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(including useful models registered in the Patent Office of the Republic of Bulgaria and
received awards); short summaries in Bulgarian and Russian languages; content.
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l. GENERAL CHARACTERISTICS OF THE DISSERTATION

Research relevance

The oil-bearing rose is one of the most significant symbols of national pride, and the
essential oil extracted from the flowers of a rose grown in the Republic of Bulgaria has
gualities that have given it a leadership position in the world for hundreds of years.

Growing of the oil-bearing rose is characterized by features that are rare or
completely absent in other agricultural crops, incl. and oil crops. The analysis of the
spectrum of activities carried out in rose plantations showed that an increase in the
efficiency of the technological process can be achieved by developing and implementing in
rose-growing farms technical means for the mechanization of technological operations
related to the care of plants and the picking of rose flowers. Pruning operations and
spraying activities related to the pest control and regulation of physiological processes in
plants were targeted for mechanization from those carried out in the care of plants in rose
plantations. Considering the extremely high importance on the final effect that the timely
and complete harvesting of the flowers in the rose plantations has, a significant part of the
research has been dedicated to the mechanization of the only completely non-mechanized
operation - the picking of the flowers in oil-bearing rose plantations.

Research methods

Scientific research on the creation of technical means for the mechanization of
activities in the growing and harvesting of oil-bearing rose included conducting theoretical
studies and experimental tests. The development of each technical means was an
independent research, which was characterized by its own peculiarities, caused by the
specifics of the technological operation being performed. In a general way, each study
started with raising a hypothesis and its verification, when it was accepted, it continued
with the development of a simulation model and conducting computer modeling to
determine the main design parameters and operational indicators of the technical device
under development, and ended with the creation of a prototype and its testing of structural
strength and functional suitability in laboratory and field conditions. In the process of
research implementation, preliminary and parallel theoretical and experimental studies
were conducted to obtain information necessary for the realization of the main studies. The
methods of mathematical statistics were applied to process the obtained results.

Scientific novelty and significance of the obtained results

A two-phase scheme combining pneumatic suction and mechanical cutting of the
peduncle under the ovary is theoretically substantiated and verified experimentally, on the
basis of which a method is defined for the mechanized detachment of the oil-bearing rose
flowers from the plant.

A pneumo-mechanical method for mechanized picking of oil-bearing roses is
defined, according to which the flower is detached from the rose bush by pneumatic
suction and mechanical cutting of the peduncle under the ovary and is moved by air flow to
the place of collection.

The parameters of technical solutions for spraying of the rose bushes and treating
the soil surface under their crowns, for pest control and regulating the physiological
processes in the plants, for mechanizing the picking of rose flowers, for carrying out
selective pruning with simultaneous removal of the cut plant mass outside the plantation,
and for pruning to form the height and cut the bushes close to the base, directing the cut
plant mass into the inter-row space of the oil-bearing rose plant are substantiated.
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Practical usefulness of the research results

Agricultural machines (farm implements) for oil-bearing rose production are
researched and created within the framework of the dissertation work, allowing the
mechanized implementation of a wide range of activities related to the care of plants and
the harvesting of rose flowers, namely:

- a machine for implementing care in oil-bearing rose plantations by spraying the

rose bushes;

- a machine for implementing care in oil-bearing rose plantations by spraying the

soil surface under the crowns of rose bushes;

- a machine for selective pruning in oil-bearing rose plantations;

- a single-modular machine for mechanizing the oil-bearing rose harvesting with

manual picking of the flowers;

- a three-modular machine for mechanizing the oil-bearing rose harvesting with

manual and pneumatic picking of the flowers;

- a machine for pneumatic harvesting of oil-bearing roses;

- a pruning machine for forming the height and cutting close to the base of the

bushes in rose plantations.

The modular assembly principle of the first four of the specified machines allows
them to be combined into one "multifunctional machine”, with which, under certain
conditions, transport activities can also be carried out.

A classification of rose-growing farms in the Republic of Bulgaria is developed
according to the "utilized agricultural area" criterion and the optimal types of power means
for the mechanized growing of the oil-bearing culture in each of them are determined. On
their basis, farm owners can assess the necessary, but also adequate to their capabilities,
investments for the purchase of agricultural machinery, and the state executive authorities
can specify the distribution of funds to support agricultural farms, according to their
capabilities for effective use.

The parameters of a universal hitch-point triangle for farm implement are
substantiated. Its use allows the attachment of mounted and semi-mounted agricultural
machines to the three-point linkages of medium-power tractors, the connecting elements
of which are made in accordance with the national BDS-standard and the international
ISO-standard.

Approbation of research results

According to the results of the research obtained within the framework of the
disertation work, 14 scientific reports have been presented at international and national
forums, 28 scientific papers have been published, 4 useful models have been registered in
the Patent Office of the Republic of Bulgaria, 4 awards have been received from
international and national organizational structures. Scientific papers have been published
in the journals "Bulgarian Journal of Agricultural Science", "Journal of Balkan Ecology",
"Applied Researches in Technics, Technologies and Education”, "Bulgarian Journal of Soil
Science", "Bulgarian Journal of Crop Science", "Agricultural Science", "Mechanization of
Agriculture”, "Agricultural Engineering” (Bulgaria), "Agricultural engineering” (Russia),
“Plant Science Today” (India), in proceedings of international and national scientific forums
and in other periodicals.

The AIM of research in the dissertation:

Increasing the efficiency of oil-bearing rose production and improving the
working conditions of the persons employed in it by optimizing the use and
development of new methods and technical means for the mechanization of
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operations of the technological process in the growing and harvesting of oil-bearing
rose.

TASKS to solve in the dissertation:

> Classifying the rose-growing farms in the Republic of Bulgaria with a view to
optimal mechanization of activities in the growing of oil-bearing rose.

> Substantiation of the requirements for the agricultural machinery (mobile
power means, farm implements, tractor/implement combinations) for the
mechanization of the activities of the technological process in the farms growing oil-
bearing rose.

> Development of a technical solution of a hitch-point triangle for farm
implements, which allows the attachment to tractors with medium power used in
Bulgarian and world agriculture.

> Development of a multifunctional machine for the mechanization of
operations of the technological process in rose-growing farms.

> Development of an agricultural machine for the mechanization of the picking
of the flowers in oil-bearing rose plantations.

> Defining a method for mechanized picking of oil-bearing rose, substantiation
of the parameters and composition of a technical means for its application.

> Development of an agricultural machine for pneumatic harvesting of the
flowers in oil-bearing rose-growing farms.

> Development of an agricultural machine for carrying out all pruning

operations to form the height and cut the bushes close to the base with
simultaneous removal of the cut plant mass to the inter-rows of the oil-bearing rose
plantations.

I STRUCTURE AND CONTENT OF THE DISSERTATION

Section 1. Oil-bearing rose - general characteristics, condition and

possibilities for mechanized growing

The section contains general information about the oil-bearing rose, the activities
carried out and the technical means used in its cultivation, information on the main
problems in the rose production practice and the possibilities for solving a number of them.

An analysis of the agricultural land used in modern rose production in the Republic
of Bulgaria was carried out on the basis of information which, according to the Ministry of
Agriculture, includes 90% of the total area and 80% of the number of rose-growing farms.
The unequal degree of mechanization and efficiency of the use of technical means was
noted in farms of different sizes. It is concluded that increasing the efficiency of the
technological process in the oil-bearing rose growing can be achieved by developing and
implementing in practice technical solutions for the mechanization of activities related to
plant care and rose flowers harvesting. Suitable for implementation, it is uncomplicated in
construction, reliable and easy-to-use farm equipment with the possibility of attachment to
all agricultural tractors that meet the requirements for movement in rose plantations.
Smaller farms would prefer technical means of the "multifunctional” type, allowing for the
performance of a greater number of technological operations.

The general aim of research in the dissertation and the tasks to be solved for its
achievement are formulated.
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Main findings and conclusions from Section 1

» Bulgarian oil-bearing rose is part of the cultural heritage of the Bulgarian people, an
indisputable symbol of the Republic of Bulgaria in the international community. It is
characterized by extremely high qualities, being the best in the world according to a
number of indicators.

» In modern rose production, a number of activities in the growing of oil-bearing rose -
the raw material from which rose oil is produced - are fully mechanized, others are
partially so. To this day, the picking of the flowers in the rose plantations continues
to be done entirely by hand.

» The analysis of the use of agricultural land in rose production in Bulgaria showed
that the sizes of the farms where oil-bearing rose is grown, as well as the potential
of their owners for implementing new techniques and technologies, differ. The
differentiation of rose-growing farms, according to the necessary technical means
for the mechanization of the technological process, would allow their farmers to
make a correct assessment of the necessary, but also adequate investments to
achieve maximum results.

» Increasing the efficiency of the technological process in the oil-bearing rose growing
can be achieved by developing and implementing in rose-growing farms technical
solutions for the mechanization of activities related to plant care and rose flowers
harvesting. Suitable for implementation in practice are uncomplicated in
construction, reliable and easy-to-use farm machines (preferably of the
multifunctional type) with the possibility of attachment to all agricultural tractors that
meet the requirements for movement in rose plantations.

» Special attention in the mechanization of the operations of the technological
process requires the only completely non-mechanized activity in the rose production
practice — harvesting the rose flowers in oil-bearing rose plantations, the costs of
which in a flowering plantation are about two-thirds of the labor costs, and in recent
years even of the purchase price of the harvested produce.

» A mandatory condition when starting the developments on the creation of technical
means for the mechanization of activities in the growing and harvesting of oil-
bearing rose is to find a balance between necessity, possibility of realization and
economic expediency.

Section 2. Methodological grounds of scientific research

Based on the two main directions for the implementation of scientific research with
an engineering (technical) orientation in agricultural practice, the concept of "scientific
research in engineering agricultural practice" is defined as "ideological, personnel and
economically substantiated complex of activities for creating new or improving existing
technical means for the mechanization of technological operations in growing and
harvesting agricultural produce”. Methodological foundations are summarized and a
general scheme of scientific research in engineering agricultural practice is developed.

Taking into account the variety of technological operations, for the mechanization of
which technical means are created, a general methodology of the scientific research on
the mechanized growing and harvesting of oil-bearing rose has been developed in the two
aspects (theoretical and experimental), which are characteristic of the engineering
agricultural practice. The specifics regarding the methods and means used in the
realization of the research in the dissertation are indicated in the sections dedicated to
each specific object and subject of research. The conducted preliminary and parallel tests,
which are used to verify raised hypotheses, collect information and identify restrictive
conditions necessary for the implementation of the main theoretical and experimental
research, are also methodically formed.
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Section 3. Substantiation of the parameters of technical means for farms with

oil-bearing rose plantations

After preliminary studies on the parameters of the oil-bearing plant and the rose
plantation, the requirements for the technical means of mechanization in the rose
production practice (agricultural tractors and equipment) were formulated. To ensure their
effective use in the technological process, a classification of rose-growing farms in
Bulgaria was developed according to the "utilized agricultural area" criterion. Five types of
farms were defined, each of which corresponds to a size of areas with rose plantations
(table 3.1).

Table 3.1.
Classification of oil-bearing rose farms in Bulgaria according to the utilized agricultural
area and the recommended power potential of the agricultural tractor

Type of rose- Size of area with Tractor engine power, hp
growing farm rose plants, ha

"micro" up to 0.5 incl. 8-20

,2small* over 0.5 to0 2.0 incl. 20 - 30

,medium sized* over 2.0 to 5.0 incl. 35-50

"medium large" over 5.0 to 10 incl. 65 - 80

Jarge* over 10 80 hp for every 15-20 ha

The limits of the ranges were selected, taking into account the sizes of time-proven
and currently existing forms of agricultural land use in rose production, as well as the sizes
specified in regulatory documents relating to the financial support of agricultural farms
under the Common Agricultural Policy of the European Union (CAP) in the past (CAP
2014-2020) and the current (CAP 2021-2027) periods. The provision of the various types
of rose-growing farms with energy resources optimal for their size was carried out on the
basis of the ratio "size of the farms - power potential of the agricultural tractor"
recommended in practice.

To neutralize the problems when attaching machines to agricultural tractors caused
by existing differences in the standards of the International Organization for
Standardization (ISO) and the Bulgarian Institute for Standardization (BIS) for three-point
linkages, a universal hitch-point triangle for farm implement was developed (Fig. 3.1).

685

Figure 3.1.
General view of a
universal hitch-point
triangle for farm implement

610
510
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The main attachment dimensions of the universal hitch-point triangle, which allows

mounting of agricultural machines to five types of hitch mechanisms, with which medium-
power tractors are equipped, are presented in the Table 3.2.

Table 3.2.
Attachment dimensions of universal hitch-point triangle for connection of agricultural
implement to medium-power tractors

Type of tractor three-point

linkage [ h di Note

TNU-2 ("Execution A") under BIS 825 510 25.7

TNU-2 ("Execution B") under BIS 662 460 22.5

ISO category 2 825 610 25.7

ISO category 2N 683 610 25.7 | Additional washers

ISO category 3N 825 685 25.7 | Adapter bushings

>

Main findings and conclusions of Section 3

The requirements for the mechanization of the operations of the technological
process are satisfied by the technical means which: have dimensions that ensure
free movement between the rows of the rose plantations; possess resistance to
movement on slopes, characteristic of the terrains on which the rose plantations are
grown; have ground clearance allowing them to move on terrain with an uneven
profile; guarantee safety for the health of the service staff, safety of the rose plants
and other plantations adjacent to them.

Suitable for use in rose production practice are mobile power means (agricultural
tractors) with medium and lower power, which have traction and speed qualities,
linkage points for connection with farm implement and load capacity of the hitch
mechanism, satisfying the requirements for mechanization of the activities of the
technological process in the growing of oil-bearing rose.

» A classification of rose-growing farms in the Republic of Bulgaria is developed

>

>

according to the "used agricultural area" criterion and the optimal (by engine power)
energy means for mechanized growing of the oil-bearing culture in each of them.
The classification of farms by types, taking into account the specifics of the sector,
allows their farmers to estimate the necessary investments for the purchase of
agricultural machinery and eases the executive authorities in allocating funds to
support agricultural farms, according to their capabilities for effective use.

The parameters of a universal hitch-point triangle for farm implement are
determined, which allows the attachment of mounted and semi-mounted agricultural
machines to the hitch mechanisms of medium-power tractors, regardless of the
variant of execution and the standard according to which the connecting elements
are made.

A unified approach has been developed for choosing a mobile power means for
work in rose-growing farms of a certain type, regardless of the system for evaluating
its aggregatability - by traction force or by the power realized through the main
power take-off shaft.

Section_4. Development of a multifunctional agricultural machine for rose
production
The formula for successful implementation of "multifunctional” type machines in

practice is "simple construction - quick configuration - reliable operation - easy
maintenance - acceptable price". An important element in the preparation of the concept of
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a multifunctional machine is the determination of the technological operations for
mechanization. The analysis of the activities and technical means of mechanization in the
rose production practice showed that the greatest labor resources require the weed control
in the rows (requires several times manual hoeing), the selective pruning and the
harvesting of oil-bearing rose flowers.

The scientific research aimed to create a multifunctional agricultural machine for the
realization of technological operations through spraying, selective pruning, picking rose
flowers, transport activities in rose-growing farms. The development had an analytical-
experimental character and included conducting theoretical and experimental research.

Theoretical research on the development of a multifunctional agricultural

machine for rose production

A concept project of a multifunctional agricultural machine for the mechanization of
technological process activities in small and medium-sized rose-growing farms (hereinafter
referred to as "multifunctional machine for rose production” and abbreviated as "MMR")
has been developed, including technical solutions for the implementation of technological
operations by spraying, selective pruning, rose flowers picking, transport activities. The
machine is built on a modular principle. A basic element in its construction is the base
module, which, depending on the technological operation performed, is equipped with
executive and auxiliary modules. MMR is performed in a mounted and semi-mounted
version.

The base module (Fig. 4.1) of the MMR includes a carrier frame (1) and a loading
platform (3).

1
—
b
Figure 4.1.
Concept project of the base module
of the multifunctional machine for
c rose production:

1 — carrier frame; 2 — hitch-point
triangle; 3 — loading platform; 4 —
protective parapet; 5 — support.

The carrier frame (1) has a hitch-point triangle (2) formed in its front part for
attaching to an agricultural tractor. The loading platform (3) has a protective parapet (4)
installed along its perimeter. At the rear of the loading platform is attached a central flange
for connecting a running wheel (for the semi-mounted version of the multifunctional
machine). Height-adjustable supports (5) are located at its four ends. The carrier frame (1)
consists of two L-shaped frames connected to each other by three cross booms. The
uppermost of the cross booms is joined to the L-shaped frames by means of fastening
assemblies (not shown in the figure).

Concept projects for the technical solution of the variants of the multifunctional
machine

The concept project of the variants of MMR for implementing technological
operations by spraying envisages their use for introducing preparations to control of pests

9
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(weeds, diseases and enemies) and to stimulate plant growth, for sprinkling in order to
increase air humidity in dry periods, for watering young plants. The variants are completed
with the base module being equipped with "boom-type" spraying systems with vertically
located booms, allowing the working solution to be sprayed according to the simplest
scheme, namely "with mechanical spraying and inertial transfer of the drops". The concept
project includes three versions of the spraying system for treatment of the rose bushes
(with line booms, L-shaped booms and lN-shaped booms) and one version of the spraying
system for treating the soil surface under the crowns of the bushes.

The concept project of the MMR variant for mechanizing the picking of the rose
flowers envisages placing the pickers and containers for collecting rose flowers on the
MMR loading platform. The variant is completed by setting up two workplaces for pickers
on the loading platform of the base module for the simultaneous service of one half of two
adjacent rows of rose bushes. Each workplace includes a seat and a stand for a
removable container for the collected produce, located behind the seat of the other
workplace. The safety of the pickers on the loading platform during operation is ensured by
the protective parapet. Lighting fixtures, powered by the electrical equipment of the
agricultural tractor, illuminate in the hours before sunrise the areas of the rows of the oil-
bearing plantation serviced by the rose pickers. A light and sound signaling system serves
for communication between the pickers and the tractor driver during work.

The concept project of the MMR variant for pneumatic selective pruning envisages
the implementation of selective pruning with simultaneous removal of the plant material
removed from the bushes. The variant is formed by equipping the base module with two
pruning modules, each of which consists of a pneumatic shear with an extension and a
flexible air duct, a pneumatic distributor, elements for connecting to the tractor's pneumatic
system, etc. Side panels are fitted to the protective parapet to prevent plant material
collected in the loading platform from falling out. Pneumatic selective pruning is carried out
by self-propelled operators who, with the help of pruning modules, cut the rose stems to be
removed from two adjacent rows and collect them on the loading platform.

The idea of using MMR for the implementation of transport activity envisages the
formation of a tractor/implement combination only with the base module and an agricultural
tractor. For the transport of bulk and small-size loads, the loading platform is equipped with
side panels.

Possibility of connecting the MMR to tractor linkage, the load capacity of which is
lower than its operational mass, allows the semi-mounted version of the machine. It is
realized by attaching to the flange in the rear part of the loading platform of the base
module by means of a console structure a running wheel. The wheel support of the
running wheel allows its free rotation around its axis, as well as adjustment of the
positioning height of the base module in relation to the supporting surface.

Determining the parameters of the base module of the multifunctional machine

The parameters of the MMR base module are defined in two stages:

- | stage - determination of constructional dimensions of the base module;

- Il stage - determination of the materials for making the base module.

The basis for determining the dimensions of the base module of the MMR was the
technological operation "picking rose flowers". The constructional dimensions of the base
module were chosen according to the morphological features of the oil-bearing plant, the
applied schemes for the formation of the rose plantation and the requirements for
ergonomic and safe work of the rose pickers located on the loading platform. The research
of the constructive solution for determining the materials for making the base module was
realized with the mounted version of the MMR through computer simulation modeling. For
this purpose, on the basis of the developed concept project for a multifunctional machine

10
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and with the help of the Solid Works software product, a physical functional-geometric
simulation 3-D model of its base module was created (Fig. 4.2).

In the process of the computer research, variants of the construction of the base
module were modeled using different profiles for its main elements. The materials for the
production were determined by applying on the simulation model forces external to the
structure, the places and the nature of application of which are in accordance with the
technological operation performed by MMR. Two types of load distribution on the loading
surface of the base module were adopted: evenly distributed over the entire loading
platform and localized in certain areas of the loading platform (ie unevenly distributed).
The simulation model with the applied forces from the action of the operating mass of the
reservoir with the working solution and the elements of the system for its spraying on the
rose plants is presented in Fig. 4.2.a, and with the applied forces from the action of the
mass of the pickers and the production collected by them - in Fig. 4.2.b.

COSMOSKpress ——
54 COSMOSXpress o COSMOSoreescom
ou 104 [dnshe

(6)

Figure 4.2. Simulation model of the base module with external forces applied to the
construction in different variants of MMR assembly
a — load evenly distributed on the loading platform;
b - load localized in certain areas of the loading platform.

Situations where the multifunctional machine is attached to four types of tractor
linkages, all standardized by current national and international standards, have been
investigated. The influence of the type of profiles on the construction mass of the machine,
the stresses in the construction and the places where their limit values occur was
observed (Fig. 4.3). A comprehensive assessment of the structural strength of the MMR
base module was performed using the indicator “Factor of Safety (FOS)” calculated by the
Solid Works program. The values for FOS were also calculated when using steel profiles
with different strength qualities.

Constructions were modeled, the carrier frame of the base module, which is made of
hollow square profiles with dimensions 100x100, 80x80 and 60x60, with a wall thickness of
3, 4, 5, or 6 mm. The optimal profile for the production of the base module is sought in the
ratio "allowable Factor of Safety - minimum construction mass". The hollow square profile
with dimensions 80x80x4 turned out to have the best performance indicators for the carrier
frame of the base module. With approximately the same value of FOS and a slightly larger
construction mass (about 10%) would be MMR with a carrier frame from a profile with
dimensions 80x80x5 or 100x100x4.

11
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In order to evaluate the influence of the operating factors on the strength of the
base module construction, situations typical of the use of the technique in agricultural
practice were modeled. In order to neutralize problems identified during the theoretical
research, technical solutions have been developed, ensuring structural strength to
guarantee the trouble-free use of the multifunctional machine in rose production practice.
Simulation modeling was conducted with the modified structures under the same test
conditions.

In the implementation of the theoretical studies on the creation of the variant of
MMR for the treatment of the oil-bearing plant and the variant of the MMR for the treatment
of the soil surface under the crown of the oil-bearing plant by spraying, a unified approach
was applied, including the experimental proof of the raised hypothesis, the development of
graph-analytical models of spraying schemes, derivation of mathematical dependencies
giving the relationship between the determined parameters, creation of an application
program with which different variants of the arrangement of the spraying elements in
relation to the support surface and the rose bush are modeled. Calculations were carried
out for the three most widely applied in agricultural practice technological schemes for the
formation of oil-bearing rose plantations, respectively with a width between the rows of 2.8
m, 3.0 m and 3.2 m. On the basis of the obtained results, boom spraying devices were
formed for the assembly of the MMR variants.

The theoretical studies on the creation of the MMR variant for treating the soil
surface under the crown of the oil-bearing plant by spraying were realized after
experimentally proving a raised hypothesis regarding the possibility of using boom-type
devices for spraying the area around and between the bases of the rose bushes. Using the
software program AutoCad, graph-analytical models of two treatment schemes for the
area under the crown of the rosebush were developed: the full width of the soil surface -
"full row" (Fig. 4.4.a) and half of the width of the soil surface - "half row" (Fig. 4.4.b). With
their help, mathematical formulas were derived, based on which an application program
was created with the software product Excel. With the application program, various
variants of positioning of the spraying element were modeled in relation to the treated area
of the soil surface ( h ) and the rose bush (X). The results obtained for the spray angle ( a )
and the nozzle position angle with respect to the horizontal ( y ) are graphically presented
using the software product “STATISTICA”. The results of the theoretical research can also
be used by the regression mathematical models derived on their basis (Table 4.1).

12
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Figure 4.4. Graph-analytical models for determining the position of the spreader for
treating the soil surface under the crown of the oil-bearing rose bush
a - spraying the full width of the undercrown area of the soil surface;
b - spraying half of the width of the undercrown area of the soil surface.

Table 4.1.

Mathematical formulas for determining the spray angle and the angle of the nozzle
inclination to the horizontal in respect of the occupied position

Coefficient of

the horizontal

-5.X.h- 4,9375E - 5.h?

Sprayed area Calculated Mathematical formulas determination,
parameter R?
Spray angle a, =107,7793 -0,3779.X +0,0343.h + 0.934
+0,0003.X2+0,0003.X.h -
The full width of -0,0001.h?
the soil surface
g:‘oci‘jrr] bush Angle of the 7, = 54,2789 - 0,1929.X + 0,068.h + 0.974
spreader +0,0001.X2+0,0001.X.h -
inclination to the 5 4583E -5 12
horizontal s e
Spray angle a,, =107,9102 - 0,3785.X +0,0018.h + 0.913
+0,0003.X?+0,0003.X.h -
Half of the width - 9,7083E - 5.h?
of the soil
surface under  “Apgle of the  |y,, = 56,4957 - 0,2169.X + 0,1052.h + 0.987
bush crown spreader +0,0002.X2+4,8741E -
inclination to

On the basis of the results obtained during the theoretical research, a composition
of a boom spraying system was developed for treating the area under the crowns of the
rose bushes. In Fig. 4.5 is a schematic 3-D image of the spraying system mounted on the
base module of the MMR. Increasing the pressure of the working fluid in the system is
provided by a pump driven by the PTO or by a hydraulic motor from the tractor's hydraulic
system (not shown in the figure).
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Figure 4.5.
Concept project of the MMR variant
for treating the area under the crowns
of rose bushes by spraying

1 — basic module; 2 — horizontal bar,
3 — vertical booms; 4 — pressure
gauge; 5 — spreader; 6 — connecting
unit; 7 — filter element; 8 — adjusting
tap; 9 — main shut-off tap; 10 —
section shut-off tap; 11 — fluid tank.

f
/
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The theoretical research on the creation of the MMR variant for the treatment of the
oil-bearing plant by spraying were realized after experimentally proving a raised
hypothesis, regarding the applicability of boom spraying devices for the realization of care
in the rose plantations. Using the software product AutoCad, graph-analytical models (Fig.
4.6) were developed for two (with line booms and with L-shaped booms) of the three
configurations of the spraying system provided in the concept project for the treatment of
the oil-bearing plant. With their help, mathematical formulas were derived, based on which
an application program was created with the software product Excel.
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Figure 4.6. Graph-analytical models for determining the number of spreaders and their
location on the booms of spraying system for the treatment of the oil-bearing rose plant
a - with line booms; b - with L-shaped booms

With a created application program, the optimal setting parameters for the positions

of the spreaders on the two configurations of the spraying system were determined for the
three planting technological schemes. The common recommendation for the three planting
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schemes when assembling the spraying system is to position the first spreader at a height
of 200-400 mm from the support surface. Its positioning above 400 to 600 mm is
permissible in plantations with high-shaped crowns of the bushes.

Taking into account the condition of the drop coating on the rose bush along the
entire height of its outside and the requirement for the overlapping of the spray flows of
adjacent spreaders inside the bush, by graphical modeling the positions of the spreaders
on the sprayer boom are corrected so that the lower end of the jet of the lowest spreader is
directed not along the boundary of the zone from the soil surface under the crown (see
Fig. 4.6.a), but along the outline of the base on the bush (see fig. 4.6.b). Situations were
modeled to assess the possibility of reducing the number of spreaders on the bars.

The analysis of the results showed that, in theory, the L-boom spraying system
gives greater possibilities for precision spraying of the oil-bearing rose bush. There are
opportunities to reduce the number of spreaders without compromising bush drop coating
requirements. A disadvantage of the L-boom spraying system is its larger dimensions,
which the tractor driver must take into account when performing maneuvers in the rose
plantations and when transporting the agricultural implement on public roads. The results
obtained for L-boom spraying system can also be used to assemble the spraying system
with T-shaped booms, allowing the formation of tractor/implement combination for
simultaneous spraying of two rows of rose bushes.

On the basis of the results obtained during the theoretical research, a composition
of a boom spraying system for complete spraying of the rose bushes was developed. In
fig. 4.7 is a schematic 3-D image of the spraying system with L-shaped booms mounted on
the MMR base module. Increasing the pressure of the working fluid in the spraying system
is provided with a pump (not shown in Figure 4) driven by the PTO (power take-of) or
hydraulic system of the tractor. The variant of the spraying system with L-shaped booms
differs from that shown in fig. 4.7 by the absence of a horizontal boom (1).

-

Figure 4.7.
Concept project of the MMR variant for the
treatment of the oil-bearing plant by spraying
with L-shaped booms

1- horizontal boom; 2 - vertical boom; 3 -
spreader; 4 - attachment unit; 5 - horizontal
bar; 6 filter element; 7 - section shut-off tap; 8
- tank; 9 - main shut-off tap; 10 - regulating
tap; 11 - pressure gauge; 12 - base module.

The theoretical research on the creation of the MMR variant for pneumatic selective
pruning was realized after an experimental verification of a raised hypothesis, proving the
possibility of using the potentials of the pneumatic system of an agricultural tractor in the
implementation of selective pruning in rose plantations. It included conducting analytical-
experimental studies to substantiate design parameters and performance indicators of a
technical means (pruning module) for remote cutting of the stems to be removed from the
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oil-bearing bush. A schematic 3-D image of the MMR variant for pneumatic selective
pruning in oil-bearing rose plantations is shown in Fig. 4.8

Figure 4.8.
Concept project of the MMR variant
for pneumatic selective pruning in
oil-bearing rose plantations

1 - basic module; 2 — loading
platform; 3 — protective parapet; 4
— side panel; 5 - support; 6 —
extension; 7 - pneumatic scissor;
8 - pruning module; 9 - pruning
module’s air duct; 10 - pneumatic
distributor; 11 - pressure regulator,
12 - main air duct; 13 - filter
precipitator; 14 — lubricator.

Pneumatic pruning is carried out with two pruning modules (8), each of which
consists of a pneumatic scissor (7) with an extension (6) for remote pruning and a flexible
air duct (9) with a "quick-connect" type tip. Their simultaneous operation is ensured by a
pneumatic distributor (10). The maximum working pressure is limited by a pressure
regulator (11). The scheme also includes a precipitator filter (filter with water separator)
(13) and an oiler (14), with which the compressed air entering through the flexible air duct
(12) from the tractor pneumatic system is prepared in the form necessary for the normal
operation of the pneumatic scissors.

Theoretical research on the creation of the variant of the MMR for mechanizing the
picking of the flowers from the oil-bearing rose plantations included determining the
parameters of the rose picker's work place and designing the variant itself. A schematic 3-
D image of the MMR variant developed based on the results obtained is presented in Fig.
4.9.

Figure 4.9.
Concept project of the MMR
variant for picking oil-bearing
rose flowers

1 - loading platform; 2 —
protective parapet; 3 — stand
for the replaceable container;
4 — seat; 5 — luminaries; 6 —
hitch-point triangle.
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Experimental research of a multifunctional machine for rose production

For the experimental research of the multifunctional machine for rose production
based on the base module, test prototypes of four of the five variants of the machine were
assembled, as follows: for pest control and other care in rose plantations by spraying — 2
variants; for pneumatic selective pruning; for the mechanization of the picking of rose
flowers. The conclusion regarding the admissibility of forming a variant for transport
activities is based on the results of the test of the specified four variants.

The prototypes were tested for structural strength and functional suitability. Tests
carried out in three stages (in laboratory, in close to real and in field conditions) proved the
structural strength of all variants of MMR. The tests for functional suitability were carried
out during the rose picking periods of 2015 and 2019 in the experimental production
complex of the Institute of Roses, Essential and Medical Cultures (IREMC) in the town of
Kazanlak. The bushes in the plantations had optimal parameters for an active flowering
plant, namely: height - 1.6 m; width 1.0 - 1.2 m. The rows in the plantations were 120 m
long with a width of 3.0 m between them. The prototypes were tested in the composition of
machine/tractor combinations formed on the basis of agricultural tractors of medium
power. The evaluation of the functional suitability of each of the variants of the MMR was
formed on the basis of the results of the measurements, the opinions of the immediate
executors of the technological operation and the specialists controlling the conduct of the
experiments.

Tests to evaluate the functional suitability of the MMR variant for spraying the soil
surface under the crowns of rose bushes (Fig. 4.10) were realized for the most part in rows
with increased weediness. The analysis of the test results showed that regardless of the
spraying scheme ("half row“ or "full row"), positioning the spreader within 30-40 cm above
the support surface fully satisfies the coverage requirements of the treated area. The
working fluid did not fall on the leaf mass of the bush located more than 50 cm from the
support surface, which is a basic condition for effective weed control.

Figure 4.10.
Visual control of the operation of
the spraying system for treating
the soil surface under the crowns
of the oil-bearing rose bushes

It was determined that with a low density of weeds, spraying with the boom spraying
system is possible according to the "full row" scheme with a pressure in the range of 0.12 -
0.2 MPa. In areas with heavy weeding, the required density of the drop coating on the
weed vegetation is provided by spraying according to the "half-row" scheme and pressure
values between 0.2 - 0.3 MPa.

The analysis of the results of the final tests for assessing the functional suitability of
the farm implement showed that at a forward speed of tractor/implement combination 4-5
km/h with the boom spraying system can be provided consumption rates of 300 to 400
I’/ha. The opinion of the IREMC experts supervising the field tests was that the MMR
variant can also be successfully used for root nutrition of plants with liquid fertilizers,
watering of young plantations, etc.
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The test for functional suitability of the MMR variant for spraying of the rose bushes
was carried out with spraying system with line booms (fig. 4.11.a) and L-shaped booms
(fig. 4.11.b). In order to collect data on the evaluated indicators, plates of CIBA-GEIGY
water-sensitive paper were fixed on both sides of the rose bush leaves in the rows
determined for conducting the tests. The plates were located in the widest zone of the
bushes at distances of 100 mm, 300 mm and 500 mm from the outside of the crown to the
inside of the bush.

(5] o : = (b)
Figure 4.11. Tractor/implement combinations based on MMR with boom spraing system

for treating rose bushes
a - with line booms; b - with L-shaped booms.

Each boom was equipped with 4 spreaders, the positioning of which was initially in
accordance with the results obtained in the computer modelling. In the process of the
research, depending on the presence of a drop coating on the leaves of the rose bushes,
the parameters characterizing the location of each of the spreaders were adjusted
(distance from the bush, height of positioning on the booms of the spraying sections, angle
of inclination to the horizontal). The pressure in the spraying system was varied in the
range of 0.1 - 0.35 MPa with a step of variation of 0.05 MPa.

The conducted tests showed that in the zone of action of the jet, the working fluid
penetrates to the middle of the bush. Drop marks were present on all water-sensitive
plates, regardless of their placement on the rose bushes. It was found that, regardless of
the type of bars, movement of the MTA at a speed in the range of 4-6 km/h provides a
consumption rate of 400-600 I/ha, sufficient to satisfy the requirements for the volume of
the working liquid when caring for rose plantations by spraying. At forward speeds of up to
2.5 km/h, the sprayed volumes were around and above 1000 I/ha, which ensures the
ability to provide larger volumes of working fluid, such as when spraying with bordeaux
solution, which is the main fungicide.

In the functional suitability test of the MMR variant for pneumatic selective pruning,
controlled parameters and indicators during the trials were: the time to approach and
prune the stems to remove them from the bush; working pressure in the pneumatic
system; the number of stops (if any) to provide air with the necessary working pressure for
pruning; the convenience of working with the complete pruning module. Dry stems or
stems affected by agrilos were removed by cutting from the bottom or the place below the
established defeat (Fig. 4.12) at different pressures in the pneumatic system of the tractor.

The tests carried out showed that the volume of air available in the air reservoir
ensures the pruning operation without interruption for a long period of time and the
frequency of cuts required in the work. It has been reported that at an air pressure in the
pneumatic system of the tractor of 0.5 - 0.7 MPa, the pruning module allows cutting rose
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stems with a diameter determined to be nominal for the pneumatic scissors - 25 mm.
Pruning of thinner stems was possible at pressure values below the specified range. The
operation of the air scissors did not cause a pressure drop that would require waiting for
the compressed air volume and pressure in the pneumatic system to recover. A conclusion
was formulated that the optimal length of the extension for the pneumatic scissors would
be between 80-100 cm.

Figure 4.12.
Testing the MMR
variant for pneumatic
selective pruning in
rose plantations

In the functional suitability test of the MMR variant for mechanized rose picking (Fig.
4.13), the parameters and indicators controlled during the tests were the passability of the
tractor/implement combination in the interrows of the oil-bearing rose plantation, the
accessibility of each of the pickers to the area of the row of rose bushes that he has to
serve, the convenience of working on the machine (including the optimal placement on the
loading platform of the seat, the stand with the replaceable container and the buttons for
notifying the tractor driver, the shape and dimensions of the protective parapet, etc.), the
stability of the picker on the loading platform when the tractor/implement combination is
moving, the success of the pickers in performing their functions at different speeds of the
movement, the condition of the support surface, the stages of development and the
condition of the rose bush, etc.

The high professional experience of the rose pickers who participated in the tests
ensured the necessary synchronization between them for the efficient operation of the
harvesting tractor/implement combination. The movement of the tractor/implement
combination in the rows was stable, regardless of the position taken by the pickers
(standing/sitting) during picking. Fluctuations that would interfere with the collection of the
rose flowers were not detected by either the pickers or the persons supervising the
execution of the technological operation.

The results of the tests showed that the effect of the mechanization of picking was
the highest if the rows are well maintained, the crown of the plants is symmetrically
developed, the bushes are 1.5 - 1.6 m high, and the plantations are in the period of active
flowering (ie after the 4-5th year of planting or rejuvenating plants). In the specified
conditions, full control over the area served by the pickers, convenience and safety at
work, passability and stability of the picking tractor/implement combination during
movement ensured the positioning of the MMR above the support surface within the limits
of 300 - 350 mm. The work of pickers in a sitting position was episodic, but nevertheless it
was greatly relieved by the elimination of the need to move "back and forth" in the rows, to
carry collected produce on themselves, to overcome other inconveniences accompanying
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the collection of rose flowers. It was completely possible to work with two hands, which
significantly speeds up the harvesting process.

(a) (b)
Figure 4.13. Field tests of the MMR variant for the mechanization of oil-bearing
rose flowers picking
a — in rows with Rosa Damascena Mill; b - in rows with Rosa Alba

It has been found that the skillful variation with the speed of movement of the
harvesting tractor/implement combination (especially in plantations with uneven
development of rose plants and flowering) is the decisive factor in achieving optimal
performance for the specific conditions. According to the results of the conducted tests
with measurement of the time for their realization, the conclusion was made that a forward
speed in the interval 400-600 m/h provides the possibility of harvesting in the permissible
time range for picking all the blossomed flowers in plantations with an area of up to 1 ha,
such as manage more than a third of the rose producers in Bulgaria. It has been estimated
that the productivity of mechanized picking is 3 to 5 times higher than that achieved by
traditional manual picking of rose flower.

Observations conducted during the field tests of the MMR variants proved the
possibility of using the MMR for the realization of transport activities. A tractor/implement
combination, formed by the basic module and an agricultural tractor, allowed to conduct
the intra-farm transport and the transport of agricultural loads at close distances.
Depending on the load capacity of the tractor hitch mechanism, the type of MMR is chosen
- mounted or semi-mounted. For the transport of bulk and small-sized loads, the loading
platform requires to be equipped with side panels.

Main results, conclusions and recommendations of Section 4

» Developed on the basis of the modular principle of assembling the technique is a
concept project of a multifunctional machine for the mechanization of activities in
the growing and harvesting of oil-bearing rose. The parameters and materials for
making the base module, the executive and auxiliary modules are theoretically
substantiated, and the MMR variants are completed (all with the possibility of
mounted or semi-mounted execution) for the realization of technological operations
by spraying, selective pruning, picking rose flowers, transport activities.

» Determined by computer modelling with the help of developed application programs
are the type, number and parameters for positioning the spreaders on the booms of
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the spraying system of the MMR variant for treating the soil surface under the
crowns of the bushes and of the MMR variant for treating rose bushes in oil-bearing
rose plantations with inter-row widths of 2.8 m, 3.0 m and 3.2 m. Regression
mathematical formulas were derived for precise determination of the spray angle
and the inclination of a spreader for applying herbicides, according to the
technological scheme of planting, the condition of the rose plantation, the spraying
scheme, etc. factors, in order to prevent the working liquid from falling on the foliage
of the oil-bearing plant.

For the variant of the MMR for pneumatic selective pruning, providing the possibility
of remotely cutting the rose stems to be removed and collecting them on the loading
platform for subsequent export outside the borders of the rose plantation, it is
estimated that the pneumatic systems of the agricultural tractors operated in the
rose production practice are able to supply two pneumatic scissors with
compressed air for continuous selective pruning in oil-bearing rose plantations.

The structural strength and functional suitability of all variants of the multifunctional
machine for rose production have been proved during three stages of experimental
research:

- Tests in field conditions of the MMR variant for treating the soil surface
under the crowns of rose bushes by spraying showed that in both spraying schemes
(“half row” and “full row”) the placement of the spreader within the limits of 30-40 cm
above the support surface satisfies the coverage requirements of the treated area of
the soil surface. It was established that, with a low density of weeds, spraying with
the boom spraying system in rose plantations was possible according to the "full
row" scheme with a pressure in the range of 0.12 - 0.2 MPa. In plantations with
heavy weediness, the necessary density of the drop coating on the weed vegetation
is provided by spraying according to the "half-row" scheme and pressure values
between 0.2 - 0.3 MPa. Movement of the tractor/implement combination for weed
control with a forward speed of 4-5 km/h allows herbicides to be applied with the
boom spraying system in the accepted norms of 300-400 I/ha.

- Field tests of the MMR variant for spraying rose bushes showed that,
regardless of the type of booms (line booms or L-shaped booms), the spraying
system provides a droplet coverage on the foliage of the rose bushes, which is
sufficient to carry out effective fight against diseases and enemies. It was
established that when the tractor/implement combination is moving at a speed of 4-
6 km/h, a consumption rate in the range of 400-600 I/ha is achievable, satisfying the
requirements for the volume of the working solution for the implementation of the
main activities by spraying in oil-bearing rose plantations. Consumption rates
around and above 1000 I/ha are achievable at forward speeds up to 2.5 km/h.

- Field tests of the MMR variant for pneumatic selective pruning proved that it
is possible to prune rose stems using the tractor's pneumatic system, with the
pressure and volume of air available in the air rezervoir being sufficient and allowing
the pruning operation to be carried out without interruption. It was established that
with the developed pruning module, the cutting of stems with diameters close to the
nominal for pneumatic scissor - 25 mm, is realized at a compressed air pressure in
the pneumatic system of 0.5 - 0.7 MPa. Pruning in young oil-bearing rose
plantations can be carried out with a lower air pressure, the value of which can be
adjusted using an additional pressure regulator installed before the pneumatic
distributor. The optimal extension length for the pneumatic scissors was determined
- between 80-100 cm.

- Tests in field conditions of the variant of MMR for the mechanization of the
picking of rose flowers showed that the optimal conditions for its operation are the
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clean and aligned interrows, formed with a symmetrically developed crowns rose
plantations with a height of the bushes 1.5 - 1.6 m in stage of active flowering.
Complete collection of the daily production in the time range allowed for harvesting,
incl. in the peak flowering period of the oil-bearing rose, can be carried out from
areas up to about 1 ha, from which it follows that the mechanization (albeit partially)
of the harvesting operation provides 3 - 5 times higher productivity compared to the
traditional manual picking of rose flowers.

» With its compactness and high maneuverability, the MMR is a suitable solution for
rose-growing farms whose production areas are irregular in shape and small in size.
The flexibility in positioning the machine in relation to the support surface allows it to
be used in oil-bearing rose plantations at different stages of age development of the
rose plants. An additional advantage of MMR is the possibility of transporting
agricultural loads (including bulk) at close distances.

Section 5. Development of a three-modular agricultural machine for

mechanizing the picking of the flowers in oil-bearing rose plantations

The analysis of the results obtained during the experimental research of the variant
of the MMR for mechanization of the picking of the rose flowers revealed reserves for the
development of the construction. The scientific research aimed to create a three-modular
agricultural machine, with which to multiply the effect of the mechanization (albeit partially)
of the only technological operation in the rose production practice, carried out completely
manually. The development had an analytical-experimental character and included the
conduct of theoretical and experimental research.

Theoretical research for the development of a three-modular machine for

mechanizing the picking of the flowers in oil-bearing rose plantations

Taking into account the applied technological schemes for the formation of oil-
bearing rose plantations, on the basis of the variant of the MMR for mechanization of the
rose flowers picking, a concept project of the three-modular agricultural machine was
developed to facilitate the picking of the blossomed rose flowers and to transport the
pickers and their harvested produce in the rose plantations during rose picking period. The
three-modular machine for mechanizing the picking of the flowers in oil-bearing rose
plantations (Fig. 5.1), hereinafter referred to as the "three-modular rose picking machine "
and abbreviated as "RM-3", includes a carrier frame (12), in the front part of which is a
shaped hitch-point triangle (13) for mounting the machine to an agricultural tractor.
Operating modules (8) are attached to the carrier frame (12), each of which is located
between two adjacent rows of rose bushes (1). Structurally, the operating modules (8) are
identical to the one presented in fig. 4.1 with the difference that the carrier part of the side
modules instead of two includes one L-shaped frame and they are without hitch-point
triangle. The operating modules (8) are connected to the carrier frame (12) by means of
fastening units (14), allowing their positioning according to the width between the rows of
rose bushes (1) and their disconnection if necessary. Support wheels (10) are attached to
the lower end of the L-shaped frames (2) of the side modules by means of console
structures (9).

For use in rose production, the RM-3 is attached to an agricultural tractor. The
tractor/implement combination, complete with pickers who have taken their work places,
moves in the rose plantations at a forward speed that allows the collection of all the
produce to be harvested. When the replaceable containers (6) for rose flowers are full,
they are replaced with empty ones.

On the basis of the concept project, a physical functional-geometric simulation 3-D
model of the construction of the three-modular rose picking machine was developed with
the help of the "Solid Works" software product.
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Figure 5.1. Concept project of a three-modular machine for mechanizing the picking of
the flowers in oil-bearing rose plantations (back view)

1 —row of rose bushes; 2 — L-shaped frame; 3 — loading platform; 4 — picker’s seat; 5

— stand for the removable container; 6 — removable container for the harvested rose

flowers; 7 — protective parapet; 8 — operating module; 9 — console structure; 10 —

running wheel; 11 — luminaries; 12 — carrier frame; 13 — hitch-point triangle; 14 —

fastening unit.

The dimensions of the elements of the RM-3 structure and the materials for their
manufacture were determined, applying the forces external to the structure on the
simulation model, such as the tractive force of the agricultural tractor, the forces from the
action of the mass of the pickers and the production collected by them, the support
reactions in the running wheels and the reactions in the connection points to the tractor
linkage. Operational situations were modeled, in which the three-modular rose picking
machine is connected to the agricultural tractor according to different schemes, the
position occupied by the pickers on the loading platform is different (standing/sitting), the
number of pickers on the loading platforms is different. The design variant, in which the
RM-3 is without running wheels, was investigated. The influence of the type of profiles on
the following parameters and indicators was observed: the construction mass of the
machine; the stresses in the construction and the locations of their maximum values
(omax); the deformations in the construction, including the maximum value and the place of
occurrence of deviation of its element from its initial position (ie "no load"); the location of
the center of mass. A comprehensive assessment of the structural strength of the RM-3
was performed using the indicator “factor of safety” calculated by the Solid Works
program. Values for the FOS of the construction were calculated using steel profiles with
different strength qualities for its manufacture. The obtained values are compared with
those accepted in engineering practice, which for RM-3 type constructions vary in the
range FOS =2.4...4.

Constructions were modeled, the elements of the carrer part of which are made of
profiles with different external dimensions (100x100, 80x80 and 60x60) and wall
thicknesses of 3, 4, 5 and 6 mm. The analysis of the results of the simulation modeling of
situations characteristic of the production practice allowed to identify the variants (Table
5.1) for making the elements of the carrer part of the RM-3 (carrier frame, L-shaped
frames, console structures for the running wheels), ensuring strength of the construction
and safe operation of the machine in the conditions of rose production.

The results of the computer modeling of the RM-3 variant without running wheels
rejected the possibility of safe use of the machine when it is equipped with rose pickers,
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but confirmed the possibility of safe maneuvering without rose pickers in the areas
surrounding oil-bearing rose plantations, as well as for its transport over short distances.

Table 5.1

Results of RM-3 simulation modeling to determine the profiles for the fabrication of the
elements of the carrier part of the construction

Parameter /

Thickness of the profile with external dimensions 100x100

Main beam of
the carrier
frame — 5mm;
L-shaped
frame - 5Bmm;
Console

Carrier frame
- 5mm;
L-shaped
frame - 4mm;
Console

Carrier frame
-5 mm;
L-shaped
frame - 4MmMm;
Console

Carrier frame
-4 mm;
L-shaped
frame - 4 mm;
Console

Indicator structures -5 |[structures - 5 |structures - 4 |structures -5
mm mm mm mm

Construction mass, kg 755.4 722.2 718.1 703.2
Factor of Safety (FOS) at
the yield strength of the
material:

- 0s = 248.17 MPa 3.610 3.555 2.732 3.313

- 0s = 235 MPa 3.418 3.367 2.587 3.138

Location of maximum
stress in the construction
(O'max)

Console structures of the running wheels

Maximum deviation of an
element of the
construction from the "no
load" position, mm

place of occurrence:

3.08 3.10 3.27 3.30

outer front end of side loading platforms

The requirements for the agricultural tractor for the formation of the
tractor/implement combination with the three-modular rose picking machine substantiated -
a tractor of medium power (nominal power of the engine in the range of 75 - 85 hp) with a
linkage of type TNU-2 according to BDS15648-83 or of category cat 2 according to 1SO
730:2009 and a transmission providing super slow forward speeds.

To minimize the time for maneuvers, a movement scheme of the three-modular
tractor/implement combination for picking roses was developed, which would allow it to
maneuver at the end of the rose plantation in a strip commensurate with the overall width
of the RM-3, with a turning radius no greater of 3.8 m, which is also provided by older
models of agricultural tractors.

Experimental research of a three-modular machine for mechanizing the

picking of the flowers in oil-bearing rose plantations

A test prototype of the three-modular rose picking machine was made at Nikola
Poushkarov Institute of Soil Science, Agrotechnologies and Plant Protection. It was tested
for structural strength in three stages - in laboratory conditions during the process of its
manufacture, in close to real conditions after its assembly and in field conditions in oil rose
plantations. On the basis of the observed and registered results, measures were taken in a
timely manner to strengthen the problematic units and elements of the construction.

The testing of RM-3 for functional suitability was carried out during the rose-
harvesting period of 2016 at the experimental and production complex of IREMC in
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Kazanlak in plantations with Rosa damascena with a row spacing of 3.0 m. On the basis of
the Fendt 209F agricultural tractor, a harvesting tractor/implement combination was
formed (Fig. 5.2). By shifting the side modules of the three-modular machine 100 mm
inwards towards the middle one, situations were simulated where two pickers were at
distances from the rose bushes corresponding to tractor/implement combination
movement in plantations with three different row spacings (3.2 m; 3.0 m; 2.8 m). Tests
conducted with the specified RM-3 configuration in rows with well-maintained rose bushes
proved the functional suitability of the machine for working in plantations built according to
the three most common technological schemes.

Figure 5.2.
Operational testing of the three-
modular rose picking machine

The field tests of the three-modular rose picking machine made it possible to
establish important technological facts for its effective operation. A feature of the
experiments on the functional suitability of the RM-3 was that the workplaces on its three
modules were entrusted to pickers with different experience in picking oil-bearing roses. At
a forward speed of harvesting tractor/implement combination between 300 - 350 m/h (0.3
— 0.35 km/h), the blooming flowers were almost completely collected from the rose bushes
by all pickers. The movement of the tractor/implement combination with speeds in the
range of 600 - 650 m/h (0.6 — 0.65 km/h) was characterized by more remaining nonpicked
flowers on the bushes, but mainly in the areas where the pickers with lower qualifications
worked.

The effectiveness of the RM-3 was evaluated on the basis of information obtained
during the conduct of tests for functional suitability. Tests with a fixed running time were
analyzed, in which the rose pickers succeeded in picking all or with small omissions the
flowers to be picked. It is calculated with the obtained data that the productivity of the
three-row harvesting tractor/implement combination varies between 0.25 - 0.33 ha/h,
which for the time up to 10 o'clock, when the working day during rose harvesting must end,
allows the collection of the flowers in rose plantations with areas from 1.25 to almost 1.7
hectares. Based on the formulae accepted in the recent past for ensuring the harvesting
process "0.1 hectares - 1 rose picker", it can be calculated that at the same time six
pickers (as many as are on the machine) that move between the rows and pick off the rose
flowers in the traditional way, would collect the flowers from 0.6 ha. Comparing the data
obtained during the calculations, it can be seen that along with the improved working
conditions of the rose pickers, the use of RM-3 allows an increase in labor productivity
from 2 to almost 3 times. It can be assumed that the effect of the mechanization of the
technological operation with the three-modular machine is more significant, taking into
account the fact that with the modern stricter requirements for the time period for collecting
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the oil-bearing rose to finish the picking on time, the ratio between the areas and pickers is
"0.2 hectares - 3 pickers"”, and in the peak and close to them periods it is even "0.1
hectares - 2 pickers".

The analysis of the reasons for the omissions in the collection of flowers when the
harvesting tractor/implement combination moves at a speed of 600-650 m/h gives reason
to assume that in off-peak rose picking periods, if the RM-3 is equipped with qualified rose
pickers, movement at a higher speed can be realized, allowing the collection of blooming
flowers from twice the area.

Main results, conclusions and recommendations of Section 5

» A concept project was developed for a technical solution of a three-modular
agricultural machine, which would allow picking off the blossomed rose flowers and
transporting the pickers and their collected produce in the rows of the rose
plantations during the rose-harvesting period.

» A physical functional-geometric simulation 3-D model of a three-modular machine
for mechanizing the picking of the flowers of oil-bearing roses was created, with
which a computer study was conducted and the profiles and type of materials for
making main elements of its construction were determined depending on significant
construction parameters and operational factors, including the connection scheme
of the three-modular machine to the tractor linkage, the position occupied by the
pickers (standing/sitting) on the loading platforms, the number and distribution of the
pickers on the loading platforms, the presence of supporting running wheels, etc.

> A test prototype of the three-modular rose picking machine was made, with which
experimental tests proved its functional suitability for working in plantations formed
according to the three most widely used schemes for their formation (with row
spacing of 2.8 m, 3.0 m and 3.2 m). The range of 300 - 600 m/h (0.3 — 0.6 km/h) is
recommended for optimal movement speeds of the harvesting tractor/implement
combination, while the specific speeds are taken into account with the operating
conditions.

» It was calculated on the basis of the results of functional suitability tests with a fixed
running time, that the use of the three-modular rose picking machine allows for an
increase in labor productivity two and more times. The effect of mechanizing the
picking of the rose flowers can be higher if the three-modular machine is equipped
with pickers with experience and motivation. The combination "qualified rose pickers
- optimal movement speed of the harvesting tractor/implement combination” creates
conditions daily within the permissible time range for picking to harvest the flowers
of the oil-bearing rose from an area of 1.2 - 1.7 hectares in the peak periods of
flowering and over 2.0-2.5 ha/day outside peak periods.

Section 6. Research on the mechanized picking of oil-bearing rose flowers

Harvesting flowers in oil-bearing rose plantations has been done by hand for
centuries. The complexity of mechanizing the most labor-intensive operation of the
technological process in the growing of the oil-bearing culture is associated with the
requirement to preserve the way of separating the rose flowers from the plant and with the
need to apply a differentiated approach when picking each of the rose flowers.

The scientific research aimed to define a method for mechanized picking of the
flowers of oil-bearing rose, specify the parameters and compose a technical means for its
application.

The main idea behind the mechanization of oil-bearing rose harvesting was that the
detachment of the flowers from the oil-bearing rose plan is carried out remotely by the rose
picker, by means of a suitable technical means, which allows him to reach every blooming
flower on the bush while minimizing contact with the spikes on the rose stems, stinging
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insects and other problems accompanying the harvesting operation. The development
included theoretical and experimental research, which were preceded by or conducted in
parallel with the experimental determination of parameters and indicators necessary for
the realization of the basic research.

Theoretical studies on the mechanized picking of the flowers of oil-bearing

rose

Theoretical research on mechanizing the picking of oil-bearing rose flowers were
preceded by preliminary experimental studies, where it was proven impossible to separate
the petals of all the flowers to be picked from their ovaries by vacuum alone. The
functional suitability of a vacuum-mechanical scheme was developed and experimentally
proven, which served as the basis for the formulation of a method for the mechanized
detachment of the flower from the oil-bearing plant by pneumatic suction and mechanical
cutting of the peduncle under the ovary. Based on the developed method, a technical
means (hereinafter referred to as the "detachable module™) was assembled, on which the
parameters of the working environment (the pressure and flow rate of the airflow passing
through the intake and outlet openings) ensuring its functionality were determined (Fig.
6.1).

1 2 3 4
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The values of the two parameters were performed on the basis of theoretical
dependences on ,Fluid Mechanics® and on the results of experimental tests. The flow rate
of the air providing the necessary conditions for the operation of the detachable module
was calculated on the basis of the flow continuity equation. For pipelines with a circular
cross-section, the airflow rate in the i cross-section of the detachable module was
calculated by the formula:

2
Qi:Vi'Si :Vi-n.fi ! (6-1)

where: Qjis the airflow rate in the i cross-section of the detachable module, m3/s;
Si - the area of the i" cross-section of the detachable module, m?;
Vi - the speed of the airflow in the i*" cross-section of the detachable module, m/s;
Di - the diameter of the i" cross-section of the detachable module, m;
1T - the Ludolf number, = 3.1416.

Assuming that the detachable module, the area with the rose flowers in front of it
and the area with the container for collecting the detached flowers behind it can be
considered as lying in one plane and are elements of a streamline, the energy balance in
the indicated in Fig. 6.1 sections was represented using the Bernoulli equation known as
the "Bernoulli integral for potential steady flows of an ideal incompressible fluid". The
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changes in the height of the location of the streamline elements were considered negligible
and the gravity term in the Bernoulli equation was ignored. For the points of the sections in
the area with the rose flowers “1-17, at the input “2-2”, in the narrowest part “3-3” and at the
output “4-4” of the detachable module from the streamline of Fig. 6.1 the general form of
the equation is the following:

2 2 2 2

p.;/l +p1:p;/2 +p2:P-;/3 +Ps= p.;/A +Py (62)
where: p is the density of air, kg/m3. Its value for the Rose Valley region during the rose

picking period is within the limits 1.20 — 1.25 kg/m3;

V1 ... V4 are the airflow speed in the defined secltions, m/s;

p1 ... pa - the values of the airflow pressure in the defined sections, Pa.

The inlet pressure of the detachable module (p2) was determined using the
Bernoulli equation for the points of the streamline in the sections “1-1” and “2-2” in fig. 6.1.
Given the fact that the section “1-1” is located far from the suction hole of the detachable
module, i.e. V1 = 0 (air is undisturbed) and the pressure is equal to atmospheric (pa), the
equation for calculating p2 took the following form:

2

p.=p. - 2 (6.3)

The second member of equation (6.3) shows the decrease in pressure below
atmospheric and can be taken as an indicator assessing the potential of the detachable
module to realize the first phase (pneumatic suction) of the two-component pneumo-
mechanical scheme for detachment of the flowers from the rose plant.

The airflow pressure in the area with the smallest cross-sectional diameter along
the detachable module (p3) was calculated using a dependence derived from the Bernoulli
equation for the points of the streamline in the section “2-2” and the section “3-3". The
speed of the airflow in the section “3-3” was derived by the formula for continuity of flow
(6.1):

V3=4'—Q2 . (6.4)
n.D3

After substitutions to calculate the airflow pressure in the narrowest area of the
detachable module, the equation was obtained:

Pa=P.— nggg Q- (6.5)

The information about the pressure ps and the airflow speed V3 reveals what is
happening inside the detachable module and can be used to optimize its design
parameters in order to increase its efficiency during operation.

The dependence for calculating the airflow pressure at the outlet of the detachable
module (ps) was derived by applying the Bernoulli equation for two points on one
streamline with respect to the sections ,3-3 and ,4-4“

P.=Ps +§ (V2-v2) (6.6)

The value for ps is a reference for the fulfillment of the conditions for efficient
operation of the detachable module. It must be higher than that at the inlet of the
detachable module to allow the detached flowers to be carried away, and at the same time
not too high so as not to damage them inadmissibly.

The formulas (6.1) — (6.6) show that to calculate the parameters characterizing the
operating environment of the input and output of the detachable module, in addition to the
values Di, p, pa (which can be considered constant for a particular case) it is enough to
know the speed of the airflow at the inlet (V2) and the outlet (V4) of the module. The values
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of the two speeds, which will guarantee the functionality of the detachable module, were
determined experimentally in laboratory conditions.

The laboratory tests performed showed that at speeds below 10 m/s the airflow is
weak or insufficiently stable for the realization of pneumo-mechanical detachment of the
flower from the rose plant. The analysis of the obtained results determined that carrying
out the harvesting operation would provide an airflow speed between 13.75 - 17.4 m/s,
which gave reason to use the indicated interval in the subsequent calculations.

Using the derived dependencies (6.1) — (6.6) and the air flow speeds from the
recommended operating interval obtained in the experimental tests, the values of the
parameters of the working environment in the detachable module (flow rate and pressure
of the air flow), which would provide conditions for flowers detachment and carrying them
out of the module, were calculated. For the version of the detachable module with a
suction hole diameter of @46, a diameter in the narrowest cross-section of @36 and an
inner diameter of the lead-out part 50, the air flow rate varies in the range of 80 — 100
m3/h. The value by which the pressure of the inlet hole of the detachable module must be
lowered below the atmospheric one in order to provide the necessary conditions for
drawing the flowers to the inside of the module is in the range 115 — 185 Pa. The low
suction values indicated that the determining factor for the realization of the rose flower
detachment is not the force of the vacuum, but the flow rate of the air, ensuring the
movement of the flowers through the module. The established fact is important in the
selection of a pneumatic unit to create the necessary vacuum in the detachable module.

The results of the theoretical research and the tests carried out in laboratory
conditions with a detachable module for pneumatic-mechanical picking of oil-bearing roses
gave the grounds for defining a method for mechanized picking of oil-bearing roses.

PNEUMO-MECHANICAL METHOD FOR MECHANIZED PICKING OF OIL-
BEARING ROSES - a method for mechanizing the picking of flowers in oil-bearing rose
plantations, in which the rose flower is detached from the bush by pneumatic suction and
mechanical cutting of the peduncle under the ovary and is carried by air flow to the place
of its temporary storage.

Experimental research of a technical means for detachment of the rose

flowers from the oil-bearing plant

Based on the pneumo-mechanical method for mechanized picking of oil-bearing
roses, a technical means was developed that ensures the realization of the technological
operation in accordance with the established practice in rose production for picking the
whole flowers. With the help of a built test bench, tests were carried out, according to the
results of which the optimal configuration of the suction tip, the place of installation of the
cutting element, the diameters and lengths of the pneumatic tubes of the suction part of
the detachable module with one and two rose pick-off devices, etc., were determined, as
well as the vacuum values ensuring successful and uninterrupted detachment of
blossomed flowers from the rose plant in various operating conditions were identified. The
optimal values of the parameters and the basic requirements for the production of the
elements of a technical means for picking rose flowers are presented in the Table 6.1.

Vacuum values were identified that create conditions for detaching the bloomed
flowers from the rose plant with little or no effort on the part of the picker, without
suctioning the surrounding undissolved buds and leaves, and without unacceptable injury
to the harvested produce. For a technical means (detachable module) consisting of a rose
pick-off device (total length 450 mm) with a suction tip with a suction surface diameter of
236 and a pneumatic tube with an internal diameter of 50 and a length of 500 mm, when
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working with one and two rose pick-off devices they are respectively: at operation with one
pick-off device - 3.5...4.0 kPa; when working with two pick-off devices 8.0...8.5 kPa.

Table 6.1.
Technical data and requirements for the elements of a technical means for picking oil-
bearing rose flowers

Technical data
Construction
of thlzaerlneement parameter / Optimal Requirements
Operating values
indicator
Suction tip - form; Arc 75-90° | Lightweight, with a smooth
- diameter of the 236 - 40 mm | inner surface, with a
suction surface. removable cutting element
Rose pick-off device | - total length 400 - 450 mm | Lightweight, ergonomic.
Pneumatic tube of - type; Flexible, lightweight, with a
the suction part of smooth inner surface
the detachable - internal 240 - 50 mm
module diameter;
- length. 500 mm
Cutting element - width of 5-10mm | One-sided sharpened and
the cutting part; hardened. Located on the
- angle of up to 12° periphery of the suction tip
sharpening of with the sharpened part of
the cutting edge. the cutting edge inwards.
Vacuum module | - type; - low-vacuum
(vacuum pump) - working vacuum. up to 30 kPa

Concept project of a three-modular agricultural machine for mechanizing the

picking of the flowers in oil-bearing rose plantations with pneumatic

detachment of the rose flowers

The results obtained in the research on the mechanized picking of oil-bearing rose
flowers made it possible to realize the three-modular rose picking machine (see Section 5)
in a variant with a system for pneumatic picking of the flowers, with which to improve
working conditions and accelerated the harvesting process. On the basis of the technical
means for detachment the flowers from the rose plant (the detachable module), a
pneumatic system was developed for picking off and transporting the blossomed rose
flowers to the container for their collection. A concept project of a three-modular rose
picking machine with a pneumatic picking system mounted on it is presented in Figure 6.2.

The pneumatic picking system (16) consists of vacuum-pump, rose pick-off devices,
pneumatic tubes, distributors, regulator, connecting elements and protective devices. The
vacuum-pump (21) provides the needed vacuum in the system for realization of the picking
of the rose flowers, and regulator (22), situated next to it allows for the vacuum rate to be
adjusted according to the specific conditions. The vacuum-pump (21) is fixed in close
proximity to the shaft power take-off-PTO (20) of the tractor and is driven by it. The central
vacuum-tube (19) connects the vacuum-pump (21) with the central distributor (18), the
sectional vacuum-tubes (17) connect the central distributor (18) with the sectional
distributors (14), and container vacuum-tubes (25) connect the sectional distributors (14)
with the removable containers (6). On each of the removable containers there is a sealing
cover (27) with a built-in relief valve (28). Rose pick-off device’s vacuum-tube (29)
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connects the sealing cover (27) with rose pick-off device (30). The pneumatic tubes
connecting the vacuum-pump (21) with the central distributor (18) and the rose pick-off
devices (30) with containers’ covers are flexible. The rest of the pneumatic tubes can be
non-deformable.

Figure 6.2. Concept project of a three-modular agricultural machine for mechanizing the
picking of the flowers in oil-bearing rose plantations with pneumatic detachment of the
rose flowers
a) top view; b) back view

1 — row of rose bushes; 2 — L-shaped frame; 3 — loading platform; 4 — picker’s seat; 5 —
stand for the removable container; 6 — removable container for the harvested rose
flowers; 7 — protective parapet; 8 — operating module; 9 — carrier frame; 10 — rear
workplace; 11 — console structure; 12 — running wheel; 13 — front workplace; 14 —
sectional way distributor; 15 - luminaries; 16 — pneumatic picking system; 17 — sectional
vacuum-tube; 18 — central distributor, 19 — central vacuum-tube; 20 — shaft of Power
take-off; 21 — vacuum pump; 22 — vacuum regulator; 23 — farm tractor; 24 — hitch
attachments of implement’s triangle; 25 — container vacuum-tube; 26 — fastening unit;
27 — sealing cover; 28 — relief valve; 29 — rose pick-off device’s vacuum-tube; 30 — rose
pick-off device.

The harvesting operation with the use of the pneumatic picking system proceeds as
follows: Each of the pickers directs controlled by him rose pick-off device (30) to a
blooming rose flower. The vacuum created by vacuum pump (21), having reached the
suction hole of the rose pick-off device (30) along the whole chain of distributors and
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connecting elements of the pneumatic picking system (16), using the cutting element of
the suction tip breaks off the rose flower under the cup and through vacuum-tube (29)
transports it to removable container (6) storing the harvested produce. After the removable
containers are filled with rose flowers, they are replaced by empty ones. The relief valves
(28) did not allow deformation of the container for the harvested rose flowers in the event
of an accidental increase in the vacuum in the system.

Research on the possibility of using the potentials of the pneumatic system of

an agricultural tractor in the picking of flowers in oil-bearing rose plantations

The registered low values of the vacuum required to suck and tilt the rose flower to
the cutting edge for its mechanical cutting and detachment from the stem of the oil-bearing
plant, gave reason to look for other ways of its creation. Analyzing the ways of obtaining a
vacuum known in science and practice, the hypothesis was raised that the potentials of the
pneumatic system of an agricultural tractor could be used for this purpose.

Following the sequence in the creation of technical means for agricultural practice,
theoretical studies and experimental tests were carried out, in which a conceptual scheme
of a pneumatic picking system was developed, the practical applicability of which was
confirmed experimentally in laboratory conditions, a testing device was prepared, with the
help of which the basic construction and working parameters, providing conditions for
picking off the flowers and taking them to the place for their temporary storage. Test
prototypes of pneumatic detachable modules with the possibility of using compressed air
from the tractor pneumatic system were made.

The experimental test to check the possibility of using the potentials of the
pneumatic system of an agricultural tractor was carried out during the rose-harvesting
period of 2019 in the experimental and production complex of IREMC in Kazanlak. A
tractor/implement combination was assembled based on the variant of MMR for the
mechanization of the picking of rose flowers. The base module of the MMR, equipped for
manual rose picking, is equipped with two pneumatic detachable modules.

Tests to evaluate the comfort of operation of the pneumatic detachable modules
showed that the dimensions of the rose pick-off devices and their vacuum-tubes fully
satisfy the requirement to reach every blooming flower in the area of the rose bush served
by the picker. Ease of working with the rose pick-off devices was found to be satisfactory
for practice. The technical solution for fixing the outlet end of the pneumatic detachable
module to the stand for the removable container proved to be reliable.

Tests to evaluate the functional suitability of the pneumatic detachable modules
using compressed air from the tractor's pneumatic system found that from the starting
position, where the compressed air pressure is equal to or close to the limit value
maintained by the pressure regulator, each of the detachable modules ensure that only a
few rose flowers are detached from the rose plant and transported to the container for their
temporary storage. Regardless of the possibility of pulsed release of compressed air, after
several actuations of the shut-off pneumatic device, a pressure drop in the pneumatic
system followed from 0.6 - 0.7 MPa to values that were insufficient to create a vacuum in
the vacuum-former, capable of drawing inside the suction tip the flowers for their
mechanical separation from the rose plant. The speed of the air flow was also falling,
making it difficult to carry already picked flowers to the container for their temporary
storage. A waiting period followed for an increase in air pressure in the pneumatic system
above 0.3 MPa to achieve subsequent rose flowers detachment.

The obtained results gave reason to formulate the conclusion that the tractor
pneumatic system is not able to provide the necessary conditions for pneumatic picking of
oil-bearing rose flowers without interruption. Two main reasons can be named:
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- 1st reason — the impossibility of the air pressure provided by the compressor of
the tractor pneumatic system to be maintained constantly within the limits
necessary to realize the vacuum-mechanical detachment;

- - 2nd reason - insufficient volume of the air reservoir of the tractor pneumatic
system to provide for a long time the necessary amount of air for picking off the
rose flowers and their transportation to the place of temporary storage.

Main results, conclusions and recommendations of Section 6
It has been experimentally proved that it is impossible to separate the petals of all
the flowers to be picked from their ovaries, and to detach all the whole flowers from
the oil-bearing plant, only with the help of a vacuum.
A method for the mechanized detachment of the flowers from the oil-bearing rose
plant was defined on the basis of a developed two-phase vacuum-mechanical
scheme. The applicability of the method was proven experimentally.
A pneumatic picking system has been developed for equipping the three-modular
machine for mechanizing the picking of the flowers in oil-bearing rose plantations,
which provides the possibility to realize pneumatic detachment of the flowers from
the rose bushes with the machine.
A pneumo-mechanical method for the mechanized picking of oil-bearing roses has
been defined, according to which the rose flower is detached from the bush by
pneumatic suction and mechanical cutting of the peduncle under the ovary and is
carried by air flow to the place of collection. The application of the method ensures
the realization of the harvesting operation in accordance with the established
practice in rose production for picking off the whole flowers. Expectations from the
method are improved working conditions, reduced picking costs, increased
productivity.
A general composition of a technical means (detachable module), assembled on the
basis of the pneumo-mechanical method for mechanized picking of oil-bearing
roses, has been developed. The type, dimensions and configuration of the elements
of the rose pick-off device, ensuring ergonomic operation when picking rose
flowers, have been established. The values of the parameters of the working
environment (flow rate and pressure of the air flow) in the detachable module, which
would provide conditions for picking off the flowers and taking them out of the
module without unacceptable injury, were calculated on the basis of results
obtained in an analytical-experimental way. Requirements for the manufacture of
the components of the detachable module have been formulated to ensure
maximum efficiency in the work process.

It was established that with the adopted open system of operation of the detachable

module, the tractor pneumatic system was not able to provide the necessary

conditions for pneumatic picking of the rose flowers without interruption. The main
reasons for this have been identified, recommendations have been formulated and
technical solutions have been developed to neutralize them.

Section 7. Development of an agricultural machine for pneumatic harvesting
of oil-bearing roses
Harvesting the flowers from the rose plantations is the operation of the technological

process that makes sense of all the activities and costs realized in the growing of oil-
bearing rose. It is carried out under extremely unfavorable conditions and requires the
presence of a significant labor resource. Picking the rose flowers is done manually, mainly
by pickers with low qualification and experience, which determines the low productivity of
the operation.
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The scientific research aimed to create an agricultural machine for pneumatic
harvesting of rose flowers in rose-growing farms, which will allow improving working
conditions and increasing the efficiency of the technological operation. The development
had an analytical-experimental nature and included the conduct of theoretical and
experimental research.

Theoretical research for the development of an agricultural machine for the

pneumatic harvesting of oil-bearing rose flowers

At the heart of the idea of an agricultural machine for pneumatic harvesting of
flowers in oil-bearing rose plantations (hereinafter referred to as "rose harvesting machine”
and abbreviated as "RHM") was to use the potentials of vacuum to detach the flowers and
transport them to the place for their collection and temporary storage. The basis was the
pneumo-mechanical method, in accordance with which the detachment of the flower from
the rose bush is realized as a result of pneumatic suction of the flower with mechanical
cutting of the rose peduncle under the ovary. The concept project for a technical solution
of the RHM (Fig. 7.1) was developed, taking into account the parameters of rose bushes,
the three most applied technological schemes for the formation of rose plantations (with a
row spacing of 2.8, 3.0 and 3.2 m), the requirements for the dimensions of the farm
machinery for movement between the rows, the specifics of the harvesting activity in rose
plantations, the conditions for safe work of the rose pickers and other factors.
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Figure 7.1. Concept project of the machine for pneumatic harvesting of oil-bearing rose
a - with support-running unit with running wheels and movable supports for six pickers;
b - with support-running unit with supporting sliders for four pickers.

1 — main frame; 2 — movable support; 3 — workplace for picker on the machine; 4 —
protective parapet; 5 — movable tread; 6 — detachable module for picker on the machine;
7 — running wheel; 8 — cutting element; 9 — rose pick-off device; 10 — module pneumatic
tube; 11 — outer section; 12 — detachable module for selfmoving picker; 13 — inner
section; 14 — sectional support; 15 — module holder; 16 — vacuum regulator; 17 — module
tip; 18 — common container; 19 — spray device; 20 — humidifying system; 21 — arcuate tip;
22 — central pneumatic tube; 23 — pneumatic detachable system; 24 — module clamp; 25
— distribution pipe; 26 — water pump; 27 — front glazed opening; 28 — electronic control
system; 29 — pump connection; 30 — hydraulic reservoir; 31 — drive shaft; 32 — vacuum
pump; 33 — implement triangle; 34 — rear glazed opening; 35 — airtight door; 36 —
supporting structure; 37 — supporting slider; 38 — support-running unit.

The rose harvesting machine includes a main frame (1) with an implement triangle
(33) in its front part for mounting to an agricultural tractor and attached guide-fixing
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elements for movable supports (2). On the upper side of the main frame (1) a common
container (18) for the collected rose flowers is mounted, and on its lower side the support-
running unit (38) is attached. Centrally to the upper side of the common container (18) is
attached an arcuate tip (21) for connecting the central pneumatic tube (22), which at its
other end is connected to a vacuum pump (32) driven mechanically by the tractor PTO or
hydro-mechanically by the tractor's hydraulic system via a hydraulic motor. Module tips
(17) with vacuum regulators (16) for the detachable modules (6) and (12) of the pneumatic
detachable system (23) are arranged on its longitudinal sides. Its interior is equipped with
movable stands for replaceable containers for the collected rose flowers (not shown in
Fig.7.1). Access to it is through an airtight door (35).

Each of the detachable modules (6) and (12) of the pneumatic detachable system
(23) includes a rose pick-off device (9) with a cutting element (8) located near the edge of
its suction opening and a module pneumatic tube (10) with which it is connected to a
module tip (17) of the common container (18). The detachable modules of the self-moving
pickers (12) are arranged on module holders (15) hinged to the common container (18).
Each module holder (15) is two-section and rotatable in the horizontal plane about the axis
of its sectional support (14), which is attached to the common container (18), and can be
fixed with a module clamp (24) on the common container (18). Its outer section (11) is
hinged to the inner section (13) and can be moved along its length, independently rotated
on the horizontal surface and dismantled. In Fig. 7.1 one of the module holders with
detachable modules is in working position and the other in transport position.

The workplaces of the pickers on the machine (3) are separated on its two
longitudinal sides. They include a movable tread (5) and a protective parapet (4), which
are hinged to the main frame (1) and the common container (18), respectively, and are
capable of horizontal positioning during operation and upright fixing during transport.

The humidifying system (20) includes a water pump (26), to which the inlet is
connected via a pump connection (29) to a hydraulic reservoir (30), and the outlet via a
distribution pipe (25) with spray devices (19). The water pump (26) is electric with power
supply from the electrical system of the tractor. The spray devices (19) and the humidity
sensor of the electronic control system (28) are positioned inside the common container
(18). The signals from the humidity sensor are a sign for the control unit of the electronic
control system (28) for switching on and off the power supply of the water pump (26),
which through the distribution pipe (25) supplies water to the spray devices (19) for
controlled spraying of the interior of the common container (18).

The support-running unit (38) is possible in two variants, including a supporting
structure (36) and support elements. The support elements are supporting sliders (37) or
running wheels (7) with movable supports (2). The supporting structure (36) is attached to
the lower side of the main frame (1). Its design is in accordance with the type of support
elements.

Experimental research of an agricultural machine for pneumatic harvesting of

oil-bearing rose flowers

The experimental research involved making a test prototype of the rose harvesting
machine and testing it for structural strength, functional suitability and operational
efficiency. The prototype was assembled with standard products and original elements and
units. It was tested in laboratory and field conditions. In laboratory conditions, tests were
carried out to check the structural strength of the RHM, tests were carried out to verify the
functionality of the executive modules and adjustments were made to ensure their effective
operation, parameters of the auxiliary modules affecting the output indicators of the main
ones were determined.

The experimental testing of the rose harvesting machine in field conditions was
realized as a part of tractor/implement combination, formed on the basis of an agricultural
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compact tractor Kubota GL220. To implement the tests, three variants of it were
assembled:

- one-row variant (RHM-1) - RHM with four workplaces, all located on the

machine;

- two-row variant (RHM-2) - RHM with four workplaces, two of which are located

on the machine and two are for self-moving rose pickers;

- three-row variant (RHM-3) - RHM with six workplaces, two of which are located

on the machine and four are for self-moving rose pickers.

The tests of the variants of the RHM were carried out during the rose-harvesting
period of two consecutive years (2020 and 2021) in the land around the town of Krun. The
plantation in which the tests were conducted had a rectangular shape with an area of 1.2
ha, and the rows of rose bushes were 186 m long, located in the east-west direction. Rose
bushes with Rosa damascena Mill had well-formed crowns, in an actively flowering stage
of age development. The soil surface in the interrows was also well maintained. The tests
were carried out in different periods of blooming of the rose flowers in the plantation.

The rose harvesting machine was tested in a series of tests with the
tractor/implement combination moving in both directions at the location of the rose bushes
in the plantation. In order to ensure the necessary vacuum for the harvesting operation,
the tests were conducted with the vacuum pump driven with the "optimal” Il gear of the
PTO and the tractor engine speed within the range from minimum (Ngs=Nmin) t0 NFE=1200
min-, according to the forward speed of the harvesting tractor/implement combination,
which can be realized in the specific conditions. In order to evaluate the operational
indicators of the RHM, the results of the tests conducted after establishing the optimal
operating modes of the harvesting tractor/implement combination were analyzed. In
parallel with the results of the RHM tests, data relating to the collection of the flowers in the
plantations by the pickers in the traditional manual way of picking the oil-bearing rose was
recorded.

The experimental tests in 2020 were conducted with the rose harvesting machine
equipped with four workplaces. Initially, the tests were carried out with the one-row variant
of the RHM-1 (Fig. 7.2.a).

(a) | (6)

Figure 7.2. Experimental testing in feild conditions of the rose harvesting machine
equipped with four workplaces
a - one-row variant RHM-1; b - two-row variant RHM-2.

Pickers without any experience in machine harvesting and with diferent experience
in manual rose picking were included in the test. The test period was characterized by a
large amount of blooming flowers. The rose flowers harvested during the last tests carried
out lasting over 1.5 hours (93 mins) were 37.4 kg, which, applied to the area from which
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they were collected, represented 335 kg/ha. The average speed of the technological
operation (taking into account the temporary stops) was 0.24 km/h. The average
productivity of the harvesting tractor/implement combination achieved during the tests was
0.072 ha/h.

During the first day of tests of the two-row variant RHM-2 (Fig. 7.2.b), there were
significantly fewer rose flowers subject to picking. The amount of flowers collected in the
last tests lasting one hour was 22 kg, which, related to the area from which they were
collected, represented 197 kg/ha. The hourly productivity of the harvesting
tractor/implement combination, calculated on the basis of the data recorded during the
tests, was 0.1116 ha/h at an average travel speed of only 0.186 km/h.

On the next day of the tests, the blooming flowers in the rose plantation were more
than the previous day. The flowers harvested during tests lasting almost 3 hours (172
mins) were 52.2 kg, which, relative to the area from which they were collected,
represented 234 kg/ha. The average speed of the technological operation calculated on
the basis of all tests was 0.26 km/h, and the realized hourly productivity of the harvesting
tractor/implement combination was 0.1557 ha/h.

Experimental field tests of the rose harvesting machine in 2021 continued with the
two-row variant RHM-2, complete with rose pickers, two of which had not participated in
the tests the previous year. The tests were carried out according to the methodology
applied the previous year, and the majority of them were with an activated humidifying
system.

On the first day of the tests, the amount of blooming flowers in the rose plantation
was close to the peak for the rose-harvesting period. The flowers collected during tests
lasting 72 minutes were 30.1 kg, which, applied to the area from which they were
collected, represented 269 kg/ha. The presence of inexperienced pickers, the loss of
"experience" in handling the rose pick-off devices, etc. factors, actors made it necessary to
stop the movement of the harvesting MTA several times. The estimated average speed of
the technological operation of 0.155 km/h was rated as particularly low, even though it was
comparable to that achieved by pickers picking rose flowers by hand 0.145 km/h. The
specified hourly productivity of the harvesting tractor/implement combination was 0.093
ha/h.

Tests on the next day of experimental research of the RHM-2 were carried out with
the movement of the harvesting tractor/implement combination at higher speeds. The
basis was the smaller amount of blooming flowers in the plantation, as well as the
expectations for more efficient work of the pickers participating in the test. The amount of
flowers collected during the last test lasting 44 minutes was 12.8 kg, which, applied to the
area from which it was collected, represented 224 kg/ha. The rose pickers' regained ability
to operate the rose pick-off devices allowed a higher average speed to be achieved -
0.254 km/h. The presence of significant reserves for speeding up the technological
operation, incl. at the expense of increasing the personal responsibility of the pickers,
stated the specialists participating in the tests and supervising their conduct. The realized
hourly productivity of the harvesting tractor/implement combination was 0.152 ha/h.

In a subsequent test, the movement of the harvesting tractor/implement
combination was realized with its gradual acceleration. On sections with a length of 30-35
m, the speed was increased 4 times, and the time of movement at each new speed and
the distance traveled were measured and recorded. The success rate of the pickers in
collecting all the blooming flowers is monitored. The analysis of the obtained results
showed that a full-fledged harvesting process can be realized when the tractor/implement
combination is moving at a 1.5 times higher forward speed (0.380 km/h), and this is not a
limit in the presence of qualified pickers and established synchrony in their work.
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The field experiments of the three-row variant of the machine for pneumatic
harvesting of oil-bearing roses (Fig. 7.3) were carried out in 2021. RHM-3 was tested for
functional suitability with 5 pickers, of which two on the machine and three self-propelled.

Nk

Figure 7.3. Experimental testing in feild conditions of the three-row
variant of the rose harvesting machine

The collected flowers in a test lasting 44 minutes was 14.5 kg, which, applied to the
area from which it was collected, represents 104 kg/ha. The average speed of the
technological operation was maintained - 0.254 km/h, but opportunities for its increase
were found. The realized hourly productivity of the RHM-3 with five rose pickers, picking
flowers simultaneously from two and a half rows of rose bushes, in 44 minutes was 0.19
ha/h. Recalculated for the situation when the RHM-3 is equipped with six rose pickers, the
hourly productivity of the harvesting unit would be 0.228 ha/h, which is quite sufficient to
harvest the rose flowers available on the day of the test in the plantation within the time
interval guaranteeing the receipt of quality production.

The main conclusion of the tests ot three-row rose harvesting machine is that
speeding up the movement of the harvesting tractor/implement combination (for which the
possibilities are considerable) and equipping the machine with pickers of equal skill and
professional attitude are the real steps to increase productivity to levels that will allow with
one RHM-3 daily within the permissible time range to harvest the production from
plantations with an area of 1.5 ha and more, incl. in the peak flowering stage of the oil-
bearing crop.

The test results of the three variants of the rose harvesting machine (RHM-1, RHM-
2 and RHM-3) are difficult to compare, due to the different conditions during the days of
the experimental research - unequal amount of blooming rose flowers, lack of skill of the
pickers to handle the rose pick-off devices in the first tests and its increase to a different
degree in them in each subsequent test, unestablished agreement between the three
factors "amount of blooming flowers - experience of the rose pickers - forward speed of
movement of the harvesting tractor/implement combination”, etc. The same applies to the
comparability of the test results of the same variant (the two-row rose harvesting machine
RHM-2) on different days of its testing. The only thing that did not change during the tests
was the time for maneuvers at the end of the plantation, which, thanks to the compactness
of the rose harvesting machine and the high professionalism of the tractor driver, did not
exceed 30 s.
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An indisputable fact found throughout the days of the experiments was that the
amount of machine harvested rose flowers per unit area was greater than that of hand-
picking. Visually, this was also evident when comparing the areas of the plantation with a
different method of picking - in the rows where the picking was carried out with RHM, there
were practically no flowers left in the bushes that to be picked. The reason for the
difference between the two types of picking (machine and hand) can be pointed to the fact
that the pickers who pick the flowers mechanized can safely pick off any flower, even
those that manual picking pickers miss either because they can't reach it or by prioritizing
their safety in case of contact with the thorns on the rose bushes and with stinging insects,
or for other reasons.

The observation of the change of humidity in the common container of the
harvesting machine under the influence of the rising daily temperature and the air flow
passing through the container during the technological operation found that the decrease
of humidity in a period of 45 minutes can reach 34% even in a moderately humid
environment. The tests of the harvesting tractor/implement combination carried out with an
activated humidifying system showed that it is quite possible to maintain the humidity in
the common container and not allow the rose flowers to dry out. A three-minute sprinkling
provided a 10% increase in humidity, and a minute-minute and a half sprinkling at intervals
was sufficient to maintain the humidity in the common container in the range of 80-85%,
recommended as optimal for preserving the condition of the harvested rose flowers in
guantitative and qualitative terms.

Main results, conclusions and recommendations of Section 7

» An agricultural machine for pneumatic harvesting of oil-bearing roses has been
developed, manufactured and tested. The picking of the flowers is realized by the
rose pickers remotely with detachable modules, with which the rose flower is
detached from the bush by pneumatic suction and mechanical cutting of the
peduncle under the ovary and is carried by air flow to the place of collection.

» The rose harvesting machine allows three variants of formation with workplaces
(one-row, two-row, three-row) and six variants of completeness with rose pickers
depending on the amount of blossomed flowers, the operating conditions and the
rose pickers available on the day of picking.

» The rose harvesting machine can be equipped with two types of support-running
unit (with supporting sliders or with running wheels) and can be made in a mounted
and semi-mounted version, which provides conditions for attaching it to tractors with
linkage, the load capacities of which are lower or commensurate with the operating
mass of the machine.

» The laboratory tests for structural strength of the rose harvesting machine proved,
and the field tests confirmed the correctness of the choice for a technical solution, of
the used standard products and original elements and assemblies for its
manufacture.

» The rates of change of humidity in the common container of the rose harvesting
machine under the influence of the rising daily temperature and the air flow passing
through the container during the rose-harvesting period of the day were analyzed.
The possibility of using a humidifying system to maintain a constant humidity in the
common container during work in the range of 80-85%, in order to preserve the
collected flowers and the essential oil contained in them in quantitative and
gualitative terms, has been proven.

» Experimental field tests of the rose harvesting machine verified its functional
suitability for use in oil-bearing rose production practice. The advantages of
machine picking over traditional manual picking have been established and proven
by experience - better working conditions for the pickers, complete harvesting of the
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rose flowers to be picked for the day, higher productivity. The main factors on which
the efficiency of the rose harvesting machine in operation depends are determined,
namely: the condition of the oil-bearing rose plantation; the amount of blooming
rose flowers; the qualification of rose pickers. Finding a balance between them
ensures the productivity with which the tractor/implement combination, formed on
the basis of a three-row machine for pneumatic rose harvesting, within the specified
time range, can collect the production from plantations of 1.5 ha and more, incl. in
the peak flowering period of the oil-bearing crop.

Section 8. Development of an agricultural machine for pruning in oil-bearing

rose plantations

Pruning in plantations with oil-bearing rose is carried out during all stages of
growing of the oil-bearing plant. Its implementation in a new plantation aims at the initial
formation of healthy rose bushes, and in a flowering plantation - ensuring the necessary
conditions for achieving high yields of quality rose flowers. The general disadvantage of
the technical means for pruning used in rose production, apart from their narrowly
specialized purpose, is that the cut plant mass remains in rows with the rose plants. Its
extraction in the inter-row spacing for its further processing is done manually at significant
labor and time costs.

The research aimed to create an agricultural machine for carrying out all pruning
operations for forming the height and cutting close to the base of the bushes in oil-bearing
rose plantations with simultaneous removal of the cut plant mass in the inter-row. The
development has an analytical-experimental character and included the conduct of
theoretical and experimental research.

Theoretical studies for the development of an agricultural machine for

pruning in oil-bearing rose plantations

Taking into account the morphological features of the oil-bearing rose, the
specificity of the pruning activity in rose plantations and the resulting requirements for the
mobile power means that can be used in the composition of a pruning tractor/implement
combination, a concept project for a technical solution of an agricultural machine for
pruning in oil-bearing rose plantations (Fig. 8.1), hereinafter also called "rose pruning
machine" and abbreviated as "RPM", was developed.

The rose pruning machine (Fig. 8.1) includes a main frame (1), a pruning module
(25), an upper (10) and a lower (9) guide rods. The main frame (1) has a triangle (4)
formed in its front part for attachment to a farm tractor. Centrally located on it is an angle
reducer (3). The drive belt pulley (2) of a two-stage belt drive (16) is attached to the output
shaft of the reducer, and a safety clutch (6) with a cardan extension (5) is connected to its
input shaft. The rotating elements of the two-stage belt drive (16), as well as the cardan
extension (5) with the safety clutch (6), are protected by protective covers (not shown in
Fig. 8.1) The upper (10) and a lower (9) guide rods are connected by hinges (8) to the
main frame (1) and attached by hinged supports (24) to the pruning module (25). Both
rods can be positioned and fixed near the main frame (1). The upper guide rod (10) is
adjustable in height and inclination using the adjustable support (23) and the holes in the
inclined beam (7) of the main frame (1).

The rose pruning machine is a mounted type of farm equipment for use in the
conditions of agricultural production after it is attached to an agricultural tractor. The
dimensions of the attachment elements of the hitch-point triangle (4) of the machine must
correspond to those of the tractor's hitch mechanism. In the transport position (Fig. 8.1.b),
the pruning module (25) is positioned behind the main frame (1). It is fixed in working
position (Fig. 8.1.a) by rotating around the carring axis of rotation (26). Its position in
relation to the support surface is infinitely adjustable using the tractor linkage depending
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on the required pruning height. The guide rods are fixed in positions that ensure their
functional purpose.
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Figure 8.1. Concept project of an agricultural machine for pruning in oil-bearing rose
plantations
a - in working position; b - in position for transportation

1 - main frame; 2 - drive belt pulley; 3 - angle reducer; 4 - hitch-point triangle; 5 - cardan
extension; 6 - safety clutch; 7 - inclined beam; 8 - hinged connection; 9 - lower guide rod,;
10 - upper guide rod; 11 - supporting bar; 12 - counter knife; 13 - perk cleaner; 14 - cutting
disc; 15 - protective board; 16 - two-stage belt drive; 17 - driven belt pulley; 18 - drive belt
of the second step; 19 - tensioning belt pulley of the second step; 20 - two-channel belt
pulley; 21 - drive belt of the first step; 22 - tensioning belt pulley of the first step; 23 -
adjustable support; 24 - hinged support; 25 - pruning module; 26 - carring axis of rotation

During the movement of the pruning tractor/implement combination, formed with
RPM, in the inter-row of the rose plantation, the cutting disc (14) is located above the row
of bushes that is being processed. The forward speed of tractor/implement combination is
adapted to the requirements of the technological operation. The cutting disc (14) receives
its rotary movement by means of the two-stage belt gear (16) from the angle reducer (3),
the input shaft of which is connected to the PTO of the tractor through the safety clutch (6)
with the cardan extension (5) and cardan gear or by hydraulic motor driven by the tractor's
hydraulic system. Rose stems directed by the upper and lower guide bars fall between the
thumbs of the counter knife (12), which provides support for their cutting by the cutting disc
(14). The perk cleaner (13) directs the cut plant mass into the inter-row. The protective
board (15) picks up the plant residues remaining on the cutting disc (14) and with the help
of the upper guide rod (10) pushes them out of the processed row. The cutting height is
adjusted depending on the stage of vegetative development of the rose plantation and the
type of pruning operation.

To transport the rose pruning machine, the upper and lower guide rods are released
from the hinged supports (24) and clipped to the main frame (1). The belt (21) from the
two-stage belt drive (16) is dismantled. The pruning module (25) is rotated around the
carring axis of rotation (26) and is fixed in the transport position (Fig. 8.1.b).

Based on the developed concept project for a rose pruning machine, a simulated 3-
D model was built using the Solid Works software product. With its help, through computer
modeling, the places of occurrence were identified and the values of stresses and
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deformations in the construction of the RPM, caused by the acting external forces, were
calculated, and on their basis, the main construction dimensions of the machine and the
materials for its manufacture were determined, its weight and coordinates of the center of
mass in the working and transport position were calculated (Table 8.1). The value of the
factor of safety of the construction, whose elements are made with the materials and
profiles defined as optimal, is FOS=2.748, which fully satisfies the requirements for
ensuring its structural strength in the conditions of rose production practice.

Tabnuua 8.1.
Mass parameters of the rose pruning machine
Parameters Dimension Values
Weight
- in the working position kg 194.62
- in transport position kg 194.0

Coordinates of the center of mass:
- in the working position

along the longitudinal axis ,z“ mm -737.5

along the transverse axis ,x“ mm -345.1

along the vertical axis ,y* mm 197
- in transport position

along the longitudinal axis ,z“ mm -966.3

along the transverse axis ,x“ mm -96.4

along the vertical axis ,y* mm 196.4

In the construction of the rose pruning machine there is a possibility for pruning at a
height of up to 160 cm. The hydro-mechanical drive of the cutting disc ensures positioning
of the pruning module of the RPM at heights in the entire pruning range. With the simpler
purely mechanical drive through the tractor PTO, prunings up to 110 cm are realized,
which are the majority of those applied in the care of oil-bearing rose plantations.

Verification of the possibility of safe operation of the pruning tractor/implement
combination was carried out on the basis of the determined mass parameters of the RPM
(Table 8.1) and data from the technical characteristics of the Kubota GL220 compact
tractor. The influence of RPM on the safety of the pruning tractor/implement combination
during operation was evaluated by its stability against lateral overturning. On flat terrains,
the stability of tractor/implement combination is guaranteed, because the transverse
coordinate of the center of mass of the RPM (345 mm) is within the limits of the transverse
base of the tractor. The stability of the pruning tractor/implement combination when
working on inclined terrains was evaluated with the angle of dynamic transverse stability
(Bayn). The angle Bdayn was determined with data on the limit static angle of transverse
resistance (ast) when pruning at heights in the range 0 — 160 cm for the two possible
variants of positioning the tractor in relation to the cut rose bushes: on their upper side
opposite the slope and on their underside side of the slope.

The analysis of the results of the theoretical studies to assess the influence of the
RPM on safety at work showed that on flat and with a slope of up to 3° terrain, the pruning
tractor/implement combination (regardless of how the tractor is located in relation to the
rose bushes) retains the necessary stability to realize pruning at a height in the entire
pruning range (from O to 160 cm). The location of the pruning module does not affect
safety even when driving at low forward speeds on terrains with a slope of up to 9 - 10°,
when pruning is carried out close to the base of the rose bushes (up to 30 - 35 cm). On all
terrains on which the operation of the basic versions of the universal tractors is permissible
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(with a slope of up to 10°), the movement of the tractor/implement combination across the
slope with the pruning module located against the slope is completely safe and allows the
execution of pruning applied in the growing of the oil-bearing crop.

The evaluation of the effect of the widening of the wheeltrack of the tractor on the
stability of the pruning tractor/implement combination at pruning heights in the range O -
160 cm showed that with the available technical means it is feasible to increase it almost
twice, thus expanding the possibilities for the operation of the pruning tractor/implement
combination on terrains with greater slopes.

The results obtained for the transverse stability of the pruning tractor/implement
combination, composed on the basis of a compact tractor, are grounds for assuming that
the rose pruning machine can be attached and work safely also with universal tractors of
medium power, which have wider wheeltracks and no lower stability, and are also widely
used in rose production.

Experimental studies of an agricultural machine for pruning in oil-bearing

rose plantations

Experimental research included the development of a prototype of the rose pruning
machine and its testing in real conditions for structural strength, functional suitability and
efficiency at work.

The structural strength (stiffness) of the rose pruning machine was tested both in
the process of making its main assemblies and after its final assembly. Without any fact
compromising the strength of the structure, the field tests of the machine were carried out.

The tests for assessment of the functional suitability for work in real conditions of
the rose pruning machine were realized in autumn 2020 and spring 2021 in oil-bearing
rose plantations in lands around the town of Kazanlak and the town of Tran. The machine
was aggregated to the compact tractor Kubota GL220 (Fig.8.2), meeting the requirements
for compiling the pruning tractor/implement combination.

(a) (b)
Figure 8.2. Field tests of the agricultural machine for oil-bearing rose pruning
a - pruning at a height of 110 cm; b - pruning at a height of 30 cm

A series of tests were implemented in farms with rose plantations with an area of
0.4 to 15.0 ha with different shape and lengths of rows, stages of vegetation development
of rose plants, slope and profile of the soil surface. The condition of the plantations in
which the tests took place ranged from well-maintained to almost abandoned, incl. without
tilage and other mandatory plant care, with lush plant mass, incl. and with unharvested
rose flowers. Pruning has also been carried out in plantations with displacement between
adjacent rows, reaching up to 50-60 cm. With the help of the tractor's hitch, the rose
pruning machine was positioned at a distance from the soil surface, providing the required
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height of the rose bushes after pruning. Pruning was carried out up to the limit value for
rose plantings of 160 cm. At a cutting height in the range of 30 - 110 cm (Fig. 8.2), which
are the most often applied by rose growers when caring for the oil-bearing rose, the drive
of the cutting disc of the pruning module was mechanical through the PTO of the
agricultural tractor, and at heights of cutting above the specified range - hydromechanical.

The parameters and indicators that were monitored during the tests were: the
speeds of the crankshaft of the tractor engine, of the power take-off shaft (PTO) and of the
cutting disc; the forward speed of the tractor/implement combination; the length of the cut
rows and the time for their pruning. Monitoring was conducted for the success of cutting all
the plant mass to be removed, the condition of the surface at the place of cutting the rose
stems, the stability of the pruning tractor/implement combination when moving.

The field experiments were carried out at speeds of tractor/implement combination
in the range of 0.5 - 8.4 km/h, which are typical for the technological operations performed
in perennials. The desired forward speed was achieved both by changing the gears in the
tractor gearbox and by operating the tractor engine in partial modes. Varying with the
crankshaft speed of the tractor engine and the speed modes provided by the PTO, a
series of tests were performed to establish the optimal operating conditions of the cutting
disc.

Field tests were carried out in two stages with both types of drive of the cutting disc.
With the defined as optimal settings and operating modes, tests were conducted to assess
the productivity of the rose pruning machine under operating conditions typical for the
rose-growing practice. The values of the sample mean of variation lines compiled with the
results obtained in the first stage, which would be useful for practice, are presented in the
table 8.2.

Table 8.2.
Summarized results of the experimental tests of the machine for oil-bearing rose pruning

Operating conditions Type of Performance indicators

Rose bushes Soil surface pruning Forward Productivity,
operation | speed (km/h) | (ha/8 hours)
in new well upper 50-6.0 45-55
plantations maintained pruning
row spacing
in new poorly upper 2-3 25-3.0
plantations maintained pruning
row spacing

in plantations well pruning at a 4-5 3.0-4.2
with active maintained height of
flowering plants | row spacing 100-110 cm
in plantations | poorly pruning at a 2-3 2.0-3.0
with active | maintained height of
flowering plants | row spacing 100-110 cm
in  plantations | well pruning at a 3-4 25-35
with active | maintained height of 70-
flowering plants | row spacing | 80 cm
in  plantations | poorly pruning at a 05-15 1.0-2.0
with active | maintained height of 30-
flowering plants | row spacing | 40 cm
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The functional suitability of the tractor/implement combination for pruning at greater
heights was evaluated during the second stage of the field tests after the completion of the
RPM with the elements for implementing hydro-mechanical drive of the cutting disk of its
pruning module. Pruning was carried out on a strip separating neighboring fields,
consisting of rose bushes with young trees growing in them. With the help of the tractor
linkage, the RPM was positioned at a distance of 150-160 cm from the soil surface.

The tests were carried out at forward speeds of the pruning tractor/implement
combination in the range of 4-5 km/h and rotation frequencies of the engine crankshaft
around 1200 min’, which ensured the optimal working mode of the cutting disc. The
obtained results proved the workability of RPM in this more complicated situation than the
upper pruning of rose bushes. It was found that stems of plants with diameters of 40-50
mm can be cut without any problems, which significantly exceeds the maximum size of 25
mm determined for the main mass of rose stems. Cuts of young trees with diameters
reaching 60 mm were found. Measures were identified to optimize the parameters of the
cutting disc, in the direction of reducing its construction mass and production cost.

Tests of the rose pruning machine were also carried out together with a thumb-type
device for realization of side pruning of the bushes attached to the front part of the farm
tractor. It was found that the joint work of the two farm machines not only did not worsen
the performance of the tractor/implement combination, but improved the working
conditions of the tractor driver and increased the effect of the pruning operation.

The conducted experimental research allowed the formulation of recommendations,
the consideration of which would increase the efficiency of the use of the machine for
pruning roses in the rose-growing practice and in bushy plantations grown without
supporting structures.

Main results and conclusions of Section 8

» An agricultural machine has been developed, manufactured and tested for carrying out
all pruning operations to form the height and cut the bushes close to the base with
simultaneous removal of the cut plant mass to the inter-rows of the oil-bearing rose
plantations.

» The basic construction and operational parameters of a rose pruning machine has
substantiated by computer modeling, including: its overall dimensions, ensuring free
movement and operation of the pruning tractor/implement combination formed on its
basis in oil-bearing rose plantations; its structural mass under 200 kg, allowing
connection incl. and to "smallsize" type agricultural tractors; pruning height up to 160
cm, which is the maximum applied in rose production practice.

» The strength of the structure of the rose pruning machine was experimentally verified.
Construction changes during the tests due to the action of external factors, which
discredit the performance of its functions, were not found.

» The functional suitability of the rose pruning machine to perform pruning in the entire
pruning range, incl. on sloping terrains with a deviation between adjacent rows of 50
cm and more, has been proven, as well as its advantage over agricultural machines
similar in purpose to leave the cut bushes clean of plant residues after its passage.

» Average shift productivity in the range of 3-4 ha/working shift of the tractor/implement
combination formed on the basis of the rose pruning machine was determined during
operational tests, taking into account the influence of operating conditions on its
increase or decrease. Recommendations were developed to increase the efficiency of
using the rose pruning machine in rose production practice.
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Il. CONTRIBUTIONS FROM THE RESEARCH IN THE DISSERTATION

[lI-1. Contributions of original character

I11-1.1. A definition of the concept of "scientific research in engineering agricultural
practice” has been introduced as "a conceptual, personnel and economically justified
complex of activities for the creation of new or improvement of existing technical means for
the mechanization of technological operations in the cultivation and harvesting of
agricultural products” and the methodological foundations of engineering research in
agricultural practice are summarized.

[11-1.2. A classification of oil-bearing rose-growing farms in the Republic of Bulgaria
has been developed according to the "utilized agricultural area™ criterion, and the optimal
power means for mechanized growing of the oil-bearing crop in each of them have been
determined.The classification of farms by types, taking into account the specifics of the
sector, allows their farmers to estimate the necessary investments for the purchase of
agricultural machinery and eases the executive authorities in allocating funds to support
agricultural farms, according to their capabilities for effective use.

[11-1.3. A two-phase vacuum-mechanical scheme combining pneumatic suction of
the flower and mechanical cutting of the peduncle under the ovary has been theoretically
substantiated and verified experimentally, on the basis of which a method has been
defined for the mechanized detachment of the oil-bearing rose flower from the plant.

[11-1.4. A pneumo-mechanical method for the mechanized picking of oil-bearing
roses has been defined, according to which the rose flower is detached from the bush by
pneumatic suction and mechanical cutting of the peduncle under the ovary and is carried
by air flow to the place of collection.

[11-1.5. Two variants of an agricultural machine for hand-picking of oil-bearing rose,
which allow picking off the blossomed rose flowers and transporting the pickers and their
collected produce in the rows of the rose plantations during the rose-harvesting period
have been developed, manufactured and tested. The optimality of the design solutions, the
structural strength and functional suitability of the machines for working with different
schemes of connection to the tractor's linkage, the position occupied by the pickers
(standing/sitting) on the loading platforms, the number and distribution of the pickers on
the loading platforms, the presence of supporting wheels etc. have been experimentally
proven. The optimal conditions for their operation have been determined to realize labor
productivity two and more times higher compared to the traditional non-mechanized
manual picking of rose flowers.

[11-1.6. An agricultural machine for pneumatic harvesting of flowers in oil-bearing
rose plantations has been developed, manufactured and tested. The structural strength
and functional suitability of all three variants for completing the rose harvesting machine
(one-row RHM-1, two-row RHM-2, three-row RHM-3) have been experimentally proven.
The main factors on which the efficiency of the machine in operation depends were
determined, namely: the condition of the rose plantation, the amount of blossomed rose
flowers; the qualification of rose pickers. The applicability of the rose harvesting machine
when working with a different (even and odd) number of pickers, its completeness with
pickers of different qualifications, operating the pickers with two rose pick-off devices has
been verified. Ways have been indicated to achieve productivity with tractor/implement
combination formed on the basis of the three-row variant of the machine, which allows
within the time range from 5:00 to 10:00 hours to harvest the production from plantations
with an area of 1.5 ha and more, incl. in the peak flowering stage of the oil-bearing crop.

[1I-1.7. Based on the modular principle for the formation of the technique, a
multifunctional agricultural machine has been developed in two versions of construction
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exsecution (mounted and semi-mounted) for the realization of technological operations in
rose-growing farms by spraying, selective pruning, rose picking and transport activities.
The structural strength and functional suitability of each of the technological variants of the
multifunctional machine have been experimentally proven.

[11-1.8. An agricultural machine for carrying out all pruning operations to form the
height and cut the bushes close to the base with simultaneous removal of the cut plant
mass to the inter-rows of the oil-bearing rose plantations has been developed,
manufactured and tested. Two options for driving the cutting disk of the pruning module of
the machine (mechanically and hydro-mechanically) were constructively substantiated and
developed, and the specific features for the use of each of them was indicated. The
structural strength and functional suitability of the pruning machine have been
experimentally verified to perform the technological operation with cutting heights of up to
160 cm, incl. on sloping terrains with a deviation between adjacent rows of 50 cm and
more, as well as its advantage over similar in purpose machines to leave the cut bushes
clean of plant residues after its passage. Average shift productivity in the range of 3-4
ha/shift of the tractor/implement combination formed on the basis of the rose pruning
machine was determined during operational tests, and the influence of operating
conditions on its increase or decrease was indicated.

[1I-2. Scientific-applied contributions

[11-2.1. Developed and built into an agricultural machine was a universal hitch-point
triangle that allows the connection of mounted and semi-mounted agricultural machines to
linkages of categories 2, 2N and 3N approved by standards of the International
Organization for Standardization (ISO), and to the two execution versions of the TNU-2
linkage (Version A and Version B), approved by the standards of the Bulgarian Institute for
Standardization (BIS), with which medium-power tractors (the most widely used in world
agriculture) are equipped. The technical solution for a hitch-point triangle for farm
implement solves the problem of the lack of BIS-standardized analogues of all types of
linkages with which the leading manufacturers of agricultural tractors equip their models
with medium power, providing the possibility of connecting all mounted and semi-mounted
agricultural machines to the hitch mechanisms of tractors with medium power, regardless
of the variant of execution and the standards according to which their connecting elements
are made.

[11-2.2. A boom spraying system for treating the bushes in oil-bearing rose
plantations, formed according to the three most widely used schemes (with row spacing of
2.8 m, 3.0 m and 3.2 m), when implementing care for plants by spraying during the
growing season, such as fighting against diseases and enemies, foliar feeding, spraying in
dry periods of time, etc., was developed, manufactured and tested. The type, number and
positions of the spreaders on three varieties of the spraying system (with line booms and
L-shaped booms for spraying two half-rows and with [l-shaped booms for the
simultaneous spraying of two rows of rose bushes) were determined, according to the
type, stage of vegetative development and the way of forming the crowns of the bushes in
the rose plantation.

[11-2.3. A boom spraying system for treating the soil surface below the crowns of the
bushes in oil-bearing rose plantations to implement plant care by spraying during the
growing season related to weed control, the introduction of liquid root stimulators, watering
young plants, etc., was developed, manufactured and tested. The spray angles and the
parameters for positioning the spreaders on the booms of the spraying system (height
from the soil surface, distance from the rose bush, angle of inclination to the horizontal)
were determined, guaranteeing quantitative and qualitative treatment of the soil surface at
the base of the bush, in two variants for the width of the sprayed area (half or full of the

a7



ABSTRACT
of the dissertation for acquiring the scientific degree “DOCTOR OF SCIENCES”

width under the crown of the rose bush). Regression mathematical formulas were derived
for precise determination of the spray angle and the inclination of a spreader for applying
herbicides, according to the specific operating conditions (the technological scheme of
planting, the condition of the rose plantation, the spraying scheme, etc. factors), in order to
prevent the working liquid from falling on the foliage of the oil-bearing plant.

[11-2.4. An agricultural machine for pneumatic selective pruning in oil-bearing rose
plantations has been developed, manufactured and tested. The technological operation is
conducted as the operator carrying out the pruning from the ground remotely, with minimal
effort, cuts the rose stems to be removed and collects them on a loading platform for
subsequent removal outside the borders of the rose plantation. It is estimated that the
pneumatic systems of the agricultural tractors operated in the rose production practice are
able to supply two pneumatic scissors with compressed air for continuous selective
pruning in oil-bearing rose plantations. It is recommended for selective pruning in rose
plantations the use of pneumatic scissors, which allow the cutting of wood up to 25 mm in
diameter.

[11-2.5. Construction and technological parameters (the diameter dimensions for the
suction tips, the type and location of the cutting elements to be embedded in them, the
values of the vacuum) of a technical means, which was developed on the basis of the
method for the mechanized detachment of the oil-bearing rose flowers from the plant and
provides conditions to detachthe flowers from the rose stems at any attempt to do so,
without sucking the surrounding leaves and undissolved buds, with no or minimal effort
applied by the picker were defined.

[11-2.6. A technical means (detachable module), assembled on the basis of the
pneumo-mechanical method for mechanized picking of oil-bearing roses, has been
developed. The type, dimensions and configuration of the elements of the rose pick-off
device, ensuring ergonomic operation when picking rose flowers, have been established.
The values of the parameters of the working environment (flow rate and pressure of the air
flow), which would provide conditions for picking off the flowers and taking them out of the
module without unacceptable injury, were calculated. Requirements for the manufacture of
the components of the detachable module have been formulated to ensure maximum
efficiency in the work process.

[11-2.7. A humidifying system for moistening the collected oil-bearing rose flowers in
the common container of the rose harvesting machine, with the aim of neutralizing the
drying effect of the rising daily temperature and the air flow passing through the common
container was developed, assembled and tested. Its functional suitability has been
experimentally proven to maintain constant humidity in the range of 80-85%, with the aim
of preserving in quantitative and qualitative terms the harvested rose flowers and the
essential oil contained in them.

[1I-3. Contributions of a confirmatory character

[11-3.1. It has been established that the sizes of the farms in the Republic of
Bulgaria, where oil-bearing roses are grown, differ, as well as that the degree of
mechanization and the efficiency of the technical means used are not the same in the
rose-growing farms of different sizes. It is concluded that unification of production
conditions and increasing the efficiency of the technological process in the growing of oil-
bearing rose can be achieved by developing and implementing in practice technical means
(farm implement) for the mechanization of activities related to the care of plants and the
harvesting of the blossomed rose flowers, according to the size of the rose-growing farms
and the possibilities of their owners to invest in new equipment. Suitable for
implementation in small-sized farms are machines of the "multifunctional” type, allowing
the realization of more than one technological operation, and the formula for their
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successful adoption in practice is "simple construction - quick configuration - reliable
operation - easy maintenance - acceptable price".

[11-3.2. It has been established that in modern rose production, a number of
activities in the growing of oil-bearing rose are fully mechanized, others are partially, and
the picking of the rose flowers is completely manual, the costs of which in an active
flowering plantation are about two thirds of the labor costs, and in recent years, even from
the purchase price of the harvested produce. A mandatory condition when starting the
developments on the creation of technical means for the mechanization of activities in the
growing and harvesting of oil-bearing rose is to find a balance between necessity,
possibility of realization and economic expediency.

[11-3.3. It has been experimentally proven the impossibility of separating the petals
from the ovaries of all rose flowers to be collected using only a vacuum, as well as of
detaching the whole flowers from the oil-bearing plant without negative consequences for
the plant itself, the detached rose flowers and the essential oil contained in them.

[11-3.4. It was established that with the adopted open system of operation of the
pneumatic detachable modules, the tractor pneumatic system is not able to provide the
necessary conditions for pneumatic picking of the rose flowers without interruption, and the
main reasons for this are the inability of its compressor to maintain the necessary constant
air pressure in it to realize the vacuum-mechanical detachment of the flowers from the
bush and the insufficient volume of its air reservoir to provide without stopping the
necessary amount of air to move the detached flowers to the place of their collection.

[11-3.5. The advantages of machine picking over the traditional manual picking of
flowers from oil-bearing rose have been substantiated and empirically proven, expressed
in improved working conditions, reduced need for labor, completeness in harvesting the
flowers to be picked for the day, higher productivity and etc.
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V. SHORT DISSERTATION SUMMARIES IN BULGARIAN AND RUSSIAN
LANGUAGES

MEXAHU3UPAHO OTIMEXOAHE U BPAHE HA MACNOOAUHA PO3A
AsTop: npod. a-p nHx. CHEXXAH MBAHOB BOXXKOB
Pe3tome

MacnoganHaTta po3a e eguH OT Han-3Ha4YMMUTE CMMBOSIM 3a HauMOHarnHa ropaocr,
a U3BMMYAHOTO €TEPUYHO Macrno OT LBEeToBeTe Ha oTrnexaaHa B Penybnuka bbnrapus
po3a e C KayecTBa, KOUTO OT CTOTUUM TOOAMHW OTpexaaT nuaepckata My no3vuus B
cBeToBeH Mawab. [onsima 4acTt OT peanuaMpaHutTe OEWHOCTM MNpWU OTrMAexXagaHeTo Ha
MacnogamHa po3a ca YaCTUYHO MEXaHW3NpPaHW WNU  HaNbHO HeMexaHU3MpaHu.
M3non3saHeTo Ha pbyeH TPYA W HUCKOMNPOU3BOAUTENHU TEXHWYECKM Ccpeactea e
XapakTepHa 0COBeHOCT Ha TEXHONOMMYHNA Npouec, KOSATO U A0 AEH AHelWeH He MOXe Aa
Obde HanbMHO eneMmumHupaHa. He e egHakBa UM CTeneHTa Ha MexaHu3vMpaHe WU
edeKTMBHOCTTA Ha W3MNoNn3BaHaTa 3a UenTa TEexXHWKa B pasnuyHUTe no pasmep
PO30MNpPOM3BOANTENHN CTOMAHCTBA.

AncepTaunmoHHNAT Tpya Ha Tema ,MexaHusumpaHo oTrnexgaHe wn 6paHe Ha
MacrioganHa po3a“ e NnocBeTeH Ha pa3paboTBaHETO Ha METOAM N TEXHMYECKM CPeaCTBa 3a
MexaHu3MpaHe Ha TEexXHOMOrMYHW onepaumm B pO30Mpou3BoaMTENHaTa npakTuka. B
pamMkuTe My ce o6oCcHOBaBaT OpraHM3aunoHHNU OOPMU 1 TEXHOMOMMYHU CXEMU, N3guraTt ce
N ce npoBepsiBaT XWUMNOTeE3W, ONpedenaT ce napamMeTpu Ha KOHCTPYKTUBHM peLUeHus,
AeduHupat ce MeToau, cb3gaBaT ce paboTHM MalmHW 3a PO30MNpPOU3BOACTBOTO,
No3BOSISIBALLN MEXAHU3MPAHOTO M3BBLPLUBAHE HA LUMPOK CNEKTbP OT AENHOCTU, CBbpP3aHn
C rpyXKuTe 3a pacTeHuaTa, bpaHeTo Ha PO30B LUBSAT M TPAHCNOPTUPAHETO Ha 3eMenerniCKu
ToBapu. OT rpmxnmTe 3a pacTeHusiTa B PO30BM HaCaXOEHUs creq npoBedeH aHanua 3a
MexaHu3upaHe ca onpegeneHn pesutbeHnTe onepauun N peannsanpaHuTe Ypes npbckaHe
AenHocTn, ceBbp3aHn ¢ bopbaTta c BpeguTenute n C perynmpaHeTo Ha U3nNONIorMYyHUTE
npouecn B pacteHusita. OCHOBEH aKUEHT B ANCEPTALMOHHOTO M3cnenBaHe € MocTaBeH
BbpPXYy MEXaHM3MpPaHETO Ha eOuMHCTBEHaTa HambflHO HEMEexaHu3upaHa onepauust —
OpaHeTo Ha uBeTa B HacaXaeHusi ¢ MacnoganHa posa.

Otuutarikn mopdonornyHute ocobeHOCTM Ha MacnogavHata Kyntypa, Tuna Ha
CTOMaHcTBaTa M peanuanpaHuTe OEeNHOCTU NMpu HEWHOTO OTrnexaaHe, HeobxoanMmMocCTTa,
Bb3MOXHOCTTa U MKOHOMMYECKaTa LenecbobpasHOCT OT pa3paboTBaHETO HA TEXHUYECKU
cpeactBa 3a MexaHusupaHe Ha onepaumm OT TeXHOMOMMYHUSA Npouec, TeopPeTUYHO
0DOCHOBaHM W €EKCMEPUMEHTANHO W3NUTaAHU Cca LWAaHroBM ONpbCKBalM ypeabu 3a
LSNOCTHO ONpPbCKBaHE Ha PO30BUTE XpacTu WM 3a TpeTMpaHe Ha novBeHaTa MOBBbPXHOCT
nog TEXHUTE KOPOHWU, 3eMeAerNiCkm paboTHM MaluMHW 3a peanu3npaHe Ha CENekTUBHa,
KOHTYpHa 1 65IM3K0 A0 OcHOBaTa pe3nTou, egqHoMoayrnHa U TpumogysfiHa paboTHU MalUnHK
3a MexaHusnpaHe 6GpaHeTO Ha LBeTa B HacaxXaeHus C MacnojanHa posa, MeTon 3a
MexaHu3upaHe OTOEensiHETO Ha LBeTa OT PO30BOTO pacTeHME U TEXHMYECKO peELLEeHMe 3a
npunaraHeTo My, MNHEBMO-MeEXaHU4YeH MeTon 3a OpaHe Ha mMacnogamHu posn U
TeXHMYECKN CpeacTBa 3a HerosaTa peanu3auusi. MogynHUAT NpuHUMN 3a Cb3gaBaHe Ha
TeXHMKaTa, Ha OcHOBaTa Ha KOWTO Ca KOMMMEKTOBaHM 4eTupu OT paspaboTBaHute
paboTHM MawuHW, no3BonsiBa o00eauMHsiBAaHETO MM B edHa ,MHOrodyHKUMOHanHa
MalLMHa“, C KOATO MOXe Aa ce peanuanpaHa U TpaHCnopTHa OENHOCT.

PaspaboteHa e knacudukauma Ha po30Npou3BOaUTENHUTE CTOMAHCTBA B
Penybnuka bbnrapus no kputepusa ,M3non3BaHa 3eMegerncka nnow’ n ca onpegenexHu
ONTUMAasHUTE eHepreTUYHU CpeacTBa 3a MexaHuU3MpaHo OTrNexgaHe Ha MacrnojanHaTa
KynTypa BbB BCSKO €4HO OT TaX. Ha TaxHa 6a3a cobCcTBeHMLMTE Ha CTOnaHCTBa Morat ga
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NnpeueHaT HeobxoaMmmuTe, HO W afeKBaTHM Ha Bb3MOXHOCTMTE UM WHBECTUUMWM 3a
3aKyrnyBaHe Ha 3emefericka TexHWKa, a [ObpXaBHUTE W3MNbIAHUTENHM OpraHn pga
npeumsnpaTt pasnpedeneHneTo Ha cpeactBaTa 3a noanomaraHe Ha 3emeferickuTe
CTOMaHCTBa, CbObpa3HO TEXHUTE BH3MOXHOCTM 3a €(PEKTUBHO YCBOSIBAHE.

O6ocHoBaHM ca napameTpuTe, mM3paboTeHa u BrpageHa B paboTHa MalmvHa e
YHMBEpCanHa TPUTOYKOBaA CTOMKA, KOSITO MO3BOSsSIBA arperatMpaHeTro Ha HaBEeCHU U
NnonyHaBeCHN 3emMegenckn paboTHM MalMHM KbM TPaKTOPHW HaBECHW YCTPOWCTBA OT
kateropumn 2, 2N n 3N, yTBbpAEHN CbC cTaH4apT Ha MexayHapogHata opraHusauus no
ctaHgapTtusaumsa (International Organization for Standardization - ISO), n kbm pgBata
BapuaHTa Ha WU3NbfIHEHME Ha HaBecCHOTo ycTponctBo THY-2 (A3nbnHeHne A wu
N3nbnHeHne B), yTBbpAeHU CbC cTaHAapT Ha Bbnrapckus MHCTUTYT NO CTaHgapTu3auus
(BUC), ¢ komnto ce cbopbxKaBaT TpPaKTOpUTE CbC CpefHa MOLLHOCT - Hal-mMacoBO
N3non3BaH1UTe B CBETOBHOTO 3emMeaenue.

O6ocHOBaHa TEOPETMYHO W MpPOBEpPEHa eKCnepuMMeHTanHo e ABydasHa CXema,
KOMOUWHMpaLLa NHEBMATUYHO 3aCMyKBaHE Ha LiBETa MU MEXaHMYHO OTPA3BaHe Ha LiBEeTHaTa
ApbXKa NnoA Yawkata, Ha 0asata Ha KoATO e geduHMpaH MeTo 3a MeXaHM3MpaHo
oTAensiHe Ha LuBeTa Ha MacrnogariHa po3a OT pacTeHUETO.

[dedunHnpaH e NHEBMO-MEXaHNYEH METO 3a MeXaHM3npaHo bpaHe Ha MacnoganHu
poO3n, B CbOTBETCTBME C KOWTO PO3OBUAT LBAT Ce OTAENSA OT XpacTta 4Ype3 NMHEBMATUYHO
3aCMyKBaHe Ha LBEeTa C MEXaHW4HO OTpsi3BaHE Ha LBeTHaTa ApbXKa nog vawkaTta u ce
npeaswkeBa OT Bb3AyLUEH MNOTOK 4O MSCTOTO 3a CbbupaHe.

PaspaboteHn, wun3paboTeHn un u3NMTaHM ca egHoOMoZyNHa W TpumoayrHa
3emefenckn paboTHM MalLMHKU 3a pbYHO BpaHe Ha MacnoganHa posa, TpaHCNopTMpaLUM B
penoBeTe Ha pPO30BUTE HacaxaeHusa bepaunte n cbbpaHaTa OT TsX NPOAYKUMSA MO Bpeme
Ha po3obepa. OcBoboxgaBankum po3obepaunte OT HeobxogumocTTa pfa ce
camonpeaBwKBaT MO Texkata (TBbpAe YecTo npe3 po3obepHusi nepuoa) nodBeHa
NMOBBLPXHOCT M A HOCAT YacT OT cbbpaHaTa npoaykumsi Bbpxy cebe cu, ocurypsaBaikm um
nosuumMm ¢ nogobpeHa 0G30pHOCT Ha paboTHUTE 30HW, peayuMpankm KOHTaKTUTe C
LUMMOBETE MO PO30BUTE XPaCTW, BCsKa OT ABETE MalUMHW Ccb3gaBa no-gobpu ycnoeus 3a
paboTa 1 Bb3MOXHOCTM 3a NOBMLLABAHE HAa NPOU3BOAUTENHOCTTA Ha Tpyda ABa U NoBeye
nbTn. 3a BrpaxgaHe B TpumoayrnHata paboTHa MawwmHa e paspaboTeHa OTKbCBALLO-
TpaHcnopTupalla BakyyMHa cucTemMa, [aBalla Bb3MOXHOCT 3a BaKyyMHO OTKbCBaHe Ha
pO30BUS LBAT.

PaspaboTeHa Ha Basata Ha NHEBMO-MeXaHUYHUA MeTof 3a BpaHe Ha MacroganHu
po3u e 3emeferncka paboTHa MaluMHa 3a NHEBMATM4YHO BpaHe Ha uBeTa OT HacaXxaeHus C
MacnogamHa posa. [lokasaHa eKkCcrnepuMMEHTanHO € KOHCTPYKTMBHaTa 34paBuvHa MU
dyHKUMOHANHaTa npUrogHOCT Ha BCUYKATE W TpU BapuaHTM 3@ KOMMJIEKTOBaHE
(eaHopepoB, ABypenos, TpupeaoB). OnpeneneHn ca OCHOBHUTE GhakTopu (KONMYECTBOTO
pasubdHan po3oB UBAT, kBanudukaumaTa Ha po3obepaunTte, nocrbnartenHaTa CKOpoCT
Ha [OBWXeHMe Ha 6epuTheHus MalLMHHO-TPaKTOpPeH arperaT), OT KOUTO 3aBUCK
edeKkTMBHOCTTAa Ha paboTHaTa MalwuMHa npu  ekcnnoatauus. YAocToBepeHa €
npUIoXnMMocTTa " npu pabota C pasnuyeH (4eTeH U HedyeTeH) Opon 6Gepaun,
KOMnnekToBaHe ¢ 6epayun ¢ pasnuyHa kBanudukaums, onepmpaHe Ha 6epaunTe C No Aea
uetootaenutens. [locoyeHn ca nbTUW@A 3a MNOCTUraHe Ha NPOM3BOAMTENTHOCT C
TPMPEO4OBUA MaLUMHHO-TPAKTOPEH arperart, KOATO MO3BOSfiiBa B paMKUTE Ha BpeMeEBUS
AnanasoH ot 5:00 go 10:00 vyaca ga ce npubupa npoaykumsita oT HacaxaeHus ¢ nnow, 15
n noseye gekapa (1.5 ha), Bkn. B nMKoBUA eTan Ha b TeX Ha MacrnoganHata Kyntypa.

PaspaboTteHa, mnspaboTteHa n wu3nMTaHa e 3emegenicka paboTHa MalwumHa 3a
npoBexaaHe Ha BCUYKM pe3nTbeHn onepaummn 3a hopMmpaHe Ha BUCOYMHaTa 1 n3ps3saHe
Ha xpacTute 65M3KO 4O OCHOBaTa C eHOBPEMEHHO M3HACsHEe Ha n3psidaHaTa pacTuTenHa
Maca B MexaypeaousTa Ha HacaxgeHuata C  macnogamHa posa. KOHCTPYKTMBHO
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06OCHOBaHN N U3MBITHEHN B HaTypa ca ABa BapuaHTa 3a 3a[BWXBaHe Ha pexeLims OUCK
Ha pe3nTbeHus moayn Ha MawmHata (N0 MeEXaHUYEH U XMAPO-MEXaHUYEH MbT), KaTo ca
nocoYeHn cneundundHnTe ocobeHOCTM 3a M3MOMN3BaHETO Ha BCEKU OT TAX. YOOCTOBEpPEHA
Nno ekcrnepuMeHTaneH NbT € KOHCTPYKTMBHATa 34paBuHa M (yHKUMOHaNHaTa npurogHoCT
Ha paboTHaTa MaluMHa Aa peanuanpa TeXHOMormyHarTa onepaumns ¢ BACOYMHU Ha psidaHe
0o 160 cm, BKN. U Ha HaKIOHEHU TepeHU C AeHMBenauusa mexay cbceHu penose oT 50
Cm 1 NoBeYe, KakTo 1 NPeaANMCTBOTO W Nped aHanormdHnTe no npegHasHadeHne paboTHU
MalUMHM Oda uM3Haca OTCTpaHeHaTa pacTUTeNHa Maca B Mexaypeausita Ha po30BOTO
HacaXgeHue, OCTaBAWKM U3pA3aHMTE XpacTM YUCTM  OT  pacTUTENHM ocTaTbuM.
OnpepgeneHa npu ekcnnoaTauMoHHN U3NUTBAHNA € cpedHa CMEHHa NPOU3BOAUTENHOCT B
ananasoHa 3 — 4 ha/cmsHa Ha pe3anTbeHus MalUMHHO-TPaKTOpeH arperat, hopmmpaH Ha
ocHoBaTa Ha MalumHaTta 3a pe3utba Ha po3un, KaTo € NOCOYEHO BIIMSIHMETO Ha ycnosusaTa
Ha ekcrnnoaTauus BbpXy HEMHOTO HapacTBaHe UMK NOoHWXaBaHe.

Mo pesyntatute OT nacneaBaHuaTa B ANCEpTaUMOHHUSA Tpya ca hopmynmpanm 20
NPUHOCA C OpUrMHaneH, Hay4yHo-NPUMNOXeH MU NOTBbPAUTENEH XapakTep, perucTtpupaHun B
MaTeHTHOTO BegoMCTBO Ha Penybnuka bbnrapusa ca 4 nonesHu mogena, npeactaBeHn Ha
MeXOYHapoOHU WM HauMOHanHW HayvHu dopymmn ca 14 poknaga, nybnukysaHu ca 28
Hay4yHW Tpyda y Hac M B 4yxbuHa, nonyyeHun ca 4 Harpagm OT MeXOyHapooHu W
HaLUMOHAaNHN opraHM3aunoHHN CTPYKTYPMU.

MEXAHU3UPOBAHHOE BbIPALLMBAHUE U CEOP MACJTUMHOM PO3bl
ABTOp: Npod. K.T.H. nuxx. CHEXXAH NBAHOB BEOXXKOB
Pe3tome

MacnuyHas posa sBndeTcd OfHMM U3 Haubonee 3HAYMMbIX CMMBOSIOB
HauMOHanNbHOM rop4oCTn, a AhnpHOEe Macno, Nosly4eHHoe 13 LBETKOB pO3bl, BblpalleHHON
B Pecnybnuke bonrapun, obnagaet kadectBamn, Onarogapsi KOTOPbIM OHO Ha
NPOTSKEHUM COTEH NET 3aHUMaeT NManpyoLwme nosvuun Bo BCceM Mupe. bonbluas 4acTb
onepauun, BbINOSHAEMbIX MNPU  BblpallMBaHUN MACAMYHOM PO3bl, YaCTUYHO WUIK
NOJSTHOCTbIO HeMexaHU3npoBaHa. Ncnonb3oBaHue py4HOro TpyAa n
Manonpon3BOaAUTESNbHbBIX TEXHUYECKUX CPEACTB SBMSIETCA XapakTepHOW OCOBEHHOCTbIO
TEXHOSTIOrMYecKoro npouecca, NOMMHOCTbK YCTPaHUTbL KOTOPYK LO CUX NOp He yaaeTcs.
CTteneHb MexaHu3aumm n 3PPEKTUBHOCTb 0OOpyAOBaHMS, WUCMNONb3YEMOro ANs 3TOW
uenu, HeogMHakoBa B PO30BO4YECKMX XO3SMCTBAX pa3HOro pasmepa.

IunccepTtaumoHHasa pabota Ha Temy «MexaHM3MpoBaHHOE BblpalluBaHue n cbop
Macriv4HOM po3bl» MNOCBSAWEHa pa3paboTke MeTOAOB W TEeXHUYECKMX CpeacTs
MexaHu3aLumm TEXHOMOrMYecknx onepawmm B po3oBoacTBe. B ee pamkax 060CHOBbIBAOTCS
OpraHn3aunoHHble (opMbl U TEXHOMOIMYECKME CXEMbl, BbIABUralOTCs U NPOBEPSIOTCSA
rmnoTesbl, ONpedensioTca napameTpbl KOHCTPYKTUBHbBIX pelleHun, paspabaTbiBaroTcs
MeToabl, co3gaetca  pabounn  MHBEHTapb  AfsS  PO30BOACTBA,  MO3BOMSAHOLMUN
MEXaHU3MpoBaTb BLINOMIHEHNE LUMPOKOrO cnektpa paboT, CBA3aHHbIX C YyXOAOM 3a
pacTeHnamu, cOoOpOM PO30BbIX LBETKOB M MEPEBO3KOM CEMNbCKOXO3ANCTBEHHBIX rPy30B. U3
paboT no yxody 3a pacTeHMsMM B PO30BbIX HACaXAeHMsX, Mocrne aHanusa, Ans
MexaHu3aumm onpegeneHol paboTbl nNo o06pe3ke KycTOB WU OCYLIEeCTBAAeMble
ONpPbICKMBAHMEM  MEPOMNPUATUS, CBA3aHHble C Gopbbon C  BpegutTenamum u
perynuposaHnemMm (u3nonNorMyecknx npoueccoB B pacTeHusix. OCHOBHOM akueHT B
AnccepTauMoOHHOM MUccnefoBaHUMM cAeflaH Ha MexaHuM3auuio eQUHCTBEHHOMW MOJSTHOCTbIO
HeMexaHu3npoBaHHOWM onepauuun - cbopa LUBETKOB MaCIMYHOMN PO3bl.

54



MECHANISED GROWING AND HARVESTING OF OIL-BEARING ROSE
Author: Prof. SNEZHAN IVANOV BOZHKOV, Ph.D, Eng.

C y4yeToM MOPONOrM4ecKnX 0COBEHHOCTEN MAaCMYHOW KyrbTypbl, TUNA XO3ANCTB
N MeponpuATUA, NPOBOOUMBIX MPU €€ BblpaliMBaHUN, HEOOBXOAMMOCTU, BO3MOXHOCTU U
9KOHOMMYECKOMN LienecoobpasHoCTn pas3paboTkM TEeXHUYeCKUX CpeactB MexaHusaumm
onepauumn TEXHOOMMYECKOro npolecca, TeopeTndeckm 060CHOBaHbI U KCNEepPUMEHTaNbHO
NPOBEPEHbI LUTAHIOBbIE OMpbICKMBATENN ONs CNOLHOINO OMPbLICKUBAHUSA KYCTOB PO3 U
06paboTKN NOBEPXHOCTU MOYBbLI MO UX KPOHAMM, CEITIbCKOXO3ANCTBEHHbIE MaLUWHbI A5
OCYLLIECTBMNEHNST BbIOOPOYHOM, KOHTYPHOW WM MPUKOPHEBOW OOpe3kn, ogHOMOAyrbHasa W
TpexmoyrnbHaa MaluHbl NS MexaHusaumm cbopa LBETKOB C MraHTauuMm MacinyHbIX
po3, MeTo4 MeXaHu3auuu OTAEeNeHus LUBEeTKOB MacliM4HOM po3bl OT pacTeHus U
TEXHUYECKoe peLlleHne Mo ero MnpUMEHEHU0, MHEBMOMEXaHUYeCKUn meTon Yybopku
MacITMYHbIX PO3 U TEXHUYECKne cpencTBa ANndA ero ocyuwecTsrneHnsa. MoayrnbHbIn NpuHLMN
CO3[aHNs TEXHWKW, HA OCHOBE KOTOPOro cobpaHbl YeTbipe M3 pas3paboTaHHbIX MallVH,
no3eonsieT o6beaAnHNTL NX B OOHY «MHOTMO(YHKUMOHANbHY0 MalUMHY», KOTOPYH MOXHO
MCNonb30BaTh N AN TPAHCNOPTHOM AEATENBHOCTMW.

PaspaboTtaHa knaccudumkauma pososoadeckux xossancts Pecnybnukn bonrapum no
KPUTEPUIO  «UCMONb3yeMas  CerlbCKOXO3SNCTBEHHasd  nnowaab» UM onpegeneHsbl
onTUMarsbHble 3HepreTuyeckne cpeacTea A8 MeEXaHM3MPOBaAHHOMO  BblpallMBaHuUS
MacriMyHOM KymnbTypbl B KaXXaoOM M3 HUX. Ha ux OcHoBe COOCTBEHHWMKM (hepmepCKmnx
XO3ANCTB MOTYT OLEHUTb HeOBXoauMble, HO U afeKkBaTHbIe NX BO3MOXXHOCTAM MHBECTULUM
Ana  npuobpeTeHns CEenbCKOXO3ANCTBEHHOMW TEXHMKM, a oOpraHbl [OCyAapCTBEHHOM
UCMOMNHUTESNTIbHOW BMlACTU MOrYT YTOYHUTb pacnpefeneHne CcpeactB Ha noanepxky
XO3ANCTB B COOTBETCTBUN C UX BO3MOXHOCTAMU 3PIEKTUBHOIO UCMNOMb30BaHNUSA.

O6ocHoBaHbl nNapamMeTpbl M BCTPOEHA B CEefbCKOXO3SAWCTBEHHYIO MalUuHY
YHUBepcarbHasi TpexToyeyHas HaBecka, NOo3Bosisowasi arperaTMpoBaTb HaBeCHble U
NnosflyHaBeCHbIE MalUWHbl K TPaKTOPHbIM HaBeCHbIM ycTponctBam kateropun 2, 2N n 3N,
ofgobpeHHbIM cTaHaapToM MexayHapogHon opraHusaumm no ctaHgaptmsauum (MCO), mn k
ABYM BapmaHTam HaBecHoro yctpowuctBa THY-2 (McnonHenne A wn WcnonHeHne bB),
ofobpeHHbIM cTaHAapToM bornrapckoro MHCTUTYTa cTaHaapTu3auumu, Bce npegHasHayeHbl
ANa TPakTopoB CpedHerW MOLHOCTM - Haubornee LWMPOKO UCMNOfb3yeMble B MUPOBOM
CEeNbCKOM X035INCTBE.

TeopeTnyeckn obOCHOBaHa M aKCNepuMeHTanbHO NpoBepeHa AByxdasHas cxema,
coyeTawllaa NHeBMaTUYeCKoe 3acacbiBaHME LBETKA U MeXaHW4eCKUn cpes ero crtebns
HWXKe Yalleykn, Ha OCHOBE KOTOpOW paspaboTaH MeTon MexXaHU3NpOBaHHOIO OTAENEHUSs
LBeTKa Macriv4HOM po3bl OT pacTeHus.

PaspaboTtaH nHEBMOMEXAHNYECKUIN METOA MEXaHU3NPOBAHHON YOOPKM MaCHNYHbIX
po3, COrnacHO KOTOPOMY LUBETOK pO3bl OTAENSAT OT KycTa MHEBMAaTUYECKUM
3acacblBaHMEM LUBETKa C MexaHW4YeCKuM Cpe3oM ero Cctebna Huxe Yaleykm u
nepemMeLLarT BO34yLLHbIM NOTOKOM K MecTy cbopa.

PaspaboTaHbl n NCNbITaHbI ofHoOMOAyrbHaga n TpexmoayrnbHas
CENbCKOXO3SINCTBEHHbIE  MalMHbI  ANd  pyyHoro  cbopa  MacnuMyHbIX  po3,
TpaHcnopTupylowmne cOOopWMKOB M COBpaHHYO UMK NPOAYKUMIO B psgax pPo30BbiX
HacaxgeHun. Oceoboxgas cOoplMKOB poO3 OT HeobXxoguMMOCTM  CaMOCTOATESbHO
nepeaBuratbCs Mo TSHKEMNOW (CrULWKOM YacTo B nepuog cbopa po3) NOBEPXHOCTMN NOYUBLI U
HOCUTb Ha cebe yacTb cobpaHHOW npoaykuuu, obecnevmBasi UM MecTa C YIy4lleHHbIM
0630pOM paboumMx 30H, YMEHbLUASA KOHTaKTbl C LUMNaMn PO30BbIX KYCTOB, KaXaast U3 ABYyX
MalLMH CO3JaeT Nyyline ycroBus Tpyaa Y BO3MOXHOCTWU MOBbICUTb NPOU3BOAUTENBHOCTb
Tpyaa B ABa u Gonee pasa. BakyymHas cuctema ang oTpbiBa M TPaHCMOPTUMPOBKM
PO30BbIX LBETOB Oblfa pa3paboTaHa Ansl OCHALLEHUS TPEXMOAYSTIbHON MaLLUHbI.

Ha ocHoBe nMHeBMOMExXaHW4Yeckoro mertoga ybopKM MacnMyHbIX po3 paspaboTaHa
CENbCKOXO3SIMCTBEHHAA MallMHa Ansi NHeBMaTtuyeckoro cbopa UBETOB C MiaHTauun
MacnuyHblX pPO3. JKCMEPUMEHTaNbHO [OKa3aHa KOHCTPYKTMBHAA MPOYHOCTb MU
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dyHKUMOHanNbHasi NPUrogHOCTb BCEX TPEX BapuaHTOB €€ KOMMOHOBKW (ogHOpsSaHas,
AByxpsigHasn,  TpexpsigHasd).  OnpedeneHbl  OCHOBHble  pakTopbl  (KONMYECTBO
pacnycTMBLUErOCA PO30BOro LUBeTa, KBanudukauma cOopLimMkoB po3, MNOCTynatenbHas
CKOpPOCTb  YOOPOYHOro  MAaLUMHHO-TPAKTOPHOro arperarta), OT KOTOpPbIX  3aBUCUT
ahbekTnBHOCTL paboyen MawwmHbl Npu aKkcnnyaTauyun. [lJokasaHa ee NpMMEHMMOCTb Mpu
paboTe C pasHbiM (YETHbIM WU HEYETHbIM) KOSIMYECTBOM COOPLLMKOB, KOMMIEKTauum co
cbopLimkamm pasHom KBanudukaumm, pabote cOOPLINKOB C ABYMS LIBETOOTPbIBATENSAMM.
YKkasaHbl CNocobbl [AOCTUXKEHUS MNPOU3BOAUTENBHOCTM C  MOMOLLBI  TPEXpSOHOro
MaLUMHHO-TPAKTOPHOro arperaTa, KOTopbl NO3BONSET B UHTepBane Bpemexu ot 5:00 go
10:00 yacoB cobupaTb ypoxan ¢ nnaHtauun nnowagbto 1.5 ra n 6onee, B T.4. B dhase
nMKa LUBETEHUS MACIIMYHON KyIbTypbl.

PaspaboTtaHa, u3rotoBrneHa W WUCMblTaHa CefbCKOXO3ANCTBEHHAs MaluMHa O
npoBedeHns Bcex ornepauun no obpeske KycToB Ansi (POPMUMPOBAHUSA MX BbICOTbl U
OMOSIOXEHNS C OOHOBPEMEHHbIM yOareHMeM Cpe3aHHOM pacTUTENbHOW Maccbl B
MEXAYypAObsX HacaXOeHWn MacnmyHom  po3bl.  KOHCTPYKTMBHO OBOCHOBaHbI U
peanu3oBaHbl B HaType [Ba BapuvaHTa npuBoda pexyliero gucka obpesatowiero Mogyns
MaLUNHbI (MEXaHNUYECKUI U TMOPOMEXaHNYECKNI) N yKadaHbl 0COBEHHOCTN UCNONb30BaHWSA
Kagoro mM3 Hux. [pOYHOCTb KOHCTPYKUMW M (PYHKUMOHanbHas MpUrogHocTb paboyen
MaLUWHbI AN9 BbIMONHEHNA TEXHOOIMYECKOM onepaumm ¢ BbicoTon obpeskn ao 160 cm, B
T.4. U Ha HAKNOHHbIX y4acTKax C nepenagom ypoBHeEN Mexay coceaHummn pagamm 50 cm um
bonee, a Takke ero nNPeuMyLlecTBO nepeqd aHanorMyHbiMM paboynmMm MalnHamm
BbIHOCUTb CPEe3aHHY0 pacTUTENbHYIO MacCy B MeXaypsaabs pO30BbIX HacaxaeHun. B xone
3KCMNNnyaTauWOHHbIX MUCMbITAHUI onpegeneHa CpeaHaAss CMeHHasi Npou3BOAUTENBHOCTb B
AnanasoHe  3-4  ra/pab.cMmeHa  06pe3HOro  MalIMHHO-TPAKTOPHOro  arperara,
chopMMpoBaHHOrO Ha 6ase MalwuHbl Ana obpesku po3, M yKasaHO BIIUSIHWE YCMOBUN
3KCnnyaTauumn Ha ee NOBLILLIEHNE NN CHUXKEHNE.

Mo pesynbTaTam uccnegoBaHnn B gucceptaumm copmynupoBaHo 20 NonoXKeHUNn,
BbIBOOOB M peKOMeHOauun, OTMEYEHHbIX Kak BKMag B HayKy, C OpUrMHarnbHbIM, Hay4HO-
NPUKNagHbIM 1 MOATBEPXKAALLMM XapaKkTepoM, 4 nornesHble Mogenu 3aperncTpupoBaHbl
B [laTeHTHOM BegomcTBe Pecnybnuku Bbonrapuu, 14 pgoknagoB npeactaBrieHbl Ha
MEXAYHAPOOHbIX M HALMOHAasbHbIX Hay4HbIX hopymax, 28 Hay4yHbIX paboT onybrmkoBaHbl
B bonrapuu n 3a pybexom, nony4yeHo 4 Harpagbl OT MeXAYHapOAHbIX N HaLMOHAmNbHbIX
OpraHn3aunoHHbIX CTPYKTYP.
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