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Editors’ Remarks
Mother Nature, Father Technology

Mother Nature, Father Technology,

What lessons of life would you teach to me?
| give you form, my child, that you may walk,
| give you sight, my child, that you may see.

Twin aspects of the greatest unity,

We give to our children this prophecy,
The living will find their ways in this world,
The wise will create their heaven as we.

Light from earth's rainbow, flower, and crystal,
Mix a spectrum of art elemental,

Sound from earth's breathing, water, and thunder,
Blend a song of spirit transcendental.

"Tis not one of nature and one of man,

But one eternal, and one force plan,

All living creatures shall dance with this pair,
Wonders shall be born of this caravan.

Bee buzzes round his hexagonal home,

Spider weaves downy webs of silken chrome,
Bird knits a sturdy nest of leaves and twigs,
Beaver builds great dams around his log dome.

All told, lord man won the ultimate prize,
Creative genius inside of him vies,

Born of nature and seeing the pattern,

He invents and learns with all that he tries.

Mother Nature, Father Technology,

What lessons of life did you teach to me?

| gave you form, my child, that you could walk,
| gave you sight, my child, that you could see.

Rubaiyat of Omar Khayyam' /Edward Fitzgerald

! Abu ol-Fath ebn-Ebrahim Omar ol-Khayyami of Nishapur.

Birth: Date: 1048 CE, Place: Nishapur, Persia (Iran), Khayyam means "tent maker".

Work: Mathematician, Scientist, Astronomer, Philosopher, Poet. Major Contributions: Jalali Calendar (more accurate
than the Julian and almost as accurate as the Gregorian intercalation system), Contributions to Algebra (geometric
solution of cubic equations), Astronomical tables and the Rubaiyat. Death: Date: 1123 CE,Place: Nishapur, Persia (Iran)
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This 10" volume No.3 points out an attention to solid state physics problems, which are
really actual for this day. Some particular tasks in information technologies, applied
mathematics and statistics are considered. Models of teaching technologies and distance
education for English are also discussed in details.

This means that our journal policy is directed on the fundamental and applied sciences
researches, which is the basement of a full-scale modelling in practice.

This edition is the continuation of our publishing activities. We hope our journal will be
interesting for research community, and we are open for collaboration both in research and
publishing.

EDITORS

%/(/(@M A Yu.N. Shunin
//4 L I.V. Kabashkin
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UPON MULTI-PARAMETRICAL OPTIMIZATION
IN RISK MANAGEMENT

A. BEN-YAIR', D. GOLENKO-GINZBURG?, D. GREENBERG?®,
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In order to demonstrate the role and the place of the harmonization modelling theory [12—14], we have to show its utilization
in certain management areas. It can be well-recognized that harmonization models are applicable mostly to organization systems
under random disturbances. This, in turn, enables analyzing various sources of uncertainty, e.g. reliability values including
hazardous failures, various environmental parameters, etc. We will examine henceforth two important cases of project management:
large-scale complicated projects and medium-level public service projects.

Keywords: project risk analysis; risk assessment models; public service projects; on-line control models; trade-off project
optimization models

1. Using harmonization modelling for managing large projects

It can be well-recognized from [13—14] that the input information for the developed harmonization
modelling in Project Management comprises a PERT-COST activity-on-arc network project G(N ,A)

with budget values c; assigned to all activities (i,j)c 4 < G(N, 4) with restricted upper and lower

<c. <c

bounds c¢; iy < ¢ <€ max - Each activity duration 7; is a random value with a probability density

function depending parametrically on the assigned budget c;; . Thus, uncertainty in scheduling results in

random time delays of the total project's duration which translates directly into an uncertainty in cost.
Those uncertainties may cause certain risks in the course of managing the project.

From the other side the projects to be considered in Harmonization Modelling (HM) do not deal
with system's engineering aspects, since all the input information is presented in a formalized shape.
Harmonization model is regarded as a generalized cybernetic problem which deals with multi-parametric
optimization in order to calculate system's utility estimates. Harmonization models, thus, are not linked
with such risk factors as technology, complexity and integration, design changes, supportability,
marketing, etc., although they usually comprise probabilistic parameters which may affect those risk
factors.

Taking into account [2], a conclusion can be drawn that projects of such type have not to be
managed by use of regular risk analysis models, e.g. of SCERT and RAER types [2]. Such projects
usually perform the duties of public service projects, e.g., by building new populated areas, schools,
hospitals, bridges, factories, etc. In our opinion, those projects also have to be properly managed and
controlled.

Since harmonization modelling techniques are based on trade-off optimization models which can be
used in planning and controlling stochastic network projects as well [8,9], we suggest to unite in one
person the harmonization models' analyzing function as well as the analyst responsible for undertaking
on-line control for PERT-COST projects. In our opinion, most of the conclusions drawn from
harmonization modelling can be implemented in on-line control procedures including decision-making.
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However, even in the case of highly complicated large projects with new changing technologies and
with tendencies for the latter to become obsolete, harmonization models may prove to be useful. In
certain cases the alternatives and scenarios to be determined in the course of risk analysis, on the stage of
optimization and refinements of alternatives [2, 17], may be passed to harmonization analysts in order to
obtain basic parameters to optimize the corresponding utilities. Those scenarios may be in the form of
PERT-COST network projects which is one of the most general forms in Project Management. Thus, a
general conclusion can be drawn as follows:

I. For projects under random disturbances which:

e do not deal either with advanced technological uncertainty or with capital investments to be
returned from marketing;

e may involve certain risks caused by overrunning pre-given due dates or project's costs,
— harmonization techniques can serve both for evaluating the project's utility and as regulation models
in the course of planning and controlling the project.

II. For highly complicated and large projects which have to be managed by the use of risk analysis,
harmonization techniques can be used in risk assessment, by systems analyzing and modelling
(usually in the form of possible alternatives and scenarios).

Thus, harmonization models can be regarded as an important auxiliary technique to support and
facilitate risk management. If, e.g. the management is faced with two different alternatives (scenarios) to

manage an organization system, both alternatives have to be analyzed from the point of risk management.
Those alternatives may eventually boil down to different system's models with different basic parameters.
To implement a trade-off analysis between the two alternatives, the methodology of harmonization
modelling may be applied.

The interconnection between risk management and harmonization techniques may be put as follows:
at all critical time points in the life cycle of a project (changing the market requirements, needs for
developing a new software package, new contingency plans that cut expenses and development time at
the cost of lower performance, etc.), risk management analysts form the updated input information of
alternative scenarios for harmonization modelling. The new input information comprises [12—14]:

e the updated and renewed alternative's model (e.g. in the form of PERT-COST sub-networks);
e 7 basic parameters entering the model;
e new partial utility coefficients ¢, as well as values R, and R, 1<k <n.

On the basis of the obtained information in the course of harmonization modelling, proper decision-
making has to be undertaken and implemented in monitoring the organization system. This has to be
carried out by risk management analysts.

In other words, harmonization modelling, similarly to make tree analysis, fault tree models,
contingency evaluation and review techniques, etc., may be regarded as special auxiliary technique to
improve the system's monitoring. Thus, harmonization modelling, like any generalized cybernetic
modelling, may serve as technique in risk assessment.

2. Harmonization models for managing PERT-COST public service projects

We will consider in greater detail the case when a medium-size PERT-COST activity-on-arc
network project serves as a system's model in order to undergo harmonization. The project G(N ,A)

comprises activities (i, j)cAcG(N,A) of random durations #; with pre-given p.d.f. depending

parametrically on the budget value ¢;; assigned to each activity (i, j ) . It is assumed that for each activity

(i, /) its p.d.f. p(t,-j /clj) satisfies the beta-distribution

p(tij/cz'/') = ﬁ?(t—agxbg _’)Z’ (1
i~ Y

’ ;
where a; =—L, b, =—, 4
ij ij

¢ ¢

j» B —constants, and ¢; satisfies restrictions
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¢ < Cij max > (2)

i min = Cj

and ¢;

with pre-given values of ¢ ' max -

ij min
Given the total project's budget C > ) ¢

i
project's optimal utility value given in the linear form

and the due date D, the problem is to evaluate the

ij min

U = Max {ac(Cy—C)+ ap(Dy D) + ag(R-R,)}, 3)
C,D,R

where C,, D, and R, are the least permissible budget, due date and reliability values which can be
implemented in a PERT-COST project, while values C, D and R are current values for the project
under consideration. Linear rates ., ap and «ay, i.e., the partial utilities, are pre-given as well. It has
been shown in [12-14] that reliability value R is obtained by means of optimizing the partial
harmonization model PHM {C,D}=R as follows:

determine c,-(j"p ) to maximize the objective

MaxR = ng{Pr{T{G/cij}<D}} )

{ct/} Cij

subject to (2) and

C= Y, (5)
i/}

Cpo < C < Gy, (6)

Dy < D < Dy, (7)

Ry < R < Ry. ®)

Undertaking a relatively simple look-over in the two-dimensional area of C and D and
determining for each couple (C,D) the corresponding R = PHM {C,D} in order to maximize objective
(3) enables establishing the project's utility U .

In case when project G(N, 4) is represented in a formalized shape and activities (i, /) G(N, 4) do

not bear any engineering definitions and have an abstract meaning, we suggest using harmonization
modelling as the project's planning and control technique. Note that undertaking harmonization
modelling for the project under consideration results in optimal budget reallocation among the project's
activities. This basic assertion will be used later on, by implementing the project's on-line control.

We suggest a step-wise procedure to control the PERT-COST public service network project by
means of harmonization as follows:

Step 0.  Given the input information:
e PERT-COST project G(N, 4);

e Pre-given values c 4;; and Bj; for each activity (i,j)c Ac G(N,4);

ij min > Cij max >
e Pre-given partial utilities o, ap and ay;
e Pre-given admissible intervals [COO,CO], [DOO,DO] and [RO,ROO].

Step 1. Undertake harmonization modelling for G(N ,A) beforehand, i.e., before the project actually
starts to be carried out. Denote the corresponding optimized values which define the maximal

project's utility, by C*, D" and R". Note that restrictions

Coo £C"<C,
Doy < D* < D, )
Ry<R" <Ry,

hold, otherwise harmonization cannot be accomplished.
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Step 2. If budget value C* is accepted, reassign C* among the project's activities according to values

cl_(;pt)
starts to be carried out.

Step 3. In [8,9], a control model for PERT-COST projects is outlined. The model determines planned
trajectories, observes at each control point the progress of the project and its deviation from the
planned trajectory, and establishes the next control point. This control model has to be
implemented at Step 3, in order to determine the routine control point ¢ > 0.

Step4. At each control point ¢ the progress of the project is observed, i.e., network graph G(N ,A) has

obtained in the course of undertaking harmonization at Step 1. Afterwards the project

to be updated at point ¢, as well as the remaining budget C*. Denote those values by G, (N , A)
and C;, correspondingly.

Step 5. At each routine control point ¢ >0 solve harmonization problem in order to reallocate later on
the remaining budget C; among remaining activities (i, b ) c 4, <G, (N ,A). Denote the

corresponding optimal budget values by clgf"t’ 25

Step 6.  Reallocate, if necessary, budget C, among activities (i, j ) c 4, according to the results of Step 5.

Note that implementing numerous budget reallocations is actually the only control action in the
course of performing on-line control. Go to Step 3.

Step 7.  The algorithm terminates after inspecting the project at the due date D, i.e., at the last control
point.

It can be well-recognized that, besides undertaking on-line procedures, the suggested step-wise
algorithm comprises both harmonization modelling and risk analysis models. Indeed, the latter are not
similar to traditional risk management methods which involve technological risks, uncertainties in
products' marketing, etc. However, optimal budget reallocation serves actually as a regulation model
under random disturbances and can be regarded as a risk analysis element.

Note that in the course of the project's realization certain parameters entering the input information
may undergo changes, e.g. restriction values C,, Cyy, Ry, Ryy, Dy, Dy, as well as partial utility values

ac, ap and ap [12-14]. New values have to be implemented in the harmonization model in order to

facilitate optimal budget reallocation among the remaining project's activities at Step 5 of the algorithm.
If the problem (4-8) has no solution, the decision-making to be undertaken at the company level results
either in obtaining additional budget value AC or in increasing the due date by AD . Both values can be
determined by means of harmonization.

3. Harmonization models for analyzing alternatives and scenarios

We will consider the case of a large complicated project with a high level of uncertainty both in
technology and at the marketing stage of the project's life cycle. To manage such projects risk analysis
methods similar to RAER or SCERT [2] have to be implemented. Those methods, which we will use
henceforth as benchmarks, deal with analyzing various alternatives or scenarios which may be presented
in the form of deterministic network sub-projects of CPM type. On the basis of those sub-projects "time —
cost" trade-offs outlined in [17], are usually carried out. We will henceforth call those deterministic trade-
offs the CPM-COST projects.

We suggest, if possible, to present those scenarios in the form of stochastic PERT-COST network
projects and to substitute the former "time — cost" trade-off by a harmonization model. We will
demonstrate that the newly developed trade-off optimization model is more effective than the former
CPM-COST ones.

In order to perform a proper comparison we have to use similar input information. Since an
overwhelming majority of both researchers and practitioners accept the beta-distribution as a probability
law for random activities' durations [see, e.g. 1, 3-7, 10-11, 15-16, 18-20] with the p.d.f. of the activity
time 7

C(a+ ) (t=a, ) (b, —1f
I(a)T(B) (bij_aij)wrﬂ—l

where a;; stands for the optimistic time and b; is the pessimistic time.

fil1) =

, a<t<b, a,f>0, (10)

10



Applied statistics

In order to simplify the model the p.d.f. in the PERT statements can be modified [5-7, 9] to

1yt) = ﬁy(t—ay)(%— ~f (h
g J

with the mean
My = O.2(3a,j+2bl-j). (12)

Thus, introducing the assumption about the p.d.f. (10) and taking into account that (10) depends on
¢;; parametrically, relations (1,2) hold.

The simplified time — cost trade-off model for a CPM network [17] is as follows:

given a CPM graph G(N ,A) together with functions 7;= f; (cl-j), (i, J ) € G(N ,A), and values

and ¢; determine:

¢ 7j max >

i min
e the minimal total project direct costs C,

Min C, and (13)

o the optimal assigned budget values ¢, subject to

Tcr{’zf = fzf(ci;pt)} =D, (14)
opt _

{[Z/;}C!/ =C, (15)

cz_’/’ min < Cyopt < Cij max * (16)

where D stands for a pre-given due date.

Since trade-off models in RAER [2] are based on deterministic time — cost trade-offs for CPM-
COST models (13-16), the similarity of input information for both models (harmonization and RAER)
can be provided by setting

0.64; +0.4B;
fy=—2—F (17)
Cjj
for
Cij min
Cij =405 Cij min +Cij max) (18)
cij max >

where values 4., B, ¢ c

i By Cijmin > are similar to those outlined in (1), and (17) are obtained by

ij max
substituting the p.d.f. (11) by its mean value (12).
Let us compare the "time — cost" trade-off CPM-COST model (13-16) and the harmonization model

(4-8), taking into account that actually activity durations #; are random variables. It is widely known

[see, e.g. 5, 8,9, 16, 17 etc.] that substituting all p.d.f. activities by their mean values results in essential
statistical bias errors for optimization models' objectives (sometimes up to 40-50%). Those errors
underestimate the objective, e.g. the critical path's duration. Underestimating planning budget values of
any project results in underestimating local budgets assigned to partial project's activities. Such errors
might result in increasing the duration of those activities and, thus, decreasing the project's reliability.
This, in turn, would affect the life cycle, the cost and the ultimate success of the entire project. As a
matter of fact, substituting deterministic trade-offs by harmonization modelling prevents this
shortcoming.

Second, implementing harmonization modelling by means of PERT-COST network projects enables

decision-making by using reliability parameter R which is difficult to be analyzed by means of solving

11
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CPM-COST problem (13-16). And, third, by using CPM-COST trade-offs of type (13-16) only several
scenarios can be examined (since no risk analyst can take into account numerous alternatives), as distinct
from harmonization models when the whole spectrum of possible couples (C,D) is looked through and
later on optimized. This, in turn, enables more reasonable and realistic decision-making. Thus, harmonization
procedures when considered a risk assessment technique are more effective than the former similar risk
assessment by means of CPM-COST network models.

Conclusions

The following conclusions can be drawn from the study:

1. Besides optimizing and calculating the system's utility, harmonization models are used in
determining various reliability parameters. Thus, those models can be regarded as newly developed
operation research models which can be implemented in risk assessment analysis.

2. Harmonization models can be applied directly to all kinds of PERT-COST network projects with
uncertainties associated with activities' durations but without either technological risks or
uncertainties on the stage of marketing the project's products. Such projects usually refer to the
public service area, like constructing new hospitals, schools, stadiums, theatres, bridges and tunnels,
new urban areas, factories, etc. In our opinion, those projects represent an overwhelming majority
of existing projects and, thus, require good quality monitoring. For such projects we suggest to use
the newly developed harmonization techniques both for estimating the project's utility and for
introducing regulating control actions at inspection points to enhance the progress of the project in
the desired direction. Thus, harmonization modelling enables certain on-line control procedures for
projects under random disturbances.

Being a regulation model, harmonization can be implemented (in a random disturbances environment)
as a risk assessment tool as well. Thus, for this class of projects, harmonization, controlling and risk
assessment actually meet.

3. A comparative analysis of multi-parametrical trade-off optimization models in harmonization and
the existing trade-off optimization techniques in CPM-COST risk assessment leads to the
conclusion that the newly developed model is more effective for project risk analysis than former
trade-off models. The latter usually cover only time — cost trade-offs for deterministic projects while
harmonization techniques can be applied to any number of optimized parameters for projects under
random disturbances.

4.  For highly complicated projects with technological risks, design changes and risks in future
marketing, we suggest to apply harmonization modelling for analyzing alternatives and scenarios on
condition that the latter may be presented in the form of PERT-COST network projects. This
enables undertaking a more effective risk assessment.
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Various properties of a cubic phase of SrTiO; perovskite containing single F centres (O vacancies), including energies of
their formation and migration, were simulated using different formalisms of Density Functional Theory (DFT) as implemented into
CRYSTAL-2003 and VASP computer codes. The lattice relaxation around the F centre was found to be sensitive to both shape and
size of used supercells. The larger is supercell, the closer defect energy level in the band gap lies to the conduction band bottom. It
approaches the optical ionization energy of 0.49 eV for 270- and 320-atomic supercells, where the distance between neighbouring
defects is as large as four lattice constants. The defect bandwidth decreases for these supercells down to 0.02 eV, i.e. the defect-
defect interaction becomes negligible. Thus, different first principles periodic approaches being combined provide results, which are

converged with respect to the supercell size.

Keywords: DFT calculations, CRYSTAL-2003 and VASP computer codes, cubic phase of SrTiO; perovskite, supercell shape and
size, the F centre, formation and migration, electronic properties

1. Introduction

Beneficial properties of ABO;-type perovskite materials can be obtained by means of a deliberate
deviation of oxygen content from the ideal stoichiometry, which is relevant for their numerous high-tech
applications as sensors, fuel cells, microelectronic devices, etc. [1,2]. At low partial oxygen pressure an
electric conductivity of SrTiO; perovskite is controlled by both concentration and mobility of oxygen
vacancies, which act as effective donors, therefore this material becomes n-type conductive [3].
Increasing the partial pressure reduces the carrier concentration and at high pressures the conductivity
goes through a minimum: the material becomes p-type [4]. Consequent thermal reduction of oxygen in
single-crystalline SrTiO; results in the insulator-to-metal transition, up to possible superconducting state,
accompanied by intensive formation of vacancies and their high density within the skin region [5].

Considerable experimental efforts were made for understanding the nature of defective strontium
titanate, including the ionic transport [5,6] and the structural properties [1,7,8]. The oxygen vacancy in
SrTiO; perovskite was also simulated theoretically [4,9-15], which is very important since modern
scanning transmission electron microscopy (STEM) and reflection high-energy electron diffraction
(RHEED) combined with atomic-scale electron energy-loss spectroscopy (EELS) are able to detect the
presence of even single impurities and vacancies in SrTiO; [1]. The annular dark field (ADF) images
(Figure 1) are dominated by heavy strontium and titanium cations, whereas light oxygen anions or their
vacancies are still not directly visible. However, the low-angle ADF signal (Figure 1b) can detect the
strain fields from oxygen vacancies through their distortion of the adjacent cations and subsequent de-
channelling of the electron beam from the cation columns [1]. The strain field is expected to decay below
the de-channelling detection limit by the next-nearest neighbour sites, so that at least a unit cell resolution
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should be expected for the LAADF image of the vacancy distribution. This experimental study also
demonstrates that artificial, vacancy-engineered structures can be produced with a nanometre-scale
abruptness. Its limiting factor is the observed clustering of vacancies over a few unit cells.

Figure 1. Two STEM images for 25 unit cells of oxygen-deficient
SRTIO;.5 (6 = 0.13) grown on bulk SRTIO; (left of white arrow) and
capped with a two-layer-thick LATIO; marker (right) and again
SRTIO;5[1]: A) high-angle annular dark field (HAADF) imaging is
sensitive mainly to cations and clearly shows the LA marker layer;
B) low-angle annular dark field (LAADF) imaging additionally
records de-channelling from the strain field surrounding the O
vacancies, and the oxygen-deficient layer becomes visible

Oxygen vacancies play a noticeable role in the structural transformations in bulk SrTiOs;, which
possesses two relevant structures: the tetragonal antiferro-distortive (AFD) phase and the cubic phase [9].
The latter (Figure 2) is stable above 105 K, whereas AFD (slightly distorted cubic phase) is stable at
lower temperatures. When simulating a single point defect, the main problem is to understand changes
induced by it in the atomic and electronic structure of a host crystal. Perfect SrTiO; crystal has a mixed
ionic-covalent nature of the chemical bonding, which is not in complete conformity with the formal
charges on Sr**, Ti*" and O* ions. The formalism of the Wannier functions applied recently for the
determination of charges and bond populations in several perovskite crystals [16] calculated previously
using DFT method [17] gives the atomic charge of +2.55 e on titanium and —1.55 e on oxygen, whereas
the Ti-O bond order is 0.35 ¢; only the charge on Sr is close to the nominal ionic value +2 e confirming
that strontium is ionically bounded in SrTiOs. Thus, the adequate simulation of the structural defects in
strontium titanate is rather complicated, even for a cubic phase. This simplest defect may be described in
terms of either neutral oxygen vacancy (single O atom removed from the lattice site) or neutral F centre
(O vacancy with electron density (2—0) e remaining in host crystal [16]). Theoretical studies predict
mainly equal contributions of the 3d orbitals of the two nearest titanium ions (Figure 2) into the wave
function of the F' centre [4,10-12]. According to our recent DFT calculations on a cubic phase of SrTiO;
perovskite [10], the Mulliken electron charge of 1.1-1.3 e is localized in the neutral O vacancy (depending
on the supercell size) or 0.6-0.8 e are equally divided by the two nearest Ti ions if we consider the neutral
F centre. This result does not confirm formal conclusions made by experimentalists that the neutral F
centre is supposed to have released both electrons whereas the nearest titanium ions change their valence
Ti*" - Ti*" [1,4,7].

The position of the F' centre level in the optical band gap of SrTiOj; is also not completely clear: it is
open question, whether it lies well below the conduction band bottom [12] or close to it [4,10,11]. The
latter is supported by the indirect experimental study on the conductivity of SrTiO; ceramics, suggesting
that the F centre is a quite shallow defect [18]. Periodic ab initio calculations on the SrTiO; bulk give the
values of the formation energy for O vacancy in the range of 6.5-8.5 eV [4,9-11], whereas in cluster
models [13], removal of an O atom from the lattice has a higher energy cost (> 9 e¢V). However, this value
cannot be directly experimentally measured. Conductivity in SrTiO; at low partial oxygen pressures
depends on the mobility of O vacancies [3,4,18]. Experiments performed at high temperatures suggest the
energy barrier of 0.86 eV for the F centre diffusion in bulk [6], whereas semi-empirical pair-potential
calculations on migration of the empty O vacancy result in the barriers of 0.65 eV [14] and 0.76 eV [15].

In this paper, we analyze results of both CRYSTAL [19] and VASP [20] DFT calculations on the F/
centre in a cubic phase of SrTiO; perovskite. We have optimized the lattice structural relaxation around
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oxygen vacancy for the supercells of different shapes and sizes created by a consequent equidistant
extension of crystalline lattice vectors (Figure 2) giving from 80- up to 320-atomic cells, in order to
eliminate the interaction of periodically repeated point defects. We follow the recent study for the Fe
impurities in SrTiO; [21]. In such a case we reach the limit of really single F' defect.

2. Supercell model of a defective crystal

In the first principles band structure calculations, using the primitive unit cell in the direct space, the
convergence of the bulk electronic properties (total energy per unit cell, band gap and one-electron
energies of band edges, the density of states, and electronic charge distribution) can be obtained by an
increasing the number of the used k-points in the primitive Brillouin Zone (BZ) [21]. The one-to-one
correspondence was demonstrated [22] between any fixed k-mesh and the supercell {A;} in a real space
defined by translation vectors a, and volume V:

3
Ay =2lya (12

Va=a; [ayx a3], (1b)

with the index j=1,2,3. L =det{/;} means a number of primitive unit cells in the corresponding
supercell. Eq. (1a) can be used to define the corresponding mesh {k,} of the k-points in the BZ [23]:

exp(-i k, A)) =1, (2)

with indexes j=1,2,3 and r=1, 2, ..., L. The absolute value Ry, of the smallest A;in Eq. (1a) defines the
accuracy of the special k-points set chosen and is called cutoff length for a given k-mesh [21]. Each Ry
may be characterized by some number of spheres M of the lattice translation vectors ordered in such a
way that the sphere radii are not decreasing [24]. It is possible to choose the matrix | /; | in Eq. (1a) both
diagonal and non-diagonal, but maintaining the point symmetry of the crystalline lattice. By an increasing
L, one can ensure increase of the k-mesh accuracy, and thus the accuracy of the corresponding supercell
modelling of the perfect crystal. Thus, one can say that an increase of the k-mesh accuracy in self-
consistent band structure calculations with primitive cell means in fact that the perfect crystal is modelled
by a sequence of supercells of the increasing size.

Use of supercell model for point defect simulation means, in fact, consideration of a “new crystal”
with an artificially introduced periodicity. The point defect period is defined by a choice of supercell, the
space group of a defective crystal in superlattice is defined by the local point symmetry of a defect and
the chosen lattice of supercells [25]. A new, narrowed BZ is L-fold smaller than the original (primitive)
one and may also differ, when the type of lattice is changed by the transformation in Eq. (1a). The
calculation is made in the same way as for a perfect crystal using the k-sampling of the BZ. In practical
calculations the k-sets are used which allow to minimize the defect-defect interaction [26] for a fixed
supercell size and shape. Use of the k-meshes in supercell model allows one to estimate the role of defect-
defect interaction through the width of the defect energy bands for each superlattice chosen: the narrower
these bands are, the closer the results obtained are to the single defect limit. It is possible to find such a k-
mesh, which ensures a compromise between the size of supercell and a reasonable reproduction of the
total and one-electron energies, as well as the electron density distribution in the host crystal: the k-point
sets satisfying Eq. (2) is usually used for this purpose [21]. It is reasonable to begin from the smaller
supercell containing point defect, i.e. corresponding to the converged results of the band calculations. In
the particular case of the SrTiO; crystal, the supercell of 80 atoms was chosen. When estimating the
defect-defect interaction from the calculated defect bandwidth, we make a decision about the necessity of
a further increase of the supercell. As shown for Fe impurity in SrTiO; [21], the iron bandwidth still
changes considerably when supercell is increased from 80 to 160 atoms, which is sufficiently large. The
comparison of supercell results for different A-meshes allows one to decide, if it is necessary to increase a
superlattice, in order to surpass artificial defect-defect interaction.

a) .C;. Py Simple cubic (sc) structure of SrTiO; crystal is
—e mainly described using the Pm3m space group [19].

0 A o However, the origin of crystallographic coordinates

p O = O in this case is occupied by a strontium ion. To put O

e - vacancy in the centre, we use the P4/mmm space

."".O.'—. | 3 group (Figure 2). This model allows us to show both
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the nearest neighbours of vacancy and the lattice
relaxation around it. CRYSTAL and VASP calcula-
tions on a single F centre have been performed for
the supercells of different shapes and sizes, created
by a consequent equidistant extension of the lattice
vectors: 80- and 270- atom face-centred cells, 135-
and 320-atom simple cubic cells, as well as 160-atom
base-centred cell. The corresponding sc-, fcc- and
bcc-extensions of the SrTiO; unit cell shown in
Figure 2a are described by the transformation
matrices defined in Eq. (1a):

b)

<)

,|mn 0 n|land | n -n n|, 3)

respectively, where #n is varied between 2 and 4.

Figure 2. Three types of equidistant crystalline cells with a
centred O vacancy for the cubic phase of SrTiO; perovskite:

a) simple cubic (sc); b) face centred cubic (fcc); ¢) base centred
cubic (bec). Sticks between the oxygen and titanium ions indicate
the partly covalent bonds between them. In order to construct the
- difference electron density plots shown in Figures 3 and 4, each
00 OTi OSr O vacancy cell is sectioned along the —Ti—O-Ti— axis by the same plane P-P

The length of cube edge in SrTiO; unit cell (Figure 2a) is equal to the lattice constant (experimental
value is 3.905 A [9]). Strontium titanate supercells with sc-extensions of 3x3x3 (135 atoms) and 4x4x4
(320 atoms) possess the same cubic symmetry, with 90° angle between the lattice vectors. In its turn,
supercells with the fcc-extensions 202 %242 x 242 (80 atoms) and 372 x342x342 (270 atoms) are
rhombohedric with 60° angle between the lattice vectors (Figure 2b). Lastly, for 160-atom rhombohedric
bcce-supercell (extension 2\/5 XZ\/E ><2«/§ ), the angle is 109.47°. According to Eq. (1b) the ratio of
volumes for the supercells extended from the SrTiO; unit cell using matrices, Eq. (3), with the same # is:

Vbcc = 2Vfcc = 4I/sc (4)

For all three types of equidistant cells shown in Figure 2, their shapes correlate with the orientation of
—Ti—O-Ti- axis, it may be: (i) the rotation axis joining the centres of opposite faces (Figure 2a), (ii) the
diagonal joining the opposite apexes of rhombohedron (Figure 2b), and (iii) the axis joining the centres of
opposite rhombohedron edges (Figure 2¢).

3. Computational background
3.1. CRYSTAL CALCULATIONS

The computational scheme implemented in CRYSTAL-03 code [19] includes both Hartree-Fock
(HF) and DFT ab initio methods achieved via the self-consistent field solution of the one-electron
equations:

g (1) = &30, (1), )

where crystalline orbitals of the N-electron system are expanded as linear combinations of a set of m
Bloch functions built from the local, atom-centred Gaussian-type functions (GTFs):

P (1) =N a; (k)| Dz, (r)exp( ik -g) |, (6a)
j=1 g

Zg,‘(r_Rj):icyG(aer_Rj_g)a (6b)
Y
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where k is the wave vector of the irreducible representation of the group of crystal translations {g}; R;

denotes the coordinates of nuclei in the zero cell of which atomic orbital yg(r) is centred; G, ¢, and o,
are normalized GTF, its coefficients and exponents, respectively.

Crystalline Hamiltonian can be constructed using both HF and DFT (Kohn-Sham) formalisms, in
both direct and reciprocal space:

A" = T(r:k) + V(r;K) + J(r;k) + K(r;k) , (7a)

A® =T (eik) + P esk) + o k] + 5, [o(r K], (70)

where T s I}, J and K are kinetic, electron-nuclei, Coulomb and non-local exchange operators, whereas:

b= O, [p(r);k] (82)
op(r)
p0=]  DlouF te, — 5,00k (8b)

where E,. is the exchange-correlation energy functional of the electron density o(r), 8 is a Heaviside
zero-temperature occupation function, & is the Fermi energy which determines the occupied manifold in
k-space, and g(Kk) are the eigenvalues of the crystalline orbitals.

The choice of exchange-correlation functional v,. for CRYSTAL calculations using DFT method is
an important point necessary to obtain adequate results. When modelling SrTiO; perovskite, including
bulk [17] and densely packed surfaces [27], the better results were obtained when using non-local
Generalized Gradient Approximation (GGA), combining Becke exchange functional [28] with a
correlation functional constructed by Perdew and Wang [29]. However, even this approach possesses
certain shortcomings, especially when estimating band gap A4&,,,: HF calculations markedly overestimate
this value, but DFT calculations usually underestimate it. In order to avoid this artefact, CRYSTAL-03
code [19] realizes a partial incorporation of the exact HF exchange into the DFT exchange functional,
with varying mixing ratio. We have chosen hybrid B3PW exchange-correlation energy functional [30]:

LDA Becke HF PWGGA
E.=(0-a)E " +a,AE* +a,E," +a,AE, , )

where AE f“ke is Becke’s gradient correction to the exchange energy functional of local density E fDA

AE f‘ WGGA

[28], E fF the exact HF exchange energy, the gradient correction for correlation energy of

Perdew-Wang [29], a;, is input parameter of the HF/DFT exchange mixing; @, and a, are input parameters
of the DFT exchange (x) and correlation (c) non-locality (GGA/LDA), respectively.

TABLE 1. All-electron basis set for oxygen A proper choice and further re-optimization of the basis

Exponent Contraction (c,) sets (BSs), con51st1ng‘0f the GTFs c‘oefﬁc'len‘Fs and exponents

Shell o 7 defined by Eq. (6b), is another crucial point in the CRYSTAL
M S p . :

s 80200 |0.00108 _ B calculgtlgns. For oxygen, the all-electron 8-411sp-1d BS with

1338.0  {0.00804 - - re-optimized outermost exponents there was used (Table I). A

2554 10.05324 - - small core Hay-Wadt pseudopotentials [31] were included in

69.22°10.1681 - - the BSs for both Ti (411sp-311d) and Sr (311sp-1d), their

2390 103581 ) ) outermost shells were re-optimized more carefully (Table 2)

9.264(0.3855 - - HITOSE p \ 4 © )

3.85100.1468 } ) Optimization pf a.ll BSs was perfprmed using the Par.O;{tlm.lze

1.212] 0.0728 - } code [32], which implements conjugated gradients optimization

2sp| 4943 10.00883 | 0.00958] - technique with a numerical computation of derivatives [33].

10.47  |-0.0915 0.0696 | - Fitting of the optimized BSs has been checked by calculating

3.235 10.0402 | 0.2065 | - the lattice constant, bulk modulus and elastic constants of

1217 ]0.379 0.347 - SrTiO; bulk as well as its band structure, density of states and

3sp| 04521 |1.0 1.0 - other electronic properties [34]. As to the F' centres and O

:jip (?;‘15607;9 1.0 1.0 1'0 vacancies, they were calculated by a removing oxygen ion as

shown in Figure 2 and either retaining in the vacancy the
ghost wave function of O or not.
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TABLE 2. Basis sets for outermost Ti and Sr orbitals constructed using HayWSC pseudopotential [26]

Ti Sr
Shell Exponent Contraction (c,) Exponent Contraction (c,)
(Ovp) s p | d (oty) s | p | d
1s
HAYWSC
2sp
3sp [16.6627995 |0.0052882765 |-0.002472365 ; HAYWSC
3.82352098 |0.348881629 |-0.490787025 -
3.76734787)0.2 0.5 -
1.334377471.699 0.875 -
4sp| 0.7725692 (1.0 1.0 - 16.7295003 [0.040864984| 0.0064288549 | -
2.23218348|1.0 1.0 -
1.98458795(9.26146754 L0.963768104
5sp| 0.4369296 [1.0 1.0 - 0.6537827 |1.0 1.0 -
6sp - - - - 0.2609586 | 1.0 1.0 -
3d [21.429541 - - 0.088078981
6.08722431 - - 0.417373956 HAYWSC
2.07945196 - - 1.0
4d | 0.8310327 - - 1.0 0.4699451 - - 1.0
5d | 0.3562744 - - 1.0 - - - -

The reciprocal space integration for models of the F centre in SrTiO; (Section 2) has been
performed with the suitable integer shrinking factors for the Monkhorst-Pack and Gilat nets [35,36]:
2x2x2 and 4x4x4.

3.2. VASP CALCULATIONS

The computational procedure of the VASP code [20,37] includes an iterative solution of the Kohn—
Sham equations based on residuum-minimization and optimized charge-density mixing routines [38].
This includes the calculations of the Hellmann—Feynman forces acting on the atoms and of the stresses on
the unit cell [37]. The total energy is optimized with respect to the positions of the atoms within unit cell
or supercell. The Kohn-Sham method employing a plane-wave basis set and the pseudopotential (PP)
approximation are currently among the most successful techniques in computational material science
[39]. However, its formal simplicity demanded a price: first-row elements, transition metals, and rare-
earth elements were found to be computationally consuming to treat with standard norm-conserving PPs
[40]. Various attempts were made to generate more soft PPs: one of the most advanced approaches was
the concept of ultra soft pseudopotentials (US-PP) introduced by Vanderbilt [41], which was briefly
described in our previous paper [42]. But its success is partly hampered by the difficult construction of
the pseudopotentials, i.e., too many parameters (several cut-off-radii) must be chosen and therefore
extensive tests are required to obtain an accurate and highly transferable US-PP. Further development of
this concept has been made by Blochl [43] by combining ideas from pseudopotential and LAPW
(Linearized Augmented-Plane-Wave) methods in a framework, called the Projector Augmented-Wave
Method (PAW). Recently, formalism of PAW method has been successfully implemented into the VASP
code [20,44], which allows users to combine it with earlier implemented US-PP approach.

The main idea of PAW method is to transform the physically relevant full all-electron (AE) Kohn-

Sham wave functions ¥, onto computationally convenient pseudo-wave soft (PS) variation functions ‘17”
[43]. The AE function may be derived from the PS function by means of a linear transformation:

19,)=17,)+ Z(0)-13D(F: 1 9,) (10)

where the AE partial waves ¢, are obtained for a reference atom whereas the PS partial waves ¢, are

equivalent to the AE partial waves outside a core radius rcl and match continuously onto @, inside the
core radius (the augmentation region, similar to the linearized muffin-tin LMTO formalism); the index i is
a shorthand for the atomic site R,, the angular momentum numbers M = /, m, and an additional index &
referring to the one-electron reference energy &,. The core radius is usually chosen approximately around
half the nearest-neighbour distance [44]. The projector functions p; are dual to the PS partial waves:
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(B:15,)=38; - (11)
In the PAW method, the all-electron charge density is given by [41]:
n(r)=7(r)+n'(r)-7'(r), (12)

where 7(r) is the soft pseudo-charge-density calculated directly from the pseudo-wave-functions on a
plane-wave grid via the occupations f, of the states n:

HOESWAVALCIIZAY (13a)

The onsite charge densities n' and ' are treated on a radial support grid, that extends up to ry,q around
each ion. They are defined as:

1) =X py{i Ir)(rlo;) (13b)

70 = E oy (7 | e)r 7). (13¢)

where p; are the occupancies of each augmentation channel (i, /) and they are calculated from the pseudo-
wave-functions applying the projector functions:

Py = 1 (P, | Bi ) 17,)- (14)
The total charge density nris also decomposed into three terms [44], analogously to x(r) in Eq. (12):
np=n+ng =ip+np—ip =@ +A+0g)+(n +ny,)— @ +A+iy,), (15)
where ny, is the point charge density of the nuclei n; plus the frozen core AE charge density n.and n is a

compensation charge which is added to the soft charge densities (7 +7,,) and (7' +7,,) in order to
reproduce the correct multi-pole moments of the AE charge density (n' +ny,) that is located in each
augmentation region. Because n,, and 7, have exactly the same monopole (-Z,,,) and vanishing multi-
poles, the compensation charge 7 must be chosen so that (7' +7) has the same moments as the AE

valence charge density n' within each sphere [44]. For this purpose, compensation functions g,(|r-R|) are
constructed for which the moment / is equal 1.
To obtain the Hamilton operator for the modified PAW total energy functional, the total energy

must be varied with respect to the pseudo-density operator p =3 f,, | S’N’n ><¥~’n | [44]:

Hp,{R}] = , (16)

dE dE dE' dE' 1 . _ OE OE' OE' /_
=t =AY p->(—+———)<p-
dp dp dp dp 2 oy oy apy VY

g y

L 1 . Ly~
where the first two terms (kinetic-energy operator _EA and effective one-electron potential veﬂ-) are

presented in any Kohn-Sham Hamiltonian, as written in Eq. (7b). Potential Veff includes both Hartree and

exchange-correlation parts:

Ve =Vyln +a+nz]+v [n+n+n.]. (17)

1 ~ A
The last terms of Hamiltonian in Eq. (16) are expressed via — EA , V,y and operator Qijy (r) of the charge

density differences between the partial waves Qij (r) = (p: (r)g;(r)- 5i*(r)(7) (1) and their moments q;y :

4 =1, Ok - R[], (r - R)dr, (18a)
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0Y (=g g, (r-R)Y,r-R), (18b)

where _[Q stands for the integration on the radial support grid, M is a shortland for (/, m) quantum

numbers whereas Y}, is an angular part of wave function. Thus, last terms of PAW Hamiltonian are [44]:

oF ~ A

—— =2V (1) O (r)ar, (192)
Pi M i

OE!

% = <¢,- _%A-H}H[nl+an]+vxc[nl+nc] ¢j> ; (19b)

OE' /. ~ | - R

oy <<”i i > +[o Ve () 0;' (r)dr . (19¢)

To define the PAW data set, the following quantities are required: (i) the AE and PS partial waves
¢, and @; ; (ii) the projector functions p; ; (i) the core-charge density ., the pseudized core-charge density
n,, and the partial electronic core-charge density 7, ; (iv) the compensation functions g/(|r-R]) [20,44].

The VASP plane wave calculations of the oxygen vacancy in SrTiO; crystal (for supercells described
in Section 2) have been performed by us using the PAW pseudopotentials for the inner cores of all atoms
[20,44], while the kinetic energy cut-off (determining the whole set of plane waves with smaller energy
included in the basis set) has been chosen as E.,, = 415 eV. The Monhkost-Pack [35] k-mesh has been
employed for the energy evaluation with a density ranging from 0.04 to 0.51 A The GGA-type
exchange-correlation functional was chosen in the PW91 formulation [29]. The advantage of VASP plane
wave calculations [20] is that the complete optimization of lattice relaxation upon vacancy creation, even
for large supercells, can be performed much faster than for CRYSTAL calculations based on the localized
basis sets [19]. Geometry optimizations have been carried out with an accuracy 10~ eV in the total
energy. The electronic structure of defective SrTiO; perovskite calculated using both CRYSTAL and
VASP codes has been studied for the diamagnetic closed electronic shell (singlet) state since we did not
found any lower state employing the spin polarized calculations [10].

4. Atomic and electronic structure of F centres in a cubic SrTiOj; crystal

Basic properties of a perfect cubic SrTiO; crystal calculated using CRYSTAL code were analyzed in
detail elsewhere [16,17,34]. The lattice constant, a,, bulk modulus, B, as well as elastic constants, ¢y, ¢12,
and c44, were obtained rather close to the experimental values (3.90 A [45], 179 GPa [46], and 31.72x,
10.25x, and 12.35x10"" dyne/cm® [47], respectively) in almost all the methods employed in the framework
of HF and DFT computational schemes. However, the parameters of the electronic structure were found
to be quite sensitive to the method chosen. The best agreement with experimental results was obtained for
the Aybrid exchange technique (B3PW [30]) described in Subsection 3.1. Further improvement of the
calculated optical gap was achieved by adding the d polarization orbital into the oxygen basis set (Table 1):

at the I” point of the first BZ Aggrap =3.65 eV, quite close to the experiment, 3.25 eV for the indirect band

gap [8]. The local properties of the electronic structure (charges and bond orders) for perfect SrTiO;
crystal obtained using formalism of Wannier functions [16] have been considered above (Section 1).

When performing VASP-PAW calculations using the PW91 exchange-correlation functional, the
structural parameters of cubic SrTiO; again were found to be quite reasonable: a, = 3.92 A and B = 182 GPa
[10]. However, the optical band gap of 2.59 eV is the evident underestimate, typical for this method [48].
Nevertheless, the LDA-U treatment of GGA exchange-correlation functional [49] as recently implemented in
the VASP code [20] can describe the band gap qualitatively properly, analogously to hybrid HF-DFT
methods as implemented in CRYSTAL code [19].

4.1. OXYGEN VACANCY FORMATION AND MIGRATION
The formation energy of F' centre in SrTiOj; crystal has been estimated as follows [10]:

E®™(F) = E(O) + E(F)— E(perfect), (20)
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where E(O) is the energy for spin-polarized isolated oxygen atom (*P state), E(F) and E(perfect) the
energies of the defective and perfect crystals, respectively. Similar approach for the determination of
E™™(F) was used in Ref. [4]. In alternative approach [9,11], the formation energies of O vacancy were
expressed via chemical potentials of O, Sr and Ti atoms. However, the range of E°™(F) calculated using
both approaches for supercells of different shapes and sizes (6.5-8.5 eV, as mentioned in Section 1) is not
so large to give a preference to one of them. Table 3 shows dependence of the vacancy formation energy
in SrTiO; bulk on both supercell shape and size, which is accompanied by the large contribution coming
from the lattice relaxation upon vacancy formation. The formation energy is reduced considerably
(1.5-2.0 eV) when the positions of all atoms in the supercells are fully optimized. This demonstrates that
the relaxation of even 14 nearest ions (neighbouring Ti-, O- and Sr- coordination spheres directly shown in
Figure 2a) might rather insufficient, inclusion of next-nearest coordination spheres is necessary (Table 4).
Moreover, the lattice relaxation around the defect is also periodically repeated, thus affecting the
calculated total energy per cell: the larger is supercell, the smaller is this artefact. We consider here only
values of E®™(F) estimated in VASP calculations since complete optimization of the lattice relaxation in
the large supercells is practically impossible for CRYSTAL code. The defect formation energies mainly
decrease with the increase of the supercell size, but it also depends on the shape of supercell (cf. the
corresponding values for fcc 80-atomic and sc 135-atomic cells).

TABLE 3. Dependence of the nearest distance between F centres (Dr.r), the formation energy of a single oxygen vacancy
E™™(F) and the energy barrier AE”"™(F) of its (011) migration on both shape and size of supercell used for VASP-calculations
with 2x2x2 K-mesh

Supercell Extension Type of | dp.r, EP™(F), eV AEYT(F),
lattice A eV
un-relaxed relaxed
80-atom 22 x 2402 x 2\/5 fec 11.04 9,00 7,73 0,41
135-atom 3x3x3 sc 11.71 9,17 7,89 0,35
160-atom 243 x 243 x 2\/3 bcc 13.52 8,98 7,35 0,50
270-atom 342 x 342 x 3\/5 fec 16.56 8,98 7,17 0,38

In order to calculate the energy barrier AE“™(F) for oxygen vacancy migration using VASP code
(Table 3), we consider jump of the O atom from the eight possible sites nearest to the F centre (Figure 2a)
towards the vacancy. We have estimated the saddle-point energy by fixing a hopping O atom at the
middle between the existing and newly formed vacancies, while the rest of the lattice has been allowed to
relax. Values of AE“(F) (Table 3) are sensitive to both shape and size of SrTiO5 supercell, moreover, for
optimized rhombohedric fcc and bece supercells (Figures 2b,c), the migration trajectories are not completely
equivalent. Nevertheless, migration energies mainly decrease with the increase of the supercell size.
Unfortunately, values of E°™(F) and AE(F) for the 4x4x4 supercell of 320 atoms could not be
calculated due to computational limitation.

TABLE 4. Dependence of lattice relaxation for the nearest atoms around single F centre in a cubic SRTIO; crystal on both shape
(Figure 2) and size (Table 3) of supercells (SCs) used in VASP-calculations with 2x2x2 K-mesh

Atoms Un- Un-relaxed coordinates Number of | Relative shifts SR; from un-relaxed positions*, %
nearest to relaxed atoms
F centre distance Xi Vi Zi shifted itoo_m 313051;1 e11t60(1;1 izo(; ;20(1;1
e camvalently | ¢ e | SC.se | SC, | SC. fee | SC, se
bcc
Ti a,/2 0 0 +a,/2 2 7.21 7.16 7.08 8.28 7.76
(6] ao/\/2 +a,/2 0 +a,/2 8 -7.59 -7.92 -7.98 -7.43 -7.79
0 +a,/2 +a,/2
Sr ao/\/2 +a,/2 +a./2 0 4 3.51 3.48 3.45 3.42 3.94
(6] a, +a, 0 0 4 3.16 2.98 2.49 2.87 3.56
0 +a, 0
(6] a, 0 0 +a, 2 -1.72 -1.56 -1.67 -1.05 -1.28

* Positive shift corresponds to expansion of the atomic coordination sphere whereas negative sign means its compression

The sensitivity of lattice relaxation to both supercell shape and size is clearly seen in Table 4. For
the same type of superlattice (sc, fcc or bec), expansion of the first coordination sphere (two Ti ions) is
larger whereas compression of the second sphere (eight O ions) is smaller with increasing size of
supercell, efc. However, the convergence of the lattice relaxation is complex and very low concentration
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of single F centres should be used in crystalline models to achieve it. For instance, fcc supercells are
stretched along the z axis and compressed in the xy-plane (Figure 2b). This causes the larger z-shifts of Ti
ions nearest to O vacancy in 80- and 270-atomic fcc supercells as compared to 135- and 320-atomic cubic
supercells (Table 4), whereas xy-shifts of the nearest O and Sr ions are smaller in the first case.
Nevertheless, the range of dR; for equivalently shifted atoms in equidistant supercells of different shapes
and sizes is small enough (< 1.0%) to conclude about the stabilization of single oxygen vacancy in a cubic
SrTiOj; crystal when using large equidistant supercells (containing > 270-320 atoms). When trying to use
CRYSTAL code for the partial optimization of total energy for the same supercells, we obtained markedly
smaller expansion of the first coordination sphere involving two nearest titanium ions as compared to
VASP complete optimization (1.5-2% vs. 7-8%). The same is true for the next-nearest coordination
spheres, which is an additional argument in favour the VASP optimization. More realistic results were
obtained when using VASP optimized geometries as external inputs for CRYSTAL re-calculations.

4.2. ELECTRONIC CHARGE REDISTRIBUTION AROUND OXYGEN VACANCIES

To get deeper insight to the defective SrTiO; bulk from the CRYSTAL calculations on superlattices
described in Section 2, we have analyzed various parameters of its electronic structure. In this Subsection,
we consider the electronic properties of a single F centre in un-relaxed supercells. Redistribution of the
electron density after oxygen vacancy formation can be analyzed in Figures 3 and 4 as calculated for the
equidistant supercells with different extensions. In both Figures, the Mulliken electron charge (1.1-1.3 e)
is localized within neutral O vacancy, in other words, 0.6-0.8 e is equally divided by the two Ti ions
nearest to the neutral F centre and mainly localized on their 3d(z*) orbitals, making the largest
contribution to the defect bands shown in Figures 5-7.

Figure 3 clearly demonstrates the effect of size of the same fce-type supercell (242 x24/2 x24/2 and
372 x342 %342 extensions) on localization of the charge redistribution. For 80-atomic SC mutual
influence of the neighbouring O vacancies is clearly seen, especially along —Ti—O—Ti— axes, whereas for
270-atomic SC, the more-or-less visible re-distribution of the electron density is limited by £1.5-2.0 4, in
the z-direction. Comparison of charge re-distributions shown in Figure 4 allows us to draw analogous
conclusions. For 160-atomic SC (Figure 4a), mutual influence of the neighbouring O vacancies is not
so noticeable as for 80-atomic SC (Figure 3a), however, it is practically absent in 320-atomic SC
(Figure 4b) where well-localized charge re-distribution is limited by +1.5-2.0 a, in the z-direction. Thus,
both 270- and 320-atomic supercells of cubic SrTiO; crystal may be considered as models of a quasi-
isolated F centre.

a _ _ b)

@sr ®0 @Ti [Ovacancy

Figure 3. Two-dimensional (2D) difference electron density maps Ap(R) (the total density in the perfect SRTIO; bulk minus the sum
of electron densities of both isolated oxygen atoms inside supercells and defective SRTIO;) projected onto the (110) section plane
P-P (Figure 2B) for 80-atomic (A) and 270-atomic (B) FCC supercells containing a single oxygen vacancy. Dash-dot isolines
correspond to the zero level. Solid and dash isolines describe positive and negative values of electron density, respectively.
Isodensity increment is 0.002 £ A~
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Figure 4. 2D difference electron density maps Ap(R) projected onto the (110) section plane P-P (Figure 2)
for two different supercells containing a single oxygen vacancy: A) 160-atomic BCC cell; B) 320-atomic SC cell.
See caption of Figure 3 for explanation

4.3. BAND STRUCTURE OF DEFECTIVE SrTiO; WITHOUT AND WITH LATTICE RELAXATION

As mentioned before, the VASP code [20] is markedly more efficient for optimization of the lattice
relaxation around vacancy than CRYSTAL [19]. However, the latter possesses the noticeable advantage
when describing the electronic properties of defective crystals. For instance, remaining “ghost” orbitals
localized at the position of removed atom allows us to observe the defect band within optical gap (Figures
5-7). The defect-defect coupling is also seen in the CRYSTAL-B3PW calculations. This is not possible for
the VASP code, which can be applied only for the indirect analysis of different O-deficient structures
through analysis of the total and projected densities of states (DOS). Moreover, the semi-conducting
nature of SrTiO; is poorly reproduced within the PW91 exchange-correlation functional [29] used in
VASP calculations since the optical gap is underestimated as stated before (by 0.8 eV).

According to CRYSTAL-B3PW calculations on SrTiO; bulk with un-relaxed lattice around F centres

(Table 5 as well as Figures 5 and 6), the defect energy level in the band gap Ae;b_gap approaches the

conduction band bottom, beginning with 0.69 eV for 80-atomic supercell (with the bandwidth 0.15 eV),
down to 0.57 eV (0.08 eV) for 160-atoms, and reaches the optical ionization energy of 0.49 eV (with
almost neglecting dispersion of 0.02-0.03 eV) for 270- and 320-atoms where the distance between the
nearest defects is close to four lattice constants. Note that the commonly believed experimental estimate
of the F' centre ionization energy is much smaller [18]. Achieving the convergence with the supercell
increase up to 270-320 atoms, the defect-defect interaction becomes negligible thus approaching a
realistic model of single F centre, similarly to the study of the Fe impurities in SrTiO; [21].

TABLE 5. Dependence of the F centre energy level position with respect to the conduction band bottom of un-relaxed
r
SrTiO; crystal (Figures 5 and 6) with periodically distributed oxygen vacancies ( 4¢ g, _ gap ) its dispersion (8€qv-gap),

and distance between nearest F centres (dr.r) as a function of the supercell size used in CRYSTAL B3PW-calculations
with 2x2x2 k-mesh. The defect level position is calculated at the I" point of the first Brillouin zone

. r
Atoms in Extension Typ§ of der, Ag db-gap € db-gaps
supercell lattice A > eV
eV
80 2W2x22x242 fee 11.04 0.69 0.15
135 3x3x3 sc 11.71 0.72 0.23
160 23x243x 243 bee 13.52 0.57 0.09
270 372 %32 %342 fee 16.56 0.49 0.02
320 dxdx4 s 15.61 0.49 0.03
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Figure 5. The band structure of un-relaxed SrTiO; crystal with a single F centre per fcc supercell containing either 80 atoms (a)
or 270 atoms (b). The energy bands corresponding to the F centre are split off the conduction bands. Their depth (gap) relatively

to the bottom of the conduction band at the I" point is Ag;b_gap
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Figure 6. The band structure of un-relaxed SrTiO; crystal with a single F centre per supercell

containing 135 atoms, 3x3x3 extension (a) and160 atoms, 2\/5 x 243 x 243 extension (b).
See caption of Figure 5 for explanation

Figure 6a confirms that 135-atomic SC is small enough to reduce defect-defect interactions; its
dispersion (8&-gap) is even larger than for 80-atomic SC with different shape (Table 5), i.e. d&:p-gap 18
sensitive to both shape and size of equidistant supercell, similarly to other properties described before.
At the same time, the defect band for 270-atomic supercell (Figure 5b) is almost a straight line. And
although we could not draw the band structure for the 320-atomic supercell containing single F' centre
(due to limitations of CRYSTAL code), Table 5 clearly shows that both 270 and 320 atoms in supercells
around the oxygen vacancy practically provide elimination of the interaction between periodically
distributed point defects, thus confirming analogous conclusion made when analyzing the electron
charge redistributions around oxygen vacancies (Figures 3 and 4).

The band structure and some other electronic properties calculated for each supercell considered
before are changed markedly after VASP-optimized lattice relaxation around the F centre (Figure 7),
whereas partial CRYSTAL optimization does not result in their noticeable changes. Due to computational
limitations in CRYSTAL asymmetric recalculations of VASP-optimized structures we were able to
analyze results for 80-atomic SC only. One of substantially changed parameters is the electronic charge
either localized on the neutral oxygen vacancy (0.6 e vs. 1.2 e for un-relaxed supercell) or transferred
to the nearest Ti ions from the neutral F centre (1.25 e vs. 0.7 e, respectively). However, the most
unexpected result obtained for relaxed supercell was found to be a “hop” of the defect band over the
bottom of conduction band (Figure 7b). Obviously, these changes observed when combining CRYSTAL
and VASP simulations on a cubic SrTiO; crystal with periodically distributed F centres should be
studied more carefully in order to understand better the nature of defective perovskites, in particular O-
deficient SrTiO;.
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Figure 7. The band structure of a cubic SrTiOs crystal with a single F centre per 80-atomic supercell, which is either un-relaxed (a),
or relaxed using VASP-optimized coordinates (b). See caption of Figure 5 for explanation

5. Summary

In this paper, we have analyzed the convergence of periodic defect calculations to the limit of the
single vacancy. In order to obtain converged values for the atomic structure, formation and migration
energies of oxygen vacancy as well as the electronic properties corresponding to a single F centre in
SrTiO; bulk, the large equidistant supercells containing at least 270 atoms (dr.r > 4a,) are required when
performing DFT calculations on defective perovskites. This study confirms several conclusions based on
our recent HF calculations on the Fe impurities in SrTiO; bulk [21]. Equidistant supercells with

extensions 4x4x4 (320 atoms) and 3«/5 x3\/§ ><3«/5 (270 atoms) necessary for correct description of
single oxygen vacancies in strontium titanate markedly surpass supercells containing 40-135 atoms used
in most of previous first principles simulations [4,10-13]. Results obtained in those studies should be
critically analyzed, in order to avoid wrong conclusions about the nature of F centres in perovskites.

Our VASP calculations with complete optimization of lattice relaxation around F centres give 7.1 eV
as a reasonable estimate for the vacancy formation energy E™™(F) and 0.4-0.5 eV for their migration
barrier AE“(F) at low vacancy concentration. The vacancy formation energy cannot be directly measured
experimentally whereas experimental estimate for the barrier of diffusion energy is noticeably larger: 0.86
eV [6]. (The latter energy could correspond to empty vacancy.) CRYSTAL-B3PW calculations on the
electronic properties of a single F' centre in the un-relaxed (or partially relaxed) SrTiO; lattice show
formation of the defect band below the conduction band bottom, which is mainly composed of 3d(z%)

orbitals of the two nearest Ti ions. Its separation Aggb_gap from the conduction band bottom approaches

0.49 eV with a negligible dispersion &4 0f the bandwidth (0.02-0.03 eV) for both 270- and 320-
atomic supercells. Redistribution of the electronic charge around oxygen vacancies remains well localized
in large supercells, i.e. the interaction between homogeneously distributed point defects is practically
eliminated. However, CRYSTAL recalculations of VASP-optimized SrTiO; superlattices containing F
centres substantially change parameters of the electronic structure. More careful study of these
unexpected changes should be done. This paper clearly demonstrates the advantage of combining the
VASP plane wave calculations [20] with the CRYSTAL calculations based on the localized basis sets [19].
The former is necessary for the complete optimization of lattice relaxation upon vacancy creation, even
for large supercells, whereas the latter allows us to study details of the electronic structure for both un-
relaxed and relaxed lattice.
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The results of ab initio DFT plane-wave periodic structure calculations of the surface of LaMnOs (001) are presented and
discussed. The effects related to three different kinds of pseudopotentials, the slab thickness, magnetic ordering, and surface
relaxation are analysed. The antiferromagnetic surface lowest in energy (that is, spins on Mn ions are parallel in basal plane and
anti-parallel from plane to plane) has a considerable atomic relaxation up to forth plane from the surface. The calculated (Bader)
effective charges and the electronic density maps demonstrate a considerable reduction of the Mn atom ionicity on the surface
accompanied by a covalent contribution to the Mn-O bonding. These results are compared with hybrid LCAO-B3PW calculations.
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1. Introduction

Sr-doped LaMnO; perovskite crystal (LMO) attracts great attention as a cathode material for solid
oxide fuel cells [1] as well because of its bulk magnetic properties [2-5]. Surprisingly, LMO surface
properties have been studied very little, especially theoretically. To our knowledge, there exist only a few
surface structure calculations for manganese perovskites; LSDA study refers to CaMnO; and
La;,Ca;»,MnO; (100) surfaces in their non-cubic modifications [6] whereas our LMO studies of the LMO
(110) surfaces involve both classical shell model [7-9] and ab initio Hartree-Fock (HF) calculations
[10,11]. In the latter papers, the results of first HF calculations for the un-relaxed (001) surface were
reported.

Ab initio calculations of the bulk LMO electronic structure were performed earlier in the HF LCAO
approximation [2,3] and using the relativistic full-potential-GGA LAPW [4]. In these calculations several
different crystalline structures were considered. The ideal perovskite (cubic) structure with five atoms
(one formula unit) per a primitive unit cell (Fig. 1 a), is stable above 750 K, with the experimental lattice
constant 2,=3.95 A. The UHF LCAO calculations [3] gave the optimised lattice constant very close to this
experimental value. In the UHF calculations [2] the tetragonal structure, consisting of /2-4/2-2=4
primitive unit cells of the undistorted perovskite structure, was assumed. For such a structure, it was
found, in both HF and LSDA approximations, that the ground state of LMO is ferromagnetic (FM, spins
are parallel of the all 4 Mn atoms in a supercell).

a)

La Mn O

Figure 1. 1deal perovskite cubic (a) and relaxed orthorhombic (b) structure
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The low-temperature LMO structure is orthorhombic (comprising four formula units, space group
Pbnm, Fig. 1 b). The experimental values of the lattice parameters a = 5.532 A, b=5.742 A, ¢ = 7.668 A
[12], can be compared with a =5 =5.582 A, ¢ =7.894 A for the above mentioned tetragonal structure
containing four formula unit cells, and the experimental value of the cubic lattice constant a;=3.95 A.
The difference in these two sets of structure parameters arises due to strong Jahn-Teller (JT) distortions of
the MnO octahedra and their rotations (this effect is known as MnQOg octahedra tilting). For the orthorhombic
structure, HF, LSDA calculations [2,3], as well as LAPW [4] predict the LMO ground state to be an
antiferromagnetic (AFM) insulator, in agreement with the experiment. The calculated energy of this state
is lower than for the FM state, by 1.055 eV per Mn in the HF calculation and 0.156 eV per Mn in the
LSDA calculation [2]. This demonstrates a strong dependence of the FM-AFM energy difference on the
calculation scheme. The orthorhombic lattice parameters optimised in HF calculations [3] are a = 5.620 A,
b=5.740 A, ¢ =7.754 A. Corresponding to these parameters the “virtual” cubic structure has the lattice

constant g, = %3 (a 2+c+b2 )= 3.97 A. (The latter value is obtained by averaging over the orthorhombic

lattice parameters.) Along with the lattice parameter optimisation, to our knowledge there exists only a
single study on the UHF optimisation of the local atomic coordinates inside the orthorhombic unit cell
[3]. The UHF method was also successfully used for calculating the magnetic coupling constants in LMO
[13]. It was shown that the magnetic coupling constants depend considerably on the hybrid functional
used.

In this paper, we present the results of detailed ab initio calculations for the LMO (001) polar
surface with emphasis on its relaxation for different magnetic configurations. Its MnO, termination could
be important for fuel cell applications, during which adsorption of O, molecule occurs, followed by its
ionization, dissociation and ion transfer in the electrolyte. In order to check results obtained by means of
the UHF, we performed DFT-GGA plane wave calculations which also permit considerably faster
structure optimisation. In Section 2 we discuss basic results for the bulk properties of LMO which serve
as a test of the method ability to calculate the atomic and electronic structure of ABO; perovskites. The
results of surface calculations are presented in Section 3. We analyse how the results depend on the
different kinds of pseudopotentials, the slab thickness, and magnetic ordering. Special attention is paid to
the surface relaxation.

TABLE 1. Projector-Augmented Wave (PAW), Generalised Gradient Approximation (GGA) Pseudo-Potentials (PP)
used in these calculations [14]

Pseudopotential Cut-off energy, eV Nj of valence electrons Valence electrons shell
La 219.044 11 552 5p6 6s2 5d1 (4f)
Mn 269.944 7 4s1 3d6
Mn_pv 269.887 13 3p6 4s1 3d6
(6] 400 6 2s2 2p4
Os 250 6 2s2 2p4

TABLE 2. Optimised lattice constants for a cubic unit cell (A). Expt value is 3.95 A, the k-set is 4 4 4, PP-I, PP-2 and PP-3 correspond
to three types of pseudopotentials — La,Mn,O; La, Mn,,, O,; and La, Mn,,, O--see explanation of the pseudopotentials and magnetic
structures NM, FM and AAF in the text. The relevant unit cells contain 5,5 and 10 atoms, respectively

PP PP-1 PP-2 PP-3
E.eV 269.9 600 269.9 600 269.9 600
NM 3.745 3.751 3.821 3.837 3.815 3.827
M 3.763 3.772 3.887 3.919 3.887 3.917
AAF 3.778 3.791 3.882 3916 3.880 3.908
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TABLE 3. The cohesive energies E; (in eV) for cubic structures as in Table 2 for expt lattice constant (3.95 A) and the relaxation energies,
AE, due to lattice constant optimisation also are shown. The experimental estimate of the cohesive energy is 30.3 eV

PP-1
Ecut 269.9 600
E, Eral AE Eo Erel AE
NM 33.99 35.02 1.03 34.55 3543 0.88
FM 34.85 3551 0.65 35.41 35.92 0.51
AAF 34.83 354 0.57 35.39 35.82 0.43
PP-2
Ecut 269.9 600
E, Eral AE Eo Erel AE
NM 29.66 30.06 0.4 29.59 29.85 0.26
FM 30.7 30.78 0.09 30.62 30.64 0.02
AAF 30.66 30.76 0.1 30.59 30.61 0.03
PP-3
Ecut 269.9 600
E, Eral AE Eo Erel AE
NM 29.91 30.31 0.4 30.46 30.74 0.28
FM 30.94 31.03 0.08 31.49 31.51 0.02
AAF 3091 31.01 0.1 31.45 31.48 0.03

2. Bulk LaMnOj; Calculations

For calculations we employed the ab initio DFT plane-wave-based computer code VASP [14,15].
For the exchange-correlation potential, the GGA-Perdew-Wang-91 was used [16]. We checked results for
three types of the projector augmented-wave pseudopotentials for the inner electrons (referred hereafter as
PP-1,2,3) — La, Mn, O; La, Mn_pv, O_s; and La, Mn_pv, O, where the lower index pv means that Mn 3p
states are treated as valence states, and s means soft pseudopotentials with reduced cut-off energy and/or
reduced number of electrons (Table 1). The typical plane-wave cut-off energy was E, = 600 eV. We
used the Monkhorst-Pack scheme [17] for k-point mesh generation, which was typically 4 4 4 (if not
otherwise stated).

Depending on the four Mn spin orientations in the orthorhombic unit cells of 20 atoms, there are
four possible magnetic orderings: ferromagnetic (FM, all spins are parallel), as well as A-, G-, and C-type
antiferromagnetic (AAF, GAF, CAF). In the AAF case the Mn spins are parallel in basal plane and
antiparallel from plane to plane; in the GAF each nearest neighbour pair of Mn spins are antiparallel, and
in the CAF each nearest neighbour pair of Mn spins are antiparallel in the basal plane and parallel along
the z axis. (We neglect in this paper the fifth option of the ferromagnetic ordering where the spin of one
of the four Mn atoms in the cell is antiparallel to those of the other three.) Neglect of spins on Mn atoms
corresponds to the non-magnetic (NM) state. The ground state electronic configuration of a single Mn®"
ion is ‘[2g3egl (all four electrons have the same spin projection, i.e. a high spin state). The VASP code
calculates magnetic moments on atoms which are not necessarily coincide with the initial guess.

Table 2 and Fig. 2 show the optimised cubic (high temperature) lattice constant for three possible
magnetic states, three kinds of pseudopotentials, and two cut-off energies. As one can see, an increase of
the cut-off energy from 269.9 eV up to 600 eV increases the lattice constant only by 0.01-0.02 A. In all
cases the optimised lattice constant is smaller than the experimental one. The closest agreement is
observed for the FM magnetic ordering and PP-2 pseudopotentials. The optimised magnetic moments on
Mn atoms are close to expected +4 pp. The results for PP-3 potentials are quite similar to those of PP-2,
however, the latter are computationally much less costly. This is why we used PP-2 pseudopotentials in
the surface calculations. Table 3 gives the cohesive energies E, calculated using three types of
pseudopotentials. The cohesive energies were calculated as the difference of the VASP unit cell total
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energy and the sum of the atomic energies of the constituent atoms. The analysis for relaxed and un-
relaxed cubic unit cells shows that the cohesive energies for the PP-1 exceed by 10-20 per cent the
experimental value of 30.3 eV, whereas those calculated using the PP-2 and PP-3 are in very good
agreement with the experiment.

3.96
3.92 P oy
<
PP cut
< 387 - m-- La,Mn,0, 269.9eV
4 ~e-- | a,Mn,0, 600.0eV
2 4l | La,Mn_pv,0_s, 269.9eV
5 b o v La,Mn_pv,0_s, 600.0eV
e : La,Mn_pv,0, 269.9eV
= 380 <« La,Mn_pv,0, 600.0eV
s e | experemental 3.95A
. !
3.76 - .
S - :
3.72 1 1 1
NM FM AAF

Magnetic structure

Figure 2. Optimized lattice constant for a cubic five-atom (NM and FM) and ten-atom (AAF) unit cells

Table 4 presents three optimised lattice parameters of the low-temperature orthorhombic phase and
the cohesive energies for five different magnetic orderings. The atomic coordinates in the unit cell were
fixed according to the experimental data [12]. In agreement with the experiment, the lowest energy
corresponds to the AAF structure. The optimised @ and b lattice parameters are also close to experimental
values; the ¢ parameter differs from the experiment by 0.05 A. Recent calculations [13] based on UHF
and several hybrid functionals also suggest a similar energetic ranging of the magnetic structures:
AAF < GAF < CAF. The results of our atomic coordinate optimisation inside the unit cell with fixed
lattice parameters are summarized in Table 5. One can see that the calculated AAF structure is very close
to the experimental one, while the difference between the AAF and FM structures is small.

Lastly, Table 6 and Fig. 3 present results of simultaneous optimisation of the lattice parameters and
atomic coordinates in the orthorhombic unit cell using four different magnetic ordering. In contrast to the
experimentally observed ground state, the AAF structure in our calculations is higher in energy than FM
structure; however the difference (0.06 eV per Mn atom) lies in the limits of the method accuracy. Based
on these results, we can conclude that the DFT-GGA plane-wave calculation reliably reproduces the low-
temperature experimental structure of the bulk LMO.

TABLE 4. Optimization of lattice constants (A) with fixed experimental positions of atoms inside the orthorhombic unit cell
of 20 atoms (Table 5)

a b c Cohesive energy, eV/cell
Expt.[12] 5.7473 7.6929 5.5367 30.3
NM 5.5285 7.6434 5.5610 29.77
FM 5.7102 7.8063 5.5891 30.84
AAF 5.7661 7.7077 5.5876 30.86
GAF 5.8071 7.6544 5.5628 30.78
CAF 5.7296 7.7927 5.5472 30.79
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TABLE 5. Optimized fractional coordinates of atoms in the orthorhombic unit cell. The lattice parameters a,b,c are taken
from expt. data (Table 4) E.,= 600 eV, the k-set is 4 2 4. Mn coordinates are (1/2, 0, 0)

a b c Cohesive energy,
eV/eell

Expt.[12] La 0.0490 0.25 0.9922
(o} 0.4874 0.25 0.0745

0, 0.3066 0.0384 0.7256

FM La 0.0465 0.25 0.9921
(o} 0.4819 0.25 0.0769

0, 0.2905 0.0406 0.7106

AAF La 0.0507 0.25 0.9920
(o} 0.4856 0.25 0.0775

0, 0.3030 0.0401 0.7202

TABLE 6. Simultaneously optimized lattice constants in the orthorhombic LMO phase (a) and positions of ions inside the
unit cell (b). Ecut =600 eV, the k-setis 42 4

a) b)
a b ¢ enefg}lfl,e:i\\flfcell FM X y z
FM 5.6209 7.9023 5.5381 30.93 La 0.0427 0.25 0.9916
AAF 5.7531 7.7214 5.5587 30.87 O, 0.4840 0.25 0.0741
GAF 5.9431 7.6174 5.5511 30.82 0O, 0.2897 0.0400 0.7112
CAF 5.5792 7.9557 5.4932 30.83 AAF
La 0.0512 0.25 0.9913
0O, 0.4844 0.25 0.0786
0O, 0.3019 0.0406 0.7194
GAF
La 0.0643 0.25 0.9883
0O, 0.4832 0.25 0.0822
0, 0.3193 0.0430 0.7199
CAF
La 0.0409 0.25 0.9915
0O, 0.4859 0.25 0.0704
0O, 0.2921 0.0389 0.7112
30.95 - Figure 3. Cohesive energy (per 5-atom cell), calculated for 20-
. atom orthorhombic cell with optimised lattice constants but
30.90 4 / ﬁxgd.intemal z.itomic e?(periment'al coordinate_s (1-st step);
optimised atomic coordinates with fixed lattice constants,
30.85 g optimised at the first step (2-nd step); and simultaneous
> v optimisation of the lattice constants
é 30.80 /
2 wors ] / Results of the' Unrestrict'ed ’Hartree-Fo‘ck
o . —=—N\M (UHF) method and linear-combination-of-atomic-
8 30104 v 7.7;% orbitals (LCAO) basis set for the LMO bulk and
8 = *V*gﬁg un-relaxeq LMO surfaces were discusse.d in Ref.
s S [11]. In this paper we used DFT-HF hybrlq method
" called B3LYP [18] as implemented into the
2970 CRYSTAL computer code [19]. This permits to

T
2

Optimization step

compare results for two DFT-type calculations with
very different basis sets (plane-waves vs. LCAO).
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3. The (001) Surface Calculations
3.1. PLANE-WAVE CALCULATIONS

Note that in fuel cell applications, the operational temperature is so high (T > 800 K) that the LMO

unit cell is cubic [4,5], and thus JT lattice deformation around Mn ions and related magnetic and orbital
orderings no longer take place. Of primary interest for fuel

AZ cell applications are the LMO surface properties, e.g. the

optimal positions for oxygen adsorption, its surface transport
properties, as well as the charge transfer behaviour. Moreover,
the relaxed surface energies for LMO (001), as we show
below, are about 1 eV, i.e. larger than the JT energy in
LMO [5], and the magnetic exchange energy (107 eV).
vacuum gap Periodic ab initio calculations of the crystalline surfaces are
usually performed considering the crystal as a stack of
planes perpendicular to the surface, and cutting out a 2D

nO, plane slab of the finite thickness but periodic in x,y plane. As the

plane-wave calculations require the translational symmetry

a0 plane | layer in all three dimensions, the 2D slab is repeated periodically
,,,,,,,,,,,,,,,, along the z axis (Fig. 4).

A : Figure 4. Four-plane slab model with indication of supercell parameters
X (a, b, ¢) and vacuum gap

The so-called vacuum gap is by definition the difference between the length of z-axis oriented
translation vector and the slab thickness. We used for vacuum gap the value of 15.8 A. In our
calculations, we used stoichiometric LaO... MnO, slabs of different thicknesses, varied from 4 to 12
planes. These slabs were built of the cubic unit cells where all atoms were allowed to relax along the z
axis to reach the minimum of the total energy. In some calculations we also optimised the lattice
parameters a,b of the surface square unit cell. The surface energy was calculated according to ref. [11]:

E :l( E,,—nE, ;) where Eg,, is the total energy of the stoichiometric slabs with MnO, and LaO

s

terminations, Ep, the bulk energy per unit cell, and n the number of formula units in a slab (half the
number of planes in a slab). When calculating the surface energy for relaxed slabs, we used as the
reference the bulk unit cell energies calculated for the relaxed cubic cells (Table 3).

In Table 7 we compare the results for the un-relaxed and relaxed surface energies for the PP-2
pseudopotentials, NM (spins are neglected, closed shell calculations), FM and AAF (half Mn ions in a
slab have spins up, another two spins down) magnetic orderings. First of all, the AAF magnetic structure,
which mimics the disordered spin orientations at high temperatures, is always lower in energy than the
NM structure where spins on Mn ions are neglected. The typical energy difference is as large as ~1 eV
per Mn atom. In contrast, the FM and AAF configurations are very close in energy. Second, the cleavage
(un-relaxed) surface energy is almost constant, independent on the slab thickness. However, surface
relaxation reduced this energy down, by a factor about two, similarly for the FM and AAF magnetic
structures. The relaxed surface energies show a monotonic but very slight increase with the slab
thickness, up to 0.89 eV for 12-plane AAF slab (Fig. 5). This value is close to that found in recent HF
calculations [11] and even smaller than the energy for the O-terminated (110) surface [7,11]. This means
that the (001) surface is energetically favourable and thus MnO termination could play an important role
in fuel cell and other applications. Third, when the on-plane structure relaxation is also allowed, the
optimized lattice parameters a, b in both cases are smaller than the experimental value, as it occurs also in
the bulk calculations (Table 2). The calculated surface energy for the FM configuration differs from that
for the AAF by no more than ~0.02 eV/unit cell. In order to compensate the dipole moment of a polar
slab, we used dipole moment correction option incorporated into the VASP code.
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Figure 5. Calculated energies for un-relaxed surface
(cleavage energy) and relaxed surface with respect to the

//' —_— " Z coordinates, and Z ,a,b translation vectors for LMO
16 " slabs of different thickness(eV per surface cell)

T AAF doavage The variations of the cut-off energy
> 14 —e— AAF a.p Z relaxed (from the default value of 269.9 eV up to
3 AAF Z relaxed 400 eV) and the vacuum gap (from 15.8
% 12+ —v—PM ab.Z relaxed to 47.7A) as well as dipole moment
8 corrections do not affect the main results.
€ 104 v v In order to reduce computational efforts,
@ - —" we used in most calculations the vacuum

0.8 //,,,/«“"A”/ gap of 15.8 A and the cut-off energy of
< 400 eV. The calculated total magnetic
06 ; . ; . ; . ; . ; . moment is nonzero for the AAF slabs; this
2 3 4 5 6 is 0.9 ug, 0.65 g, and 1.46 g for the 4-, 8-,

Number of layers and 12- plane slabs, respectively.

TABLE 7. Calculated surface energies for the un-relaxed and relaxed (Esu, Es) surface energies (in eV) for LMO slabs of different
thickness using PP-2 pseudopotentials; k-points set Monkhorst-Pack 5 5 1; vacuum gap 15.8 A, a =b is the lattice vector parallel
to the slab (in A), expt bulk value is 3.95 A, different from this values mean result of the optimisation, Ecut = -400 eV

N of planes a=b slab Eaw E,
4 3.95 NM 1.73 0.94
4 3.75 NM 0.91
4 3.95 AAF 1.68 0.74
4 3.83 AAF 0.67
4 3.95 FM 1.65 0.77
4 3.83 FM 0.70
6 3.95 NM 1.74 0.88
8 3.95 NM 1.74 0.80
8 3.77 NM 0.98
8 3.95 AAF 1.74 0.84
8 3.87 AAF 0.79
8 3.95 FM 1.68 0.84
8 3.86 FM 0.75
10 3.95 NM 1.74 0.72
12 3.95 NM 1.74 0.63
12 3.78 NM 0.99
12 3.95 AAF 1.78 0.89
12 3.88 AAF 0.86
12 3.95 FM 1.69 0.86
12 3.86 FM 0.74
14 3.95 NM 1.74 0.54

This is caused by different magnetic moments of Mn ions occupying different positions in the
asymmetrical slab, as illustrated in Fig. 6. The relative atomic displacements and inter-plane distances for
8-plane slabs are shown in Table 8 and Fig 7, respectively. In agreement with bulk and surface energies,
atomic displacements for the AAF and the FM configurations are also similar and strongly differ from
those for the NM state. All Mn atoms are very moderately displaced from the perfect lattice sites, even on
the MnO,-terminated surface. Unlike Mn, La ions are strongly displaced towards nearest MnO,-planes.
Oxygen ions are strongly displaced inwards on the MnO,-terminated surface, whereas they show slight
displacement outwards on the LaO-terminated surface. Both terminations demonstrated considerable
rumpling (i.e. relative displacement of Me, O atoms from the crystallographic MeO plane). Unlike the
AAF and FM, in NM slabs most of atoms are displaced inwards which corresponds to a strong
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compression of the slab. This results from the fact that the optimised NM bulk lattice constant is
considerably smaller than the experimental value of 3.95 A.

TABLE 8. The atomic relaxation for the NM, FM and AAF configurations of stoichiometric LMO 8-plane slab (displacements are along
the z axis, in per cent of the bulk lattice constant of 3.95 A.). Positive and negative signs mean outward displacements from the slab centre,
whereas negative sign — displacement towards the slab centre

relaxation

plane atom AAF FM NM
1 Mn 0.49 0.64 -12.02
02 -4.23 -3.95 -11.16

2 La 8.00 8.12 1.24
O -3.69 -2.57 <791

3 Mn -0.61 0.19 -4.45
02 -4.32 -3.49 -6.19

4 La 5.34 5.69 3.18
O -0.93 -0.15 -1.31

5 Mn -0.37 -0.33 -2.29
02 2.08 2.18 -0.63

6 La -6.41 -6.11 -9.06
(6] -0.01 1.05 -4.27

7 Mn -0.02 0.81 -6.11
02 1.32 191 -5.25

8 La -9.83 -9.05 -16.68
(0] 1.33 2.50 -5.80

To characterise the electronic density distribution, we calculated topological (Bader) charges [20] given
in Table 9. In the bulk these are considerably smaller than the formal ionic charges (La*", Mn*", O%) what is
caused by a covalent contribution to the chemical bonding between the Mn and O ions. MnO,- and LaO-
terminated surfaces demonstrate a quite different behaviour: the effective charges of the LaO termination
remain very close to those in the bulk, whereas the effective charges of the MnO, plane are considerably
reduced. Very likely this is the result of increased covalent contribution to MnO chemical bonding on the
surface. This is in line with our conclusion for the TiO,-termination for the SrTiO; (001) surface [18]. The
effective charges of the rest of the atoms inside the slab are close to the bulk values.

TABLE 9. The effective Bader charges in 8-plane slab (in e), and their difference with those in the bulk
(La-+1.94,Mn - +1.9, 0 - -1.28)

plane atom charge difference
1 Mn 1.63 -0.27
02 -1.21 0.07
2 La 2.06 0.12
(0) -1.15 0.12
3 Mn 1.77 -0.13
02 -1.23 0.05
4 La 2.05 0.11
(0) -1.26 0.01
5 Mn 1.73 -0.17
02 -1.26 0.02
6 La 2.00 0.06
(¢} -1.20 0.07
7 Mn 1.79 -0.11
02 -1.34 -0.06
8 La 1.99 0.05
(0) -1.33 -0.06

36




Spin density (Mn)
o
L

6
44
24
24
44
T T T T T T T 1

-5 0 5 10 15 20 25 30 35
Z,A

spin density(Mn)

Solid state physics

Figure 6. Spin density for four- (a) and six- (b) layer AAF-type slabs along the [001] direction
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Figure 7. Inter-plane distances in relaxed AAF-(a) and FM-type (b) slabs. The distance between the planes in the bulk
is shown by the solid black line

Lastly, Fig. 8 and 9 present the difference electronic density maps for the top un-relaxed MnO, and
LaO planes, calculated with respect to the superposition of atomic densities and the self-consistent density
for similar atoms in the bulk plane. From these maps the following conclusions could be drawn: (a) the
considerable covalent contribution in the Mn-O bonding takes place, (b) the effective charges on the
MnO, surface are reduced as compared with those in the bulk.
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a)
45 -0 05 00 05
Figure 8. The difference electron density maps for the top un-relaxed MnO (a) and LaO (b) planes calculated with respect
to the superposition of atomic densities. Isodensity increment is 0.01 ¢/A’, full and dashed lines mean positive
and negative electron densities, whereas dot-dash line is a zero level
a) b)

Figure 9. The difference electron density maps for the top un-relaxed MnO (a) and LaO (b) planes calculated with respect
to the superposition of self-consistent density for similar atoms in the bulk. Isodensity increment is 0.01 e/A*

3.2. LCAO CALCULATIONS

In B3LYP LCAO calculations we used four-plane stoichiometric (001) slabs. The slabs contain two
Mn atoms per unit cell and thus could have several magnetic states: NM, FM and AAF. Table 10 presents
calculated surface energies for un-relaxed and relaxed (001) surface.

TABLE 10. LCAO-calculated energies for un-relaxed (cleavage energy) and relaxed surface for four-plane slabs in different
magnetic state (eV/surface cell)

slab Eaw E

NM 1.78 0.49
AAF 2.00 1.98
FM 1.81 0.47

As one can see from a comparison of Table 5 and 10, the cleavage energies calculated by two
methods are close, whereas the relaxed surface energy is lower in the LCAO calculations. Table 11 presents
the calculated effective charges of atoms for the three magnetic configurations.
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TABLE 11. The effective (Mulliken) atomic charges calculated for the NM, FM and AAF cases in the LMO bulk (a)
and in the four-plane un-relaxed slabs (b), respectively

a)
BULK, effective charges NM AAF UHF
La 2.61 2.62 2.79
Mn 1.87 2.04 2.16
03 -1.49 -1.55 -1.65

b)

NM FM AAF
Plane charge difference charge difference charge difference

1 La 243 -0.18 2.44 -0.18 2.45 -0.16
o -1.74 -0.25 -1.76 -0.21 -1.79 -0.23
2 Mn 1.79 -0.08 2.00 -0.05 1.99 -0.05
0, -1.49 0.01 -1.56 -0.01 -1.50 0.05
3 La 2.58 -0.03 2.57 -0.05 2.55 -0.07
o -1.49 0.00 -1.47 0.08 -1.57 -0.02
4 Mn 1.91 0.04 2.04 0.00 2.03 -0.01
0, -1.26 0.24 -1.34 0.21 -1.33 0.22

The conclusion could be drawn that the effective charges in the LMO bulk calculated using the
B3LYP for the NM and FM configurations are quite close, whereas UHF used in previous studies [13]
gives more ionic charges.

Analysis of charges for the FM and AAF cases shows that on the Mn-terminated surface these are
nearly the same as in the bulk, whereas O becomes less negatively charged. On the other hand, the O on
the La-terminated surface is more negative than in the bulk, as well as La atom. In the NM configuration
all surface atoms, except Mn, become more negative, in contrast to the two other cases discussed.

Analysis of the atomic displacements (Table 2) shows that the surface La atoms are strongly relaxed
inwards, whereas O in the same plane are displaced much less and outwards. Similarly results hold for all
three magnetic configurations.

In contrast, Mn atoms on the opposite surface are displaced inwards, to the slab center, so do O atoms.
Unlike the VASP calculations, in CRYSTAL calculations NM and two other magnetic configurations reveal
quite similar atomic displacements. In both methods, La atoms show the largest compressive displacement,
while O atoms in the same plane move in the opposite direction (in AAF an FM cases).

TABLE 12. Atomic displacements along the z axis perpendicular to the surface, in percent of the bulk lattice constant. Positive sign means
displacement outward the slab center, negative sign-inwards

Plane NM FM AAF
1 La -11.29 9.82 -11.31
(6] 0.05 1.26 -0.26
2 Mn -0.31 0.51 0.07
02 0.78 1.86 1.15
3 La 6.02 5.58 6.67
0 2.52 -2.55 2.13
4 Mn -2.95 -0.35 -3.92
02 -5.27 -3.50 -4.91
Conclusions

Our first principles calculations show that the surface energy of polar LMO (001) surface is smaller
than that calculated earlier for the (110) surface. This indicates the (001) this surface could play an
important role in the oxygen-related processes in fuel cells and other high-tech applications. For the first
time we calculated the (001) surface relaxation which reduces the surface energy by a factor about two. In
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the modelling of this surface, even at high temperatures when Mn spins are randomly distributed and no
magnetic effects take place, one should not neglect the atomic spins but treat the slab in the AAF
configuration where the total spin is close to zero. Our calculations give a good starting point for the
modelling of molecular adsorption and diffusion on manganite surfaces.

The two different implementations of the DFT method — plane waves and LCAO — show reasonable
agreement on atomic relaxation, effective charges and surface energies.
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Llensro paboThI SABIACTCSA HCCICAOBAHME CBOWCTB airOPHTMa IEHETHYECKOTO MPOrPAMMHPOBAHHS, a TAKKE BBHIIOIHCHHE
CPaBHHUTEJIBHOTO aHAIN3a C HEHPOHHOI CeThI0 DIIMaHa JUIsl 3a/1a4i yIpPaBJICHHsS] arCHTOM B KJIETOYHOM Mupe. J{iist peleHnst 3a1a4u
paspaboTaHbl JBa MPOrPAaMMHBIX HPOJYKTAa: MHEPBBI pealM3yeT ajirOpuTM TI'eHETHYECKOro IPOrpaMMHPOBAHHs, BTOPOH —
HEHpOHHYIO ceTh DnmaHa. Bee mporpammHbie IpoyKThl peanu3oBaHbl Ha si3bike Object-Pascal B cpene Borland Delphi.

B nanHoii paboTe KaxIblii METO]] HCCIIEI0BAH OT/IENIbHO, 3aTEM IIPOU3BE/ICH UX CPABHUTEINILHBIN aHAIIU3.

Knrouesvie cnosa: cenemuueckuili aneopumm, 2eHemudeckoe npocpamMmuposanue, HeupoHHdas cemv ODIMAHA, KIeMOUHbIL MUp,
Hagueayus azenma

1. BBenenne

Knemounwuii mup. Knetounslii Mup npecrasisieT co0oi AByMEpHOE IpsIMOoyrojibHoe nose (puc. 1),
noaenéHHoe Ha kieTku [3]. KneTka MoxeT ObITh CBOOOIHA WIIM 3aHATA MPEMATCTBUEM. 3a/ada areHTa —
000WTH 3aJaHHOE TPEMATCTBHE IO TEPUMETPY. ATEHT MMEET BOCEMBb CEHCOPOB: N-«CEBEp», S-«roT»,
E-«Boctok», W-«3anany, NW-«ceBepo-3anan», NE-«ceBepo-BocTok», SW-«toro-3amnany», SE-«oro-Boctox.
CeHcopbl MO3BOJISIOT areHTy «BHIETBY IMPEISTCTBUSI BOKPYT ce0sl Ha pacCTOSIHUM OIHOW KIIETKH. ATEHT
MOJKET TIepeMeIaTbesi B 4eThIpéX HampapineHusx: GN-«Ha ceBep», GS-«Ha tor», GW-«Ha 3anan», GE-
«Ha BOCTOK». ATEHT HE MOXET IepeMeIaThcs 110 KIETKaM C IPENsTCTBUSAMH (Ha PUCYHKE areHT 0003Ha4eH
OyKBOH «A»).

N | N NE
w | A E
HEEEN - B -

H B
..... - Wero TeHETHYECKOTO MPOrpaMMHUPOBAHHUS
. .---. (I'IT) Bmepeeie npemioxkmn JHxon Koza B 1992

roay, OmnvpasCb Ha KOHLCIIIUIO T'€HETUYCCKUX

. .---. anroput™oB (["A). DTa nnes 3axkimodaercs B TOM,
yto, B oriunune ot ['A, B I'll Bce omepanuu

Puc. 1. TlpumMep KJIETOYHOTO MUPA areHTa

TIPOU3BOIATCA HE HaJ CTPOKAMH, a Haj JEPEBb-
- . amu. TIpu 5TOM HCIONB3YIOTCS TaKHe XKe orepa-
- . TOpbI, Kak U B T'A: cesekuus, CKpelluBaHUe H
mytanust. [103ToMy, 4TOGBI JIydllle TIOHAThH AIro-
PHUTM T'€HETHHECKOTO TIPOTPAMMHUPOBAHHUS, HEOD-

MN=0r S=1- W=0 E=0 FNw=0r NE=0D SW=0 SE=( XOAUMO OIMUCATh NTCHCTUYCCKUC aJITOPUTMBI.
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2. 'eHeTHYecKHe AJITOPUTMBI

I'A paboTtaioT ¢ COBOKYIMHOCTBIO "0ocoOei" — momyJsisiiueid, Kakaash U3 KOTOPBIX IPEICTABIISET
BO3MOJXKHOE peleHue JanHoi npobnemsl [1,2]. Kaxaas ocoOb oneHuBaeTcs Mepoi ee "npucrocoOieH-
HOCTH" COTJIaCHO TOMY, HaCKOJIbKO "XOpOoIIo" COOTBETCTBYIOIIEe € pelleHue 3aaadu. B mpupone sto
9KBUBAJIEHTHO OLICHKE TOr0, HACKOJBbKO 3(p(heKTHBEH OpraHu3M B BDKMBAaHHU M KOHKYPEHTHOU OophOe
3a pecypchl. Hanbomnee nmpucmocoOieHHbIe 0CO0H MOTYYal0T BO3MOKHOCTh "BOCIIPOU3BOJHTE" TIOTOMCTBO
OpH MOMOLIYA MEXaHH3MOB CKPCIIMBaHUS C APYTUMHU OCOOSMH MOMYJISALMU. DTO MPUBOAUT K IOSBICHHIO
HOBBIX 0CO0EH, KOTOpBIE COYETaIOT B ce0e HEKOTOPhIC XapaKTEPUCTHKH, HAcJIeJyeMble UMU OT POJHTEIICH.
Hanmenee npucrnocoGiieHHbIe 0CO0M ¢ MEHbBLICH BEPOSTHOCTBIO CMOTYT BOCIIPOM3BECTH MOTOMKOB, TaK
YTO TE€ CBOWCTBA, KOTOPBIMH OHHM 00Jananu, OyIyT NMOCTEINEHHO MCYe3aTh M3 MOIYJILUH B IpOLEcce
9BOMIOIMH. MIHOT1a IPOUCXOMAT MyTallMH, HJIH CIIOHTaHHbBIC H3MECHEHUS B TeHaX.

[peumymectBo ['A cOCTOUT B TOM, YTO OH HaXOJUT NPHOIM3HUTEIbHbIE ONTHMAIIBHBIC PEIICHUS 3a
OTHOCHUTENBEHO KOPOTKOE BPEMsl.

B o6miem ciiyuae st pabotsl ['A Heo6xomuMo c(hOopMUPOBATH CIEAYIOIINE KOMIIOHEHTBI:

e Xpomocoma (peleHne paccMaTpuBaeMoi IIPOOIIEMBb), COCTOSINAS U3 TEHOB;

® HaydaJIbHasd MOITYJIAIHUAg XpOMOCOM;

e HaOop omepanuil CEeNeKUUH, CKPCIIMBAaHHMSA W MYTALMH Ul TCHEPAl[Md HOBBIX PELICHHH W3

HpenbAy e MOnyIsAInY;

e 1ierneBast QyHKIMS U OLCHKH IpucriocoOseHHocTH (fitness) pemeHni;

e KpuTepuil (IpU3HAK) OCTAHOBA.

Takum oOpaszom, 4yToObl mpuMeHHTh ['A K 3a/ade, cHayaia CcieayeT BBIOpaTh METOJ KOIUPOBAHUS
pemenwii B Buze cTpoku. Ilpumep xpomocomsl B I'A: 000110110.

3. OCo0eHHOCTH IeHeTHYECKOr0 MPOrpaMMHPOBaHNS

B T'TI xpomocomam¥u SIBJISIFOTCSL TPOTrpaMMBbl. [IporpaMMBl MpezicTaBlieHbl B BUE JIEPEBbEB C (PyHK-
IIUOHAIBHBIMU (TIPOMEXYTOUYHBIMH) U TEPMHUHAJIBHBIMH (KOHEYHBIMH) 3JIEMEHTaMH. TepMHHAIbHBIMU
JJIEMEHTaMHU SIBJISIFOTCS KOHCTAHTHI, JeHcTBUS M (yHKIMM 0e3 apryMeHTOB, (DyHKIMOHAJIbHBIMH —
(YHKIIMH, HCIIOJIB3YIOIINE apIyMEHTBHI.

B kauectBe mpumepa pacCMOTpUM NpOrpaMMy, IPEACTABICHHYIO Ha pHC. 2 B BUJE AE€PEBA:

IF (IF (OR (Wall South; NOT (Wall East)); Go West; Go North); Go East; Go North).

TepMUHAIBHBIE 3JIEMEHTBI:

T = {Wall South, Wall East, Go West, Go North, Go East}.

OYHKINOHAIBHBIE JIEMEHTBHI:

F = {IF, OR, NOT}.

Puc. 2. ]IpeBOBHJIHOE NPEJICTABICHUE ITPOrPAMMBI

Jnst Toro uto6sr mpuMeHuTh 1Tl kK kKakoi-mbo npobiaeme, moMuMo KoMIoHeHT I'A, HeobxoauMo
oIpeIenuTh cieayoue, cnenuduueckue ast ['T1 KOMIOHEHTHI:

® MHOXECTBO TEPMHHAIBHBIX 3JIEMEHTOB;

® MHOXECTBO (l)yHKIJ,l/IOHaJ'le]:lX JJICMECHTOB.

Aunroputwm pabotsl ['T] Takoii e, kak u B ['A: cenexuusi, CKpeIuBaHUue U MyTalHs.
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4. HeiiponHnas ceTb JjMaHa

PexyppeHTHast HeHipoHHas ceTh JMaHa [4] npeacTaBisier co0ol CHHXPOHHYIO, OMHAPHYIO ABYXCIIOHHYIO
CETh C 00PaTHOH CBSI3BIO OT BBIXO/A K BXOAY CKPHITOTO cJos (puc. 3).

Bxon Pexyppentubiil caof TunefAuua cnofi
f__'k_'\ ~ - il -
-~ =
P X —I-f—"_*
1T »! “
o S e ey T | A
- | - »
- ; b:; - - I bi’
- 5 . 1
TP
| ]
v P Y
K ontexcrani
cioi

Puc. 3. CTpyKTypHas cxema peKyppeHTHOH HEHPOHHOM ceTn DiMaHa

Kaxxmprit CKpHITBIII HEMPOH MMEET CBOW aHAIOT B KOHTEKCTHOM clioe, 00pa3yroeM COBMECTHO C
BHEITHUMH BXOZAMH CETH BXOIHOH cioil. B kadecTBe QyHKINH aKTHBAIMK HEHPOHOB CKPBITOTO CIIOS
OOBIYHO HCIOJB3YIOTCA CUTMOHMIANBbHBIE (YHKIUH. BBIXOIHON CIIOM COCTOMT M3 JHMHEHHBIX HEHPOHOB,
OJTHOHAIIPABJICHO CBSI3aHHBIX TOJBKO C HEHPOHAMH CKPBITOTO ciosl. PeKkyppeHTHas CTpyKTypa CeTH
OnMaHa MO3BOJIET yYUTHIBATh HEMOCPEICTBEHHOE BIMSHUE CHUTHAJIOB B MOMEHT (n — 1) Ha moBeneHue
CCTHU B MOMCHT 1.

5. Illeab uccienoBanus

OCHOBHOI 11€J1b0 pabOTHI SIBISIETCS] NCCIIEJOBAaHUE CBOWCTB aJlrOPUTMa I'€HETHYECKOTO ITPOTpaMM-
MHPOBaHHMS, a TAK)KE CPAaBHUTEIbHBIN aHann3 ¢ HelipoHHOH ceThio (HC) Dnmana [uist 3a1aun yrpaBieHus
areHToM B KieTo9HoM mupe [3, 5]. st mocTiskeHns Lenu HeoOXOAMMO BBIMOJHHUTH PAZ MoA3ajad, a
UMEHHO:

® [pPOrpaMMHYI0 peanusauuio anropurma I'Tl;

® [IPOrpaMMHYIO peaTu3aliio HEHPOHHOI ceTn DIMaHa;

® HCCIIEIOBAHHE BIMSHHUS Ha CKOPOCTh 00ydeHms mapamerpoB 1] Takux, Kak pa3Mep HadalbHOU
MOomyJIdnuu, Fﬂy6l/IHa JACPCBLCB B HadaJbHOH nonyJidnuuu, BEPOATHOCTh MyTalll, BEPOATHOCTDH
CKpEILIUBAHUS.

st uccnenoBanus NPUMEHSIOTCS OPUTMHANIBHBIE IPOrPAMMHBIE IIPOAYKTHI:

e [IPOrpaMMHBIM MPOAYKT, peanusyrolmuil 3BostonuoHHbll anroput™m I'TI, 3amaga koToporo —
W3y4YHUTh BIMSHHUE KOJIMYECTBA HEWPOHOB B CKPHITOM CJOE€ Ha CKOPOCTH OOydYeHHS HEWPOHHOH
cetu DJIMaHa;

® [IPOrpaMMHBIN MIPOAYKT, PEaTH3YIOUIHA HEHPOHHYIO CeTh DIIMaHa.

OCHOBBIBasiCh Ha TOJYYECHHBIX PE3yJIbTaTax, HPOBEAEH CPaBHUTEIBbHBIH aHAIM3 METOIOB IO HX
CKOpOCTH pemnieHust 3anaun. B ciyudae I'TI — 3TO moncK penreHust 3BOJIIOIMOHHBIM METOJIOM, B CITydae
HEHPOHHOM ceTn DIMaHa — 00y4YeHHE C LENbI0 PACIIO3HABAHUS AP «COCTOSIHUE — IEHCTBHEY.

6. lIporpamMHasi peajusauust

[IporpamMMHEI TPOMYKT, peanu3yromuii padoty aimroputma ['Tl, mo3BonseT 3agaBaTh OCHOBHBIE
napamerpsl anropurma I'TI. IlporpamMma Takke MO3BOJSIET NOJYy4YaTh pa3iMuYHbIE JAaHHBIE IO KaXKIOH
UTepaIMy KaK B II(PpOBOM, Tak U B rpadudeckom Buae (cMm. puc. 4 u 5).
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Puc. 4. Pa3mep ¢uTHeca B 3aBUCHMOCTH OT HOMepa urepanun (Meroxom I'T)

'
'
e

28

bI-E

04

(B cEEYHOAX)

Bpena paboTel Npo paEmie

Puc. 5. Pa3mep ¢utHeca B 3aBUCUMOCTH OT BpeMEHHU paboThl mporpammel (Metoxom I'TI)

TO3BOJIACT 3aJaBaTb OCHOBHBIC ITapaMETPhbL

1 IPOJYKT, PeaIu3yOLUii HEHPOHHYIO CETh,
OnMana, a TakKe MoJTyJaTh Pa3IndHbIE JaHHbIC M0 KAKIOH UTepalyy Kak B HU(PPOBOM,

TaK " B rpaduueckom Buze (puc. 6 n 7).
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Puc. 6. KonmmaecTBo 0mHIOOK B 3aBUCUMOCTH OT KolIM4ecTBa urepamuii (merogom HC)
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Bpema paboTel NpompEkel (B CEI{yH,I[aX)

Puc. 7. KonnuectBo onmbOK B 3aBUCUMOCTH OT BpeMeHH padoTsl mporpammbl (Metogom HC)

7. Ilony4eHHbIE Pe3yabTAThI

Knemounwvie mupwr. Ha pucynkax 8, 9, 10 u 11 npuBeaeHsl KIeTOYHbIE MUPBI, B KOTOPBIX MPOU3BO-
JWJINCh 9KCIEPUMEHTHI C Pa3IMYHBIMU NapaMmeTpamu o0oux MeronoB. [lepBbie Tpu Mupa SBISIFOTCS
MapKOBCKMMH, a YETBEPTBII MUp SIBISETCS HEMApKOBCKMM. B mociegHeM HpPUCYTCTBYIOT 3JIE€MEHTHI,
oOpasyrollye Takiue COCTOSHMS areHTa, KOTOpPble OJHO3HAYHO HE ONpPEeAeIAIOT AalbHEHIIero Halpas-
JICHWSI €T0 JIBIDKCHHS, IPYTHMH CJIOBaMH, TPEOYeTCsl O-pa3HOMY pearnpoBaTh Ha OJHH U TE YK€ COCTOSHHSI.
[TpuMepom HEMAapKOBOCTH MOJKET CITYXHTh 3JIEMEHT «KOPHIOpa», B KOTOPOM areHTy, COTVIACHO PEIICHHIO,
HEOOXOJMMO NPOMTH BHAa4aje B OJAHOM HANpaBJICHHUHM, a 3aTeM — B 0OpaTHOM. Tak Kak 3KCIIEPUMEHTHI
mokaszand, 9ro anroput™ ['TI He MoxeT 00ydaThCs B HEMapKOBCKUX Cpelax, TO U3 dKcrepuMeHToB ¢ ['T1
4yeTBEPTHIN MUP ObLT UCKITIOUYEH. BpeMsi paboThl IporpamMmM u3MepsieTcs B CEKyH/Iax.
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Bruauue pasmepa nonynayuu Ha ckopocme 00yuenus ancopumma I'Tl. Ha puc. 10 u 11 npuseneHs
rpauku, 0ObEIMHSIOMIE B ce0e Pe3ysIbTaThl SKCIEPUMEHTOB C Pa3MEPOM HOIYILUH UL TPEX KIETOYHBIX

MHPOB.
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Puc. 11. Konmyecto urepauuii I'TI B 3aBUCMMOCTH OT pa3Mepa MOIyJIaHu

W3 rpadukoB BUAHO, YTO CIMIIKOM MaJEHBKHH pazMep MOMYJISALUH YBEJIMYMBAET BpeMsi paboThI
anroput™a ['Tl. YBenuuuBarh pasMep MOIYJSIIAKA MMEET CMBICT TOJNBKO B JIBYX CIIydasX, KOrja He
ynaércsi HaliTH ONTUMAaJIbHOE PELICHHUE WIIH KOT/1a He00XOIMMO CHU3HUTh KOJIMYECTBO UTEPALIU.

Brusnue nauanvroil enybunst oepeves Ha ckopocmu obyuenus aneopumma I'Tl. Ha pucyrkax 12 u
13 mpuBeneHs! rpaduku, oOBEAUHSIONNE B ceO€ Pe3yNbTaThl SKCIEPUMEHTOB ¢ HAYAIBHOU TITyOMHOM

JIEpeBbEB IS TPEX KIETOYHBIX MUPOB.
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Puc. 12. Bpemst pabotsl nporpammbl I'TI B 3aBUCHMOCTH OT HaYaJabHOU IITyOHHBI IEPEBbHEB
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Puc. 13. KonuuectBo uteparuii I'Tl B 3aBUCUMOCTH OT HayallbHOMU IiTyOUHBI I€PEBbEB

U3 rpadukoB BUHO, YTO JIy4Iille BCETO UCIIOIb30BATh MUHUMAJIBHO JIOMYCTUMYIO TIIyOUHY JepeBa.

Brusnue eepossmnocmu mymayuu na ckopocmo 0byuenus aneopumma I'T1. Ha puc. 14 u 15 npuse-
JICHBI Tpap UK, O0BEAMHAIONINE B ceOe Pe3ysIbTaThl IKCIICPUMEHTOB C BEPOSITHOCTHIO MYyTAITUH IS TPEX
KJIETOYHBIX MUPOB.
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W3 rpadukoB BUAHO, YTO ONTHMAIbHO HCIIONH30BaTh 3HAUEHHE BeposTHOCTH MyTammu 0—15%,
JlaNibHEHIIIee TTOBBIIIEHHE BEPOSATHOCTH MYyTallMX BeIET K YBEJIIMUECHHUIO BpeMeHH paboTs! anropurma ['T1.

Brusnue seposmuocmu ckpewusanusi na ckopocmo 00yuenus aneopumma I'T1. Ha puc. 16 u 17
TpUBENIeHbI Tpaukn, 00BEANHAIOMIE B ceOe pe3ybTaThl AKCIIEPUMEHTOB C BEPOSTHOCTHIO CKPEIIMBAHH
U TPEX KIIETOYHBIX MHUPOB.
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Puc. 17. Komryecto urepanuii I'TI B 3aBUCMMOCTH OT BEPOSITHOCTH CKPEIIMBAHUS

U3 rpadukoB BUIHO, YTO BpeMst pabOThI MPOrpaMMbI M KOJIMUECTBO MTEpALMil HE OUEHb 3aBUCST OT
BEPOSATHOCTH CKpPEUIMBAaHUS. Takue 3aKOHOMEPHOCTH BBIIBUTh HE YNANOCHh: MPOTpaMMa OIMHAKOBO
OpIcTpo 00yyasachk ¥ ¢ HU3KOH M C BBICOKOH BEPOSITHOCTHIO CKPELLIMBAHMS.

Brusinue xonuuecmea HetipoHo8 8 CKpbIMOM Cll0€ HA CKOPOCMb 00yUeHUsl HetPOHHOU cemu DIMAana.
Tak xak HeHpPOHHAsI ceTh DIIMaHa UMEET «IaMATh NPEABIAYIINX COCTOSIHUNY, TO OHAa CMOTJIa 00y9aThCs H
B HEMAapKOBCKHX CpellaX, MOATOMY B JKCIEPHUMEHTAX y4acTBOBal 4YETBEPTHIM KIETOUHBIA Mup. Takxke
OBUTM TIPOBEJCHBI JIOMOJIHUTENBHBIE 3KCIIEPUMEHTBI C ISATHIM KJIETOYHBIM MHPOM, YTOOBI BBISICHHTb,
HACKOJIbKO A (EKTHBHO HEWpOHHas ceTh DiMaHa JeicTByeT B Oosee cinoxHoMm Mmupe. Ha puc. 18
MPUBEAEH MATHIM KJIETOUHBIM MUp. [IAThII KIETOUHBIIA MUp SBISETCS HEMAPKOBCKHM.

Ha puc. 19 u 20 npuBenensl rpaduku, oObSIUHSIONIUE B ceOE pe3ysbTaThl SKCIECPUMEHTOB C
HEHPOHHOW CEThI0 DIIMaHa IS IISATH KIETOYHBIX MUPOB.
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U3 rpadukoB BHIHO, 4TO JJIS HEPBBIX TPEX MHUPOB PE3yJIbTAThl MPUMEPHO OJMHAKOBBL. Bce 3TH
MHpPBI 00J1a/Ial0T CBOMCTBOM MapKOBOCTH. Pe3ynbTaThl 4eTBEPTOrO MHpa OTIIMYAIOTCS, TaK KaK JAaHHBIA
MHp 00J1aJaeT CBOMCTBOM HEMAapPKOBOCTH. 13 rpadKOB BUHO, YTO BpeMsi 00yUYEHHS B MISITOM KIETOYHOM
MHpE CPABHUMO CO BpeMeHEeM 00Yy4eHHS B 4YeTBEPTOM KIIETOUHOM MHUPE, IPU ITOM KOJHUUYECTBO UTEPALIUii
MEHBIIE U CPAaBHUMO C MAapKOBCKHMHU CpelaMH. IJTO TOBOPDUT O TOM, YTO CE€Th DIIMaHa YCIEIIHO
CHpaBJIsieTcsi ¢ 00y4eHHEM B OOJIee CII0KHBIX MHUpPaXx.

Cpasnumenvuwiti anaaus anreopumma 1Tl u nevponnou cemu damana. Ha puc. 21 u 22 nzo0paxeHbl
PEe3yJIbTaThl CPABHUTEIHHOTO aHAIN3a METOIOB.
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Puc. 21. Bpemst paboTbl IpOrpaMMbl B 3aBUCUMOCTH OT KJIETOYHOTO MHpa

60

3

s

Z 50 /.

=3

o 40

s == Bpems 06yyenns HCO
5 30

5 —@=—Bpems 0byyenus M
S 20

©

g " —u

3 = -

g 0 T T |

3] 16 26 29

CnoxHocTb Mupa

Puc. 22. Bpemst paboThl IPOrpaMM B 3aBHCUMOCTH OT CJIO)KHOCTH MHUpa

W3 rpadukos BuaHO, uro anroput™ I'TI npourpeiBaer HelipoHHOI ceTn JnMaHa o0 BpeMeHHU 00yue-
HUS B KIIETOYHBIX MHpax, 00Iafaromux CBOMCTBOM MapkoBocTH. CeTh DnMaHa MoOKasana 3HauYUTENbHO
Jy4IIne pe3yIbTaThl U 3aTPAYNBACT 3HAUYUTEIFHO MEHBIIE BPEMEHH IJIsl HAXOXKICHNS PEILICHNS.

8. AHaJIu3 pe3yJIbTaTOB

B MpoHecce IKCINCPUMEHTUPOBAHUA ObLIN PCUICHDBI CJICAYIOINE 3aJavun:

® JICCIIEZIOBAHO BIIMSHUE [TAPAaMETPOB aIrOPUTMa T€HETHUECKOT0 MPOrPaMMHPOBAHHUS Ha CKOPOCTh
00ydJeHHs anropuT™a;

® HCCIIE[0BAHO BIMSHHUE KOJMYECTBA HEHPOHOB B CKPBITOM CJIO€ Ha CKOPOCTh OOYYECHHUS] HEUPOH-
HOM ceTu DJIMaHa,

® [IPOBEACHBI JOMOJHUTENbHBIEC HKCIIEPIMEHTHI C HEHPOHHOM CeThi0 DIIMaHa;

e MpOBEAEH CPAaBHUTENbHBIN aHAIU3 aJIrOPUTMA FEHETUYECKOTO IPOrPaMMHUPOBAHUS U HEMPOHHON
ceTH DIMaHa.
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HccnenoBanne pa3nuyHbIX MapaMeTPOB aIrOPUTMa T€HETHYECKOTO MPOTPAMMHUPOBAHHMS MTO3BOJIIIO
cAenaTh CIEAYIOLINE BEIBOABL.

1. HccaenoBanue pa3mepa nomyJsiiiu. BbUio BBISBIEHO, YTO CIUIIKOM MaJleHBKUH paszMep
MOMYJIALUY yBEIUIUBAeT Bpemst paboTs! anroputma I'TI. st KIeTOYHbIX MUPOB, UCTIONb3YEMbIX
MPU SKCIEPUMEHTaX, ONTUMAJIBHBINA pazMmep momyisimuu coctasmi 3000-5000 ocobelt. YBemmun-
BaThb pasMCcp Mnonyyisiunu MMECT CMBICT TOJIBKO B ABYX ClIydasdX: €CJIM HE y}laéTCﬂ O6y'~II/ITb
JITOPUTM KJIETOYHOMY MHUPY H €CIIH €CTh HEOOXOIUMOCTh CHU3UTh KOJMYECTBO UTEPALIHIA.

2. HMcceaenoBanne MaKCUMAJIbHOI TJIyOMHBI JepeBbeB B HadaabHOI momynasuuu. [IpoBenén-
HBbIE SKCHEPUMEHTHI MOKa3ald, YTO JIy4dlle BCEr0 HUCIOJb30BaTh MHUHHMMAIBHO BO3MOXHYIO
rryOuHy JepeBa, IPH KOTOPOH BO3MOXKHO 0o0yuuth anroputm I'Tl. [lyis anropurMa, MCIONB30-
BAaHHOTO B JIaHHOW paboTe ¢ NMPHMEHEHWEM NpaBHWJ IOCTPOCHUS AEPEBHEB, MUHHMAJIbHAS U
ONTHMaJIbHAsi MAaKCUMaJIbHasl HadaJlbHasl TIIyOHHa JIepeBBEB B MOIMYJISIIUYN COCTaBHIIa 3—5 y3JI0B.
JanbHeilee yBennueHre Ha4ajlbHOW TIyOMHBI IEPEBBEB CIOCOOCTBYET YBEJIMUYCHUIO BPEMEHH
o0Oyuenns nporpammsl. [Ipu rmyOune nepesa B 11 y3110B yxe He yaamock o0yuuts anroput [T1
BTOPOMY KJIETOYHOMY MHUpY, a IIPH KOJIMYECTBE y3JIOB CBbIIe 11 — 1 ocTanbHBIM MupaMm. 3TO
MMPOUCXOAUT H3-3a TOI'0, UTO B PE3YJbTATC CKPCUIUBAHUA U MYyTallun rny61/1Ha JCPEBLEB OUCHDb
CHJIBHO BO3pacTaeT, YTO CHOCOOCTBYET OBICTPOMY HCTOILIEHHIO PECYpPCOB KOMIIBIOTEpPA MU
OCTaHOBKE MPOTPaAMMBI.

3. HccaenoBaHue BepPOSITHOCTH MyTamMu. B Xoje SKCHOEPUMEHTOB OBLIO BBISBICHO, 4YTO
ONTUMAJIFHOE 3HAYCHHE BEPOSITHOCTH MyTaruu coctaBisieT 0—-15%. lanpHeiimee MOBBIICHNIE
BEPOSITHOCTH MYTAIMX BEAET K yBEIWUECHHUIO BpeMeHn paboTsl anroputma ['TI. Jlns kieTouHsIx
MHPOB U3 00yyaroniell BIOOPKH ONTUMAIbHOE 3HAUYEHNE BEPOSITHOCTH MyTalu cocTaBmiio 1%.

4. HccaenoBaHne BepOSITHOCTH CKPeLIUBAaHMSA. BbIIO BBISIBICHO, YTO MPH BEPOSITHOCTH CKPEIIHU-
Bauus Hiwke 30% He ymaércs oOyunts amroput™ [Tl Bcem mmpam. ITosTomy ucmonb3oBath
BEPOSITHOCTh cKpenuBaHus Hwke 30% He pekomenayercs. [y KIeTOYHBIX MHPOB M3 00yda-
IOIICH BEIOOPKH ONTHMAIbHOE 3HAYCHHUE BEPOSITHOCTU CKPEIIMBaHUsS COCTaBHIO 50%.

Taxxke ObUT BBIBICH HeAOCTaTok anroputMa [1I: oH He MoxeT OBITh NPUMEHEH B
HEMapKOBCKHUX CpeAax.

B mnepBbix Tpéx Mupax (M3 oOydaroiieil BHIOOPKM) YBEJIMYCHHWE HEHPOHOB B CKPHITOM CIIOE€
MPAaKTUYECKH HE BIMAET Ha CKOPOCTh OOYYEHHUS HEHMPOHHOW ceTH DiMaHa. DTO OOYCIIOBIEHO TeM, YTO
3TH Cpellbl SBISIOTCS MapKOBCKMMH. Pe3ynbrar B 4eTBEPTOM KIETOYHOM MHPE OTIMYAETCS, TaK KaK 3Ta
cpella HeMapKOBCKasl.

ITpn yBenuueHHM KOIMYIECTBA HEMPOHOB B CKPBITOM CIIOE€ BPEMs PabOThI IIPOTPaMMbI BO3PACTAET.
Bpemst paGoThl JOCTHTaeT MUHUMYyMa TIPH KOJIMYECTBE HEHPOHOB B CKPBHITOM CIIOE, PABHOM 4; CBBIIIE
9TOr0 KOJIMYECTBO UTEpAlMii HAaUMHAET BO3pPacTaTb. JTO MOATBEPAWIM M JOMOJHUTEIbHBIE JKCIEpPU-
MEHTBI C OoJiee CIIOXKHBIM MHPOM MpPH KOJIMYECTBE HEHPOHOB B CKPBITOM clioe Beimie §. Pasmmunoe
KOJIMYECTBO HEHPOHOB B CKPBITOM CJOE, NMPH KOTOPOM OBUIO JIOCTHIHYTO MHHHMAJIBHOE BpEMs, B
4eTBEPTOM M IIITOM MHUPaX OTJIMYAETCS, TaK KaK CIOKHOCTH ISTOr0 MHpa OoJiee 4eM B /iBa pas3a BBIIIIC.
HOHOHHI/ITGHLHI)IC OKCIICPUMCEHTHBI C MATHIM KJIIETOYHBIM MUPOM I1OKa3aJIl TAKKE, UTO BpEMs O6y'—I€Hl/Iﬂ B
3TOM MHpE CPAaBHHMO CO BpeMEHEM OOydYeHHS B UETBEPTOM KJIETOYHOM MHPE, IIPU 3TOM 3aTPaunBalIOCh
MEHbIIIE UTepanuil. OT0 CBUAETENBCTBYET O TOM, UTO HEMpPOHHAs CeTh DJIMaHa XOPOLIO CIpaBIseTCA
JaXXe CO CJOKHBIMH KJICTOYHBIMHM MHpaMH, a TO, YTO BpPEM:A O6y’{eHl/Iﬂ JOCTUTITIO MHUHHUMYMa IIpUu
UCTIONIb30BaHUN BOCBMH HEWPOHOB B CKPBITOM CJIO€, TOBOPUT O TOM, YTO MOBBIIIATH KOJHYECTBO
HEWPOHOB B CKPBITOM CJIO€ HEOOXOIUMO TOJIBKO IPH YCIOKHEHUH NPETISITCTBHS.

CpaBHMTENbHBIH aHAIN3 aIroOpUTMa TI'€HETHYECKOro MpPOrpaMMHUPOBAaHMS M HEHpPOHHOW ceTH
mokasai, uro anroputm I'Tl mpourpriBaeT HEHPOHHON ceTH DIMaHa B CKOPOCTH, a TAK)KE HE MOXKET OBITh
NpUMEHEH B HEMapKOBCKHX cpeax. B cBoio ouepeznp, HEHpOHHAs ceTh JMaHa criocobHa oOydaTscs B
TaKMX MHpax, a ¢ y4€TOM NPEBOCXOJICTBA BO BpeMEHH OOy4eHHUs Takas CEeTh CTaHOBHTCS Oosee
MPEANOYTUTEIBHON AT PELICHUs 3a7add 00X0Ja areHTOM MPEISITCTBUS 10 NEPUMETPY B KIETOYHOM
MHpe.
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DEVELOPMENT OF STANDARD OPERATING ENVIRONMENT
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It would perhaps be no exaggeration to say that using computers in business increases the productivity and the effectiveness of
management. However, with the increasing of the quantity of workstations in the long run, grows the heterogeneity of computer
systems on workstations. Non-homogeneous systems make the installation of additional applications and users’ support more
difficult, increase help desk calls and time for new application compatibility testing, as well as time of system restoring on desktops;
create the unstable platform for business applications and decrease uptime. It should be noted as well that increasing the time of
updating operation systems and patch distribution decreases the security on the whole As a result, the costs for supporting
workstations extend.

The method of deployment of computer workplaces in educations institutes, middle and large corporations, the principals of
the creation of different types of clones of Standard Operating Environment, the design, creation and deployment of the real system
of Standard Operating Environment based on Microsoft Windows 2000 Professional and Microsoft Windows 2000 Server for the
classrooms of Information Systems Management Institute are discussed.

Keywords: Operating system imaging, Standard Operating Environment

1. Standard Operating Environment (SOE)

For solving the above-mentioned problems we must standardize operation systems and applications
on all desktops and notebooks. The method of standard environment is called Standard Operating
Environment (SOE).

The Standard Operating Environment (SOE) is a specification for standards for computer
hardware, operating system, security and applications software, arrived at through extensive consultation,
development and testing undertaken by * company’s project.

The major advantage of having an SOE within a large scale environment is that the time taken to
deploy and configure a new computer is greatly reduced. In a scenario where departments might be
buying different computer configurations, it is not possible to have a streamlined install and setup process
due to variations such as disk sizes, hardware, and other factors. The SOE concept also includes a life
cycle component and the SOE will be reviewed annually. Hardware will have a life-span of four years.
The concept of the SOE is currently limited to standard Windows-based PCs, but could be extended to
cover other platforms.

Figure 1. With the increasing of the quantity of workstations in the long run, grows the heterogeneity
of computer systems on workstations
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N

Standard Operating Environment (SOE) image includes the following:

i

Operation System Common Software

PDF viewer

& User Profile Settings

Figure 2. Standard Operating Environment (SOE) image

2. SOE image’s best practices
2.1. SEPARATE USERS PROFILES, PROGRAM AND FILES FROM SYSTEM FILES

Best practice is if SOE image has 3 different partitions with:

» Hidden Partition for TOOLS (ZENWORKS, Symantec Ghost system partition etc.);

» Operation System Files;

» Users’ Data Files.

If workstation has software problems with operation system or common software, the best solution
is to clone only System partition from SOE image. This solution decreases workstation down time and
saves User Data Files and User Profile settings (Favourite, Files from Desktop, etc.).

For example, we have workstation with 80 GB HDD. We separate HDD as 10 GB for System partition
and 70 GB for User Data Files partition. If we have crash of Windows system, the only clone System
partition is needed and there is no need to copy 70 GB of Users’ Files from HDD and copy back 70 GB of

Users Files to HDD after imaging.
l v

(7 A

Hidden C:\ D:\
Partition Operation System Files All Users Profiles
for Operation System Installation Users Files
TOOLS Common Software Users Application

o

&

Figure 3. Separate Users’ Profiles, Program and Files from System Files
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2.2. MOVE A USER'S DOCUMENTS AND SETTINGS FOLDER TO D:\ PARTITION

-

~

Move a User's Documents and Settings
Folder to D:\ partition
Microsoft article:

How to Change the Default Location of
User Profiles and Program Settings

http://support.microsoft.com/default.aspx?scid=kb;en-us;322014#2

Figure 4. Move a User's Documents and Settings Folder to D:\ partition

2.3. CUSTOMIZE DEFAULT USER PROFILE

4 )

Customize Default User Profile

Microsoft article:
How to Create a Custom Default User Profile

http://support.microsoft.com/default.aspx?scid=kb:en-us;305709

N\ J

Figure 5. Customize Default User Profile

2.4. SECURITY TEMPLATES PREPARING AND USING

With Group Policy, you can ensure that the machines on your network remain in a secure
configuration after you deploy them. When you create or modify a Group Policy Object (GPO), you can
configure several security settings located under Group Policy Editor (GPE) Computer Configuration,
Windows Settings, Security Settings. As you can see, Group Policy makes it easy to configure security
settings on the machines in your Win2K domain. In addition, two tools, Security Templates and Security
Configuration and Analysis, are extremely useful for applying network security policy and evaluating
whether individual machines comply with the policy, as Image shows. With these tools, you can build
templates with particular security settings, apply the settings to the machines, and then periodically
evaluate the machines to verify that they remain properly configured.

Security Templates. You can use the Microsoft Management Console's (MMC's) Security Templates
snap-in to build different templates that you can import into Group Policies. You can either create a new
policy from scratch or modify one of the built-in policies. After you decide which template to use, you
can import the template settings into your GPO using Group Policy Editor (GPE) by right-clicking
Computer Configuration, Windows Settings, and Security Settings and choosing Import Policy. This
process applies all the settings you configured in the template to all the computers in the container (e.g.,
site, domain, OU) that you link the Group Policy to.

Security Configuration and Analysis. You can use the MMC's Security Configuration and Analysis
snap-in to verify that the security settings you apply with Group Policy are in use. Before you perform an
analysis, create a database to store the results. After you create and open the database and choose the
template containing the settings that you want to apply to a specific machine, right-click the snap-in and
choose Analyze Computer Now to check the actual security settings against the desired settings. You can
also use Security Configuration and Analysis to apply the security template to the machine, but it's better
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to use Group Policy. If you use Security Configuration and Analysis to apply the settings, a user can
come behind you and change the settings. With Group Policy, if a user changes a security setting, it
changes back to its original value the next time Win2K applies the policy.

:'rn Consolel - [Console Root\Security Configuration and Analysis] - o] x|
%) Fle Action View Favorites Whndow Heb == x|
= = |
1 Console Root - A
) Security Configuration and Analys Security Configuration and
=5 Security Templates B
= (& CAWINDOWS\secLrity\templz Analys IS
=& compatws
= @ hisecdc e
& hisecws To Open an Existing Database
= @ LTKF410
= 23 Account Policies 1. Right-click the Security Configuration and
=48 Local Policies Analysis scope item
= 4 EventLog 2. Click Open Database _
= (@ Restricted Groups 3. Select a database, and then click Open
= (& System Services
= (8 Registry To Create a New Database
@ (8 File System
B :_4‘," rootsec 1. Right-click the Security Configuration and
# [ securece | Analysis scope item
@ [§ securews 2. Click Open Database —
® [ setup security ~ 3. Type a new database name, and then click Open
L | | [ 4. Select a security template to import, and then ~|
Done

Figure 6. Snap-ins for MMC console: Security Configuration and Analysis, Security Templates
3. Three main methods of deploying a base operating system
3.1. PURE OS IMAGE

This method is used when hardware is near identical Enterprise wide (Classes, Operation Centre,
etc.). Extremely rapid development of SOE. Fast installation (5-10 minutes). Really examples: SOE
PURE image with higher compression (~ 2:1) 2.6 GB — deploy in 7 minutes; SOE PURE image for
Information Systems Management Institute with higher compression (~2:1) 6.7 GB or 11 CD — deploy in
15 minutes.

3.2. SYSPREP IMAGE

SOE SYSPREP image allows for more varied hardware. SOE can be developed and customized
quickly for middle and large corporation. Fast installation (15-30 minutes). Real example: SOE SYSPREP
image with higher compression (~ 2:1) 2.6 GB — deploy in 20 min.

3.3. UNATTENDED OR SCRIPTED INSTALLATION
Install anywhere — almost hardware agnostic. Installation is extremely slow (3590 minutes).
Scripted installation doesn’t guarantee homogeneous Standard Operating Environment; therefore we

don’t discuss this method of installation. For example restoring of IBM ThinkPad Notebook use
Unattended or Scripted installation takes 120—180 minutes.
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Use when hardware is near identical Enterprise wide

Pure OS Image Extremely rapid development of SOE
Fast installation (5—10 minutes)
SYSPREP allows for more varied hardware
SYSPREP Image . .
SOE can be developed and customized quickly

Fast installation (15-30 minutes)

Install anywhere — almost hardware agnostic
Unattended or Scripted Most complex to develop SOE
Installation Slower installation (35-90 minutes)

Figure 7. Methods of deploying a base operating system
4. SOE image’s distribution
There are 3 main methods for Standard Operating Environment image’s distribution.
Locally from CD, DVD, HDD. Through Network to 1 workstation (Network sharing). From Image

Server through Network to many workstations at the same time (Multicast Image Server). It is the best
approach for fast SOE image deployment in classes, operation centres, call centres, exhibitions, etc.

[ CD, DVD, HDD ]

Through Network (TCP/IP, IPX) with/without PXE

(Pre-boot Execution Environment).

—
s Image Server
—

Figure 8. Sources for Users” Computers and Notebooks cloning
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4.1. POST SOE DEPLOYMENT

System Identification (SID) and Computer Name
Pure OS Image change

(1-5 minutes)

Install Drivers from Network

SYSPREP Image .
(5-30 minutes)

Common Install corporate applications and settings

Figure 9. Post SOE Deployment

4.2. PURE OS IMAGE

When you clone a Windows NT/2000/XP installation to many computers, the destination computers
have the same SID and computer name as the source Windows installation. Because Windows
NT/2000/XP networks use each computer's SID and computer’s name to uniquely identify the computer
on the network, you must change the SID and computer name on each destination (client) computer after
cloning. Computer Security Identifier (SID) and Computer Name should be changed. For example, with
Ghost Walker or NewSID programs. Ghost Walker is a Ghost utility included in the corporate Ghost
Enterprise versions. Ghost Walker is a DOS program that allows you to change the SID and computer
name at each client computer after cloning, that is, before restarting the computer into Windows. NewSID
is a program that changes a computer's SID. It is free, comes with full source, and is a Win32 program,
meaning that it can easily be run on systems that have been previously cloned. NewSID works on
Windows NT 4, Windows 2000, Windows XP and Windows 2003 Server.

4.3. SYSPREP IMAGE

When you clone a Windows NT/2000/XP installation to many computers with different hardware,
Drivers from Network servers should be installed. Time for installation depends on Hardware and
Network speed, 5-30 minutes.
4.4. COMMON

Finally should be installed corporate applications and settings for current User. Centralized and
automated installation of company’s applications and patch distribution to SOE workstations is very

simple, manageable and scalable solution.

4.5. HARDWARE REQUIREMENTS

Hardware requirements is Pre-Boot Execution Environment (PXE) — compatible Network Card with
Ndis2 and Packet Driver. Network Card is needed for SOE imaging and post SOE deployment through
network. For using Pure Standard Operation Environment image hardware should be identical.
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4.6. CHOICE OF SOFTWARE FOR (SOE)

Our choice of software for Standard Operating Environment (SOE) is the following: If company has
NOVELL Network Environment, the best and obvious solution is Novell ZENworks. If company has
only classes or operate centres (Educational institutions, Call Centres, etc.) the best solution is Symantec
Ghost Solution Suite. If company has only Microsoft Windows Network Environment, the program could
be selected from Novell ZENworks and Altiris Client Management Suite.

We chose Symantec Ghost Enterprise Edition for Information Systems Management Institute
Windows Standard Operating Environment (SOE).

QIR
J0Am

595

HP FTP server Company’s
with drivers Firewall HTTP PROXY
server

Drivers
Synchronization

Company’s

Standard
Operation
Environment =
—
Image SOE o
image Drivers = =

\ / Company’s

FTP server

~

g Private IP

HP Laptops

Figure 10. Enterprise solution for deployment Hewlett-Packard workstation in large company with SYSPREP SOE image

4.7. ANALYSES OF STATISTIC INFORMATION OF SOE IMAGE DISTRIBUTION
IN INFORMATION SYSTEMS MANAGEMENT INSTITUTE

Microsoft Windows 2000 Professional Standard Operation Environment (SOE) image for
Information Systems Management Institute has size 6.7 GB with compression (11 CD). Windows SOE
has 11 GB size on the HDD. Microsoft Windows 2000 Professional SOE for ISMI includes 85
Applications, Services Pack 4 and all last fixes. There is “Time of classes cloning (ours)” = “SOE image
deploying to all classes quantity” * “Classes” * “Time of 1 class cloning”, where “Time of 1 class
cloning” = 30 minutes from Symantec Ghost Multicast server.
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There are “Administrators' ours needed for deployment manually” = “Total images deployment” *
“ours needed for manual deployment OS and all applications to 1 workstation”, where “ours needed for
manual deployment OS and all applications to 1 workstation” = 40 Administrator’s work ours.

There are “Administrators' work days” = “Administrators’ ours needed for deployment manually” /
“Work ours in day”, where “Work ours in day” = 8 ours.

TABLE 1. SOE image deploying statistics in ISMI classes

SOE image deploying to 54 workstations in ISMI classes
2003 -2004 2004 - 2005
Total 1.5

I semester II semester I semester II semester year
SOE image deploying to all classes quantity 6 4 3 13
Student workstations quantity 54 54 54
Total images deployment 324 216 162 702
Classes 3 3 3
Time of classes cloning (ours) 9 6 4.5 19.5
Administrators' hours needed for deployment
manually 12960 8640 6480 28080.00
Administrators' work days 1620 1080 810 3510.00
Needed Administrators for this deployment
manually in semester 18.00 12.00 9.00 13.00
Administrators' costs in semester (Ls) 24 300 16 200 12 150 52 650

There are “Needed Administrators for this deployment manually in semester” = “Administrators'

work days” / “Works days in semester”, where “Works days in semester” = 90 days (4.5 months).

There are “Administrators' costs in semester (Ls)” = “Needed Administrators for this deployment
manually in semester” * “Administrator's costs in month” * 4.5 (months), where “Administrator's costs in
month” = Ls 300.

Finally for SOE clone deployment to 54 student workstation of ISMI in 1.5 years (3 semesters):
Windows Standard Operation Environment (SOE) + standardized image deployment software + 1
Computer engineer =

» 702 Windows 2000 SOE images deploying in 1.5 year to 54 students workstations;

» Cut down spending for Ls 52 650 in 1.5 year;

» There are equivalent for work of 13 administrators.

Conclusion

For solving the above mentioned in Introduction problems we must standardize operation systems
and applications on all desktops and notebooks. The method of standard environment is called Standard
Operating Environment (SOE).

The following method — Standard Operating Environment, allows achieving the following results:

» helps to centralize and automate application management, patch management,

» centralizes and automates desktop configuration,

» improves the availability and protection of user’s data,

> keeps systems secure,

> keeps up-to-date operation systems by automating the rollout and maintenance of a standard
operating environment—including the latest patches and updates—across all desktops as well as
the risk of security breaches and virus attacks,

» enables simplified maintenance and reduced help desk calls through standardization,

» facilitates creation and enforcement of a secure computing base for all employees,

» minimizes management variables and costs,

» assures business continuity,

» increases productivity by keeping crucial systems available to users and quickly restores them if
a disaster occurs,

» strategically helps to create holistic damage recovery solution.

In my opinion, Standard Operating Environment (SOE) is more than it is needed for Educational
institutions, Call Centres, corporations, middle and large company.
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B naHHO#i paboTe MOKa3aHO CyIIECTBOBAHME AHAIMTHYECKOTO pEIICHHS KaK JUIsi HECTAllHOHAPHOTO ypaBHEHMS
TEIUIONPOBOIHOCTH, TaK M JUISl THIIEPOOIMIECKOr0 yPaBHEHHUsI HECTAL[MOHAPHOM TEIUIONPOBOJIHOCTH C HEJIMHEHHBIMU TPAHHYHBIMA
YCIIOBUSIMH, OOYCJIOBJIIEHHBIMH HECTALlMOHAPHBIM I1y3bIPbKOBBIM KHIIEHHEM. [10/J00HBIE pelieHus HeoOXOJUMBI NpH pa3paboTke
HOBBIX MHTCHCHUBHBIX W 9KOJIOTHYECKH YHCTHIX TEXHOJOTHH TepMHdeckoil oOpaboTku MarepuanoB. PaboTa sBisercst HadaaoMm
LMKJIa UCCIICI0OBAHMM, BBIIIOJIHSEMBIX B paMKax MeXIyHapojaHoro npoekta «Database for cooling capacities of various quenchants
to be developed with the modern computational and experimental techniques» mox arumoit WSEAS: World Scientific and
Engineering Academy and Society (wWww.wseas.org/propose/project/wseas-projects.htm). Kpome Toro, ananuruueckue peieHus u
HX QHAJIN3 TAK)XE KpailHe HeOOXOMMMBI TP aBTOMATH3AL[MH H KOMIIBIOTEPU3AINH TEXHOIOTHIECKHX IIPOLIECCOB.

Knrouesvie cnosa: ypasnenue menﬂonposoayocmu, 21{}’16[760/714’4601(06 ypasrnenue menﬂonpoeo()ﬁocmu, HenuneliHvle epanudnble
ycaosus, UHMEHCUBHbBLE U IKOJIOCUYECKU YUCHIble MeXHOIocUU mepMuqecme 06]7(160111}(’1,4 Mmamepuanos

BBenenne

Kax n3BectHo (cM., Harpumep, [1—3] 1 CIMCOK COOTBETCTBYIOIIEH JIMTEPATYPhl B HUX ), OXJIXK/IArOIIast
CIIOCOOHOCTD 3aKAJIOUHBIX CPEJ] XapaKTepU3yeTcsi KOMIUIEKCOM BEJIMYHMH, KOTOPbIE BKIIFOUAIOT KPUTHUECKUE
TETIOBBIE MOTOKH, KOA()(UIMEHTHI TEIIOOTAAYH IPH TIEHOYHOM M Iy3bIPHKOBOM KHIIEHHH, a TAKXKe IPU
onHoaszHoi KoHBeKuMH. [l NPOTHO3MPOBaHHWS YCIOBHH TeruiooOMeHa Ha TIpaHHLE HEOOXOIUMO
OIpEJENATh HAYaIbHBIC TEIJIOBBIE IOTOKH B MOMEHT MOTPYKEHUS 3aKaTMBAEMOr0 M3JENIUs B 3aKaJIOYHYIO
Cpelly M CpaBHHMBaThb MX C KPUTHYECKMMH 3HAYECHUSIMHU 3aKaJIOYHOM cperdbl. sl MHTEHCHBHOW 3aKalIKH
OCHOBHBIM SIBJISIETCSl OTCYTCTBHE IJIEHOYHOTO KUIEHUs, a 3TO O3HAYAET, YTO HAYaJIbHBIM TEIUIOBOI MOTOK
JOJDKEH OBITh MEHbIIE KPUTHYECKOTO TEMJIOBOIO ITOTOKA ISl MCIONb3YeMOH 3akaouHoi cpenpl. [lpu
BBIYMCIICHUH HaYaJIbHBIX TEIUIOBBIX IIOTOKOB HA OCHOBE OOBIYHOIO YPABHEHUS TEIIONPOBOAHOCTH PE3YJIb-
TaTbl BBIYMCICHUM BCETNA IONYYalOTCS 3aBBIIICHHBIMM, 3HAYMTENLHO IPEBBIIAIOIUMA KPUTHYECKUE
3HaueHus. [ToaToMy cylecTByeT MHEHHE, 4TO NPH 3aKajKe BCerna HaOJIJaloTCs TPU CTaIUH TeIoo0Me-
Ha: TUICHOYHOE KHUIIEHHE, ITy3bIPHKOBOE KUIIEHHE M OJHO(A3HBbIH KOHBEKTHBHBIM TermiooOMeH. Ha camom
Jielie IJIEHOYHOE KUIIEHUE OTCYTCTBYET, €CJIM HaudalbHbIM TEIUIOBOM IOTOK MEHblIEe Kpurudeckoro. Ilpa-
BUJIbHBIC HaYaJbHbIE TEIUIOBBIE TIOTOKH MOYXHO ITOJYYUTh TOJIBKO HAa OCHOBE PEIIECHHS THIIEPOOIHIECKOTO
ypaBHeHusl. PaccMoTpeHHast B TaHHO# paboTe MaremMaTH4ecKas MOJelb ONMUCHIBAeT (U3NUECKUIl Ipoliecc
WHTECHCHUBHOTO 3aKaJIMBaHUS CTAH (CM. [4-6]).

MHTeHCHBHAs 3aKallka CTAJIBHBIX M3EJIMN XapaKTEPU3yeTCsl OTCYTCTBUEM IIJICHOYHOTO KUIIEHUS U
HaJIMYMEM HECTAMOHAPHOTO ITy3BIPHKOBOTO. B 3TOM Cilyyae BO3HHMKAIOT HENMHEHHBIE TPAHUYHBIC
YCIIOBHs, KOTOPBIE YCIOXKHAIOT aHAIMTUYECKOE pelleHre. B 1aHHOM cTaTbe paccMaTpUBacTCs Ha4albHO-
KpaeBbIe 3aJiauMl JJIsl JBYX THIIOB YPaBHEHHMH — JUIsi OOBIYHOTO HECTAIMOHAPHOIO YpaBHEHHS TEIUIONpPO-
BOJHOCTU U JUISl THIIEPOOJIMUECKOTO ypaBHEHHs] HECTAI[MOHAPHOW TEIUIONPOBOJHOCTH C HENWHEWHBIMU
IPaHUYHBIMHM YCIIOBHSIMH, OTOOpa)KalOUIMMH TIPOLECC ITy3bIPBKOBOTO KHIleHHs. PaccMoTpeHHe IBYX
THIIOB YpaBHEHHH 00YyCIIOBIIEHO TEM, YTO 3aJiada C COOTBETCTBYIOIINM HEJIMHEHHBIM I'PAHMYHBIM YCJIOBHEM
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JUTsL OOBIYHOTO HECTAMOHAPHOTO yPAaBHEHUS TEIUIONPOBOAHOCTH HCCIEAOBAHA Pa3IMYHBIMHU YHCICHHBIMU
METOAAMHU U JUIs STOU 3aJa4yM B HACTOSAIIEE BPEMsl HAKOMWIOCH JOCTATOYHOE KOIMYECTBO IKCIIEPUMEH-
TaNbHBIX JAHHBIX (CM., Hampumep, [2,3]). A 3agaua ¢ aHAJIOTMYHBIM HEJIMHEHHBIM TPAHUYHBIM YCIIOBHEM
JUIsl TUIIEPOOIMYECKOTO yPaBHEHHS HECTAllMOHAPHON TEIUIONPOBOAHOCTH JIMIIh OTHOCHUTEIBHO HEIABHO
Ipeaaragach Kak aabTepHAaTHBHAs MaTeMaTHuecKas MOJIEb. B CBsI3M ¢ BBIIIECKa3aHHBIM JaHHAas paboTa
[IPEACTABIACTCS BAXKHOM — 3a7auya HaXOXICHUS AHAIUTUYECKOIO PELICHUs HCXOJHOW HEJIMHEHHOMN
MaTEMAaTHYECKOW MOJENN CBOAMTCS K 3aladye DPEHICHHS HEIWHEHHOTO0 WHTErPalbHOIO ypPaBHEHHS
Bonpreppa, uTo sBisercs Ooiiee MPOCTON 3amadeil Mo CpaBHEHHE C MCXOMHOW. YMECTHO 3aMETHTb, UTO
IPU HEKOTOPBIX MPEINON0KEHUSX OTHOCUTEIBHO MCXOJHBIX JaHHBIX, aBTOPAMU YK€ JTO0Ka3aHO CYIIECT-
BOBAHHME HEMNOIBIKHOW TOYKM IIOJYYEHHOTO HEIMHEHHOTO MHTETPAJIbHOIO ypaBHEHUs Bonbsreppa.
CrenoBatenbHO, ISl HAXOXKICHUST aHATUTUYECKOTO PELICHHS 3TOr0 MHTETPAIBHOTO YPABHEHUS MOXKHO
INPUMEHUTH METOJ TI0CIIeI0BaTeIbHOr0 NMpHONIKeHnss. OTMETHM, 4TO B JAHHOH paboTe 10Ka3aTesbCTBO
CYILIIECTBOBaHMS HEMOABWXHONH TOUKM JAJs IOJYyYEHHOTO HENMHEHHOTO0 HHTErpajibHOTO oOIleparopa
BouneTeppa, a Takke METOA MOCIIEA0BATENFHOTO PHOIVDKEHHS U1 PEICHNS YPABHEHNS HE IPUBOSTCS.
JlaHHOE 0OCTOSITENBCTBO CBSI3aHO C TEM, YTO paHEe aBTOPHI JIOKA3ald CYIIECTBOBAHHE HEIIOJIBMKHOM
TOYKM Juisi OoJiee IIMPOKOro Kjacca HEJIMHEHHBIX HMHTErpalbHBbIX ypaBHeHHMH Bonbreppa, Hexenu
MOJTy4eHHOE B JaHHON paboTe HEIMHEHHOE HHTETPAJIbHOE ypaBHEHHE, KOTOPOE SBISIETCSI YacTHBIM
CIIydaeM.

AHanoruyHasi NOCTaHOBKA 3a/laud U €€ NPHUOJIKEHHOE pElIeHHe Ha OCHOBE IMapabojMyecKoro
YPaBHEHHsI HECTAIMOHAPHOHN TEIUIONPOBOAHOCTH U HEIMHEHHOTO I'PAaHUYHOTO YCJIOBHS ObIIa MPENCTaB-
nena B pabotax [2] u [4]. Heo6X0QuMOCTh HCIIONB30BaHUS THITEPOOTNIECKOTO YPpaBHEHHS HECTAIIHOHAP-
HOM TEIUIONPOBOJHOCTH CBsI3aHA C HEOOXOJMMOCTHIO BBIYMCIICHHS Ha4aJbHBIX KOHEYHBIX TEIJIOBBIX
MOTOKOB B MOMEHT ITOIPY>KEHUS CTAJIBHBIX M3JENINN B 3aKAJIOUYHYIO CPELy.

1. ITocTaHoBKa MCXOAHOM l'lpﬂMOﬁ Haqanbﬂo-lcpaesoﬁ 3agavum aJas FHHCpﬁOJ’IH‘leCKOFO YpaBHeHUus
TEIUIONMMPOBOAHOCTH

PaccmoTtpum crienyrontyto npsmyto 3aiady: Tpedyercst HalTi GpyHKIuio u(x,f), KoTopasi yaA0BIETBO-
psieT runepOoIMIecKOMY YPaBHEHHIO TEIUIONPOBOJHOCTH

2 2
au(a);’t)ﬁtrr'a ua(;’t) =a2-%f’t)+f(x,t), O<x<l<oo,0<t<T <00, (1)

k
e a° =——. k,c, p, 7. = const.> 0,
c.

HavYaJIbHBIM yCJIOBUAM

u(x,t)‘tzo =u, (x), 0<x<l, )
B (), 052, ®

t=0

TPaHUYHBIM yCJIOBUSAM

ou(xt)
0, 0<t<T, “
ox »
au(x,t) m m
—k- S r:0+,6’ -{u(x,t)xzo—ﬁ(t)} =0, 0<¢<T, )
10

rae m:?, f =const >0,

YCJIOBUAM COTJIaCOBaAaHHOCTH
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uy (1) =1} (1) =0,
—k-uy (0)+ 8" {u, (0)-0(0)}" =0, ©)
m-uy (0)-{u, (0)=6'(0)} =u; (0)-{u, (0)-6(0)}.

Kpome Toro, B (1)~(6) mpenmmomaraercs, 9YTO  HWCXOAHBIE  (YHKOHHA  3amdadu

f(x,t) € C{[O,I]X[O,T]} ., U (x) eC' [0,1] (i = 0,1) , e(t) eC? [O,T] ABJIAIOTCA 3aJAHHBIMH
GyHKIUAMH, HcKOMas (YHKOMS U (x,t ) eC? {[0,1 ]X[O,T ]} , UCXONHblE KOHCTaHTBl 3aauu

2
t,01,T,B,k,c,p,a” raxke ABISIOTCS 32 1aHHBIMH.

2. CBeleHHe MCXOHOI MPSIMOIi 3a]a4i K JKBUBAJICHTHOI eii mpsiMoii 3agaye

Benem HOBYIO (QyHKIIHIO

t

def -
9(x,t) =€ {u(x,1)-0(t)}, 0<x<l, 0<t<T. )
VYurewm (7) moouepenHo B (1)—(6). Torna u3 (1) moxydnm runepOoImIecKoe ypaBHEHHE

829(x,t) a? 829(x,t)+ 1

P :T—r- . e -§(x,t)+ F(x,t), 0<x<l, 0<t<T, (8)
rue
@ = |1 1
F(xi)= e AL flnn)-2-0()-0 (1),
T, T,
u3 (2) momyyum, 9To
()| =% (x), 0<x <, )
def
rne 9, (x) = u, (x)—6(0),
u3 (3) momy4uum, 9TO
09(x,1) =3 (x), 0<x<l, (10)
a |,
w“ 00)
re 9 (x) = 27 ‘ay (x)+u, (x)- ;Tr)—ﬁ (0),
u3 (4) momrydum, 9To
83(x,t)
— =0, 0<¢<T, (11)
x|
u3 (5) nomyuum, 9To
09(x,t) I
—k-7x20+,b’ e -9 (x,t)xzon, 0<¢<T, (12)
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u3 (6) momyyum, 9To

! ! 1 !
% (1)2‘91 (l)_2~_z'r'190 (l):O,
k-9 (0)+ B"- 3" (0) =0, (13)
2m-z.-8(0)-8(0)+(1-m)-&(0)-8,(0) =2-7, -, (0)-&(0).

B 3anade (8)—(13) Tpedyercs onpenenuts GpyHkuuio Kx, 7).

Tak xax npeoOpasoBanue (7) sIBISIETCS HEBBIPOXKIEHHBIM, TO UCXOJHas npsmas 3anada (1)—(6) u
nojiydeHHas npsimas 3amada (8)—(13) sBisrorcst dkBUBaeHTHbIMH. ClieJ0BaTENIbHO, €CIA MBI HAIILIH
pemenne Kx,¢) 3anaun (8)—(13), To yHKIuUs u(x,f), onpenenseMas mo Gopmyie

t

u(x,0)=6(t)+e > -9(x,t), 0<x<l, 0<1<T,

OyzeT penieHueM UCXOAHOU npsiMoii 3aiaun (1)—(6).

YroOs! pemnth 3a1auy (8)—(13), cHavana Mbl cHOpPMYIHPYEM OAHY TPaHUUYHYIO OOpaTHYIO 3a3j1a4y,
peleHne KOTopoi, Kak OyAeT Imoka3aHO HWXKE, €CTh pemeHue npsiMoit 3amaun (8)—(13), u Tem cambiM,
ucxonHas npsimast 3agada (1)—(6) OyaeT moTHOCTRIO peleHa.

3. IIocTaHOBKA COOTBETCTBYIONIEH IPAHUYHOI 00paTHOI 3a7a4K

Paccmotpum ypaBrenwue (8) ¢ HaganbHBIMU ycaoBusAMH (9) u (10), rpaHIYHBIMU YCIIOBHSIMHA BTOPOTO
pona (T.e. KpaeByro 3anauy Helimana) (11) u

83(x,t)

=94 (t), 0<t<T, 14
ox 2() ()

x=0

YCIOBUAMU COTIJIACOBAHHOCTH

%(1)=0,
’ 1 ’
191 (l)_;lgo (1)20,
%(0)=4(0). as)

4(0)=9(0),
k- 3(0)+ "9 (0)=0,
2-m-z, -,91(O)-32(0)+(1—m)-92(O)-SO(O):ZTr-,90(0)-,92'(0).

Temepsr chopMmynupyeM rpaHHYHYIO OOpaTHYIO 3amady: TpeOyercs ompenenuts u3 (8)—(11), (14),
(15) npu nomonuutensHoM ycnosuu (12) nenssectusie Gpyuxiun H(f) u J(x,1).

Ipexne uem mepeilTn Kk peuieHH0 cHOPMYJIUPOBAHHOI OOpaTHOM 3amadu, 3aMeTHM, 4YTO 0e3
TpeboBaHusl [onoJHUTENbHOW HH(popManuu (12) W mpu OPEANoOKEHHH, YTO H3BeCTHA (QyHKUUS

9, (t), 0<t<T, zanaua HaxoxmeHus QyHKIMH 19(x,t) (x,t) eC? {[O,I]X[O,T]} U3 yCIOBHil

(8)—(11), (14), (15) Oyner npsimoi KpaeBoil 3amauyeil Helimana, B KOTOpOW BCE WCXOJIHbIE JaHHBIC
SBJISIFOTCSL M3BECTHBHIMH. JlaHHAs mpsMmas 3agada HMMEeT EAMHCTBEHHOE pelleHue (CM., Harpumep,
[9,10,12]), xOTOpOE MONHOCTBIO W OJHO3HAYHO OIPENENACTCS WCXOAHBIMH NaHHBIMH. VIMEHHO 3TO
OOCTOSITENILCTBO JIAeT HaM «KJIFOY» K PEIICHHI0 C(OPMYIMPOBAHHOM BbILIE 0OpaTHOH 3amaud: cHadaja

npeanonaras, uto GyHkuus h(f) He ABISETCA HEU3BECTHOH (YHKLMEH, a ABISETCA 3aJaHHON, MBI
KaKUM-TM00 METOIOM, HAIPMMEP METOAOM Pa3fIeicHHs IEPEMEHHBIX, HAXOMUM pemreHue KX,f) mpaMoit
kpaeBoil 3amauu Heiimana (8)—(11), (14), (15). OueBuaHo, 4ro HaiineHHoe pemienune Kx,f) Oyumer
3aBUCETH OT BCEX MCXOMHBIX JAHHBIX, B TOM 4ucie U oT GyHkimu (f). 3areM, «BCIIOMHUBY», YTO, BO-

65



Applied mathematics and mathematical physics

[EPBLIX, HaljeHHOe pemenne KX,f) JOJDKHO YAOBJIETBOPATHL JONOJHUTENbHOMY ycioButo (12) u, Bo-
BTOPBIX, GyHkims (f) B caMOM Jejie He SABJSETCS 3aJaHHOM (DYHKIMEN, a HEM3BECTHA U MOJIEKUT
OTIPENIEIICHUIO, MBI IOJIydUM HEKOTOpPOE OTHOIICHHUE s ompeneneHus %h(f) (u TeM cambM, (QYHKIHIO
Hx,t), u6o B BBIpakeHuu st KX,f) BCe BXOMALINE KOHCTAHTHI M (DYHKIUU SIBISIOTCS M3BECTHBIMH,
kpome Oyukiuu h(f)). Hanee, onpenenuB h(f) u3 yNOMSHYTOrO OTHOIIEHHUS, MBI ONpENEIIEM
byukuuo K(x,f), ynosiersopsiorryto yciaosusm (8)—(12), (14), (15), t.e. napy ¢yuxkumii H(¢) u Kx,1),
KOTOpBIe yAoBieTBopstoT yciosusM (8)—(11), (14), (15) u nononautensHoMy ycnosuio (12). Apyrumu
cioBamu, Hainernbie Gyaximn h(¢) u H(x,f) OyayT pemeHnemM rpaHudHOM 06paTHOM 3anaun. Huke Mbl
MaTeMaTH4ecKd 000CHYeM HACI0, BBIIBUHYTYIO B JaHHOU CTaThe.

4. PemieHue rpaHM4HON 00paTHOM 3a7a4u

Bynem nckate (cm. [9,10,12,13],) pemenne npsmon kpaeBoit 3amaun Heiimana (8)—(11), (14), (15)
B BUJIE
[z [
C;-e Ve +C,-e o

IMoxcraiss 310 Beipakenue w1 Kx,f) B ypasHenue (8) u yunrthiBas HadaubHble yciaoBus (9) u (10), a
TaKke rpanuuHoe yciosue (11) u ycnoBus cornacoBanHocty (13), mociie HECIOXKHBIX TPe0Opa3oBaHUi C

9(x,t)=

09(x,
Y4ETOM TOTO, YTO %ro =39, (f ), MBI OTyIUM
l@G LE, ]
9(x,t):J‘%-So(f)d§+IG(x,§,t)-31(§)d§+
+j-dTJ.G(x,§,t—r)-F(§,T)d§—a—z-j‘G(x,é‘,t—r)L_o -9, (T)dT, (16)
0 0 Z-r 0 -

e uepes G ( x,¢&,t ) oOo3HaueHa ¢yHKusa ['prHa paccMaTpuBaeMoii 3a/1auu, KOTopas UMeeT BUJ

N s

sinh W,
. .Tr
ef N .. .
G(xaf,t)24-f,-ZCOS(gj-cos(” ]; 5}- - +
" \/‘(26172'11\/2) -
t-\/(Z-a-;r-n\/Zf—l2
sin W,
. .’Z'r
+4-7 - i cos(ﬂ";'x)cos(”'?'gj- = +
n=N+l1 \/(2-a-7r-n-\/2) PP
2.7, . t
+T'Slnh(2.—rrj. (17)

3neck HEOOXOIMMO CienaTh HeKoTopoe nosichenue st Gynkuuu 'puna (17): B popmyne (17), He

HapyIas OOUIHOCTH, MBI IPEIONAraIH, YTO ISl HECKOJIBKHUX TepBbiX 3Hauennit # =1, N nmeer mecto
HEPaBEHCTBO
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2
/
TS| —, (18)
2-a-7w-n
a s ocTanbHbiX 3Hauenuit 7 = N +1, N + 2,... BblnonHsercs HepaBeHCTBO
2
/
> — . (19)
2-a-7w-n

OueBHIHO, YTO B CIyyae, KOT/a A1 Bcex 3HaueHuit 11 =1,2,3,... Bemonusercs HepaeHncTso (18),

TO B popmyte (17) cyMMy # psit MOXKHO OOBEIUHHUTE HAUIEkKAIUM 00pa3oM, a UMeHHO, GyHKms [ puHa
B 9TOM cjiy4ae OyaeT UMETh BHT

N s

27,

ef 0 ‘n- ‘n-
G(x,f,t)ds 4z'r2cos(ﬂ 7 xjcos(ﬂ ;l 5) 2 + 0
i \/‘(2a7rn\/2) -

+2'r’ -sinh L .
[ 2.7,

AmanoruuHo, ecny ais BeeX 3Hauenuit 1 =1,2,3,... Bemonusercs Hepasenctso (19), To Bmecto (17)

sinh

HAJI0 TTOJIb30BaThCa (HOpMyIIoi

t-\/(2~a-7z~n-\/2)2—12

2:1-7,

def i 7. .
G(x,ét)54-1,-2008(g)-cos(ﬁ 7 C’Zj- = + e
" \/(2-a~7r-n'\/2) -

2% | |,
[ 2.7,

Wrak, MBI Hamumy pemieHrWe NpsAMoi KpaeBoit 3amaum Hetrimana (8)—(11), (14), (15), xoTopoe
BeIpaxkaercst popmymnamu (16), (17) (mmm dopmynamu (16), (20), nim dpopmynamu (16), (21)). Ipexnae
4YeM IepelTH K PELICHUIO COOTBETCTBYOLEeH obpaTHoi 3anaun (8)—(11), (14), (15) ¢ nonosHHUTENBHOM
unpopmanueii (12), Heckonbko ynpoctuM 3anuchk popmynsl (16) B Touke X =0 . na storo BBEaeM
HOBYIO (DYHKIIHIO

dof LOG(x,E,t
V(t)zj—(gté )

sin

:9,(£)dé+[G(x.&,0)| -9 (&)dé+

0

WJae[ 6o, F(E.0)de

x=0

KOTOpasi, OUEBUIIHO, SBIIAETCS M3BECTHOM (DyHKIHeil, MO0 BXOAAIME B HEe NaHHBIE SBIIIOTCS M3BECTHBIMH
WCXOJHBIMU JaHHBIMU PacCMaTpUBAaeMON HAMH 3a/1add. VICHomb3ysl TOJIBKO YTO BBEACHHYIO (DYHKIHIO,
MBI MOKEM HaIKCaTh, YTO
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N

2

S(x,t)

=V (0)-

Eme pa3 ormernm, yro ¢ynkuus ['puna, ydyacTByromasi Kak B BeIpaXeHUH 1iis V(f), Tak ¥ 1oJ1 3HAKOM
uHTerpana B hopmyne (22), Beraucisiercs win o gopmyne (17), wmu mo popmyne (20), wmum o popmyre

. .[G(x,f,t—r)‘é:o,xzo -9 (T)dT. (22)

t
r 0

] 2
(21) B 3aBUCHMOCTH OT 3HaKa KOHCTaHTHI T, — (—] .
2-a-mw-n
Temneps nepexonM K peneHuio chopMyIMpOBaHHOM B ITyHKTE 3 rpaHUYHON 00paTHOM 3axaun. J{is
3TOrO «BCIIOMHHMY, 4T0 QyHKUus &, (t ) HEM3BECTHA M MOJIEIKHUT OIPEACIICHHIO, a TAK)Ke TOT (aKT, 4To
JOJDKHO BBITIOJHATBCS JONOIHUTENbHOE ycsosue (12). [ToaToMy, MBI ZOMKHBI TOJYNHUTH HEM3BECTHYIO

(hyHKIHIO 192 (t ) ycnosuio (12). {mst atoro yurem (14) u (22) B (12):

m—l' 2 t

k-9 (t)=p"-e*" - V(t)—j—-J.G(x,g,t—z')L_o’x_o-Sz(r)dr} : (23)
r 0

VYpasHenue (23) sBisieTcsi HENMHEWHBIM HHTETPAbHBIM YpaBHEHHWEM TuNa BoibTeppa OTHOCHTEIBHO
HEHM3BECTHOW (QYHKINHU 192 (t) . Ilyctp KakMM-TO CIOCOOOM MBI HAIUIA peEIICHUE 192 (t) 3TOrO
WHTETpaIbHOTO ypaBHeHUs. Torna mo ¢popmynam (16), (17) (mm hopmynamu (16), (20), unu popmymamu
(16), (21)) mbI Oe3 Tpyna MOXKEM ONpPENeSTUTh UCKOMYIO (YHKIHIO S(X,t ) , T.e. pelIeHue oOpaTHOU
3amaun (8)-(11), (14), (15) ¢ nonoaauTenbHbM yeaoBueM (12). Kak yxe ObUTO CKa3aHO BBIIIIE, OIPEICIIHB
(hyHKIHIO 19(x,t), MBI ¢ TIOMOIIBbIO MpeoOpa3oBaHus (7) MOKEM HAWTH pelIeHHue MCXOIHON MpsSMOM

3amaqu (1)—(6).

Htak, pe3roMupysi BBIIIECKa3aHHOE, MOXKEM yTBEP)KIaTh, 4TO MPOOJieMa pelleHHs MPSIMOHN 3a1a4yu
(1)—(6) cBemena k mpobieme HaXOXXICHUS perieHus ypaBHeHUs (23). YpaBHeHwe (23) ¢ MOMOIIBIO
OMHCAHHOHN HIDKE MPOIEIYPhI MOMyCKaeT ynpoineHue. JIeiCTBUTEIbHO, BRBIHOCHM 32 CKOOKY (DYHKIIHIO

v —m
V (t) B 1IpaBoii yacTu ypaHenus (23) U yMHOXkaeM 00€ YacTH MojiydeHHoro ypasHenus Ha 3 . Torna

MOJTy9UM

kB9 (1)=g(t): 1-‘;_._-j6(x,§,z-r)\

m

(k-9 (c))drt . @4

£=0,x=0

rIe

m—1

_ defG()C,é:,l‘—T)‘z - def 2 )
G(xgt=r)| = S R0 ()= ()

BBGZ[GM HOBBIC IICPEMCHHBIC

k-t,
t=—2
p"-a
k-t
,Bm.aZ l//

Torna u3 (24) momrydum, 9To

k-t — k-t
k. 7"1.19 - r . - - r . X
ﬂ Z(ﬂm_aZ ¢] g(ﬁm.aZ ¢J
@

G ker, (o, _ lr.gmogl Kt
x 1‘IG[’“’f=ﬂm.az (¢ V/)LO,FO (k B gz(ﬁnz,az '//de

0

P,
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Orcroza mocie 0003HaYEHNS

def k ,Z-
h k-B-8, 9|,
() =k5 [ﬂ (’)j
Y~ k7,
g(p)= (ﬁm.az (p}
G((/?,l//)d;fa[x,f, km'r’z-((p—w)j ,
p"-a £20,x=0

IMOJTYyYMM OKOHYATCIBHO
(p m

(o) =e(o)- =[Gt ) s
0

Takum 00pa3om, 3aaua HAXOXKIACHUS PELICHUS UCXOMHOM mpsiMoii 3amauun (1)-(6) cBeneHa K 3a1a4e

onpe/enenus petenus /A ((p) HEJIMHEIHOT0 UHTETpaTbHOT0 ypaBHEeHus (25). O4eBUAHO, 9TO ONpENenB

yukuuto A (§0) u3 (25), MBI MOXeM 110 GopMyJie

m 2 m
192(t)=ﬁ—-h[“k'—ﬁ-t} 0<t<T
.’Z'r

HalTH (QyHKINIO 192 (l‘ ) U, CIEJOBATENbHO, HAUTH (DYHKIHIO 19(x,t) , @ 3aTeM W MCKOMYIO (DYHKIIHIO

u(x,1):
u(x,t)=06(r)+e > {

oG
| xé’[uog 6(0)]d&+

0

9(0)

(&) (6) -5

r r

Jeasfotngio) Lo ten-L oo ()]u-

aZ_ﬂm t a2.ﬁm
— -J'G(x,eg,t—r)‘g_o-h( " -r]dr},

rac

H(Oﬂd§+

t-\/‘(2~a~7z~n~\/2)2—12

20T

”

sinh

x§t 4r Zcos(

n=l

\/‘(2.a.mn~\/2)2—12

2.
+
[

iz -sinh o
2-T,
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2
mpu VneN 7, S(;j ;
2-a-7w-n

t-\/<2-a-7z-n-\/z'_,,)2—12

217,

j.cos[ﬂ.,;f} \/(2'61%”.@)2_12

sin

+

Tn-x
/

G(x,tf,t)dg4-z'r -icos(
n=l1

2
mpu VneN 7 >(;] ;
2-a-7w-n

e ) -

217,

sinh
def

G(x’ﬁf,f)E4-2',‘ZN:COS(E?'XJ.COS(”'?'gj. N

n=1

+4-7 - Z cos(%j-cos(m};'fj- = +
nNH \/(2-a-7z-n- T,) -

+2'T’ -sinh f
[ 2.7,

2
npu IN e N {Vnzl,_N r,s( ! ”&

2
Vn=N+1,N+2,.. r,>( ! j}
2ann

5. IlocraHoBKa I/ICXOI[HOﬁ l'[pﬂMOﬁ Ha‘laJ’leO-KpaeBOﬁ 3agavum aJis 00BIYHOTO HECTAIHOHAPHOI'0
YpaBHEHUSA TCIUIONIPOBOAHOCTH

2arxn

Teneps chopMymupyeM CIEAYIONIYIO 3a1a4y: TpeOyeTcst HalTH (yHKIIHIO u( x,t) eC {[O, L] ><[0, T]} ,

KOTOpas yA0BJICTBOPACT YPABHCHUIO TCIIJIOIPOBOAHOCTU

Gu(x,t) 5 82u(x,t)

Ot ox*

+f(x,1), 0<x<L<ow,0<t<T <00, (26)

2
rned =——, k, C, p — ITOJIOKUTECIIBHBIC ITIOCTOSHHBIC,
c-p
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HavaJbHOMY YCIIOBHIO

u(x,t)

T'paHUYHbIM YCJIOBUAIM

t=0:”0(x)= 0<x<L, 27)

al o g<r<r (28)
x|, ’ ’
S g ()|, -0() =0, 0=isT, m=10, p=const>0, (o)
x|, *Hleso ST ’

" yCJIOBUSIM COITaCOBAHHOCTH
uy(L)=0,
—k-uy (0)+ 8" -{u; (0)-6(0)}" =0.

B 3anaue (26)-(30) npeanonaraercs, 4To SBIAIOTCA 3a1aHHbMu Bee kouctautel L, T, k,c, p, f u Bee

(30)

UCXOHbIE (PYHKIMH f(x, t) U, (x) , 9(1) , TIPHYEM

f(x,t)e C{[O,L]X[O,T]},u0 (x)e C[O,L],@(t)e Cl[O,T].

6. Pemrenue nmocTaBJIEHHOH 3aJa49H

Beenem HOBY1O yHKIIMIO

9(x,t) 2 u(x.1)-0(1) a1

u yureM ee B (26)—(30) noouepenno. Torna Oyaem UMeTh:

2
as(x,z)zaz.a g(f”)+F(x,f), O<x<L, 0<t<T, (32)
ot ox
def
e F(x,t)sf(x,t)—e (1)
S(x,t)tzo =4, (x), 33)
def
rae 9y (x) = u, (x)—0(0)
08(xy)l  _,. (34)
Ox L
819(x9y) m m
—k- S X:O+ﬂ .9 (x,t)x:():O; (33)
%(L)=0.
(36)
—k-3(0)+p" -9 (0)=0.
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WTak, MBI OMyYHIM SKBUBAICHTHYIO 3a1a4y (32)—(36). UToOb! pemmTs 3Ty 3a1ady, CHadaia IPEATIoNIoKIM,
YTO HaM W3BECTHO TPAHUYHOE yCIIOBHUE

0 (x,t)

S =9(t), 0<¢<T. (37)

x=0

Paccmotpum BecmomorarensHyro 3amauy (32)—(34), (37), tpebys, uYTOOBI BBIMOJHSIIUCH CIICAYIOIIHE
YCIIOBUSI COTJIACOBAHHOCTH:

9% (0) =4 (0)’
g(L)=0. oY

Pemenne 3amaum  (32)-(34), (37), (38) uyerko HaxoAWTCS CTaHIAPTHBIM METOJOM pasJeICHUs
HepeMEHHBIX

TG x f t )d§+jdij(x,&t—r)-F(f,r)dT—
, 0 0 0 (39)
—a’ -}[G(x,é,t _T)L;:o -8 (Z’)dl’,

rae depe3 QyHKUUH G(x, f,t) obo3HaueHa ¢ynkuusi ['puna 3amaun (32)-(34), (37), (38), koropas

HMECT BHU

de aﬂ'n\/’
G(x,&,1) —fl+— Ze( J -cos(ﬂizixj-cos(ﬂ'nfj. (40)

L

Temepsr BepHeMcs k 3agaue (32)-(37) u JOTOTHUM 3Ty 3aJady elle OJHUM yCIOBHEM COTJIACOBAHHOCTH

9 (0) =5 (O), T.€. BMecTO (36) umMeeM

(0)=4(0),
9 (L)=0, (41)
—k-8(0)+ "% (0)=
Jpyrumu cnoBamu, Mbl paccmarpuBaem 3aiady (32)—(35), (37), (41). Tak kak B 3Toit 3anaue QyHKUUS
G (t) B CaMOM JieJie HEM3BECTHA U TOJIEKHUT OIPEAEICHHIO, TO AaHHYIO 33/1a4y MOXKHO MHTEpIpETH-
poBaTh Kak I'paHUYHYI0 OOpaTHYyIO 3a/1ady, B KOTOpOW TpeOyercsi ONpeNesuTh IPaHUYHYI0 (DYHKIUEO
9 (t) U GYHKIHIO .9(x,t), KOoTOpast yaoBieTBopseT ycinoBusM (32)—(34), (37), (41), a Taxxe JOMOITHH-
TEIBHOMY YCIOBHIO (35).

Tak Kak peleHne cooTBeTCTBYoMIEH npsmoii 3amaun (32)—(34), (37), (38) ectb QpyHKINA S(x,t),
onpenensemas 110 Gopmyiam (39)~(40), To, 4TOOBI OIPENETHTH HCKOMYIO TPAHIHYHYIO QyHKIHIO & (t) ,

HeoOxoaumo noactaButh (39) B (35):

k-9 (t)+p" -{V(t)—az -jG(x, &1, (z')a’z'} =0, 42)

rac
d

j (&) 9 (£)d+[de[G(xé.t—7) - F(&7)dr
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Wrak, Mbl uMeeM ypaBHeHue (42) 1yist onpeeneHusi MCKOMOW TpaHr4HOH QyHKImMio 8 (t) Kak n

BBIIIIE B IyHKTE 4, HEMMHEITHOE WHTETpaIbHOE ypaBHEeHHE T BomsTeppa (42) MOXKHO ympocTuTh. Jis
9TOTrO BBEAECM HOBEIC ITEPEMEHHEIC

T w.

“pd

Tornma, yuuTtsiBas 3T mepeMeHHbIe B (42), a 3aTeM MPOBOJS HEKOTOPHIE HECIOXKHBIC PeoOpa3oBaHMUs,
IMOJIYYrMM OKOHYATCJIbHO

m

[
h(p)=g(p)-11-[Glow)-h(v)dv | . 43)
0
rac
def . k
h((D)Ekﬂ 192 ﬂ'n.aZ'(o 5
def ” k
g(o)=V"| o),

k
d G x’g’ﬂm 2(¢_l//)
o a £20,x=0
k
V|-
ﬂm .a2
Takum 00pa3om, 3aa4a HAXOXKAECHHS PELIeHHsI HCXOIHOM npsiMoii 3anaun (26)—(30) cHoBa cBeneHa

K 3a/1aye OIpeAeseHUs] pPeLIeHHs h((o) HEJIMHEWHOTO MHTETPaIbHOTO ypaBHeHUS (43). O4eBHIHO, YTO

ecu Gyrkims ((0) €CTh pellleHHe MHTETPaJIbHOro ypaBHeHus (43), To creayromas 3aMKHyTast (hopMyJia

OyJneT perieHreM UCXoqHOU npsiMoi 3agaun (26)—(30):

u(x,t)= 0(1)+j-%;(§’t)-[uo (5)—0(0)]d§+j:dr':[G(x,§,t—r)-[f(f,r)—9'(7)]d§—

0

a2 ﬁm t a2 .ﬁm
- -I!‘G(x,f,t—r)‘é_o-h — T |dry,

rae Gynkuus Ipuna G (x, &t ) BbIUHCIsIeTCs 1o popmyre (40).
3akiroueHue

B pabGoTtax aBTOpOB BIEpBBIC MPENIaracTCs AHATUTHYCCKHA METOJ OINPEACICHUS HadallbHBIX
TEIUIOBBIX TOTOKOB HAa OCHOBE PEUICHUS THUIEPOOIMYECKOTO YpaBHEHHS TEIUIONPOBOIHOCTH, yYUHTHIBA-
IOIIEr0 KOHCYHYIO CKOPOCTh PACIIPOCTPAHCHHS TEIUIa. Y Ka3aHHBIN HAYaTbHBIN TEIUIOBOH MOTOK HEOOXOIUM
JUIS €TO CPAaBHEHHS C KPUTHYCCKUMH TETUIOBHIMH TMOTOKAMH PAa3IMYHBIX 3aKAIOYHBIX Cpell C IENbI0
MIPOTHO3UPOBAHUS TEIUIOBBIX MPOLIECCOB, KOTOPHIE B 3aBUCUMOCTU OT BEJIMYMHBI HAYAIBHBIX TEIJIOBBIX

IIOTOKOB MOTYT OBITh: Pa3BUTBIM IUIEHOYHBIM KHUIICHUEM, IEPEXOIHBIM ITPOLIECCOM WA ITPEBATTUPYIOIIUM
ITY3bIPEKOBBIM KHUIICHUEM.
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Pabota npencranser OONBIION MPaKTHIECKUI MHTEPEC, B YaCTHOCTH, NMPH pa3padOTKe MHTCHCUB-
HBIX METOZOB 3aKaJIKM, IJI€ Ba)KHBIM SIBIIACTCA OIpENENICHHE IMPOJODKUTENBHOCTH HECTALOHAPHOTO
Iy3bIPHKOBOTO KUIIEHHS B YCIIOBUSIX OTCYTCTBUSI INIGHOYHOTO KUIIEHHS. Y IIPaBIAEMBbIH MIPOLIECC HECTallU-
OHApHOTO ITy3bIPPKOBOIO KHWIIEHHS SBJSIETCS OCHOBOHM JIByXCTYNEHUYaTOro HHTEHCHBHOTO cIiocoba
3aKaJIKi, KOTOPBIA IPUMEHSETCS IIUPOKO Ha MPaKTHUKE.

Bcneactue upe3BblUaiiHON MPaKTHUECKOI BaKHOCTH MHTEHCUBHBIX TEXHOJIOTHH ObLTIa OpraHU30BaHa
KOMaH/1a M3BECTHBIX YUEHBIX (MaT€MaTHKOB, TEINIO()U3NKOB, MaTEpHaIOBEIOB) AJIsl pemeHus copmynu-
poBaHHbBIX 3amau B pamkax WSEAS u IARAS. Jlannas pabGorta siBisieTcss Ha4ajaoM HCCIIEIOBaHUM,
BBITIOHAEMBIX 110 TeMe “‘Database for cooling capacities of various quenchants to be developed with the
modern computational and experimental techniques” (www.wseas.org/propose/project/wseas-projects.htm).
Ha sToMm sTarme momydveH psii 3HaYMMBIX Pe3ysbTaToB. B wactHOCTH,

e B CTaTbe MAOKA3aHO, YTO 33ha4M HAXOXICHUS PEIICHHS Kak OOBIYHOTO HECTAIMOHAPHOTO
YPaBHEHHsI TEMJIONPOBOJHOCTH, TaK M THUNEPOOIMIECKOTO ypaBHEHMs HECTALMOHAPHOM TEIIONpPOBOA-
HOCTH C HEJIMHEHHBIMH TPAaHUYHBIMU YCJIOBHSIMH, OOYCIOBJIEHHBIMHU HECTAllMOHAPHBIM ITy3BIPHKOBBIM
KUIICHUEM, CBOJATCA K PELICHUI0 HEIMHEHHOIO MHTETPAIIbHOTO YPaBHEHHSI OJJTHOTO M TOTO )K€ KJlacca.

® TIOJIyYCHHBIE PEUICHUs] MOTYT OBITh HMCIIOJIBb30BAHBI JJISI ONpPEAEICHHsS HavyalbHBIX TEIUIOBBIX
MOTOKOB M IPOAODKUTEIBHOCTH HECTAallMOHAPHOIO ITy3bIPPKOBOIO KHIIEHHUS, KOTOPHIE SBISIOTCA
6a30BbIMH (paKTOpaMHW HMHTEHCHBHOW TEXHOJOTHMH YIPOUYHEHHUs MaTepualoB. YKa3aHHBIE TEXHOJIOTHH
SIBISIFOTCSL 9KOJIOTMYECKH YUCTHIMH, IIOCKOJBKY BMECTO Macell W IOJIMMEPOB HCIOJIB3YyeTCs OOBIYHAS
BOJA.
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Mankind has just graced the threshold of a new millennium. What will unite people in the future? Probably, a common
language — the English language most presumably. Distance teaching-learning, which guarantees the highest degree of democracy
and human rights to everyone, might be a means of facilitating the process of language learning and acquisition.

Distance education is an active process, in which people actively construct knowledge from their experiences in the world.
People do not get ideas; they make them. Teaching styles are changing. Students are demanding it. Technology is enabling it.
Distance education demands that we reshape the content, process and delivery of our educational offerings. It is the essence of our
educational concept not to give the right answers, but to ask the right questions.

As world practice shows, well-thought out distance education offers students far greater involvement in the process of
learning the language and gives the results as good as traditional classes and sometimes even better.

Keywords: distance education, English, module education
1. Foundations of distance education

Each of us in one way or some other has learned at a distance, since most education has always
taken place at a distance. When we choose a book for reading or listen to music, observe art or watch a
film or TV program, we do not realize that we are learning from an author, a composer, an artist, who are
afar. We do not consider this kind of learning experience as a traditional learning with an instructor who
offers solutions and students in the classroom, who are under pressure for change. And we are usually
motivated to choose a particular kind of information to fill in a sort of emptiness inside ourselves — be it
emotional, experiential, educational or whichever. In other words, we are engaged in constructing
personally-meaningful products, important for ourselves and others around us. Distance education has
very similar foundations, when a student chooses a particular course from a huge range of qualifications
offered by institutions all over the world.

Distance education is described in a bewildering variety of terms and parlance. In North America
and Europe, for example, it is known as ‘Home study’ and ‘open learning or education’. ‘External’ or ‘off
— campus study’ are terms used in Australia. In some countries it is termed ‘independent’ or ‘flexible
learning’; in New-Zealand ‘extramural’ education. Whatever term is given, the main characteristic feature
is separation of the learner from the teacher or instructor.

As the name itself suggests, distance education takes place when a teacher and students are
physically separated by a distance and online teaching-learning materials serve as a bridge to fill in the
educational gap and to get access to the world educational treasures.

Distance learning has won its popularity over the last few years, as the Internet has become a
reliable transmitter of educational information. The English language holds the same ground in its vitality
and urgency, since it has become a global language — the language of progressive science and technology,
global trade, commerce and business, cultural relations, diplomacy and tourism. In an era of rapid
technological change and international economic integration, an educated, adaptable work force, well
conversant with languages, enables countries to prosper. It is generally recognized nowadays that in any
job a good rapport with a computer and good language skills are beneficial to all.

There is no need to look for specific groups of learners opting for distance education as a preferred
alternative to conventional study (disabled students, full-time employed, living afar or having family
commitments, regular army service, etc.). There is always something to be learned and there is always
somebody to learn from or update the knowledge base.

Our body of knowledge seems to get limited with every passing day due to an explosion of
technology in all spheres of our life. The language is also constantly developing. Thousands of new words
and meanings enter the English language every year, including technical terms. The rapid turnover of
knowledge mandates that we help learners acquire the skills in language use and language acquisition to
continue learning outside the walls of a formal educational institution.

Distance education in language learning is catching up in almost all countries in the world because
of its usefulness and potential not only to provide great access to language acquisition, but also its ability
to make available an innovative and flexible system of education.
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2. How distance learning is different from traditional education?

Many hundreds of thousands of comparative investigations have been made worldwide in the past
whether students are getting the same education in the technologically delivered classes as in the
traditional classroom. The usual result after the studies of student performance and achievement in
language acquisition proves that there is no significant difference. The main differences lie in the material
presentation and the role of the teacher and students.

In our old traditional classroom presentation, the responsibility is totally on the teacher to be fully
prepared, to be expert, the interpreter of educational information, who adapts it to a particular auditorium
and controls the speed, sequence, progression. Communication is often one-way and static. Not all the
students might be actively involved into the process.

In distance learning the traditional ‘sage on the stage’ role of the teacher is changing. The student
himself controls the speed, sequence and progression. Communication is dynamic and collaborative. The
teacher is the guide whose responsibility is to help the learner learn how to think differently, how to
process multiple bits of information and make it usable and applicable to a variety of situations. He gives
consultations and recommendations and makes adjustments to the course (taking into consideration the
needs of learners, different learning styles, etc.), thus, implementing a continuous, on-going interaction
with students.

Nowadays technology enhanced learning environments have become common for both traditional
and distance students. Still, practice proves that students learn better when they are engaged in
constructing personally-meaningful product and are in charge of their own learning.

3. Technology and pedagogy

How technologies coordinate with pedagogy? Lots of us feel perplexed at the task of distance
education. But there is the main and the most essential principle that we have to realize: nothing can
replace the live instructor. Students do not learn from the technology. They learn from a competent
mentor who teaches through the technology.

TECHNOLOGY enhanced distance learning involves Authoring, Delivery, Assessment and
Management (ADAM) of course content via video, audio, CD-ROM/DVD, WWW, LMS (Learning
Management System) and virtual classroom using the Internet. Teams of media specialists, content
experts, editors, writers, instructional designers and software engineers are working to develop distance
courses at different educational establishments. Such learning environment is often superior to the
classroom experience.

Learning styles are different. Some students are more visual, while others perceive and learn primarily
through auditory channels. Using only one teaching modality will not meet the needs of all the learners.

Educational information is presented through the various mediators of learning including direct
lectures, books, journals, audio-visual media, computer-aided instruction and computer conferencing.
Cooperative learning, workshops, buzz groups, games, simulations, role playing and drama, panel
discussions and symposia are used where appropriate to enhance learning. In short, distance education
can use all forms of media and information transfer methods.

PEDAGOGY - is a means to literacy using all this arsenal of computer networks and multimedia to
speed the flow of educational information and feedback from the teacher to learner and vice versa —
anytime anyplace (ATP) in a highly personality-oriented, on-demand mode in order to accelerate the
outcome performance and enable the learner to become a creator.

The teacher can choose from a wide range of technological options, which are commonly divided
into four categories:

Print — is a foundational element of distance education. Various print formats are available
including textbooks, periodicals, study guides, workbooks, lecture notes, course syllabi, and case studies.
Magazines, encyclopaedias, reference books are also available on CD and the Internet. Print is also
delivered via e-mail, fax.

Voice — is an instructional audio tool, which includes such interactive technologies as telephone,
audio conferencing, computer audio conferencing, tapes, CD, Internet audio.

Video — is an instructional video tool, which includes slides, pre-produced films, videotapes and
real-time audio conferencing. Multimedia presentations combine slides with video and voice and can be
delivered on CD, DVD or the Internet.

Data — is the term used to describe a broad category of instructional tools when computers send and
receive information electronically.
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Effective distance education is focused on the needs of the learners, the requirements of the content
and qualitative outcomes, but not on the technology or delivery. The systematic approach will result in a
mix of media, each serving a specific purpose. The challenge in distance education is to use the good
pedagogical techniques from the classroom and apply them across time and distance.

4. Interactive communication — synchronous and asynchronous

Distance education is a two-way interactive communication, which might be synchronous and
asynchronous.

Synchronous or simultaneous — it means that everyone is participating at the same time, such as
virtual classes, video/audio conferencing, telephone, and computer.

Asynchronous or self-paced — it is an on-line approach, which provides participation at different
times such as exchange of information by print correspondence, e-mail, video/audio materials and on-
going Web forums. It gives plenty of time and opportunity for the review of difficult material.

Before starting a term, each learner is supplied with 30-100% pre-packed course materials,
combined with on-line mentors. The materials include the following:

- individual plan;

- study materials and supplies;

- list of recommended literature;

- online schedule;

- questions for the tests or exam;

- Web sites of libraries.

Distance education demands attention to the tasks (goal-directed and outcome-focused). The instructor
has to

- carefully set and communicate the learning objectives;

- ensure the objectives are clear and understood;

- work out and implement the instructional strategies to meet the objectives;

- collect the data on progress towards meeting the learning objectives and

- modify, make adjustments or improvements to the course.

The student in such approach is viewed as not a passive recipient, but as an active learner, participant and
contributor, self-constructing his own education.

5. Identifying the language needs of learners

Before planning an English course for distance learning, the instructor has to identify the needs of
the learners to meet the goals of a course. There are a number of different reasons for language study.

Some learners want to study English because they think it offers a chance for advancement in their
professional lives. They will get a better job with two languages than if they only know their mother
tongue.

Some language students for some reason or other go to live in a target language community (either
temporarily or permanently). For students of English an English-speaking country would be a TLC (target
language community) and they would need to learn English to survive in that community.

There are situations where students have some special or specific reasons for wanting to learn the
language — English for Special or Specific Purposes. For example, students majoring in Business, need
English for international trade. Students of Tourism learn the language because they want to know more
about the culture of the TLC, the people and places where the language is spoken. Waiters may need
English to serve the customers. Hotel administrators need the language to receive guests and supply them
with accommodation. These needs have often been referred to as EOP (English for Occupational
Purposes).

Students who are going to study at Universities in the USA, Great Britain, Australia or Canada, may
need English so that they can write reports or essays and function in seminars — EAP (English for
Academic Purposes).

Students of some scientific disciplines need to be able to read articles and textbooks about those
subjects in English. This is often referred to as EST (English for Science and Technology).

We can summarize these differences in the following way:

ESP

/1N

EOP EAP EST
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Most students, who make the decision to study in their own time, do so for a mixture of reasons
mentioned above. That is why the instructor has finally to come to some conclusion about a student’s needs:
- what contexts and situations the student will probably use English in at some future date;
- what is order of priority for the different language skills (including sub-skills) that the student
will need when using English;
- what level the student need to reach and what kind of language they need to be able to use or
understand (e.g. formal/informal, spoken/written, scientific/business, etc.).
Overall, some good pedagogical principles that contribute to meeting the goals include:
- courses should focus on learning rather than teaching (student-centred vs. teacher centred);
- interaction with the material should be student-controlled rather than teacher-controlled;
- courses should be structured so that students interact with material in a pedagogically sound way;
- content delivery should be based on student knowledge guided by continuous feedback and on-
going assessment.

6. Levels and time limits in distance English teaching

In the process of teaching English, the most significant thing is to work out psychologically and
pedagogically sound provision of the course, where the main methodical principle — ‘from simple things
towards complicated’ is implemented. For that reason we would offer three levels of the English language
acquisition. Each level is based on a step-by-step approach that will guide the learner through the
development and implementation process, regardless of his/her previous quality experience.

The First Level:

Pre-Intermediate Profile English (majoring in specialty). It may take between two or four years.

The Second Level:

Intermediate Business English (majoring in Business and Management) with two or three years of
study.

The Third Level:

MBA Course — Upper Intermediate Business English - with one or two years of study.

A higher education course typically takes 5—7 hours a week for about ten months a year. However,
time limits are not very restricted, allowing each learner to move throughout a course at his/her own pace.

7. Distance English teaching — module education

Although distance education occurs as Module education in its layout, it remains subject-focused in
form. Under the term ‘module’ we understand a packet of educational information joined by a common
topic and serving the purpose of attaining clearly identified and defined goals.

Each course comprises between 10—12 Modules with 5—7 assignments by a lesson and 2-3 practices.
We can present the components of a Module in the following way (Figure 1):

A
MODULE 1

Grammar &

Vocabulary Writing
y 4 y 4
Listening &
Reading Speaking

Resources &
Journals Games

Figure 1. Module Education
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Each Module includes all the aspects of developing language skills:

- Reading

- Writing

- Listening

- Speaking

- Grammar and Vocabulary

It may be enhanced by Games, serving different purposes of mastering language skills. The section
on Resources and Journals is also supplied to facilitate the process.

8. Student performance evaluation and achievement assessments

The new paradigms of online instruction call for new paradigm of evaluation. The evaluation of
online learning is multifaceted and subtle, and learning competence is only part of the evaluation need.
Sometimes students’ learning cannot be tested on discreet skill tests and quantified.

The introduction of new educational technologies, including computer networking, benefits from
educational evaluation and assessment. Assessment includes both top-down accountability approaches
(reporting of results for accountability purposes) and bottom-up instructional improvement (helping
individual students gain most from instruction). Both perspectives share a common goal of improving
education and are important at all stages of adopting technological innovations.

To be successful at evaluating student learning outcomes (SLOs) we have to have a clear under-
standing of the following:

e what we want students to know by the time they finish a course or the major;

e what we want students to be able to do with what they know by the time they finish a course or

the major.

We can summarize the components of instructional inputs, processes applied, outputs, outcomes,
and systematic and systemic interventions and evaluations at all stages in the following way (Figure 2):

:< __________________________________________________

: EXTERNAL

| International Practice TO

S inputs output OCCUPATIONAL
: USE

i Products Outcomes

k _______ Communicatiove

' Processes output

= = = = = = = e v

Figure 2. Components of instructional inputs, processes applied, outputs, outcomes,
and systematic and systemic interventions
and evaluations at all stages

The dotted lines show how outputs — and the learner’s (and the teacher’s) reaction to these
(evaluation) — may feed back into instructional inputs until the degree of success is achieved.
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To sustain motivation and get positive results in learner’s progress, the ARCS approach in feedback
evaluation is instrumental as a reaction of learner/teacher to the materials in use and the processes
implemented, where

A — attention levels during the instruction;

R —relevancy of the instruction and material to the interest;

C — confidence levels in learning;

S — satisfaction levels toward instruction as well as the instructor.

Thus, summing up the aforementioned, we can conclude that student performance evaluation and
achievement assessment — is a process focused on student learning. It has to be:

e systematic and systemic;

e ongoing at all stages;

e information rich;

e improvement-oriented;

e resulting in positive change.

9. Alternative assessments

Over the last 10 years a number of fundamental innovations and changes in the area of student
performance evaluation and achievement assessment have occurred. Today a large array of assessment
approaches is available to the educator. Two major categories of alternative subjective approaches for the
formal assessment of student performance and achievement have emerged:

Authentic/performance assessment — the major goal of it is to assess the ability applying knowledge
in order to solve the real-life problems. It can be described in six main characteristics:

e uses open-ended tasks;

e focuses on higher order skills;

e employs context sensitive strategies;

e often uses complex problems requiring several types of performance and significant student time;

e consists of either individual or group performance;

e may involve a significant degree of student choice.

This type of assessment makes learners more actively involved in careful planning and applying
knowledge in presumably new and different ways. They reach more complex cognitive skills as well.

Portfolio assessment — is a purposeful collection of student work that exhibits his/her efforts,
progress or achievement in a particular area. This collection must include:

e student participation in selection of portfolio content;

o the criteria for selection;

e the criteria for judging merit;

e cevidence of student self-reflection.

Portfolio, even more than other forms of performance assessment, call on the learner to be highly
involved in planning the entries, choosing what to include and providing the rational reasons behind those
decisions — why to include. Portfolios, thus, allow not only to assess the end product, but to some extent,
the process of its creation.

Alongside with the innovative processes in alternative assessments, some developments in objective
testing have been brought about due to advances in computer technology.

Computerized adaptive testing (or tailored testing) — is a conventional objective testing when after
each response to each item, a program estimates the examinee’s ability based on his/her responses to all
previous items. The program then selects for the next item, one with the difficulty which best matches the
examinee’s estimated ability. The process then repeated iteratively until some criterion, such as a preset
level of score precision is met.

Computer assisted testing — is the item banking approach. In this approach, objective test items are
stored in a central computer server. As needed, various equivalent versions of the same test can be
generated through such procedures as random selection of items or selection of items based on a specified
mix of difficulty level and discrimination power. This approach to assessment is not very different from
the conventional paper-and-pencil objective test. Items are presented on screen instead of on a piece of
paper and students respond by making selections on screen.
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Conclusion

Good instructional design is paramount to the success of education offered at distance. Careful
planning, based on sound knowledge of who is going to learn what, by what means, in what kind
circumstances, to what effect and with what purpose in mind, needs to be combined with effective ways
to ensure, through formative evaluation based on feedback from the learner that intended purposes are
met.
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Loneliness is a complicated emotion capturing the whole personality with her (his) thoughts, actions and behaviour.
This is a depressed feeling linked with the real or imaginary absence of the satisfactory social relations. This work
investigates the contemporary comprehension of the loneliness phenomenon through the social psychological prism,
develops the dynamic model of its contents and analyses its approbation under the youth age conditions. In a multi-factor
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dynamic model of loneliness exists the following: “loneliness”, “solitude” and “self-isolation”, “isolation caused by circumstances”.
Understanding of the nature of loneliness will allow developing the optimal strategies of its overcoming under the
conditions of the unstable and indefinite situation.

Keywords: Dynamic Loneliness Model, Loneliness Type, loneliness, solitude, self-isolation, isolation conditioned by circumstances,
youth age

1. Introduction

The interest to loneliness in the XXI century is considered to be quite natural. The intensive
changes, especially in the human self-consciousness, cause the feeling of instability and engender the
thoughts of lost and senseless existence for a considerable group of people. The most unpleasant thing is
that they have lost a constant image of the world and of the usual surroundings. All the abovementioned
factors give rise to the negative sufferings of loneliness for different age groups of people, but they are
especially typical for youth. The importance of the theme of this investigation is proved by the fact that
the “Google” Internet searching system finds the English word “loneliness” 21 200 000 times, the Russian
word «omurouecTBo» 7 880 000 times and the Latvian world “vientuliba” 24 200 times (2006.04.07.).

Loneliness is more often determined as a hard emotional comprehensive experience capturing feelings,
thoughts, and personal activity. It runs through the whole personal structure and spreads on cognitive,
emotionally — regulative and active — volitional sphere. On the whole the negative components of lonely
persons are the following: emotional component (depressed emotional tone, negative emotional background,
tension, emotional instability); cognitive, component (low self-esteem, presence of stereotype complexes,
wrong attitude to themselves and surrounding world, lack of clear notion (conception) about themselves,
disbalance of “I —real” and “I — ideal”’; behaviour component (reduction of physical, mental and social activity,
development of negative nature inclinations, lack of personal and socially important abilities and skills).

Causes of loneliness are shown most often in a complex, i.e. in a certain interconnection and inter-
conditionality. There is a great number of objective socio — psychological reasons, which being
interpreted through the personal ones acquire subjective character. For example, inadequate identity for
young people, search for meaning of life, age crisis may cause a state of loneliness. Sometimes
unfavourable social conditions may give rise to psychological prerequisites of future personal qualities
closely connected with the loneliness. These prerequisites may acquire their own stimulating force and its
logics of development even in the absence of conditions once caused them.

The survey of the scientific literature points out the works of A.Rokach [12], A.Rokach and
H. Brock [10, 11], R. Andre [1], in which the factors causing loneliness as well as coping — strategies for
the lonely people were considerably reflected. Scientists connect loneliness with anxiety, depression, inter
— personal hostility [3, 6], drug and alcohol addiction [8, 9], and even with suicides [14]. A number of
authors emphasize the interconnection between the feeling of loneliness and Internet system, the
depressive influence of some mass media and modern technologies on youth [4, 5, 2, 13].

2. Constructing the theoretical dynamic model of the Loneliness Content

EEINT3

The analyses of the contents and interrelations of the “loneliness”, “solitude” and “isolation’ notions
with distinguishing their difference, similarity and interconnection affirm the opportunity of their use in
the dynamic loneliness model.
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The main difference between the notion of “loneliness” and “solitude” lies in the fact that the latter
is not connected with the negative emotional evaluation of a state; solitude means the voluntary going
away from contacts with surrounding people. It is a necessary condition of the normal personality
development and existence, it is understood as self — isolation in the name of some meaningful aim and
acquires quite a different personal sense. In this case the individuality is always given an opportunity of
going away from the situation.

Creating the dynamic model of loneliness we have decided to follow the point that loneliness and
solitude are phenomena having their own contents and factors explaining their expressiveness.

A group of factors having the direct attitude to loneliness was named “the factors of loneliness”.

Factors of loneliness:

- people (absence);

- relatives and friends (absence);

- interpersonal relations, their quality (dissatisfaction);

- climate in the micro group (conflicts, lack of cohesion);
- conditions limiting peoples’ communication choice;

- unity, social identification (lack);

- communication, skills (not enough).

The intensity of sufferings can be increased with the growth of the amount of their low level or lack
factor and depends on the degree of importance of these factors for people. Their low level or lack is a
source of the “non — loneliness” state. Under ordinary conditions the presence of “non — loneliness” is
perceived as natural and not high stimulating solitude.

The second group of factors influences directly the human solitude. These factors got the name of
“solitude factors”. They are connected with the human aspiration to their abilities, goals and tasks
realization, with the aspiration to creativity and development of personality.

Factors of solitude:

- self — perfection;

- abilities of creative and professional growth;

- work, studies, requiring independence and responsibilities;
- success, spare time acknowledgement;

- ideas;

- individualized forms of spending leisure time.

Only these factors stimulate the voluntary escape from the surrounding people to stay in solitude.
The lack or not enough amounts of factors of solitude do not cause the human loneliness. Human can be
satisfied with the situation when he (she) has an opportunity to be sole or has such an opportunity
sometimes, even if it frustrates him (her). Maximum of solitude is achieved in case of solitude factors
presence and in case of low level of completeness or lack of "solitude factors" (Figure 1).
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Figure 1. Two — factor Dynamic Loneliness Model
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Factors of solitude can partially compensate the factors of loneliness. Under actual frustration of
solitude factors (for example, losing job, re-evaluation of values etc.) an acute increase of loneliness
experience may occur. Hence the factors of solitude are becoming the basis helping to reduce significance
of loneliness factors, facilitating learning of new relationships and strategies of behaviour in a social
environment.

Under the manifestation of personality connected with loneliness and solitude one can regard the
disposition defined by G. Allport [21] as cardinal, central and secondary. Under cardinal disposition all

83



Economy and society

the human deeds can be generalized into influence of loneliness or solitude, under central disposition into
the visible qualities of a lonely or sole person and under secondary — all the characteristics being
dependent on the situation.

Such approach shows that if we want to achieve a marked improvement of life quality without
loneliness we have to concentrate on ‘solitude factors’ and to enrich the contents of relations with social
surroundings as well as interpersonal contacts, to diversify the monotony of spare time, labour, interaction
with the others. If you are really touched with the problem of loneliness you should pay attention to the
question — how factors of loneliness are actualized and, if possible, try to eliminate this problem
independently or with the help of others, simultaneously developing 'factors of solitude'.

Multi-factor dynamic model of loneliness based on the “loneliness™, ”solitude”, “isolation”. The
loneliness can’t be matched to physical isolation, because isolation is the state, which is subjected to
observation; it is regulated and controlled by a person. More often this notion is examined in the context
of a group and understood as “social isolation”. It is determined as the absence of other people nearby,
existence without support, understanding, and feed-back from the side of surrounding people. The use of
this term in psychological research is an exception where it is understood as protective mechanism [18].
The notion of “loneliness is connected with the notion of “isolation” on a level of cause and effect
relations.

Depending on the used criteria such types of isolation can be picked out as individual and group
with the following division of each type into voluntary isolation where a person comes to a decision
himself (herself) whether to be in the condition of loneliness and into forced (accidental) isolation when a
person is isolated from the society because of the situation or of other peoples” will. The forced individual
isolation, other things being equal, is taken much harder than voluntary. One more criterion for picking
out different types of isolation is a presence or absence of the opportunity of its interruption.

Isolation may become the prerequisite of the personal loneliness. The situation of isolation often
leads to sensor and social deprivation and in the first place it has an effect on emotional and regulative
spheres [17, 231; 19, 31]. Analysis of the papers contents [22, 15] where the situation of voluntary
isolation is described shows that the greatest part of reactions that are of man’s nature, refers to emotional
and regulative spheres. The absence of violation in cognitive sphere may be explained by the man’s
readiness to the situations of isolation and their own activity. In this case isolation acquires quite a
different personal sense and its subjective meaning is closer to the solitude.

In a multi-factor dynamic model of loneliness “loneliness”, “solitude” and “self-isolation”, “isolation
caused by circumstances” exists.

Such approach allows singling out the following types of loneliness: solitude — self-isolation stipulated
by a personal choice; solitude — isolation stipulated by circumstances, forced loneliness — self- isolation;
loneliness — isolation stipulated by circumstances (Figure 2).
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Figure 2. Multifactor Dynamic Loneliness Model
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Solitude — self-isolation assumes the reception and interpretation of the situation as the necessary
condition of existence and self — perfection. This is a motivated loneliness. Contacts with others are
settled only necessarily, for solving tasks.

Isolation is seen in behaviour. A person feels his (her) loneliness subjectively positively. He (she)
may identify himself (herself) with a part of a group, be the bearer of certain goals, feel spiritual unity
with God, etc.

Solitude — isolation, stipulated by circumstances. Circumstances force a person to be outside the
society of important people. This may work in other town or abroad, business trips, etc. A person is
regarded with attention to this situation because it is temporary, and he (she) can interrupt these
conditions at any time by his (her) will.

He (she) devotes much more attention of his (her) activity to his (her) filled position, self-
development, lives in the name of his (her) goal, future, and the situation acquires personal sense.

Loneliness — self- isolation bears serious negative consequences. A person himself (herself) forms
his (her) loneliness conditions. It may be explained by the loss of close friends and disability to form new
relations, fear of new acquaintances. Here we see a person’s suffering of loneliness, longing for people
and communication. A person understands that he (she) is lonely. The world is apprehended more often
through mentioning of his (her) loneliness. Nevertheless he (she) still lives in loneliness, in the best case
using solitude factors as compensatory protective mechanism. He (she) thinks that it’ll be better for him
(her) if he (she) lives in isolation. It may be also connected with self-estrangement on emotional,
cognitive and behaviour level.

Loneliness — isolation stipulated by circumstances is understood as negative loneliness, not forced
by a person’s will to stay lonely. He (she) doesn’t have any choice. He (she) is forced to stay under such
conditions where there is no important communication. He (she) sometimes doesn’t know when his (her)
loneliness is over. It may be stipulated by the external estrangement from the side of the society, lack of
social-psychological protection, and lack of professional realization guarantees and chances of future job
placement. Acculturation stress and anomie depression may serve as an example of estrangement, as O.
Dolginova says [16].

Dialectical comprehension of connection between loneliness and solitude allows us saying that
under certain conditions a negative display of loneliness may acquire a positive character. In this case the
“loneliness — self-isolation” and “loneliness — isolation stipulated by circumstances” type may show the
characteristics of “solitude — isolation stipulated by circumstances”. These changes are connected with the
features of the attitude to loneliness goal components, loneliness perception, explaining loneliness for him
(her) (negatively or positively).

Technology of switching over to the positive way of thinking is very significant as the re-estimation
of personal situations, of understanding loneliness as the necessity, opportunity and resource of self-
development (as solitude), defining its urgency and working out personal active positions towards this
feeling. This can be connected with the “T” — form of sufferings and with finding the sense of personal life
under the definite living situations and self-attitude [20].

The given approach is based on the ratio of indices of cognitive, emotional and behavioural
components of loneliness, considering them in close interdependence and inter-stipulation. Coming across
the situation of loneliness a person makes its cognitive evaluation: summarizes the current information
and its possible consequences (primary evaluation), determines the ways of influencing on the situation
and its realization and finds the mechanisms and resources of overcoming loneliness; he (she) decides
what is necessary to do in the given situation (secondary evaluation). Then the situation is considered by
the so-called “fresh look”. The cognitive evaluation of the situation takes place. After having evaluated
the situation the person starts developing the mechanisms of loneliness overcoming (coping-process) and
actualizes his (her) resources and chooses the behaviour strategies [according to 7].

The zone of “optimum” is connected with the activity, autonomy of Ego, with the attitude to
loneliness experienced under the conditions of loneliness and isolation and stipulated by circumstances,
dispositions being optimum on the level of “secondary” [21]. That is why this zone passes through the
type “loneliness — self-isolation”, and “solitude — isolation”.

The intensity of loneliness feeling increases in “loneliness-isolation caused by circumstances” and
drastically decreases in “solitude-self isolation”. The last one in the situation of evident factors of solitude
(e.g., in case of loss of social contacts, avoiding other people because they disturb, distract and annoy
you) may bring potential loneliness, which can engulf person in case of solitude factors frustration.

Non-lone person is in the “optimum” zone because regulation processes providing his (her)
equilibrium in the environment, progresses evenly and systematically. This regulation is caused by long-
run adaptation to environmental conditions of a person who, using his (her) previous life experience, has
worked out some set of algorithms of reacting on the relatively often repeating situations. The adopted
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behaviour doesn’t demand definite regulation mechanisms for supporting both organism important
constructs and psycho processes, providing adequate reflection of reality in definite boarders. The
loneliness representation a person has and familiar behaviour strategies under loneliness conditions help
these processes.

But the face, defining the person’s equilibrium, isn’t a line but some range of fluctuations and
individual differences.

“The breach” of this face happens under the influence of loneliness factors. It is absolutely
individual for every functional-dynamic system, taking in all the peculiarities of psycho mentality and
human capability for reacting.

It can be a loss of a close person, a break of familiar system of relations, a loss of important values,
incapability of reaching goals etc. Loneliness is followed by negative feelings, non-adoption, incapability
to assess situation and to find an exit of it.

Intensive loneliness feeling can gradually decrease at any level if provocative loneliness factors lose
their actuality or solution is found, or the solitude factors balance the influence of loneliness factors and
gradually reduce their importance, and a reassessment of human motivation and evaluation sphere takes
place, and new coping-strategies in new circumstances are worked out.

3. Loneliness Theoretical Model Approbation under the Youth Age Group Conditions

3.1. METHOD AND PROCEDURE

The research is connected with the approbation of loneliness models on the basis of how young
people understand loneliness, compiling the questionnaire “Loneliness Types” in accordance with multi-
factorial dynamic model, conducting research and results analysis.

1. Compiling the questionnaire “Loneliness Types” consisted of several sub-stages:

a) Making up the first variant of the questionnaire “Loneliness Types” (seven experts took part in
the discussion, pre-test (pilot study) included 30 people), conducting research in order to get empirical
data (203 people) and statistical analysis, to define structures, measuring scales and to confirmation of the
basic questionnaire.

b) Compiling the main questionnaire, conducting research, statistical analysis and its final
correction.

2. 417 people (213 young man and 204 young girls, aged 18 to 24, random choice) took part in the
research with a help of questionnaire “Loneliness Types” and UCLA Loneliness Scale (Version 3)'.

Statistical Development Methods — Computing Programme SPSS (v.11.5.0) (Statistical Package for
the Social Science).

3.2. RESULTS

EEINNT3 CEINNTS

In order to define the content of such components as “loneliness”, “solitude”, “self isolation” and
“isolation caused by circumstances” that are a part of the dynamic models of loneliness we have
considered representation of affirmations reflecting emotional experience related to loneliness, attitude of
a person to loneliness, solitude, surrounding people, spare time, work, choice of a situation, circumstances
and their understanding, as well as behavioural stereotypes and reactions (40 affirmations).

After factor analysis of the first variant of the “Loneliness Types” questionnaire statements data
were grouped as “loneliness”, “solitude”, self-isolation” and “isolation caused by circumstances”. The
final questionnaire has 32 statements — 8 for every component. Four negatively formulated (“lonely”) and
four positively formulated (“not lonely”) statements were used in the component “Loneliness”.

The questionnaire check up concerning reliability was conducted by checking inner coordination.
Chronbach’s Coefficient is equal to .88, which confirms high level of statements coordination and
questionnaire reliability.

Correlation analysis (Pearson) of the statistical characteristics of the questionnaire statements with
the UCLA Loneliness Scale (Version 3) shows that all statements have correlation at level p<0,01.

Indices of components — loneliness, solitude, self-isolation, isolation conditioned by circumstances —
have high correlation with each other. The results of research with the questionnaire ,,Loneliness Types”
show that ,,loneliness” has mean value 14,7; ,,solitude” — 13,2; , self-solitude” and ,,solitude conditioned
by circumstances” — 15,4 and 15,0 correspondingly. Dispersion of indices is in the range 8,39 to 17,78.
Kurtosis values confirm the distribution form as that close to normal (Table 1).

! Ph. D. Daniel W. Russel permitted 1p use the UCLA Loneliness Scale (Version 3) in our scientific work
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TABLE 1. Statistical Characteristics of the ,, Loneliness Types” Components

Range Minimum | Maximum | Mean Std. Variance | Skewness | Kurtosis
LONELINESS 19,00 8,00 27,00 14,6619 | 2,89699 | 8,393 .652 1,278
SOLITUDE 15,00 8,00 23,00 13,1799 | 3,39878 | 11,552 .856 330
SELF-ISOLATION 19,00 8,00 27,00 15,3645 | 4,21667 | 17,780 465 -459
ISOLATION CONDITIONED
BY CIRCUMSTANCES 19,00 8,00 27,00 15,0216 | 3,60715 | 13,012 .580 .144

Indicators of “loneliness” up to 12 points — low factor expression, 16 plus — high expression,
“solitude”: up to 11 points — low expression, 15 plus — high expression, ,,self-isolations” — 12 and 18 and
,,isolations conditioned by circumstances”: — 12 and 17 correspondingly.

The analysis of sex differences that is of the ,,Loneliness Types” indicators of girls’ and boys’ was
verified with the help of t-criterion for independent selections. There are significant differences in the
components ,,loneliness”, ,,solitude”, and “isolation conditioned by circumstances” at level p <0,01.

Conclusions

1. Conceiving loneliness as a complicated, dynamic phenomenon determined by many factors
made it possible to work out a model of the loneliness, which includes the following structural
components — loneliness, solitude, self-isolation and isolation conditioned by the circumstances in
dynamic interconnection. There was taken into account the correlation of the cognitive, emotional, and
behaviour levels of loneliness. They were considered in close interdependence (realising a state of
loneliness; emotional assessment of a lonely state, personal interpretation of inter-psychological
connections in a state of loneliness).

2. There are defined the types of loneliness: solitude — self-isolation; solitude — isolation,
conditioned by circumstances, loneliness — self-isolation; loneliness — forced isolation conditioned by
circumstances.

3. Defining the two-factor model of the loneliness shows the dynamics of the factors’ interaction
connected by loneliness and solitude. The person’s balance between ,,loneliness” and ,,solitude’ is not a
straight line but rather some range of fluctuations and individual differences. If we wish to increase
notably the quality of life without experiencing loneliness, we should concentrate on the factors of
»solitude” and to enrich the content of relations with the surrounding people, of inter-personal contacts, to
diversify the content of leisure, labour, and interactions with other people.

4. In the multifactor dynamic model the component of ,loneliness” has the mean value 14,7,
»solitude” — 13,2; | self-isolation” and ,jisolation conditioned by circumstances” — 15,4 and 15,0
correspondingly. Kurtosis values confirm the form of distribution as that of close to normal.

5. In the dynamic model of loneliness, the most optimal state (non-loneliness) is connected with the
activity, the autonomy of ,,I” in relation to loneliness, the certainty of the person’s relations with the
surrounding medium, which help to minimize the intensity of loneliness when such state occurs. Intensive
experience of loneliness may be lowered when the factors, which brought up loneliness, have lost their
actuality and some decision has been found or when the factors of loneliness have balanced the loneliness
factors and gradually lowered their actuality.
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B nmanHO cTaThe paccMaTpuBalOTCs Icuxomerpudeckue mapamerpsl Illkansr ogunodectBa UCLA (University California
Los-Angeles) (Bepcus 3). B Hell npezacraBieHsl pe3ynbraTsl npumeHenus HIkaner oqunoyectBa UCLA (Bepcust 3) B YCIOBHSIX
JlaTBuM M SMIUpHYECKHE JaHHBIE, XapaKTepH3yIOIlHe OCOOEHHOCTH IPOSIBIEHHsS OJMHOYECTBA B IOHOLIECKOM BO3pacTe.
TlonrBepxnaercsa HanexxHocth Llkansl onunoyectBa UCLA (Bepeus 3). Koadduuments: Kponbaxa (o) mokaszaresnell yTBep:KaeHUI
nepBoro uccnenoBanus 0,86, moBTopHOro (depe3 1 mecsir) — 0,89, KoTopble yKa3bIBalOT HAa BEICOKYIO BHYTPEHHIOIO COITIACOBAHHOCTh
Hlxansr oguaouecTBa UCLA (Bepcus 3). ITokasatens xoppemsinuu (Pearson) JaHHBIX HePBOrO H HOBTOPHOTO HCCIIEIOBAHUII paBeH
0,81, pu p <0,01. Hccnenyercs ¢ moMompio (paKTOPHOTO aHaInM3a BO3MOXKHOCTh MCIIONB30BaHus JqaHHOW I1IKasbl uist onpeaeneHns
HPUYKH OIMHOYECTBA, 00YCIIOBICHHBIX COL[MATbHO-TICHXO0JIOTHYECKIMH (DaKTOpamu.

Br160op TeMsbl HccnienoBaHusl 00yCIOBIICH KEIAaHUEM [TOMOYb CIIEIUATMCTaM, pabOTaIOMIUM B COLIMANIBHOM cdepe, OCMBICITUTD
¥ JUarHOCTHPOBAaTh OAMHOYECTBO, YUYHTHIBAs IOCTIKCHUS COBPEMEHHOW IICHXOJOTHYECKOH HAayKH, a TaKXkKe CTPEMIICHHEM
NPUBJIEYb X BHIMaHUE K HETATHBHBIM [ICHXOJIOTHYECKUM COCTOSIHHSIM, CBSI3aHHBIM C OJJHOYECTBOM.

Kniouesnle cnosa: oounouecmso, usmepernue oounovecmsa, Llkanra oounouecmsa UCLA (sepcus 3), onoweckutl 6o3pacm

1. Beenenne

W3BecTHO, 9TO OMMHOYECTBO ONpeAeIIETCs KaK KpaiiHe HeOIaronpusaTHOE, MOPOXKAAOIIee TSHKEIBIS
nepexuBaHus siBieHHe. Kak cocTosiHME OHO CIIOCOOHO IPOHM3BIBATH BCIO CTPYKTYPY JIMYHOCTH H
pacTpoCTpaHsIThCd HAa KOTHUTHBHYIO, SMOLMOHAIBHO-PETYISATHBHYIO M NIEHCTBEHHO-BOJEBYIO c(ephl.
Jlaxxe yenoBek, COCOOHBIN CIPABIISATHCS C MEPSKUBAHUAMH, B PETYIUPOBAHUK OCTPOTHI OJMHOYCCTBA MOXKET
HCTIBITBIBATH TTACCHBHOCTH M O€CIIOMOIITHOCTh. OIMHOYECTBO — ATO CIIOKHBIN, MHOTOTPAaHHBIH, TMTHAMAYHBIH
(eHOMEH, IeTepPMHUHUPOBAHHBI MHOTUMH (DaKTOPaMH.

HeomHo3HaYHOCT coepKaHUs OAMHOYECTBA MPENNOaracT pa3IndHbIe TTOAXOIBI K €T0 NU3YYICHHIO,
K MPUYHUHAM €rO IMOSIBICHHSI, K BO3MOXXHOCTSM IMPEOIOJICHHS M CIIOCO0aM MPOTHBOCTOSHUS. ITO 00yC-
JIOBJIMBAET MHOTOTPAaHHOCTh €TI0 HAYYHOTO ¥ HHAWBUIyalbHOTO ocMbIcienus. Hanpumep, A. Kymepmvuar,
K. Curma, M. Bersep u K. Cenuxuaec [6] yka3piBai Ha CBA3M MEXIy OANHOYECTBOM W AMOIMOHAIEHBIMH
(HHM3KO€ YYBCTBO COOCTBEHHOTO JOCTOMHCTBA, JCHPECCHS M CONUAITBHOE OCCIIOKOWCTBO), COIHMATbHBIMH
(mpecnenoBanue, OTCYTCTBHE APYKECKUX M JOBEPHUTEIFHBIX OTHOLICHUH) U TTOBEICHICCKUMHE MPOOIeMaMH
(3aCTEeHYHBOCTh, 00OCOOJICHHOCTh, YMEHBIICHHE KOHTAKTOB C OKPYKAIOIIMMH, YYacTHS B OOIIUX
meponpustusax). JI. Augepcon [1], . Ilepnman u [. Paccen [11], II. Tukkaitnen u ap. [16] ormedann
CBS3b MEXJY OJMHOYCCTBOM W TAaKUMH IICHXOJIOTHYCCKHMH MPOOJIeMaMHu, KakK IDI0X0e (hU3UYECKOEe
CaMOYyBCTBHE, CaMOYOHWHCTBO WJIM TOIBITKA CaMOYOWHCTBa, 3aBUCHMOCTh OT ainkoroysi u jap. CBs3p
OJIMHOYECTBA C HHU3KHM YPOBHEM OOpPa30BAaHHOCTH ¥ HH3KHM YPOBHEM J0XOJa, OTPaHHYCHHBIMH
COIIMAIEHBIMU CBSI3MH HaxoAuTcs B neHTpe BHUMaHus H. CaBukko u ap. [15]. MHoOro paboT mocBsAIIEeHO
OJIMHOYECTBY MOXWIBIX Jrozaei [5, 17].

[lepexmnBanne oguHOYECTBa HanOOJIee SIPKO MPOSBIECTCSA B IOHOIIECKOM Bo3pacte. B 310 Bpems, C
OJTHOW CTOPOHBI, BCIICACTBUAC WHIUBUAYATU3AIMH JIOCYTa, paOdOTHI, y4eObl, Iepexoa OT JTHYHOCTHBIX
OTHOIICHUH K (POPMaNTN30BaHHBIM COIMAIBHBIM POJISIM I MHOTOYHCIICHHBIM IIOBEPXHOCTHBIM COLMATTBHBIM
KOHTAaKTaM C OKpPY)KaIOIIMMHU TIOSBISICTCS BCE Oonblice W OOJNbIIEE CTPEMIICHHE K YCAWHCHHUIO H
JTUCTAHIIMPOBAHUIO, K CAMOM3OJIINU, C APYTrod — BO3HHUKAET OCTpas MOTPEOHOCTh B JOBEPHUTEIBHBIX,
OM3KHUX OTHOIICHUAX C KeM-n0o0. He mocineHow poiib B 3TOM UTPAacT W HEYCTOWYMBOE COIUATBHOEC
MIOJIOKEHNE FOHOIIEH W JieBymiek. Hampumep, pe3ynbTaTsl HCCIEIOBAaHUM OJUHOYECTBa HaceneHus (15
JICT W CcTapliie) B paMkax nporpammsel «Quality of Life in New Zealand’s Largest Cities Survey 2004» [7]
MMOKa3bIBaoT, 9T0 B 2004 romy 18% HOBO3ETaHIIEB TyBCTBOBAIH ce0s OMMHOKO B TEUCHHE 12 MECAICB,
n3 HuX 15% ckazanu «mHOTHAY, 2% — «yactoy, 1% — «Bcerma». OguMHOUYECTBO OKa3ajoch Hauboliee
pactpoCTpaHEHHBIM sIBJICHHEM cperu Monozexu. Cpenu 15-24-neTHUX 9yBCTBYET Ce0sl OTMHOKO «HHOTIA,
«4acTo» U «mocTostHHO» 21%, cpenu 65-netHux u crapue — 19%, cpeau 24-49-netaux — 17%, cpeau
50-64-netanux — 15 % (cm. puc. 1).
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Puc. 1. IlepexxuBaHue OJJMHOYECTBA B Pa3HBIX BO3PACTHBIX Ipynmnax [7]

Crenyer OTMETHTB, YTO MMOX0XKUE PE3yJIbTaThl OBUIM NOTyuYeHbl B UccienoBanusx K. PyOuncraiin u
®. Illeitsep [20], mposeaennsix B Heio-Mopke u Yopuecrepe (CIIA). OHH y6eanTeIbHO JOKA3AITH, YTO
«... OJMHOYECTBO — TMpobiieMa IIaBHBIM 00pa3zoMm Mojoabix» [20, 329], U OTMETHIIH, YTO MOXOXKHE
pe3ynbTaTel ObUTH ToNMydeHBl B wuccnenoBaHusax Illanaca (E. Shanas) u ee xkommer, Jlay»arans
(M. Lowenthal), Tapuepa (M. Thurner), Yupuboroii (D. Chirboga) [20, 329], Tem cambiM omnpoBepras
pacnpocTpaHEeHHOE MHEHHE O TOM, YTO OIMHOYECTBO XapaKTEpHO AJIS MOKMIIBIX JrOeH. PecrioHneHTs
CTapIlIero Bo3pacra B OOJIbIIEH CTENEHU yAOBIETBOPEHBI CBOMMHU JIPYKECKUMH CBA3SIMHU, OHU OTHOCSTCA
K Pa3JInYHBIM COLUAIBHBIM IpyIaM, 00HAPYKUBAIOT Pa3INYHbIC YCTAHOBKH B OTHOIICHHH CaMHX CeOsl,
YyBCTBYIOT 00JIee «HE3aBHCUMOY, Y HUX 00Jiee BBICOKAsi CAMOOLIEHKA, Ye€M Y MOJIOABIX JIFO/IEH.

Hecmotps Ha obiiee MHEHHE HCCIIEAOBATENICH O TOM, YTO OJMHOYECTBO — JOCTATOYHO pacipocTpa-
HEHHOE SIBJICHUE, WICHTU(HUKALIUS €r0 3aTPyAHEHA TeM, YTO JJMYHOCTh, UCTIBITHIBAIOIIAS OJIMHOYECTBO, HE
BCET/a 3asBIAET 00 3TOM OTKpPHITO. Ilo 3TOH mpuYMHE JUId JUATHOCTHUKH HCIOJIB3YIOTCS pa3iMYHbIC
METO/IbI — HAOJIFO/ICHUE, aHKETHI, TECThI, OeCeIbl, aHAIM3 OMOrPaMUCCKUX TAHHBIX, IIUCHMA-OTKPOBEHHUS U JIp.

IIpu u3mepennn oauHovecTBa, ¢ ToUku 3peHus [. Paccena [19], cymecTByer nBa pa3inyHbIX KOH-
LENTyaJIbHBIX IIOJX0/1a: MHOTOMEPHBIN M OJHOMEPHBIN. [1epBbIil U3yyaeT OJMHOYECTBO KAK MHOIOI'PaHHOE
SBJICHUE W TIBITACTCSl BBIACIUTH TUIOTETUYECKHE THIIBI MM MPOSBICHUS OAWHOYECTBA. OTO JaeT
GospIIe BO3MOKHOCTH Ul HACHTU(UKAINU CaMbIX Pa3HOOOPA3HBIX CIydaeB OJMHOYECTBA, YTO MOXKET
OBITH 0OCOOEHHO IMOJIE3HBIM B OPTaHM3AIMH TTOMOIIH OJMHOKHUM JIIo/1sM. OJTHOMEPHBIH KOHIETTYaJIbHbIH
MOJXOJ] PacCMaTPUBAET OJMHOUYECTBO KaK IIEJIOCTHOE SIBICHUE, KOTOPOE OTJIMYACTCSs, IPEKAE BCETO,
UHTEHCUBHOCTBIO UCIBITBIBAEMOIO MEPEKUBAHUSA. DTOT HOJAXO JOMYCKAET, YTO B NEPE)KUBAHUM OJUHO-
YecTBa MMEETCSl HEUTO OOIIee, YTO JICKUT B OCHOBE OJJMHOYECCTBA, HCIBITHIBAEMOTO BCEMU WHIUBHIAMU,
Y HE IPUHUMAET BO BHUMaHHE, YeM JJIsl HHIUBH/A SBISETCS KaXKIbIi OTAEIBHBIN CIy4ail OIMHOYECTBa.

xaxa omuaouectBa UCLA (University California Los-Angeles) Obina 3agyMaHa Kak TJI00aJIbHBIH,
WIN OJHOMEPHBIHM, MOAX0J K M3MEPEHHIO OJMHOYECTBA W OCHOBaHA Ha OOIIEM OIBITE NEpeXHUBAHUM,
WCTIBITHIBAEMBIX IIUPOKUM KpyroM nronei. Pabora Hax Heii Obuta Hawata /1. Paccenom m ero xomieramu
emte B 1976 roxy [14, 13, 19]. OHu nonsITanuch co3aaTh aJ€KBAaTHYIO B ICUXOMETPHUUECKOM OTHOIIECHUU
u yno6uyto B ynorpetuenun lkamny.

Ona nonyuniza HanOoJIbIIee pacpocTpaHEeHHE B KAYECTBE HA/Ie)KHOTO HHCTPYMEHTA MCCIICIOBAHUS
OJIMHOYECTBA Pa3HbIX BO3PACTHBIX M CONMAIBHBIX TPYNI — MOJIOJABIX M MOXWIBIX JIFOAEH, CTYACHTOB,
nperno/aBaTesneii, pabOTHUKOB OOJIGHHUIIBI, MY>KYHH M YKEHIIMH U T.J1. VIMeeTcss MHO)KECTBO TICMXOMETPUYECKUX
JIAHHBIX, J0Ka3aTeNIbcTB O HanekHocTH W BamuaHoctu Illkamer UCLA [14, 13, 19, 12, 4, 8, 18, 2].
Bonpoc o tom, saBmserca qu Illkana oaMHOYeCTBa OJHOMEPHBIM WM MHOTOMEPHBIM KOHCTPYKTOM,
obcyxnancs B padorax JI. Paccena [12] u npyrux uccnenosateneii [9, 4, 10, 18].

[Ikana ogunouectBa UCLA (Bepcus 3), Kak U NpEABLAYIIHE BEPCHU, OCHOBAaHA HA OOIIEM OIBITE
TIEPEKMBAHNH, HCIBITBIBAEMBIX IMUPOKUM Kpyrom moneir. 1. Paccenm [12] oTmedaer upe3BBIYaliHYIO
HaaexkHOCTh [lIKkaipl KaK B IUTaHE BHYTPEHHEH COryiacoBaHHOCTH (KO3(QUIMEHT aab(a pacroioKuics
ot 0,89 x 0,94), Tak u pu MOBTOPHOM TecTUpoBaHUM depe3 12 mecsres (r = 0,73). B IlIkane ognHOYecTBa
UCLA (Bepcus 3) ucnonbsyercst 11 oTprnaTensHo copMyIUpOBaHHBIX (COIUHOK») M 9 MOJI0XKUTEIBHO
c(OpPMYIMPOBAHHBIX («HE OMHOK») YTBEPKIACHHH.

2. MeTon u pe3yabTaThl

s uccnenosanust Hamu B3sita Illkana omunouectea UCLA (Bepcus 3) (Russell,1996), nrobe3no
TpeoCTaBlIeHHass JOKTopoM micuxonorun Jenmnom Paccemom (Ph.D. Daniel W. Russell). B mccnenoBanim
ydacTBOBaJH 526 ctyneHToB I. Puru (JlarBus). M3 Hux — 252 ronomwu u 274 nesymku. Bospact: ot 18 1o
24 ner. JIa CTaTUCTHYECKOTO aHAJM3a JaHHBIX Obla HCmoiab3oBaHa mporpamMma SPSS sepcun 11.5.0.

90



Economy and society

IIpu amanTammu onpocumka [lIkamer ommaOowectBa UCLA (Bepcust 3) k ycioBusiM JlaTBuu MBI
YUYHUTBIBAIA OCOOCHHOCTH POJHOTO A3bIKa PECIIOHIEHTOB, 0OCYKIATIN «IPSIMBIE» U «0OpaTHBIE» HEePeBOIb,
a TaKKe HCIIONb30BAIM AHAIM3 JAHHBIX NHUIOTAXHOTO HccienoBaHus (pretest). B pesynbrare Ham
YAaJ0Ch MaKCUMaJIbHO MpuOnu3uTh KoHuenuuio IIkaner onuHouectBa UCLA (Bepcust 3) K KyJIbTYpHO-
SI3BIKOBBIM TPJUIMSAM U OCOOCHHOCTSIM HCCIEIyeMOH IpyIIbl, a TaKXkKe MOCTPOUTh onpocHUK [llkanb
onuHovyectBa UCLA (Bepcust 3), KOTOPBIi IpeacTaBicH Hibke (Tadi. 1).

TABJIULIA 1. Bonpocsr Ikansr oqunodectBa UCLA (Bepcust 3)

Ne Bomnpocst

1. Kax gacto Bs! qyBcTBYeTe cedst "Ha ofHOM BONHE" ¢ OKPYKAIOIIHMHU JTIOABMU?

2. Kax yacto Bsl 4yBCTByeTEe HEIOCTaTOK B JPYKECKOM OOIIEHHU?

3. Kak yacto Bbl uyBcTBY€TE, YTO HET HUKOTO, K KOMY MOXHO 0OpaTUThCS?

4. Kax gacto Bl qyBcTBYeTe ce0st 0qMHOKUM?

5. Kak yacto Bel uyBcTByeTe ce0sl 4aCThIO TPYIIIBI APY3eii?

6. Kak yacto Bel uyBcTBYETE, UTO Yy Bac ecTh MHOTO O0LIETo ¢ OKPY)KAOUMMHU JIFOABMU?
7. Kax wacto B! qyBcTBYeTe, uTO BEI GOIIbIIIE HE HCIIBITEIBAETE OIM30CTH K KOMY-THO0?
8. Kaxk uacto Bel uyBcTBYETE, UTO OKpY>Karomue Bac sironu He paszenstor Bamux uarepecos u uaei?
9. Kax yacto Bsl qyBcTByeTe ce0st OTKPBITBIM JUISl OOLICHHUS H JPYKETIOOHBIM?

10. Kax gacto BsI qyBCTBYeTE OIM30CTD, €JUHEHNE C IPYTUMH JIIOIBMH?

11. Kax gacto Brl uyBcTBYyeTe ce0st HOKHHYTEIM?

12. Kak yacto Bbl uyBcTBYeTE, uTO Baiiu oTHOLIEHHS C IPYTrMMH HOBEPXHOCTHBI?

13. Kax gacto Brl uyBcTBYyeTe, uTO Bac HUKTO He 3HaeT MO-HACTOAIEMY?

14. Kax gacto Bbl uyBcTByeTe ce0sl H30JMPOBAaHHBIM OT APYTHX?

15. Kak yacto Bbl uyBcTBYeETE, 4TO MOXKETE HAliTH cebe KoMIaHuIo, eciiu Brl aToro 3axorure?
16. Kax gacto Brl uyBcTBYeTe, 4TO €CTh JIIOMH, KOTOpEIe Bac nefCTBUTENBHO TIOHUMAIOT?
17. Kak yacto Bbl uyBCTByeTE CTECHUTEIBHOCTD?

18. Kaxk yacto Bel uyBcTBYETE, 4TO €CTh JIFOM BOKPYT Bac, Ho He ¢ Bamu?

19. Kax gacto BsI qyBCTBYyeTE, UTO €CTB JIIOJH, C KOTOPEIMH BBI MOXeTe TOroBOpHUTH?

20. Kax yacto BsI 4yBCTBYyeTE, UTO €CTh JIFOH, K KOTOPBIM BBl MOXeTe 00paTHThCS?

Hapexuocts kaiel nccnenoBanach NPOBEPKOM Ha BHYTPEHHIOKO COIIACOBAHHOCTD ITyTEM pa3ieieHUs
Hlkaner Ha nBe monoBuHbl (split-half) u moBropHBIM TecTHpoBaHueMm (test — retest) uwepes 1 mecs.
[TosmydeHb! BBICOKHE KOI(PQPUIMCHTHI dKBUBAICHTHBIX (opM CrmpmeHa-bpayHa (Ha OCHOBE pe3yJIbTaToB
nepBoro uccienosanus 0,83; nosroproro — 0,87) ¥ Takoil ke BBICOKUI YPOBEHb KPUTEPHs HAJISKHOCTH
nosioBuHHOTO pacuierienust ['yrmana (Guttman Split-half), nmomydeHHOro myTeM BBIYHCICHUS HUXKHHX
npenenoB (nepsoro — 0,82; mosropHoro — 0,87). Koadduiments: Kponbaxa (o) nokasareneid yTBepKIeHUH
nepBoro ucciepoanust 0,86, mosropHoro — 0,89, koTOpble yKa3bIBAlOT HAa BBICOKYIO BHYTPEHHIONO
cornmacoBanHOCTh Ilkamer omurouecTBa UCLA (Bepcust 3). Ilokaszarenms xoppemsuuu (Pearson) maHHBIX
TIEPBOTO 1 TIOBTOPHOTO HccienoBanuii paseH 0,81 mpu p < 0,01. OH cunTaeTcsi BRICOKAM, YTOOBI OIPEICIIATD
xamy ogurouectBa UCLA (Bepcus 3) ycroddnBeIM Bo BpeMeHH (Tabi. 2). B nccnenoBanmsx [l. Paccena
[12] mosyuen (unrepBan — 12 mecsueB) koadduipeHt koppemsiuu 0,73 (Pearson; p < 0,01).

TABJIULIA 2. ITokazarenu xoppessinun [kansr onnrodectBa UCLA (Bepeust 3) nepBoro 1 HOBTOPHOT'O MCCIIEIOBAaHUH
(BpeMeHHOI HHTEepBal - 1 MecsIr)

IIepBoe IToBTOpHOE
HCClIeIOBaHHe HCClIeJOBaHHE
INIEPBOE Koaddunuent xoppernsinun I 0.814(**)
NCCJIENOBAHUE INupcona ’
YpoBeHb 3HAYMMOCTH ) 0,000
(2-ctop.)
N 526 526
ITOBTOPHOE Koaddunuent xoppensiuu 0.814(**) 1
NCCJIENOBAHUE INupcona ’
YpoBeHb 3HAYMMOCTH 0.000 _
(2-ctop.)
N 526 526

** goppessinus Ha ypoBHe 3HaunmoctH 0,01 (2-cTop.).

Juarpamma paccenBanms mokasateneii [lkamsr omHOowecTBa UCLA (Bepcus 3) mepBoro u HOBTOPHOTO
UCCIICIOBAHUIT TOCTATOYHO poBHas. OHa HaIOMUHAET (POPMY OBaJla M YE€TKO ITOKa3bIBaeT BBIPa)KEHHOCTD
U CTPYIIIAPOBAHHOCTH (pHC. 2).
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Puc. 2. luarpamma paccenBanus nokasareneit [lkansr onunouectsa UCLA (Bepcus 3)
MIEPBOro U MOBTOPHOrO HccnenoBanuit (N = 526)

Takum 00pa3om, MOTyUICHHBIE PE3YJIbTAThI OATBEPIKAAIOT HAICKHOCTh u3MepeHus LIkasl ouHO-
gectBa UCLA (Bepcus 3). CnemoBaTenbHO, B CBOMX HCCIICIOBAHHUAX MBI MOXKEM €€ HCIOJIB30BaTh Kak
CepPhE3HYI0 METOJUKY Ul M3MEPEHHsI OJMHOYECTBA M HAACATHCS HA MOJYyYCHHE aJICKBATHON KapTHHBI
OIMHOYECTBA IOHOIIIECKOTO BO3pacTa. DTO MOATBEP)KAAIOT M Koppeisauu [Iupcona (aa yposHe p < 0,01)
Mexay ganaeiMu Ikamer onnHouectBa UCLA 1 Bompocamu IIkansr (Tabm. 3).

TABJIMLA 3. ITokazarenu koppensiuuu Lkansr onunouectBa UCLA (Bepeus 3) ¢ Borpocamu IIkasbt
(Pearson Correlation, N = 526)

Bomnpocst Ikana oquHOYECTBA Bomnpocst Ikana oquHOYECTBA
UCLA (Bepcus 3) UCLA (Bepcus 3)
1. 0,540(**) 11. 0,634(**)
2. 0,545(**) 12. 0,517(**)
3. 0,650(**) 13. 0,630(**)
4. 0,650(**) 14. 0,627(**)
5. 0,601(**) 15. 0,518(**)
6. 0,577(**) 16. 0,597(**)
7. 0,339(**) 17. 0,456(**)
8. 0,515(**) 18. 0,580(**)
9. 0,555(**) 19. 0,594(**)
10. 0,635(**) 20. 0,662(**)

**koppemsinus Ha ypoBHe 3HaunMoctH 0,01 (2-cTop.).
* xoppesiuus Ha ypoHe 3HaunMocti 0,05 (2-cTop.).

PesynpraTel cTatncTHydeckoro aHammsa xapakrepucTtuk lllkamsr ogmrowectBa UCLA (Bepcus 3)
MOKa3bIBAIOT, 4TO IPH OINPOCE CTYJCHTOB HAMH MOJIyYEHbI MOKa3aTesH, OJIM3KUE pe3ylibTaTaM HCCIeo-
Banus /1. Paccena [12] (Tabm. 4).

TABJIMLIA 4. ITokazatenu craTuctuueckux xapakrepuctuk Hlkansr onunouectsa UCLA (Bepcus 3)

CTaTUCTUUECKUE XapAKTEPUCTHKU HccnenoBanue aBTopa Crynents [12]
N 526 487

CPE/IH. 3BHAYEHUE 39,53 40,08
MEJIMAHA 39,00 40,00
CTAHJA.OTKJIOHEHUE 7,411 9,50

MOJIA 41 41

PABMAX 42 54
MUHVMYM 23 20
MAKCHUMYM 65 74
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Jis ompeneneHus paszIMYUil OAMHOYECTBA y FOHOIICH M NEBYHIEK MPUMEHEH OTHO(MAKTOPHBIH
mucniepcuoHHbI aHanm3 (ANOVA). U3 pesynsratos ciemyet, aro F = 7,05 npu p < 0,01, ato o3Hagaer,
YTO Pa3IW4Ms CTATUCTUYECKH [IOCTOBEPHBI HAa BBICOKOM ypoBHEe 3HaumMocTH. Iloxazatenmu Illxaisr
onuHoyectBa UCLA (Bepcust 3) IOHOIICH U IEBYIICK PACHPEICIUINCH CICAYIONIMM 00pa3oM: cperHee
3nayenue y oHomei (N =252) — 38,6; y aesymiek (N =274) — 40,4. Ectb pacxoxaeHus 1o pa3maxy (y
toHotiel — 37; nesyuiek — 42); moze (34 u 37); nucnepeuu (57,9 u 51).

[Nonyuennsie smMnupryeckue nanubie lkansr ognHowecTBa UCLA (Bepcust 3) ObIIM ITOABEPTHYTHI
takoke (axkropHomy ananmuzy (Factor Analysis). Kpurepuii anexBatHocTH BhIOOpKHM Kalizepa-Meiiepa-
Ouknna (Kaizer-Meyer-Olkin) oka3zaicst paBHbIM 0,897. DTO CBHIETEIBCTBYET O TOM, YTO Hallla BEIOOpKa
MpEIIonaraeT BEICOKYIO aJeKBaTHOCTh MPMMEHMMOCTH JaHHOTO BHAA aHaim3a. Ilocie BbiieneHns hakTopoB
JUTS UX BpaIeHHsT OBLT UCTIONB30BaH METO] Varimax.

ITocne mpoBeAeHHBIX MPOIIEAYp aHAIN3a BBIACICHHBI YeThlpe (akropa [lIkamer oqurowecTBa UCLA
(Bepcust 3) (Tabm. 5).

TABJIMLIA 5. IIpeobpa3oBanHas Matpuna (GaktopHsix Harpy3ok Llkansr oguHouectBa UCLA (Bepeus 3) (N = 526),
MEeTOJ BpalieHus -Varimax

Ne ponpoca Pakropet
1-b1ii paxTOp 2-0ii pakTop 3-ii hakTOp 4-plii pakTOp
1 0,767 0,166 0,055 0,059
6 0,752 0,078 0,189 0,121
9 0,644 0,037 0,132 0,283
5 0,643 0,193 0,056 0,288
10 0,548 0,073 0,355 0,334
15 0,490 0,343 -0,162 0,287
11 0,138 0,719 0,299 0,095
2 -0,020 0,687 0,098 0,295
17 0,154 0,662 0,109 -0,085
3 0,100 0,614 0,092 0,513
4 0,241 0,489 0,309 0,281
14 0,312 0,472 0,393 0,063
12 0,108 0,071 0,743 0,154
7 -0,100 0,041 0,681 0,051
13 0,220 0,267 0,574 0,209
18 0,242 0,359 0,545 -0,001
8 0,140 0,325 0,493 0,057
19 0,255 0,145 0,060 0,775
20 0,275 0,224 0,114 0,753
16 0,295 -0,005 0,285 0,657

I'pynmupoBka BompocoB Ilkansl oxmHouectBa UCLA (Bepcust 3) mo ¢dakTopam MO3BOJHIA
0003HAa4YUTh UX CIIEIYIOIUM 00pazoM: 1-ii hakTop — omcymcmaue oduHOCmuU, eOUHEHUsL C OKPYIHCAIOUUMIL,
2-i1 (haKTOp — OMCymcmaie MeNCIUNHOCHHbIX KOHMAKMOS, 83aumooeticmsust;, 3-ii pakTop — 060codneHHocmb,
OMYUYIHCOEHHOCb, U30IUPOBAHHOCY; 4-i1 PakTOp — HeyOoosremeopenHoCmb Kauecmeom OMHOUEHUL C
OKPYHCATOUUMU.

BrisiBiieHHOE B HAIleM HUCCICIOBAaHWM HAJIWM4YUE YeThipeX (hakTopoB mpexmonaraet, yro [llkama
omuHovyectBa UCLA (Bepcust 3) sBIISIETCS HE TOJIBKO OJHOMEPHBIM, HO H MHOT'OMEPHBIM KOHCTPYKTOM.
Kone4yHo, B MOJIb3y OJHOMEPHOCTH KOHCTPYKTa TOBOPHT JOCTATOYHO BBICOKAsl COIJIaCOBAHHOCTH,
koppensiist  BorpocoB Illkanmbl u  BbIIENeHHBIX (AKTOPOB Mexay coboil. PesynbraTel apyroro
UCCJIeJIOBaHUs, POBEJACHHOIO aBTOPOM, B KOTOPOM ydacTBOBainM 417 4elOBEK, TAKKe MOITBEPIHIH
HaJlMYMe BBIJCJICHHBIX HaMH YeTblpex (akTopoB. MbI JOKHBI OOpaTHTh BHMMaHHWE HA TO, 4YTO
MO3UTHBHO CQOPMYIIUPOBAHHBIE MYHKTHI («HE OIMHOK») cocTaBHIM 1-it U 4-it (dakTophl, a HEraTHBHO
chopmynupoBaHHbie («OIUHOK») — 2-if 1 3-i hakTophl. YeTkoe pasieneHne Ha JBE IPYIIIbI, BO3MOXKHO,
00YyCJIOBJICHO HEKOTOPBIM BJIHMSHHAEM CaMHUX (POPMYJIHPOBOK BOIPOCA, HEKOTOPOH IMOJATIMBOCTHIO
PECIIOH/ICHTOB Ha [TO3UTUBHO W HETaTHBHO C(OPMYJIMPOBAHHBIE BOIIPOCHL.

BrigenceHHbie (hakTOPBI MONTBEPKAAIOT HAIC MOHMMAaHUE OJMHOYECTBA KaK MEPEKUBAHUS, BO3HH-
KaIIEero B Pe3yJibTaTe OCO3HAHUS HEYIOBJICTBOPUTECIHFHOCTH KAUYECTBOM MEKIHMYHOCTHBIX OTHOIICHHMA
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CO 3HAYMMBIMH JIIOJbMH, pehEepEeHTHON IPYIIIOiL, a TAKXKE MOSBISIOMIETOCS B CBA3U C HEAOCTATOYHOCTHIO
COILIMANIBHBIX CBA3EH, OTCYTCTBUEM E€AMHEHHS C JPYTUMHM, TIOCTOSHHOTO BOCIIPHUATHS CE0sI KaK HEIOXO0XKEro
Ha OKpyXxaromux [3].

Ha Bompoc, kak 4acTo IOHOIIM M JIEBYIIKH YYBCTBYIOT CeOsl OJMHOKHMH, IOJYYEHBI OTBETHI
«uHorna» — 22,8%, «scerna» — 1,9% (4-i Bonpoc Llkaner). OHu GIM3KK JaHHBIM, TTOJIyYEHHBIM B XOJIE
uccnenoBaHus xxureneit Hopoit 3enanauu (cM. BbIie).

3. BeiBoabI

1. Illxama ommuHouectBa UCLA (Bepcusi 3) MOKET HCIIONB30BATHCS KaK HAEKHBIH MHCTPYMEHT
rII00aIbHOTO U3MEPEHUs] OAMHO4YecTBa. [lONMydeHHbIE pEe3yJabTaThl [OKA3bIBAIOT BO3MOXHOCTh €ro
UCIIOJIb30BAHUS JJIS TPOBEPKH ONMPOCHUKOB HA KPUTEPHAIBHYIO BAJIHIHOCTb.

2. Tlo HIkane ommuouectBa UCLA (Bepcusi 3) cpemHee 3HadeHHWE paBHO 39,5; MaKCHMalbHBIH
Oaym — 65, muanManbpHbIA — 23. Jlucniepcus paBHa 54,92. Dkcuece (0,963) moaTBepkaaeT HOPMAIBHBII
BUJI pacrpezeneHus. Pasmiyus rpyni oHOMIeH 1 IeBYILEeK CTATUCTHYECKH JIOCTOBEPHBI HA BHICOKOM YPOBHE
3HaunMocT (ANOVA; F = 7,05 npu p < 0,01). Cpennee 3Hauenue y roHomen — 38,64; nesymex — 40,35.

3. Illkanmy omunouectBa UCLA (Bepcus 3) mpu HEOOXOIMMOCTH MOXHO paccMaTpUBaTh Kak
MHOTOMEPHBIH KOHCTPYKT CO CIIeIyIOUMMH (pakTopamu:

— OTCYTCTBHUE €IMHEHUS C OKPY>KAIOINMU;
— OTCYTCTBHE MEXJIMYHOCTHBIX KOHTAKTOB, OJIN3KOTO YEIOBEKa;
— 000COOICHHOCTD, OTIYKJCHHOCTD, H30JIMPOBAHHOCTE;
— HEYJIOBJICTBOPEHHOCTh KAY€CTBOM OTHOIICHHN C OKPYKAIOUIMMH.
370 103BOJISIET 0OPATUTH BHUMAHKE HA T€ aCHEKThI, C KOTOPHIMH CBSI3aHO OJIMHOYECTBO YETIOBEKA.
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COMPUTER MODELLING and NEW TECHNOLOGIES, volume 10, No. 3, 2006
(Abstracts)

A. Ben-Yair, D. Golenko-Ginzburg, D. Greenberg, A. Nemenman. Upon Multi-Parametrical
Optimization in Risk Management, Computer Modelling and New Technologies, vol. 10, No 3,
2006, pp. 7-13.

In order to demonstrate the role and the place of the harmonization modelling theory [12-14],
we have to show its utilization in certain management areas. It can be well-recognized that harmonization
models are applicable mostly to organization systems under random disturbances. This, in turn,
enables analyzing various sources of uncertainty, e.g. reliability values including hazardous failures,
various environmental parameters, etc. We will examine henceforth two important cases of project
management: large-scale complicated projects and medium-level public service projects.

Keywords: project risk analysis; risk assessment models; public service projects; on-line
control models; trade-off project optimization models

Yu. F. Zhukovskii, R. A. Evarestov, E. A. Kotomin, Yu. A. Mastrikov, S. N. Piskunov,
Yu. N. Shunin. The Simplest Defect in Srtio; Perovskite Crystals: Atomic and Electronic

Structure of a Single F' Centre, Computer Modelling and New Technologies, vol. 10, No 3,
2006, pp. 14-28.

Various properties of a cubic phase of SrTiO; perovskite containing single F centres (O vacancies),
including energies of their formation and migration, were simulated using different formalisms of
Density Functional Theory (DFT) as implemented into CRYSTAL-2003 and VASP computer codes.
The lattice relaxation around the F' centre was found to be sensitive to both shape and size of used
supercells. The larger is supercell, the closer defect energy level in the band gap lies to the conduction
band bottom. It approaches the optical ionization energy of 0.49 eV for 270- and 320-atomic
supercells, where the distance between neighbouring defects is as large as four lattice constants. The
defect bandwidth decreases for these supercells down to 0.02 eV, i.e. the defect-defect interaction
becomes negligible. Thus, different first principles periodic approaches being combined provide results,
which are converged with respect to the supercell size.

Keywords: DFT calculations, CRYSTAL-2003 and VASP computer codes, cubic phase of
StTiO; perovskite, supercell shape and size, the F centre, formation and migration, electronic properties

E. A. Kotomin, Yu. A. Mastrikov, D. V. Gryaznov, Yu. N. Shunin. First Principles Calculations
of the Atomic and Electronic Structure of LaMnO; (001) Surface, Computer Modelling and New
Technologies, vol. 10, No 3, 2006, pp. 29-40.

The results of ab initio DFT plane-wave periodic structure calculations of the surface of LaMnO;
(001) are presented and discussed. The effects related to three different kinds of pseudopotentials, the
slab thickness, magnetic ordering, and surface relaxation are analysed. The antiferromagnetic surface
lowest in energy (that is, spins on Mn ions are parallel in basal plane and anti-parallel from plane to
plane) has a considerable atomic relaxation up to forth plane from the surface. The calculated (Bader)
effective charges and the electronic density maps demonstrate a considerable reduction of the Mn
atom ionicity on the surface accompanied by a covalent contribution to the Mn-O bonding. These
results are compared with hybrid LCAO-B3PW calculations.

Keywords: ab initio DFT plane-wave periodic structure calculations, LaMnQO; (001) surface

100



Computer Modelling & New Technologies, 2006, volume 10, No3 *** CUMULATIVE INDEX

V. Chernishev, Ju. Chizhov, G. Kuleshova, A. Borisov. Investigation of Algorithms for Goal-
Based Agent Control Using Evolutionary Computation, Computer Modelling and New
Technologies, vol. 10, No 3, 2006, pp. 41-52.

The aim of this paper is to study properties of genetic programming algorithm and perform a
comparative analysis with EIman neural network using agent control task in a cellular world. In order
to solve this task, two programmes have been created: the first implements genetic programming
algorithm and the second implements Elman neural network. These programmes are developed in
Borland Delphi environment using Object-Pascal programming language. In the paper each method is
analysed separately and their comparative analysis is performed.

Keywords: genetic algorithm, genetic programming, Elman’s neuron network, cell world,
agent’s navigation

V. Gopeyenko, V. Zenin. Development of Standard Operating Environment (SOE) Expanding
On the Basement of Automated and Standardized System Imaging, Computer Modelling and
New Technologies, vol. 10, No 3, 2006, pp. 53-61.

It would perhaps be no exaggeration to say that using computers in business increases the
productivity and the effectiveness of management. However, with the increasing of the quantity of
workstations in the long run, grows the heterogeneity of computer systems on workstations. Non-
homogeneous systems make the installation of additional applications and users’ support more
difficult, increase help desk calls and time for new application compatibility testing, as well as time of
system restoring on desktops; create the unstable platform for business applications and decrease
uptime. It should be noted as well that increasing the time of updating operation systems and patch
distribution decreases the security on the whole As a result, the costs for supporting workstations
extend.

The method of deployment of computer workplaces in educations institutes, middle and large
corporations, the principals of the creation of different types of clones of Standard Operating
Environment, the design, creation and deployment of the real system of Standard Operating
Environment based on Microsoft Windows 2000 Professional and Microsoft Windows 2000 Server
for the classrooms of Information Systems Management Institute are discussed.

Keywords: Operating system imaging, Standard Operating Environment

Sh. E. Guseinov, N. I. Kobasko, A. A. Buikis, A. G. Mamedov. Some Mathematical Models
with Non-Linear Boundary Conditions for Foe Intensive Cooling of Steel and Analitical
Solutions, Computer Modelling and New Technologies, vol. 10, No 3, 2006, pp. 62—-74.

It has been shown that there exists the analytical solution of both non-stationary heat transfer
equation and hyperbolic equation of non-stationary heat transfer with nonlinear boundary conditions
for the account of non-stationary nuclear boiling. Such solutions are necessary for the development of
new intensive and ecologically clean heat treatment technologies. This paper is the beginning of the
cycle of joint research fulfilled within the framework of the international project “Database for
cooling capacities of various quenchants to be developed with the modern computational and
experimental techniques” under the aegis of WSEAS (www.wseas.org/propose/project/wseas-
projects.htm). Analytical solutions and their analysis are also very important for the automation and
computerization of the production processes. The work can be used in the development of
ecologically clean technologies.

Keywords: heat transfer equation, hyperbolic equation of non-stationary heat transfer,
nonlinear boundary conditions, intensive and ecologically clean heat treatment technologies

T. Lobanova. A Survey of Distance English Teaching, Computer Modelling and New
Technologies, vol. 10, No 3, 2006, pp. 75-81.

Mankind has just graced the threshold of a new millennium. What will unite people in the
future? Probably, a common language — the English language most presumably. Distance teaching-
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learning, which guarantees the highest degree of democracy and human rights to everyone, might be a
means of facilitating the process of language learning and acquisition.

Distance education is an active process, in which people actively construct knowledge from
their experiences in the world. People do not get ideas; they make them. Teaching styles are changing.
Students are demanding it. Technology is enabling it. Distance education demands that we reshape the
content, process and delivery of our educational offerings. It is the essence of our educational concept
not to give the right answers, but to ask the right questions.

As world practice shows, well-thought out distance education offers students far greater
involvement in the process of learning the language and gives the results as good as traditional classes
and sometimes even better.

Keywords: distance education, English, module education

I. Ishmuhametov. Multifactor Dynamic Loneliness Model, Computer Modelling and New
Technologies, vol. 10, No 3, 2006, pp. 82—88.

Loneliness is a complicated emotion capturing the whole personality with her (his) thoughts,
actions and behaviour. This is a depressed feeling linked with the real or imaginary absence of the
satisfactory social relations. This work investigates the contemporary comprehension of the loneliness
phenomenon through the social psychological prism, develops the dynamic model of its contents and
analyses its approbation under the youth age conditions. In a multi-factor dynamic model of
loneliness exists the following: “loneliness”, “solitude” and “self-isolation”, “isolation caused by
circumstances”. Understanding of the nature of loneliness will allow developing the optimal strategies
of its overcoming under the conditions of the unstable and indefinite situation.

Keywords: Dynamic Loneliness Model, Loneliness Type, loneliness, solitude, self-isolation,
isolation conditioned by circumstances, youth age

I. Ishmuhametov. Psychometric Characteristics of the UCLA Loneliness Scale (Version 3): A
research of Loneliness of the Higher School Students, Computer Modelling and New
Technologies, vol. 10, No 3, 2006, pp. 89-95.

In this article Psychometric Properties of the UCLA Loneliness Scale (Version 3) are
presented. UCLA Loneliness Scale (Version 3) statistical characteristics under the conditions of
Latvia and empirical data characterizing loneliness representation peculiarities at the youth age
(students) have been obtained. The results received confirm the reliability of UCLA Loneliness Scale
(Version 3) measurement. Chronbach’s coefficient of data received after the first study is equal to .86,
the second (in a month time) -89. The data correlation (Pearson) index of the first and the repeated
investigation is equal to .81 when p <0,01. The factor analysis shows the opportunity of using the
mentioned scale for the determination of reasons of loneliness.

The choice of the scientific theme can be explained by the desire to attract professionals’
attention to the negative psychological states of contemporary people and by the urgent need to
change the diagnostics of loneliness in accordance with the tendencies of modern science
development.

Keywords: measurement of loneliness, loneliness, UCLA Loneliness Scale (Version 3), youth age
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COMPUTER MODELLING and NEW TECHNOLOGIES, 10.séjums, Nr.3, 2006
(Anotacijas)

A. Ben-Yair, D. Golenko-Ginzburg, D. Greenberg, A. Nemenman. Par multi-parametrisko
optimizaciju riska vadiba, Computer Modelling and New Technologies, 10.sgj., Nr.3, 2006,
7.-13. Ipp.

Lai paraditu harmonizacijas model&Sanas teorijas lomu un vietu, mums ir japarada tas
izmantoSanu noteiktas vadibas jomas. Tas ir labi zinams, ka harmonizacijas modelus var pielietot
lielakoties organizacijas sistémas ar nejausam nekartibam. Tas, savukart, dod iesp&u analizet
nejausibu dazados avotos, e.g. droSuma vértibas, ieskaitot bistamas neveiksmes, dazadus ekologiskos
parametrus, etc. Autori turpmak raksta izpéta divus svarigus gadijumus projekta vadiba: sarezgitus
plasa méroga projektus un vid€ja limena sabiedrisko pakalpojumu projektus.

Atsleégvardi: projekta riska analize, riska novért€juma modelis, on-line kontroles modelis

Yu. F. Zhukovskii, R. A. Evarestov, E. A. Kotomin, Yu. A. Mastrikov, S. N. Piskunov,
Yu. N. Shunin. VisvienkarSakais defekts SrTiOj; peroksida kristalos: vienkar$a F' centra atomu
un elektroniska struktiira, Computer Modelling and New Technologies, 10.sgj., Nr.3, 2006,
14.-28. lpp.

Dazadas SrTiO; peroksids, kas satur vienkarSus F centrus (O vakances), ieskaitot to formé$anas
un migracijas energijas, kubiskas fazes IpaSibas, tika model&tas, pielietojot dazadus Density
Functional Theory (DFT) formalismus, ka ieviestus CRYSTAL-2003 un VASP datora kodos. Rezga
atslabinaSana F centra apkartng, tika konstatéta ka jutiga gan pielietoto superStinu formai, gan
izmeram. Jo lielaka ir superSiina, jo tuvaks energijas defekta limenis stieples sprauga vaditspgjai izvietojas
stieples apaksgja dala.

Tadgjadi, dazadas pirmo principu periodiskas pieejas, kas tiek apvienotas, lai nodroSinatu
rezultatus, kuri tiek konvergéti, nemot véra supesiinas izmerus.

Atsleégvardi: DFT aprekini, CRYSTAL-2003 un VASP datora kodi, SrTiO; peroksids kubiskas
fazes, supersiinas forma un izmérs, elektroniskas 1pasibas, F' centrs, veidosanas un migracija

E. A. Kotomin, Yu. A. Mastrikov, D. V. Gryaznov, Yu. N. Shunin. LaMnO; (001) virsmas
atomu un elektroniskas struktiiras pirmo principu aprékini, Computer Modelling and New
Technologies, 10.sgj., Nr.3, 2006, 29.—40. Ipp.

Raksta tiek piedavati un diskut€ti ab initio DFT plaknes vilna periodiskie LaMnO; (001)
virsmas struktiiras aprékini. Efekti, kas attiecas uz pseidopotencialu tris dazadajiem veidiem: platnes
biezums, magnétiskais kartojums un virsmas atslabums, tiek analiz&ti teksta. Antiferromagnétiskajai
virsmai, kas ir viszemaka p&c energijas (tas ir, Mn jonu grie$anas ir paraléla bazalaja plakng un anti-
paraléla no plaknes uz plakni), piemit ievérojama atomiska relaksacija (atomiskais atslabums) Iidz pat
turpmakajai plaknei no virsmas. Izskaitlotie (Bader) efektivie 1adini un elektroniskas blivuma kartes
demonstré ievérojamu Mn atoma jonizacijas redukciju uz virsmas, kas tick pavadits ar kovalento
devumu Mn-O savienojuma. Sie rezultati tiek salidzinati ar hibrida LCAO-B3PW aprékiniem.

Atslégvardi: ab initio DFT plaknes vilpa periodiskie LaMnO; (001) virsmas struktiras
aprekini, LaMnO3 (001) virsma

V. Chernishev, Ju. Chizhov, G. Kuleshova, A. Borisov. Agenta vadiSanas algoritmu izpé&te,
kas pamatots ar mérki, pielietojot evoliicijas skaitlojumus, Computer Modelling and New
Technologies, 10.sgj., Nr.3, 2006, 41.-52. Ipp.

Pétijuma mérkis ir izzinat algoritma genétiskas programmeésanas Tpasibas un veikt salidzino$o
analizi ar Elmana neironu tiklu, lictojot agenta kontroles uzdevumu celularaja jeb $tnu pasaulé. Lai
veiktu min&to uzdevumu, tika izstradatas divas programmas: pirma ietver genétiskas programmésanas
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algoritmu un otrd ietver Elmana neironu fiklu. Sis programmas ir izstradatas Borland Delfi vidg,
lietojot Object-Pascal programmésanas valodu. Raksta katra metode tiek analizgta atseviski, ka ari
tiek veikta to salidzino$a analize.

Atslegvardi: genétiskais algoritms, genétiska programmésana, Elmana neironu tikls, $tinu
pasaule, agenta navigacija

V. Gopeyenko, V. Zenin. Standarta operacionalas apkartgjas vides attistiba, izpleSoties uz
automatizetas un standartizetas sist€émas att€lveidoSanas pamata, Computer Modelling and New
Technologies, 10.sgj., Nr.3, 2006, 53.-61. Ipp.

Tas nebiitu parspilejums, ja teiktu, ka datoru lietoSana uzlabo biznesa produktivitati un
parvaldes efektivitati. Tomer, palielinoties darbstaciju skaitam ilgtermina, palielinas datorsistemu
heterogenitate uz darbstacijam.. Ne-homogeénas sist€mas padara papildu lietoSanas un lietotaju
atbalsta instalaciju griitaku, palielina paliglogu signalus un jaunu savietojamibas testéSanas lietoSanas
laiku, ka arT sist€émas atjaunoSanu uz darbvirsmam, rada nestabilu platformu biznesa lietojumiem un
samazina darbspgjas laiku. Ir jaatzimé, ka palielinot laiku operaciju sistému darbsp&jai un saiknu
sadale samazina droSibu kopuma. Rezultata izmaksas darbstaciju atbalstam palielinas.

Atslégvardi: Darbibas sistemas att€lveidosana, Standarta darbibas vide

Sh. E. Guseinov, N. 1. Kobasko, A. A. Buikis, A. G. Mamedov. Dazi matematiskie modeli ar
nelineariem robezapstakliem térauda intensivas rudiSanas procesiem un to analitiskiem
risinajumiem, Computer Modelling and New Technologies, 10.sgj., Nr.3, 2006, 62.—74. lpp.

Darba tiek paradits, ka pastav analitiskais risinajums, ka nestacionaram siltuma vadamibas
vienadojumam, ta art hiperboliskajam nestacionara siltuma vadamibas vienadojumam ar nelineariem
robezapstakliem, nemot véra nestacionaro nuklearo varisanos. Sadi risinajumi ir nepiecie$ami jaunu
intensivu un ekologiski tiru siltuma rezima tehnologiju attistibai. Sis raksts ir tikai sakums kopigam
starptautiskajam pétjjumam par minéto tému ,,Datu baze atvésinaSanas kapacitatem, kas tiek
izstradatas ar misdienu skaitloSanas un eksperimentalam tehnologijam”, kas tiek veikts WSEAS —
World Scientific and Engineering Academy and Society (www.wseas.org/propose/project/wseas-
projects.htm) aizgadiba. Analitiskie risingjumi un to analize arT ir Joti svarigi faktori So razoSanas
procesu automatizacija un kompjuterizacija. Darbu var lietot tikai ekologiski tiru tehnologiju
izstradei.

Atslégvardi: siltuma vadamibas vienadojums, nestacionara siltuma vadamibas hiperboliskais
vienadojums, nelinearie robezapstakli, intensivas un ekologiski tiras siltuma rezima tehnologijas

T. Lobanova. Anglu valodas talmacibas parskats, Computer Modelling and New Technologies,
10.s§j., Nr.3, 2006, 75.-81. Ipp.

Pavisam nesen ka cilvéce izdailoja jauna gadu tikstosa slieksni. Kas gan vienos cilvékus
nakotn&? Loti iesp&jams, ka kopiga valoda — visticamak, ta varétu bit anglu valoda. MaciSanas ar
talmacibas iesp&ju, kas garanté vislielako demokratijas Iimeni un cilvéktiesibas ikvienam, tas varétu
bt veicinoss lidzeklis valodas apguves procesa.

Talmaciba — tas ir aktivs process, kura cilveki aktivi veido savu zinaSanu bagazu, par pamatu
nemot vinu pasu pieredzi. Cilvéki nedabii idejas no kaut kurienes, vini pasi tas veido. Macibu stils
mainas nepartraukti: to pieprasa studenti. Ka to pierada pasaules prakse, labi organizéta talmaciba
studentiem var dot daudz vairak neka ierastas nodarbibas un biezi vien ar1 vél pat vairak.

Atslégvardi: talmaciba, anglu valoda, modula izglitiba

I. Ishmuhametov. Daudzfaktoru dinamiskais vientulibas modelis, Computer Modelling and
New Technologies, 10.sgj., Nr.3, 2006, 82.—88. Ipp.

Vientuliba — ir sarezgits pardzivojums, kas aptver personibu kopuma, t.i., jutas, domas, ricibu.
Ta ir nepatikama un nomacoSa izjiita, kas ir saistita ar realu vai iedomatu apmierinoS$u socialo
kontaktu triikumu. Saja darba pétita vientulibas fenomena miisdienu izpratne, lai noskaidrotu vientulibas
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patnibu sociali psihologisko biitibu un izstradatu vientulibas satura sociali psihologisko modeli, ka ari
analiz€tas ta aprobacijas iespgjas jaunieSu vecuma grupa. Vientulibas modelis balstas uz ,,vientulibas”,
»noskirtibas”, ,,pasizolacijas” un ,apstaklu noteiktas izolacijas” jédzieniem, kas tiek analiz&ti to
dinamiskaja saistiba. Vientulibas biitibas izpratne nepiecieSamibas gadijuma laus izstradat optimalas
stratégijas tas adekvatai parvaréSanai misdienu nestabilaja un nenoteiktaja situacija.
Atslégvardi: vientulibas dinamiskais modelis, vientulibas tipi, vientuliba, noSkirtiba, izolacija,
jauniesu vecums

I. Ishmuhametov. Vientulibas skalas UCLA (3. Versija) psihometriskie raksturojumi: augstskolas
studentu vientulibas p&tijums, Computer Modelling and New Technologies, 10.sgj., Nr.3, 2006,
89.-95. Ipp.

Saja raksta tiek analizétas Vientulibas skalas UCLA (University California Los-Angeles)
(3. versija) psihometriskas 1pasibas. Tiek dots $is skalas statistiskais raksturojums Latvijas apstakliem
un empiriskie dati, kas raksturo vientulibas izpausmes Ipatnibas jaunieSu vecuma (studenti). Tadgjadi
iegiitic rezultati apstiprina Vientulibas skalas UCLA (3. versija) m&rfjumu ticamibu. Esam ieguvusi
Kronbaha (o) koeficientus pirma pétijuma apgalvojumu raditajiem — ,86 un atkartota — ,89. Tie norada
uz vientulibas skalas UCLA (3. versija) augstu iek$gjo saskanotibu. Pirma un otra, ka arT atkartota
(test-retest; pec ménesa) petijuma datu korelacijas Pirsona raditajs Iidzinas ,814 pie p <0,01. Ar
faktoranalizes palidzibu tika pétita Vientulibas skalas iesp&jama izmantoSana vientulibas cé€lonu
noteikSanai.

Petfjuma témas izveli nosaka véleSanas pieverst socialaja sfera stradajoso dazadu jomu specialistu
uzmanibu daudzu miisu Iidzcilvéku negativajiem psihiskajiem stavokliem, nepiecieSamibai izmainit
vientulibas teorétisko izpratni un diagnostiku saskana ar miisdienu zinatnes atzinam pasaulé, Latvijas
iedzivotaju psiho higiénas uzlabosanai $aja aspekta.

= =

Atslégvardi: vientulibas mériSana, vientuliba, vientulibas skala UCLA (3. versija), jaunieSu vecums
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The Camera-Ready Copies

PREPARATION OF CAMERA-READY TYPESCRIPT:
COMPUTER MODELLING AND NEW TECHNOLOGIES

A Guide for Authors

A.N. AUTHOR
Affiliation
Institute address

Abstract reviews the main results and peculiarities of a contribution. Abstract is presented always in English or in
English and the second (presentation) language both.
Keywords: main terms, concepts

1. Introduction

These instructions are intended to provide guidance to authors when preparing camera-ready
submissions to a volume in the CM&NT. Please read these general instructions carefully before
beginning the final preparation of your camera-ready typescript.

Two ways of preparing camera-ready copy are possible:

(a) preparation on a computer using a word processing package;
(b) printed copy fitted for scanning.

2. Printer Quality, Typing Area and Fonts

IMPORTANT:

If you produce your camera-ready copy using a laser printer, use a 15 x 23 cm typing area (in A4
format: 30 mm — left, 30 mm — right, 30 mm — top, 30 — bottom, line spacing — single), as in these instructions,
in combination with the 10 points Times font. The pages will then be reproduced one to one in printing.
Fonts

The names and sizes of fonts are often not the same on every computer system. In these
instructions the Times font in the sizes 10 points for the text and 8 points for tables and figure legends
are used. The references section should be in the 10 points font.

3. Format and Style

The text should be in clear, concise English (or other declared language). Please be consistent in
punctuation, abbreviations, spelling (British English), headings and the style of referencing.

Camera-ready copy will be printed exactly as it has been submitted, so please make sure that the
text is proofread with care.

In general, if you prepare your typescript on a computer using a word processing package, use
styles for the font(s), margin settings, headings, etc., rather than inserting these layout codes every time
they are needed. This way, you will obtain maximum consistency in layout. Changes in the layout can be
made by changing relevant style(s).

4. Layout of the Opening Page

A sample for the opening page of a contribution is shown in Figure 1 on page 3.
Requirements for the opening page of a contribution are (see also Figure 1): the titles should always be a
centered page and should consist of: the title in capital letters, bold font, flush center, on the fourth text
line; followed by the subtitle (if present) in italics, flush center, with one line of white above. The
author's name(s) in capitals and the affiliation in italics should be centered and should have two lines of
white space above and three below, followed by the opening text, the first heading or the abstract.
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5. Headings
Please distinguish the following four levels of headings:

1. First-order Heading

This heading is in bold, upper and lowercase letters, numbered in Arabic figures, and
has two lines of space above and one line below. The text begins full out at the left margin.
1.1. SECOND-ORDER HEADING IN CAPITALS
This heading is in roman capitals, numbered in Arabic figures and has one line of space above
and below. The text begins full out at the left margin.
1.1.1. Third-order Heading in Italics
This heading is in italics, upper and lower case letters, numbered in Arabic figures and has one
line of space above and no space below. The text begins full out at the left margin.
Fourth-order Heading in Italics. This heading is in italics, upper and lowercase letters, with
one line of space above the heading. The heading has a full stop at the end and the text runs on
the same line.

$ 3 blank lines
TITLE OF CONTRIBUTION
Subtitle of Contribution
$ 2 blank lines
A.N. AUTHOR
Affiliation

Institute address
T 3 blank lines
Abstract
$ 2 blank lines

First text line

Figure . Example of an opening part of contribution to a Volume of CM&NT
6. Figures and Photographs

- Line drawings must be submitted in original form, on good quality tracing paper, or as a glossy
photographic print.
- Halftone photographs must be supplied as glossy prints.
- Colour illustrations. Colour illustrations are more expensive and the author is expected to cover the
extra costs. Please consult with Editors about this.
Mount all illustrations directly into the text at the appropriate places. Alternatively, it is acceptable to
leave the appropriate space blank in the text, and submit the illustrations separately. In this case You
must put the figure numbers in pencil in the open spaces in the text and on the back of the figures. Also
indicate the top of the illustration.

For computer plotting the ORIGIN Software is preferable.
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- Legends for figures/illustrations should not be incorporated in the figure itself and they should be listed
in numerical order (headed as "Figure 1.", "Figure 2." etc.). The legends should be set centered, below
the figure.

7. Displayed Equations

Displayed equations should be in the left side of the page, with the equation number in
parentheses, flush right.

Ey =[] v (p(x)K(x—x )(~divP(x'))d*xd*x', (1)
. exp(—A(|x—x|)

K(X_X)=C0ﬁ‘ (2)
Font sizes for equations are: 12pt — full, 7pt — subscripts/superscripts, Spt — sub-

subscripts/superscripts, 18pt — symbols, 12pt — subsymbols.
8. Tables

Please center tables on the page, unless it is necessary to use the full page width. Exceptionally
large tables may be placed landscape (90° rotated) on the page, with the top of the table at the left-hand
margin. An example of a table is given below:

TABLE 1. National programs of fusion research [1]

Experiment Type Laboratory Task Begin of operation
JET tokamak Joint European Torus, Plasma physics studies 1983
Culham, UK in the region close to
ignition
TEXTOR tokamak FA, Jilich. Germany Studies of plasma-wall 1982
interaction
TORE SUPRA tokamak CEA, Cadarache, Testing of super- 1988
France conducting coils,
stationary operation
ASDEX Upgrade tokamak IPP, Garching, Plasma boundary 1990
Germany studies in divertor
plasmas
WENDELSTEIN stellarator IPP, Garching, Testing the principles 1988
7-AS Germany of ”advanced
stellarator”
WENDELSTEIN stellarator IPP, Greifswald, Testing feasibility of 2004
7-X Germany “advanced stellarator”
for power station

9. References

The References should be typeset in a separate section as a numbered list at the end of your
contribution in the following style:

Journal articles should consist of as follows: author's name, initials, year, title of article, journal
title, volume number, inclusive page numbers, e.g.:

[1] Dumbrajs O. (1998) Nuclear Fusion. RAU Scientific Reports & Computer Modelling & New
Technologies 2, aa-zz

[2] Kiv A.E., Polozovskaya I.A., Tavalika L.D. and Holmes S. (1998) Some problems of operator-
machine interaction. RAU Scientific Reports & Computer Modelling & New Technologies 2, aa-zz

[3] Shunin Yu.N. (1996) Elementary excitations and radiation defects in solids induced by swift heavy
ions. RAU Scientific Reports & Solid State Electronics & Technologies 1, 15-35

[4] Schwartz K. (1996) Excitons and radiation damage in alkali halides. RAU Scientific Reports & Solid
State & Electronics & Technologies 1, 3-14
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Book references should consist of as follows: author's name, initials, year, title of book,
publisher, place of publication, e.g.:

[5] Schwartz K. (1993) The Physics of Optical Recording. Springer-Verlag, Berlin Heidelberg New
York

[6] Shunin Yu.N. and Schwartz K.K. (1997) Correlation between electronic structure and atomic
configurations in disordered solids. In: R.C. Tennyson and A.E. Kiv (eds.). Computer Modelling of
Electronic and Atomic Processes in Solids. Kluwer Academic Publishers, Dordrecht, pp. 241-257 .

Unpublished papers should consist of as follows: author's name, initials, year (or: in press),
title of paper, report, thesis, etc., other relevant details, e.g.:

[7]1 Shunin Yu.N. (1995) Elementary Excitations in amorphous solids accompanying the swift heavy ions
passages. Private communication. GSI Seminar. Darmstadt

The references above should be cross-referenced by numbers within square brackets:
...as cited in [1], or Kiv et al. [2]... The use of author's initials for cross-references is not encouraged.

10. Authors Index

Editors form the author’s index of a whole Volume. Thus, all contributors are expected to
present personal colour photos with the short information on the education, scientific titles and activities.

11. Submission

Check your typescript very carefully before it is submitted. Submit two copies of the typescript
to the Editors of the Volume. Always retain a copy of all material submitted as backup.

11.1. DISK FORMATS AND WORD PROCESSING PACKAGES

If you want to present contributions electronically please before submitting accord with the
Editors the details on your computer system, your word processing package and version (MS Word 6
and above versions are preferable) and the way of transfer on the information (disk or Internet).

Acknowledgements
Acknowledgements (if present) mention some specialists, grants and foundations connected with
the presented paper. The first page of the contribution should start on page 1 (right-hand, upper, without

computer page numbering). Please paginate the contributions, in the order in which they are to be
published. Use simple pencil only.
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Abstracts (about 600 words in length) and papers submitted for
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Submitted abstracts and papers will be reviewed. Accepted
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Instruction for papers preparing can be found on the
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INVITED SESSIONS (workshops)

Proposals for invited sessions (workshops) within the
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participation in the sessions, coffee breaks, daily launch, hard copy
of the conference proceedings.
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geographical location, Riga has wonderful trade, cultural and
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