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Abstract

European mistletoe (Viscum album L. subsp. album) is increasingly abundant in coastal and urban habitats of
Europe, but quantitative data from dune-associated plantations remain limited. In this study, artificial poplar stands
within approximately 12 km? around Nessebar (Bulgaria) were surveyed. For each tree, diameter at breast height
(DBH) and number of mistletoe clusters were recorded. A total of 3,047 mistletoe individuals were counted, rang-
ing from 1 to 39 clusters per tree. The mean abundance was 2.6 clusters per tree overall and 5.2 per infested tree.
Populus x canadensis dominated the stands (95.8% of poplars) and was the only infested species, with 50.2% of
individuals carrying mistletoe. Infestation frequency and intensity increased with host size, showing moderate
positive correlations with DBH (Pearson r = 0.47; Spearman p = 0.52). A regression model explained 22% of the
variation, suggesting that other factors such as dispersal and microclimate also play a role. The population dis-
played an aggregated pattern, with most trees uninfested or lightly colonized, while a minority carried heavy par-
asite loads. These results provide a quantitative baseline for assessing mistletoe dynamics in vulnerable dune-

linked plantations.

Keywords: Plants, hosts, semiparasitism, dunes, Populus.

Introduction

The genus Viscum comprises approximately 100
obligate hemiparasitic plant species distributed mainly
in Africa, Asia, and Europe [13]. Among them, the Eu-
ropean mistletoe (Viscum album L.) is gaining increas-
ing importance in both natural and urbanized habitats
across Europe. The species has been recorded on more
than 384 host species, which accounts for its broad ge-
ographical and ecological range [14]. In Bulgaria, V.
album is represented by three subspecies: ssp. album,
ssp. abietis, and ssp. austriacum, the first of which par-
asitizes broadleaved trees and poses a serious threat to
their health condition [2].

Studies in Europe focusing on the quantitative
characteristics of V. album populations and their host
trees are relatively scarce and most often address the
health condition of infested trees. The study in Lodz,
Poland [8] recorded 2,147 mistletoe-infested trees
across 28 host taxa, with a strong preference for alien,
planted species such as Acer saccharinum, Populus *
canadensis, and Robinia pseudoacacia. Infection prev-
alence was higher in taller trees and in the city center,
suggesting that mistletoe dispersal and survival are in-
fluenced by tree size and urban environmental condi-
tions, particularly nitrogen input. In a survey of 956 ur-
ban trees in Kharkiv (Ukraine) by [11], mistletoe-in-
fested trees showed a significantly worse health index
(2.98 + 0.08) compared to non-infested trees (2.43 +

0.03), with the difference being statistically significant
(A =3.14; P> 0.999). A positive correlation was found
between mistletoe abundance and tree age (p = 0.36),
as well as between infestation severity and tree health
index (p = 0.23). In a study of 200 trees in Cannock
Chase (UK), a strong positive correlation was found be-
tween mistletoe density and crown defoliation, with
heavily infested trees losing over 70% of foliage. Tilia
cordata proved significantly more vulnerable than Acer
pseudoplatanus, while low soil moisture and high light
availability further exacerbated mistletoe-induced dam-
age [15].

The coastal dune complexes of the Bulgarian
Black Sea coast represent vulnerable and dynamic sys-
tems, including types such as embryo dunes, mobile
dunes, and fixed dunes [6], often covered with Populus,
Salix, Robinia, and other host tree species. This struc-
tural and biotic base makes dunes both potentially vul-
nerable and relevant for the study of V. album ssp. al-
bum. Several studies in Bulgaria identify poplars as the
main vector for the spread of European mistletoe, espe-
cially along the Black Sea coast, where in some areas
its populations reach significant sizes [1, 2, 4, 5].

The aim of the present study is to analyze the
quantitative parameters of the population, distribution,
and impact of European mistletoe (V. album L. ssp. al-
bum) in poplar stands in the region of Nessebar.
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Materials and methods

Obiject of study

The study focuses on artificial poplar plantations
in the area of the Nessebar dune complexes. The survey
area covers approximately 12 km? and includes parts of
compartments 561, 562, and 563 as defined in the cur-
rent Forest Management Plan (2019-2028) for the State

®
® Nesebar
® ®
@

@

= ®
Black Sea
@

Hunting Ground Nesebar, Regional Forest Directorate—
Burgas, where poplar (Populus sp.) and black locust
(Robinia pseudoacacia L.) plantations predominate
(Fig. 1). The prevailing age of the poplars in these
stands is 2040 years, with occasional older individuals
present.

N

A

D Sand dunes

D (Nesebar)

Urbanized zone

. Poplar plantations

Scale: 1:10000

Fig. 1. Map of distribution of the prevailing artificial plantations of poplars (green marks) in the study area
(based on data from the current Forest Management Plan (2019-2028) of the State Hunting Ground Nesebar,
Regional Forest Directorate Burgas

The climate of the area is strongly influenced by
the Black Sea and the Mediterranean, and is character-
ized by high humidity, relatively high mean air temper-
atures, and a greater number of sunny days. The soils
are Arenosols with their typical loamy-sand to sand tex-
ture, high contents of quartz sand and carbonates, and a
slightly alkaline to alkaline reaction [2]

Methodological approach

A census of all individuals of the genus Populus
was conducted within the study area, and the number
and species of trees infected with European mistletoe
(V. album ssp. album) were determined. In this study,
the name Canadian poplar (Populus x canadensis
Moench) is treated as a synonym of Euro-American
poplar (Populus * euramericana Guinier) following
[10]. Information on the taxonomy and biological char-
acteristics of Euro-American poplar cultivars follows
[3]. For each tree, the following variables were rec-
orded:

1. Tree diameter at breast height (DBH, cm) —
measured at 1.3 m above ground with a diameter tape.

2. Number of mistletoe individuals (clusters)
per tree — counted visually for the entire crown of each
tree.

Based on these measurements, several population
characteristics were derived:

e Population size and prevalence — total num-
ber of mistletoe clusters recorded in the sample, abso-
lute number of infected vs. non-infected trees, and the
proportion (%) of infected individuals.

e Population density — mean number of mistle-
toe clusters per tree (all trees) and mean number per in-
fected tree only.

¢ Distribution of infestation — frequency distri-
bution of mistletoe clusters per tree (histogram) to il-
lustrate the spread of infestation intensities across the
population.

e Structural (size-class analysis) — grouping of
host trees into diameter classes of 10 cm intervals (e.g.,
0-10, 10-20, 20-30 cm, etc.). For each class, the num-
ber of trees, number of infected trees, percentage of in-
fection, and mean mistletoe load were calculated. This
approach allows assessment of how infestation varies
with host size. Such grouping methods are commonly
used in ecology to study population structure and dy-
namics [9].

e Correlation and regression analysis — rela-
tionships between tree diameter and mistletoe abun-
dance were tested using:

o Pearson’s correlation coefficient (linear asso-
ciation).

o Spearman’s rank correlation coefficient (mon-
otonic association).

o Simple linear regression, modelling the num-
ber of mistletoe clusters per tree as a function of tree
diameter. The coefficient of determination (R?) was
used to evaluate the explanatory power of diameter.

e Population structure — boxplots and class-
based comparisons were used to assess the variation in
infestation intensity among trees of different diameter
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classes, highlighting the heterogeneity within the host
population.

For the statistical processing of the data, descrip-
tive statistics were applied — means, medians, modes,
minimum and maximum values, as well as relative pro-
portions of infected trees. Such indicators are standard
in studies of biological and ecological populations [16].
To evaluate the relationship between tree diameter
(DBH) and the number of mistletoe (Viscum album)
clusters, Pearson’s correlation coefficient (for linear as-
sociation) and Spearman’s rank correlation coefficient
(for monotonic association) were calculated. These
methods are widely applied in ecological data analysis
when assessing the strength and direction of relation-
ships between quantitative or ordinal variables [12].
For a more detailed modelling of the relationship, a
simple linear regression was fitted, considering the
number of mistletoe clusters per tree as the dependent
variable and tree diameter as the independent variable.
The explanatory power of diameter on mistletoe abun-
dance was evaluated using the coefficient of determi-
nation (R?), which is a standard approach in biostatis-
tics [7]. For structural analysis, trees were grouped into
diameter classes (10 cm intervals). For each class, the
infection frequency (percentage of infected trees),
mean number of mistletoe clusters per infected tree, and
the total number of clusters were calculated. This meth-
odology provides a comprehensive characterisation of

e -/
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Fig. 2. Canadian poplar plantations in sa

mistletoe population parameters, combining descrip-
tive statistics with structural and relational analyses. It
allows for both quantification of infestation levels and
evaluation of the factors influencing the spread of Vis-
cum album.

Results

The population of European mistletoe parasitizing
poplars in the studied area consists of 3,047 individu-
als. The number of mistletoe clusters per tree ranges
from 1 to 39. The mean abundance across all host trees
is 2.6 clusters per tree, which, given the bio-ecological
characteristics of the species, may be considered as the
population density. When only infested trees are con-
sidered, the mean number rises to 5.2 clusters per tree.
The median number of clusters per tree is 10, while the
mode (the most frequent value) is 0. The spatial extent
of the mistletoe population coincides with the study
area of 12 km?.

The diameter of host trees ranged from 10 to 76
cm, with a mean of 24.1 cm and a median of 21 cm.
The proportion of trees infested with mistletoe was as
follows: 49.8% uninfested, 34.0% with 1-5 clusters,
and 6.6% with more than 10 clusters. Among all rep-
resentatives of the genus Populus in the area, 95.8%
belong to Populus x canadensis Moench (cultivars
‘Regenerata’ and ‘Bachelieri’) (Fig. 2).

S o AP s

mple plots with medium to high levels of European mistletoe infestation

(photo P. Glogov)

The distribution of the remaining Populus species
is as follows: 3.9% white poplar (Populus alba L.);
0.3% Lombardy poplar Populus pyramidalis Rozier
(syn. Populus nigra f. italica, Populus nigra subsp. py-
ramidalis Celak). From the distribution of species by

the percentage of individuals infested with mistletoe
(Table 1), it is evident that infestation was recorded
only in Canadian poplar.

Table 1.

Quantitative distribution of Viscum album individuals among host tree species

. Total number of
Tree species

Percentage of trees infested by

Total number of mistletoe individ-

trees mistletoe (%) uals (clusters)
Populus *x canadensis 1158 50,2 3047
Populus alba 47 0 0
Populus pyramidalis 4 0 0




Slovak international scientific journal # 99, (2025)

Half of the trees in the stands were infected with
mistletoe, with the number of clusters varying consid-
erably (from 1 to 39) (Table 2). With increasing diam-
eter, both the proportion of infested trees and the mean
number of mistletoes increased — for example, in the
10-20 cm class about 38% were infested, whereas in

the 40-50 cm class the proportion reached 77%. This is
a characteristic feature of Viscum album populations:
infection accumulates with the age and size of trees.
Despite this clear trend, the regression model indicates
that additional factors (spatial distribution, bird dispers-
ers, microclimate) also influence the variation.

Table 2.
Quantitative distribution of mistletoe clusters in relation to host tree diameter classes
Number of in- | Share (%) of Mean num- | Mean number Total num-
. Number of ; ber of clus- | of clusters per
Diameter class fested host infested host g ber of clus-
host trees ters per all infested host
trees trees ters
host trees trees
0-10 cm 1 1 100.0 2.0 2.0 2
10-20 cm 426 161 37.8 0.86 2.27 366
20-30cm 453 233 51.4 2.59 5.04 1174
30-40 cm 207 132 63.8 4.67 7.32 966
40-50 cm 64 49 76.6 7.36 9.61 471
50-60 cm 7 6 85.7 9.71 11.33 68
60-70 cm 1 0 0.0 0.0 - 0

The histogram of mistletoe abundance per tree re-
veals (Fig 3) that the largest proportion of host trees
carry between 0 and 5 mistletoe clusters. With increas-
ing infestation levels, the frequency of trees gradually
declines, indicating that higher numbers of clusters per
tree are progressively less common. Nevertheless, a
few extreme cases were recorded, with individual trees
hosting more than 30 clusters, demonstrating that heavy

T00 |
600 |
500
400}

300}

Number of trees

200F

100 +

infestation, although rare, does occur. Overall, the pop-
ulation of Viscum album displays a mosaic distribution:
the majority of trees are either uninfected or only lightly
infested, whereas a relatively small proportion is heav-
ily colonized. This pattern is typical for parasitic plants,
where spread and establishment are largely governed
by stochastic processes such as seed dispersal by birds.

o 5 12 15

20 25 30 35 40

Number of clusters per tree

Fig. 3. Histogram showing the distribution of mistletoe clusters across host trees

The relationship between tree diameter and mis-
tletoe abundance (Fig 4) shows a clear positive trend:
as diameter increases, the number of mistletoe clusters
also tends to rise. Although the data points are scat-
tered, the overall upward slope of the regression line is
evident. Larger trees may host several dozen clusters,
while smaller individuals rarely carry more than a few.
This pattern highlights tree size as a key factor influ-

encing infestation intensity. Both the likelihood of mis-
tletoe presence and the number of clusters increase with
tree age and size. Nevertheless, the coefficient of deter-
mination (R? = 0.22) indicates that tree diameter alone
explains only part of the variation, suggesting that ad-
ditional factors such as stand location, bird disperser
activity, and microclimatic conditions also play im-
portant roles.
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Fig. 4. Relationship between host tree diameter and the quantitative occurrence of Viscum album

The distribution of mistletoe abundance across di-
ameter classes (Fig. 5) demonstrates a clear size-related
pattern. In each successive class, both the median num-
ber of clusters and the degree of variation increase with
tree diameter. Small trees (diameter 10-20 cm) show
consistently low and relatively uniform infestation lev-
els, whereas in the 40-50 cm class and above, the vari-
ability becomes much greater. Among the larger diam-

40
35
30
25

20

o
[
15 %

Number of clusters

eter classes, extreme values (“outliers”) are also pre-
sent, with some individual trees carrying disproportion-
ately high numbers of clusters.

These findings suggest that mistletoe accumula-
tion over time results in increasing variability within
the population. Older trees include both moderately and
heavily infested individuals, indicating differences in
susceptibility among hosts, as well as the likely influ-
ence of local site conditions and spatial factors.

Diameter class

Fig. 5. Boxplot showing the distribution of mistletoe clusters by host tree diameter classes

The statistical analysis of the relationship between
tree diameter and mistletoe infestation was carried out
using three complementary approaches. Pearson’s cor-
relation coefficient (r = 0.47) indicates the strength of
a linear relationship between tree diameter at breast
height (DBH) and the number of mistletoe clusters. The
obtained value (r = 0.47) reflects a moderately positive
association, meaning that larger trees tend to host more
mistletoe. However, since the coefficient is not close to
1, the relationship is far from perfect and additional fac-
tors clearly contribute to the variation. Spearman’s

rank correlation (p = 0.52) captures monotonic rather
than strictly linear relationships. The slightly higher
value compared to Pearson’s coefficient suggests that
the general tendency—Ilarger trees carrying more mis-
tletoe—is more robust when examined in terms of
ranked values. In practice, smaller trees usually bear
few or no clusters, whereas larger trees more frequently
support higher numbers of mistletoe. A simple linear
regression quantified the relationship between DBH
(independent variable) and the number of mistletoe
clusters (dependent variable). The model (y = 0.13,
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DBH - 0.49) indicates that each additional centimeter
of tree diameter is associated with an average increase
of 0.13 clusters. While this increment appears small, it
scales considerably: for example, a tree 70 cm larger in
diameter than another is expected to carry approxi-
mately nine more clusters.

Discussion

The present study provides a comprehensive quan-
titative characterization of Viscum album subsp. album
populations in coastal poplar stands of the Nessebar re-
gion. The total number of recorded mistletoe individu-
als exceeded 3,000, distributed across more than half of
the surveyed trees. Such a high proportion of infesta-
tion demonstrates the strong capacity of mistletoe to es-
tablish and spread in artificially created stands domi-
nated by Populus * canadensis. The mean population
density of 2.6 clusters per tree (5.2 clusters per infested
tree) indicates that mistletoe is not evenly distributed,
but rather occurs in concentrated foci of infestation,
consistent with the mosaic patterns typically reported
for hemiparasitic plants.

The frequency analysis confirmed that the major-
ity of trees were either uninfested or carried only a few
clusters, while a smaller fraction of the population sus-
tained high levels of infestation, with extreme cases ex-
ceeding 30 clusters per tree. This strongly skewed dis-
tribution reflects the role of stochastic factors such as
seed deposition by birds, combined with local site con-
ditions, in shaping population structure.

The increased infestation rate of Populus x cana-
densis by European mistletoe confirms the findings of
[2], who reported that non-native poplar species in the
study region are more frequently attacked by this hem-
iparasite. This can be attributed both to the widespread
cultivation of hybrid poplars and to the removal of
many mature individuals of Populus alba at the end of
the 20th and the beginning of the 21st century, which
had previously served as an important vector for mis-
tletoe spread among native poplars in the area. A favor-
able factor for the development of poplar plantations is
the slightly alkaline soil reaction combined with the
light mechanical composition of the soils. At the same
time, increased carbonate content in certain areas, as
well as soil compaction leading to reduced aeration,
may contribute to the deterioration of the overall con-
dition of the stands or of individual trees. The absence
of mistletoe on Lombardy poplar is consistent with the
generally rare infestations of this species reported else-
where [8]. The established direct relationship between
tree diameter (age), the number of mistletoe individuals
of host trees has also been observed in other tree species
[15]. No significant difference in the level of infestation
(number of mistletoe individuals) was found between
the two Populus x canadensis cultivars, ‘Regenerata’
and ‘Bachelieri’, during the study.

Conclusions

The quantitative assessment revealed that mistle-
toe is a widespread and abundant parasite in the poplar
stands of Nessebar, with more than 50% of trees in-
fested and a total population exceeding 3,000 individu-
als within 12 km? Infestation is highly aggregated:
most trees remain uninfested or lightly colonized, while
a smaller fraction hosts heavy parasite loads. Such a

distribution is characteristic of hemiparasitic plants and
reflects the combined influence of bird-mediated dis-
persal and site-specific conditions.

The almost exclusive dependence on Populus
canadensis as a host highlights both the ecological vul-
nerability of plantations dominated by this hybrid and
the role of species composition in shaping parasite pop-
ulations.

At this stage, no difference in the degree of mis-
tletoe infestation has been established between the two
cultivars ‘Regenerata’ and ‘Bachelieri’. A positive re-
lationship between stem diameter and the number of V.
album individuals was confirmed. Further research is
needed to assess the potential significance of variations
in soil pH, carbonate content, and soil texture, and their
relationship with the quantitative occurrence of mistle-
toe in the plantations.

Overall, the study demonstrates that quantitative
parameters—population size, density, and frequency
distribution—are essential for understanding the popu-
lation ecology of V. album and for developing effective
monitoring and management approaches in vulnerable
dune habitats.
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The article highlights the results of a study of the ecological and biological characteristics of pathogens of
winter hybrid rye mycoses in the forest-steppe zone of Ukraine. It has been established that the dominant diseases
are brown leaf and stem rust, leaf septoria, powdery mildew, and a complex of root rot. Snow mold, fusarium head
blight, and smut are less widespread, but in years with high humidity, they can significantly reduce grain yield and
quality. It has been shown that the development of pathogens is determined by a combination of their biological
properties, varietal characteristics of hybrids, and climatic factors. The results obtained provide a scientific basis
for improving the integrated crop protection system aimed at reducing the infection load and ensuring stable yield

formation.

Keywords: winter rye hybrid, mycoses, rust, septoria, powdery mildew, root rot, fusarium, smut.

Introduction. In recent years, hybrid winter
wheat has been gaining ground in Ukraine's crop struc-
ture thanks to its high winter hardiness, undemanding
soil and climate requirements, and growing demand for
grain for food, feed, and bioenergy purposes. Hybrid
forms demonstrate a significant heterosis effect — in-
creased yield, uniformity and quality of grain, as well
as stability under various growing conditions. At the
same time, the intensification of technologies, densifi-
cation of crops, and shifting of sowing dates, combined
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Features of hybrid rye: higher stem density, mod-
ified leaf architecture, accelerated initial growth, and
other phenodynamics that can modify the microclimate
of crops (leaf surface moisture, wetting duration, aera-
tion), which directly affects the intensity of primary and
secondary infection by pathogens. At the same time, the

in the forest—stepe zone o

with climatic fluctuations in the forest-steppe zone of
Ukraine, create conditions for an increase in the inci-
dence of fungal diseases (mycoses) in crops [1, 2]. This
necessitates a thorough study of the ecological and bi-
ological characteristics of mycosis pathogens in the
context of hybrid rye, which may differ in plant phenol-
ogy and response to the infectious background from va-
rietal populations (Fig. 1).

3 ) “]
) iy, L.
) ':_—-Amr" 4

kraie, 2025 (origial photo) N

4 1
i, i

system of maintaining hybridity (using cytoplasmic
male sterility or genetically determined fertility con-
trol) indirectly affects the structure of genetic resistance
to diseases and the possible variability of plant re-
sponses to different pathogen pathotypes. In view of
this, it is extremely important to generalize and deepen
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knowledge about the biology of pathogens in specific
ecological niches of the Forest-Steppe, their infectious
potential, development cycles, overwintering and
spread routes, as well as the factors that determine their
harmfulness [3, 4, 5].

Thus, the relevance of this article is determined by
the need for a comprehensive analysis of the ecological
and biological characteristics of the pathogens of win-
ter hybrid rye mycoses in the Forest-Steppe zone of
Ukraine for the scientific justification of an integrated
crop protection system, improvement of monitoring
and forecasting of disease development, optimization
of technological solutions, and minimization of losses
in yield and grain quality.

The aim of the study is to identify the composition
of dominant pathogens, describe their life cycles and
critical periods of infection in the Forest-Steppe, estab-
lish the ecological determinants of disease intensity,
and assess the role of biological and agrotechnical fac-
tors in the formation of the infectious background of
hybrid crops.

Material and Methods. The aim of the research
was to identify common diseases of winter rye and de-
termine the species composition of their pathogens in
the agrocenoses of the Forest-Steppe for further im-
provement of the comprehensive system of crop protec-
tion against pathogens.

In order to assess the impact of pathogens on the
productivity of winter rye at the Levor Farm
(Berdychevsky District, Zhytomyr Region), a long-
term study was launched in 2024. It involves studying
the characteristics of plant growth and development,
adaptive properties, competitiveness, as well as the for-
mation of yield and grain quality in modern varieties
and hybrids of rye under organic and traditional pro-
duction conditions.

Monitoring of the development of fungal disease
pathogens was carried out at agricultural enterprises of
various forms of ownership in the Zhytomyr, Kyiv, and
Vinnytsia regions.

Disease monitoring in crops was carried out in ac-
cordance with generally accepted methods of phyto-
pathological research [14], which included: systematic
visual inspections of crops at key stages of organogen-
esis (sprouting, tillering, stem elongation, heading,
grain filling); records on permanent plots (5x10 m) and
selection of plant samples for further laboratory analy-
sis; determination of disease development according to
recording scales.

The climate of the Ukrainian forest-steppe is char-
acterized by a temperate continental regime with mild
but unstable winters, frequent thaws and periods with-
out snow, sufficient but unevenly distributed moisture
(especially in spring and summer), as well as signifi-
cant fluctuations in temperature and precipitation. Such
conditions significantly affect the epidemiology of key
rye mycoses: prolonged exposure of plants to wet snow
cover or overwintering with temperature changes pro-
motes the development of snow mold (Microdochium
nivale), while warm and humid springs intensify the de-
velopment of powdery mildew (Blumeria graminis f.
sp. secalis), rust diseases (Puccinia spp.), leaf spots
(Drechslera spp., Septoria/Stagonospora spp.), while

wet periods during the flowering and filling phases cre-
ate conditions for fusarium wilt (Fusarium spp.) with
the associated risks of grain contamination with myco-
toxins. The soils of the experimental plots are typical
chernozems.

The results obtained were subjected to mathemat-
ical and statistical processing using methods of vari-
ance and correlation analysis. The reliability of differ-
ences was assessed using Student's criterion (p < 0.05).

Results. The most dangerous fungal diseases for
winter rye include: rust (leaf and stem) as powerful de-
foliants and reducers of photosynthetic activity; pow-
dery mildew as an early spring and spring-summer fac-
tor of assimilation surface suppression; leaf spots of
various etiologies as a chronic factor of premature ag-
ing; snow mold as a critical risk of overwintering and
thinning of crops; root and ear fusariosis as a cause of
lodging, reduction in 1000-grain weight, and toxicolog-
ical risks. For each group of pathogens, it is important
to identify the optimum temperature and humidity,
sources of inoculum (seeds, plant debris, soil, wild ce-
reals), infection mechanisms (through stomata, me-
chanical damage, direct penetration), survival strate-
gies (chlamydospores, sclerotia, urediniospores, etc.)
and factors determining the dynamics of epiphytotics.

The situation is complicated by changes in the
phytosanitary status of phytocenoses under the influ-
ence of climate change: the lengthening of the growing
season, the increase in the frequency of warm and wet
springs, and more frequent extreme weather events
(from prolonged droughts to torrential rains) contribute
to shifts in the phenology of pathogens, the emergence
of new races and pathotypes, and changes in the pro-
portion of individual diseases in the overall phytosani-
tary pressure.

Despite numerous studies of cereal mycoses, this
issue has not been sufficiently studied for hybrid rye in
the forest-steppe zone of Ukraine.

Based on a review of the literature and our field
and laboratory (phytological examination of crop
seeds) studies conducted in 2024-2025, it was estab-
lished that hybrid winter rye is affected by a number of
disease pathogens, the most dominant of which are
fungi.

It should be noted that diseases whose pathogens
affect rye plants in the early stages of development in-
clude root rot, in particular common fusarium, ophi-
obolum, and cercosporium; in early spring — snow mold
and sclerotinia; in the period from germination to milk
ripeness of the grain — powdery mildew, septoria; in the
phenophase of tubing—milk-waxy ripeness of the grain
— brown, stem, and yellow rust; during the flowering
period-milky-waxy ripeness of grain — fusarium head
blight, alternaria, helminthosporiosis, loose and smut,
olive mold, black spot and basal bacteriosis [8].

Our research data show that the most common dis-
eases in winter rye hybrid crops in the Forest-Steppe
zone are brown leaf rust, leaf septoria, powdery mil-
dew, and root rot. Snow mold, fusarium head blight,
and smut have developed insignificantly in crop agro-
cenoses. One of the most harmful diseases of winter rye
is brown leaf rust (Puccinia recondite Dietel & Holw.)
(Fig. 2). Compared to other mycoses, its pathogen is



12

Slovak international scientific journal # 99, (2025)

able to adapt to various external conditions and form
aggressive races characterized by high resistance of
spores to high temperatures and relative air humidity.

Figure 2. Puccinia recondite Dietel & Holw.

This disease appears earlier than others and
quickly reaches an advanced stage. The pathogen's ure-
diniomycelium is frost-resistant and can overwinter on
winter crops and wild grasses that have been infected
since autumn. Brown rust appears on the leaves and
sheaths, initially in the form of reddish-brown pustules
(uredopustules), and later as black ‘pﬂjles with a

glossy sheen (telopustules). They are usually located on
the upper side of the leaves, less often on the lower side,
and never merge into a solid spot, which distinguishes
them from stem rust. Chlorotic and necrotic spots may
form around the uredospores [6, 8, 9].

Linear or stem rust (Puccinia graminis Pers. f. sp.
secalis Erikss. Et Henn.) is no less harmful (Fig. 3).

Figure 3. Puccinia graminis Pers. f. sp. secalis Erikss. Et Henn.

It affects leaves, sheaths, stems, awns, and spikelet
scales, on which rusty-brown powdery pads initially
form, merging into elongated lines of urediniopustules.
At the end of the growing season, black convex telia
appear in the places where uredinia form and next to
them, which also merge into continuous lines. More
than 300 physiological races have been identified in the
stem rust pathogen.

The sources of infection are affected cereal resi-
dues (teliospores), affected crops of winter rye and
other cultivated and wild cereals (urediogrybnytsia in

living plant tissue). The harmfulness of the disease lies
in the disruption of the water balance when the disease
is severely developed. Yield losses can reach 60—70%.
[8, 10]

Among leaf spots, the most common disease of
hybrid winter rye is septoria, which can affect plants
throughout the growing season, but causes the most
damage during the stem elongation-ear emergence
phase (Septoria tritici Desm.) or ear emergence-flow-
ering phase (Stagonospora nodorum (Berk.) E. Castell.
& Germano) (Fig. 4).
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Figure 4. Septoria tritici Desm.

On leaves, the disease manifests itself in the form
of irregularly shaped spots of various colors (light, light
brown, yellow, brown) that grow and merge, causing
the leaves to gradually lose their green color and dry
out. Later, the affected parts become lighter in color,
and small black pycnidia appear in the center of these
spots. The nodes on the stem are affected, as are the
scales on the green ear. It should be noted that the de-
velopment of the disease intensifies when plants are in-
jured, stressed, burned, etc. The harmfulness of septoria
lies in the reduction of the assimilation surface of the
leaves, their premature drying, early infection reduces

the number of grains in the ear, stem brittleness, under-
development of the ear, premature ripening of the grain,
and a decrease in grain quality, which leads to crop
losses of more than 40%. Intensive infection and devel-
opment of the disease are facilitated by prolonged wet
and warm windy weather, dense crops, excessive doses
of nitrogen fertilizers, infected post-harvest residues,
etc. [8, 11]

Annual crop losses are also observed from the in-
fection of winter rye crops with powdery mildew (Blu-
meria graminis (DC.) f. sp. Tritici Speer.) [8] (Fig. 5).

Figure 5. Blumeria graminis (DC.) f. sp. Tritici Speer.

The disease develops intensively starting from the
second half of May to early June. The pathogen affects
leaves, leaf sheaths, and stems, and in years of severe
disease development, it affects spikelets and awns. It
manifests itself as a white cobweb-like coating. Gradu-
ally, the coating turns gray and brown. Sources of in-
fection are plant debris, wild grasses, and winter crop
seedlings.

During the epiphytotic development of powdery
mildew, the entire leaf surface is affected, which dies
prematurely, disrupting plant nutrition and, as a result,
reducing plant productivity by up to 50%, which causes
significant crop losses [12].

In the forest-steppe zone of Ukraine, winter hybrid
rye is most often affected by common (Bipolaris soro-
kiniana (Sacc.) Shoemaker), fusarium (caused by fungi
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of the genus Fusarium Link.), cercosporella (Cerco-
sporella herpotrichoides Fron.) and ophiobolous (Oph-
iobolus graminis Sacc.) root rot (Fig. 6).

‘ Fi'gure 6. Root rot of winter'hybrid rye

Common to all types of root rot pathogens is their
connection to the soil, widespread distribution, ability
to switch from saprophytic to parasitic nutrition, and
lack of clear specialization in host plant infection [13].

Root rot develops throughout the growing season:
in autumn during the sprouting-tillering phase, in
spring after wintering during the tillering phase, flow-
ering, or at the beginning of milk ripeness and when the
grain ripens. It affects the root system, underground in-
ternodes, the base, and lower internodes of the stem.
The main symptoms are browning and deformation of
seedlings, the formation of brown stripes and spots on
the leaves, the death of productive stems, white ears,
empty ears, underdeveloped ears, and shriveled grains.
In some years, in crop rotations with a high saturation
of grain crops, grain losses from plant damage by root
rot pathogens can exceed 30%.

It should be noted that, along with the most com-
mon diseases of winter rye in crop agrocenoses, there
were others whose development did not exceed eco-
nomic thresholds of harmfulness: snow mold, fusarium
head blight, and smut.

The causative agent of snow mold is the fungus
Fusarium nivale (Fr.) Ces. [8, 12]. The disease mani-
fests itself in the spring, as soon as the snow melts, in
the form of a cobweb-like gray or whitish coating with
a pink tint. The disease is also known as winter rye
blight, accompanied by partial or complete plant death.
Crop damage by mold fungi occurs as a result of early
snowfall on unfrozen soil, heavy snow cover, and tem-
peratures close to zero under the snow, especially dur-
ing late spring snowmelt.

It should be noted that worldwide, fusarium head
blight is one of the most dangerous diseases of cereals.
The causative agents of the disease are imperfect fungi
of the genus Fusarium Link [8, 11]. The disease devel-
ops intensively under conditions of high humidity and
low air temperatures in the second half of the growing
season. At first, the ear acquires a pale pink hue, and
then a coating of the same color forms on the scales,
which gradually covers almost the entire surface of the
ear. Fusarium head blight is easy to diagnose, since a
healthy ear retains its green color, while an infected one

turns white. In wet and warm weather, small dark blue
perithecia appear on the affected spikelets.

Along with crop losses caused by a decrease in
field germination of seeds, a decrease in the number of
grains in the ear, and a decrease in the weight of a thou-
sand grains, fusarium can impair the baking or brewing
qualities of the grain and also form dangerous myco-
toxins in the harvested crop.

Ergot has also been found in rye crops. The caus-
ative agent of the disease is the sac fungus Claviceps
purpurea Tub. [6, 8]. In infected flowers, the fungus
mycelium grows, fills the ovary, and gradually turns
into a black horn — a sclerotium ranging in size from 1
to 3 cm. Subsequently, fairly large purple sclerotia ap-
pear on the ear, forming instead of the grain and pro-
truding beyond the spikelet scales. Ergot reduces the
rye yield, and flour obtained from grain with an ergot
content of more than 0.5% is unsuitable for baking
bread and feeding livestock. The main source of infec-
tion of crops is sclerotia that overwinter in the soil and
are contained in the seed material. Wild cereals contrib-
ute to the spread of ergot.

Thus, fungal diseases are dominant in hybrid win-
ter rye agrocenoses. Their intensive development is due
to the biological characteristics of the pathogens, vari-
etal characteristics, and hydrothermal conditions of the
surrounding natural environment during the vegetation
period of plants. Therefore, to limit the development
and harmfulness of pathogens, it is necessary to re-
search and improve effective elements of a comprehen-
sive crop protection system

Conclusion. As a result of field and laboratory
studies conducted in the Forest-Steppe zone of Ukraine,
it has been established that fungal diseases play a lead-
ing role in reducing productivity in winter rye hybrid
agrocenoses. The most common among them are leaf
and stem rust, septoria, powdery mildew, and a com-
plex of root rot. These pathogens exhibit high ecologi-
cal plasticity, are capable of forming numerous races,
and adapt to changing hydrothermal conditions.

Snow mold, fusarium head blight, and ergot are
less prevalent, but in years with high humidity and pro-
longed thaws, they can cause significant crop losses



Slovak international scientific journal # 99, (2025)

15

and deterioration in quality. Contamination of grain
with mycotoxins when crops are affected by fusarium
is particularly dangerous.

The development and harmfulness of mycoses are
determined by a combination of the biological proper-
ties of pathogens, the morpho-biological characteristics
of rye hybrids, and the influence of hydrothermal fac-
tors. The identified patterns indicate the need to im-
prove the integrated crop protection system based on a
combination of breeding, genetic, agrotechnical, bio-
logical, and chemical measures, which will reduce the
infection load, minimize the risks of epiphytotics, and
ensure stable yield and grain quality.
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Abstract

The paper analyzes the features of effective methods for processing and transmitting data over infocommu-
nication networks and the possibilities of improving the quality of data by using modern algorithms and restrictions
on the basic duration of the code element used as the basis for constructing timer signal structures. The possibilities
of increasing the channel performance by reducing the energy distance between timer signal structures, where the
information parameter is time, are investigated. The disadvantages of classical coding methods with redundant
codes are determined and the algorithms for generating signal structures of traditional noise-immune positional
codes are analyzed. At the same time, positional coding is inferior in such important data transmission parameters
as information capacity and entropy. In addition, the results of calculating the quality indicators of data transmis-
sion are significantly affected by the language used in the transmitted text information or the volume of the ana-
lyzed text, and it is proposed to use a certain/adapted type of coding for the transmitted data. A comparative anal-
ysis and assessment of the influence of the studied parameters on the quality of data transmission are carried out.
Practical confirmation of the correctness of the results obtained is achieved by simulating a virtual transmission

system with different coding principles on a software model.
Keywords: data processing algorithms, Nyquist element, information segment, signal code construction,
Hamming code, positional code, information element, noise immunity.

I. INTRODUCTION

The main problem of further development of info-
communication systems is creation and provision of
differential services (QoS - Quality of Service) with the
corresponding quality of service (SLA - Service Level
Agreement). At the same time, the main tasks of the
differential service quality assurance system are to in-
crease the speed of information transfer and maintain
high reliability of information reception. The solution
of such problems is achieved by increasing the effi-
ciency of the transmission system and using error-cor-
recting coding [1]. To increase the efficiency of the
transmission system, it is proposed to use multi-level
timer signals, which allow to significantly increase the
speed of information transfer [2-3], and the increase in
the fidelity of information reception is achieved by us-
ing error-correcting coding in information transmission
systems [4-6]. Thus, the use of these two methods al-
lows to build effective infocommunication systems.

The disadvantages of traditional approaches to
building telephone networks are low efficiency and the
ability to transport all types of information using pas-
sive optical networks. At the same time, providing ac-
cess to transport networks is a key issue for most tele-
communications operators. One of the main problems
is the task of effectively using the transmission medium
capacity and increasing spectral efficiency in the pro-
cess of developing modern telecommunications net-
works. This problem is solved using overlay networks

based on multiple access with code and time division
of channels, which uses CDMA and TDMA technolo-
gies and makes it possible to theoretically use the allo-
cated frequency band twice as efficiently [3].

In the known works, the main attention is paid to
positional coding based on noise-resistant (redundant)
codes and the use of multi-level timer signal structures
allows to increase the information transfer rate in com-
parison with positional coding. However, no compari-
sons have been made between positional and timer cod-
ing based on the entropy assessment of code words and
the information capacity of the Nyquist element [6].
Certain works [3-8] are devoted to the development of
efficient algorithms for the formation of noise-resistant
codes and methods for their decoding. An analysis of
these works, as well as research in the field of data
transmission and reception, have shown that high noise
immunity of signal reception is achieved with a large
length of code combinations. Based on the conducted
research, algorithms for constructing efficient timer
code structures [6-8] were proposed, which were used
in the development of timer code structures of long
codes having a certain code rate, as well as the maxi-
mum possible code distance between the nearest code
combinations and, with an increase in the length of the
code structure, the proportion of correctable errors. Ac-
cording to classical theory, such codes allow achieving
high fidelity of message reception by increasing the
code length without increasing the transmitter output
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power. The structure of the error-correcting code must
be regular for the implementation of the algorithms for
encoding messages and decoding the received code
structures. The regularity of the code structure implies
that the algorithm for generating code structures corre-
sponding to the information sequences of symbols ar-
riving at the encoder input corresponds to certain math-
ematical rules and must be simple enough.

It is known [6-8] that for modern transmission sys-
tems, information is contained in the information pa-
rameter on a fixed interval of the Nyquist element. The
throughput is increased by increasing the number of
states of the information parameter on this interval: the
number of different amplitudes, phases, and oscillation
frequencies. In turn, the peculiarity of positional encod-
ing is that the number of symbols transmitted over the
channel, presented in binary form in the form of infor-
mation segments with durations multiple of the Nyquist
element, corresponds to the number of consecutively
transmitted ones or zeros in the number [6-8].

Il. Principles of construction and implemen-
tation of algorithms of positional codes for pro-
cessing digital data
2.1. Basic principles of construction of posi-

tional codes

Positional coding is understood as [8] the repre-
sentation of the number N through the weight coeffi-
cients of the number system corresponding to the alpha-
bet of the channel "a":

N =d,a"+ -+ d,a® + d,a* + dya®, (1)
d=0;1;..(a—1).

where a — is the number of states of the infor-
mation parameter.

It can be noted that with an increase in the code
distance "d" the number of digits in the representation
of the same number (1) decreases.

The amount of information in positional code
words (H) is determined by the number of information
elements in them. If the code is simple [8], i.e. all
N,,, code words are used, then

H = log,N,, = log,a™ = nlog,a. (2)

From expression (1) it follows that if a > 2, then
with positional coding each element contains more than
one bit of information. Existing communication sys-
tems use redundant codes in which each combination
contains m information elements and r additional (re-
dundant) elements [7]:

n=m-+r.

For example, in a code with an even number of
units, only (n — 1) elements are informational, and in
a 9-element Hamming code there are 5 information el-
ements and 4 check elements [5], therefore, the entropy
of each code word H, = 5, and the information capac-
ity of one element I, = 5/9 = 0.555 ...

It should be noted that each code word in posi-
tional coding is transmitted by the channel with coeffi-
cients xi, the signal duration of each of which is equal
to the duration of the Nyquist element [4]

to = (1/AF) 1,

where AF —is the frequency band of the signal
spectrum.

In works [8-11], the conditions for data transmis-
sion over channels with a base are analyzed:

B =ty X AF = 1+2,

where t, — is the duration of the transient process
at the output of the channel with the band AF;

AF — = é — which is called the Nyquist element

itself. The band AF is understood as the real band AF,
divided by 1.3 (a decrease of 30% is associated with the
nonlinearity of the amplitude and phase-frequency
characteristics).

Individual elements a; of the decomposition (1)
are transmitted to the data transmission channel as sig-
nal segments of duration t, with different amplitudes,
frequencies or initial phases. At the moment of chang-
ing the coefficient in the representation (1), modulation
(change) of the information parameter occurs.

It is known [7,8] that the main disadvantages of
the positional coding method are the minimum energy
distance between code words and the impossibility of
adjusting this parameter, therefore, increasing the num-
ber of implementations in a given time interval.

2.2. Implementation of positional coding algo-

rithms for digital data processing

Let us consider the practical application of algo-
rithms of the positional method of digital data pro-
cessing for the transmission of two symbolic ensembles
of text information of a given alphabet during encod-
ing. The calculations were performed using the soft-
ware environment for solving engineering problems
Scilab [10]. As is known, the amount of information in
positional encoding is determined by expression (2).
So, for example, to transmit 32 symbols of the alphabet
according to (2), 5 code elements are required
(log,32 = 5), and to transmit two symbolic ensembles
(N, =32-32 =1024), log,1024 = 10 elements in
the code word are required (similarly, to transmit 3-
symbol ensembles, the length of the code words will be
equal to 3log,32 = 15 elements). Thus, we can con-
clude that when transmitting information of 0 — Z sym-
bols of the alphabet by one code word, there is a linear
dependence of the number of elements of the group
combination on the multiplicity of Z symbolic ensem-
bles. It should be noted that with different methods that
provide the formation of (32%) different combinations,
the total number of elements n in the code word is equal
to

ny = Z -log, 32.
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Let the number of realizations be N,; = 23 and
N,, = 31.To form 1024 code words, one can use one
code word with the number of elements n, = 10 or two
code words with 5 elements n, = n, =5, or two code
words with n; = 2 and n, = 8 with subsets of the num-
bers of realizations N,,; = 2% and N,,g = 2%, which will
provide the total number of realizations (4 - 256 =
1024). With n; = 3 and n, = 7, the subsets will be
23 =8; 27 =128; (ng = 3 + 7 = 10) with the same
number of realizations (8 - 128 = 1024) [11]. As was
indicated, in positional coding the distance between ad-
jacent modulation moments is a multiple of the duration
of the Nyquist element itself, which limits the power of
the realized set on the interval of n elements. The ele-
ments of the code word n are determined by the number
of different states of the coded source Ny [4]:

where E* —is the symbol of an integer greater
than log, Ny and then from (1) and (2) it follows that
the maximum number N for binary signals does not ex-

ceed 2™.

In correcting (redundant, not necessarily linear)
codes, the maximum number of additional r elements
is determined by the boundary, i.e. the VVarshamov-Gil-

bert limit value [2]:

do=2

Zc}l—l,

i=o

2n—m — 27' >

where d, —is the required code distance.

Table I shows the numbers of redundant elements

r,form € 1+15,d; =3 and d, = 5.

n = E%log, N,
Table |
Number of check elements for d € const data
d,/m 2 ‘ 3 4 5 ‘ 6 12 13 14 15
3 3 3 3 3 4 5 5 5 5
5 7 8 8 9 | 9 14 15 15 15

As follows from Table I, with a code distance of
d = 5 and m>1 implementation intervals, the number
of redundant elements during positional coding of a
large amount of information increases significantly,
which makes such a code ineffective.

I11. Principles of construction and implementation
of algorithms of timer signal structures for pro-
cessing digital data
3.1. Basic principles of constructing timer signal
structures

Hen forming timer code structures [12], in contrast
to the positional encoding method, when information
about the transmitted discharge is determined by the
type of signal on a single (Nyquist) interval, the infor-

Comparative parameters

mation is embedded in the number of information seg-
located on the interval Ty, = mt,, their loca-
tions on the interval Ty, and the duration of each
(r;2to + zA, (k € 1;2; ...z is an integer)). The value
of A determines the step of changing the durations of
the segments, ensuring a given probability of erroneous
determination of the duration of the segments "z;" on

ments "i"

reception (for a standard channel A=t7°= 0.143 -
to(Table ID)).

As an example, Table Il shows the quality of trans-
mission of code words by a standard data transmission
channel using positional coding (PC) and coding due to
the duration of individual signals "zg;" of code struc-

tures (timer signal structures - TSS).

Table 11

of position and timer coding

Positional coding (PC) Timer signal structures (TSS). fors = 7 (A= 0.143t,)
N N,, N,, P, n Ner N., P,
10 10° 700 7%x10°* 9 10° 104 1,04x 107*
20 10° 770 7,7%x10°* 17 10° 1150 11,5x 10~*
40 108 1500 15% 1073 33 108 1620 1,6 x 1073

The following notations are used in Table II:
N, —is the number of transmitted code words; N, —is
the number of errors in received code words; P, —is
the length of the code word of the Nyquist element it-
self.

It follows from the Table Il that the energy dis-
tance between the communication channels (CC) for
TSS is determined by the energy, which is 7 times less
than for PC (s = 7), (the error probabilities for close
durations of the CC differ insignificantly.

The duration of each of the signal segments of the
signal structure is not less than the Nyquist interval [12-

13]:
Tgi = to + ZA,

where zA € 0+z, are integers.

A part of a single element of a single element t, >

A= %" is determined by the parameters of interference

in the channel and the permissible probability of erro-
neous reception of the signal structure (s € 2,4, ..., sy).
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The application of t, in (3) ensures the establish-
ment of a transient process at the channel output when
transmitting all "i" segments of each signal structure,
and zA carries information about the code word.

3.2.Implementation of algorithms of timer sig-

nal structures for digital data processing

It is known [12-15] that the power (the number of
realizations of the TSS, (N,,)) on the interval m of the
most Nyquist elements can be determined by the ex-
pression:

N,

P~ ;ns—i(s—l)'
After expanding expression (4) we obtain:

N. = (ms—i(s—1))!

p ilms—is)! *

The number of realizations N,, (powers) of timer

signal structures calculated by algorithm (5), under cer-
tain specified conditions are presented in Table I11.

Table 11
The number of realizations of the tsk and the amount of information in the Nyquist
= 4 5 ‘ 6 7 8 9 10
bl e P T 25=32 26=64 27=128 2 =256 =512 219=1024
2 | 10083 35/1.026 | 84/1.065 165/1,052 286/1,02 455/0.98 680/0.941
| 735/1.282 | 165/1.473 | 455/1.472 | 969/1.417 | 1771/1,349 | 2925/1.279 | 4495/1.213
6 | 84/1.598 | 455/1.766 | 1330/1.730 | 2925/1.645 | 5456/1.552 | 9139/1.462 | 14190/1.379 |
8 | 165/1.842 | 969/1,984 | 2925/1919 | 6545/1.811 | 12341/1,699 | 20825/1.594 | 32509/1,499 |
10 | 286/2.039 | 1771/2.158 | 5456/2.068 | 12341/1,941 | 23426/1.814 | 39711/1.697 | 62196/1.592 |

In Table Ill, the numerator shows the number of
realizations of the TSS for i = 3, m € 410, for s =
2; 4; 6; 8; 10, and the denominator is the amount of in-
formation contained in one element:

log, N
IH = Tp

It follows from Table I1I:

- in a binary channel, without changing the al-
phabet, due to a sharp increase in the number of repeti-
tions N,, > 2™, more than two bits of information I, =
log,2 = 1) can be transmitted on one Nyquist element
(with positional coding);

- with an increase in m at s = const, the infor-
mation capacity of the Nyquist element itself increases
to my, ., (after my,,, it decreases);

- the maximum amount of information per ele-
ment is transmitted with a signal structure length T, =
5to;

- when changing the channel alphabet, the num-
ber of realizations when changing the channel alphabet
i, therefore, Iy will increase significantly;

- for example, if a = 5, the number of realiza-
tions will increase by [(5/2)]® = 15.625 times. Then
form =8,i =3 and s = 7 (Table Ill) the number of
releases will be (8436 -15.625) = 133375, that is,
one Nyquist element will contain (I; = log,133375)
more than 17 bits of information.

IV. Principles of construction and implemen-
tation of Hamming code algorithms for processing
digital data.

Basic principles of Hamming code formation.

Hamming code that allows to correct errors of
multiplicity and should have a minimum code distance
dy = 2tye- The number of elements of the code com-
bination is determined by the inequality [5]:

om — 2n

- 14n’ (7)
This code is constructed in such a way that the
number of redundant elements and the number of
checks (n — m) correspond to r the check sums of "5"
information elements [4-5].
Each of the sums as an addend includes the fol-
lowing information elements:

Si=a, +az+as+a;+ag;
S, =a, +az+ag+ay;
Sz =a, +as+ag+ay;
S, = ag + ao.

(8)

Equation (8) involves 9 elements, the numbers of
which in binary and decimal codes correspond to Table
V.

Table IV
Binary equivalents of decimal numbers
Decimal code ‘ 1 2 3 4 5 6 7 8 9 10
Binary code [0001 0010 | 0011 | 0100 0101 | 0110 | 0111 | 1000 | 1001 | 1010

It follows from the table that the sequence of using
element numbers ai in equations (8):

- the first sum includes numbers that have "1" in
binary form in the first position from the left;

- the second sum includes elements that have "1"
in the second position from the left, etc.

We present these patterns in the form of a table. In
Table V, the numbers of code elements participating in
certain sums in equation (8) are shown by the "+ "
sign:
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Table V
Correspondence of elements to positions in equation (10)
Ne 1 2 3 4 5 6 7 8 9
1 | { | + $ | [ { }
2 [ [ } t { [ {
3 i } t t
4 o & +

Thus, the above analytical studies and calculations
also apply to the case of using a nine-element Hamming
code with the corresponding assumptions. Theoretical
calculations have shown that the dynamics of change in
the main quality parameters of transmission is pre-
served, the difference being in minor digital values.

V. Conclusion

The material presented in the article is based on a
set of fundamental approaches to the formation of re-
dundant codes and algorithms for the formation of
timer signal structures based on traditional noise-im-
mune positional codes and, therefore, can be used for
successful analysis and synthesis of data transmission
systems. Such signal structures allow synthesizing en-
sembles with a large information content compared to
positional coding and, with a limitation on the length of
the code word, the time of use of the infocommunica-
tion network device is reduced; by changing the num-
ber of information segments in the code words of timer
codes with a constant value of the implementation in-
terval, it is possible to increase the information transfer
rate. When using the algorithm for forming timer signal
structures, the resulting gain in the number of imple-
mentations can be used to create redundancy in order to
ensure a given probability of erroneous reception. A
higher implementation of timer signals in a given time
interval, depending on the information feature of the
most accurate element in the binary channel, can be
used to create uniform transmissions of code symbols
with an uneven first alphabet. In positional codes, with
an increase in the number of information elements, the
redundancy coefficient smoothly decreases and the
noise immunity of the code decreases. In addition, the
results of calculations of the qualitative indicators of
data transmission are significantly influenced by the
language used in the transmitted text information or the
volume of the analyzed text, and it is proposed to use a
specific/adapted type of encoding of the transmitted
data.

This work was supported by the Azerbaijan
Science Foundation — Grant Ne AEF-BQM-BRFTF-
4/2024-5(53)-06/02/1-M-02.
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This paper presents issues related to implementing Artificial Intelligence (Al) technology in business process
management. The general concept of Al, its key technical characteristics, and functional capabilities that facilitate
company activity optimization and automation are discussed.

Based on analysis of various companies' experiences already utilizing Al in business management practices,
the multifaceted effect of technology implementation emerged, including operational cost reduction, productivity
growth, customer satisfaction improvement, and competitive advantage acquisition in the market.

The article highlights areas where Al application yields high effectiveness and identifies management pro-
cesses requiring its integration. The findings demonstrate that Al is a strategic business transformation tool that
increases competitive advantage in rapidly changing economic environments.

Keywords: artificial intelligence, risk assessment, forecasting, optimization, Digital Transformation.

Introduction. Due to dynamic characteristics of
business processes, maintaining competitiveness and
diversification requires rapidly adaptable, flexible, and
technologically sound management systems. Al has be-
come one of the most significant directions in business
process optimization and innovative solution creation.
Contemporary technologies are characterized by high
levels of scientific-technical progress, observable in all
spheres of human life, significantly facilitated by digi-
tal transformation. Such revolutionary changes became
possible based on 20th-century scientific achievements.
Al implementation not only increases operational effi-
ciency but changes decision-making logic, data analyt-
ics quality, and customer relationship strategies.

Current processes demonstrate that Al emergence
brought revolutionary changes and achieved significant
results in almost every field. Al increased efficiency
and productivity through automation of repetitive and
routine tasks, enabling managers to focus more on stra-
tegic and creative activities rather than daily routines.

Methodology. The study employed comparative
analysis methods based on experiences from various in-
ternational and local companies. Data was obtained
from public reports, scientific articles, conference ma-
terials, and interviews. Evaluation criteria included im-
plementation process complexity, achieved results (ef-
ficiency growth, cost reduction, revenue increase),
technological adaptation level, personnel involvement,
and corporate culture impact.

Discussion. Optimization Al optimizes budgeting,
resource allocation, and risk management processes,
thereby improving operational efficiency. Furthermore,
it is confirmed that GenAl facilitates innovations in
strategic planning, automates complex reporting tasks,
and offers creative approaches to problem-solving.

Research emphasizes Al technologies' significant
role in improving decision-making processes, achiev-
ing strategic goals, and increasing organizational over-
all performance. Integration of Al tools within these

frameworks not only improves operational efficiency
but provides organizations with strategic advantages in
increasingly data-oriented and competitive business en-
vironments.

Optimization Al is one of the most significant
tools of contemporary technologies, radically changing
business process management and existing resource
utilization efficiency. It uses machine learning algo-
rithms for solving complex problems and making opti-
mal decisions, simultaneously analyzing large volumes
of data and finding optimal solutions considering mul-
tiple variables and constraints [1-6].

In today's digital transformation landscape, opti-
mizing business processes increasingly relies on the
convergence of robotic process automation (RPA) and
generative artificial intelligence (GenAl). This synthe-
sis marks a fundamental shift from automating tradi-
tional tasks to intelligent addition, where organizations
benefit not only from operational efficiency, but also
from strategic adaptability and innovation. While tradi-
tional RPA is designed to manage rule-based and repet-
itive activities, its integration with artificial intelligence
expands its capabilities to intelligent automation that
can handle complex and dynamic scenarios. Enhanced
with machine learning algorithms, RPA bots will be
able to continuously learn from historical data and im-
prove decision-making processes over time. Incorpo-
rating natural language processing enables these sys-
tems to interpret and analyze unstructured text data
such as email and business documents in a near-human
way. In addition, computer vision and optical character
recognition technologies enable RPA to process im-
ages, interpret visual elements, and automatically ex-
tract structured information from various document for-
mats. Such capabilities form the basis for advanced ap-
plications in business practices, including customer
service automation, where sentiment analysis provides
contextually relevant responses, as well as document
processing and recruitment optimization, where large
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volumes of information can be categorized, verified
and aligned to organizational needs in an efficient and
reliable manner [7-9].

Generative Al further improves the management
of business processes by shifting the focus to intelligent
addition through automation. Unlike traditional auto-
mation, which mostly reduces manual effort, generative
Al promotes innovation, creativity and adaptability in
organizations. Recent studies show its rapid adoption,
showing workplace adoption rising from 22 percent in
2023 to 75 percent in 2024, highlighting its transform-
ative potential across industries. Generative Al signifi-
cantly contributes to strategic planning by generating
scenario-based analyzes and suggesting creative prob-
lem-solving alternatives, thus expanding the decision-
making horizons of management teams. It also supports
the automation of complex reporting tasks through nat-
ural language generation, improving both efficiency
and accuracy. In addition, generative Al enhances de-
cision support functions by analyzing multiple interre-
lated variables simultaneously and providing data-
driven recommendations that inform strategic and op-
erational decisions.

This growing convergence of RPA and generative
artificial intelligence reflects the shift from automating
simple tasks to more advanced, adaptive and intelligent
business solutions. However, while these technologies
provide the necessary infrastructure to process unstruc-
tured information and improve decision making, effec-
tive long-term business optimization also requires pow-
erful forecasting mechanisms that can predict future
trends and guide strategic planning. Advanced predic-
tion models such as long-short-term memory (LSTM)
networks are used to address this need.

For process optimization, we utilized the LSTM
(Long Short-Term Memory) optimization model, rep-
resenting an integrated technological solution combin-
ing time series forecasting with optimization algo-
rithms. Its purpose is high-accuracy forecasting based
on historical data and using these forecasts for optimiz-
ing business processes, financial resources, and opera-
tional plans.

The model implementation involved loading his-
torical data including sales, expenses, production indi-
cators, or customer behavior statistics. Data is cleaned,
normalized, and formatted appropriately for the LSTM
network.

The forecasting stage involves LSTM neural net-
work learning temporal dependencies in data and gen-
erating future period forecasts. The model learning pro-
cess includes three main components: Input Gate, For-
get Gate, Output Gate.

Results.

The results of this study confirm that the integra-
tion of artificial intelligence (Al) into the management
of business processes provides significant operational,
financial and strategic benefits. Evidence from an
LSTM-based optimization model shows that Al not
only reduces operating costs, but also increases net
profit and profit margin. These improvements provide
SMBs with significant competitive advantages by in-
creasing forecasting accuracy, improving data analytics
efficiency, automating routine and repetitive tasks, per-
sonalizing customer service, facilitating faster and
more accurate strategic decision-making, enhancing
risk and compliance management, and enabling real-
time monitoring and anomaly detection.

The study also indicates that up to 47% of employ-
ees are currently using or planning to use generative ar-
tificial intelligence to support or automate their tasks,
helping to significantly reduce operating costs while
maintaining service quality, increasing profit margins
through optimized resource allocation, and strengthen-
ing competitive positioning in rapidly changing mar-
kets.

Financial return on investment (ROI) figures re-
ported in global studies highlight the strong profitabil-
ity of Al implementation. On average, companies get
$3.50 out of every $1 invested in Al, while the top 5%
of organizations report $8.00 out of every $1 invested.
These figures highlight the significant variation in the
effectiveness of Al implementation in different organi-
zational contexts. In 2024, nearly three-quarters of
companies said their most advanced Al initiatives—es-
pecially generative Al projects—met or exceeded ROI
expectations. However, enterprise-wide initiatives gen-
erated an average ROI of only 5.9% versus a 10% cap-
ital investment requirement, highlighting the critical
importance of strategic implementation approaches.

According to McKinsey research, generative arti-
ficial intelligence has the potential to contribute be-
tween $2.6 trillion and $4.4 trillion in annual produc-
tivity growth across the 63 use cases analyzed—an im-
pact comparable to the entire GDP of the United
Kingdom. Moreover, the long-term potential of Al ap-
plications in the corporate context is expected to reach
$4.4 trillion in incremental productivity gains. These
results highlight the dual nature of Al implementation:
although its economic potential is enormous, the prac-
tical results depend significantly on the degree of stra-
tegic integration.

To illustrate how artificial intelligence technolo-
gies, and in particular, predictive models contribute to
the optimization of business processes, the schematic
diagram below presents the integration of artificial in-
telligence in business process management.
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Al Integration in Business Process Management - Schematic Diagram

Case Study Results - Small Company (45 employees, 2.5M GEL turnowver)
+ Before Al: Operating Costs: 1.8M GEL Net Profit 280% GEL (11.2%)
» After Al: Operating Costs: 1.53M GEL (-15%), Net Profit: 406K GEL (+45%)

= Profit Margin: 16.24%, Annual Savings: 270K GEL

» Additional Eenefits: Improved productivity, better decizion-making processes
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The diagram schematically represents the working
principle of the LSTM model and its impact on business
processes Research emphasizes that Al implementation
success depends not only on technology but on organi-
zational factors: personnel involvement, corporate cul-
ture adaptation, and technological infrastructure readi-
ness. This aligns with research published in Scopus ma-
terials emphasizing the importance of integrating
technological achievements with human resources.

Conclusion

The obtained results show that artificial intelli-
gence is not only a technological innovation, but also
an important catalyst for the transformation of business
process management, which gives organizations com-
petitive advantages in rapidly changing market condi-
tions. Artificial intelligence in management is no longer
an innovative technology of science fiction, but a stra-
tegic tool that allows businesses to make global man-
agement decisions with a high level of efficiency in
complex business production conditions characterized
by a high level of uncertainty and significant competi-
tion.

The integration of various Al algorithms—from
LSTM networks for predictive analytics and RPA to
NLP for intelligent automation—creates a comprehen-
sive ecosystem that changes the way businesses oper-
ate. The synergy between process management and ar-
tificial intelligence generates significant productivity
gains, with well-managed processes providing the

Input Gate | Forget Gate | Output Gate
Time Senes Forecasting + Optimization

Customer
Service

& Perzonalization -
» Satisfaction

Advantage
Market
Position

#» Innovation

high-quality data needed to effectively train Al sys-
tems.

Today, investments in Al are a guarantee of future
success not only for businesses, but also for entire
countries. Organizations that successfully integrate
technological innovation with human expertise, sup-
ported by strong change management strategies, will
emerge as leaders in the Al-driven economy of 2025
and beyond.
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AHoTaNIisA

[TmoBe 3a0pyTHEHHS MOBITPS B poOOYNX 30HAX € TyXKe HeOS3MEUHNM SBUILEM, III0 CYTTEBO BIUTMBAE HA CTAaH
3I0pOB’S MpAIiBHUKIB. /[)kKeperioM MIIOYTBOPEHHS € Pi3HI TEXHOJIOTIYHI MPOIECH Ha IiAIPHEMCTBAX, CKIamy-
BaHHS BYT'UUIS B ITa0eIIX, BHHECEHHS MiHEPaIbHOTO MY BiJl XBOCTOCXOBHI TOIIO. OCcOOIMBO BaXKIIMBUM ac-
MIEKTOM € 3MEHIIICHHS IHTEHCUBHOCTI MMMIIOYTBOPEHHS Ha MIPOMUCIIOBHX MaiinaHunkax. J{Js mporo ayske momupe-
HUM € BUKOPHCTaHHS ITOJavi BOAW HA MOBEPXHIO MIIOYTBOPEHHSA. AJIE 3 4acOM BOJIOTICTh 3MOYEHOI MOBEPXHI
3MCHIIYETHCS, TOMY BOXJIMBO BU3HAYATH Yac, KON HEOOXiTHOIO € HACTYITHA Mofada. B cTaTTi HaBeJeHO pe3yiib-
TaTH Ta0OPaTOPHUX AOCIIPKEHb 110 BU3HAYCHHIO TUHAMIKY 3MCHIIICHHS BOJIOTOCTI BYT1JIIS ITPH Pi3HIH MIBUIKOCTI
MOBITPSTHOTO NOTOKY. Ha 6a3i oTpuMaHuX pe3ynbTariB eKCIepHMEHTY NOOYI0BaHO eMIIpUYHY MOJIENb IS BU-
3HAa4YCHHA 4YacCy, KOJIN HOTpi6HO IMOBTOPHUTHU 3POLITYBaHHA HOBerHi MAJIOYTBOPCHHS. HaBeaeHo YHUCCJIbHY MOJCJIb
JUISL OLIIHIOBAHHSI KOHIIEHTpAIli{ BOJSTHOTO Hapy Oij1s HOBEpXHI IMHIOYTBOPEHHS.

Abstract

Dust pollution in work areas is a very dangerous phenomenon that significantly affects the health of employ-
ees. The source of dust generation is various technological processes at enterprises, coal stacking, mineral dust
from tailing pits, etc. A particularly important aspect is to reduce the intensity of dust formation at industrial sites.
For this purpose, it is very common to use water supply to the surface of dust formation. However, over time, the
humidity of the wetted surface decreases, so it is important to determine the time when the next supply is needed.
The article presents the results of laboratory studies to determine the dynamics of coal moisture reduction at dif-
ferent air flow rates. On the basis of the obtained experimental results, an empirical model was built to determine
the time when it is necessary to repeat the irrigation of the dust formation surface. A numerical model for estimat-

ing the concentration of water vapor near the surface of dust formation is presented.
KaiouoBi ciioBa: nunose 3a0pyaHeHHs, poOo4a 30Ha, (i3MYHUN €KCIIEPUMEHT, EMITipHYHa MOJIeIIb, YHCe-

JIbHEC MOJCIIIOBAHHS.

Keywords: dust pollution, working area, laboratory experiment, empirical model, mathematical modeling.

Beryn

[umoBe 3a0pynHEHHS MOBITPs poOOYMX 30H Ha
MPOMUCIIOBUX MalaHUMKaX 3JIMIIAETHCS TyXKe HeOe-
3MIEYHUM SIBUIIEM Ha Pi3HUX MIPOMHUCIIOBUX IIATIPUEM-
ctBax [1, 4, 9, 10]. dyxe iHTeHCHBHE MUIOBE 3a0py/I-
HEHHSI [TOBITPsI Ma€ Micue Oinst mTadesiB Byriuis, XBo-
CTOCXOBHIII, MiCIlb, € 3IIHCHIOETHCS CKJIaTyBaHHS
BIJIXOJIiB Pi3HUX IMIANPHUEMCTB. BUHECCHHS MUy TIPHU3-
BOJIUTB 10 JIOBFOCTPOKOBOT'O Ta IHTEHCHUBHOTO 3a0py/-
HEHHS OBITPs B pobouunx 30Hax. TyT MOXKHa BUAIITUTH
JIBa TIPOLIECH MJIOBOTO 3a0pyAHEHHS HOBITPsS B po0O-
YHX 30HaX — IEPBUHHE 3a0pyTHEHHSI, KOJIN ITHJI TTI0Tpa-
IUIsiE B poO0dYy 30HY BHACHIJOK MIEPEHOCY TOBITPSIHAM
MOTOKOM BIiJI JpKEpeJsia MUJIOYTBOPEHHS, Ta BTOPHHHE
3a0pyIHCHHS — KOJIM Ma€ Miclle 3a0pyTHEHHS MOBITPS
B po0OOYMX 30HAX BHACHIJOK AMHAMIYHOTO BIUIMBY Ha
ITHJI, 1110 OCIB Ha TIOBEPXHIO 3eMJIi MPOMHUCIIOBOTO Mai-
JaH4MKy (miory po6o4oi 30Hu). @OpMyBaHHS MUIIO-
BUX XMap Ta iX pyX MOXKe BUKJIHMKATH MHUJIOBE 3a0py/-
HEHHSI TIOBITPsI HA 3HAYHIN BIJICTaHI B JPKEpeIT MHJIO-
YTBOPEHHS. TobTo, iz BIUIMB  JKepena
MUJIOYTBOPCHHS MOTPAIUIIOTE POO0Yi 30HH, 7€ MAIOTh
Micle iHIII TeXHOJIOr1YHI npouecy. ToMy 3HauHa Kilb-

KiCTh HAayKOBHX JOCHIJKCHb TPHCBAYCHA IOCIHi-
JDKCHHIO TIPOLECIB ITWJIOYTBOPEHHS Ta PO3IOBCIO-
JDKSHHS IIJTY B TOBITpi. B pamMkax naHOro HayKOBOTO
HampsMy IIHPOKO BHKOPHCTOBYIOTHCS JabOpaTopHi
METOJIH JOCHTIKCHHS, CMITIPHYHI MOJENT, aHATITHIHI
mozeni ta CFD mMopeni [uis aHatizy mporeciB 3a0py -
HEHHsI TOBITPs B pobounx 30Hax [1-3, 5-8]. Posrmsama-
F0UYH TPo0JIeMy HHIOBOTO 3a0pyaHCHHS pOOOYHUX 30H,
CJIiI BUJUTUTH TaKy BaXJIMBY 3alady, K 00poThda 3
MUIIOyTBOpeHHsIM. HaykoBi JOCIHi/DKeHHSI B JaHOMY
HaIpsAMY 3aJTHIIAI0THCS aKTyaJbHUMH Ta MOTPEOYIOTh
MOAANIBIINX PO3POOOK.
Mera

ExcniepuMeHTaNbHe BH3HAYCHHS IHTEHCHBHOCTI
BUITaPOBYBaHHS BOJH 31 3BOJIOKEHOT IIOBEPXHI BYTLILIs
TIPH Pi3HIHA MBUIKOCTI HOBITPSIHOTO MTOTOKY; PO3pOOKa
YHUCENIHUX MOJIENIEH JJIsl IPOTHO3yBaHHs KOHIIEHTpa-
Uil BOJSIHOTO mapy OiJist 3BOJI0KEHOT MOBEPXHI BYT1ILIS.

Mertoaunka

[Mogaya BoAM HA MOBEPXHIO CUITyYUX MaTepiajiB
(Byrisuisi, MiHepaJIbHUH IHJ TOILO) € METOJ0M OOopo-
THOM 3 MUJIOYTBOPEHHSM, SIKUH YK€ ITMPOKO BUKOPH-
CTOBYETHCS B CBITi (pHc. 1).
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AJte micns 3aKiHYEHHS POLIECY 3BOJIOKEHHS I10-
BEPXHI CHIy4OT0 Marepially MOYNHAETHCS BUIAPOBY-
BaHHS BOJH, [0 IPU3BOIUTH 1O 3MEHILEHHS BOJIOTOCTI
MIOBEPXHEBOTO IIapy MaTepiary Ta 3 4acOoM, IIPH MeBHii
BOJIOTOCTi, 3HOBY IOYHETHCS MPOLEC MHIOYTBOPESHHS.
ToMy myke BaXJIMBO BH3HAYaTH 4Yac, KOJH MOTPiOHO
3HOBY IIOBTOPHTH IIPOLIEC 3POIIYBaHHS MOBEPXHI.

Jani posrisiiaeTses pillieHHs 3aj1adi Mo BH3HA-
YEeHHIO 4acy, KOJM TMOTPIOHO NMOYMHATH HOBUH IMKI

3pOLIYBaHHS Y 3B’513Ky 3 BUIIAPOBYBAHHSM BOJH 3 I10-
BEPXHi BYTLILIIA.

JlociimKkeHHsT POBOIMITHCS Ta0OPATOPHUM TSI~
xoM. /[l mpoBeneHHS eKCIepUMEHTAJIbHUX JOCIi-
IDKeHb BHKOPHCTOBYBaoch Byriwis 3 IlaBiorpance-
Koro paiiony J[xinpomerpoBcrkoi obmacti. PoTo moc-
JiHOT YCTaHOBKH ITOKa3aHO HA PHC. 2.

Puc. 2. [Jocriona ycmarnosxa: 1 — obnacms nunoymeopents (8y2inbHuii ni)

ByrineHuii My po3TanioByBaBcs B MeXax MpsMo-
KyTHUKa (Maiinanuyuk). Temneparypa nositps 20 °C.
[Tepen mnpoBENCHHSIM JIOCTIKEHb 10 BU3HAYCHHIO
3MiHH BOJIOTOCTI BYTUJIBHOTO MHJIY MPH 00XyBi MOei
MalJaH4YMKa 3pa30K BYTUIBHOIO Ty 3HaXOIUBCS y
cyumnbHii madi (mada cymmnsHa, mojens 2B-151)
npu Temneparypi +40 °C mporsrom 1 rox. Ilicist poro
3pa3oK BYTULIA Oyio 3BakeHO. Jlami B 3pa3ok JoaaBa-
Jach Boja B KUTBKICTi, HEOOXIAHIN A OTPUMAaHHS I10-
TpiOHOTO 3HaYCHHS BOJIOTOCTI 3pa3ka. Bomoricte 3pa-
3Ka BU3HaJajacs TaK:

M —M
P = Lloo% (1)
c

ne P — Bomoricth, %; M. — Maca cyXoro 3paska;
M;; — Maca Bosororo 3paska.

Jlaii 3pa3ok po3TaiioByBaBCsl Ha €KCIEPHUMEHTa-
JBHOMY MailaHuuKy (puc. 2) Ta 31iiicHIOBaBcs 00/yB

fioro mporsirom 2 xB. [ToTiM 3pa3ok 3BaXkyBaBCsl, BH-
3HAyYaNach OCTaTOYHA BOJIOTICTh TA €KCIIEPUMEHT 3 Jia-
HUM 3pa3KoM NPOJOBXKYyBaBcs Aaji. ExcriepumeHT npo-
BOJMBCS I Pi3HOI MIBHIKOCTI MOBITPSHOTO MOTOKY.
IBHAKICTH MOBITPSIHOTO MMOTOKY BUMIpIOBaJIach 3a J0-
momoroto anemometpa HT-9830. IIpu nmpoBeneni exc-
MIEpUMEHTY 3JilCHIOBaIacs Bie03HOMKa.

Tax sik BUMipIOBaHHS 3 HCHIOBAIUCS TIPpH TYpOy-
JICHTHOMY PEXHMi, TO aHEMOMETp TTOKa3yBaB NEBHUN
Jiarma3oH MBHIKOCTI MOBITPSHOTO MOTOKY. [Ipu 0Opo-
Omi 1aHuX, i moOyIoBH TpadidHOl 3aIeKHOCTI PO3-
PaxoBYBaJIOCh CEPEHE 3HAUYCHHS IIBUIKOCTI MOBITPSI-
HOrO IOTOKy. [louaTkoBa BOJIOTIiCTh 3pa3Ka BYTiISA
oymna 10 %.

ITicnst 06poOIIi JaHUX BUMIpIOBaHb OyJia Mooy 10-
BaHa rpadiuHa 3aJIe)KHICTh 3MiHH BOJIOTOCTI 3pa3Ka BY-
TUIS 3 YacOM TpH Pi3HIN MIBUAKOCTI TOBITPSIHOTO MO~
TOKY (puc. 3).
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) 2

0o 1 2 3 4 5 6

Pl == 9’3446-0.08 -1

P, =8,8316e0123

1, XB

7 8 9 10 11 12 13 14

Puc. 3. 3mina 6onococmi gy2inns 3 uacom:
1 — weuokicme nogimpsnozo nomoky 4,6 m/c; 2 — weuokicms nogimpsnozo nomoky 7,1 m/c

AHaJi3 JaHuX Ha pHC. 3 IOKa3ye TaKy 3aKOHOMIp-
HICTb: 3HW)KCHHS BOJIOTOCTI /I IIBUIKO IPOTSATOM I1e-
piux 7-8 xB; 3a el MPOMIXOK 4acy BOJIOTICTh 3MEH-
HIYEThCS B 2 Pasy, SIKIIO IIBUAKICTH HOBITPSHOTO MO-
Toky 4,6 M/c, Ta B 3 pa3m, SKOIO IIBHIKICTH
MOBITPSIHOTO TOTOKY 7,1 M/c.

ExcnepumenranbHi gaHi (puc. 3) IO3BOJSIOTH
BCTAHOBUTH TaKy 3aKOHOMIPHICTB: ¢ IHTEHCHUBHE
3MEHILICHHSI BOJIOTOCTI BYTULIS MPOTSTOM MEPIIHX 8
xB. Takoxx Mo)kHa 0auuTH, IO HA LILOMY HPOMDXKKY
gacy it V=4,6 M/C MBUIKICTh «HaIiHHSI BOJOTOCTI»
MEHINIA, HDK IS IIBHIKOCTI TMOBITPSHOTO IOTOKY
V=71 m/c:

5% —-10%

gradP = =-0,625 maV =4,6 m/c;

gradP =

04 —100,
29610% b 87 eV =7 e

O0OpoOKa eKCIICPUMEHTAILHUX TAaHUX 1a€ MOKIIH-
BICTb OTPHMATH Taki eMIIIpUYHI MOJEII JJIsl eKCIpec
OLIIHIOBAHHSI 3MiHH BOJIOTOCTI BYTLJUIS 3 4aCOM IIpH pi-
3HIH HIBUJIKOCTI MOBITPSIHOTO MOTOKY:

P, =9,344.¢ %" @)
P7.1 — 8, 831 e—0.123t . 3)

BisyanbHuil aHaji3 eKCIEpUMEHTY Ta aHaili3 Bi-
JIC03HOMKH EKCIIEPUMEHTY JI03BOJIMB BU3HAUYUTH TaKy
3aKOHOMIPHICTh MMJIOYTBOPEHHSI:

- IIPY BOJIOTOCTI MOPSAKY 5 % IOYMHAETHCS PyX
YacTOK MHITy OiJIsl MOBEPXHI BYTULIS, SIKIIO MIBHAKICTH
HOBITPSTHOTO MOTOKY MOpPsAKy 7,1 m/c;

- IIPH BOJIOTOCTI MOPAAKY 3 % MOYMHAETHCS aKTH-
BHE BUHECEHHsI 4aCTOK BYTUJIBHOTO MHJIY MOBITPSIHUM
MMOTOKOM, SIKIIIO MIBHIKICTH MOBITPSHOTO MOTOKY TIO-
paaky 7,1 m/c;

- TIPY BOJIOTOCTI MOPSAKY 3 % NMOYMHAETHCS PyX
YacTOK MWTy OLIsl MOBEPXHI BYTULIS SKIIO MIBUAKICTH
HOBITPSTHOTO MOTOKY MOpsinky 4,6 m/c;

- IPY BOJIOTOCTI TIOPAAKY 2 % MOYMHAETHCS aKTH-
BHE BHHECEHHS YaCTOK BYTUJIBHOTO MIJIY HOBITPSHUM
MIOTOKOM, SIKIIO IIBHIKICTH MOBITPSHOTO MOTOKY IO-
panxy 4,6 m/c;

Pizaunsg B 3HaueHHI BosorocTi: 2 % (MIBHUIKICTH
TIOBITPSTHOTO MOTOKY 4,6 M/c) Ta 3 % (WBHAKICTH MOBI-
TPSIHOTO MOTOKY 7,1 M/C) NpH Kili NOYNHAETHCS AKTH-
BHE BUHECEHHSI YaCTOK BYTUILHOTO MHJTY, MOYKHA TOsIC-
HUTH THM, IO TIPX MaJIiif MIBUIKOCTI TOBITPS KIHCTHY-
HOT eHeprii MOTOKY He BUCTAUaE ATl «BIAPHBY» YaCTOK
NUJIY BiJl TIOBEPXHI BYT1JLISL.

TakuM 4MHOM, IPU BUKOPUCTAHHI B SIKOCTI 6OpO-
THOW 3 MHJIOYTBOPEHHS 3BOJIOXKEHHS BOJIOIO TIOBEPXHi
BYTJUIA, CJIiI KOHTPOJIIOBATH BOJIOTICT ITi€l MOBEPXHI,
1 B pasi, KOJH BOJIOTICTh NOBEPXHI BYTiLIsA OyAe mo-
paaky 2-3% citil MTOBTOPUTH 3MOYYBaHHS BYT1IUISA.

BukoprcToBYyIOUM OTpUMaHi IaHi — eMIIipi9HI MO-
nerni (2) Ta (3), Ta 3MIACHIOIOYH TICBHE «OKPYTICHHS»
YHCell B IUX MOJIEIISIX, & CaMe:

0.344~9,8.831~9.0.081~0.1,
0.123~0.1,

MOYHA OTPUMATH €MIIPUYHY MOJEIb, IO MOEI-
Hye nBi Mozeni (2) ta (3):

-0.
P=9.%" ()

TakuM 9yuHOM, 32 JOTIOMOTOI0 MOoAeNi (4) MOXHa
BH3HAYATH Yac, KOJH BOJIOTICTh BYTiJUISI 3MEHILIUTHCS
Ta JocsATHE KpuTHaHOi Mexi P=3%. IIpu Takiit Bomoro-
CTi NMOYMHAETHCS MPOIEC MUIOYTBOPEHHS, TOMY CIiJ
MTOBTOPUTH 3MOYYBaHHS MOBEPXHI BYT1/LIA.

Ha HactymHOMYy etarti OyJia po3po0iieHa yrcenbHa
MOJIENb JJIsl OLIHIOBAHHS KOHLICHTpALl BOJSHOT Iapu
017151 TOBEpXHi, Ha SIKY IT0IA€THCS BOAA JUISl SMEHIIICHHS
MTUJI0YyTBOPEHHS. Mozentoloue piBHSHHS Ma€ BUTIISL
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oC ouC ovC
+ +
ot OX

ne C— 3HaueHHS KOHIICHTPAllii BOASHOI TapH B aT-
Moc(epHOMY TOBITpPi; U, V — KOMIIOHECHTH BEKTOPY
MIBUAKOCTI TOBITPSIHOTO MOTOKY; Xi, Yi — A€KapTOBI KO-
OpJIMHATH {-Or0 TOYKOBOTO JKepena emicii mumy; t —
qac; Ly, iy — KoedinieHTn TypOyiaeHTHOl nudys3ii; d(X—
Xi)o(y—yi) — nenpra-dpyskuis [ipaka, 3a ZOMOMOrow
SKOT B MOJIEJII 33aJ]a€ThCsl MICIIe BUXOAY BOJSHOI apu
Bil IOBEpXHi BYriuIst. [HTEHCHBHICTH BUIIApOBYBaHHS
BOJIM 3 TIOBEPXHi, IO IMiITA€THCS 3pOIITyBaHHIO, TOPiB-
Hio€ Q.

3HaveHHs Mapamerpa Q BU3HAYAETHCS HA 0as3i
emmnipuuHoi mozeni (Manak B. I'.):

Q=(583+4V )P, M

ae V — MBUIKICTH MOBITPSIHOTO TTOTOKY; P, — THCK
HacU4YEeHHX MapiB; M — MOJIEKyIJIsipHa Maca BOJIH.

KpaitoBi ymoBH 1J1s piBHSHHS Macomneperocy (5)
po3risaHyTi B [1, 2].

[ToGynoBa ducenbHOT MOl MacoIepeHoCy 3a-
CHOBaHa Ha PO3MICIUICHH] PiBHAHHSA (5) HACTYITHIM YH-

| oC ouC o&vC
+ + =
ot x| oy
o€ _of o€y, af o
a ox\"Max ) oyl Moy
oC
E = QiS(X— xi)6(y - y|) 8

[puHIMI MOOYAOBU KiHIICBO-PI3HHUIIEBOI CXEMH
YHCEIHHOTO IHTEeTPyBaHHS PIBHAHHSA mepeHocy (6) po-
3TIITHEMO Ha MPUKJIIA/Ii aHAJIOTy piBHAHHSA (6) — Ha piB-
HSHHI TIEpEeHOCY:

oC

oC
—+a—=0, 9)
OX

0,

oC
» (7)

e a>0.

IMpencraBumo ¢y C(X,t), 3HaYeHHS IKOT He-
00XiJIHO BM3HAUMTH HA HOBOMY 4YacoBoMmy Kpormi t™?,
tak (M. M. bensie, B. K. Xpym):

C(x,t"™) =C(x,t") +VC(x,1),
neC (X, t" ) — Biftlome 3Ha4eHHs QyHkuii C Ha ya-
cosomy kpori t"; VC (X, t) — nesinomuii npupicr dy-
Hiii C.

Toni, piBHAHHS epeHocy (9) MOKHA 3amucaTH y
BUTJIA:

oVC
+a
ot OX

B pisamueBomy Burmaai (10) moxHa 3ammcaTw
TaK:
VCin+1 _VCin + aVCin+l _VCinj B=-a Cin+1 — Cin—l . (11)
At h 2h

X X

Ve __ "
—.

(10)

=div(u- gradC)+ > Q(D3(X—Xx)3(y - ¥;), )

Sk moxna 6ayntn 3 (11), 1 anmpokcumanii KoH-

BEKTHBHOI ITOXiTHOT VC BUKOPHCTOBYETHCSI CXeMa
«MPOTH TIOTOKY», a I allpOKCUMAaIlii KOHBEKTUBHOL
moxigHoT st GyHKIiT C — NeHTpaabHa alpOKCUMAITis.
s kiHIEBO-pi3HMIIEBA CXeMa € a0COIIOTHO CTiHKOIO.
[pu mpakTuuHiii peanizamii gaHOi1 pi3HHUIIEBOI CXEMHU
npuiimaeTses $=0,5.

i VC™ 5 pi
Ilicns BU3HAYEHHS BEIMYMHH i 3 piB-

HsiHHA (11), BU3HaYaeThes 3HAUCHHS IIYKaHOi (QYHKIIT
C Ha HOBOMY YacOBOMY KpOLIi:
Cin+l — Cin +V in+1.

TakuMm ke MIIIXOM HOOYIOBAaHO YHCEIBHY MO-
JIeITb TS iHTeTpyBaHHS JBOBUMIPHOTO PIBHSIHHS Maco-
TIepeHocCy.

Jlns aucenbHOTO 1HTETpyBaHHA PiBHAHHSA (7) BU-
KopHucTOBYyeThbes cxeMa A. A. Camapcebkoro. J{is yuce-
JIBHOTO 1HTETpyBaHHs PiBHSHHS (§) BUKOPUCTOBYETHCS
meroy Eitnepa.

Jlng nporpamyBaHHS 00OyI0BaHOT YUCETBHOT MO-
neni BukoprcroByBascsi FORTRAN.
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AHHOTALUA
HccnenoBaHo BnusHUE BEIOOpA pexXUMa TEPMOILUKINPOBAHHUS HA CTPYKTYPY U CBOMCTBA KOMITO3UIIMOHHOTO

Marepraia Ha OCHOBe 6a3aibTOBOTO BOJOKHA Oe3 moOaBieHus U ¢ qobaBneHneM BbicokomucnepcHoro SiOy. ITo-
Ka3aHo, YTO MOPHCTOCTh ¥ IPOHULIAEMOCTh B KOMITIO3MIIMOHHOM Martepuaie B auanazonax 800 °C — 1050 °C u 800
°C — 1080 °C ocTaroTcs IpaKTUYECKU HOCTOSHHBIMU M COCTABIAIOT 75,6% 1 76,2 %, 41,6 - 102 M?u4l, 8 - 1072
M?; Ha OCHOBe 6a3aIbETOBOrO BOJOKHA ¢ nobasnenuemM SiO; B nuanasone Tepmorukmuposanus 500 °C — 770 °C —
yMeHbIIAIOTCs B cpefHeM B 1,2 pasa ¢ 77,1 % 1o 62,4 % u ¢ 54,9 - 102 M2 5o 46,5 - 1012 M? oTHOCHTENBHO
nuanazona 500 °C — 750 °C. Jlo6aBienue k 6a3anbTOBOMY BOJIOKHY BbIcokoaucmnepcHoro SiO; moaudunupyer
MOBCPXHOCTH BOJIOKHA U YBCINYNBACT MPCACII IPOIHOCTH HA CIKATUC O 15 MIla. Hpeaen MNPOYHOCTHU HaA CKATHUC
KOMIO3MIUOHHOTO MaTepHrajla Ha OCHOBC 0a3aJIbTOBOrO BOJIOKHA ITOCIIE TCPMOIUKIIMPOBAHNA B JUAINNA30HE TEM-
nepatyp 800 °C — 1080 °C cocrasmsier 8 MIla.

Abstract

The effect of thermal cycling mode selection on the structure and properties of the basalt fiber composite
without addition and with addition of finely dispersed SiO, was investigated. It is shown that porosity and perme-
ability in the composite material in the ranges of 800 °C - 1050 °C and 800 °C - 1080 °C remain practically constant
and amount to 75.6% and 76.2%, 41.6 - 1012 m? and 41, 8 - 102 m?; based on basalt fibre with addition of SiO>
in the range of 500 °C - 770 °C - decrease on average 1.2 times from 77.1% to 62.4% and from 54.9 - 102 m? to
46.5 - 1012 m? relative to the range of 500 °C - 750 °C. The addition of highly dispersed SiO, to the basalt fiber
modifies the surface of the fiber and increases the compressive strength to 15 MPa. Compression strength of com-
posite material based on basalt fibre after thermal cycling in temperature range 800 °C - 1080 °C is 8 MPa.

KuoueBble ciioBa: KOMHOSI/IL[I/IOHHHﬁ Marepual, 6aSaJ'IbT, CTPYKTYpa, CBOﬁCTBa, OPUCTOCTD, MMPOHULIAC-
MOCTb, TCPMOIIUKIIMPOBAHUC.

Keywords: composite material, basalt, structure, properties, porosity, permeability, thermal cycling.

Beenenne

YpoBeHb COBPEMEHHOI TeXHUKH TpebyeT Bce 00-
jiee IIUPOKOrO TNPHMEHEHHs pAa3IHUYHBIX CPEACTB U
CI0CO0O0B, YIy4IIAONINX Ka4eCTBO MOPUCTHIX MaTepH-
anos. HeoOxonumo co3faBaTh Takue Marepuanbl, KO-
TOpBIE CIIOCOOHBI INPOTHUBOCTOSITH THAPABIMYECKUM
WY ITHEBMAaTHYECKUM ylapaM, Hen30€KHO BO3HHKAIO-
MM IIPH PE3KOM M3MEHEHUU JaBJICHUS B PEXKUME pe-
reHepanuyu oOpaTHOM NPOMBIBKOW WIIM TPOYBKOH.
st pacimpeHus o0yiacTu MPUMEHEHHS OPUCTBIX Ke-
paMUYECKMX KOMITO3MIMOHHBIX MaTtepuanoB (KM)
CTOUT 33/1a4a CYIIECTBEHHOTO TOBBIIICHUS MTPOHHIIAe-
MOCTH IIPH COXPaHEHHWHU JOCTATOYHOW MPOYHOCTH [l —
3]. Kepamuka Ha OCHOBE THCTIEPCHBIX BOJIOKOH Xapak-
TEPHU3yeTCS MaJbIM yAEIHHBIM BECOM B COUYETAHUH C
MOBBIMNIEHHON MPOYHOCTBIO,  TEIIONPOBOIHOCTHIO,

YCTOWYHBOCTHIO OTHOCHTENILHO TEIJIOBBIX YAapoB. Co-
3nanne KM Ha ocHOBe 0a3albTOBBIX BOJIOKOH K YKa-
3aHHBIM BbIIIEC MPEUMYIIECTBAM I[O6aBI/IT " yBCJIHN4YEC-
HHe Kod(duienTa nponunaemoctu. OpHAKO, accop-
THUMCHT BOJIOKOH, MPUTOAHBIX JJIIsL CO31aHHUA
TEXHOJIOTHYECKH IPOYHON KEepaMHMKH, OrpaHuYeH
CBOMCTBaMM HCXOJHOTO Marepuaina. [Ipum mpowmsBon-
cTBe 0a3aJIbTOBBIX BOJIOKOH B KAYECTBE CHIPBS HCIIOJb-
3YIOTCSl TOPHBIE TIOPO/Ibl, XAMUYECKHUH COCTaB KOTOPBIX
OJIM30K 10 COCTaBY K AJIFOMOCHIIMKATHBIM HOPOIIKaM 1
coaep:kurt (o macce): 45 —55 % SiOy; 10 — 20 % Al,O3
u 10 20 % FeO + Fe;O3 u MgO. Kak 0bu10 panee mo-
Ka3aHo, CIIeKaHWe MOJ00HONH KOMIO3UIMK HPOUCXO-
JIMT C yYacTHeM KuaKoi dassr [2 — 4].

OCHOBHBIM HaIlpaBJICHUEM, ITO3BOJIAIOUINM 3HA-
YUTEJIBHO YIYYLIUTh XapaKTEPUCTHKU U, CIIEJOBa-


https://doi.org/10.5281/zenodo.17118972
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TEJILHO, TTOBBICUTh KOHKYpPEHTOCHOCOOHOCTh KepamMH-
YECKNUX W3AEINH, SBISIETCS CO3/aHHE KOMIO3UIMOH-
HBIX MaTEepPHAJIOB ¢ pa3Hoda3zHo# cTpykTypoi. Uccie-
JOBaHWE 3aKOHOMEPHOCTEH (OPMHUPOBAHHUA CTPYK-
TypHI 1 pr3nKo-mMexanndeckux cBoricte KM Ha ocHOBe
0a3aJbTOBBIX BOJIOKOH M pa3pabOTKa HaydIHO-TIPAKTH-
YECKUX PEKOMEHIALMHA 10 IIOMYYCHHIO 3aJaHHBIX
CBOMCTB KOMITO3MIIMII Ha OCHOBE 0a3ajbTOBBIX BOJIO-
KOH IIyTE€M CPaBHUTEJIBHOI'O aHalu3a UX CTPYKTYpPHO-
(ha3oBOro cOCTOSIHMS, MOIYYSHHOTO MPU Pa3IMYHBIX
TEXHOJIOTUUECKHX PEKHMMAX, SIBISIETCS aKTyalbHOH 3a-
nadeidl. Pa3zpaboTka Hay4YHO-NIPaKTHYECKUX PEKOMEH-
Jlaluil Mo NOJy4YyeHUIo 3aJaHHbIX cBoiicTB KM Ha oc-
HOBE 0a3abTOBBIX BOJIOKOH ITyTEM CPaBHHUTEIHHOTO
aHaIM3a WX CTPYKTYPHO-()a30BOTO COCTOSIHUSI SIBJISI-
eTCsl HAyYHOM HOBHU3HOM paboTsL.[5 — 7].

Llenpto paboTHI SIBISIETCSI MCCIIEAOBAHUE BITHSI-
HHS BBIOOpa pexyMa TEPMOLMKINPOBAHUS HA CTPYK-
TYpY M CBOMCTBa KOMIIO3UIIMI Ha OCHOBE 0a3anbTo-
BOTO BOJIOKHA.

MeToabl 1 MPUHINTIBI HCCJIETOBAHNS.

HccnenoBanus BRIOTHAINCH B VICTIBITaTETEHOM
Ilentpe NHCcTHTYTA MOPOIITKOBON METAJUTYpIHH UMEHU
akanemnka O.B. Pomana HarmmonanbHoll AkageMuun
Hayk benapycu.

OOBexTaMu UCCIIeIOBAHUS BIMSTHAS BBIOOpaA pe-
KIMa TEPMOIIKINPOBAHUS Ha CTPYKTYPY U CBOICTBa
siBIsUTHCH 00pasiel KM Ha ocHOBe 0a3abTOBOTO BO-
JIOKHA 0e3 Mo0aBJICHUS U ¢ JOOABICHUEM BBICOKOTUC-
nepcuaoro SiO,, cpeccoBanHbie npu gaBieaud 4 MITa.
Hob6aenenue BbicokoaucmepcHoro SiO; ocyriecTsis-
JIOCh JJIS TIOBBINICHUS MPOYHOCTH U YCTOMYUBOCTH K
pazpymermo KM 3a cuer MoguduupoBaHus MOBEPX-
HOCTH BOJIOKHA, T.K. OMHHM W3 OCHOBHBIX €r0 HEIO-
CTaTKOB SIBIICTCS HU3Kas adzesus ¢ Marpuueit KM.

Cocrasel KM, nmana3oHbl TEpMOIUKINPOBAHUS H
BpeMsI BBIICPKKH IPH TSPMOIUKINPOBAHNH IIPECTAB-
JIeHBI B TabdI. 1.

Tabmuna 1
Cocrasbl KM Ha ocHOBe 0a3a1bTOBOTO BOJIOKHA U IMAIIa30H TEPMOLMKINPOBAHHS
JaBnenue JnanazoHbl KonnyecTtBo
Cocras KM, mac. % IIPEeCCOBAHUS, TEPMOLMKIUPOBAHUS, LKJIOB/BpEMSsI
MIla °C BBIJIEPKKH, MUH

BazansToBOC BOIOKHO — 88, 4 800 — 1050 315
mractTudurarop — 12 800 — 1080

BazansToBoe BoIokHO — 63, Si0; — 25, 4 500 — 750 3/15
mractTudurarop — 12 500 -770

Pe>xnMbl TEpMOIMKINPOBAHKS B BUJE I'pa(uKoB MpUBEICHBI Ha puc. 1, 2.

III mmemn

A
T.°C
770 4+
[ max JIgiici
0801
750 + nen 15 ozt

15 M

>

1, MHH

Puc. 1. Peosicum mepmoyuxnuposanus 6 guoe epaghuxa ¢ memnepamyphuix ouanazonax 800 °C — 1050 °C u 800
°C —1080 °C 0151 KM na ocnoge 88 % 6aszanomosozo onokna ¢ 12 % niacmuguxamopa
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Puc.2. Pescum mepmoyuxiuposanus 6 euoe epapura 6 memnepamypuwix ouanazonax 500 °C — 750 °C u 500 °C
— 770 °C onss KM na ocrnose 63 % 6azanomogozo sonokua ¢ 25 % evicokooucnepcnozo SiOz u 12 % naacmugu-
Kkamopa

TepMoUMKINPOBaHNE IPOBOAMIOCH C IETBIO T10-
BBIIICHUS TIPOYHOCTH KOMITO3UIIHN 32 CYET (POPMHPO-
BaHU (a30BOTO COCTaBa, COXPAHEHHS YaCTH aMopQ-
HOTO COCTOSIHHSI BOJIOKHA M ITOPOBOTO IPOCTPAHCTBA,
CHATHS MHKpOHAINpsOKeHHUH. TemreparypHble HHTEp-
BajJibl TEPMOLMKIMpPOBaHUS B AuamazoHax 800 °C —
1050°C 1 800°C — 1080 °C gt KM Ha ocHoBe Oa3ab-
TOBOT'O BOJIOKHA BRIOMPATUCH HA OCHOBAHHUH PaHEe Mo-
JYYCHHBIX PE3YJIbTATOB. BBLJIO yCTAaHOBJICHO, YTO B
JAHHBIX TUaa30HaX TEMICPATyp MPOUCXOTUT POpPMHU-
poBaHue  (a3pl  IKEIC3HO-MATHUCBOW  IIMMHEIH
(Mg,Fe)304. TTpu 5TOM TakKe HAYUHAIOT KPUCTAILTH30-
BaThCS (pa3bl, XapaKTepHBIE I KPUCTALTHIECKOTo Oa-
3anpra: aBrut Ca(Mg,Fe)Si2Os, anoptut CaAl,Si,Og
MpoYre MUHEPaJbl. BaKHO OTMETHTD, 9TO MHTCHCHB-
Hoe okucienue Fe?* no Fe® yckopser mpouecc kpu-
cTaJuM3anuu 0a3adbTOBOTO BOJIOKHA IIPH ITOBBIIICH-
HBIX TeMmmepaTypax. TepMOIMKINPOBAHUE YBEIHYH-
BaeT KOJMYECTBO KPUCTAJUTMYCCKON (ha3bl, MOBBIIIAS
npoyHocTh. OxaxkaeHue mpu repmonunkiax g0 800 °C
HE MO3BOJISIET MOJHOCTBHIO 3aMOJIHUTH OPOBOE IIPO-
CTPAHCTBO XHUIKO#H (ha3oii [5, 6]. TemmeparypHbie qua-
na3oHb! TepmorukirpoBanus 500 °C — 750 °C u 500 °C
— 770 °C g 6a3aIbpTOBOrO BOJIOKHA € TOOABIEHHEM
BeIcOKoiucTiepcHOro SiO; BBIOMPANKCH, UCXOAS U3
TEpPMOTpPaMM Ha OCHOBE AIOMOCHIIMKATOB C MOIU(H-
UpyromuMu 106aBkaMu BeicokoucepcHoro SiOz. B
JAHHOM JTHAIlTa30He TeMIepaTyp MPOUCXOIUT 0Opa3o-
BaHHME JKHJKOW HSBTEKTHYECKOW (Da3bl CHILTMMaHHUTA

(Al>0sSi), koTopast yuacTByeT B 00pa30BaHUM KOHTAK-
TOB IIPH CEKAHUU KOMITO3UTOB [6, 7]. TepMonukiInpo-
BaHHE YBEIMYMBACT €€ KOJIMYECTBO, MOBBIIIAS MPOU-
HOCTb. Oxnaxkaenue npu tepMmonukiax g0 500 °C ue
TI03BOJISIET 3AIIOJIHUTH TIOPOBOE IIPOCTPAHCTBO KHUIKOH
(azoii u coxpanser amopdHOCTSH [7].

Mopdonoruyeckuii aHanu3 moBepxHocTn KM
OCYILECTBIISUICA HAa CKAaHUPYIOIIEM 3JIEKTPOHHOM MHUK-
pockorie Beicokoro paspernerust «Miray  hupmer
«Tescan» (Yexwus). Onpenenenue creneHn amopghHo-
CTH BBINOJHJIOCH METOJIOM PEHTTEHOCTPYKTYPHOTO
aHanM3a Ha peHTreHoBcKoM audpakromerpe Ultima IV
(Rigaky) B Cuke-u3nydeHun. McnbiTaHue Ha CiKaThe
TIPOBOAMIIOCH HA YHUBEPCATIbHON MCHBITATEIFHON Ma-
mmHe "Tinius Olsen H150K-U" (Aurnust) ¢ norpeni-
HocTb u3Mepenus 1 %. [lopucTocTs U IPOHUIIAEMOCTh
OIIPEAEIANNCh, Ha aBTOMAaTH3MPOBAHHOM IIOPOMETpE
KamUBIPHBIX TOTOKOB Porolux 500 mo nccienoBanuio
MOPOIIKOBBIX MaTE€pPHaNOB Tra30AWHAMHYECKHM METO-
JIOM, 00lasi MOPUCTOCTh — METOJOM THAPOCTATHYE-
CKOT'O B3BEIIBAHHS.

Pe3ysbTaThl HCcae10BaAHUS

Mopdonorusa nosepxaoctu KM Ha ocHoBe 88 %
6azanbpTOBOrO BOJIOKHA ¢ 12 % ruracTudukaropa mnocie
npeccoBanus npu nasieHun 4 Mlla u nposeneHus
TpeX TEPMOLMKIOB B nuana3zoHax Temmnepatyp 800 °C
— 1050 °C u 800 °C — 1080 °C npuBezneHa Ha puc. 3.
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Mopdghonoeus nogepxnocmu KM na ocnose 88 % 6azanomosozo eonokua ¢ 12 % niacmughukamopa nocne npec-
cosanust npu oasnenuu 4 MIla u mpex mepmoyuxnos: a — 6 — 800 °C — 1050 °C; 2 — e — 800 °C — 1080 °C

Mopdosnorus nosepxnoctu KM Ha ocHoBe 63 % 0a3aJibTOBOIO BOJIOKHA, MOAM(DHUIIMPOBAHHOTO JJ00ABKOM
25 % BoicokoaucnepcHoro SiO; u 12 % mnactrudukaTopa mocie npeccoBanus npu aasieHnu 4 MIla u nposee-
HUS Tpex TepMonnkioB B quanasoHax 500 °C — 750 °C u 500 °C — 770 °C npuBeneHa Ha puc.4.
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Puc. 4. Mopgonoeus nosepxnocmu KM na ocnoge 63 % 6a3anvmogo2o 6010kHa ¢ 25 % 8bICOKOOUCNepCHO20
SiOz u 12 % naacmugurxamopa nocne npeccosanus npu dasnenuu 4 MIla u mpex mepmoyuxnos: a — 6 — 500 °C
—750°C; 2—e—-500°C-770°C

Mopdonorndeckuit ananm3 nosepxaoctd KM mokasai, 4To npoBeAeHHEe TPeX TEPMOLMKIIOB B THara3oHax
temrnepatyp 800 °C — 1050 °C u 800 °C — 1080 °C ne napymaer noposoe npocrpanctso KM (puc. 3). Hadmona-
etcst xxuakodasHoe criekanne KM ¢ oOpa3oBaHneM Ha MoBepXHOCTH 0a3aIbTOBOTO BOJIOKHA 3BTEKTHYECKHUX (a3,
Y4YacTBYIOUIMX B KOHTAKTOOOPA30BaHHUH M ITOBBIIIAIOIINX IIPOYHOCTH. [1OpBI OCTAIOTCSl OTKPBITHIMH, HE3AIOJIHEH-
HBIMU XHJKoH (a3oi. [Tpn Harpese no 1080 °C npoucxoaut 0ojiee HHTEHCUBHOE KOHTAKTOOOPa30BaHHE MEKTY
BOJIOKHAMH 10 cpaBHeHWI0 ¢ HarpeBoM a0 1050 °C. [ToBepxXHOCTh BOJOKOH CTAHOBUTCS KPUCTAIIMYHOMH, T. €.
TEPAET «IIIAJKOCTE», aMOpdHOCTH (pUC. 5 a, 6).
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SEM MAG: 20.0 kx  Date(m/dly): 08/18/25 Performance in nanospace SEM MAG: 20.0 kx  Date(m/dly): 08/18/25 Performance in nanospace

Puc. 5. Koumaxmoobpaszosanue mexcoy 6010KHamu 6azaiema (a, 6) u 6010KHAMU 06A3ANIbMA C 8bICOKOOUCHEPC-
noim SiO; (8, 2) nocie mpex mepmoyurnos: a — 800 °C — 1050 °C; 6 — 800 °C — 1080 °C; ¢ — 500 °C — 750 °C; 2 —
500 °C— 770 °C;

ITpoBenenue tpex Tepmounkios B auanazonax 500 °C — 750 °C u 500 °C — 770 °C B KM Ha ocHoBe 0a3aib-
TOBOTO BOJIOKHA C BbICOKOAMCIIEpCHBIM SiO2 MpakTHYecKH He HapylaeT nmopoBoe npoctpaHctBo KM (puc. 4).
[Ipn narpese 1o 770 °C npoucxoauT HeOOJIBIIOE YMEHBIICHHE pa3Mepa Mop, 3a cueT 00pa3oBaHHs OOJIBIIETo
KOJIMYECTBa XUAKO(a3Hoit 3BTekTHUeckol (a3bl cuumumanuta (Al2OsSi) o cpaBaenuto ¢ HarpeBoM 10 750 °C u
OoJiee HHTEHCUBHOE KOHTaKTOOOpa3oBaHue. [I0BepXHOCTH BOJIOKOH OCTaeTcs MIIaaKou (puc. 5 g, ).

Crpykrypa u pentreHorpaMMbel KM Ha ocHOBe 0a3a1bTOBOTO BOJIOKHA IOCIIE TPEX TEPMOLMKIIOB B AMAla30HaX
800 °C — 1050 °C u 800 °C — 1080 °C mpezcraBieHs! Ha puc. 6.
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Puc. 6. Cmpyxkmypa u penmeenocpammvl KM na ocrnose 6a3ansmogozo 0I0KHA NOCIe MpPex MEPMOYUKL08: a, O
—800°C-1050 °C; 6, 2— 800 °C — 1080 °C

OmnpezeneHo, 9To mpoBeaeHue tpex TepmonukioB B auanazone 800 °C — 1050 °C npuBOAUT K CHIDKCHHIO
amopdHoctr 1o 10 %, B nuanazone 800 °C — 1080 °C no 3 %, puc. 6. Ctpykrypa u peHrrenorpammbel KM Ha
OCHOBe 6azanbTa ¢ BRICOKOAUCTIEpCHBIM SiO2 Iociie Tpex TePMOIHMKIOB B quana3onax temmeparyp 500 °C — 750

°C u 500 °C — 770 °C npuBesneHs! Ha pHc. 7.
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Puc. 7. Cmpykmypa u penmeenoepammol KM na ocnoge bazanvma ¢ gvicoxooucnepcuvim SiOz nocie mpex mep-
moyuknog: a, 6 —500 °C — 750 °C; 6, 2— 500 °C — 770 °C

HccnenoBano, 4to mpoBegeHne Tpex TepMonukioB B guanaszonax 500 °C — 750 °C u 500 °C — 770 °C B KM
Ha OCHOBe 0a3ajbTa ¢ BhIcoKoaucnepcHbiM SiO; mokasano, uto gobasieHne BeICOKogucepcHoro SiO; moaudu-
[UPYET BOJOKHO, OJIOKHPYsI €0 KprcTauu3anuto. B obpasiiax Hadmomaeres 100 % amopdHOCTS.

MakcUMasbHbBIH, CpEeAHUN pa3Mmep MOp, OO0Ias MOPHUCTOCTh, ra3oBas MPOHHUIIAEMOCThH MPEICTABICHBI B
Tabm. 2.

Tabmuua 2
MaKCHMaJILHBIfI, CpCI[HI/Iﬁ pa:sMep HOp, O6H.[a$I HOpI/ICTOCTB, ra3oBas HpOHI/I].[aCMOCTL
Pasmep nop, T"'a3zoBas mponu-
Juanazon
HaI/IMeHOBaHI/IC TePMOLMKITHPOBAHHIS MKM Ha€MOCThb HpI/I HOpI/ICTOCTL
KM b °Cp , MaxkcuMabHBIH Cpeumii 0.1 bap, Y
(pacueTHbilit) 10-12m?
basanwrosoe 800-1050 312,0 23,3 41,6 76,2
BOJIOKHO
basanwrosoe 800-1080 203,5 252 41,8 75,6
BOJIOKHO
Basamsrosoe 500-750 377,0 67,1 54,9 77,1
BOJIOKHO ¢ S10;
basanstoBoe 500-770 239.0 45,1 46,5 62,4
BOJIOKHO ¢ Si0;

IMopoMeTprYecKuii aHaM3 MMOKa3ajl, 4TO MOPUCTOCTh U MpoHHIaeMocTh B KM Ha 0cHOBe 6a3aibTOBOTO BO-
sokHa B quanaszonax 800 °C — 1050 °C u 800 °C — 1080 °C ocraeTcst mpaKTHYECKHU [TOCTOSIHHOM M COCTaBIISIET 75,6
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% 1 76,2 %; 41,6 - 102 Mm% u4l, 8 - 102 Mm% B KM Ha ocHOBe 06a3aibTOBOTO BOJIOKHA ¢ godasieHueM SiO: B
nuanasone repmouukiuposanust 500 °C — 770 °C mporcxoauT ymenblieHue B cpearem B 1,2 pasa ¢ 77,1 % o
62,4 % obmeit nopuctocTn 1 npoHunaemocty ¢ 54,9 - 102 m? 1o 46,5 - 102 m? otHOCHTENBHO Auanazona 500
°C — 750 °C. IlopomeTprueckne KpuBbIe onpeneneHus pazmepa mop B KM Ha ocHOBe 6a3apTOBOTO BOJIOKHA H C
no6aBkoit Kk BosokHy SiO; mocie Tpex TepMOITMKIIOB TPUBEICHBI Ha puc. 8, 9.
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Puc. 8. Ilopomempuueckue kpusvle onpedenenus pasmepa nop 6 KM na ocnoge 6a3ansmoso2o 8010KHA ROCe
mpex mepmoyuxnog: a — 800 °C — 1050°C; 6 — 800°C — 1080 °C
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6
Puc. 9. Illopomempuueckue kpugvie onpedenenus pazmepa nop 6 KM na ocnose 6azanomogoo 60nokua ¢ 006as-
kot SiOz nocie mpex mepmoyuxnos: a —500°C — 750°C; 6 — 500°C - 770°C

Oo6uuit Bug KM u muarpamMMebl cxxatisi 00pasiioB, CIPECCOBAaHHBIX MpH AaBicHuu 4 MIla u TepMOIMKIUPO-
BaHHBIX B Auanaszonax 800 °C — 1050 °C u 800 °C — 1080 °C u auanasonax 500 °C — 750 °C u 500 °C — 770 °C
npenacraBieHsl Ha puc. 10.
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Harpy3ka (kN)

0.60 120 180 240 3.00 360 420 480 540 6.00
lNepemeuiexune (mm)

o

) 0.55 110 165 220 275 330 385 440 495 5.50
lNepemeuieHne (mm)

0.10F -+

040 080 120 160 200 240 280 320 360 400
lMepemeuterne (mm)

e

045 0.0 135 180 225 270 315 3.60 405 450
MNepemeuerHune (mm)

u

Puc. 10. Obwuii 6uo u ouacpammer cocamus KM nHa ocHose 6a3anbmo6020 80JI0KHA NOCIe Mpex MepMOYUKILO8:

a, 6 —800°C —1050°C; 6, e—800°C —1080°C; 9, e —500°C — 750°C; oc, u —500°C - 770°C; a — 2 — 6azans-
moeoe BONOKHO, 0 — U — 6A3a1bMO80e 80I0KHO ¢ dobaskoll SiOz

Pesynbrarsl ncnsitanusg Ha cxxatre KM mocie TepMOIMKINpOBaHAS IPEACTaBICHHI B Ta0I. 3.
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Tabmuua 3

Pesynbrats! ucnbitanusg KM Ha cxaTtre nociie TepMOLMKIMPOBAHUS

HaunmenoBanne KM Juana3oH TepMoIMKInpoBaHs, °C

[Ipenen npounocTu Ha
ckarue, MIla

bazansToBOC BONMOKHO 800 — 1050 2,5
800 — 1080 8,0

ba S 500 — 750 7’0
3aJIbTOBOC BOJIOKHO C 102 - 1 :

OmpeneneHo, 4To AUarpaMMbl CKaTHS HMEIOT
«II000PAa3HBI» XapaKTep, YTO CBUACTEIBCTBYET 00
OCBIITaHNH YACTHI] C TIOBEPXHOCTH 00pa3ua npu Harpy-
JKEHUH 1 00pa30BaHUM CIIa0bIX CBSI3eH MEXIy KOMIIO-
HEeHTaMu KoMno3uiuu. [Ipenen npoYHOCTH Ha CoKaTHe
KM Ha ocHOBe 0a3aibTOBOrO BOJIOKHA IOCIE TEPMO-
UKIHPOBaHus B nuamasoHe temmepatyp 800 °C —
1080 °C cocrapnser 8§ MIla. [lobapnenue k 0a3aibTo-
BOMY BOJIOKHY BbICOKoaucnepcHoro SiO; Moaubuim-
pyeT MOBEPXHOCTh BOJOKHA M YBEIWYMBACT IPEHEI
MIPOYHOCTH Ha cxkaTtue 10 15 Mlla.

3aki0ueHne

Mopdodomnormueckuii anamm3 nosepxaoctd KM mo-
KazaJl, YTO MPOBEJICHUE TPEX TEPMOILMKIOB B JHaNa3o-
Hax Temreparyp 800 °C — 1050 °C u 800 °C — 1080 °C
He HapyliaeT noposoe npoctpaictBo KM. Hab6mona-
ercs xuakogasnoe criekanne KM ¢ oOpazoBanueM Ha
MOBEPXHOCTH 0a3ajbTOBOI0 BOJIOKHA IBTEKTHYECKHX
(a3, yyacTBYIOINX B KOHTAKTOOOPA30BaHUH M TOBBI-
MIAIOIIUX IIPOYHOCTh. [lOphI OCTAIOTCSI OTKPBITHIMH,
HE3aIllOTHEHHBIMH JKUAKON Qa3oi. [Ipm Harpee o
1080 °C npoucxoaut 60siee HHTEHCUBHOE KOHTAKTO00-
pa3oBaHKE MEX/y BOJIOKHAMH 10 CPAaBHEHHIO C HArpe-
BoM 110 1050 °C. IToBepXHOCTh BOJIOKOH CTaHOBUTCS
KPHUCTAJUTMYHOM, TEpseTCsl «IIaAKOCTh» — amopd-
HOCTb.

HccnenoBano, 4To NMpOBEICHUE TPEX TEPMOLMK-
s0B B quamnasonax 500 °C — 750 °C u 500 °C — 770 °C
B KM Ha ocHOBe 6a3ajbTOBOTO BOJIOKHA C BBICOKOJIUC-
nepcHbiM SiO; NpakTUYECKH HE HapyllaeT IIOpOBOE
npoctparctBo KM. IIpu Harpese mo 770 °C mpoucxo-
JUT HeOOJIBIIIOE YMEHBIIEHHE pa3Mepa Iop, 3a CUEeT 00-
pa3oBaHusi OOJIBIIETO KOJMYECTBA JKUIKO(a3HOW 3B-
texTraeckor (aswl cmummanuta (AlpOsSi) mo cpas-
HeHMIO ¢ HarpeBoM a0 750 °C u Gosiee MHTEHCHBHOE
KOHTaKToOOpa3oBaHue. [10BEpXHOCTh BOJIOKOH OCTa-
€TCsl TTIa/IKOM.

OmpeneneHo, 4To NPOBEICHUE TPEX TEPMOIUKIIOB
B auana3one 800 °C — 1050 °C npuBOAUT K CHUIKECHUIO
amopodnocTu 10 10 %, B nmanazone 800 °C — 1080 °C
— 10 3 %. [IpoBenenue Tpex TEPMOIMKIIOB B TMANa3o-
Hax 500 °C — 750 °C u 500 °C — 770 °C B KM Ha ocHOBe
Gazanbra ¢ BhIcOKoaucrepcHbIM SiOz mokasajo, 4To
nobasnenue BbicokoaucniepcHoro SiO moauduim-
pyeT BOJIOKHO, OJIOKHPYS €ro KpHCTauin3anuio. B 00-
pasuax HaOmoxaercs 100 % amopdHOCTS.

W3y4yeHo, 4TO MOPUCTOCTh M MPOHHUIAEMOCTh B
KM Ha ocHOBe 0a3aJIbTOBOTO BOJIOKHA B JJHMana3oHax
800 °C — 1050 °C u 800 °C — 1080 °C ocraercs mpak-
THYECKH IIOCTOSHHOM U coctaBisieT 75,6% u 76,2 %,
41,6 - 102 m?u 41, 8 - 102m2% B KM Ha ocHoBe 6a-
3aJITOBOrO BOJIOKHA ¢ go6apieHueM SiO2 B muana3one
tepmormkiupoBarus 500 °C — 770 °C npoucxoaur
yMeHblIeHue B cpeaHeM B 1,2 pasza c 77,1 % 10 62,4 %
00111€eli MOpHCTOCTH ¥ poHKIIaeMocTH ¢ 54,9 - 10712 m2

10 46,5 - 1012 M2 oTHOCHTEeNBHO muanazona 500 °C —
750 °C.

OmnpeneneHo, 4to noOaBieHHEe K 0a3albTOBOMY
BOJIOKHY BbIcoKoaucrepcuoro SiO; moaubuuupyer
TIOBEPXHOCTH BOJIOKHA M YBEJINYMBACT MIPEAET IIPOTHO-
cTtu Ha cxartue a0 15 MIla. IIpenen mpoyHocTH Ha cxa-
tie KM Ha ocHOBe 6a3abTOBOTO BOJOKHA TIOCIE TEP-
MOIIMKIUpOBaHus B auana3one temmeparyp 800 °C —
1080 °C cocrasuser 8§ Mlla.

[TpoBeneHHble Hay4YHBIE HCCIIEAOBAHUS CTPYK-
TypBhl 1 MUKPOMEXaHHUUECKUX CBOMCTB MOpUCTHIX KM
Ha OCHOBE 0a3aJbTOBBIX BOJIOKOH, IOJYYEHHBIX IIO
Pa3MYHBIM TEXHOJIOTUYECKHM DPEXHUMaM, IO3BOJIAT
ONTHMU3UPOBATh PEXHUMBI (OPMHUPOBAHUS JAHHBIX
MaTepuaoB M CO3/1aBaTh BBHICOKOIIPOHUIAEMbBIE KOM-
TIO3UIIMOHHBIE MaTepHAIbl ¢ MOANGDHUINPOBAHHON IMO-
BEPXHOCTBIO MOP M CTPYKTYPOH MEKYACTHYHBIX KOH-
TaKTOB JUISl OYUCTKH BO3yXa.
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AHHOTAIHSA

KeIpreizcranibiH TYIITYK-0aTHIN YoTkeMyHe opyH anraH [Tym, Kapoour arTyy alfsimapbIa apanar eTKeH,
YOKYCY acMaH THpEreH OMIHK TOOJOPYHYH apacklHaH Oamat anrad Vcdaiipam HapbIsCHIHBIH, aHBIH )KIIKTEPUH
OoittoTo XKalramkaH OaifiMaHaIlyy SJIUH BIPBHICKBICBIHA JKApaNTaH BIHBIK TaOMATTHIH OWp TaOepUru KaTaphl
MYHO3106JI0T.

JlapBISHBIH aKaK CBIMAaJl, MOJITYP TYHYK CYYCY, T33 33€JITCH OepH TallTaH-TalllKa YPYHYTI, IapIbUIIAI aKKaH
©3reue yKKyJIyKTyy aBa3bl, TUTWJIE Kaparanja Ke3 >XOOCYH alraH KyMYIU CbIHAYY HypJiapbl TysK BIPUBIHBIH
TOKMOJYK OHOPYHYH KypUylIyHa, IIBIK-TAJIAHTHIHBIH aubUIBIIIBIHA TYPTKY, A€M OepreH eHIOHOT. AKBIHIBIH bIP
canTapblHa Cepel cajia KeJIreH Ke3/1e MblHA YIIyHIal TYIIYHYK jkapanoail KoWOOoMT.

Hcdaiipam naiipachlHbIH KOPKOMAYTYH, KOO3IYT'YH, CYJIYYJIYyI'yH, KaJKTBIH >KallOO-THPUYMIATUHACTH
93JIETeH OPAYH aKbIH ©3YHO MYHe31YYy OONIOH JKOTOPKY CYPOTKEpIMK MEHEH Taacupayy OasHmaraHIbIIbl
Oaiikanar.

Abstract

This research article examines the Isfairam River, which originates from the highest peaks of the mountain
range and flows through the villages of Pum, Karool, located in the south-western region of the Kyrgyz Republic.
Being a unique natural phenomenon, the river not only plays an important role in ensuring the livelihoods of the
population on both its banks, but also serves as a source of aesthetic inspiration. The purity and transparency of
water, the melody and timbre of its flow, comparable to silvery rays, are reflected in the artistic perception and
creative understanding of the local cultural tradition, including in the works of outstanding Kyrgyz akyns, such as
Tuyak yrchy. All these magical properties of Isfairam influenced, stimulated and motivated the improvement of
Tuyak’s skills, the skilful and virtuoso performance of his poems as a poet-improviser.

When familiarizing oneself with the content of his poetic lines, the above-mentioned thoughts and feelings
cannot but appear.

The beauty and charm of the river, its place in the life of the people and in the arrangement of their way of
life are sung and conveyed by Tuyak in his characteristic manner and in a special style, in a highly artistic language,
which, of course, is extremely impressive.

Tyiiynnyy cesmep: Tysk, HWcdaiipam napeuicel, Ilym aiieimb, Kapoon aifbuibl, TeKMe BIpUBl,
JKapaTblIbIIITBIH 66J‘I6FI/I, 3JIAUK 35C TYTYM.

Keywords: Tuyak, Isfayram river, village Pum, village Karool, improvisational poet, gift of nature, memory
of the people.

AKkyn - singer-composer, poet-improviser, poet and singer among the Turkic-speaking peoples
Tuyak Ernazar uulu (1856-1912) — a well-known Kyrgyz folk singer, komuz player, and poet-thinker
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... HyCKa Cce3YH Kar 0OJICYH.
CaHar BIpBIH caH 6oJicyH!
CamxpIpa ce3yH ca3 O0JICYH.
Apcranbex Byiiaam yyay

Kupumyy. Kynectyy Kbolpreizcran, Tuinekke
JKapaia, Japbisi, e36H cyyiapra 0ail enke. Amap Kek
acMaH THpereH OWMHHK TOOJIOPIOH Oamar aJblm,
Kamyblrailap — apkpulyy OypKaH-IIapKaH — TYIIYII,
Kyprywrer arat. Ap 6up napsisi, 4oHOY ke KH4MHeOu,
afiTop, ©3YH4e KepeMeT, ChIpAYY; aHbl TeIMHUpe
KaparaH KUIIMHAH KOHYJ KOeJIeHYH OJpIUTHII,
CYKTaHTBIN, ©3TeYeNIYYJIYTY MEHEH KaHIalabIp
KalfTanmaHrsIC TYIOM-CE3UMIepre KaObIITaT,
TaacUpieHTET. TysSK BIPYBIHBIH TOKMOIYK ©HOPYHYH
Kydy MeHeH Mcdaiipam Tyypaiyy jkaHa aHBI XKIIKTEH,
©36H 0OMIOTO JKamiaraH, eMyp KEUHPreH KaJlKTBhIH
TYPMYyII-TUPUYHINK ~ KYPIY3YYCYHA®  JapbITHBIH
93JIETEH OpJy >KaHa MaaHUCH J>KOHYHAe TYLIYHYK
anabbI3.

N3naneeHyH MeTOAI0PYy: TEMaHBIH ajKarbIHIa
THEIeNYY Ma3MyHJIy BUIT0O, OKyM-YHpeHyy, Taanoo,
CHHTE3,  WHIYKUUS,  ACHYyKIHs, abcTpakuus,
CAIIBIITHIPYY, KOHKPETTSIITUPYY, KAJIBLIOO, TEKCTTH
MHTEPIPETAISIIO0 JKaHa Oallka MINMHH TaaHyy
METOJIOPY KOJIOHYJIITY.

Herm3sru ma3myn. Ucdaiipam »smire nmeener,
OOMAT, BIPBICKBI AajbIll KEITeH, YIyy KapaThUIbILI
OepelIeHINK MEHEH TapTyyjaraH Japblsi 3KCHAWIHH,
aKbIH TOMOHJIOTY canTap apKbUIyy CHINATTaiT:

Hcghatipamowt kepbeeon,

betiuw smue 6unbeeen [1, 12-6.].

AJ 3mu:

Anmuin akkan uuunoe,

Anaamam 6ap KyuyHoe.

Ulvinaa 6oneon ap xanoati

Ativiknazan beuence.

Kumou 6onco smoezen,

Kyuax orcaiiein xen Oecen [I, 12-0.] — w®Ip
canTapblH/la, MBIHAAW MeNT-KaIT daiimana, OypkaH-
MIapKaH TYIIYN aKKaH Jaipaza 5H KeIMOat, Oaanmyy
MeTaJul — aiTBIH ce3Ccy3 OOdyIl KepeKk OHIYY
JKOPOMOJIZIOH ~ THIIIKAaphl, KbIMBIPD MaaHWJE, aHbIH
©3reveITyYIyIYH, KalTalaHTbICTHITHIH,
KaCHeTTYYJIYTYH MYHO3716e /1a, OLIOHAOH 3Jie acKachl
KOK acMaH MEJDKUIeH TOOJIOPJOH arbUIbI YbIKKAaH
MOJTYp Ta3a, TyHyK CyyHy W9IKeH Oeitam e3 oopycyHa
IIbINaa Tanmai KoibocTyryH Oenrnneene.

Oxropynyn, mapnpuLaan akkaH Oyn Jaipa ara
KBIJIIAT Ha3ap CaJraH aJlamra, OIMIOHYONIyK Kyd, Ky0arT,
JieM OEpreHCHHT JIETeH 3Jec KaJIThIpaT.

Ce3nykre: Oeuen — 2. or. Yabam, Hawap. O,
KapbUIBIK, Oeden OonayM, ceeryMm Oap, ©3yM J>KOK
(Baiitemupos) [2, 223-6.].

Hcdaiipam JYEeH-IUYCHIETCH 3aMaHaapIbl,
JIOOPJIOpIy  apTKa KaITBIPBI, AaHBIH  aiiaHa-
TOrOPeryHAe® TEJIMUPIeH TaOWSATThIH, JKallaral
TYPryHAApIbIH, OJJACPAUH CAHXKBIPACHIH, TapbiX-
Tap>KbIMAJIBIH “UYMHE KAMTBIN, IIPUHE CHHUPHIL,
aHbIH TaOBINIMAKTYy, MHH CBIpAYYy J00ymry Ousre
KyJIlyM MBIHA OIIOJI ©TKOHAOPAOH OasiH KypyIl KaTKaH
OHJIYY dJIec-Ce3UM/IEp/IM JKapaTar.

Byn nmaiipanblH KacueT JaapeiraH CyyCYHaH Kep
9HE  a3bIKTaHBIN,  JKalbUl  JAacTOPKOHYOY3IoyH
OepeKecHH ambIpraHbl, KOPKKe OellereHy, aJaMAbIH
KOOIeHYHI® TOK NEHHIAYYJIYK >XapaTKaHbl, JIAWH

BIPBICKBICHIHA ~ afJIaHTaHbl TOMOHIOry camrapia
MYHO3/16JI6T:

Anma, epyx, waboaanst,

JKysym 6oneon Ucgavipam.

Hacmopronzo mezyneen

Kysyn 6onecon Heghatipam.

Cynxynoezon cynyymyn

boio b6oneon Ucgpaipam [1, 13-6.].

AcMaH eHYHIIell KeNIKeK TyHYK aKKaH MbIHJal
JalpaHbl MEKCHHOM3IETH KOpKeM, KOpYHYKTYY,
Oepekelnyy caHalTaH aiiMakTap ©3reH MeHeH Anaiinan
kepOexyM nenet. byn na 6omnco Tysk BIpYBIHBIH JaaHa,
TaaMail CaJIbIUTHIPYYCY.

“ABa3bIHBI SIIUTHIL, KBI3bLI THJIUM caipachiH” -
JIeTeH canTapja, aKblH XOTOPKY CYPOTKEpIHK MEHEH
CEHUH KyJIaKKa )KarbIMIyy NaObIIIbIHAB YKKaH CallblH
MEHHMH TOKTOHO ayi0aii Oe3eJieHUN caiparbiM KeleT,
MbIHJallua alTKaHAa MEHHH AaKbIHABIK ©HOpPYMIYH
KypuylIyHa cedern, “nibinaa’” O0JIyH AereH ol 4aObIThI
TaTaAIyyaa.

AHJaH apbI:

LlIyn moonopoy dHcamvinwin,

Cenoeii 6onyn azviivin,

Omyp emco kanaxe,

Habviwsigoaii  ocayvipuin - [1,  14-6.] artyy
camrapja, jkallaraH eMYpyM CeHJel O0ojco mereH
TWIETMH OWIIUPreHH, TOKMONIYK 6HepyM MeHHU
KaJpIpjarad, ypMaTTaraH »JJIEpAMH  OO03YyHIa
AUTBLIBIN, KyJIarbIHa KaHBIPBIT TYpCa, alrbUIBIKTYY,
YIATYJIYY JKarblM ajJapAblH SCHHJE CakTajaT JereH
OHJIYY KaaJoo YMYTY ’KaTKaHCBINT.

XKoropyna OGasHmanran MasMyHIYH HETM3HMH/IE
TOMOHKY THITHAKTapra Kelyy MYMKYH.

KopyTtynny:

-  Tysx  BIpYBIHBIH  IIBIK,  TAJAHTHIHBIH
OMronymryHa JKaHa OHYT'YLIYHO HUcoaiipam
JApBIACBIHBIH THHTH3TEH Oy TTYY TaaCHUPHUH alKbIHI00
MYMKYH;

- Japbisl aHBl JKIIKTEH OOMIOTO KalramkaH
anaepre, TUPUYMINTHH XKYPTY3TeH KalKTapra yiyy
JKapaTBUIBII TapTyyJlaraH KacHeTTYY JKaHa BIMbBIK
Oeneru Kataphbl ChIMATTANAT;

- HUcdaitpamaba Oyypakannmamn aKKaH
[IapIbUIIATaH e3revenyy JaObIIIbl BIPYBIHBIH JIEpre
TAaCHPAYYJAYTYH  apTTHIPBIN, BIp  CaNTapBIHBIH
Ma3MyHYH OaibITHIN, TOKMOIYK 6HOPYHO IeM, KyOart,
Kalpat OepreHIH CYPOTTOroH Ce3UMIepre KaObUITaT;

- IaphIsi CYyCyHYH aKbIH ChIIATTaraH TyHYKTYTY,
KOO3/yTy, Ke3 JKOOCYH airaH KepKeMAYTY, aHBIH
KIIKTEPUHAEC TUPHWYMINK SKYPTY3TeH KajJKKa jKaHa
JKall MyYyHra KallooCyHJa CyyJlaid Tasza, KbIHHAKTYY,
capamkan Oojdyyra YHIereH, Oamikada aWTKaHza
SKOJIOTHSUTBIK TapOWSIHBIH OPYYHIYY MHMJIIETTEPUH
Yyeyyyre OarbITTATaH KapakaT Karapbl MaaHWIYY
Marepuai Ooyn Oepe anat.
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The purpose of this paper is to discuss to a number of determiners from the point of view of their semantic
content and how they are employed at the level of the text. It is well known that Japanese is an articleless language.
Such an explanation would help us emphasize the structure of the Noun Phrase in English, in which definiteness
is mainly represented by articles so that we can find similar functions in Japanase and conclude that there are
heterogenous items in articleless languages that help convey the definite interepretation. As a matter of fact, I will
present a classification of definite and indefinite articles, together with their semantic referentiality at the level of
the text, and then | will take into consideration other categories like demonstratives, which contain deictic infor-
mation and which help rendering the definite interpretation valid in English, as well as in Japanese

Keywords: Classifiers, Japanese, Number, Plurality, Definiteness, Countability, Noun Phrases

1.2.Uses of the Articles

In terms of difference, the dichotomy definite/in-
definite article can be illustrated through the functions
they represent at the level of discourse and syntax to-
gether with their employment within the sentence. Ac-
cording to Huddleston&Pullum (2002), the semantic
differentiation between focality and non-focality for el-
ements in a discourse is represented by the indefinite
article and is generally employed as a numeral. Definite
articles have generic (32a), epiphoric (32b), and ana-
phoric (32c) values within clauses in English, together
with specific structures (32d) (proper names, nominal-
ized adjectives)

(32) (a). The rooster is a singing bird.

(b). The window of the hut was shut.

(c). I didn't refer to the woman.

(d). The Carpathians, The Black Sea; The illiterate
etc.

Another criterion which differentiates sintactically
between definite/indefinite articles is that the indefinite
article is incompatible with certain modifying constitu-
ents of the English NP. Among these are superlatives,
and determiners only, same, first and next.

1.2.1. The Indefinite Article

Singular indefinite noun phrases have several
basic uses (Jacobs, 1995: 109): (33)

a. A specific entity with which the addressee is
not familiar yet and the Noun Phrase does not uniquely
identifies it is referred to as the specific indefinite em-
ployment of articles

1. Tom cut an old tree with yellow flowers.

2. Afamous bunsinessman helped his employees.

b. A class of entities is usually denominated as
the generic indefinite use of articles:

3. Tom searched for a four-bedroom flat.

4. A fast helicopter is sought after by the Intelli-
gence.

c. A special case of the generic indefinite article
provides a classification and is dealt with as the generic
predicate noun phrase:

5. Ginger was a tabby cat.

6. Bucharest is a heavily populated city.

1.2.2. The Definite Article

English employs the definite article the almost in
an universal manner with most NPs —singular or plural,
countable or uncount (proper nouns are an exception).
Speakers usually employ it when an entity identifiable
identifiable by the adressee is indicated by the Noun
Phrase. According to Jacobs (1995:110) there are a
number of criteria by means of which an entity becomes
identifiable, and, as a matter of fact, turns into a definite
NP:

a. The contextual reference is a corolary of the
immediate identifiable circumstance.

b. Entity or event is unique and has only a singu-
lar occurence, at least in our known universe, e.g., the
moon, the Earth.

¢. For a number of reasons the entity is peculiar
to a certain Universe:

- in the context of science, one can talk about
the mothocondria, the neutron, etc.

- inthe context of a anatomy, one can talk about
the heart, the arm, etc.

- in the context of a school, one can talk about
the professor, the student, etc.

- in the context of a written body of work
(books, compositions etc.), one can talk about the be-
ginning, the middle, and the end.

- in the context of 3D shaped objects in imme-
diate location, one can talk about the rear, the front, the
left-hand side, the interior, the exterior.

d. Anaphoricity which introduces an already
know entity: An elegant gentleman appeared on the
scene. The jury offered him the Oscar.

e. Superlatives describe a number of entities as
unique through the employment of modifiers: longest,
most courageous, least important, or through quantifi-
ers designating uniqueness, such as only and sole in the
only computer and the sole purpose.

f. A number of semantic determiners describe
the entity as present at the time of the utterance or in
proximity, e.g., the red glove, the guy over the park.
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g. A Noun Phrase consisting of a noun desig-
nated with a specific reference and is determined by a
relative, as in the anger that he felt.

The grammatical system of English allows the def-
inite and indefinite article to be mutually exclusive,
even though they complete each other. Their semantic
roles are complementary in a clause. In (35a) ana-
phoricity plays a role in specifying the noun, while in
(35b) the noun is not mandatory to be specified.

(35) (a) He’s the chosen.

(b) He’s a chosen.

The notion of definiteness encompasses a larger
domain and is not restricted only to articles since its
range of variation in relation to definite expressions in-
cludes other related grammatical phenomena: demon-
stratives, possessives, personal pronouns. Some of
these are definite determiners, differing from the in that
they combine definiteness with some other semantic
content which can account by itself for the definite in-
terpretation. We should follow Lyons™ (2003) classifi-
cation which suggests the existence of simple
definites/indefinites to describe Noun Phrases with the
or a (to which he ascribes the feature [+Def] or [-Def]),
and complex definites/indefinites in which [+Def] is
present as a consequence of, or otherwise in combina-
tion with another feature.

1.2.3.The Demonstratives

Kaplan (1989) ascribes demonstratives two roles.
First, reference is highly involved in that the canonical
employment of demonstratives is connected to the con-
text (Roberts’s (2002) and has extralinguistic dimen-
sion. Second, they own “prepropositional content’. Re-
searchers like Wolter (2003) pointed out there is not
much difference between NPs and the behaviour of
demonstratives. The most prominent classes of demon-
stratives are deictic (36a), anaphoric (36b) and explicit
demonstratives (Wolter's paradigm) (36c):

(36) (a) (Pointing at Clark) That guy is intelli-
gent.

(b) A cat; lives upstairs. That cat; starts meowing
when owner leaves.

(c) [That hero][who killed the dragon][will inherit
half the kingdom.]

(Wolter, 2003:2)

Emotive demonstratives are characterized by the
requierement of salience since they behave like
anaphors in that the entity must have already been dis-
cussed. According to Lakoff (1974) “emotional solidar-
ity with interlocutors is in their semantic content.

(37) That Gray Gandalf is a wise gentleman!

Some argue that demonstratives are distinguished
from the definite article in that they contain a deictic
element like in (37). Authors endeavored to find a se-
lective criterion in their structure. J. Lyons (1975,
1977) and Sommerstein (1972) assume that there is a
spatial implicature that distinguishes “this™ and “that’
from “the”. Anderson and Keenan (1985:67) agree on
this perspective and argue that a demonstrative system
with a singular item would not look much different
from the employment of definite articles.

Demonstratives this/these and that/those can func-
tion as a complete NP or as a determiner in slot (c)
(Heim, 1982:45). No substantial difference in meaning

can sometimes be observed when demonstratives are
employed as determiners and may be substituted by the
definite article.

The interpretation of definiteness in the form of
demonstratives does not rely on the criterion of inclu-
siveness, even though most authors argue that demon-
stratives are generally definite in nature. What might
set them apart is the actual referent might be in seman-
tic contrast with other potential referents, since the
demonstrative reference is clear or implied. (Hawkins:
1978). ldentifiability is the common link between
demonstratives and definite articles and the reference
becomes clearly implied as in "Give me that spell".

Demonstratives roll around two kinds of ana-
phoric function — substitution anaphora and textual
anaphora, both of which are intricately explained by a
number of researchers like Dixon (2003:38).

A.Substitution Anaphora: A full NP is substituted
by the anaphoric NP, and the anaphoric constituent re-
peats it in place. More precisely, a demonstrative in slot
(c), with substitution anaphoric function, might usually
be replaced with the definite article:

(38) (a) He wins more money, but that/this salary
is not sufficient.

(b) She gave birth on Monday and (on) that morn-
ing they argued heavily.

B.Textual Anaphora: it introduces a proposition
mostly in the form of a clause or even a lengthy piece
of discourse and is referred to by a NP with a demon-
strative. Examples:

(39) (a) He argues excessively and for that (rea-
son) Anna hates him.

(b) He doesn’t exercise and this (behaviour)
threatens Mary.

In the textual anaphoric case, the definite article
may not be replaced with a demonstrative. Something
larger in extent than an NP is required to be specified
by a deictic determiner. Deixis comes as the main cri-
terion linking definite articles with demonstratives
(This/(the) robe comes in handy. Whom did you sell
that/(the) falt to?).

A semantic value not peculiar to the definite arti-
cle, but to the demonstrative that is as an intensifier
with adjective or adverb (Jesperson, 1933:50) The ap-
propriate contextual reference introduces emotional se-
mantic content as a derogatory overtone:

(40) | hate that Smith John, the all knowing ma-
gician.

1.3.Conclusions of This Section

The main methods to express definiteness in Eng-
lish are through the employment of definite and indefi-
nite articles and through the usage of demonstratives
along with possessives. Unlike Japanese, English has
the advantage that both Number is expressed through
the employment of plural marker -s while Gender is not
overtly expressed just like in Japanese. Definiteness
can be dealt with in terms of uniqueness and familiarity
as logic forms that derive from contextual reference.
We bring into discussion the importance of context for
English, even though it is not a necessary topic due to
the presence of articles, because in Japanese the definite
interpretation of a NP resides mostly on anaphoricity
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and cataphoricity of the contextual reference within dif-
ferent clauses. This does not mean that Japanese resorts
only to ambigous processes like contextual reference,
as we will see in the next chapters.

The difference between definite and indefinite in-
terpretations for English NPs brings into discussion one
of the major characteristics of English nouns, namely
that they are inherently non-definite, unlike Japanese,
which has been shown, through null-NPs to possess in-
herently definite nouns, even though the demonstration
is still highly debatable in the literature. The previous
observation is supported by the fact that the indefinite
character of a noun in English is overtly marked, that
is, through the employment of an indefinite article,
which means that nouns must represent a different na-
ture in terms of definiteness, other than that of the di-
chotomy definite/indefinite and that is the tertiary non-
definite nature.

One argument comes from the idea that nouns in
English cannot be grammatical in their lexicon status,
more specifically, they cannot occur in sentences in
their non-definite nature. What distinguishes the from
a/an is uniqueness —the existence of an entity meeting
the descriptive content of the NP. While the use of an

indefinite description in a simple, sentence merely as-
serts the existence of an entity, the use of a definite de-
scription asserts in addition its uniqueness in that re-
gard. Familiarity, on the other hand, comes hand in
hand with the uniqueness criterion in that it presents the
entity described as part of the universe of the observ-
erer, unlike uniqueness which presents the object as
part of the general universe. Unlike definiteness, which
is a syntactic notion that can be demonstrated through
diagrams, uniqueness and familiarity are essentially se-
mantic and point out to the content of a noun.
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Returning to definite NPs, noun phrases that refer
to a particular part of a set <Specified Part> are cen-
tered on noun phrases called “pronominally used” com-
mon noun phrases (Kinsui, 1986: 479). Examples of
these are noun phrases that express deictic demonstra-
tives in the form of deictics soko, koko, sono etc. These
demonstratives are definite and they act like adjectives
for nouns in Japanese. Even though they lack number,
many authors argue in their favor since such pronouns
add a plus of semantic content to the noun they deter-
mine. As the Japanese language does not contain arti-
cles, definite and indefinite noun phrases must be de-
termined through their meaning. Examples where in-
definite noun phrases function as the topic in “topics of
property/situation” are given in Section 2. However,
these are special cases that are close to definite noun
phrases. In Section 3, the observation that the topic can
be represented by indefinite noun phrases in “topics of
existence” is presented together with all the classifica-
tions below.

2.1. About Topic Markers Wa/Ga

Topic markers are commonly represented in Japa-
nese by the postpositional particle wa. In the statement
A wa B, wa creates the focus-topic relationship of
“about a, saying b,” but the characteristics of its mean-
ing and sentence structuring are subject to various is-
sues and debates. Moreover, the difference between it
and the subject-predicate relationship A ga B has also
sparker many discussions, and many ask if ga is a post-
positional particle as well.

This section is concerned with the restriction relat-
ing to noun phrases that function as topics. It is com-
monly understood that noun phrases that function as
topics must be definite noun phrases (in other words,
noun phrases for which the hearer can identify the ref-
erent). Li and Thompson (1976), who researched sub-
jects and topics from a typological perspective, noted
that “one of the primary characteristics of topics is that
they must be definite,” and Japanese makes no excep-
tion from this general linguistic principle.

The existence or nonexistence of a referent for the
topic-noun phrase has been under large debate by au-
thors who question topic-statement relationship in Jap-
anese, and the conclusion is that indefinite Japanese
NPs can represent the topic in these types of sentences.

This paper is largely derived from Chapter 5 of Shoin
(2006). The author classifies topics in Japanese as a by-
partite system: “topics of existence” and “topics of
property/situation”. The first class of elements include:
attributes of existential property as in (41a) and predi-
cates expressing states or events as in (41b). This clas-
sification is is almost identical with that found in Eng-
lish but the key distinction is that predicates are not al-
ways existential and can be found in the form of aru/iru
instead of desu.

41. a. Chikyt- wa marui.

Earth- TOP**Round

The earth is round.

b. Tard- wa onaka- ga suite- iru.

Taro- TOPstomach- NOM empty

Taro is hungry.

¢. Yamada-san- wakindkaette- Kita.

Yamada-san- TOPyesterdaycame back

Yamada-san came back yesterday.

These formulas revolve around the properties that
characterize a certain entity and the kind of situations it
is found in. On the other hand, “topics of existence”
around the empirical or ideatic existence of an entity or
its semantic universe:

42 Konoatari- niyiibinkyoku wa arimasu ka?

around here- LOCpost office- TOPexist- POL- Q

Is there a post office around here?

Since topicality includes a dual dimension which
includes two entities in the form of about X, we say Y,
which are mostly equivalent, they are taken as identical.
However, we capitalize on the conclusions of Shoin
(2006) that “topics of property/situation” are limited to
definite noun phrases while “topics of existence” may
include indefinite noun phrases. However, we notice
the importance of a syntactic perspective on the prob-
lem of definiteness in Japanese, otherwise the argu-
ments brought would be insufficient for our thesis. This
section will show the ambiguity in differentiating be-
tween definite noun phrases and indefinite noun
phrases in order to prepare the next section where we
argue in favor of a syntactic view on definiteness in
Japanese.

As the Japanese language does not contain arti-
cles, definite and indefinite noun phrases must be de-
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termined through their meaning. Examples where in-
definite noun phrases function as the topic in “topics of
property/situation” are given in the paragraphs below.
However, these are special cases that are close to defi-
nite noun phrases. In the following sections, the obser-
vation that indefinite noun phrases are closely related
to “topics of existence” and work as definite articles is
presented along with the different semantic variant re-
alizations of this issue.

We will also bring into discussion the relationship
of “topics of existence” to “topics of property/situation”
and to the employment of wa in heterogenous manners,
distinct from that of topicality. There are linguistic
forms distinct from wa for expressing topics, and ex-
amples of particles such as nara, -tte and -toiu-no-wa
are also included in this paper.

The semantic content of such structures is hetero-
genous from wa, which, although explained in the book
of Shoin (2006), are not dealt with in this paper. Not
before long we will discuss about the general classifi-
cation of ga in “topic use” and “contrastive use”, while
the author only subscribes the topic marker wa with
only a topic perspective:

43. Chikyt- wa marui.

earth- TOPearth- TOP

The earth is round.

44. a. Contrastive use:

Sukoshi- watabeta- ga,takusan- watabe- nakatta.

Presented as topic

a little- CNTRate- buta lot- CNTReat- NEG- PAST

I ate a little but I didn’t eat a lot.

b. Contrastive topic use:

Yamada-wamajimeda- ga,Tanaka-wa fumajime
da.

Yamada- CNTR TOPserious - butTanaka- CNTR
TOPnNot serious

Yamada is serious but Tanaka is not serious.

Shoin (2006:25)

The simple presentational interpretation of wa is
often encountered and does not represent topicality of a
contrastive behavior, but plays the semantic role of de-
scribing an element that precedes the topic marker wa
as a pure structural entity.

45, Konattaijo- wa akirameru- shika nai.

this happened now that- SIMP PRESNTgive up-
no choice but

Now that this has happened, the only thing to do is
to give up.

In the sentence X wa Y, this classification is linked
together by entailment, where by stating the phrase X
wa, the universe to be described is introduced so that a
predicate of the form Y desu describes its logical notes,
almost like the criterion of uniqueness. To make the
previous classification more affordable, we bring forth
a table dividing the “presented as topic” criterion into
cases that are about “existence” and cases about “prop-
erty/situation.”

Not presented as topic

Presented non-contrastively Topic Use

Simple presentational use

Presented contrastively

Topic Noun Phrases in Japanese are identifiable.
This is the syntactic restriction that applies to such NPs
and turns them into definite noun phrases. In examples
(46a) and (46b), the topic noun phrases are ano onna
(that woman), where the demonstrative is determined
in a NP, and otoko (man), a generic noun phrase. Iden-
tifiability restriction is satisfied. However, in examples
(46c) and (46d), tairyo- no okane (a huge amount of
money) and hito (person) do not specify a designed de-
terminer “money” or “person.” The independent sen-
tence is not allowed and sound unnatural since it flaunts
the identifiability restriction.

46. a. Ano onna- wadoko- eiku- no?

that person- TOPwhere- togo

Where is that woman going?

b. Otoka- wa tsuyoi.

snow- TOPwhite

Snow is white.

c. Tairyd- nookane- wasoko- nisute- rarete- iru.

1 huge amount- GENtrash- TOPthere- LOCthrow
out- PASS

A huge amount of money is thrown out there.

d. Kaijo- nihito- wadzeitsumekaketeita.

hall- LOCpeople- TOP many crowded

Many people crowded the hall.

However, there are exceptions, where some topic
sentences with unidentifiable noun phrases (“indefinite
noun phrases”) become the topic are present:

Contrastive topic use

Contrastive use

47 Warudokappunokaisai chiioku- nohitotachiwa
terebinikugizuke- datta

World Cup- GENheld- duringmany- GENperson-
PL- TOP television- DATriveted- COP- PAST

Many people were riveted to the TV during the
World Cup.

48.0kyakusamanonaka- nioishasamawairasshai-
masuka?

customer- HON- GENin-
TOPthere- HON- POL- Q

Is there a doctor among the customers?

LOCdoctor- HON-

In examples such as (47) and (48), while the iden-
tifiability restriction is not followed, the conditions dif-
fer. In the former, the topic noun phrase restriction is
slightly looser than actually being identifiable. In the
latter, the character of the topic differs from typical top-
ics. While the topics of (46a), (46b) and (46¢) deal with
property/situation, the topic of (46d) revolves around
the existence or nonexistence of X. Some authors argue
that the indetifiability restriction doesnt apply to exis-
tential wa. In the following paragraphs, we will take
into consideration more thoroughly the definite noun
phrase and its structure focusing on understanding ex-
istential topic markers like in the previous illustrations.
Moreover, tha nature of topics of existence and their re-
lationship with subjects in a sentence must also be taken
into consideration.

The identifiability restriction for topic noun
phrases is expressed as follows in prior research and
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offers the condition for a semantic interpretation of defi-
niteness in Japanese. Even though some accounts might
differ, they all refer to focus and uniqueness:

The hearer will not comprehend the semantic con-
tent of a piece of information even if an explana-
tion was added to it. Thus, for an established en-

tity “X.,” the hearer semantically points to “X” as a

singular item, and must determine the whole set of

notes for “X'. (Shibatani, 1978: 213)

(49)

The topical wa is employed for Noun Phrases where
the spekaer assumes that the hearer is familiar with
new information. It is usually referred to as a
“known definite noun phrase,” meaning that from
the speaker’s point of view, the hearer knows what
is being talked about. (Inoue, 1983: 32)

(50)

The conversation flow is important in redering a
Noun Phrase as atopic since it allows to identify
(51) the target being referred to along with the situa-
tion it is spoken in, common sense (Masuoka and
Takubo, 1992:145)

There are questions related to how topic markers
function in Japanese at the syntactic level, in the form
of “a noun phrase the semantic content of which the
hearer must identify,” or *how do we know when the
universe of a noun is know to the interlocutor or not.
They all relate to one mission, in other words, the prob-
lem of how definite noun phrases can be defined and
this must be investigated thoroughly, since it is highly
peculiar to Japanese First of all, one must endreavor to
find a way and characterize what defines definite and
indefinite articles and what sets them apart. This paper
will define and classify definite/indefinite based, for the
most part, on Horiguchi’s (1995: 29-33) classification.

(52) a. Definite noun phrases (identifiable NPs) are a
group of semantic elements where the hearer is
believed by the speaker to have the target of el-
ements clearly defined and consists of the fol-

lowing noun phrases:
(i) Syntagms involving a certain individual
<Specified Individual>
(if) Syntagms interpreting a particular set as a
whole <Whole Set>
(iii) NPs which include a certain part of a cer-
tain set <Specified Part>

b. Indefinite noun phrases (unidentifiable noun
phrases) are noun phrases where hearer is be-
lieved by the speaker to not have the target of
elements clearly defined for the hearer and con-
sist of the following noun phrases:
(iv) A set from a Noun Phrase with undefined
elements<Unspecified Set>
(v) A partof aset is designated by the Noun
Phrase <Unspecified Part>

Noun phrases that refer to particular individuals,
or the (i) <Specified Individual> category, are demon-
strative noun phrases or proper noun phrases that refer

to single individuals, such as kono onna (this woman),
anata (you), or chikyi (Earth). Noun phrases that refer
to a set as a whole, (ii) <Whole Set>, draw a syntactic
line to the following examples:

(53) Torawa atama- ni yora- nu mono.
person- TOP head- DAT depend- NEG thing
Tigers are not what they seem from their head.

(54)  Kono ie- no teriyaki- ga ichiban oishii.

this house GEN teriyaki- NOM the most delicious

This house’s teriyaki is the most delicious.

(55) Soko- ni tsudotteiru shosetsukatachi- o
minna- de torikakonda.

there- LOC gather writer- PL- ACC together ap-
proach

All of them approached the writers gathered there.

Tora (tiger), kono ie-no teriyaki (this house’s teri-
yaki), and soko-ni tsudotte-iru shosetsuka-tachi (au-
thors gathered there) include the set of entities as a
whole. Noun Phrases are included in (53) or (54), as a
generic category, while the rest obviously are not ge-
neric; for example, (55) is a non-generic phrase, but
since it includes the refference to a certain set as a
whole, it shares the same characteristic. Further, both
istances can account fo the same referent. For instance
tora (tiger) is a <Specified Individual> but kono ie no
teriyaki (this house's teriyaki) is a case if unique refer-
ent where a singular item of the <Whole Set> is identi-
fied.

Apart from definite descriptions, we can argue that
indefinite linearization also occur in Japanese. Noun
phrases which includes categories with elements that
remain non-defined <Unspecified Set>, for one, in-
clude undefined nouns such as (56):

(56)Donnaonna- ga sukino ka

what kind woman- NOM like

What kind of woman do you like?

These words are regarded as indeterminates and
they are marked for singularity in Japanese, and, as a
matter of fact, should be considered markers of defi-
niteness in Japanese, together with plural suffixes and
nominalizations, since they syntactically add new in-
formation.

2.2.Conclusions of This Section

The semantic interpretation of definiteness in Jap-
anese can be related to the notions of uniqueness and
familiarity we often encounter in English. However, the
problem is much diversified and the opinions divergent.
All the examples presented in this section are the direct
result of the assumption that topic phrases in Japanese
must be analyzed as definite, but, in the case of exist-
ence topics, there are some exceptions as demonstrated
above, and we consider these exceptions as clear tokens
of the fraility of presenting definiteness in Japanese as
a pure semantic process.

We presented three definitions pertaining to Shi-
batani (1978: 213), Inoue (1983: 32) , Masu-
oka& Takubo (1992:145) regarding the semantic inter-
pretation of definiteness in Japanese, but in our opinion,
they are all insufficient in that they either present parts of
the problem or stake or they contain syntactic elements
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like in the case of Inoue, who brings into discussion the
presence of the topical particle wa. Shibatani also brings
into discussion psichological criteria by moving the fo-
cus on the hearer itself, while Masuoka&Takubo relate
to the common contextual reference the core of which
can be summarized to anaphoricity or cataphoricity. It
must be noted, however, that, as shown in the examples
regarding dictionary definitions, the particle wa can also
be ambiguous between definite or indefinite readings be-
cause, as presented in the case of English, the focus is
totally different, while verbs are different, but in Japa-
nese topical wa is always employed not taking into con-
sideration the status of the sentence, be it declarative or
informational etc.

Some authors like Niwa (2013) observe themselves
the limits of a semantic interpretation of definiteness by
quoting authors like Haroguchi (1995), but their analysis
continues in the line of semantics, citing these limits as
mere exceptions, and not as hints pointing out that such
a semantic overview cannot be acceptable at all. Kinsui
(1986) treats the problem of definiteness by bringing into
discussion a third category, namely that of generics, but
he does not take into consideration that such an approach
is quite limited, because, unlike English which is an arti-
cle language, Japanese does not have articles so all nouns

can be accounted for as generic. Sakihara (1996) makes
the matter the issue even more intricate because he talks
about bare nouns and that these lexemes have the func-
tions of definite and indefinite articles and their interpre-
tation relies on the information that the speaker brings,
but this is merely a case of contextual reference and in-
sufficiently determined notions, because, we cannot talk
about bare nouns in a language without articles.
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4. The Features System of Noun Phrases in
Japanese

In this chapter we will analyze the structure and fea-
tures of the NP which is remarkable in that it shows a large
cross linguistic variation, since these characteristics con-
tribute to the rendition of definiteness as a valid concept
for both English and Japanese. As a matter of fact, the
widespread and complex multiple faceted body of theo-
ries allows us to draw important conclusions with regard
to the interpretation of definiteness with semantic and
morphosyntactic arguments. This chapter aims to describe
definiteness by taking into consideration the features and
structure of the lower noun phrase. The semantics, mor-
phology, syntax and phonology interact with each other by
means of a featural system in order to turn the process of
definiteness into a syntactically drived phenomenon
that acts on its own.

This section is a summarized investigation into the
behaviour of the features that exist, at least in Japanese, in
the lower branches of the nominal projection, namely at
the lexical level. The term feature is employed along the
chapter to encode a minimal distinction between linguistic
units that individually represent a certain relevant property
for definiteness. For example, if we look closer at priva-
tive features, we can imagine words share the same lin-
guistic behaviour with exception for one property that
cannot be further divided and which becomes eloquent.

Definite or indefinite features are structured in a
two-fold classification: (i) what is the internal structure
of a feature and (ii) how can larger structures can be
obtained by adjoining features? Our purposal in this
section is to assume that definiteness is syntactically
determined at a deeper level and a bundle of features
represent the tractioning wheels behind the linguistic
mechanism. We evidently only resume discussing what
we can achieve as simplest possible in this thesis (with
privative and binary features) without deepening the
discussion further with increasied complexity (e.g.
Lexical Functional Grammar), evaluating them on the
ground of the already discussed system of Borer's min-
imalist program.

4.1.Features in Japanese

Features in Japanese have been primarily described
by Unoue (1978) who tried to borrow early transforma-
tional rules that applied directly to English morphemes

(such as those proposed by Postal (1966) to capture deter-
miner-noun agreement) and frame them on the peculiari-
ties of Japanese. According to him,a NP starts out as in
Unoue (1978:49)

1. [NP[Bareun]]

[Nounl[Stema-

lumn][PARTICLEI[Nominative/Dativelll

The above structure arises as a result of Japanese
not having overt means for Gender and Number expres-
sions. Nonetheless, particles are employed to modify a
noun. For example, an obligatory transformational rule
applies to mark the nominal suffix -er to the determiner
in (2) and (3) when nominalization occurs in theses
structure:

2. Hon o yomu shigoto no hito.

N. book Part. Acc. Vb. Read N. work Part. Nom N.
person

A person whose activity is to read. (a student)

3. Ryori o suru shigoto no onna.

N. meal Part. Acc. Vb. do N. work Part. Nom
N.person

A woman whose activity is to cook. (housewife)

This nominalizing process is highly characteristic
to Japanese and it compensates for the lack of Gender
and Number markers that English exhibits. Unoue
(1978:54) then offers the following structure in order to
argue for the syntactic grammaticality of the aforemen-
tioned examples:

4.
[NP[Determinerun[PART.[ACCUSATIVEIIII[\Ver

blStemalumn][Noun[PART.INOMINATIVEI
HEAD Noun]]]]

Following Chomsky (1965), who made a number of
transformational rules more abstract, replacing the mor-
phemes with abstract featural content, Shibuya (1982)
proposes another system of features for Japanese in
which he describes the categories of Number and Gen-
der along with Case as intrinsic features of Noun
Phrases in Japanese. For this fact, nouns “present both
Gender and Number co-indexed in the syntactic struc-
ture of a Noun by means of paratactic mapping’
(Shibuya, 1982:31):

5. Shakai de takusan no tenin ga taisetsu na koto
0 hanashimashita
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N. conference Part.DAT. N. Gathering Part. NOM.
N.Clerk Part. TOP Adj. Important N. Thing Part.

Many clerks tackled with important issues at the
conference.

Onna mo otoko mo arimashita.

N. women Part. N. men Part. Vb. PAST b

There were both women and men. Shibuya
1982:58

According to the author, even though in (95) there
are no overt grammatical items for Gender and Number
marking or to express definiteness, the paratactic map-
ping introduced by Shibuya as a specialized process in
Japanese helps drawing closer the grammatical speci-
ficity of Japanese to the English paradigm. In other

6.
o gender

Article -> S number

y case

From this point, features have gained increasing
importance within theories of syntax and morphology
in Japanese. This was obtained in two different man-
ners. As theories try to capture ever more subtle distinc-
tions, the features involved become more fine-grained.
For example, some authors like Tokutsuba (1988) ar-
gue that features in Japanese must also be derived based
on semantic grounds since “the vast majority of lan-
guage begins with perception” (p.91).

His theory includes the analysis of so-called or-
ganisational elements in Japanese grammar by means
of a semantic system of features (e.g. “cat’ should not
be described as [+animate] [-human] as in English, but
rather “four legged vertebrate which meows’), the tax-
onomic reinforcement of clauses (semantic elements
impose the structure of a clause and its properties), the
proposal for a larger domain of features in Japanese etc.
According to him, the left periphery of the clause "be-
comes ever more decomposed due to the different fea-
tures and functional projections™ which Tokutsuba
(1988:14) demonstrates can act independently of each
other:

7. Sensei wa heya ni doubutsu o irete wa ikenai
to iimashita.

N. teacher Part.Nom N. room Part.Dat. N. animal
Part.Acc. Vb. Enter Part.Nom. Vb.Neg come Vb.
Teacher said that animals are not allowed in the room.

While the traditional English analysis of features
in the previous example would usually assign binary
characteristics to nouns, Tokutsuba's (1988:17) analy-
sis proposes a larger array of properties that must be
brought into discussion:

8. Sensei: [+animate] [+human] [teacher] [Japa-
nese] [University]

Doubutsu: [+animate] [-human] [dog] [cat] [ham-
ster] [parrot]

Heya: [-animate] [+concrete] [+utility] [Educa-
tion] [University]

Tokutsuba takes into account the order of words in
Japanese as a linguistic token which also assigns fea-
tures to nouns and even verbs. He coins the notion of

words, both Gender and Number are overtly empha-
sized in Japanese through:

e Pluralizing nominalization:
tenin(many clerks)

e Contextual Indexation of Gender: onna mo
otoko mo (both women and men)

o Number Referential Mapping: onna mo otoko
mo (plural nouns from takusan)

Shibuya (1982) pleads for a more comprehensive
feature system in Japanese Noun Phrases, since he ar-
gued for the syntactic relevance of Gender and Number
against Yamada (1978), while, at the same time,
disovering novel means of expression for these catego-
ries in Japanese:

4 N
+N

taksuan no

o gender
£ number

y case
~ J

“scope visibility™. It draws a hierarchy within the struc-
ture of the clause, meaning that, based on word order,
lexemes have a greater wield on scope between each
other judging the place they occupy in a sentence (with
0 being the highest scope of a noun). Even implied
nouns receive scope like sensei in (9) (Tokutsuba,
1988:18)

9. Sensei: [Scope: 0] [+authority]

Doubutsu: [Scope: 2] [+argument]

4.1.1. Conclusions of This Section

In order to comprehend the interpretation of defi-
niteness in Japanese it is highly important to analyze
the structure of features for Japanese because, as
pointed out before, most authors agree that nouns in
Japanese are inherently definite. While it is a bold state-
ment, we cannot fully agree with such an idea, mostly
because NPs lack Number or Gender and articles, so the
problem of definiteness cannot be solved by simply
claiming the argument of null-NPs as sufficient and sat-
isfactory. For this reason, | provided the analysis of To-
kutsuba (1988) who endeavors to part ways with the
tradition formalist analysis and bring into discussion
semantic content in order to characterize Japanese
nouns.

The thorough account for the lack of Gender and
Number on Japanese nouns and the conservation, at the
same time, of the possibility of expressing definiteness,
led us to show that this problem was tackled before in
a professional manner by Shibuya (1982), who empha-
sizes three methods for the formation of Number and
Gender in Japanese, namely by pluralizing nominaliza-
tion (takusan no tenin - many clerks), contextual index-
ation of Gender (onna mo otoko mo - both women and
men), and number referential mapping (onno mo otoko
mo - plurality of nouns derived from the adverb taku-
san)/ even though there are no overt grammatical items
for Gender and Number marking or to express definite-
ness, the paratactic mapping introduced by Shibuya as
a specialized process in Japanese helps drawing closer
the grammatical specificity of Japanese regarding defi-
niteness.
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However, the above mechanism was not suffi-
cient, so | decided to bring into discussion the semantic
analysis of features which depart from the English tra-
dition by bringing into discussion environmental con-
tent, pragmatic and empirical features. For this reason,
itis fairly acceptable to conclude that nouns in Japanese
are as complex as their English counterpart and allow
for the expression of definiteness in a manner different
from its counterparts in Europe, but not exclusive. | em-
phasized that, even though some linguists agree that
Japanese NPs are inhrenetly definite, this is not always
the case, since some nouns are analyzed as [+animate]
like in sensei (teacher), while others are analyzed as [-
animate] like in heya (room), meaning that a simple for-
malist analysis would simply render obsolete our ef-
forts to understand definiteness in Japanese by claiming
that all nouns are inherently definite, even though there

is no Number or Gender and such state of things would
suggest against this statement.
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14.0. Classifiers in English - A Summarized Re-
view

Although not a classifier language, English exhib-
its an open class of words that are functionally similar
to classifiers: a HEAD of lettuce. a HERD of cattle, a
BOX of candy. For some words the collocational and
lexical features must be represented directly in the lex-
icon. For example, pride would be listed as the collec-
tive classifier for lion. Classifiers are not semantically
rigid, however, as it is evident in the extended listings
from lexicons (a HERD of linguists and a FLOCK of
linguists). In many cases, the lexicon fully integrates
the semantic content of the classifier in the lexical em-
ployment of the word per-se. Novel occurences of
words in classifier NP constructions (a HOARD of stat-
ues) involve pragmatic interpretation criteria which are
triggered by the ordinary specification of conventional
classifiers in lexicons. The appendix on the syntax of
classifiers in English emphasizes that all the syntactic
tests which purport to make measure phrases distin-
guishable in partitives. pseudo-partitives. and comple-
ment PPs show the employment of classifiers to be syn-
tactically determined phenomena, and not hazardous
theories.

Among the constructions in English which have
the surface linear structure ((Del) N of (Del) N] there is
a significant subgroup, that of classifiers made up of
partitives, pseudo-partitives, and measure phrases. We
can exemplify these groups in terms of syntagms that
abide by the following structures:

471. a bunch of carrots

hundreds of animals

two pounds of flour

a number of individuals

a herd of bovines

English is considered to be a classifierless lan-
guage, since classifier languages, as described by
Greenberg (1972), Allan (1977), Denny (1976,1979),
Adams and Conklin (1973), and others, have a closed
small and paradigmatically contrasting data of lexemes,
which are mandatory, at least in some contexts. In Eng-
lish, classifiers are often employed when individuating
masses, their occurence is not always obligatory. Thus
it is acceptable:

472. Waiter, bring me wine, please.

Moreover, mass nouns are freely used as count
nouns, and any implicit classifier would be determined
by the pragmatics of the situation.

473 a. Waiter, can you please bring 2 coffees (cups
of coffee)

b. Five coffees are evidently high in caffeine.
(Kinds of coffee)

¢. Can you bring down the coffees up there? (cans,
packages of coffee)

Since English does not have a closed set of classi-
fiers, (but instead an open and productive class), we
must look at the rather complex interaction of syntactic,
semantic, collocational, and pragmatic factors that ap-
ply to words which could be used as classifiers, both as
conventional classifiers and as novel ones. The syntac-
tic form of classifier expressions in English is:

(Det) N,(of (Det) NA

In most cases of cannot be replaced by another
preposition, nor can it be paraphrased as a compound
which reverses the order of the two nouns. A cup of jew-
els, or, in other words, 'the amount of jewels that a cup
maintains, its not semantically identical with syntagms
like cup with jewels. cup for jewels, or jewel cup. There
are instances where the prepositional phrase can be
postposed or preposed, as in (474a,b):

474. a. A dozen was wasted of those paintballs by
professional shooters.

b. Of the carrots that | was talking about, two sacks
were used.

There are a number of interesting syntactic prob-
lems involved in classifier expressions, such as which
noun is the head, whether of should be generated in
deep structure, whether of and the following noun
phrase constitute a prepositional phrase, and whether
different deep structures distinguish a bunch of the car-
rots from a bunch of carrots. The latter is intersting to
analyze because it would show whether classifiers in
English contribute to the definite intereptation of Noun
Phrases or not, but this issue can simply be brought into
discussion by emphasizing that they always determine
pluralized nouns which are argued to be definite by
most researchers. From these examples another im-
portant observation is that the classifier, a noun itself,
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can bear a definite or an indefinite article, so it means
that at the syntactic structure, it behaves like a common
noun, unlike Japanese, where they form a closed class
of elements.

Allan's taxonomy of classifiers for English catego-
rizes the classifiers according to a number of criteria,
but their number is way smaller than in Asian languages
and this illustrates the range of constructions they ex-
press (Allan, 1977). The author provides seven catego-
ries for English classifiers, but it is neither disjoint or
exhaustive.

475.

(a) Unit counters: a part of equipment, three heads
of bovines.

(b) Fractional classifiers: 2 quarters of the pie.

(c) Number set classifiers: many thousands of
men, dozens of cats.

(d) Collective classifiers: Three clumps of herbs, a
herd of wolves.

(e) Varietal classifiers: Two species of cauliflower,
all types of anemones.

(f) Measure classifiers: Two pounds of potatoes, a
box of candy, one liter of juice

(9) Arrangement classifiers: Two columns of flow-
ers, four stacks of magazines.

There is another group of classifiers, which some
authors bring into discussion, although their existence
per se is a matter of discussion. These include expres-
sions like a monster of a man, a slip of a woman, and a
horror of a life. They are tipically named ‘metaphorical
comparison' classifiers, since their interpretation seems
to involve a comparison between the two nouns, and the
innovative characteristic is the noun interpreted meta-
phorically. In terms of their properties, classifiers are
usually analyzed by means of binary features. | give a
few examples below, taken from Lehrer (1985)

476.

a. Kind : + N + count

varietal classifier of [N PIe 'a class of things'

plural refers to number agreement between N, and
N,

a kind of book; several kinds of books

b. Crowd : +N , +count + Verb Classifier use fol-
lows from the meaning.

'large number of people gathered together'

c. List: +N

an arrangement of written or printed items, often
of a specified + count category’

Some classifiers are deeply cojoined with particu-
lar nouns, and conversely, certain nouns are empirically
determined by a number of classifiers. Venery terms es-
pecially fall into this group. 'In English there is a
unigue association between the collective classifier
pride and the noun lions and similarly between gaggle
and geese' (Allan, 1977). A similar situation arises in
Japanese, where classifiers are closed classes of ele-
ments that are grouped on several criteria and are highly
specific regarding the category of noun they determine.
In this respect they depart from their English counter-
part, which are much little in number and which do not
function as mandatory constituents of Number:

477. a herd of deer, cattle, horses, goats

a pack of hyenas, dogs, tigers, coyotes

a flock of geese, sheep, a pride of lions

a school of dolphins, a pod of seals

It has often been underlined that classifier lan-
guages like Japanese or Chinese, often employ shape as
a foundation for categorizing (Denny: 1976,1979), Ad-
ams and Concklin (1973), and that this cirterion repre-
sents a striking peculiarity of phenomena which chil-
dren make use of when acquiring their language. Evi-
dently enough, bottom and shaft have a semantic clue
of shape in their structure. This pattern is repeated by a
large number of other English classifiers. We can bring
into discussion unit classifiers: cube, pinch, ball, slice,
loaf. sheet, while arrangement classifiers follow: field,
column, row, heap, stack. These classifiers are charac-
terized by a relatively free distribution and can deter-
mine mostly nouns which adopt a certain shape: rod,
wad, thread, dough, ball, sheet, yarn of etc.

478. To season the soup correctly, add a pinch of
pepper, a grind of salt, a dash of bay, a sprinkle of lov-
age, a shake of mint, and a toss of finely scraped on-
ions.

One important argument comes from the conven-
tionalized classifier slice, which has become a noun
through the process of categorization. It is a classifier
of shape and shows that there is a determined process
that permeats the phenomena of classifiers in English,
since it is originally a verb. Lexically, we employ it to
denote a sorce of a three-dimensional substance divided
so that its description relatively includes the adjectives
thin, broad, and flat and it usually results from the pro-
cess of cutting. The process is productive with deverbal
classifiers, allowing novel combinations in original
NPs:

14.1. Conclusions of This Section

Classifiers are a unique class of elements that be-
have separately in Japanese than in English and their
structure must be understood in the latter so as to un-
derline their peculiarity and the role they play in Japa-
nese. For this reason, the previous section works as a
foil towards the chapter that analyzes classifiers as
means of rendering the definite interpretation of Noun
Phrases grammatical in Japanese. Had this not been our
goal, the present section would bear a little interest, be-
cause classifiers in English hold nothing special in
comparison to other common nouns and they do not
contribute to the semantic or syntactic structure of these
nouns with much new information.

One important consequence of studying classifiers
in English is the observation that they are lexical items,
unlike Japanese, where they are analyzed as functional
lexemes. They are common nouns that can be both def-
inite or indefinite and always determine a pluralized
Noun Phrase to which they attach as a Quantifier
Phrase. Moreover, they are syntactically analyzed in
terms of their nominality and countability, even though,
as examples presented above would suggest, they could
also accept the binary dichotomy definite/indefinite.
One similarity with Asian languages is that in English
classifiers are roughly classified in terms of their shape
or as deverbal nominals, which follows the trend in
Chinese or Japanese, for example, where they usually
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serve as criteria for the classification of nouns in differ-
ent classes of elements based on a peculiar characteris-
tic like shape, form, dimension, type of animals, instru-
ments etc. However, their number is much smaller so
one cannot conclude that they serve the same purpose
like their counterpart do.

Classifiers in English are employed to quantify
mass or collective nouns, or bare plurals that cannot be
singularized by suffixation or by any syntactic means
available in English and they form a Noun Phrase to-
gether with the noun they determine, maintaining their
status as Quantifier Phrases. In order to emphasize that
the employment of classifiers in English is not hazard-
ous, we also brought into discussion the Prepositional
Phrase Extraposition to underline there are syntactic
phenomena at stake that influence their structure and
this could be seen in the examples where syntactic dia-
grams were provided before, but there are yet other

tests like number agreement between the subject head
noun and the finite verb, tag questions, preposition
stranding etc. they do not contribute at all to the definite
interpretation of the noun.
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12.3.-Tachi the Equivalent of Plural Morphemes
in Japanese?

Japanese is another example of a classifier lan-
guage that has plural marking. In this language, the plu-
ral marker —tachi allows either a plural reading or an
associative reading. However, the two readings are
more freely available in Japanese than in Chinese or
Korean for example. The relevant distribution of —tachi
involves movement. This is taken as evidence to sug-
gest that the different interpretations of —tachi occupy
different positions, Num and D respectively (Ueda and
Haraguchi 2008, Ochi 2008),unlike English -s, that is
argued to occupy Num only to render the plural reading
valid.

English -s allows only a plural reading with com-
mon nouns, and either a plural reading or an associative
reading with proper nouns. In Japanese, however, both
proper nouns and common nouns allow either a plural
or an associative reading (Nakanishiand Tomioka
2004, Nakanishiand Ritter 2009).With a proper noun,
Hanako-tachi, , can mean either ‘Hanako and others’
(associative) or ‘a group of people all named Hanako’
(plural). For common nouns, the usual reading is one of
plurality; however, this is not necessarily the case
(Nakanishi and Tomioka 2004). For example, kodomo-
tachi‘child-TACHI’could denote a group that does not
uniformly consist of children, but may include others
who are associated with the children. This is shown
most clearly with examples such as (14) (Nakanishi and
Tomioka 2004:128):

1. Koen-de  utat-tei-ta ~ onnanoko-tachi-no
nakani-wa otokonoko-moni,san-nin mazatteita

N.park-at sing-PROG-PAST girl-TACHI-GEN
among-TOP boy-also a.few-CL were.included

‘Among (the) girls who were singing in the park,
a few boys were included.’

In order for (427) to be interpretable, it must be the
case that onnanoko-tachi‘girl-TACHI’ allows the pos-
sibility of individuals who are not girls in its denotation;
thus, —tachi must allow an associative reading with plu-
rals as well. Thus, —tachi has two available read-
ings,like English -s, although the latter occupies Num
on both readings. The two differ in that it is possible to
have more than one —tachi morpheme suffixed to a
noun, either proper or common,as in (2ab), while with

Chinese —s this is impossible: (Ueda Haraguchi
2008:237):

2. a.gakusei-tachi-tachi

b.Taroo-tachi-tachi

student-TACHI-TACHI

Tarou-TACHI-TACHI

‘the students and their associates’

‘Taroo and his associates and their associates’

In (2), the two examples have slightly different
readings: in (2a) the first —tachi has a plural reading and
the second has an associative reading, while in (2b)
both have associative readings.Ueda and Haraguchi
note that these are the only possible interpretations of a
double-tachi construction; it is impossible for them
both to have plural readings, or to get an associative
reading from the first and a plural reading from the sec-
ond.

Assuming that multiple NumPs cannot occur,
Ueda and Haraguchi propose that the plural —tachi is a
Num head, which takes an NP complement, thus allow-
ing no recursion.On the other hand, assuming that a DP
can be recursive, it is proposed that —tachi as an associ-
ative morpheme is a D head that takes a DP comple-
ment, thus allowing either recursion of a second asso-
ciative morpheme or the presence of a lower plural
morpheme.Under this view, —tachi occupies different
head positions:

3.
DP
g,
Vel T
DP D
AN
W h )
= g tachi (assoc.)
NumP D
R, |
NP Num [+DEF]
[
N tachi (PL)
gakusei

Given this structural analysis of —tachi, let us con-
sider the co-occurrenceof plural —tachi and classifiers.
The plural marker —tachi can co-occur with classifier
phrases (CLP) with common nouns, regardless of
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whether the CLP precedes or follows the head noun
(Ochi 2012:52). In other words, the plural marker is al-
lowed in both the prenominal order where CLP pre-
cedes the head noun, in which case they are accompa-
nied by —no, marking the phrase as a genitive modi-
fier,and the postnominal order (4b) where CLP follows
the head noun.

4 . a. Boku wa san nin no gakusei tachi o maneita.

| TOP three CL GEN student TACHI ACC invited

‘I invited (the) three students for a meal.

b. Boku wa gakusei tachi san nin o maneita.

| TOP student TACHI three CL ACC invited

‘I invited (the) three students for a meal.

In the prenominal order (4a), CLP has been pro-
posed to be a modifier adjoined to NP (as argued for on
the basis of N’ ellipsis in Saito, Lin, and Murasugi
2006), which is widely assumed in the Japanese litera-
ture(e.g., Ueda and Haraguchi 2008, Huang and Ochi
2011, 2012, Ochi 2012). The adjunct analysis of a CLP
will be illustrated later. Under this view, —tachi is the
head of a higher NumP, and it is still adjacent to the
head noun, which capture the word order shown in (5).
That is, —tachi and a classifier occupy different head
positions, and thus,the co-occurrence of classifiers and
—tachi is fully expected.

5.
DP
//// \\\\
= T
NumP D
- /‘\\\
s - > Y
Num'
,/’///7\\\\\\
vl G
NP Num
cip Np  tachi
“san-nin-no N
gakusei

(adapted from Ueda and Haraguchi 2008: 235)

As for the postnominal orderas in (4b), according
to Tsuyago (2019) a modifier analysis of CLP along the
lines of (5) must be rejected, since modifiers invariably
precede the head noun in Japanese nominal phrases;
Japanese is a strongly head-final language, with heads
following both complements and modifiers. Therefore,
in the postnominal order CL is widely claimed to be a
head that takes NP as its complement (e.g., Murasugi
1991, Kawashima 1998, Watanabe 2006), and the nu-
meral as its specifier(e.g., Watanabe 2006, Huang and
Ochi2011, Ochi 2012), as illustrated in (5). In (4), —
tachi resides within NP and moves to the specifier of a
functional head above the CLP as originally proposed
in Watanabe (2006), and further elaborated in Huang
and Ochi (2011), Ochi (2012).

The different syntactic analyses do not suggest
that the subject as stake is highly debatable or hazard-
ous, but rather complex and that it intrinsically exists in
order to explain the mechanisms behind plural suffixes
in Japanese. Our endeavor is to show that they express
definiteness and that there is a theoretic foundation for
their behavior in rendering the nouns they determine
definite or indefinite.

According to Huang and Ochi (2011),a functional
head such as YP that encodes definiteness/ specificity

is projected above an NP marked with —tachi, as shown

in (6):
6.
YE
NP, RY%

/‘//\IV\‘\

N CLP Y
/\\ [def]

gakusei-tachi San L/

X
K/ t; CL
\

! (Ochi 2012: 58)
nin

The NP-tachi moves to the specifier of YP for ac-
cessibility to a higher head such as vfor the purpose of
case: without moving into an edge of the phrase, it can-
not be probed by v. As a result of this movement, NP-
tachiis interpreted as definite. Like Chinese —men, —
tachi is viewed as inducing definiteness (Kurafuji 2004,
Ochi 2012), as the contrast in the interpretation between
(7a) and (7b) suggests. The sentence in (7b) is not fe-
licitous if the speaker has no particular group of chil-
dren in mind (Ochi 2012:13)

7. a. Boku-wa kodomo-o sagashiteiru.

I-TOP child-ACC look.for

‘I am looking for some/the child(ren).’

b. Boku-wa kodomo-tachi-o sagashiteiru.

I-TOP child-TACHI-ACC look.for

‘I am looking for some specific group of children.’

The existing analyses on Japanese nominal struc-
ture suggest that a classifier and the plural marker —
tachi, regardless of the pre-or postnominal order of the
CLP, are not in syntactic complementary distribution:
they do not occupy the same syntactic position, and the
observed co-occurrence follows from this. In this re-
spect, it means that there are syntactic restrictions at
stake with regard to the employment of plural suffixes
in Japanese, an observation that aids our demonstration
to emphasize that definiteness in Japanese common
nouns triggered by plural suffixes is not hazardous, but
clearly marked at the semantic and syntactic level. As
shown above, the main syntactic operation at stake is
movement and turns a common non-definite noun into
a pluralized one.

12.3.1. Conclusions to this Section

Even though Number is not overtly expressed in
Japanese, this section underlined the possibility of em-
phasizing plurality with the help of various syntactical
schemes like in the case of plural markers (-tachi). The
comparison with the English plural marker -s repre-
sents a striking similarity, the reason why we conclude
that Number is manifested in Japanese, as well as defi-
niteness, but the methods differ slightly.

We proved earlier that classifiers are an intricate
part of Number in Japanese and they act as markers of
definiteness. Is the plural marker -tachi hazardous or
not? The existing analyses on Japanese nominal struc-
ture suggest that a classifier and the plural marker —
tachi, regardless of the pre-or postnominal order of the
CLP, are not in syntactic complementary distribution:
they do not occupy the same syntactic position, and the
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observed co-occurrence follows from this. In this re-
spect, it means that there are syntactic restrictions at
stake with regard to the employment of plural suffixes
in Japanese, an observation that aids our demonstration
to emphasize that definiteness in Japanese common
nouns triggered by plural suffixes is not hazardous, but
clearly marked at the semantic and syntactic level. As
shown above, the main syntactic operation at stake is
movement and turns a common non-definite noun into
a pluralized one.

Plurality is specified in Num in both English and
Japanese. Where the two languages differ is the cate-
gory on which plurality is realized on the surface. In
English, plurality surfaces as -s on N. In Japanese, plu-
rality is realized as —tachi on N or D. That is, -tachi can
be attached to D as well as to N. This accounts for the
existence of the associative interpretation in Japanese,
one argument in favor of “tachi® as a viable plural
marker.

English -s allows only a plural reading with com-
mon nouns, and either a plural reading or an associative
reading with proper nouns. In Japanese, however, both
proper nouns and common nouns allow either a plural
or an associative reading (Nakanishiand Tomioka

2004, Nakanishiand Ritter 2009).In the case of a proper
noun, Hanako-tachi, for example, can mean either
‘Hanako and others’ (associative) or ‘a group of people
all named Hanako’ (plural). For common nouns, the
usual reading is one of plurality; however, this is not
necessarily the case (Nakanishi and Tomioka 2004).
The associative reading of the plural marker -tachi in
Japanese accounts for the colorful peculiarity of this
languages and argues in favor of novel means to ex-
press definiteness, other than those found in European
languages.
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11.2. The Criterion of Movement

One important syntactic phenomenon, apart from
restriction, is that of movement which can be observed
in the case of post nominal phrases. As Takahashi
(2008) demonstrates, it is in principle possible to elide
the NP complement of the post-nominal NC.

1. Bushu-wa [jibun-ni kansuru hon] 2-satsu-o
yonda.

Bush-Top self-Dat related book 2-CL-Acc read

Obama-wa 3-satsu-o yonda.

Obama-Top 3-CL-Acc read

'‘Bush read two books about himself. Obama read
three.'

He then provides another example to confirm that
there is a syntactic process at stake with regard to the
definite or indefinite interpretation of the Noun Phrase.
More specifically, as shown below, the floating NC is
fine in this type of context while the post-nominal NC
is not, arguing in favor of his presumption:

2. a. Tomoko-wa 30-sai made-ni kodomo-o0 2-ri
um-itai to omotteiru.

Tomoko-Top 30-year old by-Dat child-Acc 2-CL
bear-want that think

‘Tomoko feels that she wants to give birth to 2
children by the age of 30.'

b. *Tomoko-wa 30-sai made-ni kodomo 2-ri-o
um-itai to omotteiru.

Tomoko-Top 30-year old by-Dat child 2-CL-Acc
bear-want that think

"Tomoko feels that she wants to give birth to 2
children by the age of 30.'

Now we are ready to test the prediction of the
above hypothesis. The following example has the float-
ing NC in the first clause, which does not have a spe-
cific reading, and the second clause is intended to be
derived from the post-nominal NC with the NP com-
plement of the CL elided (Huang, 2014:10)

3. Tomoko-wa 30-sai made-ni kodomo-o0 2-ri um-
itai to omotteiru.

Tomoko-Top 30-year old by-Dat child-Acc 2-CL
bear-want that think

"Tomoko feels that she wants to give birth to 2
children by the age of 30.

*Hanako-wa 25-sai made-ni 3-nin-o um-itai to
omotteiru.

Hanako-Top 25-year old by-Dat 3-CL-Acc bear-
want that think

'Hanako feels that she wants to give birth to 3 chil-
dren by the age of 25.'

In these two examples we see that, unlike (396),
the elision of a complement is not allowed formally,
which means, in the opinion of the author, that the in-
terpretation of a definite NP is linked to movement.
Nominal-internal ellipsis is yet another domain in
which the pre-nominal and post-nominal NC behave
differently. Turning to Japanese, observe first that the
pre-nominal NC nominal in Japanese does not allow el-
lipsis, as pointed out by Saito&all. (2

4. *Taroo-wa [san-satuohon]-o katta ga, Hanako-
wa [go-satu-no hon]-o katta.

Taro-Top three-CL-Gen book-Acc bought though
Hanako-Top five-CL-Gen book-Acc bought

‘Taroo bought three books, but Hanako bought
five.’

On the other hand, as we already saw in (396), the
post-nominal NC nominal does allow NP ellipsis (see
Takahashi 2008), which is confirmed by the fact that
the example allows both strict and sloppy readings.
This difference naturally follows from our non-uniform
view of the adnominal NC. Assuming that the pre-nom-
inal NC always occurs inside the NP, the lowest nomi-
nal projection, it follows that there is no maximal pro-
jection within

the nominal domain to the exclusion of the pre-
nominal NC, which is why examples like

(26) are bad. Watanabe (2010) argues that the pre-
nominal NC does in fact allow ellipsis, contrary to Saito
et al.'s claim. Watanabe claims that examples like the
following may come from the pre-nominal NC source
(as well as from the floating one):

5. a. Taroo-wa [san-satu-no hon]-o katta ga,
Hanako-wa go-satu katta.

Taro-Top three-CL-Gen book-Acc bought though
Hanako-Top five-CL bought

‘Taroo bought three books, but Hanako bought
five.’
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b. Hanako-wa [go-satu henr]-o katta.

But there is evidence that examples like (399a) are
derived from the floating NC

construction, and not from the pre-nominal NC
construction. As Nakanishi (2012) points out, the float-
ing NC typically has a distributive reading, which be-
comes salient when a predicate like koros- 'kill" is used
(Five men killed Taro)

6. a. go-nin-no otoko-ga Taro-o koroshita. b. otoko
go-nin-ga Taro-o koroshita.

five-CL-Gen man-Nom Taro-Acc killed

man five-CL-Nom Taro-Acc killed

c. *otoko-ga go-nin Taro-o koroshita.

man-Nom five-CL Taro-Acc killed

With this point in mind, let us reconsider (399). If
(399b) can be derived from the pre-nominal NC con-
struction (as well as from the floating NC), as
Watanabe claims, then

the following example should be acceptable, con-
trary to the fact.

7. kyonen san-nin-no otoko-ga jiroo-o koroshita.

last year three-CL-Gen man-Nom Jiro-Acc killed
this year five-CL Taro-Acc killed

'Last year three men Killed Jiro.

*Kotoshi go-nin taroo-o koroshita.

this year five-CL Taro-Acc killed

This year, five men killed Taro.'

This shows that (399b) is derived only from the
floating NC source. Witness the

following paradigm as a confirmation of this con-
clusion.

8. a. kotoshi go-nin-no otoko-ga taroo-o koroshita.

this year five-CL-Gen man-Nom Taro-Acc killed

(pre-nominal NC)

b. kotoshi otoko go-nin-ga taroo-o koroshita.

this year man five-CL-Nom Taro-Acc killed

(post-nominal NC)

c. *kotoshi otoko-ga go-nin taroo-o koroshita.

this year man-Nom five-CL Taro-Acc killed

(floating NC)

Our conclusion that examples like (399) involve a
pre-nominal NC in the first clause and a floating NC in
the second indicates that the parallelism constraint on
ellipsis is not sensitive to the distinction between the
pre-nominal NC and the floating NC. This point is im-
portant as we will explore in the next section the hy-
pothesis that the floating NC involves movement of NP
out of a larger nominal domain while the pre-nominal
NC does not. Now let us reconsider (24) in this light.

By the same reasoning, the NP complement of the
classifier head in the second clause should not be forced
to move by parallelism considerations. The unaccepta-
bility of (24) therefore militates against the PF-driven
nature of NP-movement involved in deriving the post-
nominal NC. That is, the movement to spec of XP is not
triggered by a PF requirement of Num-CL adjacency,
but for a separate, formal reason.

11.2.1. Conclusions of This Section

We have shown that the position of the Nominal
Phrase within Japanese bears influence on the dichot-
omy between definite and indefinite readings for nouns.
There are three possible position for classifiers in Japa-
nese, namely pre-nominal, floating and post-nominal,
with the latter bearing, most often than not, a specific
interpretation. In all three cases the link between the
noun and the classifier+numeral construction is inalien-
able and they usually form a compound NP the speci-
ficity of which resides on syntactic grounds. Even
though it would pose serious risks to suppose that the
contextual reference is not playing its role in these sit-
uations, we tried to emphasized that in all of three cases
the semantic interpretation of the clauses has syntactic
phenomena residing at its core, most notably, that of
restriction and movement.

Another important conclusion of this section is
also underlined in the previous paragraphs and it deals
with the nature of the specific noun in Japanese. As
stated before, according to Huang (2014) the definite
interpretation is strongly linked to movement in Japa-
nese and we brought into discussion some examples
that emphasize his idea. In other words, the comple-
ment of the Noun Phrase within the Classifier Phrase
cannot be elided without movement as shown in (24),
arguing in favor of our syntactically driven thesis for
the nature of definiteness in Japanese. There are also
restricitons at stake, the most important of which are
related to the existential locational verb (Kishimoto,
2000) meaning that when it expresses a possessive re-
lation, the object cannot be specific or presuppositional.
His observation is important to our thesis because it un-
derlines that there are important syntactic processes be-
hind the definite or indefinite readings of a noun in Jap-
anese.

The ellision of nouns in order to render the classi-
fier and numeral constructions singular in predicative
contexts brings into discussion the grammaticality of
these Classifier Phrases which can exist on their own
without the implication of a noun. This happens in ex-
amples like 27(b) and is somehow illustrated in 22 and
24 as well, but bearing other consequences, namely that
of the influence of anaphoricity and contextual refer-
ences for the definite or indefinite interpretation of
post-nominal constructions with classifiers and numer-
als.By discussing the importance of positions in Japa-
nese regarding specificity we brought into discussion
another syntactic character of classifiers, namely that
which describes them as topic sensitive lexemes.
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