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1. Introduction

of constructing vectors and calculation of comprehensive

Applied information technologies for planning, admin-
istration, and assessment of research activities include da-
tabases containing outcomes of activity, methods of data
actualization and methods of processing for the purpose

scores. In addition to the calculation of comprehensive
scores and vectors of scientific research activity adminis-
tration, methods for the prediction of scores for planning
effective activity of subjects of educational environments are
considered. The subjects of educational environments (SEE)




are scientists, higher educational institutions, and structural
subdivisions: institutes, faculties, departments, groups of
scientists, united by involvement in a specific project, etc.
It is known that most methods for assessment and planning
SEE activity are characterized by the fact that they do not
take into account complete information, require solving ad-
ditional problems (carrying out expert assessment, selection
and adjustment of parameters, etc.). Information on SEE
performance is often unstructured, incomplete, obtained
from different sources. The application of known methods
of assessment, planning, and administration of SEE activity
is limited under these conditions. Promising directions in
the development of information technologies for SEE per-
formance assessment is the construction of comprehensive
scores that take into account different aspects of activity,
minimize the impact of a subjective factor on calculation of
scores. The use of project-vector models for planning and
administration of directions of scientific research is also
promising. The first problem has been preliminary solved
[1-5], while the second one requires a separate exploration,
specifically, in the part of representation of SEE activities
as a set of projects of different levels of complexity, different
terms of completion and different resource needs.

Resolving contradictions between the requirements for
planning the strategies for management of higher educa-
tional institutions and tasks of scientifically reasonable
performance assessment is possible by the construction of in-
formation technology for the evaluation of scientific research
projects based on a project-vector paradigm. Known meth-
ods of planning, administration, and assessment of scientific
and research activities at higher educational institutions do
not make it possible to reflect activity outcomes fully and
maximally objectively, which leads to making insufficiently
effective management decisions. Imperfect tools for solving
major problems of the project-vector methodology in the
part of evaluation and planning activities of subjects of edu-
cational environments deter development of the theoretical
and practical base in this direction. Given this, the study,
which is aimed at the creation of applied information tech-
nologies for the employment of methodology for project-vec-
tor management related to the problem of administration,
planning and performance assessment of SEE, is important.

2. Literature analysis and problem statement

Methodology of project-vector management of educa-
tional environments considers the principles of time, re-
sources and change management, which is an integral part of
effective SEE activity. In paper [1], fundamental principles
of combined use of the methodology of project-vector man-
agement of educational environments and methodologies
of SEE performance assessment are explored. Paper [2—-5]
considers the methods of SEE performance assessment.
Specifically, paper [2] contains formulas for the calculation
of vector and scalar scores of research and scientific perfor-
mance of scientists. These methods are considered in terms
of application to activities of scholars only, but can be used
for assessment and planning of activity of other SEE. Paper
[3] describes the method of transition from qualitative to
quantitative scores, which requires involvement of experts.
It is a separate task that is difficult to implement. Article
[4] explores the method of planning and prediction of de-
velopment of scientific research directions based on sliding

averages. The models of sliding averages are considered as it
is believed that development of scientific directions has a for-
warded character. However, a scientific direction is difficult
to represent by a scalar score and its development must be
considered in integrity, taking into account various aspects
of subjects’ activity. In paper [5], the problem of identifica-
tion of scientific research directions of scientists is solved
by means of cluster analysis of scientific publications. The
methods that are described in [5] can be used as a foundation
for conducting subsequent prediction of the development of
scientific directions and development of effective methods
of financial and motivational management, etc. In order to
predict and evaluate quality of higher educational institu-
tion’s performance, the parametric model and the structure
of processes of an educational institution as SEE was devel-
oped in paper [6]. Parameters of the influence of processes
on each other, which is an important component of project
management of educational environments in general, were
analyzed in paper [6].

The developed tools for SEE performance assessment
should be considered in dynamics, in an inseparable con-
nection with the projects, implemented by SEE. Depending
on the SEE under consideration, each SEE project as a
management object has its own characteristics. Papers [7, 8]
considered the models of interaction between education sup-
port projects and the problems of implementation of inter-
national standards of evaluation of competencies of projects
and programs managers. The models, described in papers
[7, 8], focus only on educational projects, which in general
does not limit application of evaluation of competencies for
other projects, implemented by SEE. Article [9] considered
probabilistic transitions of Markov chains for project envi-
ronment, which determine the characteristics of a project.
Moreover, these characteristics transit step by step from one
state to another with certain probabilities. The structure of
communication between the main subjects of the education-
al environment and implementation of the Markov chain for
projects’ environment as SEE objects can be used for form-
ing the vector of SEE project administration. In paper [10],
the features of application of Markov chains to formation of
the lifecycle of scientific publications were explored.

Paper [11] outlined the ways of integration of project
management and decision making support by using a matrix
model based on the key portfolio events. The features of
application of a matrix model in paper [11] can be adapted
to project-vector management of educational environments.
Article [12] describes the integration of information systems
of higher educational institutions into a unified ecosystem,
in which management can be based on a matrix model with
consideration of the project-vector principles. In [13], it is
shown that for solving time-, budget- and expectations-relat-
ed problems of a project, specifically in the field of education,
it is necessary to form organizational culture. This organiza-
tional culture has a tendency to joint usage, cooperation and
extension of possibilities for project implementation.

Paper [14] examines the ideological concepts of manage-
ment with special attention given to management of higher
education itself. The principles of the new management,
which are described in [14], can be the basis for the reform in
higher education, which is in line with the concept of proj-
ect-vector management of educational environments. Article
[15] describes the project management-based principles
of learning. Detailing the concept of project management
in technical education is described in [16]. Research [17]



described the approach to the management of educational
process based of the problem analysis and the Danish mod-
el of project-based learning. In general, all the described
concepts are a search for new ways of solving the task of
improving management efficiency of some SEE. However,
these concepts do not propose a universal approach to the
management of an educational environment in general.

In article [18], it is emphasized that the systems of inno-
vative approach are useful for better understanding of inno-
vative processes, as well as for knowledge production and dis-
tribution in the economy. The work provides conceptual and
theoretical foundations for further study of innovations in the
systems context, which can be used for implementation of the
project-vector management of educational environments as an
innovative process. One of the innovative dimensions in this
respect is representation of SEE activity as a set of projects of
different levels of complexity, different terms of implementa-
tion and needs for resources. This activity can be implement-
ed in the form of a system consisting of micro-services. The
principles of distributed management system, the principles
of interaction micro-services in this system, etc. are presented
in paper [19]. The described information system can be used
for practical implementation of the processes of project-vector
management of educational environments, specifically for
creation of the applied information technology planning and
administration of SEE activity.

The study, which is aimed at the creation of tools for
administration and planning of the technological compo-
nent of the methodology of project-vector management of
educational environments will make it possible to create an
information technology, which would provide mechanisms
for SEE activity management.

3. The aim and objectives of the study

The aim of present research is to create the applied infor-
mation technology, which would implement the mechanisms
for management of educational environments based on a
project-vector methodology. This will make it possible to
create the appropriate micro-services of information-ana-
lytical system for project management of education environ-
ments, including determining resources and coordinates of
project administration vectors.

To accomplish the aim, the following tasks have been set:

— to create tools for planning of the technological com-
ponent of the methodology of project-vector management of
educational environments;

— to create tools of administration of the technological
component of the methodology of project-vector manage-
ment of educational environments;

— to explore the impact of technical problems on projects
in terms of projects administration of subjects of educational
environment subjects.

4. Structure of the technological component of the
methodology of project-vector management

Technology of project-vector management of projects of
educational environments is focused on improving efficien-
cy of the processes of formation of information resource of
project management systems of educational environments.
Scientific-methodological tools of formation of the techno-

logical component make it possible to increase efficiency of
management of projects of educational environments.

Let us consider the technological component and prob-
lem management component in the methodology of proj-
ect-vector management of educational environments. These
components will be considered in terms of linking the
methods and ways that exist in project management to the
specifics of management of educational environments.

The technological component of the methodology of proj-
ect-vector management of educational environments contains
an integrated technological system of scientifically-methodical
(models and methods) and practical (business processes, pro-
cedures, ways) of the tools for formation of information project
management systems. All the methods and ways are based on
the models of project development, which correspond to mo-
tion of some essences in the project-vector space and aimed at
obtaining information by a decision maker. These methods and
models are a part of the technology of project-vector project
management of educational environments.

It is proposed to use the tools of planning, administra-
tion, product formation and support in the structure of the
technological component of the methodology of project-vec-
tor management of educational environments. The tools are
formed based on the specifics of activity of organizations in
educational environments, as well as on the structure of the
project-vector space and objects.

Methodology of creation of tools of project management
of educational environments includes a set of models and
methods that enable construction of sequences of actions on
creation of information resource for a decision maker. The
tools, specific for a given subject area (objects of the proj-
ect-vector space (PVS) and developed ways of using these
tools (trajectories of motion in the project-vector space) will
be displayed in the methodology.

Consider in detail the tools of the technological compo-
nent of the methodology of project-vector management of
educational environments that can be used for creation of
the applied information technology of planning and admin-
istration of SEE activity.

Planning tools enable not only calculation of the optimal
motion trajectory, but also the optimum distribution of
resources among objects and subjects of the PVS. Activity
of educational institutions is characterized by the fact that
many tasks can be solved by many executors. Since most
projects are information-productive, both equipment and ex-
ecutors can be different. Almost always there is a significant
set of resources, from which a specific set of resources for a
specific task is selected. Different material resources, equip-
ment, etc. can be used. That is why the task of planning, on
the one hand, is simplified (there is almost never a lack of
resource), on the other hand, is complicated because it also
requires a solution of the problem of optimization of choosing
specific resource for a particular task.

Administration tools are based on implementation of
planning tools. In addition to a plan, it is required to use
high-quality tools of information interaction of PVS sub-
jects, because administration focuses on bringing tasks to
executors, performance management and reporting system.

Tools of project products formation. Technological pro-
cesses of project products formation are not related to the
methodology of project management, but the project-vector
methodology of management of educational environment
takes into account the specificity of information-product
projects. More precisely, if there is a technology of forma-



tion of information products of projects, it is almost always
possible to separate a part of it, which can be imagined as
a project. It is this part of the technology of formation of
project products that will be displayed in the methodology
of project- vector management of educational environments.

Tools of support of project management processes. They
include the following tools: financial provision (budgeting),
provision with material resources, provision with labor
resources, scientific-methodical support, and information
support. They correspond to the processes, implemented in
enterprise management. That is why implementation of this
component of the technology can be based on ERP (Enter-
prise Resource Planning) system.

Consider implementation of the technological compo-
nent of the methodology of the project-vector management
of educational environments.

5. Tools for planning technological component of
methodology of project-vector management of
educational environments

A project plan within the methodology of project-vector
management of educational environments includes trajecto-
ries of motion of PVS objects and subjects from the starting
point (beginning of a project) to the target point (all or
almost all of project outcomes obtained). Calculation of the
optimal trajectory of motion in PVS involves coordination
of motion of PVS objects and subjects due to the optimum
distribution of allocated resources for works, purchases, etc.
Basic documents for this are:

1. Order on project initiation that determines directive
parameters of its implementation.

2. Description of the project’s content.

3. List and description of available material and techni-
cal resources and equipment.

4. Estimated labor productivity and structure of labor
resources.

5. Price lists.

The project plan that reflects the optimal trajectory of
motion of PVS objects and subjects is developed with the use
of selected planning tools. The plan shall be approved by the
project team, based on the planned volume of work, resource
requirements and cost of resources, executors, mechanisms,
and terms of purchases taking into account the allocated
funding. The common project planning instruments can in-
clude: the critical path method, the PERT method (Program
(Project) Evaluation and Review Technique) the method of
critical circuits, simulation, and probabilistic methods, etc.

The mentioned project planning methods and ways
are effective in management of the terms of projects of
educational environments, with the exception of works of
information product projects, which are not managed but
administered by managers. For example, they get permission
from the government bodies to perform a certain action. But
these tools cannot be used for planning and management of
project resources. Let us assume that

R={r|i=1N,}

is the set of project works, Ny is the number of works. In this
case, a fixed work ry,, ke {1,2,. ..,NR} is determined as a tuple:

ko gk kR k
rk=<a AU s" w >,

where a* is the name of work 7, d* is the duration of work
7., Uk is the set of resources, required to execute work 7y, sk
is the relation of work 7, w*is the address of work 7, in the
structure of project works.

IfU= {ui |1 € IU}, where I, = {1,2,...,nU}, nyis the number
of all project resources, each resource u; is described by tuple:

u, =<b’,e’,2’,0’,co‘>,

where b is the name of resource u;, e is the units of mea-
surements of resource u;, ' is the resource costs u;, O' is the
resource reserve u;, o' is the content of resource u;.

The set of resources for work 7 is formed from the set of
all project resources. Let U be the set of all project resources,
then U* cU:

Ut={ullke{t2...N}iel, I, c1,}, )

where u! is the separate resource of the i-th kind for work
7, N is the amount of resources, necessary to perform work
74, I is the set of indices of resources, which are necessary to
perform work 7.

In the process of project preparation, the listed parame-
ters of project works are determined. After that, the schedule
is calculated so that the amount of resources consumption
during execution of a project should not exceed limitations:

<t<t

-7 = "max’

Vu, €U, t,, 0'(t)<0'(¢), (2)
where ¢, is the moment of project start, £, is the moment of
project completion, 0(¢) is the need for resource u; at moment
t, O'(¢) are the available resource reserves u; at moment ¢.

The specifics of projects in educational environments is
that a lot of resources of one kind are allocated for perform-
ing works, for example, the time that scientists spend on exe-
cution of projects. In the problem of project management for
two assigned works 7, and 7, that [, <1, and I, I, we
obtain that I, NI, =@. In problems of management of SEE
projects and activity, specifically of higher educational insti-
tutions, there can be the case that I, NI, #@. For example,
there is a set of scientists who carry out certain research
and there is a set of scientific projects. Each scientist can be
involved in many projects. Thus, the problem of selection of
project executors is added to the planning problem, taking
into account the limitations in (2). The combined method
for planning the projects of educational environments, which
stage by stage solves the problem of planning and resource
allocation, is proposed (Fig. 1).
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Fig. 1. Scheme of the combined problem of planning with
resources allocation to works of a project in applied
information technology of planning and administration of
SEE activity



Resources in the projects of educational environments
could include specialists in subdivisions of organizations of
educational environments, teachers, classroom, equipment,
materials, etc. In the system, which is designed for verifica-
tion of the proposed methodology, the first type of resources
was used: researchers who work in organizations of educa-
tional environments, higher educational institutions, and
subdivisions of educational institutions.

The combined method for planning information-product
projects. The approach is based on the intersection of two
groups of processes. The first is construction of the techno-
logical sequence of works, unlike the classical critical path
method that takes into account resource limitations. The
second is allocation of one type of resources to different works
of a project. Calendar-network planning is used in the first
part of the method. Imitation planning, based on the search
for better variants of resource allocation, is used in the second
part. The second part is based on the Monte Carlo method.
The difference from the critical path method lies in the fact
that the combined method of planning information product
projects, in addition to time reserves for completion, takes into
consideration restrictions on other types of resources, such as
available funds, employment of executors in other projects, etc.

The combined method of planning of information prod-
uct projects is implemented under the following scheme:

1. Calculation of the early and late terms of works execu-
tion without regard to allocation of resources.

2. Random allocation of a necessary type of resource
to work. That is, one resource is selected from each type of
resources and allocated for all kinds of work that require
exactly this kind of resources. Probability of choosing a re-
source of each kind is calculated from the formulas:

pk
Zip - if 3pt>0, 3)
j

j

> pt—p!

Vpi>0,p5>0, pi=

Vpk <0,p" <0, pfzjz,‘ik, if Vp'<0, (%)
p.
7 J

pl=g if VPl =0, )

where pf is the priority of resource ul.k, uf eUt, UtcU, pf
is the probability of selection of resource u.

3. Calculation of resources loading. If there is no re-
source conflict, complete planning. Proceed to point 9.

4. Selection of additional resource of the type, to which
the resource that does not meet the restrictions belongs.
Possibility of selection is calculated from the formulas (3)—
(5). If there is such resource, the old resource is replaced
with the selected resource in one of the works. If there is
no such resource, proceed to point 7. Memorizing the se-
lected resource. Selection of work, in which the resource is
replaced, is carried out according to probability, which is
calculated from the formulas:

pt

-, if 3p7 >0, 6)
27

J
>5:-p!

Rt <05t <0, pf=-

2P

VEl > 058>0, pf=

,if vph <0, @)

pl= i VB =0, ®)
where p¥ is the priority of work 7, pf is the probability of
selection of work 7.

Memorizing the selected work.

5. Calculation of resources loading. If a resource conflict
is eliminated, proceed to p. 9.

6. If there are time segments, on which the first resource
does not satisfy the restrictions, and total loading of the first
and the new resource satisfies restrictions, the first resource
is replaced with the new one at works that are performed
during this period. If a resource conflict is eliminated, plan-
ning is completed. Otherwise, proceed to point 4.

7. Selection of resource that does not meet restrictions.
Probability of selection of a resource is calculated from
the formula (3)—(5). The shift in time of works creates a
resource conflict.

8.1If a resource conflict is not eliminated, proceed to
point 7.

9. Change in terms of project completion and character-
istics of resources distribution in the overall evaluation of
the calculated plan of works can be carried out by different
methods: expert, probabilistic, heuristic, etc.

Assessment of the variants of the plan, obtained when
choosing a resource/work is based on “memorizing” re-
sources and works, selected in the process of calculation of
the next variant of the plan. Increment in the score can be
carried out based on satisfaction/dissatisfaction of the cal-
culated plan, or from formal criteria — the project duration
or distribution of its value in time.

10. If the result is not satisfying, continue the search for
a better option, beginning from point 2.

6. Tools for the administration of a technological
component of the methodology of project-vector
management of educational environments

Administration functions in projects are related to bring-
ing solutions to executors, ensuring their implementation
and control of their fulfillment. In the methodology of the
project-vector management of educational environments,
this management is related to selection of the correct trajec-
tory of motion, resource provision and motion management.
Administration involves formation of orders to change the
motion trajectory or resources allocation in accordance with
ensuring moving by the necessary trajectory. In projects of
educational environments, there are many factors that lead
to deviation of the motion trajectory. These factors include
decisions of authorities, low executive discipline, lack of re-
sources, a change in the strategy of the organization activity,
emergence of a new strategy, not accounted in information
planning, etc. Most factors require intervention of a proj-
ect manager because they are associated with changes in
projects and decision making. The administration tools are
intended for administrative influence on the project subjects
in case of deviation of the motion trajectory from the one
that was planned. Deviation of the trajectory may be caused
by the reasons, such as low executive discipline of project
subjects, insufficient motivation of activity of subjects of
projects, low awareness about project processes.

For effective administration, it is necessary to formalize
the process of influence on subjects of projects at deviations



from the planned trajectory of the whole path of motion from
the starting point to the target point (Fig. 2).
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Fig. 2. Role of administrator of projects of educational
environments of applied information technology of planning
and administration of SEE activity

Fig. 3 shows the principle of formation of the vector of
administration of projects of educational environment of the
project-vector space. This principle is the basis of the method-
ological model of creation of administration tools, which also
includes determining of the direction of additional impact on
object and subjects, moving in the project-vector space.

Let us assume that IIy, IIy,.., II, are some projects
of educational environments of the project-vector space,
Qh Q! ,.LQ,Z are the objects or subjects of a certain project
1, k=1,z, z is the number of projects, hy is the number of
objects or subjects of project IT;. Then the planned vec-
tor of motion of object or subject QF of project I1; in the
project-vector space at ie{1,2,...,hk} is determined from
formula:

A

A (e)=[ 8 (), 8 (0,2 (0)],

where Af(¢) is the planned vector of motion of object
or subject QF of project TT; at moment ¢, p is the number
of components, which determine the motion vector, 3?: (t) is
the planned value of the j-th indicator of the i-th object or
subject QF of a project I, at moment ¢.

Vector of motion plan
Vector of administrative
influence

Project state

Vector of motion
fact

Time
Fig. 3. Formation of vector of administration of projects of

educational environments in applied information technology
of planning and administration of SEE activity

Similar to the planned vector, we find the actual motion
vector and administration vector from the formulas:

A =[5 (0) & ()% (1))

A (r)= At (e)- A (r)=

=& ()= (1), 24 ()= 7 (1), 2L (0)- 7 (0)],

where Al (¢) is the actual vector of motion of object or sub-
ject QF of project ITjat moment ¢, A () is the vector of ad-
ministration of object or subject Q} of project IT;at moment
t, 9?1’“ (t) is the actual value of the j-th indicator of the i-th
object or subject Q! of a project TTj, at moment ¢.

It is also possible to find the metrics, some of which
described in [2], in order to find administration vectors.
An administration vector reflects the required direction of
impact of administration tools on PVS objects or subjects.
Consider the administrative tools that are used for projects
of educational environments, which can be implemented in
applied information technology of planning and adminis-
trating SEE activity.

Professional administrating is based on the planning
technology with the use of high-quality tools of information
interaction of PVS subjects. This tool may be specialized
administration systems and technologies, functioning in
accordance with the following rules.

Rule 1. A plan is the basis for project management in educa-
tional environments. Any project task is formed from the plan.

Rule 2. All tasks must be in a written form and preferably
be formed automatically from the planning system by the
scheme:

1) a person in charge and executors are indicated for each
project work;

2) a planning period (a day, a week, a month) is deter-
mined. A week suits best the projects of educational envi-
ronments;

3) the works, performed within a planned period, are
determined from the plan. Critical works are of top priority;

4) the E-mail messages about the works to be performed
(or completed) within the planned period are sent automati-
cally to people in charge and to executors;

5) messages about support of project works (material and
technical resources, finance, documents, orders, directions,
procedures, etc.) are automatically sent to project support
services with obligatory indication of the timing of provision
of these resources.

Rule 3. Tasks completion should be fixed and confirmed
by people in charge in the planning system. This should be
implemented according to the following scheme:

1) an executor indicates the facts of task completion
in electronic form during performance of work within a
planned period. If the work was not fully completed within
this period, an executor indicates to what extent it was ful-
filled by the end of the period (as percentage of completion,
calculated by labor consumption, or a required additional
time to do the work);

2) at the end of the period, a person in charge confirms or
rejects the specified extent of work, completed by a executor;

3) at the end of the period, after confirmation of the fact
that the work was done by a person in charge, the project
manager confirms or does not confirm the information of
people in charge;



4) a message about completion of implementation of the
plan of works for the period is automatically sent to the
curator, the manager, and the administrator of the project.
Based on this information, the project manager makes a de-
cision about correction of the project plan (if necessary), and
the project administrator (if necessary) launches additional
tools of the project administration. In the first place, they
are motivational.

The information is at the base of management of any
processes and projects. Lack of information or its low quality
leads to occurrence of many uncertainties in terms of motion
in the project-vector space. Insufficient, inaccurate infor-
mation does not make it possible to determine objectives of
subjects in projects, does not enable accurate calculation of
the optimal motion trajectory and is the source of the many
risks and changes.

It is possible to eliminate this shortage in two ways. The
first way is to increase the level of awareness. It is difficult to
implement because a significant part of information refers to
the unmanageable part of a project. In addition, it most often
requires considerable financial costs, which is difficult to pro-
vide. The second way is to apply models and methods, created
for project management under conditions of uncertainty. It
is possible to ensure achievement of target points of motion
when project administration is effective. First of all, admin-
istration, which compensates for the lack of information at
early stages of projects of educational environments, allows
achievement of the project goals due to changes. That is why
it is very important to display procedure of changes manage-
ment in projects of educational environments in the method-
ology of the project-vector management. This methodology
is based on displaying all changes in projects’ environment
as “an expansion of the Universe of projects”. Achievement
of project objectives is represented by the motion in the proj-
ect-vector space. The scheme of formation and adjustment of
the plan of projects of educational environments, connected
with arrival of new information, is shown in Fig. 4.

Changes in the plan of projects of educational environ-
ments (trajectories of motion of SEE objects and subjects)
are the result of:

1. The influence of external factors.

2. Poor work of executors.

3. A result of the influence of risky events (change in
standards and norms, failure of technique, admission of stu-
dents, change in management policy, etc.).

4. A poor project plan, which in turn is a result of poor
awareness or unprofessionalism or those who are planning a
project.

In the course of the study it was found that the scheme of
formation of the plan of projects of educational environments
(form bottom to top), which was developed in the framework
of the project management methodology, is not applied in
Ukraine. Fuzzy problem statement (for information-product
projects), a considerable amount of work with documenta-
tion, the absence of all documentation during planning, the
variability of behavior of executors, unstable financial and
economic conditions of activity lead to the situation when it
is impossible to form an actual plan. An actual plan is often
formed already in the course of work. That is why the for-
mation of an actual plan can and should be based on expert
assessments of executors. Thus, in the part of formation of a
project plan, the role and importance of administrative pro-
cedures in the methodology of project-vector management of
educational environments becomes decisive.

Under conditions of projects of educational environ-
ments, a project plan must be corrected constantly in order
to display the changes that occur and new information. The
purpose of amendments to the plan is to keep it up-to-date.
Any deviation from the plan should be fixed by both the
project executors and employees of those functional services
that directly contact with executors. If it is necessary to
make constant changes, it means that it is required to create
such a system of administration of projects of educational
environments that can be flexibly readjusted in the process
of interaction with dynamic surroundings.

Order to }mtlate a Project team SEE structure
project H

Prot'iu?t ‘ Project design Project content
description o
Planning ‘ Chal‘lge (.)f.task or New documentation
its vision
‘ Poor plan ‘ Poor work ‘
Support External infl (o] 1 factors
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__________________________________ _
Change in
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Project plan ~ _ T .
- l B ‘ New
Report on information
B

execution

Execution of
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Fig. 4. Scheme of formation and adjustment of the plan of
projects of educational environments, connected with arrival
of new information in applied information technology of
planning and administration of SEE activity

That is why the conception of displaying new informa-
tion in project plans was developed in the framework of the
methodology of project-vector management of educational
environments. This conception is based on the plan adjust-
ment to the formed conditions of project implementation,
which is performed according to the following rules:

Rule 1. Changes are added to the plan supplement
“Changes of the project plan”.

Rule 2. Links to the elements of “Changes of the project
plan”, represented in the form of some virtual resources, are
fixed in the project plans.

Based on this concept, the scheme of management of
changes in the project plan was designed (Fig. 4). In case of
management of changes according to this scheme, new in-
formation is identified and “Changes in the project plan” are
formed. Some circumstances that were not foreseen during
creation of a project plan arise during execution of works,
the procedure of management of changes in the project plan
comes in force.

In the classic statement, in each project management
system, it is possible to separate functional subsystems,
the activity of which is focused on project management
and ensuring the potential of such management. It is pro-
posed to separate the following sub-systems in the meth-



odology of the project-vector management of educational
environments:

— ensuring the availability of labor resources, ensuring
the availability of material resources;

— financial support;

— information support;

— scientific and methodical support.

Among the listed four subsystems, the first four are
traditional and implemented by correspondent subdivisions
of organizations of educational environments. The source
of financial, material-technical, informational support and
provision with labor resources is the information, obtained
in the process of project planning. That is why the main task
of the scientific-methodical subdivision is to develop and
implement the technology and methodology of project plan-
ning, taking into account implementation of subsystems.

The theoretical base of support subsystems includes
methods and models of construction of the project-vector
space and finding better ways of motion in this space for all
objects and subjects of educational environments, involved
in projects. Provision subsystems play the role of energy that
is used for motion in PVS. The more and the better support,
the easier it is for objects and subjects of a project to move in
the project-vector space. And whereas project problems pre-
vent the motion, support subsystems facilitate this motion.

Technical problems in projects in interpretation of the
methodology of the project-vector management are the
obstacle to the motion in the right direction, which is asso-
ciated with accidental events, uncertainties, and changes.
Technical problems in projects are additional resistance in
direction to target points. This resistance can lead to the
fact that:

— target points will never be reached;

it is necessary to change the motion trajectory (project
plans);

— additional energy (resources) is needed to overcome
this resistance;

— time will be lost and outcomes (target points) will be
reached later.

The model of goal-setting in PVS can be used to adjust
the motion trajectory in case additional resistance should
occur. Let us assume Ny, No,..., N, are directions of motion.
Then resistance to motion is calculated from formula:

Fr=yt (VY

where F; * is the resistance of motion of PVS subject or ob-
ject QF of project IT;in the direction of motion Nj, k=1,z,
j=1c, y is the coefficient of resistance of motion of PVS
subject or object QF of project I, in direction of motion Nj,
V]”e is the speed of motion of PVS subject or object QF of
project ITxin direction of motion Nj.

The needs for energy or resources for the motion toward
direction Nj are determined as follows:

it ik
e =F-S,

where e is resources, required for counteraction to re-
sistance of motion of PVS subject or object QF of project
I in direction of motion Nj, S is the path of PVS subject
or object.

Project problems are characterized by an increase in co-
efficient of resistance to motion y’k Let y > y’f, where ¥ y
is the coefficient of resistance to motion of PV'S subject or

object QF of project I in direction of motion Nj, that takes
into consideration technical problems of the project. Then
Tik o ik ik (y7ik)? o ik (17 )
Ff> Ef or 71-(VE) >0 (V))
where Fjik is the resistance to motion of PVS subject or
object Q; of project II;in the direction of motion N; taking
into consideration technical problems of a project. That is,

if unforeseen situations should occur, resistance to motion
increases. Let

B =7 (1)

where the speed of motion of PVS subject or object QF of
project II; in the direction of motion N, taking into con-
sideration costs for resistance. Then, in for Fj’k F“, it is
necessary that speed should be V"’ <V’k That is, time for
completion under conditions of additional resistance, caused
by problems in a project, increases.

Three methods to solve the problem are:

1. To create the reserve of resources to overcome the
areas of space, in which resistance occurs. In order to pre-
serve the speed of motion, additional energy ej.k. is required.
From the fact that F’k F;k we obtain that Ej’k >e;k, ie.
F; Fit.§ >F‘k S, where e is resources, required for counter-
actlon to reswtance to rnotlon of PVS subject or object Q of
project I in the direction of motion Njtaking into consid-
eration additional resistance. Additional energy or resources
are determined as:

de;k = e].‘k - e}k,
where de is the additional resources, required for counter-
action to resistance to motion of PVS subject or object QF
of project TIin direction of motion Njto complete the plan.

2.To create a reserve of time to overcome those areas of
space, in which additional resistance occurs. The speed of mo-
tion of PVS decreases if problems arise, that is why additional
time At is required in order to overcome it. If there is such
reserve of time, project outcomes will be obtained in due time
(the target point of PVS will be reached at specified time).

3. 1If possible, to lay the path through the areas of least
resistance. This is reached by detailed study of the PVS.

7. Discussion of results of application of the methodology
of project-vector management of educational
environments

The system of planning and administration of SEE ac-
tivity as a micro-service, integrated in the information-ana-
lytical system “Database of scientists of Ukraine”, was cre-
ated for implementation of the project-vector technologies
of management of educational environment. The scheme of
relationships between the micro-services, forming this sys-
tem, is shown in Fig. 5

The following micro-services are considered in the sys-
tem: information gathering, finding parameters (coefficient
of resistance and coordinates of projects in PVS), data anal-
ysis (evaluation of SEE activity, identification of directions
of scientific research, prediction of potentials of development
of research directions). Based of the data, obtained from the
system, it is possible to exercise management of the educa-
tional environment. In particular, it is possible to determine



resources, required for implementation of scientific research
projects of SEE, to perform the calculation of coordinates
of vectors of projects administration. Subsequently, the
system will be refined taking into account other problems
of management of the educational environment in the proj-

ect-vector space.
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Fig. 5. Scheme of relationships between micro-services,
forming the system of “Database of scientists of Ukraine”

The system was developed in the framework of fun-
damental scientific research “Methodological foundations
of creation of information environment of management of
scientific research of structural units of a higher educational
institution of MES of Ukraine”.

A special feature of the proposed applied information
technology is integration in it of key approaches of the meth-
odology of the project-vector management of educational
environments. The methods, which are implemented in this
information technology, enable one to adjust the motion of

subjects or objects of space at any moment, specifically, to
make changes in the components of administration vector
to decrease the impact of unforeseen circumstances. The
methods also allow estimation the trajectory, having the
target point of motion. The use of the proposed methods is
restricted by the fact that not all activities can be in assessed
in the quantitative form at any arbitrary moment. In addi-
tion, the combined method of planning information-product
projects is a NP-difficult problem. To overcome the specified
restrictions, it is necessary to improve the assessment meth-
ods, specifically to create the ways of obtaining information
about a PVS object or subject from several external sources,
and then to coordinate the obtained estimations.

8. Conclusions

1. We developed planning tools of the technological com-
ponent of the methodology of project-vector management
of educational environments, which were implemented in
applied information technology of planning and adminis-
tration of SEE activity. The proposed combined method of
planning information-product projects includes calculation
of early and late terms of execution of works without regard
to resources distribution and simulation of resources distri-
bution between the works. The result of application of the
combined method of planning information-product projects
is the implementation plan of projects that are acceptable
from the position of distribution of needs for resources and
close to optimal by total time of projects’ implementation.

2. Tools for administration of the technological com-
ponent of the methodology of project-vector management
of educational environments that were implemented in the
applied information technology of planning and admin-
istration of SEE activities were created. The method for
calculation of administrative vectors, which characterize the
motion of projects in the project-vector space, was proposed.
Vectors are constructed based of a set of scores of various as-
pects of project development. The use of these vectors allows
exercising management of projects.

3. The influence of technical problems on projects in the
part of administration of projects of subjects of educational
environment was explored. This influence can manifest itself
by the action of external factors, be the result of unprofes-
sionalism of executors of a project, improper task planning,
etc. The means for compensation of the impact of unforeseen
situations on project implementation were considered. Such
means include creation of a reserve of resources and time to
overcome areas of space, in which resistance occurs, adjust-
ment of the trajectory path so that it should pass through
the areas of least resistance. We proposed formula for calcu-
lation of resistance to project’s motion in the project-vector
environment, based on the speed of motion of a PVS subject
or object for a certain project, taking into account coefficient
of resistance to motion in a specified direction.
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