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Abstract. The issue of the training of future teachers of natural science and mathematics to using STEM tech-
nologies was discussed on the basis of the system of scientific analysis. The article describes several severities
of the process of training future teachers of natural science and mathematics and organization of making use of
STEM technologies based on project priorities and application-oriented study methods, connected with modern
technologies and also supplying them by social connection in a professional environment. The assembly of
the principles of the effectiveness of the training system referred to above shall be defined and described in the
following paragraphs.

1 Introduction

Modern civilizational processes, both in Ukraine and
around the world, show a strong increase in the influence
of information and technological factors on social com-
munication. Besides, the role of these processes is gradu-
ally increasing in almost all social and manufacturing ar-
eas, specifically in education. Just in this area, rapid mod-
ernization and reform of the project and objective of aca-
demic influence are taken into account. STEM, which is
also called a unique educational phenomenon, which for
its form integrates global achievements into science, tech-
nology, engineering, and modern mathematics, is the part
of this point. This fact affirms the need to improve the
vocational training of future teachers of natural sciences
and mathematics, who can be oriented towards creating the
will to use the technological issues of STEM education. In
order to ensure the effectiveness of the training system for
teachers of natural science and mathematics in the use of
STEM technologies in the educational process, it is neces-
sary to define and scientifically support the scientific ba-
sis of a set of principles for its application. The system
of preparing teachers of natural science and mathematics
for the application of STEM technologies must meet the
needs of society and solve the problems it faces. These
challenges are common to all countries, including Ukraine
[1–7]:

• reduced interest in the exact profession of science and
engineering,

• growing demand for qualified technicians and re-
searchers,
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• the development of production on the basis of the intro-
duction of the latest equipment, technologies, and mate-
rials,

• increasing employers’ needs in terms of technological
qualifications of workers,

• the development of STEM industry and the emergence
of new professions in this field.

2 Related Works

The training process of future teachers of natural science
and mathematics in the context of the application of STEM
education also has certain features.

First, it is impossible to implement interdisciplinarity
as long as the future teacher of natural sciences and math-
ematics does not acquire an in-depth knowledge of the dis-
ciplines from which integration takes place [8], so in the
program of training teachers of natural sciences and math-
ematics to use the basic disciplines STEM technologies
must precede all others, and sufficient time must be given
to master them [9–11].

Secondly, there is a need for practical experience, es-
pecially in the implementation of project activities [12,
13]. This experience is acquired by the future teacher
in the realization of different exercises, through indepen-
dent work in laboratory classes and practices, in different
types of repetition [14], as well as through the realization
of project activities during the training, which encourages
them to think about the problems related to their train-
ing [15]. As a result, future teachers acquire teamwork
experience and research approach to learning the world
around them, thus forming the appropriate components
of the readiness studied. As a result, the project activity
should “permeate” the entire process of preparing teachers
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of natural science and mathematics for the use of STEM
technologies.

Thirdly, it is very important to socialize and adapt to
the future teachers of natural science and mathematics in
the professional environment, which will enable him to
form appropriate professional behavior, compare himself
or herself to other teachers, and encourage further learn-
ing. Therefore, in the training of teachers of natural sci-
ence and mathematics for the use of STEM technologies,
it is necessary to ensure appropriate social interaction in
the professional environment.

Fourthly, the effectiveness of training of teachers of
natural science and mathematics depends entirely on the
level of training of its sphere of the motivation of value
[16–20]. Therefore, it is necessary to create an appro-
priate motivational fund, stimulating their psychological
readiness to learn, as well as to form an active and positive
attitude towards technology in future professional activi-
ties.

The concept of “learning principles” is considered to
be “a system of basic teaching requirements for the or-
ganization of the educational process, which ensures its
effectiveness” [21]. At the same time, it is fundamental
ideas, initial provisions determining the content, forms,
and methods of educational work according to the pur-
pose of education and the laws of the educational process
[22, 23].

Thus, the principles of education will be regarded as
regulations that determine the requirements for the organi-
zation of the training system for teachers of natural science
and mathematics to the use of STEM technologies, whose
compliance ensures its effectiveness.

3 Results of the research

In order to determine all the principles for the organization
of the training system for teachers of natural science and
mathematics for the use of STEM technologies, it is neces-
sary to take into account the requirements of the principles
as a scientific category [24]:

• the formulation of the principles should take into
account objectively existing pedagogical models and
trends objectively existing in the development of the
phenomenon under consideration,

• all principles should aim at solving the research problem
while determining its general direction, guidelines, and
strategy for the implementation of the research process,

• the principles should act as a system training factor af-
fecting all components of the training system for teach-
ers in natural sciences and mathematics and ensuring
their functioning as a system,

• the principles should reveal various aspects of the prepa-
ration of future teachers of natural science and mathe-
matics for the application of STEM technologies,

• each principle must be complementary to the others.

In the context of our study, is interesting, which, de-
pending on the key elements and stages of the education
process, has identified principles that will contribute to the

effective implementation of STEM education in Ukraine
[25]:

• aims and objectives of training (focusing on practical
purposes and clarity),

• involvement of students (personalization, interaction,
and outcome),

• training of learning contents (interconnection, integra-
tion and modularity),

• organization of training (practice training, technology,
continuity, and adaptation).

Based on the research methodology outlined, as well
as on the basis of our own vision of the phenomenon stud-
ied, we have identified a set of principles that will con-
tribute to the effective implementation of the training sys-
tem for future teachers of natural science and mathematics
to apply STEM technology in professional activities. Con-
sider these principles in greater detail and determine the
requirements for the implementation of the training sys-
tem for future teachers of natural science and mathematics
for the use of STEM technologies in professional activi-
ties.

1. Thus, the principle of personalization in the train-
ing of the future Masters in Science and Mathemat-
ics for the use of STEM technology in professional
activities implies taking into account the individ-
ual psychological characteristics, age and other in-
dividual characteristics (personal experience, feel-
ings, emotions, actions) of any future teachers of
natural science and mathematics. According to this
principle, every future teacher of natural sciences
and mathematics actively participates in the con-
struction of a personal educational path according
to his own goals and abilities, feels an individual, a
person who is the subject of learning [26].

At the same time, the attention of teachers should
be focused not only on the formation of the knowl-
edge of the future teacher, but also on taking into
account the social and emotional aspects of his per-
sonality, ensuring the awareness of his both “weak”
and “strong” characteristics, describing the areas of
personal development. The principle of personal-
ization also implies that communication and interac-
tion between all participants in training take place in
partnership [27–29]. Therefore, during training ses-
sions and laboratory and practical work, any future
teachers of natural science and mathematics should
participate in the study of STEM according to their
needs and abilities. The application of the princi-
ple of personalization makes it possible to optimize
the professional training process of future teachers
of natural science and mathematics on the basis of
the personal needs and motivations of each future
teacher, ensuring their effectiveness and efficiency.

2. The principle of conscious cognitive activity im-
plies the formation of future teachers of natural
science and mathematics a conscious attitude to-
wards learning, understanding the general objective
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ics for the use of STEM technology in professional
activities implies taking into account the individ-
ual psychological characteristics, age and other in-
dividual characteristics (personal experience, feel-
ings, emotions, actions) of any future teachers of
natural science and mathematics. According to this
principle, every future teacher of natural sciences
and mathematics actively participates in the con-
struction of a personal educational path according
to his own goals and abilities, feels an individual, a
person who is the subject of learning [26].

At the same time, the attention of teachers should
be focused not only on the formation of the knowl-
edge of the future teacher, but also on taking into
account the social and emotional aspects of his per-
sonality, ensuring the awareness of his both “weak”
and “strong” characteristics, describing the areas of
personal development. The principle of personal-
ization also implies that communication and interac-
tion between all participants in training take place in
partnership [27–29]. Therefore, during training ses-
sions and laboratory and practical work, any future
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participate in the study of STEM according to their
needs and abilities. The application of the princi-
ple of personalization makes it possible to optimize
the professional training process of future teachers
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the personal needs and motivations of each future
teacher, ensuring their effectiveness and efficiency.

2. The principle of conscious cognitive activity im-
plies the formation of future teachers of natural
science and mathematics a conscious attitude to-
wards learning, understanding the general objective

of specific classes and tasks to achieve this objec-
tive, as well as the development of a strong desire
for self-knowledge and self-improvement. It offers
a meaningful and creative approach to mastering the
knowledge necessary for the application of STEM
technologies in other professional activities. The
conscious cognitive activity of the future teachers
of natural science and mathematics is facilitated by:
the explanation of the purpose and tasks of the disci-
pline and its modules; the importance of discipline
(special courses) in solving the problems of the fu-
ture professional activity; the use in the educational
process of tasks that encourage analysis, synthesis,
generalization, induction, deduction; the creation of
positive emotions.

According to this principle, future teachers of nat-
ural sciences and mathematics should not be pas-
sive students, but should be interested in the edu-
cational process that they are consciously learning
[30, 31]. Thus, taking into account the principle of
conscious cognitive activity in the process of prepar-
ing future teachers of natural science and mathemat-
ics for the application of STEM technologies in pro-
fessional activity, it is sent to train future teachers of
conscious attitude towards an educational process as
a process of knowledge of the surrounding reality,
and also of conscious understanding of the mate-
rial of the educational disciplines of the professional
preparation program.

3. The principle of self-organization presupposes the
need to change in the process of preparing the
role of the future teachers of natural science and
mathematics from “the one who teach” to “the one
who learns”. In this case, the self-organization of
the future teacher is directly linked to his/her self-
education [32, 33] – one of the most important orga-
nizational forms of the educational process, which
takes place without the participation of teachers and
is led by the individual.

This principle is closely linked to the principle of
conscious cognitive activity and is due to the need
for future teachers of natural science and mathemat-
ics to organize their activities not only during train-
ing but also in other professional activities. The
principle of self-organization also determines the
need for the self-updating of future teachers of nat-
ural sciences and mathematics and the formation of
their desire to identify and develop their skills.

In this case, self-updating provides the future
teacher’s perception of reality, the objective of its
evaluation system, the training of self-regulation ca-
pacity, self-analysis and self-control in educational
activities [34].

Thus, taking into account the principle of self-
organization in the process of training future teach-
ers of natural science and mathematics for the ap-
plication of STEM technologies in professional ac-
tivities, it contributes to the activation, optimization

and improvement of the process of training and ra-
tionalization of the educational activities of future
teachers. The effectiveness of each teacher’s educa-
tional activities depends mainly on personal prefer-
ences and efforts [35].

4. The principle of the formation of valuable guide-
lines presupposes the need to train future teachers
of natural science and mathematics of relevant val-
ues, combined with the use of STEM technologies
in future professional activities.

Compliance with this principle is extremely impor-
tant for our study, because it is the value orientations
that reflect the conscious attitude of future teach-
ers of natural science and mathematics towards new
professional activities in general and ensure their at-
tention to the use of STEM technologies in partic-
ular. At the same time, the value guidelines also
determine the personality orientation of the future
teacher in order to creatively solve the problems
of professional activity, as well as the constant im-
provement and development of self-education in the
field of STEM education.

It is no less important that individual values and stu-
dents’ knowledge are determined by each other. In
other words, knowledge reflects the objects and phe-
nomena of reality, and the orientations of value –
the individual’s attitude towards them. Thus, in the
structure of the guidelines of the value of personality
act as a kind of coordination center, this determines
their behavior and attitude towards the social envi-
ronment [36, 37].

In view of the principle of the formation of valu-
able guidelines training in the process of preparing
future teachers of natural sciences and mathematics
for the use of STEM technologies in professional
activities, it will ensure awareness of the dominant
need for STEM technologies and allow them to set
appropriate priorities to solve various professional
tasks related to the implementation of STEM edu-
cation.

5. The principle of cooperation and mentoring in the
study process involves the organization of inter-
subject relations, including teamwork and continu-
ity in education, which is achieved through the ex-
change of experience in the use of STEM technolo-
gies in professional activities between teachers of
free economic practice, experienced teachers and
future teachers of natural sciences and mathematics.

On the basis of this principle, all actors should
cooperate, form a coalition of more and less ex-
perts, actively share experience on the specifici-
ties of the practical application of STEM technolo-
gies on the basis of partnership, volunteering, trans-
parency, openness, equality and mutual accountabil-
ity [38, 39].

Therefore, taking into account the principle of co-
operation and mentoring in the process of preparing
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future teachers of natural science and mathematics
for the application of STEM technologies in profes-
sional activities, it will ensure the participation of
teachers-practices experienced in this process, cre-
ating inter-subjective links between them and future
teachers of natural science and mathematics, as well
as intensifying the exchange of experience in the ap-
plication of STEM technologies in professional ac-
tivities.

6. The principle of dialogic in the study process [40]
presupposes the exceptional importance of dialogue
for the formation of the future teachers of natural
science and mathematics.

On the basis of this principle, the appropriate train-
ing of teachers of natural science and mathemat-
ics for the use of STEM technologies in profes-
sional activities can only be carried out through
dialogue with free economic education teachers,
expert-practical teachers and fellow graduates. The
content of this dialogue is the exchange of experi-
ence in the application of STEM technologies and
the joint production of new knowledge in this area.

It should be noted, however, that this principle does
not provide for equality between the teacher, the
teacher-practice and higher education, due to dif-
ferences in age, life experience and different so-
cial roles [41]. Nevertheless, the principle of dia-
logic presupposes sincerity, mutual respect and tol-
erance for other people’s opinions. Therefore, tak-
ing into account the principle of dialogic in the pro-
cess of preparing future teachers of natural science
and mathematics for the use of STEM technologies
in professional activities, it will offer the possibility
of exchanges between teachers of free economic sci-
ences, teachers of natural sciences and mathematics
and professionals as individuals and as future teach-
ers.

7. The principle of integration implies the integration
into the content of the training program of disci-
plines related to the use of STEM technologies and
STEM education. In this case, integration should
not be just a combination, but the interpenetration of
two or more STEM disciplines. This will ensure the
formation of an inclusive vision of future teachers
of natural science and mathematics on STEM edu-
cation and the use of STEM technologies in other
professional activities.

According to this principle, the learning content
should be linked to the STEM industry, its main dis-
ciplines in each course of study. The organic combi-
nation of the content of the training program for fu-
ture STEM education informatics teachers, STEM
technologies, STEM disciplines and other voca-
tional and pedagogical orientation courses around a
theme will provide an integral perception of educa-
tional material on different sides, multiform knowl-
edge of STEM education, the development of criti-

cal thinking and value orientations important to the
STEM industry.

8. The principle of transdisciplinarity is linked to the
principle of integration and implies that the content
of the training of teachers of natural science and
mathematics for the application of STEM technol-
ogy goes beyond a particular discipline, permeating
different disciplines, which will transfer knowledge
from one discipline to another.

Implementation of this principle is associated with
the need to train in teachers of natural science and
mathematics a meta-subject vision of the disciplines
of the STEM industry, which is essential for STEM
education and the use of STEM technology. To form
a meta-subject vision in the training process of fu-
ture teachers, it is necessary to use methods such as
analysis, synthesis, generalization, definition, distri-
bution, classification, etc.

In the maintenance of disciplines, it is necessary to
provide: the transition from simple to difficult sub-
jects, from concrete to general and, on the contrary,
the conduct of theoretical of theoretical before those
practices; methodologically justified alternation of
theoretical and practical classes; the overall appli-
cation of knowledge in the performance of various
tasks.

Therefore, taking into account the principle of trans-
disciplinarity in the process of preparing teachers
of natural science and mathematics for the use of
STEM technologies, it provides effective training
in the meta-subject vision of STEM education and
STEM disciplines as a basis for the effective appli-
cation of STEM technologies in subsequent profes-
sional activities.

9. The principle of the link between learning and life
implies that the preparation content of future teach-
ers of natural science and mathematics for the appli-
cation of STEM technologies is correlated with the
requirements of real life specialists.

According to this principle, during the development
of any program of any discipline of training of fu-
ture teachers of natural science and mathematics to
its content, it is necessary to include topics intended
to develop the required skills in the twenty-first cen-
tury [42, 43].

At the same time, in forming this content, it is nec-
essary to take into account the main tasks of the edu-
cational process in higher education, the specific vo-
cational training tasks of teachers of natural science
and mathematics, as well as the real possibilities of
higher education.

Taking into account the principle of the link between
learning and life in the process of preparing teachers
of natural science and mathematics for the applica-
tion of STEM technologies provides a consideration
in the context of preparing real life requirements for
professionals in the 21st century.
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cation of STEM technologies is correlated with the
requirements of real life specialists.

According to this principle, during the development
of any program of any discipline of training of fu-
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its content, it is necessary to include topics intended
to develop the required skills in the twenty-first cen-
tury [42, 43].

At the same time, in forming this content, it is nec-
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10. The principle of significance of learning outcomes
to the individual implies that the expected outcomes
and the purpose of preparing teachers of natural sci-
ence and mathematics for the use of STEM tech-
nologies should individually include significant out-
comes for each graduate educational outcome.
Based on this principle, each future teacher of
natural sciences and mathematics seeks individual
achievements in educational activities, because the
personal results provide the meaning of any activ-
ity and the realization of one of the main needs – to
succeed in learning, in professional activities and in
life. No less important is the fact that the satisfac-
tion of this need of the individual contributes to its
self-up gradation, self-affirmation, increase the level
of self-esteem and, in general, provides the human-
ization of the training process.
In order to implement this principle, it is necessary
to create for future teachers of natural science and
mathematics various successful situations in which
they may experience a state of joy and satisfaction
in achieving or overcoming the expected result [44].
The most effective thing for this is the use of prob-
lematic situations, the solution of which will allow
the student of higher education to feel involved in
what is happening in the classroom, as well as to
increase the strength and efficiency of the knowl-
edge acquired by him. A more comprehensive tool
for creating successful situations is project technol-
ogy, which aims to apply future natural science and
mathematical disciplines teachers of existing factual
knowledge and to acquire new knowledge.
Thus, taking into account the principle of signif-
icance of learning outcomes to the individual in
the process of preparing future teachers of natu-
ral science and mathematics for the application of
STEM technologies, it provides greater motivation
for learning, allows the student to take advantage of
educational activities, stimulates them to high learn-
ing, eliminates anxiety, uncertainty and low self-
esteem, develops initiative, creativity and activity,
as well as stimulates their self-organization and self-
realization.

11. The principle of feedback implies the need to obtain
timely information on the results of the training of
teachers of natural science and mathematics to use
STEM technologies in the form of assessment, doc-
umentation and diagnostic results.
The implementation of this principle enables free-
lance teachers to determine the correction of their
actions during teaching, to obtain information on the
conformity of training with the expectations of fu-
ture teachers, to identify the complications that arise
during the training, as well as the “weaknesses” and
gaps in their preparation for using STEM technol-
ogy.
Feedback in training not only carries out semantic
but also emotional functions. The semantic function

determines the achievement by future teachers of
natural and mathematical sciences of certain results
of the formation according to the criteria of evalua-
tion determined, and the emotional function allows
to determine their state of mind during the forma-
tion and, if necessary, to eliminate negative trends
in the relationship between the training subjects.

In order to provide feedback in the process of
preparing teachers of natural science and mathemat-
ics for the use of STEM technologies, it is recom-
mended to use anonymous questionnaires and re-
flections.

In particular, anonymous questionnaires are carried
out either in the last lesson or after control of the
module. This questionnaire provides much informa-
tion on the effectiveness of certain teaching meth-
ods, students’ satisfaction with the learning process
and its results during the semester, as well as the
level of achievement of the learning target and the
expected results. The results of the questionnaire
are taken into account, but not as a final evaluation
of the teacher’s work by future teachers [45]. Dur-
ing the reflection, which takes place constantly dur-
ing the training, every future teacher of natural sci-
ence and mathematics analyzes what is happening
and draws its conclusions. Reflection helps the fu-
ture teacher to achieve adequate self-esteem, to in-
crease self-organization and self-motivation.

Thus, taking the principle of feedback into account
in the training process of teachers of natural science
and mathematics for the application of STEM tech-
nologies helps to understand the nature of the dif-
ficulties, gaps and “weaknesses” of this training, to
determine the reasons for their occurrence, allowing
the whole training process to be adjusted.

12. The principle of constant control implies the need
for teachers, Methodists and curators working with
future teachers of natural science and mathematics,
regular and continuous diagnostic actions.

The control process consists of three main elements:
establishment of standards; comparing the results
with the established standards; and actions. Ac-
cording to this principle, in the training process it
is necessary to evaluate not only the level of knowl-
edge and skills, but also the level of training of
other professionally significant personal character-
istics which form the basis for future teachers of
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will not only provide information on the initial state
and final results of the preparation process studied,
but also monitor current results. This principle is
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Thus, taking into account the principle of constant
control in the process of preparing teachers of nat-
ural science and mathematics for the application
of STEM technologies shows the progress of the
planned task system allows eliminating deviations
and provides an adaptation to change.

We believe that the implementation of a set of princi-
ples mentioned above will in practice allow the implemen-
tation of an effective training system for future teachers of
natural science and mathematics for the use of STEM tech-
nologies in professional activities.

To gain experience, a future teacher must participate
in the process of creative, search activity, since the expe-
rience of creative activity cannot be conveyed by stories,
indications of the process itself, they are carried out to-
gether with students.

To develop the creative abilities of students, it is neces-
sary to involve them in a specially organized educational
scientific and cognitive process, which is a model of the
scientific process of cognition. In this aspect, the use of in-
teractive teaching methods provides planned results if stu-
dents become carriers of specific roles; simulation-game
situations create a real environment, the content is based
on specific practical material that reflects the content of
professional activity, providing a combination of training
with the professional development of future specialists.

Fulfillment of specific roles obliges students to analyze
and make professionally significant decisions, increases
the level of their professional competence, including ped-
agogical.

Based on the analysis of scientific sources and based
on the author’s vision of the features of the studied phe-
nomenon, in the necessary and sufficient organizational
and pedagogical conditions that ensure the effectiveness
of the process of training future teachers of natural sci-
ence and mathematics for the use of STEM technologies,
the following are attributed:

1. Updating the content of professional training of fu-
ture teachers of natural science and mathematics to
use STEM technologies.

2. Implementation of STEM projects in robotics by fu-
ture teachers of natural science and mathematics.

3. Ensuring in the course of training future teachers of
natural science and mathematics of their social in-
teraction in a professional environment.

An important role in the organization of the process of
training future teachers of natural science and mathemat-
ics is played by complex methodological support, which
requires the determination of the regulatory framework,
information and material and technical support of the edu-
cational process.

Therefore, in the course of preparing for the applica-
tion of STEM technologies in professional activities, fu-
ture teachers of natural science and mathematics get ac-
quainted with methodological recommendations, regula-
tions, instructions and other normative acts of the educa-
tional process. First of all, they become familiar with the

“Typical list of learning tools and equipment for educa-
tional and general purposes for classrooms of natural and
mathematical subjects of general educational institutions”.
Their use allows students to carry out design and research
activities, to implement the tasks of modeling various pro-
cesses and phenomena and consciously form qualitatively
new transdisciplinary knowledge.

4 Conclusions and future work

On the basis of the study, we identified twelve principles,
the respect of which will contribute to the effective imple-
mentation of the training system of future teachers of nat-
ural science and mathematics for the use of STEM tech-
nologies in professional activities. The set of principles
that we define includes: the principle of personalization,
the principle of conscious cognitive activity, the principle
of self-organization, the principle of the formation of valu-
able guidelines, the principle of cooperation and mentor-
ship, the principle of dialogic, the principle of integration,
the principle of transdisciplinarity, the principle of the link
between learning and life, the principle of significance of
learning outcomes to the individual, the principle of feed-
back and the principle of constant control.

They create a proper basis for building a model for the
training system of future teachers of natural science and
mathematics for the use of STEM technologies.
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