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1. Introduction

successfully implement projects is especially important for

Under modern conditions, the problem of increasing
the effectiveness of scientific research and establishing ef-
fective cooperation within scientific communities is becom-
ing increasingly acute. Creation of teams that are able to

project-oriented organizations: scientific research institu-
tions, consulting companies, design bureaus, etc. The typical
approach to the formation of the scientific research project
team is to choose partners from a range of scientists, who
have relevant qualification and experience of realization of



similar projects. That is, the selection is often based on ana-
lysis of previous experience and scientific results of potential
project partners.

Scientific communities are usually formed under con-
ditions of competition. In the situation of globalization of
scientific research, not only the space of one or more coun-
tries, but rather of the whole world is taken into account.
These scientific communities may consist of universities,
scientific research institutes, private companies, foundations
and associations that form the applications for joint grants.
Since only a part of the grants, which were applied for, pass
and receive funding, it is possible to distinguish three forms of
relationships for every two subjects of scientific communities
(universities, institutes and companies): competition, neutral
relationship and partnership. Such relationships may develop
not only between entities of scientific communities, but also
between their separate structural units (departments, facul-
ties, scientific research departments, project teams, etc.).

The problem of choosing partners in the framework of
a grant or a strategic partner for the implementation of a se-
ries of scientific research is relevant, especially under condi-
tions of globalization and intensive development of mobility
of scientific communities. One of the approaches that can be
used to solve this problem is to conduct clustering of scien-
tific publications of researchers, who are potential partners
in a project. In addition, to support the rational choice, it is
necessary to conduct analysis of citations between these pub-
lications and establish proximity between publications based
on the n-gram analysis of abstracts. Scientifically grounded
methods for choosing a partner are the key to creating and ef-
fective development of a scientific research project in future.
Thus, the problem of choosing partners in the formation of
research project groups is a relevant task of research.

2. Literature review and problem statement

Analysis of the relations between documents provides
considerable information about the structure of the space of
documents, which can be used for a wide range of practical
tasks. Methods for clustering scientific publications can be
used to identify the areas of scientific research. In paper [1],
there is a comparison of the methods for clustering of citation
graph: the spectral method [2], the method for modularity
maximization [3, 4], matrix factorization [5], and the method
for drawing up the Map of random walks [6].

The result of the study, which is described in [1], shows
that the quality of the construction of clear clusters of docu-
ments based on analysis of relations graph strongly depends
on graph density, that is, qualitative clustering is possible
only in the presence of a sufficient number of related docu-
ments in the collection. Among 11 algorithms considered in
this research, the Louvain method expectedly became the
best by the criterion of modularity [4]. The Louvain method
allows constructing the least number of clusters. By the
Flake function criterion, which shows the ratio of the number
of vertices that have higher external power to the number of
vertices that have higher inner power in a cluster, the Lou-
vain method took second place, being slightly inferior to the
BPA. And finally, by the time criterion, only three methods:
the Louvain, Walktrap and BPA methods can be used for
clustering of very large graphs. The authors of the research
made a comparison of results of the explored clustering
methods with the expert method, and came to the conclusion

that all the explored methods are significantly inferior to the
expert method. Therefore, the problem of the research is to
verify the effectiveness of application of combined methods
based on clustering of citation graph taking into account ad-
ditional information (keywords, the title of the article, etc.)
to the problem of identifying the areas of scientific research.

Paper [7] presented the information-theoretical approach
to finding the distribution of weight of feature space. The
use of feature space to increase the original similarity of do-
cuments allows achieving their better clustering. Thus, the
construction of the complex methods that, along with the
citation graph, takes into account other properties of publi-
cations, makes it possible to improve the clustering quality.
However, the specific features of practical realization of the
approach were not revealed in the work to full extent.

Paper [8] contains the classification of the methods for
finding similarities of texts. By the subject of comparison, all
methods for determining the similarity of the text are divi-
ded into String-Based, Corpus-Based and Knowledge-Based
methods. Among the String-Based methods, it is possible to
separate the n-gram method of analysis. Results of study [8]
indicate the possibility of using the method of n-gram
analysis for the problem of identifying the similarities of
a publication. The identified similarity can be additional
information when carrying out clustering of scientific publi-
cations. In study [9], there was an analysis of using n-gram at
ne {1, 2,3, 4,5} for finding of similarity of the text based on
the use of a match of search queries of Google Web 1T data
set [10]. It was shown that the application of the three-
gram (n=3) has an advantage over the use of bi-gram (n=2),
4-gram (n=4) and 5-gram (n=>5). The application of uni-
gram (n=1) is a degenerated case and is a simple check of
words entering, so is the least effective.

The problem of the formation of scientific project groups
under conditions of globalization and mobility of scientific
communities requires new application of new approaches to
its solution. In this context, we can highlight the problem
of calculating the rating of competitors, evaluation of the
activity of other companies and institutions, which can po-
tentially become partners. To find the ratings of entities of
scientific communities and separate scientists, it is possible to
use the principle of construction of metrics. In this case, it is
important to take into account the fluidity and dynamism of
indicators of activity of entities of scientific communities and
separate scientists, as well as the specifics of partnership acti-
vity and specificity of already formed competitors. A promis-
ing direction in the development of technologies of evaluation
of activity results of entities of scientific communities is
construction of integrated estimates, which are described in
papers [11, 12]. The unresolved issue is the use of constructed
estimates for the problem of choosing research partners.

Articles [13—15] presented the ways of project mana-
gement integration and decision-making support by using
a matrix model based on the key portfolio events. The unre-
solved issue is the use of the matrix model for the problem
of choosing research partners. In the paper [16], partner-
ship relationships and principles of their management were
studied. Study [17] described the multi-stage mathematical
model of choosing partners. In paper [18], it was proposed
to use the method of analytical hierarchy to select the best
partners from a small set of potential partners. Article [19]
described the model of choosing the partner based on the
genetic algorithm. Paper [20] proposed the approach to
the construction of the information technology based on



the project-vector methodology for the scientific research
management. The development of the information [21] and
technical [22] component of the technology shows the pros-
pects of its application. In the explored works, the models of
choosing partners are mostly based on the idea that potential
partners can perform a wide range of functions, but in actual
projects, especially scientific research projects, it is not so.
Each partner can perform narrow tasks, which are a part of
the road map of this project development. That is why the
models and the methods, which are described in these works,
require revision.

While selecting research partners, the considered me-
thods take into account only their results obtained in the
past. To determine a rational partner, it is important to
assess the prospects of his development as a subject, at this,
appropriate mathematical methods of forecasting and expert
evaluation should be applied. In paper [23], the theoretical
approach to applying expert methods when predicting the
development of subjects was used. The proposed models can
be used in the construction of time series of characteristics,
which are used for the evaluation of the prospects of a part-
ner. Article [24] shows the method for prediction of time se-
ries of selective match with the model, which was developed
in [25] and integrated into information technology in [26].
These studies show the application of trend models for the
prediction of economic processes, while paper [27] shows the
possibility of application of trend models for forecasting the
prospects of scientific research. It was shown that the trend
methods best predict the prospects of scientific research
areas The prospects of separate scientists and scientific re-
search institutions are predicted with less accuracy, which is
why the choice among the forecasting models and methods of
the ones, which would more accurately predict the potential
of scientists and scientific research institutions [28], remains
an unresolved problem.

Paper [29] deals with the problem of selecting the project
executor as a problem of multicriteria decision making. The
proposed method is based on the process of hierarchy analy-
sis. To solve the obtained optimization problem, the method
of lexicographic target programming with the use of Boolean
variables is proposed. Given the NP complexity of the ob-
tained problem, this approach can be used at a small number
of potential project executors.

In study [30], the problem of selecting executors for the
implementation of individual tasks of a new project was con-
sidered. Two approaches to problem solving were proposed.
The first approach allows taking into account the assessment
of the competence of potential executors and the data on
already realized projects. These data and requirements for
the tasks of new projects are presented using the cognitive
map with corresponding vertices. The major difficulty of
this method is the need for constructing a graph of relations
between executors, projects and tasks because of its large
dimensionality. A rather challenging task is determining
numerical parameters of a cognitive map: impact weights,
importance of the tasks of a new project, etc.

The second approach involves using the Hopfield neural
network. Neural networks allow the implicit use of already
existing experience of project activities during the implemen-
tation of new projects. The main problem of the application
of neural networks is the need for long training and selection
of training samples.

Study [31] focuses on the research into increasing the
effectiveness of the formation of a project team with regard

to interpersonal relationships of employees. The criterion
for determining the contribution of employees to the group
interaction was proposed. Using this criterion, the algorithm
of solving the problem of selection of candidates for the pro-
ject team by the criterion of total contribution of employees
to the group interaction was developed. Paper [32] shows
that team with different level of integration of executors had
the same levels of effectiveness of teamwork. Thus, the data
obtained as a result of the study indicate that the role and
importance of integration in project groups is insignificant
compared to other approaches to the productivity improve-
ment, in particular, the choice of executors.

Thus, after examining these studies, we can come to the
conclusion that the problem of selection of scientific partners
can be solved more efficiently, taking into account the speci-
fics of scientific research projects, which are often performed
by researchers of narrow specialization. To enhance the effi-
ciency of determining the specialization a researcher based
on his previous experience, there is a need for improvement of
the methods for identification of the research areas, in which
a scientist performed before.

3. The aim and objectives of the study

The aim of this study is to improve the method of clus-
tering publications of scientists based on criteria of abstract
proximity and relations between citations. The results of the
method will give an opportunity to identify more clearly the
research project groups for solving the problem of selecting
research partners.

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

—to construct a method for determining the proximity
of abstracts based on the n-gram analysis for the scientists
publications clusterization problem;

— to select the methods of fuzzification of potential part-
ners matching the research problems of a project according to
the results of clustering and defuzzification of evaluations of
partners based of the requirements stated by experts;

— to conduct verification of obtained results.

4. Construction of the method for
determining the proximity of abstracts based
on the n-gram analysis for the scientists publications
clusterization problem

In paper [33], the identification of research areas of sci-
entists is determined as a process of finding a match between
a specific scientist and scientific areas, in which this scientist
works and publishes his scientific papers in the framework of
these areas. The method for identification of research areas of
scientists that consists of four states was proposed:

1. Clustering of publication citation graph.

2. Consolidation of clusters.

3. Construction of the match between clusters of publi-
cations.

4. Identification of research areas of scientists.

At stage 1, the set of publications P={p, pa, ..., pm} as
vertices of the citation graph, which are connected with
each other by arcs — citations, is considered. As a result of
the procedure of clustering scientific publications, the set of
clusters Y is obtained. Since the power of set Y can be quite
large, the need for the aggregation of the constructed clusters



by merging the clusters that are close to one another with
a small number of elements is shown. The paper proposed
the method for determining the distance between publica-
tions based on determining content proximity of abstracts
by content. It was proposed to find the distances between
abstracts using the method of locally-sensitive hashing. As
practice shows, the use of this method gives satisfactory
results when comparing the abstracts written by scientists
from one region. Cultural, regional and language traditions
of the authors have significant influence on the writing style,
the use of certain words and phrases. When comparing the
abstracts of scientists from different countries, there arises
a situation when the distance between the publications with
the common subject of research is large. That is why there
is a need to use other methods for calculating the distance
between texts and estimation of their similarity.

We will improve the second stage of the proposed me-
thod for identification of areas of research. To do this, we
will generalize the method for finding the distance between
publications based on determining the degree of similarity
between abstracts. We will assume that the text of abstract .S;,
i=1,m, which was preliminarily processed, corresponds to
each article p;. In particular, each abstract may be presented
as a sequence of words in a canonized form after deletion
of stop-words [34]. To write down formulas in abstracts, it
is proposed to use the way of writing them with the use of
TeX [35]. Then the distance between publications may be
determined as a degree of similarity of their abstracts. Thus,
ge, p)=H(Ss, S;), where S; and S; are the abstracts of
publications psand p,, 6€{1,2,...,m}, 1e{1,2,...,m}, g is the
function of the distance between publications, H is the degree
of similarity of publications.

To determine the degree of similarity of abstract H, it is
proposed to use the approaches of the n-gram analysis. The
text of abstracts S and S; in this case is treated as a sequence
of n-grams. The task is to find the distance between the ab-
stracts by comparing these n-grams.

Let the assigned abstract S be a fragment of a text. We
will consider it as a totality of words. A word is a sequence of
characters that belong to finite alphabet A. Denote the words
through WP, WP e S,ne N — a word’s number by order, B is
the length of a word. Then an arbitrary word is assigned in
the form:

WP ={t,,....,}, (1)

where ¢ € At I C,j= ﬁ, C are all non-letter characters.
Assign the list of stop-words and construct the sequences
of words of abstract S in the canonized form, that is:

s={wh w, Wi, 2)

u

where B;, j=1,u are the lengths of words, and u is the
number of words. The sequence of words in the canonized
form {W,, Wui1, ..., Wosn_1} will be called n-gram. Let W,
and W; be some words, then the frequency of n-gram is
C(Way Wet, ey Waa 9, Wy, We will name the ratio of the
number of n-gram occurrence in the given text to the to-
tal number of n-grams in the text. Then for each pair of
words W, and W, we will calculate the average frequency of
n-gram, which begin with and end in corresponding words,
from formula:

HW,, W)=
e o (WL W W)
- 2"}; oW, W, W, W,)| @
A bat :

a

n—2 times

where W, , j=1,n-2, i =1luis the words in the canonized
form that are found in the abstract of the text after cano-
nization, u is the number of words. The degree of similarity
of words is determined as:

) .
min{C(W,),C(W,)} Jif w(W,, W,)>1,

-2In ‘
= Cnmx (4)
In1.01
, if w(w,,w,)<1,
o1 Min{C(W,).C(W,)} b
Cmax
0, if w(W,,w,)=0,

where Cp,y is the maximum frequency of a word, that is
Crnax =Max {C (W, )} the method for determining the similarity
between words is described in detail in paper [9].

Then, to find the similarity of the abstracts of pub-
lications, we will use the «text similarity» model based
«one to one mapping» [37]. Consider this method in
more detail. Let us assume that §, ={W1 W, ,...,Wu‘} and
S, = {w1 W,y wuz} are the abstracts of two publications in
the canonized form, and #; and uy are the number of words
in S1 and Sy, respectively. Without restricting the commona-
lities, we will consider that #q<us Then, we withdraw from
the abstracts all coincidences of the words at the same
places, i.e. the ones that W;=w;, i=1,u,. Let the number
of such coincidences be equal to 8, then if d<uy, after co-
incidences withdrawal we obtain S1={W1 ,WQ,...,WuFa}
and 52={w1,w2,...,wur$}. For obtained words, we plot
the semantic similarity matrix.

Oy Oty
(x(”ps " (x(‘hfs Wuty)
sim (W1, w1) sim (Wﬂwm )
= : . : . %)
sim (W”m , W@, ) sim (Wu|,5 W, )

For each row of the matrix, find a set of elements A;
the value of which is more than the sum of mathematical
expectation and standard root mean square deviation for the
given row:

Aiz{aij’izruvjzm|aij>Mi+Gi}’ (6)
where
1 Uy_g
M,=—) a, @)
Uy 5 j=t




Designate through ZI the mathematical expectation of
the elements of set A;. To find the similarity of abstracts, use
the formula:

Uyg

ZAi+8J(u2+u2)

H(sc,sl>=[“

(®)

2uu,

At stage 2, rather close clusters are united based on the
function of distances between publications. To do this, the
weight center for each is found and the clusters, the distance
between the weight centers of which does not exceed the
threshold value, are united [13].

At stage 3, each cluster is put into match with a scientific
research area. To establish the match, it is possible to use the
expert approach, in which the solution is based on the list
of publications of a cluster and some additional information
about them, such as keywords, the most widely used con-
cepts, etc.

To conduct the identification of research areas of scien-
tists, at stage 4 we will use the information on the publication
activity of scientists, taking into account the constructed set
of clusters of research areas, to which these publications be-
long. Solution to problem of identification of research area of
scientists belonging to set A={ay, ay, ..., a,}, n is the number
of scientists, is mapping A:A—V, where V={ngn,, ..., Ny} is
the set of verbal names of scientific research areas,  is the
number of areas of research. The obtained results allow solv-
ing the affine problem of finding the scientists carrying out
research in the specified area. The identified areas of research
are also the source information for the experts who form
a project group, taking into account the experience of each of
the potential partners in this or that area. Clustering results
give the required amount of information for the solution of
the problem of selecting partners, for example, based of fuzzy
inference.

5. Construction of fuzzy method of selecting partners
for implementation of a scientific research project based
on results of clustering

Let a certain project be at the stage of planning, that
is, the stages of determining the project environment and
of project statement have already been completed. Thus,
internal and external factors have been determined, project
goals and objectives have been set. A project can be regar-
ded as a totality of separate processes, which involve solving
specific problems of a project. Each of the processes requires
resources for its implementation. One of the main resources
is executives of a task.

Consider the problem of selection of project executives
in more detail. To simplify, we will assume that each process
from the beginning to the end is performed by one executor.
Carry out decomposition of the problem of selecting project
executives into sub-problems of selecting one executive for
the implementation of each process. At the stage of determin-
ing the environment, we formed a set of people who can be
executives A={ay, ay, ..., a,}, where n is the number of people
who can be executors of the process (we will further call them
candidates). Each of the candidates can be rated based on
the list of criteria ¢y, co, ..., ¢z, k is the number of criteria for
candidates evaluation.

The aim of the research is to construct the method for
evaluation and selection of the rational executor among
candidates a’ € {ay, as, ..., a,) taking into account the set of
criteria, at that, the result of using the method can be both
one rational executor @', and the ordered set of executors
{a;,a;,... a:l}. The solution in the form of the ordered set of
the candidates has a number of advantages. In particular, if
the most rational candidate refused to take part in the project
due to certain unforeseen factors, the next candidate can be
involved in the project.

One of the approaches to the assessment of candidates
is to use the multi-criteria group expert estimation. To find
generalized aggregated estimates of applicants, it is advisable
to apply a system of fuzzy inference. The procedure of fuzzy
inference is to determine the mapping of the input data eva-
luation vector into the scalar output value using fuzzy rules.

Fuzzy inference consists of the following stages:

1. Fuzzification. It is based on some linguistic variables
with corresponding linguistic scales. The main procedure of
the stage is to determine the degree of belonging of an input
value to each of the linguistic variables.

We will consider the mapping obtained as a result of
solving the problem of identification of research areas of
scientists as discrete fuzzy mapping, which is determined by
the ratio of the number of publications of an author in this
scientific area to the total number of publications. That is,
A(ai)z(nb |u;), b=1,y,i=1,n, and membership is determi-
ned from formula:

 _[P@)ny)]

uh - Hp(a7) ’ (9)

where P(a;) is the set of all publications of scientist a;, and Y,
is the cluster of publications that matches research area n,,.

2. Inference mechanism. This stage is based on the base
of fuzzy rules, which assign mapping of input fuzzy sets in
an output fuzzy set. These rules are formed based of the cor-
responding expert estimates. There are different procedures
for obtaining fuzzy inference, specifically, the procedures of
Mamdani, Sugeno, Larsen.

Fuzzy rules are stated in the format «If a candidate has
competence 1, with membership degree W, a scientist meets
the requirements of a project with membership degree o. For
example, the following rule can be stated: «If a candidate
knows the methods of project management, the scientist is
a likely candidate for the position». In this example, know-
ing the methods of project management — competence My,
«excellent» is the verbal qualitative estimate. To transfer
qualitative estimates into quantitative values of membership
function, it is necessary to use a certain scale. To construct
the scale of transition from high-quality expert estimates
to membership functions in statements of rules, use the me-
thod described in [38]. An example of such a scale is shown
in Table 1.

Table 1

Scale for assessment of a statement

No. | Verbal qualitative estimate | Value of membership function
1 Excellent 0.9
2 Good 0.75
3 Satisfactory 0.6
4 Bad 0.35




The inference procedure is the aggregation of all the
rules. The process of fuzzy inference in the system «fuzzy
inference» is to find degrees of implementation of each of
the rules based of the degree of truth of its premise with the
help of composition c.=min{u,}. Fuzzy inference by Mamdani
uses the operator of minimum in the
system of fuzzy inference by Larsen
based on the operator of product.

The minimum value of similarity within the cluster is higher
than the average value for the n-gram analysis. This feature
allows identifying the relation between some publications
that are distant from the point of view of the method of lo-
cally sensitive hashing.

Table 2

Comparison of the methods for finding the distance between publications

3. Defuzzification. It involves tran-
sformation of a fuzzy value into the
clear value. The most common me-
thod for defuzzification is the method
for finding the weight center of

a fuzzy set. Defuzzification takes

place with the use of the formula of
finding the center of masses.

Similarity of publications | Similarity of publications Number

Method within one cluster of different clusters of united

Min. | Average | Max. | Min. | Average | Max. clusters
Locally sensitive hashing | 0.0025 | 0.1822 | 0.3257 | 0.0023 | 0.0526 | 0.1227 132
n-gram analysis (n=3) 0.0624 | 0.1941 | 0.4125 | 0.0020 | 0.0577 | 0.1128 147

Fmax

f ap(x)dx
R=tw

Fnax

I n(x)de

min

(10)

where x in the fuzzy magnitude, xpi, and . are the least
and the largest values, and pu(x) is the membership function
of fuzzy magnitude. Since in the proposed method, the fuzzy
magnitude is discreet, integral should be treated as the sum,
that is defuzzification occurs by formula:

(11)

where R'is the clear estimate of candidate a;.

The selection of an executor of a scientific project in-
volves finding the executor matching the maximum value of
defuzzification R'. The ordered set of executors is construc-
ted from the scientists at descending defuzzification value.

6. Verification of the method for publications clustering
and the fuzzy method for selecting scientific partners

To verify the research, the identification of scientific
research areas of 6,0191 scientists that form the knowledge
base of the information-analytical system «Base of scientists
of Ukraine» was performed. At stage 1, 221,893 publications
were clustered using the Louvain method. After discarding
26,495 isolated vertices, 3,328 clusters were obtained. Given
the above constraints, 7,044 publications, for which the
abstracts were available in English, were separated for sub-
sequent analysis. These publications are split into 281 clus-
ters. Then, to establish the similarities of abstracts (4)
to (8) within and between the clusters, the methods of locally
sensitive hashing [33] and of n-gram analysis (at n=3) were
subsequently used. Analysis showed that average similarity
of publications within a cluster exceeds by more than 3 times
the average similarity of publications of various clusters.
That is why the threshold value of 0.09 for uniting was selec-
ted. The application of the proposed methods made it pos-
sible to reduce the number of clusters to 149 and 134, respec-
tively. Maximum and average values of similarity for both
methods have close values and similar behavior (Table 2).

To verify the fuzzy method of scientific partners, it was
proposed to determine the organizations-executors for the
fundamental scientific research «Methodological founda-
tions for the creation of information environment of manage-
ment of scientific research of structural units of HEI of MES
of Ukraine». As a result, a list of potential organizations-
executors that were interested in the project implementation
was formed. The executors among professors and teaching
staff were selected from each organization. Publication acti-
vity was analyzed for each of them. In total, 60,191 Ukrainian
scientists were considered. The results of identification of the
scientific research areas with the use of the Louvain method
at the first stage and results of determining the similarities
of abstracts by the method of locally sensitive hash at the se-
cond stage were used as well. Subsequently, the requirements
for executors of the research according to academic positions
of the chief researcher, the senior researcher, etc. were sta-
ted. The selection criterion was developed: applicants must
have experience in performing studies in the areas «Project
management», «Scientometrics» and «Information systemss».

Based on (9), degrees of belonging to corresponding
competencies that are necessary for the implementation
of various stages of fundamental research were designed.
The obtained result determined a ranking list of scientists
engaged in the study of theoretical aspects of the scientific
research activity. Using the fuzzy method for identification
of research project groups based on expert estimation, it was
found that two universities can be executors of the project:
Kyiv National University of Building and Architecture, as
well as Odessa National Polytechnic University.

7. Discussion of results of improvement of the method
for publications clustering based on 7-gram analysis and
fuzzy method of selecting research partners

It was shown in this study that the graph clustering
requires additional information that can be provided by the
measure of abstracts proximity based on n-gram analysis.
Availability of the additional information allows reducing the
number of clusters by several times. The problem part in the
fuzzy method for identifying research partners is that it is ne-
cessary to make a choice of experts of a narrow profile. Due to
the modified method of clustering and statement of require-
ments for potential partners, this problem is partially solved.

Most research into selecting partners usually involve
experts or conduct cross-sectional evaluation of partners



between one another, in this case, the project management
apparatus and methods of processing expert information are
used to great extent. This research provides an opportunity
to calculate the merits of potential partners without any
influence of the subjective factor due to the application of the
method for determining scientific research areas.

For correct operation of the proposed method for calcu-
lating the distance between text data, it is important to use
true information about the frequency of n-gram. Google Ngram
Viewer [39] is the search online service of the Google company
that allows plotting the graphs of frequency of language units
based on a huge number of printed sources. Statistic informa-
tion is available for the American and British variants of En-
glish, French, German, Spanish, Italian, Russian and simplified
Chinese languages and Hebrew. Similar information for the
Russian language is also provided by the National corpus of
Russian language [40]. For the Ukrainian language, informa-
tion on monograms and bigrams is available in the corpus of the
Ukrainian language in linguistic portal Mova [41]. The volumes
of available data are shown in Table 3. In paper [42], it is noted
that about 6 % of all textual information generated by humanity
throughout the entire history has been processed until now.

Table 3
Volumes of n-gram frequencies

Source Number of texts | Number of #-gram

googfe Ngram Viewer — 4,541,627 468,491,999,592

nglish
Google Ngram Viewer = 591,310 67,137,666,353
Russian ’ e
National corpus of the 76.882 209.198.275
Russian language ’ B
1(} orpus of the Ukrainian Data unavailable 87,180,005
anguage

Thus, we can conclude that the volumes of data of relative
frequencies of n-gram occurrence for the Ukrainian language
are considerably smaller than for the English language. This
can become a significant constraint of the proposed method.
To overcome it, it is proposed to use the abstracts in English.

Based on the research results, the fuzzy method for
choosing the partners for the implementation of a scientific

research project was proposed, but it was not determined
how the contribution of selected partners to a project will
be estimated. This is the issue for future research. One of the
ways of research development is to create new methods for
identification of similarities between the fragments of text
information. The research development is seen in the creation
of a possibility for dynamic management of partners selection.

8. Conclusions

1. The two-stage method for clustering the publications
of scientists was further developed in this research. At stage
1, the publications citation graph is clustered. At stage 2,
clusters are united based on the criterion of proximity of
abstracts of publications. The improvement of the method
implies the use of the method of n-gram analysis for calcu-
lating the distance between publications, which increases
the accuracy of determining the distance between the text
information. Compared with the locally-sensitive hashing,
the application of the method of n-gram analysis allows es-
tablishing a relation between some publications that are dis-
tant from the point of view of the method of locally-sensitive
hashing. At the same time, a significant constraint of using
this method is insufficient volume of data about the relative
frequency of n-grams for the Ukrainian language.

2. The new method for choosing partners for the imple-
mentation of a scientific research project was designed. Its
essence is the use of the fuzzy inference to coordinate the
opinions of experts on the necessary requirements for the
candidates. Results of clustering of scientists» publications
are applied for fuzzification of scientists matching the re-
search tasks of a project. For defuzzification of the estimates
of scientists that is based on the requirements, stated by
experts, the method of finding the weight center was applied.
The merit of the method is the possibility of statement of
requirements in the linguistic form.

3. To verify the proposed methods, publications clus-
tering was performed taking into account the similarity of
abstract based on the n-gram analysis. The selection of execu-
tors for fundamental scientific research was performed based
on the results of clustering.
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u] =,

Cucmema pynxuiii Dadepa-Illayoepa 6ynra esedena 6 1910 poui i cmana
nepuwum npuxnadom éaszucy 6 npocmopi Qpynxuyii, nenepepenux na [0, 1].
Bidomo nusky pesynvmamie w000 eracmusocmeii psoie @adepa-Illayoepa,
Y momy uucai w000 ouinio8ans noxubox nabauicenns Qynuxuii noarinoma-
MU ma wacmuHHuMU cymamu psaoie, nodyodosanux 3a cucmemoro Maéepa-
Hlayoepa. Bidomo, wo cepeo 3aedarv meopii HAOIUNCEHNHA PYHKUTL 8aNCaU-
UM € OMPUMAHHI HOBUX OUIHOK BEUUHU HAOIUINICEHHA 006INbHOT PYyHKUTT
desxum 3adanum knacom pynxuiv. Tomy docrioncenns anpoxcumamuenux
saacmugocmeil noninomie i wacmunnux cym psaoie Maéepa-Illayoepa cma-
HOGUMb 3HAUHUY iHMepec 0N CY1achoi meopii anpoxcumauii Qynruyii.

ocnioscerno numanns nabausicenns Qynruiii oomesicenoi eapiauti wacmum-
HuMU cymamu psoie, nodyoosanux 3a cucmemoro Pynxuii Dadepa-Illayoepa.
Ompumaro ouinky noxudxu anpoxcumauii ynxuii 3 kaacie Qynxuii oomedice-
noi eapiauii C, (1<p<e<) y mempuui npocmopy L, 3a 0onomozoto 3nauenv mooy-
25 Henepepeénocmi 0po606020 Nopsaoxy ®z_1,,(f, t). 3 ompumanoi nepisnocmi
BUNTIUBAE OUIHKA NOXUOKU HADTUNCEHHA HenepepeHUX PYHKUTIL, AKa sUpadcena
uepe3 MoOYb HenepepeHocmi Opyzo2o NOPAOKY.

Taxoonc y xnaci pynxuiti C, (1<p <o) ompumani ouinku noxubdox nad.au-
acenna QPynxuii y mempuui npocmopy L, 3a 0onomozoto Mo0yna nenepepe-
Hocmi 0po606020 nopsaoxky ®¢_q1,,(f, t).

Hdna xaacie @ynxuyiti oomescenoi eapiauii KCV 3 ,) (1<p <) ompumano
ouinky noxubxu nadaudcenns Qynxyii y mempuui npocmopy L, wacmun-
Humu cymamu psaoie Dadepa-Ilayoepa.

Taxum vunom, OmpumMano HU3KY OUiHOK NOXUGOK HAOGAUINCEHHA Qymni-
uiil o0Mmedxncenoi eapiauii ix wacmunnumu cymamu psoie Daéepa-Illayoepa.
Ompumani pesyaomamu € HoeuMu y meopii nabauxcenns Qynxuii. Bonu
NeGHUM UUHOM Y3a2aNbHIOIOMb paHiue 6i00Mi pe3yiomamu ma MoXNcymo
Oymu suxopucmaui 01 nO0ATLUWMUX NPAKMUMHUX 3ACMOCYBAHD.

Kmouoei cnosa: pynxuii oomescenoi eapiauii, inmezpaivha mempura,
MOoOyab Henepepsenocmi, cucmema Padepa-Illayoepa.
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1. Introduction space of functions continuous on [0, 1]. Approximate proper-

ties of the Faber-Schauder system regarding approximation
The Faber-Schauder system of functions was introduced  of individual functions and classes of functions are studied,
in the paper [1] and became the first example of a basis of the ~ for example, in [2—5]. In those studies, the upper bounds of



