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Summary. The necessity of realization and
specificity of projects of functioning and development of
fire fighting systems of the united territorial communities
is justified. The analysis of the subject area was made and
the need for the development of the scientific and
methodical foundations of the systematic study of project
management processes of the operation and development
of fire extinguishing systems in the united territorial
communities was justified.

The scientific and methodical principles of system
research of processes of project management of
functioning and development of fire fighting systems of
united territorial communities are revealed. It s
established that the above scientific and methodical
principles are based on the use of methods of system
approach, analysis and synthesis, analogies, induction and
deduction, statistical generalization.

Projects of the operation of fire extinguishing
systems of the combined territorial communities are
considered as organizational and technological systems,
and projects of their development as organizational and
technical systems, which are interrelated between separate
management processes. Each of these systems has three
subsystems  (control, project and product). These
subsystems  distinguish  elements  (input effects,
parameters and results) that have their own specific
characteristics.

The substantiated characteristics of elements of
separate subsystems belonging to systems of projects of
operation and development of fire extinguishing systems
of the combined territorial communities reflect their
characteristic components. They belong to two types of
interconnected systems — organizational, technological,
and organizational-technical. It is proved that the
specified characteristics of the elements of individual
subsystems change during their operation. These changes
are due to the presence of causal links between the
components of the fire-fighting systems of the united
territorial communities. The disclosure of the causal
relationships between the components of the fire fighting
systems of the united territorial communities is one of the
main tasks of managing the processes in the projects of
the operation and development of the respective fire
extinguishing systems.

It is established that the scientific and methodological
principles of research of the indicated connections in two
interconnected systems (organizational, technological,
organizational and technical) have their own specificity
both in relation to the project environment, and in relation
to the configuration of projects and the resulting product.

Key words: project, management, operation,
development,  research, system  approach, fire
extinguishing system, united territorial communities.

INTRODUCTION

At present, the project management is penetrating
more and more areas of human activity.

At the same time, it remains an important and
effective means of development of various industries and
territories. In Ukraine, the reform of the administrative-
territorial system is being implemented.

The basic level of the new administrative-territorial
structure of Ukraine remains the united territorial
communities.

Each of the newly formed united territorial
communities has a number of tasks, the solution of which
requires the implementation of relevant projects.

One of the most urgent ones that provide security is
the projects of the development of fire extinguishing
systems of the united territorial communities.

Implementation of any projects, including projects
for the development of fire extinguishing systems of
united territorial communities, requires the
implementation of a number of management processes
and the development of scientific and methodological
principles for their implementation.

Compared to other types of projects, these
management processes are specific both to the design
environment and to the configuration of the projects and
the resulting product.

Appropriate scientific and methodological principles
should be developed for the management of projects for
the development of fire extinguishing systems of the
united territorial communities.

The defining and very topical issue at present is the
development of scientific and methodological principles
of systematic study of the processes of project
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management of the operation and development of fire
extinguishing systems of the combined territorial
communities.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

Known methods and models of project management,
programs and their portfolios related to the functioning
and development of both organizations and certain sectors
of the national economy are directed at solving a number
of specific administrative tasks [1-17]. They are
considered as relatively separate management processes,
and in the system for the management of individual types
of projects (operation or development). The existing tools
for managing projects, programs and their portfolios are
based on different methods and approaches. However, for
the successful implementation of projects, programs and
their development portfolios, organizations, industries and
territories should have a database and knowledge that is
formed only as a result of the implementation of projects,
programs and their portfolios of their functioning.
Therefore, for the effective implementation of projects,
programs and their development portfolios, organizations,
industries and territories should consider projects for their
functioning and develop scientific and methodological
principles based on a systematic approach to the
investigation of relevant management processes [2, 9, 13].

The development of tools for managing projects,
programs and their portfolios, based on a systematic
approach, paid much attention both to domestic [2, 9], as
well as to foreign scientists [18]. Based on their analysis,
it can be concluded that for the management of projects,
programs and their portfolios in various subject areas, the
most effective tool is a systematic approach. It provides
an opportunity to consider the system as a whole to study
its whole and its individual elements at different times of
operation. In addition, the systematic approach provides
an opportunity to improve the quality of project, program
and portfolio management in different subject areas,
taking into account the interconnections between
individual management processes.

Based on the analysis of current international
standards [18-21], as well as methods and models for
managing projects, programs and their portfolios for the
development of fire extinguishing systems [3, 4, 6, 7], it
can be argued that they systematically do not foresee the
study of the processes of project management of the
functioning and development of systems fire
extinguishing of united territorial communities.

The scientific and methodological principles
developed by us, which are based on the use of a system
approach to project management of the operation and
development of fire extinguishing systems of the united
territorial communities, fully take into account their
specificity as their design environment, and the
configuration of projects and product obtained. The
mentioned scientific and methodical principles underlie
development of methods and models for management of
projects of operation and development of fire fighting
systems of united territorial communities, which will

provide an increase in the quality of management of them
by substantiating the correct management decisions.

OBJECTIVE

To reveal scientific and methodical principles of
systematic study of processes of project management of
functioning and development of fire extinguishing
systems of united territorial communities.

THE MAIN RESULTS OF THE RESEARCH

To uncover the scientific and methodological
principles of the study of the processes of project
management of the operation (T ,) and development

(T ,) of the fire extinguishing systems of the united

territorial communities, we use methods of systematic
approach, analysis and synthesis, analogies, induction and
deduction, statistical aggregation (Fig.).

The development of fire extinguishing systems of
joint territorial communities involves the implementation
of a purposeful and logical change in the composition and
structure of these systems. This makes it possible to
increase the value (O,) of these systems. In order to

ensure the development of fire extinguishing systems of
the united territorial communities, it is necessary to
implement development projects | , that are considered

as organizational and technical systems (OT,S). These
projects are aimed at transferring the existing fire fighting
systems of the combined territorial communities (S,) to

their desired state (S,).
With regard to the projects of the operation (T ) of

the fire extinguishing systems of the united territorial
communities, they are considered as organizational and
technological systems (OT;S). These projects belong to
hybrid projects. Under hybrid projects are those projects
that have a characteristic feature periodically repeated,
which provides the formation of certain experience
(knowledge) in their implementation [17]. The need for
their implementation arises during operational and project
activities. In our case, the operational activity refers to the
activity of providing fire safety on the territory of separate
united territorial communities. Such activities are planned
and preventive. In the event of a fire on the territory of a
united territorial community, fire extinguishing systems
functioning (T , ) with all attributes of the project activity
(uniqueness, uniqueness, timeliness, limited resources,
etc.) should be implemented. Consequently, the projects
of the operation (T , ) of the fire extinguishing systems of
the united territorial communities are aimed at the
elimination of individual fires that occur on their territory.
They relate to the implementation of design work for the
elimination of fires, which ensures the transfer of certain
objects from the current state (fire) (B,) to their desired

state (eliminated fire) (B, ).
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Fig. System interconnections between the projects of operation and development of fire fighting systems of the united
territorial communities: OT,S, OTiS - accordingly organizational-technical (development) and organizational-
technological (functioning) of the fire-extinguishing system; X,, X,, X, — respectively, the inputs of the control
subsystems, the design and product of the OT:S; X/, X;, X — respectively, the inputs of the control subsystems, the
design and the OT'S; Z,, Z,, Z, — respectively, the parameters of the control subsystems, the project and the product
of the system OT:S; Z/, Z;, Z| —respectively, the parameters of the control subsystems, the project and product OTiS;
Y., Y,, Y, — respectively, the results of management subsystems (managerial decisions), project (actions) and product
(transformation) of the OT:S; Y/, Y., Y, — respectively, the results of the subsystem management (management

decisions), the project (actions) and product (transformation) OTIS; , S,, S, — respectively, the existing and desired

state of the OT:S; B, , B, — respectively, the existing and desired state of OT;S.

When considering projects and from a systematic
approach, we can note that the corresponding O7,S and
OTiS systems that describe them are artificial and
temporarily created. They consist of characteristic
elements, which are reflected by the corresponding
characteristics (tab.).

Mentioned in tabl. the characteristics reflect the
characteristic elements (constituents) of the corresponding
subsystems belonging to two types of interconnected
systems.

They change during their operation. These changes
are due to the presence of causal relationships between
the elements of the subsystems, the disclosure of which is
one of the main tasks of project management and fire
fighting systems of the combined territorial communities.
Further researches require the development of scientific
and methodological grounds for the study of the
connections between the elements of the subsystems of
two interrelated systems (OT,S and OT;S).

First of all, let’s consider the system of OT;S, which
describes the implementation of projects 1, for the

operation of fire fighting systems in the united territorial
communities. This system is intended for the transfer of a
separate object from the state P, (fire) to the state
(eliminated fire). At the same time, the characteristics of
the fire on a separate object (X;) are different and

unique. There are at least two fires of the same

characteristics in nature. Therefore, each fire is unique,
and it notes the uniqueness of the project T , .

Characteristics ( X ) of a fire are: the type of object

on which the fire occurred (y); total area that can burn (S);
potential combustion rate (W); the value of material assets
that may be lost (B). These characteristics will be called
the technological characteristics of combustion. In
addition, the following characteristics of the combustion
object are important characteristics of the fire-fighting
objects: access to the fire along the perimeter of the object
(Pyg); distance from the combustion object to the location
of the fire units (L), etc. [7].

Considering it, we can write a managerial (Y,)

operation that deals with the identification (O,;) of the
combustion object:

Oy: @=(,W,S,B,P, L), Q)
where: @ - physical characteristics of the object of
combustion.

These characteristics belong to the parameters of the
subsystem project of the operation of the fire fighting
systems of the united territorial communities and
determine the configuration (K, ) of the projects of the
operation of the fire extinguishing systems of the

combined territorial communities, which for the most part
changes during their life cycle.
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Table. Components of organizational-technical (development) and organizational-technological (functioning) of
fire extinguishing systems of the combined territorial communities

Subsystem Element Marks Characteristics
Organizational-technical system (OT,S) fire extinguishing of united territorial communities
) ) X plurality of characteristics of the project environment of development projects
incoming ; - - - - - - -
influences ls o 1a accordingly, information on the implementation of the projects of operation,
management I, implementation of actions and transformations of fire extinguishing systems
parameters Z; configuration of the subsystem management of development projects
results Y management decisions on implementation of actions in development projects
ncoming Xy resources for development projects
influences
project parameters Z, configuration of development projects
results Y a set of actions for the development of fire extinguishing systems of united
) territorial communities
ncoming X, a set of characteristics of the existing fire extinguishing system
influences
product parameters Z, product development design
results Y, indicators of the value of the desired fire extinguishing system

Organizational-technological system (OT:S) fire extinguishing of the combined territorial communities

incoming X4 characteristics of the project environment of operation projects
influences | 17 |’ accordingly information on the implementation of actions and transformations
management ar in the projects of operation
parameters Z; Configuration of the operation management subsystem
results y! management decisions on the implementation of actions in the projects of
0 operation
ilr?f(iagggs X resources for performance projects
project parameters Z, configuration of operation projects
results Y, a set of actions in the projects of operation
ilr?fiﬁglggs X/ fire characteristics on a separate object
product parameters z/ project product configuration configuration
results Y/ performance indicators

Typically, the configuration K, is displayed by the
design and technical parameters (Z;). The change in the
configuration K; of firefighting operation projects T , of

united territorial communities during their life cycle is an
important scientific and practical problem in managing
these projects. It is solved mainly in two stages:
1) preparatory; 2) design and technological.

The preparatory stage for the projects T , is special.

He characterizes the readiness of fire and rescue units of
voluntary fire protection for exits to extinguish fires. This
readiness depends on the organization of the work of fire
teams (the presence of a round-the-clock duty of the fire
department at the depot, or the collection of members
from the community, etc.). That is, the preparatory stage
of the relevant projects is characterized by the willingness
of the teams to leave for a fire. However, this readiness
does not mean that any project 1 , of the operation of fire

fighting systems of the united territorial communities will
start on time. The untimely receipt of information (1)

about the occurrence of a fire on one or another object, as

well as the time spent on moving the fire and rescue
teams from their place of deployment (fire depots) to the
object of combustion, are the main reasons for delaying
the launch of the relevant projects. This, as is known,
predetermines the state of a fire (the state of combustion
of an object) prior to the implementation of design and
technological works. It is precisely this state that
determines the scope and timing of design and
technological works (works on the extinguishing of fires).

Thus, the projects T, of the operation of fire

extinguishing systems of the combined territorial
communities are special. Their origin is largely due to the
time when objects are ignited, as well as the time spent on
moving fire and rescue teams to combustion objects.
Therefore, before the implementation of projects T , ,

we have a state of fire of a particular object of
combustion, which is characterized by the following
physical indicators: 1) the perimeter of the fire; 2) its area;
3) volume of combustion; 4) the volume of burnout of
material values. In addition, before the project starts T , ,
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there may be loss of people and animals in the facility and
potential victims in the danger zone [7].

The identification of these components and their
incorporation into the fire fighting projects 1, of the

integrated territorial communities largely determines the
success of the fire fighting. Therefore, the following
operation (0O,2) in the management of projects 1, for the

operation of fire extinguishing systems of united
territorial communities is the identification of the state of
fires (©) is an integral part of the process:

| ,: 0>y, (2)

(Pr'sr’Qr)/\Gn 67' (3)
where: Py, S;, Qr — respectively perimeter, area and
volume of combustion cell of a single object; y — object of
combustion; G, — potential victims of a fire.

Consequently, at the time of project T, launch, the

organizational and technological system (OTiS) should
have information (1) on the state of the combustion
object that needs to be transformed through the
implementation of appropriate actions in the operation
projects:

I (% +2)- 4)

where: 2,,2, — respectively, information on the state of

the object of combustion and fire that occurred in it.
Timely receiving of information 1/ is an important

prerequisite for the success of projects T , — minimizing

losses from fires and correspondingly increasing the value
of these projects. Without going into the analysis of the
methods and system of obtaining this information, we
note that the perspective direction is to obtain it mostly in
automatic mode.

Based on the information |/

management subsystem with a given configuration (E, ),
which includes project T, managers (head of fire and

rescue units, duty depots, etc.) and means for making
managerial decisions (information and analytical systems,
algorithms, methods, etc.), management decisions are
made (Y, ) regarding the implementation of actions in the

projects of the operation of the fire extinguishing systems
of the united territorial communities. Based on managerial
decisions, the design and technological parameters (Z;)

of the projects T , of the operation of fire extinguishing

systems of the combined territorial communities are
substantiated. These parameters are based on the
availability of resources ( X;) in the fire extinguishing
system of the combined territorial communities. They
include the material and technical base of fire depots and
human resources (dispatchers, drivers, guardians, etc.).
They largely affect the parameters of ( Z,) the subsystem,

which represents the configuration (E,) of the
firefighting operation projects T
territorial communities.

One of the main tasks of managing these projects
1, is to ensure successful implementation of the projects

of the operation of the fire fighting systems of the united

received in the

of the combined

0

territorial communities. There is agreement on the content
and time of the project (implementation of actions on the
elimination of the fire) with available resources.
Establishing this correspondence is carried out between
the parameters (configuration E,) Zz; and the

characteristics X, (resources R, ) of the subsystem OTiS.

At the same time, it is believed that the configuration
E, depends on the characteristics X/ of the fire on a

separate object (® Ta O ), which are variables in time t,
and from the resources R, available in the fire and rescue

subdivision, which are constant at the time of the fire:
E, =f(©,0,R,), (5)

- configuration of the project T, of

0

where: E.

0
functioning of the fire extinguishing system of the united
territorial communities; ® , O - the characteristics of
the fire and the combustion object respectively; R, -

0
resources for the elimination of the fire.
In order to coordinate in time the configuration E,

of projects T, with the characteristics ® and O the

object of combustion, it is necessary to distinguish
between those characteristics that change in time. These
include the characteristics of the state of combustion cells
— O which are represented in the formula (2). The
characterization of the state of combustion objects O -
represented in formula (1) — is largely unchanged in time.
In this case, it should be noted that in certain combustion
objects, their characteristics O can also be changed in
order to ensure the success of the implementation of the
projects T , of the operation of fire fighting systems of

the combined territorial communities.
In addition, implementing fire extinguishing design
projects T, of joint territorial communities often

encounter problems of localization of the fire in order to
prevent its propagation to other objects. In other words,
the design and technological parameters Z/ represented

by the configuration of the (K ) product of the projects
1, of the operation of the fire fighting systems of the

0
united territorial communities are determined not only by
the characteristics of the state of the objects O and their
combustion centers ®, but also taking into account the
presence of the neighboring objects and the distance to
them from fire cell. It is precisely for them that there is a
risk of fire from an existing fire. All of the above
stipulates a management task that concerns not only the
reconciliation of the configuration E, of the projects T,

of the fire-fighting systems of the combined territorial
communities from the fire characteristics X; of the

separate object (® ta O ) and the available resources
R,, but also the identification (identification) of the

objects of the configuration of these projects for execution
of additional works related to the protection of adjacent
(neighboring) objects in relation to the object on which
the fire occurred.

On the basis of the foregoing, concerning the
organizational and technological systems of OTiS, which
concern the implementation of the projects T, of the

6



10 Anatoliy Tryguba, Roman Ratushny, Olexander Shcherbachenko, Oleg Bashynsky

operation of the fire fighting systems of the united
territorial communities, one can distinguish the following
set of actions Y, that concern: 1) the salvation of people,

animals and material values; 2) extinguishing the fire cell,
changing its condition; 3) changes in the state of the
combustion object in order to improve the rescue and
extinguishing processes; 4) protection against the ignition
of adjacent (neighboring) objects [7].

The above functions are carried out through the
implementation of appropriate actions (design and
technical work), which are component projects 1 .

In order to carry out these actions, it is necessary to
involve existing resources R, (performers, technical

means, material and technological, etc.).

In this case, there are managerial tasks concerning the
justification: 1) the sequence of execution of design and
technological works of different types; 2) provision of
their human resources (executors); 3) provision of their
technical means; 4) provision of their material and
technological resources. As a result of solving the above
tasks, appropriate management decisions are made and
instructions are issued regarding their implementation.

Consequently, on the basis of the foregoing, we may
note that during the implementation of the projects 1 , of

the operation of the fire fighting systems of the united
territorial communities, the processes of managing the
configuration, content, time, and resources should be
systematically implemented. Between them there are
system interconnections, the effectiveness of which
ensures obtaining the maximum value from the
implementation of the projects T , of the operation of fire
fighting systems of the combined territorial communities.
In addition, there are specific causal relationships between
the specified management processes in the projects T .
which greatly influence the type and sequence of solving
a plurality of managerial tasks.

Consider the system of OT,S, which describes the
implementation of projects | , for the development of fire
extinguishing of the combined territorial communities. It
is temporary and intended for the transfer of firefighting
systems of the combined territorial communities from the
existing state S, to the desired state S,. At the same
time, the characteristics of the existing state of fire
extinguishing systems of the united territorial
communities (X,) are constant. These include the
characteristics of ( X,.) fire and rescue units (FRUS),
serving the separate united territorial communities;
characteristics (X.) of the territorial zone of the

combined territorial communities and objects of fire
protection; damage (3) from fires:

X, = f(XH,XQ,Q). (6)

Characteristics X,. of the FRUs serving individual

united territorial communities include the number (7,.)

of the PRH and their available resources (R,.) for the
elimination of fires:

X (1R, (7

Resources R,. available for FRUs for elimination of fires
include human (R, ), technical (R, ) and material (R, ):

R. < (R.R,\R ). (8)

Characteristics (X.) of the territorial zone of the

united territorial communities and objects of fire
protection include the number (7,;) of population in

separate settlements of the united territorial communities,
the presence (i, ) and characteristics (O ) of the objects

in separate settlements of the united territorial
communities, territorial location (W) of individual
settlements of the combined territorial communities
relative to the FRUSs:

XQ:<:>('|'iﬁ,'|'T,O,‘P). 9)

The territorial location (W) of settlements of the

united territorial communities relative to the FRUs is

characterized by distance (L) and state (¢) of the roads
between them:

¥:e(Le). (10)

At the same time, losses (3) from fires have two

components of losses - material values (3,) and loss of

people (3,):

Ce(G.G). (11)

Each of these components belongs to the

configurations (T ,) of the development projects T , of

fire  extinguishing of the combined territorial
communities. With this in mind, we can write a
managerial ~ (Y,) operation that identifies the

configuration objects (T , ) of the design environment T ,

for the development of fire fighting systems in the united
territorial communities:

Ty, =(1.R.T,1,.0,%.G.G). (12)
The characteristics (12) specified in the expression
determine the configuration (K?) of projects T , for the

development of fire extinguishing systems of the
combined territorial communities. Typically, the

configuration K? is represented by a set of parameters
(Z,) (configuration bases) that change throughout the life

cycle of the specified projects. The justification of
effective configuration databases is carried out in several
stages, taking into account the changing configuration of
the project environment.

The substantiation of effective project T

configuration databases relates to the assessment of the
existing state of the fire-fighting systems of the united
territorial communities. This assessment is performed on
the criterion of value, which is determined on the basis of
relevant organizational and technological indicators -
losses (3) from fires. At this stage, there are problems
concerning the substantiation of the objectives (&) of the

development projects of fire extinguishing of the
combined territorial communities.

At the same time, the objective of the substantiation
of the goals includes: 1) the analysis of the factors of the
value of the fire-fighting systems of the combined
territorial communities for their current state and the
identification of the contradictions between them (2); 2)
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the formation of a plurality of scenarios {Nﬁ} for the

transfer of firefighting systems of united territorial
communities from the existing S; to the desired state S, ;

3) defining among effective scenarios (Nj‘) that provide

maximum value; 4) development of a conceptual plan
(E;) of projects for the development of fire

extinguishing systems of united territorial communities.
1),:& =(2m —{N,} >R > E; ) .19
Consequently, the disclosure of a systematic
approach to the study of project operation (T ,)

management processes and the development (1 , ) of fire

extinguishing systems of the combined territorial
communities enabled the main components of the relevant
systems to be identified, as well as identifying the main
characteristics of the state of the requirements for their
products that determine the configuration (parameters) of
the relevant projects. The time-instability of the
characteristics of the state of requirements (combustion
centers) to extinguish fires is the reason of the time-
instability of the firefighting project configuration, which
is determined by the content, time and resources
necessary for the implementation of design and
technological works and fire and rescue functions in the
projects of the operation (T ) of fire fighting systems of

the combined territorial communities. Realization of
projects of development (T ) of fire extinguishing

systems of joint territorial communities requires definition
of their configuration according to the criterion of
maximum value of their product (desirable fire
extinguishing system of the combined territorial
communities). The justification of the value of their
product is based on the simulation of the projects of the
operation (1 ,) of the fire extinguishing systems of the

combined territorial communities, which allows to predict
the relevant organizational and technological indicators
and determine the values of value.

CONCLUSIONS

1. Based on the analysis of the state of the subject
area, the necessity to implement the projects for the
operation and development of fire fighting systems of the
united territorial communities and the specifics of their
project environment was substantiated.

2. The performed analysis of the toolkit for project
management indicates the need to develop a scientific and
methodological framework for a systematic study of
project management processes for the operation and
development of fire suppression systems of the united
territorial communities.

3. The scientific and methodological foundations of
the systematic study of the processes of project
management of the operation and development of fire
extinguishing  systems of the united territorial
communities are based on the use of methods of system
approach, analysis and synthesis, analogies, induction and
deduction, statistical aggregation.

4. On the basis of the conducted research the
expediency of systematic consideration of the projects of
operation and development of fire fighting systems of the
united territorial communities as the appropriate
organizational, technological and organizational-technical
systems was substantiated.

5. It has been established that each of these systems
has three subsystems (control, project and product) that
contain their elements (input effects, parameters and
results) that have their own specific characteristics.

6. Further researches require the development of
scientific and methodological grounds for the study of the
links between the elements of subsystems of two types of
interrelated  systems  (organizational, technological,
organizational and technical).

7. The indicated administrative tasks for the
implementation of fire extinguishing projects made it
possible to find out that their solution is possible by
means of statistical simulation of relevant projects, which
is based on knowledge in the subject field.
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CUCTEMHBIN MOAXO0/1 K UICCIIEJOBAHUIO
I[TPOEKTOB ®YHKIIMOHNPOBAHMA U PA3BUTUA
CUCTEM INOXAPOTYIIEHNA OB bEAMHEHHBIX
TEPPUTOPHUAJIbHBIX OBIIINH

AHHOTaDMS. O6ocHoBaHa HEOOXOAMMOCTb
peanuzanyy 1 criennpuka IpoeKToB (HyHKIHOHUPOBAHHUS

U pasBUTHA CHCTEM IOXAPOTYIICHHS OOBCIMHECHHBIX
TEPPUTOPUATHHBIX OOIIVH. BrimoiaeH aHaIu3
MpeIMETHOW o0acTh W 00O0CHOBaHa HEOOXOIMMOCTB
pa3paboTKh HAYYHO-METOJIUYECKUX OCHOB CHCTEMHOTO
HCCIICIOBAHMS  MPOIECCOB  YIPABICHUS  IPOCKTaAMH
(YHKIIMOHUPOBAHUS U PA3BUTHUSA CHCTEM MOXKAPOTYIICHHUS
00BEIMHEHHBIX TEPPUTOPHUATHHBIX OOIIHH.

PackpsiTo HAYYHO-METOTUYECKHE OCHOBBI
CHCTEMHOT'O HCCIICIOBAaHUS MPOIECCOB  YIPABICHUSA
mpoekTaMu (YHKIIMOHUPOBAHUS W PAa3BUTHA CHCTEM
MOKapOTYIIEHUSI  OOBEOUHEHHBIX  TEPPUTOPHAIBHBIX
oOmmH.  YCTaHOBIIEHO, YTO  YKa3aHHbIE HAYYHO-
METOJIMYECKUE OCHOBBI 0a3uUpPYIOTCS Ha HUCIOJIB30BAHUU
METOJIOB CHCTEMHOTO IOJXOJla, aHajW3a W CHUHTE3a,
aHAJIOTUH, WHAYKIMH W JACAYKIUHU, CTATHCTHYCCKOTO
00001IeHNs.

IIpoekTsr (YHKIIMOHUPOBAHUS CUCTEM
MOXKAPOTYIICHUSI  OOBEUHEHHBIX  TEPPUTOPUAIBHBIX
oOmmH paccMaTpUBaiOT KaK OpTraHN3aIMOHHO-
TEXHOJIOTHIECKHE CHCTEMBI, a IPOCKTHl X Pa3BUTHS KaK
OpPTaHM3AIMOHHO-TCXHHYECKHE  CHUCTEMBI,  KOTOpEIC
B3aMMOCBSI3aHBI MEKAY COOOW OTIEIFHBIMU MPOIECCAMU
ynpaBieHus. Kaxknmas W3 yka3aHHBIX CHCTEM HMEET II0
TPU MOJCHCTEMBI (yIpaBleHUE, MPOEKT U NPOIyKT). B
3THX MOJCHCTEMAaX BBIICISIOT 3JEMEHTHl (BXOIHBIC
BO3JICHCTBUS, MapaMeTpbl M PE3yJIbTaThl), KOTOPHIC
HMEIOT CBOM CIeM(DUICCKHE XapaKTEPUCTHKH.

O6ocHOBaHHEBIE XapaKTePUCTHKH JJIEMEHTOB
OTICNIBHBIX TOACHCTEM, NPHHAICKAIIMX K CHCTEMaM
MPOEKTOB  (YHKIIMOHWPOBAHUS M PA3BUTHS CHUCTEM
MOXKAPOTYIICHUSI ~ OOBEOUHECHHBIX  TCPPHUTOPHATBHBIX
OOIIMH, OTPAXKAIOT MX XapaKTepHbIE cocTaBIsttomue. OHu
MPUHAAJICIKAT K IBYM BHJIAaM B3aUMOCBSI3aHHBIX CHCTEM —
OpTraHU3aIUOHHO-TEXHOJIOTHYECKUX M OPraHH3alMOHHO-
TEXHUYECKHUX.

JlokazaHo, YTO  yKa3aHHBIC  XapPaKTEPHUCTHUKU
JJIEMEHTOB OTACIBHBIX ITOJCHUCTEM MEHSIOTCS BO BpEMS
uX (YHKIHOHWPOBAaHUS. OTH H3MEHEHHS IPOHUCXOIST
Omaromaps HaJIWYMAI0 TPUIMHHO-CIIEICTBEHHBIX CBs3EH
MEXIy COCTaBISIOIIMMH CHCTEM  TOXAPOTYIICHHS
00BEIMHCHHBIX TEPPUTOPHATHHBIX OOIIHH.

PackpeiTHE MPUYUHHO-CICICTBECHHBIX CBA3CH MEXIY
COCTaBJISFOIUMHU CHUCTEM MOXKAPOTYIICHUS
OOBCIMHCHHBIX TEPPUTOPUANBHBIX OOIIMH  SIBISACTCS
OJIHOW W3 TJIABHBIX 3a/a4 YIPaBICHHUs MpOIecCaMu B
MPOEKTaX (YHKIIMOHUPOBAHHUS " pa3BUTHSL
COOTBETCTBYIOIIUX CHCTEM TI0KapPOTYIICHHUS.

YCTaHOBIIEHO, YTO HAyYHO-METOIUYECKHE OCHOBBHI
HCCIICIOBAHUS yKa3aHHBIX cBszel B IBYX
B3aHMOCBSI3aHHBIMA ~ CHCTeMaMH  (OpTraHH3alHOHHO-
TEXHOJIOTUYECKUMU U OpPraHU3allMOHHO-TEXHUYECKIMH)
HMEIOT CBOIO CHEeNN(UKY KaK OTHOCHTEIBHO TPOCKTHOM
cpemsl, Tak W 10 KOH(PUIYpallMd TPOCKTOB W
MOJIYYCHHOTO MPOIYKTa.

KaioueBbie cjioBa: MPOEKT,
(GyHKIIMOHUPOBAHHE, pa3BuTHE, UCCIIeIOBaHMS,
CHUCTEMHBIA  TOAXOH,  CHCTEeMa  IOXKAPOTYIICHHUS,
00beIMHEHHBIE TEPPUTOPHUATILHBIC OOIITIHBI.

yIpaBleHue,
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Summary. In the article it is given a dynamic model
of the rotation mechanism of a tower crane and the system
of differential equations that was obtained by using the
Lagrange equation of the second kind, which describes the
motion of the loaded rotation mechanism. After the
solution of the equations under certain parameters of the
crane, it was conducted a dynamic analysis of the rotation
mechanism. It has been theoretically proved that during
the operation of the rotation mechanism in the elements of
the drive and the construction arise dynamic loads that
lead to the destruction of the structure and, as a
consequence, reduce the reliability and productivity of the
crane. It has been researched that the maximum values of
the loads arise during the transitive processes of motion
(starting, braking). To minimize the loads, which arise
during the operation of the rotation mechanism of a jib
crane, the optimization the modes of motion has been
carried out. The RMS value of the speed of alteration of
the elastic moment in the drive mechanism (optimal
control 1) and the RMS value of acceleration of effort
alteration in the drive mechanism (optimal control 2) were
chosen to be the optimization criteria. As a result of
solution of the previously set tasks, the optimal control
modes of the rotation mechanism of the crane were
established. The optimal the modes of motion have
considerable advantages in comparison with the manual
control mode that was obtained as a result of dynamic
analysis. The analysis of graphical dependencies obtained
from the tasks solution shows that usage of optimal the
modes of motion for the drive system results into the
smooth nature of change in the kinematic characteristics
of the crane, comparing to the manual operation. The
smooth speeding up and effort application enhances the
operation of the rotating mechanisms of a tower crane.
The results obtained from this research can be further used
for specification and improvement of existing engineering
methods of the calculating of rotation mechanisms of
cranes with a load on flexible suspension both on the stage
of their designing and during real time operation.

Key words: load-lifting machinery, tower/jib crane,
starting, dynamic model, mathematical model, analysis,
modes of motion, rotation mechanism, dynamic loads,
optimization, criteria, RMS (root mean square).

INTRODUCTION

During the loading and unloading works the
considerable dynamic loads emerge in the elements and
construction of the working rotation mechanism of a jib
crane [1-3], which result into the limitation of working
speeds, deterioration and destruction of details and the
construction itself [4—7]. Consequently, the efficiency of
the loading and unloading operations as well as the
reliability of operation of the rotation mechanism of the
crane decreases [8-9]. One way to reduce these loads is to
select the modes of motion of the drive mechanisms,
which remove the undesirable phenomena from the whole
construction of the crane as well as from its individual
elements [10-11]. The necessary rotation mode of the
crane can be selected by optimizing the transients using a
given criteria, depending on the objectives of the design of
the crane or conditions of its use [12-14]. In order to
improve the rotation mode and reduce the dynamic loads
in the drive elements of the crane rotation mechanism, it is
necessary to select the criteria that show the effect of these
loads during a certain period of operation of the crane.
Such criteria can be the RMS values of loads and their
derivatives by time during the transient processes [15-17].

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

Many scientists have been engaged in the dynamics
of the lifting machinery motion research [18-27]. They
examined various ways to study the fluctuations of load
on a flexible suspension.

When considering the mechanism of rotation of the
jib crane there is a significant swing of cargo on the
flexible suspension and fluctuations of the elements of the
drive and the overall construction [1-5]. These
fluctuations lead to the instability of the motion of the
rotating parts of the drive elements of the rotation
mechanism, which affects the quality of loading and
unloading operations, the performance and reliability of
the crane operation and increases the probability of
emergencies that are undesirable [6-7]. Improvement of
the constructional and operational characteristics of the
rotation mechanism and the crane in general is achieved
by optimizing the modes of motion on the start and stop
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intervals [10-14]. In article [28] the methods of
diagnostics of a structural (general) state of a tower crane
are considered. It was researched the brake laws of the
corresponding hierarchical restoration that can reduce the
amplitude of vibration [29]. In article [30] we consider an
approach in which the arrow is represented as a
continuous beam and the toughness of the tower is taken
into account. Also, when optimizing the motion schedules
of crane mechanisms, there is a problem of choosing the
optimization criteria [15-17]. It is advisable to choose
criteria that evaluate the operation of the crane or a
separate mechanism during a certain time of motion. Such
criteria may be criterial actions that represent integral
functionals [31-35]. The integral criteria include the RMS
values of the existing dynamic loads and their derivatives
by time [33-35].

For criteria that represent the RMS values of
operating loads and their derivatives by time, it is
advisable to use variational optimization methods, since
they provide a sufficiently high level of smoothness of the
motion modes of the elements of crane mechanisms [11-
17, 31-37].

OBJECTIVE

The objective of this study is to analyze the obtained
optimal motion modes and compare them with manual
control on the natural mechanical characteristics of the
operation of the mechanism of rotation of a jib crane.

THE MAIN RESULTS OF THE RESEARCH

For dynamical analysis of the mechanism of rotation
of a jib crane, a three mass dynamic model has been
selected (Fig. 1). In this model, it is assumed that all the
elements of the crane are absolutely solid, except for the
elements of the transmission mechanism of the drive and
the flexible suspension of the load.

Fig. 1. Dynamic model of the turning mechanism of the
crane: 1 —drive; 2 — rotary part; 3 — the load.

The angular coordinates of the rotation of the mass of
the elements of the drive reduced to the axis of rotation

©®,, rotary tower with a jib relative to its own axis of

rotation ¢, and the load ¢, were taken as generalized

coordinates of a dynamic model.

On the basis of the chosen dynamic model, using the
Lagrange equations of the second kind, a mathematical
model is constructed, which is a system of three
differential equations of the second order

1o?=M, _C(q)o _qol)
I1451:(:(% _¢1)_mr29(¢1_¢2)/' ~My @
Py =9l — 0, )1,

where: | - the moment of inertia of the drive

o

mechanism, reduced to the axis of rotation of the crane;
1. — moment of inertia of the tower and the jib, reduced
1

to the axis of rotation of the crane; m - weight of cargo;
m  — the driving moment on the shaft of the electric
(]

drive motor, reduced to the axis of rotation of the crane;
M, T the moment of the forces of static resistance,

reduced to the axis of rotation of the crane; | — the length
of the flexible suspension of the load; r — departure of

cargo (the length of the arm of the crane); C — the
coefficient of rigidity of the drive mechanism, reduced to
the axis of rotation of the crane; g - gravitational

acceleration.

The driving moment of the drive mechanism in the
system of equations (1) is determined from the static
mechanical characteristic using the Kloss formula:

Mo Mt @)
? s Sk
S kP
s s
Kp
where: Mk'p — critical moment on the electric motor

shaft; u — gear ratio of the drive mechanism; 1 - energy
conversion efficiency of the drive mechanism (coefficient
of performance); s, SK — respectively sliding and

critical sliding of an asynchronous motor, which are
L+ s
® Kp

determined by dependencies:
= sH(m\/xz —1] NE)
o]

AU
s = 1
Here s —1-w /Q) — nominal sliding of an
H H o

electric motor; (DH, (oo — respectively nominal and

synchronous angular velocities of the rotor of the electric
motor; , _ s /M — overload capacity of the
Kp H

electric motor; 5, — nominal moment on the shaft of

H
the electric motor.

Having substituted dependencies (2) and (3) into the
system of equations (1), we get the final form of a
mathematical model for the research of the dynamics of
motion of the rotation mechanism of the jib crane, which
is a system of nonlinear differential equations of the
second order. Such equations cannot be integrated
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analytically, so for their solution the numerical methods
from the software product "Mathematica" are used.

The solution results are presented below in graphical
form.

In order to improve the operation of the crane rotation
mechanism, the criterion for optimizing the modes of
motion has been chosen, which is the RMS value of the
speed of alteration of the elastic moment in the drive
mechanism. It has the next form:

t Y2
S ENYE
40

. -
Molcx —min. @)

where: t — time; t, — duration of the transition process

1

(starting, stopping); M ol = the speed of alteration of the

elastic moment in the drive mechanism.
This criterion is an integral functional with the
minimum condition of the Euler-Poisson equation

5 Loyl
Z(—l)'d—. I__o ®)
iz3 adt O
a(pz
. a2
where: f_|\/|01.

After differentiation we obtain a linear uniform
differential equation of the 10th order with constant
coefficients:

X Vil Vi

‘ [H merg- ©
Il |

Here k — frequency of the fluctuations of the system.
The solution of the differential equation (6) has the
next form:

- 2 3 4 5
(pi—Cl+C2t+C3t +C4t +C5t +C6t +(8)

+ C7 + C8t)~ sinkt + (Cg + Clot)' coskt,

constants,

where: C. . C C which are

1'72"" 710
determined from the boundary conditions of motion. For
the process of starting the rotation mechanism of the jib

crane, we have such boundary conditions where P and

q;l expressed through the coordinate (p2 and its

derivatives by time:

t=0: (p2=0, cpZ:O, ipZ:O, '('p'Z:O; o
tztl: ('p2=o)y, <p2=0, zpz:o.

where: ® - fixed speed of rotation of the crane.

The solution of equation (8) contains ten arbitrary
constants C, (i=1,2,...,10) and for their determination

the specified boundary conditions (9) are not sufficient.
Therefore, in accordance with the foregoing, we find the
variation of the functional (4).

v (t )and

By virtue of arbitrariness
y &Pz(tl) S ¢ 2\t

v
8 @ o(0) we obtain:

M 2
¢2(0)+k“$,(0)=0;
\Y%

(Pz(t1)+ kztﬁz(tl): 0;

VIl \Y4

¢ 2(t1)+ 2k? ¢ 2(t1)+ k4 (PZ(t]_): 0

Conditions (10) together with the boundary
conditions (9) clearly determine the extremus of the
family (8).

To solve the equations, the software "Mathematica"
was used.

As a result of the solution the optimal modes of
motion have been obtained.

In addition, it has been solved the task where the
value of acceleration of the effort alteration in the drive
mechanism has been taken as an optimization criterion of
the rotation of the jib crane.

In this case, the optimization criterion for the crane
rotation mode will look like:

o2

.. 1 1 2 .
Moter =| T I Mogdt|
10

2ty v 2
|1 2 - .(11)
MOlcx_ tl[llgj Z((pﬁk @2) dt| —min

The minimum criterion of (11) is the Euler-Poisson
equation of 12th order

X1l X
(0] 2+2k2 P o+ k4

(10)
IX

VIl
(O] 2 =0,

{ I+ mr2 } — frequency of the

(12)

Il-l/g

fluctuations of the system.
The analytic solution of the differential equation is
represented by the following dependence.

- 2 3 4 5
Py = C1+Czt+C3t +C4t +C5t +C6t + (13)
6 7 ;

+ C7t + C8t + (Cg + Clot)sm kt + (Cll + Clzt)cos kt
where: Ci (i = 1,2,...,12) — constants, which are
determined from the boundary conditions of motion.

To determine the constants Ci(i =12,..12) the
boundary conditions of motion are used with P and

(’pl are expressed via the coordinate ?5 and its

derivatives by time:
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E=00 0y =0y =0y =8, =
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w
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t=4: ‘Pzz%' by =@ 6y =0y =
v v M, g
1
where: @ - fixed speed of rotation of the crane.

Note that in this task all conditions are determined
from the condition of the absence of fluctuations after the
start-up process.

To solve the equations, the software "Mathematica"
was used.

Calculations have been made for the mechanism of
rotation of the jib crane
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Fig. 2. Dependencies of alterations of angular velocities
of: a) the rotor of the engine; b) the rotation part; c) the
cargo under condition of (---) manual control, (---)

optimal contol 1, (—) optimal control 2.

QTZ-80 with parameters:
|, = 71626,115kg - m?:

|, =4920738,85kg - m 2.

C =6626669,045N -m/rad ; m = 2000kg;

r=40m; | =30m; Ml =1288,79 N -m;

M, =368N-m; U =1355,2;  =0,86;
w, =0071rad/s; t, =15s; @ =95rad/s;

® =9504rad/s; 1 =28 g= 9,81m/s2.

As a result of the solution of the set objectives,
optimal modes of motion have been obtained. They are
presented in graphical form (Fig. 2 — Fig. 6).

The article also specifies the mode of rotation of the
crane with manual control according the mechanical
characteristics of the engine during start-up. The
optimization by the criterion of the RMS value of the
velocity of alteration in the elastic moment in the drive
mechanism is represented by the mode (optimal control 1)
and by the criterion of the RMS value of acceleration of
the alteration of effort in the drive mechanism by the
mode (optimal control 2).
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Fig. 3. Dependencies of alterations of angular

accelerations of: a) the rotor of the engine; b) the rotation
part; ¢) the cargo under condition of (-----) manual control,
(---) optimal contol 1, (—) optimal control 2
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Fig. 4. Dependencies of alterations of: a) angular
coordinate; b) speed; c) acceleration of the deviation of
the flexible suspension of the load from the vertical

under condition of (-----) manual control,
contol 1, (—) optimal control 2
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Fig. 5. Dependencies of alteration of:
a) engine driving moment; b) the elastic moment in

the drive; c) the power of the drive under condition of
(---+-) manual control, (---) optimal contol 1, (—) optimal
control 2

From the graphic dependencies (Figs. 2—6) obtained
from the solution of optimization tasks one can see that
the kinematic, power and energetic characteristics of the
jib system at the start-up of the rotation mechanism with
the first and second optimal modes of motion, in
comparison with the manual control, have smooth
character of change indicating the absence of significant
dynamic loads in the drive.

It has been carried out the comparison between the
obtained results of dynamic analysis under the condition
of manual control and the optimal modes of motion in
terms of RMS (Table 1) and maximum (Table 2) values of
kinematic, power and energetic characteristics of the jib
system.

From the analysis of the RMS indicators summarized
in the Table 1 one can see that the kinematic

~ I, Scharacteristics of the jib system when applying optimal

modes of motion (optimal control 1 and optimal control 2)
are slightly better compared to the manual control.

Optimal control 2 in comparison with manual control
has made it possible to reduce the RMS values of the
rotational speed of the engine rotor by 35 %, the rotational
part of the crane by 16 % and the load by 15 %, as well as
the angular accelerations of the rotor of the engine by 58
times, the rotational part by 33 %, and the deviation of the
load by 40 %.
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The deviation of the RMS values of the torque on the
electric motor shaft has decreased by 0.8 %, in the drive
mechanism by 6.5 %, and the drive power by 20 %.

From the analysis of the maximum values of the
characteristics summarized in Table 2, one can also see
some improvement of the characteristics when using the
optimal starting modes compared to the manual control.
That includes the RMS value of the acceleration of the
alteration of the elastic moment in the drive mechanism.

The values of the angular velocities of the engine
rotor have improved by 62 %, the speed of the load by
8 %, and the angular accelerations of the engine rotor by
249 times, the rotation part of the crane by 2,7 times and
cargo deviation by 2,2 times.

In addition, the maximum values of the torque on the
shaft of the engine have improved significantly by 13 %
as well as the drive mechanism by 43 % with the increase
in engine power by 12 %.

It should be noted that the deviations of some
indicators have deteriorated: the maximum values have
become slightly larger, but the form of the alteration of
these characteristics has become better, they have become
smooth, which provides a reduction of dynamic loads in
the jib system.

From the conducted analysis it can be concluded that
by practically all parameters the optimal modes of starting
the mechanism of rotation of the jib crane, which are, the
criterion of the RMS value of acceleration of the alteration
of the elastic moment in the drive mechanism and the
criterion of the RMS value of the speed of torque
alteration in the drive, have advantages over manual
control. Both the maximum and the RMS values of
kinematic, power and energetic characteristics have been
improved.

From the given phase portraits (Fig. 6) it can be seen
that the contours of the phase trajectories of both optimal
control 1 and the optimal control 2 motion modes are
closed, indicating the absence of fluctuations in the drive
elements and in the load on the flexible suspension after
the start-up process, in contrast to manual control, where
the contour is not closed, indicating the presence of
fluctuations of the load after the start-up process.

Table 1. Characteristics of the mechanism of rotation for the RMS deviation

RMS deviation Decrease
Characteristics Manual Optimal Optimal in characteristics
control Control 1 Control 2
Angular velocity, engine 0,058 0,054 0,043 1,35
rad/s rotor,
rotational 0,051 0,055 0,044 1,16
part
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End of Table 1

RMS deviation Decrease
Characteristics Manual Optimal Optimal in characteristics
control Control 1 Control 2
Angular velocity, cargo 0,054 0,058 0,047 1,15
rad/s cargo deviation 0,007 0,009 0,009 0,77
Angular engine 0,291 0,006 0,005 58,2
acceleration, rotor,
rad/s? rotational 0,008 0,006 0,006 1,33
part
cargo 0,007 0,008 0,008 0,88
cargo deviation 0,007 0,006 0,005 1,4
Toruge, N-m engine 60584,1 60883,9 60118,1 1,008
in the drive 63640,4 60482,9 59751,9 1,065
Power of drive, W 2806,06 2348,89 2312,24 1,2
Cargo deviation, rad/s 0,02 0,023 0,023 0,87
Table 2. Characteristics of the mechanism of rotation for maximum values
RMS deviation Decrease in
Characteristics Manual Optimal Optimal Control | characteristics
control Control 1 2
Angular velocity, | engine 0,115 0,0725 0,071 1,62
rad/s rotor,
rotational 0,071 0,073 0,073 0,97
part
cargo 0,078 0,073 0,072 1,08
cargo deviation 0,013 0,0165 0,0151 0,86
Angular engine 1,92 0,0127 0,0077 249,35
acceleration, rotor,
rad/s? rotational 0,023 0,0135 0,0085 2,7
part
cargo 0,011 0,016 0,0154 0,7
cargo deviation 0,022 0,013 0,010 2,2
Torque, kN-m engine 99,6 89 88 1,13
in the drive 126,1 89 88 1,43
Power of drive, kW 4,25 3,9 3,8 1,12
Cargo deviation, rad/s 0,034 0,049 0,047 0,72

CONCLUSIONS

1. The three mass dynamic model of the mechanism
of rotation of the jib crane (Fig. 1) has been constructed
and a mathematical model (1) has been built for it using
the Lagrange equations of the second kind, on the basis of
which it has been performed a dynamic analysis of the
mechanism of rotation of the crane using certain
parameters of the jib system.

2. It has been established that the maximum values of
loads arise at the beginning of the motion, that is, during
the transients (start-up, braking) of the system of the
rotation mechanism of the jib crane, which are
characterized by a significant amplitude and frequency of
oscillations that fade over time. Dynamic loads during
operation of the rotation mechanism of the tower crane
are undesirable. They result in reduced reliability,
performance as well as faster failure of the drive and the
structure itself, and as a result lead to emergency
situations during the crane operation.

3. It has been performed the optimization of the
rotation mode of the tower crane according to the criteria

of the RMS value of the velocity of alteration of the
elastic moment in the drive mechanism and the RMS
value of the acceleration of the alteration in the elastic
moment in the drive mechanism, which have improved
compared to the ones manual control. Optimal modes of
motion have allowed to provide a smooth, non-oscillating
motion of the rotation mechanism, which minimizes the
dynamic loads in the drive and the elements of the crane
construction. From the analysis of graphic dependencies
it is evident that practically all of the characteristics:
kinematic, power and energetic characteristics have been
improved using the optimal modes of motion compared
to the manual control. The obtained optimal modes of
motion of the rotation mechanism of the tower crane are
realized with the help of a mechatronic control system of
a drive motor.
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AHAJIN3 PEXXMUMOB ABWXEHUA MEXAHU3MA
ITOBOPOTA CTPEJIOBOI'O KPAHA

AnHoTanusi. B crathe mnpHBeleHa JUHAMHYECKAs
MOJeNIb MeXaHH3Ma IOBOPOTa OalleHHOr0 KpaHa |
cucrema nudhepeHnrnabHbIX ypaBHEHHUH, TTOJTyYSHHOH C
MOMOIIBI0 ypaBHeHHi Jlarpamxka BTOpOro poja, YTO
OIHUCHIBAET JBIDKEHHUE MEXaHW3Ma IOBOPOTAa C TPY30M.
IMocne pemeHnst ypaBHEHHI TIpH  ONIPENEIECHHBIX
napaMeTpax KpaHa MpPOBENCHO JIMHAMHUYECKUIl aHau3
MeXaHHM3Ma MoBopoTa. TeopeTHyeckn J10Ka3aHo, YTO IPH
paboTe MexaHH3Ma MOBOPOTa B 3JEMEHTaX MPUBOJAA TaK
U B KOHCTPYKIMH BO3HUKAIOT JUHAMHYECKHE HATPY3KH,
NPUBOJSIIIME K PAa3pYILICHHUIO KOHCTPYKUUH M, Kak
CIIE/ICTBHE, YMEHbBIIAIOT HaJIe)KHOCTh u
MPOU3BOJIMTEIBHOCTh  KpaHa.  MccienoBaHo, — 4TO
MaKCHMaJIbHbIC 3HAUYEHHsI HATPY30K BO3HUKAIOT BO BPEMsI
MIEPEXOAHBIX MPOIECCOB ABIKEHUS (IIYCK, TOPMOYKEHUE).
JIii MMHUMM3aIMM Harpy3oK, BO3HUKAIOIIUX BO BpEMs

pa60TLI ME€XaHu3Ma IOBOPOTa CTPEJIOBOIO  KpaHa
MmpoBE€ACHAa ONTUMH3ALUA PCKUMOB  OBUKCHUA. 3a
OIITUMH3AIITMOHHBIC KpUTCpun I/I36paHLI cpeaHee

3Ha4eHHE CKOPOCTH H3MEHEHMs YNPYroro MOMEHTa B
IIPUBOIHOM MEXaHH3Me (ONTHMAaJbHOE ympasieHue 1) u
CpenHee 3HAUYEHHE YCKOPEHMs HW3MEHCHHS YCWINS B
NIPUBOJHOM MEXaHW3Me (ONTHMalbHOE yINpaBieHUE 2).
B pesymprare  pemeHHMs ~ MOCTAaBICHHBIX  3a1ad
YCTAQHOBJICHB ~ ONTHMAJbHBIE PEKUMBI  YIPaBICHHSA
MEXaHH3MOM II0BOpOTa KpaHa. ONTHMaibHBIE PEKUMBI
JIBIJKEHUSI TI0 CPaBHEHHIO C PEXHUMOM PYYHOTO
yIpaBJIeHUs, TOIy4YeHHBII B pe3yiabTaTe MpPOBEIECHHOTIO
JUHAMUYECKOTO  aHalW3a, MMEIOT  3HAYUTENbHBIC
npeuMyiecTsa. AHaiu3 TrpaduyecKux 3aBHCUMOCTEl
MOJyYCHHBIX B pE3ylbTaTe peIIeHHs ITOCTaBJICHHBIX
3aa4 TOKAa3bIBA€T, YTO MCIIOIB30BAHHWE ONTHMAJbHBIX
PSKMMOB ABWKEHHSI ISl CHCTEMBI TIPHBOJA JAaeT
IUIABHBIM ~ XapakTep  W3MEHEHMS  KHHEMaTHYECKHX
XapaKTepUCTUK KpaHa 110 CPaBHEHHIO C PYYHBIM
ynpaBineHueM. [lmaBHOe HapacTaHWe CKOpocTed H
NPWIOKEHUST YCWIMH yiydiiaer paboTy MeXaHH3Ma
MIOBOpOTa OAaIIEeHHOTo KpaHa.

[TomyueHHbIE B TaHHOM HCCIECIOBAHUU PE3YJIBTATHI
MOTyT OBITh B JaJbHEWIIEM HCHONB30BAHBI IS
YTOUHEHUS! M COBEPIICHCTBOBAHUS  CYIIECTBYIOIIUX
WHKCHEPHBIX METO/OB pacdyeTa MEXaHH3MOB II0BOPOTA
KpPaHOB C TPYy30M Ha TMOKOM MHOJABECE KaK Ha CTAIAMAX HX

MIPOEKTHPOBAHUS / KOHCTPYHPOBAHUS, TaK M B PEKUMAxX
peaybHOM 3KCIUTyaTalm.

KiroueBble cjioBa: TPYy30NOABEMHAs TEXHHUKA,
OaIICHHBIA/CTPENOBOW  KpaH, IYCK, JWHAMHYECKas
MOJIeNb, MaTeMaTH4YecKas MOJeNb, AaHAIH3, PEKUMBI
IBIDKCHUS, MEXaHW3M  IIOBOPOTa,  JAWHAMHYECKHE
HATPY3KH, ONITUMHU3AIINS, KPUTEPUH, CPETHEE 3HAUCHUE.
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Summary. A model of quality management
implementation technological operation based on revised
data size and performance variability of soil
environmental condition of agricultural land using
technical systems, depending on the state of
agrobiological ~ farmland.  This  model  enables
agrobiological given the state of the soil environment to
take prompt management solution agrobiological as via
tractor control unit, agricultural machines, technical
systems, operational monitoring of agricultural land.

Ensuring the necessary quality of implementation
processes is possible by next generation technology using
information technology operational monitoring of the
local soil environment with the use of operational control
and technical state machine workflows (weight ratio 0,22-
0,73), precision driving mobile units (0,08-0,32),
operational management working bodies of machines for
rational algorithm (0,37-0,51).

Further growth of crop mechanization efficiency
associated with improved quality of technological
processes, primarily due to operational condition
monitoring and workflows machines, precision driving
mobile units operating control machines working bodies
for rational algorithm.

Designs developed technology of new generation
with controlled quality performance processes allow for
an increase in productivity - up to 20% fuel cost reduction
and process materials by 15-20%, to obtain economic
benefit - 1700 UAH. / Ha and reduce adverse human
impact of technology on environment.

Significance of referred to the economy, food
security and environmental security of Ukraine with the
support of concerned departments and producers - a
pledge unconditional implementation of crop Ukraine
advanced information technologies based on the
achievements of the national agricultural research and
development controls.

Key words: quality technological operation,
variability of soil environment agrobiological technical
system condition monitoring.

INTRODUCTION

Modern high demands on the economic efficiency of
agricultural production in view of the economic

characteristics of the climatic zones of Ukraine, dictate
the need for a radical overhaul of approaches to
technology agricultural production, including the use of
new effective information technology systems of local
operational monitoring soil environment farmland built on
new technologies the use of technical systems operational
monitoring placed on mod machine and tractor units [1-
15].

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

The main requirement for these units is to ensure the
quality control of the execution of manufacturing
operations. This requires the use of modern information
technology and robotics mechatronic control systems
associated with technical systems agrobiological
operative monitoring of agricultural land, sensor quality
control of manufacturing operations, which in the current
context of development called “intelligent” or "smart"
machines ( Smart machinery) [13-15].

These "smart" machines with sensors monitoring the
operational status of agricultural land should be widely
used in all stages of agricultural crop production, basic
tillage, sowing (planting) during the care of crops during
the growing season and at harvest. This makes it possible
to provide adequate quality of manufacturing operations
while optimizing the cost of their production. In fact,
"smart" machines must adapt to the state of agrobiological
soil environment [13-15].

Execution of these tasks involves a retrofit /
refurbishment of existing and the use of new agricultural
machine and tractor units [13-15].

It should be noted that the importance and usefulness
of these machine-tractor units particularly high during
seeding (planting), because this process operation is
actually the "foundation™ of the future harvest [13-15].

Analysis of studies and publications shows that the
traditional factors of agricultural production efficiency by
optimizing the mechanics and construction materials, the
use of advanced engineering materials (heavy-duty
plastic, metal alloys, etc.) at the present stage of
technological development, do not give significant
efficiency gains.

One promising direction is to ensure the required
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quality of execution processes by obtaining higher
(compared with physiological capacity) of information
management and operational workflow of cars and on the
basis of the transition to new advanced technologies using
"smart" agricultural machines. Therefore there is a need
for their development and use.

It is obvious that in such circumstances there is a
need fundamentally new approaches to maintaining
agricultural production, which is to ensure the quality of
technological operations. The quality of technological
operations is an integral indicator of agricultural
production within agrobiological field. The quality of
implementation of the basic processes in the plant is
ensured by integrated information technology systems
agrobiological local operational monitoring of agricultural
land [13-15].

OBJECTIVE

The article is a mathematical model to describe the
boundary nimble information technology systems of local
operational monitoring of agricultural land in the
performance of technological operations to ensure the
quality of their performance.

THE MAIN RESULTS OF THE RESEARCH

By using information technology  systems
agrobiological local operational monitoring of agricultural
land along with the technological operation is necessary
in solving problems limiting speed of execution of work.
The importance of this task is determined by its terms of
reference.

When setting targets to limit bystrodiyi executive
working bodies of agricultural units based on data
obtained from the information technology systems of
local operational monitoring of agricultural land is

assumed that the length of timet, <t<t;. During
which the system should be transferred from one state
X(ta): X“ to another X(tﬁ)= x” Determined in
advance. But not exclude the situation when the time
t= tﬁ end of the process is not specified, but determined

in the implementation of technological operations along
the solution. For example, one of these conditions may be
a requirement to carry out the management as soon as
possible. This, of course, have to take into account the
limitations on the resources of government, realizing the
actions and manage (limited supply of energy
inadmissibility of the use of control forces exceed certain
secure borders, and so on. P.). If such restrictions
interpreted as requiring limited appropriately selected

intensity x [and] managementu(t)ta St<t;. The

problem of marginal performance can be formulated as
follows.

Suppose that the equation of motion information
technology systems, operational monitoring of local
farmland soil environment in the performance of

technological operations asked equation of motion control
system:

x = A(t)x+B(tu + oft), )

primary X“ and final X” value of the phase vector x (t)

and due to restrictions on the chosen intensity x control u
(t):

x[u]< . 0]

We need to find time t = t; and the corresponding

control possible u"(t)(ta StSt;). Satisfying the
following conditions:

1) Management u"(t) management decides at
t, <t<ts):

2) the inequality:

Xu®|< u. 3)

3) that would not have been time t =t and possible
management u(t)ta St<t,. To solve the problem of
boundary control equation (2) should be performed
inequality t, <t,.

Conditions (2) and (3) require some explanation. The
fact that the determination of the expression x [and] may

depend on the value of tﬂ. Which is to be determined.
For example, it may be given as:

0, %
X|u]=

Jlu(z)|* de
t
In this case, the intensity should be marked x[u]

a

symbol X[u(z)t, <z <ty] and limit the expression
(2) can be recorded as:

x[u(z),t, <t<t]<u. 4

However, to reduce the indexes t, and t; the

designation for the intensity of x will be omitted. In
particular, the deal further in the task of limiting the speed

limit on record u(t) in (2), understanding this record, in

terms of the formula (4).
If the managed system is described by generalized
linear equation:

dx = A(t)xdt + B(t)dU +dw, 5)
then this system targets to limit speed may be formulated
by (1) the need to control the expression

dUO(t)(ta <t Stg) must be sought in the class of
possible generalized departments.
Equation management u® (t) and

du O(t)(ta <t Stg), the boundary conditions for the
marginal performance system (1) and (5), will be called
the best in speed and number T° = tg —1,. Equal to the

shortest time of transition from the initial state to the final
CL ha called optimal time transition.
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When solving problems for research speed limit
information and technical systems operational monitoring
of local state agrobiological soil environment farmland
take the next device functional analysis:

1) management's intensity [and] the norm p*[s]

function u(t)(ta Stﬁtg) in some functional space

B*{u(z')}. Then the formula (1) and its corresponding

modification to the system (5) pereformulyuyetsya limits
for classes in the departments (t) and generalized
admissible controls and dU (t).

As the transition occurs in the same way optimal
control, so keep in mind that everywhere we further

restrict ourselves only to those values
X[u(z'), (ta <r<t, )]: P [u(z'), (ta <7<ty )]
for which the equality

p*[u(r),ta <r< 0'] = p*[u(r),ta <r< 9] for
all functions u[z']. That meet the conditions u(z') =0 at

72>9. Here § and o - any are related to inequality
9<o.
Further, we consider the case when the time t =t

will change. Then symbols p*[u(z'), T2 ta] will mark

size p*[u(z),t, <7< 9] if any - which &. Which

may be the end point of the process.
Circulation restrictions:

plu@) >t ]<u. (6)
These restrictions will mean that in the management
process can be used in any capacity u(z')(z'zta).

Satisfying condition p” [u(z'),ta <7< S]S . (If

any - which 9>t ). It is in this sense should be

understood as restricting entry and formula (6) in any
apparent concrete form, such as:

- %
IHU(TWdT <u. (7
ty

Equation (7) can reach a large number of actual
restrictions.

Often problems at the maximum speed limit u(r)

has the asymmetric shape @;<U; < bj , and
a; # —bj . However, in this case the change of variables
u; on v;. You can build equation (7) to limit the type

p*[v]S,u. It's enough to do, for example, the
conversion:
a +b. ) 2
v, =|u——— £ (8)

and assume p*[v]= mjaxsupﬂvj (r)|}

o symbol is chosen at the same time as the upper
limit of the integral in (7) just for the purpose to

emphasize that point t =t >1,, When the management

process, we may be unknown and we have over time
t =1, own resource management, equal ,u(ta). Similar
comments should be borne in mind when recording
management evaluation u(r) at t>1, will be used by

the general character intensity X[u(r), T2t ]

Note that the task of limiting speed can be set for the
case when the system (1) or (5) shall be translated as soon

as possible with a given state x(ta):x“ a

predetermined point x” phase space and on in some
areas Q final state x” . It should also be borne in mind

that the vector X” under the terms of the task may
depend on tﬂ. This situation arises in cases where you
need to calculate the maximum bystrodiyu object that
moves X(t) not a fixed point X = x” . Butitis necessary

to determine at a given movement X = Xﬁ(t).

The problem about the speed limit information
technology systems agrobiological local operational
monitoring of agricultural land. To solve this problem you

need to find a control law uo(t). Which puts the system
(1) from the state X(ta ) = X“ astate X(tb ) = x" a short
time T° =t —t_ for a given limited:

X[u]< u. (11)
Where as Minimax rule can specify the following
path on the task of limiting speed.

Let t,>1, - a fixed time. Then be presented
solutions for optimal impact uT(t) switching system (1)
from the state X(ta)= X% to position X(tb)z X" during
T=t,—t, and thus have the lowest possible rate

p’[ur]=x[u;]=min. If now we change time t,.
Then:
1) We find that any t; >t , which means that each

number T > 0. Will meet certain optimal control uT(t)
and some of its intensity X[UT]. Which is therefore a
function of T.

2) Or, in any case, be solved at values tﬂ with a set.

Changes are needed then the arguments are obvious.
Let X[uT]: Xy and consider the inequality:

Xp < i (12)
While it is obvious that the best time of transition

T° under the constraint (11) is the smallest of positive
numbers T . Would meet the conditions (12). Combining
this fact with Minimax rule, we get the following result.

Let h?(r) (ta <7<t =t, +T) - the minimum
feature found under Rule Minimax, then:

A= o', ()=

(13)
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Where S, (t) traffic related system (13) that satisfies
the boundary conditions s't (tﬂ) s (T) = 1. Then the

smallest of numbers T:tﬂ -t Satisfies the

a-
relationship:

1

Would be the best time of transition T°, and therefore
at this time optimal control will be described by the

ui(t)=u’(t)
(ta <t Stz =t, +T°) will be desired, for optimum

performance control. Thus, according to the rules
Minimax, optimal for performance management will look

p*[uo(r)]zl/pTo and will stand out among all

following equation

admissible  controls u(r) (taStStg) the norm

p*[u(z')]zl/ Pro maximum property features a
.. 0
minimum N (z).

Formulated way to solve the problem on the speed
limit is to construct models to determine the smallest
positive number T, corresponding to the condition (14).
The process of finding the most optimal for performance
management should determine the maximum property
contained in Regulation Minimax. If the value of p, isa
continuous function T (which, indeed, there is a broad
class of cases), for finding the value T° instead of the
condition (4) is convenient to use the equation:

p = Bk ()=
si(t, Je(T)=1. (15)

The smallest positive root of the equation and give
optimum transition time T °.

Given that the expression p[B'ST(r)] uniform in

vector | = S(tﬂ). Because inequality (14) or equation

(15) with the condition S'T (tﬂ )C(T) =1. You can replace
the inequality:
mint-s; {t, k(T)+ wplB (), ()] 2 0.
or in accordance with the equation
minfuelB (e)s (e)}-s: , B} =0,

sometimes it may be more convenient to work with these
ratios. Then equation (15) can still replace a ratio that
does not contain p[h(r)],

t

min| max ﬁB'(r)sT(r)u(r)dr—s'T(tﬁ)c(T) =0.

ol xutelien )

The way a computational algorithm is not a problem
with the calculation by using numerical methods, such as
the question of choosing the initial approximation or
questions about the rate of convergence of the computing
process. When considering certain restrictions (11), and

especially in solving specific problems these common
difficulties can be overcome somehow.

For example, suppose that you need to solve the
problem of boundary management information
technology system operational monitoring of local
farmland soil environment (1) while limiting energy
control action, that is if:

. b

x[u]= I u(z)dz

t

(16)

<u.

In this case, the task of speed limit enforcement work
of information technology systems, local operational
monitoring soil environment farmland solved with the
least difficulty. The fact that optimal management
provided a minimum of energy is in a closed form and
can not therefore excluding |io (T) of relations (3), record
the intensity of chemotherapy optimal control, and hence
the value o, =1/X, . In the form of an explicit function

of time T. Indeed, taking into account equation (11), we
obtain that:
%

% z CiC, D

X = THUO(T)HZdT = | L .(17)
t{x

where C = C(T) = {Ci (T)} - vector (15).

It is easy to establish that HT (7) is a continuous
function of T, unless D # 0. But the last condition is met
in any case, if the system (1) is completely controllable.

Then the value p; =1/x; will also feature continuous
and definition TO can use equation (15), which takes the

form:
n
2
pRe (T)e, (T)D (T)- *D(T) =0.
k=1
Thus, in this case the task of limiting the speed is
reduced to the smallest positive root of the equation TO

(18)

(18). It is optimal for speed control uo(t) determined by
formulas (18), in which instead of tﬁ. substituted
ty=t, +T°.

Let the material point movement which has described

the system of differential equations (18) need to switch
out X, = {—1,0,1,0} at t,=0 in position

x? = {0,0,0,0} the fastest way. This inequality must be
satisfied:

J-[uf(z')jL uzz(r)}ir <u’ (19)
ta
According chosen above general ways of solving the
problem find function p, . Based on the equation (17),
we get:

1

1 o 2472
=—=9T+—| , 20
% {g T?l 0
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and accordingly equation (18) is written as:
g°T* - u°T* +24=0. (21)
Let TO - the smallest of these roots, then according to

formula (18) for optimal performance management is
defined by:

ug(t)zﬁ(ﬂ—zt),
ug(t):ﬁ(To ~2t)+glo<t<T0),

from which it follows that the steepest descent from the
point {-1, 0, 1, 0} to point {0, 0, O, 0} is carried out in a
straight line.

This example shows that, generally speaking, the

function o no monotony property, which can be very
useful for numerical determination of TO from equation
(25). However, if the example of disassembled discarded
g, then the function p, = (T3/24)% is strictly
monotonically increasing, and then each u>0.

Equation (21) will have only positive root, which delivers
optimum transition time TO. It appears that the said

property features monotony o, is not specific only to

this example and if appropriate assumptions this property
takes place in a rather general restrictions (21) to control
the intensity of exposure. Namely, even in the equation

(21) a)(t)z 0 and x” =0. Then we can show that the
function o is not monotonically decreasing function of

T. To prove this fact, we recall that the value p.. You
can search from the condition:

pr =min p|B (r)s(7)]=

=min p[B'(T)S[z',ta ]I] '

at S'(ta)x’” =1 x“ =-1. Suppose that for each t>0
0

among. Found |’ (T): S; (ta) from the condition (22).

Then, taking into account this condition, we obtain the
obvious inequality:

pr +AT = p|B(2)S[z,t, |°(T + AT),
t, <r<t,+T+AT]|>
> p[B'(z)s[z,t, §°(T + AT),
t, <z<t,+T|> mlin p[BI(T)S[T,ta ]I,

(22)

t, <z<t, +T]=p., (AT >0). (23

Thus, we see that, indeed, the variable is
monotonous, non decreasing function of the size of T.
important to emphasize that in many cases the choice of
intensity x [s] with the full controllability of the system
(21) in the ratio (23) will be carried out strictly inequality,

ie function p; s strictly monotonically increasing

function of T. For example, in the case discussed above
restrictions on energy management (23) according to (2)
and (23) will be:

2 2
Priar — Pr =
ty+AT 5
> [ |B(e)s[e.t, 1°(T+AT) dr,
tp
The right side of inequality (24) is strictly positive,
unless the system (1) is completely controllable since then

h[i](z’)
BI(Z‘)S [z’, ta] - linearly independent. When restricting
the maximum control force (21) we have:

Priar — Pr =
t/;+AT
> Iy{B'(r)S[r,ta]lo(T+AT)}dz’,
ty
and the right side of this inequality with the full

controllability of the system will again be strictly positive.
If restrictions on impulse control action (25) value of

the difference p. ., —pr is just as responsible and
integral functions:

pr =min Sl:py[B'(z-)S[r,ta]l] at

I'x* =-1
That is, generally speaking, not only decreasing
function of T.
Continuity of functions describing the manufacturing
process is checked easily under conditions
a)(t)z 0,x” =0 for a wide range of values x[s], for

example, in the case of responsible energy management to
limit or control the maximum power when the system is
fully controllable.

Properties strict monotony and continuity of p, are

important for solving the problem on the speed limit for
the following reasons. Suppose there is at least one
number T1 for which exists among departments allowed

administration u(l)(t). That puts the system out X“ in
1

tW-t, =T

p*[u(l)]: X[u(l)]g,u. Then it will be just inequality

P =1/ g1 1f the function p, is continuous and if the

relation:
1) lim p, =0for T — 0. It is possible to say that

(24)

the vector function column matrix

(25)

position X’ during provided

there is the smallest positive integer T°. In which the
equality p.o =1/p.

If the same function p; strictly monotonic, then this
number will only TO, that is, when the above assumption
that ensure strict monotone continuous function p;,

Equation (25) has a single positive root T = T0, which
determines the best time of the transition process. In
addition, based on the implicit function theorem, it is easy

to check that, subject to strict monotony variable o
value TO - the root of (25) - depend continuously on the
coordinates Xi“ and the parameters of the system.
Particularly useful properties listed in solving problems in
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cases where the problem of optimal control provided
corresponding minimum intensity dares in a closed form.

If you're looking for optimal performance
management while limiting the intensity of a controlled
impact on the equation of the form:

x[u] = sup max(]uj(r)os p (j=1..rr>t,). (26)
This ratio is again performed obviously in the case of
restrictions on the maximum power or control action and
can not take place while limiting the impulse control
force. The latter may be TO = 0.
Equation (25) to determine TO takes the form:

t,+T 1
'[ ZZI (t,+ Tz} dr==. @1
j=1]i=1 H
where h (tﬁ,r) - elements puIse transition matrix

H[tﬂvr] [T tﬁ]B , and |

solution to the problem:

min tIT(Z St + T, r)@d d=pr. @9

t j=1]i=1

a

numbers that give

n
provided Z:Iici (T)=1.
i=1
As we already know, the problem (28) in the general
case is not resolved, unfortunately, in a closed form.
Therefore, determining TO the equation (28) by any
numerical method we have at every step to find new

numerical values of IiO(T). If it is determined that the

function p; continuous and tends strict monotony, then

finding TO can offer the following scheme accounts that
implements a simple process of  successive
approximation. Choosing from a number of reasonable

arguments T1, define minimum function h?(z'). If you
find that p[h})1 (r)]= P, >1/ 1. Then take T2 equal to

2.1 T, and if the contrary inequality Pr, <]/,u. It is
necessary to put T2 = 2T1. So, let T2 defined. If the initial
approximation was T1 p5 > 1/,u again  proved
Pr, > 1/ gt . Then think again T3 = T 2/2, and s0 so long

until you arrive at the inequality Pr, <1/,u. Thus, the
required number of turns TO trapped in the fork
T, <T° <T;_;. Then clear manner the sequence of
compressed segments containing TO. If it was

Pr, <1/,u and then got P <1/4. Then choose
T3 = 2T2, and doing so for as long as fail Pr, >]/,u.

Then TO again enters the plug TJ-_l <T’< TJ- and so on
d. This process will continue until then, until satisfied
with the set up equality plh?m (T)J =1/ . As aresult of

the sequence numbers be built T1, T2, ..., Tm, ... that
converges to TO. This convergence has easily unless the

problem really has a solution, that is, if lim p. > ]/,u at

T —oo. After TO determined is optimal for speed
control in the case (26) is written according to (22) of the
formula:

W(t)=usgnh,(t) (t, <t<t, +T%i=1..r). (9)
It is clear that we needed to find the root of (25) In
addition to the simple calculation schemes can be applied

and other computational procedures to effectively solve
this problem. One of them is. For example, assume that j -

step process of successive approximations at T = Tj
realized the inequality
0
plth (T)’ t, <7<t +Tj]:ij <Yu.

If the following approximation Tj+1 select from the

- 0
condition plth (r), t,<r<t + Tj+1]: 1 then
Tj+1
unknown quantity T as

plh () t,<r<t,+T,]=

being more Tj. Not to exceed, however, the

:pTH1 Sp[h% (T)’ ta STSta +Tj+l]:

CONCLUSIONS

1. Ensuring the necessary quality of implementation
processes is possible by next generation technology using
information technology operational monitoring of the
local soil environment with the use of operational control
and technical state machine workflows (weight ratio 0,22-
0,73), precision driving mobile units (0,08-0,32),
operational management working bodies of machines for
rational algorithm (0,37-0,51).

2. Further growth of crop mechanization efficiency
associated with improved quality of technological
processes, primarily due to operational condition
monitoring and workflows machines, precision driving
mobile units operating control machines working bodies
for rational algorithm.

3. Designs developed technology of new generation
with controlled quality performance processes allow for
an increase in productivity - up to 20% fuel cost reduction
and process materials by 15-20%, to obtain economic
benefit - 1700 UAH. / Ha and reduce adverse human
impact of technology on environment.

4. Significance of referred to the economy, food
security and environmental security of Ukraine with the
support of concerned departments and producers - a
pledge unconditional implementation of crop Ukraine
advanced information technologies based on the
achievements of the national agricultural research and
development controls.
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MATEMATHUYECKAS MOJIEJIb ITPEJIEJIbHOM
BBICTPOM UHOOPMALIMOHHO-TEXHUYECKO
CHUCTEMBI JIOKAJIBHOT'O OIIEPATUBHOT'O
MOHUTOPUHI'A COCTOSIHUS
CEJIbCKOXO3SMCTBEHHbBIX YTOIUIN

Anexcannp bposapen

AnHoranms. IlocTpoeHHas Mozenb YIpaBICHUS
KauyeCTBAMH BBITIOJTHCHUS TEXHOJIOTHYCCKON Ooricpanry Ha
OCHOBC€ YTOYHCHHBIX JaHHBIX BCJIUYHHBI Mokas3aTejiel u
MapaMeTpoB  BapHAOEIBHOCTH COCTOSHHUS TPYHTOBOU
cpensl CENbCKOXO035CTBEHHBIX yroaui c
HUCIIOJIB30BAHUECM TCXHUYCCKHUX CUCTEM B 3aBHCHUMOCTH OT
arpoOHOIOTHYECKOTO COCTOSIHUS CEITBCKOX03SIHCTBEHHBIX
yroauii. JlanHas Mojenb JAaeT BO3MOXHOCTb YUYHUTHIBas

arpoOMOJIOTHYECKOE  COCTOSHHE TPYHTOBOTO  cpela
NPUHATL ONEPAaTUBHOE pEIIeHWE M YIpaBJICHUs
arpoOHOIOTUIECKUM COCTOSIHUEM C IIOMOIIBIO
yIpaBlIEHUS MAaIIUHHO-TPAKTOPHBIM arperaTrom,
CENbCKOXO03SIMCTBEHHOM MAIIIHOM, TEXHUIECKOH
CHUCTEMBl  ONEPAaTUBHOTO  MOHHWTOPDHHTA  COCTOSTHUS

CENNbCKOXO035MCTBEHHBIX YIOJUH.

Obecmiedenne TpeOyeMOro KadecTBa BBITIOTHEHHUS
TEXHOJIOTHYECKHX TPOIIECCOB BO3MOXKHO 3 CUET TEXHUKH
HOBOTO IIOKOJICHHUS C MCIOJIb30BaHNEM HMH(OPMALMOHHO-

TCXHUYCCKUX CHCTEM JIOKaJIbHOT'O OIICPATUBHOTO
MOHHUTOPHUHTA MMOYBCHHOM Cpeabl C MCIOJb30BaHUCM
CpCaACTB OIICPAaTUBHOT'O KOHTPOJIA TCXHHUYCCKOI'O

COCTOSIHUSI M paboOuHUX MPOLECcCOB MalMH (KO3 GHUIUEHT
Becomoctu 0,22-0,73), TOYHOCTH BOXACHUS MOOUIBHBIX
arperaroB  (0,08-0,32), omepaTHBHOrO  ympaBlICHUS
pabouMMH  OpraHaMM MallMH 33  PalHOHAIBHBIM
anropurmom (0,37-0,51).

JameHeHmmit pocT 3QQPEKTHBHOCTH MEXaHU3AINH
PAacTEeHHEBOACTBA CBA3aHO C TIOBBIIICHHEM KadecTBa
BBITIOJTHEHHUSI TEXHOJIOTHYECKHX TIPOIECCOB, B IIEPBYIO
odepelb 3a CUET ONEPATHBHOIO KOHTPOJSI TEXHUYECKOTO
COCTOSIHMSI M PabOYMX MPOLECCOB MAIIMH, TOYHOCTH

BOX/JICHUA MO6I/IHLHLIX arperatos, OIICPATUBHOTO
yOpaBieHus  pabodunMu opraHaMu MalgH 34
paiuOHAaJIbHBIM AJITOPUTMOM.

Pa3zpabotanubie 00pa3ibt TEXHUKHU HOBOTO

MOKOJICHNSI C YIPaBIsiEeMOH KadeCTBOM BBITIOJHCHHUS
TEXHOJIOTHYECKHX MPOLECCOB MO3BOJIIIOT 00ECHeYnTh
YBEJIMUEHUE NPOMU3BOAUTENBHOCTH TpyAa — a0 20%,
YMEHBIIEHUE PACXOAOB TOMIMBA M TEXHOJIOTHYECKUX
MaTtepuanoB Ha 15-20%, mNOMy4UTh HKOHOMMYECKHH
a¢pdexr — cepime 1700 rpH./ra ¥ yMEHBIINTH BpPEIHOE
aHTPOIIOT€HHOE BO3/ICHCTBUE TEXHUKH Ha OKPYKAIOLIYIO
cpeny.

3HAYMMOCTh YKa3aHHOW pabOTHl s DKOHOMUKH,
MIPOJIOBOJILCTBEHHONH 00ECTIEYEHHOCTH W OKOJIOTHUECKON
OesomacHOoCTH ~ YKpaWHBI ~ IpPH  TOJAEPKKE €€
3aMHTEPECOBAaHHBIMU BEJJOMCTBAMH M INPOM3BOANUTEISIMU
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— 3ajor Oe3yCIOBHOTO BHEIPEHHUS B PACTEHHUEBOICTBO
YKpauHBI MTepeoBbIX HHPOPMAINOHHBIX TEXHOJIOTUH Ha
OCHOBE JOCTHXKEHHUI OTEYECTBEHHOH arpapHoil Hayku u
pa3pabOTOK CPEICTB YIPaBICHUS.

KnwuyeBble cJioBa: KadyecTBa TEXHOJOTHYECKOM
oTepanum, BapHa0EeIbHOCTh  TPYHTOBOM cpenpl,
TEXHUYECKas CHCTEMa arpoOHOJIOTMYECKOS COCTOSIHUE,
MOHUTOPHHT.
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Summary. For the purpose of increase in reliability
and durability of roller forming installation the optimum
mode of back and forth motion of the forming cart on
acceleration of the fourth order is calculated. Kinematic
characteristics of the forming cart at the optimum mode of
the movement on acceleration of the fourth order are cal-
culated. The design of roller forming installation with the
drive from the high-moment step engine which is built in
the rolling rollers of the forming cart is offered and pro-
vides the optimum mode of back and forth motion of the
forming cart on acceleration of the fourth order. Use in
installation of the specified driving mechanism leads to
improvement of quality of a surface to the processed con-
crete mix, reduction of dynamic loadings in elements of
the driving mechanism, to disappearance of excess de-
structive loads of a frame design and, respectively, to in-
crease in reliability and durability of installation in gen-
eral. As a result of the conducted researches for the pur-
pose of increase in reliability and durability of roller
forming installation the optimum mode of back and forth
motion of the forming cart on acceleration of the fourth
order is calculated.

Kinematic characteristics of the forming cart at the
optimum mode of back and forth motion on acceleration
of the fourth order are calculated.

The design of roller forming installation with the
drive from the high-moment step engine which is built in
the rolling rollers of the forming cart with a possibility of
realization of the optimum mode of back and forth motion
on acceleration of the fourth order is offered.

The design of the drive of installation in a type of the
cam mechanism is offered and the cam profile for provid-
ing the optimum mode of back and forth motion of the
forming cart on acceleration of the fourth order is con-
structed.

Results of work can be used further for specification
and improvement of the existing engineering methods of
calculation of driving mechanisms of cars of roller for-
mation both at design/designing stages, and in the modes
of real operation. Also results of work can be useful at
design or improvement of mechanisms with back and
forth motion of executive elements.

Key words: roller forming installation, mode of
movement, step engine, drive.

INTRODUCTION

In the existing installations of superficial consolida-
tion of concrete goods the crank ram or hydraulic drive of
back and forth motion of the forming cart with the con-
densing rollers is used [1-3]. During the constant starting
and brake modes of the movement there are considerable
dynamic loadings in elements of the driving mechanism
and in elements of the forming cart which can lead to
premature getting out of installation of the working condi-
tion.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

In the existing theoretical and pilot studies of cars of
roller formation of concrete goods it is proved their de-
sign data and efficiency [1-3]. At the same time not
enough attention is paid to a research to the operating
dynamic loadings and the modes of the movement that
considerably influences work of installation and quality of
finished goods [4-19]. During the constant starting and
brake modes of the movement there are considerable dy-
namic loadings in elements of the driving mechanism and
in elements of the forming cart that can lead to premature
getting out of installation of the working condition [4-19].
In work [20] optimization of the dynamic mode of a re-
versal of roller forming installation is carried out. Howev-
er in such mode acceleration and acceleration of the sec-
ond order (breakthrough) of the cart are of great im-
portance in his extreme provisions. By optimization of the
breakthrough mode of a reversal of installation [21] ac-
celeration of the cart in extreme provisions changes
smoothly, however the breakthrough changes sharply and
is of rather great importance. Optimization of the mode of
a reversal of roller forming installation on acceleration of
the third about [22, 23] leads to the fact that in extreme
provisions of the cart acceleration and breakthrough
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change smoothly, however acceleration of the third order
at the same time is of rather great importance and changes
sharply from zero to the maximum value. Therefore ur-
gent there is a problem of improvement of the driving
mechanism of roller forming installation for the purpose
of providing such mode of the movement of the forming
cart at which dynamic loadings in elements of installation
would decrease and its durability increased.

OBJECTIVE

The purpose of work consists in improvement of a
design of the driving mechanism of roller forming instal-
lation for increase in her reliability and durability.

THE MAIN RESULTS OF THE RESEARCH

Coefficients of unevenness of the movement and dy-
namism can be criteria of the mode of the movement of
mechanisms and cars [24]. In this work as criterion of the
mode of the movement the criteria action which is inte-
gral on time with sub integral function which expresses a
measure of the movement or action of system is used. For
the optimum mode of the movement on acceleration of
the fourth order we will have criterion of an optimality of
the movement in a look:

L}
Izzdet—>min, (1)
0
where: t — time; t; — duration of the movement of the

cart from one extreme situation in another; Q — energy
of accelerations of the fourth order:
1 2
Q= 7 m-x=, )

\Y
where: m — mass of the forming cart; X — acceleration
of the fourth order.
Poisson's equation is a condition of a minimum of
criterion (1):

Q_daQ d?aQ d®aQ
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where: X, X, X, X, X — movement coordinate, speed,
acceleration, acceleration of the second order and acceler-
ation of the third order of the cart respectively.

From expression (3) it is possible to write down:
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From the last equation (4) we receive the differential
equation and its decisions:
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where: Cl’ C2, C3, C4, C5, CG' C7, C8’ Cg, ClO
— integration constants which are defined from boundary
conditions.

Boundary traffic conditions of the cart from one ex-
treme situation in another the following: entry conditions
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\Y
-1t=0, x=Xg, X=0, X=0, X=0, x =0; final
conditions - t=ty, Xx=0, X=0, X¥=0,

v
X =0. Here Xg and X; — coordinates of extreme pro-

visions of the center of mass of the cart. Having substitut-
ed boundary conditions in the equations (5), we receive:
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Having solved system of the equations (7), we re-
ceive integration constants C;, C,, C3, C4 and Cg:

C, = 25401600- (4 —x).

t
C, = —12700800.(’(1;8’(0);
[
X1 =X
Cy= 2721600-(1—70); ®)
i
Cy= —302400-(’(1;6’(0);
[
Cs =15120- (4 —x)
1

We will accept amplitude of movement of the form-
ing cart AX=X; — Xg. Having substituted certain con-

stants of integration (6) and (8) in the equations (5) we
receive expressions for definition of kinematic character-
istics of the forming cart when moving from one extreme
situation to another at the optimum mode of back and
forth motion on acceleration of the fourth order:
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Having accepted amplitude of movement of the form-
ing cart AX=0,4m and duration of the movement of the
forming cart from one extreme situation to another
t; =3s, on the equations (9) kinematic characteristics of

the forming cart at the optimum mode of back and forth
motion on acceleration of the fourth order have been cal-
culated. By results of calculations schedules of the opti-
mum mode on acceleration of the fourth order of change
of movement (Fig. 1, a), speeds (Fig. 1, b), accelerations
(Fig. 1, c), accelerations of the second order (Fig. 1, d),
accelerations of the third order (Fig. 1, e), accelerations of
the fourth order are constructed (Fig. 1, f) at the move-
ment of the forming cart of one extreme situation in an-
other.

The law of the movement of the cart described by the
equations (9) can be carried out by the drive from the
high-moment step engine which is built in the rolling roll-
ers of the forming cart of installation. At the same time
the law of change of angular speed of the driving step
engine is described by the equation:
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Fig. 1. Schedules of change of movement — a, speed — b, acceleration — ¢, accelerations of the second order — d, accel-
erations of the third order — e and accelerations of the fourth order — f.
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tion of the fourth order 2 : 4 [ 3
4 3 2 4 \ |
) AX |t t t t t .
¢=630— —4—4—3+6—2—4—+1 '—5, T "- I
R tl tl t]_ tl tl (10) '\II |
0<t<ty. Voo
Similarly the law of change of angular speed of the \ |
driving step engine at the movement of the forming cart is \ |
defined in the opposite direction: % |I
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For the purpose of reduction of dynamic loadings in
elements of installation and for increase in her reliability
the design of roller forming installation with the drive
from the high-moment step engine for ensuring back and
forth motion of the forming cart with the optimum break-
through mode of a reversal (Fig. 2) is offered. Installation
consists from the forming cart 1 which is mounted on the
portal 2 and carries out back and forth motion in guides 3
over emptiness of a form 4. The forming cart contains the
giving bunker 5 and the rolling rollers 6 on axis 7.

The cart is set in back and forth motion by means of
the high-moment step engine which is built in rollers, and
the axis of a roller plays a stator role, and a roller — a rotor
[25].

Transforming the first expression (9) for a case when
the beginning of coordinates is counted from the average
provision of his movement, we will receive:

t4 t3
VLI PR k! L1l
2 t2 t t
+540- =~ 420 —+126
tl 1::I.

The law of the movement of the cart described by the
equation (12) can be carried out by the drive with the cam
mechanism (fig. 3) of back and forth motion of the cart.
At the same time the movement of the cart in one direc-
tion is carried out due to turn of a cam 1 on a half of a
turn (that is ¢ = 77 ) and in the returnable direction on a

half of a turn; a full motion cycle of the cart — for one turn
of a cam. It is necessary for implementation of the de-
scribed law of the movement of the cart that the increment
of radius of a cam corresponded to an increment to
movement of the cart. According to it the variable radius
of a cam is defined by dependence:

t? t3
70— -315-—+
t t3
1 1
2 5
b X sa0 Y g0 LY g (13)
2 2 t2 |
+126

where: b - distance between pushers 2 (Fig. 3).

)
N
Fig. 3. The scheme of the mechanism with the cam drive
of back and forth motion of the cart.

Time t can be excluded from dependence (13) as

A _ - i
t o and t A) Here ¢ — angular coordinate of

turn of a cam, and ® - angular speed of a cam. After the
corresponding transformations the radius of a cam which
describes his profile contacts angular coordinate the fol-
lowing expression:
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DA 0 454002 42024 .2 1],
P=277 2 I A
+126
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Similarly the cam profile on the site of his turn from
1 to 2m which is described by the radius changing on
dependence is defined:
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2 2 2 - . (15)
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For prevention of blows of a cam about pushers at
change of the direction of the movement of the cart (14)
and (15) profile of a cam (fig. 4) described by the equa-
tions have such appearance that its diameter the d con-
stant and is equal to distance between pushers b (d =b)
in any situation.

Fig. 4. The cam profile realizing the optimum mode of the
movement on acceleration of the fourth order
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For the purpose of reduction of dynamic loadings in
elements of installation and for increase in her reliability
it is offered an installation design with the driving mecha-
nism for providing the optimum mode of back and forth
motion of the forming cart on acceleration of the fourth
order (Fig. 5). The driving mechanism is executed in the
form of pivotally the cam mechanisms installed on the
portal which contact to the pushers which are rigidly at-
tached to the forming cart.

Installation contains 1 forming cart 2 mounted on the
motionless portal which contains in itself the giving bun-
ker 3 and the rolling rollers 4 and carries out reciprocating
the movement in guides 5 over emptiness of a form 6
[26]. The cart is set in motion by means of two drives 7
attached to the portal 1 in the form of the cam mecha-
nisms rotating with a constant angular speed
(w=-const), but different in the direction and contact to
two pushers 8 which are rigidly connected to a cart 2
frame. Existence of two pushers 8 from each party of the
forming cart 2 allows to create a rigid power chain at her
direct and returnable movement.

2\

R

Fig. 5. Roller forming installation with the cam driving
mechanism.

When using in installation of the drive from the high-
moment step engine which is built in the rolling rollers
which law of change of angular speed is described by the
equations given above quality of the processed concrete
mix increases, dynamic loadings in drive elements de-
crease, excess destructive loads of a frame design de-
crease and, respectively, durability of installation in gen-
eral increases.

When using in installation of the cam driving mecha-
nism from each party of the forming cart the possibility of
her axial distortion is prevented, the quality of the pro-
cessed concrete mix increases, dynamic loadings in drive
elements decrease, excess destructive loads of a frame
design decrease and, respectively, the durability of instal-
lation in general increases.

CONCLUSIONS

1. As result of conducted researches for purpose of
increase in reliability and durability of roller forming in-
stallation optimum mode of back and forth motion of the
forming cart on acceleration of fourth order is calculated.

2. Kinematic characteristics of the forming cart at the
optimum mode of back and forth motion on acceleration
of the fourth order are calculated.

3. The design of roller forming installation with the
drive from the high-moment step engine which is built in
the rolling rollers of the forming cart with a possibility of
realization of the optimum mode of back and forth motion
on acceleration of the fourth order is offered.

4. The design of the drive of installation in a type of
the cam mechanism is offered and the cam profile for
providing the optimum mode of back and forth motion of
the forming cart on acceleration of the fourth order is con-
structed.

5. Results of work can be used further for specifica-
tion and improvement of the existing engineering meth-
ods of calculation of driving mechanisms of cars of roller
formation both at design/designing stages, and in the
modes of real operation. Also results of work can be use-
ful at design or improvement of mechanisms with back
and forth motion of executive elements.
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PEAJIM3ALIMS OIITUMAJIBHOI'O PEXKUMA
[MEPEJIBIKEHUS POJIMKOBOM ®OPMOBOYHOM
YCTAHOBKH HA YCKOPEHWE YETBEPTOI'O
MOPSIIKA

AHHoTanus. B 1ensix yBenuueHHs HAAEKHOCTH U
JIOJITOBEYHOCTH POJIMKA (OPMHUPYS YCTAHOBKHM ONTHMa-
JBHOTO pEeXUMa JIBWKEHHs BIEpe] U Ha3ax B (HOpMYyro-
el TENeXKKM Ha pasroH  YETBEPTOrO  IOpsAKa
paccuntbiBaercs. KuHemaTnyeckue XxapakTepucTHKH (o-
PMHUpYs KOp3HHY IPU ONTHUMAIbHOM PEXUME JBUKECHUS
Ha YCKOPEHHE 4YETBEPTOTrO MOPSAKA PACCUUTBIBAIOTCS.
JluzaiiH posimkoBble (pOPMOBOUYHBIE YCTAaHOBKU C TPHUBO-
JIOM OT BBICOKOIO MOMEHTa IIaroBOr0 JBUTATENs, KO-
TOPBIIl IOCTPOEH Ha MPOKATHBIX POJIMKOB, 00pa3yIoIInX
TEJICKKY M 00ecIrieunBaeT ONTHUMAIBHBIA PEXHUM JBIIKE-
HUS BIepen W Hazan (opMyromeil Tele)XKH Ha pasroH
YETBEPTOTo nopsiika. Mcnonb30BaHue B YCTAHOBKE YKa-
3aHHOTO TPHBOJHOTO MEXaHW3Ma IPHUBOAWT K YIIydIle-
HHUIO Ka4eCTBa MOBEPXHOCTH 0OpabaTsiBaeMOl OETOHHOM
CMECH, CHIDKCHHE AMHAMHUYECKHUX HArpy30K B 3JIEMEHTaX
IIPUBOJHOTO MEXaHM3Ma, K MCYE3HOBEHMIO JIMIIHETO pa-
3pYLIUTENBHBIX HATpy30K KOHCTPYKIMS paMbl M, COO-
TBETCTBEHHO, YBEJIMYUTh HAJEKHOCTb U JOITOBEYHOCTh
YCTaHOBKH B LIeJIOM. B pe3ynbTare mpoBeleHHBIX UCCIIe-
JIOBaHUH B LENIAX YBEIMYEHUS HAAEKHOCTH U JOITOBEU-
HOCTH POJIMKOBBIE (DOPMOBOYHBIE YCTaHOBKH ONTHMAaJIb-
HOTO peXHMa ABWXKEHHsI BIlepea U Ha3aa B GopMyronien
TENEKKH Ha Pa3rOH YETBEPTOTO MOPSJIKA PACCUUTHIBAC-
TCSL.

KnnemaTndeckne XapakTepHCTHKH (HOPMHPYST KOp-
3WHY B ONTUMAJIbHBINA PEXHUM IBIKEHHs BIIEPE] W Ha3ajl
Ha YCKOpPEHHE YE€TBEPTOrO MOPAAKA PACCUUTHIBAIOTCS.

Juzaiin  posMkoBble (DOPMOBOYHBIE YCTAHOBKH C
IIPUBO/IOM OT BBICOKOTO MOMEHTa IIIaroBOTO JBHIATENs,
KOTOPBIH IMOCTPOEH Ha IPOKATHBIX POJIMKOB, 00pasyro-
IIUX TEJIEKKY C BO3MOXKHOCTBIO peaau3alud ONTHUMAaJlb-
HOTO peXHMa JBHKEHHUS BIIepel M Ha3aJ Ha YCKOpEHHE
YETBEPTOTO MOPSAKA IPEAIAaracTcs.

IIpoexTupoBanue NpUBOAa YCTAHOBKU B BHJE Kyllad-
KOBOTO MEXaHHM3Ma M MPOQHIIs KyJlauka Uit 00ecIieueHHs
ONTUMAJIBHOTO PEXHMa IBHMKEHHs BIEpe] M Ha3ajd IpH
(hOopMHPOBaHNM KOP3MHBI HA YCKOPEHHE YETBEPTOrO IO-
psAAKa CTPOMUTCS.

PesynbraTel paboThl B JaibHEHIIEM MOTYT OBITH HC-
MIOJIF30BAHBI I YTOYHEHUS M COBEPIIECHCTBOBAHHS CY-
IIECTBYIOIIUX WH)KEHEPHBIX METOJOB pacueTa INPHBOIA
MEXaHM3MOB MallMH (OPMHUPOBAHUS POJIMKA KaK Ha M-
3aifH/?Tanax NPOEKTHPOBAHUS, U B PEXKHUMAX peajbHOU
IKCIUTyaTanuu. Taxke pe3ynbTaThl padOThl MOTYT OBITH
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MOJIE3HBI TIPH MPOCKTHPOBAHWUHM WIIM YCOBEPIICHCTBOBA-
HUM MEXaHH3MOB C BO3BPaTHO-TIOCTYHATEIbHOE IBHIKE-
HHUE WCTIOJTHHUTENBHBIX 3JIEMEHTOB.

KuroueBble c10Ba: pormKoBbie JOPMOBOYHEIE YCTa-
HOBKH, PEKUM JBIDKEHUS, 1T IBUTATEIS, TIPUBO/.
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Summary. Livestock production is largely dependent
on the quality of nutrition, ie the quantitative and
qualitative composition of feed ingredients, including
feed mixtures prepared.

Scientifically proven and practically confirmed that
feeds play a key role in the cost of milk as well as its
quantity.

Today, the family farms and livestock enterprises
where cattle is more than 100 head of dairy cattle, feed
mixtures with a high percentage of homogeneity and
mixing according to the recipe feed ration is prepared via
mobile feed mixtures combined units.

To this end, the industry produces a wide
dimensional number of machines with different capacity
hopper.

Machines of this type simultaneously performing
manufacturing operations dosage, grinding, mixing feed
components and after making the feed mixture - transport
and distribute the mixture animals.

For the process of mixing in the combined feed
mixtures units use screw working bodies, the coils are set
long-knives for grinding materials.

Studies have shown that high levels of mixing feed
components provided on condition continued their
movement cont 6-8 minutes.

One of the conditions concerning the quality of
cooking feed mixture is providing value nadhvyntovoho
space hopper unit.

Theoretical and practical studies using combined
harvester in the preparation of the feed mixture showed
that high-energy feed mixtures space depends on the
speed of the feeder, hopper parameters and physical and
mechanical properties of the feed material.

Key words: technological scheme,
cooking, feed mixtures.

process of

INTRODUCTION

At all stages of the development of agriculture,
especially cattle breeding, feed production issue remained
one of the urgent tasks. Feeding allows full sumishkamy
[8, 9, 10, 11] to raise the daily milk yield of cows by 15-
20%, 3% reduced costs for transport and 5-7% increased
digestion of animal feed.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

As family farms and livestock feed business mix,
according to the prescription diet [12, 13, 14] and with a
high percentage of homogeneity of mixing, prepared via
mobile combined unit. The industry produces a wide
dimensional number machines with different capacity
hopper, and subsequently the working bodies. Interaction
of feed materials with different physical and mechanical
properties of the working bodies of the unit leads to
individual approach in the design and calculation of each
dimension-type series of machines for livestock.

The issue of development combined
kormopryhotuvalnyh units used in the preparation of
high-energy feed mixtures that reduce the cost of
livestock production and improve its quality, is a pressing
issue today.

The main thesis studies all cooking feed mixture is
the assertion that mixing occurs over time t, in active
cooperation with the feed components work by car. Not
optimized size of the hopper, auger and speed of work,
requiring time-consuming to prepare high-quality feed
mixes at full bunker and break the structure of feed
components. Some scientists consider the process of
mixing and movement of the feed mixture based on
rheological model of Newtonian and non-Newtonian fluid
S0.

Study authors [7], most accurately describe the
processes taking place in kormopryhotuvalnyh machines,
and indicate how to avoid harmful effects on the quality
of work feed mixture.

OBJECTIVE

The purpose of research - support the design
parameters combined unit, which is used for making high-
energy feed mixtures.

THE MAIN RESULTS OF THE RESEARCH

Cooking with feed combined mobile unit (ICCP)
perform a certain sequence of operations. Hypothesis
mixing feed components in the ICCP is that component of
feed rations in turn loaded into a hopper mixer volume V,
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where the first component of its physical and mechanical
properties (ubeat VO, mass m0) followed by mixed to
form a homogeneous component that receives two distinct
components properties and is regarded as mixing with
further new component, which incorporates next.

This approach makes it possible to assert that the feed
mixture preparation in a bunker MKPA considered as a
process of preparing a two-component mixture Fig. 1.

As a result of mixing proportion of feed components
should be evenly distributed throughout the space V
mixer.

The process of mixing a transitional state,
characterized by a density of each feed component to the
state feed concentration component in the mixture
(bunker) 2222,

Vo V

Mixing feed components is through screw, which
provides food movement in the vertical and horizontal
directions. To feed moving vertically, after climbing the
last of the screw and evenly distributed horizontally, you
need to boost provided by the feed screw is created,
zatuhav at the upper edge of the bunker.

If incorrect ratio parameters when too ICCP High
bunker and small screwwhen mixed feed can not climb to
the edge of the bunker, resulting in the upper appears
"dead zone" in which mixing takes place very slowly,
with high content feed. In this case significantly reduced
the homogeneity of the feed mixture. When handing out
different animals are different in composition, unbalanced
mixture reduces the overall performance of the herd.
Where there is a high auger for feed ingredients rash over
the edge of the bunker, leading to increased costs of
animal feed.

To address these shortcomings, movement of the
mixture in the hopper ICCP as slow axially symmetric
flow viscoplastic fluid in a pipe whose radius r varies
periodically along the tube, slightly deviating from some

Hu

average value ry. In order to simplify the problem (but
still including all the features of rheological models
Shvedova-Binhama) introduce the concept of false
dynamic viscosity (Forage mixture).

In the bunker ICCP fluid flow velocity distribution
Shvedova-Binhama the radius r is:

(W= A—p-(Rz—rz)—;—o-(R—r),

4lpp,
l L<r<1r=R; (1)
_ _ _ A 32
|W—Wﬂ—c0nst—4l_um (R — 1%,
k 0<r<rm

where: p - pressure drop in the p'ipe, Pa - length pipe m -
radius of the nucleus ("cork™) in the pipe, m.Alr,.
Present (1) in another form[1, 2, 3]:

(W= 2r .(1_ﬁ)_ D . (R—7),

4Ly, R? Hun
L<r<1r=R; 9
Ap-R2 Ta 2 ( )

VV;{ = \1-=),
4l pnp R

k 0<r<rm,.
. . Ap-R?
We introduce the notation Uyg.= - U Yo
K

maximum velocity of fluid flow (in the pipe axis) in flow
(viscous fluid in a cylindrical tube with constant cross
sections) newtonian fluid.

Then we get:
—U-(1-")- To.(p—
W=uU (1 RZ) R -1),
L,<r<rn=R; 3)
w=u-(1- ﬁ)z
= ),
k 0<r<m,.
The value found from the condition:r,
W/ =n+o. @
W/T' =T 0.
]
L]

Fig. 1. Bunker mixer-distributors: a - scheme of circulation flow in the mixer-feed distributor, - a mixing layers.
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After completing the transformation and solution in
the final version, we get
aw) _ U [ %*R* 1] T [q _ _To®R?
(dr)s 3 [8- fhng3-U3 R] + P [1 4umz~uz]’ ()
where: S - cross-section of the pipe.
Present (5) in a more compact form'
To R

dw) _ 4V %R’ _ _
(;)5 T 3R lsug,3-U3 1] T i [1 2 UZ] (6)
Substituting this particular expressmn (5) in the

formula false dynamic viscosity Shvedova-Binhama then
obtain:

Hypag = Hun + To {((Z_v:)s}_l

4U
:uyaa3=,urm+‘r0 {5 [ 3U3 ]+

2 RZ -
[1 - 4umz UZ]} -(N)
Confine the pipe radius change the law:
r=93,(8)ry+ 8 -sin(a z), << ny

where: z - coordinate along the axis of the tube - constant
parameters defined below, & - the largest pipe radius
deviation from the mean ()ar,.

In operation, the screw creates a vibration frequency,

w=2m" fsec™™.

where: f — linear frequency vibrations Hz.

We apply the principles of physics and mathematical
equations [4, 6] Navye-Stokes equations for viscous fluid
(its course) with a - with a dynamic viscosity fiy,,,:

1= Hypap- (9)
For viscous fluid flow occurring ratio:
G =—p+2u-2,
ouy . Ouy
Trz _M(az + ar)
ouy
¢z =—p+2u % (10)
Trg = 0,
U
So = —p+2u—,
Tz = 0,

where: ¢ - stress tensor components in cylindrical
coordinates (r, ®, Z); p - pressure; and ¢,, ¢, Cg, Trz
Tr0, TzoU,U, - components of particle velocity fluid.

Considering fluid motion Forage mixture slow, do
not take into account the inertial terms in the equations of
motion, then:

d¢r a'l'rz ((r‘CB) a'l'rz aCz Irz
{ar t o 0z +t=—=0, or M az =0. (11)

T
We believe the massive power available (or rather, do
not take them into account).
Substituting equation expression component of the
stress tensor, we get'

(-S4 S (G 5+
e R
—pr e S (G4 52)
Add to the system (12) the continuity equation:
hy ey, (13)

Get the system of three equations with three
unknown functions (p, , U,U,).

We take as a basis the continuity equation:
U. = 1 dyx
=X

r 0z’

1 6){
T oor )
where: y (r, z) - a new unknown function.
After that, the first two equations (12), given to the
following:

(14)

z

Lo 1 (0 0 1 0t
2 or 2r \9z3  0r29z z oroz)’
1 dp _ 1 (3% 3x 1.62 1 dx (15)
Z 9z 2 (67‘3 0z29r 1 orZ 'z 5)
Excluding them, the function, we arrive at an
equation:
*x 2 93« 39%2x 3 ox *x 1
art r or3 ' rZorz 3 or '(aﬂaﬂ‘?'
)+ 2x=0,(16)
0z2%or +az4

which is one unknown function y = y (r, Z).
Based on the features of the problem, seek the
solution (16) in the form of:
x = Ry(r) + @(ar) - sin(az). a7
where the function that determines the motion of a
viscous fluid in a tube of constant radius cut (mainstream
Forage mixture), and the second component allows
correction in speeds the transition to the pipe cut variable
(disturbance flow Forage mixture) R,(r)ry = R.
To get the function equation R, (r):
Ry —2-RY™ + 2RIV — = (18)RY’ = 0
Total integral (18) is:
Ry=Ay 1*+By 12+ Cy 1% lur+ +D,. (19)

Speed defined this function expressed by the formula:
1.9

UO = - = O;
o 20)
Uo = - 6_0_4,407« + 2By + 2C,  Inr + C,.

Since the speed on the axis of the tube r = 0 is
limited, you need to take constant zero. The main flow
Forage mixture at r = rate of feed mixture becomes
zero.Cyry

Under boundary conditions of viscous fluid motion,
both components must be reduced to zero at the pipe wall,
ie atr = 1y + & - sin(az).

Bearing in mind the low speed main flow and
neglecting small quantities much higher first arrive at the
following boundary conditions of the problem:

0=-2D4 24T +C-QU +x0)], (1)

To
0=£T-U+C-x-U, X = ar,, U(x) = U(ary),
U'(x) = U'(ary).

Since the system (21) we get:
- 2x-U"-U-8 =
4= a-(217-7+f-ﬁ—f-(7)2)' €= a-(217-7+f-ﬁ—f-(7)2)

That is some constant. Denominator expressions in
(22) is a significantly positive value. Indeed, if we use the

above equation for the function, you can get ACACU [3]:

20"-U-8

L (22)

i{—m}zz”— (23)
dx x x
where
WUt W) o 2 gy const. (24)
X 0 x .
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100 ¥-=0,0268t3 - 1,1604t2 + 16,531t + 19,209
90 Psus % RZ = 9
80
20 =lll=06¢3 nogp
60 /' =fr=3 [104pi6
50 2
0 rational mixing cf/
feed /
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Fig. 2. Uniformity of mixing feed mixture depending on time and condition of feed with optimum parameters bunker

Permanent, located on the right side (24), equal to
(12) to zero, as the expansion functions in steps of x
begins with members of the second degree and, therefore,
the left side of the equation becomes zero at x = 0.
U = —ixI, (ix).

The function is positive when x> 0, respectively,
integral, located on the right side of equation (24), also
positive, because:—i - I, (ix)

2U0-U +x-U%2—x-(U")?>0.

Note that a known ratio under the theory of Bessel

functions [5]:

2 2
fOxUT dx = —f;x-lf (ix)dx = —x?- [1Z(ix) —

4 —Io(ix) - I (ix)], (25)
U'(x) = a[—ix L(ix)] = —i- L(ix) +
+x - I (ix) = x - I (ix), (26)

where: I,(ix), I, (ix) - Bessel functions of zero and
second order of imaginary argument, respectively.

Consequently, (25) and (26), and constants can be
calculated using tables Bessel functions of an imaginary
argument AC [5].

CONCLUSIONS

1. In the mixer portion with alternate loading feed
ingredients should be considered process of making a
multi-feed mixture, a two-component, which includes (a
homogeneous mixture prior feeding components and
subsequent component).

2. The effectiveness of the process of mixing feed
components into a bunker ICCP is only possible with the
right determination of the height of the wall and the
hopper screw. If the wrong proportions options — too high
bunker and small screwwhen mixed feed can not climb to
the edge of the bunker and appears in the upper "dead
zone" in this case significantly reduced the homogeneity
of the feed mixture. Where there is a high auger for feed
ingredients rash over the edge of the bunker, leading to
increased cost of food.

3. To clarify the parameters, the ICCP movement of
feed mixtures for the bunker Shvedova-rheological

modeled Binhama which provides there are two
components of movement of the feed mixture and one of
them (for) depends on the parameters of vibration
(rotational speed of the screw) allows to assert that
vibration leads to an intensification of the movement of
feed mixes and ingredients in most blends, there is an
intensification of diffusion of components in both the
longitudinal as well and in the transverse direction to the
axis of the bunker. The results of numerical determination
of height Nam feed mixture U, U,U, over auger
is 0.4-0.6 m.
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VCCJIEJIOBAHME TIPOLIECCA TIPUTOTOBJIEHNS
BBLICOKODHEPTETMYECKOI KOPMOBOI CMECH
JUTSI KPC

Baceine XMenésckuit

AHHOTANMA. IIpousBoacTBo MPONYKIIUU
JKUBOTHOBOJICTBA B 3HAUMTENBHOW Mepe 3aBHCHUT OT
KagecTBa KOPMJICHHSA, T.€. OT KOJMYECTBEHHOIO H
Ka4eCTBEHHOTO COCTaBa KOPMOBBIX KOMIIOHEHTOB, W3
KOTOPBIX TOTOBAT KOPMOBBIE cMecH. HaydHo nokasaHo u
NPAaKTUYEeCKH TOATBEP)KICHO, YTO KOpPMa HWIPArOT
KIIIOYEBYIO POJIb B KQUE€CTBE U B CTOMMOCTH MOJIOKA, TaK
U B ero xojuuecTBe. Ha ceronus, B ceMeiHbIX (epmax n
JKUBOTHOBOMYECKUX MpPEANpUATUSIX, Tae noronosse KPC
coctasisger 6onee 100 ronoB A0IHOTO CTana, KOPMOBYIO
CMECh C BBICOKMM IPOLEHTOM OJHOPOAHOCTU CMELICHUS
U B COOTBETCTBHUM C pELENTYy KOPMOBOTO pAalHOHA,
TOTOBSIT C TIOMOIIBI0 MOOWIBHBIX KOMOMHHPOBAHHBIX
KOPMOTIPUTOTOBUTENbHas arperatoB. C 3TOH menbpio
MIPOMBIIICHHOCTD BBINYCKAeT MIUPOKUH Pa3MEpHBIN psif
STHX MAIIUH C Pa3INYHBEIM 00BeMOM OyHKepa. MaruHeI
TaKOTO THTIA OJTHOBPEMEHHO BBITIOJTHSIOT
TEXHOJIOTHUECKUE ONEepaliy JO3UPOBAHUS, H3MEIbUEHUS,
CMEIIMBaHUA KOPMOBBIX KOMIIOHEHTOB, a IoOcCje
MPUTOTOBIIEHHUS KOPMOBOM CMecH - TPaHCHOPTUPYIOT U
pa3naroT cMech KHUBOTHBIM. [I71 mporiecca cMeIIMBaHus B
KOMOMHHUPOBAaHHBIX KOPMOIPUIOTOBUTENbHAS arperarax
UCIIOJNIB3YIOT IIHEKOBble pabdo4yuMe OpraHbl, Ha BHTKax
KOTOPBIX ~yCTaHABIMBAIOT HOXH U  HM3MEIbUeHUS
JUTMHHOBOJIOKHHUCTBIX ~ MaTEepHAalIOB. HUccnenoBanus
MTOKA3aJId, YTO BHICOKUH YPOBEHb CMEIINBAHMS KOPMOBBIX
KOMIIOHCHTOB obecrnieuynBaeTcs npu YCIIOBHH
HETPEPHIBHOTO MX JBIKCHUS B TCUCHHE 0-8 MUHYT.

ODHUM W3 YCIOBHH, 1O Ka4deCTBY IPHUTOTOBJICHHUS
KOpPMOBOH cMecH, ABTISETCA obecmieueHne
COOTBETCTBYIOLICH BEJTMYUHBI HaJIrBUHTOBOTO
IpocTpaHcTBa B OyHKepe arperara.

TeopeTndeckne M TNpakTHYECKHE WCCIIEIOBaHMA,
NPOBEEHHBIC C HCIHOJIb30BAHHEM KOMOMHHPOBAHHOTO
KoMmOaiiHa B Ipoliecce MPUTOTOBICHUS KOPMOBOM cMecH,
MMOKa3aJId, YTO HAJATBUHTOBUI MPOCTPAHCTBO 3aBHUCHT OT
YacTOTHl BpAalllcHHWs [IHEKa, MapaMeTpoB OyHKepa U
(pU3MKO-MEXaHMYECKUX CBOHCTB KOPMOBOI'O MaTepHala.

KiroueBble  coBa:  TEXHOJIOTMYECKass  CXEMa,
HaJBUHTOBOE MIPOCTPAHCTBO, KOpPMOBast CMECh,
KOPMOTIPUTOTOBUTEIBHBIN arperar.
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Summary. Quantitative growth of the car park in our
country and therefore increase road users increases the
number of traffic accidents. Ukraine in the last five years
registered 293 thousand. Traffic accidents, which killed
nearly 35 thousand. And injured more than 286 thousand.
People. The majority of road accidents committed the
fault of drivers (77 per cent of the total). The mortality
rate due to road accidents in Ukraine (102 persons per 1
million. Inhabitants) is much higher than in countries such
as Switzerland (49 persons), Germany (62 persons). The
main reason for this is the insufficient level of road safety;
improper maintenance vehicle maintenance; poor
discipline of road users; discrepancy state road network to
the level of intensity of traffic; lack of implementation of
new technologies and technical means of traffic
management; low level of training of future drivers. The
article deals with the problems of the educational process
ZVORelated to improving the quality of practical training
of students dytsyplin "Rules of the Road" and "Freight"
and proposed characters their solutions by differentiating
approach in the management of cognitive activity of
students.

In particular the questions of formation of students in
the practical training of special skills, required for the
formation of new knowledge and skills to successfully
master the content of the discipline.

The level of preparedness of students for the
conscious mastery of knowledge is measured by the
necessary supporting concepts, cognitive skills and
memory readiness time to implement them.

Key words: cognitive activity, perception, exercise,
motive, conceptual and logical thinking sphere, sphere
shaped thinking, emotional sphere of thinking, practical
tasks.

INTRODUCTION

Teaching "Rules of the Road" and "Freight" in
agricultural engineering departments of the institution of
higher education requires teacher special treatment to the
student audience. The peculiarity of this is the account of
unequal readiness of students to the perception of the
material to be understanding. Some students know the bad
traffic rules and especially the organization of cargo
transportation since received training courses for drivers
with experience and their use as while driving vehicles
and as a pedestrian. This is one of the major factors that

continue to help students during their studies. Some
students have quite a rough idea of the rules of the road
and freight traffic received and used for admission to
higher education knowledge concerned only pedestrians.
Experience of teaching "Rules of the Road™" and "Freight"
in the process of theoretical and practical training,
including listed objective circumstances give grounds to
apply individual approach to students during their studies.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

Solving the problem of improving the quality of
training highly skilled professionals dedicated to research
and development of such prominent scientists [1-12].
Solving urgent practical training of students in higher
education institutions involved of such prominent
scientists [12-21].

OBJECTIVE

The purpose of the study is to identify the
characteristics of the method in practical training for
students during their study discipline "rules of the road"
and "Freight" and it improvements specific to student
perception Initial material.

THE MAIN RESULTS OF THE RESEARCH

To get a clearer picture of the feature perception of
student discipline "rules of the road" and "Freight" the
level previously acquired knowledge, we arbitrarily
divided the students specialty "Transport technologies" of
National University of Life and Environmental Sciences
of Ukraine, which conducted surveillance into three
subgroups:

1) Students who are partially aware of certain clauses
of transportation and traffic rules and have the experience
of their use mainly as an observer or a pedestrian.

2) Students who are learning the university had the
opportunity to learn traffic rules and certain provisions of
the rules of transportation courses for drivers or additional
training courses within school training but they have no
experience of their application as the driver of the vehicle,
just as an observer or pedestrian.
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3) Students are learning at the university had the
opportunity to learn rules of the road for driver training
courses, have the appropriate driving license vehicle and
have experience with the Regulation as road users.

Preference while studying the level of previously
acquired knowledge with students of the third subgroup
who taught courses driver training and received
certificates. Working with students is much easier because
they have a basic knowledge freely operate in the Terms
and certainly have no difficulty in drawing test or exam
subjects. But training for students in this group are not
mechanical repetition previously studied, and the ability
to consolidate and extend the knowledge and skills to test
the strength of previously obtained knowledge in
communication with the teacher and on occasion less
prepared to help their comrades learn discipline.

Difficulties arise in the study subjects the students of
the first two groups. These difficulties in each subgroup
are different in character display.

Students belonging to the first subgroup, which are
partly familiar with the peculiarities of transportation and
with specific traffic rules constitute approximately 60%,
in some cases up to 70% of the course. These students are
familiar with the traffic rules, rules of freight within the
school or training because of their curiosity. Difficulties
in the early stages of training students in this subgroup
associated with lack of experience or lack of perception of
educational information. That difficulty in cognitive
activity is associated with insufficient preconditioning
student.

Previous level prepare students for responsible study
material is determined mainly personal experience. And
experience cognitive activity is characterized by certain
knowledge and skills needed to create new knowledge
and skills [3].

According to scientists the level of preparedness for
responsible student mastery of knowledge is measured by
the necessary supporting concepts, cognitive skills and
memory readiness time to implement them. It should be
noted [1, 2, 3, 4, 5, 6, 7, 8, 12] in which scientists
examined some cognitive skills and abilities that
contribute to mastering new educational information.
However, special research, to identify the necessary
cognitive skills, which should have for students learning
the rules of traffic and freight traffic in the practical
training is almost done. Thus, the objective of our
research is to identify the essential cognitive skills,

We believe that the presence of certain cognitive
skills is a prerequisite for successful mastering knowledge
of the Rules:

1. Availability of skills training to perceive flat
figures as spatial images of sections of roads and
intersections.

To form the students' abilities to perceive Flat
educational figures as spatial images of sections of roads
and intersections advisable in the initial period of learning
the rules of the road apply methods of comparing figures
on educational posters in textbooks and testing tasks in
tickets to specific sections of roads and intersections in
the street and road network settlement. To this end, we
offer the students exercise using the conversation:

- the poster shows the picture of the road having two
lanes in one direction; Give an example of such a road

section that is located in our neighborhood;

- draw a section of road on the board you call and
show the figure of its main elements;

- position in Figure vehicles as shown on the poster.

2. Availability of skills to represent the trajectory of
the vehicle on posters and drawings in a test in the paper.

We offer the ability to shape the students to imagine
the trajectory of the vehicle on the figures in a test in
tickets and posters by executing them at workshops
exercise during a conversation using models. Models
appear at workshops, special boards, which show sections
of roads and by magnets mounted vehicle.

For example, in the study of the content of the SDA
in the "Starting up and change its direction,” the students
the following questions:

- place on the roadway road quad vehicles moving
adjacent lanes in the same direction as shown on the
poster;

- demonstrate the trajectory of the vehicle in case of
rebuilding one of them to an adjacent lane, which moves
another vehicle as shown on the poster;

- demonstrate without using the poster, the trajectory
of the vehicle in case of simultaneous rebuilding.

During the conversation we adjust students' answers,
and if necessary, give additional explanations, using
visual aids.

The presence of certain cognitive skills is a
prerequisite for successful mastering of knowledge of the
subject "Freight", namely:

1. The ability to visualize objects shuttle routes
between supply and consumption, using his flat schematic
image (Fig. 1).

QO Cymn
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Fig. 1. Scheme pendulum routes.

This ability is formed by using these techniques.
Students are encouraged to first introduce this route on a
map similar to that shown in Fig. 3. Then they offered: to
find the starting point of the route - click download, find
the end point of the route - the point of discharge count
localities through which this route, to determine its
distance and average technical speed. After students have
completed these tasks, it is proposed to route simplified
model of scale, which allows you to place the scheme at
the model and outline arrow mark direction of travel of
the vehicle. After you move on to more complex tasks,
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similar to the model route to build two pendulum routes,
where the starting point is the same, and the final points
will be different. This model will be similar to a
simplified flat images pendulum routes (Fig. 1). After
performing compound exercises described in the ability of
students formed Nel, after which they correctly represent
shuttle routes and any number of configurations, using
their flat circuit models.

2. The ability to perceive flat figures circuit
rozviznyh routes (Fig. 2) in the form of spatial image
areas of roads, road conditions and points of loading and
unloading.

250 km

Kpemenuyr
Fig. 2. Scheme route.

This ability is necessary to form after formed Ne 1. It
is necessary to have students perform a set of sequential
tasks: to find all the items on the map, through which
route; determine the distance between these points to
build the scale model simplified route. After performing
this type of sequential tasks students formed the cognitive
ability to think on a flat image Route (Fig. 2) is not

geometric shapes — rectangle that resembles a
parallelogram, namely route and its characteristic
parameters.

3. The ability to provide rational roads among many
other ways, using the flat image maps (Fig. 3) to develop
optimal routes based transport technologies, types of
connections and their technical resources.

KMLUIWHER
ol Chiginly pooo

Fig. 3. Placement consumers on a map of Ukraine.

To form the ability to number 3, students are invited
to perform the set of tasks that contribute to the creation
of cognitive skills.

- identify on the map (Fig. 3) all items of
consumption of the enterprise within a radius of 250 km

fromit;

- to determine the shortest possible connections
between these points;

- translate the map in "Satellite” and determine the
most convenient means of communication with selected;

- transfer mode map "Street View" and carefully
consider road conditions selected to route roads.
Particular attention is paid to their width, regulations of
traffic and quality of road surface to determine the
maximum permissible speed on technology each selected
section of highway;

- transfer mode map "plugs" and determine whether it
can be created congestion on road sections selected for
route guidance, traffic and if there are, then determine
what time it happens. If traffic jams occur regularly, you
should choose instead the problem, another stretch of
road.

After running such a complex sequential tasks, the
students formed a cognitive skill number 3, which would
allow them, using a flat map image on a computer
monitor, fully present railways in kind and assemble them
all the necessary characteristics for efficient selection
when creating roads route for transportation.

4. Ability technical differentiation and possession of
technical terminology.

This ability is the basis for the emergence and
development of technical thinking in students and is based
on understanding and skillful use of basic technical terms
of discipline "Freight" and carrying out the necessary
calculations for determining the results of modern
methods of transport. Discipline involves possession of
the following main terms: "zero mileage”, "traffic
volume”, "turnover”, "theoretical and operational
performance”, “equivalent distance transport by the
criterion of productivity”, "equivalent distance traffic on
the criterion of cost”, "steel and variables operating
costs", "direct operating costs for transportation”,
"theoretical, technical and operational speed traffic" [10,
11]. To consolidate and proficiency in these terms
students are asked to answer the following questions: the
difference between the time spent in the car attire from
the time of his stay on the route? In answering this
question is revealed and reliably imprinted in the minds of
students the essence of the concept of “zero mileage."
Similar questions are developed to the disclosure of the
remaining terms and thus formed cognitive abilities
number 4.

Returning to the research learning of students.
Compared with students first subgroup, for very different
manifestation of the difficulties found in the second
subgroup of students who study at the university to have
the opportunity to learn traffic rules and regulations
specific provisions on freight rates or additional driver
training courses within school training. During the
perception of educational material are significantly
different from the first subgroup representatives, because
they already have some knowledge and is relatively easy
to orient in the educational material.

However, the behavior of students is significantly
different from the rest of the second subgroup at
workshops, they absently listening to the teacher,
distracted, sometimes prevent perceive other educational
information. Difficulties arise when protection reports and
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practical laboratory work when the teacher raised the
issue of student response contains many blunders. Thus,
difficulty in learning, resulting in the second subgroup of
students, based on its mistaken notion of their knowledge
and skills, reluctance to work with a group in class, use
textbooks and reference books. To direct the cognitive
activity of students in mastering the required active
educational information, the teacher should promptly
reinstate the driving force of the learning process. To do
this, we create a situation which will allow the student to
identify the actual level of knowledge. It is realized
during a conversation with the teacher or students in the
performance of complex practical problems that will
allow without intervention teacher to assess their
knowledge. Practical tasks, for example, when studying
the topic "Traffic. Prohibitory signs "discipline” rules of
the road "give this character:

- Give the exact name of road signs pointed pointer.

- What are the conditions for use of road signs?

- Provide a list of vehicles that are not subject to this
road mark.

- Give an example of the use of the mark in real road
conditions.

- Give the correct answer to the test.

Consider some of the aspects that affect cognitive
activity of students in these subgroups workshops. We
know that any human activity is not only characterized by
meaningful goals but motivated. Objective this is
something to which she directed that it should be a direct
result. Motive is what makes human desire for this and
not for any other purpose. These terms are those motives
that cause people purposeful activity. For students these
subgroups motives or motives for learning new
knowledge is needed. But the question arises: why the
need for students of first and third subgroups is mastery of
knowledge and motivation for students this second
subgroup lost motivation?

Because of pleasure or displeasure human needs there
are certain emotions. Scientists, psychologists say that in
terms of cognitive humans are three main areas of mental
activity: conceptual and logical; shaped; emotional [9].

Conceptual and logical thinking sphere allows the
student to perceive and understand the laws, the laws,
concrete and abstract concepts that reflect the existing
processes, events, items and other objects under study.
With such positive properties of conceptual and logical
thinking areas it relies on subjective burden in basic
training. To the student was able to thoroughly understand
the course material and well acquire knowledge required
by the time of his mental concepts and the logical sector.
The work in this sphere of thinking in the process of
mastering knowledge traced three interconnected stages.
The first stage - laying the foundations of concepts, their
initial understanding and remembering that requires
frequent repetition of educational information. The
second stage - versatile play and understanding of the
basics concepts addition of new information and skills
formation connect these concepts with knowledge of new
information. The third phase - the emergence of new
problems, hypotheses and search for their solution. This
stage of the creative application of knowledge. Creative
thinking is based on direct and indirect sensory perception
of information about events, processes, objects.

Emotional sphere of thought itself does not perform work
on understanding the information. However, it can
significantly affect the operations of both fields of
thought. So emotional sphere in the learning process is
not used as an independent cognitive power. Creative
thinking is based on direct and indirect sensory perception
of information about events, processes, objects.
Emotional sphere of thought itself does not perform work
on understanding the information. However, it can
significantly affect the operations of both fields of
thought. So emotional sphere in the learning process is
not used as an independent cognitive power. Creative
thinking is based on direct and indirect sensory perception
of information about events, processes, objects.
Emotional sphere of thought itself does not perform work
on understanding the information. However, it can
significantly affect the operations of both fields of
thought. So emotional sphere in the learning process is
not used as an independent cognitive power.

Consider a second subgroup of students in terms of
defining motivation to learn. As noted above, this
subgroup students familiar with traffic rules and
regulations specific provisions cargo at a certain level and
the need for new knowledge they have. But new
experiences passed. The student has studied the content of
the Rules and put into practice some of the provisions.
Therefore, the need for new knowledge is not motivation
to learn, this need is satisfied. The experience unmet
needs at the emotional sphere of thought has gone and
therefore motivation, the desire for action on the subject
of study happens. In addition, the emotional sphere of
thinking does not tolerate repetitions. While teaching in
the classroom and laboratory practical training material,
which partially knowledgeable students of the second
subgroup, takes effect is emotional sphere and inhibitory
processes in the learning of students, disconnected from
the emotions of conceptual and logical thinking and
imaginative scope. In order to neutralize the negative
effect of the emotional sphere and connect students to the
learning of our proposed practical tasks that deplete
students in setting the level of their knowledge. Practical
tasks reveal those aspects of the object of knowledge that
students are still unknown and thus reduced the
motivation of new knowledge.

Students first subgroup need new knowledge
zberihlasya. The experience unmet needs include
motivation, the desire for action to possess the object of
knowledge. Emotional sphere thinking of students in this
group connects to the learning of conceptual and logical
thinking and imaginative scope. To the student was able
to thoroughly understand the course material and well
acquire knowledge required by the time of his mental
concepts and logical thinking areas. In the first stage of
conceptual and logical areas there is passive perception of
student learning material - they listen to a lecture or
teacher explanations on practical and laboratory classes,
working with textbooks, teaching aids. But passive
repetition does not allow knowledge to provide active
properties. Passive repetition necessarily varies active
when the student plays their knowledge during oral
answers. It exercises as practical problems of repetition is
active, allowing the student to reproduce and organize the
knowledge to fix them in memory, showing the ability to
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apply theoretical knowledge to practical action.

In the third subgroup of students best prepared
perceived educational information on discipline "rules of
the road" and "Freight" knowledge generated in the first
stage of conceptual and logical thinking areas. The
advantage levels of knowledge to representatives of the
first and second subgroups appears sufficiently rapid
transition of conceptual and logical thinking areas from
the first to the second stage, the stage play and productive
use of knowledge in different conditions. Volume and
content of educational information on practical and
laboratory studies of interest associated with the
restoration motivation knowledge, experiences need
arises, or rather the experience of dissatisfaction. The
experience connects unmet needs emotional sphere of
thinking, which in turn positively affects the logical and
conceptual-shaped areas.

CONCLUSIONS

1. Exercises and tasks that we offer to use during
practical and laboratory classes are intended to stimulate
cognitive activity of students in the study subjects "Rules
of the Road" and "Freight". As shown by our study, these
exercises and tasks can definitely be called a means of
cognitive activity of students. They should be an integral
part of the main complex methods that directs students in
mastering academic technical information focuses on
some of the students with low pre-acquired, knowledge,
stimulating them to active learning activities.

2. Needs further study the processes of formation of
students cognitive skills from other disciplines specialty
"Transport technologies".
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AKTUBU3ALIM [IO3HABATEJILHOM
JEATEJIBHOCTU CTYJAEHTOB B YCJIOBHUA
[IPAKTUYECKOM MOATOTOBKU I10
JUCHUIVIMHAM “TIPABUJIA JOPOXXHOI'O
JABIDKEHNMA” U “I'PY30BUE ITEPEBO3KIN”

AHHOTaIUA. KonnuectBeHHbli pocT
aBTOMOOMIIFHOTO TTapKa B HAIIEH CTpaHe U KaK CIEICTBHE
YBEJIMYCHHE  yYACTHUKOB  JOPOXKHOTO  JBIDKEHHUS

MPUBOJAUT K POCTY 4YHUCIA JOPOKHO-TPAHCIIOPTHBIX
npoucuiecTsuil. B Ykpaune 3a nocieaHue IATh JIET
3aperucTpupoBaHo 293 ThIC. JOPOKHO-TPAHCIIOPTHBIX
NPOUCIIECTBUI, B KOTOPBIX MOTMOJ0 mo4TH 35 ThHIC. U
TpaBMUpOBaHO Oosiee 286 Teic. uenoBek. IlomaBnsromnee
OONBIIMHCTBO JIOPOKHO-TPAHCIIOPTHBIX IMPOUCIIECTBUH
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COBEPIIICHO TI0 BHHE BOJUTEJICH TPAHCIIOPTHBIX CPEICTB
(77 mpoueHTOB  OOINEro  KOJMHYECTBA). YPOBEHB
CMEPTHOCTH B pe3yNbTaTe JIOPOKHO-TPAHCIIOPTHBIX
npouciiecTBuii B Yikpamne (102 demoBeka Ha 1 MITH.
KHUTENeH) 3HAYWTEIBHO NPEBHIIIACT ITOKA3aTENN TaKHX
ctpan, kak IlBeiimapus (49 uenosek), ['epmanms (62
yenoBeka). OCHOBHBIMU NPHYMHAMH TAKOTO MOJIOKCHHUS
SBISIETCSL ~ HENOCTaTOYHBIM  ypoBeHb  oOecrieueHHs
0€301acHOCTH JIOPO’KHOTO JABMIKEHHS; HEHaJyIexalee
obecrieueHue TEXHUYECKOTO o0cCyKMBaHUs
TPAHCIIOPTHBIX CPEJCTB; HU3KHH YPOBEHb TUCLUILIMHBI
YYaCTHUKOB JIOPOXKHOTO JIBUXKEHHUS; HECOOTBETCTBUE
COCTOSIHHUS YIUIHO-IOPOKHOM ceTH YPOBHIO
HHTCHCUBHOCTH TPaHCIIOPTHOTO JIBIDKCHUS;
HEIOCTaTOYHOCTh BHEIPEHHSI HOBEWIINX TEXHOJIOTHH H
TEXHHYECKUX  CPEACTB  OpraHW3allid  JOPOXKHOTO
JBIDKCHUSI; HEBBICOKHN YPOBEHB MOITOTOBKH OYAYIIHX
BoauTenell. B cratbe paccMaTpuBaIOTCS TPOOIEMBI
yuebHoro mporecca YBO, cBsi3aHHbIC C TMOBBIIICHUEM
KayecTBa MPAKTUYECKON IOATOTOBKH CTYAEHTOB IIO
mucuuiuinHaMm  "[IpaBmia  JOPOXKHOTO — OBIDKEHHUS"! |
«I'py30Bble NIEPEBO3KU» U IPEAJIONKEHBl ACHCTBYIOLUE
MYTH MX pelIeHus 3a c4yeT auddepeHunanum noaxoaos B
YIpaBJICHUU ITO3HABATEIBHON NEATEIBPHOCTEIO CTYICHTOB.

B YaCTHOCTH paccMaTpHuBarOTCS BOTIPOCHI
(OpMHPOBaHUS y CTYAEHTOB B IpoLEcce MPaKTUIECKOH
MOJTOTOBKM  CHENMAIbHBIX yYMEHMH W HaBBIKOB,
HEOOXOAMMBIX sl (OpPMHPOBAHMS HOBBIX 3HAHWH W
yYMEHHH, 4YTOOBI YCIENIHO OBJIAAETh COJACPKAHUEM
y4eOHOM TUCTIUIUIHHBL

YpoBeHs MTOJITOTOBJICHHOCTH CTyJeHTa K
CO3HATENBHOMY OBJAJCHHUIO 3HAHWSAMH OIIPEIEIIIeTCS
Omaromaps HaJMYUIO HEOOXOJWMBIX OIOPHBIX MOHSTHH,
MMO3HABATENBHBIX YMEHHH W HAaBBIKOB W TOTOBHOCTH
MIaMSATH BOBPEMS peali30BaTh UX.

KaioueBble ciioBa: no3HaBatenbHas JESTEBLHOCTS,
BOCIIPUSITHE,  YNPaXHEHUS,  MOTHB,  IOHSTHIHO-
Joruueckass cdepa  MbIIUICHHs, oOpasHas cdepa
MBIIIJICHUS, ~ OMOLMOHaNbHas  cdepa  MBIIIICHHS,
MIPaKTHYECKHE 3aHATHS.
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Summary. The discrete - continual model of the rod
of variable section for the analysis of oscillations of
telescopic rotor systems of cranes is substantiated.

As methods for solving the basic equations (for
bending type oscillations), the methods of Ritz and
Budnov-Galerkin using the Relay formula are used to
calculate the proper frequency of oscillations of the
considered system using a model with lumped parameters
(discrete models) and taking into account the distributed
properties of the systems being studied.

The approaches used for the thorough analysis of the
continual (distributed) properties of telescopic boom
systems of mobile cranes and the analysis of variations of
oscillations (longitudinal, twisting and bent) of telescopic
boom systems of autocranes taking into account the
circumstances of mass distribution along the arrow (rod)
with a variable section of the rod along its length.

Approximate methods of analysis and improvement
of methods for calculating various types of oscillations
that arise in the rods of a variable section are presented,
within the framework of consideration of telescopic boom
systems of cranes as having discrete - continual
properties.

Equations are constructed using the Bubnov-Galerkin
method in the problems of longitudinal or steep
oscillations of telescopic rotor systems of cranes.

Key words: model, rod, variable section, analysis,
oscillations, telescopic boom system, truck cranes.

INTRODUCTION

To analyze the kinds of oscillations (longitudinal,
twisting and bending) telescopic boom cranes systems
should take into account the fact that the weight is
distributed along the arrows (core) and core section is
variable along its length.

In this case, instead of, for example, the classical
equation of longitudinal vibrations (when constant-section
rod) must come from one of the following equations:
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where: ¢ - velocity of longitudinal vibrations propagating
in the core, S - area of its cross section S=S(x)

u=u(x, t) - Longitudinal movement of arbitrary cross-
section of the rod, x - longitudinal coordinate (along the
core axis), t - time.

Equation core twisting oscillations should be
considered as:
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where: c; - speed twisting waves propagating in the core,
I - polar moment of inertia of the rod,
I=1(x),@=0¢(x,t) - angle cross-section of the
rod relative to its axis (x in any section of the rod).

Equation transverse (bending) oscillations of the rod
should be seen in the following form:
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where: El - bending stiffness of the rod, EI = El (x), m -
weight rod, y (x, t) - arbitrary displacement rod section (x)
in the direction perpendicular to its axis.

It should be noted that the equations (1)-(3) using
similar substitutions could lead to ordinary differential
equations for the function X (x):
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bar near where function means differentiation with

respect to spatial coordinates x, and the other equation for
the function T (t).

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

Issued above equation (1) - (4) are variable factors
dependent on x. Solution in closed form is available only
in certain cases where the variable S (x), | (x), J (xX) by
special dependency and, in general, is the transition to
approximate methods (where J (x) - point inertia in the
core section x, and E - in the above (3) is elastic modulus
(Young's) core material). Some of these approximate
methods are set forth below in connection with the need
to analyze and improve methods for calculating the


mailto:ychovnyuk@ukr.net

52 Use Moded Bar of Variable Cross Section in Vibration Analysis of Telescopic Boom System ...

different types of vibrations that occur in the core variable
section within review telescopic jib cranes as such
systems with discrete - continuum properties.

Basic models of telescopic boom cranes investigated
in [1-21]. However, the authors of these works use
models with lumped parameters (ie discrete model) and
do not include distributed properties of the systems. The
authors of this study, it is advisable to use approaches
developed in [8] for a comprehensive analysis is continual
(distributed) properties telescopic jib cranes systems.

OBJECTIVE

The purpose of the work is the justification of
approximate methods for the analysis of different kinds of
vibrations arising in telescopic boom cranes systems that
take into account their discrete - continuum properties.

To achieve these objectives in this study will be part
on the work [8].

THE MAIN RESULTS OF THE RESEARCH

Below are justified and some methods of
approximate solutions of bending vibration rods constant
and variable section that allow variables to investigate
fluctuations telescopic jib cranes systems.

1. Vereshchagin method (for permanent
section).

Composition and solve the differential equation of
free oscillations console (model telescopic boom cranes
system that is in operation (the unfolded throughout
dovzhnynu state). We use the approach of [9]. We believe
that the ends (free) console is a load, which has finite
moment of inertia (Fig. 1 a), in addition, neglect beam
weight compared to the weight of cargo. Fig. 1 introduced
the following notation: I - the length of the console, EI -
its bending stiffness, m - weight cargo, ¢ - its radius of
inertia.

core
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Fig. 1. Diagram console by Vereshchagin.

The proposed system has two degrees of freedom of
movement, and generalized coordinates for convenient

and appropriate to choose a console deflection and
rotation angle ¢ end console (Figure 1b).

For the purposes of differential equations of motion
and use the reverse method, consider bending lagless
skeleton, which is shown in Fig. 1.

External forces are inertia load -m - ¢2-. then: ¢

y=:011-mg2 -, ¢ =-m- 912-mgo2 --.— 1ty -
812V 962, ®)

This point was over a function of mean
differentiation over time t.

Factors influence 811, 812, 621, 622 available
methods of strength of materials, for example, using the
formula Vereshchagin. In this case, they are expressed as

follows:
S = 8y = 6y, = 6
1= 550012 = 55,02 = . (6)
Thus the differential equations of motion take the
form:

T T N
m-y 3E1+m9 (p251+y_0’ )

.12 Lol
m-y-—+me’ g-—+¢=0;
Partial solution (7) provided (stability criterion)
Sylvester equilibrium for the considered system (consider
this criterion is met) can be written as:
qj=-sin(kt +a),j= (1, 2).A; (8)
These  expressions  described  monoharmonic
oscillatory mode with frequency k, the total for all
coordinates (ie y and @). (Note that when the Sylvester
criterion system which is derived from the equilibrium,
provides free oscillations) gq;.
Substituting (8) in the differential equation (7), we
obtain a homogeneous system:
(B k2 —1) mg? Lokz 4, =0
3EI 2EI
m m?l 9)
ke A+ (PR k2 —1)-4, =0,
Equating to zero the determinant of the system (9),
we obtain the following frequency equation:
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Its roots have the following form:
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To find their own forms of oscillations of the system
will create relationship (Al / A2) from the first equation
of (9):
4 020

3EI (13)

= 72 .
Ay (mgz. S5 kZ)

Substituting here each of the found values and higher
(oy formulas (11) or (12) k?k2 have:

Loz 20 (14)
A12 3¢

These value (14) characterizing their two farms
(Fig. 2, b).

X22 =
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As shown in Figure 2, the first own farm has a
relatively low load angle and the second form - relatively
small deflection end of the console.

Find the data traffic law system if its equilibrium is
disturbed is applied to the center of gravity of the cargo
instant momentum §.

Fig. 2. Proper form fluctuations Console.

In this case, the initial conditions must be formulated
as follows:

YO)=0,0)=00)=0=0y=¢.

General solution now looks like:
{y = Ay -sin(ky -t + a;) + Ag, e sin(k,t + aZ)}(16)

@ = Ay -sin(ky t+ ap) + Ay, - sin(k,t + ay)

Substituting here from (16) found the ratio of

amplitudes (14), we find:
(y= Ay -sin(kit+ a;) +
+A,, sin(k, t + ay),

3 .
p=o Aqq-sin(kt + ay) —
21 .
Pl Ay rsin(k, t+ ay).

To determine the four unknowns use the above initial
conditions (15) Ay, A5, @4, 3!
All " Sinal + Alz .

(15)

(17)

3 .
a, = 0; a0 Ayq - sinay —

sin 2l )
—— + Ay, rsina, = 0;
. (18)
All * kl * COSCZl + A12 * k2 : COSO!Z =
s 3
%; Z . All . kl . COS(Xl -
21
_ﬁ - Alz - kz . COSC(Z = 0.
Hence we find:
512 3 02
A = \/SSmlEI'Alz - 8;-1\5/75151’0"1 =0; a; =0. (19)
Accordingly, the motion is described by the
equations:
512 1. 9 o3 .
y() = \/% [\/—g-smklt+ 3 f—3 -smkzt];
Sl V3 3 9 (20)
(p(t)zﬁ' [7-sink1t—z-7-sink2t].

2. Ritz method.

Wonder several functions, (x), ..., (X), each of which
meets the geometric boundary conditions of the problem
and form function f (X)f; (x) f> £, as the sum of:

f)=..+-C1- i+ & fo+Cufn (21)

Substituting the function (21) in Rayleigh formula:

2 _ JoBIUrax
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then the result will depend on the particular choice of
ratios ¢;, ¢3, ..., Cp-

Ritz method allows the use of a simple idea:
coefficients ¢;, &3, ..., Cp-

Must be chosen so that the calculation formula (22)
would give the least importance to. Theorem Rayleigh
follows that such a choice would be the best (if this
system function) p? f;.

Minimum conditions have the form p?:

o [foE1-(m2ax .
- 7—=03(G=1,2,..,n), 23
[ fémfzdx (l I‘l) ( )

(22)
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|13 EL- (F)2dx] (24)

Divide equation (24) integral to and including the
formula (22)fol mf? dx have:

Z o IEL-(f")? = p?- mf?]dx = 0,i = 1,2, .., n.(25)

Equation (25) is relatively homogeneous and linear,
..., and their number is equal to the number of members of
the expression (21). Equating to zero the determinant
composed of coefficients at, ..., will have a frequency
equation. This equation not only gives a good
approximation for naymenschoyi frequency, but also
identifies (but less accurate) value higher frequencies. It
can be found as much frequency as components made in
expression (21) ¢;¢,¢;C5.

Ritz method as Rayleigh method allows to solve the
problem in the case of discontinuous functions and EI m,
when these functions are different analytical expressions
for different parts of the beam length / console.

Define by Ritz lowest natural frequency of transverse
vibrations console variable section, which has a thickness
equal to the conventional one.

Height varies linearly (Fig. 3):

— gy hps X X
hx—x,l—lh M= Qh - (26)
]
h
|
[
S — —
Fig. 3. Diagram console (26).
For the approach of looking for solution of using:
2
_ x 2 _ 1_£
f(x)=c1-(1—7) +c2-x-(+). @7)

Each member of this example satisfies the boundary
conditions of the problem:
fi=0,/2=0,f=0,f; =0 x=0. (28)
If limited to one member, then get Rayleigh method
(error of about 3%):
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E
p=1,582h ,—Jz; (29)

To get a better approximation, we take two terms of
the expansion. Substituting them into expression (25),
then we will have integral values:

(ci-23)%+24- -2 1 6. 2
e | TR Lo e ghig+
2 aeic;, €2
0. (Tlo ié?*’ﬁ) (30)

E
Differentiating the expression (30) on the first then
on, we will have: ¢, ¢,

Eh? pZ] . C_ [ Eh? pZ . C_ _ O
(1291%) 30 1 (2091%) 105 27

EhZ2 p2 . EhZ2 p2 _ 0 (31)
———=—-c ——|- ¢ =0.
(1291%) 105] 1 + (2091%) 280 2

Equating to zero the determinant composed of
coefficients of these equations (31), we obtain the
equation frequency. Its roots:

[ £
p,= 1,536h -;l—;’p2 = 4,994h - l—f.

Find the exact value differs by only 0,1% p;.

3. Bubnov - Galerkin.

In the simplest version of the method according to
equation (3) should be in place X (x) approximately
expose selected expression f (x), which has one uncertain
parameter and then form the equation:

LIE -1 - f) =mp? - ] fdx = 0. (33)

This equation expresses the vanishing of a possible
work being done by force of elasticity and inertia of
moving f (X).

If we take f (x) as (21) and examine each of the
components (x), as a possible move then instead of (33)
will have a ratio that expresses the vanishing of the
possible:f;

LIEL- " = mp®-f1- fi ~dx=0,i=1,2...(34)
Such equations can be written as many constituents
have adopted the expression (21). Each of equations (34)
and has a uniform uncertain size, ... in the first degree
C1C5.

Equating to zero the determinant of the system (34),
will have a frequency equation.

Bubnov - Galerkin has one feature, which refers to
the boundary conditions. If the function (x) satisfy only
geometric boundary conditions (as stated above, the
following functions can be used in solving the problem
Ritz method), then it can lead to significant errors in
applying the Bubnov - Galerkin. If the selection of
features not consider power boundary conditions (for
example, to ignore the conditions and at the free end
beams / console or on the rocker bearing condition), then
it will implicitly acknowledged the existence of the ends
of the beam boundary conditions, which in reality is not.
This occurs f;f; (x)fi' = 0f/"" =0 f" = 0.

Error because the expression (34) will come
nonexistent work effort. To compensate for the errors
should subtract the left side of the expression (34) "extra"
work of boundary conditions (collectively Bubnov -
Galerkin). Usually do another take over functions
previously not only geometric, but also force boundary
conditions. With this feature by selecting Ritz and
Galerkin give the same results.

(32)

Define Bubnov - Galerkin lowest incidence of
transverse vibrations console discussed above in the
preceding paragraph.

Accepted forms as fluctuations Console expression:

2 X

f0=6-(1-5) +c—2-x-Q, (35)

Satisfies a geometric conditions at the right end, and
so force conditions on the left.

Differentiating f (x) twice, multiply by EI = E -

3

differentiating twice and again, we will have A3

(1213):

— — —_— Xz
[(c1—2c2)~ x+6cz~T]

(EI-f")" =E .h3 5
Substituting this formula in (34), we find:

1 h3 _ _ ] h 2

fO{El—S [(c1 —265)x+ —6czlx ]— L

(36)
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2 2

e (1-6) )+ @ fra-f (=) e
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L(ERS [, — _ 6C7 x2 hp?

W @ -2+ 225 - 2.

2

w19 a2l

D2dx = 0. (38)

Hence, too, will have the same equations as in the
previous example using Ritz method.

Similarly consist equation method Bubnov - Galerkin

in problems of torque fluctuations or longitudinal

telescopic jib cranes systems.

CONCLUSIONS

1. A model of the core variable section to analyze
different types:

- fluctuations (longitudinal bending, twisting)
telescopic jib cranes of analytical methods (Rayleigh
Vereshchagin, Ritz, Bubnov - Galerkin) that can
determine the natural frequencies of said oscillation,

- and their spatial form (vibrations) that implement
such own free fluctuation system.

2. Obtained in the results can be used to further
refine and improve existing engineering calculation
methods:

- different types of vibrations telescopic jib cranes
analytical methods both at the stage of their design /
construction,

- and in the mode of real operation using discrete -
continuum model core variable section.
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NCITOJIB30BAHUE MOJIEJII CTEPXXHA
INEPEMEHHOI'O CEYEHIA B AHAJIU3E
KOJIEBAHUI TEJIECKOITMYECKWX CTPEJIOBBIX
CHUCTEM ABTOKPAHOB

AHHOTAUMSA. O6ocHoBaHa JIUCKPETHO-
KOHTHHYaJIbHAsE MOJICIb CTCPXKHs MEPEMCHHOTO CCUCHHUS
JUIA aHajau3a KoJIeOaHWH TEJIECKOMUYECKUX CTPEIOBBIX
CHCTEM aBTOKPAHOB.

B xavecTBe METO/IOB PEIICHUSI OCHOBHBIX YPaBHCHHI
(st M3rUOHBIX THIIA KOJEOAHWN) UCTIONB30BaHBI METOIBI
Putiia u BynHoBa - [anepkuna ¢ mpuMeHeHHEM (OPMYIIBI

Pomes g BelUMCiaeHHMS — COOCTBEHHON  YaCTOTBI
KoyeOaHni paccMaTpuBaeMon CUCTEMBI c
WCTIONB30BaHUEM  MOJCTH C  COCPENOTOYCHHBIMHU

napameTpamMu (TOECTb IUCKPETHBIE MOJENN) M y4YETOM
pacIpeaeneHHbIX CBOMCTB HCCIIEyEMBbIX CHCTEM.

Vcnonp30BaHel  MOAXOMBI, JJIi  BCECTOPOHHETO
aHau3a KOHTUHYANbHBIX (paclpe/ieleHHBIX) CBOMCTB
TEJIECKOIMYECKUX CTPEIOBBIX CHCTEM aBTOKPAaHOB W
OCYIIECTBJICH aHalIW3 Pa3HOBUJHOCTEH  KojeOaHMI
(IpOIOTBHBIX, KpPYTHJIBHBIX u U3TUOHBIX)
TEJIECKOIMYECKUX CTPEJIOBBIX CHCTEM aBTOKPAaHOB C
y4eTOM OOCTOSITENILCTBA PACIpPENENICHUs] Macchl BOJb
CTpenbl (CTEpXKHS) C IEPEMEHHBIM CEYEHHEM CTEPIKHS 110
€ro JUTHHE.

N3noxxeHHble NpUOIMIKEHHBIE CIIOCOOB aHaNM3a M
COBEPIICHCTBOBAHMS METOAOB PacdeTa pa3INuHbIX BUIOB
KoneOaHWH, KOTOpbIE  BO3HHKAIOT B  CTEPXKHIX
MIEPEMEHHOTO  CEYeHHUs, B paMKaX pPacCMOTPEHHS
TEJIECKOTIMYECKUX CTPEJIOBBIX CHUCTEM aBTOKPAHOB Kak
HMMEIOINX JUCKPETHO-KOHTHHYAJIbHBIE CBOHCTBA.

CocraBieHHbIE ypaBHEHHS 10 MeTonqy byOHoBa -
lanepknHa B 3amadax O NPOJOJIBHBIC WM KPYTAIINE
KONe0aHHus  TENECKONMYECKHX  CTPEIOBBIX  CHCTEM
aBTOKPAHOB.

KiroueBble cjioBa: Mojenb, CTEP)KEHb, IEPEMEHHOE
CeUeHWE,  aHanu3,  KOJIeOaHWs,  TeJICCKOIHMYecKas
CTpeJioBasi CUCTEMA, AaBTOKPAHBL.
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Summary. The article analyzes the types of heating
systems for heating the pig farm.

The specific weight of heat supply processes and mi-
croclimate provision in the total expenditures of fuel and
energy resources in the premises for keeping pigs is giv-
en.

The necessary temperature regime for sows, piglets
weeks from birth and pigs for fattening was determined.

The factors that have a significant influence on the
selection of the system of heating and ventilation of the
pig farm are determined.

The shortcomings and advantages of systems using
open energy sources when burning gas or other fuels and
systems using a water heat carrier are given.

The advantages and disadvantages of infra-red heat-
ing, fan convectors, "dark radiators", "aquasolar", "warm"
floor, heating of pigsties with a solid concrete floor with
plastic or metal pipes laid in it, along which the coolant
circulates, are analyzed.

Equipment for water heating in premises with
weaned piglets is considered: delta pipes, twin tubes, but-
terfly pipes - with two, three or four plates.

Key words: pigsty, microclimate, heat supply, heat-
ing system, ventilation system, advantages and disad-
vantages, infrared heating, coolant.

INTRODUCTION

Modern pig farms today are more like working
intensively industry. Pigsty equipped with sophisticated
technological systems preparation and distribution of
feed, automatic climate control and ventilation. In small
areas there are thousands of animals. As in nature there is
a natural balance for improved performance paid a price.
Selection of increased production figures bahatoplidnosti,
but also significantly reduced the resistance of animals to
adverse external factors [1-3].

Perfectly matched parameters of air temperature and
constant air exchange rules dotrymuvani optimal climate
should compensate for these adverse changes in the
biological properties of animals [4-21]. The importance of
investment in safe and efficient working automatic
ventilation system demonstrates the following: the pig can
live without food - two weeks without water - 2 days
without air - 2 minutes. To achieve high efficiency pig
must provide them with optimal climatic conditions. One

important component is to support the heat-humidity air
Pigsty parameters [4, 5].

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

The role of microclimate and its impact on the
performance of pigs covered in scientific studies [3, 6, 7],
which states that extreme conditions adversely affect their
body. Some studies indicate that keeping the average
temperature in the mother liquor at 15,4°S, lower relative
humidity leads to an increase in serum pigs like gamma
globulin and indicators bactericidal activity. In keeping
pigs at 8...13°S a reduction of live weight to weaning,
increased frequency of disease, reduced bactericidal,
complementary and lizotsymna activity. Adversely affect
the physiological state and the high temperature and
humidity. However, minor daily fluctuations in
temperature (under optimal values of other climatic
parameters) do not affect the health of piglets and their
stress reactivity, as noted by M. Black, O. Dudnik and D.
Bulba [8]. Creating optimized temperature and humidity
conditions of pigs [9] promotes better growth, reduce
morbidity, reduce costs and increase feed to improve the
economic efficiency of pork production.

OBJECTIVE

The aim of this work study is the choice of piggery
heating.

THE MAIN RESULTS OF THE RESEARCH

For industrial pork production in terms of farms and
complexes characterized by high concentration of
livestock production facilities, resulting in dramatically
increased air content of the metabolic products of animals
(harmful gases, water vapor), dust and bacterial
contamination of air, resulting affects the physiological
state and productivity of animals.

Create an optimal microclimate in the premises for
swine only on condition of rational use of heating and
ventilation systems based on highly efficient technical
means.
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Table 1. Proportion processes in total costs of energy resources%

The consumption of pig farms and
Processes complexes
electricity fuel
Heat and providing microclimate 40...65 60...90
Preparation and distribution of fodder 12...28 5..35
Cleaning and preparation of manure for use 8...15 2.3

At the same time, we know that providing the
necessary microclimate is one of the most energy
intensive processes, along with the preparation and the
distribution of feed, manure cleaning and preparation for
use (Table. 1).

Special heating systems require farm where pigs are
raised, because the breeding of these animals in the first
place is to achieve the required weight, which also
conducted intensive fattening. Keeping pigs in the wrong
temperature conditions lead to unfavorable consequences,
because the cold will have to increase the quantity of
food, and when the air is too hot in animals reduced
appetite and weight loss begins. Therefore, it is important
to follow the necessary treatment that is keeping
temperatures:

* sow - about 16-20 ° C;

« piglets weeks of age - 28-30 ° C. Further reduction
of 2 degrees per week;

« growing pigs feel best at 14-20 ° C.

In order to perform proper heating pig, select this
type of heating system that would meet all necessary
requirements. The optimum temperature for pigs is such,
where they spend a large amount of energy to maintain
their body temperature. The process of weaning piglets
from sows is very painful for them, they have to quickly
adapt to the new environment, near absence of the
mother. At the same time respond to such stress changes
around them pigs are quite different. Usually piglets begin
to behave nervously, disputes among animals in new
groups may have different diseases - all of which
reflected negatively on their development and subsequent
weight gain. Therefore, weaning piglets from sows should
be conducted as careful with them except for the extra
stress or any anya discomfort. It is important to create a
piglet rearing on the first day following conditions to be
self-adjusting to life was as simple as possible. It must be
remembered that the variety of new situations for
themselves they face and create the most favorable
conditions of piglets in the group regardless of the size of
the group.

In the first couple of weeks after the transfer of
rearing pigs on the temperature in their places of rest
should stay approximately the department was as
farrowing. Particular attention should be paid to the
absence of a draft, to which pigs are very sensitive and
even distribution of heat throughout the unit.

Especially in cold areas pigs not spend much energy
on the development and weight gain, and on their heating.
In areas with a hot climate decreases appetite in animals
and there are signs of heat stress. Numerous practical
observations have confirmed that a significant deviation
of ambient temperature from the optimum leads to a
marked decrease in performance of pigs (15-30%) and
fodder overrun by 25-50%. Modern automatic heating

systems of pig farms can maintain the temperature regime
at a given level without human intervention. It is
important to  determine what advantages and
disadvantages of having different systems and methods,
and which is best suited for a particular pig farm.

Heating systems for pigpens. To create the optimum
temperature microclimate necessary to provide a quality
heating and ventilation pig. The use of certain methods is
largely dependent on natural conditions of the region,
flooring, location of rooms and of course the age of the
pigs. However, remember that that would not system was
chosen heating have to be synchronized with the
ventilation system. Both systems should operate
smoothly, this is what will ensure maximum efficiency
microclimate created without unnecessary expenses.

The heating system should only heat to compensate
the losses that may occur due to insufficient tightness
walls, door openings and the introduction of fresh cool air
from the ventilation system. Typically, an established
violation of ventilation and heating occurs in cases where
ventilation is at too high a level against the background of
normal operation of the heating system; regulation of the
temperature increase due to the heating and ventilation
equipment operation are set in ranges with a difference of
less than 5 °C; and non-compliance with the ratio between
the maximum and minimum range regulation of heating
and ventilation systems, accepted as 1:20. These
violations do not allow this system to perform its basic
function in maintaining maximum temperatures in
summer and winter with minimal collateral animals fresh
air. The choice of heating system, in addition to the
configuration of the room, providing a significant impact
in the household presence of various energy sources used
equipment and manpower availability.

For space heating in pig farms for rearing pigs in the
global market offers a number of different heating
systems. Although now often organize piggery heating by
direct combustion of gas or liquid fuel, general section of
heating systems can be characterized by two types.

The first ones include heating, releasing energy
source which is located directly in the room, which should
be heated. They just include systems operating on gas or
other fuels that make selection of heat energy occurs in
the processing of pigs. The second type of system include
the deployment of energy sources outside the pig. In this
case, the energy carrier usually the water which brings
heat to the system elements to locations animals.

Comparing the two groups of heating necessary to
mention their significant advantages and disadvantages.
Thus, the key disadvantage of using open sources of
energy by burning gas or other fuels is the allocation of
the air in the room by-products of combustion. If you use
this gas is carbon dioxide and steam, and the application
of oil to gas is added soot. It is clear that to maintain
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animal health, these gases must as soon as possible
removed from the premises, which means more
ventilation intensity with a corresponding decrease in
heating efficiency, resulting in that part of the heated air
immediately goes to the ventilation and lost.

These aspects clearly indicate the great advantages of
the second type using a water medium heat. Thanks to
them in a room where pigs are kept, no additional forms
of harmful gases and therefore it does not require
complex control devices microclimate. But the use of
equipment, pumping water requires management high
cost of installation and adjustment settings, greater
attention to uniform heat distribution in compliance with
the relevant conditions of the installation of the heating
system and the allocation of a separate room in which to
place the heat exchange between the main energy source
of heating equipment and water. Also, in systems of the
second type unlike the first heat passes through a water
pipe system much longer path through its transportation
losses can significantly increase.

An important factor in choosing the right heating
system for pig serves fuel used. In this regard it should be
noted that the need to expand the livestock buildings
greatest opportunities to increase coverage area heating
allows the use of oil, which can rise to new premises at a
distance of 30 m. If the distance is greater still need to
build additional heating which, in turn, requires additional
space that meets all the requirements pozhezhostiykosti
with good ventilation for fuel storage. Compared with the
use of any carrier gas eliminates the need to install them
in separate rooms. This compact gas heaters can easily be
installed in the central aisles.

Infrared gas radiator long enough period considered
basic equipment for heating in sections rearing. This is
due to their reasonable price and ease of installation and
reinstall if necessary. In addition, it is very important for
young pigs, they do not create drafts that could affect the
health of animals. Infrared emitters are indeed very well
suited for heating recreation areas piglets. This
contributes to targeted feeding radiation in the form of a
wave that just hitting the surface of the skin of the animal
turns into a tangible warmth. Typically, the installation of
infrared emitters held near the feeders, which can
significantly increase the number of approaches to food.
When using this equipment for general heating, it is
advisable to direct the heat wave to another carrier,

In many cases the most energy efficient type of
heating is an infrared (Fig. 1). In traditional heating first
heats the air, then heat comes to biological objects. Warm
air naturally goes to the ceiling, creating convection
currents that move the dust in the room, and in the cold
season - to the floor. As a result, most of the heat is spent
on heating useless to the consumer space. Thermal energy
from infrared heaters is not absorbed by air, so all the heat
from the radiator with almost no losses reaching
biological objects. This warm air is not concentrated
almost to the ceiling, making these devices effective in
problem solving energy-efficient heating rooms with high
ceilings. The use of infrared heating provides a 40%
energy saving. Importantly, infrared heating - this is the
only method that allows a local heating zone workplace or
in the room. With infrared heating is possible to maintain
different temperatures in different parts of the room and

partially reduce the energy to work traditional heating
systems in some areas of the room. For example, if the
jobs are at a considerable remove from one another, the
room in general should not have the same temperature
[10-12].

Fig. 1. Infrared heating in Pig.

Even in terms of comfort different work situations
involve different temperatures. Infrared heaters provide
accelerated in comparison with traditional systems, warm
room. The transfer of heat from infrared heaters object is
no inertia, so there is no need for preheating or permanent
office space. Emitter does not dry the air without burning
oxygen raises dust and no noise. The infrared heater
unlike traditional way of heating, which must first warm
air reduces the temperature difference zones in floors and
ceilings as heat rays heat the surface, falling, thus it is
possible to maintain the temperature in the room below
normal. IR does not use air as a heat carrier and therefore
provides optimal temperature balance in all areas. Infrared
heating acts directly on biological objects, so when
temporary loss of heat in the room caused by, for
example, open doors, infrared heaters quickly restore the
desired temperature [13] .

Typically, the IR emitters system very easy to use
and its cleaning and inspection is conducted no more
frequently than once a month. Still not completely forget
about the shortcomings of this technology. Not to mention
the air pollution combustion, gas emitters significantly
increase the space dust, which increases the cost of
maintenance equipment. In addition, an important
drawback acts difficulty regulating their work, namely the
inability to set parameters for automatic start setting
heating after a full shutdown.

Accordingly, if the working Pig climate control
system, gas emitters must always be in operation at least a
minimal mode. This causes additional financial costs. In
the worst case, to align the temperature conditions may
need to involve more and ventilation system, further
increasing unwanted heat loss.

The advantages of infrared heaters is the possibility
of a uniform distribution of heat radiation and power
control unit from 10 to 100%. Moreover, the lack of air
filter allows water to wash the unit if necessary, outside
and inside. Two-emitting surface in the shape of cones
usually provide very good heating and are like two
teploobihrivachi one. Fan coil can operate completely
independently of the movement of heat flow. At the core
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of their work is also burning gas, but to spread the heat
they need additional supercharger air. It is important to
monitor the need for heating to avoid overheating.

An important feature of this system is that the heated
air is not in the machine and in the central aisle, which is
much less dust. As a result, the equipment is much less
clogged and deteriorate. Usually blower heaters are not
used for rearing as a current of air blown into the room,
creating excessive air movement that piglets flukes
harmful. A huge advantage of using such a system can be
achieved by sending warm air in a separate section
through the feed passage at an angle. The result will be
reached undulating movement reached its air and more
even distribution of the section.

Significant progress to prevent accumulation of warm
air from the ceiling and his loss of ventilation is achieved
by using so-called "dark emitters.” In such systems, the
air is also heated by burning gas passes through a thick
tube (two inches), which are welded plates that give
warmth to the space. As a result, the heat goes directly to
the pig and the best heats it. The best effect is achieved
even heat distribution width section to 6 m, large areas is
necessary to establish additional emitters. At last it is also
possible to use gas guns that are usually not
recommended for small sections through venting to
atmosphere of combustion products and the formation of
additional drafts. Among the advantages of air guns
include relatively low energy consumption, ease of use
and maintenance, easy cleaning and maximum heat
efficiency. In addition, the wuse of teploharmati
multyhazovoyi wiring allows the heater to work as
methane and propane or butane.

As water heating equipment in the premises of
weaned piglets often use delta pipes, twin-pipe truby-
"butterfly" - with two, three or four plates, respectively -
2.5-inch heating pipes, radiators heating elements in the
floor .

The basic material from which made Delta pipe, tube
and twin-tube butterfly is aluminum with heat dissipation
of 150 to 200 watts. The main disadvantage of aluminum
as a material for heating in the location of animals, is its
high susceptibility to corrosion, especially in the presence
of ammonia. For the installation of this equipment usually
choose a place in the perforated channel feed passage
during or at the height of 60 ... 80 cm in the middle
section along the wall. As a result, there may be various
problems. When placing were selected place under the
perforated channel or feed passage, heated air
immediately ventilation channel, rising up, and partially
lost. If warm air to exit adequate insulating plate, it
becomes possible to avoid unwanted heat loss. Twin
tubes, unlike other have less horizontal surfaces simplifies
cleaning them no matter where in the room they are
installed. Due to a rather slow current of water in the
system, water heating makes it relatively easy to adjust
the desired temperature, but if the length of the pipe will
be more than 12 m, to achieve the desired heat transfer at
the end of the system fail because of the large heat loss by
way of its passage. After 2.5 inch larger diameter pipe is
passed through a unit of time more heated water

An important advantage of this type of pipes is their
high resistance to external conditions, compared with
aluminum. This allows you to build up heating directly in

the area of animal placement at a height of about 20 cm
from the floor. Typically, 2.5-inch pipes cheaper than
other types of pipes, but with their installation should
significantly greater financial investment. Flat radiators or
heaters should be fixed at a height of about 80 cm from
the floor.

For optimal heat distribution in stalls must use long
radiators. This will prevent the normal lifting of warm air
near the ceiling and the formation there of a thermal layer
in which the temperature can sometimes be 10 ° C higher
than at the location of piglets. In addition, short and tall
radiators in any case will contribute to local heating, not
heat distribution throughout the volume.

As one of the options for water heating market are
also so-called "akvasolyary” performing quality zonal
heating of piglets after weaning they relate to energy
saving technologies.

The most effective teplosystemoyu, which has been
successfully applied to heat just a room with weaners are
"warm" floor (Fig. 2). In turn, the system is almost never
used by itself, because its heat is not enough to effectively
heat the entire volume. However, as an additional source
of heat, especially at the initial stage of rearing, floor
heating is very important. Underfloor heating is often
used together with infrared heaters. This floor heating can
be both electric and water. The biggest drawback is its
pollution. Most exposed to this system of open top tubes
with triangular profile below the slot floors. In the slot
floor with triangular steel profile heating efficiency is
increased through better heat conductivity and its more
equitable distribution. Dung pigs significantly pollute the
system heating, and increased evaporation of ammonia
and other harmful gases at high temperatures significantly
degrade air quality. Enabling faster ventilation raises
polluted air in the warm zone placement pigs than it
creates only more discomfort. Use closed heating system
is also associated with a greater risk of contamination.
Therefore, the longitudinal walls are hardly used.
Enabling faster ventilation raises polluted air in the warm
zone placement pigs than it creates only more discomfort.
Use closed heating system is also associated with a
greater risk of contamination. Therefore, the longitudinal
walls are hardly used. Enabling faster ventilation raises
polluted air in the warm zone placement pigs than it
creates only more discomfort. Use closed heating system
is also associated with a greater risk of contamination.
Therefore, the longitudinal walls are hardly used.

Fig. 2. Application of "warm" floor combined with
infrared heaters.
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Heating with solid pigpens concreted floor is done by
laying it in plastic or metal pipes, which will circulate
coolant.

Heating pipes are characterized by maximum
efficiency of heat, minimal power consumption and no
need maintenance. This type of heating is often used for
heating rooms and corridors of weaned piglets. The only
difficulty it may cause conversion or repair of embedded
pipes.

It is important to calculate the heating area that the
size of the area for heating is determined depending on
the number of pigs in stalls. One should bear in mind that
during the first week after weaning piglets each required
to have its own warm place. Accordingly, when the
content in one group at stall 100 heads, floor heating area
must be at least 12...15 m?,

CONCLUSIONS

1. Not always the cheapest option will fully justify
the expectations of a fairly large investment. Even more
difficult situation will look teplosystemamy that require
significant financial costs and alterations in the Pig.

2. Inconsistency their requirements management or
failure to set functions with incorrect calculation of the
need for heating or unnecessarily high cost of operation,
virtually not allow something significantly change.

3. Thus, an integrated approach to the needs of the
pig objective assessment of its capabilities will help make
the right decisions, and gap analyzes of various systems -
to prevent the occurrence of side effects in the use of
expensive equipment.
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OBOCHOBAHUE BBIBOPA CUCTEMBI
OTOIUIEHVS CBUHAPHUKOB

AHHoTanusi. B crarbe npoaHamM3MPOBaHBI BUJIBI
OTOIMTENBHBIX CHUCTEM, AJSl OCYIIECTBIEHHUS 00orpesa
CBUHO(EPMBI.

[IpuBeneH ynenbHBIM BeC MPOLECCOB TEIIOCHAOMXKE-
HUSI M 00ECIeUeHNs] MUKPOKJIMMATa B COBOKYITHBIX pac-
X0/1aX TOIIMBHO-3HEPTeTHUCCKUX PECYpPCOB B IOMEIIE-
HUSIX JUISL COZIEPKAHUS CBUHEH.

OnpenencH HEOOXOAMMBIH TEMIEPATYPHBIH PEKUM
JUIsl CBUHOMATOK, TTOPOCAT HEJENH OT POXKICHUS U CBU-
HEW Ha OTKOpMe.

Onpenenensl (aKTOPHI, OKA3bIBAIOIINE CYIIECTBEH-
HOE BIIMSIHHAE HA BBIOOP CHCTEMbI OTOIUICHHS W BEHTHJIS-
1Y CBUHO(EPMEI.

[IpuBeneHbl HENOCTATKH M MPEUMYIIECTBA CHCTEM C
UCTIONIb30BAaHMEM OTKPBITBIX HCTOYHHKOB JHEPIHH MpH
CKUT@HMM Ta3a WIM JPYroro TOIUIMBA M CHUCTEM C HC-
I0JIb30BaHNUEM BOJITHOTO HOCHUTEJIS TEIUIa.

[IpoananM3upoBaHbl NPEUMYIIECTBA M HEIOCTaTKU
nH(paKpacHOrO OTOIUICHHUS, BEHTHJISTOPHBIX KOHBEKTO-
POB, «TEMHBIX H3JIy4aTelei», «aKBACOJSIPHEBY, «TEILIO-
rO» 10714, OTOMJICHUS] CBUHAPHUKOB CO CIUIOLIHOW OeTo-
HUPOBAaHHBIM IIOJIOM C 3aJI0)KEHHBIMU B HETO IUIACTUKO-
BBIX WJIM METAIIIMIECKUX TPYO, MO0 KOTOPBIM LIUPKYIUPY-
€T TCTUIOHOCUTEIIb.

PaccmoTtpens! 000pynoBaHHE AJSL BOASHOTO OTOILIE-
HUSI B TIOMEIIEHHUAX C OTIYYEHHBIMH MOPOCATaMH: JEIbTa
TpyOBI, TBUH TPYOBI, TPyOBI- «0A00UKNY» - C ABYMS, TpEMS
WIN YEeTHIPbMS INIACTUHKAMHU

KioueBble cjioBa: CBUHADHUK, MUKPOKJIMMAT, TEIl-
JIOCHA0XEeHHUs, CHCTEMa OTOIUICHHs, CHUCTEMa BEHTHJIS-
MM, IPEUMYIIECTBA ¥ HEAOCTATKH, HHPPAKPACHOE OTOII-
JICHUE, TETUIOHOCHUTEITb.
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Summary. The discrete-continuum model for
analysis and its optimization (minimization) of dynamic
loads in elastic elements (ropes) of load-lifting machines
is substantiated.

The influence of distributed and lumped parameters
of elastic elements on the magnitude of the dynamic loads
in them on the sections of transition processes (descent,
inhibition, reversal of motion) is determined.

The proposed criterion of the quality of movement of
the lifting mechanism of the crane, which minimizes the
coefficient of dynamism in the ropes, as well as the laws
of the movement of cargo, in which these criteria of
optimization of dynamic loads and elastic elements are
implemented, are established.

For determination of dynamic loads in an elastic
element, for example, in a rope a two-mass model of a
discrete type (with lumped parameters) is used, with the
help of possible reactions in the motion of the drive
mechanism with the drum at the descent, the reaction of
motion with constant acceleration is used which
minimizes the value of the driving moment drive, linear
motion reaction acceleration, which minimizes the
dynamic component of the drive power, reaction of
motion with change of acceleration of the third order, the
reaction of motion with the change of acceleration in its
curve of the fifth order.

Key words:  continuity,  model,
optimization, minimization, dynamics, loads,
elements, ropes, hoisting machines, cranes.

analysis,
elastic

INTRODUCTION

The performance and reliability of hoisting machines,
precision and performance of different types of jobs:
unloading, loading, transport and other - essentially
depends on the dynamic loads in elastic elements of
flexible working, drive and hardware. The values of these
loads depends on the area of movement of lifting
machinery or its mechanism. The most dynamic stresses
occur in areas transients (downhill braking movement).

One way to reduce these pressures on the drive
elements are resilient cranes lifting mechanisms is
necessary choices for their movements in areas transients.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

In [1] showed that during braking during downbhill
dynamic load factor in elastic elements of crane
mechanisms reaches 2.5 or more. In [1-4] the effect of
various reactions to dynamic traffic load in elastic
elements of lifting equipment for example lifting
mechanism. To determine the dynamic loads in the elastic
element, for example, used a rope dvomasova discrete
model type (with lumped parameters) diagram is
presented below in Fig. 1.

At the same time as possible reactions in motion with
a drum drive mechanism at the site of descent used the
following 4 [3, 4]: 1) reaction motion with constant
acceleration, which minimizes the value of the driving
time of the drive, 2) reaction movement with linear
acceleration change, which  minimizes dynamic
component power drive, 3) reaction to the change of
motion acceleration third order, 4) reaction to the change
of motion acceleration curve in his fifth order. It is the last
two reactions give a smooth change of motion
acceleration curved drum mechanism that would reduce
the fluctuations of dynamic loads in the spring elements,
but does not minimize them as a dynamic factor.

In [4] The effect of movement in response to the
change and maximum values of dynamic loads in the rope
when lifting load at startup, but does not include
properties rope spread as elastic element lifting
mechanism of the crane.

The impact of distributed properties of cables,
according to the authors of this study can be defined using
the approaches set out in [5-21].

OBJECTIVE

The purpose of the work is justification discrete-
continuum model of lifting mechanism of a crane, which
allows for distributed properties of the spring element
(rope) and allows the absence to the selected quality
criteria of the system to minimize the dynamic loads on
the rope, to determine optimal in this sense, the laws of
motion of the cargo and the drive mechanism of the drum
and to identify their oscillation frequency rope that define
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its resonances, subject to the availability of goods
enshrined in it.

THE MAIN RESULTS OF THE RESEARCH

The dynamic model of valve lift mechanism as a
system with lumped parameters and its analysis.

The diagram of the dynamic model (discrete type)
lifting mechanism (Fig. 1) made the following notation
[4]: m, m1-built lifting channel to the masses under load
and drive mechanism of the drum, x, x1 - generalized
coordinates of mass m, ml, (F2, F1 - cargo weight
(F2 = ml - g, g - acceleration due to gravity) and the
driving force of the drive construction to cargo rope,

C - tightening rope.

Fig. 1. The dynamic model of the crane lifting mechanism
as systems with lumped parameters (discrete model type).

In the first approximation P = E S/e, where e -
modulus material tightrope, S-area of its cross section, I -
rope length).

The model equations of motion lifting mechanism
have the form (4):

{ml-x=F1—f-(x1—x) )
m-¥=(x1—x)—F2

Which easily through simple changes to reduce to a
single equation for X (E) fourth order.

Given the fact that the driving force of the drive drum
is determined: F1=F2+ (m+ ml) -a(t) =mg + (m +
m1l)-a (t), going from (1) have:

XU 4 k2. x = k2 - a(t)where k = [(=+-—)-C. (2)

C - frequency natural vibrations of the discrete
dynamic model of lifting mechanism, t - time, a = a (t) -
function acceleration of a motion mode drive mechanism
with a drum, depending on the time (t).

Solution (2) depends on the type of right that is
determined by the mode of movement of the drive
mechanism. Symbols Number mode 1, 2, 3, 4 above in
the analysis of publications. For specific regime and (t)
has the following form:

a) First rezhym-

a=vy/tn = coust, 3)

b) a second rezhym-
21iy

(1 ——) 4)
c) The thlrd mode-
a=12-22(1 -2, (5)
d) The fourth mode—
a=602%. (1- Ly (6)

Note that in the expressions (3) (6) Vy - speed steady
movement of cargo during its recovery, tn - length start
(acceleration) of cargo.

Further that the point system was in the time of
relative peace, that is:

02 (7)

“)_Oxl,,l 0 —_0— —

Therefore equation (2) should roz yazuvaty under the
following initial conditions:

O ® o
X = 0% 3—0 =-g,%,=0 (8)
Total (2) i |s
X (t)=(Al+ A2 -t) + B1:sin (kt) + B2 - cos (kt) +
+ x part. (T), 9)

where the constants Al,2, V1,2 define the conditions (8)
when a particular solution found (2) x part. (T). We will
further deal with the movement of goods, which
minimizes dynamic factor.
In the twisting element lifting mechanism, ie the
rope, the section of its start when tYe [0, tn]:
— [;" e man. ()} 2 dt - min (10)
From the second equation of (1) efforts to rope are
defined as follows:
F=C: (x1-x) = mi+ Mg. (1)
Quality criteria of motion (10), based on (11)
determines the performance of the following conditions
necessary for its implementation (Euler-Poisson):

xI) =0, (12)
Then we have:
av) 2, = L2,
{x kS x =k a0, _s ga (). (13)
xI) =

So, to find x (G) for optimal cargo movement at the
site start (in the sense of the criterion (10) should solve
(13) with zero initial conditions:

D =y, 9 —0 (9
According to relations (3)-(6) have.
For the first mode:
2
X =2.). (15)
For the second mode:
2 3
X () =22, {% - JE} (16)
For the third mode:
12vy (t3 t* t3
XO="" et o) D
For the fourth mode:
__60vy t* 3 &% ¢
XM= tn '{12t2n 20 t3n ' 10.t*n 42~t5n}' (18)

For dynamic coefficient k din. (+) (for each of the
corners modes) are:
k din. (t) = +§. (19)
For the first mode of movement of the drum drive
mechanism are:

. _ vy
Kdin. (T)=1 +E = coust > 1. (20)
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For the second mode of motion of the drum drive
mechanism are:

2vy t\ _ 2vy Zvyt
K din. (T) =1 +22% (1_5)‘”9? e Ca)
Maximum values of Dean K (t) becomes the starting
point, att = 0:
Dean K (t) / max =k dyn (t) /t_, = 1 + ;—; (22)
For the third motion mode drive mechanism with a
drum ends

Kdyn. (T) =1 + (— - (23)
Maximum values of k dyn (t) becomes y at time

t=tn/3:
kdyn (t) / max =k dyn (t) /t === 1 +3 (24)

For the fourth motion mode drlve mechanlsm with a
drum ends:

v 2
an©=1+52 (). (1-5) = 09

Maximum values of k dyn (t) becomes y at time
t=:§tn:

12vy

tz_ t3)

64-vy

k,unH4(t) _ k}lHH4(€) _ 1296-vy
625-g-tn’

(26)

max t 2

5tn
The following Table 1 shows the min and max
values:

k;u/lH(i) (€), and=(1.4)
forg=9,81m/v, =2 ¢t =2,0c c?
Table 1. The value of min and makaH(i)(t),i =
(1,4).

and k k

,unH(i)/min ;u/m(i)/max
1 1,025 1,025
2 1,000 1,025
3 1,000 1,181
4 1,000 1,053

Note the following: 1) the minimum value for
i = (2,4) becomes time t = tn, ie at the end of the period of
start-up, 2) for i = (1,4) is not the case optimal cargo
movement (oscillating) character (in contrast to the results
obtained Yok (€K (8) [4D).

Incidentally, at time t = 0 (early start):

Lll/lH(t) fori=(3,4) k@ = 1.

Thus, the motion mode drive mechanism of the drum,
which ensure smooth movement and cargo, and also ideal
value at the beginning (t = 0) and the late start (t = tn).
This third and fourth modes (law a (t) respectively).

Given (13), we have:

x,(t) = a(t). (27)
Since x1 (t) are also zero-point conditions:
X1 (1) tey = 0’“1“) = 0(28)

Then the optimum law of motion x1 (t) comude with
corresponding to x (t) (15) (16) (17) (18).

The dynamic model of valve lift mechanism as a
system of separated parameters and its frequency. Rope
with no movement in the lifting mechanism.

Using the approach to work (6), determine the natural
frequencies of the rod (model flexible rope) under the
following boundary conditions:

Whenz =0.
When z = |, where I-length of rope (at the time point
lifting).

mX (z) =ES=E S, p* = ——.
where: z - coordinate pozdovzhenya (along the axis of the
straight rope), p - rope natural frequency (at rest), x (z) -
own modes of rope that performs longitudinal vibrations.

Custom modes of x (z) has the following form:
X (2)="-sin (+-cos (,4; A, . (29)
Where v - velocity of longitudinal waves in the rope,

vt
p
where: p - density material rope.

With conditions at z = 0, we have X (z) / =0, s0:z,—,
A, = 0. The condition at z = | we have:
m-p?- (p—l)= E- cos.-S-E(p—l). (30)
v v \v
Thus, the frequency equation taking into account the
expression = E / p, is v?:
5o (5)=5 G
So part of the equatlon (31) is aratio of weight to the
rope core end load (m). The value of the first root of

equation (I/v) depending on the ratio = pS - I/m following
(see. Table 2) p,a:
Table 2. depending on(z”1 l) a= pT
a 0.10 | 0.30 | 050 | 0.70 | 0.90
p.-l/v | 032 | 052 | 0.65 | 0.75 | 0.82
a 1.00 | 2.00 | 4.00 | 10,00
p.-l/v | 0.86 | 1.08 | 1.27 | 1.42

Calculate the natural frequency of oscillation system
p,for different values rope length | by the following
values: v=Sm/c,E=2-Pa,S=2510310"10"*m?2.

P=28 103 % (steel rope), m kg. Table 3 presents the
value and importance of I-frequency, which corresponds
to a model system with lumped parameters and is defined,
in this case, the expression 103p, 2

Q= /% +2. (32)
Table 3. Value p, and depending on | yQ.

L,m 5 15 25 35 45
py,c1]320.0 | 173.0 | 130.0 107.1 | 91.1
Qc 13160 | 182.6 | 1414 1195 | 1054

L,m 50 100 200 500
py,ct| 86.0 | 54.0 31.8 14.2
Qc 11000 | 70.7 50.0 31.6

The table shows that the value of Q significantly
exceed p, especially for large rope length.

Natural frequencies rope for this case are determined
by the following transcendental equation must solve using
PC:

{mm1 p*—E?.5%. 5} sm( ) {ES
(mml} cos( l) = 0. (33)

The coefficient of dynamic rope lifting mechanism is
determined by the formula given above for load securing
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points (z = I) In the case of optimum start system set
modes and traffic load over the drum (also the best in
terms of quality criteria of the system at the site launch).

CONCLUSIONS

1. Reasonable physical-mechanical model of lifting
mechanism of a crane at the site of its descent, dyskretno-
continual system parameters.

2. Modes of traffic load and drive mechanism with a
drum that satisfy the quality criteria of the system that
minimizes the coefficient of dynamic ropes on the site
starting mechanism.

3. Obtained in the results can subsequently be used to
analyze, refine, improve engineering methods for
calculating mechanism lifting cranes on their site start
considering discrete-continuum all the features of the
latter, as well as to determine the characteristic natural
vibration frequencies (long) ropes (with order to prevent
their unwanted resonance vibrations) as the engine design
(design of such systems and the real operation.
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JUCKPETHO-KOHTHUHY AJIBHI MOJEJIN
B AHAJIM3E U OIITUMU3ALINU
(MHUHUMM3ALINN) JTUHAMWYECKNX HAT'PY30K
B VIIPYTUX DJIEMEHTAX / KAHATAX
I'PY30IIOABEMHBIX MAIIINH

AHHOTAIMS. ObocHOBaHa JIUCKPETHO-
KOHTHHYaJbHAs MOJENb U aHAIHM3a W €0 ONTHMHU3AIIH
(MEUHUMU3AIMK) JUHAMHUYECKAX HArpy30K B YOPYTHX
3JeMeHTax (KaHaTax) TPy30II0IEeMHBIX MAIIHH.

Brrsicuen BIIMSIHUE pacnpeneneHHbIX u
COCPEIOTOUEHHBIX MapaMeTPOB YNPYTHUX 3JIEMEHTOB Ha
BEIMYMHY JUHAMMYECKHX HAarpy30K B HHX Ha y4acTKax
HEePEeXOAHBIX HpPOIIECCOB (cmmyck, TOPMOKEHHUE,
peBepCUPOBaHUE ABUKCHHUS).

IIpennosxeHHBIM KpUTEpUM KauecTBa JABUKCHHUS
TPY30MONBEMHOTO MEXaHW3Ma KpaHa, II0 KOTOPOit
MUHUMH3HpYETCS KO3 (HUIIMEeHT OUHAMHYHOCTH B
KaHaTax, a TAaK)Ke YCTAHOBJICHBI 3aKOHBI IBIKCHUS TPY3a,
IpH  KOTOPBIX  pealm3yeTcsl  yKa3aHbl  KPUTEPHH
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ONTUMU3ALMK JWHAMHYECKHMX HArpy30K MW YOPYTHX
JJIEMEHTAX.

Juis  onpeneneHus AMHAMMYECKUMX Harpy3sok B
YOpYroM 3JIEMEHTE, HalpuMep, B KaHATe€ HCIOIb30BaHA
JIBYXMacCOBBIX ~ MOJENb  JUCKpeTHOro  Ttuma (¢
COCPEIOTOUYCHHBIMH TTapaMETPaMu), IPH 3TOM B Ka4eCTBE
BO3MOXHBIX pE€akUUi B  JBUXKCHHUS  IIPUBOJHOIO
MexaHu3Ma ¢ OapabaHoM Ha  ydacTKe  CITyCKa
HCIOJIb30BaHbl PEAKLUUM JABWXKECHUA C IIOCTOSIHHBIM
YCKOPEHUEM,  KOTOPbII  MHUHUMM3UPYET  BEIMYUHY
JBUXKYILIETO MOMEHTa IIPUBOJA, pEaKUUU JBHKEHUS
JIMHEMHOW M3MEHEHHEM YCKOPDEHHs, MHHUMU3ZHPYET
JUHAMUYECKYI0 COCTABIIONIYI0 MOIIHOCTH TNPHUBOJA,
peaxkiyuy ABWKEHHS C M3MEHEHHEM YCKOPEHHS TPETHETO
MOpsAKA, PEaKLUU ABWKEHHS C U3MEHEHUEM YCKOPEHHS B
€ro KpUBOM IATOTO MOPSAIKA.

Kirouesbie ciaoBa: JUCKPETHOCTD,
KOHTHHYalIbHOCTb, ~MOJE€JIb, AaHAINW3, ONTHMHU3aLUs,
MUHUMU3ALUA, JUHAMUKA, HArPY3KH, YIPYIHe 3JIEMEHTHI,
KaHATBhI, IPY30I10IbEMHBIEC MAlIMHbI, KDAHBI.
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Summary. Furniture manufacturing is linked with
the deep round timber processing and characterized by the
creation of the significant amount of wood waste, precise-
ly, more than 70% of the beginning amount of round
wood. According to this fact, during a long period of
time, high attention have been paid to the technologies of
processing these waste in order to increase companies’
profits. Therefore, by conducting a literature review, it is
known that waste of wood processing can be used to pro-
duce building materials, namely, wood chip board, wood
fiber board, medium density fibreboard. Additionally, saw
dust, chips and other similar waste are used as a substrate
for growing of plants or as fuel for boilers.

Private enterprise “Malyn furniture factory” produces
timber, glulam, furniture boards, sofas, case furniture, ta-
bles, chairs, molding and veneered interior doors. In order
to manufacture this assortment of goods, the factory pro-
cesses 1500 m? of round timber each month. As a result, it
is generated 165 t. of half beams and 90 t. of sawdust each
month during the primary wood processing. These types
of wood waste have high humidity and ash-making impu-
rities (bark, sand, etc.), and cannot be used to produce pel-
lets, currently. Therefore, their usage is limited by the di-
rect burning in the boilers to obtain thermal energy for fa-
cilities heating and timber drying. During the production
of semi fabrications out of timber with humidity of 8-
10%, it is generated 150 t. of the offcuts, 84 t. of wood
wool and 32 t. of sawdust. All these waste have necessary
quality and humidity to be used for pellets manufacturing.
Lastly, during the final stage of furniture production, it is
created 19 t. of offcuts and approximately 52 t. of wood
wool and sawdust. Offcuts that were obtained after furni-
ture boards processing consist of glue and cannot be used
to produce pellets. On another hand, wood wool and saw-
dust have acceptable quality.

The overall amount of wood waste that have neces-
sary quality and humidity to be used in pellets manufac-
turing at PE “Malyn furniture factory” is 318 t. per month.
Based on the 8-hour working day and two-shift schedule,
the calculated productivity of the pellets’ granulation line
that uses only wood waste generated on each production
stage with the necessary quality is 964 kg/h. Currently,
PE “Malyn furniture factory” uses Italian granulation line
P-System P-500 with the capacity of 400 kg/h to produce
pellets. As a result, the company generates more raw ma-
terials for pellets’ production than can recycle with exist-

ing granulation line. Therefore, the head department of PE
“Malyn furniture factory” is planning to increase the
amount of produced pellets by installing new and more
productive granulation line.

Key words: Malyn furniture factory, wood waste,
pellets, calculated productivity.

INTRODUCTION

The technological process of wood harvesting and its
processing is linked with the generation of a significant
amount of wood waste. Harvesting, delivery, and pro-
cessing of wood are technological processes that charac-
terized by the loss of a portion of the wood that cannot be
used to produce final wooden goods. For instance, during
the harvesting and delivery of round wood, approximately
20% of the beginning amount of round timber is waste,
namely, branches, stumps, and roots. Moreover, around
20% of delivered wood cannot be used due to the insuffi-
cient quality. Accordingly, timber manufacturing gener-
ates 35-42% of wood waste whereas furniture manufac-
turing generates up to 70% of wood waste from the be-
ginning amount of round timber.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

Waste of wood processing can be used to produce
building materials, namely, wood chip board, wood fiber
board, medium density fibreboard. Bigger offcuts are
used to produce smaller goods, precisely, wooden boxes,
stands, etc. Wood wool and grained chips are used in the
manufacturing of hard granulated fuel.

To start with, in the work [1] described the usage of
wood waste in the manufacture of MDF (Medium Density
Fibreboard). In [2] presented the study of polymer matrix
composite reinforced with powdered remnants MDF re-
ceived as waste furniture. The production of fiberboard
from the waste products of Brazilian Oak (Tauari) furni-
ture is described in [3]. As a connecting element, polyure-
thane adhesive with castor oil was used up to 16%. The
density of such boards was 1000 kg/m?®. The production of
wood waste wood fibers collected in the Japanese furni-
ture industry containing Pometia pinnata, Pseudotsuga
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menziesii and Cryptomeria japonica with different parti-
cle forms was described in [4]. The compression was car-
ried out at a temperature of 180° C and an initial pressure
of 3 MPa. The pressing time is 5 minutes. The density of
the fiberboard was 720 kg/mé. The study of the character-
istics of these plates showed that the caravan fiberboard
has somewhat worse properties than other fiberboard. Im-
provement of these characteristics can be achieved by
mixing caraway waste with higher quality wood particles
such as Cryptomeria japonica or Pseudotsuga menziesii.
The new composite plastic with wood from wood waste
and dedicated high-density polyethylene [5]. It has been
found that larger particles of wood fiber exhibit better
mechanical properties.

In [6] it is indicated that in the production of rattan
furniture, about 50% of the material is lost. In order to re-
duce the material loss, it was suggested that the waste be
processed into a barrier-free board with no connective
materials with properties similar to those of Hibiscus
cannabinus, coconut husk, and sugar cane boards using
hot pressing. The villages were dried and then subjected
to hot compression at a pressure of 147,5 kPa. In the arti-
cle [7] it is noted that the Wilhelm Klauditz Institute de-
veloped a multi-stage chemical-thermo-mechanical pro-
cess that allows the production of particles and fibers
from old furniture and industrial residues. With this pro-
cess, it is possible to produce boards of elongated parti-
cles and fibers with the same or even higher properties
than the original product, without the addition of fresh
particles or fibers. There are two industrial plants in oper-
ation: the largest of them has an annual capacity of about
30000 tons of dry extracted particles.

In [8], a study was made on the use of wicker furni-
ture from rattan wastes as a material for the production of
cement slab. Three-layer plates with a density of 1050
kg/m® and 1200 kg/m® and a thickness of 6 mm were
made. In the production of plates, the ratio of mixing
Portland cement and rattan waste was used as 2,5:1,0,
2,75:1,0, 3,0:1,0, 3,25:1,0. The paper [9] describes exper-
imental studies on the use of clayey earthwood and wood
chips in combination with classical connecting elements
(cement and lime). New building materials (for terrestrial
terraced houses) using clay and chips were made. The
proposed material has the same mechanical characteristics
as bricks of burnt clay.

In [10], wood waste, including wastes from furniture
production, was investigated for the production of wood
chips as a filling of pipes and filling of mounds. It is es-
tablished that woodcock is suitable as a non-structural
material for filling the masonry, but not as a material for
filling pipes. In [11], it was proposed to compost the
wood bark obtained after the cracking of the branches of
trees that are going to produce furniture. Composted
wood bark with its high air content and good drainage
properties is widely used for growing plants in containers.

The [12] describes studies of 31 furniture industry
enterprises in the province of Gumushan, Turkey. Surveys
were conducted using personal interviews. It was found
that in the manufacture of furniture, MDF and, at a lesser
extent, wood particle board, were used, and when cutting,
two major types of waste were produced in the form of fi-
ne dust and fractional fragments of these slabs. Of the
waste recovered, 96,9% was used for heating homes and

workplaces, where they burned under incomplete com-
bustion. Work [13] describes the use of waste products for
the production of furniture for the production of electrici-
ty in Malaysia. In [14], the method of obtaining energy by
means of joint gasification of coal and wastes of furniture
production is described. Mixtures of bituminous coal from
the Pittsburgh pool Ne 8 and and the waste products of the
furniture industry (sawdust) were jointly gasified in a gas-
ifier with a fluidized bed. The results of gasification of the
mixture of coal and sawdust showed slight differences in
operations in comparison with work only on coal. At the
same time, the transport properties of the mixture of coal
and sawdust were significantly improved compared to
coal. The paper [15] describes the co-incineration of fur-
niture production processes with solid household wastes
for energy production. Part of the furniture waste was
subjected to torreasing using a rotary chamber reactor.
The burning of wood waste, including furniture, in the
furnace with boiling sham-rum, is investigated in [16].
The paper [17] describes the possibility of obtaining high-
quality generating gas from wood, including from wastes
from furniture production.

The production of fuel briquettes from the waste
products of the furniture industry in the form of chips and
larger particles in various proportions with the addition of
kraft-lignin is described in [18]. Briquettes were made us-
ing temperatures of 60°C, 75°C and 90°C. The pressing
and cooling time was 5 minutes, and the pressing pressure
was 68,9-10° N/m?. The presence of 20% kraft-lignin has
the advantage of increasing the resistance and durability
of briquettes.

At the same time, there are restrictions on the use of
waste from furniture production due to the geographic lo-
cation of the furniture factories producing these wastes
and the enterprises that process them. In [19], an internet-
geographical information system (or Internet GIS) was
developed to support decision-making in analyzing geo-
spatial data for collecting and transporting wood waste in
the furniture industry based on minimum costs.

OBJECTIVE

The objective of our research is the justification of
capacity of the granulation line that recycles wood waste
of furniture manufacturing at PE “Malyn furniture facto-

ry".

THE MAIN RESULTS OF THE RESEARCH

Private enterprise “Malyn furniture factory” is the
manufactory that equipped with modern machinery and
produces a wide assortment of goods, precisely, sawn
timber, glulam, furniture boards, sofas, case furniture, ta-
bles, chairs, molding and veneered interior doors. In order
to recycle generated wood waste, pellets granulation line
was installed. All production technology of PE "Malyn
furniture factory" is divided into separate stages:

1. Harvesting. The enterprise has forest harvesting
department. The proper technical equipment allows the
enterprise to carry out work on the harvesting of round
timber in the amount of 1500 m® per month.
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Fig. 1. Primary wood processing: 1 — sawmill department, 2 — offcuts in packs, 3 — sawdust in the tank next to the boil-

er-house.

Fig. 2. Use of primary wood waste to obtain heating energy: 1 — waste before loading to the boiler, 2 — burning waste in

the boiler.

2. Primary wood processing. In the sawmill depart-
ment No 1 (Fig. 1, 1), the primary processing of wood is
carried out. As the output, edged and unedged sawn tim-
ber are produced and two types of waste are generated,
namely, offcuts (Fig. 1, 2) and sawdust (Fig. 1, 3). The
sawn timber is packed in packs, and sawdust and offcuts
are accumulated in the tank next to the boiler-house of the
enterprise. This waste is used as fuel (Fig. 2) for heat gen-
eration, precisely, for the heating of industrial premises

and to provide the required temperature regime inside the
drying chambers.

3. Drying of timber. Sawn and packed sawn timber
are moved to drying chambers with the help of a forklift
truck (Fig. 3, 1). This equipment of the Italian company
INSORLAN was installed at the factory in 2009. The dry-
ing process is carried out for 7-50 days depending on the
size and type of wood and its initial moisture content. The
entire drying process is automated. Control is carried out
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using processors and appropriate software (Figures 3, 2).
For the production of furniture and doors, the humidity of
wood should be within 8-10% after drying.

4. Manufacture of semi fabrications. After the drying
process, the sawn timber enters the department No. 2,
where further processing and manufacturing of semi fab-
rications takes place. The wood undergoes the following
technological operations: board cropping (Fig. 4, 1), tim-
ber cutting with the help of the SurerCut optimizer
(Fig. 4, 2) in order to remove knots, resin pockets, cracks,
etc. During these operations, the significant amount of
dried offcuts (Fig. 4, 3) are generated, which are raw ma-
terials for the production of pellets.

After the calibration on a four-sided machine, previ-
ously made semi fabrications are transported to a finger
joint line where they are glued together in glulam of pre-
set length (Fig. 5). This operation is performed on the lat-
est equipment of the Italian company Spanevello.

The final processing of the semi fabrications is the
profiling of the glulam on the four-sided machine (see

(i

Fig. 4, 2) in order to obtain calibrated semi fabrications
with the required sizes (up to 0.1 mm). After that, the
semi fabrications are placed on pallets, packed and
shipped to the production warehouse. After the cutting
and calibration operations, wood dust is generated
(Fig. 6), which is used for the pellets production.

5. Manufacturing of finished products. Several pro-
duction departments, which produce finished products,
are organized at the private enterprise "Malyn furniture
factory". Depending on the type of product, semi fabrica-
tions are transported to the different departments. During
the production of the furniture boards and furniture out of
them, the corresponding glulam is glued into boards on
the special press machine for transverse gluing. After that,
boards are calibrated to the necessary thickness and cut to
the required sizes on the Italian panel-sizing machine Sic-
ar BOOM-3200 (Fig. 7). As a result, generated offcuts
consist of glue and, therefore, are not suitable for the pel-
lets production, but can be used to generate energy by
burning in a boiler.

Fig. 3. Drying of timber: 1 — drying chamber with timber and waste of wood processing, 2 — monitor of the control pro-

cessor of the drying chamber.

Fig. 4. Manufacture of semi fabrications: 1 — board trimming, 2 — timber cutting with the SuperCut optimizer, 3 — off-

cuts.
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Fig. 5. Production of the finger joined glulam: 1 — machinery with shaper knives, 2 — cut semi fabrications before fin-
ger-joining, 3 — press machine of finger joint line, 4 — glulam.

Fig. 6. Wood W00| on the four- S|ded machl'.ne after proflllng of the glulam

Before painting and assembling of the finished prod- The process of veneered doors production takes place
ucts, the necessary holes are drilled in the parts on the in the department No 5. Depending on model of door, the
drill machine Alhra21. semi fabrications are assembled in frames, covered in

The waste of this operation are chips that used for the  MDF (Fig. 9, 1) on a special press machine (Fig. 9, 2),
production of pellets (Fig. 8). calibrated to the preset thickness (Fig. 9, 3) and cut.
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Fig. 7. Production of the furniture boards: 1 — press machine for transverse gluing, 2 — panel-sizing machine SICAR

BOOM-3200, 3 — formatted furniture boards.

Fig. 8. Drilling of the holes on Alpha21 drilling machine: 1 — general view of the machine,
2 — the process of drilling holes, 3 — wood wool as the waste of operation

The generated waste are wood chips and offcuts,
which are unsuitable for the pellets production due to the
content of glue residues but are acceptable for obtaining
thermal energy by burning in a boiler.

After that, the frames are covered by high-quality ve-
neer on the SICAR hot plate presses and the Spanish
shaving machine BARBERAN (Fig. 10).

Veneered door frames, door boxes, and trims undergo
a stage of grinding and drilling of assembly holes. The
complete set of door parts, according to the order, arrives
at the painting department. The products are painted with
the necessary color, packed and sent to the warehouse of
the finished products.

The technological line of pellets production out of the
wood processing and furniture production waste at PE
"Malyn furniture factory".

As the private enterprise "Malyn furniture factory"
produces pellets only out of own furniture production

waste, the volume of its production is proportional to the
volume of the main production. The average monthly
volume of round wood processing (mainly pine) by the
factory is 1500 m?, or with a coefficient of full-strength
0,65 [20] — 2310 volumeters. As the density of pine is
500 kg/m® [21, p. 17], the factory processed
1500x500=750000 kg. or 750 t. of round wood monthly.

During the primary wood processing, it is generated
22% of the offcuts and 12% of sawdust out of the begin-
ning volume of round wood [21, p. 29]. The output of the
main products (boards and bars) is 100-22-12=66%, or
740%0,66=495 t./month. Consequently, during the pro-
cessing of round timber on the sawmills, it is generated:

— Offcuts: 750x0,22=165 t./month,

— Sawdust: 750x0,12=90 t./month.

This waste has high humidity and the presence of
non-combustible materials (bark, sand, etc.) and cannot
currently be used to produce pellets.
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Fig.‘ 10. Machinery used td cover wooden products by the veneer.

Their usage is limited by combustion in a boiler to
obtain heating energy that is used for drying of timber in
drying chambers and to provide the necessary temperature
regimen in the production, domestic and administrative
premises of the enterprise. In order to use this waste as the
raw materials for the pellets production, they have to be
dried and debarked. In the production of semi fabrications
out of timber with a moisture content of 8-10%, the waste
output are offcuts (30%), wood wool (17%), sawdust
(6,5%) [22, p. 24]. Thus, during the manufacturing of
semi fabrications, the next waste is generated:

— offcuts: 495x0,3=150 t./month,

— wood wool: 495x0,17=84 t./month,

— sawdust: 495%0,065=32 t./month

The production of semi fabrications generates
150+84+32=266 t. of waste and 495-266=229 t. of semi
fabrications per month in total. All the waste obtained
during the manufacturing of semi fabrications have the
required quality and humidity for the pellets production.

Fig. 9. Covering of parts by veneer: 1 — wooden beams covered by MDF, 2 — press machine used to cover beams and
frames by MDF, 3 — Grinding machine for wooden beams.

‘\ j == M2t
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During the production of finished products, the next
amount of waste is generated, precisely, 8,2% of offcuts,
22,0% wood wool and 0,6% of sawdust [22, p. 24]. Con-
sequently, the enterprise generates the next amount of
waste at this production stage:

— offcuts: 230x0,082=19 t./month,

— wood wool and sawdust: 230x0,226=52 t./month

Offcuts that are obtained during the processing of the
furniture boards, consists of admixtures of glue and can-
not be used to manufacture pellets. On another hand,
wood wool and sawdust (52 tons per month) that are gen-
erated after drilling holes in the furniture parts can be
used for the production of pellets.

Consequently, the amount of waste currently suitable
for the pellets production is 266+52=318 t./month. The
rest of the waste cannot be used to manufacture pellets for
various reasons and, therefore, burned in the boiler to ob-
tain the thermal energy.
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Fig. 11. Technological scheme of the pellets production line with additional crusher.

According to the two-shift work schedule of the pel-
lets granulation department, 8 hours of working time per
one shift (of which about 0,5 hours can be spent on pre-
paratory works and daily maintenance of the granulation
line, therefore, the net working time of the granulation
line will be 8-0,5=7,5 hours), and 22 working days per
month (in average), the calculated capacity of the granula-
tion line is:

_ 818 _ 0,964 t./hour.
22-2-75
Currently, the Italian line with a productivity

of 400 kg./hour is used for the production of wood pellets
at the private enterprise "Malyn furniture factory"
(Fig. 11). As a result, the factory generates more raw ma-
terials that are suitable for the pellets production than can
be recycled with the existing granulation line. Therefore,
the management of PE "Malyn furniture factory” plans to
expand the production of granulated biofuel through the
introduction of a new, more productive, pellets production
line.

CONCLUSIONS

1. The estimated productivity of the pellets produc-
tion line with the usage of only wood waste with accepta-
ble quality, precisely, dried and debarked, at PE "Malyn
furniture factory" is 964 kg./hour.

2. Currently, the Italian line with a productivity of
400 kg./hour is used for the production of wood pellets at
the private enterprise "Malyn furniture factory"”.

3. Consequently, the factory generates more waste
that is suitable for the pellets production than can be recy-
cled with the existing granulation line.

4. Therefore, the management of PE "Malyn furniture
factory" plans to expand the production of granulated bio-
fuel through the introduction of a new, more productive,
pellets production line.
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OBOCHOBAHME MOIMHOCTMU ITEJUIET JIMHWN
I'PAHYJIMPOBAHUA YACTHOI'O ITPEAITPUATHA
“MAJIMHCKAS MEBEJIbHA X1 ®ABPHUKA”

Annotanus. [Ipou3BoacTso Mebenu cBS3aHO C IITy-
OOKOM Kpyrioi oOpabOTKON APEBECHHBI U XapaKTepU3y-
eTcsd CO3/laHHeM 3HAUUTEIbHOI0 KOJMUYECTBAa APEBECHBIX
0TX0/10B, TouHee, Oosiee 70% Ha4yano oObEM KpYIJOro
neca. Ilo nanHOMY (hakTy, B T€4EHHE UTUTEIBHOTO MEpH-
0Jla BpeMeHH, 00JIbIIoe BHUMaHNE OBUIO YJETICHO TEXHO-
JIOTHU 1epepabOTKU 3TUX OTXOIOB B LEJSAX ITOBBIICHMS
OTBETCTBCHHOCTHIO NpodcBoeMy. [losToMy, mpoBoas 00-
30p JMTEpaTyphl, M3BECTHO, YTO OTXOXBI IIEpepabOTKH
JPEBECHHBI MOTYT OBITh HCIOJBb30BaHbI AJISI IPOU3BOICT-
Ba CTpOUTENbHBIX MaTepuainos, a umenno JCII, JBII,
MI®. Kpome TOrO, ONMUIIKH, LIENa U APYTrUe OTXOIbI UC-
MOJIB3YIOTCA B KaudecTBe cyOcTpara AJisl BRIpAIlUBaHHS
pacTeHui WM B Ka4eCTBE TOIUIUBA JUISI KOTJIOB.

YactHoro npeanpusatus “ManuHckas mebenbHas ¢a-
Opuka” TPOM3BOIUT OpyC, KICEHBIH Opyc, McOeIbHBIC
IINATHI, JWBaHBL, KOpIyCHass MeOeslb, CTOJBI, CTYJb,
JUThE W INHOHMPOBAaHHBIE MEXKOMHATHbIe aBepH. Jlis
TOTO, YTOOBI U3TOTOBHUTH 3TOT ACCOPTHMEHT TOBApOB, 3a-
Boj nepepadarteiBaet 1500 M3 KpyrJioro jieca B Mecsil. B
pesyipTate cozmaercs 165 T momoBmua syueit u 90 T.
YBHIEJIIBUIN KXKIbII Mecsll BO BpeMs IIEpBUYHON 00pa-
OOTKHM JIpeBECHHBI. DTH BHJIBI OTXOJIOB IPEBECHHBI UMEIOT
BBICOKYIO BJI&KHOCTb M 30JIbHOCTBh-O()OPMIICHUE MpHUMe-
ceif (kopa, MeCoK | T. 1.), 1 He MOET OBITh HCIOJIb30Ba-
Ha [ TPOU3BOACTBA IEJUIET, B HACTOAIIEE BpeMs.
IToaToMy MX MCHONB30BAHHE OIPAHUUYUBAETCS HPSIMOTO
CKUTAHMA B KOTJIAX IS TIOJyYSHUs! TEINIOBOM SHEPTHH 3a
YCIYr'H OTOIUICHHS M CYIIKH JpeBecHHBl. Bo Bpems
CHEMOK I0JIy U3MBIIUICHHS U3 JPEBECHUHBI C BIa’KHOCTHIO
8-10%, ona nmpomsBojutrcst 150 TOHH. 3 00pe3koB, 84 T.
u3 apeecHod mepetd ¥ 32 T. onwmtok. Bee 3tu oTxoab!
HNMEIOT HEOOXOANMBIC Ka4eCTBa M BIAKHOCTH, YTOOBI HC-
MOJIK30BaThCA JUIS MPOM3BOJACTBa memier. HakoHer, Ha
3aKJIIOYUTEIBHOM JTare MPOM3BOJICTBa Mebenu, OH co-
31aH 19 TOHH. U3 0OpPE3KOB W MPUMEPHO 52 T U3 JApeBec-
HOW IIepCThI0 M omuiakamMu. OTX0bl, KOTOpBIE ObLIH I10-
Jy4eHbI Tocie 00paboTKH MEeOESNIBHBIX IUTOB COCTOUT M3
KJes W MOXET OBbITh WCIHOJNB30BaH JUIS IPOM3BOJCTBA
nesutet. C Apyroit CTOpOHbI, JpeBecHast IEpPCTh U ONMIKA
HMEIOT NPHEMIIEMOE KadeCTBO.

OO1mee KONMMYECTBO IPEBECHBIX OTXOAOB, KOTOPBIE
HNMEIOT HEOOXOIUMbIE Ka4eCTBa W BIAXKHOCTH JUISl MCIIO-
JIb30BaHUs B Ipanyiibl npousBoacTBa Ha YIl “Manunckas
MebenpHasa pabpuxa” coctasiseT 318 T. B mecsm. OcHo-
BaHa Ha 8-4acoBOW paboOuMil Me€Hb W JABYXCMEHHBIN I'pa-
¢uK paboTHl, pacYeTHYIO MPOU3BOIUTEIHHOCTh JIMHUU
TpaHyJSIMU TPAHYJ, YTO MCIONB3YIOTCS TOJIBKO JIPEBEC-
HBIE OTXOABI, 00pa3yIomMecs] Ha KaXIOW CTaAuU INPOH-
3BOJICTBA C HEOOXOOMMBIM KadyeCTBOM gBIsgeTcI 964
kr/gac. B nacrosmee Bpems, UIT “Manunckas meOenbHas
(abpuka” MCIOJIB3YET UTANBSHCKYIO JIMHHUIO T'PaHyINpO-
Banus II-cuctemsr C-500, ¢ npousBogutenbHocThi0 400
KI'/4 JyIsl TIPOM3BOJICTBA TOIUIMBHBIX TpaHyll. B pesynbra-
T€, KOMITaHUsI IPOU3BOAUT OOJIBILE CHIPBS JUISL IIPOU3BO-
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CTBA MEJUIET, YeM MOXKET IepepadoTaTh CyIECTBYOLIHE
JUHUM rpaHyssinud. Takum o0pa3oM, HaYalIbHUK OT/AENa
UIl “Manunckas mebenbHas (padbpuka” TIaHUPYET yBe-
JUYUTH 00BbEM MMPOM3BOJCTBA OKATHIIIEH 3a CUET yCTaHO-
BKHU HOBBIX, 00JIe€ MPOAYKTHBHBIX JIMHHUI TPAHYJIISIINH.

KuaroueBble ciioBa: Manmackass MebOenpHas ¢abdpu-
Ka, JPEBECHBIE OTXOJbI, NEJUICTH, PACUETHYIO MPOU3BO-
JIUTEJILHOCTb.
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Abstract. The article summarizes the existing
domestic, European and North American methodological
requirements to test set of machines for poultry.

Characterized that the method of comparing the values
of indicators in the subject of complex regulatory
requirements and with relevant indicators for complex
analog.

It is also established that the results of mathematical
processing of measurement data used for comparison with
the required values of technical specifications with the state
acceptance tests (technical terms, if state periodic testing)
for a decision on the conformity of the test complex
technical requirements to technical specifications). There
are two possible cases.

Also, for comparison of parameters obtained in the
prototype testing of complex equipment and complex
analog calculate the significance of differences in means.

Recommendations from the results of testing complex
take on the basis of results of comparison of values of
indicators of the test of complex equipment technical
requirements for supply, zootechnical requirements and
values for complex analog.

Key words: methodology, requirement, test, complex,
machine for poultry.

INTRODUCTION

Poultry is a company specialized intensive poultry
meat or egg directly.

Poultry feed derived from feed mills, while products
produced evenly and rhythmically throughout the year.

Consider the following methods of cultivation and
poultry, sexual, cellular and combined.

In the floor keeping chickens kept pas poultry house
floor with possible walking or not.

In keeping chickens are outdoors and find their own
food, herbs, insects, mineral supplements and more.

With this increased maintenance labor costs and
limited concentration of livestock.

Floor cultivation and breeding chickens is to use deep
litter on the floor planchastiy or mesh, good ventilation,
optimal light conditions.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

This increases the level of mechanization and
automation of manufacturing processes, improves
productivity, increases economic efficiency [1-5].

In keeping Cage chickens are placed in the cellular
batteries consisting of several layers of cells [6, 7]. In each
cell to accommodate 3-10 10-60 chickens or chicks [8-12].
Location chickens in small groups reduces stress in the
formation of groups easier to observe them [13-15]. The
relatively limited movement of chickens in cages leads to
reduction of feed costs by 10-25% compared to the floor
while keeping the same performance [16].

In keeping Cage increase the cost of the metal, but
there is no need to litter in livestock increases 3-4 times per
unit area [17-19].

Combined cultivation is that chickens to 1.5-2 months
of age are kept in cages with heated and then transferred
them to the floor in keeping light areas that are not heated.
This method is used in small poultry farms [20].

OBJECTIVE

Purpose of research — to reveal the main
methodological requirements to test a set of machines for
poultry farming.

THE MAIN RESULTS OF THE RESEARCH

The process of egg production can consider poultry
pas example of a complete cycle, ie from hatching eggs and
meat to the diet of laying (Fig. 1).

The process of production of dietary egg starts in 1
shop breeder chickens, which provides full economy
hatching eggs. Breeder located in housings 10 thousand
heads, divided into 4-5 sections.

The shop incubation grade 3 eggs, disinfects and lay
in bulk incubators for chickens according to a given rate of
production. Streams 4 day-old chicks and 14 come from
the workshops of incubation to 5 workshops cultivation
and breeding heifer replacement deha breeder 17.
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Fig. 1. Scheme of egg production process: 1 - shop of a parent herd, 2 - flow of incubation eggs, 3 - the shop of incubation,
4, 14 - streams of day-old chicks of industrial and pedigree herds, 5 - Growing shop, 6 - flow of young animals,
7 - industrial plant herd, 8, 10 - eggs flows, 9 - the shop for processing eggs, 11 - a stream of dietary eggs, 12 - the stream
of repair young animals, 13, 16, 19, 20 - streams of discarded chickens in processing shops, 17 - Growing shop of young
pigs of the parent flock, 15 - the flow of cockroaches, 18 - shop for fattening cocks, 21 - shop for processing chickens,

22 - sales of meat.

In plant breeding 5 day-old chicks are placed in a
prepared disinfected the room and hold up to 140 days of
age, depending on the method of keeping the floor, in cages
or in combination.

Then the stream top 12 cockerels and chickens
parental forms sent to the breeder, and 6 stream of young
plant growing - for the acquisition of industrial herd of 7 to
180 days of age, they are at heifer replacement.

Rooster separated from the chickens in the daily or 30-
day age and sent to the plant feeding 18 which are raised
for meat subject to special diets.

Stream 20 cockerels egg breeds rent for slaughter at
the age of 60-90 days, when they reach mass 700-1200 g.

Shop 7 industrial flock of chickens is the main element
that gives dietary eggs.

Chickens are kept in cages without cockerels. Stream
8 eggs collected from the hens of industrial herd and
unsuitable for incubation breeder 10 goes to the processing
plant Egg 9, where they are sorted, cleaned, packed and
sent for implementation.

Main production sector towards the egg - an egg diet
(stream 11), and support - from chicken rejected (13, 19,
20, 16) chickens, roosters and vyhodovanyh cockerels.

The shop processing chickens spend 21 slaughter,
processing carcasses, sorting, cooling and packaging for
sale.

Industrial aviary egg direction control is a complex
subject with many uncertain ties.

Analysis of facility management is complicated by the
fact that the processes in the poultry house, providing
reception planned number of eggs do not occur during
continuous operation, due to the presence of a large number
of random disturbances.

It should also be noted that the facility management
total number of parameters to take into account when
calculating the value management rather large. The
composition of the flow of information can be found by

expert assessments at three levels: engineer operator,
foreman, chief specialist.

To ensure the validity of the results of examination
recommended rank correlation method which allows to
determine the relationship between the findings of the
panel. For poultry egg direction, the flow of information
can be presented three types of parameters: technical,
technology, technical and economic.

Prospects of automation in poultry. We was designed
microprocessor control and process control in the poultry
house. Fragments of the system implemented on the farm
"Kiev" and achieved high economic performance.

The principle of operation of the system shown in the
block diagram (Fig. 2). Process control by means of
microcontrollers UYS2721.

To improve the reliability of the control of the
controller duplicated. When leaving one microcontroller
system is blocked and process control equipment and takes
over another controller.

This signal is formed in damage to unit coordination
and implementation of parallel processors. When a
mismatch control signal signal appears the damage coming
on both processors.

The result is an automatic test both processors in
which determine the one that failed. Allowing management
of non-working CPU will then be available.

Management in this case, go to the processor, and
display information through the block will be presented to
the operator. Control signals from the processor enters the
processor, and then depending on the type of control
equipment enters the decryption unit, or digital-to-analog
converter.

To control the ventilation control signal in the form of
eight parallel code enters the digital-to-analog converter
where converted to an analog signal into a voltage and hits
the boards ventilation.

Managing other technological equipment decryption
unit carried out by forming a control signal on it.
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Fig. 2. Block diagram of the microprocessor system of monitoring and control of technological parameters in the poultry

house.
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Fig. 3. Exterior of water.

Fig. 4. Appearance feed flow type ECHO.

To control the process control unit used
kormorozdachi longitudinal conveyor kormorozdachi LP
... L'12 control unit kormorozdachi cross conveyor, screw
conveyor control unit kormorozdachi.

To control the process of removing litter from the
block decryption signal supplied to the control unit
longitudinal conveyor cleaning litter N1 ... N6, and the
control unit transverse conveyor cleaning litter.

Forced ventilation to control signal from the
decryption unit enters the control unit ventilators. At

BINETMP o |

____ B3#er

LMPw 130101

<)

malfunction in the control circuit electrical equipment, the
failure of electric motors, with output operating modes
beyond the nominal power in the formation of a priority
signal which generates an interrupt signal entering the
microprocessor.

Information about the rejection and the current values
(on request) process parameters is formed and displayed in
the block display.

Request current values of microclimate organization
formed in the block query. Converting analog signals and
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input them into the microprocessor is in unit conversion
and switching of analog signals.

In this system, such converters used (Fig. 3-5):
temperature measuring - sensor type TSM, for humidity -
sensor type DV-1K, to measure the cost of feed - flow type
ECHO, for measuring water consumption - flow type IP.

IT farm designed and put into operation the first stage
of the automatic control system integrated poultry farms
(Fig. 6). Hierarchical it has two levels: the automated

production management system, it includes automated
dispatch control system and two automated process control
systems - automated process control systems and
automated power management process poultry. Through
an automated system supervisory control is centralized
temperature control in poultry houses - the system
"Chestnut - T" - and centralized control and management
regime in light housings - “Chestnut - C".

SM 1600
————> ——
Dispatcher Chestnut 7
ASDC Chestnut C.
APCS
enerhoposta-Channa
\Z AVA
LAN
—>
SS SS -
| == Iy — W ' '
I % — "
OPS OPS
Poultry Shop Foreman Poultry Shop Foreman
shop Nel shop Ne2
LAN LAN
MS2701 MS2701 MS2701 MS2701 MS2701 MS2701
Ptash- Ptash- Ptash- Ptash- Ptash- Ptash-
nickname nickname nickname nickname nickname nickname
Nel No2 NeN Nel No2 NoN

Fig. 6. Physical structure of the automated control system of technological processes at the poultry farm: ADCS -
automated dispatch control system, DC - device of conjugation, OpD - operator's desk.
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Fig. 7. Cell battery CBN for keeping chickens: 1 - drinking equipment, 2 - frame, 3 - cage, 4 - feeder, 5 - fodder breeder.
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Table 1.

Settings

technical

technological

feasibility

Failure: fan motor, Engine cellular

batteries. Control operability of
electrical equipment  (motors
protection). Diagnosis and
forecasting of electric motors.

Diagnosis and management circles
of power networks (primary
measuring transducers). Self control
systems. Work tidal ventilation and
exhaust systems. Work ventilators
and water heaters.

Temperature: inner, external. The
concentration of CO,. Illumination
during daylight hours. The growth
of mass poultry. The velocity of the
air. The temperature of the coolant,
which is fed to the poultry house
heating system. Number of coolant
that passes through the circle
opposite the shop and each poultry
house (room) apart. The presence
and quantity of fodder in the bunker.
The concentration of NH3.

Egg production, egg / h.

Gross production of eggs.

Livestock poultry. The cost of feed:
g/ head, kg / 1000 pcs. eggs. Water
consumption: g / head, kg / 1000
pcs. eggs. Culling chickens% of
total stock, for slaughter, mortality.
Figure culling in relation to cross
biological characteristics. Dynamics
of egg weight.  Electricity
consumption. Prediction
yaytsenosnosti. Cost: USD. / 1000
pcs. eggs, UAH. / 1 kg of feed.

motors. Control of the electrical
capacity of electrical equipment
(protection of electric motors).
Diagnostics and forecasting of
electric motors. Diagnostics of
control circuits and power networks
(primary measuring transducers).
Self-diagnostics of the control
system. Work of the tidal and
exhaust ventilation systems. Work

concentration. Lighting during light
day. Bird mass increase. Speed of air
movement. Temperature of the
coolant, which is supplied to the
heating system of the poultry house.
The amount of coolant that passes in
the back of the shop and in each
poultry house (hall) separately.
Presence and quantity of mixed
fodders in the bunker. Concentration

Table 2.
Parameters
technical technological technical and economic
Fault: fan motors, cell battery | Temperature: internal, exterior CO, | Egg yolks, eggs per hour.

Gross egg production.

The bird's head. Feed expenditures:
g / head, kg / 1000 pcs eggs Water
consumption: g / gol, kg / 1000 pcs
eggs Chicken excrement,%, total
number: for slaughter, mortality.
Chart plot in relation to the
biological characteristics of the
cross. The evolution of the mass of
eggs. Electricity costs. Prediction of

of inflow ventilation and water | NHs. eqgg production.
heaters. Costs: UAH / 1000 pcs. eggs, UAH
/ 1 kg of feed.

CONCLUSIONS

1. Automated process control system implemented at
the poultry plant poultry, comprising 5 to 10 chicken
houses. Technical support this level is made on the basis of
microcomputer CM 1810. Composition of this information
is presented in Table 1 and Table 2.

2. Directly in poultry houses are microcontrollers type
MS2721 (MS2701) performing process control in the
poultry house on a given program.
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TEXHOJIOTMYECKWUE OCHOBBI YIIPABJIEHUS
TTPOIIECCOM ITPOM3BOJICTBA TTPOTYKLINNA
MITULEBOJICTBA

AHHOTauusA. B craThe 0000IIEHBI CYIIECTBYIOIIHE
OTEYECTBEHHbIEC, CBPOICHCKHE M CEBEPOAMEPHKAHCKHE
METOIMYECKHE TpeOOBaHMS K MCIBITAaHUSAM KOMILIEKCa
MalllMH IS coiepkanus nTuibl. OXapakTepu30BaHo, YTO
METOIMKA CpaBHEHMs 3HAYEHMH [OKaszaTeled 1Mo
UCTIBITYEMOMY KOMIUIEKCY ¢ TpeOOBaHUSIMHI HOPMATHBHON
JIOKYMEHTAIIMH ¥ C COOTBETCTBYIOIINMHU IOKA3aTEISIMH 1O
KOMIUIEKCY-aHaJIoTYy.

Taxxe YCTaHOBJIEHO, YTO
MaTeMaTH4ecKo  oOpabOTKM  JaHHBIX  U3MEpEHUit
UCTIONB3YIOT TP CPaBHEHMH WX C TpeOyeMbIMU
BEJIMYNHAMU TEXHHYECKOTO 3aaHus pu
TOCY/AapCTBEHHBIX TIPUEMOYHBIX UCTIBITAaHHUAX

pE3yNIBTATHI

(TeXHUYECKHX  YCIOBHHl ~ IpU  TOCYIApCTBEHHBIX
MEPUOANICCKUX UCTIBITAHUAK) JUIS MPUHSITUS PEIICHUS O
COOTBETCTBHH HCIBITBIBAEMOTO KOMILIEKCa TPeOOBAHHUAM
TEXHUYECKOTO 3a/IaHHsl TEXHHUYECKUX yCioBuid). [Ipu aToM
BO3MOXHBI  J1Ba ciydas. Taikke JUisi  CpPaBHEHHS
MOKa3aTesiel, MOJYYEHHBIX MPU HCIBITAHHUSAX OMBITHOTO
obpasiia KoMIuiekca 000pyI0BaHMS U KOMIIJIEKCa-aHaaora

IOACYUTHIBAIOT 3HAYUMOCTb pa3HI/ILH>I CpeI[HI/IX
MOKa3aTeei.
Pexomennanuun U3  pe3ynbTaTOB HCIIBITAaHUN

KOMILUIEKCAa NPUHUMAIOT Ha OCHOBAaHUU PE3YJIbTAaTOB
CpaBHEHMsSI  3HAUYEHHM  MOKas3aTesleil  HCIBITyeMOro
KOMIUTEKCAa O0OpyHOBaHHS TPEeOOBAHUSAM TEXHUYECKHX
YCIIOBHH Ha MMOCTaBKY, 300TEXHUYECKUM TPEOOBAHUIM H
3HaUEHUSIMU NIOKa3aTesel Mo KOMILJIEKCy-aHajora.
KiaroueBple  ciioBa: METOAMKa, TpeOOBaHUE,
HCTIBITAHNUE, KOMILUIEKC, MalllMHA JIJIS COAEPKAHNUS IITULIBI.
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Summary. In the article a mathematical model of
calculation of optimum width of the harvesting of a
combine harvester is compiled. The following combines
are used for the calculation: DON-1500 B, CLASS
Lexion 480 and John Deer 9640 WTS. Dependences of
changes in speed of combines and direct operating costs
on harvesting from grain crop yields and harvesting width
of a combine are determined.

The analysis and comparison of the main
performance indicators of harvester combines with
different trap widths shows almost invariable values of
direct operating costs due to the slight effect of width on
performance. It has been determined that for John Deer
9640 WTS the optimum will be a reaper with a width of
7.5 m for a yield of 4.5 t / ha. In this case, direct costs for
this reaper will be 3750 UAH / ha.

Key words: grain harvester, optimization, reaper,
capacity, capacity for threshing power, crop capacity.

INTRODUCTION

The current head of agribusiness at least sometimes
worried about issues efficiency performance of industrial
problems faced by the economy and how long it takes to
manufacture each hryvnia invested in income earned and
how it will be.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

Therefore, to improve the performance of production
faced with a choice of purchasing harvesting equipment
[1]. When choosing how to use their own experience and
the experience of neighboring farms or similar area [2-5].
However, today's market harvesting machines is broad
enough [6-11]. And if the choice is somehow combine
can understand the question selection Reaper sometimes
solved only intuitively [12-16]. Each manufacturer (or
seller) SH Technology will offer a reaper, but whether it
is best for a particular farm and will remain on the
conscience of the seller [17]. And it is working with the
owner [18]. And something to fix after the acquisition is
already difficult [19]. Therefore, the question of choosing
the optimal width harvesters, as a matter of choice
combine harvester is no less important [20].

OBJECTIVE

The aim of the study — develop a model of optimal
choice Reaper width for combine harvesters, depending
on yield management and low direct operating costs.

THE MAIN RESULTS OF THE RESEARCH

Investigations obtained, which is typical indicator for
the efficiency of grain harvesting can take the criterion of
efficiency loss. This criterion is the sum of explicit
(combine harvesting costs) and implicit (technological
losses of grain). These technological losses of grain can
be divided into:

— headers direct losses,

— losses associated with
crushing grain,

— losses due to the excess of the timing of the
harvest.

Affect the obvious loss is possible by the selection of
brands combine harvesters. Regarding the latter implied
losses, a loss again associated with providing cleaning
technique (seasonal operating time on HCC) and Quality
Technology (weediness) and regulations. Question loss
grain reaper depends on the optimal width for a given
recent productivity culture.

To improve efficiency loss criterion we attempt to
find the optimum width depends Reaper yield of grain
and direct operating costs per unit of work. In this case
the main criterion chosen combine speed and minimum
cost.

Variables adopted for the study objective function

working width Reaper ( Bp ), namely:
B, = f(\/p;Gk;Np;W;kp‘x‘).
Depending on the size combine harvesters in the
aggregate change the following parameters:
— working speed V, km/h,

nedomolotom and

operating weight harvester G, Kg,

factor working strokes combine kp.x.,

power on rolling N kw,

variable performance combine harvester.
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To determine the working speed of the LC at
different Reaper width using two analytical dependence

[4]

v 36-(Ne,-£-N,)
P B, UL+, Ny, + N””)+ 9-G, -(f+i)
10 Mrp
mx  360-0,
p :Bp—-U’

where: Ne, - nominal effective engine power, KW,
B, - Reaper width, m,

U - grainyield, t/ ha,

& - motor load factor, which can be seen as transfer
efficiency from the motor to the drum,

N, - power density for threshing grain weight of 1
kg per second (9.1 kW. s/ kW),

N,,;; - power density for crushing weight of 1 kg
solomystoyi 1 s. (2.1 kVt.s / kwh),

f -rolling coefficient (0.12),

Ny - efficiency Transmission (0.88),

O, - solomystist (1.5),

Gy - combine mass and weight of grain in bunker.
Equation (1) limits the speed of the engine power
harvester Ne, and formula (2). Actual capacity threshing

q,- In the calculations taken by the working speed less

than the calculated dependencies 1 and 2.
Operating weight combine harvester determined by
the formula:

Gy =G, +G, +G,,
where: G, - weight combine harvesters without, kg,
G - weight Reaper kg,
G, - mass of grain in bunker kg (calculations made

continued simplification of grain bunker weight equal to
the maximum possible capacity for bunker).

V. -p-
G3 —__0 @-p
100
where: V- the bunker volume, m?,

£ - density of cargo (grain) kg / mé,

@ - ratio of the volume of bunker ¢ =0.95.

Costs capacity to combine movement determined
from the dependence [6]:

Nne = g < . (f + : Jy
" 36, 100

where: f - coefficient of rolling,
i - the slope of the fields% ifi =0

9-Gy -V, - f
- 367,
Ratio calculated in working strokes combine:

nep

3
¢ =120 W, )
r 6-L,-B,-U

where: T, - time for one turn, h,

L, - the length of estrus, m. (per accepted average

length 1000 m).
Variable  performance  self-propelled
harvester, t / h determined by the formula:

-1
W3,w :Wzod (i-{_ki_l] ’

combine

T

om p.x.
where: W, ;- hourly productivity per hour of normal
time, t,
7., - regulatory utilization time changes.
Productivity per hour of normal time determined
through a balance of engine power, namely:

Ne -£—N
WM):L

Change losses of grain reaper (Hedera), depending on
the speed of the harvester can be determined by empirical
relationship established experimentally by us:

A=-5x10"+0.067 -Vp -75-10°° ~Vp .

Power, which spends equipment at threshing grain is
found from the formula (8):

N06M = NeH - Nnep .

For cost optimization criterion adopted total direct

operating costs harvest losses complemented by high-
speed cutter different modes:

C=C+C,+C,+C,+C _UAH/ha

where: C, - salaries of staff serving combine UAH / ha,
C, - the cost of spent fuel and lubricants, €/ ha,
C, - deductions for depreciation combine UAH / ha,

C, - deductions for major, minor repairs and
maintenance combine UAH / ha,
C,. - loss of income from shedding grain reaper,

€/ ha,
Remuneration attendants is given by:

Z n; -m;
C,==——UAH/ha
W&‘,W

where: n; - remuneration for a variable rate output
machine operators (support staff), USD,

m; - employees of certain qualifications,
The cost of fuel and lubricants determined:
C,=1,Q,UAH/ha

where: I] . - integrated the price of one kilogram of fuel,

K

UAH / kg,
Q, - fuel consumption, kg / ha.
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Fig. 1. Block diagram of calculating performance HCC Grains.

Table 1. Results of calculation optimization of HCC depending on the width Reaper.

. . The calculated Productivity-ness, Direct exploitation-
Reaper width, m Yield, t/ha speed, km/h ha/ ﬁ/ tion cosrt)s, €/ha

3 7.65 2.78 1294.76
4 6.53 2.37 1306.76
5 5.65 2.05 1612.53

5 6 4,61 1.67 1883.05
7 3.89 1.41 2153.23
8 3.46 1.26 2493
9 2.97 1.08 2765.68
3 6.68 2.89 1110.42
4 5.43 2.35 1288.66
5 4.69 2.03 1630.11

6 6 3.83 1.66 1903.1
7 3.24 1.4 2175.8
8 2.88 1.25 2519.85
9 2.47 1.07 2795.23
3 5.87 2.96 1059.35
4 4.64 2.34 1259.61
5 4,01 2.02 1593.52

7 6 3.28 1.65 1860.39
7 2.77 1.39 2126.95
8 2.46 1.24 2463.22
9 211 1.06 2732.38

Deductions for depreciation determined:
(B, +B,)a
*100-W,, ot W? =

and productivity. Dependence on which determine the
performance metric will look like:

3.6q,

Deductions for capital, maintenance and technical
osbluhovuvannya combine found a similar (13):

— (BK +Emc)' Prop
* 100w, 1,

where: BK - book value of combine harvesters USD,

Bm - Reaper carrying amount, USD,
d - standard deduction for depreciation,%,

O U@+s,)

The second part of the block diagram (right) also
shows the calculation scheme performance determining
HCC, but already the part of the technical and operational
capabilities combine. This relationship allows for width,
yield, TSP kinematics motion, etc:

0.36-B,(Ne,-£-2-q,)

W, = .
" B,-U(+6, Ny, + N,m)+ g-f-G,t

Prop - Standard deductions for maintenance and 10 e
repairs,% This was chosen for further calculation and
v performance of the two, which is smaller. Fuel

t, - zonal annual burden on combine harvester, h.
The value of losses from crop losses on determined
by the relationship:
C,.=U-A-I],.
where: [, - the purchase price of a ton of grain,
UAH / t.

The first block diagram (left) is based on gaining
performance including bandwidth thresher, solomystist

consumption and other indicators were considered
unchanged. Modeling calculations carried out for three
combine harvesters: DON-1500 B (Reaper of 5, 6 and 7
pm), CLAAS Lexion 480 (5.4, 6, 7 pm) and the John
Deere 9640 WTS (5,4, 6, 7.5 and 9 m). The results
obtained by calculations optimization DON-1500B
harvester presented in Table 1 and Fig. 2-4.

For ease of analysis were constructed changes
depending on the speed of the combine yield for different
widths Reaper (Fig. 2-4).
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These graphs are shown as direct costs and direct
harvesting operation and optimal speed range from 3

to 6 km/h. These charts allow you to select the
desired cutter farming conditions. Knowing the average
productivity in the economy, and given the prospect of
improving vyield selection algorithm may be as follows
(Figure 4), laying on the horizontal axis pidiymayemsya
desired yield to the intersection of the curves for the
calculated speeds width. In this case (bottom-up)
336 km/h (@ m),40km/h (7.5 m),515km/h (6 m)
and 5.6 km / h for the reaper width 5.4 m.

As we see all speeds are the recommended range
(3-6 km / h). After the points of intersection curves to the
right to the intersection of curves corresponding direct
costs can be determined that these costs will be chosen
with sizes ranging Reaper.

However, in our case, 5.4 m and 9 are on the border
of the recommended range, and therefore can not be
recommended for selection. More appropriate would be
reaper width 7.5 m, since it has a reserve of speed, if
improved technology and increased productivity. This
selected yield 4.5 t / ha for the direct costs harvesters
make 3750 UAH / ha.

It should be noted that the curves direct costs almost
repeat one another with few deviations. This is because
the model parameters by changing the width Reaper
almost no change. Changing the weight and price slightly
combine harvest machine.

Figure 3. present area, the yield of 3 to 5 t/ ha, which
is the same speed by changing the width. This restriction,
which was laid in the model and lay in the fact that when
the calculations (1, 2) speed greater than 8 km / h, then
the speed taken at 8 km / h as recommended farming.

CONCLUSIONS

1. The model of choosing the optimal width of the
combine harvester Reaper allow one to choose for
specific conditions of the economy, the optimal width
Reaper with a minimum direct operating costs.

2. Calculations for the three combine harvesters can
determine the yield potential ranges for different sizes
Reaper. Specifically for DON-1500 B yield range for all
harvesters sizes will range from 4.5 to 6.5 t / ha for
CLASS Lexion 480 from 6.5 - 9 t / ha for John Deer 9640
WTS, respectively, from 4 to 5 5 t / ha. Fluctuations in
either direction yields leads to prevent the choice of one
or more headers.

3. Working with optimally combine harvesters
defined width will reduce the loss of grain reaper, reduce
the cost of power to move the combine, which in turn
further be used to provide higher performance and
improved fuel economy.
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OIITUMAJIBHAS HIMPUHA XKATKH
3EPHOYBOPOYHOI'O KOMBATHA

B crathe cocraBieHa MaTeMaTHYecKas MOJENb
pacuera  ONTHMalbHOW IIMPHMHBI  3aXBaTa  JKaTKU
3epHOYOOpOUYHBIX KOMOaifHOB. JlIsi pacdera B3ATHI
cnenyrome komOaiiue: JIOH-1500 B, CLASS Lexion
480 u John Deer 9640 WTS.

Onpe,ueneHLI 3aBUCUMOCTU HM3MCHCHUA CKOPOCTU
KOMOAfHOB M MpPSMBIX SKCIUTyaTallHOHHBIX 3aTpaT Ha
yOOpKe OT ypo>KallHOCTH 3€pHOBBIX KYJIBTYpP M IIHPHUHEI
3axBaTa KaTKH.

AHanmu3 W CpaBHEHHE OCHOBHBIX IIOKa3aTelsei
paboTBl KOMOAWHOB € JKaTKAMU DPA3IMYHON IIUPUHBI
3axBaTa IIOKa3blBaeT IOYTH HEU3MCHHBIC 3HAYCHHS
TPSIMBIX 3KCIUTYaTallMOHHBIX PACXOJO0B, YTO OOBICHICTCS
HE3HAYUTENIbHBIM BIHMSHHEM IIMPUHBI Ha IIOKa3aTeln
paboTEHL.

Omnpeneneno, uro mas kombaitna John Deer 9640
WTS onrtumManibHO#l Oyaer »xarka ¢ IUPUHOH 7.5 M s
ypoxaiiHocT oT 4.5 T/ra. Ilpu 3TOM mHpsiMble 3aTpaThl
JUIsl 9TOM kaTku cocTassaT 3750 rpu/ra.

KnwueBble ciaoBa: 3epHOYOOpOUHBIH KOMOaiiH,
ONTHMH3AIMA, JKaTKa, IPOMYCKHas  CIOCOOHOCTS,
MOIIHOCTh Ha OOMOJIOT, YPOXKAaHHOCTb.
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Entropy Conditional Subjective Preferences for Alternative Functions Defined in Conditions
at Early Diagnosis of Internal Diseases of Cattle
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Summary. In this work, based on the analysis of
existing methodological approaches the analysis of the
patent-conjuncture, analytical and experimental basis of
foreign and domestic experience in systems technical
support for early diagnosis of internal diseases of cattle.
The authors have determined the analytical preconditions
of formation of system of technical providing early
diagnosis of internal diseases of cattle. In a experimental
background for the formation of systems of technical
support for early diagnosis of internal diseases of cattle.
Also defined mehanotron properties of the main methods
of organization of communication in the engineering
systems of early diagnostics of the internal diseases of
cattle.

This project uses a synergistic approach, according to
which any interaction of natural systems leads to exchange
between matter, energy and information. While one of the
systems (early diagnostics of the internal diseases of cattle)
is the emitter, the other (technical mechatronic system) —
battery. The sudden discharge of the first synergy of the
two systems, the other system can accumulate surplus
synergy with the simultaneous sudden strengthening of the
dynamics of internal processes that leads to the structuring
of the system and dissipation. In this self-organization
leads to changes in the transmission mechanism of synergy
to mechatronic system for the more intense condition.

Object of research — the structure and mechanical
properties of technical support for early diagnosis of
internal diseases of cattle.

Subject of research — analytical regularities of changes
of structure and properties of mechatronic technical
support for early diagnosis of internal diseases of cattle.

The aim of the research is to improve the adequacy of
the analytical description of the structure of an adaptive
system, which will include itself system technical support,
system management, the environment and the system of
early diagnostics of the internal diseases of cattle.

Research methods — theoretical and experimental
methods of analogies and clarifications, synergetic theory
at the acceptable value and regularities of parameter
changes, time studies, statistical analysis, experiment
planning.

It should be noted that dictionaries and encyclopedias
are still identify and diagnosis the term "diagnosis" is often
a medical kind of recognition, meanwhile, this kind of
knowledge is distributed in different areas of scientific and
practical activities of man.

Diagnosis, like scientific component as a field of
scientific practice is socially determined, changing in the
course of historical development of society. Its modern
development in the XXI century is in the direction of
empowering faster and more accurate closer to the goal,
recognition of the causes of deviations from norms of a
technical object. In turn, the development of diagnostics is
characterized by the irregularity of the variability of its
individual parties, as well as influence each other different
characteristics or parameters of the controlled objects from
the standpoint of information content, and often even from
the standpoint of redundancy information flow. This
applies to all levels and sections-theoretic adaptive systems
synthesis technical support for early diagnosis of internal
diseases of cattle.

Key words: synthesis, technic,
diagnosis, internal diseases of cattle.

support, early

INTRODUCTION

This section considers the problem of finding the
optimum combination of target functions defined as
conditional logic system of equations. Simulated the
behavior of active systems controlled intelligent (active)
element. PMSE is used for the canonical distribution of
individual preferences as the solution of the problem on a
conditional extremum [1].

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

In the subjective analysis of the problem facing the
human consideration of participation in the entity
management systems and processes in most (large
numbers) research, which affect the functioning and
management of the so-called active systems [2-5]. It is
because the active system containing an active element (the
person who is responsible for making decisions), it has
features above are defined in this section [6-17].

Thus, the active intelligence system managed its active
element and active element operates based on its own
distribution of its benefits to all the time on the set
achievable goals for its alternatives [18-24].

Consider the conventional theoretical
consisting of three equations [22]:

system
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yl(x)' if yl(x)> yz(x) N yl(X)> y3(x),
Yo%), i v, (%) > vi(%) A y,(x)> ya(x), (D
y5(x), otherwise.

Concept (1) sees Y, (X) - dependence, for example,

which is used to determine: Parameter Security
Management active system performance indicator using
the i-th operator (alternative) technical system size
criterion feasibility of and the second alternative strategy,
the role and the first political party (alternatives) in
sociology/policy, the utility function and the second
alternative in the economy and so on. al., depending on
some parameters X - for example, a certain parameter
usage, parameter influencing the active safety system, the
value of income taxation, political index return, the
proportion of light and shadow economy, etc. and v. al.
Here, the system of equations (1), intelligent looking
positive value. Naturally, this should be the maximum.

Yo (X) =

OBJECTIVE

The aim of the research is to improve the adequacy of
the analytical description of the structure of an adaptive
system, which will include itself system technical support,
system management, the environment and the system of
early diagnostics of the internal diseases of cattle.

THE MAIN RESULTS OF THE RESEARCH

Without doubtful if functions y,(x) are negative

quality modeling should be made taking into account the
relevant minimization:

yl(X)’ if Y1(X)< yz(x) A yl(X)< ys(x)l
yz(x)r if yz(x)< Y1(X) A Y2(X)< ya(x)r

ys(x), otherwise.

Thus, the system (1) (2) appear as examples of natural
intelligence in decision-making. However, they do not
represent preferences / intentions (individual preferences)
active elements of the system. They do not show how much
and which of the alternatives the person responsible for
making decisions leans control.

Conceptual framework of subjective analysis allow
you to create models of artificial intelligence systems using
active functional postulated as (2).

Consider, for example, The problem with the systems
specified logical conditions (1), (2). Therefore, N = 3.

Suppose that Y; (X) given by equations

Y1(X) - a(x - dl)k + b(X - dl)k_l + C(X - dl)k_2 '
yz(x): _a(x_dz)k —b(X— dz)k_l _C(X_ dz)k_2 1y
ys(x)=nxe™ +z,. 3)
where: a, b, ¢, d;, d,, k, z,, z;, n - certain

relevant factors and model parameters.

Necessary conditions for the existence of functional
extremum [11] in the form of a system of equations
oo

T :0.
or,

Ymin (X) = (2)

110

90-TTmax(x) 100

/
90-TImin(x)
L |
90-11(X) 80
90-m2(X)

90-13(x)

Ymin(x)
- 0

RN
y200

\
y3(%) 20
\

—

Fig. 1. Target features, advantages, their optimal combination and Smart range.
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Lead to the canonical distribution of individual
preferences, such as illustrated in [12], ie systems (1) (2)

N =3, F =y,. Theywill,
e
Ti=— )
z e*/jyi
i1
For system (1) optimal combination of advantages:

7[1()()! if 7[1()() > ﬂz(x) A 7[1()() > 7[3()()!
722(X), if 72'2(X) > 72'1(X) A T, (X) > 7T3(X), ®)
75(x), otherwise.
Similarly to (2)
z(x), if m(x)< 7, (X) A 7 (X)< 7
ﬂz(X), if 7[2(X) < 72'1(X) A 71'2(X)< Tty
m,(x), otherwise.
Introduce Smart range as
XTI(X) = I g (X)+ T (). ™
The function (7), a positive value, 0< ZH(X)SI

for two alternatives 2. H(X)| \

itself, although it is formed as a sum of functions
vnhormovanyh benefits covered by the system (5), (6).
In the particular case of the following data: a= 0.5,

b=-0632, c=9487 d;=5 d,=0, k=2, z,=70,
Z,=30, N=-0.4, B=-0.063 simulation results of the

procedure (1)-(7) are illustrated in Fig. 1.
With diagrams built in Fig. 5 in appropriate scale

shows that the optimum combination of features Y, (X)

M (%) =

R (X) =

5= 1. Is not normalized by

meet the optimal combination of function benefits 7; (x)
Corner point change Y; (X) have the same abscissa as for

T, (X) Smart range on the one hand has its own minimum
corner points with the same abscissa same as for the
maximum combination of objective functions y; (X) and

for the respective roles of individual preferences 7; (x)

On the other hand Smart range has its own corner points of
the peaks by the same abscissa as the minimum for a
combination of individual preference functions and

objective  functions yi(x).Considered means  the

application of variational problems, which develops in the
subjective analysis The problem for the entropy of benefits

Zyz
entropy optimal combmatlon of advantages

i ()= =[0I T, (X)+ Ty (x) 0T (). )

Entropy best vnormovanyh combinations of

preferences ( ) ( )
1_Imax X _ 1_Imin X
Hmax_n(x)_zT(X)’ 1_Imin_n(x)_ ZH(X) )

R T T R G0

Entropy calculated by formulas (8) - (11) are shown in
Fig. 6.

Entropic paradigm illustrated with appropriate
diagrams built in Fig. 2 allows you to see that the proposed
measures are relevant uncertainty thresholds for evaluating
management decisions.

In 7z (8)

(10)

1.15

)

N |

R

2.081x107, Do |
10 -5
[ 104
Fig. 2. Entropy advantages and Smart range.
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However, comparison of entropies Smart range and
optimal combination of features advantages confirms that
Smart Corner point range and therefore optimum and
transitions from one target to another function, not
necessarily those of traditional extremes entropy (8) and
clearly that entropy is taken in the traditional form (8) is
not in such a setting angular points because it is in this case
so that her schedule playing a smooth curve (it is
everywhere differentiated function).

In contrast to her curves entropies (9)-(11) actually
have the corner points with the same as the Smart range
abscissa, because they have diagnostic value for optimal
conversion.

To assess conflict decision making and process control
operation and conflict distributions of individual
preferences applied psevdoentropiyna hybrid function
proposed.

The relevance of these studies is that the development
of principles of construction Al assumes the existence of
certain ideas about the principles of natural. It is always
important to have a theoretical basis, which allows the
principal models give a reasonable explanation
psyhodynamitsi process control with active memory in the
system, the benefits of aggregation.

When considering the functional form:

CDHlt Z”Hl Inﬂ_Hl
+ g(m)( ”i(m)' Fi(m)) n , (12)
N
+ 7(2 Y —1)
i1
N
where: T - discrete time, — Zﬂi(t+l) Inz*Y - entropy

i=1
subjective individual preferences 7ri(”1) where N -
number of alternatives, S(Hl)(ﬂ»(Hl) F.(“l)) - function
- individual

and benefits of cognitive functions Fi(”l) Y

psyche endogenous parameter for normalization condition

N
z ﬂi(”l) =1, function of subjective efficacy:
=1

_(t+1)’ F'(t+1))= i 7R ) '

£t (,T (13)
i=1

cognitive function:

F. (t+1) (ﬂ'i(t) ) = aﬂl(t) + A1In ﬂi(t) (14)

where « and [ - endogenous parameters for the

respective functions given in the form of individual
preference functions and those functions natural
logarithms in the previous time t. In respect of these
alternatives.

Applying the necessary conditions exist extremum of
functional (12) in the form:

oD (t+1,t)
872'-(“—1)

1
gives the desired solution:

=0, (15)

It+1 ( )ﬂewz,
( )ﬂeaﬂ'

The distrlbutlon of benefits canonical form functions
as a recursive dynamic model advantages. Dynamic
features active management of uncertainty benefits system,
in this case, are modeled using subjective entropy, which,
inturn, is variable, dependent on the discrete points in time.

To simulate two and three steps back to get:

’[2’[lt 12 t2
R o
i=1

(16)

" (17)
+8(t+2)(7z_i(t+2), Fi(t+2))+ }72 ﬂi(uz)
i=1
N
8(t+2)(ﬂi(t+2)’ Fi(t+2))= 7Z_i(t+2)Fi(t+2). (18)
i=1
t+2 t+l t _ t+1 (t+1)
ivs = )+ Inz " +
' ) p . (19)
+ }/ﬂ(t) +01In 7r
t+l 5 wr, +77r|()
7 = N( )ﬂ(ﬂ' Te - (20)
Sl et
=1
(D(t+3 t+2, t+1, t) ”t+3 |n71' t+3) +
i (21)
+ 6(t+3)(7z__(t+3 t+3 ) Zﬂ_ t+3)
3 3 3 N 3 3
£z ))ZZ”i(” E ) 22)
i=
Fi(t+3)( ”i(t+2)’ ﬂ-i(Hl)’ ﬂi(t)):
=az" + BIn 2D 4yt 4 )
+5Inz" 4z + 2In 7Y

(63 _ (Y () (a0 et . (29)

N 5 1 a2t ()
S o et
J:

Thus, we get the model of the "memory" of the
distribution of benefits "yesterday," "the day before" and
"off-the day before yesterday." It becomes possible to
combine and test various models of "memory". This is the
way to solving the problem of forecasting the distribution
of benefits in the future, based on the information stored in
the memory. It is possible to investigate the influence of
deleted information on the following behavior of active
systems. Building on this approach, we find that in
modeling scheme:

(I)S' 1) _ —ZN: 7Z'i(t) In ﬂ'i(t) + g(t)(ﬂi(t), Fi(t))+
i=1 , (25)
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£0(, F9)=3 2OF0, 6)
i=1
F (t)(ﬂ-(t’l) ) =ar'™V+ BInz4Y, (27)
distribution of benefits has the form:
_(tfl) azri(H)
U i 2Om). e

> (el et

j=1
In solving this problem, using (28) and (16) we find:

) _ [0 (0 et _ 2z, (29)

Sl e

Expressions (16), (28) and (29) is one and the same
dependency benefits at this step of the advantages of the
previous step. Any of formulas (16), (28) and (29) provides
a recursive lookup procedure distribution preferences at
this step in the formula for determining the allocation of
the next step.

This allows you to extend the forecasting process on
any number of steps.

For space dependency of steps, such as:
”i(ul) —f (ﬂ,i(t—l))' (30)

rather expressions of cognitive functions (19) (23)
corresponding functional (17) (21) put:

a=0, f=0,1n=0 A=0. (31)
We took a (20) (24):
O ara!
. ') e
) = —N( ) — (32)
S e
j=1
(t+1) g e ya(t)
7Z_i(t+3) _ 7T ) (33)

i (7;(_”1) )5 emﬁ‘“) .
j

j=1
Such a scheme may extend to forecasting any number
of steps.

0.986, _—
~
TElit / /
TCldt /
Tflet \
thit 051 _/'/_:
nZdt e~ :_T_: __________________
n28t
0.014, 0 l
10 20
L, t 20,

Fig. 3. Benefits.

Mathematical modeling and numerical experiments
using formulas (12) - (33) shows the following. If (12) -

(16) on the coordinate plane parametric @ - # available

there are areas in which the corresponding subjective
entropy tends to increase, that is uncertain benefits of the
active element management system increases with time.

However, some other combinations of settings & and [

observed the opposite effect.
For partial initial data
uncertainty:

N=27z"=077"=03a=03, =0.765
t=0... 20,
simulation results shown in Fig. 3, Fig. 4.

In two other cases, partial initial data that differ from
the previous example:

5 =0.9765, [ =0.85808. (35)

Fig. 3, Fig. 4 symbol «i» corresponds to an increase
uncertainty is estimated experiment realized version (34),
Instead symbol «d» marked numerical modeling conducted
for the case of reducing uncertainty (the first of the
conditions given in (35)), the results of numerical
experiments if «e» versus match (approximately)
simulated the constancy of entropy (the second of the
conditions given in (35)).

Exploring parametric & - /3 coordinate plane for the
presence of "balanced" state of the system for initial data:

"= 0.6985, 71" = 0.3015, (36)
obtain a chart shown in Fig. 5.

Fig. 9 area marked between rows 1 and 2, virtually

endless strip. If the « and [ get to this area (band

between 1 - and 2 top row - bottom), which is limited to the
middle contour lines 1 and 2, the entropy of individual
preferences and, consequently, the uncertainty of the active
element of the system will increase over time. Row 3
shows the maximum values of entropy subjective
individual preferences.

Areas outside of the boundary lines 1 and 2 are the
areas where the system tends to increase certainty over

time, so that, if there hit options @ and [, Subjective
entropy will decrease over time.

in case of increasing

(34)

0693, 08 '
Hi; 06~ -
— AN
Hdt \
— o4k _
Het \ \
In(2) g0 AN —
_ ~
\

.0.072, 0 l

0 10 20

0, t 20,

IL:ig. 4. Entropy.
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Fig. 10. Information.

By themselves, lines 1 and 2 represent combinations
o and £ with "well-balanced" state. These values «
and A and is listed on the chart (Fig. 5).

Depending on the initial data:

7[1(0), 7r§°) =1- 7[1(0) ,
obtain a chart shown in Fig. 6.

Fig. 6 shows that the lines change their slope, passing
through the point with coordinates (O,l), (0,0), (0,—1).
The experimental results for (17) - (24) with values:
N=2 z"=07 z{¥=03 a=03 p=0.765
Y =0.105, 6 = 0.306, 77=10.047, A =0.309,
t=0...25,
information generated incrementally shown in Fig. 7.

For cases (30) - (33) for other things being equal (38)
the previous example, the results shown in Fig. 8-10. For

cases with designation (t + 3) accepted:
a=0, f=0. (39)
Modification of cognitive function, which takes into

account the possible presence of source data values from
zero benefits can serve as expressions:

—In( A 4 &ﬂ”w)

(37)

(38)

(40)
Then:
(t-1)
+ /™
=2 - (41)
a+o Z e’
j=1
It is also possible is the use of recursive models:
t+l f [a ] t+l f [ﬂ ] (42)

Approach (12) - (42) as conceptually shown to
simulate the impact of a close or distant past - "history",
and to forecast the future. Entropy concept of active control
system that summarizes implemented in procedures such
as (12) - (42) is used in subsequent sections of this study.

CONCLUSIONS

1. The proposed hybrid model features combined
psevdoentropiynoyi benefits in the form of (12), varying in
the range [-1 ... 1], best suited to ascertain the degree of
certainty / uncertainty.

2. Basically, most of the alternatives in certain
resource problem situations can be divided into two or
three groups. Namely, for productions problems with two
main groups achievable alternatives faithful and false, and
in the case of three: true, false and neutral.

3. Smart range is taken in the form (7) reflects the
amount of the largest and smallest advantage in every
moment during their distribution. It is always greater than
the unit of a positive value, but it is close to one, but less
than one mentioned talking about the number of
alternatives considered subject, in which case their number
is more than two, and one of them is clearly overwhelming.
The proximity of the values of this function to zero
indicates the presence of a large number of alternatives
under a slight advantage. That is, in this case, if one is
under more preferred alternative, its benefits are far
smaller.

4. Using recursive models considered a class of
systems that are being in the sense of sharing with the
world of energy and matter are open in terms of sharing
information about the benefits accumulated in the memory
"of dormant information” and while such systems can
reduce their own entropy. The authors believe that one of
the main feature that distinguishes active system from
among all the others. Active systems include the following,
and they are considered.

5. Thus, active systems can be for the exchange of
matter and energy, but produce or consume information
within itself, because of the aforementioned properties. It
stands (released) a special type of resource that has
information accumulated in the memory. We assume that
the way proposed an original version of the model memory
that can be used for modeling Al.
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SHTPOIINY YCJIOBHOI'O CYBBEKTUBHOI'O
[IPEJIIOYTEHMS U151 AJIbTEPHATUBHBIX
®VYHKIINHI B YCJIOBUSX PAHHEN
JUATHOCTHUKHU 3ABOJIEBAHUI BHY TPEHHUX
OPI'AHOB KPYITHOI'O POTATOI'O CKOTA

Hesan Pozoscxuii, Dyzenuyw Kpacoscku

AnHotanusi. B nanHoit pabote Ha OocHOBe aHaiM3a
CYILIECTBYIOIIUX METOA0IOTUYECKUX MOJXOA0B NPOBEICH
aHallM3 IaTeHTHO-KOHBIOHKTYPHBIX, AHAJIUTHYECKHE U
9KCIEpUMEHTANIBHBIE OCHOBBI 3apy0eKHOTO u
OTEYECTBEHHOTO OMbITA B CHCTEMAaX TEXHUYECKOU
MONACPKKH Ui paHHEW JWarHOCTUKH 3a00JleBaHMMA
BHYTPEHHHX OpPraHOB  KPYIHOIO POraTtoro  CKOTa.
ABTOpaMH OIpENENIECHBl AHATUTHYECKHE MNPEINOCHUIKH
(OpPMHPOBAHUS CHCTEMBl TEXHHYECKOTO OO0ECHEeUeHUS
paHHEH IMAarHOCTHKHM BHYTPEHHHX OOJIE3HEH KPYIHOTO
poraToro ckoTta. B sKcHepHUMeHTalbHBIC IMPEIIOCHIIKU
(OpPMHPOBaHUS CHCTEMBI TEXHHYECKOH TOAICPKKU ISt
paHHel JAMAarHOCTMKM BHYTPEHHHMX OoJie3Hell KpyHmHOTo
poratoro ckora. Taxke oOnpefeleHHbIE CBOWCTBA
MEXaTPOHUKH U3 OCHOBHBIX METOZOB OpPraHU3alllU CBA3H
B MHXCHEPHBIX CHCTEMAaX paHHEH  JUarHOCTHKH
BHYTPEHHHUX 00JIe3HEH KPYITHOTO pOraToro CKoTa.

OTOT NPOEKT UCHOIB3YeT CUHEPreTUYECKUI MOAXON,
COTJIaCHO KOTOPOMY JII000€ B3anMOAEHCTBUE PUPOTHBIX
cUCTeM IPUBOANT K OOMEHY MEXIy MaTepuel, sHepruen
u uHpopmanueil. Bo BpeMs omHOW W3 cucTeM (paHHSS
JMarHOCTHKA BHYTPEHHUX OO0JIe3HEH KPYITHOTO pOraToro
CKOTa)  SBISIETCS  DMUTTEPOM, JApyras  (CHCTEMBI
TEXHUYECKHE MEXaTpOHHbIe) — Oartapen. BuesamHbrii
paspsii MepBOTO B3aUMOCWCTBUS JABYX CHUCTEM, IOPyrHe

CUCTEMBI MOI'YT HaKaIUIMBAaTb W3JIWMIKA CHHCPIUU C
OITHOBPEMCHHBIM PE3KUM YCUIICHUEM JUHAMHUKH
BHYTPCHHHUX IMMpO1ECCOB, 4qTo MpUBOAUT K

CTPYKTYPUPOBAHUIO CHUCTEMBl M JIuccumanuu. B 31oil
caMOOpraHu3aly MPUBOAUT K U3MEHEHUSIM B MEXaHU3MeE
nepeaavu B3auMOJIEHCTBYS B MEXaTPOHHOM CHCTEMBI s
GoJiee HANPSHKEHHOTO COCTOSTHHUSL.

OOBEKT nccIeJOBaHNS — CTPYKTypa M MEXaHHYECKHE
CBOMCTBA TEXHWYECKOM NONIEPXKKUA JUIsl  paHHEH
JIVAarHOCTHKH  3a00J€BaHMM  BHYTPEHHHX  OpPIaHOB
KPYITHOTO POTraToro CKOTa.

IIpenmer  uccaenoBaHms — — aHAITUTUYIECKHE
3aKOHOMEPHOCTH HU3MEHEHHs CTPYKTYpPBl M CBOICTB
MEXAaTPOHHBIX TEXHUYECKON IOJNEPKKU M paHHEH
JIMarHOCTHUKH BHYTPEHHHX OOJIe3HEH KpYITHOrO poratroro
CKOTa.

Ilenp wuccienoBaHus 3aKIOYACTCSl B IIOBBILICHUM
aJIeKBATHOCTH AHAJUTHYECKOIO OIMCAHUS CTPYKTYPHI
aJlaNTHBHON CHCTEMBI, KOTOpasi OyJeT BKIIIOYaTh B ceds
TEXHUYECKYIO HOJAEPIKKY CUCTEMBI, CUCTEMBI
YIOpaBJICHUs, OKPYXKAIOIIeH cpenbl M CHCTEMBI paHHEH
JIMarHOCTHKHM BHYTPEHHHX OOJe3HEH KpYyITHOrO poraTroro
CKOTA.

Metonsl  HcchaenoBaHHMS ~—  TEOPETHYECKHE U
JKCIEPUMEHTAIBHBIE METOABl aHAJOTMi U YTOYHEHU,
CHHEpTeTHYEeCKasi TEOpPHs MO JOIYCTHUMOMY 3HAUYECHHIO H
3aKOHOMEPHOCTH HN3MEHEHHSA napamerpa,
XpOHOMETPHPOBAHUE, CTaTUCTHYECKHH aHaJIN3,
[IJITAHUPOBAHUE IKCIIEPUMEHTA.

CrnemyeT OTMETHUTD, YTO CIOBAPHU U SHIUKIIONICINH MO~
NPeXHEMY BBISBICHHE W JAMATrHOCTHKA TEPMHH IHArHO3
4acTO MEANUIIMHCKHUH poJia IPU3HAHNE, MEXY TEM, TAKOTO
pola 3HaHHE paclpelesieHHBIX B Pa3IUYHBIX chepax
Hay4YHOW U MPAKTHUYECKOM 1eITeIbHOCTH YEJIOBEKa.

JlmarHocTuka, Kak HaydHas cOcTaBisomas B chepe
HAy4YHOH NPaKTHKHU ONpeAeIsIeTCsl COUAIbHO, U3MEHEHHUE
B XO/J€ MCTOpPHYECKOro pas3BuTHs obOmectBa. Ero
coBpeMeHHOe paszButue B XXI Beke B HampaBlCHUU
pacumpeHust BO3MOXKHOCTEH ObIcTpee M TouHee OJMKe K
Leny, TMpU3HAHME MPUYMH OTKIOHEHHH OT HOpPM
TEeXHHYECKOro oOwBekTa. B cBol0 ouepenb, pa3BHUTHE
JMarHOCTUKHU XapaKTepU3yeTCst HEPETYJIAPHOCTHIO
HU3MEHUUBOCTH €€ OTIEJBbHBIX CTOPOH, @ TAKXKE UX BIUSIHUE
JIpYyr Ha JIpyra pa3Iu4HbIX XapaKTEPUCTHUK U IapaMeTpoOB
KOHTPOJIUPYEMBIX ~ OOBEKTOB  C  TOYKH  3pEHUS
WHPOPMATUBHOCTH, W YacTO Jake C TOYKH 3pEHUS
M30BITOYHOCTH ~ WMH(QOPMAMMOHHOTO  IOTOKA.  JTO
OTHOCUTCSI KO BCEM YPOBHAM M pasjellaM TeOpeTUKO-
aJIalITUBHBIX CUCTEM CHHTE3 TEXHUYECKOH MOIepKKHU IS
paHHe# JMarHOCTHKH BHYTPEHHUX OOJIe3HEeH KPYIHOTrO
poraToro ckora.

KiroueBble ciaoBa: CHHTE3, TEXHHUKa, MOJAEPIKKA,
paHHSAS OUAaTHOCTHKA, 3a00JICBaHUS BHYTPEHHHUX OPTaHOB
KpYIHOI'O pOraToro CKoTa.
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Summary. In Ukraine and abroad in several sectors
of industries, a system of informational support of
products lifecycle. Which is based on the standardized
representation of product data and assumes brand
warranty and post-warranty service. Such technologies
typically include control system reliability: the system
collects information about failures, scheduled and
emergency repairs, as well as about the technical
condition detected with special test and diagnostic tools.
Similar systems are being introduced in the high
technology industries of our country, and in the sphere of
technical maintenance of combine harvesters are being
introduced separate elements of the system.

Analysis of the possible production situations with an
organized enterprise centralized technical maintenance of
combine harvesters on the technical condition of the units
allows to make a conclusion on what to reduce in-plant
losses is possible by reducing errors and detection of
aggregates and their distribution.

Selection of artificial neural networks as a
mathematical apparatus for the solution to reduce error
detection of aggregates and their distribution for
technological routes at the centralized maintenance of
combine harvesters was justified by the ability of this
mathematical tool to the study, analysis and retention
results, as well as high adaptation to the solution of the
problem.

When building a neural network classifier of the
system of technical maintenance of combine harvesters, it
is first necessary to determine the complexity of the
division of objects into classes. To simplify the problem
of classification of the system of technical maintenance of
combine harvesters, it is necessary to achieve a linear
separation of the objects of study.

Since the task involves more than two classes of
system of technical maintenance of combine harvesters
for the distribution of units between them, the most
efficient method of forming output signals will be a set of
vector components. In other words, every possible defect
combine harvester will have its output signal, and the
presence of a defect or lack of it will say 0 or 1 on the
corresponding output. It is very important to achieve close
as possible to 0 or 1 values, this requires preprocessing
the input data.

Key words: modeling,
maintenance, combine harvester.

technology, operation,

INTRODUCTION

The invention relates to the field of computing, and
more particularly to methods and devices for monitoring
[1], and can be used in operating practice for optimal
management of preventive maintenance of the object on
the current state of its reliability, and can be used in
various fields of technology, particularly in the system for
a decision on preventive maintenance of combine
harvesters [2]. The technical result is to determine the
optimal time interval between adjacent preventive works
maintenance facility on the current state of its reliability
in terms of time and cost expenditures [3]. The apparatus
comprises a sensor failure facility failure of the counter
measurement unit time between failures, the CPU
operator workstation, an input unit of information, a
display unit, a selection unit of a random distribution law
time between failures, the selector confidence probability,
the confidence determining unit failures interval
calculating unit decision function, the decision device,
dial cost penalties [4].

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

The invention relates to the field of computing, and
more particularly to methods and devices for monitoring,
and can be used in operating practice to determine the
optimal time for the next of maintenance items as, and
can be used in various technical fields, in particular in the
system of combine harvesters for deciding on preventive
maintenance element of technical devices of combine
harvesters transport [5].

Known is a method of determining the optimal period
product service implemented using known devices
determine optimal maintenance period [6].

In the known method the optimum period of service
of the object is determined by taking into account the
factor of his age and the time available for maintenance
[7]. Optimization criterion is the minimum service period
coefficient of downtime for a given allowable value of the
maintenance period of the product [8]. When
implementing the known method solves the problem of
improving the accuracy of determining the optimal object
service period [9]. This object is achieved by the
introduction of the second multiplying unit, a second
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dividing unit and the fourth delay element, and by varying
the number of interconnects and inter-element linkages
[10].

The disadvantage of this method of determining the
optimal facility maintenance period is the limited scope of
use, namely, only to object to the aging factor, failures
which are distributed by the combine harvesters, as well
as the planned preventive maintenance without taking into
account the current state of the reliability of the object
[11].

The closest analog of a portion of the method [12] is
a method for determining the optimum period of
maintenance of the facility is implemented using a known
device for determining an optimum maintenance program
system [13]. The method consists in the realization of a
mathematical model to determine the timing of system
maintenance program [14] that provides optimal
maintenance intervals of each of the subsystems and the
overall system [15].

Device implementing the known method is the
closest analogue to the device and comprises a memory
unit [16], the two unit multiplying three adders, two
divider, a subtractor block nonlinearities, time sensor, a
comparison unit, an integrator, three delay element, an
gate waiting multivibrator memory element, a key and a
shift register [17].

However, the known method and apparatus
determine the optimum period of maintenance work [18]
does not consider the variation of the current failure rate
with respect to the operating conditions and the types of
operating devices [19].

Problem solved by the proposed invention is to
provide a method and system to determine the optimal
time for the next of the maintenance facility of its
reliability [20], in which the time and cost to carry out
preventive and repair work will not be higher than the
costs for carrying out the repair work without preventive
maintenance [21].

The technical result of the invention is to determine
the optimal time interval between adjacent maintenance
work maintenance of the facility on the current state of its
reliability by taking into account time and cost expenses
for carrying out preventive and repair work [22].

OBJECTIVE

The article presents the analytical statements of
methodological approaches to modeling technology in
centralized technical maintenance of combine harvesters.

THE MAIN RESULTS OF THE RESEARCH

This is achieved in that the method of determining
the start time of the next maintenance facility counted
number ni of failures in the time interval from 0 to i-th
control products preventive maintenance and the time tj
between adjacent failures, perform statistical processing
failures of the object on which the building histogram
failure object and pick up the value of the integer
parameter K, in which with the help of the Erlang
distribution formula set corresponding to the combine

harvester spredeleniya time between failures of the object,
and the failure rate estimate Ai object in each i-th instant
of time at a predetermined confidence level is calculated
and f coefficients rH, B, respectively defining the lower
and upper limits of the confidence interval of the failure

rate
g ! nj !
SCDI RC-D
(K13 ~——L|c,/c -InY
=0

1
1!

Y(n)=

where: C; - the penalty for refusal of the object, C; - the
penalty for carrying out preventive maintenance (FIU) of
the object.

Calculating the value of the decision function for the
current value of failures and failures corresponding to the
lower and upper limits of the confidence failure rate
interval at a predetermined interval Y1 =Y Time (rnni,),
Y2 =Y {ni) and Y3 = Y (RB, n), solution to conduct
regular preventive maintenance take in the event that
Y1>Y2>Y3and Y3 <1, and if the number of failures
n < 100, the value of the integer parameter K, the
corresponding time distribution law between failures
object selected by the shape of the histogram, if n > 100 -
by the criterion of consent A.N.Kolmogorova or x2.

Determining the time of the maintenance system
comprises a sensor failure object, whose output is
connected to the input of a counter of failures, the output
connected to the first input of the CPU workstation
operator control area, a measuring unit of time between
failures, connected between the sensor output and the
second input of the CPU, the third input of which is
connected to the output of the input information block and
the first output - to an input of a display unit, a selection
unit distribution law random time between failures, the
first input coupled to the second output of the CPU, and
the second input - to the output time measurement unit
between failures, the selecting unit sequentially linked
confidence probability, the confidence determining unit
failures interval, calculating unit decision function and the
decision device, and the dial value fines outlet is
connected to the fourth input of the CPU, a fifth input
connected to the output selection block random time
distribution law between failures, the third output - to an
input of confidence coefficient selecting unit, and the
fourth CPU output is connected to a second input of the
failure determination of the confidence interval and the
corresponding input of the decision function calculation
unit, the other inputs of which are conn respectively to the
outputs of the time interval between the measurement unit
failure, the failure number counter, the second and fifth
outputs of the CPU, a sixth output is connected to the
hardware-software device service operator operational
maintenance.

The total penalty function can be represented:

CM[ N (t) ]+ C,M[N, (1) ]
t
where: C; - the penalty for refusal of the object,

M [N1 ()] - the expected number of items of failures in
the interval [0, t],

C=Ilim

t—mo
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C2 - the penalty for carrying out preventive
maintenance (FIU) of the object,

M [N2 (t)] - the expected number of prevention work
(RPF) in the interval [0, t].

It is known, which is held constant at the failure rate
function after the rescue and recovery operations the
following relations:

M ] M[NG)

t—=o t Tl'[

and
CoMNW] 1

L= t TH

where: M [N (TA)] - function recovery unit in the time
interval [0, m] between two neighboring FIU. It follows
that
CM[NIT; )+ C
C(TH ): 1 [ ( H)] 2
Ty

and the recovery of functions

MN (T = JGekix

where: A (x) - the failure rate of the object.

By minimizing the function G (TA) parameter of TA
can find the expression for the optimal time interval
between FIU:

Topt
c,/ C h
2/ 1+ 'g" (XhX:CE/CI_]ﬂP(TUpt)

M) 2T

where: P (Top) - probability of failure of the object in the
interval Top time.
The formula obtained based on the fact that
Topt

P(Topt):exp - jl(x)dx

T

opt =

Then

]ftl(x)dx - ~nP(T,,,)

Dividing the left and right side of the expression:
C,/C,~InP(T,, ]

T T,

to Top, and given that Toxe = NT of T where nT - the
expected number of failures of the object in the time
interval [0, Top], We obtain
C,/C,—mP(n,T)
n.Ta{n,T)

The meaning of this expression is as follows. If the
time interval between adjacent FIU chosen optimally, the
costs (time and cost) to carry out preventive and repair
work between them will be equal to the average cost of
carrying out the repair work without the FIU. In the
second case, the number of failures and recoveries will be
more natural. If the time until the next RPF will be
significantly larger than the set of optimal, it will lead to
an increase in the failure rate of the object, increase the

cost of remedial work as compared to the optimal level.
The left side of equation (1) is less than 1. In the case of a
substantial reduction in the time interval until the next
RPF will be additional costs for maintenance work, that
do not compensate a gain in the value of reducing the
number of failures and recoveries as a result of additional
TA. In this case, the left side of expression is greater than
1.

Thus, the formula is the base for the development of
the rules of the decision on withdrawal of the object for
another FIU based on the statistics of failures of the
object, the value of the repair and maintenance work.

To this end, we introduce the function

Y@JZCMQ—umJ)
n,Ts(n,T)
If ni =nT, thenY (ni) = 1.

Because
nj
n.T= th
j=1

where: tj - a random time between two successive
failures, the

c e wf$y
¥(o)= ]

Qualification failure rate of the object in i-th time of
maintenance management system (TQ) at a predetermined
confidence level of B produced using lookup tables 2
distribution or a Poisson distribution:

/"\L:I(-n1 itj

i1

1

1

Coefficients ry, rg determine the lower and upper
limits of the confidence interval of the parameter A.

It follows from these expressions that
o
S =B
i ~
=1 A

If the failure rate of an object is the number of its
failures per unit of time, ni, - the number of failures in the
time interval from O to the i-th technical object
management. Consequently, there are strict upper and
lower bounds for the number of failures in said time
interval ni min = rHni, ni max = rBni.

This fact means that the values of the decision
function Y (ni) should be outside the range of values of Y
(rvni) and Y (rnni).

To describe random time between failures of the
object in terms of the task apply appropriate use of such a
universal distribution that by changing the parameter
could be transformed into one of its known, which is most
acceptable to describe the statistics available time
between failures of the device in question. Such universal
distribution of a random time between failures can be
Erlang distribution K-th order:
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K ?Lt)l e—lt

=3
and
7\.K K-l

k-5

By varying the integer parameter K is transformed
with the allocation of a random time between failure in
one of the known. For example, when K = 1 is
transformed into an exponential distribution, with K = 2 -
a Rayleigh distribution, when K> 10 transforms into a
normal distribution. The choice of the distribution, and
therefore the job of the parameter K, defined by the
results of statistical processing of the data, as well as
engineering considerations about the nature of wear
object.

If the time between failures of the object distributed
over the Erlang law K-th order and on statistical data on
faults in the time interval from the time O to the current
control is established that rBni> nT, the decision function
is determined by the inequality Y (rBni) <1.

If it determined that rBni<nT, the decision function is
equal to or greater than a value Y (rBni) >1.

Indeed, since the functions A {t) and P (t) and
monotonic A {t) - increasing function, speed increasing
function tA {t) greater than the speed increasing function
InP  (t). Therefore, with increasing time interval t
decreases the value of expression (3). Therefore, if rBni>
ni, then Y (rBni) <Y (ni). In accordance with formula (2),
Y (nT) = 1. Therefore, if rBni> nT, the decision function
Y (rBni) <1. When the condition is true rBni<nT
Y (rBnt) >1.

Thus, the decision rule determining the need for
regular FIU as the failure rates of the object is established
by the inequality:

k(t)

Y (rBni) <1

In this case, when the number of inequality recorded
failures object exceeds their expectation over the expected
increases the failure rate of the object that requires prompt
of regular maintenance.

The possibility of the method is confirmed by
specific examples describing the system determine the
timing of maintenance as an element of traveling facilities
of combines.

1. It is a block diagram of a system determining the
time of the next maintenance track facilities element.

The system includes a sensor 1 failure object, whose
output is connected to the input of counter 2 number of
failures, the output connected to the first input of the CPU
3, workstation 13, an operator control service unit 4 is the
measurement time between failures, connected between
the output of the sensor 1 and the second input of the CPU
3, the third input of which is connected to the output unit
5 input information, and the first output - to an input of
the display unit 6, the block 7 choosing a random
distribution law time between failures, with the first input
union of the second output of the CPU 3, and the second
input - to the output of 4 measurement time between
failures, serially connected choice confidence probability
unit 8, determination unit 9 trust failures interval
calculation unit 10 and decision function unit 11 decision,

and the dial 12 the value of fines outlet is connected to the
fourth input of the CPU 3, the fifth input connected to the
select output unit 7 random time distribution law between
failures, the third output - with the selection input unit 8,
confidence probability, and the fourth output of the CPU
3 is connected a second input unit 9 detects failures
confidence interval and the corresponding input of the
decision function calculation 10, the other inputs of which
are connected respectively to the outputs of the
measurement unit 4 ntervala time between failures, failure
rate meter 2, the second and fifth outputs of the CPU, a
sixth output is connected to the hardware-software device
service operator track automated farm management
system (ACS-II)

The system works as follows.

Sensor 1 signals failures of the automated system of
ACS-Il detects failures element track facilities for a
predetermined period of time, the counter 2 counts the
number ni of failures, and sends the obtained data to a
first input 3 of the central processor 13 of workstation
operator control service. 4 simultaneously time
measurement unit measures the time between failures tj
between failures and sends the measured data to the
second input of the CPU 3.

The CPU 3 on the basis of the received data is the
primary statistical processing of the data, the results of
which calculates the failure rate in each i-th time
management track facilities element, builds a histogram
element failures versus time and sends it to a display unit
6. At this sampling intervals the operator selects the
control service and inserts them into the processor 3 via
the information input unit 5. To construct a histogram
using the standard software, such as, MATLAB program.

The operator analyzes shown in block 6, the
histogram display, and in its form of pre-selects the type
of a random distribution of time law between failures that
do not contradict engineering considerations about the
nature of the wear study element and enters into the CPU
3 through the unit 5 value of an integer parameter K,
corresponding matched distribution law.

In block 7 selected value of the integer parameter K,
corresponding to the known distribution law, is closest to
the distribution law of random time between failure
element according to the results of the statistical
processing.

At the same time as a universal distribution between
failures using Erlang distribution K-th order:

£ (at)e™
Flt)=1- % >~
(t) ; ;
where: | - the summation index, K - a parameter
corresponding to the law of the distribution of failures of
the object represented by the Erlang formula.

It is known that by changing the value of the integer
parameter K can be transformed with the allocation of a
random time between failure in one of the known. For
example, when K = 1 is transformed into an exponential
distribution, with K = 2 - a Rayleigh distribution, when
K> 10 transforms into a normal distribution.

Thus, in the block 7 selected value of the parameter
K, at which the calculated distribution Erlang K-th order
corresponded most closely matched by statistical
processing of the value of a random time between failure
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distribution function element, as well as engineering
considerations about the nature of the wear member.

From block 7 outputs information characterizing the
chosen value K is transmitted to the corresponding input
of the CPU 3.

The CPU 3 depending on the number of failures ni
transmits the input unit 8, determination of confidence
intervals failure element value K from the output unit 5 or
the block 7. On the block 9 inputs also receives
information about the confidence coefficient f and the
number of failures ni respectively output from block 9
and the counter 2.

Block 8 choice confidence information defines the
following values of B: 0,85, 0.9, 0.95. Choosing an
appropriate value confidence level of B next operator
through the central processing unit 3 through 5.

In block 9 the known tables, taking account
predetermined confidence coefficient  and the law of
random distribution of time between failures (parameter
K) determined boundary values confidence interval
bounce rH, rB, which are routed to respective inputs of
unit 11 of the decision function calculation.

In addition, the input of the CPU 3 is also supplied
with information setter 12 outputs the value of fines -
information about the magnitude of C1 penalty for failure
track facilities and element C2 for holding the fine track
maintenance management element. Wherein the values of
C1 and C2 fines normalized values. If the value of C1 is
constant, C2 depends on the object type maintenance.

The processor 3 calculates the ratio of C1 to C2, and
sends the C1 / C2 at the value of one of the calculation
unit 10 inputs the decision function, other inputs of which
receives information about the failure rate A and
distribution law random time between failures K from
respective CPU 3 outputs information on the number of
failures ni - 2 output from the counter number of failures,
and information tj - block with 4 outputs.

According to the formula of the decision function is
calculated function Y (rH ni,) = Y1, Y (ni) = Y2 and Y
(RB, ni,) = Y3.

In block 11, a decision that the condition is checked
Y1> Y2> Y3. If the condition is satisfied and thus Y3 <1,
then take a decision to carry out regular maintenance
work (FIU). In this case, the relevant information from
the output unit 11 is sent to the appropriate input of the
CPU 3, which forms a team to carry out repair and
maintenance work of an element of traveling facilities and
sends it to the device hardware and software service
operator, and the way the track facilities. Otherwise, the
information team to carry out maintenance work does not
come and the work of an element continues.

1. A method for determining the time of the next
maintenance of the object, comprising the steps that a
time interval from 0 to i-th control system maintenance
facility failures counted number ni and the time tj
between adjacent failures, perform statistical processing
facility failures on the basis of which histogram failure of
the object and using the formula of distribution of Erlang
K-th order selected value of the integer parameter K,

corresponding to the time distribution law ezhdu object
failures, and the failure rate estimate Ai object in each i-th
instant of time at a predetermined confidence level is
calculated and [ coefficients RH, RB defining
respectively lower and upper limits of the confidence
interval of the failure rate,

1 1
[AZtJ . [thJ
= C,/Ci-Iny ~ =2

1 j=1
~ 1 =~

(K-1)

Y (n, )=

1y 1 K
Bafith )
where: C1 - penalty for failure of the object, C2 - penalty
for carrying out maintenance work object, calculating a
value of the decision function for the current value of
failure and for the value of failures corresponding to the
lower and upper limits of the confidence interval
intensities number of failures in a given time interval Y1
=Y (rinni,), Y2=Y (ni) and Y3 =Y (RB, ni), a decision
on carrying out the next maintenance object take in the
event that Y1> Y2> Y3 and Y3 <1, and if the number n
<100 denials , the K value of the integer parameter, the
relevant law aspredeleniya time between failures object
selected by histogram form, if n> 100 - Browse consent
Kolmogorov or 2.

2. The system of determining the time of the next
maintenance of the object, the object comprising a sensor
failure, the output of which is connected to the input of a
counter of failures, the output connected to the first input
of the CPU workstation operator control area, a
measuring unit of time between failures, connected
between the output of the sensor and the second input of
the central processor, the third input of which is
connected to the output unit information input and the
first output - to an input of the display unit, block sps ra
random distribution law time between failures, the first
input coupled to the second output of the CPU, and the
second input - to the output time measurement unit
between failures, the selecting unit sequentially linked
confidence probability, the confidence determining unit
failures interval, calculating unit decision function and the
decision device, and the dial value fines outlet is
connected to the fourth input of the CPU, a fifth input
connected to the output selection block random time
distribution law between failures, the third output - to an
input of confidence coefficient selecting unit, and the
fourth CPU output is connected to a second input of the
failure determination of the confidence interval and the
corresponding input of the decision function calculation
unit, the other inputs of which are conn yucheny
respectively to the output time interval between the
measurement unit failure, the failure number counter, the
second and fifth outputs of the CPU, a sixth output is
connected to hardware and software maintenance device
operator, and a sixth input - to the output of the decision
block.
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Fig. A method for determining an optimal maintenance period of the product

The invention relates to computer technology, and
more particularly to control devices may be used in
research and technology that require maintenance periods
to determine product. The technical result is to increase
the accuracy of determining the optimal maintenance
period, leading to a decrease in the relative
unproductively consumable products resource. This is
achieved by the fact that define the law of variation with
time of the intensity product failures, and after the
formation of slots between the estimated maintenance of
the product is calculated of the intensity product failure
value for each of the predetermined intervals of time and
use it in the calculation of probability values uptime
average uptime and average latent time of failure products
at a predetermined time interval, and then find the relative
value unproductively consumable products resource. Its
value is compared with the value obtained in the previous
predetermined time interval, the process is repeated to
obtain the new value of relative resource unproductively
consumable product or fix the previous value of the
predetermined time interval as the optimal period between
maintenance. Repeat the process to obtain the new value
of relative resource unproductively consumable product
or fix the previous value of the predetermined time
interval as the optimal period between maintenance.
Repeat the process to obtain the new value of relative
resource unproductively consumable product or fix the
previous value of the predetermined time interval as the
optimal period between maintenance.

The invention relates to the field of the theory of
operation of complex technical systems, in particular to
develop ways of optimizing the strategy of technical
maintenance and repair of recoverable items, and can be
used in scientific research and technology, where required
to determine the periods of monitoring and maintenance.

Known methods for determining the maintenance
period of the product implemented, for example,
copyright certificates [1, 2, 3]. However, these methods
implement mathematical models of service that do not
reflect the consumption of time and resource to conduct
maintenance operations, which reduces their scope.

There are also known methods for determining the
maintenance period of the product implemented in the
patents [4, 5]. A common disadvantage of these methods
is the narrow scope of their application, because they are
focused on the products for which it is acceptable to
assume constant failure rate for the entire time interval of
the expenditure of a limited resource. The use of these
methods as applied to products with changing failure rate
leads to low accuracy of determination of output values.
The method presented in [5], implements a model of
determining the optimal maintenance period for the
comprehensive criterion: minimum average specific
unproductive consumption of resources and high
availability products. It is known that for multi-objective
optimization is a compromise solution which, as a rule,
does not give the extreme values of any of the used
quality indicators. The reduction of this problem to one-
criterion problem, as is done in [5], leads to the necessity
of introducing weighting factors, reflecting the degree of
importance of each of the indicators. The numerical
values of the coefficients are usually determined by expert
way and are largely intuitive in nature. In this regard, the
accuracy of determining the optimal values of the
maintenance period and the other output values can also
be low.

The closest in technical essence to the proposed
method is a method for determining the optimum period
of maintenance and control is implemented in [6],
comprising the steps that define the average time of
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routine maintenance, set the average time control
performance products, set the average time of emergency
reconstruction, given average consumption of the product
life at a time when the product in an efficient state,
specify the resource consumption of the average product
unit time when the product in a state of latent failure,
given average consumption of resource products per unit
of time during the rescue and recovery operations, given
average consumption goods resource at a time while
testing performance products, define the average
consumption resource items per unit time when carrying
out maintenance, define the law of variation with time of
probability of trouble-free operation of the product, at
predetermined intervals of time tl1...tn, where the failure
rate can be assumed constant, for each of these intervals is
set corresponding to the failure rate values Al..An,
capacity set value of time intervals between the estimated
maintenance items and a predetermined constant capacity
formed between the time intervals before olagaemymi
product service remembering previous values, wherein for
each of the time intervals generated probability value
calculated uptime value of the average uptime and value
of the mean time flush the device fails in this time
interval, then using the above parameter values are value
relative unproductively consumable products resource,
comparing its value with the value obtained in the
previous predetermined time interval, and if the first of
said less than the previous value, the second wash, a first
retain and form a regular time interval and then repeat the
process until RCV eniya new value relative wasted
resource consumable products, otherwise fixed previous
predetermined time interval value as an optimum period
between maintenance.

A disadvantage of this method is the low accuracy of
determination of the optimal product service period due to
the presence of unrecoverable errors arising because of
the intensity of a continuous function approximation error
failures products piecewise constant function.

The accuracy of this approximation increases with
the number of time slots in which the failure rate is
represented by a piecewise continuous function, i.e.,
increases with decreasing length of these time intervals.
However, the length of the time intervals at which a
continuous function of the intensity of product failures
approximated piecewise continuous function, can not be
reduced indefinitely.

Because continuous failure rate function for different
intervals of time the existence of a variety of products
approximated piecewise continuous functions, ie intensity
values Ai failures are considered unchanged throughout
the lifetime of each of the products of intervals and
change only at the end of this interval, and thus the
optimum value of the maintenance period is determined
for each of the intervals of time of existence (life cycle) of
the article (i.e., at each interval the lifetime of the product
should be carried out at least one maintenance), it is
obvious that the existence of the product ranges are
always greater than or equal to the period of his technical
obsl Ivanov. In this way,

This circumstance gives rise to the minimum fatal
error of approximation of a continuous function of the
intensity of failures piecewise continuous function
associated with the inability to make the quantization step

on the level of failure rate of a continuous function less
than the maintenance period. As a result, the
approximated value of the failure rate function defined for
each stage of the product life, will differ from its true
values, and the accuracy of determining the optimal
maintenance period, which depends on the true value of
the failure rate function, will be low.

The proposed method of determining the optimum
period of maintenance products devoid above drawbacks,
eliminates  the  continuous  intensity  function
approximating failures piecewise continuous function in
the calculation of the optimal period product service uses
continuous values failure rate function.

Background of the Invention. The problem solved by
the invention is to improve the accuracy of determining
the optimum period of maintenance work by eliminating
the error approximation of a continuous function of
failure rate piecewise continuous function, as well as
reducing the relative unproductively consumable products
resource.

Solution of the problem lies in the fact that a given
average duration of planned maintenance, set the average
time control performance products, given by the average
time of the rescue and recovery operations, given average
consumption of the product life at a time when the goods
in working order, given by the average resource
consumption products at a time when the product in a
state of latent failure, given average consumption of
resource products per unit of time during the emergency,
restore operation life, given average consumption of
resource products per unit of time during the control of
the operational products, given average consumption of
resource products per unit of time for maintenance, set the
variation in time the probability of failure-free operation
of the product, set value increasing time intervals between
the estimated maintenance of the product and a
predetermined constant capacity forming intervals
between the estimated maintenance  products
remembering previous values, further define the law of
variation with time of the intensity product failures,
wherein each of the generated time intervals calculated
value of the continuous function the intensity of product
failures, calculate probabilities uptime and Execu form a
this value in calculating the average uptime and mean
time to failure of the product flush this time interval, then
using the above parameter values are values relative
unproductively consumable products resource, comparing
its value with the value obtained in the previous
predetermined time interval, and if the first of said values
smaller than the previous, the second wash, a first retain
and form a regular interval of time and then repeat the
process to obtain the new value of the relative
unproductively  consumable products resource in
otherwise, the previous fixed predetermined time interval
value as an optimum period between maintenance, the
relative spending unproductively my resource article is
determined by the expression:

o
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where: Rotn (ti) - expenses relative wasted consumable
resource products during Ti,
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Ti - time intervals between the estimated maintenance
of the product,

Wi - the average consumption of the resource
products per unit time when the product in a state of latent
failure,

P (ti) - probability of failure of the product over time
T1,

Ck - resource consumption average product per unit
of time during the monitoring of efficiency of the product,

7k - mean time to control health products,

C - the average consumption of the resource products
per unit of time for maintenance,

Tp - the average duration of scheduled maintenance,

St. - average consumption of resource products per
unit of time during the rescue and recovery operations,

tv - the average time of the rescue and recovery
operations,

SF - average consumption of resource products at a
time when the goods in serviceable condition.

Description of the drawing, which shows the
algorithm for determining the optimal period of
maintenance work. The implementation process is as
follows. To determine the optimum period of maintenance
work set the average time of routine maintenance tp, set
the average time control performance products 1k, set the
average time of the rescue and recovery operations tv, set
the average consumption resource items per unit time
when the product in the operable state Sf, set the average
consumption of the product life at a time when the
product in a state of latent failure Co, ask the average
resource consumption of the product in units Init time
during rescue and recovery operations St., define the
resource consumption average product per unit time
during the performance monitoring items Ck define
resource consumption average product per unit time when
carrying out maintenance C, define the law of variation
with time of probability of trouble-free operation of the
product A (t), further define the law of variation with time
of the intensity product failure P (t), set value increasing
time intervals between the estimated maintenance
products At, setpoint input from the keyboard into the
computer memory and specify the constant capacity via
software implemented time intervals the sensor is formed
between the estimated maintenance products while
maintaining the ER in RAM previous value, wherein for
each of the intervals formed between the estimated value
of the calculated maintenance of a continuous function of
the intensity product failures A (ti), of the formula further
define the law of variation with time of the intensity
product failure P (), set value increasing time intervals
between the estimated maintenance products At, setpoint
input from the keyboard into the computer memory and a
predetermined  constant capacity using  software
implemented by the time the sensor is formed intervals
between alleged product service retaining in computer
memory the previous value, wherein for each of the time
intervals generated no maintenance between the estimated
value calculated continuous function of the intensity
product failures A(ti), of the formula further define the
law of variation with time of the intensity product failure
P(t), set value increasing time intervals between the
estimated maintenance products Art, setpoint input from
the keyboard into the computer memory and a

predetermined  constant capacity using  software
implemented by the time the sensor is formed intervals
between alleged product service retaining in computer
memory the previous value, wherein for each of the time
intervals generated no maintenance between the estimated
value calculated continuous function of the intensity
product failures A (ti), of the formula

P(1,)=e™
calculating a probability value P uptime (ti) retaining

in computer memory and these values used in the
calculation of the average uptime

T
T, = jP(Ti)dTi
o

and the average time of a hidden failure of the product at
this time interval

T
Ty = T, — IP('ri)d'ri,
o]

then using the above parameter values are values relative
unproductively consumable products resource, comparing
its value with the value obtained in the preceding
predetermined time interval and stored in RAM of
computers, and if the first of said values smaller than the
previous, the second wash, a first retain in the computer
memory and form a regular time interval and then repeat
the process to obtain the new value of the relative
unproductively consumable resource products I, otherwise
the previous value of fixed predetermined time interval as
the optimal period between maintenance, the relative
resource unproductively consumable article is determined
by the expression:
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Implementation of the invention. The following are
examples of determining the optimum period of
maintenance work on prototype method and using the
inventive method.

Suppose that for example data on the interval of time
[0, T1 = 200 hours] the failure rate of a product (e.g., a
magnetron generating continuous, pulsed Klystron
amplifier or other electronic devices) varies linearly with
speed, Ie A (t) = 1 - 10-6 - t. Then on the range of
operation from 0 to 200 hours of product failure intensity
will vary from O (at the beginning of use of the product)
to (when t = 200 hours). The average value of the failure
rate used in the prior art as a piecewise continuous
approximation of a continuous function of the intensity
product failures over the time interval [0, t1], is equal to

N2OQ — N _ 2-107"% =0
2 2

That coincides with the reference value of the failure
rate of these prior electronic devices for normal
conditions of operation.

Reduced failure rates linear dependence on time
product and the average failure rate used in the prior art as
a piecewise continuous approximation of a continuous
function of failure rate at time interval [0, t1], will be
used as input for further calculations in the examples.

Baseline data for calculations: average time of
routine maintenance tp = 1 hour, the average time control

= 10"
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performance products tk = 0.1 hour, the average time of
the rescue and recovery operations tv = 5 hours and the
average consumption resource items per unit time in
finding the items in working condition G * = 1 unit of
resource per hour (u / h), average resource consumption
of the product per unit of time when the product being in
a state of latent failure Co = 1 unit. / h, the average
consumption of the resource products per unit of time
during the Ava iyno recovery work St = 10 u / h, the
average consumption products resource per unit time

during the control of the operational products
Ck =1 u/ h, the average consumption resource items per
unit time when carrying out  maintenance
Cn = 1 U / hrValues of time intervals between the

estimated maintenance products At =1 hr.

In calculating the values of the time intervals between
the estimated maintenance 7Ti were set in units
corresponding to real values of time in hours.

In this case, we used the following hardware and
software: PC Pentium-200 MHz, 64 MB RAM, HDD 2
GB, Windows 98, 2000 version of MathCAD.

Obviously, obtained by ti = 150 h Rotn value (i) is
minimal, however in an optimal period of maintenance
items take a value topt = 150 h.

Obviously, obtained by ti = 110 h Rotn value (ti) is
minimal, however in an optimal period of maintenance
items take a value topt =110 h.

From the above tables show that the minimum
relative unproductively consumable resource products
calculated by the prototype method in the presence of
errors using piecewise continuous approximation of a
continuous function of failure rate at time interval [0, t1],
will correspond to the optimum period of maintenance of
the product, equal to 150 hours and the minimum relative
wasted resource consumable products, calculated using
the failure rate of a continuous function, corresponds to
the optimal n Heat-service in 110 hours.

For the given example the error in determining the
optimum period for maintenance work to the prior art due
to the presence of unrecoverable errors (error)
approximation of a continuous function of failure rate
items piecewise constant function, as compared with the

proposed method is:

A= P00 0,267 = 26,7%
150

CONCLUSIONS

1. The positive effect of the use of this method is that
after the additional action of the law of change in time of
the failure rate of the product, calculate the values of the
failure rate of the product for each of the generated
intervals of time between the alleged service and the costs
are calculated using a continuous function of the failure
rate of the product, you receive the opportunity to more
accurately determine the optimum maintenance period,
i.e. the achievement of minimum average of unproductive
consumption of the resource occurs with different values
of the service interval than specified in the prototype.
Increase the accuracy of determining the period of time
between regular maintenance of the product (for example

- 26.7%) leads to a decrease in the relative overhead
consumed resource products (for example - 13.6%).

2. A method for determining the optimum period of
maintenance products, comprising the steps that define
the average time of routine maintenance, set the average
time monitoring health products, set the average time of
the rescue and recovery operations, set the average flow
rate product resource at a time when the article is picked
in an efficient able, given average consumption of
resource products at a time when the product in a state of
latent failure, given average consumption resources sa
product per unit of time in conducting rescue and
recovery operations, given average consumption goods
resource at a time while testing performance products,
given average consumption of resource products per unit
of time for maintenance, define the law of variation with
time of probability of trouble-free operation of the
product set value increasing time intervals between the

estimated maintenance of the product and a
predetermined constant capacity forming intervals
between  the  estimated maintenance  products

remembering previous values, wherein for each of the
generated time intervals calculated probability value
uptime work, the value of the average uptime, and the
mean time rytogo device fails in this time interval, then
using the above parameter values are relative value
unproductively consumable products resource, comparing
its value with the value obtained in the previous
predetermined time interval, and if the first of said values
smaller than the previous, the second wash, a first retain
and form a regular time interval and then repeat the
process to obtain the new value of the relative
unproductively consumable products resource, otherwise
fix the previous value of the predetermined time interval
as the optimal period between maintenance, characterized
in that further define the law of variation with time of the
intensity product failures, and the time intervals after
formation between the estimated maintenance of the
product is calculated of the intensity product failure value
for each of the predetermined intervals of time and use it
in the calculation of probability values uptime
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METO]] OITPEJIEJIEHVSI BPEMEHU
CJIEAVIOIIETO TEXHUYECKOT'O
OBCJIYXKUBAHIS KOMBAITHOB

AnHoranusi. B VYkpaune u 3a pybe:xom B psje
OoTpaciied TNPOMBIIUIEHHOCTEN MpUMEHSETCs CcHcTeMa
HHQOPMALMOHHOW  MOAJEPKKH  SKU3HEHHOTO  ITMKIA
W3IeNus. B OCHOBE KOTOpOit JIEKHUT
CTaHIAPTU3UPOBAHHOE  MPEICTABICHHE MJaHHBIX 00
U3JCTUN W TpenanojaracTcs (QUPMEHHOE CEPBHCHOE
TapaHTHHHOE W  IOCTrapaHTHHHOE  OOCIy)XKHBaHUE.
[TomoOHBIE TEXHOIOTHH, KaK MPABIIIO, BKIFOYAIOT B ce0s
CHUCTEMY YIPaBJICHUSA HAJCKHOCTHIO: OCYIICCTBISCTCS
cOop cBemeHUil 00 OTKa3ax, IUIAHOBBIX WM aBapUIHBIX
pPEMOHTAX, a TaKXeE (6] TEXHUYCCKOM COCTOSIHUHN
BBIABJIAEMBIX C IMOMOIIBIO CICHHUAJIBHBIX KOHTPOJIBHO-
JAArHOCTUYCCKUX CPEJICTB. HOIIO6HBIC CHUCTEMBI AKTUBHO
BHECAPAIOTCA B HAYKOECMKHUX OTpPACIIAX IMMPOMBINUICHHOCTHU
HaIIel CTpaHbl, a B chepe TEXHUIECKOTO OOCTYKUBAHUS
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3epHOYOOPOYHBIX KOMOAHHOB BHEIPSIOTCS OTHEIHHBIC
JJIEMEHTHI JAHHOM CHCTEMEI.

AHann3 BO3MOXHBIX ITPOU3BOJICTBEHHBIX CHUTYaIlUi
npu OpPTraHU30BAHHOM Ha TIPEIIPUATHH
LEHTPATN30BAHHOM TEXHUIECKOM o0ciTy)kMBaHUHU
3epHOYOOpPOYHBIX ~ KOMOAWHOB IO  TEXHHYECKOMY
COCTOSTHHIO arperatoB ITO3BOJIET CIENaTh BHIBOJ O TOM,
YTO JOOUTHCS CHIDKEHUS BHYTPUIPOW3BOJCTBEHHBIX
NOTEPb MOKHO MPU CHUKCHUM BO3HHUKAIOMIUX OIJlI/I6OK
pacrio3HaBaHuUs nedexToB arperaros u ux
pacripeaeneHus.

Bri6Op HMCKyCCTBEHHBIX HEHPOHHBIX ceTeil B
KayecTBE MAaTEeMAaTHYCCKOTO ammaparta sl peIIeHUs
3aaud CHIDKCHHS OIMMOOK pAacmo3HaBaHUS Ne(pEKTOB
arperaToB M WX pAacIpeleNieHHs IO TEXHOJOTHYECKIM
MapmpyraM Tpd  ICHTPAJTHM30BaHHOM  TEXHHYECKOM
00cITy’)KHBaHUH 3epHOYOOPOUHBIX KOMOAWHOB 000CHOBaH
CIOCOOHOCTRIO JTAHHOTO MAaTEMaTHYECKOTO ammapara K
o0Oy4eHusl, aHalM3y M 3alIOMHHAHUIO pE3yJbTaToOB, a
TaK)Ke BBICOKOM azanTtanuu moa peuicHue MOCTaBJICHHOM
3aj1a4H.

[Ipr mocTpoeHUH HEWPOCETEeBOro Kiaccu(ukaropa
CHCTEMBI TEXHHYECKOT0 00CITy)KHUBaHUH 3epHOYOOPOUHBIX
KOMOAiHOB, TpEeXIe BCEro, HEOOXOOUMO OIPEICITUTh
CIOKHOCTh pasfelieHuss OOBEKTOB Ha Kiacchl. Jlns
YIpOIIEHHS 3aaun KIJIacCU(UKAIIH CHUCTEMBI
TEXHHUYECKOTO 00CITyKMBaHUN 3epHOYOOPOYHBIX
KOMOaiHOB, cleqyeT NOOWTbCS JIMHEHHOTO pas/iesieHHs
00BEKTOB UCCIIEAOBAHMUS.

Tak Kak IoCTaBlIeHHAs 3a/a4a 1Moipa3yMeBaeT boiee
JIByX KJACCOB CHCTEMBI TEXHHYECKOTO OOCITYXKMBAHUU
3epHOYOOpPOUYHBIX ~ KOMOAaWHOB ISl pacHlpeesIeHUs
arperaToB MeXAy HUMH, TO HauboJyiee pannOHaIbHBIM
crocoboM (HOpMUPOBaHMS BBIXOJHBIX CHUTHAJIOB OyneT
SIBIISATHCSI COBOKYITHOCTh KOMITOHEHTOB BekTopa. VHBIMU
CJIOBaMH, Ka)KAbIH BO3MOXHBIN JIeEeKT 3epHOYOOPOUHBIX
KoMOaifHOB OyneT MMeTh CBOM BBIXOJHOW CHTHAN, a O
HaMuuy nedekra Wik ero OTCyTcTBUM OyaeT roBopuTh 0
wim 1 Ha COOTBETCTBYIOIIEM BbIXoJe. [Ipu 3ToM OueHb
BaXXHO OOUTHCS KaK MOXHO Oosee Oim3kux K 0 wiam 1
3HAUeHWH, JUII  JTOro  HEoOXOJMMO  IPOBECTH
MIpeaBapuTENbHYI0 00pabOTKY BXOIHBIX JAHHBIX.

KnaueBble cioBa: MOAEIMpPOBAaHUE, TEXHOJOTH,
paboTa, TeXHHYECKOe OOCIYy)KHBaHHE, 36pHOYOOPOUHBIH
KoMOaiiH.
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