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Agronomy and Crop Science

Planting frequency impact over productivity of Tangerine-
Adreula in rather severe conditions of citrus cultivation

Vakhtang Kobalia

Akaski Tsereteli State University,
Kutaisi, Georgia
vaxtangkobalia@mail.ru

Tangerine-Adreula is one of the perspective species with its productivity, early ripeness, fruit
quality and frost resistance. In our opinion, its important to pay attention to the above mentioned
species and mainly to the substantial increase of its production areas, its caring tecnology. For this

purpose, studies have been done for identifying frequency impact over productivity of different

18



3 Jmdamas

species in severe conditions of citrus cultivation. About four variants of planting frequency
were tested. Accoprding to the resaerch of biometrical indicators of plants, terms of ripeness,
productivity, fruit quality and economical effectiveness were determined: the most optimal feeding
area of tangerine-Adreula planting of citrus cultivation in rather severe conditions is 3 x 2 (1666
plants h.) and 3 x 2.5 (1333 plants h.) meters.

Keywords: Tangerine-Adreula, feeding area, growth strength, blooming, productivity, fruit
ripeness, quality of the fruit.

Despite the problems created in Georgian agriculture in the end of the twentieth
century, citrus remains one of the leading branches. For developing purposes, it is
necessary to improve the cultures’ varietal diversity, bringing and caring technologies
and to widen spreading area.

Since 1989, Nucella tangerine-Adreula has been one of the perspective species
with its early ripeness, fruit quality and frost resistance. It is medium sized; fruit
begins ripening from the second half of September; It is frost resistant nearly like
tangerine Unshiu and characterized by high economic efficiency.

Four variants of planting frequency has been studied. During the research period,
biometric indicators of plants, fruit emerge usefulness, terms of ripeness, productivity,
fruit quality and economic efficiency were also studied.

Research results: The results of the plant biometric measurements showed that
the strength of the growth is the highest in 3 x 3 m nutrition area conditions, the
weakest 3 x 1.5 meters by frequent movement. The reason of dicreasing crown
diametre, is the plant density in the rows, the most optimal for thisis 3 x 3 m and 3 x
2.5 m nutritian area. According to the plant height, there is no substantial difference
between varients.

Most blossoms are formed and at the same time the most flower falls in 3 x 2m
nutritian area. Besides, this indicator is of high rate in 3 x 2.5 m.nutritian area. Fruit
emerge usefulness in every variant varies from 7.1 to 10.9%. In this case the best
varient is 3 x 3 m. The percentage indicator of the produced fruit is 10.9%, the worst
fruit emerge usefulness was revealled on 3 x 1.5m nutrition area - 7.1%.

By studying the productivity indicators of each plant, becomes clear that the rate
of productivity of plants decreases with the increasing of planting frequency. But
while calculating these data into hectar indicators, we get totally different result.
According to the productivity during 5 years, the most effective is varient with 3x2
m nutrition area with 145,2 c. fruit yield from per hectar; Productivity is also high
with of 3x2.5 m nutritian area - about 228.4 ha/ ha.

It has been studied that along with the increase of planting frequency, the size
and weight of the fruit is also reduced. This reduction is most essential with 3x1.5
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m nutrition area. Together with increasing planting frequency, the fruit juice, flavor
skin removing and pulp density is of slight difference. The planting frequency also
influences the terms of fruit ripeness. The fruit ripeness terms are rather late, when
decreasing the nutrition area.

The results showed that according to the profitability, 3 x 2 and 3 x 2.5 m. is the
best variant — respectively -123.2% and 122.6%. In other cases, high density causes
the declination and disfunction of the plants.

Conclusion. The most optimal nutritian area of tangerine-Adreula plantation
cultivation is 3 x 2 and 3 x 2.5 m. in rather severe conditions of citrus cultivation.
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Food Science

Innovative Technology for Producing the Curative and Prophylactic
Food Concentrates from Red Grape Secondary Resources

Guladi Tkhilaishvili

Batumi State Maritime Academy
Batumi, Georgia
g.tkhilaishvili@bsma.edu.ge

Temur Gvinianidze
temuril951@mail.ru

Akaki Metreveli

akakimetreveli@gmail.com
Akaki Tsereteli State University
Kutaisi, Georgia

The paper describes the development of innovative technology for producing the polyphenolic,
curative and prophylactic food concentrate having strong antioxidant activity, from environmentally
pure raw materials of the red grape variety of Zeimberi (Zeibel 545 5455") cultivated in the Imereti

viticulture and winemaking zone and from wild-growing rosehip in the Sairme valley.

Keywords: curative and prophylactic, grapes, secondary resources, phenolic compounds, seeds,

extract, micronutrients.

Introduction. Red grape seed and skin extracts, in composition with micro-
powder of the skin and flesh of wild-growing rosehip fruit, have no analogues in
fighting malignant tumors caused by irradiation. In particular, the biologically active
substances contained in colored grape seed and skin extracts, activate in the human
body some types of proteins (JNK) that regulate the signaling pathways towards the
destruction of the malignant tumor cells, so that the healthy cells remain undamaged
(Yashin ... 2008; Nilov, Skurikhin 1967; Gvinianidze...2017: 8-10).

Figure 1. The grape skins and pips of
Zeibeli 5455 variety dried by vacuum-

sublimation method
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Figure 2. The grape seed of Zeibeli 5455 variety dried by vacuum-sublimation method

Due to high concentration of phenolic compounds, sphere of our interest includes
the development of technology of vacuum-condensed juice of the colored grape
variety Zeimberi cultivated without pesticides, micro-dispersed powders and extracts
of the skin and seed, as well as the composition of micro-powders and extracts
enriched with biologically active substances, that is the technology for producing the
curative and prophylactic food concentrates (Yashin 2008: 130-135; Yashin 2005).
Mindeli 2017: 19-28).

Objectives and Methods. The subjects of research are the vacuum-condensed
juice of the colored grape variety Zeimberi in the viticulture-winemaking zone of
Imereti region in western Georgia, the grape seed and skin micro-powders, extracts
and vacuum-condensed food concentrates, as well as micro-powders of wild-growing
rosehip skin and flesh taken in the environmentally pure valley of Sairme, extracts
and the concentrates obtained through lyophilization of these extracts.

The curative and prophylactic food concentrate with strong antioxidant activity
composed by the optimal ratio of mentioned ingredients was also the subject of
research.

In this experiment, we have used gravimetric, extractive, spectral and
chromatographic methods of research (Grapes..2014: 1806-1812; Kaur 2009;
Guleishvili 2018; Zhang, Careni 2009: 80-82; Vanidze 2010: 395-396; Japaridze,
Kamadadze 2010: 399-400; Vanidze, Kalandia 2010: 394-395; Okawa 2001: 202-211;
Guleishvili 2016: 105-108).

For drying these extracts, we have used lipophilic or sublimation and rotary
vacuum methods of drying.

Results and Analysis. The curative and prophylactic food supplements composed
of micro-powders, extracts and concentrates from local plant raw materials are

present in very small quantities in Georgia, and consequently, the existing official
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data on them are insufficient, while our country has a very large and diverse reserve
of autotrophic organisms rich in curative and prophylactic biologically active
compounds.

It is known that in the process of primary processing of grapes, waste or secondary
resources are obtained within the limits of 18-27%, which, with their chemical
composition, are not less valuable than wine itself and other grape products. Grape
seed contains 60-70% of phenolic compounds of a bunch of grapes, and 28-35% of
them are localized in the skin, and consequently, the grape processing waste represent
the richest source of biologically active compounds (see Table 1)

Table 1
Biochemical Indicatrs of Individual Parts of Ziebel Grape
Indicators Grain Flesh Seed Skin
Dry substance % 24,44+0,17 12,0+0,18 64,2+0,98 17,0+0,94
Titrable acidity,% 9,5+0,12 9,9+0,12 - 14,35+0,16
Flavonoids,% 0,19+0,04 0,69+0,07 2,93+0,09 1,5+0,07
Anthocyanins,% 0,21+0,03 - 0,83+0,05 1,1+0,08
Phenolic
compounds, mg 1,71+0,12 0,11+0,06 2,96+0,05 1,85+0,09
[ cm?
Pectin, % 0,27+0,03 0,22+0,04 0,51+0,09 0,30+0,15

The newly-pressed grape skins and pips were dried at different temperature
regimes within 30-95 °C until 7-9% moisture content, and then we provided the
quantitative and qualitative analysis of phenolic compounds in each sample (Table 2).

The experiment consisted of rosehip flesh with skin, which was dispersed within
the particles’ sizes of 50-55 mcm, in a TP2 Hammer Mill. The results of the analysis
of the carbohydrates content in rosehip fruit, powder and extract are shown in Fig 3.
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Table 2
The composition of phenolic compounds is "Zimber" 7-9% moisture drops in
clustered chacha

Drying regimes PhenoII;gt/cit&l) agmount fﬁgﬁ::iis o/1 O(t)c;tal jt&ci':l}llz(rjr}l’glrlliﬁs
mg/100g
30-35°C 1774,23 1197,00 997,80
45-50°C 1770,55 1189,45 998,35
60-65°C 1758,20 1176,65 991,43
75-80°C 1757,17 1077,00 992,12
90-95°C 1757,10 1082,10 992,43

Activity of bioflavonoids of solid parts of grapes is multiplied by adding micro-
powders of rosehip skin and flesh, extracts and the concentrates condensed through
lyophilization of these extracts, which are rich in bioflavonoids and vitamin C.

In order to maximally preserve vitamin C in the samples, there was used only the
vacuum-sublimation method for drying of rosehip fruit, skin, flesh and their extracts.

60
50
f 40
Y
L=
8
a 30
2
3
v
[ 20
o
10
. i N -
Food fiber, | Food fibers, | The sum of Fructose Glucose Sucrose
soluble insolubles food fibers
mdogrose 47,8 7,34 55,14 7,05 6,54 0,52
H powder 42,3 7,34 49,64 7 6,21 0,51
Hextract 27,9 0,98 28,88 3,4 4,98 0,34

Fig. 3. The content of carbohydrates in rosehip fruit, powder and extract
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The rosehip fruit, skin and flesh micro-powder and extracts obtained by vacuum-

sublimation drying, were characterized by high content of biologically active

compounds.

The technological scheme of bioactive food supplement consists of the following

main stages:

sanitary processing of the process area (air, equipment) and staff (clothing,
footwear);

incoming inspection of raw materials and supplies, which are applied to the
identification document in the form of green signal line;

primary processing of the Zeibeli gape variety;

obtaining the vacuum-must by a vacuum-rotating evaporator;

drying seed and skin at a temperature of 30-95 °C until 7-9% moisture
content;

separating seed and skin and obtaining micro-dispersed powders;

superfluid and ethanol extraction of micro-dispersed powders;
concentration of the extract compositions until 63-65% content of dry
substances;

vacuum-sublimation drying of rosehip fruit, release from the seed, obtaining
the skin and flesh micro-dispersed powder;

extraction of micro-dispersed powder with a 18-21% ethanol and
concentration of the obtained extract by vacuum-sublimation method until
63-65% content of dry substances;

mixing liquid and friable ingredients at an optimal ratio until the mosture
the wet weight of 14-15 =1 %;

wet granulation of the obtained composition in a roller-system press-
granulator having a matrix of a diameter of 2-3 mm; the temperature of
obtained granules, when releasing from a filler, should not exceed 39-42 °C,
and must be homogeneous and of one color;

drying of obtained granules should carried out by vacuum-sublimation
method until moisture content not higher than 9% (the density of granukes
—not higher than 1050 kg/m?.

The dried granules shall be weighed, and due to high hygroscopy shall be packaged

in a water-repellent container and delivered for realization.

Chemical composition of the food concentrate and its antioxidant activity before

granulation are given in Table 3.
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Table 3
Chemical composition of the food concentrate and its antioxidant activity
before granulation, moisture content 14-15 £1 %

Food fc})lrin(;{ll; ds g/ Flavonoids | Anthocyanins | Antioxidant activity
concentrate dm3p g/dm? g/dm? in - % (F- 5)
Composition | 26,18 7,21 2,63 62,61

Chemical composition of the food concentrate and its antioxidant activity after
granulation are given in Table 4, moisture content is up to 9%.

Table 4
Chemical composition of the granulated food concentrate and its antioxidant
activity obtained by using the colored grape and rosehip concentrates and
powders, moisture content - 9+1%

Phenolic Flavonoids | Anthocyanins TR A
Granule activity in - %

compounds g/kg | g/kg g/kg (F- 5)
Composition | 27,78 7,98 3,86 67,94

The pharmacological study of food concentrate on acute toxicity was conducted in
the training-experimental laboratory of physiology of Akaki Tsereteli State University,
on the experimental Wistar white rats. The results obtained from these studies on
acute toxicity of target products indicate that the obtained food concentrates belong
to practically non-toxic substances, according to K.K. Sidorov’s classification.

Conclusion. 1. It has been found that the granulated curative and prophylactic
food concentrate obtained by using the concetrates of the separate components of
red, environmentally pure grape of Aeimberi (Zeibel 5455) variety and wild-growing
rosehip fruit have a rich chemical composition (phenolic compounds - 24,43-27,78
g/kg; flavonoids - 6,93-7,98 g/kg; anthocyanins 3,79-3,86 g/kg) and high antioxidant
activity (67,54-67,861in - %). 2. The 2-3 mm diameter granules of the food concentrates
lyophilically dried until 9%- moisture content enriched with bioflavonoids (0,69-
2,93 % of dry substances) and pectin (2,3%) of solid particles of grapes and rosehip
are characterized by high antioxidant activity.
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Food Science

The Impact of Dietary Fibers on the Structure and Quality of
the Churned Confectionery Masses

Gulnara Khetsuriani

Akaki Tsereteli State University
Kutaisi, Georgia
gulnarakh@yahoo.com

The paper dwells on studying the possibility of adding pomaceous waste to churned
confectionery products, with a view to increasing their nutritional value and term of storage. It has
been established that the optimal amount of pomaceous waste to be added to is 20% of the amount

of apple sauce envisaged in the formula.
Keywords: pomaceous waste, dietary fiber, pastille, nutritional value, term of storage.

A priority in the food and processing industry is to move towards non-waste
technologies, minimum environmental impacts and ensuring availability of
environmentally safe food products in the local markets.

The recent decade is characterized by the growth tendency of functional food
production, which envisages the use of rich plant raw materials rich in biologically
active substances.

The studies find that pomaceous waste, which is a waste product of juice
production, is characterized by a high content of dietary fibers, it is a source of
antioxidants, mineral substances (especially calcium, phosphorus and magnesium,
and from microelements - iron) and amino acids. It is also rich in pectin substances
having adsorption ability, and they absorb toxic elements from the gastro-intestinal
tract, creating insoluble components (pectates, pectinates), which are excreted from
the body in the form of slags. Pectin substances also contribute to the absorption of
calcium and magnesium in the body, and alter actual acidity (pH) of the intestine
towards an acidic medium, as well as have a bactericidal effect.

Users are gradually refusing to consume high-calorie products and they replace
them with low-calorie and useful to organism food products. Of confectionery
products, these products include churned products, such as pastille and marshmallow
that do not contain fat. Depending on the formulations, products contain proteins,

minerals, vitamins, carbohydrates and other useful components.
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The main problem of the production of pastille-marshmallow group products
is its quick drying, which leads to a reduction in the consumer quality, eventually
undesirable changes in its structural properties and a partial loss of form.

Goal of research is to study the structural-mechanical properties of functional
churned masses obtained by addition of pomaceous waste with a view to increasing
their nutrient value and prolonging the shelf life.

Research objectives: to compare the pastille samples obtained by addition of
pomaceous waste with reference sample, assessment of organoleptic and physical-
chemical indicators and their changes during storage.

Research Methods. We have used the following methods of research: Standard
6441 - "Confectionery product - pastille. General technical conditions"; 5900 -
"Confectionery products. Methods for determining the moisture content and dry
substance"; 5901 - "Confectionery products. Methods for determining the mass
fraction of ash and metallomagnetic impurities"; 5902 - "Methods for determining
the quality of particle size reduction and density of porous products’; 5898 -
"Confectionery products. Methods for determining of acidity and the alkali content".

In our study, we have used pomaceous waste obtained from the mix of Georgian
varieties of apple. The results of analysis are as follows (%): mass fraction of moisture
- 78-80; Total sugar - 10,8-11,5; Pectin - 1,3-1,5; Cellulose - 1,4-1,5; Ash - 0,36-0,40;
Titration acidity - 0,52-0.55; Active acidity pH - 3,57-3,85.

As reference sample, we have chosen pastille "Banana", formulation No. 78
[6] prepared by traditional technology of pastille production, and experimental
samples were prepared in the same sequence, with the only difference that first we
prepared a mixture of apple sauce and pomaceous waste (10, 20 and 30% of apple
sauce envisaged by the formulation were replaced by pomaceous waste), resulting in
obtaining condensed apple sauce. The mass fraction of dry substances of the obtained
mass was 20-22%, titration acidity - 0,09-0,50 and active acidity - 3,75-3,85%. The
amount of moisture content (78-80%) in the condensed apple sauce optimizes of the
process of sugar dissolution and ensures obtaining the optimum moisture content
(41-43%) of the sugar-apple mix (1:1), during which the foaming occurs more
intensively. According to the results of the study, addition of pomaceous waste leads
to the change in the foaming properties and density of the pastille mass. In particular,
when adding 10% of pomaceous waste, foaming ability is increasing by several
times, but the subsequent growth results in a decrease. The density of the pastille
mass increases in all samples, and in case of adding 30%, the density of experimental
sample exceeds the standard level.

We also have studied the quality organoleptic and physico-chemical indicators of
reference sample envisaged by standard both during the storage time provided for in

normative-technical documentation and after the expiary of this time.
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The results of the test showed that adding 10-30% of pomaceous waste, in
comparison with reference sample, leads to insignificant change in titration acidity,
and reduces the mass fraction of the moisture content. The share of the the mass
fraction of the ash also increases. As for the density of product, in the third sample, it
does not correspond to the standard indicator. According to organoleptic indicators,
all three samples meet 6441 standard requirements.

The results of the analysis conducted after the expiary of the storage time provided
for in normative-technical documentation (1 month) revealed the slowdown of the
drying process. Particularly, the moisture content in experimental samples was
3-6% higher than in reference sample, which should positively impact on product's
consumer properties. This change is also caused by the increased dietary fiber content
in experimental samples.

The analysis of all the above allows us to conclude that pomaceous waste are the
best raw materials to enrich products with dietary fibers and other biologically active

substances, and its optimal amount is 20%.

oGm0
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The Role of the Orthodox Church in the Process of Political
Modernization of the Modern Georgian State
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The institutional and ideological crisis in the political sphere has led to some sort of regrouping
of political actors. The Georgian Orthodox Church has become an institutional and ideological
actor in the political arena, taking over the protection of the Georgian genetic value-based and
intellectual potential and its creative self-survival. In post-soviet countries, including Georgia, self-
assertion of the authoritarian regime has resulted in the expansion of the role of religious factors;
there has been a rise of authority of religious leaders and they actively participate in the political
processes. Catholicos-Patriarch of All Georgia Ilia II is believed to be such an authority in the

Georgian political space.

Keywords: Christian Orthodox Church, state, patriarch, national self-determination,

constitutional agreement.

From the recent history the close link between the Church and the national
idea became particularly explicit in the 1980s and 1990s amid political and social
developments. The revival of the Georgian national concept and the national self-
determination in the Georgian society is largely attributed to the recollection and
restoration of the Orthodox Christian belief and church traditions (see Beriashvili:
345).

The Church has completed the institutional and ideological vacuum in the
modern Georgian political space. It has a special function in the process of political
modernization and value reconsideration: 1.to ensure consolidation of political
forces in the process of political modernization and protection of national values and
Georgian mental traditions; 2. to complete the intellectual, ideological and value-
based vacuum in the political arena and to establish the over-party consciousness; 3.
to actively participate in creation of the ideological basis for the modern Georgian
state the main component of which would be the Orthodox Christian religious
element; 4. to define the role of a religious factor in the formation of national and
state-related orientation; 5. to encourage the development of consensus and steady
democratic processes in the process of modernization.

According to the political scientist Gia Nodia, the criticism of the church has
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become a taboo for politicians. In fact, they regularly compete with each other for
demonstrating their religiosity and close relationship with the patriarch. The Church,
in its turn, is increasingly trying to fulfil its independent political role (Nodia, 2011).
The aforementioned scientific position is confirmed and echoed by the pre-election
environment which preceded the 2018 presidential election for several months. The
presidential candidates met Ilia II several times together as well as separately. The
patriarch blessed them and, keeping to a neutral position, addressed them based on
a conciliatory policy.

The political scientist Thomas de Waal writes in his article “Spring for the
Patriarchs™ “as the “power vertical” is consolidated in the post-soviet space, most
nonstate institutions are getting weaker, with one interesting exception: the national
churches. Ilia II is a visible and shrewd political figure. He has won an astonishing
approval rating, easily making him the most popular figure in Georgia“ It is
noteworthy that on November 26 of the current year the international edition of
The New York Times - Turning Point - awarded the Catholicos Patriarch Ilia IT with
the title "The Centurial Name Expressing the Identity of the Nation“ (The New York
Times, 2018), thus again emphasizing his role in the maintenance of the identity of
the Georgian nation.

Political modernization and the process of national and state self-determination
have brought up the issue of the Georgian national concept. According to the
Patriarch, the commitment to the supreme truth is the Georgian national concept.
Expansion and aggression are far from the Georgian national concept. Therefore,
the entire history of the country is the expression of selflessness, sincerity, courage
and morality. Furthermore, the Christian concept of love is fully embodied in the
Georgian national concept. The Georgian national concept has shaped our character,
culture and everyday life throughout the centuries (see Easter Epistle, 2011: 10-13).
In various fields of the Georgian reality - history, culture and literature - there is an
abundance of examples showing the close relation between the values and ideals
of the church tradition and the Georgian national concept and values. It is also
noteworthy that the core national concept - the national independence and struggle
for it — is frequently linked to the struggle of the Georgian Church for independence
in the history of Georgia (Beriashvili, 2017: 320). The expression of the emphasis on
the role of the Georgian Orthodox Church in the life of the Georgian nation is the
Constitutional Agreement of Georgia (the concordat). It was concluded between the
State of Georgia and the Georgian Apostolic Autocephalous Orthodox Church in
2002 and defines the legal status of the Georgian Apostolic Autocephalous Orthodox
Church.

The issue of restoration of the territorial integrity of the country and maintenance
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of Georgian lands remains the most significant problem of the modern Georgian
church as well as other actors. In the first case it was important that on December
21, 2010 the Holy Synod of the Georgian Church made a decision on declaring the
Catholicos-Patriarch of All Georgia as the Metropolitan Bishop of Tskhum-Abkhazia.
Next, the Georgian Orthodox Church has a firm and unambiguous position against
the alienation of lands. This position has been made known to the public several
times and on one occasion, on December 10 of the current year, it was revealed
through the conference held by the Holy Synod. It was emphasized that even based
on the international practice (the session of the UN Committee on World Food
Security, 2012) land cannot be defined as an object of purchasing and selling, which
is unfortunately common in our country these days. Land has primarily historic,
cultural, religious and ecological value and requires special care. It is wealth which
cannot be produced or created (In the Patriarchate of Georgia, 2018).

His Holiness and Beatitude emphasizes the importance of the development of
economy, especially the agrarian sector. At present Georgian agriculture is in tough
conditions and its redevelopment/rehabilitation is a necessary precondition for
political self-survival and state self-assertion.

Since the issue of the liberalization of narcopolitics was brought up in Georgia the
Patriarchate has repeatedly condemned the approach of the state/political institutions
and a number of non-governmental organizations to the issue and expressed its
negative attitude in various forms (Patriarchate’s Attitude towards Drugs, 2018).

Modern political modernization and the development of democratic processes in
the political arena will further increase the role and purpose of the Georgian Church
and Orthodox Christianity. The Church has become the most significant institutional
and ideological actor of the modern political space. The greatest hope of the Georgian
society is based on the Orthodox Christian belief as the most important spiritual and
value-based factor of the national and state self-determination.

The Georgian Church has rightfully undertaken the role of one of the major actors
of political modernization in accordance with the existing situation. It must give the
nation the power to fully reveal political optimism and national potential.
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1009JGMB0 30608 60FbgdOL Qox3MMTYdS bEYds sbswo Js@mEoligdwGa.
0obob 9P sMLYGOMBL 390 A5MBITMYdO.

36MHM. 3. xox960d90 bobo 2omligs 08 odGL, M0 Mmd0g]GGo 3000l 6odbgdol
298myqbgdsdo  bgwbsfg®mo 9830839690L s0G935L, 39Mdm, L 3MYBoJugdOL
dmbdoGmqdme bdsmgodsl.

3099, Mhyzgdwobs s §939G0wol bmwdgmdomol 3f3003ms BmEmIgdol
39050  9bswmyomE  3mb39JuGgddo  IMogzowyHolol  gMmaBobom
39333oL dOAbgdomOlL 3F3H03ms bdstgdols d90mbggzsdo.
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3§i3geab BeamdgMd000: HGMIYo Imogoob mddmal Jobol (xoxsbodg 1974:
38), 396 9900 gdge 5MB. 256MHOLLYds (Xoxsbodg 1974: 113), 39 sgyMgboero
0303M6 5 BEHOMO (Koxsbodg 1974: 113).

%9393ob brmmdgmdomo:  3lomEol Lydobgwoms mbg®oms, §obsdy
Loyg®obs Jol oYdobLs (xoxsbodg 1974: 110).

£930¢0m0b bemdgmdomo:  o@fgdool (xoxsbodg 1974: 16), ©s8GOGEOL
095asb (xoxsbodg 1974:  29), mdbomogg 09593960l (xoxsbodg 1974: 38),
5960 0653056 (xoxsbodg 1974: I1I).

336300905 III bm@wdgmdomols geHmsgOmo BmEDs: 3MIoY) OO0
36909)0ms Ima0bgs3b 29b3wa LoggmaLs 30Mm0ObOLs (Xoxsbodg 1974: 231).

360mxy. 3. xoxsbodol  bs8GMIgdo  AsblvgMmGgdMmo  dgibogHmemo
LOBNYLEHOM J5FMOMBYMOS, 5T0MSE 53bLBOD 08 GodBHU, MMA Bob EoToxJMIIWS
330P3965 bgarbshg@ol Lob@odumMo ™og30LgdMgdsbo 39Mdme, BLsbrzmgE—
LoBEZOHEL FMHOL MOO0YMHNMOOL d39E0 s b JoMmNyeol LobEsglwy®
B0®3505 35659 IM0 5OBYGOMBS: Bos3d 5L [igoemds IO ™oy, 996 ymgzgwro
390000l (23.6), 33030905 Legolsms 03096 ymggar d969ds dmdmEHo qbg
36905 3O0LbabgdOLS (K oxsbodg 1974: 200).

390960000 d93sl39690 MGM™ 3391 gd9HO MO0 5GOL Fo®dmpyqboero:
©wm33d Lobmysm bogdg sOL (xoxsbodg 1974: 5), d396 ymgzgwbo Imsgzs6 ©o
00 04dbgm  (xoxsbodg 1974:  36), s©bsbodbsgos, M bgwbsfg®do
sboeo gm®mBsz 0bgMyqds: sMloGY3s 3O SMOL, M8 Loddy Bowowo
(xoxobodg 1974: 53), dmMmEHoLs JobgHBo SMOL (399005 THYsdMMDS (X oxB0dg
1974: 52).

3000b30m 0bssc 0590 335300 30H30MO bHoErs39d0L oMM 33900
bds6gdol d90mb393900, M3 3390 s sHoO JoHMo 0bEHMbBsEool gMmy356
F960fgasl HoMTmMayqgbl 505 XM 5MLsS? 5ol Fobblo Ig0EJOMds.

Bmlbsdo m®o s—3 398myggbadme0s, s BMAXIOH JMO.

Lo0bBHIMILMs ol BogBHoE, MM FmFsMmdYOIMEs© 0bTsMmgds & sbm. 53 SLmb
dbgOMwo sdHgMHemds dgaedo s6ss dm3gdveo. goblbgeggdom dggaro
B0®3gd0LoY6 FMgd0mOl BMOIGOMb MM Lobguwmdomdog a3bgzwgds. &
b9 MPYsmdsa. gbg MaMbmegdse (xoxsbodg 1974: 44).

»0dOmal §ysmmali® gduGo dbgEMMEomss IHgMowo dsgMmsd e 43b3gds
5=B9 m-Bg IOMWMIdM Lsbgewrgddo wmgse, mdmme, Mabma, 3s¢030L3905a
s bbg.

3 90 5L dmbsermEbye 0B bgwbsfg®do y3gwysb a3bgzwgds 3 o
0, 0 4ym39m30L 3-b BgbHYs MBI EO.

b sbm M59gbodg Lo@ygzsdos bsbdsto. b osMsm (xoxsbodg 1974: 7),
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3. Jogomoge

bse0b939wbo (xoxobodg 1974: 9), bgMopommsbs (xoxsbodyg 1974: 24) s 5.9.
33GHMM0 53 SLML FBMEME 93OM3MEo 969006 Fgdmlme Lo@yzgddo Ho®Lu
336300905 3 SLMMO OFIOOWO JNOEMS 256139695 (X ox9b0dg 1974: 12), Sgenbs
9oL3aL (xoxsbodg 1974: 25), SmMgwbo (xoxsbodg 1974: 63).

) 33b3009d5 9999 Lodyzgoddo: bo@gﬁ]ob (xoxsbodqg 1974: 197), BbTs bdﬁb
(33-18). AhgMoo 0393l JoMogdgdol babﬁ)gbob 300b03w96 JoMmnvya Fall, mmdss
0"63000)0@ 00356003L JoMoad9dls: 5©- 565090 ©6 ¥R, b Lemwos,
RO —BO05 JO YM39o, Fa90s — 3930560&H9ds -

3. Xoxsbodg h9gMol o Fgxsligdsl  sdeng3l. doskbos 00 OO
@OHIONGIONLO JLHYOOL FJmbyee.

Jmm50Ld0 50dMBgbowo 4500 e F30MOL (F5d0M0ge MmTsbols dg dsgsdzowrols)
»UPogsbol” 5649 ,,mdMmmals fysmmali* bgwbsfgho wgduiozol dbG0gs3 Mormo
LSOBEGHIMYLM dgaeros. slido sMOL  obgmo Lo@Yz900, MMIIdoE EbMdos
3®LYdIMYo 23635MEHIPOMO gdlozmbolomzgol 96 3oz bmdowo Lo@yzgdo
59599 M36mdo 3608369 mdomss bsbdseo.

bwbsfig®do a3b3wYds OIWYIHYOO @wJbozOo JOMNIIYOO3 J3JON,
535, ImbsbzgFoo, 5, oMM obghowro Fo@Yywol gmows lbg.

bgabsfg@o wgdbogzol TBOOZs3 Mm@ LoyMIEEYdM  dgaeros. dsbido
33630905 oligmo Lo@yzgdo, Mmdmwgdoi V-XI Lsmzmbggdol gbolsmgzols s6ob
0535bolosmMYdYE0. FoRo0Mo©, dMIGBo — d3. BHY30s ©53g0¥) dMOME0 S
33039 3H30MHm0 sMHOL 3MEZse s v9ddodgl dM39boLs“ (xoxsbodg 1974: 265).
632 — IOv©o d3. ,6396 FmEOLS, ddsbo bmdizs oL M35 B3b BmEol ddsbm,
©M3v) Mooldg* (xoxsbodg 1974: 246), 9350MWE0 d3. YIMO; 3MEMBO ,5M3O
G3060035 080 3350MOME0LS“ (Roxsbodg 1974: 188).

Loghom@ Mol  olgmo  Lo@yzgdo, MmImgdos wEbmdos  sGLYdMEO
3963569000 9duozmbgdolsmzgol dsy. Bggbgs — dwogMo Lbogogg, yobgs
»33030 B0 00 BsdmsMbs Gobobs Byrbgzals dbganlis 3sbyobmwo® (xoxsbody
1974: 215).

bgbsfgdl sbaogl 3. xoxsbodol dogh dgwygbowo wgdiozmbo, Gmdwols
BgLFagwrs 57930 gdIEoo.

360Hmx. 3. xoxsb0dg 93530 §gMgmwol Lobgwdfonm mboggdlodg@do 1946
§00b dm3zs(9mdEs. 00 3390 Jo@mnyero gbol Fo®ds@gdwyaero 93335600
0ym. 533HMM0s 60-0g 993bogm o bsdMmdols. 8 bgabshg@ols dglfogzwom
056 99dem JsMmMEo 39 EHMOOL dgawms dmMol JolmZoL LadsEOMm SPHOO
05993300060 gd0bs.

503356500, 3. XX 960dol dogH Fglfogarowo bgwbsfgdo g3wmabols gomgxol
9mbsliB®mol gMo—ghHm 3bmdor dFoabmdsOl 0gMmdmbsb sdMoge I0MgL
— 390609 m3sbol dg Foysa30eml, o0 bgerbsfig®ds Lsdwedm@ ©S03330M
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05300 393600 YOO JohmMwo 3MEEHOOL HgMHowMmdoo dgywms
dmOob.

@OAIAIGIGS

49Bghoadg 1973: 0. gobghorsdy oMo go@sdfigmms gMmo mxsbo o
0000 L5gd00bMds , o369 Ne 6, 1973.

3939e0dg 1960: 3. 3939000 oMo wo@IMoGmol obEMMmos @. 1,
d0obo, 1960.

@mEsdzoo  1962: 0. @MmEosdzoo, dzgeo  JoMmomvyeo  AfgmEmdol
L5300bgd0, MdOWOLO, 1962.

xoxobodg 1974: 3. xoxsbodg ,35M9x0L 650 olid3gderol dmbslEmol
mdmmall fysdma sboemo bmlibs s dobo MmOMMYM50ME-53mbgE03)MHoEs
3053530390 —q4bo3MMmo Jodmbogs®, bgwbsfig®o, Jmomsobo, 1974.

Language and Linguistics
History of one Georgian manuscript

Katsarava Marina

Akaski Tsereteli State University,
Kutaisi, Georgia
katsaravamarine@gmail.com

The article analyzed an important manuscript overwritten in the 18th century found by
Prof. P. Jajanidze. The manuscript is kept in Kutaisi State Historical Museum. The Kutaisi State
Historical Museum preserves the “Study of the Gareji Baptist Monastery" or "The Gold Source” of
a new list. Apart from this manuscript, there are three other traces in Tbilisi museums. Prof. P.
Jajanidze's tracked manuscript is the first and the most important. The manuscript is 180 sheets. P.
Jajanidze has considered the manuscript according to its orthographic-phonetic and grammatical-
lexical terms. All the Iists include the same text. The difference is made by the decoration, various
inscriptions and paintings. But they do not matter for the basic text. This manuscript has always

been a part of the Georgian cultural monuments.

Keywords: scribe, dictionary, manuscript, readings, Gareji Monastery.
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3. Jogomoge

The Kutaisi State Historical Museum preserves the "Study of Gareji Baptist
Monastery" or "The Gold Source of the Manuscript", which has a very interesting
history. It was found by Prof. P Jajanidze and his colleague Z.Tsereteli helped him.
In addition to this manuscript there are Gabriel the Lesser' s three lists of “gold.” The
advantage of this manuscript is that it is original. The four manuscript texts are the
same.

The manuscript contains 180 sheets, It Is inserted in a carved wooden cover with
an average volume of leather. The back cover has three laces and the front cover has
three holes to fold the manuscripts (or to lock them).

One sheet of paper was pasted inside the front cover. Its third part is torn up.
The record on the remaining part is not well readable.The back cover has also lost
a sheet of paper. There is also something like a recording or a drawing, for example,
an animal. There is a crossed out writing with bad ink on the top. We can read: “You,
the most brilliant, the prince(chief)”.

This monastery is known as the oldest center of Georgian literacy. There were
created the original works, in which the life and activities of the famous church
figures were described, the necessary books for the liturgical case - collection of
festivals, homiletic chrestomathies and so forth.

Various representatives of culture, such as Sulkhan-Saba Orbeliani, Anton Pier,
Timothy Gabashvili, Gabriel (the Lesser) Makashvili, Romanoz Eristavi and others
were at Gareji Monastery.

I. Gachechiladze published an article about Gabriel the Lesser. He stated that
Gabriel the Lesser was the son of Oman Makashvili. He served in the second half of
the 18th century in the monastery of the Gareji Desert Baptist.There he did a fruitful
literary work. Gabriel the Lesser headed the whole group of scribes in the Baptist
monastery.

There is no doubt that this manuscript is original because it was written in May
1974. The text of all four manuscripts is the same. The editorial distinction is not
observed.

The difference is created by manuscripts. Namely, different types of extracts or
paintings, manuscript graphics, but for basic texts, as P Jajanidze notes, they do not
matter. " The Study” or "Gold Source" was written at the end of the 18th century and
it was naturally expected to be the linguistic forms of the new Georgian. But the old
and new forms are almost identical in names of rotation. Such cases can be observed
both in the formation of names and the verb.

Prof. P. Jajanidze's works were distinguished with special scientific accuracy.
This also explains the fact that he showed convincing parallel to the syntactic norm
of old and new Georgian relations between the determinant and determines of the
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manuscript.

“The Study" or "The Gold Source” found by Gabriel the Lesser in Kutaisi, is an
interesting monument according to its vocabulary. It contains words that are not
known for existing explanatory dictionaries or are still known words with unknown
sense.

The manuscript is accompanied by P. Jajanidze's dictionary, which is necessary
to study.

The manuscript studied by Jajanidze belongs to one of the famous scribes of
Gareji Monastery, Gabriel the Lesser —the son of Oman Makashvili. This manuscript

permanently acquired its own place among written monuments of Georgian culture.
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36303960 @woBgHGOd

B9LIMM30 LEbYEgdom godmbadwmo dmwdogo g3omydgdo
36036 93036 3m9bosdo (3mIgHmlo, sdmembomlo,

396p0woIbo)
65005 563gmsdg

53930 §96Mgmol Labgadfogm wmboggdlodgdo
J1m50b0, LodoGmgzgem

natia.arveladze@atsu.edu.ge

93000990 3b6(H0379693032963029 B0 T0 ffsH35039bb AbsH3HXIe0 bsbolbbso@gbBoR0sgom
doGoms© bsds¢mgdsl. 300896mbol, s3cermbombols s 396G30cnongbols §90c709w98s80
350099b9809cm  s005bMmBoo  g3009AL  TmGol  3b30g800  Bylstorszo  bobgemgdoo
potdmeoggboer  dmdog 930093 90b,  G@Igdlbss  bsAGIcmo  bobolb  Bm®Io@9ds80
35bb53790069879€0 G20 355300, 5033560 93009HIBO, 90 FbEGOZ, 595¢r089896 brdogIHI®
©50m30009829¢0985L  o@bsfgtol  Jodsthor s 99y  dbG03,  3sbshymdnb  G3000b390mb
900302965 H9FbAHT0 s0FIHO0 bodrsgoolb Fgbsdsdobsc.

b53396dm boAdY39d0: 93009H0; 8r9d0z0; BILIGMSZO bsbgero; sbEHOZLIGO J303rIHO
309b0s.

01003030 93093900 563036 9303296 3mgH0sdo Fo®dmowybgb doMoms
xLogm-wgdboge  gMmgMEgdl,  O®Igwms  Lsdegdom  3300bzgo
50m0@Ebmdl  9303mboL  AbsBHIOMo  HommLobgol  39bGMwmo  Lobol
RLogm-98mEonE® 86905, 3mTgHMLOL, s3mwmbombols ©s 39Ma0wonliols
390md0dggdsdo  dmdogo  930mgBHo0  Jbosh  2sdmdbobggrmdom o
30@MOHO0G oGO Lobggdl s 96039096 o ©sTGHYO0 3MYGHE
B0omsblgdL.

9903030 9309Hgd0, M0y T9gdmbgz9390do, FodmbsGME0s BILIMMSZ0
LB gOO0m, MMIEGOOE SBObOggh MO0YIBHWE Mo MdIL, bmem 930093 9do,
009JdBHO MGomdLMID MmO, HoMmBmoagbgb (594oe0dgdgb) LydogdE™
05330009099 gdsL 500 JodoM (Jutharat 2017: 61).

BgLIO530 LEbYEOm Fodmbo@wo d9do30 g3omgBo Jdbol 3gMLMbsgol
bodl, LBOMos©  2sdmMBgmeo s  9blogMmMgdmmo  bsbosmb, Momog
dbs@3Oo Lobg beogds y39wabash sblibgegqgdmeo, 0bogzowswm®o ©s
JO»5gOmo (Passakos, Raad 2009: 1). 50539 @®mb, BglLo®mego Labgwrol
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130mOom omMmY)b0w0 §30m9E0L 5HSOBYOMIOM, BgduBob 3Mmb393E S MMO
3600369@mds 56 033egds (Gutzmann 2013: 8).

MOmEbsg 300490 BgbsGmogo  Lobgwom  godmbsdmwo  dmdogo
930093900 565¢0BL 5630396 93mbido, 3bMd0gMgdsd0 M30M39wgLOQ BIODS
2980m3bsE39wo 930m9GHJd0 Homdmy300y9ds.

BIOMS 50IFIO0 930009390000 Bo3gargz Jologrsdo 8530 B39M0 MIoboMmgdL:
ds30 bobbero (3m0. og. 1. 303); dsg0 bemdseroo (3md. og. I1. 170); dsgo 3900 (3ma.
. II. 428); Js30 3H0980 (3. M. 5. 1. 218); Ts30 5996G2bHO (53. HM. SGY.
L. 645); dsgo @®3gcro (390p. 9b. 1. 42-3; 396y, 9b. I11. 194-97); ogo @09 (396,
9b. II. 356)...

4530 9oL ©MB0bsbEHMOd0L dobgbs Tgaboghms bsfloewro  sBEGH0IMMO
LoBMYPOEOMIOOL IBIPIOOLIME FJMOEMZSD LOdMTogzgl sbobgeqdl (Bradley
2014: 127), odEs, Jobmggwo dgsboghol - 3mblEsb@oby 9gacmgerodol
3905©0m, IMbIBOYds 96FH03MO bsdgMIbgmdo Izbmzg®mgdo LboBmysmgdol
139050 ™3560 LOdMTs30L gliobgd d3sMmos (Merperuaze 1966: 189).

3804OMdm, GMmI  BGHO3MLO  93BMOIdO  To30  FgMOL  dodmygbgdom,
3095w MM0 9539dGH0L 39O, 08 IMbsEMm©bywr MdgHJdsHg dog3z00m0mgd9b,
OmIgerog 995 v 00 dmzEgbsl dmygzgds. s0sLmebsgg, o300 BgMo SHEIBL
0300b3gmol ©sdsd35L gImEoMs© s LoGwsEool Gglisdsdols Aobsfymdl
asb.

L5333 933HMMPOMsb  Asdmygbgdmen dMdog g3omgBHgol dmeol sliggg
3bH309d0m BHZELHZS RBIMOL LoEY390TJNSBELAGVL, IMTGOOE BIPLIOMSZ0
LobgEoll Mmoo 5oL FoMdmeppqbowo. sLgmos, Fsgowoms, 3mdgHmbiol
»O05©530“  25dmygbgdmo 93030 J30MYGHO 09MYYer98s, MHMIJEO3
0b356M90s Joermdgmo 39Ol s0bsfgMs (3ma. og. 1. 195; 3md. ogn. L. 195; 3md.
o. V. 767; 3m0. og. XIV. 277; 3m03. oqw. XV. 92...).

33mmbomliol  999mddggdsdo  godmygbgdmo  g30m9BHgdo o6 sMOL
Bofo@dmgdo  Ubgmeol  boffoergdol  gs8mdbs@zgwo  wgdbogmdo  gohmg—
900Lb. JoemdgMomgdol oo o6 3bggdom 0dy356 39)dog g30mgBJoL,
HmIgdo3 B9gMgool as0mdbsB3gwbo 5M0sb. dbmemE gmbol dods®om sGoL
33m@mbomliol 3mgdsdo gsdmygbgdmmo g30mgBHo mgo®mo (3. MHm. s6y. L.
1280).

309 @bol,  s3mmbomlols ©s 39Ma0omomlol gdmlido  BgLsGdDsz0
Lobgeom asdmbs@meo 39do30 9300m9BHId0L 9b5¢r0Bol 3OmEqLdo, bdoMo
350y 9gd0m 39@IBRMOME 93009FJOL, HMIgdoE 535 vy 08 Wyem Logbol
3Mb30gEHo  dobsboomgdol bobyslidsl gadlobwyMmgds. 3mdgHmbol 93mbido
Lo@Yyzol s0bsfgMo As9mygbgdeos g3omgBo BGM0sbo (3ma. ogn. 1. 201; 3ma.
o. II. 7; 3m0. og. IIL. 155; 33. ogn. III. 337; 3md. ogw. IV. 69... 3md. me. 1. 122;
3m0. me. II. 269; 3md. me. IV. 25...).
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b. afiggmady

930930 B3G00560 3mdgOHMLOL g3mlido slg3g 259Mm0yYygbgds olMOL sSELsHIMs.
M3 0033000m9dL 0d5Bg, MM LoGHY39LS S LG o5BBosM Moo Abysglo
30L909d0bs. gl Abaogligds by s8mobs@gdm@gl mGOIbGOZs: 1. LoGYgzs,
0L939 MMAMGME 0bsMO, LHMxkgIm]dgwos; 2. Lo@Eyzsl, obgzg OMyMOE oLaML,
890d@gds 8m3gzgb oG Mo 8990

33mmbombol  3mgdsdo ,0MmaMmbogE03s“ olaMo g3omgEHol  mebbrgdom
PomBmygboos dbmwmo 6 9odmbomdzsddo, Lsowsbss 3 dgdmbggzsdo
2580996900 93009300 B3H0500 (53. M. s6y. I1. 1039) / 3Goelobo (3.
0. 56y, III. 141) / dbrpddn6:000560 (53. ™. s6y. I1. 600).

bodyzs 30 93m@mbomliol dqdmddngdsdo Medgbody g3o0mgBHom oMol
Dom0m©ygboero, Boa®od Tomyob Mz ghmo 56 oMol dobo Fg33e9gEo
0obobosmqdgwo, Mog 60dbsgL 0dsl, MMI LoEyzol 3w9Toz0 J30MYGHO 033X
Lo@Gwoaool dobgzom. 0g3o 3mbogmwemos (s3. M. s6y. 1. 331; 33. HMm@. sGy.
II1. 486; 33. . s0y. IV. 1111); 39000¢00 (53. OM. 56g. I. 479; 53. Hm. 56g. 1.
467; 3. 0. o6, 111. 180...) 56 Bs30960 (3. G, 56g. I. 649; 53. Hm. s6g. I11.
51; 3. Gm@. s63. I11. 904).

39M30mombol  999mddggdsdo,  olLg3g,  MMmaMmGOE  3mdgembol o
a3mermbombiols 390mddggdsdo, ool o0bofgMo 245800996900
D9LIMm30 LEbgEom odmbs@wo 39doz0 9g30m9H0 BMHosbo s dolo
LOEY3903gmebbdgds: BMoMbsbo (3969. 9b. V. 242)/ 60589bb3emo (3969. 9b.
XII. 318)/ bpGszu6000560 (396, 9b. XII. 415).

39M300mo BoEYz5Lmsb Fodo®Mmgdsdo 0ygbgdl BgELM™Megzo Lobgeom
398mbs@Me 39©dog 930m9gAL 3gmoero (390, 96. 1. 197; g9y, 96. 1. 217;
3903. 96. V. 816). LoEygol s@bsfigMe© 930m9gEH0 3odmygbgdwyeos dbmermo ©s
LHmeMg 35906, HmEaLsg LoEY3L 390w EMOdOWWOHO s 353830007090
5364309 930LM0s 33Mb03o3E0sd0.

Bgzs  3m0ghHmbol  g3mbdo  Homdmygbowos  Bglsbmsgzo  Labgwoom
258mbs@o  399dog0o  g3omgBHgoom  dMsgoerbdosbo / 0993BIMsg5¢m0  /
2bsgmanem (3m0. o. 1. 34; 3m0. og. L. 327; 3md. o. I1. 209...).

33mmbomLol 99tmd89gd5d0 B3s FosMss(93. . 56y 1.1005), Hog mbgos
bME0MHEYOMEOIL ol IMS35Farmz56g0sLs s IM3eOL FbOEZgEMBSLMSD.

OOAMOE  ,9M3Mb033H03500%, 81939  »9b90sd0",  BgELaMMsgzo  Labgarol
x3m®dom Fo00mEagboo Bm30lL s0bsfgmo© 290mygbgdemo g30mg@EHgd0sbd
43959 b3oM0s 930m9gE0 Fersdy) (3. OM. 5GY. IV. 929; 53. Gm. sMy. I1. 389...
3969. 9b. 1. 173; 3969. 9b. III. 534...).

B9LIOMOz0  Lobgwgdom  FoMImagboro  dmdozo  g30m9Egdo
3m09gMHmbol, s3membombols s 39My0womlol 99dmddggdsdo  g3bggds
00330053 39MOLMBs3g0mMsb 005010905303 s 3500 FbsBH3MEo Labols JoMHOMs©
0obolosmgdEgdL OEHOW s A9BLEDBLIMHZL.
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»005QIL“ ghm-ghmo §s3yzs60 adoMmol - 3gdBHmemol dodsmm 3mdgmmbo
049690l Bgbomms30 Lobgerom godmbso@e 399dog 9g30mgBL YBwBdmgem3569
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Classics
Permanent epithets expressed in adjectives in ancient
epic poetry (Homer, Apollonius, Virgil)

Natia Arveladze
Akaski Tsereteli State University,
Kutaisi, Georgia

natia.arveladze@atsu.edu.ge

In ancient epic literature, the epithet is the main source of artistic identification of any character.
Among the thousands of epithets used in the works by Homer, Apollonius and Virgil, we find out
the constant epithets presented by adjectives that have a special role in forming artistic faces. On
the one hand, such kind of epithets form the reader’s attitude towards the described character and
on the other hand, they make the reader emotionally adequate to the situation described in the

text.
Keywords: epithet; constant; adjective; ancient epic poetry.

Permanent epithets in ancient epic poetry are the main psycho-lexical units that
allow the readers to recognize the psycho-emotional nature of the central figure in
the poem.

In some cases, Permanent epithets are expressed in adjectives that reflect objective
reality, and epithets, along with the objective reality, represent (formulate) subjective
attitudes towards them.

The permanent epithet expressed in adjective creates the character's icon, the
most distinguished and a special character, which makes the artistic look individual
and different from everyone. At the same time, the absence of an epithet represented
by the adjective does not change the conceptual meaning of the text.

When we start analyzing the constant epithets expressed in adjectives in ancient
epoch, at first we always speak about the epithets that describe the colors of different
objects.

In the study material the black color dominates over the other epithets describing
the color: black blood (Hom. 11. I. 303); black ship (Hom. Il. II. 170); black feathers
(Ap. Rod. Arg. 1. 645); black cloud (Virg. Aen. 1. 42); black night (Virg. Aen. II.
365)...

We think that by the using of the epithets describing black color the authors
except the visual effect indicate the anticipated trouble that follows a certain event.
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At the same time, the black color makes the reader feel tense and emotional according
to the situation.

Among the permanent epithets used by the ancient epic writers, we also find a
variety of compound words describing colors, which are represented in the form
of adjectives. Such is, for example, a permanent epithet used in Homer's Iliad
whitearmed that is used to describe the goddess Hera (Hom. Il. I. 195; Hom. II. V.
767; Hom. I1. XIV. 277...).

The epithets used in Apollonius' work are not made from the lexical units that
express the body parts. The goddesses are not represented by such permanent epithets
expressing colors. Only Eos is described with the epithet white (Ap. Rod. Arg. L.
1280).

In the process of analyzing permanent epithets expressed in the adjectives in the
epic poems by Homer, Apollonius and Virgil, we often find metaphoric epithets that
serve to emphasize the specific characteristic of a particular subject. In the work by
Homer the epithet winged is used for describing the word (Hom. Il. I. 201; Hom. II.
II. 7; Hom. IL IIL. 155; Hom. IL. IV. 69... Hom. Od. I. 122; Hom. Od. II. 269; Hom.
Od.IV.25...).

The epithet winged is also used for describing an arrow. That indicates that the
word and arrow have a number of similar characteristics. This similarity should be
bilateral: 1. The word, as well as the arrow, is the fastest; 2. The word, as well as the
arrow, may lead to a lethal outcome.

In the poem “Argonautica” by Apollonius the arrow is presented with the epithet
in only 6 expressions, from which in 3 expressions there is used the epithet winged
(Ap. Rod. Arg. II. 1039; Ap. Rod. Arg. III. 141; Ap. Rod. Arg. II. 600).

In the poem by Apollonius the word is presented by several epithets, but none of
them is an indispensable characteristic, that means that the permanent epithet of the
word changes according to the situation. It is wise (Ap. Rod. Arg. I. 331; Ap. Rod.
Arg. I11. 486; Ap. Rod. Arg. IV. 1111); kind (Ap. Rod. Arg. 1. 479; Ap. Rod. Arg. II.
467; Ap. Rod. Arg. III. 180...) and so on.

In the work by Virgil, as well as in the works by Homer and Apollonius, the
constant epithet winged expressed in the adjective is used to describe the arrow
(Virg. Aen. V. 242; Virg. Aen. XII. 318; Virg. Aen. XII. 415).

For describing the word Virgil uses the permanent epithet expressed in adjective
which is kind (Virgil. Aen. I. 197; Vir. Aen. L. 217; Vir. Aen. V. 816). The epithet is
used only when the function of the word is to make someone kind and calm.

In Homer's, Apollonius’ and Virgil's works there are found the constant epithets
presented in adjectives which describe the humans. They describe the mortal
characters and largely define the main features of their artistic faces. For example, in
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Homer’s work some of the main characters — Odysseus and Diomede are described
with the epithet brave (Hom. I1. VIIL. 92; Hom. Od. XII. 116... Hom. IL. II. 563; Hom.
I1. IV. 365).

The epithet braveis used in the works by Apollonius and Virgil. In “Argonautica”
Jason is brave (Ap. Rod. Arg. III. 474; Ap. Rod. Arg. 1. 349...), Argonauts are also
brave (Ap. Rod. Arg.II. 1192; Ap. Rod. Arg. I. 350...). Two of the main characters of
Aeneid ~Diomede and Turnus are also described with the epithet brave (Virg. Aen.
L. 96; Virg. Aen. VIII. 538; Virg. Aen. IX. 806).

Consequently, we can conclude that the constant epithets expressed in the
adjectives in the works by Homer, Apollonius and Virgil are qualitative-evaluative,
sensory adjectives that highlight the prototypical elements in the semantics of the
nouns.

Between the epithets describing colors we often see the epithet black. It is clear
that the black color with all three authors indicates the negative development of the
events and makes the reader tense. In the work by Homer there are epithets that
contain the expressions of body parts, such as eyes, hands, fingers, etc. We do not see
similar permanent epithets in the works by Apollonius and Virgil.

In all the study materials by the three ancient epic writers we see the permanent
metaphorical epithets expressed in adjectives. Some of the nouns are presented with
the same epithet in the works by the all three authors, but there are differences in the
use area according to their conceptual meaning.

In the works by Homer, Apollonius and Virgil we find constant epithets presented
in the form of adjectives, which are of the same meaning, but among them are those
that are special for the particular author.
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Classical Antiquity and Shakespeare —interconnection (Theories)

Natia Pertaia
Akaki Tsereteli State University
Kutaisi, Georgia

natiapertaia@ymail.com

Texts of classical antiquity somehow determined the nature and compositions of W.
Shakespeare narrative. Based on modern researches dealing with comparative analysis of Classical
texts and Shakespeare drama one can state that the author knew quite a lot of classical literature.
The period of Renaissance significantly helped to mould the nature of his texts. He profoundly uses
his background knowledge and makes interesting interpretations of existing materials. The ways of
expression varied throughout his life in response to his contemporaries, to new reading methods,

to the demand of different general and theoretical settings.
Keywords. ancient, tragedies, Shakespeare, theories, connections.

Authors of classical antiquity somehow determined the narrative nature of the
tragedies by W. Shakespeare. Renaissance emphasized the importance of concepts
and themes of antique literature dealing with the subjects of existence and person’s
desire and attempt to find the rightful place in the universe.

Ancient Greek tragedies never lose appreciation. Wyatt Mason’s recent article,
“You are Not Alone Across Time: Using Sophocles to Treat PTSD,” reported on the
use of Greek tragedy to mitigate the trauma of military combat (Mason 2014: 65). The
Theatre of War is a five-year Pentagon-sponsored program that has staged more than

> O

250 dramatic performances of Sophocles’ “Ajax” or ” Philoctetes” at military bases
all over the world. Creative aspects of the project are regulated by Bryan Doerries
having studied Greek in collage. He translated the texts for these dramatic readings.
Mason states that 2500 year-old Greek texts still have cultural relevance today.

The great American playwrights, Eugene O’Neill, T.S. Eliot, and Arthur Miller
were inspired by the fifth-century Attic drama. O’Neill’s tragic trilogy, “Mourning
Becomes Electra”(1931), was based on Aeschylus’ “Oresteia”and “Desire Under the
Elms” reflects Euripedes’s “Hippolytus’.

T.S. Eliot was elected as a president of Classical Association and wrote introduction
to a Thomas Newton’s work “Seneca His Tenne Tragedies”. His dramas “Murder
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in the Cathedral” and “The Cocktail Party”, were based directly on Greek models.
Arthur Miller once wrote: “From Orestes to Hamlet, from Medea to Macbeth the
underlying struggle is that of the individual attempting to gain his rightful position
in his society” (Galvin 2001).

R. R. Khare’s study, “Shakespeare, Eugene O’Neill, T. S. Eliot and the Greek
Tragedy” (1998) emphasizes the existence of tragic narratives and themes in the
dramas of Shakespeare. Reminiscences of ancient drama in Shakespeare’s texts have
always been the subject of scholarly interest.

L. Watt in the work “ Attic and Elizabethan Tragedy” (1908) explains the
dramatic connections with historical context. Perhaps in all the fluctuation, conflict,
and yearning of the world, there are not recorded any periods more fraught with
influences, environments, and provocations of greatness than in the age in which
Attic Tragedy rose and flourished, and that in which the genius of the Elizabethan
era found its highest utterance on the English Tragic stage (Watt 1968: 2).

Watt makes detailed comparative analysis of Greek and Elizabethan drama and
outlines some similarities:

e Irony of fate was relevant for both traditions.

e In Aeschylus and Shakespeare evil is overcome by good.

e Virtues like progress, high empathic insight, humanity are
equally essential for both authors.

e Both of them are aristocratic in spirit (Watt 1968: 345).

Shakespeare is unaware of the concept “the classics” to mean “classical authors”.
He reads the texts we regard as classical, recalls and makes use of conceptions
from different authors, the process being very authentic and distinctive though
characteristic for the Tudor period humanist. Supposedly, like Lucius in “TiTus
Andronicus”, Shakespeare used to go to school with the copy of Ovid in his hands. T.
W. Baldwin in the work “William Shakspere’s Small Latine and Lesse Greeke” claims
that Shakespeare’s education in Latin is superior to that of the modern students of
classical philology. He gained knowledge in rhetoric and is the typical representative
of education system of the period he lived in (Baldwin 1944).

Based on modern researches dealing with comparative analysis of Classical texts
and Shakespeare drama one can draw some conclusions:

e Shakespeare knew quite a lot of classical literature. The period of
Renaissance significantly helped to mould the nature of his texts.

e He profoundly uses his background knowledge and makes
interesting interpretations of existing materials.

e The ways of expression varied throughout his life in response
to his contemporaries (including Ben Johnson), to new reading
methods, to the demand of different general and theoretical
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settings.

Though it was considered for a long period of time that Shakespeare’s classical
knowledge was very little. The reason was Ben Johnson’s elegy prefixed to the First
Folio in 1623 where he states that Shakespeare had “small Latin and less Greek”.

Johnson throughout his career emphasized how far his classical learning outstripped
that of his peers. His attitudes towards Shakespeare’s works was considered as “an
insolent, spearing, and invidious panegyric” by John Dryden (Dryden 1900:18).

J. C. Collins identifying ancient Greek drama elements in Shakespeare’s works
states: “he accurately uses paronomasia, asyndeton, onomatopoeia, elaborate
antithesis, subtle periphrasis, and above all his metaphors...so peculiarly characteristic
of the attic dramas” (Collins 1904:62).

So, many 20" century researchers dedicated their studies to the reminiscences of
classical texts in Shakespeare’s works. Allusions are identified not only on language

and stylistic but on factual, philosophical and situational level.
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The work refers to two less-known letters of Sallust to Caesar, its origin, oldest versions, the
issue of the most important advices given to Caesar by Crispus Sallust on the state's arrangement

and which still does not break the actuality.
KeyWOI'dS. Sallust, Caesar, Letters, Tips, State.

The life of the first historian among the Romans filled with political hopes and
disappointments, was overshadowed at its beginning by Sulla’s dictatorship, and at the
end by the Triumvirate. Between lay Pompey’s successes in the East, the Catilinarian
conspiracy, Caesar’s victories in Gaul , his accession to supreme power and his death.
Sallust experienced simultaneously the mighty expansion of the empire and the
internal collapse of Republic.

Sallust’s four speeches and two letters from the Histories are preserved in
Vaticanus Latinus 3864 (9"-10" century), along with the speeches and letters from
the monographs and the (disputed) Letters to Caesar.

These two letters are preserved anonymously from antiquity. They are not
arranged in accordance with their fictitiouos dates, since the first letter implies the
year 48 (or 467) B.C. and certainly falls after the Battle of Pharsalus and the murder
of Pompey, while the second letter claims to be older (around 50 B.C.). Even so, the
274 Jetter seems to imitate the 1% and to expand upon it. This shows that the two
letters come from different author and that at least one of them must be spurious.

The pronounced Sallustian language is no proof of authenticity — quite the reverse.
It is more adapted to historical than to epistolary style, and in any case this language
was only fashioned by the historian several years later specifically for his historical
writing.

The imitationis indeed “obtrusively” Sallustian. In fact, some collocations are
exaggerated and un-Sallustian. Principally, however, many elements which appear
in these allegedly early works.
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The Epistolae are a patchwork of Sallustian phrases. In the manner of the proem
to the Catilina (3.3), at the beginning of the second letter allusion is made to the
early stages of Sallust’s political career as if they were already past history. But in 50
B.C. this would be absurd. In 2.9.4, M. Favonius appears to be considered among the
nobiles, to whom he did not in fact belong. Caesar, in a way quite inappropriate at
that date, is addressed as imperator (2.6.6; 12.1). Neither the flattering picture given
of Sulla, nor the negative one of Cato fits the period.

The second letter, contradicting its own fictional date, presupposes Caesar’s
absolute power, that is, his war and victory. That he alone could organize the state is
something unthinkable for that time, and there must be an anachronism.

The demand for secret voting in the senate sounds odd in the Republican period,
and the request for that body’s enlargement is out of place in 50 B.C. The self-
presentation of the author asa man unconcerned with arma and equi is odd in the
Republican period and the gloomy threat of madness (2.12.6) adds to the confusion.
But there are greater things in store. The auther of the 2 letter (2.9.2) copies the
Invective and makes it even more Sallustian.

The 1* letter is less absurd. But it too presupposes Caesar’s absolute power and
speaks of him as imperator. It is just as full of artificial turns, and is composed in the
style which Sallust was to create only later for his historical works.

Sallust decided to give advice to Caesar not because he had a bad idea of Caesar
(knowing that there was nothing like his mind easily), or because he had a great idea
on his own cleverness and intelligence, but in case if he in the battles, in the victories
would forget about people, to remind his duties.

In the early modern period, ancient authors were viewed as teachers of the
conduct of life, and there also of politics. Sallust did more than serve as a model for
new historical works. When read “against the grain”, the Catilina became in the
Renaissance a textbook of revolution. Inspired by the revolution of 1848, Henrik
Ibsen gave to the character of Catiline a new dramatic interpretation, while shortly
after the revolution of 1917 the lyric poet Alexander Block wrote an important essay
on Catiline.

The theory that Sallust was a political partisan seems never to have been formulated
in antiquity. In modern times it was represented by Paulus Benius Eugubinus, and
then, for example, by Theodor Mommsen and Eduard Schwartz.

In recent years almost more painstaking attention has been given to the disputed
subordinate works (the Investive and the Letters to Caesar) than to those certainly
genuine.

A stronger emphasison Sallust’s later work would give to our picture of the first great
Roman historian the universality and breadth appropriate to his importance.
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Sallust fully realized how difficult and dangerous a task it wass to give counsel
to a king or to a ruler, to anyone who possesses supreme authority; for such men
have an abundance of counsellors, and besides, no one can be sufficiently clever and
sufficiently wise with regard to the future, more, bad counsel often has a better result
than good, since Fortune commonly directs the course of events according to her
own caprice.

In consequence of this Sallust had determined, after much counsel with himself,
to subordinate his own reputation and modesty to Caesar’s honour, and to venture
upon anything whatever, provided only that it will contribute something to his
glory.

He had come to this decision, not lightly or from regard for Caesar’s fortune, but
because in him Sallust found, in addition to other qualities, one unusually admirable,
that his spirit was always greater in adversity than in prosperity. But that was made
more manifest by the rest of the world, because men were sooner wearied in praising
and admiring your munificence than he was in doing deeds worthy of praise.

For Sallust’s own part, he was convinced that nothing so deep could be found
that his thoughts couldn’t easily grasp it; and he had written to Caesar his views
upon public affairs, not because he thought more highly than was proper of his own
counsel and his own ability, but because it seemed to him that during the toil of war,
amid battles, victories and the duties of a commander, Caesar ought to be reminded
of the interests of their city.

89



03040 6IAINT0L  LOBLIRIBNBM IJEN3IGLOSGISNL 3MO33T, 2018 Ne2(12)

@0AIHGIOS ©5 @WoGIHGIOL NYMOd

60356¢0Bdol gomgEozobs s 8m3gb3smgrmemo dm@Goggdol
9398300 003k 3obob ,,x50mLBYH donsdo*

65690 3535096009
93930 §960gmob Labgadfogm wbogg®lodg®o
J9ms0b0, Lodotmzgerm

nanuli.kakauridze@yahoo.com

UAhsh0590 33565¢00b989¢005 3963569¢00 H@Is6EHO B0l gborgdoz0bs s 39063529960k
R0¢UMmR00L 80(H03980L FbsBHZHXI0 HEobLRMEGI 300l Us3000b0 00085 8s60b ,, )0 500mU66
J05T0°, 6563969805 ,,b03300¢m0l b03350000L“ ©50e0930b 3GmBCm98s, B3g (Hrdsb6do F-9896BHob
»Lindenbaum“-ob 89mbgdoor doomfggs.

Us3356dm boBY3900: 356080, JborgB0gs, 83963509960, 0083 8sbo, ,x5MbEGO

dos”,

™3l dobol d90mddngdol sbsErobo M3zsebsmEog sh3969dL IFgMow By
390356 wo wo@GHIMsGHMOMwo s 3MLoIsMo MMTBEHOBIOL gumgEozol,
ab9g39 dm39b3sv)gMols s boEdgl Gowrmbmgool Bgas3wgbgdl. gl ymzgwrogzy
5935650  Bsbl  Mmamei  Igmerol  glgoLbBogsdo, sbgzg dob  FbsGIOVIE
390mgd9g05d0. 49M3sbgwo 933e93M9d0  (GgbMo3o 1986, aMgym®m-gerobo
1984, 3796339 1985, womEgbgo 1988, dsog®o 1992, bowbgwmo 1972 s bbggodo)
3009096 (39390 JLMYGH0ZMM0 1) GO MLMGBOMO TgbgEgdgdoL
39309690%b9. 595139 5LEHMMIOL IFgHol Foge SMvgHMYHOL Ysdmmddwero
9bsBMGdS, M Jolo bLYEPogMo BMZMIBOOL 9303396GH®O T9-19 Lo3969d0 oym.

030 9dws do30Pbgzm o3 dogmmommm, GMmI glmg@olzmels 09
BoMLOGOMOO  bolbosmol dsloesls mmdsls dsbo FmEsd  goblsbrzmwyero
dbs@3Omo  JoBbgdoLsM3zoL  0ggbgdl dgdmddggdom 3MmiEgldo. oo S0
Lol LOME0sE  BHOBLBMMTI0MYOMEs© 9IMLEgdl  360336qwmgsbo
L5BMYPSIOMIIN03-3 GO0 &9b9biEogdol SLoblbgs Qo
3980Usbo@eg50. LimMgo 5doL bowyzgmgbie bodmdos Jolo MHMASBO ,xoEmLbMOO
oo, Mmdgwog 1912-1924 (aogddo offgMgdms. 53 Bofomdmgdols dglobgd
0©b0odbs gdoa®maosdo dymagds dfgmowds 539M035d0 1939 fawl 3HobLEHMbOL

MB0390LoGHYGHOL LBEAHMIBEJOOLIMZOL Fozombe wgd3osBy, M™I MMIsbo

90



b. 39399Madg

dolm3z0l ymgzgerm3zol ogm Lodxzgmbos, 30bEHMI3MbIEwo bsfo®dmgdo, mgdsms
JBgwo, LysE 0©IIO0 FMLOIOEMOHO IMEH03900L MMl SLEMWEgdHID.

Mol Fobol  ,xoEMLEMOO TMs“ MOl IMLoIsEMGOO  30bmbgdoms o
530Mlngommo GgdobolzgbEogdom 9Mmdsbymmsb ©s3s3806MmgdO 0EYsMs
3M33adbo, M™Igeoa LsTgsOML gmzerolidmd339modsl sB3969dL. HmIsbdo
5035655  9Mobmamo  HMIsbBH03Mo  gumgEHO3oLsm30L  sTIbILOSMGdJO
OMamO3 Dmaso 30063039006  godmyggbgds Ibs@zrmwo doBbgdolsmzol,
515939 930l 3oMOWIWMMs©  OHMIsbG03Mwo ,Lo33zowol dobEBozol®, sbg3g
dm39635m9M0L  Bombmgom®o  dgbgergdgdol  Bgasgargbs s  dsmo
59930l 83YMds M350 IFgOHols s Bafomdmgdol dmoegsto dmddgwo
30600, 356L  39LGHMM30L  Bogh. BIHomIMGdTo  S3BHMMO  QSBLYIMMGOM
4590l »mdmdL  Lvyd0gdEH030bdol,  JamaEbE®moBIoL,  39MTgEH,
M9omo  3bmgmgdoLogsb  dmfyzgdHow,  oBmomgdmer  bsdgsmmdo
9LmgEH0BYIMo  sOLYGOMBIOL, 1LO3ZOOLs @S  9350TYMBMBOL  3MEEOb
§om3mBgbolL 3OMdEgIdL. 9939 °9396GH0MPWMos L0330l Loddsmool*
59930l Bogombo, og 93GMMmoLsmzol bodbsgl Loggzowol, Lbgwmargdol,
39b0doBAol, L3g3LOLOL  aMAbMBdIMS  otymgol TgEIRd  OMIsBEH0IME-
9m39635m90Ho  owrmbegzool  doMomso  3H9bgbEool  sdwgzsLss.
gm39wogg  bgdmoeebodbmwo 6563969005  BofomIMgdol  dBMEHsgmbolEoU,
3566 35LEHMM30L, 36MdOYMHYOsdo HMIBGH0ZMBO 383MBOGMMOL  FMdgMEOL
sLindenbaum®- ob (,,353b30L%) M9EIBEOoL Igmbgdoo.

650om3mgdol 3OHMEsMbolGo 3561 3oLEHMM30 3logol dmlidgbom dmwyemdls
»00300530(9900L5“ 5 ,w9dMsMdOL* Tga™dbgosl Lobs@m®mond ,,09M3mido”
535008Y4mRB 353096305 BmE0b. 5 ynx3bs Bogd@H™MIM 030 »oMOL MJdss 3bM3MmYILS
Q5 9JGH0OHMBBY. FMdIOEHOL ,,3o3b30L  LodwsEgdom Mol Jsbo BoMoMgdL
00 bsdgoMmby, G0 30¢3gwd JomEg®ol @gdbol Gobss®bly s BB
319096mE0L doge 99ddboro dMlozol dowmds ,005egds“, Moyl gl  Ggdu@o
@5 31L03s  396L 3oLEHMM30LOMZ0L 5MOL Jmgeo Bsdgs®mlb LIMsmo: o. dsbo
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9mbdgbol 9990y OG3OS 356 3oBEGHMM30 00 3MHMdEGILL, GMIYELSS
»003300¢0l Bo33sm0s“ 39305 s MGMIGEoE MMIBEH0IMWo GbmgBO3oLs ©s
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003l 3560L ,x5MLbMEM dmsdo“  (Schlee 1981: 3). LOHME0s© LOTsMHNWODS©
dommomgdl 9. 3ggGH™mo3o, OHMI  5350IYMBMdOLs s bogzwOEOL

93



03040 6IAINT0L  LOBLIRIBNBM IJEN3IGLOSGISNL 3MO33T, 2018 Ne2(12)

L033GHMISGHIM0 ©EYSEO0DBI0 BH030IM© MMIbGH03Mwo Bgbmdghos. 5893509,
M3 58 HMIsbdo Moo Y39wsBg deogma 0ygbgdl bmgzseoliol gumgGozm®
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00bodbsgs, ®m3 3mb3gd3Bo  ,a9M0sbME0”  gooxsF3mos  (36905Lmb
,U00M39", HMIgwoa 39Mdsbgems Fobsliosmgdgwo 608sbos. oMy Megol
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360b 30MMdgds LogmEbaols s 10330, 5350TYMBMBOOLS s LoX SBLOMOU,
500580560l 606 gdOLS LogB M. gl 3BIMDdEYTs YL OMAMEE 9P,
31939 Bobo Bsfa@dmgdol dmszs6m0 Bmddngo 3060, 3561 3oLEHMM30L Fobsdyg.
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10335005, 5350dYMGBMdOL, 3godobdoL, L3g3lolol FMIbMIGIO s MYsEwE
3b™3MdsL  IMdGMBgl, o3 339 LEOWOosE  9BEH0TM39b3smgeHero
3BoE0ss, dobo odargzes: ,Ja, Selbstiiberwindung, das mochte wohl das
Wesen der Uberwindung dieser Liebe sein, - dieses Seelenzaubers mit finsteren
Konsequenzen!... Oh, er war michtig, der Seelenzauber!... Man brauchte ...nur viel
mehr Talent als der Autor des Lindenbaumliedes, um als Seelenzauberkiinstler dem
Liede Riesenmafie zu geben und die Welt damit zu unterwerfen (Mann 1991: 895).
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bBOG0sd0 39060 MHYL3MdEo3ol dglobgd® Bbgds ,xoMLEYGO
d0ob*  Bobsgroll Mol Fsbobgmero  4obToMEHYos:  LoFo®ms 5003935

95



0d0d0) 6IAINT0L  LOBLIRIBNBM IJBN3IGLOGISOL 3MO33T, 2018 Ne2(12)

3mBoE0mmoL390, bocewbols s Labgwdfogmlio3gb® (,Durchbruch zu Positivem®,
zum Volk, zum Staat®). ®m3dsbol gobserm® bsfowdo mmdsl dsbo bsbyslidoom
901momgolL, O3 280605 5©sd0sbo, GMIgwor dgdwgdl 0dGMIMEML sboo
3b™3MHgd0Ls s dmdsgzwobsmaol: ,Es war so wert, dafiir zu sterben, das Zauberlied!
Aber wer dafiir starb, der starb schon eigentlich nicht mehr dafiir und war ein Held
nur, weil er im Grunde schon fiir das Neue starb, das neue Wort der Liebe und der
Zukunft in seinem Herzen“ (Mann Thomas 1991:895).
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iiber seine Gedanken...“ (Mann 1991: 677).
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The Reception of Romantic Aesthetics and Schopenhauerian Motif in Thomas
Mann’s The Magic Mountain
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The paper is concerned with the issue of German romantic aesthetics and artistic
transformation of Schopenhauer’s philosophical motif in Thomas Mann’s novel The
Magic Mountain; It deals with the problem of overcoming “sympathy with death”,

which is achieved due to Schubert’s “Lindenbaum” in the novel.
Keywords: Aesthetics, Schopenhauer, Thomas Mann, “The Magic Mountain.”

The paper is concerned with the reception of romantic aesthetics and
Schopenhauer’s philosophical system in Thomas Mann’s novel The Magic Mountain;
in particular, it deals with the question of influence and the ways in which fictional
character and the writer himself try to overcome it. Thomas Mann pays special
attention to the questions of subjectivism, egocentrism, aestheticized existence in
the hermetic world isolated from real life, the cult of death and illness; the author
accentuates the Romantic concept of “sympathy with death” and tries to overcome
the pathos of Romantic-Schopenhauerian philosophy by negating death, disease,
pessimism, and skepticism. This tendency of the novel is demonstrated through the
perception of Schubert’s “Der Lindenbaum” by the protagonist Hans Castorp.

Hans Castorp finds “escape from his own self” and the feeling of “stillness” in
music. Music works upon him with deeply soothing, narcotic effect, tempting him to
doze. His existence in Berghof sanatorium is a form of negation of active way of life
and life itself. Mann gives a central role to music in the novel. People at the Berghof
listen to "Der Lindenbaum" from the Winterreise played on a gramophone. This song
by a Romantic composer Franz Schubert represents visionary image of the world for
Castorp.

Hans Castorp’s disposition to Schubert’s work, in Thomas Mann’s view, should be
explained by “spirituality” which, as an inherent “German” quality, is an embodiment
of Romantic spirituality. As a matter of fact, what we have here is the Romantic
conception of the “spiritual” and “spirituality” that transcends its real limits and
boundaries and is transformed into the irrational and symbolic ‘force’ expressing
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something universal, entire cosmos of feelings and ideas. In the “Zauberberg”
sanatorium Hans Castorp gains deep insight into his own inner world, realizing
the significance of the imaginary world he envisions after listening to the music.
Hence, “Der Lindenbaum” serves as an instrument for protagonist’s self-analysis in
the novel: after listening to it Hans Castorp scrutinizes the problem of the “sympathy
with death” as an expression of Romantic aesthetics and Schopenhauer’s decadent-
pessimistic philosophy.

Hans Castorp’s visionary/imaginary world is shaped by Schopenhauer’s The
World as Will and Representation. If one compares the protagonist’s views to
Schopenhauer’s postulate of the world as representation/idea, he will see that they
are practically identical: Castorp perceives the world as representation/mental image
or idea. The tragic condition of the humanity in this world is predetermined by
“Will” and the only escape from this situation, according to Schopenhauer, is death.

Hans Castorp’s “spiritual sympathy” for Schubert’s song, in fact, is the same as
Romantic “sympathy with death” and echoes Schopenhauer’s idea of art as a way for
people to temporarily escape the suffering that results from willing. To Castorp the
realm of feelings evoked by music is “spiritual miracle”, a kind of Schopenhauerian
escape from suffering and existence. In Castorp’s consciousness Schubert’s song is
associated with darkness and longing for past or, in Ludovico Settembrini’s words,
with illness. Sensitivity to music as a symptom of illness is the main motive in The
Magic Mountain. Symptomatic duality of illness and death is a typically German
Romantic phenomenon — Th. Mann makes use of Novalis’ aesthetic views to realize
his own intentions.

Thomas Mann emphasizes that Schubert’s work is “spiritual”, “special” and
“typically German”. For Thomas Mann the concept of “German” is inseparably
linked with the notion of “depth” as a typical quality of German character. “Depth”,
in its turn, implies disposition to music, metaphysics and the mythic and is associated
with the notion of “Innerlichkeit®, labeled as untranslatable by Thomas Mann.
“Innerlichkeit” is closely linked with “musicality” and “depth”. All these phenomena,
taken together, constitute something irrational, deep and abstract or “German”.
Thomas Mann’s philosophy of music is the complex unity of these components. They
are transformed and interwoven in intricate and subtle ways into the texture of the
novel. For the right comprehension of the artistic world of The Magic Mountain it is
necessary to analyze them as a complex system of concepts and ideas.

By the end of the novel a completely new concept emerges — “overcoming” as a
new quality of Thomas Mann’s aesthetic outlook taking its origins from Nietzsche’s
philosophy. It means overcoming Romanticism, oneself, death mysticism and

Schaupenhauerian “imaginary” world.
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In the second half of the XIX century the new generation, that entered the creative arena
during that period, entirely devoted their efforts to the cultivation of the issues of the Georgian
public Iife on the basis of Western values in order to prepare a solid foundation for the national
liberation struggle and the development of the socium oriented on true values. The literary legacy
of the writers of the XIX century and the later period almost perfectly reflects the difficult and
conflicting life of Georgia in those days. 'Love' written in 1913 is the last play by Akaki Tsereteli.
It is of the didactic and moralizing nature. The play has several layers. The story is developed
according to the theme while the other plane is formed through the intertext. The main idea of
the work is expressed through the intertext _ only the educated and dignified people are able to
dedicate themselves to the nation. Moral values, proper guidelines are established as a result of
a right upbringing. In the 1910s (and not just in this period) many disturbing trends could be
observed in Georgia. The full scope of Akaki's creativity and one of his last works was against this

tendency.
Keywords: Intertext, Aesthetic Ideal, Traditions, Tale.

In the second half of the XIX century the new generation, that entered the
creative arena during that period, entirely devoted their efforts to the cultivation
of the issues of the Georgian public life on the basis of Western values in order to
prepare a solid foundation for the national liberation struggle and the development
of the socium oriented on true values. This process involved socio-economic and
cultural-educational aspects since a national consciousness was distorted; education
policy deliberately ignored national interests and moral principles of upbringing; the
wrong vision of the events and false clichés were established.

It is known that fiction forms the aesthetic ideal and creates the mood in the
society for consideration and discussion. The literary legacy of the writers of the XIX
century and the later period almost perfectly reflects the difficult and conflicting life
of Georgia in those days. Akaki Tsereteli is not an exception. The author of 'Dawn'
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creates a highly ideological and distinct literary works and tries to respond to the
concerns of his country in this way.

'Love' written in 1913 is the last play by Akaki Tsereteli. It is of the didactic and
moralizing nature. The work does not really stand out in terms of the artistic mastery
and is clearly inferior compared to other works of the venerable writer. However,
it contains a number of important details which clearly show one part of the society
and the destructive nature of their beliefs. The play has several layers. The story
is developed according to the theme while the other plane is formed through the
intertext. To do this, he uses his own work _ the tale about Kuchia (The Greedy) and
the tale about the beauty held captive that is narrated by one of the main characters.

Characters of the dramatic work are as follows: a son, a mother and a father
(husband and wife), a grandfather and a family friend. The work deals with usual
adultery, the love triangle, and in this respect the work is not very distinguished.
Moreover, the story is quite monotonous and it is not intensified with collisions that
may arise in this situation.

The characters of the play are functionally arranged as follows: Elene (mother,
wife) _anoblewoman who follows the fashion and fights against 'everything outdated',
and Georgian fairy tales are on this scale of values for her. Estate (grandfather) _a
nobleman, who is well-aware of the situation existing in his country, can properly
conceptualize traditions. Levani (father, husband) _ Estate's son _ feels the duty and
responsibility for the homeland. Sandro _ Levani's son and Estate's grandson _ is an
educated young man and is capable of properly evaluating events.

The woman is depicted as a very superficial person. She follows 'the modern
fashion' inconsiderately that creates a negative context and is explained by ignoring
traditions, introducing a foreign element into the consciousness of the nation. The
general, allegorical name of the foreign element is 'Serinki Kozlik' (a gray goatling).
This is a well-known Russian song about a disobedient goat who did not listen to his
grandmother and as a result only legs and horns remained after him (Cepos 14/99).

At first glance, the harmless work, which Ivane Turgenev used in one of his
dramas, also acquires the meaning of determining the national identity, as the
grandfather connects the transformation of a grandchild's name directly to this text.

The different values of Estate and Elene are clearly revealed in their views. Estate
believes that children should grow up on Georgian fairy tales. According to Elene,
Georgian fairy tales turn Georgians into dreamers, irrational people. It is noteworthy
to mention, that according to Elena's point of view his husband Levani is the result
of this upbringing and is mocked by her. The moral imperative and the main theme

of the work are connected with Levani's artistic image.

108



b. 3m®0godg

The author depicts Levani to be a firm and principled man when it comes to
protect public interests while in everyday situations he is very gentle.

What are the Georgian fairy tales that Levani grew up on and now Sasha
Chiabrovi (Sandro Chiabrishvili) gives preference to? One of them is 'Kuchia's Tale'
that Estate told the boy 'the day before yesterday' (in this case Akaki points to his
fairy tale through the intertext), and the other one is narrated by the grandfather to
his grandchild. This is a fairy tale, which, as a metatext, includes Akaki's creative
work entirely and the artistic theme he intensively worked on.

In 'Kuchia' Akaki fought against the brutal love towards voracity and conviviality.
Such work, which in its turn has a clear public connotation and distinctly shows the
author's position towards the motif that had intensively been worked on in terms of
artistic and world viewpoint in the Georgian literature of the second half of the 19
century, has a deductive function as well. It participates in the establishment of the
value system of a child (should necessarily participate in the future).

The function of conveying the main thing is attached to the second fairy tale _
the captured beauty that is told by the grandfather to his grandchild and despite the
fact that it has a form of a dialogue it is the absolutely complete and independent text.

We would like to draw attention to the name of the beauty. Eteri appears as its
alternative in the play, which is assumed by a child when listening to the tale. Eteri
is a well-known heroine for a child and the reader as well, but the author does not
choose her and intentionally uses allusion. The name of the beauty reminds us of
Queen Tamar, who managed to escape a forced marriage with the Prince. During
her reign Georgia was independent. Karbuketi (the country of storms and winds)
also symbolizes the country, where the Prince came from. This allusion is obvious,
because the author presents the Chiabrishvilis as the descendants of the vizier of
Queen Tamar.

It is noteworthy that Akaki's fairy tale almost never repeats the structure of a
folk tale. In fact, only the beginning of a fairy tale is given, but it is easy to create a
character in the reader's imagination through allusion who will release the captured
beauty (see the detailed analysis of the fairy tale in Kutivadze 2014).

The artistic time of a fairy tale involved in the play refers to a particular time.
Actually Akaki completes the fairy tale (does not leave it unfinished) adequately to
the historical situation. The development of the action and the finale in the folk fairy
tale is known to everyone through allusive plane. Therefore, the writer's indication
to how to finish the metatext in the future is not difficult to guess.

The story narrated by the grandfather should provoke a desire in the grandchild
to become the hero to rescue Tamar who is captured. It is natural, that in the context
of the fairy tale the world is no longer sympathetic to the fairy-tale hero who is
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fighting evil, and the mother is against telling the same type of fairy tales to her
children.

Through the metatext, Akaki awakened his contemporaries, saying that the
country of Tamar is kept in an impenetrable place under lock and key. I think
the writer's purpose is clear. He wants his readers to know that the present state
of his country is temporary and the truth will definitely be revealed. However, it
is important for the writer to remember that Georgians do not forget about it and
timely expose a pseudo-hero and free their country. It is noteworthy that Estate
Chiabrishvili _ one of the main characters of this play tells the tale to his grandchild
and its function is clear: to inspire and fill the future generation with an urge for the
national liberation struggle. In Akaki's view, this type of fairy tales trained the heroes
in the past and they should do the same thing in the future.

In finale of the play Sandro and Levani, who are brought up on Georgian fairy
tales, give us an example of a good citizen and tolerance. Levani manages to restore
the relationship with his beloved person by forgiving and pardoning. Elene's moral
image is, of course, shaped by means of the fall, overcoming a human weakness and
sincere atonement.

In the work Akaki focuses on the fashion of those days that points to the fact that
superficial attitude towards traditional beliefs would lead the society to the abyss and
decline. The great writer and patriot did not only feel but see it well and in the end
of his creative activities he fought against it in this way, because he knew well that
there was a gap between the progress and pseudo-novelty.

Georgian fairy tales are the national treasure. It helps to shape core personal
values. Once the values are properly formed as a result of upbringing the education
received abroad (Levani, Sandro) becomes a wealth and not a fashion. This is clearly
formulated in the play that is so characteristic of Akaki. Thus, it is natural, that the
moral victory is gained by the heroes brought up on Georgian folk fairy tales.

In fact, the main idea of the literary work is expressed through these texts _ only
the educated and dignified people are able to dedicate themselves to the nation.
Moral values, proper guidelines are established as a result of a right upbringing. In
the 1910s (and not just in this period) many disturbing trends could be observed in
Georgia. The full scope of Akaki's creativity and one of his last works was against this

tendency.
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Literature and Literary Theory

Gender inequality as a social problem, according to'" Christine"
by Egnate Ninoshvili

Sophiko Chumburidze
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Kutaisi, Georgia

s.chumburidze@mail.ru

The works of the famous writer of the end of the XIX century Egnate Ninoshvili clearly
demonstrate a number of characteristic features of the epoch, of which the struggle for justice is
worth mentioning. The writer connects the idea of justice to the problems of personal freedom and
social inequality. The circumstance which makes these stories important is that the main theme
of his works is the peasants' life and their struggle against social injustice. The writer artistically
illustrated and showed how social injustice unfolds in people's sense of protest. In general, social
oppression has a number of aspects, one of which is gender inequality. The article analyzes the
story of "Christine" in which Egnate Ninoshvili as one of the first writers raised the issue of gender
injustice in Georgian writings and made us wonder about women's fate and stereotypes in society
that could be disastrous for women as in the case of Christine. The writer accused the existing order
of social injustice that prevailed in the country. Egnate Ninoshvili with his social-political, ethical

and gender ideals is revealed as a profoundly humanist writer.
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Women's problems were always an important topic for writing, but the end of the
nineteenth century was clearly outlined with the fact that women started to fight for
education and involvement in public life themselves. The contradictory relationship
between men and women became the subject of the artistic literature along with
such fields as science, philosophy and psychology.

Egnate Ninoshvili's works reflect the significant changes in the spiritual world of
the human, the internal contradictions relating to personal freedom, the difficulties
of exemption from traditional morals. It is especially interesting for us to show
women's social roles, which we find not in just one of the stories. However, this time
we will stop at one of them. This is the story "Christine" (1892), in which the writer
perfectly describes the condition of women of his era, their problems and desires.

Christine is a beautiful fifteen or sixteen-year-old peasant girl. Nobleman’s boy,
lIason, with deception, sweet words and promises to get married seduces her. It's
important that Iason did not do such a thing for the first time. While describing him
the author notes that "in the village of Nigvziani, many sweet married couples were
buried by the bitterness with the help of Iason, sweet lives of a lot of the families
were shaken, and many unmarried women were deceived" (Georgian Prose XV,
1988: 289).

An abandoned and misleading woman is found in literature in almost every
country as an important topic of work, but we are interested in what the attitude of
the Georgian society towards this character is and how it protects the unfortunate
woman. The work gives a clear answer to these questions.

Christine, who was abandoned by lason is excluded from society, the social
community benefits "from the right of insulting the insulted ones" (Gelashvili, N.
Female face and problem, Vol 2, Thbilisi, 2005: 10). In the family, Christine is a victim
of violence, her father beats her, she is not allowed to cry, and her mother often asks
God: "Kill my Christine and let me wear black clothes on her" (Georgian Prose XV,
1988: 300). The cruelty of the family and the society is clearly visible, but what does
the state do at this time? How does it protect (if it does) a miserable woman? The
state is trying to make the victim of a crime to look like a criminal and thus it further
aggravates the tragedy of an abandoned woman: "One of the cunning attorneys, who
was the defender of Ukmadze during the case, provoked the dishonest nature of
the complaint of Datia and sent him out of the court as a loser" (Georgian Prose XV,
1988: 301).

The role of stereotypes in the social environment and society is crucial in
Christine's tragedy. Well, how can the beautiful girl Kristine and the nobleman Iason
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be together, even if they have a great love?! This will not be allowed by Iason's
parents, the society will not allow this to happen. “What can I do? My parents do
not let me marry you and it's better to forget me”, Iason writes. The abandoned,
misfortunate woman thought about suicide many times, but miraculously survived.

Christine does not have proper education and hence the courage to make
reasonable decisions and to change her own life for the better. Therefore, the only
way to survive for the misfortune and offended woman is the escape from the house.
She is forced to abandon her beloved son, which is more punishment than death. She
dreamed about being with her son, but Christine did not get the permission to be
with him and bring him up. She must save her own life, abandon little Gogi and go
to the city where Sona becomes her “savior”.

The author skillfully describes the spiritual struggle of morally clean, innocent
Christine, when she is alone in the city and thinks about her unhappy life. The
woman faces social challenges, a new reality that requires active action from her as a
member of society. The writer introduces another woman — Natalia in the story.She
is also with an unhappy past and now in her old age, she is trying to benefit from the
young beautiful women. Ninoshvili does not ger rid of arising prostitution problem.

For a long time, Christine struggles with herself, thinking of her tragic fate: "I
cannot go back home, but I love my home, I prefer it to the sky and the country,
but my home does not love me anymore, every day they complained-If only you
had died. Now if I come, daddy will kill me. No, it's not my home anymore, I have
left it! Now I should do something here, but what? "(Georgian Prose XV, 1988: 330).
Eventually she decided and agreed to Natalya's proposal. Thus, a beautiful peasant
girl, Christine became the Jewish woman Rakhila. Once she was a prostitute of the
officer, then the officer got bored of her and Christine started to live alone. Her
beauty gradually worsened, and finally the drunk youngsters could not agree over
the beautiful Jewish, they cut her face, as the thing, the toy and left her fainted alone.
After that, Christine got by with begging, often without a piece of bread, because she
did not know the price of the money. If someone granted her some money, she would
spend everything with other beggars. Thus, the author showed us that Christine was
not ready for new challenges, she could not live independently, she was the victim
of the old life and also of the new one and, in general, she was the victim of a beloved
man, family, society, unjust law. Innocent Christine was forced to leave the family
and her beloved son, who had been born for social and moral oppression (often was
called names) and she died in the hospital alone.Even before death, she could not see
her village Nigvziani, her family, her son and her brothers and sisters. The Jewish
woman Rakhila was buried in the ground of Thilisi by the two undertakers. Finally,
the writer makes the undertakers complain about the unfair human fate: "What is
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the life of a man? Who knows where this woman came from and where she lived?
"(Georgian Prose XV, 1988: 343).

Stereotypes in the society are guilty in Christine's tragedy. The woman's life was
ruined when lason tempted her. This tragedy further deepened with the help of
cruelty from her parents, brothers and sisters. They treated Christine like a dog.

The story reflects the Georgian public opinion and morality of the village of the
XIX century. Christine's family viewed beating the pregnant woman as an honest
commitment to public morality. "If you had conscience, you would not have a
woman with a bastard son at home." -angry neighbors say. "Now death is better
than my life!" (Georgian Prose XV, 1988: 301) —Datia says to himself in the heart
and angry with neighbors beats Christine. The morality of the bourgeois city is also
guilty, which has devalued everything, even the woman's physical essence. By this
story, Egnate Ninoshvili tried to make the society think about the fate of the woman.
The writer disclosed the stereotypes that prevailed in the society that pushed women
into suicide, spiritual loneliness or prostitution.

Egnate Ninoshvili's "Christine" revives the social-political picture of that era in
our imagination and reminds us of the everlasting connection, on the one hand,

between literature and epoch, and on the other hand, between literature and reality.
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Literature and Literary Theory

The novel “Home, and Home again” by George and Helen
Papashvili

Monika Jitchonaia
Akaki Tsereteli State University
Kutaisi, Georgia

moniiii@mail.ru

The article relates to the Georgian emigrant writer, George Papashvili. Particularly to his novel
“home and home again”. The autobiography of the writer, who left the Soviet Georgia, is various.
The above mentioned work is the clearest example of it. The way of his life was not really easy,
though he could achieve success. The writer became well-known on the other land, in America,
which gave him opportunities. George Papashvili could achieve his goals. His hardworking nature
and skills helped him to become famous. Love removed all obstacles and after forty years, it became
the reason for George Papashvili’s return to Georgia. Meeting with the motherland again, is really

impressive not only for the writer, but also for the readers.
Keywords: Emigrant, Unknown, Motherland. Soviet Government.

Georgian emigrants had always been suffering from the distance that existed
between them and their motherland. From this point of view, we should mention a
famous Georgian emigrant writer — George Papashvili, who left the country because
of the Soviet regime. Emigrants were leaving for the country, where nobody was
waiting for them. Among them was George Papashvili. He had to face such problem
as adaptation.

Asitis known, most Georgian writers left the country in the Soviet period. Among
them were also those, who are unknown for us today. Fortunately, Georgia has never
had a problem with having intelligent people. There are many famous people we
remember even today with their talent and works. Such a person is George Papashvili
too, who lived in the United States after leaving Georgia.

Information about George Papashvili life and his literary works appears in Irakli
Makharadze book “Georgians in America”, which was published in 2011 as well as
in Rusudan Nishnianidze works. Apart from this, some information about meeting
with Papashvili is mentioned in Akaki Beliashvili articles (he is the author of some

historical novels).
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Professor Rusudan Nishnianidze published a book “Unknown George (Giorgi)
Papashvili in 2018, which clearly shows the fact that George Papashvili has achieved
a great fame in America. In her book Rusudan Nishnianidze mentions the writer’s
importance and compares him with Walt Whitman, Mark Twain, Jack London,
Henry James, Francis Scott Fitzgerald, William Faulkner, Ernest Hemingway, etc...
this is a library of America’s outstanding people. They take their special place in
American literature. George Papashvili should also be mentioned among them
(Nishnianidze 2018: 10).

Now our goal is to represent the novel “Home, and Home again,” by George
and Helen Papashvili, which is really nostalgic. The novel is autobiographical and
shows the main details of George Papashvili life. Particularly, we can learn from the
book that George Papashvili was born in 1898 in Kobiantkari. He lost his mother
in early childhood. The father could not give him a good education, only taught
him sword making. In summer 1914 he was serving in the Russian army and was
fighting against Germans and Bulgarians. After the World War I, George Papashvili
returned to Georgia and served in the Georgian democratic republic army. In 1921,
after Georgian occupation by Russia, he moved to Constantinople, where he lived for
two years. In hard times the writer was digging the well, he worked even as a taxi
driver. After two years, George managed to leave for America.

The novel, which consists of nearly 200 pages, entirely shows the feelings of the
writer that were kept by him for 40 years. During this time, he was often sad, but he
never forgot about his motherland. He worked hard for self — realization, however
thoughts about his native side never left him alone. So, if we want to be introduced
with the biography of the writer, we should definitely read the novel.

The novel, which consists of nineteen chapters, shows honestly the passage of
the writer’s life. The reader himself thinks, believes, worries and hopes with him,
becomes the participant of his pains or doubts.

The novel represents the inner world in a highly artistic way. It also shows how
unfortunate might be the emigrant. Also, George Papashvili is happy to realize that
after 40 years he returns to his country as he has been waiting for this moment for
many years. It shows the strength of love. He was happy because finally he managed
to step on that ground, which was so familiar to him. It seems that the writer was
eager to meet his relatives, country.

The novel written by George and Helen Papashvili tells about George’s childhood
and family. According to the book, the writer was six years old when his mother
died, as for his brother — David he was brought up by his aunt — Salome.

George lived with his father. After several years, his father married Nina. Then
his brothers and sisters were born. Once George said to Helen that perhaps he was
nobody to them, only a name that father sometimes mentioned.
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Though George Papashvili is familiar to his motherland, after several years, it was
difficult for him to be acquainted with the country once more, because everything
had been changed in Georgia. He could not recognize even himself: “Which me am
I? The barefoot and hungry boy on the street below or the tourist from America in
the hotel?” but it was only the writer’s thoughts. According to the novel, everybody
in George’s village was ready to meet him. They were eagerly waiting for his arrival.

The novel shows clearly the difference between new and old Georgia. The author
is surprised by what he has seen. Time has changed almost everything in the country,
even the outward appearance of cities. Earlier there were not boulevards with
colorful flowers and trees in Tbilisi, not hospitals or schools. Earlier nobody knew
how to read, but in renewed country everything is possible.

The writer was attracted by Gelati, with its view and atmosphere. Frescos seen by
George had a unique brilliance.

Human is always connected with his motherland. It is impossible to avoid this
connection. The writer himself thinks about his country. Despite the fact that
George’s village was poor, there were no post offices or stores, people had never
thought about leaving the place. Though the life was hard, they shared their troubles
with each other.

Childhood is the most important period for everybody. For the writer it was
especially enjoyable as was related to mother, who taught him how to read and
write as well as acquainted him with the Georgian literature. It was difficult for little
George to live without mother, however, being away from his own house became
also very difficult for him. That’s why he was feeling alone. He could not stay at his
aunt’s.

Despite many troubles, George was always eager to study and work. He sometimes
helped his father. He was very kind to everyone.

While visiting Georgia after 40 years, he said: “Through the war and the time
afterward, half-starving in Persia, in Turkey, and the first years in America, going
from job to job, often I was sad, often I was lonely, but never alone. For wherever I
went | knew that here in the village I still had my place. Here I was remembered.”

Maybe such an attitude toward the motherland made the writer feel alive and
saved, as he was motivated by the love of Georgia and could achieve the goals, which

caused the feeling of pride for Georgians.
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1 Trend Intra- & Extrapolation, JRC, European Commission, available at: http://forlearn.jrc.
ec.europa.eu/guide/4_methodology/meth_trend-extrapolation.htm
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The functioning and growth of the economy depends on how cash funds can be easily mobilized
to meet the growing needs of the state, companies and private individuals. This is understandable,
since availability on cash funds to those who are able to use them wisely is a necessary precondition
for economic development. In today's circumstances, when there is a lack of monetary resources in
general, and especially the investment resources, this problem becomes even more urgent. Hereby,
it’s noteworthy that the issue of deliberate spending of investment resources is no less important
that their access, for the purpose of which the use of modern methods of forecasting to make the
right and result-oriented investment decisions can play a big role. Although such an approach to
running a business in Georgia is less popular and in fact, business people don’t apply it in everyday
work, in parallel to the subsequent normalization of market relations and the introduction of
modern business relations, we think that these issues will establish their place in the research

business processes and practical activity.
Keywords: Forecasting methods; investment solutions; decision-making models; imponderable.

The work of modern business organizations is a very diverse and multifaceted
process. It combines the cohesion of activities in the direction of attracting resources
(including investments), their purposeful expenditure and utilization, as well as the
outcome analysis and identification of future priorities. In addition, due to frequent
changes of market conjuncture and, in general, environmental conditions (both
internal and external), companies have to adapt and make their actions compatible
with market conditions.

Such issues are relevant and problematic for any business, regardless of the
area and scale of the activity and, therefore, the knowledge and practical use of
contemporary theories and methods of business management are a vital necessity.
Herewith, it should be noted that despite the positive shifts, business in Georgia is

more spontaneous, impulsive and lacking dynamism. One of the reasons for this is
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to consider the lack of prognosis and strategic management elements in business
management. This is when investing decisions become very important, because:
=  Making such decisions is always related to spending too much money ;
= Itisimpossible to change them in a short-term perspective;
= As a rule, they influence other areas of the company's activities
(financial department, production, working with staff, marketing,
etc.);

Due to the above, in the present work, we the authors aimed to study and
gather several popular methods of forecasting, which are actively used in the West
and on the basis of their consideration, to talk about investment decision making
models which we think may be used in Georgian reality. Accordingly, the article is
mostly descriptive and less likely to include concrete results, if we do not consider
recommendations about the selection of forecasting methods or decision making
models. However, it is worth noting that the information available in the text may
be useful for practitioners as well as for young researchers, doctoral students, etc.

It should be noted that, as a rule, the process of forecasting is for the most part not
standardized, which gives its user more freedom (relevant liability, in relation to the
results) and it can be said that "forecasting should be considered more like art and not
science” (Hatem M. 2016:126). The need for forecasting gives researchers motivation
to plan and develop their models, stages, tools and select calculation methods.

Let's start to discuss the fact that income or profit on investments can be made in
two main forms: either as a current income or an increase in the value of the invested
funds. In order for those who are in short of money to be able to attract money
from those who have more than enough, income and profit must cover the risk of
money suppliers, the so called acceptance of "wages", its size and shape depend on
the conditions such as:

=  Type of transaction (both securities and property);
= The term for which the contract is signed;
*  The risk to which the transaction is connected.

In terms of decision-making, in practice, different approaches to investment are
used. Namely:

3. Thefirstis to carefully consider the actions aimed at achieving specific goals;

4. The second is diametrically different and is in the 'impromptu’ action when
decisions are made based on intuition.

Experience shows that the results of the rational approach are more stable and
higher. Therefore, a serious investor has to predict, prepare an action plan, and then
fulfill the investment program in accordance with his own common financial goals.
The result of realization of such a program should be the formation of an investment

portfolio that would give us the desired returns under the conditions of the acceptable
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risk level.

We mentioned above that in the present work, our goal is to introduce some of the
best known methods of forecasting. Several works have been devoted to discussing
these issues and, therefore, not to be consistent, we decided to consider the issue in
terms of studying the possibilities of using investment decisions.

Classification of forcasting methods is carried out in different ways. Sometimes,
it is based on the type of available data and knowledge about the system. In other
cases, they are classified according to the methodology used, etc. The key issue in
classification is the way in which we choose to use the standard methods of forecasting
and how we combine it to the ultimate goal. In general, approaches to forecasting can
be classified into four main types:

=  Approaches based on reliability (authenticity);
= Physics-based approaches;

= Data-based approaches;

*  Hybrid approaches.

We mentioned above that the use of these approaches depends much on the
prognostication and its aims.

In accordance with the content of the article and in the interest of the use of
investment decisions, the following forecasting methods are worth noting (Blank
2001: 448):

Qualitative methods of forecasting. These are methods that are based on subjective
assessments of people and are not related to mathematics. Within the given group
we should distinguish between polling techniques and structured thinking methods.
The fact that the qualitative methods of forecasting are not based on factual data
and are not related to the use of mathematical instruments, leads us to think that
some investors are suspicious and do not appreciate it properly. This attitude is not
justified, since there are quite a few cases when other more formalized methods of
forecasting are not available and expert evaluations are of decisive importance.

Polls. In the course of their conduct, experts and those people’s ideas whose
behavior is going to be forecasted should be considered. Moreover, questions about
their intentions will be put in direct form. If there’s a survey of the company's
employees (ie insiders), for example the management or hired workers, there’s going
to be an internal poll. Its advantage is that its implementation can be relatively
quicker and most importantly with less expenditure.

The "external" poll occurs when the company's clients or industry experts are
involved in its implementation. Such a survey is relatively expensive and requires
more time. Customers can be interviewed by the initiators (the company) or this
right be given to any institution which is engaged in market research.

The same can be said about the surveys of experts. For example, using a Delphi
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Method, the survey of experts is carried out in two stages. Initially interviews are
carried out with each expert separately, during which none of them knows the
existence of his or her colleague and what they intend to do. In the second stage,
the first stage results are united and, on this basis, experts are able to review their
observations and to consider them.

In the framework of structured thinking, based on experience and intuition,
an attempt is made to systematic development of the knowledge and its use for
forecasting. There is a well-known method of “brain storming”. Its purpose is to
create a climate in which a group will have the ability to work creatively and to
make appropriate decisions. Therefore, brain storming and other similar methods
(synectics, "morphological box" method) are not considered as forecasting methods,
but rather as methods that allow us to bring in other methods of forecasting (eg polls).
Finally, the scenario methods help us in the strategic investment decision making, as
sometimes it is necessary to create such an impression on the future.

Quantitative methods of prediction. These methods are always associated with
the use of existing time zones (eg last year's statistical rotation). Usually they are
studied by inductive statistics and they can be divided into two groups.

1) Simple dynamic analysis methods. When using similar methods of forecasting,
they try to derive a regularity from the time series reflecting the historical dynamics
of a certain size (eg, demand for the product) and to prove the possibility of its
distribution in the future. In addition, the predictive value is considered as autonomic,
since it does not take into consideration those objective factors (causes) that affect
the dynamics of predictive values.

The most widely used methods of this kind are the Extrapolation and Exponential
Alignment of the trend.® When using the method of trend, we release the
expectation that the regularity that we have been observing until now will continue
uninterrupted. We should try to find a function (mathematically as simple as possible),
which is finely "brought" and "pushed" to statistical time series values. Exponential
Alignment is an improved option of the trend and in most cases allows, with the help
of "weights", to take into consideration the values that are closer to today's moment
than the values that belong to the distant past. But such alignment is carried out
according to a strictly defined scheme. When using the Autoregression method, this
strict principle is ignored and attempts to optimize weights are performed. In this
respect, Box-Jenkins method (Brownlee 2017) and Adaptive Filtration methods are
especially well known.

2) Multidimensional methods.The characteristic indication of similar methods is

6 Trend Intra- & Extrapolation, JRC, European Commission, available at: http://forlearn.jrc.
ec.europa.eu/guide/4_methodology/meth_trend-extrapolation.htm
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that the predictive value is considered as a dependent variable, which is determined
by one or several objective factors (reasons). The most important methods of such
kind are Simple Progression and Difficult Progression.

We use two time series when using simple progression. Specifically, these are the
time series of predictive value and the time series of only one of the factors affecting
this value. Then, like the trend method, an attempt is made to find the mathematical
function that can be as close as possible to the pair of both time series values. During
the forecasting of the value of our interest, we mean that we can forecast the future
value of the factor that affects the dependent variable. Therefore, we need to use a
more complex one dimensional regression method only when: the value of such a
factor can be forecasted more accurately than the predictive value itself, or when the
two values are correlated with time lag.

Against a simple regression, when using multiple regressions, an attempt is made
to express dependence on several factors of predictive value with the help of linear
functions. That is, as we can see, multiple regression, plural regression is a very
precise method of forecasting.

In an estimation phase, estimation of the possibilities of the operations is done
according to the anticipated results, which are related to the advancely set system.
Estimation (evaluation) is carried out in three steps:

1. It is essential to appreciate countable (quantified) results,
related to the monetary goals. This is investing calculation goal.

2. It is necessary to estimate the uncountable results related to
the monetary and non-monetary goals.

3. It is essential to unite the results accepted on first and second
steps. If we want to use system method, analysis of the importance of profit
can be used in this case. This is the method, which is used in organizing
alternatives of making decisions related to approaching poly-dimensional
system of goals.

One of the approaches of selecting and using the methods of prognosis is choosing
a specific model for making appropriate investing decisions. However, it is obvious,
that making decisions does not only comprise investing field.

Models of making decisions. Investing calculations were characterized as methods
which will help in estimating the results of investment operations related to the
monetary goals. According to this, it might be said, that investment calculations
represent symbolic models of making decisions. This is the “multyungle” problem,
but we’ll discuss only some aspects of this issue, among them.

In the term “model” we mean an abstractive reflection of the reality. Its principal
preference is, that it is more possible to get knowledge easily from the model, than
from the reality. It is essential for the model to be accompanied with this field by its
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structure in order to get to this knowledge really as a result of analizing the model,
which can be taken into the field of the imaginary object. It is also necessary for the
model to be “isomorphic” in which we mean the accordance between the model and
the field (which we are going to be described). Though, in most cases, we will try
to simplify the process and make ourselves satisfied with partial isomorphism. This
means, that the results of these model analysis can conditionally be taken into the
reality.

It should be mentioned, that investment calculations, as a rule, are partially
isomorphic. They are usually analized in more or less whole space of time and are
concised with calculating the elements, which are especially important. Clearing up
this, can be done on the basis of the following viewpoint: investment calculations at
companies are always seen as “the system of the monetary flow” and not as “the social
system”. Social, political, juridical, medical and other important aspects of investments
are not considered in investing calculations, or might be considered only when they
are reflected in payments. Because of this reason, all investment calculation should
be filled with discussions, which consider each unconsiderable facts in calculations.
Only after this is possible to make realistic and appropriate conclusions.

According to the functions used in the model, descriptive, explanatory and
decision-making models are differed. A typical example of the descriptive model is
a country map. And on the contrary of this, physical law of fall can be used as an
example of the explanatory model. The model of making decisions (decision-making
model) is the reflection of making a decision (partially isomorphic). Its characteristic
elements are: goals, alternatives, correlation of the operations and restrictions of
these operations.

According to the sign, we can differ illustrated, verbal and symbolic models.
Nlustrated (descriptive) model is, for example, a city plan. Verbal model can be
shown in a situation, when a citizen of Kutaisi makes an explanation how to get from
one ATSU campus at Tamar Mepe Street to the another at Shervashidze Street.

Investment calculations are symbolic models as they use symbolic sign of
mathematics. In the term of symbolic models (that is “calculations”) we mean the
relation between abstract system of signs and mathematical algorithms. Algorithm
relates symbols with each other and gives syntactic rule of how it is possible to turn
the given Al row of the symbolic signs to the A2 sign rows. Without making any
change into their correlation.

The easiest case of using algorithms are arithmetical models of calculation.
Compared to the models, which do not use symbols, the basic advantage of the
calculations is, that logical and absolutely irreproachable transformations become

possible on the basis of the algorithms. Thus, we can conclude, that the result of
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investment calculation is right (or wrong to that extent), as the right (or wrong) is
the initial information, which is used in a model.

Imponderable. From that fact, that investment calculations are used only in
estimating the quantified results of the operations related to the monetary goals,
it is necessary to: take the information into consideration which goes beyond
the calculation of economical sizes. These data, which are worked out, are called
“imponderable”. It comprises the information, that is treated beyond the investment
calculations.

About the results of investing, all our information should be taken into
consideration in the process of making decision — one of its part within the investment
calculations, and another — in the other way. Formulating the idea like that, we
come in resistance to the widely spread idea, that the exact determination of the
imponderable is impossible. In various sources this term is explained as follows:

> “something, that is impossible to see in advance or calculate,

as it is unfamiliar”’

, or
> “unestimated, to be measured or calculated exactly and
accurately™ , or
> “the factor, which is difficult to be estimated or counted™
and so on.

It is true, that our approach might not be perfect, but it certainly corresponds
with the reality. a large number of imponderables can be divided into sub numbers.

Imponderable, as quantified information. This is the whole complex of operations
shown in numbers which are related to the investor’s non-monetary goals. These
operations can be estimated in quantities. Non-monetary examples might be as
follows: striving of the company to own market segment, broadening, low index
of personnel leaving etc. It is quite possible to show the affection of investments on
these three elements in numbers; though, it is still impossible to consider them in
investment calculation, as they affect on monetary goals indirectly, or do not affect
at all.

Non-monetary examples are striving for the rising prestige, respect, strengthened
power, technical safety or ecologically fresh environment. For example, getting into
exploitation of the devices, which dicreases the number of dangerous cases with
20% in the industry, has great importance. The given operation is reflected less
— at insurance payments and more -- in high pays for buying investment objects.
We cannot estimate the profit gained from safety rise in cash, which itself, may

7 Trend Intra- & Extrapolation, JRC, European Commission, available at: http://forlearn.jrc.
ec.europa.eu/guide/4_methodology/meth_trend-extrapolation.htm

8 Available at: https://www.merriam-webster.com/dictionary/imponderable

9 Available at: https://en.oxforddictionaries.com/definition/imponderable
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represent an independent category of the goals of the entrepreneur imbued with
social responsibility.

Imponderable, as non-quantified information. First of all, we must differ
information that can be estimated in quantities from the information that can’t be
estimated in this way.

Quantified imponderable — while using this kind of imponderable, we do not
apply to the quantitative characteristics. The reason of that might be the fact,
that quantifying process is related to high expenses or within the used investment
calculation model the appropriate treatment is quite difficult etc.

The example of this is liquid assets of an investor (readiness for any payment),
size, which certainly is quantitative; but still, it can’t be taken into consideration
within the present costs. Non quantitative imponderable — it is sometimes called
authentic, real imponderable — is divided into two groups:

1)  While describing the first group, we concern with the results of the

operations, which are related to non quantitative goals. It’s true, that the goal of an

investor of being “technically modern in Europe”, or the view of our university
for “being one of the acknowledged universities in the south-east Europe” has
crucial importance for making a decision. However, taking into consideration
the given fact in investment calculation is impossible.

2)  While describing the second group, we concern with the information,

that is so indefinite, we cannot comprise it with numbers. For example, we are

expecting increasing level of the quality of producing change as a result of
investing operations, but we cannot estimate the scale of this change.

So, we must think over which method helps us to cope with treating imponderable
factors. Hereby, we can rely on the instruments of profit analysis mentioned above.

Methods of prognosis were presented above, models of making decisions were
also given, which are related to the investing activities. It should be mentioned, that
similar approaches might be carried out by producing companies, or by any kinds
of organizations (for example: universities, non-governmental organizations etc.) in
spite of their sizes and fields of business.
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Constructive design of clothes is quite a laborious process and requires to take into account

consumer indicators of products. The ergonomic and aesthetic properties of clothes are one of the
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main among the above-mentioned indicators and the absence of these indicators makes it a useless
thing. The optimality of these indicators (especially ergonomic) lies in the correspondence of the
dimensional signs of the figure and clothing. Based on the movement of women, the purpose of
this study is to determine the rational constructive increments caused by changes in the main
dimensional features for the constructive design of clothing. Analyzing the anthropometric
dimensional signs when a person performs a movement, the regularities of changes in girth
indicators are established. Based on the analysis of research data, the paper presents recommended

indicators of constructive increments for dresses of an adjacent silhouette.
Keywords: Clothing, Dynamic anthropology, Constructive increments

Deforming processes in tissues under the exploitation conditions of sewing
materials, significantly determines ergonomic and consumer indicators of the
product, in addition, the aesthetic parameters of clothing are entirely dependent on
the processes. The lack of aesthetic indicators makes the garment a useless thing as
far as it ceases to fulfill one of its main tasks - to satisfy aesthetic requirements of the
person.

The study of these processes is important as well as the correct planning of the
tissues and the constructive planning of the products, because these factors are used
throughout the entire period of time, they are fully provided with the desired shape
of the product. Studies of the deformation processes occurring in the fabrics used for
designing clothes are associated with many difficulties and together with the exact
devices require very difficult and uncomfortable experiments.

Due to the fact that the fabrics used in clothes stick to the surface of the person
body in different ways, it may be concluded that deforming processes in them are
directly related to the movements by the person. During the movement, the distance
between the body's surface points continuously changes. Where the size of the body
remains smaller than the corresponding size of the clothes, the fabric is deformed,
and the person feels uncomfortable in such an environment.

At the same time, in areas where the size of the clothes is smaller than the body,
the fabric is stretched and deformed, and the person feels uncomfortable in such
clothes. Where the size of the body remains smaller than the corresponding size
of the clothes, the fabric forms folds, bends, etc., Optimization of the individual
areas of clothing depending on the movement of the person can be regulated by the
values of allowances for dimensional features of the figure. The variability of the
anthropometrical measuring signs and the corresponding deficiencies in the tissues
are different in the case of clothing range. In our opinion, the mentioned problem
is especially relevant and interesting in relation to different kinds of bred clothes of

the woman.
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Analysis of the practice of clothing exploitation showed, that from assortment
products of women dresses, skirts and trousers of an adjacent silhouette especially
quickly lose their shape. This type of silhouette prevails in big size clothes so much,
that it portrays the man figure more productively. From the point of view of the study
of the general deformation of the tissues in the products, the movements performed
by the person should be studied first of all and the dynamics of the change in the
value of the anthropometric dimensional signs proceeding from it. The purpose of
our work is to determine the rational constructive growths in the design of women's
clothing, taking into account changes in the main dimensional features. Based on the
analysis, the following movements are most often performed in life or during work:
I-squatting on a chair with a straight body position; II - squatting on a chair with
elbows on the knees; I1I - full squat. The measurement results are shown in picture 1.

As can be seen from the table, during the movement of the first type, the increase
in thigh circumference varies within 2.8 + 4%, waist girth - 1.41 + 3.26%, and the
increase in chest girth - 0.34 + 2.99%. During the movement of the second type, the
change in chest girth varies between 1.8 + 5.4%, and the increase in waist girth (7.73
+ 8.45), while in sizes 116, 132, it significantly exceeds the corresponding increase in
thigh girth (6,25 + 7.67%). It should be noted that with this movement for relatively
small sizes (88,100), the increase in thigh circumference varies within 5.03 + 8.26%,
and the waist girth 4.06 + 6.6%. Similar changes undergo these girth dimensions and
the third type of movement. With a full squat, the increase in thigh circumference
(5.46 + 9.50) for sizes 88-100 exceeds the increase in waist circumference (4.6 +
7.6%). For sizes 116-132, the dynamic change in the chest girth varies between 3.0
and 6.7%, and the increase in waist circumference (8.2 + 10.9%) significantly exceeds
the increase in thigh girth (7.5 + 8.8%). In fig. 1 a, b, c is showed the changes in
dimensional signs of waist circumference; hip girth in % when performing various
types of movement. The following conclusions can be made on the basis of the
conducted research: the recommended values of constructive increase in waist girth
for adjacent dresses of all sizes are 2.5 + 4 cm; for the girth of the hips is not less
than -2.5 cm. The above values of structural allowances for large sizes are subject to
clarification.
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0B m, | W, |x h xm; [(x")"m, [(x")'m, |(x")"m,
woa..b

0,01..0,02 3 0.06 | 0.015 | -3 -9 27 -81 243
0,02..0,03 | 6 0.12 | 0.025 | -2 -12 24 -48 96
0,03..0,04 | 12 024  0.035 | -1 -12 12 -12 12
0,04...0,05 16 032 (0045 | O 0 0 0 0
0,05..0,06 | 7 0.14 [ 0.055 |1 7 7 7 7
0,06...0,07 | 4 0.08 | 0.65 2 8 16 32 64
0,07..0,08 | 2 0,04 | 0,075 | 3 6 18 54 162
X500 50 1.00 | - 0 -12 104 -48 584

X,=0.04580 -560b @owgol 33gmol  0BEHIMZdOL ol Lsdrgegnm

3603369 mds, HMTgebsg 9qLsdsdgds odliodsErMo 9adomoweo obdomy.
3500l dobgz00 2obzLsbmzmgm Lofyolo ImdgbEgdo Gm™IwEwgdoo:
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N 50
i( )’
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= Lo S P
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2 (x)'m, 48
v, = 2 096
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2, (x)'m, 584
v, =t ——="—=117
N 50

339000 256550930l 3969MeemO TobsliosmMgdEdOL A5BLsBOZMOLsMZ0L
3030390 396G oMo dmdgb@gdo:

1y, =V, —v," =2,08—(=0,24)* =2,02
Ly =V, =3V, v, +2v, =—0,96—3-2,08-(=0,24) +2-(=0,24)’ = 0,52
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+6-(2,08)-(-0.24)* —=3-(-0,24)* =116
0ol 9909y 39b3LsBZMgm  FMGHMIWMIOL  ozol (339900L
LEHOGOLEGH0ZNMO FobolosMIOWGOO:
- 339900 Lo3wYSEM sHOMTYB0Io 360369 Mds;

X= X, +v,h=0,045-0,24-0.01=0,043 d0.
-B58995M 339MIGHIWO FOPIHOY;
o=hu, =0,01.1,42=0,014 89

-35M05300L 395303096303
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Mechanical Engineering

Research on the Wearing of Machine Parts of Small-scale Me-
chanization and the Development of Resource-saving Technology
for their Restoration

Jemal Katsitadze

Georgian Agrarian University
Thilisi, Georgia
chokhadari@yahoo.com

Toseb Abuladze

Ajara Agricultural Service Center

Batumi, Georgia

Agricultural machinery of low mechanization works in difficult conditions. Its
parts are constantly affected by alternating dynamic loads, abrasive particles that are
in the environment, humidity of the relief, and other factors. The working bodies
experience intense wear and need to be restored using modern technological methods.
The article investigated the patterns of wear of the main parts of small-scale mechanization
machines operating in Ajara and developed a resource-saving technology for their restoration using

electric-spark alloying.
Keywords: small mechanization, machinery, wear, recovery, resource saving technology.

Agricultural machinery of small-scale mechanization is a significant component
of the machine park, which provides for the mechanization of labor-intensive
agricultural production processes in the region, as well as auxiliary and transport
operations. This technique works in difficult conditions and the mountainous terrain
of Adjara adversely affects the performance of the equipment. The working parts of
the machines are constantly affected by alternating dynamic loads, abrasive particles
that are in the environment, high humidity, relief inclination, sun radiations and
others. All these factors cause intensive wear of the main machine parts of small-scale
mechanization, reduced performance and productivity, increased fuel consumption
and other negative consequences.

We investigated the patterns of wear of the main part of the power take-off
motor-block (PTO). Studies were conducted in Shuakhevi, Keda, Khulo and
Kobuleti districts. Mathematical processing of wear statistics was carried out
according to the method developed by us. It was found that the main defect of the
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shaft is the wear of the necks under the bearings and our further research aims to
establish patterns of wear and work out a rational method of recovery.

Probabilistic statistical modeling of statistical data was carried out with the help
of statistical moments. Statistical and variation series of wear were compiled, as a
result of which the number of intervals-K is determined by the Sturgess formula
and its width-h .

K=1+32]1g - N, where N = 50-number of measurements selected according to

our methodology . K =1+3,2-lgN =1+3,2-0g50~=7
— X 0,08—0,01

h= Xmax—Xmin h _ xmax min
= s =
K K

maximum wear value of the share, X_min = 0,01 mm is the minimum

=0,01 X,,4x = 0,08 mm is the

Table 1 presents the results of determining the frequencies and empirical
probability of wear
X '-is determined by the formula:

¥ = Xi — Xo
h
Table 1. Statistical indicators of the wear
The
Wear middle X; — X,
Interval of the | W, X x' === x'mi (x sz (' Bm,- (x' 4mi
a.b interval h
%
0,01..0,02 3 0.06 0.015 | -3 -9 27 -81 243
0,02...0,03 6 0.12 0.025 | -2 -12 24 -48 96
0,03...0,04 12 0.24 0.035 | -1 -12 12 -12 12
0,04...0,05 16 0.32 0.045 | O 0 0 0 0
0,05...0,06 7 0.14 0.055 1 7 7 7 7
0,06...0,07 | 4 0.08 0.65 2 8 16 32 64
X '-is determined by the formula:
Xi — Xo
X' =
h

X, =0.045 mm, the wear value to which the maximum empirical frequency

corresponds.
The table defines the statistical moments
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K
25m
VA= . ) V)
N 50
> )2
X m
: 104
y, = _104 508
N 50
K
2 m
y, = __20_ 096
N 50
> )
x")'m,
y, = _8 147
N 50

po =V, — Vi
Us = vz — 3vv; + 2v3
Ua = V4 — dV3V; + 6V,v2 — 3vf
wy, =V, —v,> =2,08—(-0,24) =2,02
us; = 16,16 —3-4,94-1,28 + 2(1,28)3 = 0,38
L, =V, —dv, v, +6v, v =31  =11,7—4-(-0,96) - (—0,24) +
+6-(2,08)-(—0.24)> —=3-(-0,24)* =11,6
Vq,V,, V3 U V, - initial statistical moments of the first, second, third and
fourth orders, respectively.
Uy, Uz 1 py — Central statistical moments of the second, third and fourth
orders
After that, the general characteristics of the wear of the share:
- The arithmetic mean value

X=X,+v,h=0,045-0,24-0.01 = 0,043 mm
-Standard deviation
o =hu, =0,01.1,42=0,014 mm

- The coefficient of variation

o 0014

X 0,043
- Modal wear
M, = X +3(Me— X) = 0,043 +3(0,064 — 0,043) = 0, mm
Where M, =0.064 mm is the median distribution
By the value of the coefficient of variation (V = 0.33), the theoretical law of
the distribution of wear of the share is chosen to be the normal and theoretical
frequency determined by the formula :

=0.33

Nh
My ==L
Z, is the wear distribution density and is selected according to the tables of

the -t value. The results of the calculations are presented in Table 2.
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Table 2. Data for determining the theoretical frequency of wear

Wear z?tehr;nddle - Empirical | Theoretical
X, —x
Interval interval t= Z, Frequency | frequency
a...b o m, m,
X xi

0,01...0,02 0,015 -2,0 0,0540 3 1,8
0,02...0,03 0,025 -1,29 0,1736 6 6,2
0,03...0. 04 0,035 -0.93 0,2589 12 9.6
0,04...0,05 0,045 0,14 0,3951 16 14,6
0,05...0,06 0,055 0,86 0,2798 7 10,4
0,06...0,07 0,065 1,43 0,1456 4 5,46

1,1
0,07...0,08 0,075 2,14 0,0325 2

After this, empirical and theoretical curves for the distribution of wear of
plowshares were constructed (See Fig.1)

A m; my

16

14

A

\
10
.
.
4 Y, 1
.
0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 Xi

Fig.1. Empirical and theoretical wear distribution curves
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The figure shows that the theoretical and experimental results are close to each
other.

According to the modal value of wear of the power take-off shaft of the
motoblock Mo = 0.1mm, rational restoration methods are electro-spark doping. We
have designed and manufactured the corresponding device, which is shown in
Fig.2.

Fig.2. Device for electrospark doping

After theoretical and experimental studies of the mechanical properties
obtained on the metal-coating device (hardness, wear resistance), a resource-
saving innovative technology has been established to restore worn-out machine
parts.

Conclusion: 1. As a result of the theoretical and experimental studies carried
out, the following conclusions can be drawn: 1. We studied the patterns of wear
of the power shaft of the motor-block while working in the mountainous regions
of Ajara, it was found that the shaft neck is wearing out intensively.

2. A methodology has been developed and implemented for calculating
statistical indicators of the wear of small-scale mechanized parts, which can
be used for parts of other machines. The general characteristics and modal
depreciation were determined to justify the method of recovering a share in
order to increase their resources.

3. An adequate probabilistic-statistical mathematical model of the wear of the
power shaft of a motor-tractor was obtained, which can be used to predict their
resources.

4. A device and an innovative resource-saving technology for restoring worn-
out parts of small-scale mechanization machines using electrospark alloying have

been developed.
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Mechanical Engineering

On the Topic of Calculation of Dynamic Loads on Suspension
Wheels of the Bridge Aggregate

Temur Leshkasheli,
temurleshkasheli@atsu.edu.ge
Rani Tchabukiani
Rani.chabukiani@atsu.edu.ge
Akaki Tsereteli State University

Kutaisi, Georgia

The article presents a moving bridge aggregate, which is intended to carry out any cultivation
works in the pre-determined area, in the local conditions. The bridge aggregate consumes
electricity; it may be equipped with tools necessary to perform various operations; the height of

grown crops determines the selection of machines under the floor of the BA for ground trussing,
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which is attached to the so-called Technological Module (TM). The weight of the BA is up to 10
tons due to its wheels. For the purpose of rolling on the rails; this weight is variable according to
where the TM is located in the soil (on the right or left); the design of the BA is defined by the
forces acting on individual wheels, for which a dynamic forces equation system is drawn up due to

its equilibrium conditions.

Keywords: Bridge farming, suspension wheels, truss, technological module (TM), spatial

structure, inert strength, kinematic characteristics, circular speed, etc.

For the intensification of the production of lower-stem agricultural crops, the
realization of which is the main source of income for the population of Imereti region,
a local movable BA is offered; with this aggregation all agrotechnical operations can
be mechanized, both on a closed and open ground, small plots of land, greenhouses
and elsewhere. The BA can also be forced by non-standard energy sources such as
wind and solar energy.

Figure 1 shows (see in Georgian text) a) a calculation table of rail loading from
the BA suspension wheels: b) E = f (V) a graph of spent work and speed dependence,
for various supply of truss knives Sz=9;12;15)) scheme of the BA with the so-called
"Technological Module" (TM), it is a system of hanging of various vehicles on the
bridge aggregate. The TM moves to the right and to the left with an electric motor
and winch that pulls the rope (1) TM rolls on rails (2) with wheels (3) soil cultivation,
sowing and weeding is carried out in the process of the TM movement, and other
operations like sowing of potatoes, grass mowing, multiple irrigation - in the process
of the BA movement: for this purpose, the BA has its own rolling wheels (4) with
a reductor and external transmission (5) the BA moves on a concrete path (7) on
the reinforced rails (6) where the loads change continuously: these loads become
especially critical during the TM movement, the BA special weight is added with
half of the weight of the TM and additional resistance strength of truss pulling;
therefore, while calculating the loads on the BA suspension wheels, we should take
into consideration their variability rate up to 20%.

The coordinates of the TM weight center in the plan (see fig. 1, a) are calculated
in a simple (see Georgian text) formula...... (1) where Gi is the weight strength on
TM, loading suspension wheels while moving; X1, y1 are gravity centers of relevant
elements.

Except for their own weight (G¢y,) and the total resistance power of trussing ( Qer
), BA wheels are affected by external forces, in particular, the wind power Bwp and
> horizontal inert strength Fin ; if we mark the moving force ordinate of the BA
towards the rails t» we can make up static equations of the BA (see Georgian text)
with the formulas (2).
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For the BA: own weight Gya, weight of the workshop cabin G.z3, movement
mechanism Gpac, Pwp and Fiy strengths can be calculated from the balance of
powers (see Georgian text) formula .... 3, where Rer is the resistance power on the
truss which can be determined by its specific energy capacity, ie, on a single unit
of the spent work sw, figure 1.b shows that specific work is instantly increased by
reducing the “supply” on the truss and and increasing the work speed; that’s why
truss wok is less compared to ploughs 11-1,4 m/sec (4-5 km//hr); consequently, the
spent energy is increased compared.

Conclusions: 1. During the movement of the bridge aggregate, the force created by
its pure weight (without the weight of the technological module) acts on suspension
wheels, which is distributed on both sides of the longitudinal axis of the BA.

2. During its movement, the technological module will distribute the pulling
resistance created during soil processing in the lower floor space of the BA — on the
width C; therefore, it does not cause critical loads towards the BA system.

3. To ensure the sustainability of the BA system, rails should be based on concrete

or pressed sand columns with a depth of 0.7 m (no less than 10 in number)
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Efficiency of Plant Protection Mechanic Technology Against
Halyomorpha Halys (Brown Marmorated Stink Bug) and Pieris

Rapae (Cabbage White)
Lukhum Chelidze
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Emzar Kilasonia
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Nunu Chachkhiani

Akaski Tsereteli State University

Kutaisi, Georgia

The paper deals with the methods of fighting hyphantria cunea caterpillar ( American White
Butterfly)and stink bug which are widespread in modern conditions. The results of the study may
be equally effective in fighting against hyphantria cunea caterpillar which damaged Georgian
agriculture. Pesticide ,,Lapidin”,prepared by LTD “Bioagro” ,turned out very effective against
fighting stink bug that’s why it is useful to carry out intensive experiments. The research made
by American scientists may not be trustworthy because of different geographical and climatic
conditions that’s why stink bug has an ability to adapt. According to massive spread of the pests, it
is necessary to carry out widespread experiments which is impossible without using mechanisation
tools. Successtully used low-dimensional tractor aggregate, which was suggested to fight against

hyphantria cunea caterpillar, is given in this paper.

Keywords: Hyphantria Cunea Caterpillar, Stink Bug, Lapidin, Low-energy Tractor, Universal

Tractor Aggregate etc.

Recently, pests like brown marmorated stink bug and cabbage white are widely
spread in Georgia and cause widespread damage to agricultural economics. There
are two typical methods to fight against those pests: biological and chemical, but
biological methods is mostly competetive on the international market.

In recent years,biological product of domestic production, ,,Lepidini” has widely
spread and used against lepidopteras .This products doesn’t contain hazardous
chemicals, unreasonable for product realization market. It contains BACILLUS
TURINGIENSIS var. KURSTAKI. It is successfully used against pests like: Lobesia
botrana, Halyomorpha halys, apple ermine, aporia crataegi, whiteflies etc. It is safe

188



. ggmodg, g. 3omabmbos, b. (30dsdg, b. RsBbosbo

for humans, domestic animals, bees and for other benefiacial insects. Even small
amount of Lepidini is enough for  fruits, grain, berries,and melons in open and
closed ground. The doses varies between 5-6 litres and the price is 6 gel. We were
using Lepidini in village Ganmukhuri, in Zugdidi municipality, on the homestead
land of one farmer. For spraying we used less mechanical machines,foreign high and
low pressure motorized units.

Scientific work on homestead land was directed with pre-drawn methodology,
which is as follows: the percentage of plantation infecting is calculated with a help of
two parameters: spread intensity and density.This approach enable us to figure out
spraying rule, the amount of working days on area unit and the amount of used units.

Halyomorpha halys.(brown marmorated stink bug) as well as pieris rapae
(cabbage white) are very dynamic insects. Unlike other pests,stink bug is outstanding
with a quality of harm it brings. It does not choose victim and damage all kind of leafy
plants. After winter rest, awaken Imago starts hatching eggs and dies. Hatching eggs
has particular pattern: one stinkbugs hatches about 200 eggs, but they are scattered
across different places —saparated from each other in order to have food supply(area)
. hatched numph (maggot) goes through 5 stages of development.at last stage it is
12-17 mm.

The optimal time for spraying is fifth generation of maggot (before becoming
imago). It can move on the distance of 30-35 km, loves light and heat and keeps away
from people. It can be discovered in inappropriate places: in hadbags, in wardrobe,
especially in wood boxes. Stinkbug starts moving after tempreture reaches 20-25
celsius and in the condition of 75% humidity. Unlikely cabbage white, stinkbug
needs spraying at least 3 time during season, however, there is no point in third
spraying because stinkbug adapts this biological product and it is necessary to change
urgently, which needs special selective research.

our conducted reseach, as well as production experiments were conducted by
famous specialists and practitioner in 2016 ensure us that nowadays, Lepidini is the
only biological product, which can be successfully used against agricultural pests.
Because of this, we deem it necessary to use mechanic meanings against them and
using small gear machine on household construction.

On picture 1 , there is an universal tractor aggregate for working on nut and
other fruit garden and is simple and convenient machine for moving in plantations.
for the same reason we had used 0,6 ton lifting machine- bantam tractor (14
kwt). It freely moves around the nut and fruit gardens. From drawing, it is easier
to see how universal it is. On drawing A, shows the scheme of using it in order to
increase fertility of the soil, there is soil exhaustion in nut plantations and soil needs
biochemical interference with humus layer.for that cause we used recommended
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fertilizer ,,Organika”, on drawing B, there is the same machine for spraying and at
the same time use Lepidini against pests.

As for fighting against pest , in the period before winter rest, we deem it reasonable
poisoning household construction and warehouses with lane, feijoa and eucalyptus
tincture.It is notable that stinkbug and cabbage white keep away from them.It is
scientifically proved that high level of etherial oils in those plants keeps pests away.

Our long-term research experience convinced us that, fighting against pests is
not very difficult, as long as exists means to destroy them. The main problem is to
cotrol the whole region where it is spread, it is hard to manage it, because some
plantations are desolate, land owners are gone to earn their living. There is one
option — government should take responsibility and solve this problem.

In any case, without mechanical machines , it will be impossible to solve this
problem. It is impossible to eradicate stinkbugs and cabbage white completely, but it
is vital for every farmer to protect themselves from pests.
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The Durability of Thermoelastic Beams at Dinamic Loads
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kikvidze61@mail.ru
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The paper dwells on durability of the thermoelastic beam, the axial Iine of which in natural state
is a plane curve and after loading remains plane. We made the following assumptions: all the cross-
sections of beam remain plane and perpendicular to the longitudinal axis during deformation, the
length of longitudinal axis is changing, the temperature field is stationary and nonhomogeneous.
To obtain unknown functions we have nonlinear differential equations. The nonlinear differential
equations of motion contain inertia of rotation of the cross-section. In particular, the paper describes
the equations of small vibrations of a prismatic beam. To determine the range of natural frequencies
of beam, the equations are written using boundary conditions. Formula for calculating of normal

stress is given. The impact of axial strain and a temperature gradient on the frequencies is studied.
Keywords: Thermoelastic Beam, Stress, Dynamics, Differential Equation, Frequency.

Dynamic analysis of structures consists of determining internal forces, stresses
and displacements from dynamic loads, or testing the system for resonance
with a recurrent load of certain frequency. The dynamics of structures is a lot
more complicated than the statics of structures, and lags behind the latter in the
development and improvement of applied calculation techniques. This is exemplified
in numerical calculation applications for desktop software.

Therefore, a considerable amount of literature is available about the dynamic
analysis of elastic beams. The monograph (Nowacki 1963) explores the vibrations of
elastic beams and problems characteristic of building structures in linear statement.
In the work of V.A. Svetlitsky (Svetlitsky 1987) nonlinear equations of the dynamics
of elastic beams were obtained without considering deformation of axle, numerical
methods for determining the natural frequencies and vibration modes were developed,
and a number of applied problems of mechanical engineering and instrument-making
were solved. The monograph (Timoshenko...1985) dwells on the computational
models of movement of beam on the basis of the normal line hypothesis, as well
as on the refined model in the light of the shift, and for determining the vibration
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frequencies, there are used the approximate analytical methods. The engineering
calculation methods for problems of elastic beam dynamics are also addressed in the
book (Kiselyov 1980).

The use of new light metal materials in building structures makes it relevant to
study the influence of temperature factor on strength and rigidity within the elastic
limits both under static and dynamic loads. The uneven temperature distribution,
even at a small temperature change, can affect the free-running frequency. The use
of numerical calculation methods allows for solving nonlinear problem, and it also
automates the calculations for different fixing conditions and complex geometry of
the axis of beam.

The purpose of the presented article is to develop methodology for calculating
stress in the cross section of structural beam elements with allowance for an
inhomogeneous temperature field and dynamic lodes.

Consider the vibration of beam in the plane, in which the centerline is
located. We will investigate the movement of beam relative to the natural
(unloaded) state. The temperature field is stationary and varies only in
height of the cross section in the plane of a bend. In this formulation, the
equations of statics at large displacements have been obtained in (Kikvidze
2003: 49-53).

Consider the element of beam having the forward velocity in relation to the axes
¥, z and the angular velocity relative to the axis x . In the initial state, the radius of
curvature of the centerline (thermoelastic line) we denote by 7, , and the slope to the
axisu z —by 6,. In general, the element of beam can be impacted by the distributed
and concentrated forces and moments, which are the time varying parameters.

By applying the d'Alembert’s principle, the equations of statics, and taking into
account the forces and moments of inertia, the differential equations of motion for
force and kinematic factors take the form (Kikvidze...2018: 410-413):

0*v  OR
A(l) — = —+
yo ()at2 TREL
o*w oH
A(l =—+
pA() ol a4

g(lxé):aﬂ+m+Rcos6—Hsin6’
ot ol

)

ﬁ=(1+é:0)sind9—sin00
0

a—W:(1+50)c056—cosﬁo
0

00 l+g,
= +K

E_ "y )
192 (1)




9. d0badg, ™. 30330dg

where p - is the material density; A - is the cross-section area; v,w - the

displacements in the direction of the axes y, z respectively; @ - is the slope; / f - the
physical moment of inertia of the element of single length of beam (for the principal

axes of the section /) = pl_, I - is a geometric moment of inertia of the cross
section); M - is a bending moment; R, H - the components of the internal force
vector, ¢ ,,q, - the components of the vector of distributed external forces;m -
the intensity of the external bending moment; &, -is the strain of thermoelastic line;

[, - arc length of undeformed thermoelastic line; & - characterizes variation of
curvature.

The values £,and k are determined by the formulas (Kikvidze 2003):
N . M #
go=—*+[ngEdA]/A, Kx=—*+[ngyEdA]/1x
A 1

X

2
where: 4" = J.EdA - the generalized area; I = I y>EdA - the generalized

moment of inertia; £ = E(T') - elastic modulus of material; 7 = 7T'(y) - temperature,

T .
& - temperature strain.

Normal force N in the cross-section equals (Kikvidze 2003):

N=Hcos@+Rsinf 3)

According to the formulas (2), strain (&) and curvature (k' ) are represented as
the sum of the components from appropriate force factors and temperature:

N M
_ N T _ M T N _ M _
Ey=&, +t&,, K, =K, +K, , &, = , K_ =

A* X ]* >

P

1

*

T o_
80—

X

ngEdA, k! =Ii*ngyEdA

For straight beams 7, — 00,8, =0 the equations (1) take the following form:

193



0d0d0) 6364IMT0L LOBIRIBNBM IJEN3IGLOGISNL 3MO33T, 2018 Ne2(12)

2v OR
pA(z ) =25 T
2w OH
A ~ s
PA(z) o0 o 4
o 0:—+m+Rcosé’,
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@—siné’
i (4)
W _ & cos 4,
0z l+g,
00 Kk,
oz 1+‘90

When designing the elastic beam elements operating in dynamic modes, it
is necessary to determine the frequency range (more precisely, the several first
frequencies), depending on the fixing conditions and the static stress-strain state.
The frequencies are determined from the equations of small free vibrations of beam
in relation to its natural state or relative to the equilibrium state.

We'll obtain the equations for small free vibrations of beam, assuming that the
internal forces and displacements arising during vibrations are small. The components

of the displacement and forf:e vectors (v, y, Q’ R,H,M ) are f?rst—order‘vah'les of
smallness, and because of this, we are neglecting their products in the derivation of

the equations of motion. External loads are set equal to zero ¢, = ¢, = 0,.

In the case of small displacements sin @ = @, cos @ = 1,1+ &, ~ 1. Consequently,
the nonlinear equations (4) are simplified and take the form:

0*v R ov
( )7 ~ = 09
oz’ 0z
6 w OH ow
=" - = ‘905
ot? oz Oz
6 «9 aﬂ_i_R’ 00 . )
oz 82

Equations for an elastic beam without considering the deformation of axle and
temperature changes are given in the book (Svetlitsky 1987). To determine the
frequencies of free vibrations, we represent the force and kinematic factors in the
form as follows:

Wz,t)=v" (2)e™, K (z,t) =K. (z)e™,
w(z,t)=w (2)e™,  R(z,t)=R (z)e™,
0z.0)=0" ()", H(zg)=H ()", (©)
ey (z,)=¢,(2)e™,  M(z,t)=M (z)e™
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From the system of equations (5), with provision for the formulas (6), we obtain
the ordinary differential equations:

dR’ . v’ .

= —pA(z)o*V", —=0 (2),

A s UL 7 (2)

dH" _ aw’ .

- = A 5 - = 9

= pPA(z)w"w ~ &,(2)

d]j =—pl ®’0-R", %:K: 7)
4 4

The solution of a system of the differential equations (7) gives the possibility to
define the stress-strain state which corresponds to the frequency of vibrations.

For calculation of stress we use a formula (Kikvidze 2003):
1
I

L [(H cos® +R sin6") +ngEdA)]+

o, =EM

(M + j e’ yEdA)—&"} (8
If the beam is initially loaded with external forces that when calculating durability
it is necessary to consider the static stress and the general stress are calculated as the
sum of static and dynamic stresses.
To integrate the system of differential equations (7), we need boundary conditions
reflecting the end fixities of beam. For the numerical solution of problem, we
introduce the dimensionless quantities:

’ ’ . _ .. = RI! - HI* — *
sV wi® Gy, 2ok owr RoRL g HL g ML
L L L E 1, E I, E I,
A [ E 1 E. I _ & _
;Ll: L > 12: £s ) 3 = gxf, 14— O*XO, 50T: 0 . K'XT—LKXT,
Iy PoAyL L4 I, aly

Q= p, 4,0’ L (Ey] )

where T, E, - is a room temperature and the corresponding modulus of elasticity

of the material; & — coefficient of thermal expansion; L - beam length, 4,/ , - the
area and moment of inertia of the cross-section at the origin of the coordinates.
In the dimensionless quantities, the equation system (7) takes the form as follows:

d—R:—ﬂ,lei, d—vze,

dz dz

d—=—,1192w, @=zﬁ+§0f

dz dz

aM —  do —

—=-1,Q°0-R, —=AM+k! ;.
g 2 g 4 K, lgg
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The system of ordinary differential equations (9) can be written in vector-matrix
form. For this purpose, let us introduce the following designations:

It follows that the equation system (9) will take the form as follows:

X _pYsc

dz (10)

At both ends of the vibrating beam, there are six boundary conditions, from which
it is possible to obtain the relations between the constants of general solution and
specific equation (a problem on eigenvalues). In this fashion, there will be determined
the modes of free vibrations and their frequencies.

From the computational point of view, a problem on eigenvalues is very similar
to the boundary problems, for which we use the shooting method. The difference
lies in the adjustment not only by the missing left boundary conditions, but also by
the target eigenvalues. Numerical solution of problems we obtain in a mathematical
editor Mathcad.

Calculations were carried out for a free cantilever beam with the rectangular cross-
section. The temperature in the section is changing by a square function. Boundary

conditions take the form as follows: x,(0)=0; x,(0) =0; x;(0) = 0; x,(1) = 0;

x5(1) =0; x,(1) = 0. Figure 1 illustrates the calculation results.

0.0015
@ -
~N
. ~
_S____ 0.001~
(@
&
50 T
(&
S
0
0

Fig.1 The results of numerical calculation
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For strength analysis, of high significance is the first free-running frequency. By
calculation, it equals to 6,2, and is about 11% less than for elastic beam.
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909 mzsb §Mgdo sbseroBmo Bmbiisool 3mmbyGmo Lsbsbrghm
360336900mds gfimegds BrzsmU:

lim f(2) = lim f(z).
z—el® 25010
PEINGE))

LEoGH0590 MgNZ5AY ... 2017 ©3BI0(3JOME0s

0gm®gds 1. 30:gd35m, ImEgdmwos ghomgmmmagsb §6Mgdo sbsarobme
3bJgosms  (f(2))n=1 00000936Mds,  5Fobmsb oMol y3z9wasb  E
LodGsgwgdy, E < [0; 2), uE > 0,

lim f(2) = fu(e"),

z5el
lim £,(e9) = f(e™).
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9JOHPGMEmgsb §Mgdo |z| < 1;
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VA(O, 9),Ve > 0,YN Bo®@omtmo  GHosbgolbmgol momddol  43geash E
LOIMEggBY, 5OLYOIMd6  § > 0,k > N olgmgdo, H™I

|/, (@) — F(2)| < &, 6o z € A(B, ) N K(e?,6).

393600bmm, ®md Lobmpome (Tomysun 1966, Komnuureyz ... 1971,
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Characteristic property of the boundary values of analytic
functions in the unit disk

Giorgi Tetvadze
Lamara Tsibadze

lamaratsibadze@gmail.com

Lili Tetvadze
Akaki Tsereteli State University

Kutaisi, Georgia

g
In the paper, there are established necessary and sufficient conditions for measured ple™)
function, in order to be equal to border angular meanings of analytic function almost everywhere

on the positive size set.

Keywords: Analytic functions, Angular boundary values.

Let’s denote by C the set of complex numbers, and by ¥ (z,, §) denote the
disc with a center z, point and radius § > 0, i.e. K = (2(,8) ={z € C: |z — 2| <
&}

D=%K(0;1)={z:]z| < 1,z € C},

and T ={z:|z| =1,z € C}.

Let’s denote by V(0,1) an angular with 23 expansion(O <Y< g) that is

formatted by two chords that come out of elt point, radius, that goes throw the et?
point, is bisector and A(6,v) is triangle formatted by connecting midpoints of
angular V(6,1). The closure of the set M denote by M.

The angular boundary values of the analytic function in the unit disc are the

following limit

lim f(2) = lim f(2).
z—elf 25610
ZEA(0,)
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In the article Tetvadze ... 2017 following theorem is proved
Theorem 1. Suppose (f;,(z))n=1 is a sequence of analytic functions in the unit

disc, besides almost for every E c [0; 2m), uE > 0,
lim f(z) = f,(e'),

z—ett
lim f,, (%) = f(e®).
n—oo
Then following statements are equivalent:
@ (fn(2))p=1 is uniformly convergent inside the disc |z| < 1 to the

function f(z) and almost for everywhere on E

lim f(2) = f(e");

z—el

(I1) A) The sequence of functions (f,,(2))n=1 is compact in the unit
disc |z] < 1;

B) Each convergent subsequence ( fn(z)):;l has property: Almost
everywhere on the set E, for arbitrary VA(6,¢),Ve > 0,VYN natural number,
exists such number § > 0,k > N, that

|fnk(z) — f(z)| < &, whenz € A(6,9) N K(ei9,6).

Generally, there is no connection between the angular boundary values of
the analytic functions' sequences and the angular meanings of the sequences border
functions. Even in the members of the sequence are polynomials.

Theorem 2: For f: E — C function, where E C {z:|z| = 1}, uE > 0 is equal
to angular border meanings of the analytic f(z) function almost everywhere on the
set £ in the unit circle, necessary and sufficient conditions are that, there should
exist sequence of polynomials P, (z)

(n=1,2,...), such that
N .
@ (Pn(e“g)) . is convergent almost everywhere to the f(e?);
n=

I1) (Pn(z)):;:l is uniformly convergent to f(z) function in {z: |z| < 1};
(III) Almost for everywhere on E, for VA(6,y),Ve > 0and VN > 0, exist 6>0
and ny > N, such that
|Po,(2) — f(2)| < &,Vz € A6, 9) N K(e?,5).

Proof: Sufficiency follows from Theorem 1.
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Now the necessity part of the theorem.
Suppose f(z) is analytic function in D = {z:|z| < 1} circle and

lim f(2) = f(e?®). )

z—el

almost everywhere on £

Consider sequence (7;,)p=; such that 0 <1, <141 <1, limr, =1 and
n—-oo

discuss functions
E,(2) = f(2), |zl <1,(n=1,2,...).
It is clear that, F,(z) are analytic functions in |z| < 1, so arbitrary (€,)n=1,

0 < &p41 <&, <1, lim g, = 0 numerical sequence, because of Margelyan's

n—oo
famous Theorem exists sequence of polynomials (P, (Z)):iol, such that
|E(2) — P,(2)| <&zl <1,(n=12,..),
or in other words
lf(nz) — P2 <elzl<1,(n=12.). (2)

From the theorem

lim f(2) = f(e®),

z—el

almost everywhere on the set .

Because of the fact above

lim f(r,e®?) = f(e®). 3)

z—et
almost everywhere on the set E
If in (2) inequity we consider limit, when z — e?,
|f (e) — Py(e?)| < &, (n=1,2,...). (4)
almost everywhere on the set £
It is clear that
1P(9) — ()] < P(e) — f(re®)| + |F () — £(e)]. 6)
Because of (3) and (4) from (5) we will have that

lim B, (") = f(e"). (6)

almost everywhere on the set .

) condition of Theorem is proved.
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It is clear that, because of f(z) is uniformly continuous in the closed circle

|z]| <7, for e > 0 exist n;, € N number, such that

fon) = F@DI < S Vnznylzl <7 (7)

From (2) and because of lim &, = 0, for Ve > 0 exists n, € N number, such
n—oo
that
€
|f (1,2) — B(2)] <§,|Z| <1,vn=n,. (8)
From (7) and (8)
1P (2) — f(D] < |Ph(2) = f(m2)| + |f () — f(2)] <& (9)
vn = max{n.;n,}, |z| < r.

So, (Pn(z)):loz1 sequence of polynomials is uniformly convergent to f(z)
function in |z| < r circle for arbitrary 0 < r < 1.

(II) condition of theorem is proved.

From the theorem

lim f(z) = f(e'®),

z—et

almost everywhere on the set £ .

It is clear that f(z) function is continuous function and is closed and

bounded on the M (8, 8) = A(8,y) N K(e'?, §) set, and also on the set

lim  B,(2) = f(2). (10)
z—elf
ZEM(6,5)

According to famous theorem of Arzela, limit of sequence of continuous
functions (f;,(2));;Z] to be continuous function f(z) on the closed and bounded set

F, there are necessary and sufficient conditions: / set can be covered by finite
number of open circles
K (zq1, 61),K (23, 82), o, K (Zm, Om)-

Also for each circle exists such n; > N(j = 1,2, ..., m) number, that

P, (@ = F(D)| <& GogszeF (1<j<m) (11

It is clear that exists such j, number, that

m c JC(Z]-O, 5j0).
According to (8) and (9),

Py, (2) = f(2)| < &my > N, ¥z € 50, 9) N K(e'7,5).

(III) condition of theorem is proved. 209
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446)
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aU_+KaTZZJ:0, u=| "' 7|, 1)
0z0z oz U, +iu,

Loosg — uU'= (u1 U, )T @ u'= (u3 U, )T 3060Mm 2595 A0WIIJI0S,

£=l i—ii , z:xl+ix2,K=—lem_1, e=|® & ,
oz 2\ 0x, Ox, 2

-1
a1 m, m, _
m = , A, =det|m[>0,
m, nmy
mk:ek+%e3+k, k=123, e =a,ld,, e, =—c/d,, e;=a,/d,,
d,=aa,—c’, e, +e,=bld,, e,+e;=—c,/d,, e, +e,=ald,, a=a,+b,
b=a, +b,, c,=c+d, a, = —As, a, =, —As, c=p; + A,
b=m+A4+A—a,p,/p,
by=t+Ah+A+a,p/p,
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d=p+Xh—-As—a,p/ p=ps+ A4, —As+a,p,/ p,
=k =4 p=pi+p,

Hys s fss A,y p =15, ©Mg3@0 808039005, o @ P, 87©030358L
53430 100336030L  6BMIogds. 50bodbMwo FMT039d0 53054MBOEGdI6
3M6309EHwe 306md9dL (Basheleishvili 1995: 59-105).

309350, D" Fo®mdmoagbl Bgms bobgzs®loddEygl g.0. X, >0 a6l
beagom G’ 30 dgmobg LodGOAYYL, 39Mdme X, >0 x, >0 s69L. L-om
5036086mm D* 56qb bsbegs®o q.0. L = (—oo <x < OO).

T T N
w=(u'u") =(u,u,,u5,1,) 30J606b ghoogds Ggaawsawo D
56980, 0 u, € C? (D+ ) Nnc' (l)+ ), oa>0, 535L056

2 auk P

uk=0(1), | x =0(1), k=14, J=12, |x[=x'+x].
J

0. d589cng0dzool dogm dMmdsdo (Basheleishvili, Svanadze 2001: 427-446)
900900s 3membmg-dbbgeodzowol @odol d98ga0 BMOIms:

u +iu 1] ——
U=(U,U,) :(ul +iu2j:mgo(z)+5e2¢)'(z)+w(z) . @
3 4

T T
bsg @ =(0,0,) © ¥ =(¥.¥,) Bgobdogho Hswobro ggdHme-

53b6J309%00.
20, 306390 LoboBeg®m s3m360l 53mblbs Bgos Bobgzs®lod®MEY9do.

5903965 890930 F0bss®lol sG0L. D 56930 303mzmo (1) gsb@memagdols
u, +iu,

) 59mbsblibo, HMIgwog 9305gmzogdls
u, +iu,

olgoo Ggamstmmo U :[

3900092 LoLsBOZOM 30OHMBIL
U(x)lyoo=f(x),  x €L=(—0,0), 3)

Losg  f (xl) c" (L) 3wsbol  dmEgdueo  39dGHmM-3mbdEoss, 58sLmsb
ol MdSTo 53054 gBoEgdl 9900099 30MHMBL

[
B

1+y (4)
bosg A, o B, 89908030 399¢HmO9d0s, baewe > 0.
296Lsboggen 58mEsbsl goskbos gMmegmmo sdmbsblbo (Basheleishvili,
1995: 50-105), s dobo s3mblboLsm3z0L 3obatygdegdm dMmdsdo (Basheleishvili,
Svanadze 2001: 427-446), 356bogeo 9gomE©om.
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(2) x8mOIMNWIo (p(Z) Qo l//(Z) 399&™O-131bdz0gd0  F9g35MBRoMmm
39900990 Laboom

-1 ®

0
¢(2)=;—m aln(z—g)lyz_og(yl)dyl,
27i Y oy, p270 SRS

K ¢t 0 —
g |y2:0 g(yl)dyl’

)

27i © 0y, ;—g_‘

. . T
boag Z=X+i%,, ¢=y+1y,, g=(g.8,) » 0ebrdo gndwogho
80300O-8bJgos>.

99396@5Mm0 459mm3¢gd0L gl gdom Jog0wgdm (ob. (2) s (5))

170
U(x)=—;j—ln|z—g| 120 8 (1) dy, +

8y2
K %0 z-¢c, — 17 xeg(y)dy
. = 6
27i 2, oy, Z—g|y2‘°g(yl)dyl ”'[o(yl—xl)2+x22 ©

o . \2
K ¢ x(x—y+tix,) ——
+;I 25, 2)2g(y1)dy1-

2 2
_°°|:(y1_x1) +xz:|
sbems 8936086mm, ®md (6) X, >0 o6yl 9g8mbggzsdo Fomdmawybl

3530 73960l 496BMYsIOME WMPSHOMTIME 3mEHIBE0SL. 250mIobaty
50603606 (3) 306MHMBdOL LsRwdzguEby FoMFBH035® ©O35L3360m, GMI g
309GMO-5396J300  50M0L  58Mbsblbo  BMHYO3MeTol  GHo3ol dgdgao Labol
06@ gm0 M0 296EHMmadols

17 tg(y)
()+— | —2=2Y 0y o+
g(l) ﬂj;(yl—tl)zﬂf |t270 Y|

+£]E Zz(l‘l—y1+it2)2g(yl)
T

< [(yl—tl)zﬂﬂz

(7)-056 bsomeao BsbL, dmEgdamo gob@megdol sdmbsblbos g=£
00605, LsdogdgEo  s3mEsbol  gOHMIEIMMO  sFMbsbLlbo  dmo3gds
3995Lmbols BHodols 99990 BMMIMom

(7)
oo v = f(t),  t=t,+it,, t €L
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0 o . 2
U=t [ B Kpulion i) G5,
”—oo(y1_x1) +X; ﬂ—w[(yl—xl) +x22:|
9960036s 1. (1), (3) 00mEsbol  sdmblbs  3mEHgbgoswms  dgmmom
93999005 8. 8539g0dz0eol dogH bsdMmddo (Basheleishvili 1995: 59-105).
99600365 2. ©Mg3o0bstgzms FOR030 ®mgmMool LGsGozol 3oMm3zgwo
LobsBEZO® 58360l 5dMBsbLEO X; > 0 56980, LabyBEIMM 30HMBOC

u (x)+iu, (x
U(x) 0= Lg Ex; +iu, (X;LO - h(xz), —00 <X, <0,
8099 83890 OO

U(X)ZLT xlh(y2)2dY2 LK T X (x, -, —ixl)zh(yi)a’y2

ﬂ_w(yz—xz) +)c12 T~ [(yz—xz)zﬂﬂ

30. 3063900 LobsBEOzOM 50m 3960l 5dmblibs dgmombgo

)

G = (xl >0,x, > O) LodMGHYgdo.  AsBLsbowggwo  sdmEsbs  F9dgyo

806556L0L 560L. G 56980 303m3mm (1) gobEHM™gdOl obgmo 93O ME0
59mboblibo, HMIguog 530594ma30¢gdl 89009 LoLBOZMM 30MHMDYBL:
U(x) |x2=0:F(xl) 0<x <oo, U(x) ]x]=0:¢(x2), 0<x, <o, (10)

Losg F (xl) Qo ¢(x2), c 3wsbol 33990 39dG™M-3bd309005,
505Lm56 Mol MdsTo 53059mB0gdIb (4) LEbol 3o0MMdYDUL.

(1), (11)  50m@Esbol  s3mbbolmzol  3oLaMygdEEgdm  39930M5dol
(0965533H™MO0b 9Mmo©) ImbmaMsgosdos (Kympazsze...1976) dmigdweo od
3900mEOm, OHMIGEoE 9bgds 3Eslo3MMHO MY39EMOIOL MYMMOOL DMYOgHMO
59m39Bols $9mbLBsL Lodg@Mmool 36063E030L gsdmygbgdoom.

5©0bodbmmo dgommol dobgz00 goblobowrggwo s9mEsbols sdmbsblibo
890d@gds 39d90m0o 9990 KXol Laboo:

U(x) = (x) +w? (x) , (11)
Lo@oE3
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o UV (x) @ U (x) fomomspgbgs G stgdo (1) aobemangdol

0lgo MMM 5TMBbLBYOL, MHMIgdoE FgLodsdobo 9305gmEBogd9b
3900092 LOLOBOIOM F0OHMDIOL:

U (x) ™ F(x), U"(x)

:¢(x2), U(Z)(x) _ =0. (15)

245803065679 50b0dbE0Eb (ob. (12) s (14)) FoMGH0350 ©o35L3360m
G0d W (x) X, >0 56980 Gomdmoaabl (1) asbBHmEgdol  olgm

93 5dmbsblbl, MMmIgmog  93059mBowgdls  99dgy  LolsBOzmM
306MdsL

Fl(x,), x, =0, 0<x, <oo,

' (x)= (). ‘ (16)
-F(-x,), x,=0, —oo<x <0.

5B3My0M©© BsOEH035© ©356336000 H@I (ob. (13) s (15)) x; > 0 sO980

=0, (14)
A ( x)

x1=0

W(z)( ) 360b (1) 456@Mgdol olgmo MHYAMEsG¥YEo S3mbsblbo, GMmdgwos
53059mn0gdl 9999 LolOWBIOHM 30OHMBdL

W(Z)(x) _ #(x,), x =0, 0<x, <o, -
_¢(_x2)9 X =0, —0 <X, <0.

Bo@o69dwgcno by germdol bogwydzgaBy (8)-(9) gm®mdMwmgdols s (16)-(17)
LobOBEO3OM  306MHMdJOOL  Jomgzseolfobgdom  ToMGH0350 Joz3009dm, GM™I
w (x) ©> w (x) 399&MO-gmbJ30900  3obolybzgds 9090
RMOHIMgd0m:

17 x X
) — 2 2
w (X)——J. 2 2_ 2 2 (yl)dy1+
T (yl _xl) +X, (yl +x1) + X,

(18)

+£°j3 X (x—y 1x2)2 xz(x1+yl+zx2)

2 2 F(yl)dyla
T [(yl—x } [yl+x +x22}
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1% X X
W (x) =~ 1 _ 1 dv. +
| ey e ) SR

(19)

_'_ET xl(xz_%_ixl)z _ xl(x2+y2_ixl)2
T

0 [(yz—x2)2+x12]2 [(y2+x2)2+x12]2

(18) s (19) gmOIMEgdl 0w 9930@bm (11)-do d0300900m Lodogdgwo
39mE9bol gOHmogMm 58mbsbligbl 33500MsEGMgdT0.

$( ¥, )y,

@OoGHIHONGHS

Basheleishvili 1995: M. O. Basheleishvili, Two-dimensional boundary value problems
of statics of the theory of elastic mixtures. Mem. Differential Equations Math. Phys. 6,
1995.

Basheleishvili, Svanadze 2001: M. O. Basheleishvili and K. Svanadze, A new method
of solving the basic plane boundary value problems of statics of the elastic mixture
theory. Georgian Math. J. N8, 2001.

Kympanze...1976: B. [I. Kynpanze, T.I. I'erenna, M.O. bamenenmsunu T.B. Bypuynanze.

TpexmepHbIe 3a/1a4n MaTEMaTUYECKON TEOPHUN yIPYTOCTH U TepMoyTipyrocta, 1976.

215



0d0d0) 6364IMT0L LOBIRIBNBM IJEN3IGLOGISNL 3MO33T, 2018 Ne2(12)

Mathematical Physics

Solution of the First Boundary Value Problem of Statics of the
Theory of Elastic Mixture for a Half and Fourthly Planes

Kosta Svanadze
Akaki Tsereteli State University
Kutaisi, Georgia

kostasvanadze@yahoo.com

For homogeneous equation of statics of the linear theory of elastic mixture in the case of a half and a
fourthly planes, the first (when in the boundary domain is given a displacement vector) boundary value
problem has been solved. By applying the formula analogous to Kolosov-Muskhelishvili the solution
of the problem in a half plane is represented by Poisson type formula, and in a fourthly plane solution

of the problem is given in quadrature.

Keywords: Elastic mixture. first boundary value problem of statics, principle of summetry, Ko-
losov-Muskhelishvili type formula.

10. A homogeneous equation of statics of the theory of elastic mixtures in a complex
form can be given in the following way (Basheleishvili ... 2001: 427-446)

oU U uy + iu
—+K—=0, U=|" 7| (1)
0z0z oz Uy +iu,
' T " a . .
where u =(u1,u2) and wu :(u3,u4) are  partial displacements
o 1{ o .o | e, e
—=—| ——i— |, z=x,+ix,, K=——em ', e=| * |
oz 2\ ox, O0Ox, 2 e €
-1
|
m = . A, =det|m]>0,
m, m
1
m, =e, +Ee3+k’ k=123, are expressed in the terms of the elastic

mixture (Basheleishvili, 1995: 59-105).
In (Basheleishvili, Svanadze 2001: 427-446) M. Basheleishvuli obtained the
representation (Kolosov-Muskhelishvili type formula)
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0=0) <[ () S GG @

u, +iu,
T T . . .
where @ = ((D1 , Q)z) and ¥ = (Wl W 2) are arbitrary analytic vector-functions.
Let D" denote the upper half-plane, obviously the boundary D" is 0X, axis

L= (—OO <x < OO). By G* we denote fourthly plane x, >0 x,>0. Below

we assume that U, € C? (D+ ) Nnc+ (E) , also

ou ) —

w, =0(1), |xP=—%=0(1), =12, k=L4 |x=x+x;.
OxX

20, Solution of the first boundary value problem for the half-plane is D" . The

first boundary value problem is formulated as follows. Find in the domain D" a
regular solution of the equation (1) satisfies the boundary condition

U(x) |x2:0:f(xl)’ X EL:(—oo,oo), 3

T . .
where f = ( fis fz) is the given vector function satisfying certain smoothness

feC(L), =4+

where Ao and Bo are constants vectors.

y>0, 4)

| |1+}/

Using formula (2) and choosing (p(Z ) and i/ (Z ) in the form

1 » a
(0(2):;1—7” 5 —In(z—¢)l,, g(»)av.
1
— 1 %8 - -
yx(z)=—2—m, 51n(z—g)|yz_og(yl)dyl—
K % 0 o ®
G

—% (3_)/1 g|y20g(yl)dyla

. . T
where z=Xx, +ix,, ¢=Y) +iy,, and gz(gl,gz) , is unknown

complex vector-function.
Substitution of (5) by (2) leads to the equalities

17 d K % +
U(x):;.[ ‘ng(yl) y12+;J‘ xz(xl Vi lxz) (yl)dyl ©)

T [
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The represtaton (6) and the boundary condition of the (1), (3) BVP lead to the
integral equation to g

gy
)+= j " 12|,2=0dy1+

2
2

+£Tt2(tl s +it2) g(yl)

T 2 2
0 [(Jﬁ_tl) +t2]

From (7) we readily get g=f.

@)

oo = f(14), t=t,+it,, €L

Finally for the uniquely solution to the (1) (3) problem we have the Poisson
type formula

X :lm x2f(yl)dyl +£Oox( yl+lx) 8
U(x) ﬂ[o(yl—xl)z+x§ ﬂ'[o[(yl—xl) +x2} 10

Remark 1. The (1), (3) has been solved in different way by M. Basheleishvili
in (Basheleishvili 1995: 59-105).
Remark 2. The solution to the first boundary value problem of statics in the

domain x; = 0 can be obtained in the same way. it reads as
U(x)zlj xlh(yz)zdyz 2 +£J'x1(x2_y2_i ) (yz)dyz ©
7o (= x) T |:(y2_x2) +x1]
where U(x)

=h(x2), — 0 < X, <00

Xx]=
30, Solution of the first boundary value problem for the fourthly plane G .

The first boundary value problem is formulated as follows: Find in domain G~ a
regular solution of the equation (1) satisfies the following boundary conditions

U(x) =F(xl), 0<x, <00 U(x) =¢(x2), 0<x, <o, AW

X =0 x] =0

where F' (xl) and ¢(x2) are given complex vector-functions and belongs to the

class C"* , a>0. AlsoFand ¢ satisfying at infinity condition type of (4).

To solve the problem we use the method described in monograph of the
fourth author (Kympazze...1976)

A solution for the first boundary value problem in the domain G is sought
as

U(x) = W(l) (x) +wt? (x) , av
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(13)
—U(z)(x*), x*=(xl,—x2), x, 20, x,<0.

Here UV (x) and U (2)()6) in the domain G* are regular solutions of
equation (1) satisfying the boundary conditions

v (x) = F(xl), u) (x) =0, (14)

x1=0

XD =

=0. (15)

x2=0

0| =d(e) U

From (12) and (14) it follows that in the domain X, = 0 VV(S)) is a regular

solution of (1) equation to the boundary condition
F(x), x, =0, 0<x <oo.
w(x)= (%) ’ 1 6)
~F(-x), x,=0, —o<x <0.
Also from (13) and (15) it follows that in the domain X, = 0, w® (x)
represent a regular solution of equation (1) and 0X, axes satisfy the condition
W(Z)(X): #(x,), x =0, 0<x, <oo,
—¢(—x2), x, =0, —0o<x,<0.
Owing to the above arguments (see (8), (16) and (9), (17)) we obtain

O (x) = %T[ T }F(yl)dyl +

0 (yl _x1)2+x22 (yl +xl)2+x22

(17)

18

F(yl)dyla

5]‘3 % (% -y +ix2)2 _ % (x +n +ix2)2
7T

0 [(yl—xl)2 —Hcﬂ2 [(yl+xl)2+x22}2
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175 X X
o (x) - L 1)2”2}&(%)@#
1

7Ty (yz—xz) +X; ()/2+)c2
19

0 . 2 . 2
K¢l x(x,—y, —ix x (X, +y, —ix —
+;J~ 1( 2 22 12)2_ 1( 2 22 12)2 ¢(y2)dy2
0 |:(y2—x2) +x1} |:(y2+x2) +x1]
Substituting in formula (11) the value W(l) (x ) appearing in (18) and the value

W(z) (x) appearing in (19) we obtain the uniquely solution (in quadrature) of the
posed problem.
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gbmdoo.  9g3608bmm, MHmI Fmdogzol Mo8sd  -rowgzool  sHOom
DoMBMmgdMEo 56os 39©do30 s 98 EMHML dmombmggds FowosnMo bofgolo
3060Mmd900, OMIol  FoBogMOHo  sHMOE 9y Mo  3bswo.  sdob
Lofobssmdgame  89dozol  (omdmadmwo  3s3MGHmb sBMHom bmywos ©o
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35913960l 256DMASMIBOMEO by, MHMES 296aLsBOZMIWO MbITFsOEMDS
3903936 foo@Mo  Gogol FoMdmgdel Modsb - @owzol sHMoo; III
Bofoen8o  gobbogrmmos  89msbbdgdswo  (conformable) HowosmGo GHoaol
§963mgd90 @S 0bBHIYMIO s Fomo M30Lxd9d0; IV Baffoendo Tglifogwrowos
35413960l 256DMASMIBMEO by, MHMES 256aLsBOZMIWO MbsGsMEMBS
49033936 8909bbdgdoo  (conformable) fowowmMo Gogol  Fomdmgdgeb.
3009005 30603000 s FJOMHBIOE0 MIBIGIMEMOYI0. A5TMMZELIOO0s
(30(3350MdOLS @S MgEsdbogool i3mbdzogdo.

I 95gbggarol  aobBmysmgdmeo  bbgmao, Gomags  gobdlsbmzmawo
05b5g5MMds J90393L Powrsmo Mool Fo®dmgdweml, MHodsb- womgowol
sBMoom.

0.309wgM3s 1984 (gl (Koeller 1984: 299-307) 9gdmomm Howrowy®o
50M03b30L gegdgb@ol (36gdos.

396LsBO3Mgds1: focrsrymo semobzol geng8abdo gprrgds 8099Ab,
23¢m0ls 356065 b3(39e0 095655500 MBs Bs0fg98s bsboo

o(t,x)=En"D’e(1,x), 0<B<1 (1)

bssg O(t,X) - 00 50bod6ryemos @sdsBryemmBs, beagmer e(t,X) - oo 30

@©IBR005305. (1) 23090500 D’ boddeagrmomo s@bodbryemos HoerseIto
080 Ps630298-9¢m0 ©0056-¢202920¢70L 5 BHOO.
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0. bayMgmmady

0591390l 256DMASEMGdMO g0 250mbobrEos 1. Bobsb by

4 W=D

Bsbsbo 1. doglggamols 456BmasMmgdrmo bgreo

fowmomGmo Mool  fo®mdmgdeo,  M0dsb-ozomol  sHEom,
3960LsB3M9ds d9dgabsotmoq (Surguladze 2001: 40-43, Podlubny 1999):

39B6LsDM3MGDs 2: 30993500 [(X) Bb05 8565 BOIGHIT0s b5bI3GBS@DOS
(a,b] o0bgmzserby, @s gorfgsm >0, dsdob  f(x) gebgool o Gogol
pocrsoritio  0bdgatsero  x € (a,b] pamdoendo  gsbolbsbmg®gds 90980
R0AOTIE00):

—a a 1 T a-1
DEf@=Tf ) =——[(x-7)" f@Ddr, ()
[(a)s
39 BGInersdo I - 00 50b0dbeeros ool 3585 31bgz0s
I(z)= j xe”dx, Rez>0. (3)
0

30gzs0 0<m—-1<a<m,m=1,23,---, 5806 [f(x) g=bjzo0b
080l Hoersoho Gogob fstdmgbeiemo x (a, b] pamdogerdo 3sbobs bmz98s
9000950 RHI9cr00)

D) =D"f ()= |:F(m 2] j A (Ta)ﬂm} 4)

OmamO3  bobsbosb  BsbL, 306363@)03{36)0 ©>  ©0bsdozmeo
LEHOMIEHMOMEO 0565535MMdYd0 359L39ge0l 2496%BmgomgdEo
Lbbgwarobsmgzgol dgodergds boghg@mo bsboom

0,=0,=0

o, = Ee,
o, =En’D’e,
e=¢e +e,
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booE T 9M0L  3s0MEMds  BsddMST0, T, MOl  ITSOIXMDS

§0wo@MM0 s0MHoEb3oL gegdgb@do, o Mol dsglggerol 4obBbmysomgdmEo
bgmEool  sdsdermds, € 9MoL  DsddsMmoL  EIBMOTo30s, e, 0oL
fowmomemo  s0Mmoabzol  gagdgbBol  gRMMTs30s, € sMol  doglggerol
2496%Bmgemgdmo Lbgmaol grm®mdssos.

3005306 (N 9906mbgd e 056585(Md9OL 35JL39eols
2396%Bmgsmgdmo bbgmemobsmgol sd 9gdmbggzsdo o3l Lobg (Surguladze
2002: 4517- 4557):

1

e(t)zé(un—ﬂzﬁ]a(t)

a(t):E{l—n%Q;l (—niﬂﬂe(t)

(5) MOIwsdo [ F - »o 30b0dbmos fowsmmo Gogol 0b@gatowo

1

60056 - @omz30wol  sHBOHOm, brem 3;_1 ——% | - oo 50bodbvyemos
n

©)

0639209 MM0 Mm3gMoGHMM0, HMIWOL 4mEoEss Jows - 9Judmbabgosgrm®o
B3bds0>

R I EL . (=1)" (l/nﬂ)n "
9“( nﬂ”j’t 2 Fl(n+1)p]

n=0

bowm  (303350M00Ls s Mwsdbogool BMBJ30900 A9BMOM3EYd06
RMOHIYgdom

1 1 (Y
J(t)zf(nm(;j Jh(r)

0 Zk
E =» ——— R 0,
45 (2) HZ_;‘F(,B/(+1) ez >

I, t=20
boewm h (t) 30 3930L500L BmbgE0ss A (t) = {

0, t<0’

II1. 3900bbdgdso (conformable) fosMo Goaol HoMdmgdmeo
5 0bBH9Mowo,
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0. bayMgunmadg

2396005, ©035b-w0m3000ol s 393MBHML  SHBOO®, HowsmMo GoyoL
o600 gdMmols,  BMmmE  4edmoygabgds  saGgmzg  fowsMo  Gogol
Ho6m3mgdMEgd0, H0B35©-w9Eb03M30L sBOom (Podlubny 1999).

3905,  M0856—0M30mol s 33NGHML  sBOom,  fowsMo
DomBmgdmEols,  FoOom©  498m0ygbgds  sxMgmgg  foemMo  Hool
HomBmgdMEado, 3Mm0mbgeco—wg@bozmgol sBMmom (f3ao@b 1999). Modsb—
w0300l s5HOHOm, odmgdMwl s 3537GHML sSBM0m Fo®Bmgdmwgdl sggm
39000930 96535030 130L909d0:

1. 0056 — @0mz0e0l FoM®Imgdmeobsmgol D 1#0,

030 & 56155 Bo@mEswr®mo HoEbzo. 9939 993608bmm, GMA 353GHML

FowsMo Gogol FoGdmgdmmobsmgol CD*1=0 G0dsb-orgowols
-
r(l-a)

2. °M@3 960 H0356-g030¢00U, 3M0ombgsemeo-
@93HB03mM30L @ 393BHML  fowsm®o Mool  FoMmdmgdmwo 56
83054mxn30gdl  36mMdoE FMEOIMWIL Mo FmbJgool  bsIMsgEol
Fomdmgdmolsmgols D ( fg) = fD* ( g) +gD* ( f )

90 @™ol bogere® 93943l MLl Yyem X s0900, Mbsg BMbI30gdo
b5 093696 L3 39MA0 Yi5g3930L, FoQIWOMI, sbsEroBMEO.
3. 3QOPOWO 565 5943L (36MBdOE FMMIMSL Q9bsgmzzolsmzol
De (Lj _/D"(g)-gD" (/)
g g
4. 565 33543L HOo BMBJ300L QHoMTNIOOL GO

D*(fOg)=f"(g(®)g“ ()

5. 965 239936 3MA3MBoEooL Jobmbo

D*Df =D***

6. 39399G™L fowsm®o 600l §o63mg0mEolsmzol

Fo®dmgdymobsmgol D1 =

3m0mbM39ds, MM GMBJ30s 0gmb Lo3dom MHORXIM OBIMIBE0MYOSO.

2014 9ol d98m0gdeo 0dbs Howsmemo Gogol Ho®dmgdomewmol sbowo
3690s (Khalil... 2014: 65-70), GemIgeog 930594MB30@gdL 306H39¢ 4 3mmbmgzbal.
390093 gL 29bLOBO3MNds 03B 3M3MEsMHE0 Jobs, MMT godmz0©s
QQOEO M®5mEIbMIOL BEBIBH0Jd0 53 FoMmMGdMEOl gobbmasEMgdoLs s dolo
259mygbgd0l dglobgd.

35BLsBO3MBs: 30gz00 [ :[0,00) &> Rs >0, 85906 99msbbdgdswo
(conformable) foeosE@o ®ogol FoGdmgdmwo «a € (0,1) ®ogols, >0

096080 9himgds Drzsml
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901, (£)(0) = tim LSO

&0 <
2565 590l f(a) (O) 2960L5bO3zOYds oY f(a) (0) = lim f(a) (t) 030
t—0"
ol 5OBYOMBL.

3936086mm, GMmI Fgorsbbdgdso (conformable) Fowom®o Gogyol
§o60mgdEolsmz0L LodsMmN0sbos 89890 ©IdEgdgdO:

0gMeg0s: o a0,y [ © g gubjgogdo o
©Og9IM96E0MYB0s t >0 FgdEH0wdo, 3:306:
1. T, (af—i—bg):aTa (f)+bTa (g) 690030900 a,b € R ;
2. Ta(tp)=pt”_“,VpeR;
3. T,(A)=0,  Bgdobdogho  Beydogo f(t)=2
53bJgoobsmgzol;

4 T,(fg)=/T,(g)+&L,(f);
. T(lJ:gTa(f)_ﬂ“(g)~

a 2 >

g g
6. 0930 ©3GHIP0m [ ©oxgMgbzomgdoos, 85306

ARIOESES

d936086mm, OHmd gMbdzos 9godwgds ogmb o oxgMHgbE0MYdswO,
053650 56 04ml ORIMHIBEOMYIOSWO. FogIWOMNS©

fy=24t
T,(/)0) = lim7, (21) = lim1 =1

B30 (24t ) |0 56 56lgded.

990obbdgdoo  (conformable) fowosmmo  Gogol  FoMdmgdoyemols

530D03O0 @S 39mdgAHMomwo 0bGHIM3MYEBSE00L 83gmmds dmEgdos
(Dazhi Zhao, Maokang Luo, 2017: 903-917) 656G:3d80.

99sbbdgdoso  (conformable)  oawsw®o  Mogol  0bGHgyMso
2960LsBM3M9ds 890930 GHmewmdoom (Khalil ... 2014: 65-70):

L ()0=[4

3930060 09oobbdgdoo  (conformable)  fowrsmGo  Mogol
DomImgdmmls s  Fgomsbbdgdso  (conformable)  fowosmmo  Hogol
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06@ g6l Mol 458molabgds 999090 BmMdmwgdoo (Khalil ... 2014: 65-
70, Abdeljawad 2015: 57-66):
LI (0)=1(). r2a
LT ()) =1 ()~ 1 (a).
III. 35du39eol  gobbmsEMgdEo bbgmwo, GMEs gsbdlsbrzmgwo
05bogsMEMds  99o3gogh  Ggmsbbdgds  (conformable) FoowMo  Hoyob
§o60mgdmemls .
99m9bbdgdoo  (conformable) fows®o ool Homdmgdmwo 339
RMNME Podm0oygbgds dg360gMmgdols s 3H9dbozol bbgoalibgs sdm3sbgdol
dgLslfogs (ob. Wong Sang Chung, 2015: 150-158) s o 8dmyggzsbogro
@woBIMSGMEOOL  Bsdmbsmgzgso  Ggosbbdgdso  (conformable) HowswmGo
00L Hom3Mmgdeol 453myqbgdol 9gbobgd) (Wong Sang Chung, 2015: 150-158)
B53OMddo Fgmsbbdgdso (conformable) Hogrommo Moyol HoMBmgdmeo ©o
0b@gatomo  250mygbgdmmos  bom@Gmbol 8gdsbozol  fowsmGo ggdLool
dgLolPogaro, 9390IE0s JOEIE  EsdMbIOL JowrsMMmo  QobEMEgds, o0
396@Mgdol  Bsxgmd3zgebg  glfogromos  FowmoMo 3563mbowmmo
mbEOEsGHMOOL 59m356s, FowoEmo 80wg3500 MBEOWIEGHMMOL s8M3565 ©o
5.8.

(6)

00053500 39MEO O3 259mygbgdmwos (Wong Sang Chung, 2015: 150-
158) b65d0mddo 9968L5BMZ3MG0 565x35MMdYOOL Jobormgds IEYMBsMIMAL
Bom@Embol  3slogmMo  3gdsbozol  asbGHmmgdgddo  dogaro  Goaol
§omImgdMmgdol  (390dm@ 306390 Mool HoMImgdeol)  Igi3wom
39009b6b3gdoo  (conformable) fowrommo Mogol Hom3mgdmeom, GMIol
Gogog A E(O,l). 5J9sb6  godmdobsmy  Ggdmzonme  fowsdo
3905bbdgdoo (conformable) s®oEbgzol gengdgb@ol 3bgds:

396LsBOgMgds 1: focrsryto  §9osbbdgdsqo (conformable) s@mogbzol
J9d9b6h0  gpergbs 8099, Gmdemol  3sbdbs bmzmgemo  05bsRs(HOMDS
Bsofgm98s bsbooo

O'(t,x)zTae(t,x), O<a<l (7)

bssg O(t,X) - 00 50bod6syemos @sdsBryenmBs, beagmer e(t,X) - oo 30
@©9B0603605. (7) 3ea6Gdcmsdo T, bodbeagrmoo s@bodbryeros  G9gosbbdgdsoo

(conformable) [focrsory0 Hogob 63098490 .

MMM Bobsbo  1-sb  dgyzodwos  gbsbmm, HmI  fowsHo
99obbdgdooo  (conformable)  gargdgb@ol  asdmygbgdol  Fgdmbgzgzsdo
306985303160 ©5 0658039600 bEHMWIGHOYWO 0sbsBsMPMBYBO ogliggerol
2496%Bmgsmgdemo Lbgmarolsmgzgol dgodargds Boghg®ma bsboom
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0,=0,=0

o,=LEe ®)
o,=Tge,
e=e +e,

(8) LobBgdolb 8g- 2 MBIBIMOMB0EIB 30O GHMEPMBSL

1 1
e :EO'I :EO' 9)

099 (8) LolBYIol oY MBsGBIMEMOOL MO39 TbsGYHY 308mJdgEgdm
IDC0 M39Mo¢MM00  (9936086mm, ™3 3GmEgbol  smgws  ofiygds =0
9m396¢006) s 30L5GMIYRGOYO® (6) LobEHYol FgMEY BHME MBI J0300JOM

Ilo,=1lc=e, (t) —e, (O) (10)

©53Madzsm,  GMI e, (0) =0(Mog  3M3JHozMmws© L0
dmbombgros)  ©@s (9) s (10) Bsglgsm  (8)  LobGgdol  degrm
056583500530, 803009dm

1 1 ro(x)
e(t)==oc(t)+1o(t)=—=0c(t)+|—=dx (11
( ) E ( ) a ( ) E ( ) '([ xl*d ( )

3000499@Mm» 5Hos (11) GHemdol memogzg oMby T, m3gMsGHMmOmom

@5 30L5MRRYOM® (6) LoLEYIOL 306390 BHMEMBOM J0300JdM
1

Te(t)= ETaO'(t)+O'(t) = ETe(t)=T,0(t)+Ec(t) (12)

(12) Go00moagbl dgmsbbdgdso (conformable) FowrsmMo Gogol
B3I g0M03 ©0BIAIBE0 IO BIBEMEYOL.

3.8. o(f) - b poblobsbugMogs 33edab (12) sbGHmEgds. 0

2396@Mgd0lL Fgliodsdolo gHmagzsmMm3sb0 2obEHMmEgdols

7;0'(t)+EO'(t) =0 (13)

E

77[6{

59mBabligbo GHemwos o, (t)=e « . Bs6rosg (ob. Khalil... 2014: 65-70,
Kareem 2017: 81-87) 93593

E o
E - E E
—7111 de a B B _7,0( B _7101
Te ZT-tl “=_Ft""e« " =—Fe « (14)
t

E o
030 (14) - b Bsglzsdom (13) - do s3®[jdmbogdom, HmI o, (I) =e «

R}bdzos  sMoLb  (13) - b 00mbsblgbo. @bsos (12)  sMogOmyzsdmgsbo
2396@™Mgd0l 58mbsblingbo 0gbgdes
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E o

o(t)=0c,(t)+e(t)=e(t)+e « (15)

LodMEWMME 30033060 ©s  FOM6gdME  MIBIBIME™OJOL,  OM3S
3963LsbL3MgEo 0565535MMds 3903393L d9gmobdgds(conformable)
fowsmeo Hogol Fomdmgdmamgdls sg3m (11) s (15) Lobyg.

399M3M35¢M 3ME35MdOLS S Mgasduagool Bwbdis0gdo.

303350Md0L B6J300L AsdMBsMZgEs (11) BmEOIMwsdo ©I3w)dzm
1, >0

E=1 o O‘(t ) - b Bozgeaco Bogligom 3930L00@ol BMbdEos h(t) = {0 <0
(11) Gmermdosb 3996909

J(t)=%+t“ (16)

M9@oduogool gmbdigool Ladmgbaws (15) @m®ImEsdo e(t) - U
653355 BogLizom 3930L50OL BMBJ305 s s3w9dzsm E =1. dog009dm

1

G(t)=l+e = (17)

P P L R S L R LR L L PR
s ©

2 4 6 3 S0

X

65bsBO 2. 3E35©MdOL BMBJ300L §Mex030, Bmas
a=0,1;,a=0,7,a=0,9
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1.8
B
&
%=
164,
o
-
w
&
14 ° =
F e
&
e
-
o
1.2 o,
s
-
S
$$$ .
] “o00
1Wﬁﬁﬂﬁ?*’ﬂﬂ?*?g?g?g?*?°,“.“.“.°°.°°,°?°?°?‘“’.’“?
2 4 b 8 10

BobsBo 3. Ggsgdlsgool Bwbdiool yMsxgoz0o, MmEs
a=0,1,a=0,7,a=0,9

30653060 s 990606930 M6sBIMMOIOOL Joborgds 99a39denm
3390560393 3Ll FosMo gomoddbol dgommeom (Iskender Eroglu
... 2017: 658-662, Silva... 2018: 1-12), 3o3®53 h396 096 5dmygbgdmeo bgdbo
WROM JoMGH030 s MZoeloBobms.
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Mathematical Phusics

The Direct and Reverse Relationships of Generalized Maxwell
Body, when the Defining Relationship Contains Conformable
Derivative of Fractional Order

Temur Surguladze
Akaki Tsereteli State University
Kutaisi, Georgia

teimuraz.surguladze@atsu.edu.ge

Fractional calculus implies the calculus of the differentiation and integration whose order is
given by a fractional number. The history of the fractional derivatives goes back to the seventeenth
century. There are good textbooks for the fractional Calculus. During about thirty years or so,
fractional calculus attracted much attention due to its application in various fields of science,
engineering, finance and optimal problem. Two types of fractional derivatives, namely Riemann —

Liouville and Caputo, are famous. The Riemann — Liouville derivative and Caputo derivative do not
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obey the Leibniz rule and chain rule, which sometimes prevent us from applying these derivative
to the ordinary physical system with standard Newton derivative. Recently, Khalil, Horani,
Yousef and Sababheh have introduced the new fractional derivative called conformable fractional
derivative and integral. This derivative is well — behaved and obeys the Leibniz rule and chain
rule. The paper dwells on Generalized Maxwell Body, when the defining relationship contains
conformable fractional derivative. There have been obtained the direct and reverse relationships

and creep and relaxation functions.

Keywords: Fractional order Derivatives; Generalized Maxwell Body; Conformable

Fractional order Derivatives.

1. Introduction. Fractional calculus implies the calculus of the differentiation and
integration whose order is given by a fractional number. The history of the fractional
derivatives goes back to the seventeenth century. There are good textbooks in the
fractional calculus (Podlubny 1999, Oldham, Spanier 1974).

During about thirty years or so, fractional calculus attracted much attention due to
its application in various fields of science, engineering, finance and optimal problem.

Two types of fractional derivatives, namely Riemann — Liouville and Caputo, are
famous. mathematicians prefer Riemann — Liouville fractional derivative because it is
amenable to many mathematical manipulations. However, the Riemann — Liouville
fractional derivative of constant is not zero, and it requires fractional initial conditions
which are not generally specified. In contrast Caputo derivative of a constant is
zero, and a fractional differential equation expressed in terms of Caputo fractional
derivative requires standard boundary condition. For this reason, physicists and
engineers prefer Caputo fractional derivative.

The Riemann — Liouville derivative and Caputo derivative do not obey the Leibnitz
rule and chain rule, which sometimes prevent us from applying these derivative to the
ordinary physical system with standard Newton derivative. Recently, Khalil, Horani,
Yousef and Sababheh introduce a new fractional derivative called conformable
fractional derivative and integral (Khalil ... 2014). This derivative is well — behaved
and obeys the Leibnitz rule and chain rule.

The paper is organized as follows: II part describes generalized Maxwell body,
when the defining relationship contains derivative of fractional order in the opinion
of Riemann-Liouville; III pat dwells on conformable derivative of fractional order
and integral, as well as their properties; IV part analyzes generalized Maxwell body,
when the defining relationship contains conformable derivative of fractional order.
There have been obtained the direct and reverse relationships, and the creep and

relaxation functions have been computed.
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1. Generalized Maxwell body when the defining relationship contains derivatives
of fractional order according to Riemann-Liouville .
In 1984, R. Koeller(Koeller... 1984) introduced the notion of frational calculus
element.
Definitionl: The defining relationship of frational calculus element is written
0(t,x)=E77ﬁDﬂe(t,x), 0<p<1 (D)
where 0 (t,x) - is stress, but e(t,Xx) - isstrain (1). In a formula, the symbol
D? represents derivative of functional order in the opinion of Riemann-Liouville.
According to Riemann-Liouville, derivative of functional order is determined

as follows (Surguladze 2001, Podlubny 1999):
Definition 2: Assume that the function f(X) is determined on a semiopen

iterval (a,b] , and suppose that a >0, then the « -order fractional integral of a

function f(x) at the point x € (a, b] Is determined in the following way

X

1 a-1
m!(x—r) f(r)dr, 2)

In this formula, I - represents Euler’s Gamma function

DS ) =T f(x) =

[(z)= j ¥ ledx, Rez>0. (3)
0

Assume that 0<m—-l<a<m,m=1,2,3,---, then the « -order
fractional derivative of a function f(x) at the point x € (a,b] is determined in

the following way

D f(x)= D f(x) = ()M | @

f(z
x’" F(m a)” I

Generalized Maxwell body is shown in Fig. 1.

4 B

Fig.1. Generalized Maxwell Body

As Figure shows, the kinematic and dynamic structural relationships for
generalized Maxwell body can be written as follows
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0,=0,=0
o, =FEe
- B s
=En"D’e,
e=e +e,

In this case, the direct and reverse relationships for generalized Maxwell
body take the following form (T.A.Surguladze 2002):

e(t):%[uniﬂzﬂja(t)

ot o

According to Riemann-Liouville, in formula (5) / # denotes the fractional-

)

. 1
order integral, and 3ﬂ71 (——ﬂ denotes the integral operator, whose core is a
n

fractional-exponential function

3[,_1(—”%,;] tﬂlz(_r)E(iinlﬂ)"]nﬂ

n=0

But the creep and relaxation functions are calculated according to the

formulas
J(6)=2 1Lt [L ' n(1)
E F(1+,B) n
G(z):EEﬁ(-Lﬁtﬂjh(t)
n
where E 5 (Z ) - denotes the Mittag-Leffler function

3 : R 0
nzr (Bh+1)y

L, t>0
0, t<0

ITII. Conformable Fractional Derivative and Integral. In addition to the

and & (t ) - the Heaviside function /A (l‘ ) = {

fractional-order derivative in the opinion of Riemann — Liouville and Caputo, there
are also widely used the derivatives in the opinion of Grunvald-Letnikov (Podlubny
1999).

The following are some of the setback of other definitions:
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9. a(l) 0, for any constant function f ( ) A
10. a(fg ( )+gT (f)

n. o7, j (/)= /T.(2)
g
12. with  addition f is  differentiable, then
-a df
n(0-rL.
Definition: & - fractional integral of function f starting from a > 0is
defined

>

l-a

X

BYION

Where the Integral is usual improper integral and
ae(0,1).
the following ratios are correct

{T,/: (N0)=1(). r=a
LT (1)(0)=1 (1)1 (a).

ITII. Generalized Maxwell Body when the defining relationship contains

(6)

conformable fractional derivatives
Definition: The defining relationship of conformable fractional calculus

elements is written

o(t,x)=T,e(t,x), 0<a<l (7)

where o (t,x) - is stress, but e(t,X) - is strain (7). In a formula, the symbol
T, represents conformable fractional derivative.

As Figure 1 shows, in case of using the fractional conformable element, the
kinematic and dynamic structural relationships for generalized Maxwell body can
be written as follows 1

0,=0,=0

o, = ke, ®)
o,=T,e,
e=e¢e +e,

In this case, the direct and reverse relationships have the following form
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1. The Riemann- Liouville derivatives do not satisfy

,D?1=0 (for the Caputo Derivatives tha 1=0 ). For Riemann -

Liouville Derivatives  D’1= L
r(l-a)
2. All fractional derivatives do not satisfy the well-known

formula of the derivative of the product of two functions:

D*(fg)=/D"(g)+gD"(f)

All fractional derivatives do not satisfy the well-known

f)_ /D (g)-gD*(f)

formula of quotient of two functions D (—j = >

g g
4. All fractional derivatives do not satisfy the chain rule
De(fUg)=r“(gt)g” ()
5. All fractional derivatives do not satisfy:
D*D’ =D**
6. The Caputo definitions assume that the function if
differentiable.

In 2014, a new notion of the fractional-order derivative was introduced,
which satisfies the first 4 requirements. Then, this definition has become so popular
that numerous papers have been published on generalizing this derivative, as well
as on their use.

Definition: Let f :[0,00) — R and ¢ >0, then the conformable fractional

derivative of order & € (O, 1), at a point 7 > 0 is called

90 =T (£)(0) = tim? L))

-0 E

If f is a differentiable in some (O,a), a>0 and lim f (=) (t) exists then

£(0)=lim £ ().

t—0*

The following theorem is correct:
Theorem: Ifcxr e (0,1)and f ,g be « - differentiable at a point #>0
.Then:

7. Ta(af+bg):a7;(f)+bTa(g) forall a,be R;
8. Ta(tp)=ptp_“,‘v’peR;
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-

e(t):%O'(t)+120'(t):%0'(t)+':[i(x) dx

(1) =0, () +e(t) =e(t) e = (15)

The creep and relaxation functions are calculated according to the following

formulas:
1
J(t)=—+¢*
(7) E+t
G(t):1+e_;
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