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A CONFIRMATORY SURVEY OF DIFFERENTIAL ITEM
FUNCTIONING

Abstract: For the development of comparable tests in international studies it is essential to examine
Differential Item Functioning (DIF) by different demographic groups, in particular cultural and language groups.
For the selection of test items it is important to analyze the extent to which items function differently across the sub-
groups of students. For the past several years, interest has been demonstrated in the study of differential item
functioning (DIF). DIF is investigated whenever one wants to identify items on which two groups of examinees,
matched on a mea sure of an appropriate variable, do not perform the same. Motivation for studying DIF could
stem from psychometric considerations or from broader issues having to do with pedagogical, social, or
psychological questions. The purpose of this study is to help ensure that strategies for differential item functioning
(DIF) detection for students with disabilities are appropriate and lead to meaningful results. We surveyed existing
DIF studies for students with disabilities and describe them in terms of study design, statistical approach, sample
characteristics, and DIF results. Based on descriptive and graphical summaries of previous DIF studies, we make
recommendations for future studies of DIF for students with disabilities.
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Introduction traits could be a test taker’s ability to access the math
content in a word problem or the ability to respond to
a computer-delivered constructed response item with
a keyboard, for example. For such students,
opportunity to learn the content may also be
considered a secondary trait. Secondary traits
measured by items showing DIF may be relevant or
irrelevant to the targeted ability. When test items
measure secondary traits or abilities that are
irrelevant to the intended measure for some groups,
such items are considered biased. Item bias is one
aspect of fairness in testing and test use (American
Educational ~Research  Association, American

Differential item functioning (DIF) has
generated great interest in language testing
applications (see Holland & Wainer, 1993; Penfield
& Camilli, 2007). Rezaee & Shabani mentioned that
researchers believe that through the use of DIF
detection methodologies, factors contributing to
group differential performance could be revealed,
items flagged for DIF could be discarded, and finally
fairer decisions could be made (Pae, 2004a; Rezaee
& Shabani, 2010). Differential item functioning
(DIF) refers to group differences in performance on a

test item that cannot be explained by group
differences in the construct targeted by the item
(Crocker & Algina, 1986; Clauser & Mazor, 1998).
Test items are identified as exhibiting DIF when,
after matching examinee groups by a measure of
ability, the performance of one group is significantly
higher than the other group, on average. When DIF is
found to occur, it means that a test item is measuring
traits or abilities that are secondary to the targeted
ability. For students with disabilities, such secondary

Psychological Association, & National Council on
Measurement in Education (1999).To ensure test
fairness, DIF statistical methodology is used to
empirically identify items that are performing
differently across focal and reference groups after
matching examinees based on ability, and human
judgment is used to decide whether an item showing
DIF is biased based on its characteristics (Zieky,
1993; Zumbo, 1999). When an item shows moderate
to high levels of DIF, the item is typically reviewed
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by content experts. In the test development stage, an
item showing DIF may either remain as is, be
revised, or be deleted from the item pool. While
small sample sizes had limited the number of DIF
studies for students with disabilities
historically, recent changes have provided
opportunities to conduct item-level analyses and to
make judgments about fairness for more specific
disability subgroups.

Significant of the Study

Identifying the causes of DIF is also important
part to understand about the
relative strength and weakness of the examinee
groups on the different skills and
abilities that the test items measure. Some possible
sources for such trends may
include item content, item type or format, item
context, content and cognitive
dimensions associated with items. It may be possible
to gain considerable insight
into the potential causes of DIF by considering the
statistical evidence of item level DIF in light of such
item attributes. Practically, items identified as
showing substantial DIF are not necessarily deleted
from future tests, but these items are among those
that need to be carefully reviewed prior to any
subsequent use. Holland & et al indicated that by the
widespread  concern  over  differential item
functioning most standardized testing programs place
considerable importance on issues equity and
fairness. For many testing programs, DIF analyses
are a routine component of general item analyses,
and items with unacceptable DIF statistics may
undergo extensive sensitivity review or be rejected
from operational use. DIF analyses are undertaken to
identify items that unfairly advantage one or more
examinee subgroups. DIF analyses differ from
studies in that the former attempt to control for the
effects of subgroup differences in the ability being
measured whereas the latter ignore such factors.
Most DIF approaches are best considered as global in
that the resulting statistic is an index that somehow
combines information across all ability ranges and
provides an omnibus examination. (Holland &
Thayer, 1988). CDIF is rather unique since CDIF
values add up to the total DTF, enabling the
practitioners to examine the net effect of deleting one
or more items from the test. Although the DFIT
framework has shown to be an effective mechanism
for detecting DIF and DTF in IRT-based
tests/questionnaires in several studies (e.g., Flowers
et al., 1999; Oshima et al., 1997; Raju et al., 1995),
these studies also have pointed out a need for better
procedures for assessing the statistical significance of
the DIF and DTF indices.

What is DIF?

Mellenbergh explained that Differential Item
Functioning (DIF) occurs when an item on a test
functions differently for different groups, given the
ability level. Usually the groups are called reference
group and focal group, and DIF means that the item
has different characteristics for the different groups.
Usually two types of DIF are distinguished: uniform
DIF and non-uniform DIF (Mellenbergh, 1982).
Hambleton arranged that Non-uniform DIF can be
split into two types (crossing and non-crossing) and
occurs when there is an interaction between group
membership and ability level. In crossing non-
uniform DIF, for one end of the ability level
spectrum the item is easier for members of one
group, whereas at the other end of the ability level
the item is easier for members of the other group. In
non-crossing non-uniform DIF, the item is of similar
difficulty for both groups at one end of the ability
spectrum, but different difficulties for the groups at
the other end of the ability spectrum. Hambleton
believed that in an IRT framework this means that
the a-parameter and the b-parameter are different.
Although in general uniform DIF is the most
common type of DIF, previous applied research has
found non-uniform DIF in operational tests as well
(e.g. Hambleton and Rogers, 1989). Therefore just
testing for uniform DIF is insufficient. Guler
described that one issue in the detection of DIF is the
presence of impact. When the focal group and
reference group differ in their underlying ability
distribution, i.e. when one group has a higher average
ability than the other group, this is called impact. The
presence of impact can make the detection of DIF
more difficult (e.g. Guler and Pen_eld, 2009).
Regardless of the type of DIF, the issue is that the
item does not function the same for members of
different groups, which can make a test unfair if the
item is treated as functioning the same in both
groups. Graphical Differential Item Functioning
Several DIF approaches have straightforward
graphical interpretations. Within the context of item
response theory (IRT), DIF is conceptualized as
differences between the item characteristic curves
(ICCs) for two groups receiving the same item. It is
not surprising that several IRT-based DIF approaches
are graphical in nature. For instance, several authors
have suggested DIF measures that are based on the
area separating ICCs (e.g., Raju, 1988; Rudner,
Getson, & Knight, 1980). Such measures can often
be represented as shading on a plot of the two ICCs.
Thissen and Wainer (1990) focused on the
calculation of confidence bands around individual
ICCs, but they described how these bands could be
calculated separately for two subgroups and then
visually compared as a DIF measure. The authors use
a sampling approach based on multiple imputations
to approximate the variability around an individual
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ICC, and they derived relationships between the
number of samples taken and the confidence
associated with the resulting confidence bands.
Pashley (1992) took an additional step and provided
a method for calculating exact confidence bands
around the difference function directly. The resulting
func- tion could be examined to identify locations of
local DIF, ranges for which the confidence bands do
not include zero. Pashley's work builds upon the
work of Hauck (1983) on methods for calculating
confidence bands for logistic regression lines. Hauck
provided closed-form expressions for the confidence
bands using Scheffe's method and a form of the
Cauchy-Schwartz inequality. Both the Rasch and
two-parameter-logistic (2PL) IRT models are logistic
response curves, so Hauck's approach can be applied
directly in these cases.

DIF Procedure and Limitations

Incipient procedures for assessing DIF focused
on dichotomous items (Camilli & Shepard, 1994;
Holland & Wainer, 1993; Penfield & Camilli, 2007;
Roussos & Stout, 2004). Tests of DIF in polytomous
items address whether individuals having the same
level of proficiency, but belonging to different
groups, have the same chance of obtaining each score
level of the polytomous response variable. A
limitation of traditional measures of DIF for
polytomous items is that they provide only an item-
level index of the DIF effect (or an item-level test of
the null hypothesis of no DIF) and thus provide no
information concerning which score levels are
implicated in the DIF effect or whether some score
levels are implicated more than others. For this
reason, traditional DIF measures for polytomous
items can be conceptualized as omnibus measures of
DIF. Because omnibus measures of DIF provide no
information concerning which score levels are
manifesting the DIF effect, they provide limited
information to help guide the identification of
specific components of the item manifesting the DIF
effect and the potential causes of the DIF effect. The
limitations of omnibus DIF measures make clear the
need for a DIF methodology that examines
measurement equivalence in relation to each score
level of the polytomous item. The probability of
observing each score level of a polytomous item is
defined according to a series of step functions
describing the chance that an individual will
progress, or step, from one score level to a higher
score level (e.g., the step from a score of 1 to a score
exceeding 1, the step from a score of 2 to a score
exceeding 2, etc.). It is the properties (i.e., underlying
parameters) of these step functions that ultimately
dictate the probability of observing each score level
for an individual with a particular level of ability
(Baker, 1992). As a result, an examination of the
between-group difference in measurement properties

in relation to each score level can be pursued through
an examination of the between-group difference in
the properties of the step functions underlying the
polytomous item. This framework has been referred
to as differential step functioning (DSF; Penfield,
2006, 2007). The framework of DSF provides a
mechanism for examining the between-group
difference in measurement properties at each step,
thus providing detailed information concerning
where along the polytomous response process a lack
of measurement equivalence may exist for the groups
under consideration. The framework of DSF provides
DIF analysts with several advantages over the
omnibus measures of DIF. First, tests of
measurement invariance based on the DSF effects
can be more powerful than the omnibus DIF tests
when the magnitude and/or sign of the DSF effect
varies across the steps of the underlying polytomous
response variable (Penfield, 2006, 2007). In the
extreme case where the sign of the DSF effect
changes across the steps (i.e., is positive for one step
but negative for another), the power of DSF-based
tests of invariance has been shown to be more than
10 times that of the omnibus tests of DIF (i.e., a
power of .045 for the omnibus test of DIF compared
with a power of .85 for the test of DSF; Penfield,
2006). A second advantage of the DSF framework is
that it allows the DIF analyst to pinpoint precisely
which score levels (or steps) are responsible for an
observed DIF effect. That is, if a polytomous item is
flagged for DIF, then the analysis of DSF can be
used to isolate the components of the item that
require further content review and possible revision
and ultimately suggest the factors causing the DIF.
Because the identification of the causes of DIF is the
key to decisions about item revision and/or removal
(Bolt, 2000; Douglas, Roussos, & Stout, 1996; Gierl
& Khalig, 2001; Oshima, Raju, Flowers, & Slinde,
1998; Scheuneman, 1987; Schmitt, Holland, &
Dorans, 1993; Swanson, Clauser, Case, Nungester, &
Featherman, 2002), the framework of DSF can play a
pivotal role in such decisions. In addition, the
growing interest in the consideration of cognitive
strategies used in responding to items (DiBello,
Roussos, & Stout, 2007; Leighton & Gierl, 2007;
Mislevy, 2006) places a new emphasis on
understanding  between-group  differences in
measurement properties in relation to these
strategies. DSF provides a mechanism for identifying
between-group differences in strategies underlying
the responses to polytomous items. To date, the only
accounts of DSF and related methodology have been
technical and have provided limited guidance on the
use and interpretation of DSF results. In this article,
we present a nontechnical overview of the DSF
framework and available methodology for assessing
DSF and provide recommendations for the use and
interpretation of DSF analyses. Issues of particular
importance include: (a) how the results of a DSF
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analysis can help target investigations into the causes
of DIF, (b) what methods can be used to evaluate
DSF, (c) what criteria should be used to flag large
DSF magnitudes, and (d) how DSF analyses can be
most effectively used in conjunction with traditional
DIF analyses. In addition, we illustrate the use of
DSF using a real data set.

Differential Item Functioning (DIF) Analysis

For a test item to display DIF implies a
persistent interaction between the performance of a
subgroup of test takers and an attribute (e.g., age,
gender, race, or nationality), which would give an
unfair advantage to that subgroup over another (see
Kunnan, 1990; Zeidner, 1986, 1987). To
meaningfully impact test scores, this interaction must
be not only too improbable to be attributable to
chance but substantive as well. Statistically
significant DIF indices may nevertheless be too small
in magnitude to have any meaningful effect on the
measurement (Linacre, 2010 a). Therefore, to cause
test bias, DIF must be statistically significant (p <
.05), substantively impact observed test or test item
performance, and have a theoretically sound cause.
Significant and substantive DIF indices imply that
test scores no longer represent only the intended
latent variable; they also represent an unintended and
unmodeled secondary dimension (Wright & Stone,
1988). Unmodeled secondary dimensions may be
either simple or complex (Jang & Roussos, 2009).
The presence of a simple secondary dimension
indicates that most test items measure the intended
trait but that a group of items measures a secondary
attribute that is nevertheless targeted on the intended
trait. These items form an “auxiliary dimension”
(Jang & Roussos, 2009, p. 242). The presence of a
complex secondary dimension means that test items
measure unintended traits, whose degree and type
differs from item to item (Jang & Roussos, 2007,
2009). In tests with complex secondary dimensions,
test items have primary and auxiliary dimensions,
which measure the latent trait, and at least one
“nuisance dimension,” which does not (Jang &
Roussos, 2009, p. 242). Ackerman, Gierl, and
Walker (2003) referred to DIF caused by auxiliary
dimensions as benign and that caused by nuisance
dimensions as adverse. This study adopts Rasch-
based DIF analysis; one of the most frequently used
methods of DIF analysis. Wyse and Mapuranga
(2009) argued that the Rasch method is broadly
comparable to other methods and Cauffman (2006)
and Edelen, McCaffrey, Marshal, and Jaycox (2009)
have reported on the potential of the method to detect
gender-based DIF in educational assessment. Ferne
argued that Rasch-based DIF analysis has two
preconditions: (a) unidimensionality, which holds
when overall test scores are not contaminated by any
irrelevant factor, and (b) local independence, which

holds when test takers’ performance on a given test
item is not influenced by their performance on
another item (Ferne & Rupp, 2007). Dimensionality
analysis and DIF analysis are conceptually distinct.
Dimensionality analysis yields information about
secondary dimensions that are relevant to all test
takers, whereas DIF analysis identifies conditional
differences in response probabilities using defined
variables (such as gender) that dimensionality
analysis does not examine. Roussos and Stout (1996,
2004) argued that although the presence of DIF
points to multidimensionality, “the presence of a
secondary dimension does not automatically imply
the presence of DIF. Some secondary dimensions
cause DIF and some do not, depending on how the
reference and focal groups differ in their proficiency
on the secondary dimension” (Roussos & Stout,
2004, p. 108). Because of these distinctions,
dimensionality analysis is an important precondition
to Rasch-based DIF analysis (Ferne & Rupp, 2007, p.
129). Unfortunately, only eight of 27 studies in Ferne
and Rupp’s survey of DIF analysis in language
assessment provided evidence of unidimensionality.
As previously discussed, DIF can be classified as
either UDIF or NUDIF (Ferne & Rupp, 2007). UDIF
indicates that the subgroup differences in the
secondary dimension are constant across the main
dimension and that “there is no interaction between
ability level and group membership” (Prieto
Maranon, Barbero Garcia, & San Luis Costas, 1997,
p. 559). This implies that the item characteristic
curves (ICCs) of two subgroups have identical slopes
but different intercepts, indicating a consistent
difference across the two subgroups (e.g., male and
female), irrespective of the subclass being examined
(e.g., low- or high-ability test takers). NUDIF,
conversely, does vary with the ability level of test
takers. In other words, the difference in performance
between two subgroups is not consistent between
subclasses of those subgroups.

DIF on the CLBA

Once a differential item functioning (DIF) item
has been identified, little is known about the
examinees for whom the item functions
differentially. This is because DIF focuses on
manifest group characteristics that are associated
with it, but do not explain why examinees respond
differentially to items. Ethnic, cultural, disability,
and/or linguistic groups, little progress has been
made in explaining why differential item functioning
(DIF) occurs in many statistically flagged items.
Because researchers’ attempts to understand the
“underlying causes of DIF using substantive analyses
of statistically identified items have, with few
exceptions, met with overwhelming failure”
(Roussos and Stout, 1996, p. 360), Roussos and Stout
(1996) proposed a confirmatory approach to DIF.
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A Confirmatory Approach to DIF

The Douglas, Roussos, and Stout (1996)
confirmatory approach to DIF is a two-stage
approach designed to link substantive and statistical
methods in a DIF analysis framework. In the first
stage of this framework, DIF hypotheses are
generated from theory and substantive item analyses
are conducted to classify the items according to an
organizing principle or theoretical framework. A DIF
hypothesis specifies whether an item or bundle of
items designed to measure the primary or intended
dimension also measures a secondary dimension or
unexpected dimension that is suspected of producing
DIF/DBF. The second stage in the DIF analysis
framework involves statistically testing the
hypotheses generated in stage one of the analyses.
The statistical procedure and commercial software
package selected for testing the hypotheses in the
current study is the Simultaneous Item Bias Test
(Stout and Roussos, 1999).

Differential Item Functioning (DIF) and Bias

In order to investigate the research questions,
the current study drew on differential item
functioning (DIF), a common approach used in the
language testing literature to investigate bias.
Differential item functioning is generally defined as
existing when two groups of test-takers, who are
otherwise matched in ability on a construct, have
different probabilities of answering an item correctly
(see Ferne & Rupp, 2007). A DIF finding, which in
essence signifies the advantage of one group over
another, may be attributed to the influence of
construct-irrelevant variance on the studied item (and
so indicate ‘item bias’). On the other hand, two
groups may differ in a construct-relevant way, in
which case DIF may indicate impact rather than bias.
DIF is therefore regarded as ‘a necessary but not
sufficient condition’ for establishing an argument for
bias (McNamara & Roever, p. 83). Various
procedures have been used to calculate DIF, and
according to McNamara and Roever (2006) these can
be classified into four categories: analyses based on
item difficulty, nonparametric approaches, item
response theory (IRT) approaches, and ‘other’
approaches (such as logistic regression). These
approaches have emerged more or less
chronologically, with item difficulty approaches
often found in early DIF studies, and IRT and
logistic regression appearing more recently. Each
‘family’ of approaches has different strengths and
assumptions. Ferne and Rupp (2007) suggest that a
variety of methods is necessary as some studies have
shown that certain methods may produce conflicting
results for the same items (see, e.g., Kristjansson,

Aylesworth & McDowell, 2005). Thus, multiple
methods for DIF detection were selected for this
study. Due to limitations in the sample size 2- or 3-
parameter IRT approaches were not suitable (see
McNamara & Roever, 2006). The two DIF detection
procedures chosen as methods for the current study
were the standardization procedure (also known as
conditional p value) (Dorans & Kulick, 1983) and the
Mantel-Haenszel procedure (Dorans, 1989; Mantel &
Haenszel, 1959). Both procedures involve a
comparison between a ‘reference group’ and a ‘focal
group’. The focal group is considered the ‘group of
interest’, and the reference group is the group with
whom performance is being compared (Holland &
Wainer, 1993, p. xv). The standardization and
Mantel-Haenszel procedures also involve matching
test-takers on ability level; and each allows for
matching to be performed using an external criterion.
The selection of these two procedures reflects the
approach taken by Roever (2007) in which both
methods used together were found to be
complementary, and useful for investigations with
relatively small sample sizes (e.g. 250). Similarly,
Hambleton (2006, p. 186) recommends these two
procedures for identifying DIF with limited numbers
of test-takers.

Using the Pattern of DSF Effects to Help
Identify the Cause of DIF

As described in the previous sections, the
presence of a DSF effect in a particular step can help
the DIF analyst in targeting the specific score levels
manifesting a potentially biasing factor. We can,
however, make even more use of the DSF effects in
understanding the causes of DIF through an analysis
of the pattern of the DSF effects across the J steps of
the polytomous item. In particular, the specific
pattern of the DSF effects across the J steps of the
polytomous item can help guide the analyst in
identifying the possible cause(s) of the DIF effect
and in making a decision about item revision or
removal. Although there are an infinite number of
patterns that the J DSF effects can assume, several
general groupings of patterns are particularly
revealing of the causes of the DIF effect. Penfield,
Alvarez, and Lee (2009) described these groupings
within a two-dimensional taxonomy of DSF patterns.
The first of these dimensions distinguishes between
pervasive and nonpervasive DSF. Pervasive DSF is
observed when all J steps display a substantial DSF
effect, and thus the DSF effect is pervasive across all
score levels. The presence of pervasive DSF suggests
to the analyst that the cause of DIF is exerting its
influence at the item level. For example, pervasive
DSF may be observed in a writing task where
students are asked to respond to a particular prompt.
In such an item, the presence of pervasive DSF
would imply that the factor responsible for the lack
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of invariance is inherent in the content of the prompt
itself. In contrast, nonpervasive DSF exists when
only one or a few steps display a substantial DSF
effect. The presence of nonpervasive DSF implies
that the factor causing DIF may be isolated to one or
a few steps. For example, consider a writing task in
which DSF appears only in a score level that requires
well-structured paragraphs, in addition to the
characteristics required by the scoring criteria for the
lower score levels. In this case, the nonpervasive
DSF provides evidence that the DIF effect is not
necessarily due to content in the writing prompt but
rather is isolated to properties of the particular level
pertaining to paragraph structure. Making this
distinction between pervasive and nonpervasive DSF
can prove valuable in determining whether the cause
of DIF is due to an item level property or a property
of one or more particular score levels. The second
dimension of the DSF taxonomy pertains to the
consistency of the DSF effects across impacted steps,
distinguishing between constant, convergent, and
divergent forms of DSF. Constant DSF is observed
when the steps displaying a DSF effect are relatively
equal in magnitude and sign. Although constant
pervasive DSF provides evidence that the factor
responsible for the DSF effect is a property of the
item, constant nonpervasive DSF indicates the factor
responsible for the DSF is restricted to the affected
score levels and thus is not necessarily an item-level
property. Convergent DSF describes the situation in
which affected steps display a DSF effect of the same
sign (i.e., favoring the same group) but different
magnitude, providing evidence that the causal factors
are manifested differentially across steps. It may be
the case that an item-level effect impacts score levels
differently, or more than one biasing factor is
present. Divergent DSF is characterized by affected
steps displaying opposite signs, meaning that the
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BBenenue

Bomnpocer OLICHKHU MHOT'OLIMKJIOBBIX
YCTaJIOCTHBIX MOBPEXKIACHUN 3JIEMEHTOB
KOHCTPYKLIMM M JeTajieil MallluH B YCJOBHUSX
CJIO’KHOTO HaIps>KeHHOTO COCTOSTHUS u

HECTAlIMOHAPHOI'O HAIPYKEHUA SBJIAIOTCA HanOolee
CJIOKHBIMH. TpaﬂI/IIII/IOHHLIC pacyeTbl Ha YCTAJOCTh
OCHOBAaHbl Ha CpPAaBHCHUU HaHpﬂ)KeHI/Iﬁ B Haubolee

OMAaCHBIX TOYKaX KOHCTPYKIMH C  MPEIeIIOM
BBEIHOCITUBOCTH ~ MaTepHana, HaHICHHOM IIyTeM
WCIIBITAaHWH  JTabopaTopHBIX  oOpasmoB. Criabbie

CTOPOHBI TAKOT'O IMOJAXO0Ja K OHEHKE COIIPOTUBJICHUA
YCTaJIOCTU M3BECTHBI JIaBHO. B 30Hax BBICOKHX
Tpaau€HTOB HaHpH)KeHI/Iﬁ MBI HCIOOLICHUBACM

CONPOTHUBJICHHE KOHCTPYKLHUH, a B Cily4ae MallbIX
IPaJIMCHTOB, HO OOJBbIIUX (UIMYECKUX OOBEMOB
(HAaMHOTO TPEBBIMIAIOIIUX OOBEMOB HCIIONIb3yEeMbIX
1ab0paTOPHBIX 00pasIioB) HA000pOT
nepeoneHuBaeM. s TOTO, YTOOBI pe3yJbTATHI
pacyera NpHOIMKAIUCH K JEHCTBUTEIHLHOCTH, OBUIN
CO3/IaHBI TIOTY3MIIHUPHUECKHE TIPUEMBI
KOPPEKTHUPOBKH PACUETHBIX JIAHHBIX, CBSI3aHHBIE CO
BBEJICHHEM 3¢ PEKTUBHBIX k03¢ punreHToB
KOHLEHTPAllMM  HANpsDKEHWH W MaclTaOHBIX
KO3 HUIHEHTOB. OTH TPHUEMBI MOTYT  OBITH
HCIIONIb30BaHbl B YACTHBIX CJIydasX, & B CaMoM
obmieM cimydae KOHCTPYKIMH, paboTaromeid B
MIPOU3BOJILHOM HAIpPSHKEHHOM COCTOSHUH, OHH HE
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npuMeHuMBL. Oco3HaHHWe 3TOro (aKTa MPHUBEIO K cTaTuCTHYecKoH Monenbto Beitbymma [3]. B

MOSBIICHUIO CTATUCTHIECKUX MOJIENIEH yCTaIOCTHOTO
paspymIeHus], TO3BOJLIIONMX B TNPUHIUIE YYECTh
TEOPETHICCKH Kak BITUSHUE IPaJMEeHTOB
HANPSKCHUH, TaK U BIUSHUE aOCOJTIOTHBIX Pa3MEepOB
netann. ONYMH U3 MPAKTHYCCKH YIOOHBIX BaPHAHTOB
CTaTUCTHYECKOT'O pacyeTa, CBA3aHHOIO B IEPBYIO
ouepenp ¢ padoramu B. I1. KoraecBa u HEKOTOPBIX
npyrux uccienonateneii, BeeneH B [OCT 25.504-82.
DTOT METOI OCHOBAaH Ha MOJIENM cJIab0Oro 3BEHA IO
BeiiOymy. YkazaHHBIN METOJ YCHEIIHO
o0ciy)XuBaeT pacyeTsl CTEep KHEBBIX
KOHCTPYKIMOHHBIX ~ DJIEMEHTOB C  Pa3IMYHBIMH
KOHIICHTPAaTOPaMH  HAaNpsDKCHUH, a Takke B
3HAYUTEIBHON CTENICHM U pacyeThl IUTACTHH U
000JIOYEK €  OTBEPCTUSAMH, pabOTAOIUX B
0C3MOMEHTHOM HANpPsDKCHHOM COCTOSIHHMH, TaK Kak B
30HE KOHIICHTPAlUM HAIPSDKEHUN OKOJIO OTBEPCTHS
BCCraa I[OMI/IHI/IpyeT OJHO T'JIaBHOC HaHpH)KeHI/Ie.

Jlexamass B OCHOBE  OTOT0  METoja
CTaTUCTHYECKass TEOpUS TOAOOWS U W3BECTHEIC
BEPOSATHOCTHBIE METOJBI pacueTa Ha YCTallOCTh MpPH
OTHOTIAPAMETPUIECKOM U JIBYXIMapaMETPHUICCKOM
HaIPSHKEHHOM COCTOSIHHH CBSI3aHBI B OOIIIEM cITydae
C pAOOM JOMYIICHWH, TakKWX KaKk Yyd4eT MpH
BEIUUCIICHUH KPUTEPUS TONOOMA B  YCIOBHUSAX
CIIO)KHOTO  HANPSIKCHHOTO  COCTOSHHS — TOJIBKO
nepBoro TJIAaBHOTI'O HaHpH)i(eHI/I)I, HE3aBUCUMOCTD
(hopMBI  KpUTEpUs TOJO0HMS OT MEXaHHYCCKUX
CBOWMCTB  MaTepuajga JeTaid W  00pasloB,
BO3MOYKHOCTh Pa3JICIIbHOTO OMpPECIICHIS KPUTEPHUECB
mogo0Msl 10  HOPMANBHBEIM W KacaTelbHBIM
HaNpsDKEHUSIM B clIydae OJHOBPEMEHHOTO HM3ruba H
Kpy4eHHST  Baja, BO3MOXKHOCTH  Pa3leNBHOTO
OTIpeIeNICHUs SKBUBAJICHTHBIX PE)KHMOB HATPYyKCHHS
M0 HOPMAJIFHBIM W KAacaTeJIbHBIM HAIMpPSDKCHHUSIM B
YKa3aHHOM CITy4Yae Balla, €CIIM Harpy>KEHUE SIBIACTCS
HECTaHI/IOHapHI)IM. 3TI/I I[OHyHIeHI/IH BHOCAT B paC‘-IeT
orpeeieHHbIE MOTPEIIHOCTH, KOTOpbIE
HpOS[BHfIIOTCSI B pa3n1/mH0171 CTCIICHU B 3aBUCHUMOCTHU
OT BHUAA IMUKIINYCCKOI'O HaHpSDKeHHOFO COCTOAHUA U
XapakTepa Harpy>KeHUsL.

B  namnoit  pabore  gaHo  00oOiieHue
CTaTUCTHYECKON MOJICITH MHOTOITMKIOBON yCTAIOCTH
KOHCTPYKIIMOHHBIX JIIEMEHTOB, JIG)KAINICH B OCHOBE
I'OCTa 25.504-82, Ha Jroboe CIIOKHOE
HEOJHOPOIHOE HATIPSHKEHHOE COCTOSHHE TPH OOIINX
YCIOBHAX HECTallHOHAPHOTO LUKJIHYECKOTO
Harpy>XeHwus.

MatepuaJjibl M1 METOABI

s MIPOTHO3UPOBAHHUS pacnpeneneHus
JIOJITOBEYHOCTH  KOHCTPYKIIMOHHOTO  DJIEMEHTA,
paboTaromiero  TpU  CIOXHOM  HaIpsDKEHHOM
COCTOSIHUM ¥  HECTallMOHAPHOM  Harpy»KeHuw,
OpUMEHNMa JI€TEPMUHHUPOBAHHAsS JHEpreTHdecKast
MOJIEJIb  yCTaJIOCTHOTO  paspylIeHHs  JJIEMEHTa
Mmarepuana, HpeajoxeHHas B paborax [1,2]. Ora
MOJe/lb  HUCTONB3yeTcss B COYETaHHMH  CO

yKa3aHHBIX pab0TaX IOCTPOCHO SHEPreTHYECKOe

ypaBHEHUE MHOTOLIMKJIOBBIX YCTaJIOCTHBIX
MOBPSKICHHUN, HMEIOIee B 0oOmeM  ciiydae
(100 1102128:370i
e (N) 3
_ max
()= 200 S (e, ), @
k=1

P

e 11 (N ) - IOBPEKJIEHHOCTh, HaKOTMBIIAsCS K [N
-My LMKy HarpyXeHus; O, (N ) - MaKCHMaJIbHOE
HanpsKeHHe [HKIIA Ha MOMEHT onipezienerns IT; &,

- MCTHHHOE CONPOTHBICHHE paspeiBy; R, -

kod(pduiment acummerpun  k -ro uwmkma; H, -

Oe3pa3MepHbIii napamerp, 3aBUCSILIUN oT
HeoOpaTHUMOit paboTsI nedopMUpOBaHHs,
COBEpIIAEMOl B KaXKAOM IIUKJIE HATPY KEHHSI.
JlaHHOE KMHETHYEeCKOe ypaBHEHHE OCHOBAHO Ha
THIOTETHYECKOMl ~ MOJeNM  MaTepuana,  CBf3b
NapaMeTpoB KOTOPOH C pealbHbIM MaTepHalioM
OCYILECTBISIETCS Yepe3 IKCIEPHMEHTAIBHbBIC KPUBBIC
ycragoctd. Ilo KpPHBEIM  YCTAJIOCTH — 3aJaHHBIX
BEPOSTHOCTEH pa3pyLICHUs] MOTYT OBITh HOCTPOCHBI

rpaduku QpyHKIHH (D(H ,R), OTBEYAIOLIEE TEM KE

BEPOSTHOCTSIM pa3pylieHus. ITO 00CTOATEIHCTBO
HCIONb3yeTcsl B JajbHEHIIEM IMpH TOCTPOSHHU
CTaTHUCTHYECKOI MOIENH YCTaJOCTHOTO pa3pyLICHUs

[4,5,6,7,8,9,10], OCHOBaHHOI Ha JIaHHOI
JIETEPMHUHUPOBAHHOMN MOJENN YCTaJIOCTHOTO
paspyuieHus JJIeMEHTa Marepuana u
CTaTHCTHYECKOM TEOpHH «Ciaboro 3BEeHay» 0
BeiiOymy.

B Tteopum BeiiOymra mpegnonaraercs, dTO
paspylleHHss B psiie CAMHHYHBIX 00beMoB V)
SIBIISIFOTCS HE3aBHCHUMbIMHU COOBITHAMHU u
BEPOATHOCTH paspylieHns B 06beme V), Ha KoTOpbIe

pa30HBarOTCSI BECh 00BEM JIETANH, OMPEACISACTCS 10
bopmyie

P=1-(1-pR)"", ()

rae PO - BEPOSATHOCTb pPa3pyLICHUs] €IUHUYHOIO

o0BemMa VO. O0beM Vl IOJDKEH OBITH JOCTATOYHO

MaJIBIM JUIl TOTO, 4TOOBI CYHMTAaTh HaNpsHKEHHOE
COCTOSIHUE B €ro Ipejenax OJHOPOAHBIM. Toraa
BEPOSTHOCTD Pa3pyIIeHust B 00beMe Beel netamu Vo
HaXOJUTCS 110 hopMyIie

P, =1-T]0-P), )
i=1

rae 7 - KOJIMYeCTBO 00HEMOB V: B 00bEME JeTau.
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ChopmynupyeM OCOOCHHOCTH TPEAIOKEHHNA

CTaTHCTHYECKOH MOJETH YCTaJIOCTHOTO
pa3pyIIeHHs. ITpn JIETEPMUHUPOBAHHOM
HanpsOKEHHOM — cocTostHMM  mapamerpel H u R
SIBJISIIOTCS TaKxKe JIETePMUHUPOBAHHBIMH

BeanunHaMmu.  OmHAKo (byHKumI (0( 4 ,R) HE
SIBIIIETCSL JIETEPMUHUPOBAHHOM, a 3aBUCHUT €lle U OT
3aJJaHHOM BEPOSITHOCTH paspyLIeHHUs.
IloBpexxaeHHOCTh B CIMHUYHOM o0beMe
ompenensercs Kak (pyHKIWS 3aJaHHOH BEPOSTHOCTH

dopmyne (1). Ecm npu [/ =1 pjana
nonrosedHocTs N, TO TONydaeTcs 3aBHCHMOCTS,

1o

[0 KOTOPOH MOXHO MOH0OpaTb BEPOSTHOCTH
paspylieHHs B €IMHHYHOM oOwveMe. BepositHOCT
paspymIeHusT B YCIOBHOH sdeiike, 00beM KOTOpPOH
MOXET OBITh MEHbIIe WIN OOoJbIlIe EAMHUYHOTO
Haxoautcst 1o ¢opmyne (2), a BepOSITHOCTbH
paspyieHust Beeit netanu mo gopmyie (3).

Jns  mocTpoeHus KpUBOM  pacnpelesIeHUs
JIOJITOBEYHOCTH  KOHCTPYKI[MOHHOTO  DJIEMEHTA,
paborafomiero B CJIOXXHOM  HEOJHOPOJHOM
HaNpsOKEHHOM  COCTOSIHUM, HEOOXOJMMO IPEeX[e
BCETO pacrojaratb JAaHHBIMH O COIPOTHBICHUH
Marepuanga B JMHEHHOM OJZHOPOIHOM HAIPSHKEHHOM
COCTOSIHUH. OTH WCXOJAHBIC JAHHBIE IOJydYaroT
MyTEeM  WCHIBITAaHMA HA  YCTaJlOCTh  IJAJKHX
[WIMHAPUYECKUX 00pa3loB TNPH pacTSHKCHHH —
CKAaTUM  C  Pa3IMYHBIMU k03¢ dpunneHTamMu
aCUMMETpHUHU LUKJIA. O6bem Marepuaa,
HaXOJAIIErocs B 30HE pa3pylLlIeHUs, IPUHUMAETCS 3a

e,[[PIHPI‘IHBIﬁ VO' Ha ocHoBammu »3THX KPUBBIX

PaBHBIX BEPOSATHOCTEH YCTaJOCTHOTO pPa3pyIICHHS
WIMHAPUYECKUX  00pasloB  CcTposiTcs  rpaduku

byHKIUN (D(H ,R), OTHOCAIIMEC K €IUHMYHOMY

obbeMy Martepuana V) W OTBedaromme TeM iKe

BEPOSITHOCTSIM pa3pyLICHUs.

ANTOpUTM pacueTa Ha yCTaJIoCTh KOHCTPYKIIHH,
paboTaomMX  TpH  CIOXKHOM  HEOJIHOPOJIHOM
HaINpsHKEHHOM COCTOSIHUM B CaMbIX OOIIMX YCIIOBHSX
[IUKJIMYECKOTO  HECTAI[MOHAPHOTO  Harpy>XeHus,
IpeAcTaBseTcs B cieayroomeMm Bujge. Pacuer
HauMHAETCS C  ONpEAeTICHHA  HANPSKSHHOTO
COCTOSIHUSL KOHCTPYKLIMH, 3aBUCSIIETO OT OJHOTO
7051 HECKOJIBKUX mapamMeTpoB Harpy3KH,
M3MEHSIOMNXCA BO BPEMEHHU 110 HWHAMBHUIYaJIbHBIM
MUKIWYeCKMM  3akoHaM. OJHaKO Ha  PeXUM
Harpy>KeHUsl HAKJIAABIBAETCA TO OTPaHUYEHHE, YTO

BECh PEXHMM HArpyXeHHsS MOXET OBITh pa3douT Ha
OJI0KM OANHAKOBBIX ITUKIIOB.

Ecnu nnst pacdera HanpsKEHUH HCIIONB3YyETCs
HEKOTOPBIH CHOCO0 JANMCKPETH3alUH  CIUIOIIHOTO
Tena, Hampumep MKD, TO ongHOBpeMeHHO ¢
HalpsDKeHUSIMM B K@XJIOW  slUeiKe HaxOAATCS

MIpUBEICHHBI K03 duinernT acuMMeTpun Rnp u
pennuuna f .

Jis  wamboniee  HANpsDKEHHON — oOyacTu
KOHCTPYKIIMU OTIpeeIIsIeTCs TpaJueHT Beauunnsl H

2

oY
Oz

OH

oH Y
- | +
Ox

oy

1 TI0 3TOMY TPAZMEHTy HaXOAATCS ONTUMAaJIbHBIE (T10
COCTABJICHHIO C 3SKCIEPUMCHTAILHBIMH JTaHHBIMH)
pa3Mepbl, HCHONb3yEMbIE B pacyeTax Ha yCTaJOCTb.
Ecnu HalineHHBIE ONTUMANBHBIE Pa3Mephl TUYCHKH HE
COBMAgaloT € TEMH  pa3MepaMH,  KOTOpBIC
HCIOJNB30BaJMCh B pacyeTax HaNpsDKeHUH, To
MIPOM3BOIUTCS TIOBTOPHAsI pa30MBKa KOHCTPYKLIUH Ha
A4eWKH ONTHMAaJbHBIX pa3MepoB. B ToM ciydae,
KOrja B pacueTax Ha YCTalOCTh IPHUMEHSIOTCA
9KCTPAIOJISILUS Pa3MEpOB SUEHKH Ha HOJb, BHIOOD
ONITHMAJIBHBIX PA3MEPOB SUCHKN HE HyKeH. PacueTsr
Ha YCTaJOCTh IIPOM3BOAATCS MPU JBYX JIOOBIX
pa3Mepax SUCHKH, OJHUM W3 KOTOPBIX MOXKET OBITh
TOT, KOTOPBIH MpUMEHsIcs B pacuere o MKDO.
Harnee YCTaHABJIMBAETCS HanpspKeHHOE
COCTOSIHWE Al LEHTpa  KAXKIOW  sSUeHKH,
UCIIOJIb3YEMOI! B pacyeTax Ha yCTaJoCTb, U JUI 3TOH

GH = I (4)

SUEHKU HaxXxoAATcs 3HaueHust H u Rnp Ha KaXXIoOu

CTYIIEHU Harpy>keHusl.

JanbHelimye — pacueTsl  HaNpaBJIEHbl  Ha
MOCTPOEHUE KPUBOM pacrpeesieHus] 10JITOBEYHOCTH
KOHCTpYKUMHU. BeibupaeTcst Hanbosiee HanpspKeHHAS
suelika, T.e. Ta, JAJi1 KOTopoil BenuunHa H saBisercs
MaKCUMaJbHOM, U 3a7jaBasi HEKOTOPYIO BEPOSTHOCTh

paspymienus P, BEIMYUHA

0>  OmpenmenseTcs

(D(H ,R”p) Ha KaKIOM CTYNEHH HArpyKEHUs IO
rpadukam (D(H ,R), OTBEYAIOLIUM OIpeieIeHHBIM
BEPOATHOCTAM paspywenns P, eauananoro oobema

Marepualia V , WJIN U3 BbIPAKCHU
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i ISRA (India) = 1.344 | SIS (USA) =0.912 | ICV (Poland) =6.630
Impact Factor: i ISI (Dubai, UAE) = 0.829 { PUHIL] (Russia) = 0.234 | PIF (India) =1.940
P * | GIF (Australia) =0.564 { ESJI (KZ) =3.860 | IBI (India) =4.260
L JIFE =1.500 ! SJIF (Morocco) =2.031 |
i 2 ~2 2
(H+2)C, )., |(H+2PC(1+R,) (H+2)Coa
goH,Rnp:l—lR_Bexp 8(1R) +2(1R)
(_ np)gp 6\l — &%, P
2 ~2 2 2 ®)
(H+2YCa*(1+R,} (nA-inB)1-R>)
p np
5 + + (1 — Rnp ,
166 8
rne A, B, a u 6 — mapaMeTphl, 3aBHCAIINE OT clIydae MOTYT M3MEHATBCA BO BPEMEHH IIO
BeposTHOCTH ~F, W  ONHCHIBAIONE  KPHBYIO WHAWBHAIYATbHBIM 3aKOHAM. [pumepamu
HAaIpsDKEHHOTO COCTOSIHUS, npu KOTOpOM
YHOM IIHKJIE. N
YCTAmoCTH NpH CHMMCTPH 1 . . HEOOXOAMMO YYUTHIBATH COBMECTHOE JICHCTBHE BCEX

BeposiTHOCTH  paspylieHHss B OJTOW  siueike .

KOMITOHEHTOB HANpPSDKEHUH MOTYT CIIY>KHTh 33/1a4a O
HaxonmuTcs o hopmyie (2).
. . KOHTaKTe JBYX YNPYTUX TeJ M pacyeT (GIMHIEBOTO

Hanee s Haumbosee HaNpsDKEHHOW sTYEHKH

coeiuHeHWs. B 3Tux ciydasx peKoMeHIaluH
BBIUUCIIACTCS  YHCIH HKJIOB TICHUS
clere 5 ¢II0 IMMKJIOB — JI0 ~ paspy ’ CYIIECTBYIOIINX METOJOB pacdyeTa HE HaXOISIT
npUYeM B M CiIydae cHayaja HaXOIMTCS YHCIIO
DIHCM B ODIIEM CITydac cHatasia Haxol HUKAaKOTO TpPWMEHCHWS, B TO BpeMs Kak
[ENBIX OJIOKOB A0 Pa3pyIICHUS I, IUIT YeTO CIYXKHUT
MpeUIOKeHHass  TEOpUS  MO3BOJSIET  MOCTPOUTH
HEpaBEHCTBA .
CTaTUCTHYCCKHUHA PacyeT Ha yCTAIOCTb.
C memp0  OKCIEPUMEHTANBHOH  IPOBEPKU
n CTaTUCTHYECKOW  MoOAenH  OBUTM  ITOCTaBJICHBI

Z(p([—[ R, ) N, <l-o,,. / Ep HCIBITAHUS HA YCTAJOCTh IIACTUHYATHIX OOpa3IoB

k=1 (6) cTanu 45 ¢ KpyIJIbIM U 3JUIMITHYECKHUM OTBEPCTUSMHU

n+l Y MCTIBITAHUS Ha YCTAIOCTh J1a0OpaTOPHBIX 00pa3LoB

Z(p( H,, Rk). N, >l-0o,, / G, TOif e CTaNy Ha IUKINYECKOEe PACTKEHHE-CKATHE.

k=1 Pe3ynbraThl MOCHEIHUX HWCHBITAHUNH TNPHHATHL 3a

0a30Bble  TPH  ONpEACIEHHH  CONPOTHUBIICHUS

a 3areM  ONpeAe/ACTCs  KOIMICCTBO  LUMKIOB 110 YCTaNOCTH MaTepuana, a pe3y/bTaThl HCIbITAHUIH

paspymenns B nocneanem 7+ 1 Gnoke IUTACTHH ~ KaK  KOHCTPYKLIHOHHBIX  DJIEMEHTOB,

paboTarorx B CII0)KHOM HEOJHOPOTHOM

" HATIPSOKCHHOM ~ COCTOSIHAH, — HCIIONIB30BAHBI LIS

l-o,, / Ep _Z(p( H,, Rk)' N, COIIOCTABJICHUSI TEOPHH C TPSIMBIMH OTBITHBIMH

pa maHHbIMA. [ImacTuHYaThRIe 00pa3Ibpl UMENH IMUPUHY

N,o= H R () 60 MM, oTBepcTHE HMMeNO IuaMeTp 12 MM, ocH
¢ n+l? = tn+l 12

amunca cocraBisuid 12 Mm u 8 mM. Teopernueckue

B kaxmoil U3 OCTANbHBIX SYEEK MOIOUPACTCS KOo3(GUIMEHTEl  KOHIIGHTPAllMM  HANpsDKCHHH B

BEPOATHOCTh PA3PYLICHUS C TAKUM PACYETOM, YTOObI obniactu  yrpyroro AepOPMUPOBAHHS  COCTABIIIH
H R (H R ) 2,512 u 3,33 COOTBETCTBEHHO MJsI KPYIHOTO H

pUA UM UXCsl 3HAUCHUSIX u
p CIOIHUXCA 3HAYC A, 1 PUTL R, QJUTUNITAYECKOTO  OTBEpCTUSA.  OTH  00pasmbl
Ha Kbl CTYTIICHN HATPYXXCHHS CyMMapHOE YHUCIIO WCTBITHIBAINCH HAa [UKIAYECKOE  PaCTsHKCHHE-
[IUKJIOB JI0 Pa3pyIICHUs KaXKIOU SYCHKH PaBHSIIOCH CcKaTHe TIpU  CTAllMOHAPHOM  HATPYXKCHHH C
OBl YHCITy pa3pyIIAIONINX IMKJIOB, HAWICHHBIX LIS KO3 PHUIIEHTAMH aCHMMETPUH NUKIa R, paBHBIME —
HanOollee HANPSHKCHHOW — s4eiikn. BeposTHOCT 1,0 w -03. IIpm osToM  (uKCHpOBaIACh
pa3pylieHuss KOHCTPYKUHMH NpH HalJEHHBIM YHUCIE JIOJITOBEYHOCTb, npu KOTOpOM TpemynHa,
IIUKJIOB JIO pa3pylieHus onpeneisiercs coraacHo (3). BO3HWKAaBINIAsi B YCThE KOHIEHTpATOpa, JOCTHraia

Jns  mocTpoeHHMss KpUBOM  pacnpeieseHus qmuabl 0,3-1,0 mM. TIpu monroBeyHOCTH TOpsIKa
JIOJITOBEYHOCTH ~ KOHCTPYKUHMHM  TIPH  33JaHHOM MHJUIMOHA LIMKJIOB OIBITHBIE U PAacCUETHbIC JaHHBIC
peXKMME HArpyXeHHs JOCTATOYHO  OIPEACIHUThH COBIMAJIANIM, €CJIM pacueT MPOBOAMICSA C Pa3OMBKOI
BEPOATHOCTH pA3pyHNICHUs IPU JBYX 3HAYCHUAX paboudeit yacti 00pa3mOB ¢ KPYTIBIM OTBEPCTHEM Ha
JIONTOBEYHOCTH,  OTJIOKHUTh  BEIUYMHBI  ITUX sraeiiku pasmepom 0,5 mm s R= -1,0 u 0,7 mm 11t
BEPOATHOCTEN U JIONTOBEUHOCTEH HAa BEPOSITHOCTHOM R= - 03. Jns o00pa3snoB c 3IUIMNTHYECKUM
CeTKe, COOTBETCTBYIOLIEH pacmpesieeHuIo OTBEPCTHEM YKa3aHHOE COBINAJEHHE HaOroqaercs
BeiiOymuty, ¥ COCAMHUTP MOTyYEHHBIC TOUYKH MPSIMOM mpu pa3mepax suerikn 0,3 mm it R=-1,0 u R=-0,3
JIMHUCH. [11,12].

Oco0eHHOCThIO NPeII0KEHHOM YMeHbIIEHHE pa3MepoB SYEHKH 10 HYJSA
CTAaTHCTHYECKOM MOJIeTIH SIBJISETCS yuer NPUBOJUT K  HWKHMUM  3HAYCHUSIM  TIPEJIENIOB
COBMECTHOIO  JICHCTBUSI ~ 3TUX  KOMIIOHEHTOB BBIHOCJIMBOCTH, KOTOpBIE, OJIHAKO, BCE EIe BHIIIE
[UKIAYECKUX HANpPsDKEHUH, KOTOphle B 00IIEeM pacueTHONl KpHWBOH ycTaysocTH Ui Haumboiee
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Impact Factor:

= 1.344
0.829
0.564
JIF =1.500

SJIF (Morocco) = 2.031

SIS(USA)  =0912 | ICV (Poland)  =6.630
PUHIL (Russia) = 0.234 | PIF (India) =1.940
ESJI (KZ) =3.860 | IBI (India) = 4.260

HaIpsDKEHHOM TOYKM KOHCTpyKuuH. [lpm aHnanuze

9THX  PpE3ylbTaToOB  CIEXyeT, TMpPEeXIEe  BCEro,
OTMETHUTH, YTO BIMSHHE Pa3MEPOB YCIOBHBIX SUEEK
Ha pacueT JONrOBEYHOCTEW TpH  3aJaHHBIX

BEPOSITHOCTSAX pa3pylIeHuss B TEOpHU MoAoOus,
npunsitoit 'OCTowm 25.504-82, ne paccmaTtpuBaercsl.
PexomMeHtyeMblil TaM pacueT ¢ Hallled TOYKU 3pEeHUs
NpeArnoaraeT AKCTPANOSIIUI0 s4eeK Ha Hoib. C
JIpYroil CTOPOHBI MOXET OBITH MOCTABJIEH BOIPOC:
moueMy B pamMKax Teopuu BeiiOymma Hamtydiiee
COBITAJICHUE C OIBITOM MOIYYaeTCsl MPH HEKOTOPOM
KOHEYHOM pa3Mepe SUCHKH, 3aBHCSILIETO K TOMY K€
OT rpajdeHTa HamnpsKeHUH. MOXHO IoyaraTh, 4TO
TOT (aKT CBSI3aH C AOMYIICHHEM TEOPUH O TOM, UTO
pa3pylieHHs OTAEJBbHBIX JJIEMEHTOB Marepuaia
SBJISIFOTCSL HE3aBUCHMBIMU coObITHsAMH. ExnBa mu
TaKoC JOMyHmi€HUE MPUMEHUMO K OYCHb MaJbIM
o0semaM. Ckopee BCero, 3T0 MOXHO CKa3aTh JIUIIb O
KaKuX-TO  KOHEYHBIX  OO0BeMax,  COAEpIKaLIUX
JIOCTaTOYHOE KOJIMYECTBO KPHCTAJUIMYECKHX 3EpeH.
C npyroii CTOpoHBI 00BEM JOIKEH OBITH HACTOJIBKO
MaJl, dYTOObl HANpPSHKEHHOE COCTOSIHUE B  €T0
npeenax MPUOIMKEHHO MOXHO OBIIO OBl CUHTAThH
OJTHOPOTHBIM.

Tak kaKk BIMSHHUE HANPSDKEHHOTO COCTOSHMS Ha
MpoLecC HAKOIICHUS] MOBPEXICHNH OLICHUBACTCS B
npejaiaraeMoil Teopun TnapamerpoM H, TO WM
TpaaruCHTBI BCEX KOMIIOHCHTOB HaHpH)KeHI/Iﬁ
€CTECTBEHHO OIICHMBAaTh B pacyeTe Ha YCTaJIOCTh
rpagueHToM o0oOmeHHoro mapamerpa H. Ha
OCHOBaHHH MPOBEJICHHBIX ONBITOB B padorax [11,12]
YCTaHOBJICHa  3aBHCHUMOCTh  ONTHUMAJBHBIX  (T10
COIIOCTABJICHUIO C HKCIIEPUMEHTAIBHBIMU JTaHHBIMH)
pasMepoB  YCIOBHOM  SUEHKM OT  TpajneHTa
HarpsoKeHuH, OLICHHBAEMOTO rpasieHTOM
napamerpa H. C ymenbiienuem rpaguenta H
BIIMSTHUE 33/1aBa€MBIX Pa3MEpOB YCIOBHON sUCHKH
Ha  pacueTHble  JOJITOBEYHOCTH  OKa3bIBaeTCS
nocratouHo cnaboil. C ymeHsmeHneM rpaaueHta H
BIIMSTHHE 32/1aBAEMBIX Pa3MEpPOB STYEEK CTUPACTCSI.

Takum 00pasiom, ycIoBUe Mo 100ust
pacrnpeneneHunit JI0TOBEYHOCTEN JIBYX
KOHCTPYKIMOHHBIX 3JIEMEHTOB, pabOTAIOIMX B

Pa3JIMYHBIX HAIIPSXKCHHBIX COCTOAHUAX, OKA3bIBACTCA

MIOCTPOCHO COIJIACHO MPEAJIOKEHHON MoJenn U B
obuiemM cirydae MHOTOKOMIIOHEHTHOTO
HECTALOHAPHOT'O IMKINYECKOro HarpykeHus. [l
9TOro oOmiero ciaydas B M3BECTHOHW JHTeparype
HUKaKHX PEKOMEHAAINI HEe COIEPIKUTCSI.

CpaBHUM pe3ynbTaThl pacyera 3(QeKTHBHBIX
K03()(OUIIMEHTOB KOHIIEHTpPALWMU HANpsDKEHUH, a
TaKKe JaHHbIE 00 ONTUMAaJBHBIX pa3Mepax SYEeHKH C
TEOPETUYECKUMHU U 9KCIIEPHUMEHTAIBHO-
TEOPETUYECKUMH  PEKOMEHIALMAMH  Pa3INYHbBIX
aBTOpOB (cM. Tabi.1).

3akiiroueHue

JanHpie 00 ONTHMAaNBHBIX pa3Mepax SYCHKH
MOTYT OBITH COINOCTABIIEHBI C PEKOMEHJALMSIMH I10
pa3MepaM CTPYKTYpHBIX I1apaMeTpOB, BBEICHHBIX
HEKOTOPBIMHM aBTOpaMH. 3HAYEHUS CTPYKTYPHOTO
mapaMmeTpa, IMoiydeHHble 1o Qopmymam M. ]I
JleonoBa, @ B.B. HoBoxwioBa, 0Ka3bIBalOTCS
3HAYUTCIIBHO 6OJ'II>IHI/IMI/I, 4ycM OIITUMAJIBHBIC
pa3Mepsl SYEHKH, YCTaHOBIICHHBIE Ha OCHOBaHHHU
HAIlINX PacyeTOB U ONBITOB. 3HauCHUS 3(P(HEKTUBHBIX
K03(h(HpMIMEHTOB KOHIEHTpaluy HanpspkeHnd K. |

BBIYHCIICHHbIE 1O pekomeHnausMm I. Heiibepa, II.
Kyna, P. Ilerepcona, P. Xeiisyna, B. II. Koraesa
pacxonaTcs Mexy co0oil He oueHb CHIIbHO. Tak At
00pa3loB C KpPYyIJIBIM OTBEPCTHEM HauMEHbILEe
3Hauenne K_, mo XeWByny pacxomarcs cC
HaubobImM 110 Ilerepcony mpumepro Ha 20%, mist
00pa3IoB C UIMOTHYCCKUM OTBepcTHeM —Ha 28%.
PacxoxneHusi ¢ HallUMM JKCIIEPUMEHTAIbHBIMU U

pacY€THbBIMU 3HAYCHUAMU Ko‘ TaK)XC HC OUYCHb

Benuko. TakuM 00pa3oM, B cilyyae KOHIIEHTPATOPa B
BUJIE€ OTBEPCTHS BCE YKa3aHHbIE PEKOMEHIAINU
HOJTBEPKIAI0TCS OTIBITOM.

OpHako cieayeT UMeTh B BUIY, YTO YKa3aHHBIE
PEKOMEHAALNH PacTIpOCTPAHIIOTCA Ha CiIydail ydera
MECTHBIX HampsDKEHHII B 30HE KOHCTPYKTHBHOTO
KOHIIGHTpaTopa, TIJe BCerga IOMHUHHUPYET OJHO
TJIABHOE HANPSDIKEHHE, HO HE PACIpPOCTPAHSIOTCS Ha
o0mmii  ciaydail HEOJHOPOIHOTO HAIPSHKEHHOTO
coctostHusl. OTMETHM TakKXKe, YTO HepedlcIeHHbIC
PEKOMEHIALMM  Pa3IMYHBIX AaBTOPOB HHUKAaK HeE

B O6H.IeM ClIydyac 3aBUCUMBIM OT MEXAHUYCCKUX Y4HUTBIBAIOT BIIMSIHUEC ACUMMECTpUHN rKIJIa
CBOMCTB MarepuaJa. PacnpeneneHHe JOJITOBECYHOCTH HarpyKeHu:.
KOHCTPYKIMOHHOT'O QJICMCHTA MOXKET OBITH
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Taoauna 1

3navenus 3¢ PekTUBHOrO K03 PUINEHTA KOHIEHTPALUH HANIPSIKEHUH U CTPYKTYPHOI0 apamMeTpa
MaTepuasa, onpeaeJeHHbIX 10 PEKOMEHIANUAM PA3JHYHBIX ABTOPOB.

OO0pasibl C KPYTJIBIM OTBEPCTHEM

O6pa3u1>1 C DJJTUIITUYCCKUM OTBEPCTUEM

R=-1,0 R=-0,3 R=-10 R=-0,3
ABTOpHI
pEeKOMEHIAIN C C C C
i K CTPYKTYPHBL | | CTPYKTYPHBL | | CTPYKTYPHBI | | CTPYKTYPHBI
e i mapamerp, e i mapamerp, e i mapamerp, e i mapamerp,
MM. MM. MM. MM.

I'. Heiibep 2,180 0,480 - - 2,630 0,480 - -
* *

I1. Kyn 2,320 0,130 - - 2,910 0,130 - -
* *

P. ITerepcon 2,460 0,210 - - 3,160 0,210 - -
* *

P. XeiiByn 2,200 0,082 - - 2,670 0,082 - -
* *

2,040 2,470

M. JIeonos 2,020 1,260* 1,950 1,380* - - - -
** **

B.B. 2,020 1,350* 1,950 1,650* 2,560 0,830* 2,520 0,900*

Hogoxuinos ** *x *x *x

B.I1. Koraes 2,200 - - - 2,740 - - -
* *

Hamu nansbie

o

OTPEICIICHUIO 2,020 - 1,950 - 2,560 - 2,520 "

OITHMAaJIbLHOIO kel 0.5 kel 0.7 kel 0.3 *x 0.3

pa3mepa

STYCHKH

Ham  pacuer

P 2,110 2,200 2,640 2,760

IKCTPATONISIIN - - - - * - - -

u pa3mepa

STYCHKHU B HOJIb

Ipumeuanue:

1. 3sez0oukamu ommeuerwl BEIUYUHDbL,

PEKOMEHOAYUAMUY PA3 TUYHBIX ABMOPOS.
2. Jleymsa 36e300ukamu OmmeueHvl HAwld IKCHEPUMEHMANIbHble 3HAYeHUs SPdexmusnozo Kodp@uyuenma
KOHYeHmpayuy HanpaiceHui.

Komopble
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Introduction

Energy audit [1] at the enterprises is performed
with the aim of the determination of use the energy
resources for the subsequent reliability improvement
of energy supply.

Vladimir «Zavod «Avtopribor» [2] is currently
the largest technology complex, which is specialized
on the production of the components for car
assembly enterprises of Russia, CIS and other
countries. The JSC «Zavod «Avtopribor», with a
total area of 140000 m?, locates on two sites. At the
enterprise there are more than 1000 units of the
technological equipment, including automated. The
equipment placed on the ten industries of the plant.
The internal infrastructure consists of the energy
supply system, steam supply, water supply, gas
supply and water treatment.

Doi: &os¥ef https://dx.doi.org/10.15863/TAS.2017.04.48.3

The exploitation of the obsolete technological
equipment and faults in auxiliary systems can cause
irrational use of the energy resources. To eliminate of
the energy losses it is necessary regular to conduct
energy audits.

Materials and methods

Energy saving at the enterprise is achieved by
the following complex of events:

1. Reduction of the losses in all energy types of
the production.

2. Decrease of the share of energy costs in the
cost structure of the enterprise production.

3. Improving of the competitiveness of the
automotive components in the international market.

Methods of the rational use of energy resources
at the enterprise are presented in the table 1.

Table 1

Methods of the rational use of the energy resources at the enterprise.

Method name

Method description

«Count, save and pay»

Lean model of the energy resources consumption

«New light»

Gradual replacement of the inefficient light sources to energy-

efficient lighting devices

«Small complete energetics»

The implementation of the equipment for the local energetics

Also in the framework of the rational use of the
energy resources it was carried out compliance with
the current regulatory framework in the field of
energy saving, improving of the efficiency of energy
use and continuous advanced training of the

personnel associated with the organization of energy
saving.

By the main components of fuel and energy
resources (FER), in percentage terms, are: electrical
energy — 50...60 %, steam — 23...30 %, heating —
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10...15 %, technical water — 6...8 %, city water —
4...6.5 % and gas — 0.5 %.

The ratio of the approved budget costs of the
FER to the actual costs at the JSC «Zavod

FER (plan)
FER (actually) Electrical energy (actually)

Steam (plan)

10000

9112.8

-

9000 g518 75
8000 77208
7000
6000
5000
4000
3000
2000

1000

0

May June

Tuly August

«Avtopribory for 5 months of the year is presented in
Fig. 1.

Technical water (plan)
Technical water (actually) City and technical water (actually)

8852

September

Figure 1 — The ratio of the approved budget costs of the FER to the actual costs.

The procedure of organization and conducting
of the energy audit at the enterprise is set by the
working instruction of the quality system (WIQS —
SGE 17.0-2012) [3]. This manual applies to all
structural  units, including at the third-party
organizations located at the enterprise.

The system of organization and conducting of
the energy audit at the enterprise consists of a
number of the optimizing actions: the policy of
«Energy saving» — planning — arrangement —
energy audits — analysis by the management of the

enterprise — implementation of the energy saving
events — reduction of losses in the energy sector —
continuous improvement.

On the basis of developed and approved
schedules from May to September, it was made 30
energy audits in the energy-intensive structural units
of the enterprise. All information about the violations
of the energy use was entered in the summary list.
Table 2 presents the revealed violations per working
day on the first floor of the industrial building Ne2,
the site «A».

Table 2

The violations of the energy use in the production unit of the enterprise.

revealed on the steam line near the site
of the chemical passivation

Description of violation Corrective actions Losses
S To restore the lighting, to provide the Electrical energy
Working lighting line from 7 to 10 a.m. instruction 0.69 KW
7 locations of the steam leaks was To prepare the interplant ordering by Steam

the elimination of the violations

7 holes x 24 hours

Around the workshop there were not
depressurized the exits of the air ducts
through the walls to the outside

To prepare the interplant ordering on
the sealing of the passages in the filler
structures

Heat losses
through the walls
are 20 — 30% of
the total volume

The gate with the inscription «Chemical
storage» is opened, operators warmed at
the expense of the open drying cabinets

On the main steam line there was To prepare the works on the Steam
. A s 10 holes x 100.5
depressurized the valve elimination of the violation hours
Heat losses

To set heat gun

through the walls
are 20 — 30% of
the total volume
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The violations were analyzed and implemented
the corrective actions. One of the actions it was the
reconstruction of lighting in the industrial building
Nel on the site «A» by implementing of the energy-
efficient lamps. The calculation of the rational
illumination of the industrial premise was made by
the computer program DIALux [4].

In the program it was set the metric system of
calculation of the coordinates and dimensions. The
information about the lamps is loaded from the
special computer directories. The premise has the
following dimensions: length — 102 m, width — 30 m
and mounting height — 6.2 m. The workplane, on
which was carried out by the calculation, was taken
at a height of 0.85 m from the floor level of the
premise. The calculation was carried out for the total
volume of the premise, which is the boundary zone
(the distance from the walls), was taken by zero. The
maintenance factor [5] was adopted the value of 0.8.

The premise plan was displayed at a scale of 1:730.
The reflection coefficient [6] for the floor was set 20
%, for the ceiling — 70 %, for the six walls — 50 %.

Two options of illuminance of the industrial
premise by the lamps were considered:

1. PROTON SS0-220/64-05.XWE. It is led
pendant lamp. The lamp has a cosine curve of
luminous intensity (CIL) [7] and can be used for the
lighting of the office and the industrial facilities with
a correction factor of 1.0 [8]. It is necessary 136
pieces with a power of 72 W and the intensity of the
light flux of 6720 lumens.

2. Energy saving lamp TSU LSP-01-2x58-S
with a correction factor of 1.0. It is necessary 84
pieces with a power of 110 W and the intensity of the
light flux of 10400 lumens.

The results of the calculations are presented in
Fig. 2.

1 option
206_,L~J_—1200_L_,l___l‘2‘)0 3000m
B )
"°2 " l2 ©40 240
l 246 L / 524 2@ l : j 1200
m?ﬁ"t"@‘rﬁ‘"‘r‘m'—‘fﬁ:‘"} 41
'ooo 24.00 ‘10200m
Parameter Workplane Floors Ceiling Walls
Eavg. (IX) 214 210 45 102
Emin, (IX) 70 84 30 40
Emax. (IX) 246 242 58 244
Emin. / Eavg. 0.325 0.402 0.679
@ (Im), total 913920
P (W), total 9792
2 option
3000m
12.00
N ' . 000
0.00 2397 101.93m
Parameter Workplane Floors Ceiling Walls
Eavg. (IX) 214 209 47 132
Emin. (1X) 63 76 31 37
Emax. (IX) 283 263 125 735
Emin. / Eavg. 0.29 0.36 0.65
@ (Im), total 873600
P (W), total 9240

Figure 2 — The results of the lighting calculations of the production premise.

In the figure indicated:

Eavg. — average illuminance;
Emin. — minimum illuminance;
Emax. — maximum illuminance;

Emin. / Eay. — uniformity of the illuminance
distribution;

® — intensity of the luminous flux;

P — power.
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Specific connected load for the first option is
3.73 W/m?, for the second option is 3.52 W/m2,
Ground area — 2628 m2,

By the lower expended total power and the
highest maximum illuminance the second option of
the calculation is preferred.
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MATEMATHYECKOE MOJEJIMPOBAHHUE PEI'YJISATOPUKN MUKPO-PHK BUPYCOB
I'EITATUTA B

Annomayun. B cmamve paccmampueaemcs memoo MOOEIUPOSAHUS pPe2YIAMOPUKYU  63AUMOCEAZAHHOU
0esamenbHOCMU MONEKYIAPHO-2EHEMUUECKUX CUCEM 2enamoyumos u eupycos zenamuma B. Buisenenvl, 6 xoode
BbIYUCTUMENbHBIX IKCHEPUMEHMNOE C PA3PAOOMAHHLIM NPOSPAMMHBIM KOMNIEKCOM HA OCHOBE NPEONONCEHHBIX
ypasHenuu, Ccreoylowue pexicumMbl pPaccmMampusaemMoz0 npoyeccd, KOomopble 3d6Ucim Om KOHYEHmpayuu
mukpoPHK  eupycoe cenamuma B: ouuwjenue, cumobuos, pecyisipHvie U HepecyisipHble KOoAeOanus, pesKue
0ecmpyKmugHbvle U3MeHeHUs..

Kniouegvie cnosa. moolenuposanue, peyismopukd, @QYHKYUOHANbHO-OUpGepenyuanvrvle ypasHeHus ¢
3anaszovieanuem, muxpoPHK, eupycuvie cenamumuvl, (hyHKYUOHAIbHbIE YPAGHEHUSL.

Beenenue CHHTE3UPYIOTCS u3 6omnee JUTMHHBIX

Wudunmposanue Bupycamu renatura B (HBV) NpEeIECTBEHHUKOB U He KoaupyeT Oenku [1-2]. B
ocraeTcs ri1o0abHON MPOOIEMON 3APaBOOXPAHCHHUSL. OonpmMHCTBE ciiydaeB MiRNA JelCTBYIOT Kak
WNuorpa crenctBuem xponmdeckoir HBV-ungexnmn penpeccopsl TPAHCIALUU 34 CUET CBA3BIBAHUS C H-
ObIBaeT IEpBUYHOKIETOUYHBIH pak mneuenn. HBV PHK. MukpoPHK BupycoB rematura B He
MOIM(MUIMPYET  KIETOYHBIH  SIHUIeHOM. [ eHOoM TPaHCIUPYIOT O€JIKM, HO SIBISIOTCS PEryJsiTOpaMH
BUPYCOB rematuta B xoaupyeT MukpoPHK cuHTe3a Oenka. OnHa u Ta sxe MukpoPHK Bupycnoii
(miRNA). B nocnenuue roael  HaGmomaercs TEHETUYECKOM CHUCTEMBI HEJIMHEWHBIM, CII0KHBIM
OypHBIIi pocT paboOT TO TEHHOH peryssuny, o0pa3oM peryiaupyer TpaHcasiuuio MHorux u-PHK
CBSA3aHHBIH C OTKPBHITHEM B TEHOME YeJOBeKa TeHETUYECKOM CHCTEMBI remaronuTta (pUCyHOK I).
TE€HOB, KOJWMPYIOIIHUX pPEryJIATOPHBIE MOJIEKYJIBI — MukpoPHK mnpuBomar k paspyweHuro u-PHK
MukpoPHK, KoTOpble HEraTMBHO  pETyIHUPYIOT WM MOJABJIEHUIO TpaHCIALMU ¢ TapretHod u-PHK.
skcnpeccnto MHOTHX TeHoB [1-11].  MuxpoPHK [Ipu 3TOM OHHM CHOCOOHBI MOAABIATH TPAHCIIIHIO
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MOCPECACTBOM pPa3IWYHBIX MCXaHM3MOB:. KakK Ha ¢opmupoBaHHs W pa3BUTHA  HMH(PEKINOHHOTO
J3Tane WHHUIHALMKA, TaK W B IIPOICCCE DJIOHTAIWH. mpouecca INpu  BUpPYCHOM remarure B Ha

MexaHu3sM  OpeKpalleHus  TPaHCISALMU — TakkKe
3aBUCUT oT CTETICHU KOMILJIEMEHTapHOCTH
cBs3piBaronuxcst  oobnacreid MukpoPHK u u-PHK.
Herpagauus u-PHK Brirodaer Takue NpoIECCHI,
Kak  JeaJeHUINpPOBaHHUE, JIeKarpoBaHue u
9K30HYKJIeapHOe pacuierienue Modekynsl u-PHK.
OpHako, 10 KOHIA MexaHu3M neiictBus MukpoPHK

eme He Uu3ydeH. PacKphITHE  PperyIsaTOPHBIX
MexaHu3MoB nelctBuss MukpoPHK cymectBeHHO
ITOMOJKET OTIpeNIeICHUIO MEXaHU3MOB
u-PHK
h
benox
A

M p,

MIRNA

MOJICKYJIIPHO-TEHETHYECKOM YPOBHE M IIO3BOJHT
HaiTH O(QQEeKTUBHbIE TNYTH IEIEHANPaBICHHOTO
ne4eOHOT0 M NPO(UIAKTHYECKOTO BO3JCHCTBHS Ha
MOJICKYJISIPHO-TEHETUUECKYIO0 CHUCTEMY TelaToLUTa.
O030p paboT TOKAa3bIBACT, YTO HA CETOHSIIHHIMA
JICHb OTCYTCTBYIOT Pa0OTHI M0 MaTeMaTHYECKOMY
MOZCIUPOBAaHUIO  PETyJATOPHBIX ~ MEXaHH3MOB
nevctBusi  MUKpoPHK ¢ ydyerom  BpeMeHHBIX
B3aMOOTHOIICHUH, KOONEPAaTHBHBIX IIPOLIECCOB U
KOMOWHHUPOBAHHBIX OOPaTHBIX CBS3CH.

- MPAHCKPUNYUA
h X,
h
MPAHCIAYUA
[ I

J7]
M v

Pucynok 1 — Cxema B3aMMOCBSI3AHHOM AeSITEJbHOCTH MOJIEKY/JISIPHO-TeHEeTUYECKUX CUCTEeM renaToLUTOB U
BUpYcoB renatura B ¢ yuerom aeiicreuss mukpoPHK.

Marepuajbl 1 MeTOABI

Bupycusie mukpoPHK Moryt ydacTBOBaTh B
MOJAABJICHUH SKCHPECCHH COOCTBEHHBIX BUPYCHBIX
TeHOB. AKTHUBHOCTh  MOJIEKYJISIPHO-T€HETHYECKO
CHCTEMBI BUPYCOB rematura B 3aBHCHUT OT  ypoOBHS
(yHKIIMOHMPOBaHUS TakoBOM renaronuta. C yuerom
9THX (AKTOPOB pEryJsITOPHKA B3aMMOCBS3aHHOM
JIEATEIIbHOCTH MOJICKYJIIPHO-TEHETHIECKUX CHUCTEM
TernaToluTa M BUPYCOB Tematuta B Mmoxer OBITH
KOJIMYECTBEHHO OIMCAaHA CJIAyIOmed CHCTEeMOH
(hyHKIHOHATBHO- MU EpEeHIINATBHBIX ~ YpaBHECHUH,
HOCTPOEHHOU c UCIIOb30BaHUEM MeToJa
MaTeMaTHYeCKOr0 MOJIETMPOBAHUS  PEryJISTOPUKH
KUBBIX cucTeMm [12]

dX, (¢ M, (t-h)-mX_(t—
dht():7hXh(t—h)e M (=X 0y X (0);

dX, (t _ —h)- -
C;/t()=}/vxh(t—h)xv(t—h)e 5th(t h) é‘va(t h)_

by, X, (t);

dXp () _
dt
0 X (0);

FeXn(t= )Xy (t= )Xy (t— g™

1)
dM, (t
d_:():ﬂhxh(t—h)—cth(t);

%:mxv(t—h)—cv'\ﬂv(t);

Xn®=om®); Xp®) =¢n); Xy ) =gq(1);
My, (t) =, (1); M (1) =7 (1)

npu to-h<t< to (to> h),

rae @ m(t), @n(t), @v(®), m(). m(t) — nenpepeiBHbIe
¢byukuu Ha [t -h, tg]; to — Hadano MomenbHBIX
HCCIIeIOBaHUH (TIPY aHATTUTHYECKUX MCCIIEI0BAHMUSX,
B cilydae HEOOXOIMMOCTH, MOKHO NpHUHATE to = 0);

Xn(t) BbIpayKaeT koHeHtpauuo  u-PHK
FCHETHYECKOW  CHCTEMBI  ICMaTOIUTa; Xu(t)
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BBIpaXKaeT YpOBEHb  AKTHBHOCTH  CHUCTEMBbI o () = X(t-1) + Y(t-1) + Z(t-1),
TPAaHCKPHIILIUK TEHETHYECKOH CHCTeMbI BHpYca
renatuta; Xm(t) BBIpayKaeT KOHIIEHTPALHIO rae X(t), Y(t), Z(t) — BenuuuHbl, XapakTepH3YIOIIUE
mukpoPHK TCHETHUYCCKOW CHUCTEMBI BHPYCOB KOJIMYECTBO  ITIPOAYKTOB COOTBETCTBYIOIIUX
renatuta B; Mi(t), My(t) — ypoBHuM akTMBHOCTEMH TEHETHIECKUX CHCTEM TeHaTOLMTa, BHPYCOB
CUCTEM  TpaHC/LILMU  TENaTOLMTa U  BUPYCOB renatuta B koHnenTpanuu mukpo-PHK Bupycos
renatuta B (KOHIGHTpanuu OCITKOBBIX MPOJYKTOB). remaruta B B MomeHT Bpemenu t; 51, 82, 03—
Bce mapaMeTpsl HEOTpHIATEIBHBL. B MEPBBIX Tpex napaMeTpbl PEryasTOPUKH CHCTEMEI; a, b, c -
YpaBHEHHIX CUCTEMEI ) YUUTBIBACTCA HapaMeTpBl, XapaKTepH3YIOIIHE YPOBHH
PENpPECCOPHOE BIUAHUE MOJIEKYISIPHO-TEHETHIECKOM AKTUBHOCTEM MOJIEKYJIAPHO-TEHETUUECKUX CHUCTEM
CUCTEMBI BHPYCOB reraTura B Ha renarouuTa, BUpycoB rematuta B um mukpo-PHK
CI)YHKI_II/IOHI/IPOBaHI/Ie TCIIaTOIUTOB. W3 cucremsbl BHPYCOB TernaTuTa B; BCE napamMeTpbl
ypaBHeHu# (1) BHOHO, YTO TeHETHYECKas CHCTEMa HEOTPHUIATENBHEL.
remaTonura MOXCT (yHKUMOHMpPOBATH KagectBennoe uccnenoBanne (QpyHKIIHOHAIBHO-

CaMOCTOSITENIbHO U OTCYTCTBHE BUPYCOB remnatuta B
(My(t) = 0) ocBoGOXIaeT ero OT PEmpPecCHBHOIO
SKCIIOHEHIMAJIBHOTO WICHA B IIPAaBOil 4acTH MEepBOTo
ypaBHeHHA. B oTiomume OT 3TOro, reHeTH4ecKas
cucreMa BHpYCOB Trematuta B He  MoxeT
(YHKIIMOHMPOBATh CaMOCTOSITEJIbHO U «IIOTHOaeT»
ecIH MOJIEKYJIIPHO-T€HETHYECKas cucreMa
renaronuTa repecraeT (QpyHKIHOHHUpoBaTh (Mh(t) =
0). VYuuteBag, 4TO BHUpPYCH TemaTuta B cBOMMH
MukpoPHK Bo3geiicTByeT Ha KIETKy MEYEHH,

nomaBisis e, W 3aTeM  OECHPENsATCTBEHHO
pa3sMHOXKaeTCs, B Ka4yecTBe YpaBHEHHUH
MUHUMAaJILHOI MaTeMaTH4ECKOI MOJIENH
PErynaTOpUKHU MOJIEKYJIIPHO-TE€HETUYECKOU
CHCTEMBl TemaTonuTa U BUpycHOM MukpoPHK

MO>KHO IIPUHATh YPABHEHUS
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Pucynok 2 — ObsiacTb n3MeHeHHs 3HA4YeHH I MapaMeTPOB YpaBHeHHI (2) IPH KPUTHYECKOH KOHLCHTPaluu
mukpo-PHK.
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| ISRA (India) = 1.344 | SIS (USA) =0.912 | ICV (Poland)  =6.630
.1 1SI (Dubai, UAE) = 0.829 | PHHII (Russia) =0.234 | PIF (India) = 1.940
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Pesynbrathl KAueCTBEHHOTO aHajm3a MOJIENBHBIX YPABHEHUM CUCTEMBI (2), IPOBENEHHOE
MOKa3bIBAIOT, YTO  HAJM4UME B  TeNaTOLUTE Ha PC ¢ moMolpio nocTpoeHus auarpamm Jlamepes

MH(EKIIMOHHOTO Tpoliecca TenatuTa B mpuBoauT K
PE3KOMY YBEJIMYEHHUIO AaKTUBHOCTU MOJEKYJISIPHO-
TEeHETUYECKOM CHCTEMBl TemnaTonuTa. Pe3ynbTatsl
(bpakTambHOTO aHaJIM3a C UCTIOJIb30BAHNEM 3HAYCHUI
sHTponuu Konmoroposa (BBIYMCICHHUS POBOANINCH
Ha PC st oTAenbHbBIX ypaBHEHHH (2) ¢ JUCKPETHOM
MOJENBHOW CHCTEMOH) IIOKa3aJd BO3MOXKHOCTD
CJIOKHBIX KOJICOaHUI MPH ONPENETICHHBIX 3HAUYCHUAX
napameTpoB. MccnenoBaHue pelieHud TUCKPETHBIX

(pucysxkn 3 u 4), BBUNCICHHSA JIAITYHOBCKOW
BEJIMYMHBI, xaycnopdosoit u BBICIIIUX
pa3MepHOCTEH, MO3BOJISIET BBISABISATH JTUHAMHYECKHE
XapaKTEePUCTUKU MOBEACHUS pemeHni
paccMaTpuBaeMoro ypaBHEHHS, OIIPEAENATh
3HAUEHMsl MapaMeTPOB HACTYIUIEHHS KOHKPETHBIX
PeKUMOB ¥ TPUONMKEHHE TpaHUI oONacTei
OJIHOPOJHBIX PEKUMOB NOBEICHUSL.

{

.,

Ha b

Pucynok 3 — /Imarpamma Jlamepess moae/ibHOM cucTeMbl (2) B 00J1acTH Xaoca.

]

J2a)

A

Mo *

Pucynok 4 — JInarpamma Jlamepest MojenbHOIl cucTeMsl (2), monasmeil B cdepy NPUTSKEHUS «YEePHOH
ABIPBI».
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3akjouenue
Takum 00pa3oM, pe3ylbTaThl MPOBEICHHBIX
HCCIIEIOBAHUN MaTeMaTHYECKON MOJIENIA

PETYISTOPUKH TPAHCKPHUIIUKA U TPAHCIAIUHA B
MOJIEKYJISIPHO-TEHETUUECKON CHCTEME renaToluuTa U
BUPYCOB renatuta B Ha ocHOBE OM(YPKAIIMOHHOTO H
(hpaKTaIbHOTO aHAM30B, MOCTPOCHUS MX (HA30BBIX U

apaMeTPUIECKUX MIOPTPETOB MOKa3bIBAIOT
BO3MOXKHOCTb CJIOJKHOTO TIOBEACHUS
B3alMOCBS3aHHON MOJIEKYJISIPHO-TE€HETUYECKOM
CHCTEMBI TEMaTOIWTa W BHPYCOB Tematura B,
BKJIIOYass MEXaHH3Mbl B3aMMHOTO IIOJIABICHHSA WX
AKTHBHOCTH n CHMOHMOTHYECKOTO
(yHKIIMOHMPOBAHUSL.

BreisiBieHsl, B XOJ€  BBIUHCIUTEIBHBIX

9KCIIEPUMEHTOB C pa3padOTaHHBIM HPOrPaMMHBIM
KOMIUIEKCOM, ClIeAyIo1e PEKUMBI
paccMaTpuBaeMoOro mpouecca (KOTOpble 3aBUCAT OT
koHueHTparuun MukpoPHK BupycoB remartura B):
OUMIICHUE, CUMONO03, pEeTyJSIpHBIE U HEepeTryIsIpHbIC
KoneOaHus, pEe3KUE JIECTPYKTHBHBIE HM3MEHEHUS,
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NETWORK MANAGEMENT SOFTWARE FOR REDUNDANT
ETHERNET RING

Abstract: It is hard to imagine a contemporary world without tools helping in fast and efficient
communication. A fundament of the modern communication is created by network infrastructure. Safety and
reliability constitute main requirements for the network infrastructure, especially in the industry usage. Network
technologies are helpful in achieving this condition. The author of this publication described the redundant
Ethernet ring and proposed a method of the ring status control with the use of SNMP (Simple Network
Management Protocol). Next, taking this method into account, the author developed network management software.
In this article, the functionality of this software, with attention paid at diagnostics of the status ring, has been
described. Verification of a practical method of the ring status control has proven its usefulness. It allows creating
diagnostic software compatible with managed devices developed by various producers.
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Introduction Additionally, network devices’ producers propose

Ethernet network is a worldwide standard of their own, authorial solutions, such as Turbo Ring,
computer networks. The Ethernet standard describes Hiper Ring, Super Ring, and the like. Regardless of
a method of connecting computers and using this, there is a problem of remote diagnostics and
common cables for data transmission. Ethernet monitoring the network working in the redundant
concerns data transmission on the physical layer. ring topology.
Network topology determines the method of mutual Because of the requirement of high reliability,
connection of the network hosts [15]. The most this problem concerns mostly using the ring
popular topology where it comes to the Ethernet technology in industry. That is why manufacturers of
standard is the star topology. In this topology, industrial switches propose their own technological
network hosts are connected to one network device, solutions and software, e.g. MXview by MOXA,
e.g. a switch [1]. An inconvenience of this solution is Korenix NMS or HiVision made by Hirschmann. A
the faultiness of the network segment in case of a disadvantage of these solutions is that they are
damage of a device, which is its central point [8]. A designed and optimized for their own products [5].
least-cost solution of this problem is using the The author of this publication has developed a
redundant Ethernet ring topology, in which the universal NMS (Network Management Software),
network hosts are connected in a way so that they which provides the control over the redundancy
create a ring. At first, Ethernet did not allow to build Ethernet ring only thanks to the SNMP protocol.
ring topology networks. Only when the STP Simple Network Management Protocol
(Spanning Tree Protocol) (IEEE 802.1d) was Simple Network Management Protocol (SNMP)
developed, has it allowed to use the ring topology in is a protocol for collecting and modifying
Ethernet networks. On the basis of this protocol, new information about managed network devices [10,
protocols were created, including e.g. RSTP (Rapid 12]. Currently SNMP is a standard used by most
Spanning Tree Protocol) (IEEE 802.1w), MSTP manufacturers of network equipment [6]. Within this
(Multiple Spanning Tree Protocol) (IEEE 802.1s) protocol there are two types of equipment: managers
and SPB (Shortest Path Bridging) (IEEE 802.1aq). and agents. A computer plays a role of SNMP
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manager when it runs a special program called
Network Management Software (NMS) [2, 4]. A
device is being managed when it runs SNMP agent.
Management takes place when the NMS reads (or
modifies) specific parameters, concerning the status
of the device, which are stored by the SNMP agent.
What is more, the agent can notify the manager about
an unexpected event by sending a special message
called SNMP trap, which includes information about
the event. Information regarding the status of the
device is being stored and shared by the agent, with
the use of MIB (Management Information Base) [8,
16]. Objects are organized in a MIB base in
hierarchies (tree structure). Names can be descriptive
or numerical. In order to gain access to an object
representing a certain resource (manager data) one
needs to present all names, separated by dots, from
the root to the leaf. International Organization for
Standardization (1SO) is responsible for assigning
names and numbers to nodes, this assures a unified
nomenclature of objects.

Network Management Software

The NMS (Network Management Software),
using the SNMP protocol can manage network
devices which are SNMP agents [13, 14]. Thanks to
the active network monitoring, it allows a quick
failure diagnosis, which leads to the failure’s
shortening. The system is designed mostly for people

who want to automatize the process of failure
diagnosis and remotely configure and control the
status of network devices [3, 9, 11]. The NMS allows
managing network by sharing a variety of functions:

[1 automatic networks scanning in the search
of devices (SNMP agents),

[1 building a network map, which would be a
visualization of the network topology (including the
redundancy Ethernet ring topology),

[1 controlling devices’ work, including
collecting failure alerts (SNMP traps), controlling the
redundancy ring status, also notifying the user about
all abnormalities via email or SMS,

[1 visualization of the devices’ failure and the
ring status,

[1 allowing a remote configuration and control
of the status of the devices by the user as a result of
reading or change of chosen parameters (MIB
objects) of the SNMP agents.

The first activity during parameterization of the
NMS is a network scan in order to detect devices
(SNMP agents). Scanning can take place in the
broadcast mode or in a defined range of network
addresses. As a result of the scanning, a list of
available devices is created. The main screen of the
NMS with an example list of four managed switches
MOXA has been presented in the Figure 1.

(%) NMS: ring.pim

Y ECADE

SMNMP agents (4)

Project Map Agent Warnings Audit Parameters Eventlog Help

ICHP agents (1)

g
&
§
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Location
Lah. 107
Lab. 112
Lab 113
Lab. 118

¥ IPaddress Name

J10.100.107.200  MOXA SADEK 107
10100112200 MOXA SADEK 112
D10.100.113.200  MOXA SADEK 113
J10.100.118.200  MOXA SADEK 118

¥ IPaddress
10.100.100.200  WALDEK-UTH
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WORKGROUP
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lﬁ Test
2 Viewmap
& Editmap
& ‘Warnings

[ Audit

2| Parameters

FIERREE 7

& About
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NMS active

Enabled control ports

Unavailable agents: 0 (0 SNMP, 0 ICMP)

No new warnings No new Syslog messages

Ring errors: 0 {©) WN.

Figure 1 - The main screen of the NMS.

After performing the scanning, one can start
building the network map. For each of the devices
the user needs to point its type in order for the
software to use the right graphic symbols. When the
devices’ symbols are put on the map, the user should
link them, reproducing this way the network

topology. If the ring status is to be presented in the
graphic form on the map, one should additionally
define the numbers of the devices’ ports when
linking network’s nodes. The network map editor
with a visualization of the ring created from four
MOXA switches has been presented in the Figure 2.
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Figure 2 - Network map editor with ring visualization.

The NMS manages the work of network
devices by conducting several automatic control
actions. One of these activities is collecting alerts
(SNMP traps) from agents and informing the user

about them (Figure 3). Alerts are archived in special
files, which can later serve for finding the cause of
the failure.

& wamings [E=3 Eol =
SNMP traps | NMS warnings | Ring erars | Syslog messages
List of SNMP traps: Murnber of displayed warmings: 500
‘When Who reporied  Agent address Type Details
& 2017-03-09 1317652 Agent 1000.118.200 linkDown ifindex=8
& 2017-03-091317:52 Agent 10.700.118.200 enterpriseSpecific 1361418691.77.258=2
& 2017-03-09 1317562 Agent 10.100.107.200 linkDowm ifindex=7
& 2017-03-09 131752 Agent 1000.107 200 enterpriseSpecific 1.0.88021.1.2001=1
1.0.88021.1.21.22=3
1.0.88021.1.21.23=0
1.0.880211.21.24=0
1.0.88021.1.21.25=1
& 2017-03-09 131763 Agent 10.100.118.200 enterpriseSpecific 1.0.88021.1.2.00.1=1
10880211.2122=6
1.0.88021.1.21.23=0
1.0.88021.1.21.24=0
1.0.88021.1.21.25=4
£ Export I [ Backup I I MIB overview ] [ Close
Number of warnings: 7, (5 SNMP traps, 2 NMS) Received new warnings! Ring errors: 2 Syslog: 0

Figure 3 - A list of SNMP traps.

In order to allow the control of the redundancy
ring status, the user has to additionally set in the

NMS the control of the “ifOperStatus” object of the

MIB base for all ports creating the ring.
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Figure 4 - Parametrization of the control of the SNMP agents’ ports.

Information about a failure concerning a break presented in the Figure 5. Additionally, all
in the ring is added to the failure list (Figure 3) and is information about failures can be passed on to the
visualized on the network map, which has been user via email or SMS.

@Netwurk map: ring.map \EI@
10.100.107.200 10.100.112.200 10.100.113.200
\;/:
: &
10.100.118.200 10.100.100.200
NMS
Enabled control ports No new warnings No new Syslog messages l A Warnings ]| $8 Close

Figure 5 - An example visualization of the ring failure.

Apart from the number of automatically agents’ parameters (MIB objects) or change their
performed control actions, the NMS allows to control value (Figure 6 and Figure 7). The NMS has the MIB
and configure devices manually. The user can look compiler built-in, which allows to attach private MIB
through the MIB tree, make queries about chosen files delivered by the equipment’s manufacturers.
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MIB agent: 10.100.107.200 [
Getthe value of the object or object table:
Marne of the object or table: [o]|n]
4 internet - 13612111
‘.rd':rger::my ‘;‘ Description:
{4 mib-? T Atextual description of the entity. This value should -

include the full name and versian identification of

and networking software

< | 0] | »
ACcess: ReadOnky
T | Syntax DisplayString(SIZE(D.255))

Read allowed

Status: Current

the system's hardware type, software Dperatmg-syste‘i‘

Get the value of the object ] I

Getthe value of all objects

Object name:
sysDescr

Getthe table of objects l

Wiew list of MIB files and parameter names

Review or change the values of object

QID instance:
136121110

Mew walue:

The newvalue should be consistentwith the Syntax

Write denied

Setthe value of the object

Close

The number of loaded MIB objects: 641

Figure 6 - SNMP MIB explorer.

] MIB “ifTable” - Agent: 10.100.107.200 =N EaR =
ifindex  ifDescr ifType My ifSpeed ifPhysAddress ifAdminStatus  ifOperStatus  ifLastChange  ifinOctets
1 Ethemet Port1 ether.. 16832 10000000 00:00:00:00:00:00 Up (1) Down [2) 00:00:00 (0 ]

Z Ethemet Port 2 gther.. 1832 10000000 00:00:00:00:00:00 Up (1) Down (2) 00:00:00 (0 ]

3 Ethemet Port 3 gther.. 1632 10000000 00:00:00:00:00:00 Up (1) Down (2) 00:00:00 (0 ]

4 Ethermet Port 4 ether.. 16832 10000000 00:00:00:00:00:00 Up (1) Down (2) 00:00:00 () ]

5 Ethemet Port & ether.. 16832 10000000 00:00:00:00:00:00 Up (1) Down [2) 00:00:00 (0 ]

4 Ethermet Port & gther.. 16832 10000000 00:00:00:00:00:00 Up (1) Down (2) 00:00:00 (0 1]

7 Ethemet Port 7 ether.. 1632 100000000  00:00:00:00:00:00 Up (1) Up (1) 29 days 19: 34001985

g Ethemet Port § ether.. 1632 100000000  00:00:00:00:00:00 Up (1) Up (1) 00:00:07 (778) 41314297

129 ManagernentP... ether.. 1500 100000000  OO90ES4DFESA  Up(l) Up (1) 00:00:00 (0 4459429

130 (Management...  softy. 16384 0 00:00:00:00:00:00 Up (1) U (1) 00:00:00 (0) 1]

< | 1 | »
l 5 Export ] l Refresh I l MIB overview I l Close

Table "ifTable” Version SNMP: 2« Read

Figure 7 - Example results of the control of the “ifTable” object.

Conclusion

For many years, Ethernet has been a popular
and most widely deployed network technology in the
world. Small costs and easiness of implementation of
this technology contribute to the fact that it is used
also in industry. Because of the requirements
connected to the reliability of the industrial network,
very often these networks are created in the
redundant Ethernet ring topology. The author of this
publication has presented his own software for the
management and diagnostics of the Ethernet

network. In this software, among others, control of
the ring status with the help of the SNMP protocol
was taken into consideration. The software allows to
visualize the ring status on the topology map and to
notify the user about any abnormalities in the
network’s functioning via email or SMS. Conducted
tests have proven a significant usefulness of the
SNMP standard in controlling the status of the
network devices, including diagnosing the ring
status, regardless of the type of devices used.
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MPOBJEMBI U TIYTHU PA3BUTHUSI CEKTOPA TYPU3MA B ABEPBAMI)KAHE

Annomayun: B oannou cmamve paccmampugaiomcst npooiemvl, U nymu pazeumus CeKmopd mypusma 8
Azepbatiooicane. Ha ocnoge ananuza usyvaromcs —cywecmeylouue npobremvl, Meuwanwue pazgumuio
MYPUCMULECKO20 CEKMOPA, KAK 0OHOU U3 PeHMAaDeNbHbIX U NePCNeKMUGHbIX OMPAciell HAYUOHATLHOU SIKOHOMUKU.
Packpvimol nomenyuanbHble 03MONCHOCIU pazeumusi mypusma ¢ Azepbatiodicarne ¢ yuémom e2o 2eocpapuueckozo
MECMOHAX0NCOEHUsL U PASHOOOPASHOCMU — KIUMAMA,  HAYUOHATbHLIX — 00bl4all,  OpesHel  KYIbmypbl,
docmonpumeuamensrocmeti. ODOCHOBAHA BANCHOCMb UHMEHCUDUKAYUU PAZBUMUL MPYUMA, KAK IDDeKkmusHozo
CEeKmopa 3KOHOMUKU CHIPAHbL NO MUHUMU3AYUU GIUAHUS Oom HemsaHo2o ¢paxmopa. OnpeodeneHvl 8adicHble
acnexkmol u NepCHeKMuUBHble HANPAGLEHUS. PACUUPEHUS MYPUCIMUYECKUX YCIY2 U 8 YETOM PA36Umusi mypusma. Jlamn
PA0 NPeONoNCEHUT N0 PeuleHuI0 npoobiem u nymeu paseumust cekmopa mypusma 6 Asepbatiodcane 6 onudicaiuier.
nepcnexmuege.

Kniouesvie cnoea. Aszepoaiiddcan, npobremvl passumus mypusma 6 Azepbatiodcame, nymu pazeumus
cekmopa mypusma 8 Azepbatiodcane, mypucmuieckue yciyeu 6 Azepoaiiodicane, nepcnekmussl pazeumusi mypusma
6 Azepbaiidicane.

Introduction — B Havyane 1990-x TromoB OCYIIECTBHUTH 3Ty
Ilocne mnpuoOpereHuss  HE3aBUCUMOCTH B CIIOXHYIO 3a/1ady ObUIO He Tak mpocrto. B crpane,
Aszepbaiimkane OJHOM M3 TIaBHBIX NMPOOJEM OBUIO ocJie pacnaza CCCP, pa3pyLIUINCh
(opmupoBanue ONTUMAIIbHON MOJIENH KOONIEPALMOHHBIE U  XO3AHCTBEHHBIE CBA3M HE
SKOHOMHUYECKOTO pa3BUTHSA HalMOHAIbHON TOJBKO C APYTMMH PECIyOJIMKaMH, HO Jake BHYTPH
SKOHOMHKH. OJJHAKO B MEPBHIE TOIbI HE3aBUCUMOCTH pecrryOnukn obopBaiuch TpaaUIMOHHEIC
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XO3sHiCTBEHHBIE OTHOIIEHHs. bonee Toro, B cTpaHe perynmupoBaHust ~ cepsl  TypH3Ma,  CO3IaHHUCE
He OBLIO peanbHBIX YCIOBHH M (PMHAHCOBBIX CPEIICTB BO3MOXKHOCTEH ISt (hopMupoBaHUs
JUIS MOJEpHH3AINH Pa3IUIHBIX CEKTOpPOB nHPaCTPyKTypsl,  NPHUBICUYCHUE  HMHBECTHUIIWH,
HaIlMOHAIBHOMN SKOHOMUKH. bnaronaps YKpeIUIeHHue XO3sMCTBEeHHBIX cBsi3eii[l]. B cimyuae

3akimrouéHHoMy «KoHTpakty Beka», 20 ceHTIOps
1994 ropma, AzepOalkaH MOJYYHJI HCTOPHYECKUX
MIaHC TPHBJIEYECHUS] KPYIHBIX HMHBECTUIIMOHHBIX
pecypcoB Ha OCHOBHYIO OTPAcib IKOHOMHUKH CTPAHBI
— Ha pnoOwBaromryto cdepy. Koweuno, ¢ omHO#
He(pTBIO HEBO3MOXKHO IOCTPOHUTH ONTUMAIBHYIO
CTPYKTYPY HAIMOHAJIBHOW SKOHOMHUKH W IIOBBICUTH
e€ KoHKypeHTocmocoOHOCTs. OpmHako HedTIHON
(hakTOp MONOXXKUTEIBHO TMOBIHAI HA YyIyYIICHUH
Ou3Hec-cpenbl " MIPEANPUHIMATEIbCKYTO
JIeSITENIbHOCTh B CTPaHE, YCKOPHIJIOCH IPOBEICHUE
OCHOBHBIX IIMKJIOB U (a3 SKOHOMHUYECKHX pedopm,
HNpaKkTHUYECKU C HyJs CO3/anach 3aKOHOJATeNlbHas
6a3a pa3BUTUS MPEIIPUHUMATEIBCTBA U PHIHOYHBIX
OTHOILICHUH, YCKOPUIIUCH CO3J1aHHE
COOTBETCTBYIOIIUX PBIHOYHBIX HH(PPACTPYKTYp W
PBIHOYHBIX MEXAaHU3MOB, B IIeJI0M He()TSIHOH (akTop
MOCIYXHJI ~ POJIBIO BEAYIIETO JIOKOMOTHBA
9KOHOMHUKH CTpaHbl. C yBeJIWYEHHEM MPUTOKA
HeTenomtapoB TOBBICHIICA, W OOBEM BaITFOTHBIX
3armacoB AszepOaimkaHa W 3TO JalI0 BO3MOXKHOCTD
JUIT MOJEPHHU3AaLUH IPYTHX CEKTOPOB SKOHOMHKH
CTpaHBbl, B TO )K€ BpeMsl CO3laHus Oonee BBIFOJHOM,
OTHOBPEMEHHO  HOBOW  Jjisi  cTpaHbl  cepsl
HallMOHAJbHOW HKOHOMUKH, OJHOH M3 KOTOPBIX
SIBIISICTCS cpepa Typu3Ma.

Materials and Methods

Typmsm  sBisieTcst  TPUOBUTBHOH  cepoit
JEATEeIBHOCTH, M CIY)KHUT XOpOIIeH OCHOBOW Juist
ONO3HAHWS CTPaHBl, JUIA MPEACTABICHUS  €ro
HAI[OHAJIBHBIX JOCTONPUMEYATETEHOCTEH,
KyJBTYPBI, UCTOPUH, CTapbIX OOBIYMIA M 0OPsIOB,
Tpaauuui, ¢ayHsl U ¢uiopsl u npoyee. bonee Toro,
MPUTOK MHOTOMMJUTMOHHBIX TYPUCTOB CIIOCOOCTBYET
pacUIMpEeHHI0 CETH TYPUCTUYECKUX IPEANPUITHH,

LEHTPOB, MAapUIPyTOB, KOTOPbIE IIOJOXKUTEIbHO
BIIUSIOT HA NOBBINIEHHE SKOHOMUYECKON aKTUBHOCTH
PErHOHOB  CTpaHbl,  YBEJIUYEHHUE  3aHATOCTH,

AKTHBU3AIMN JIESTEINLHOCTH CEKTOPOB YCIYyr M WX
JIOXO/IOB, B IEJIOM OOECHEeYMBaeT YyBEIHUYCHHUE
JIOXO/IOB  HAaceleHWs W pOCT  HAIMOHAIHLHOHN
9KOHOMUKH. boiiee TOro, TypusM IOBBIIIAET UMUK
CTpaHBbI ¥ TOOBIBaBIINE 37I€Ch HHOCTPAaHHBIE
TYpPHUCTHI MONYYalOT Oonblie HHGOPMAIMKM O CTpaHe
u e€ KynbType. TypusM cepbE3HO BIMSIET Ha
pemeHne  COIMAbHO-3KOHOMHYECKHX  IpobieM
cTpansl. M3yuyas mgaHHBIe NPOOJIEMBI, MCCIIETOBAThH
B.Mopo30B 0oTMEuYaeT, 4yTO IpHU MPSIMOM BIIMSHUM,
pacxoasl TYPUCTOB HEMOCPEACTBEHHO (HOPMHUPYIOT
JIOXONBl TIPENpHATHS Cc]epbl TypusMa, a IpH
KOCBEHHOM — TpsAMO€ BO3JEHCTBHE TypH3Ma
TEeHEepPUPYET POCT CIPOCa B COMPSLKEHHBIX OTPACIIX.

(G (QEKTUBHOCTH TOCYIaPCTBEHHOW MOAICPKKUA U
CO3JaHUsl  ONArompUSITHBIX  YCJIOBUH, PacXobl
OKYIAlTCA B TEUEHHE HECKOJBKHX JIET, U BBIUTPHIII
rocygapcTBa 3aKiIOuaeTcs B Pa3BUTHHM OJHOW U3
HMHKJTIO3UBHBIX oTpacineit SKOHOMHUKH,
MOJIOKUTEIBHO OKAa3bIBAIOLIEH BIMAHUE HA pPEIICHHE
COIIMAIBHO-3KOHOMHYECKNX TPOOJIEM, YIIydIIeHHE
YPOBHS ~ OJArocOCTOSIHMS ~ HACEJIEHHs, pa3BHUTHE
MIpEeJIpUHIMATENLCTBA B Typusme M mpodee. Ilo
MHEHHUIO HCCIIENOBATENS C.3epHOBOI, B
COBPEMEHHOM MHpE TYPHU3M pPaccMaTpHUBAETCs, Kak
COLIMAJIbHO-?)KOHOMMYECKOE SBJICHHUE, OKa3bIBAIOIIEE
MpsIMO€ M OINOCPEIOBAHHOE BIHMSHHUE Ha pa3BUTHE
BCel cBs3aHHOW ¢ Hed uHppacTpykTypsl. Typusm,

Kak TojcucreMa cepsl YCIyr, HMEeT CBOIO
THIOJIOTHIO W (YHKIHMH, KOTOPbIE MO3BOJISIOT
ONIPEAEINTh €ro, KaKk aBTOHOMHYIO  cdepy
xo3siictBoBaHMA. OH coderaeT B cebe pas3iMyHbIC
BUJIBI peKpeannoHHOMI JIeSITEIIEHOCTH -
03JI0POBJICHHUS, MIO3HAHHUA, BOCCTAHOBJICHUS

MPOU3BOMUTEIHHBIX CHJI YelIOBeKa H (ECHOMEH
TypHU3Ma SBISIETCS MPEIMETOM U3YyUCHHS Pa3IHIHBIX
oTpaciell T'yMaHUTapHOTO 3HaHUS, a PErylIupoBaHHe
MPEANPUHUMATENIHCTBA B TypHU3ME SIBISIETCS OJJHUM
U3  BaXHBIX  HaMpaBICHUH  TOCYJapCTBEHHOTO
peryiaupoBaHusi dskoHoMuku[2]. TocymapcTBo, B
OJIArOTMPUSTHBIX YCIOBHSAX U1 Pa3BUTUS CBOCH
HAITMOHAJNFHOH  SKOHOMHUKH  TTOJDKHO — OOpaTHUThH
MPUCTAIFHOE BHUMAHHE Ha Pa3BUTHE TYpHU3Ma, TaK
KaK TypU3M Hapsay C Pa3BHTHEM B KauecCTBE OJHOW
U3 BaXHBIX cep HAHOHAIBHON 3KOHOMHUKH, B TO
xKe BpeMs obecrieynBaer COILIMATBHOE
nemIipupoBaHie, 00eCreueHIe COXPAaHEHUS THICTIH
pabouux MecT, pa3BUTHE UHHOBAIIMM U MPUBJICUCHUE
PEeCypCOB PETMOHOB B XO3SICTBEHHBIE 000POT U POCT

obréma  ycmyr.  DopMHpOBaHHME  MeXaHHU3Ma
roCyJ1JapCTBEHHOMN MOAIEPKKHA
NPEeANPUHUMATEIILCTBA B TyYpH3M€  IO3BOJIUT
3¢ G eKTHBHO B3aMMO/IEHICTBOBATD cyObekTam

TIPEANIPUHIMATEIBCTBA ¥ OpraHaM Tocy1apCTBEHHOM
BJIACTH. DTO, B KOHEYHOM HTOTe€, PUBEIET K POCTY
00bEMOB M KauecTBy  TYPUCTCKHUX  YCIYT,
YBEJIMYICHUIO HAJIOTOBBIX MOCTYILUICHUH B Or0KeT[3].
PasButne Typmsma u Tem Oomee, 3¢ddexTuBHOM
TrOCyJapCTBEHHON TOAJEPKKH TPOUCXOAUT  BO
MHOTHX CTpaHax MHpa, TaK Kak B HACTOAIIECE BpeMs
POCT TYPUCTCKOW aKTUBHOCTH HACEJIEHUS BO BCEM
MHUpE SABISIETCS BaXHBIM (aKTOPOM, BIUSIOMINN Ha
COLMANIBHYI0, KYIbTYpHYIO H OSKOHOMHYECKYIO
Km3Hb cTpaH. COBpeMEHHBI STal  pa3BUTHA
MIPEeJIPUHIMATENBCKON JESATEIbHOCTH B TypHU3ME,
KOTOpBII Hauajlcid B KOHIIE IPOLUIOr0 BeEKa,
XapaKTepU3yeTcss POCTOM TYPUCTCKHX IOTOKOB,

B YCJIOBUAX 3KOHOMUYECKOTO PpOCTA, CTAHOBUTCHA CO3J1aHHUEM OOJIBIIIOTO KOJIN4YECTBaA HOBBIX
BAXHBIM YCHJICHUEC KOCBCHHOI'O TI'OCYAapCTBCHHOTO TYPUCTCKUX HpeﬂHpHHTHﬁ, (1)0pMI/Ip0BaHI/IeM
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TypucTckoii mHOpacTpykTypsi[4]. bBomee Toro, MapKeTHHTOBBIE CTpAaTerud M HHCTPYMEHTHI[6]. K

Pa3BUTHS TPEANPUHUMATEIBCTBA B TYPUCTHYECKOM
Om3Hece TpeOyeT pemeHue psa npodieM CBSI3aHHBIX
TEHJCHUMH M BHI30BOB, BBI3BAHHOE TIIOOATM3ALUH

MHPOBBIX SKOHOMHUECKUX MIPOLIECCOB.
I'moGanuzanuss — OJMH W3 OCHOBHBIX TPEHIOB B
WH]TyCTPUH MEXTyHapOAHOTO TypH3Ma,

COTPOBOXKJAEMbI KOHIIEHTpAIeW oMM pBhIHKA H
BIMSHAEM B pyKaX KpPYIHBIX KOMIIAaHHH. OTH
KOMITAaHUH, TIOMHMO 3TOTO HMEIOT BO3MOXKHOCTH
pacrpenensiTe pUcK, MEXIY pa3IHIHBIMH PBHIHKAMHU
TIpUMEHSSA COBpPEMEHHEIC MaTepHabI
MapKETHHTOBBIX cXeM u JIOCTyTIa Ha
MEXIyHApOJHBIA PBIHOK TPYAA, TAKXKE BBIUTPHIBAIOT
MW OT aKTHUBHOI'O BHEIPEHHs] HOBBIX TEXHOJOTHH[5].
Jeno B TOM, 4TO BO MHOTHX CTpaHaxX BOIMPOCHI
pasBuTHA  TypuU3Ma M CIOENUaIM3alMd  Ha
TYPUCTUYECKOM PHIHKE CUMTAIOTCS PEIIAOIIUMHU JIJIs
3aT0JHEHHSI JI0XOA0B OI0/pKeTa CTPaHbl M TMOITOMY
UM  HEOOXOIMMO TIPOBECTH TOCIEIO0BATEIbHYIO
TOCYApCTBCHHYIO  TIOJIUTHKY C IPUMCHECHHUEM
COBPEMCHHBIX MEXaHH3MOB yIpaBJICHUS,
OOHOBIICHHOW MapKETHHTOBOH IOAXOJOB M CXEM H
BHE/IPCHAEM HOBEHIIIHMX TEXHOJIOT Ui o
WHTCHCU(HUKAIINKA pa3BUTHA TPyW3Ma B CBOHUX
CTpaHax, 4TO W JAeJaeTcs ceiidac B AsepOaifkaHe.
[IpaBna, TypuCTHYECKHM CEKTOp HE SBIAETCS TOMU
OTpacibl0 HapOJHOTO XO3SUCTBa, OT KOTOPOW
3aBHCUT Cynp0a W 3aloJIHCHHE JOXOJHOW YacCTH
rocy/IapCTBEHHOTO Oro/pKeTa AzepOaiikana,
OJTHAKO TYPUCTUYCCKHUN CEKTOP OOBSBICH OTHUM U3
MIPUOPUTETHBHIX HAIPABICHUS Pa3BUTHSI IKOHOMHKH
CTpaHBL [TosTomy aKTHBHO pacmupsieTcst
MaTepHaJbHO-TeXHHYECKas 0a3a TypH3Ma, CTPYHTCS
camble COBpPEMCHHBIC oTen, TYPUCTCKO-
pEeKpeanioHHble  KOMIUIEKCHI, 0a3bl OTHbIXa U
mpoIecc MPUMEHEHHEM HOBEHINUX TEXHOJOTHH H
Jy4lIeT0  ONbITA  MHPOBBIX  TYPUCTHUECKHUX
KOMIaHuii 1o  3((HEeKTUBHOMY  YIIPABICHHIO
TYpUCTUYECKOW nesTenbHocTH. MccnenoBaTenpHuIa,
O.bapcykoBa, cHopaBeauBO MOMYEPKUBAET, UTO
OCOOCHHOCTH MAapKETHHra Typu3Ma OKa3bIBAalOT
CYIIECTBEHHOE  BJMSHWE Ha  MOHUMaHHE W
peanu3anyio KOHIEMINA MapKEeTHHra B TypHU3ME.
TypucTckuii MapKeTHHT JOJDKEH MaKCHMAJBHO
YYUTHIBATh Takue (HakTopwl: 1) Typu3M sBISETCS HE
TONBKO  DKOHOMHYECKHM, HO  OJHOBPEMEHHO
COLMANGHBIM, KYJIbTYPHBIM, JKOJOTHYECKHIM H
MOJIMTUYECKHUM SIBJICHHEM; 2) YCIyTU OTJIMYAIOTCS OT
TOBapoOB, Kak  TPAAWIHUOHHO  BBIACISIEMBIMHU
OCOOEHHOCTSIMH, TaK W BHOBb BBIJICJICHHBIMH; 3)
PBIHOK YCIyT 00JlajaeT psjaoM OCOOCHHOCTeH; 4)
cnenu(U4eH TYPHUCTCKUI MPOAYKT; S5) KOMIUIEKC

MapKeTHHra BKJIFOYaeT KOMITOHEHTBI o
TIPOJIBHKEHUIO YCIIyT; 6) MapKeTHHIOBast
JIeITeIIbHOCTh OCYIIECTBIISETCS cyOBeKTaMu
pa3IMYHbIX YpOBHEH ynpaBiieHHs. YUET crieluuKu
MapKeTHHTa  TypH3Ma  [O3BOJUT  cyObeKkTam
MapKeTHHTa paspabaTbiBaTh 3¢ QeKTUBHBIE

OOJIBIIOMY  COXKAICHHIO MHOTHE TYPHUCTHYECKHE
KOMIIAHUM ¥ CYOBEKTBl TpEANpHHUMATENCH B
TYPUCTHYECKOM CEKTOpPE HE OCO3HaBasi BaKHOCTH U
TIOCJIEI0BATENILHOE OCYIECTBICHUN MapKETHHIOBBIX
MOJIXOJIOB, MAapKETHHIOBOI MOJUTHKH JIOIYyCKAIOT
CepbE3HbIE MPOCYETHI B MPOTHO3UPOBAHUM U
IUIAHUPOBaHUU CBOEH AEATEIIbHOCTH, B PE3yJbTaTe
Yero JIMIIAIOTCS BO3MOXKHOCTH  YKPEIIUTHCS B
TYPUCTHIECKOM PBIHKE, TE€M CaMbIM 3aMEIIOTCS
TEMITBl POCTA U PA3BHUTHA B IIEJIOM TYPHUCTHYECKOTO
cexTopa cTpaHbl. Heo0XomuM KOMIUIEKCHBIH MOIX0
B (OpPMHUPOBAHHMM ¥ PA3BUTHH TYPUCTHYECKOTO
pPBIHKA B COBPEMEHHBIX YCIOBHSIX C Y4ETOM
pa3paboTKM W OCYLIECTBICHHUS, ONTHUMAaJbHBIX
OPraHM3aIlMOHHO-D)KOHOMHYECKHX MEXaHH3MOB |
nHCTpyMeHTapuil. C.AXMmenxaHoBa CYMTaeT, 4YTO
3¢ (GeKTHBHAS HAMPABJICHHOCTh YIPABJICHUS MOMKET
00ecreynTh Pa3BUTHS TYPHUCTCKOMY IPEANPHSTHIO
ObIcTpee, HEXENIW pOCT OOIIeH HSKOHOMHUKH HIIH
TYpPHCTCKOTO CEKTOpa, WM Jake IPOM3BOACTBA
TOBapOB W YCIYT, CBS3aHHBIX M OOECICYCHHEM
TypusMa... IIpenmer ympaBieHust B cdepe Typusma
MHOroo0paseH. JTO, BO-NEPBBIX, 3KOHOMHYECKUIT
MEXaHW3M H OpraHM3alHOHHAs CTPyKTypa. Bo-
BTOPBIX, MApKETHHI W MH(OPMAIIHOHHO-PEKIAMHbBIC
TEXHOJIOTHH. B-TpeTbux, mepcoHan - MeHEeIKephl,
CIELUAINCTBI, Apyrue pabOTHHKH, COCTaBIISIOIIUC
CUCTEMY ynpasneHus[7]. IIpo6aembl u
OpraHM3allMOHHBIE BONPOCH MO 3()(EKTHBHOCTH
TYPUCTHYECKOH  JAEATENBHOCTH  00yCIIaBIMBAIOT
peIIeHNE BOIPOCOB, CBS3aHHBIX C PALMOHAIBHOCTHIO
MPUMEHSAEMbBIX ~ MEXaHM3MOB W IPAKTUYHBIX
WHCTPYMEHTApUH TYypUCTHUECKOH  JeSTeNbHOCTH,
MIPUBJIEKATEIbHOCTh  OTAENBHBIX  TYPHUCTHUECKHX
yCIyT, yBEIHYCHHUE pa3sHoOoOpa3sHOCTH
TYPUCTHYECKUX YCIYT ¢ 0OecIiedeHreM JIOXOAHOCTH
oTpaciii. 3a TOCIeIHUE JECSITUIIETHSI CTau OOJIblIe
NPUMEHEHWE  HMHHOBALIMOHHBIX  MEXaHU3MOB U
MHCTPYMEHTOB IO Pa3BUTHIO NPEANPUHUMATEIHCTBA
B cdepe Typmsma[8]. Boriee Toro, KakIplid TYpUCT
JOJDKEH TMOJYYUTh YIOBJICTBOPEHHE M MaKCUMYM
ynoOCTBa OT MNPEACTABICHHBIX  TYPHUCTHYECKHX
YCIIyT, HaclaXKAaTbCs WX MHOTO0Opa3WeM B IUIaHE
panMoHAIbHO OT/ABIXa M AYXOBHOTO OOOTaIlIEHHUS.
TypuctnueckasaesaTelbHOCThI0IKHAOTIIMIATHCAKPE

ATUBHOCTBIOMMHHOBAaTUBHOCTHIO[9]. Typuctsl
JIOJKHBI YyBCTBOBATh u OKPYXAaThCsI
KOM(OPTHOCTEIO, HUMETh OJTHOBPEMEHHO

BO3MOKHOCTh BBIOOpa AaKTUBHOIO M MAaCCHBHOTO
OTIbIXa, B TO XK€ BpPEMs pa3BIEKATENbHBIX M
KyJIbTYpPHBIX Meponpuatuidl. B nenom, Typusm
TpeOyeT TOCTOSHHBIX HAaXOMUYHMBBIX PEUICHHH W
OOIyMaHHBIX TOCTYIKOB NpeANpPHHUMATENeH I

YAUBIICHUS TYpPHUCTOB c pacupeHuemM
CoJlepKaTelbHbIX BHJIOB TYPUCTUYECKUX
yenyr[10].Ha  mam  B3mmsm, B Omeokaiimiei
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yriryOneHus BIWSHAN T700AIbHBIX W3MEHEHMH Ha
TYPUCTHIECKYIO EATEILHOCTb.

Kak MbI oTmeTnnn, TypucTHueckas chepa st
AzepOaii/pkKaHCKOH SKOHOMHUKHU SIBIISICTCS  HOBOW
OTpaciplo ¥ TpeOyeT KPONMOTIMBOM, NOITONH paboThl
no (OPMUPOBAHMIO W PA3BUTHIO ONTUMAJILHOM
MOJIENIU Pa3BUTHUSI TYPUCTUYECKOIO CEKTOpa CTPaHBHI.
C orOoM 1enpl0 3a MOCHETHHE JECATHICTUS
MPOBEICHB HE Malble MEPONPHATHI W YKpEIUICHa
3aKOHOMaTeNbHass 0a3za pasBUTHA Typu3Ma. 3aKOH
AzepOaiimkanckoit  Pecrryommkn  «O  Typmsmey,
npuHATEIE 4 wioHS 1999 TOoma cmocoOcTByeT
pPasBUTHIO TypU3Ma M CTaTbsi — MJaHHBIE 3aKOHBI

PETYIUPYIOT roCyJ1apCTBEHHBIE TIPUHIUIIBI
TYPUCTHUECKOMN nesitenbHocTU[ 11]. B HEM
TOBOPUTCH, 4YTO rocyapcTBo, IIpU3HaBas
TYPUCTCKYIO JESITEIbHOCTh OJAHOM U3 IPUOPUTETHBIX
oTpacien 3KOHOMHUKH AszepOaiiKaHCKOM
Pecry6nukwy, COZIEHCTBYET TYPUCTCKOU

JIeITENIbHOCTH M CO31aéT ONaronpHsaTHBIE YCIOBUS

UL e€ pasBUTHA, OIpeneNnsieT W TOIACPKUBACT
MIPUOPUTETHBIC HaTpaBJICHUS TYpUCTHYECKON
JEeSITeIbHOCTH, OCYIIECTBIIACT, MOJACPKY M 3alIUTy
Azep0ali/pKaHCKUX ~ TYPUCTOB,  TypOIEpaTopoB,
TYpareHTOB M HUX OOBEIUHEHHMS. Bceé  a10
MOJIOXKUTEIBHO BIHMSICT HA pa3BUTHE TypuU3Ma B
AzepOaiimkane. AzepOaiiykaH pacroioXKeH B Oro-
BOCTOYHOW 4YacTW 3aKaBKa3CKOro peruoHa U
BEICTYIIAET B POJH <«30JOTHIX BOPOT» MEXKIY
3araJloudeiM  ganékuM  Kutaem wu Ooraroit

EBpomnoii[12].B pe3yibTaTe TIPUHATBIX
TOCYIapcTBEHHBIX ~Mep B  CTpaHe  CO3JaHa
COBpEMEHHas TOCTUHUYHOM-CEPBUCHAS

nH}ppacTpyKTypa, Hala)keHa MOATOTOBKA KaJpOB I
typunayctpuu[13]. Bce oatu  daxropsl  janu
BO3MOXKHOCTh JIOOMTHCSI HEIUIOXHUX Pe3yJbTAaTOB B
pasHbIX cdepax TYpUCTHYECKOro CeKkropa. B
Tabmume 1  gaHel  OCHOBHBIE  IOKa3aTelu
TYPUCTHYECKOTO CeKTopa AsepOaiimkaHcKoi
Pecriyosuku 3a 2010-2015 roppr.

Tao6auna 1

OcHoBHbIE MOKa3aTeJd TYPUCTUYECKOr0 ceKTopa Asepodaiixanckoi Pecnyosmkm 3a 2010-2015 roabt

Wnaukatop

2010 2011 2012 2013 2014 2015

Bceero 3ansaTeix B Typusme pa6OTHI/IKOB, YCJIOBECK U3
HUX:

1418 1541 1730 1729 1794 1586

HemnocpencTBeHHO 3aHATHIX TypHCTCKOM
JeATEIbHOCTBIO, YETIOBEK

1159 1279 1473 1515 1567 1308

Uncno TypuCTCKUX OpraHu3alui

126 141 170 197 218 243

KommaectBo NPOJAAHHBIX TYPUCTCKUX ITYTCBOK,
qHuCJIO

34121 42583 62866 | 65448 | 66233 | 44615

KommaectBo OPpOJAaHHBIX TYPUCTCKHUX ITYTCBOK JId
ITYTCHICCTBUSA BHYTPHU CTPAHBI, YUCJIO

3385 4045 5121 7078 6990 | 4695

KonmuecTBO MpOAaHHBIX TYpPUCTCKHX IYTEBOK IS
My TEeNeCTBHS 32 pyoex

27030 | 34254 52378 | 53771 | 54900 | 38002

KonndectBO MpOmaHHBIX TYPUCTCKHX ITyTEBOK
WHOCTPAHHBIM TPaKJIaHaM JJisl MyTeIIeCTBUS BHYTPHU
CTpaHbl

3706 4284 5367 4599 4343 1918

Ywucao TYpPUCTOB l'[pI/I6I>IBHlI/IX 1 BBICXABIINWX, B TOM
YHUCJIC:

69923 | 83620 | 101431 | 91961 | 92305 | 61965

Yuciio npuOBIBIIMX TYPUCTOB

17641 18840 23440 | 10605 | 10657 | 2009

Ywucao BEIEXaBIINX TYpPUCTOB

52282 | 604780 | 77991 | 81356 | 81648 | 59956

Umucno areHcTB Mo MyTEMIECTBUIO M TypOIIepaTopoB, 126 141 170 197 218 243
B TOM YHCIJIE!

I'ocynapcTBeHHBIE 2 2 2 3 2 2
YacTHble 119 135 161 187 207 227
WHocTpaHHbIe 3 3 3 4 5 6
CoBMecTHBIE 2 1 4 3 4 8
Uucno orteneil ¥ aHAIOTMYHBIX NPEANPHUITUN, B TOM 499 508 514 530 535 536
qHCIIe:

Tl'ocynapcTBeHHbBIE 37 34 27 27 27 49
YacTtHbie 447 460 466 485 489 470
WHocTpaHHbIe 12 11 17 13 13 12
CoBMecTHbBIE 3 3 4 5 6 5
JloGaBouHast CTOUMOCTD, CO3aHHas B - - - 2080,2 | 2404,2 | 2437,3

TYPUCTHYECKHX c(hepax, MITH. MaHaT
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Honst 100aBOYHOM CTOMMOCTH, CO3JAaHHOH B - - - 3,6 4.1 4,5
Typuctrdeckux cdepax B BBII crpansl, %
O0BEM MHBECTHUIHIA, BIOXKCHHBIX B TypHcTHUecKyto | 949,2 1407,8 1478,2 | 1371,0 | 2204,0 | 1063,9
ctepy, MITH. MaHAT

HUcmounux: cocmasneno asmopom Ha OCHoee OQHHBIX CMAMUCMUYECKO20 UZ0AHUS ((TprL?M 8 A3ep5aﬁ()9fcane —

2016  200»  Tocyoapcmeennozo
http://www.stat.gov.az.

Kax Buguo u3 Tabmuusr 1 3a 2010-2015 rogst
YHCJIO 3aHSITHIX B TypuU3Me PaOOTHHUKOB BBIPOCIO M
YHUCIIO TYPUCTHYECKUX opranm3anuii ot 126 B 2010
roxy Belpocio a0 243 B 2015 romy. Kommaectso
MPOJAHHBIX TYPUCTHIECKUX ITyTEBOK 32 3TOT MEPHO
BEIPOCTIO TIOYTH B 2 paza. OxHako, B AzepOaiimkan
NpuOBIBACT MEHBIIE TYPUCTOB, YEM BBICIKAIOT
3arpaHuily, o0 4éM CBHIETENbCTBYET naHHble 2015
rojia, IJie YUCIIO MPHUOBIBIIMX TYPUCTOB COCTaBIISIET
2009, a yucno BelexaBmUX — 59956. K coxanenuto,
MocjaeqHUe  TOAbl  HETaTUBHBIC  IOCIEICTBHA
(MHAHCOBOTO KpHM3HCa B MHUpE W MaJeHHs LIEH Ha
HeTh CephEé3HO TIOBNMSUIM HA  JIESATEIBHOCTD
TYPHCTHYECKOTO  cekTopa  AseplaiijpkaHa |
YXyZAILLIEHUE OCHOBHBIX mokaszaTtened B 2015 romy
OosipIie BCEro CBsI3aHBI C OJTHMH  (DAKTOpPaMHU.
JIOIKHBI ~ OTMETHTB, YTO  CHI3HWICA  OOBEM
BIIOJKCHHBIX B TYPUCTHYECKYTO chepy
MHBECTULMOHHBIX PECYPCOB, TakK, eciu B 2014 rony
nmanHas mudpa cocraBwia 2204 MIIH. MaHaT, TO B
2015 roxy numsp — 1063,9 miH. maHaT. Ucxons u3
CIIO>KUBLIEHCS CUTYyaIuu CUHTaeTCS
1es1eco00pa3HbIM MEPEeCMOTpP CTPATErHUECKUX Hesiei
M MEXaHM3MOB Pa3BHUTHs Typu3Ma B AszepOaiijxaHe.
Benp, cTtpaHa uMmeeT BBIFOJHBIE reorpaduyueckoe u

CTpaTernuecKkoe  TIOJIOKEHUS  JUIS  Pa3BHUTHA
TypucTHiecko  cdeppl. OpmHako  HEOOXOJMMO
MHTEHCU(HUINPOBATh NPOBOAMMBIE  PabOTHl IO

IMOBBIIICHUIO Ka4€CTBA U CTPYKTYPbI TYPUCTHICCKUX

yeryr. W penieHHe MHOXXECTBEHHBIX —IIPOOIEM,
KOTOpbIE ~ MEIIAIOT  Pa3BUTHIO  TYPUCTHYECKOTO
cextopa. MccnenoBatens, A.Mup30eB 0TMe4aeT, 4To
JUii  pa3BUTHS ~ Typusma B A3sepOaiiikaHe
Heo0x0uMo GOPMHUPOBATH OOJIee MPUBJIEKATEIbHYIO
TYPHUCTCKYIO cpeny u (dbopmupoBath
KOHKYPEHTOCHOCOOHBIE TYPHUCTCKHE
npoayktel[14,c.17]. Kpome TOro, B yCIOBHSIX
HEO0OXOAUMOCTH YMEHBILICHUS 3aBHCUMOCTH

SKOHOMHUKH A3epOadmkaHa oT HedTsHOrO (hakTopa
TpeOyeTcsi pacIlMpeHHe POJIM APYTHUX CEKTOPOB, B
TOM YHCIIe TYPUCTHUECKOTO CEKTOpa HAlMOHAJILHOM

References:

1. Morozov VA (2004) Sotsial'no-
ekonomicheskiye osnovy vzaimodeystviya
turizma so smezhnymi otraslyami natsional'noy

Cmamucmuueckozo

Komumema  Aszepbaiioocanckoti  PecnyOnuxu.

SKOHOMHMKH  CTpaHbl W, B I[eIoM IO
nuBepcudukanuy. [lostomy TpedyeTcs paclimpuTh
KOHKYPEHTHYIO cpeny B HallMOHAILHOM
TYPUCTHIECKOM PBIHKE, CTUMYJINPOBAHUE
cOaNaHCUPOBAHHOTO PAa3BHUTHSA TypH3Ma B PErMOHAX
crpanbi[15,c.3]. Tem Oomee, B moOcCIEeTHHE TOJBI
MIPUHSTBHL PSR CTPATETHYECKHX MEP IO Pa3BHTHIO
Typu3Ma B II€JIOM B CTpaHe, B TOM YHCIC H B
peruonax. Pacnopszkenuem IIpe3unenra
Aszepbaiimxanckoil Pecniyonuku o puHaHCHPOBaHUH
HEKOTOPBIX Mep, CBSI3aHHBIX C pa3BUTHEM TypH3Ma B
Asep0aiimkanckoit Peciyomuku ot 1 centsops 2016
roga U Pacniopsskenuem IIpe3unenta
AzepOaiixaHcKoi PecnyGnuku «O
JOTIOJTHUTENBHBIX Mepax IO DPa3BUTHIO Typu3Ma B
AzepOaitimkanckoit PecriyOnmke» ot 14 ceHTIOps
2016 roma mpenycMOTPEHO YCUJIEHHE MAaTEPUAIbHO-
TEXHUIECKON 6a3bI u (rHAHCHPOBAaHNUS
TYPUCTUYECKOI0 cekTopa cTpansbi[16;17].11 HakoHen,
B paMKax IPHUHATBIX CTPAaTETHYECKUX TOPOMKHBIX
KapT 1O HAIMOHAJIBHOW AIKOHOMHMKE U OCHOBHBIM
CEeKTOPOM SKOHOMHUKH CTpaHBl yTBEpXkJAeHa OT 6
nekabpsi 2016 roma «Crpaternyeckas JOpOKHas

KapTa  OTHOCHUTEIBHO  Pa3BUTHS  HHIYCTPUH
CIeHaITN3UPOBAHHOTO TypHu3Ma B
Aszep0aitmxanckoit Pecrryommke»[18].

Conclusion

Takum 0o0pa3oM, MOXKHO OTMETHTh, YTO
TYPUCTHYECKUX CEKTOp B AzepOaiipkaHe HAXOAUTCS
Ha Tmopore OOJBIIMX HW3MEHEHHH B CTOPOHY
UHTEHCU(UKALUK  Pa3BUTHA  MHQPACTPYKTYPBI,

MaTepHaIbHO-TEXHUYECKONH 0a3pl, reorpaduu U
NepeyHs IPYrux TypuUcTUYeCKUuX yciyr. Oxugaercs,
YTO  TYPUCTHYECKHH CEeKTop B  Ommkaiiieit
MEePCIEKTUBE CTAHET OJHOW W3 NMPUBJIEKATEIbHBIX U
MHKJIIO3UBHBIX OTpaciied HAllMOHAJIbHOW SKOHOMMKH,
Oyzmer crmocoOCTBOBATh OTKPHITHIO HOBBIX Pabodux
MECT, DKOHOMHYECKOW aKTUBHOCTH  PErHOHOB
CTpPaHBbI U T.J.

ekonomiki. Diss. dr. of econ. scien. Moscow,

2004. -226 p.

ISPC Industry and technology,
Philadelphia, USA

34

THOMSON REUTERS

Indexed in Thomson Reuters



http://www.stat.gov.az/

| ISRA (India) = 1.344
{ 1SI (Dubai, UAE) = 0.829

Impact Factor: | g (australia) = 0564 | ESJI (KZ) = 3.860 | 1BI (India) = 4,260

L JIF = 1.500 |

| SIS (USA) =0912 | ICV (Poland)  =6.630
{ PUHIL (Russia) = 0.234 | PIF (India) =1.940

SJIF (Morocco) = 2.031

10.

Zernova SV (2010) Mekhanizm realizatsii
gosudarstvennoy podderzhki form
predprinimatel'stva v turizme Leningradskoy
oblasti. Diss. cand. of econ. scien. St.Peterburg,
2010.-204 p.

Yuts AY (2010) Mekhanizm gosudarstvennoy
podderzhki malogo predprinimatel'stva v
turizme//Rossiyskoye predprinimatel'stvo.-
2010. -Ne11(2)-P. 118-124.

Morozov. MA  (2006) Infrastrukturnoye
obespecheniye predprinimatel'skoy
deyatel'nosti v turizme: teoriya i metodologiya
formirovaniya i razvitiya. Diss. dr. of econ.
scien. Moscow, 2006.-365 p.

Tsypurdeyeva YD (2006) Razvitiye
predprinimatel'stva v turistskom biznese. Diss.
cand. of econ. scien. St.Peterburg, 2006.-174 p.
Barsukova ON (2012) Marketing v razvitii
rynka vnutrennego turizma. Diss. cand. of econ.
scien. Novosibirsk, 2012.-179 p.
Akhmedkhanova ST (2008) Organizatsionno-
ekonomicheskiye osnovy formirovaniya i
razvtiya turistskogo rynka v sovremennykh
usloviyakh. Diss. cand. of econ. scien.
Makhachkala, 2008.-162 p.

Omerzel DG (2015) Innovativeness in Tourism:
Model Development//Procedia Economics and
Finance, Volume 23, 2015.-p. 750-756.

Liu Haiying (2011) Analysis on Service
Engineering Innovation of Tourism Based on
Process Metaphysics//Systems  Engineering
Procedia, V.1, 2011.-p. 344-350.

Solvoll S, Alsos AG, Bulanova O (2015)
Tourism Entrepreneurship — Review and Future

Directions//Scandinavian Journal of Hospitality
and Tourism, 2015, Volume 15, No 1. -p. 120-
137.

11. (1999) Zakon Azerbaydzhasnkoy Respubliki«O
Turizmey. 04.06.1999, Ne 674-1Q.

12. (2017) Fakty ob Azerbaydzhane. Available:
http://www.mct.gov.az (Accessed: 10.04.2017).

13. (2017) Turizm v Azerbaydzhane. Available:
http://www.mct.gov.az (Accessed: 10.04.2017).

14. Mirzoyev AF (2016) Napravleniya povysheniya
effektivnosti  ispol'zovaniya turisticheskogo
potentsiala v Azerbaydzhane. Diss. dr. of phil.
in econ. Ganja, 2016.-23 p.

15. Gasanov AN (2016) Formirvoaniye strategiii
razvitiya regional'nykh turistskikh kompleskov.
Diss. dr. of econ. scien. Ganja, 2016.-47 p.

16. (2016) Rasporyazheniye Prezidenta
Azerbaydzhanskoy Respubliki o finansirovanii
nekotorykh mer, svyazannykh s razvitiyem
turimza v Azerbaydzhanskoy Respubliki. 01
September 2016, Baku.

17. (2016) Rasporyazheniye Prezidenta
Azerbaydzhanskoy Respubliki «O
dopolnitel'nykh merakh po razvitiyu turizma v
Azerbaydzhasnkoy Respublike». 14 September
2016, Baku.

18. (2016) Ukaz Prezidenta Azerbaydzhanskoy
Resupbliki ob utverzhdenii strategicheskikh
dorozhnykh kart po natsional'noy ekonomike i
osnovnym sektoram ekonomiki. 06 December
2016, Baku.

ISPC Industry and technology,
Philadelphia, USA

35

% THOMSON REUTERS

Indexed in Thomson Reuters



http://www.mct.gov.az/
http://www.mct.gov.az/

[ ISRA (India) = 1.344 | SIS (USA) =0.912 {ICV (Poland) =6.630

.| ISI (Dubai, UAE) = 0.829 | PHHII (Russia) = 0.234 | PIF (India) =1.940
Impact Factor: | GIF (Australia) =0.564 | ESJI (KZ) ~ =3.860 | IBI (India) = 4.260
L JIF = 1.500 | SJIF (Morocco) = 2.03L |

SOl: 1.1/TAS DOI: 10.15863/TAS
International Scientific Journal

Theoretical & Applied Science

Ganiyu Adedayo Ajenikoko

Department of Electronic & Electrical Engineering,
Ladoke Akintola University of Technology,

P.M.B. 4000, Oghomoso, Nigeria
ajeedollar@gmail.com

p-1SSN: 2308-4944 (print)  e-1SSN: 2409-0085 (online)
Oluwatoyin Abdullateef Salami

Department of Electronic & Electrical Engineering,
Ladoke Akintola University of Technology,

P.M.B. 4000, Ogbomoso, Nigeria

Year: 2017 Issue: 04  Volume: 48

Published: 11.04.2017 http://T-Science.org

SECTION 6. Metallurgy and energy.

DEVELOPMENT OF A GENERALIZED TWO-PARAMETER
TEMPERATURE BASED LINEAR MODEL FOR ASSESSMENT OF
SOLAR IRRADIANCE ON NIGERIAN GEO-POLITICAL ZONES

Abstract: The output of light energy from the entire core of the sun measured at the earth is called the solar
irradiance. The epileptic nature of power supply has made it a challenge to provide sufficient power and energy to
the growing population. This paper develops a generalized two-parameter temperature based linear model for
assessment of solar irradiance on Nigerian geo-political zones. The minimum and maximum monthly mean daily
ambient temperature as well as the monthly mean daily global solar radiation from natural were collected and
analysed over a twenty year period for seven selected locations on Nigerian geo-political zones. Appropriate
mathematical notations were used to perform a stochastic analysis on the collected data to develop a generalized
model. The performance evaluation of the generalized model was done by computing the t-value in terms of the
mean-bias error (MBE) and the root mean square error (RMSE) with the analysis done at 95% confidence level. A
low MBE value of 0.0327 suggests a good long-term representation of the physical problem.

The RMSE which was in the range of 0.1835 to 0.2887 is dilates the efficiency of the generalized model.
Sokoto has a relatively high annual solar irradiance and far much more than the 1.361KW/m2/d benchmark.
Maiduguri has the highest annual irradiance as compared to other locations used as case studies in this research
paper. It also has the highest potential for the generation of solar energy. Maiduguri with an annual average solar
irradiance of 5.89kWh/m2/d is the least site under consideration. This signifies that Nigeria is a good site for solar
exploration and has high solar energy feasibility, as Port-Harcourt (the site with lowest solar irradiance) is
significantly above the standard value of annual average solar irradiance. Even though, the solar radiation is
generally high throughout the year in Maiduguri, February — April appeared as the months with the highest solar
radiation. August appeared as the month with lowest solar radiation. Jos had the best solar irradiance in the
country thus representing a place of huge potential in the solar exploration market. Enugu and Port-Harcourt had
low solar irradiance compared to other locations used in this paper. The global solar radiation intensity produced
by the generalized model developed can be used in the design, analysis and performance estimation of the solar
conversion system. The estimation of the average daily global solar radiation which is necessary for optimal
economic sizing of solar photovoltaic systems will encourage extensive use of solar energy, which is an essential
solution for high atmospheric pollution caused from fossil fuel combination.

The result from the research work shows that most parts of Nigeria have a very high climatic feasibility of
generating renewable energy using solar energy that can be utilized for off grid rural electrification and further
increase the total energy accessibility in the country.
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1. Introduction value of solar irradiance was thought to be

Solar irradiance is the output of light energy
from the entire core of the sun, measured at the earth.
It is measured in kWh/m?/d. According to satellite
observations of total solar irradiance, the average

approximately 1.366kWh/m?*d varying slightly with
solar activity, but recent calibrations of the relevant
satellite observations indicate a value closer to
1.361kWh/m?/d [NASA]. Dharnai village in the
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North-western state of Biharhas successfully recover the load demand, that is, the amount of solar

constructed a solar micro-grid of 100-kilowatt (kW),
70kW electricity generation, and 30kW for 10 solar-
powered water-pumps, supply power and water to
the village’s 450 homes, 50 commercial operations,
two schools, training centre and health care facilities.
Battery storage ensures power around the clock. By
implementing such scheme, Nigeria can effectively
bridge the gap between black-out and total electricity
[[18], [19], [12], [17], [26]].

Even with the recent reforms in the power
sector, more than half of the country’s population
still lack access to electricity. The epileptic condition
of the power sector can be attributed to the
inadequate and inefficient power plants, poor
transmission and distribution facilities and out-dated
metering system used by electricity consumers.
Suleiman Lawal Nadabo (2010) worked on
Renewable Energy as a solution to Nigerian energy
crisis. He investigated the potentials of renewable
energy sources in Nigeria and how to support,
promote and encourage the growth of renewable
energy resources in Nigeria to close the gap of 60-
70% of Nigerians that did not have access to energy
that is environmentally friendly [[4], [8], [11], [2]].

Global solar radiation (GSR) is the sum of the
direct and the diffuse solar radiation on a surface.
The direct solar radiation is the solar radiation
received from the sun without being scattered by the
atmosphere. The diffused solar radiation is the solar
radiation received from the sun with its direction
changed due to scattering by the atmosphere. The
knowledge of the availability of GSR data is of
fundamental importance in order to utilize solar
energy economically and efficiently. The direct
normal irradiation (DNI) is very significant in
concentrating solar thermal installations that track
the position of the sun. This is essential for the
design and evaluation of solar energy conversion
system. GSR data are not measured at the forty-five
meteorological stations in Nigeria. In the absence of
these data, one has to rely on available methods of
estimation as well as developing new ones. The
availability of such data will encourage possible
analysis of application and efficient utilization of
solar energy in order to control GHC emissions [[16],
[23], [1], [10]].

GSR is an important parameter necessary for
most ecological models and serves as input for
different photovoltaic conversion system, hence it is
of economic importance to renewable energy
alternative. The solar radiation reaching the earth
surface depends on the climatic condition of the
specific site location and this is necessary for
accurate prediction and design of a solar energy
system. When global solar radiation is used to
generate electrical energy for any specific site
location, a provision should be made to forecast solar
energy which will convert it to electrical energy to

energy for that place has to be known. Technology
for measuring GSR is very expensive and has
instrumental hazards. Though, solar radiation data
are available in most meteorological stations, many
stations in developind countries including Nigeria
suffer from a shortage of these data. Alternative
methods for estimating these data are necessary. One
of these methods is the use of empirical models.
Accurate modelling depends on the quality and
quantity of the measured data used and is a good tool
for generating global solar radiation at locations
where measured data are not available.

Power and energy serve as indicators to the
socio-economic  development of a country.
Electricity can be used as a yardstick to differentiate
between the developed countries and the developing
countries. Developed countries are continuously
using their advanced technology in implementing
new ways to generate enormous amount of power in
order to satisfy their corresponding high power
demand and thus paving way for further industrial
and economic growth. Developing countries in which
Nigeria is not left out however are several miles
away to reach the power and energy prowess of the
developed countries and this can be associated to the
weak administrative structure, corruption in the
necessary quarters, high population density and lack
of adequate technical know-how regarding
application of scientific methods towards maximum
utilization of the available resources [[32], [29], [6],
[511.

Since electricity is very important for economic
development of a country, finding a solution to end
the aged long power problems of Nigeria is very
imperative, one can learn from developed countries
in the world that now generate more than enough
electricity used to power households and industrial
establishments. Countries like Germany, Spain and
other European heavyweights are now running fully
on power generated with the use of 100% renewable
energy scheme.

1.1 Renewable Energy

Renewable energy is defined as energy
collected from resources which are naturally
replenished on a human timescale, such as sunlight,
wind, rain, tides, waves, and geothermal heat. It
refers to a type of energy which occurs naturally and
is theoretically believed to be an inexhaustible source
of energy. Renewable energy often provides energy
in at least four important areas: electricity generation,
air and water heating/cooling, transportation, and off-
grid energy services [2]. One of the major
advantages of renewable energy is that the primary
sources (sun, water, wind) are very much free in
nature and inexhaustible. This means that the cost of
generating energy when making use of renewable
energy is relatively cheap [[28], [25], [31], [30]].

1.2 Solar Energy for rural electrification
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Solar energy is simply defined as the energy
gained by the earth as a result of light radiations from
the sun. It is a very important and the most widely
used form of renewable energy all around the world
because the sun is a universal body. Solar energy has
a wide range of applications and most especially it is
used for power generation, domestic and commercial
uses [[9], [13]]. A solar power system is a system
assembled using the basic components required to
produce electrical energy from the sun. It comprises
of the connection of solar panel/module(a group of
individual solar cells connected in series, parallel or
series-parallel combinations to produce a standard
output), charger controller(an electronic device that
regulates the voltage from the solar panel array to
ensure maximum transfer of energy and prevent
over-charging of the battery bank), a power
inverter(an electronic device that concert 12,24,48, or

higher volts DC from batteries or solar panels to
120/240 volts AC to operate appliances and battery
bank [[3], [21], [20], [7], [14]].

The need for a well-structured renewable energy
scheme which exploits the climatic condition of these
rural areas is very necessary. Most locations in
Africa are characterised by high sunshine which
makes solar energy, a very logical choice of
renewable energy especially in the Sahara(North
Africa) where country like Morocco now run the
power generation fully on Solar energy [[24], [27],
[15], [22].

1.3 Locations Considered in the Analysis

Seven locations: - Sokoto, Kaduna, Maiduguri,
Jos, Ogbomoso, Enugu and Phort-Harcourt were
considered in the analysis and their geographical
locations on Nigerian map are as shown in Figure 1.
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Figure 1 - Map of Nigeria showing the seven locations.

Since metrological data were not readily
available for most rural areas in which off-grid
electrification is intended, the main city close to
areas were chosen. The latitudes and longitudes of
both places are similar.

1.3.1 Sokoto

Sokoto is located in the North-west of Nigeria
near the conference of Sokoto River and Rima River.
It is the capital city of Sokoto state.

1.3.2 Kaduna

Kaduna is the state capital of Kaduna state in
North central of Nigeria. On the Kaduna river, is a
trade centre and a major transportation hub for the
surrounding agricultural areas with its rail and road
junction. With an annual average temperature of
24.6°C, Kaduna is a good place for Solar Energy
exploration for off-grid electrification. It also has a
very thick population.

1.3.3 Maiduguri

Maiduguri is the capital and the largest city of
Borno State in north-eastern Nigeria. It is located at
latitude 11°50'N of the equator, and a longitude of
13°09'E. The city sits along the seasonal Ngadda
River which disappears into the Firki swamps in the
areas around Lake Chad. Koppen-Geiger climate
classification system classifies its climate as hot
semi-arid. It has a temperature of as high as 45°C in
the day and as low as 15°C when night falls. The
highest record temperature was 47 °C, while the
lowest record temperature was 5°C. This high
temperature contributed to why Maiduguri is
considered as a place of high potential in solar
energy exploration for rural electrification.

1.3.4 Jos

Jos is located in the Middle Belt of Nigeria with
a population of about 900,000 residents based on the
2006 census. Popularly called "J-town", it is the
administrative capital of Plateau State. It is located at
latitude of 9°56'N of the equator and at a longitude of
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8°53'E. it has a very high elevation, probably the E = 3.82(0.000075 + 0.001868 cos B —
highest in the country. Jos enjoys a more temperate 0.032077 sin B — 0.014615 cos 2B —
climate than many of the rest of Nigeria. Average 0.04089 sin 2B) (2
monthly temperatures range from 21-25°C (70— B=(d- l)ﬂ @A)
77 °F), and from mid-November to late January, 365

night-time temperatures drop as low as 11 °C.

1.3.5 Ogbomoso

Ogbomosho is a city in Oyo State, south-
western Nigeria. It is located at latitude 8§°08'N of
equator and a longitude of 4°15'E. The city has a
tropical climate. The average annual temperature in
Ogbomosho is 26.1 °C. The temperatures are highest
on average in March, at around 28.5 °C. August tends
to have the lowest temperature of 24.0 °C on an
average.

1.3.6 Enugu

Enugu is the capital of Enugu State in Nigeria.
It is located in south eastern Nigeria with a
population of 722,664 according to the disputed 2006
Nigerian census and nearly 2 million according to
2015 estimates. It is located at 6°27’ 9.60"N latitude
of the equator and longitude of 7°30" 37.20"E. The
name Enugu implies hill-top though the city lies at
the foot of an escarpment and not a hill. Enugu is
located in a tropical rain forest zone with a derived
savannah.

1.3.7 Port-Harcourt

Port-Harcourt is the capital and largest city of
Rivers State and lies along the Bonny River and
located in the Niger Delta. According to the 2006
census, the Port Harcourt urban area has a population
of 1,382,592. It is located at latitude 4°49"27"N of
the equator and longitude 7°2'1"E. Port Harcourt
features a tropical wet climate with lengthy and
heavy rainy seasons and very short dry seasons. Only
the months of December and January truly qualify as
dry season months in the city. Temperatures
throughout the year in the city are relatively constant,
showing little variation throughout the course of the
year. Average temperatures are typically between
25°C-28 °C.

2. Materials and Method

Development of Mathematical Models

Solar time (ts ): which is based on apparent
angular motion of the sun across the sky is given by:

At solar noon, t; = 12h, it is given by:

te=tc+E+—5—2Z, 1)

where

tc is civil time in hours corresponding to the
midpoint of each time step.

6 is the longitude in degrees of the site location.

Z, is the time zone in hours to the east of

where

d = day of the year, starting with 1 for January
1%, thatis 1 < d < 365

At the summer solstice on June 21%, it is 23.45°
at the winter solstice on December 21% in the
northern hemisphere. i.e. —23 —45° < § < 23.45°

At the intervening periods of the year, the solar
declination angle can be approximated by a
sinusoidal variation as:

. 284+d
8§ = 23.45° sin (3600 W) (4)
where

(8) Declination angle is the angle made by the
line joining the centre of the sun and the earth with
its projection on the equatorial plane. At the annual
and vertical equinoxes, it is zero.

Hour angle (w): this is the angular
displacement of the sun, East or West of the total
meridian due to the rotation of the earth on its axis at
15° per hour, which expresses the time of the day
with respect to solar noon is:

w = (t; — 12)15° (5)
While the sunset hour angle is defined as:
wg = cos™![—tan é tan @] (6)

where
w 1is hour angle in degrees
wg is sunset hour angle in degrees.

At any point in time (between sunrise and
sunset), the extra-terrestrial horizontal radiation is:

lo = Isc (1+0.033 cos =) [sin 6 sin ¢ +
cos 6 cos @] @)

Extraterrestrial radiation on a horizontal surface
is the theoretical possible radiation that would be
available if there were no atmosphere. The total daily
extraterrestrial radiation on a horizontal surface is
obtained by integrating equation (7) over the period
from sunrise to sunset. i.e.

Ho =215 (1 +0.033 cos220) x

GMT. [% sin § sin ¢ + cos § cos (p] (8)
E is the equation of time in hours. Thus,
The monthly mean daily extraterrestrial

radiation on a horizontal surface is:
—_— 1
Hy = 523,11:1 Hy (d) ©)
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Where dn, is the day of the month and D is the
total number of days in the month.

The ratio of the monthly mean daily global
radiation on horizontal surface to monthly mean
daily extraterrestrial horizontal radiation is called
“Clearance index” given by:

Two independent valuables j in equation (16)
equals to 2 are assumed. If the dependent variable of
equation (16) is the clearance index K and the
independent variable are the monthly average daily
air temperature ratio, T and the monthly average
daily maximum air temperature T,,,, , then equation
(16) becomes

Ky =1 (10) _ _
Ho Kp = my + myTrp + MyTipanp 7)
Mean Bias Error (MBE) is defined as: Where the subscripts P ( = 1, 2, ---12) refers to
1 _ _ the monthly average daily dataset for a typical year.
P . -
MBE = - ¥Yp=1(Hese — Hops) (11) In matrix form, equation (17) becomes

Root Mean Square Error (RMSE) is defined as: K, 1 Ty Toaxr][Mo
T -
RMSE = IS5\ — ] (12 frd 1 The T 11
ie. K =AM (19)
t — Statistic (TS) is defined as:
where K = P x 1 column matrix, A is P X 3 matrix
(P—1)(MBE)2 and M is (j x 1) x 1 matrix. To solve for A, there is
TS = [m} (13) the need to transform A to a square matrix (where
P=j=+1).
where H,ps is the observed
H(kWh/m?/day), H,q, is the estimated ATK = ATAM (20)
H(kWh/m?/day), and P is the number of
observations and it corresponds to the twelve months where A™ is the transpose of A.
(P = 12) of the vyear. If (ATA)™? exits, then
Given the data points of the form (x, yp) for P =
1, 2, K set of point and that y, depends linearly on xy, M= (ATA)T'ATK (21)

then, for accurate prediction of the set points, it is
necessary to obtain the slope m and H — intercept
(mg) of a time that best fits those dataset points,
defined by:
Yp =m, + mxp (14)
If X, are j independent variables (X1p, X2p,- - -,Xjp),
then equation (14) becomes

yp = mo + mlxlp + mzxzp i et m}xjp (15)

The coefficients of determination defined by
R2 = Z}I:;:l(mo + miXxXip + -t m}x]P - yp) (16)

Where x is the independent variable, j is the
number of independent variable which would
minimize the sum of squares of the difference
between the data and the estimated time and R is the
coefficient of correlation.

The solution of equation (21) is a matrix of
empirical constants, M = [mg, my, m,].

Performance Evaluation

The performance evaluation of the generalized
model was done by computing the t-statistic (t-value)
in terms of the mean-bias error (MBE), and the root
mean square error (RMSE) and the analysis done at
95% confidence level. The t- statistic (t- value) is
computed in terms of the mean bias error (MBE) and
the root mean square error (RMSE) and analyzed at
the 95% confidence level.

The t- statistic is a known statistical tool with
an exceptionally satisfactory accuracy for analyzing
solar radiation data. The coefficients of
determination (R?) of the estimation model are
obtained.

The temperature — based linear regression
models for the seven locations used as case studies in
this paper are:

Hsop = Hy(—1.3142 + 0.3512R; + 0.0632T, ) for Sokoto (22)
Hyaq = Hy(0.2826 — 1.0754R; + 0.0521T,,4,) for Kaduna (23)
Hygia = Hp(0.6021 — 0.3214R; + 0.0085T,,,4,) for Maiduguri (24)
Hjps = Hy(2.5021 — 2.9218Ry + 0.0184T,,4,) for Jos (25)
Hogp = Hy(0.2614 — 0.8921R; + 0.0248T,,,,,) for Ogbomoso (26)
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IZEWW =_H0(0.7176 —0.5864 + 0.0214T,fax) for Enugu (27)
Hpore = Hy(0.8214 — 0.6321R; + 0.5889T,,,4,) for Port - Harcourt (28)

Combining (22) and (28) the generalized two-
parameter temperature based linear model is

H = H,(0.9347 — 0.2894 Ry + 0.3827T,0,) (29)

From equation (22) to (29), it is observed that a
significant statistical relationship (with coefficient of
correlation COC) of 86.3 to 94.6%) exists between
the clearance index, ambient temperature ratio and
maximum ambient temperature with linear regression
model. Equation 29 can be written as:

H = Hy(mo + MRy + MyRypay) (30)

The ambient temperature ratio is

D %min

RT - Tmax (31)
where

H,Hy, Ry, Toin and T, are the respective
monthly mean daily horizontal global and
extraterrestrial — radiation, minimum to maximum
ambient temperature, my, m; and m, are empirical
constants.

The model is very useful in estimating the
global solar radiation on horizontal surfaces at
different locations on the geopolitical zones in
Nigeria.

3. Discussion of results.

Figures 1 to 4 show the empirical constants for
the seven selected locations used as case studies in
this research paper. Observation shows that Jos has
the highest empirical constant of 0.6814 while
Sokoto has least empirical constant of - 0.2650
because. Sokoto in the North -Western Nigerian has
a relatively high annual solar irradiance and far much
more than the 1.361kW/m?/d benchmark. Same goes
for the rest, as Kaduna, Maiduguri, Ogbomosho, Jos,
Enugu and Port-Harcourt.

A significant  statistical relationship  with
coefficient of correlation (COC) of 94.6% between the
clearance index ,ambient temperature ratio and
maximum ambient temperature with linear regression
model .The COC for Sokoto, Kaduna, Maiduguri and
Jos are 92.75%, 94.6%, 86.3% and 91.6% respectively
while the COC for Ogbomoso, Enugu, Port-Harcourt
are 91.9%, 90.5% and 93.7% respectively as shown in
Figure 5-7.

Sokoto has a coefficient of determination COD
of 88.6%, Kaduna, Maiduguri and Jos have a COD
of 92.2%, 77.9% and 86.5% respectively while
Ogbomoso, Enugu and Port-Harcourt have a COD of
87.1%, 84.5% and 82.4% respectively. This is
because it is important to note that Maiduguri has the
highest annual irradiance in the whole of the sites
under consideration, and has the highest potential for
the generation of solar energy.

Kaduna has the highest COC of 94.6% and a
highest COD of 92.2% as a result of the level of
industrial activities in the city. Most of the industries
in this city are operating at maximum efficiency.
Maiduguri has the least COC and COD of 86.3% and
77.9% respectively because most of industries in this
city are not operating at their maximum efficiencies,
hence the city is not as industrialized as Kaduna
compared to all the cities used as case studies in this
research paper.

In order to achieve a more reliable statistical
result, an additional tool TS is used since it is
possible to have a large value of RMSE as well as
small values of MBE. The smaller the value of TS,
the better the performance of the models. The TS
value of the models developed are within the range
of critical value of 1.96 as shown in Figure 8-10. A
low TS value of the models developed (0.0498 —
0.7884) shows an excellent performance of the
models.

The RMSE values which are a measure of the
accuracy of estimation vary from 0.1835 (the least)
to 0.2887 (highest) for Kaduna and Maiduguri
respectively. This shows that Kaduna city is more
industrialized than  Maiduguri. Sokoto, Jos,
Ogbomoso, Enugu and Port-Harcourt have RMSE
values of 0.2848, 0.2416, 0.2213, 0.1520 and 0.2104
respectively. Port-Harcourt recorded the highest
MBE value of 0.0724 while Jos recorded the least
MBE value of - 0.0426 as illustrated in figure 8.
Figure 10 illustrates the relationship between the TS
of the selected cities used as case studies. Port-
Harcourt recorded the highest TS value of 0.7884
while Maiduguri recorded the least TS value of
0.0498 due to Even though, the solar radiation is
generally high throughout the year in Maiduguri,
Feb-April represent the months with the highest solar
radiation and August is the month with the lowest
solar radiation. On the overall this location is the
very top site for solar power exploration in Nigeria.
The TS values of Sokoto, Kaduna, Jos, Ogbomoso
and Enugu are 0.1572, 0.0682, 0.5730, 0.0940 and
0.0983 respectively.

Figurell shows the relationship between the
MBE, RMSE and the TS for the selected locations.
The RMSE values vary from - 0.0426 (the least for
Jos) to 0.0724 (the highest for Port-Harcourt). The
MBE values obtained are positive for Kaduna, Enugu
and Port-Harcourt while the MBE values are
negative for Sokoto, Maiduguri, Jos and Ogbomoso.
This shows that the models vary between over and
under estimation of H. The value of MBE from the
model for Ogbomoso has the highest underestimation
compared to Port-Harcourt.

Jos has one of the best solar irradiance in the
country and it represents a place of huge potential in
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the solar exploration market. Jos has a very high
elevation and altitude and can have a potential for
exploring a verse array of other renewable energy
technologies like wind energy, geothermal etc.
Ogbomoso is very similar to Jos in terms of the solar
irradiance; it is generally a good place for solar
energy exploration.

Enugu and Port-Harcourt hove low solar
irradiance compared to other locations considered in
this research, but is still far higher than the
1.361kW/m?/d standard, but due to load level in this
area which might be high due to high commercial
activities, hybrid form of off-grid rural electrification
will be more efficient in satisfying the energy
demand of this site. February to April stood out as
the month with the highest solar irradiance, and

therefore the months with highest potential. June to
August are characterised with a general drop in
energy generated by the sun’s radiation.

The cities experienced a decrease in the
horizontal global solar radiation from July to October
(during raining season) with Ogbomoso having the
lowest monthly mean daily horizontal global solar
radiation of 4.24kWh/m?/day in June. During dry
season period, when others experienced a rapid
increase in their solar radiation, only Maiduguri
maintained a gradual decrease in the global radiation
with a least radiation of 6.23 kWh/m?/day in
November. The variation of daily horizontal global
solar radiation with months of the year in Maiduguri
differs from other cities due to their geographical
locations.
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4. Conclusion

A Generalized two — parameter temperature
based linear model for assessment of solar irradiance
on Nigerian geo-political zones has been developed.
The minimum and maximum monthly mean daily
ambient temperatures as well as the monthly mean
daily global solar radiation from NASA were
collected and analyzed over a twenty years period for
seven selected locations that cut across Nigerian geo-
political zones. Appropriate mathematical notations
were used to perform a stochastic analysis on the
collected data to develop the modified model.

The results of the generalized model developed
which indicates low value of MBE (0.0327)
generalized suggested that it has a good long — term
representation of the physical problems.
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THE RISKS AND CHALLENGES AFFECTING THE
IMPLEMENTATION OF NUCLEAR ENERGY FOR ELECTRICAL
POWER GENERATION IN NIGERIA

Abstract: Nigeria as a country has a national power grid with an installed capacity of about 7000MW
(Megawatts) of which about 4000MW is obtainable. This paper takes into consideration a method of power
generation which apart from being a viable alternative for long-term energy production can also be operated with
low costs. The process of large scale industrialization for any nation is fueled by its power sector. The latter is
directly proportional to the former, thus meaning that any problems encountered in the power sector are
transferred to the industrial sector of such a country. For a country with a population of about 180 million people,
over 50000MW is needed to satisfy the industrial and domestic needs of the populace. With the operation of its
three Hydro-Electric power stations and seven thermal power stations, all operating at a peak of about 5000MW
(as recorded by the Transmission Company of Nigeria in the month of February 2016), it is necessary that other
methods of electricity generation that are environmentally friendly and economically competitive be proposed and
that the risks and challenges of the implementation of such methods be assessed in order to be able to facilitate the
selection of a method of generation that can implemented in order to fast-track the industrial evolution and to
revitalize the Nigerian economy. The power outlines the challenges that will be posed and faced by the Nigerian
nuclear program which has been activated by the Nigerian Atomic Energy Commission.
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1. Introduction

Electricity is a necessity of life. A quarter of the
entire  world population currently live without
electricity with about 95% of this group of people
living in developing countries such as Nigeria. In an
age where both industry and the economy are driven
by electronic devices, access to electrical power is
considered as a basic requirement to economic
growth. With a population of about 180 million
which makes it the seventh most populous in the
world and an economy being regarded as the second
largest in Africa, it is appalling to note that only
about 40% of this number have access to electricity,
with this privileged 40% having only epileptic power
supply. With an installed grid capacity of 7000MW,
less than 4000MW of electricity is generated

presently, which is even lower than what India
generates from nuclear power plants alone [IAEA,
2009a; Yusuf 2016]. It is important to note this that
total power generated currently is not even enough to
satisfy the electrical needs of Lagos state which
doubles as the economic center and the most
populous state. This lack of adequate power supply
has forced Nigerians to resort to the use of electricity
generators which burn fossil fuels thus increasing the
country’s carbon footprint. With the drastic reduction
in the price of crude oil worldwide, which is
Nigeria’s main source of revenue, more companies
have closed up shop in Nigeria and moved to other
African countries that have a steady power supply,
while some are operating at less than optimal
capacity. An example is the telecommunications
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sector, where the intercontinental submarine cables
that were laid for optimal data transfer are being
underutilized due to operational costs of providing
power to the transmission stations nationwide
(Esogbue and Osaisai 2011).The problem of
providing such a large amount of power as needed
for the country is one that can be solved by the use of
nuclear power. Nuclear reactors are one of the few
alternative sources of electrical power that can be
said to be long lasting, environmentally friendly and
economically viable. With the advantage of being
able to generate over 6000MW of electrical energy in
one plant alone, nuclear power is the immediate
solution to the power problem in Nigeria (Francis

2014). This necessity to develop nuclear power in
Nigeria is what led to the creation of the Nigerian
Atomic Energy Commission (NAEC) in August,
1976 and the launching of the Nigerian nuclear
program. NAEC was dormant for thirty years until
2006 when it was activated by the same Head of
State that had originally created it 30 years earlier
(Emma 2011). NAEC’s board was formally
inaugurated in July 2006. It is a 10-man board with
the President as its head [Osaisai 201la; Osaisai
2011b]. Nuclear power only accounts for about 11%
of the total world electricity generation even though,
it being used to generate power for over fifty years as
shown in Figure 1.
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Figure 1 - World Electricity Production.

There are other safer and cleaner options like
wind and solar, nuclear technology is still at a stage
which makes the later option less practical on a large
scale, especially in a developing country. Nuclear
reactors can provide safe base-load power on a large
scale while taking the dependence away from oil and
gas. It also does not have the intermittency problem
that plagues most of the frontline renewable energy
technologies (NAEC 2011).

1.1 Nuclear Power

Nuclear power is the use of nuclear reactors that
release nuclear energy to generate heart, which most
frequently is then used in stream turbines to produce

neutron. The uranium atom is split into two and as
this happens, energy is released in the form of
radiation and heat. This nuclear reaction is called the
fission process. In the nuclear power station, the
uranium is first form into pallets and then into long
rods. The uranium rods are kept cool by submerging
then in water. When they are removed from the
water, a nuclear reaction takes place causing heat.
The amount of heat required is controlled by raising
and lowering the rods. If more heat is required, the
rods raised further out of the water and if less is
needed, they lower further into it.
1.2 Application of Nuclear Power

electricity in nuclear power plant. The term includes 1 The amount of electricity produced in a nuclear
nuclear fission, nuclear decay and nuclear fusion. power station is equivalent to that produced by
Presently, the nuclear fission of elements in the a fossil fuelled power station.
actinide series of the periodic table produces the vast 1 Nuclear power stations do not burn fossil fuels
majority of the nuclear energy in the direct service of to produce damaging, polluting gases.
humankind. Nuclear power stations use a fuel called 1 Many supporters of nuclear power production
uranium, a relatively common material. Energy is say that this type of power is environmentally
released from uranium when an atom is split by the friendly and clean. In a world that faces global
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warming, they suggest that increasing the use of Since provisions have been made in the

nuclear power is the only way of protecting the
environment and preventing catastrophic
climate change.

Many developed countries such as the USA and
the UK no longer want to rely on oil and gas
imported from the Middle East, a politically
unstable part of the world.

2. Nigerian Nuclear Roadmap

National Energy Policy [NAEC, 2011] to treat
nuclear power as a viable means of electricity
generation, steps have since been taken by the NAEC
with a roadmap developed in its first year of
operation. The nuclear road map is a three-phase
technical frame work which involves the generation
of 1, 200 Megawatts of electricity using nuclear
power plant by 2025.
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Figure2 - The Three Phases in the Development of a Nuclear Power Programme.

The capacity is to be increased to 4, 800MW by
2035The three phases are (Simon 2015; Yehuwdab
2013):

1. Manpower and infrastructure development

2. Design certification, siting, regulatory and
licensing approvals

3. Construction and start up.

The gestation period for the implementation of a
nuclear power programme is at least 10 years. An

example is Iran where their first nuclear power plant
was finally connected to the grid on September 4,
2011 and a ceremony to mark its commissioning was
held on the 12th of September 2011. Meanwhile,
work began on this plant since 1975 [Yusuf, 2016].
While it takes approximately 10 to 15 years to
implement the infrastructural base [IAEA, 2009b],
the Nigerian government has proposed 10 to 12 years
to have on-line electricity generation from nuclear.
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According to the IAEA Milestone Approach
designed for the successful introduction of nuclear
power, a country’s nuclear programme is said to have
attained Milestone 1 when phase 1 of the
development of infrastructure is completed. Phase
one which is also known as the pre-project phase is
the period during which the country looks into what
nuclear power entails. At the end of it, the country
becomes ready to make commitment based on
knowledge [IAEA, 2009b]. During phase 2,
preparatory works such as developing the necessary
infrastructures are put in place. At the end of this
phase, Milestone 2 is said to have been reached. The
country will now be ready to invite bids. Just as the
United Arab Emirates that selected a bid at the end of
2009 from a consortium led by the Korea Electric

METEOROLOGY AND

CLIMATOLOGY

Obtain, collate, analyze and interprete
pre-histarical and historical seismic data

SEISMIC AND
GEOTECHNICAL

Collate and appraise existing

Power Corporation. Turkey cancelled its bidding
process in the same year [IAEA, 2009a]. Milestone 3
is attained at the end of phase three. Phase three
entails construction activities. When milestone three
is reached, the country is then ready to commission
and operate its nuclear power plant [IAEA, 2009b].
Nigeria’s nuclear power programme is currently at
the level of Milestone 2 as shown in Figure 2.

3.0 Execution of the Nigerian Nuclear Power
Programme

In accordance to the roadmap outlined by the
NAEC, a committee was set up for the survey,
evaluation and selection of possible sites for a
nuclear power plant (NPP). The criterion used for the
evaluation of sites is outlined in figure 3 below.
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Figure 3 - Considerations in Preliminary Site Selection Activities.
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Using the above criteria, four sites were then
selected:

1. Geregu/Ajaokuta in Kogi State,

These sites were then submitted to the Nigerian
government with two being finally selected as sites
for NPPs having a combined capacity of 4, 800MW.

2. Lau Local Government Area in Taraba State, The two sites selected are Itu in Akwa Ibom state and

3. Itu in Akwa Ibom State and
4. Agbaje in Okitipupa Local Government Area

in Ondo State.
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Figure 4 - Map of Nigeria with Selected States Highlighted in Red.

Both sites were announced at a plenary session these sites, further development of a National
of the phase 2Integrated Nuclear Infrastructure Nuclear Insurance Policy and Scheme in order to
Review (INIR) in June 2015 with an establishment of adequately address the civil liability of component
the target of 1, 200MW by 2025 and 4, 800MW by for the nuclear power industry in conformity with the
2035. Preliminary licensing of each site by the 1963 Vienna Convention on Civil Liability for
NNRA is expected by the end of 2016.These nuclear Nuclear Damage all point towards the progress made
plants will be constructed by Russia’s Rosatom by the Nigerian government towards the achievement
Corporation, with financing been handled by both the of its nuclear policy. The outline of the Nigerian

Nigerian government and Rosatom. The selection of Nuclear programme is shown in Figure 5.
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Figure 5 - Outline of the Nigerian Nuclear Programme.

Nigeria has made a number of international
agreements with various countries in order to
facilitate a smooth execution of its nuclear
programme, speed up international nuclear
cooperation and develop its nuclear capacity. These
include:

1. Nigeria signed a Memorandum of
Cooperation with Iran in 2008,

2. Two international agreements to assist in the
development of nuclear technology and exploitation
of uranium resources were signed with Russia in
2009 [Emma, 2011].

3. Co-operation agreements were also signed
with India and South Korea in 2009.

4. Nigeria was one of the first countries to sign
and ratify the 1968 Nuclear Non-Proliferation treaty
(NPT).

5. A Comprehensive Safeguards Agreement
and Additional Protocol with the IAEA, allowing the
agency access to a nation’s facilities to ensure that
peaceful nuclear technology and materials are not

diverted to weapon development has been concluded
[IAEA, 2009b].

A number of documents have also been signed
but not yet ratified. These include:

1. The 1997 Joint Convention on Safety of Fuel
Management and Safety of Radioactive Waste
Management,

2. The Convention on the Physical Protection of
Nuclear Materials and

3. The 1963 Vienna Convention on Civil
liability for Nuclear Damage.

4. Risks and Challenges of the Nigerian
Nuclear Programme

One of the issues the Nigeria nuclear
programme is currently facing and that might prove
to be a bigger stumbling block on the road to
electricity generation by nuclear power is the public
reaction to the programme. Even with less than half
of the Nigerian populace being aware of the fact that
the country has gotten to phase two of the nuclear
programme, it is apparent that over half of that
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number are against the continuation of the
programme. State leaders in Akwa Ibom, which is
one of the two locations selected for the citing of an
NPP have rejected the siting plans. Their actions
were attributed to the disasters caused by reactors
failures in  other countries, the perennial
incompetence often associated with matters of safety
and security in Nigeria and the population density of
the state which is about 706 people per kilometer
with a total land area of 7, 081km square.

Other issues raised include the incompetency of
the NEMA and the inexperience of the Rosatom
Corporation.

Another challenge that affect the construction of
a NPP in Nigeria include the current state of
insecurity in the nation, with Boko Haram terrorists
raging in the north and Niger Delta militants in the
parts of the south-south and south-east of the nation.
This has led to questioning of the ability of the
government to adequately secure the NPPs after
construction.

The process of assigning projects to different
parts of Nigeria due to geo-political zoning also
raises questions on whether these sites were actually
selected on the merit of their topography and ease of
evacuation in case of emergency or were just
selected by political ideologies. The ability of the
National Emergency Management Agency (NEMA)
is also called into question. Having failed to properly
manage other minor disasters in the past, their ability
to properly handle the evacuation and rehabilitation
process in case of a nuclear meltdown is doubted.

Another issue is the Nigeria corruption
pandemic which has often hampered the
development of all major projects embarked on by
the federal government for ages. The cutting of
corners by contractors and politicians alike in order
to achieve personal gain will be to the detriment of a

successful nuclear program where even small
mistakes in construction might lead to major
disasters.

The disposal of radioactive waste, especially
high level wastes (HLW) and intermediate level
wastes (ILW) is another issue that has been shrouded
in uncertainty and that might cause delays in the
nuclear programme. The understanding of the impact
of the ILW/ HLW management on public acceptance
of nuclear technology is something that has not been
made apparent by the government and the NAEC.
This can be said to be apparent in the
mismanagement of the toxic waste dumping case at
Koko, Delta state in 1988, when an Italian company
shipped in 1, 079, 000 metric tonnes of toxic waste.
After the residents of the town resisted the plans to
relocate them elsewhere so as to avoid the long-term
effects, the toxic waste might have on them, the plans
to build a laboratory in order to monitor the effects of

the radioactivity on their health all collapsed. This
brings to the fore the question of a proper
management of nuclear waste that will be generated
come 2025 when the first nuclear plant will be
connected to the national power grid.

5. Conclusion

The success of any project whether big or small
is ensured by the endorsement of the people who will
be affected either directly or indirectly by its siting,
construction and usage. This is very true for a project
as massive as the nuclear power programme being
embarked upon by the Nigerian government.
Especially in view of the fact that nuclear power is
the only environment friendly and economically
viable project that can provide the Nigerian populace
with a much needed stable power supply. Nigeria
needs to produce enough power in order to be able to
sustain her waning economy and attract back foreign
investors who have all abandoned the country due to
the high costs of alternative sources of power and
thus exponentially increase her industry. It is thus
advisable that so as not to have a public outcry of
such a magnitude that can throw a wrench in the
nuclear programme, the NAEC and other agencies
involved should embark on a nationwide
sensitization of the public of the readiness and
preparedness of the nation to embark on the
programme. This is to be achieved by making the
general public aware of the environmental and
economic benefits of nuclear power compared to
others, safety and security issues inherent in
deploying nuclear power for power generation, and
the various ways it intends to manage the risks
involved and the waste produced. Poland, for
example had its nuclear programme revived after
being stopped when both the government and public
opinion changed. Chile is also caarrying its general
public along as they consider the nuclear power
option, with the Minister of Energy laying much
emphasis on public information. Series of public
seminars on nuclear power were also conducted with
opinion leaders and the general public in attendance.
Also, it is important to note that the IAEA has the
authority to approve, regulate and monitor civil
nuclear uses worldwide and that the agency will
never have approved the Nigeria nuclear programme
if there were discrepancies or inadequacies in the
country’s ability to successfully construct and
operate a nuclear power plant. More legislation that
will serve as a check to corrupt practices in the
nuclear programme should also be made so as to
prevent the perversion of the project. The security of
the nuclear power plants should also be made a top
priority to the Nigerian security agencies in order to
prevent the attacks on the reactors by criminal
deterrents. Residents of the localities in which the
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plants are to be sited should also be sensitized
periodically of the evacuation plans in case of a
meltdown so as to prevent loss of lives. The
educational, financial and industrial sectors should

also be engaged so as to take advantage of the project
and the opportunities that will create by the
implementation of the project.
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a worksheet or a class list or preparing his/her own teaching alone. The field of computer-assisted language
learning (CALL) is, by the very nature of its dependence on technology, one that is in a constant state of change.
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consideration the impact that technology has, not only on the learning process, but also on the reasons for and the
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is employed in a given context. The purpose of this study was to investigate attitudes toward computer-assisted
language learning among 60 Iranian secondary school students. The methodology employed a replication design
and questionnaire approach. T-test analysis of variance procedures were used to evaluate relationships among the
independent variables and the attitude survey responses. Findings indicated that Iranian college students hold
positive attitudes toward learning English, using computers, and using computers when learning English.
Moreover, male Iranian college students held more favorable attitudes than females toward the use of computers
when learning English.
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Introduction classrooms and beyond. The main aim of CALL is to
find ways for using computers for the purpose of
During the past few years, computer-assisted teaching and learning the language. CALL is
language learning software (CALL) has gained an variously known as Computer-Aided Language
ever more prominent role in foreign language Learning (CALL), Computer-Assisted Language
instruction. With an increasing amount of software Instruction (CALI) and Computer-Enhanced
available in the market, language teachers need to be Language Learning (CELL). The first two terms
able to identify good software, which is suitable for generally refer to computer applications in language
their students. The best way to identify the most learning and teaching, while CELL implies using
suitable software is to undertake software evaluation CALL in a self-access environment (Hoven, 1999).
both to compare software and to identify useful
features. The expression ‘computer-assisted language Review of the Related Literature
learning” (CALL) refers to a variety of technology
uses for language learning including CD-ROMs Computers in Language Acquisition
containing interactive multimedia and other language
exercises, electronic reference materials such as Despite its brief history, computer-assisted
online dictionaries and grammar checkers, and language learning (CALL) has been informed by a
electronic communication in the target language wide variety of theories, and that variety appears to
through email, blogs, and wikis. These varied be growing. In the first section of this chapter, we
technologies used by language learners have spread describe the concept of theory in this field and
over the past several years across many language discuss its role in illuminating what happens when
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humans interact with materials and one another
through the mediation of digital devices, programs,
networks and tools in the pursuit of language
learning objectives. In the late 1970s and early
1980s, language teachers with access to the new
desktop ‘microcomputers’ and an urge to tinker
began creating their own simple programs to support
their students’ learning. In time, a critical mass of
these language teachers and their institutional
support staff would converge at language teaching
conferences and create an embryonic field, widely,
though not universally, known as computer-assisted
language learning (CALL). It was based on a
behavioristic learning pattern and as such was
regarded as little more than a mechanical tutor that
never grew tired. It was primarily programmed for
explicit grammar instruction, extensive drills, and
translation tests (Ahmad, Corbett, Rogers, & Sussex,
1985). Learning English as a second language is a
great challenge for students from a non-English
speaking background. It is not the natural language
acquisition seen in first language learning. Learners
have to depend on various learning resources to
ensure success. These resources include interacting
with native English speakers, effective teaching
methods, appropriate technology and the ability of
the learners to manage their learning. Computer
technology has permeated society in general and

education in particular. While computer technology
has created an impact in education, the debate on its
role in teaching and learning has not settled
comfortably. The abbreviation CALL stands for
Computer Assisted Language Learning. It is a term
used by teachers and students to describe the use of
computers as part of a language course. (Hardisty &
Windeatt: 1989). It is traditionally described as a
means of ‘presenting, reinforcing and testing'
particular language items. The learner is first
presented with a rule and some examples, and then
answers a series of questions which test her/his
knowledge of the rule and the computer gives
appropriate feedback and awards a mark, which may
be stored for later inspection for the teacher.
According to Pusack and Otto (1997), one type of
CALL is multimedia which can be very valuable to
students during the process of language acquisition.
Through multimedia simulations, students have the
chance to join in activities as if they are in the target
culture (Pusack & Otto); they may become effective
participants in a situation and play a role in its
outcome. These programs have been shown to be
very effective because learners think that they are
actually using their language skills to complete
something, rather than simply practicing grammatical
features (Chiquito, Messkill, & Renjilian- Burgy,
1997).

Anxiety
Learning

in  Computer-Assisted Language

Previous studies have also suggested that one of
the benefits of computer-mediated interaction is the
potential to reduce learners’ anxiety levels (Chun,
1994; Kelm, 1992; Kern, 1995; Sullivan & Pratt,
1996; Warschauer, 1996; Abrams, 2003). As
Beauvois (1992) points out, the reduced sense of
immediacy in SCMC, when compared to F2F,
provides learners with additional time to process
input and produce output. This added time is
typically going to be beneficial to some learners with
greater levels of anxiety or for learners with lower
proficiency levels. In addition, Kern (1995) found
that introverted learners may be more likely to
participate in SCMC contexts, with students
reporting that they felt ‘freer’ to take part in the
interaction.  According to Beauvois (1997),
computer-mediated contexts provide ‘an anonymous,
less pressured environment that tends to lower the
affective filter’ (p.171), potentially providing anxious
or introverted students with additional interactional
opportunities. Furthermore, due to the additional
processing and planning time in computer-mediated
interaction,  which  provides learners  with
opportunities to reflect on what was said before
responding (Beauvois, 1992), SCMC interaction,
particularly text-based modalities, may place lower
social demands on learners, thereby reducing their
levels of anxiety (Baralt & Gurzynski-Weiss, 2011).
For some students, this type of classroom
environment might lead to not only reduced learner
opportunities, but also negative effects on learner
motivation (Yang et al., 2012).

Attitudes and CALL

Baker (1992) outlined the importance of
attitudes as a fundamental variable because of its
close connection to a person’s construct system and
its value as an indicator of public opinions and
viewpoints. Just as positive attitudes toward
restoration of health are important, similarly positive
attitudinal orientation toward a language (Mian,
1998) and CALL (Min, 1998) is also important. A
positive and healthy attitude feeds into the
language’s restoration and preservation while
negative and unhealthy attitudes cause decay and
death of the language. Language consensus provides
us with a measure on the health of the language; it
reveals possibilities, problems, improvements, and
changes in first, second, and/or foreign languages.

Statement of the Problem

The teaching context often determines the role
of CALL. In an English as a Second Language (ESL)
environment, the communicative CALL program
often supplements and augments the classroom
activities by providing games for practice or word
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processing for composition  (Nutta, 1996). may be able to input the vocabulary that they wish to

Introduction of new pedagogical tools does not
reject, but includes programs and methods of the
previous phase, representing inevitable innovation
that gains acceptance slowly and unevenly.
Multimedia computing, the Internet, and the World
Wide Web have provided an incredible boost to
Computer Assisted Language Learning (CALL)
applications, offering a wide variety of educational,
programs, resources, software, journals,
organizations, software tutorials including all types
of exercises for grammar drills, vocabulary, listening
and pronunciation exercises, games, etc. After giving
a general picture of CALL development, this article
focuses on exploitation of the language resources and
learning materials that are accessible on CD-ROMs
and on the Internet, presents two CALL projects, and
reports experiences in partner universities. In terms
of theoretical approach, practice, computer and
communication technology, CALL represents a
challenge for the teacher and for students as a new
medium of exploration.

Significance of the Study

Learning English as a second language is a great
challenge for students from a non-English
background. It is not the natural language acquisition
seen in first language learning. Learners have to
depend on various learning resources to ensure
success. These resources include interacting with
native English speakers, effective teaching methods,
appropriate technology and the ability of the learners
to manage their learning. This is an interventionist
approach to literacy education. The role of computers
in second language teaching is now being discussed
by foreign language teachers, educators and
psychologists. Computers have been considered as
tools, teachers by themselves or threats, depending
on the different approaches to the matter. The
essence of CALL is to determine how technology
may play a role in the teaching and learning of a
second language. How exactly technology may be
used to achieve this will depend very heavily on what
technologies are used, as this will necessarily have an
effect on when, where and how the technology can
be applied to the language learning context. As the
use of CALL grew over time, a variety of second
language acquisition theories came to inform
pedagogical practice and innovation as well as
research on the effectiveness and outcomes of
technology mediated practice and communication. In
a CALL context, the application of distributed
cognition is immediately obvious. For instance, if we
look at the process of learning vocabulary, it is
evident that there are several ways in which the
learning process may be somewhat different than
learning through non-technological means. Learners

learn into software that can automatically create
questions for them, be they in context or using other
tools.

Research Questions

In the interdisciplinary field of Instructional
Technology (IT) and Second Language Acquisition
(SLA), numerous studies have been conducted to
examine the following two issues:

RQ: Does CALL have any positive effect on
Iranian EFL learners writing performance or not?

Methodology

This study was conducted using an
experimental research design and was comprised of
two experiments. The independent variable was the
method of grammar instruction, i.e., the traditional
classroom teacher-directed grammar instruction and
the CALL grammar instruction. The dependent
variables were scores on three separate criterion-
referenced measures of passive grammatical forms.
In addition, one of the features of the Azar
Interactive online program is that it records the
number of hours learners spent using the program.
Also, to address experimental mortality, it was
determined that students who spent less than two
hours on the practice exercises and activities on the
Azar Interactive online courseware would be
excluded from the data analysis processes.

Participants

The participants of the present study consisted
of 45 intermediate EFL learners aged within the
range of 21 to 24 years. The sample was comprised
of male learners at the intermediate level of English
language proficiency studying at Islamic Azad
University of Tabriz in Iran. In the present study, the
sample selection was done in a larger sample of 60
intermediate EFL learners were selected randomly
and a piloted language proficiency test, OPT Test
was administered to them. Following the
administration of OPT, 46 intermediate EFL learners
whose scores fell within the range of one standard
deviation above and below the sample mean were
chosen as the participants to take part in this study.

Instrument

In order to compare the effect of treatment on
students’ writing performance, two IELTS writing
tasks were adapted from samples of IELTS writing
tests (pre-intermediate) as pre- posttest. Moreover,
due to the level of the students, the researcher
selected the descriptive essay writing. The test was
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submitted to a panel of five experts who were Sandy’s (1998) book titled Passages -—pre-
instructors in the English language and another panel intermediate. The most emphasized parts of the book
of 10 individuals who majored in English education. for the class were the grammar, discussion, and
The majority of these individuals possessed writing sections.
academic credentials at the level of a master’s degree
or above. The instrument had a Cronbach alpha of Findings &Results
.91 for overall attitude measurement. The students
were asked to write about the following topics: The research question was “Does CALL have
"Describe a memorable trip you took ", as a pre-test. any positive effect on Iranian EFL learners writing
And for a posttest, "Describe the first time you met performance or not?” Table (1) shows the descriptive
one of your friends". To achieve the purpose of the analysis for the pretest and posttest of general
study in controlled and guided writing classes, the English in the experimental group of the study:

students practiced Jack c. Richards and Chuck

Table 1
Descriptive results of the experimental group of the study.
N Mean Std. Deviation Std. Error Mean
Pre-test 23 15.2343 1.52120 0.40024
Post-test 23 17.6011 1.02150 0.34773
As it is indicated in table (1) the number of pretest scores than the posttest. This confirms that
participants has been 23 in each experiment (N=23). group work learning led to better achievement and
There has been no missing value which shows all was effective in better learning. This may
selected students took part in the experiments of the demonstrate the participant's posttest scores are more
study. The mean for the pretest scores of general homogenous after conducting the treatment of the
English exam in the experimental group was shown study. The same descriptive analysis has been done
to be 15.2343, as compared to the mean for posttest for the pretest and posttest of general English in the
scores in the same group which was 17.6011.As for control group of the study. As you can see in table
the standard deviations obtained for the experimental (2) below:
group, there seems to be more variability among the
Table 2
Descriptive results of the control group of the study.
N Mean Std. Deviation Std. Error Mean
Pre-test Cont 23 15.0333 1.09807 0. 2415
Post-test Cont 23 15.0542 1.07425 0.1961
Table (2) shows that the number of participants has posttest scores of the same group which was shown
been 23 in each experiment (N=23), and there has to be 15.0542.As for the standard deviation obtained
been no missing value. The mean for the pretest for the control group, there seems to be more
scores of general English in control group was shown variability among the pretest scores in the poet test.
to be 15.0333 as compared to the mean for the
Table3

Independent Samples T-test results of the study t-test for Equality of Means.

Levene’s  Test
for Equality | T-Test for Equality of Mean

Variance
95%  Confidence
; interval of the
. Sig.(2- Mean Std. Error | !N
F Sig. T df tailed) Difference | Difference |-2ference

Lower Upper

Writing Equal
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Variances 0.000 0.756 | 0.079 | 58 | 0.0093 | 0.5556 69923 -1.36545 | 1.47657
comprehension
assumed
Equal
Variances not 0.0093 | 0.5556 .69923 -1.36555 | 1.47666
assumed

Table (3) shows that the observe T-value of the study
was calculated as to be (3, 2) and the degree of
freedom was (58). The level of significance was

calculated as to be 0.000. In each group of the study,
the results have been illustrated in the table (4).

Table 4
Paired Sample results of the study.
Observed T Critical T | df Sig. (2-tailed)
Pre-test Ex- Post-test Exp 3.541 4.045 33 0.089
Pre-test Cont Post-test Cont 0.817 2.045 29 0.042

According to table (4), the covariance between the
two sets of pretest and posttest scores in the
experimental group is 3.541 while it is 0.817 in the
control group of the study. The critical T in two
groups is different. The hypothesis of the study
which aimed the effect of CALL devices on Iranian
EFL learners ' writing performance was rejected.
Because observe T is less than the critical T. And the
level of significant is 0.05.

Discussion

Information and communication technologies
have never been more interesting due in large part to
their intimate integration into everyday life. The role
of computers in second language teaching is now
being discussed by foreign language teachers,
educators and psychologists. Computers have been
considered as tools, teachers by themselves or
threats, depending on the different approaches to the
matter. Two different groups of criticism were
formed at the beginning: on the one hand, those who
thought that computers would usher language
learners and teachers into a new era and that all
learning problems could be solved by using
computers in the classroom; on the other hand, those
led by Ludite prejudices, worried about their jobs and
always afraid of machines who thought, and still
think, that computers are not only useless but
dangerous from all points of view. As the use of
CALL grew over time, a variety of second language
acquisition theories came to inform pedagogical
practice and innovation as well as research on the
effectiveness and outcomes of technology mediated
practice and communication. However, it is also the
case that many CALL specialists have exhibited the
understandable tendency to become focused on the
technology while perhaps attending less assiduously
to emerging trends and current findings in second
language acquisition, and more broadly, from
research on human development. However, the

attitudes of learners toward CALL could play an
important  role in language  acquisition.
Unfortunately, researchers and scholars within Iran
lack important information in this area. For this
reason, a research study which investigates learners'
attitudes toward CALL in Taiwan may provide an
empirical base for future studies on EFL learners’
attitudes toward CALL. Evaluation of CALL in
relation to SLA is addressed in this part of the essay.
It is a fact that teachers and students use computers
for many different purposes and in many different
ways. Therefore, language teachers and researchers
need to have a clear idea of what kinds of CALL
tasks promote and are beneficial for SLA. It is also
true that software developers not always have a clear
idea of what is needed in terms of successfully
enhancing SLA. That is why an important degree of
responsibility relies on teachers and their ability to
determine some criteria for what can be considered
effective CALL. According to Chapelle (2001), three
aspects must be taken into consideration: findings
and theory-based speculation about ideal conditions
for SLA, a theory of articulation needs to be
articulated, and criteria and theory need to apply to
software and the task learners will carry out. More
than a checklist to evaluate CALL, teachers and
administrators need to establish solid criteria for
CALL task appropriateness. Chapelle (2001)
establishes some basic principles. These elements are
language learning potential, learner fit, meaning
focus, authenticity, positive impact, and practicality.
These are important ideas on the evaluation of CALL
in relation to SLA.

Conclusion

The role of computers in language teaching has
changed significantly in the last three decades.
Previously, computers used in language teaching
were limited to text. Simple simulations and
exercises, primarily gap-filling and multiple-choice
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drills, abounded. Technological and pedagogical
developments now allow us to integrate computer
technology into the language learning process.
Multimedia  programs  incorporating  speech-
recognition software can immerse students into rich
environments for language practice. Since the
computer is capable of playing so many different
roles in and out of class, it is believed to be the most
exciting and potentially useful aid so far available to
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OBECHEYEHHUE BLICOKOTOYHBIX U3MEPEHUM JIEKTPOHHBIMU TAXEOMETPAMUA

Annomayusn: Pasnuunvie monoepagho-eeodesuyeckue pabomul 60 6cex chepax UHICEHEPHOU OesmenbHOCHU
mpebylom CcoOmeemcmeus pasiuiHbIM Mmpebo8anusM K MOYHOCIU JUHEUHO-Y2N08blx usmepeHull. Takue
BbICOKOMOUHBIE PAOOMbl, KAK ONnpedeneHue 0CadoK COOPYICEHUl, CO30anue NIAHO80-8bICOMHO20 06O0CHOBAHUS,
coz0anue @pazmenmos 2ocyoapcmeennvix eceodezuueckux cemei (ITC), conpogodcoenue cmpoumensbcmed
OMBEMCMBEHHbIX U CILOJCHBIX 00BEeKMO8 (MOCHbL, NYMenpo8oobl, MHO20IMANCHbIE O00MA U HeDOCKpebdbl),
mpeoyrom IUHEUHYIO  CYOMULTUMEMPOBYIO U  Vel08yIo  CYOCeKyHOHyio mouHnocms. Heobxooumo 3uame
6CEB03MONCHBIE CROCOOBL 06ECheyeHUs: BbICOKOMOYHBIX USMEPEHULl U YMemb 8bINOAHAMb ux. Takdice, He0OX00UMO
ymMemb 8blOUpams 2eodesuyeckoe 000pydosanue O NPOBEOEHUsl BbICOKOMOUHBIX USMEPEHUll HA MeCHOCHU.
Tomumo 6cezo a3mozo, 8 00A3amenbHOM NOpAOKe credyem 3HAMb U BbIAGIAMb 8Ce BHeUHUe YaKmopbl, GIUAIOUUE
HA KA4ecmao usMepeHull, a maxice, ymemsy ux UCKI04ams.

Knroueswie cnosa: 2eooesus, maxeomemp, yenogoie usmepernusi, TOPCON

Beenenne HaJl TyHKTOM MWIM TOYKOH Xoza), obecredeHue
IIpn4unbI NOrpeimHocTeH HE3BI0JIEMOCTH IITATHBA).
CymectByioT pasHoo0pasHELe TIpHHHBL ® HenocraroyHoe KOJMYECTBO H3OBITOYHBIX

HOFpeIHHOCTeﬁ B JIHHCﬁHO-yI‘J'IOBI;IX HU3MEPCHUX.
CamMele 3HAYUTCIIBHBIC us3 HUX KpOKOTCA B
HHCTPYMEHTAJIbHBIX U METOAUYCCKUX OIINOKAX:

® OTCcyTCTBHE THIATENIBHBIX YCTAHOBOK IIE€pe]
HadaioM paboThl (IpuBeAeHHE Ipubopa B pabouee
cocTosinie (TOPU30HTHPOBAHHWE U LEHTPUPOBAHUE

HBMGPGHHﬁ, HCKA4YCCTBCHHOC

MIPEAMETHI

HaBCACHHC Ha

® HeBbINONHEHNE PA3IMYHBIX KOHTPOJBHBIX
HU3MEpPEHUN.

® BpiOOp HEyIOBJIETBOPSIOUIMX ITYHKTOB B
Ka4eCTBE UCXOJIHBIX.
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Taxke, CyIIECTBYIOT W ApPYTHE pas3lINdHbIC
MPUYUHBI TOTEPH TOYHOCTU B U3MEPCHUAX: OLIMOKH
YEJIOBEUECKOTO (JaKTOpa M BIMSHHE OKPYKAIOIMIEH
Cpenbl, KOTOPBIE TOXKE HE0OXOIMMO YCTPaHSITh. [9]

Crnoco0bl ¥ MyTH NOBLINICHUS TOYHOCTH:

1. Hckaovyenune HHCTPYMEHTAJbHBIX
omudoK

Ilepen paboroit  HEOOXOTUMO
BEIOMpATH u moIoupaThb
reosie3nueckoe 00OpyZOBaHUE.
OBITh YCTOMYMBBIM, HOXKH €ro HE JOJDKHBI
MpoTHOAThCS, KOHIBI HOXKEK  JOJDKHBI  OBITH
3a0CTPEHBl, a CTAaHOBOM BHHT HE HMMEThb JOdTa.
TperepHas moacTaBKa JOJDKHA IVIAAKO €3AUTH IMpPU
LEHTPUPOBAHUY, A LEHTPUP C LMIMHIPUYECKUM U
KPYIJIBIM ~ yYPOBHEM  JOJDKHBI ~ OBITH  XOPOILO
OTBIOCTHPOBaHHBIMU. OOOpYIOBaHUE JOIKHO OBITH
BBICOKOTOUHBIM, TakuM kak Topcon OS-101L wnmm
Topcon OS-103L.

B.JI. Accyp u3narai ciaeayrolue NorpeiHoCcTH
YIJIOMEPHBIX TPHUOOPOB, KOTOPHIE INPUMEHHUMBI B
HAcTOsIIleE BpeMs K COBPEMEHHBIM 3JICKTPOHHBIM
TaxeoMeTpaM:

1) Mapamnmakc cerkn HuTel. [lapammakc MOXeT
JaBaTh JOBOJBHO 3HAUUTENbHYIO IIOIPEIIHOCTE.

TIIATENHHO
HCTIONB3yeMOoe
[IItatuB g0JDKEH

[TonHOCTBIO €r0  yCTpaHUTh HEBO3MOXKHO, HO
CleIyeT CTPEMHUTbCA K €ro OTCyTCTBHIO. [lyg 3Toro
a3 HaOmojarenass JOJDKEH  HAXOAMUThCS — Ha

IIPOJOJLKEHUH BUSUPHOM OCH.

2) Buccekrop cetkn HuUTEH. bruccekTop momkeH
HaXOAWThCA B KOJUIMMAIIMOHHOW IIIOCKOCTH. Ero
CJIe/lyeT TMEepHOJUYECKH I0CTHPOBATh, HO TAaKKe, Kak
M TapaJulakC ~ CeTKM  HUTEH,  MOJHOCTHIO
OTBIOCTHPOBATh €ro He yamaercs. i ycTpaHeHus
OMMOKH, HABOJWTHCSI HA TPEIMETHl MECTHOCTH
clelyer OJHOM M TOW >KE€ TOYKOH OHCcceKTopa,
OIM3KOH K LIEHTPY MO 3pEHHs TPYOBI.

3) Hasenmenne. HaBenmenme Ha  1€7b
HaBOJIIMMH BHHTAMH MOXET IPOU3BOIUTHCS
BBUHYMBAaHUEM («OT ceOs») M BHIBUHUYMBAHUEM («HA
cebg») BHHTAa HaBOJMIIEro YycTpoicTBa. Cremyer
HaBOJUTHCS HA IEJIb NCKIIIOYUTEIIbHO BBUHINBAaHUEM
BHUHTA HaBOJSLIEr0 YCTpOMCTBA. [§]

2. HUckiaodyeHne METOAMYECKHUX OIHOOK

Bo-mepBbIX, U1 obecrnedeHHust TOYHOCTH,
HEOOXOAMMO JieNaTh  JOCTaTOYHOE  KOJIMYECTBO
M30BITOYHBIX ~ W3MEPEHHH, KOTOphlE YMEHBIIAT

MOTPEIIHOCTh B KakaoM otcuere. Hampumep, mpu
M3MEPEHUN PACCTOSHUS JadbHOMEPOM, CIEeIyeT
OpaTh Ha OJWH, a MATH-IIECTh OTCYETOB M OpaTh B
00paboTKy cpeHee 3HaUCHUE.

HeoOxoauMo ~ BBINONHATE ~ BCEBO3MOXHBIE
KOHTpOJbHbIE  HW3MepeHusa.  Hampumep, mpu
NPOJIOXKEHUH XO0/a, ClieqyeT OpaThb OTCYETHl IpH
naByx kpyrax — KJI u KII. U3 nByx kpyroB HaxoauThb
KoyumManuoHHyro omuoky: C = (KJI — KII + 180°) x

2, OHa HE JIOJDKHA TIPEBBINIATH ABOHHON TOYHOCTH
taxeomerpa. g Topcon OS-101L »Ta BenmmumHa
cocrasisieT 27, a mst Topcon OS-103L — 6.

Ha xaxkmoii Touke HEOOXOIUMO 3aMBIKATLCS Ha
HAYaJbHYIO II€Jb. 3HAYCHUEC 3aMBIKAHUs JIOJKHO
CTpeMHThCS K Hymo. [10]

3. HorpemHnocru,
BHeIIIHEeH cpejbl.

OdeHp BaXHYIO POJIb B Ka4eCTBE W TOYHOCTH
HU3MEPEHUH UTPAET BIUSHUE BHELIHEN CPEbL.

1) Bo-miepBBIX, BHEHIHAS Cpela HaIpsSMYo
BIISIET HA Ka4decTBO W300paKeHHA. Y CIIOBHA
BHIMMOCTH 3aBHCST OT MPO3pavdHOCTH atMocepsl. B
MPU3EMHBIX CJIOSIX aTMOc(epbl BCeraa MPUCYTCTBYET
JBIMKa, COCTOSIIAs W3 MEIbYAUIINX YACTHIl MBLIH,
JIIMa W BOJSHBIX MApOB. DTO BIHUSCT, TAKKE, U Ha
KOHTPACTHOCTh H300paxeHus. [Ipu koadduimeHte
Bugumoctd 0,82 yClioBUS BUAMMOCTH CUHMTAIOTCA
yIIOBJIETBOPUTENBHBIMU. A 1ipu Kodddurrente 0,92
YCIOBHS BHUAWMOCTH CYHTAIOTCS XOPOIIUMH, a
naabHOCTh BUaUMocTH gocturaet 40-50 kM.

BbI3BAHHBIC BJIUSAHUECM

2) Bo-BTOpBIX, TIPU3EMIICHHBIC cion
atMoc(epsl  W3-3a  Pa3IMYHOM  TEMIIEpaTypsl,
JaBICHUS W  BIQXHOCTH HMEIOT  Pa3INYHYIO

IUIOTHOCTH. CBETOBOW JIyd, OOBIYHO, NpETepIeBacT
pa3iIu4HbIe NMPeIoMIICHUA. DTO SIBICHHE Ha3bIBAeTCS

pedpaknueii. [Ipu HauXyIIINX YCIIOBUSIX,
pedpakius MOKET 1aBaTh MOTPEIIHOCTH 70 107,

UYroObl HCKIIOYHTH  BIHMSHHE pedpakiyy,
HE00X0IUMO:

® [JoBepXHOCTH CHIPBIX HU3MEHHOCTEH U 03€ep
repeceKaTh HapaBlICHNSIMH CUMMETPHYHO, & PEKU U
JIOJINHBI — TTOJ] IPSIMBIM YTJIOM.

® BO6M3M BUBUPHOIO JIy4a HE JOJDKHO JIeKATh
HUKaKUX [PEIMETOB, TaK KakK JII0OOW MpeaMer
MOJKET HarpeBaTbCsA 6I>ICTpee, YEM BO3YyX, 3HAYUT U
BO3/IyX OKOJIO IIpeMeTa OyZeT HarpeBaThesl ObICTpee
U UMETh MEHBIIYIO [IOTHOCTb.

3) M3menenue TeMmmeparypbl — TaxeoMmeTpa.
OcoOeHHO  HAWOONBIIYIO  MOTPEIIHOCT  JIaeT
HEpaBHOMEPHOE HArPEBaHHE OT/ENbHBIX €ro 4acTei.
DT0 BeleT K HApPYIICHUIO TeOMETPUYECKON CXEMBI,
MOJIO)KEHHOW B OCHOBY KOHCTPYKIIMH HHCTPYMEHTA,
OTBIOCTUPOBAHHYIO TIPH MOBEPKaxX. [8]

4. HauGonee  BBITOAHOE  BpeMs
NPOBeeHUsI TUHEIHHO-YIJIOBBIX H3MepPeHUi

Haubosee  BBITOAHBIM  JUIs  HAOJIOJCHUIA
CUMTAeTCA BpeMs, KOrja BISHHE pedpakin
MHHUMAJbHOE, n300pakeHue CIIOKOMHOE,
BHIMMOCTh M KOHTPACTHOCTh HAOJIOJAaEMBIX IIEJCH
VIIOBJICTBOPHUTEIBHAS. ITo MHOTOJICTHUM
HAONIONCHUSAM  BBISBICHO, 4YTO  3TO  BpeMs
HAYMHACTCS YTpOM (dUepe3 moirdaca 1mociie BOCX0Ja)
no 8-9 wyacoB yrpa. A Takxke, BEUEPHUE YACHI:
HaynHast ¢ 16 4yacoB W 3akaH4YWBas 3a TojdYaca Jo
3aX0/1a COJTHIA. DTO O00YCIOBINBAETCS €XKETHEBHBIM

A
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pPaBHOMEpHBIM  HAarpeBaHHEM W  OCTHIBAaHHUEM
BO3IyXa, KOTOpOE BIMSCT NPAKTHYSCKH Ha BCE
(akTopbl cTabuIBHOCTH paboThI pubopa. [8]

Bp100p ncnojib3yeMoro 060py10BaHusi
TaxeoMeTpbl TOAPA3NENAIOTCS HA 3 THIA!
WHXXCHEPHBIC, TCXHUYCCKUC U pO60TI/I3I/Ip0BaHHI)IG

(puc. 1-4). Korma pasroBop HIET O TOYHOCTH, TO
MOAPa3yMeBAIOTCS POOOTH3HPOBAaHHEIE u
HHXXEHEPHBIS TaXeOMETPBHI. CpaBHUTENbHAS
XapaKTepUCTHKa Haubojee TOYHBIX Ha JaHHBIN
MOMEHT TaXeOMeTpOB IpeAcTaBleHa B Tabmuue 1.
OOpasuaMu  TakMX  TaxeOMETPOB  SIBJIAIOTCS
CIEeYIONINE MOJETIH:

Pucynok 1 - Topcon OS-101L.

Pucynok 2 - Topcon DS-101
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Pucynok 3 - Topcon 1S-301.

Pucynok 4 - Topcon PS-101.
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Taéauna 1
CpaBHUTEJIbHASI XapaKTepHCTHKA TaxeoMeTpoB Topcon
0S-101L DS-101 1S-301 PS-101
Kiacce mpubopa WmxenepHbIN PoboTtr3upoBanHBIi PoboTtuzupoBaHHbIi Pob6oTtm3upoBaHHBII
CKO u3mepenus yria 1” 17 1” 17
JlanbHOCTB B3sITHS
oTcyeTa 1o 0.3-500 m 0-1000 m 5-2000 m 0,3-1000 m
JaTbHOMEPY B 6/0
JanbHOCTB B3sITHS
oTcyeTa 1o 0.3-500 m 0-1000 m 5-2000 m 0,3-1000 m
JaJbHOMEpY Ha IJICHKY
JambHOCTD B3SATHSA
oTCcYeTa 1o 0.3-5000 m 0-6000 m 5-3000 m 0,3-6000 m

JaJbHOMEpY Ha IPH3MY

TounocTh m3mepennst | 3 +2x 108 x %

+ + +
pacCTONEHH B 6/0 D 2+2x10° x D mm 10 MM + 10 ppm 2 MM + 2 ppm
+ -6

TO‘IHOCTLVI/BMepeHI/IiI 2+2x10°x 1,5 +2x 100 x D My 2 Mm + 2 ppm 1,5 mm + 2 ppm

paccTosHUI Ha IPU3MY D MM
YBecHne 30x 30x 30x 30x

3pPHUTEIBHOM TPYOBI
[bute- IP65 IP65 IP54 IP65
BJIar03alMICHHOCTh

Pabouas T PAYPE 30,450 -20...+50 -20...+50 -20...+50

To4YHOCTH ONTUYECKOTO <05 <05 <05 <05
LEHTPUPA, MM

500 Mb + cremHas 10 500 Mb + cremHas 10
BHyTpeHHSIs TaMATh 500 Mb 8 Gb 1Gb 8 Gb
[epuon paboTel npu
120°C 20 gacoB 5 gacoB 3.5 yaca 4 yaca
Bec, k1 57 6,1 6,2 6,9
W3 TabiauMupl MOXHO CHENaTh BBIBOA, 4YTO MOCTPOCHBl Ha JJEKTPOHUKE, MW  HEBO3MOXXKHO
MOJCII HMEIOT BBICOKYKD TOYHOCTH H3MEPCHUS NPOCNIENUTh 32 KaXKIbIM ero BbluucieHueM. Ho
pacCTOSHMI, TPH ITOM MOJENb HHKXCHEPHOI'O cleqysi BCEM YKa3aHWsIM, Mbl HCKIIOYUM BCE
taxeomerpa OS-101L  umeer MeHbuIylO, 10 BO3MOXHOCTM HOTEPU TOYHOCTU B H3MEPEHUSIX.
CPaBHEHUIO C JPYTUMH MOJEIISIMH, TATbHOCTD B3STHS IMocne paccMOTPEHHOrO BBIIE, HANPAIIUBACTCS
ordera 0e3 oTpaXkaTelis U Ha TUieHKy. [11] BBIBOZ, YTO IHPH BBICOKOTOYHBIX H3MEPEHUSIX
HEOOXOMUMO JIeJaTh BCEBO3MOXKHBIC H30BITOUYHBIC
NU3MEPEHUA, PA3JINMYHBIC KOHTPOJIUM, UCKJIFOYATh BCE
3akJlouenue Biusioue  (akTopbl  IPUPOJHOTO  XapakTepa.
Taxxe, HE00X0IUMO IPaMOTHO BBIOMPATh
Takum 00pa3oM, HaKalUIMBaeTCs O4Y€Hb MHOTO ucrojbp3yemoe obopynoBaHue. W Takum o0Opazom,
(akTopoB, BIMSAIOIIMX HA IOTEPI TOYHOCTH B 00pabOTYHMK IIONYYUT TPAMOTHBIC H3MEPCHUS IS
JIMHEHHO YIJIOBBIX M3MepeHusx. Taroke, ycyryouser 00paboTKH.
CHTYallUI0 TO, YTO BCE COBPEMCHHBIC NPHOOPHI
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PEIIEHUE POBJIEM BE3OIIACHOCTH IPU IMTPOU3BOJACTBE HOAUPOBAHHOM
MOBAPEHHOM COJIA

Annomayusn: Ilpednosiceno peuwtenue npobaemvl 6ezonachocmu 1o0upo8anHou coru. Paspaboman Hoswill
bezonachwlil cnocob 1oouposarus conu. TOKCUUHBLIL UO0AM KANUsl NPEOI0NCEHO 3AMEeHUMb Ha 6e30NacHbll 100uUd
Hampus. /s npedomepaujenus OKUcCIeHus Uoouodd HAmpusi KUCIOPOOOM 6030YXAd NPeONlOANCEHA MEXHON02Usl €20
66edenus 6 nuesoll smynveamop MIJ]. Hoouo nampus noo oelicmeuem yiompaszeyka pacmeopsny 6 SManoie
ona noayyenus 50-55 % pacmeopa. B nonyuennom pacmeope pacmeopsanu nuwegou smyaveamop MIJ oo 50-
60% pacmeopa. Ilonyuennyro tioocodepocawyio 000aexky cmewusanru ¢ nosaperuol convto. Cpok xpameHus
t100uposanHol coau 2 20oa.

Kniouesvie cnosa: bezonacnas tloouposannas conb, UoOuo Hampusi, nuwedol smyrveamop «MII».
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Baenenue. Jannas paboTa TIOCBAIIEHA  IOTYYCHHIO

Jns  nmpodunmaktukm  HWomHOTO  jAeduimTa 0e30MacHON HWOAMPOBAHHONW TIOBAPEHHOW COJH C

HanOosnee 3PPEKTUBHBIM CUUTACTCS UCIIOJIB30BAHUC
HoapOBaHHOMN MOBapeHHoM comu [1].

Ha Vkpaune mnpownsBoacTBO #MOAMPOBAaHHOMN
MOBAPCHHOW CONIM B MPOMBINLIICHHBIX MacmTabax
ocymiectBisiercss cormacHo 'OCT 13830-97 (JICTY
3583-97) Conp moBapeHHas mumieBas. OOrIwe
TEXHHYECKHE YCIIOBHS BBEICHHEM IofaTa Kailus B
kommuectBe (400115) r/t [1]. Hemocrarkom TaKkoii
COJIM SBJISIETCS TOKCHYHOCTH Homata kamus [2, 3].
Ilpu mnpeBbIlIEHUH AOMYCTUMBIX KOHIEHTpAaIlUi
HomaT Kajus yXyHAIIaeT COCTOSHHE 3PEHHS, BIUIOTH
JI0 OTCIOCHWs ceTdaTku ria3a [2]. TOKCHYHOCTH
Homara Kajnus TpeOyeT KpaiHe paBHOMEPHOTO €ro
pacnpeneneHust B mauke conu. OgHAKO, MocienHee
HEBO3MOKHO, TaKk KaK BCJIEJICTBHE
MUKpPOKAMWUIIPHOTO  A(GQEKToB  HomaT  Kaus
MUTPHUPYIOT U3 IIEHTPa Madyku coiu K ee kpasm (30-
50% ionaTta Kaaus B 3aBUCUMOCTH OT BJIaru COJHM U
COJIep)KaHUsl TIpUMecell B TEUEHHUE TPEX MECSIICB)
[4]. ToToBBIii TPOXYKT — HOMUPOBAHHAS COJb IIO
T'OCT 13830-97 wumeer TapaHTOBAaHHBIM CPOK
xpaHeHusi- 12 wmecsne  [1]. OpnHako, 9TO
coOmoaeTcss TOMBKO TIPH HOAMPOBAHUHM BaKyyM-
BEIBAPOYHOH MMOBapeHHOH COIM, B OCTANBHBIX BHIAX

MOBapeHHOW comm  (KaMEHHOW, CaJ0OYHOH |
€aMoCaI04HOMH) HaJIn4ue puMecei -
BOCCTAHOBUTEJNICH, NPUBOJUT K BOCCTAHOBJICHHIO

HAozaT-uoHa 10 HoJa U Kak pe3yibTaT — K IOTEPSIM
Hona B TeueHue 6-8 mecsuen [4]. CnemyeT Takxke
OTMETHTh, YTO HOMAT KaJus SBISETCS CHIbHBIM
OKHCIUTEJIeM W B CMECH C  HEKOTOPHIMH
OpPTaHUYECKUMHU BelIeCTBAMHU croco0eH
00pa30BbIBaTh B3PBHIBYATHIE CMECH, UYTO Tpedyer
0Co0BIX YCIIOBHIA ero XpaHeHHs [5].

Hamu panee ObITO TPEIIOKEHO TS TMOTYICHUS
Oe3omacHOi Hoaconepikame J00aBKH TMPUMEHSThH
cmech 40% crnupToBOTO pacTBOpa Hoauma HATpPHUS C
pacriaBomM MTHUIIEBOTO SMyJbraTopa -
«MoHorauuepuasl aucTWwunpoBanueie»  (MI'/D).
ITumesoii smynbratop MI'JI WIUPOKO HIpUMEHSIETCS
IpY TPOM3BOACTBE MaprapuHa M OTHOCUTCA K
MUIIEBBIM NPOJYKTaM W HE TpeOyeT CHelnnaibHOTOo
pa3penicHrsT Ha TMPUMCHEHHE B KauyecTBE IHUIIEBOM
nmobaBku. [Ipu HoaupoBaHWU TTOBAPCHHOHM COJH
TaKoW HomcoaepxKame M00aBKOW, e¢ BBOIIIN B
mojorperyio o Temmeparyper 70 - 83 ©C
MOBAPEHHYIO CoJlb c MoCIe Y OLUUM
nepememuBanieM. OJHaKO, CPOK XPaHEHHs TaKoOi
comm He mpeBblman § wMecsneB. Kpome Toro,
TEXHOJIOTUYECKUN TPOLIeCC MPUTOTOBJICHUS TaKOU
comy OBIT OYEHB CIIOKHBIM H3-32 HEOOXOTUMOCTH
WCTIONB30BAaHMUS pacilaBa MHIIEBOTO AMyJbraTtopa
MIJI. Takxe, HE0OXOAUMO OBLIO HCTOJIH30BATH
3HAYUTENIbHOE KOJIMYecTBO sMmyjbraropa MI'Jl, He
MeHee 2,5 I/KT ToBapeHHOM coi [6] .

JUIMTCJIbHBIM CPOKOM XPpaHCHMH. HpI/I 9TOM B
Ka4€CTBC OCHOBHOI'O ﬁoncoaepmamero BCIICCTBA
HCIIOJIb30BaId  MOIM] HaTpus-. Cnez[yeT TAKXKC
OTMCTHUTH, YTO Hoaumg HaTpus BXOAUT B MNEPCUCHb

BEIIECTB, KOTOpbIe pa3peliaercs BBOJAUTH B
MMOBAPCHHYIO  CONMM  (TIepeueHbh  TPUBEACH B
momomHeHHH Ne 2 K MEKIOCYZapCTBEHHOMY

craagapty I'OCT 13830 -97«Comp moBapeHHas.
OO0m1re TeXHUYECKUE YCIOBHS).

IKcnepuMEHTAJIbHAS YacTh
IIpun BBIITOJIHEHUH JlaHHOU paboTsl
HCIOJIb30BaIH YJIbTPa3BYKOBOW IeHepaTop Tuma 24-

VY3T'U-K-1,2 K KOTOpOMY HOJIKJIIOY AN
MarHUTOCTPUKIIMOHHBIE M TBE30AJIEKTPUUECKHE
W3IyvaTely, MO3BOJIAIOIINE co3/aBaTh B
HCCIIETyEeMbIX pacTBopax YJIBTPa3BYKOBBIC
konebanus yacrorod or 18 kIl mo 2,5
MT . [pumensinu CTaHJapTHbHIC

Mbe30JIeKTprieckue wm3nydarenu tuma [[TC-19,
W3TOTOBIICHHBIC W3 IIMPKOHATA THUTAaHA-CBUHIA C
3alIUTHBIM  TOKpBITHEM U3  (dropomnacta [7-
9]. lanHble MbE30JICKTPUUICCKUE H3TydaTeIH ObLIH
BBIOpaHbl MOTOMY, 4YTO HMEIOT JOCTaTOYHYIO
MEXaHHYECKYI0  MPOYHOCTH M  CTAOMIBHOCTH
U3JTy4eHHUs Ha BBICOKHX yacToTax Y3 (ot 100 xI'm o
2,5 MI'u) npu uHTEHCHBHOCTH 0 12 Br/em? [7-9].

Kpome Toro, wucmnonp30Basid  yIBTPa3BYyKOBOI
nucriepratop  Y3JIH - IM ¢ HaGopoMm
MarHUTOCTPUKIIMOHHBIX H3IyvaTene, 9TO

MO3BOJISUIO  CO3/1aBaTh B HCCIEIYyEeMOM CHUCTEME
YIIBTPa3BYKOBBIE KoJeOaHus 9acToToi oT 16 kK[ 1o
100 x['1 npu MHTEHCHBHOCTH YJbTpa3Byka a0 25
Br/cM?. Takske HCTIONB30BAIM THIIOBYK) METOHMKY
[OJlyYEHUSI M MCCIENOBAaHUSA  MOJUPOBAHHOMU
MOBApEHHOU coun, npeanoxeHnyro BHUNUT anypruu
(Poccus) [4].

OnbITEl  TMPOBOAWIM  CIEAYIOIIMM  00pa3oM.
[IpenBapuTensHO  TOTOBWIIM  HOACOAEPIKAIIYIO
nob6asky. Jlns aToro pactBopsui Hoaua HATpus B
sTa”olie o aercteueM Y3 vyactoroil 18 — 160 kI,
uraTeHcHBHOCTRIO 00,05-0,45 B1/cM? B Teuenne 10-
50 c. I[Ipu stom nomyqanu 40-55% pacTtBop Hoanaa
HaTpus B 3TaHoje. B momydyeHHOM pacTBOpe Honunaa
HATpHs B 3TaHOJIE pacTBOPsu smysbrarop MI'Jl o
JNIECTBUEM V3 JacTOTOU 19-46 Kl 1,
uaTeHCcHBHOCTRIO 0,05-0,40 BT/cM? m Y3 wacToroif
0,5-3,0 MI'n maTeHCHBHOCTRIO 0,45-0,76 BT cM? B
TEUCHHUE 0,1-3,6 MuH. COOTBETCTBYIOIIIEE
KOJIMYECTBO NPUTOTOBICHHOW TakuM  00pa3oMm
Woacoaepxameld 10o06aBku (comepkaHue Homuaa
Hatpus JgoibkeH Obith  20-44  Mr/kr  1poObl
MOBapeHHo# cosm, a smynsratopa MI'JL 1,00-2,50
I/Kr TpoObl TIOBAapEeHHOH COJIM) CMELIMBAIN C
nojgorperod  go Temmeparypsl 70-83 °C 1 kr
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nmoBapeHHOW conu. Kaknyio mpoOy  MmosrydeHHOM YBEIIMYUTh PACTBOPUMOCTh HOAWJA HATpusi B

TaKUM 00pa3oM IOBApEHHOH CONM Pa3feisiid Ha JBE
gacti. OMHY 9acTh BHOCIM B OKCHKATOp IS
NPOBEACHUSI  HCOBITAaHUII HAa  CIEKUBAEMOCTb
IKCHKATOPHBIM MeTOJIoM [4], BTOpYIO - mOMelianu B
CTaHJApTHYI0 yHakoBky u uepe3 9, 12, 18 u 24

Mecslla  ONMpeNeNsUTH  CONeplKaHHe — #oma 10
cTaHgapTHO# Metoauke [1].

Pe3yabTaThl M HX 00CyKIAeHHE

B pesynbrare OIIBITOB YCTaHOBJICHO

cnenyromiee. PacTBopeHus oauaa HATpUs B 3TaHOJE
oA AeicTBueM yibTpa3Byka yactoror 100-150 I,
Br/cm?

stanone ¢ 40% mo 55% (tabm.l - Tabn.3). Cnexyer
TaK)Ke OTMETUTh, HEOOXOJAUMOCTH HCIOJIb30BAHUS
Womuaa HaTpWs, BMECTO HOAMIA Kajus, CBs3aHa C

TEeM, YTO  TOCJEeIHMH  3HAYNTEIBHO  JIydIle
pactBopsiercs B aTanose[7, 10].
Hcnonp3oBaHue OXHOBPEMEHHOIO JEHCTBUS

ynbTpa3Byka yactoToi 20-45 kI, MHTEHCUBHOCTBIO
0,10-0,35 Br/cM? u ympTpasByka wactotoii 1,0-2,5
MTI ', nnrercuBHocthio 0,50-0,75 B1/cM? B TeueHue
0,5-3,0 MHH TO3BOJSIET TMPOBOAWTH PACTBOPCHHE
smyneratopa MI'J] B 45 - 55% cnmpToBom pacTtBope
omuna Hatpus (Tabm.4 - Tabin.7).

nHTeHCHBHOCTRIO  0,15-0,25 MO3BOJISICT
Taoauna 1
Bausinne yactoThl Y3 Ha pacTBOPHUMOCTD HOM/1a HATPHUA B 3TAHOJIE
Hntencusnocts Y3 — 0,20 Br/cm?. Bpems Bo3aeiicreus Y3 — 30 c.
XapakTepuCTUKHU Hacrora ¥'3, Kl
p P be3 V3 18 98 100 120 130 140 150 155 160
PactBopumocTh
Hoauaa HATPHS B 40 40 42 50 52 53 55 55 45 42
stanoie, r/100 M
Taoauna 2
BiusiHe HHTEHCMBHOCTH Y3 HA PACTBOPMMOCTH HOANAA HATPHUS B ITaHOJIe
Yacrora Y3 — 120 kI'u. Bpems Bo3aeiictus Y3 — 30 c.
T —— IareHcuBHicTh V3, BT/cM?
P P be3¥V3 | 0,05 | 0,10 0,15 0,20 0,25 0,30 0,35 0,40 0,45
PacTBopumocTh
Hoauna HaTpus B 40 40 42 53 55 56 56 55 44 42
sranoie, /100 M
Ta6auuna 3
Bausinue BpeMeHU Bo3/eiicTBHS Y3 HAa pacTBOPUMOCTD ii0M1a HATPUS B dTaHOJIE
Yacrora ¥3 — 120 kI'u. Unrencusrocts ¥3 — 0,20 B1/cm?.
XapakTepuCTUKU Hac pii ¥3, ¢
paxrep Besy3 | 10 | 15 20 25 30 35 | 40 45 50
PactBOopumocTh
Homuna HaTpus B 40 40 45 55 55 56 56 56 56 55
sranoite, 1/100 M
Tab6auna 4

Biausinue 4acTOThHI BBICOKOYACTOTHOIO Y3 Ha pacCTBOPUMOCTD NUIEBOro 3myJibraropa MI'Jl B cnuproBom
pacTBope ioauaa HATpUs.

pactBopuMocTh dMyssratopa MI'/L, /100 mi1, B ciupToBOM
Yacrora Y3, MI'y pactBope Hoauna Hatpusi, %
40 % 45 % 50 % 55 %

0,5 17 24 26 31

1,0 22 56 58 59

15 23 57 58 60

2,0 22 56 60 62

2,5 23 54 57 62
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3,0 12 31 36 38
C}’3Tom,1<o 0 0 0 0
L HU3KOU YaCTOThI

Yacmoma Huzkouacmomuozo Y3 22,0 «xly. Inmencusnocmv Huzkouacmomuozo Y3 — 0,20 Bm/cm?,
unmencusHocmo évicokouacmomnozo Y3 — 0,60 Bm/cm?. Bpems o30eiicmeus Y3 — 1 mun.

Tadanuna 5
BansiHue 4acToThl HU3KOYACTOTHOr0 Y3 Ha PacTBOPUMOCTH MUIIEBOro ImMyJabraropa MI'/[ B cnupToBOoM
pacTBope iHoauaa HATpUA.

pactBOpuMOCTb 3Mysratopa MI'J1, 1/100 mu1, B ciupToBOM
Yacrora V3, kl'11 pactBope ioauna Hatpus, %
40 % 45 % 50 % 55 %
19 11 22 23 24
20 22 54 56 57
22 22 56 58 59
30 21 55 57 60
45 22 56 58 61
46 14 31 33 35
C Y3vToano 0 0 0 0
| BBICOKOH 4acTOTBI

Yacmoma evicoxoyacmomuoeo Y3 1,0 MIy. Humencusnocmov Huzkouacmomunoeo Y3 — 0,20 Bm/cm?,
unmencueHocmb gvicoxouacmomuozo Y3 — 0,60 Bm/cm?. Bpems o30eticmeusn Y3 — 1 mun.

Taoauna 6
Biusinue HHTEHCMBHOCTH Y3 Ha pacCTBOPUMOCTD NUILEBOro amyJbraropa MI'/l B cnuproBom
pacTBope iHoauaa HATpUS.

MNHTEHCUBHOCTD VHTeHCHBHOCT Y3 BBICOKOI 4acTOTHI, BT/cM?
H“g‘g?agzj’:jfm 0,45 0,50 0,60 0,40 0,75 0,76
0,05 24 28 26 27 23 22
0,10 33 56 57 57 56 30
0,20 32 57 58 59 58 30
0,35 31 57 60 60 59 34
0,40 30 32 32 34 33 31

Yacmoma nuszkouacmomuoeo Y3 — 22 xl'y, uacmoma evicokouacmomnoeo Y3 — 1 MI'y. Bpems 6o30eticmeuss Y3 —
1 mun. Ucnonvzosan 50 % cnupmossiii pacmeop 1ioouoa Hampusi.

Crnenyer TaKxe OTMETHTD, 4TO O4YeBUIHO, 3TO CBS3aHO C COOTBETCTBYIONIMMH
HCIIOJIb30BAaHUE YIbTPa3ByKa TOJIBKO OIHOM HHU3KOM CTPYKTYpPHBIMH  W3MCHCHHSMH  pacTBopa  IIOJ
WM TOJIBKO OJHOW BBICOKOW YacTOThI HE MIPUBOJUT K Bo3JeicTBUEM Y3 AaHHbIX napameTpos [7, 11].

pacTBopeHuto smyisraropa MIJl B cnupToBOM
pactBope #ommma HaTtpus (tabn. 4, Tabms).

Taoauusa 7
Bausinue BpeMeHU Bo3/ieiicTBUA Y3 Ha pacTBOPUMOCTD MUIEBOro dmyJabraropa MI'/l B cnupToBOoM
pacTBope oauIa HATPUA.

e e r— Bpewms BozaeiictBus Y3, MuH
be3 V3 0 0,1 0,2 0,5 1,0 2,0 3,0 3,5 3,6
PacTBOpHMOCTH
smysbraropa MI'JI, He pactopsiercst | 40 41 42 55 58 59 58 56 51
| 1/100 mMn i

Yacmoma nuszkouacmomnozo Y3 — 22 xl'y, uacmoma evicokouacmomnozo Y3 — 1 MIy. Humencusnocms
Huskouacmomuozo Y3 — 0,20 Bm/cm?, unmencusnocms gvicoxouacmomuozo Y3 — 0,60 Bm/cm? Hcenonvsosan 50
% cnupmogulii pacmeop Uooudd Hampus.
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B T1abn. 8 mpuBeneHO cpaBHEHHWE METOJOB
MOJy4eHUsT WOAMPOBAHHOW  IMOBApEHHOW  COJIH,
u3BecTHOTO [6] M mpemmaraemoro. Kak cnepyer u3
JAHHBIX, TMPHUBCICHHBIX B TaOJ. 8, MCHOJIH30BAHUC
MpeagaraeéMoro MeTo/ia MO3BOJIAET YBEIUYUTh CPOK
XpaHEHUsl HOAUPOBAHHON COJIU 10 2-X JIET, IPH 3TOM
KOJIMYECTBO HeoOXomumoro smynbratopa MIJ]
MOXeT OBITh yMeHbIIeHO ¢ 2,5 mo 1,0 T/kr mpoObr
conu. Takxxke  ciegyer  OTMETHTb,  4YTO  IPHU
WCIOJB30BAaHUM  JTAHHOTO  METOJA  IOJIy4EHHS
WOAMPOBAHHON TTOBAPEHHOM COJIM yBEITMYHUBACTCS /10
2-X TeT He TOJNBKO COXPAaHHOCTh HOIa, HO W
YMEHBIIIAETCS CJIEKUBAEMOCTH MOBapeHHOM conn. To
€CTh, HCIOJB30BaHUE JTAaHHOTO METOJIa MO3BOJISET
YMEHBIIUTh CJIEKUBAEMOCTh TOTOBOTO MPOIYKTA
(COTPOTUBIIEHUE CXKATUIO CUYUTACTCS JIOMYCTUMBIM

menee 0,3 kr/cM?) U yBEIMUHUTH COXPAHHOCTD Hona B
HOAMPOBAHHOM IIOBAPEHHOW COJIU A0 2 JIET.

BrIiBOBI

Taxum 06pa30M, TMPOBEACHHBIC HCCJICAOBAHUA
IIOoKa3ajik, 4YTO MHCIIOJIb30BAHHUEC YIIbTPAa3BYyKa IIpHU

MPUTOTOBJICHUU  Hoxacoaepxkameld  mo0aBKH -
pacTtBopa #onuma HaTpusi B asMmynbrarope MI|
MO3BOJISIET YBEIMYNTH CpOK XpaHEHUS

WOIMPOBAaHHON IMOBApEHHON coym 1o 2-X JeT. [Ipu
STOM HCHOJB3YIOTCS O€30MacHbIe KOMIIOHCHTHI: -
Womua HATpHWs, OTaHON ©  3myneratop MI/]
(OTHOCHTCS K MUILEBBIM BEIIECTBAM U UCIOJIb3YETCA
TP IPUTOTOBIIEHUU MAprapuHOB).

Tao6auma 8

CpaBHeHMe MeTO/A0B NOJIy4eHHs1 0e30NacHOM HOAMPOBaHHOI coJiM 10 [6] 1 mpeasaraeMoro.

Bre- Bseneno Haiizieno NaJ, mr/kr mpo6i COIpOTUBIIEHHUE CKATHIO, Kr/cm?
No . AMYyJIbra-
1po6 NaJ TOpa 9 12 18 24 9 12 18 24
o ME /K; MTI', MECALIEB | Mecs Mecs- Mecsa- | mecsd- Mecs- | mecs- | mecdna
MpoGHI F/KF6 I1)11p0- 1IeB 1(S):] na 1IeB 1IeB 1(&):!
Mertoj cornacho [6]
1 20 1,00 16,4 14,7 10,1 2,4 1,05 1,43 2,48 3,97
1 36 1,00 29,1 23,8 18,4 3,9 1,06 1,37 2,32 3,12
1 44 1,00 35,1 28,2 20,3 4,8 1,08 1,29 2,12 3,04
2 20 2,00 18,4 17,8 11,2 2,9 0,11 0,28 1,67 2,05
2 36 2,00 33,0 30,1 19,0 4,5 0,09 0,22 1,45 1,98
2 44 2,00 40,0 34,6 22,3 53 0,08 0,26 1,40 1,87
3 20 2,50 19,6 19,6 11,9 3,2 " 0,11 1,65 2,03
3 36 2,50 35,2 34,9 19,5 4,8 " 0,10 1,64 1,95
3 44 2,50 42,7 40,1 22,9 6,0 " 0,09 1,59 1,92
IIpensaraeMsblii MeTOA

1 20 0,50 17,5 17,0 15,1 12,3 0,11 0,28 1,03 2,12
1 36 0,50 33,2 33,9 18,4 14,7 0,09 0,21 1,05 2,12
1 44 0,50 38,7 38,2 25,3 21,3 0,08 0,23 1,05 2,14
2 20 1,00 19,7 19,4 17,2 11,5 " " 0,11 0,28
2 36 1,00 35,9 35,2 32,0 29,5 " " 0,09 0,27
2 44 1,00 44,0 43,8 40,3 35,3 " " 0,10 0,28
3 20 1,50 19,9 19,7 18,7 18,2 " " " 0,11
3 36 1,50 35,8 35,6 33,8 32,3 " " " 0,09
3 44 1,50 43,4 42,9 40,7 36,0 " " " 0,09

*-TIpu3HaKoe cnexcusaeMocmu He 0OHAPYHCEHO
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ABOUT ACADEMIC ISSUES OF NECESSARY FACTORS FOR
DIVERSIFICATION OF PRODUCTION IN AGRARIAN SECTOR

Abstract: As in the other spheres of economy, integration to the world economic systems conditions the
production of competitive goods in agrarian sector and makes necessary adopting the production process with
market requirements. Due to the changes in market requirements, entities which produces the same or similar
competitive goods for a long time starts to change their production structure.

It makes necessary the substantiate of diversification process in various production parts, such as
identification of appropriate production parts taking into account climate conditions and potential of recourses and
building more economically productive structure.
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Introduction development of agriculture.

Integration to the world economy and Changes happening in economy in different
transformational changes in economic relations directions requires structural changes in accordance
makes necessary adopting the production process with market requirements. This direction which is
with market requirement by producing competitive specific for all fields of economy is especially
goods in agrarian sector. In turn this cause with necessary in the global economic transformational
abandon from traditional manufacturing, in order to conditions. Because in such condition in order to
take permanent and reliable place in the competitive protect internal market, measures should be applied
struggle with manufacturers. for developing more competitive fields regarding to

Thereby, due to the change in market demand, open market principles as well as the protection of
manufactures that were busy with producing the agrarian sector which have complicated specification
same or similar products for a long time change their should be ensured.
production structure. That’s why the substantiate of
diversification process in various production parts, Materials and Methods
such as identification of appropriate production parts In terms of mentioned here, the structural
taking into account climate conditions and potential changes in agrarian production should directly ensure
of recourses and building more economically the long-term economic interests of the state from the
productive structure considered to be one of the most point of view of the requirements of society. For this
important tasks [10]. purpose, it’s important to pay attention for solve of

Today the main trend of the diversification in below issues:
agriculture considered to be the market conjuncture - the measures intended to be implemented in
and the priorities of the diversification of agricultural agrarian sphere should be more sustainable for
products being identified depending on the changes decreasing negative impact of imported goods which
in market conjuncture [4]. are more competitive;

These contain objective characteristics of the - due to the direct impact of import-export
relationship between business entities and markets at operations to the development of agrarian sector and
the different stage of the diversification process of also the opportunity for keeping other countries
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depending on the goods exported by the countries
which achieved innovative economic progress,
structural changes should be provided in conjunction
with agrarian sector and other spheres of the
economy [9].

- the economic essence of structural changes
directed to the grows of agrarian sector also requires
the identification of potential external markets in
terms of competitive opportunities. From this point
of view formation of strategic structural policy is
extremely important.

Despite of the specialization in traditional
production for a long time, the trend of change in
economic process makes inevitable transition to new
production fields. For this purpose, following matters
should be taken into consideration and investigated
by producers:

- analyzing the
agricultural production;

- investigating the current situation of the
recourse potential and use of them in accordance
with the production direction;

- identifying the economic efficiency for
different production fields;

- identifying the more economic efficient
production fields taking into consideration market
demand,;

- ldentifying the directions for improving
economic efficiency of production and identifying
more economically efficient production fields using
recourse potential during diversification process.

The direction of diversification process is
formed under the influence of complex factors and
diversity of these factors plays important role for
increasing the profit of producers. Therefore, in time
scientific valuation of negative and positive aspects
of economic changes before and after the
diversification process and economic and scientific
justification of measures which should be held are
the important issues for producers [8].

The scientific basis of diversification strategy is
the justification of its economic indicators,
justification of its relation with logistic systems,
harmonization of relations between fields being
diversified and the economic valuation of
diversification activities.

And it means that, before the changes in
production structure, required information about
possible outcomes of diversification process should
be prepared and factors which can affect economic
efficiency during production activity should be
identified and taking into consideration of the
positive aspects of these factors and the

current  situation  of

implementation of measures for minimization of
negative aspects are the main issues.

As in the other spheres of economy, integration
to the world economic systems conditions the
production of competitive goods in agrarian sector
and makes necessary adopting the production process
with market requirements.

Due to the changes in market requirements,
entities which produces the same or similar
competitive goods for a long time starts to change
their production structure. It makes necessary the
substantiate of diversification process in various
production parts, such as identification of appropriate
production parts taking into account climate
conditions and potential of recourses and building
more economically productive structure.

Conclusion

Analyze of the possible changes in the structure
of agrarian production and factors for diversification
shows that, there are number of matters which should
be analyzed and taken into consideration:

- the structure of land recourses should be
analyzed, provision of agriculture with suitable land
should be investigated and the level of use of this
land should be identified,;

- the structure of labor recourses should be
analyzed, the skills of employed peoples should be
identified and factors which influence the
employment should be valuated,;

- current situation of provision with water
recourses should be investigated, level of use of this
recourses should be identified,;

- production direction of processing entities,
processing capacity and the level of use of
processing capacity should be investigated;

- the ratio, dependency, difference between
cost and price and the factors influencing them
should be valuated;

- with identifying the production fields and
cost of the product of field structure of agricultural
goods and the role of the production costs and prices
in formation of field structure should be identified
and level of dependency between this indicator
should be valuated;

- efficient use of agricultural potential and
current problems with developing economically
efficient agricultural sector should be identified;

- requirement of the markets of agricultural
goods should be identified, trend of change of
demand depending on the consumption norm and
population also the level dependency between supply
and demand should be identified and etc.
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Introduction

Nature is an inexhaustible and eternal source of orientation. It is diverse and multidirectional. The
beauty. The moral and aesthetic relation to nature is value of supplementary education is that it enhances
enriched by its reflection in the artistic images of the variable component of general education and
literature and art [1, p. 18]. helps students in professional self-determination,

Aesthetic education through observation and contributes to the realization of the forces,
study of the beautiful nature is the process of the knowledge gained in the basic component of
essential formation and spiritual development of training.
man. The aesthetic sense of nature is important to Ecological and aesthetic education of students
shape when the children's spiritual world is formed, in the system of additional education may be
and they are especially sensitive, sensitive to beauty meaningfully carried out in the following
[2; 3]. associations: "Natural Workshop", "Phytodesign",

Formation of ecological culture of students is "Decorative Composition - Mirror of Nature"”, "In the
one of the main directions of the general strategy of Animal World", "Ecology of Man", "Ecology",
education. The actuality of environmental education "Nature and creativity".
is dictated by life itself. An important direction in the
formation of ecological culture is the development of Materials and Methods
humane attitude to nature, the ability to perceive and An effective method of forming a moral and
feel its beauty, the ability to take care of all natural aesthetic relation to nature is the statement of
components. The basis of both national and world problem situations and during excursions, and during
development should be the harmony of man and classes in the classroom, on the school site, during
nature. Thus, it is impossible to separate the aesthetic the game. Cognitive situations are more often offered
education from the ecological one [4; 5]. by the teacher.

The system of additional education has great The formation of a person's aesthetic attitude to
opportunities for revealing the ability of children to nature is no less urgent today than the formation of
creativity, and allows the realization of aesthetic ecological thinking. Moreover, it can be safely
education and environmental education in the asserted that the aesthetic awareness of the value of
complex. Additional education of children is a the natural environment is closely related to the
necessary link in the education of a multifaceted notion of ecological consciousness.

personality, its education, early professional
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Ecology as a form of social consciousness is
part of the biological science that studies the patterns
of interaction and relationships within fauna and
flora, their representatives among themselves and
with the environment.

The world of nature is the environment of man.
He is interested in preserving integrity, purity,
harmony in nature and preventing violations of
biological interaction and balance. At the same time,
through his active transforming activity, a person
intervenes in natural processes, violates them, and
uses the riches of nature in his own interests. If this
activity takes place uncontrolled, without taking into
account ecological regularities and renewal of
renewable resources, the biological balance in nature
can be irreparably damaged, which generates
processes that threaten human life. There are
environmental problems on a global scale, as well as
regional ones. Only the efforts of the entire world
community can preserve the purity of the
atmosphere, save the world ocean from pollution,
reasonably regulate the use of the earth's interior,
preventing their complete depletion. However, each
individual country can and should take care of
preserving the environment in its region: monitor the
state of air purity, combat the destruction of forests,
fauna and flora, do not pollute rivers and water
bodies, promote a culture of farming and preserve
soil.

Nature is for people an object of knowledge and
an aesthetic relationship. Its phenomena are
aesthetically perfect and provide the aesthetically
developed person with deep spiritual pleasure.
Penetration into its secrets contributes to the
formation of a scientific worldview. This necessitates
the implementation of universal, compulsory, initial
ecological education, laying the foundations of the
ecological culture of man.

Ecological consciousness includes
environmental ~ knowledge: facts, information,
conclusions, generalizations about the relationship
and exchange that take place in the world of animals
and plants, as well as in their environment and in the
environment in general. Its component is aesthetic
feelings and environmental responsibility. They
encourage people to be cautious in relation to nature,
to anticipate in advance and ‘prevent possible
negative consequences of industrial development of
natural waters, land, atmosphere, forest. The use of
nature by man requires a developed ability of
ecological thinking from him. It manifests itself in
the ability to effectively use environmental
knowledge in the creation of industrial and
agricultural facilities, in a creative approach to
preventing and  eliminating the  negative
consequences for nature of certain technological
processes of production. The environmental
consciousness  includes  man's  strong-willed
aspirations aimed at protecting nature, actively

fighting off violators of environmental protection
legislation.

Ecological consciousness performs important
functions [6].

The educational function helps to understand
nature as an environment of human habitation and as
an aesthetic perfection. The younger generation is
inspired by the idea of using ecological knowledge in
order to preserve nature, preventing a dangerous and
irreversible violation of ecological balance.

The developmental function is realized in the
process of formation in children of the ability to
comprehend ecological phenomena, to establish
connections and dependencies existing in the world
of plants and animals; Draw conclusions,
generalizations and conclusions about the state of
nature; Give recommendations for reasonable
interaction with her.

The educational function of environmental
consciousness is manifested in the formation of
students' moral and aesthetic attitude to nature. The
sense of duty and responsibility organically merges
with a sense of admiration for the grandeur and
beauty of the real world. This encourages students to
environmental activity. Their deep knowledge of
their native nature, active love for its enrich and
strengthen patriotism.

The organizing function is to stimulate the
active environmental activities of students. They take
part in the construction of industrial enterprises, land
use, harvesting of timber, harvesting of herbs -
everything was done in strict accordance with the
law on environmental protection. Environmental
consciousness makes it a norm for future participants
in the construction of treatment facilities, the
restoration of forests and soil fertility, preservation of
the integrity of the main natural processes, wildlife
sanctuaries and reserves. Ecological consciousness
involves schoolchildren in the struggle for peace, for
the survival of people, against the atomic war that
inevitably leads to a "nuclear winter" and the death
of all life on Earth.

The prognostic  function of ecological
consciousness is to develop in children the ability to
predict the possible consequences of certain human
actions in nature; what is the violation of ecological
processes leading to? What actions are
environmentally neutral, and what activities need to
be carried out for the benefit of nature. Ecological
forecasting is an indispensable condition for literate
planning, the allocation of productive forces and the
development of the entire national economy.

Effective realization of the functions of
ecological consciousness leads to the formation of
ecological culture among children. It includes
environmental ~ knowledge, deep interest in
environmental activities, the competent
implementation of it, the wealth of moral and

ISPC Industry and technology,
Philadelphia, USA

80 $ 77 THOMSON REUTERS

Indexed in Thomson Reuters




| ISRA (India) = 1.344
{ 1SI (Dubai, UAE) = 0.829

Impact Factor: | g (australia) = 0564 | ESJI (KZ) = 3.860 | 1BI (India) = 4,260

L JIF = 1.500 |

| SIS (USA) =0912 | ICV (Poland)  =6.630
{ PUHIL (Russia) = 0.234 | PIF (India) =1.940

SJIF (Morocco) = 2.031

aesthetic feelings and experiences generated by
communication with nature.

Ecological consciousness as an important part
of the world outlook of students is formed in the
process of ecological education. It is a systematic
pedagogical activity aimed at developing the
ecological education and upbringing of children; The
accumulation of ecological knowledge, the formation
of skills and activities in nature, the awakening of
high moral and aesthetic feelings, the acquisition of
highly moral personal qualities and a firm will in the
implementation of environmental work. Ecological
education is carried out as a result of purposeful
training. Students in the process of studying various
subjects are enriched with environmental knowledge.
Moral and aesthetic education focuses children's
attention on the careful attitude to nature, love for it,
and the ability to enjoy its beauty. Socially useful
work accustoms teenagers to nature protection work.
This relationship and the conditionality of a variety
of activities determine the system of ecological
education [7].

The purpose of the system is to develop the
ecological consciousness of children as a
combination of knowledge, thinking, feelings and
will; in the formation of their ecological culture; In
readiness for active environmental protection. The
system is implemented in the lessons of biology,
geography, physics, and chemistry. Biology and
geography paint a picture of the ecological state of
the modern world of plants, animals, and the whole
environment for children. The children learn what
ecological balance is like plants, insects, birds,
animals, forests and fields, the depths of the earth
and the atmosphere interact with each other, creating
for each other biologically normal, favorable
conditions of existence. Ants, as nurses, clean the
forest, insects feed birds, Flood Rivers create
floodplain meadows, the forest cleans the air,
protects the fields from weathering, snow covers the
fields and nourishes them with moisture. The
knowledge of these connections makes it possible to
create in the worldview of schoolchildren the notion
of wholeness, unity and universal interconnection in
nature. It convinces students that the violation of
these links changes the biological balance in nature,
inflicts irreparable damage on it, worsens the human
condition. Physics and chemistry give students a
complex of polytechnic knowledge, scientific
foundations and principles of modern production.
Students learn about the nature of production, its
interaction with the natural environment on the
principles and devices to prevent the harmful effects
of technological processes, on the possibilities of
organizing non-waste production, which are of great
economic and environmental significance.

Objects of the humanitarian and aesthetic cycle
contribute to the formation of the ecological
consciousness of the students. History, social

science, the foundations of the state and law show
the inadmissibility of the barbarous attitude to nature,
its predatory exploitation. The children will learn
about the legislation that regulates relations to the
nature of state and public organizations, of all
people. The aesthetic cycle: literature, visual arts,
music reveal the aesthetic essence of nature, its
unique beauty, which has a huge impact on morality,
the state of the human spirit, its relation to nature and
all life. Art animates nature, ties the person with it,
makes it possible to recognize oneself as its integral
part [8].

With the environmental activities of children
inextricably linked to tourism and local history work.
She teaches schoolchildren to observe the rules of
behavior in places of rest, in forests and on rivers, to
monitor the state of nature, to accumulate
impressions for artistic expression in their own
literary, musical, and visual arts.

A considerable help to the school in the
environmental education of children is provided by
the mass media. Children's and youth literature,
newspapers and magazines pay much attention to
fostering respect for nature. Radio and television
organize children's environmental activities: explain
how to help animals and birds in winter, how to take
care of pets and plants, how to monitor the
cleanliness of forests, parks, rivers.

Effective implementation of environmental
education depends on the resolution of some
contradictions. It is important for students to realize
that, since nature is the source of all material wealth,
people have a desire to take as much as possible. At
the same time, its reserves are not infinite, and their
irrational expenditure harms both nature and people.
The contradiction is overcome if the activity of man
in nature is directed simultaneously to its use and
preservation. Another objective contradiction. Nature
is the most important factor in the upbringing of
children, their mental, aesthetic, moral development.
Meanwhile, urbanization, the widespread
introduction of mechanization, automation of
production processes, especially in rural areas,
alienates children from nature; substitute the spiritual
and aesthetic attitude to it with utilitarian and
practical. Contradictions are resolved in the course of
purposeful ecological education as a result of the
main mechanisms of personality formation:
cognitive, practical activity in nature, aesthetic
development of the natural environment.

Conclusion

So, ecological education is carried out in
inseparable connection with the mental education as
part of the world outlook, the general knowledge of
the world; With the labor, helping to realize the
ecological beliefs of children in reality; With an
aesthetic, developing a sense of beauty of nature and
stimulating the environmental activities of students;
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With a moral, forming a sense of responsibility in
relation to nature and people. The main indicators of
ecological education are the students' understanding
of contemporary environmental problems, the

consciousness of responsibility for the preservation
of nature, active environmental protection, a
developed sense of love for nature, the ability to see
beauty, to admire and enjoy it.
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Introduction

Global character of ecological crisis causes importance. There has been noticed that economic
necessity of realization of the international ecological development and wildlife management should be
activity. In development of the international synchronous and pass under the control of the
cooperation in the field of environment protection it international public organizations in it.
is possible to allocate some stages:

1. 60-70th years of the XX" century — it is Materials and Methods
connected with formation of system of the In 1968 intergovernmental conference on
international nature protection cooperation. problems of biosphere with participation of

2. 80-90th years of the XX™ century — has UNESCO, the World Association of Public Health
marked itself the beginning of working out and Service, the International Union of Wildlife
realization of Strategy of a Sustainable Development. Management where for the first time have been

3. 1995-0n the present — it is connected with considered  scientific  principles of  wildlife
realization of a Sustainable Development and management and protection of natural resources has
cooperation of the international nature protection taken place. Since 1970 has began to be realized
activity of the states. under the aegis of UNESCO the long-term program

Let's consider the basic achievements and lacks of preservation of the nature “The Human and the
of the first period of the international ecological Biosphere”.
cooperation. Bases of an ecological policy of the modern

Local character of the agreements mentioning state have been put in 1971 on the international
only separate aspects of global problems became symposium in the Swiss city of Fune. Acceptance in
characteristic feature of the first stage of the 1972 of the Stockholm declaration at the Conference
international ecological integration. In 50-60th years of the United Nations on environment became the
some forums and the conferences devoted to turning point of the first period. It has been
preservation of the environment have been spent, and proclaimed, that “... preservation and improvement
a number of agreements of local type is signed. The of quality of environment surrounding the person is
resolution of XVII Session of General Assembly of the important problem influencing on well-being of
the United Nations Organization, accepted in 1962 the people...” Also it has been recognized, that “the
became one of the first documents of global person has a fundamental law on freedom, equality
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and favorable living conditions in the environment
which quality allows conducting a worthy and
prospering life, and bears the main responsibility for
protection and environment improvement for the
blessing present and the future generations”.

The human rights on favorable environment
began to be fixed in new Constitutions of the
countries accepted after 1972, and also in the general
laws on protection of a surrounding environment.
The declaration of principles accepted at the
Stockholm conference, included 26 principles in
relation to an environment problem. Among them
human rights on favorable environment; preservation
of natural resources for present and future
generations; economic and social development; the
sovereignty of the rights of the states on working out
of own natural resources and responsibility of the
states for a damage to environment; necessity of the
joint decision of global problems and others. The
plan of measures contained 109 points in sphere
organizational, economic, political problems of
preservation of the environment. The Stockholm
declaration became the first large agreement
considering problems of transboundary pollution.
The basic export of an ecological damage had been
declared those developed countries in which territory
in areas of concentration of the industry high level of
environmental contamination was observed. Under
the conference decision has been formed UNPE (the
United Nations Program on Environment) -
constantly operating body of the United Nations on
preservation of the environment, Environment Fund,
and on June, 5th it has been proclaimed as the World
Day of Environment.

Following step became the signing of the Final
certificate of Meeting on safety and cooperation in
Europe in Helsinki in  August, 1975 with
participation of all European countries, the USA and
Canada where along with political questions of
ensuring of safety have been fixed questions of
ecological safety, were defined the purposes, areas,
forms and methods of the international ecological
cooperation.  Atmosphere  pollution abatement,
protection of waters has been carried to cooperation
areas from pollution, protection of the sea
environment, protection of soil,  reserves,
environment in cities. Among forms and methods of
such cooperation were offered: information
interchange, the organization of conferences, an
exchange of scientific researchers.

Within the limits of realization of the Helsinki
decisions by the countries-participants  the
Convention on transboundary  pollution  of
atmospheric air  (1979), the Convention on
transboundary influence of industrial failures (1992)
and others subsequently have been accepted. In 1982
at special session UNPE the Nairobi declaration
which has confirmed principles of the Stockholm
conference has been proclaimed.

The recognition of a priority of the joint
decision of global problems became the basic
achievement of the first stage of development of the
international cooperation. However the basic efforts
went on overcoming of consequences of
deterioration of ecological conditions, instead of on
elimination of the reasons. The majority of
documents have not brought a significant positive
effect because of considerable economic costs.

Working out of the global strategy directed on
elimination of the reasons to degradation of an
environment became the major problem for the
second period.

The second stage covers the period 80-90th
years of the XX century. For preparation of global
nature protection strategy has been created the
International Commission on Environment and
Development (ICED), considered two approaches to
the decision of problems of environment — traditional
and alternative.

The first placed emphasis on environmental
contamination problems (climate change, atmosphere
pollution, a radioactive waste, potable water
problems etc.); problems connected with natural
resources  (deforestification, desertification, an
exhaustion of sea resources); problems of settlements
of the human (land tenure, water supply, high rates of
an urbanization). According to ICED, the traditional
approach has led to considerable progress in the field
of environment monitoring, to growth of ecological
awareness of the public. However the undertaken
nature protection activity was limited, as a rule, to
the developed countries, disregarding problems of
developing countries.

As a result, ICED has suggested using the
alternative approach considering the general sources
of environmental problems in following directions:

- Perspectives of demographic growth and
economic development;

- Energy, environment and  development
(including ozone layer problems, air pollution, the
acid rains, renewed resources, etc.);

- The industry, environment;

- Agriculture, environment and development;

- Global ecological monitoring.

The report “Our General Future” became a
result of work ICED, in which the concept of steady
social and economic development in balance with
environment for the first time has been put forward.

On the basis of the Concept of the Sustainable
Development the international cooperation in the
field of ecology was carried out up to the end of XX
century. Its ideas have laid down in a basis of variety
of the international contracts and agreements. Among
them the Viennese report 1986 on decrease in
emissions of hydrocarbons and others polluters; the
Montreal report on protection of an ozone layer of
1987; the Hague declaration of 1989 in which was
underlined that global problems demand creation of
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the new organization in the United Nations allocated
with the right to make of the decision even in the
absence of unanimity and to impose penalties for
infringement of the international agreements.

Sustainable Development principles have found
reflexion in final documents of the international
conference in Rio de Janeiro of 1992 which has
marked itself end of working out of the Concept of
the Sustainable Development. Conference has
collected about 15 thousand delegates from 178
countries of the world. Its basic decisions became
“The declaration of principles of a policy of
preservation of the environment” and “The agenda —
The XXI* century”. The sustainable development has
been defined as the process meeting requirements of
the present, but not depriving future generations the
possibility to satisfy its requirements.

In the United Nations the special Commission
on a sustainable development has been created. “The
agenda” included more than 100 programs on global
problems and formulated the conditions necessary
for a sustainable development of all countries.
Besides, in Rio de Janeiro contracts about principles
of protection and rational use of woods of all climatic
zones have been concluded; the Convention on a
climate; the Convention on protection of a biological
variety and others. These documents reflected
intentions of the state-participants to develop
international ecological cooperation on the basis of
sustainable development principles, however they
did not contain any obligations.

In December, 1997 representatives of 159 states
have gathered at the world ecological forum in Kyoto
which were passing under the aegis of the United
Nations. The Kyoto report has fixed obligations of
the countries of the European Union to reduce the
general emissions of polluting substances in
environment on 8 % in comparison with 1990 around
2008-2012. The USA has stipulated for themselves a
boundary in 7 %, and Japan — in 6 %. Despite the
ambiguity, the Kyoto report has been signed by 40
countries, but not all ratified it. Refusal of the
countries to participate in the Kyoto agreement
explain that benefits on prevention of climatic
changes are expected only in long-term prospect, and
costs become notable at once. Another argument is
scientific uncertainty acts. Till now there is no
common opinion, whether there is actually a global
warming and how much it is caused by
anthropogenous influences, including emissions in
atmosphere of hotbed gases. Thereupon there is a

question, how much are defensible economic
expenses for the problem decision which scale of
consequences else up to the end is not clear.

The Kyoto report has finished the second stage
of the international ecological integration. For this
period much has been reached in respect of
comprehension of necessity of harmonization of
economic growth and development of a surrounding
environment. For rather short time the system of the
international cooperation in the field of protection of
the environment, focused on elimination of the
reasons of deterioration of ecological conditions has
been generated. It included cooperation within the
limits of the international intergovernmental and
non-governmental organizations; cooperation within
the limits of multilateral and bilateral agreements. It
is possible to consider as the main result is formation
of the complete Concept of the Sustainable
Development.

At the same time it is obvious that notable
positive results of ecological integration following
the results of two periods has not followed. There
was a necessity of search of new ways of the
decision of global environmental problems.

At the present stage of the international
cooperation in ecology sphere interstate cooperation
continues to develop actively. By this time is over
1600 multilateral conventions and agreements and
over 3000 bilateral contracts, partially or completely
devoted to environment protection.

Conclusion

There are a lot of problems. In the majority they
rest in finance expenses. Market mechanisms are
realized in insufficient degree (questions of payment
for environmental contamination are not solved),
financing of numerous ecological programs and
projects frequently appears under the threat. At the
present stage it is possible to consider as success
increase in quantity of the countries which have
signed the Kyoto report (among them and Russia).
However it cannot be considered effective, yet do not
ratify all developed countries, first of all the USA. At
the same time at all ambiguity of the Kyoto report it
has executed the paramount role, having brought on
the agenda an attention to the question on necessity
of reduction of negative ecological consequences
from economic activities and have been stimulate
working out of is standard-legal tools and
introduction of market mechanisms in ecological
sphere.
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Introduction

Uzbek wedding is necessarily a long and
serious process, which is prepared long before the
celebration. It all starts with finding the right bride
for your adult son. To this end, through familiar
parents, they gather all the necessary information
about the girl: about her social status, level of
education and upbringing, her ability to lead a
household.

After a suitable candidate is found, the guy's
parents send matchmakers to the house to the bride.
The task of the matchmakers is special; it is they who
are responsible for the first impression to draw a
conclusion about both the girl's family and the bride
herself. A sharp eye of the matchmaker inspects the
level of order and cleanliness in the house, carefully
watching the girl's ability to look after the guests.

Usually the matchmaker is greeted with
cordiality, invited to the table, singing tea. However,
quite often the party of the bride from the first time
gives the consent to give out the daughter. Usually
only for the third time, when the parties come to an
agreement, as a positive response - they break a cake.
This ceremony is called "non-syndicate” and means
the final consent of the parents of the bride.

After this, the date of the engagement is "fatih-
tui". The engagement is celebrated a little more with
a smaller scope than the wedding itself. On this day,
the groom's party presents the bride's mother with

various gifts. They bring money, sweets, beautiful
fabrics, sheep meat.

Materials and Methods

In general, the cost of a wedding banquet is
borne by the groom's side. But in some areas, for
example in Tashkent, the parents of young people
agree in advance on the distribution of expenses on
the occasion of the wedding event.

On the day of the wedding celebration in the
house of the bride early in the morning prepare a
festive pilaf, which is invited exclusively to men.

In the afternoon, the groom, dressed up in a
festive costume, which, as a rule, he buys the side of
the bride, comes to the house of his chosen one. In
some areas, for example, in Bukhara, a gold
embroidery chapan is worn over the costume, which
is taken off before leaving the registrar with the
bride. Modern Uzbek brides wear white wedding
dresses for official registration. The face must be
covered with a veil, so that the young girl is not
jinxed.

Usually, before registering with the Registry
Office, young people undergo a religious ceremony
of marriage "nikokh". The Imam reads the
appropriate prayers, and the young give promises to
respect each other throughout the marriage life.
During this ritual, the newlyweds wear national
festive clothes.
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While escorting a young woman from her
home, she is sent a full set of dowry, which includes
everything necessary for the first period of family
life: kurpacha, towels, and household utensils.

After the wedding banquet, coming to the
groom's home, the young people walk around the fire
three times before they enter the house, which means
their cleansing and the beginning of the marriage life.

The next day, after the wedding night, the bride
is not disturbed. She may not even leave her room,
for the first three days she is considered a guest. A
couple of days the bride is taken out for the ritual
"kelin salom". On this day guests come and give the
bridegroom various gifts, and as a token of gratitude
the girl should bow to the guests in the belt.

These are the main rites that are observed in
almost all areas of the country. In different regions,
post-wedding activities can take weeks. But their
main goal remains the same - to provide young
people a happy and prosperous life.

It is known that in the territory of our country
for some hundreds of years, original folklore
traditions were formed that reflected the systems of
national values existing in each region, folklore
performance. From this point of view, the genre
elements of the Uzbek wedding ritual are
distinguished by their varied rituals, customs and
traditions. Folklore and ethnographic records made in
the Ishtikhan district of the Samarkand region
confirm this diversity. Records made by the famous
scientist Muzayan Alavia testifies that in the 60s of
the 20th century, In the Ishtikhan district of the
Samarkand region there was a wedding ceremony, on
the eve of the "kelin tui" (wedding at the bride) from
her house to the groom's house forty cakes (patyr),
forty thin tortillas (katlama) cooked in butter, two
fine thin cakes), Two tortillas (patyr). Having
received these thin tortillas (katlama), the groom's
parents, slaughtering a ram or bull, celebrated the
ceremony of "katlama tuyi" - a wedding dedicated to
a thin cake (pancakes). For this purpose, neighbors,
close relatives met. Swatam-women who brought
katlama were given expensive silk fabrics. In each
bowl from katlama put 5-6 kg. Fruit and cut material.

This wedding ceremony was called "tobok
zhuntish" (exchange of dishes), and it was repeated
twice between the parents of the bride and groom.

During the second time the dishes were
exchanged, various sweets were sent from the
groom's side: fruits, sweets, cookies and also
expensive silk material, a mirror, rings, earrings. And
also together with all this send a bull or a ram. After
receiving these gifts, the wedding ritual was
performed by the bride, "damage to the bishots"
(measurement  of the  material)", “porcha
bichuv"(material cut).

On the day of this ritual, part of the gifts
received from the groom were distributed to the
bride's relatives.

In the Ishtikhan district, close friends of the
groom are called "kuevboshlar (companions of the
groom)”, and the closest among them s
"kuyevboshlatar” (best man). On the day of the ritual
"kelin tushdi" (bride's arrival) the groom's friends
were received in a separately decorated room, and
the daughter-in-law of the bride treated them. The
first dish to which the groom's friends were treated
was called scrambled eggs, and the dishes in which
they brought the dish were called "tanish tobok"
(familiar dishes). After the groom's friends ate the
eggs, they threw money into the dishes. After the
feast, the ritual "Nikoh kiyish" (wedding) was held.
After the religious ceremony, the daughter-in-law of
the bride dressed the groom, put on a robe (kuyov
chapan), skullcap, waist shawl and escorted by the
groom's friends led to the middle of the courtyard
where the fire was burning. The bridegroom three
times walked around him and bowed to all those
present, then the groom and his friends went to the
room where the bride's dowry was. At the door the
groom’s friends gave the daughter-in-law of the bride
a piece of material with the words "eshik iluva™ (ask
permission to enter the room). The snows of the
bride, in turn, poured at the foot of the groom a
carpet material. Behind the threshold of the bride's
room lay an old woman, portraying the image of a
barking dog. This ritual was called "it irillatarar"
(dog barking) is performed with the goal that the
groom has many children, so that evil spirits will
bypass them and. And the other old woman was
lying on the bed in the middle of the room, depicting
the deceased, and this ritual was called "campyr uldi"
(the old woman died). After receiving the gift from
the groom's friends, the old woman "came to life."

The groom's friends lined up in a row and
bowed to him several times. After that, permission
was given to sit down. Everyone sat, except the
groom and his best man, After the groom's mother-
in-law said the following words: "The calf's my
heifer is now yours (belongs to you)", the groom and
his driver got in. The dastarkhan was covered with
all sorts of dishes: pancakes, katlama, bugirsak
(buns), flat cakes, samsa, brisket, lamb. This
ceremony is called "tukkiz tobok™ (nine kinds of
dishes). The sweetest piece of brisket was given to
the groom, who hid behind the backs of friends.
Friends of the groom, having tasted of nine dishes
everything that remained, was wrapped in belbog (a
waist shawl) and threw money into empty utensils.
After that, each of the friends of the groom and
himself handed out a handkerchief out of his dowry.
All friends, except the groom and the chauffeur, left
the room.

One of the daughter-in-law came up to the
kuyovboshlatar, elbowed the hole in the kurpache
and the kuyovboshlatar filled this hole with money.
After that, the daughter-in-law turned to him with the
words: "Buzarimni Bering currents” (show signs of
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love). Kuyovboshlatar gives her, and she, in turn,
gives him a shirt "yataka" and a waist shawl. After
that, all the dowry of the bride was prepared for
export.

According to the ethnographer G. Tosheva, in
the Kasan and Chirakcha districts of the Kashkadarya
region this ritual is called "fossa filling". According
to this ceremony, when the groom came into the
room to pick up the bride, one of the old women
from the bride's side formed a pit in the kurpache and
screamed "the hole was not filled." After the groom
filled this hole, he was allowed to remove the dowry
of the bride. In the Ishti Khan fog on the wedding
day, the bride was not at her home, but together with
her friends "hid" in one of the houses of her
neighbors. The snows brought the bride into the
house, put her on the kurpach (mattress) and gave it
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TEOPUSA U MEXAHU3MbI COBPEMEHHOI'O TOCYJAPCTBEHHOI'O YIIPABJIEHUSL

Annomayusn:. B oannou cmamve npedcmagienus 0esamenbHOCmb YupedcOeHUll @ cucmeme 20Cy0apcmeeHHo20
VIPABNeHUsl, UX CMpYKMypd, poib U MeCIO 8 OP2AHU3AYUY 20CYOAPCMBEHHO20 YRPAGIEHUS, A MAKICe 3AMPOHYMbL
npoobnemMbl C6A3AHHbIE C OpP2AHU3AYUEl VUPEeICOeHUU 6 COOMEEMCMEUU CO CHMPYKMYpoU 20CYOapCmeeHHO20
CmpoumenbCmaa.

Kniouesvle cnoea: mpaouyus, annapam, @YHKyuu 20Cy0apCmMeeHHO20 YNpagneHus, O0eMOKpamus,
20CY0apCmMEeHHAs cucmema ynpagienus, aOMUHUCMPAMUGHAs pepopma, HaYUOHATLHAA NOMb3A, UCNOTHUMENbHAA
81ACMb, NPABOBOE 20CYOAPCMBO, 20CY0APCMBEHHOE pelleHue, COYUATLHBLI UHCTHUMYM.

Introduction [1  mosBIeHHEM HOBBIX bopm

3a mocleAHHE HECKOIBKO JECATHIETUH BO B3aUMOJECUCTBUS 3aKOHOJATEJILHON u
MHOTHX CTpaHax MHupa MIPOBEIEHBI UCIIOJIHUTEJIHOM BJIACTH;

KpYMHOMacIITaOHbIe pedOpMBl, HANpaBICHHBIE Ha [J  nepeopueHTanuei roCyAapCTBEHHOU
MOBBIIIEHNE  3(PQPEKTUBHOCTH  TOCYIapCTBEHHOTO CIy’)KOBI Ha HYXXABI TpaXKAaH, OTCTaMBaHHEM HX
yIpaBJeHus. BOJIbIIMHCTBO COBPEMEHHBIX HPOOIIEM MOTPEeOHOCTE M MHTEPECOB, KOPPEKTUPOBAHHEM B
COLIMAJIbLHO-9KOHOMHYECKOTO pa3BUTUS B COOTBETCTBHUHM C 3TUM ILIAHOB, IPOrPaMM U MPOEKTOB
3HAUUTENIBHOM CTEIEHM CBSI3aHO C peanu3anuei COOCTBEHHOH JIESITEILHOCTH;

OPUHATBIX OpPraHaMu TOCYJApCTBEHHOM  BJIACTH [1  obecneueHneM paBHOBECUS MEXAY
9KOHOMHYECKUX, COLHUAIBbHBIX U IOJIUTUYECKUX rOCyAapCTBEHHBIMU U KOPIOPaTUBHBIMU
pELICHUH, HaIIPaBJICHHBIX Ha JlanbHenee HHTEpPECAMU;

YIIy4ILEHUE COLUAIBHO-3KOHOMUYECKONW CUTyalluu B [1  IeMOKpaTH4eCKUM KOHTpOJIEM HaJ
cTpaHe, oOecrieueHre HaIMOHAJIBHONW 0€30MacHOCTH. (YHKIIMOHHPOBaHUEM CHUCTEMBI 3/IMUHUCTPATUBHOTO
OTO CBA3aHO C: yIpaBJICHUS;

[1  u3MeHeHWeM cTaTyca ©  (QYHKIHH [l mpoueccamu JIELEHTpaInu3aluu
TOCYAAapCTBEHHOH CIyXOBI, KaueCTBEHHO HWHBIM yhpaBJIeHUs, JIeNIerupOBaHUs byHKIMN u
YPOBHEM «OTKPBITOCTH» OPTraHOB IOCYJapCTBEHHOM OTBETCTBEHHOCTH CHU3Y U IIp.

BIACTY;
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Materials and Methods OCHOBONOJIArafOIIMM B TOCYAAPCTBEHHOM
Tl'ocynapctBennoe yIIpaBJIEHUE - 9TO YIpaBJICHUN SBIAECTCA YACHEHHE pOJIM U MecTa
LIEJICHAIIPaBICHHOE  OpraHU3ylollee BO3ZACHCTBHE YermoBeKa W OOIIeCTBa KaK OOBEKTOB YIPABICHUS.
rocyaapcTBa (depe3 CHCTEMYy €€ OpraHoB U Bcsikoe yIpaBjieHUE MPOSIBISAETCSA BO
JOJPKHOCTHBIX J'[I/IIl) Ha OGHIeCTBeHHLIe IMpOUECCHI, B3aI/IMOZ[eI7ICTBI/II/I Cy6’BeKTa nu O6T)eKTa yHpaBJC€HUA.
OTHOILLICHUSA u JCATCIIBHOCTH Jno;[eﬁ. B HTEeHCUBHOCTD HpHMOfI u 06paTHOﬁ CBA3U 3aBUCHUT
TrocyaapCTBEHHOM YIipaBJICHUN HCIOJIb3YIOTCA OT BHUAA U XapakKTepa cy61,eKTa u O6T)eKTa
pa3HoOOpa3HbIe MaTepHajbHbIE, (uHaHCOBBIE, ynpasiieHus. I1o 3ToMy KpUTEpUIO MOXKHO pa3jinyaTh

MHTEJUIEKTyalbHble M HH()OPMALMOHHBIE PECYPCHI.
[Ipouecc rocyaapcTBEHHOTO yNIPABICHHUSI COCTOUT M3
MHO>KECTBa yNPABICHUECKUX PEIUCHUI U IEHCTBUN U
paccmarpuBaercst Kak cucrema. Cucrema, 110
onpenenenuto A.B.IlukynbkuHa, - 3TO MHOKECTBO
3JIEMEHTOB, YacTeH, MOACUCTEM, KOTOpBIE 00pa3yIoT
LEJOCTHOCTD, SAMHCTBO [1].

A mo yrBepxaenuto H.W.I'masyHoBoi, «0Oe3
CBOMCTB CHCTEMHOCTH TOCYIIpaBJI€CHUE HC MOXKET
cocToiThCs. B HeM 3aieHCTBOBAaHO MHOXKECTBO
TOCYAApCTBEHHBIX  OPTaHOB M OOIIECTBEHHBIX
CTPYKTYp, OOJBIIOE YHCIO MOJDKHOCTHBIX JIHI[ H
WHBIX CIy)XallluX, MWIIMOHBI mofged. M Tombko
CHCTEMHOCTh MOJKET MPHUAATh T'OCYAApPCTBEHHOMY
YIPaBICHUIO  COTJIACOBAHHOCTh,  KOODPIHMHAIIHMIO,
cybopanHanuio, LENIeYCTPEMIICHHOCTb,
palUoOHATBHOCT, 3P (eKTHBHOCTDY [2].

CucteMHBII ~ XapakTep  TOCYJapCTBEHHOTO
YIIPaBJICHUS 3aKII0YaETCS B 00ECIICYCHUN €IMHCTBA
pacnopsAUTEIbHOTO (xomaHIHO-
aJMHUHUCTPATUBHOTO) M MapTHEPCKOIo (COIMalIbHO-
KOHCOJINMPOBAHHOTO) Hayail B MPaKTUKE
peryiupoBaHus COLMANbHBIX  OTHOLUEHUM 5
npoueccos [3].

W3 aHanm3a CymecTBYIOIIMX TOYEK 3PCHHS HA
CHCTEMY T'OCYAApCTBEHHOTO YIPaBICHUS CIEIyeT ee
OlpeZIe]IeHHe: 3TO ONPENAEJICHHAS COBOKYITHOCTb
MEepapXUUecKH CBS3aHHBIX MEXHy co00i OpraHos
MOJINTHYECKOM  BIACTH W YIpPABJIEHHUS,  BO
B3auMoOJIeficTBUI peaTn3yoNIx yIpaBiIeHHe
rocyapCTBeHHOU cepoil SKOHOMUKH U COIIMAITLHOM
JKU3HH M 00ECIeYMBAIONINX HCIOJTHEHHE 3aKOHOB,
KOHCTUTYHMOHHO YCTAHOBJICHHBIX IIpaB H CBO60Z[
rpakJIaH.

COBpeMeHHaﬂ KOHICHIUA roCy1apCTBEHHOT O
YIIpaBJIEHUS] KOHIEHTPHPYET BHUMaHHE Ha
MOJMTHYECKOM IUTIOpPAJIM3Me B Ipolecce HMPUHATHS
peLIeHNH, IeIernpoBaHny TOJIHOMOYHMH Ha HIKHUE
YPOBHH  yNpaBIEHYECKOHW  Mepapxuu,  Ooiee
cOanaHCHPOBaHHOM pacrpeneneHnn BJIACTH,
OTBETCTBEHHOCTU W MOAOTYCTHOCTH, PA3SBUTUHM U
pacliupeHuu TpaxKJaHCKoro ywactus. JlaHHad
KOHIICTIITNST TPEAyCMaTpHBAaeT JIICHTPAIU3AIHIO
YIOpaBIEHUS 3a CUET PACIIMPEHHUS MOJHOMOYMHA H
OTBETCTBEHHOCTH OpraHoOB MECTHOTO
CaMOYyTIpaBJICHHUS. OcHoBHast
3aj1a4a IPaBUTENILCTBA 3aKJI0YACTCS B TOM, YTOOBI
MPEI0CTaBUTh MECTHBIM COOOIIECTBAM BO3MOKHOCTD
CaMOCTOATENIbHO ~ pellaTb CBOM  HPOOJIEeMBl |
KOHTPOJIMPOBAaTh  KAaueCTBO  IPEAOCTABISIEMBIX
MyOJIMYHBIX YCIYT.

JEMOKPAaTUYECKUH M aBTOPUTApPHBIA  XapakTep
rOCyAapcTBEHHOTO ynpasineHus. Ecnu mpeobianator
TIpSAMBIE CBSI3U yTIpaBICHUSA (xomaHIHAS
nHpOpMaNHsA), a MEXaHU3M OOpaTHOW CBs3H cIabo
Pa3BUT WIM TPAKTUYECKH OJOKHUPOBAH, - MOXKHO
TOBOPHTh 00 aBTOpPHTapHOM ympasieHuu. Ecmm
MEXaHHM3M OOpaTHOW CBSI3M XOPOILO PAa3BHUT HAPSIY C
MPSIMOH, - MOYXHO TOBOPUTH O JEMOKPAaTHYECKOM
YIpaBJICHUH.

OmnbIT pehopM rocyTapCTBEHHOTO  yIIPABICHHUS
B €BPONEHCKUX CTpaHax IMOKa3bIBAET, YTO MPEIEIbI
JCICHTPAIN3alMd  OOYCIOBICHBI  CHEUUBUKON
OTHOIICHHH u MOTECHIINATIOM MECTHOTO
camoynpasineHus. IlomuTudeckas JeneHTpaTH3aIs
1 KOMMEpIuanu3anus myOnn4HbIX yCIyr B AHIJINH,
TIOBBIIIEHUE POJIM KOMMYH M IIOCTEIIEHHBIH HEepexon
K PBIHOYHBIM OTHOIIICHUSM B YIIpaBICHUH
l'epmannn,  agMuHHCTpaTHBHBIE  peQOpMBI U
AaKTHUBH3allUsd MCECTHBIX COO6IHeCTB BO (DpaHHI/II/I —
BCE OTH MPOLIECCHl OTPAXKAIOT TY MM MHYIO MOZENb
JELUeHTpaIN3allid, Ha KOTOpPBIE OPHUEHTUPYIOTCS
Jpyrue eBporeiickue cTpausl [4].

[To xapakTtepy B3aUMOOTHOIIEHHWH IEHTpa
(UeHTpalbHBIX OPraHOB BJIACTH) W  PETHOHOB
(opraHoB BIAaCTH HAIMOHAIBHO-TEPPUTOPHUATIBHBIX H
aJIMHHUCTPATUBHO-TEPPUTOPHAITBHBIX €/IMHHII)
pas3MyaT CyoOpaMHAIIMOHHOE W KOOPAMHAIIMOHHOE
yIIpaBJICHUE.

KoopaunannoHHOe ynpaBlieHHE peau3yeTcs B
dbopme deneparmu  wiau  KoH(emEpauM, Koraa

Hapsmy C CAUHbIMU L[eHTpaHI)HBIMI/I OpFaHaMI/I
BJIACTH CYIIECTBYIOT u nepudepuiiHbIe,
oOyanaromnye MOJIHOM HIIH YaCTUYHOM
CaMOCTOSITEILHOCTBIO.

CyOopAnHAIIMOHHOE YyIpaBlieHue Oaszupyercs
Ha aJMUHUCTPATUBHOM TIOJYMHECHUH Tepudepun
LEHTPY, BO3ICHCTBUM Ha HIDKECTOSIIUEC OPTaHBI
yIpaBJICHUS, IPUHYKICHAN K BBITOJHEHUIO KOMaH]I,
MOCTYMAIOMINX W3  BBIOICCTOSAININX  OPTraHOB
yIOpaBJIEHUSA, YTO XapaKTepPHO [UI1 YHUTapHBIX
rocyIapcTB.

Ilo KPUTEPHIO HCIIOJIb30BaHUs bopm
CcOOCTBEHHOCTH BBIJICIISIOT: PETHOHAIBHOE
(cyObekTHO-(penepanbHOe),  MYHUIUNAILHOE |
gacTHOe  (KopmopatuBHOE)  ympasieHwe. [lo
BO3JICHCTBUIO Ha YNPAaBISEMbI OOBEKT BBIIEISIFOT
orpacieBoe ((PYyHKIHOHAIBHOE) H TEPPUTOPHATBHOE
yIpaBJICHHUE.

OrtpacneBoe yIIpaBJICHUE MpeIoaraet
HAJIMYHE BEPTUKAIH COTIOTYMHEHHOCTH OT LIEHTPA 110
npeanpusaTass. OHO peanu3yeTcs 4epe3 OTPAacieBEIC
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MHHHCTEPCTBA, KOTOPBIC OCYIISCTBIIIOT CAUHYIO
TEXHUYECKYIO IIOJIMTUKY B OTPAciH, 00ECHEeYHBAIOT
HEeo0XO0IUMBbIe BHYTPHOTpPACIIECBEIC 7
MeKoTpacieBble mponopuud. Ilpm mepexoxe K
MOCTHHAYCTPUAILHOMY ~ Pa3BUTUIO  OTMEYaeTcs
CHIDKEHHUE POJI OTPACIICBOIO YIPABICHUS, TaK Kak
pasBuTHE BBICOKHX TEXHOJIOTUH Tpedyer
MEKOTpPACIJIEBOTO YIIPABJICHUS.

TeppuropuaibHOe YIpaBICHHE HAIPaBICHO Ha
palLoHAIBHOE pa3MernieHue MIPOU3BOACTBA,
yriyOleHne  CHelUanu3aldd M KOMIUICKCHOE
pa3BUTHE DPETHOHOB, BBIPABHHBAaHUE YPOBHEH HX
9KOHOMHYECKOTO M COLMAJIBHOTO pa3BuTusi. OHO
obecmeunBaeTcs pasrpaHIYeHIEM 00BeMOB
MOJIHOMOYHH MEXIY (enepanbHBIMH,
PETHOHAIBHBIMU U MECTHBIMHU OpraHaMU BJIACTH.

B 3aBucumoctH oOT MacmTaba BpPEMEHHBIX

paMok yIpaBJeHue MOJIpa3ieNsieTcs Ha
CTpaTernuecKkoe, TAKTHIEeCKOe 1 ONepaTHBHOE.
Cmpamezuueckoe ynpagnenue - OIPEAEISIET

JIONTOCPOYHYIO OPHEHTAIHIO TI0 BOTIPOCAM Pa3BUTHS
obmectBa B  IEIOM HIM 1O  OTACJIBHBIM
HanpaBJIeHUsIM, cepaM, 0O0BEKTaM, TEPPUTOPHUSM,
HaMe4aeT WEeNH, 3aJaqM, CTPATETHIO Pa3BHTHS
obmecTBa W 3aJaeT HaNpaBICHUE EATEIbHOCTH
Ka)XIOMY 3BEHY yIIpaBiICHNUS. OcHoBoit
CTpPaTEeruueckoro yIIpaBJICHUS SIBIISIOTCS
CTpaTeTHYeCKUe IUIaHBl, KOHIENIUU pPa3BUTHA MU
JIpyTrue IOKYMEHTBI, OTpPa)Kalollhe IIOCTAHOBKY H
METOBI TIOCTH)KEHUS TOITOCPOYHBIX IeJIeit.
Paznuyator crpateruu ompacnesvie: pazBUTHE

HaYKOEMKHX oTpacieH, UCTIONIb30BaHHE
pecypcocOeperaroniux TEXHOJIOTHIA;
@yHKyuoHabHbie: MOJIaBJICHHUE nHOIAIMN,
NPUBJICUCHUE WHBECTHLMH; oOwenonumuyeckue:
cTabuim3anmys, repecTpoiika, COIMAJIBHO-
OpPHEHTHPOBaHHAs MOJIUTHKA U JP.

Taxmuueckoe  ynpaénenue - KOHKPETHBIE

JIEUCTBUSI TIO peaM3allid HaMEUYEeHHBIX Ielieil. DTo
KpaTKOCPOYHOE YIpaBJIeHUE, TPU KOTOPOM Ha Oase
UMeroIIeicsT HHPOPMAIUK TTPOUCXOAUT MOCTOSIHHOE
CpaBHEHME TIOKa3aTeNell CTpaTeruvyeckoro IjaHa ¢
JIOCTUTHYTHIMH  PE3yJIbTaTaMU 32 OIpeJIeTICHHbIN
nepuod. VHorma mHpOUCXOOUT  KOPPEKTUPOBKA
HEKOTOPBIX IOKa3aTesied CTpaTernyeckoro IuiaHa,
MepecMaTPUBAIOTCA  KaKWe-THOO  [eNH,  eciH
BBISIBIICTCS JICHCTBUE paHee HEYITEHHBIX (PaKTOPOB.

OnepamusHoe ynpagnenue - NTPU3BAHO pelIaTh
TEeKylIe WM BO3HUKAIOIIME B  PE3yJIbTaTe
HEeXeJaTeNbHbIX OTKJIOHeHMM 3amaun. [Ipum stom
CTaBATCS KOHKPETHBIE, KOJIMYECTBEHHO M3MepseMble
OPUEHTHUPHI U UCTIONB3YETCSI CUTYAI[MOHHBIN TOIXO0,
Py KOTOPOM BBIOMpPAETCS TPUEMIIEMBIH BapUaHT
WCXOS M3 CIIOKUBIINXCSI YCIIOBUH.

Breiensifor Takxke Takoi crenupuYecKuil BU

SIBISIETCSI TPUHYIUTENBHBIM W BHEUIHMM, TaK Kak
OCYIIECTBIISIETCS OpPTaHAMH, BXO[IIIUMU B HHYIO
YeM NpEeNNpHUsITHE CUCTEMY, BKIIOYACT yNpPaBICHHUE
Yyepe3 apOUTPaKHBIX U KOHKYPCHBIX YIPaBIISIOIIUX,

a TaKKe YOPAaBISIOMUX MPeIIPUSTUIMHE-
JOJDKHUKAMHU 110 JI0TOBOPY MOIpsia.
Jis  coXpaHEHHsT KOHKYPEHTOCIOCOOHOCTH

MPEANPUATHH  WHOTJAa BBOIMTCS JIOBEPHUTEIHHOE
yIpaBJIeHUE, KOTOPOE MPENIoaraeT OTIeICHHEe
¢yHKUMH BrageHHs OT (QYHKOUA  yIpaBlIeHHS,
OCYILIECTBIISICTCS JIMIAMHU 110 JOTOBOPY C OpraHaMH
rOCYIapCTBEHHOT'O YIPaBICHUs, TPaHCHOPMUPYETCS

B npoecCHOHAIBHOE yIIpaBIICHUE yepes
CIICLMANbHBIX  ynpaBimsomux. OTHOWIEHHS ¢
rOCyIapcTBOM  CTPOSITCST HE  HA  BIACTHOM

MOAYMHEHNH, a HAa (HOPMATbHOM PaBEHCTBE CTOPOH
Ha OCHOBe jorosopa [5].

Takum 00pa3oMm, cHUCTeMa TOCYAapCTBEHHOTO
YIOpaBICHUsT BEChbMa OrPAaHWYCHA, €€ DIICMEHTHI
MHOTOMEPHBI, ~ MHOTOOOpa3Hbl,  CIOCOOHBI K
CaMOPa3BUTHIO, SBJIAIOTCS YaCThIO LIEJIOTO.

Conclusion

B 3aKJIIIOYCHHUHM MOXKHO CKa3aTb, 4YTO IIOHATHUA
FOCY,I[apCTBO nu 06H_[eCTBO B3aUMOCBSsI3aHBI. HOTOMy
YTO, COLMaIbHAs )KU3Hb JIFOAeH o0J1azaeT 06H11/IpH01‘/'1
CBOOOMOW © CaMOYIpaBJICHUWEM. OJTa TIpaHHIA
COLMAJILHOW CBOOOJBI OMPEICIACTCS COIMATbHBIMU
HHCTUTYTaMH u rocyJapCTBOM. To €CTb,
roCyIapCTBO MPHHUMAs 3aKOHBI BO BCeX cdepax
JKHN3HU n}oneﬁ OCHOBBIBACT MOpaJ'H)HI)Ie, HpaBOBLIe
HOpMLI 58 06GCH6‘II/IBaeT KOHTpOJ'IL Haa HHUMH. 3TO
COCTOSAHHUE, OLCHHUBACTCA KakK «paCl‘[pOCTpaHeHI/Ie
FOCY,I[apCTBeHHOFO praBJ‘ICHI/ISI B O6H.[€CTBG».
MexaHmM praBJICHI/ISI HE€ CBOAUTCA TOJIBKO K
HAa0Opy METONOB U pBIUAroB YIPaBICHYECKOTO

BO3JICHCTBUS Ha COILMATEHO-9KOHOMHIYECKHUE
MPOLIECCHI. YnpasneHueckoe BO3/IeiicTBHE
COCTaBISIET JIMIIb OJHY CTOPOHY MEXaHHU3Ma
ynpaBieHus. [7maBHOoe ke  COAEp)KaHHE  €ero

OIIPEEIIAETCS LENEBbIM IIPEIHA3HAYEHUEM CUCTEMBI,
HEJEeBbIMA (YHKIMSAMH KaXKJOro SJIEMEHTa U €ro
B3aUMOJICHCTBUAMH C  JIPYTUMH  3J€MEHTaMH
CUCTEMBI rocyJapCTBEHHOTO YIpaBJEHUsL.
OCHOBBIBasACh Ha TOCYIAPCTBEHHOE YIpaBJICHUE,
MOHATHE TOCYINpPaBJICHUS, HAa €ro COCTaBJSIOLIUE
3JIEMEHTBI, TOCYJapCTBEHHBIE OpPraHbl, Ha CBOMCTBA
TOCOPraHoB, Ha NPUHLMI pa3JeleHUs BJIACTU Kak
OpPTraHU3AIMOHHBII NPUHIMII OPraHU3alUd PabOTHI
TrOCYAApCTBEHHOI'O ammnapara 4 Ha JEHCTBUE 3TOr0
NPUHLNIA, & TakXke, Ha IUIOJAOTBOPHOE JIEHCTBUE
TOCYAApCTBEHHOTO yIIpaBIIeHUS, HYXHO
NOAYEPKHYTh, 4YTO TOCYJApCTBEHHOE YIPABJICHUE,
KaK TJIaBHBIH CYOBEKT COIHANTbHO-?KOHOMHYECKHX,
MOJIMTUYECKUX U JYXOBHBIX M3MEHEHHMH mporpecca

CUTYallUOHHOT'O YINPpaBJICHUA, KaK aHTUKPHU3UCHOC 06IlIeCTBa MCHSCTCs CTPYKTYpaJIbHO u
YIpaBJC€HUEC - BBOAUTCA IJid MNPCAYHNPECIKACHUA H (bYHKHI/IOHaHLHO.
MPOBEEHUS POLEAYPhl OaHKPOTCTBA MPEIIPHITHIA;
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