization at the United Nations (UNIDO) indicates
that the status of various factors to attract financial resources to national economies has changed. Traditional
factors (rich resource base, cheap labor) have less impact on the investment. New factors are becoming more
efficient:

= medicine, a strong educational system and the development of science;

= competent bureaucracy;

= well developed industrial and social infrastructure.

Search for innovation by leaders and managers of local government structures becomes an element of
success. At the same time a powerful impetus to the implementation of innovation into the governance
structure of the region gives the appearance of new business structures [7]. In general, the transformation of
the ideology of management at the regional level can be represented in the following organizational structure
(Figure 1).
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Note: developed by the authors.
Figure 1. Organizational structure of the interaction of the economic sphere of territorial formation

Interaction of local government and business entities in this model, in our opinion, will promote a
positive image of the region, city, and will provide competitive advantage for the territory. For the business
environment this can be represented as a chain of successive steps: the formation of companies as national
leaders, which are gradually transformed into a multinational, the formation of a national competitive market
with mainstream companies that are focused on global markets. Local authorities are assigned to form
incentives of entrepreneurs in order to make them adopt decisions necessary for the development of the
region. This is achieved in particular by reduction of local taxes or by provision of cheap capital using the
tools of the loan, grants, guarantees, and even direct loans.

Scheme shown in the Figure 1 was adopted for the implementation within the framework of corporate
economy formation, the financial component of which will be reinforced by the release of municipal
securities for the innovative projects that have social significance for the region.

Different systems and strategies for management of regional business have developed in the world.
There are different points of view on how to manage them, including the concept of corporate governance
[8]. It comes from the fact that every inhabitant of the region is a co-owner of all that is in the area on the
principle of equal and joint ownership. To dispose and manage this property under contract managers and
professionals are employed.

Private property, formed by the population of the region on the principles of equal co-ownership, can
be nothing but a basis for acquiring the corporate benefits and formation of corporate profits, which satisfy
the interests of the community. Every resident of the city (region) is the owner of only part of the corporate
property, which he can use for his benefit (for example, shares of financial institutions, co-owned by
residents). Primary goals are interests and needs of their regional population (the consumer), that’s why the
regional corporate entity is presented in the form of an inverted pyramid (Figure 2).

In the presented below scheme, each entity may make an independent decision. The right to make
decision is transmitted to the level that can best handle the problem. The entities that do not produce or
produce not enough gross added value are removed, the entity must meet the requirements of a complex
market. Other services exist in order to provide financial resources. The task of each inline employee is to
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provide service to the customer. Management of regional corporate entity provides production managers
with plans, decisions and resources.

The introduction of civilized market relations eliminates the vertical connections, creates and stabilizes
horizontal, intra-and inter-relationships. There is a reduction in the institutional and hierarchical structures,
increasing the role of indirect methods of interaction between the subjects and objects on the regional level.
The regional leaders must not only implement goals of the top government, but show initiative in the
effective implementation of plans, accomplish them with low costs, become popular, take the initiative and
independence. It is advisable to liaise with the public - to show that the region’s management is not only an
agent of the unitary state government’s idea, but also a successful manager foreseeing the results with a plan
of actions, long-term development strategy for the region. Uncertainty in the actions of regional managers
may be the result of frequent changes in leadership, political risks, changes in economic policy and / or
legislation.

The regional entities of the future will be influenced by the following new trends:

- Capital will remain an essential component of production, but due to the deterioration of the resource
base its use will be optimized, raw materials will become expensive, valuable and rare natural resource;

- Increasingly it will be recognized that time is more valuable resource than talented employees;

- It will be possible to build bridges through immigrants in a foreign country, the significance of
foreign customers will decline; the partnership of suppliers and customers will strengthen;

- Decline of bureaucracy is reflected in the fact that small groups with people with the same status
achieve better results; personality groups, the skills of which go beyond the structural and disciplinary
boundaries, will be developed; the proportion of routine work will be reduced;

- In the organizations of future autonomous units will be widespread, they work better and more
responsibly when selling, promoting products, the role of informal structures, cooperation and partnerships
will increase.

Consumer/population

Operator Operator Operator 3- Operator Operator 5-
1- Budgetary 2-Enterprise Man power 4-Material Means of
funds finance resources production

L

\ 4 \ 4 4 \ 4
Production Production Production ceen Production
Ne 1 Ne 2 Ne3 Nen

trategies, solutipns, plans

Management of corporate regional
entity

Note: developed by the authors.
Figure 2. The inverted pyramid of regional corporate entity

This way the regional management solves the problem of rational distribution of enterprises and
industries, the formation of areas of sales, the organization of space in urban areas to improve the welfare of
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the population. Modern problems of humanity require improvement and update of management procedures
in the regional power structures, and therefore the authors recommend:

1. Local Authorities (Akimat) bespeak the support of the population. In Kazakhstan informing the
public about what is being done or decided by Akim (Governor) is well-placed, but the approval and support
of the population is not required, ready solutions come from the top.

2. Positive resolution of existing problems. Most of the employees/ performers of regional authorities
are engaged in responding to current and sometimes crisis situations; assigning official status to the program
of resolving problems increases the efficiency of its implementation.

3. Careful monitoring of developments. This is a weak spot in the work of regional authorities; the
monitoring is rare; review, in-depth analysis should be carried out, careful understanding of what worked and
what did not work should be developed.

4. Distribution and empowerment — every manager must be aware of its purpose and role in the
management hierarchy. This should be supported by controlled feedback, so that people would feel their
responsibility and necessity.

5. Establishing relations with shareholders and investors under the socio-entrepreneurial corporations,
cluster schemes, and other businesses. An understanding of why local authorities are establishing relations
with shareholders and what it will give to the public should be formed. Communication programs
(publications, presentations, personal visits to the company, communication with the public, the press,
experts in securities and etc.) should be developed.

A global approach was a crucial factor for the successful competition of countries and regions. In
Kazakhstan 12 regions out of 14 are the cross-border regions, interactions with neighboring countries has
always been mutually beneficial, it is necessary to build relationships in the new format, because the world is
changing. What industry is promising, what industry is interesting for the country? For example, for
Uzbekistan livestock products and wheat from Kazakhstan are important, for Russia - early vegetables and
fruits.

According to UNDP, 160 of more than 200 countries are considered promising for the business [9]
and establishing joint venture. Moreover, when making a deal regional power authorities should consider
following:

- The level of economic development of the country (for example, in some Central Asian countries,
market relations are weak and it is difficult to conduct a business);

- The availability of commercial contacts: if the country is actively interacting with the outside world,
for regional managers will be easier to establish relations;

- Control of activities: if the country has strict regulation of business operations, conducting the
business becomes difficult, only few opportunities for innovation exist; in some countries, regardless of the
level of development, there are significant limitations, barriers and restrictions;

- Development level of private sector: in many countries, certain activities and industries are run by
the state, if the region and its private sector businesses do not consider interested industry as high priority
industry, the country is of limited interest for investors. No doubt, realization of the ideas of regional
management makes fundamental changes in institutional, industrial, social structure of society, stimulates
business activity and protects the environment of human life. Ultimately, this creates positive image of the
region, promoting regional product.
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Pe3rome
Maxkaraga aWMakTBIK MEHEIKMEHT FBUIBIM MEH ToXIpuOeHi OacKapyAblH oJIeyMETTiK-35KOHOMHKAIBIK
KO3FaJIBICBIHBIH aMaKTBIK YPIICI peTiHae TYCIHIK Oepinemi. ANMAaKTBIK MEHEIKMEHTTIH MaKCaThl — TYPFBIHIAPIbIH
carnaJbl eMip CYpyiHiH OH KO3FaJbICBIMEH alMaKThIK IAPYaIIbLIIBIKTIH THIM/II )KETICTIr. ABTOpIAp KYPhUIbIM apalibly
OWIIKTIH KbI3METiH, OUTIKTUTIKTIH OeNrijieHreH KaruIachlH KOJIJaHa OThIPHIIL,KaiTa KapaybiH ycbiHaabl. KP-ubH 2010-
2014 xputnapaarsl MeMIeKeTTiK OaFqapiaMaHblH JKbUIAAMIATHUIFAH WHIYCTPHAIIBI — JKAHAIIBLT JTaMYbl,aliMaKThIK
MEHEKMEHTTIH TaJla0bl OOMBIHIIA )Kacalybl MYMKIH.

Pe3rome

JlaHO TIOHATHE PETUOHAIEHOTO MEHEKMEHTA KaK HAYKU U TPAKTUKHU YIIPABICHUS CONAATEHO-IKOHOMIYECKUMH
mporeccaMd B perdoHe. Llenmb pernoHabHOTO MEHEIKMEHTa - JOCTIDKeHHE 3()()EKTHBHOTO XO3SICTBOBAHUS
TEPPUTOPUH W TO3UTHBHOM JWHAMHUKH TIApaMETPOB KadecTBa JKM3HH HAaceNeHUS. ABTOPHl MpeIararT
repepacrpeseneHine (QyHKIMA MeXIy CTPYKTYpaMH BJIACTH, WCIIONB3ys PUHIWI BBIICICHHOW KOMIICTCHITUH.
Hemaercs 3akmiodeHne, d9To [ocymapcTBeHHas mporpamMma (OPCHPOBAHHOTO HHIYCTPHAIBHO-HHHOBAIMOHHOTO
pa3Butus PecyOnmuku Kaszaxctan Ha 2010-2014 rompl MoXkeT OBITH YCHEUIHO pealn30BaHA MPU YCIOBUH PAa3BUTHS
PETHOHATBHOTO MEHEKMEHTA.

KU named after Auezov Received 05.11.2012
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