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The methods for identification of near-du-
plicates in electronic scientific papers, which 
include the content of the same type, for 
example, text data, mathematical formulas, 
numerical data, etc. were described. For text 
data, the method of locally sensitive hash-
ing with the finding of Hamming distance 
between the elements of indices of electronic 
scientific papers was formalized. If Hamming 
distance exceeds a fixed numerical threshold, 
a scientific paper contains a near-duplicate. 
For numerical data, sub-sequences for each 
scientific work are formed and the proximi-
ty between the papers is determined as the 
Euclidian distance between the vectors con-
sisting of the numbers of these sub-sequences.  
To compare mathematical formulas, the me- 
thod for comparing the sample of formulas 
is used and the names of variables are com-
pared. To identify near-duplicates in graphic  
information, two directions are separated: 
finding key points in the image and apply-
ing locally sensitive hashing for individual 
pixels of the image. Since scientific papers 
often include such objects as schemes and 
diagrams, subscriptions to them are exami-
ned separately using the methods for compar-
ing text information. The combined method  
for identification of near-duplicates in elec-
tronic scientific papers, which combines the 
methods for identification of near-dupli-
cates of various types of data, was proposed. 
To implement the combined method for the 
identification of near-duplicates in electro-
nic scientific papers, an information-analyti-
cal system that processes scientific materials 
depending on the content type was devised. 
This makes it possible to qualitatively identi-
fy near-duplicates and as widely as possible  
identify possible abuses and plagiarism in 
electronic scientific papers: scientific arti-
cles, dissertations, monographs, conference 
materials, etc.
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1. Introduction

The task of analyzing the content of electronic scientific pa-
pers for the identification of near-duplicates is relevant for pro-
fessional scientific publications, specialized academic councils 
for the presentation of dissertations, and the scientific commu-
nity in general. Improving the methods for identifying near-du-
plicates of scientific papers is an important tool for preventing 
abuse and plagiarism in the field of higher education and en-
sures academic integrity. However, the problem of identifying 

near-duplicates is not easy, since electronic scientific works can 
contain data of different types: texts, mathematical formulas, 
tables, schemes and diagrams, pictures, numerical data, etc. For 
the qualitative identification of near-duplicates, the data of all 
types must be analyzed for similarities using various methods 
that are best suited for analysis. That is why there is a problem of 
devising a combined method for identifying near-duplicates in 
scientific papers, taking into consideration data of various types.

An electronic scientific paper is a description of scienti fic 
research published electronically on the Internet, which meets 
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the key requirements for the design of scientific papers. An 
electronic scientific paper includes an analysis of a scientific 
problem or a task, research methods, results, and conclusions.  
An important prerequisite for a high-quality electronic scien-
tific paper is to arrange its peer review before publication 
on the network. In this process, the key role is played by 
the identification of near-duplicates, the existence of which 
in an electronic scientific paper may indicate borrowing of 
third-party information without its citation, which is a copy-
right infringement. In general, the existence of near-dupli-
cates in a scientific paper without appropriate citation means 
that a paper cannot be admitted to scientific review.

The task of identification of near-duplicates is of parti-
cular relevance for specialized academic councils and experts 
admitting a dissertation to the defense. A large number of 
scientific materials that must be presented by the author of 
the dissertation research may contain near-duplicates with-
out citations to other studies in the area of a dissertation. 
Such abuse should be detected at the stage of consideration 
of a dissertation by experts and returned to the authors with 
a reasoned indication of the essence of violations. Thus, the 
task of devising a combined method for identifying near-du-
plicates in electronic scientific papers is relevant for educa-
tion and science in general and ensures academic goodness 
and quality of scientific materials.

2. Literature review and problem statement

Analysis of sources should be divided into several com-
ponents, taking into consideration the type of data to which 
the problem of identification of near-duplicates is applied. To 
solve the problem of identifying near-duplicates in images, 
paper [1] gives a description of a scheme for comparing an 
image with the images that are included in the corresponding 
databases to find a similarity between them. This scheme has 
acquired further development in paper [2]. The main draw-
back of the proposed schemes is great computational com-
plexity. As a result, the search for near-duplicates may take 
an unacceptably long time. Another strategy for comparing 
images is to analyze each pixel separately. Paper [3] described 
this approach. However, its drawback is its dependence on 
the image size. In article [4], it is proposed to use compari-
sons of local image sections to identify near-duplicates. The 
effectiveness of this approach was shown in article [5]. The 
use of k-bit hash codes for this task was described in [6]. Pa-
per [7] described a quick method for identifying near-dupli-
cates in images that uses an intelligent method of analyzing 
similarities with the images published on the Internet. Pa-
per [8] offers an improved algorithm for detecting near-du-
plicates of images, which uses the general feature of the color 
histogram, taking into consideration local complexity based 
on the calculation of entropy. This modification increases the 
accuracy of recognizing near-duplicates of images without  
a significant increase in calculations.

Analysis of text information similarity is often used to 
identify duplication in Web documents. In particular, pa-
per [9] describes the problem of identifying near-duplicates 
for ranking web pages. Article [10] uses statistical analysis to 
avoid spam on the Internet. Article [11] describes the prob-
lem of making abstracts for digital libraries, which eliminates 
duplication of information. The described methods in the 
corresponding representation can be effectively used to iden-
tify near-duplicates of electronic scientific papers. Paper [12] 

describes a conceptual scheme for identifying near-duplicates 
in electronic documents. In particular, the method for iden-
tifying near-duplicates in tables based on locally sensitive 
hashing is described in research [13]. In this work, the con-
cept of search is based only on the calculation of similarity. 
Paper [14] describes the method of n-gram analysis for identi-
fying near-duplicates, which is a modern approach to establish 
similarities in text data. To identify the subjects of research of 
authors, in particular, of dissertation research, it is necessary 
to apply latent-semantic analysis. It was shown that the field 
of the study directly depends on the content of a scientific 
paper, which affects the quality and speed of identification 
of near-duplicates [15]. Paper [16] proposes the clustering 
method based on representative merge (Merge-Filter-RC) to 
detect near-duplicates in one or more data sources. Paper [17] 
describes the use of the TDW matrix. Each element of the 
matrix represents the frequency of the term in a document 
multiplied by weight. The importance of a term is assumed to 
vary depending on the location on the page. The authors make 
a predefined list of weights based on the HTML tags in which 
the term appears and assign weights from that list. The TDW 
matrix is used in paper [18] to identify near-duplicates, taking 
into consideration filtering of documents by the number of 
sentences. Article [19] describes the methods for measuring 
the similarity of a text to identify near-duplicates that can be 
used in borrowing detection systems in electronic scientific 
papers. However, scientific papers contain the content of dif-
ferent types: text, mathematical formulas, tables, images, etc. 
For qualitative identification of near-duplicates, the data of 
all types must be indexed and checked for borrowing.

3. The aim and objectives of the study

The purpose of this study is to develop a combined me-
thod for identifying near-duplicates in electronic scientific 
papers, taking into consideration the data of various types. 
This will make it possible to qualitatively identify near-du-
plicates and detect possible abuses and plagiarism in elec-
tronic scientific papers as widely as possible.

To achieve the aim, the following tasks were set:
– to analyze the methods for identifying near-duplicates 

in electronic scientific papers that contain the content of the 
same type, for example, text data, mathematical formulas, 
numerical data and consider using these methods to devise  
a combined method for identifying near-duplicates in elec-
tronic scientific papers;

– to develop an algorithm for the implementation of the 
combined method for identification of near-duplicates, which 
combines methods for identifying near-duplicates of data of 
various types; 

– to verify the combined method for identification of 
near-duplicates in electronic scientific papers.

4. Materials and methods of research

The research used the methods of analysis, processing, and 
storing big data to identify similarities in databases using hash 
functions. The method of locally sensitive hashing and the 
method of comparison with the sample for identification of 
near-duplicates in electronic scientific papers were used. The 
method of comparative analysis was used to prove the effective-
ness of the combined method for identifying near-duplicates.
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An experiment on the identification of near-duplicates 
of electronic scientific works based on commercial services: 
Turnitin, Advego, and the system devised by the authors was 
carried out. To canonize the text of scientific papers in the 
developed system, a dictionary of stop words was created and 
a dictionary of the Ukrainian language was used. However, 
the functionality of the system makes it possible to use dic-
tionaries of another language to canonize a text.

5. Results of devising the combined method  
for identification of near-duplicates in electronic  

scientific papers 

5. 1. Analysis of the methods for identifying near-du-
plicates in electronic scientific papers containing the con-
tent of the same type

Let us assume that T is the input electronic scientific pa-
per and {T1,T2,…, Tp} are electronic scientific papers that were 
indexed and stored in a database, p is the number of scientific 
papers in a database. It is required to find such a set of scien-
tific papers ɶ

…
T T j j p

=
∈{ }{ } ,

, ,1 2
 for which distance Φ between the 

papers from this set to the input scientific paper T does not 
exceed threshold value α, in other words,

Φ T T T T, , .( ) ≤ ∀ ∈α 

The method of identification of near-duplicates in the 
content of scientific papers of the text type. Let the text of the 
paper be assigned as a sequence of words:

W w w wq= …{ }1 2, , , ,  (1)

where W is the specific text of an electronic scientific, w is 
the words of the electronic paper, q is the number of words.

Word wi, i q= 1,  of arbitrary text W can be assigned as  
a sequence of letters:

w l l li
i i

u
i

i
= …{ }1 2, , , ,  (2)

where l j
i ,  i q= 1, ,  j ui= 1,  are the letters of the fixed alphabet, 

l Aj
i ∈ ,  ui are the number of letters in word wi.

We do not take all the characters that are not letters into 
consideration. Such text of paper W will be called a unigram. 
We will construct a new unigram, excluding from consider-
ation the words that do not have a content load, primarily 
conjunctions. First, we will form a set of the following words:

Z = { }« »,« »,« »,« »,« », .and becausebut in order to etc. 

It should be noted those compound conjunctions, such as: 
in order to; because; due to the fact that, etc. are written sepa-
rately. Then a new unigram will include all the words of a scien-
tific paper that do not belong to set Z, W wi w Zi

= ∉{ } . Assume  
that the capacity of such unigram q card W= ( ), q q≤ .

Using the method of sliding window based on W ,  con-
struct a unigram of length r:

W wj i

r j

wi Z
i j= { }

∉

=

+ −

, ,
1

 j q r= − +1 1, , (3)

where r is the size of a sliding window.
Based on the method of locally sensitive hashing, rep-

resent a set of unigrams { }W j j
q r

=

− +

1
1 in the form of a set of  

bit series { ( )} ,I W j j
q r

=

− +

1
1  where I W j( ) is the element of in-

dex that at the same time determines the sequence Wk , 
j q r= − +1 1, ,

I W j jk k

t

( ) = { }
=

δ
1
,  δ jk ∈{ }0 1, , (4)

t is the number of bits in a series.
Assume that I W j

A( ), A p= 1,  are the elements of the index 
for electronic scientific papers that are stored in the data-
base, p is the number of scientific papers in the database,  
in this case:

I W j
c

jk
c

k

t( ) = { }
=

δ
1
,  δ jk

c ∈{ }0 1, , A p= 1, ,  j q r= − +1 1, . (5)

The Hamming distance between the elements of the in-
dex of an incoming electronic scientific paper stored in the 
database is:

ΦH
c

jk
c

jk
k

t

t
= −

=

∑
1

1

δ δ ,  (6)

where ΦH
c  is the Hamming distance between the elements of 

the index of an incoming scientific paper and the paper from 
a database with number с, c p= 1, .

If ΦH
c

H≤ α ,  αH ∈[0,1], we can consider that the element 
of the index of an incoming scientific paper is close to the 
corresponding element of the index of the paper with the 
number c, that is, the incoming electronic scientific paper 
contains an near-duplicate.

The method for identification of near-duplicates in the 
content of scientific papers of numerical type. Let us assume 
that the text of the paper contains the numeric values that 
are assigned in the form of:

N n n nv= …{ }1 2, , , ,  (7)

where N is the set of numerical values of an electronic scien-
tific paper, v is the quantity of numbers.

Using the method of sliding window based on N, the 
sub-sequences of length r  were constructed:

N nj i i j

r j
= { }

=

+ −1
, j v r= − +1 1, ,  (8)

where r is the size of the sliding window or the length of  
a sub-sequence.

Let us assume that electronic scientific papers stored in 
the database contain numerical values that are represented 
as sub-sequences:

N nj
c

i
c

i j

r j

= { }
=

+ −1

,  j v r= − +1 1, ,  c p= 1, ,  (9)

where ni
c  is the i-th numerical value of the electronic scien-

tific paper with number c.
Then to calculate the distance between the numerical com-

ponents of an input scientific paper and the numerical compo-
nents of the papers stored in the database, it is possible to use 
one of the metric distances, for example, the Euclidean distance:

ΦE
c

j j
c

j

r j

n n= −( )
=

+ −

∑
1

1

,  (10)

where ΦE
c  is the Euclidean distance between numerical com-

ponents of electronic scientific papers. 
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The method for identification of near-duplicates in the 
content of electronic scientific papers, consisting of mathema-
tical formulas.

The peculiarity of scientific papers is that most of them 
include mathematical formulas that have a complex structure 
of symbolic designations. The difficulty of analyzing mathe-
matical formulas is that it is necessary to analyze not only the 
graphical image of the formula but also the text interpreta-
tion of a formula, taking into consideration possible changes 
in designations, numeric values, the shape of brackets, etc.

Mathematical formulas are mostly created using special 
formula editors. Formula editors can be created from:

– using a special markup language, for example, TeX, 
MathML;

– using graphic interface: MathType, KFormula, Math-
Castmula, MathCast, etc.;

– using embedded components: Math Expression Edi-
tor Light;

– using symbolic calculations: Mathematica, MatLab, etc.
However, markup languages and formula editors such as 

MathType are used to type the text of scientific papers, in par-
ticular, of dissertations. In particular, according to TEX rules, 
formulas are separated by @@ characters, which allows re-
cognizing these characters. In electronic scientific papers, se-
parate mathematical symbols or small formulas that are placed 
in the text are separated by $...$ characters, formulas that are 
types in separate lines – by $$...$$ characters. The letters of 
the Latin, Greek alphabet («\alpha», «\beta»), etc. are used 
to designate variables. Special marks (e.g. «+», «–», «=»,  
«\neq’ (≠)», «\sum» (∑), etc.) are used to designate mathe-
matical operations, marks (e.g. «\sin», «\min», «\ln», etc.) 
are used for simple mathematical functions. Understanding 
the marks of special markup language makes it possible to 
compare the formulas of electronic scientific papers. In this 
case, possible changes in designations are taken into account. 
That is, the comparison should be carried out according to the 
structure of the formula, and not according to designations.

If mathematical formulas are displayed as a MathType 
object, it is convenient to use the sampling method to compare 
a formula. First, samples are compared, and then the names of 
variables. It should be borne in mind that certain mathematical, 
physical, and chemical formulas can have stable generally ac-
cepted designations and they will not be near-duplicates. It will 
be appropriate to create a designation dictionary for documents, 
taking into consideration the description of designation in for-
mulas, which are often specified immediately after the formulas.

The variants of representation of text objects with formu-
las were considered:

1. Mathematical formulas are saved as MathType objects. 
2. Mathematical formulas are saved as graphic objects (.jpg). 
3. Mathematical formulas are saved in the format (.pdf).
In the first case, the comparison algorithm by the sample 

is used:
1. Formation of samples of formulas of an incoming elec-

tronic scientific paper.
2. Checking the data of a sample with the samples of for-

mulas of scientific papers included in the database. 
3. For samples with the same structure, the name of the 

variables is checked. 
4. In the case of a full or partial coincidence, we can talk 

about an near-duplicate detected.
The MathType Editor contains a translator of mathema-

tical expressions into MathML format, which simplifies the 
problem of comparison with the sample. 

In the second case, it is necessary to use the OCR techno-
logy of optical character recognition with structural analysis.  
An important task, in this case, is to convert graphic ima-
ges of formulas into MathML and to apply the already de-
scribed scheme.

In the third case, there are difficulties with converting 
formula images into the .pdf format and bringing them to 
MathML. However, in general, the concept of transforma-
tions coincides with the second case.

The described scheme makes it possible to analyze simi-
larities and identify duplication of formulas both using sam-
ples of analyzed formula objects and using the conversion of 
mathematical formulas in different formats into the MathML 
mathematical marking language.

The method for identifying near-duplicates in schemes and 
diagrams.

Let us assume that diagram or scheme D were detected in 
an incoming electronic scientific paper. Compare it with the 
diagrams of electronic scientific papers stored in the data-
base {D1, D2,…, Dp}. The comparison algorithm takes the form:

1. Form code representations of diagrams and schemes D, 
D1, D2, …, Dp. 

2. Comparison of code representations with each other. 
3. If a partial or complete match of code representations 

is detected, a text description of schemes and diagrams is 
compared with each other.

4. Making a decision on the existence of near-duplicates 
in schemes and diagrams.

In the case of comparing images in electronic scientific 
papers, which are considered as graphic objects, it is neces-
sary to take into consideration the types and formats of these 
images. Among the methods for processing graphic informa-
tion, it is possible to separate two main directions: finding 
key points of an image and using locally sensitive hashing for 
individual pixels of an image.

A separate task of identifying near-duplicates in elec-
tronic scientific papers is to compare tables. In case of hiding 
borrowings, the original table can be easily modified: chang-
ing the places of rows and columns, changing headings and 
field names. In addition, when it comes to unfair borrowings, 
these tables can be significantly changed. For example, if the 
original table contains the results of a numerical experiment, 
these numerical data can be deliberately changed in the bor-
rowing. The task of finding near-duplicates in tables is the 
process of identification of such tables that are most similar to 
each other. The similarity, in this case, is expressed by certain 
functional Φ, which assigns the distance between the tables.  
If this distance does not exceed the threshold value α , the ta-
bles are treated as similar, and therefore, there are near-dupli-
cates in the data of these tables. Tables of electronic scientific 
papers can contain text, numerical data, formulas, data such as  
a date, etc. That is why the concept of finding near-duplicates 
in tables is generally similar to the concept of searching for 
near-duplicates in electronic documents in general [13].

5. 2. Algorithm for implementing the construction of  
a combined method for identifying near-duplicates of va-
rious types of data

The algorithm for the implementation of the combined 
method for identification of near-duplicates in electronic 
scientific papers consists of the following stages:

1. To separate images, including schemes and diagrams, 
numerical data, tables, formulas, and text from an input elec-
tronic scientific paper. 
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2. According to formulas (1) to (6) analyze a text for 
near-duplicates. 

3. According to formulas (7) to (10), to analyze numeri-
cal data for the existence of near-duplicates with electronic 
scientific papers stored in the database.

4. To analyze mathematical formulas: to form samples 
and compare them, compare designations in case of simi-
larity of samples, taking into consideration commonly used 
designations. This is done using the method for identifying 
near-duplicates in the content of electronic scientific papers, 
consisting of mathematical formulas.

5. To index tables, to select from them separately numeric 
and text data and separately analyze for near-duplicates. The 
method for identification of near-duplicates in the tables is 
described in detail in paper [13]. 

6. Compare schemes, diagrams, and other images existing 
in an electronic scientific paper by identifying near-dupli-
cates in schemes and diagrams.

7. If near-duplicates without reference to electronic scien-
tific works were found in the content, the corresponding in-
coming electronic scientific paper is sent for examination. The 
examination establishes whether an electronic scientific paper 
contains borrowings without a reference and can be qualified 
as plagiarism. The existence of near-duplicates for each of the 
specified types is determined by the appropriate method.

The algorithm made it possible to devise a test system 
that implements the method for the identification of near- 
duplicates in electronic scientific papers presented in the 
HTML format. In this case, the image was stored directly in 
the text using the BASE64 encoding. The system contains 
the functions of import of electronic scientific papers, which 
consists of the following stages:

1. Upload a file to the server. 
2. Specify the format of the uploaded file. The system 

supports formats. 
3. If the format of the uploaded document is different 

from HTML, the system determines the converter for this 
format. The system supports the conversion of PDF, DOCX, 
ODT, RTF, and TXT formats. 

4. Convert the uploaded file to HTML and clean it from 
styles and scripts. 

5.  Save the received document in the database.
If the language of an electronic scientific paper differs 

from the Ukrainian language, the system performs automatic 
translation using the Google Cloud Translation API. In this 
case, the text is fragmented into short passages of one or more 
sentences up to 500 characters in one fragment. 

For each document, the text is canonized and indexed 
using locally sensitive hashing. After preliminary processing 
and canonization of the text data of tables in an electronic 

scientific paper, fragmentation, and creation of the table in-
dex take place using locally sensitive hashing.

Image processing includes fragmentation at specific key 
points and determining the own rotation angle of each frag-
ment, based on which the perceptual hash is constructed. 
To determine the own rotation angle, not the entire image 
rotates, but rather each sector separately, in which the aver-
age position color is calculated. This limitation is caused by 
the high computational complexity of the rotation operation 
and makes it possible to index images much faster, but in this 
case, some information is lost.

5. 3. Verification of the combined method for identi-
fication of near-duplicates in electronic scientific papers

35 electronic scientific papers of the authors were selec-
ted to verify the method. Electronic scientific papers were 
divided into three groups in the areas of scientific research: 
scientometrics, antiplagiarism, monitoring of environmental 
pollution. Publications were checked using the Turnitin,  
Advego system and using the system that implements the 
method described in the article. All authors’ publications 
were indexed into the database of the system, but during ver-
ification, the publication that was being checked was exclu-
ded from the database. This is necessary for the correctness of 
the check. The database of the system included publications, 
full texts of which were obtained from the Vernadsky Natio-
nal Library of Ukraine [20].

The comparison of the uniqueness of scientific papers 
was made by the Turnitin, Advego services, and using a sys-
tem that implements the combined method for identifying 
near-duplicates for each group of publications correspond-
ing to the relevant direction of research. Since the Advego 
service has a free verification limit of 3,000 characters, the 
document was divided into parts. The general uniqueness 
of an electronic scientific paper was calculated taking into 
consideration the degree of uniqueness of each of the parts. 
The test system was checked in two versions: checking a text 
only (option 1), checking a text and other objects (images, 
formulas, tables, etc.) (option 2).

Table 1 shows average degrees of uniqueness obtained 
as a result of checking the test set of electronic scientific 
papers in three groups by the direction of scientific re-
search (group 1 – scientometrics, group 2 – antiplagiarism, 
group 3 – environmental monitoring).

According to the results of identification of near- 
duplicates in 35 electronic scientific papers, according to  
the devised system of using the combined method according 
to option 1, it was possible to detect by 3.4 % more borrow-
ings than by the method of identification of text borrow-
ings (option 2).

Table 1

Comparison of the combined method for identifying near-duplicates with the methods used  

by Turnitin and Advego services

Groups of 
publications

Number of 
publications

Average volume 
(number of 

words)

Average degree 
of uniqueness 

(Turnitin)

Average degree 
of uniqueness 

(Advego)

Average degree  
of uniqueness  

(Test system, option 1)

Average degree  
of uniqueness  

(Test system, option 2)

Group 1 19 2757 78 94 81.8 77.8

Group 2 11 2598 73 92 78.1 75.7

Group 3 5 2390 77 100 79.6 76.2
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6. Discussion of results of studying the methods for 
identifying near-duplicates in electronic scientific papers

Since electronic scientific papers contain the content of 
different types: text numerical data, formulas, images, in par-
ticular, schemes and diagrams, the methods for the identifica-
tion of near-duplicates in the content of each of the data types 
were used separately to implement the combined method.  
For text data, the method of locally sensitive hashing with 
finding the Hamming distance between the elements of elec-
tronic scientific papers indexes was used. For numerical data, 
the method for constructing a sub-sequence for each scienti fic 
paper with determining the proximity between the vectors 
consisting of the numbers of these sub-sequences was used. 
To compare mathematical formulas, the method for compar-
ing samples of formulas was used. To identify near-duplicates 
in graphic information, two directions were used: finding key 
points in the image and applying locally sensitive hashing 
for separate pixels in the image. Each of these methods is 
effective enough to identify near-duplicates in the content 
of the same type, respectively, these methods can be used to 
implement the combined method.

The devised algorithm of the combined method for the 
identification of near-duplicates made it possible to imple-
ment the test system. Using this system, this method was 
verified on a set of 35 electronic scientific papers of authors 
containing the content of various types. The results of the 
verification are included in Table 1. The degree of borrow-
ing for Table 1 is explained by the fact that the authors are 
working on scientific projects, in which the articles that 
were checked, are in the cycle of scientific publications. Ac-
cordingly, each subsequent publication relies on the results 
obtained in the previous one and contains an abridged de-
scription of the results obtained in the past.

The Advego service searches the Internet and does not 
find some sources that were not indexed by search engines. 
The system in option 2 finds more borrowings mostly 
through identified near-duplicates in mathematical formulas. 
Accordingly, the percentage of uniqueness decreases.

Unlike the methods for identifying near-duplicates in 
the content of the same type (for example, text data), the 
combined method for identification determines borrowings 
in the content of different types. This is important because 
electronic scientific papers usually contain data of different 
types: text, formulas, tables, images, etc. The construction 
of the combined method becomes possible due to the use of 
a unified approach to the indexing of various types of data, 
representing the content of electronic scientific papers.

To apply the developed method in practice, it is necessary 
to index a large volume of electronic scientific papers from 
various fields. There is a dependence of the results of the 

combined method for the identification of near-duplicates 
on the database of indexed scientific papers. The indexing 
process has computational complexity, which is a certain 
limi tation on the application of this method in practice.

The components of the combined method can include 
other methods that are not considered in this article. This 
requires separate research.

7. Conclusions

1. The methods for identification of near-duplicates in 
electronic scientific papers containing content of the same 
type, for example, text data, mathematical formulas, nume-
rical data, tables, schemes, diagrams, and other images were 
analyzed. The degree of proximity of fragments of an elec-
tronic scientific paper to the papers included in the scientific 
database is calculated for the text data by calculating the 
Hamming distance between the elements of indices, which 
are formed by the method of locally sensitive hashing. To 
compare numerical data, numerical sub-sequences are formed 
and Euclidean distance between the vectors that consist of 
these sub-sequences is calculated. To compare mathemati-
cal formulas, the method of samples comparing is used. For 
graphic information, the method of finding key image points 
and the method of locally sensitive hashing for image pixels 
are used. If an image is a diagram or a chart, the text of an 
image is separately selected and analyzed. The implemen-
tation of these methods of identification of near-duplicates 
made it possible to rationally organize the construction of the 
combined method.

2. The algorithm of implementation of the combined 
method for identification of near-duplicates, which combines 
the methods for identification of near-duplicates of various 
types of data, was devised. The algorithm made it possible 
to develop the test system that implements the method for 
the identification of near-duplicates in electronic scientific 
papers presented in HTML format.

3. To verify this method, we selected electronic scienti-
fic works of authors, which were divided into three groups 
according to the direction of research. The papers were 
analyzed for borrowings in the Turnitin system, using the 
Advego service and using the system that implements the 
combined method. It was found that the combined method 
allows identifying near-duplicates both in text information 
and comparing other objects of scientific papers with the 
database of scientific papers. In particular, according to the 
results of identification of near-duplicates in 35 electronic 
scientific papers, using the developed system, the use of the 
combined method made it possible to detect 3.4 % more bor-
rowings than the method of identification of text borrowings.
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