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AHOTALIA

ABSTRACT

@PopmynioeaHHa npobaemu. MamemMamuKka € 8aHIUBOIO
CKAa0080K0 HUMMA KOXCHOT 1100UHU, 30Kpema U 3006ysayie ocsimu
3 nopyweHHAMU 30py (3[13), OCKinbKu Ccrpuse hopmy8aHHO
KomnemeHmHocmel 0718 NOBCAKOEHHO20 Mummsa ma npogecitiil
disneHocmi. CydacHi nidxoo0u eumazarome Po3BUMKY iHK/AKO3UBHUX
3aKnaodie Mo4amxosoi oceimu, wjob yHUKHymu OUCKpumMiHauii ocié 3
iHeaniOHicmio. OOHum i3 npedmemis, aAkuli 313 HalicknadHiwe
0MnaHO8YIOMb, € MOMEMAMUKQ, OCKinbKU 8 Hili sukopucmosyromecs
epagiyHi mamepianu, wo € eamkumu O0aa cnpuliHammsa 3[13.

AudakmuuHi mamepianu donomazarome 3meHwumu
abcmpakmHicme mMamemamuyHux noHAmMse, pobasqu ix 6Ginew
«eudumumu» Ona 3M3. [lonpu nepesa2u  BUKOPUCMAHHSA

MaHInyAamueie 8 IHKA3UBHUX MOYAMKOBUX Knaacax, bpakye
docnidreHs, AK yi mamepiaau 3acmocosyromecs 8 iHKA3UBHUX
noyamkosux wkKonax [aHu 048  MOKPAWEHHA  PO3YMIHHA
mamemamuyHuUx noHAMs. Cnupar4uce Ha Meopito KO2HIMUBHO20
ma coyianbHO20 KOHCMPYKMUBIi3mMy, ye 00CniOHeHHs crpamosaHe
Ha 3’ACY8aHHA MO020, AK y4umesni MamemMamuku 3aKnadie
noyamkoeoi ocgimu 3abe3nevyyloms 0oCmynHicme MaHinyaamusis
0ns 3M3.

Mamepianu i memodu. 3acmocosaHo 0ocnidHuYybKuli dusalH y
¢dopmami case study. lMposedeHo iHMeps’to 3 6-ma 84yumenamuU
MamemMamuKu [HK/A3UBHUX 3aKAadie noYyamkoeoi oceimu, a OaHi
poaHani308aHO 30 00MOMO20K0 MEMAMUYHO20 aHAI3Y.

Pesyaemamu. Pe3ynemamu 00cnioxceHHA 3aceidvunau, wo
binbwicme yyumesie He MarOMb MAHINYAaMuUBI8 y C80IX WKOAAX i,
8i0M0GIOHO, He BUKOPUCMOBYOMb iX Yy npoyeci HABYAHHA
mamemamuku. Yepe3 8i0cymHicmb MPAKMUKU 3GCMOCY8AHHA
MaHinynamueie 018 (OPMYyBAHHA MAMeMamu4HUX [MOHAMb
binbwicme yyumesie He MOXymeo 4imKo okpecaumu mpyoHow,i nio
yac Has4yaHHsA LVI 3 sukopucmaHHAM makux mamepianie.

BucHoOBKU. Y4yumenam iHKAO3UBHUX 104YaMKOBUX WKin [aHu
0oyinbHO opaaHizysamu cemiHapu (i mpeHiHau w000 8UKOPUCMAHHSA
MaHinynamusie y HasyaHHi mamemamuku 3M13, wob nidsuwumu
fAKicme  ixHbOI  npogpeciliHoi nidecomosku ma egekmusHicms
iHK/1103UBHO20 0CBIMHbLO20 Npoyecy.

Formulation of the problem. Mathematics is essential in every
individual's life, including that of Learners with Visual Impairment
(LVI), as it helps them acquire the competencies required in their
daily life and profession. There is a growing emphasis on inclusive
basic schools to avoid discrimination among people with
disability, Such as Learners with Visual Impairment (LVI). One
subject that LVI finds difficult to understand is mathematics
because it utilizes many graphics that are challenging for LVI to
comprehend. Manipulative materials help reduce the abstract
nature of mathematical concepts by making them more visible to
learners, including those with learning difficulties. Despite the
benefits of manipulatives in inclusive primary classrooms, there is
a lack of research on how manipulatives are used in inclusive
primary schools in Ghana to enhance learners' understanding of
mathematical concepts. Guided by cognitive and social constru-
ctivism theory, this study explores how basic school mathematics
teachers make manipulatives accessible to Learners with Visual
Impairment (LVI), the support they provide, the assessment
strategies they use, and the difficulties they encounter when
using manipulatives to teach mathematics to LVI.

Materials and methods. This study employed a case study
research design. Six inclusive basic mathematics teachers were
interviewed, and the results were analysed thematically.

Results. Findings from the study indicated that most teachers
do not have manipulatives in their schools and do not employ
them during mathematics instruction. The results also showed
that, since most teachers do not use manipulatives in teaching
mathematical concepts, they were unable to identify the
challenges they face when teaching LVI mathematical concepts
with manipulatives.

Conclusions. Based on the outcome of this study,
manipulatives for teaching mathematics, especially to LIVs,
should be made available in inclusive basic schools in Ghana.
Teachers in inclusive basic schools in Ghana should be given
workshops and seminars on the use of manipulatives in teaching
mathematics to LVI.

K/IDHOBI C/IOBA: mamemamuyHi Kaacu, y4Hi 3 rnopyweHHAMU
30py; iIHK/A03UBHA MOYAMKOBA WKOAA,; MaHinyaamusu; MaHa.

KEYWORDS: Mathematics Classrooms; Learners with Visual
Impairment; Inclusive Basic School; Manipulatives; Ghana.

ANA UUTYBAHHA: Adu A., Apawu J., Obeng-Denteh W. Manipulatives
use in mathematics classrooms of inclusive basic schools in Ghana.
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INTRODUCTION

Mathematics is essential in the life of every student, including learners with visual impairment (LVI). Mathematics
equips learners with reasoning and problem-solving skills, which are crucial in the 215t century. As a result of the relevance the
subject plays in the daily life of learners, mathematics is seen as one of the compulsory subjects at basic schools, including
inclusive basic schools (NBS) in Ghana. Florian (2015) emphasized that inclusive pedagogy aims to support teachers in addressing
the diverse needs of individual learners without excluding any students through differential treatment (Lindner & Schwab, 2020).
For learners to understand mathematics concepts, students need to develop the skill of extracting information from graphics and
applying it to problem-solving tasks (Rosenblum et al., 2018).

Despite the benefits of inclusive education, LVI face challenges in daily activities due to their loss of sight, including
difficulties in learning tasks as they lack visual experience, which is a key source of information (Daroni et al., 2018). Ramatea and
Khanare (2021) discovered that while teachers, parents, and schools offer assistance to learners with visual impairments (LVI),
their educational opportunities may be limited due to various constraints. This limitation in visual information affects their
comprehension of concepts, particularly in subjects such as mathematics, where visual instruction is heavily relied upon (Daroni
et al.,, 2018).

However, since graphic materials in the curriculum are primarily visual, many Learners With visual impairment
encounter significant difficulties in comprehending them (Zebehazy & Wilton, 2021). Ahmed (2020) noted that many fundamental
mathematical concepts are verbally described based on visual observations. Rocha et al. (2021) suggest that individuals with
visual impairments may find spatial and directional concepts more challenging to comprehend compared to those without visual
impairments. Also, the process of accessing and interpreting information from graphs poses challenges for Learners with visual
impairments (Rosenblum & Herzberg, 2015). Research conducted by Aljundi and Altakhayneh (2020) in Jordan revealed that
Learners with low vision impairments encounter numerous obstacles in learning mathematics. These Learners often struggle to
keep pace with their sighted peers when it comes to mathematical problems that involve visual elements (Zebehazy & Wilton,
2014). Additionally, many teachers of Learners with Visual impairment are aware that their Learners face challenges
independently utilizing mathematical graphics (Zebehazy & Wilton, 2014).

To support the success of Learners with visual impairment in mathematics, it is crucial to explore strategies thatimprove
their access to and understanding of mathematical concepts conveyed through graphs (Abrahamson et al., 2019). Implementing
equitable pedagogy that engages Learners through various sensory channels beyond vision is necessary for their full participation
in teaching (Abrahamson et al., 2019). One such strategy is the use of manipulatives in teaching mathematics in an inclusive
primary school. Providing appropriate learning materials is crucial in improving mathematics education for Learners with visual
impairment (Oyebanji & Idiong, 2021).

Tjandra (2023) concluded that the incorporation of manipulatives in mathematics instruction can effectively support
the learning and integration of Learners with diverse needs. However, educators must be equipped with adequate resources and
training to implement manipulatives effectively, and they must also be able to modify manipulatives to cater to the needs of
various learners (Tjandra, 2023). Additionally, Okumu (2021) discovered a positive correlation between proficiency in
mathematics braille skills and academic performance in mathematics. The use of manipulatives in mathematics education has
been proven to enhance Learners' grasp of mathematical concepts and boost their engagement in learning, although this requires
specialized training (Tjandra, 2023).

One study conducted by Larbi and Okyere (2016) demonstrated that Learners who incorporated manipulatives in their
mathematics education outperformed their peers who did not use manipulatives. Maboya et al. (2020) observed that educators
often employed manipulatives mechanically, failing to help Learners move beyond concrete representations of mathematical
concepts. According to Quigley (2021), engaging with concrete materials helps learners gain a deeper understanding of
mathematical concepts, laying the groundwork for their conceptual knowledge of mathematics.

Emerson and Anderson (2018) observed that Learners with visual impairments demonstrated improved performance
on questions related to content when provided with detailed explanations, achieving a maximum correct rate of 29%. In a study
by Brawand and Johnson (2016), the effectiveness of methods such as using the Abacus, Braille, tactile graphics, and tangible
materials in enhancing mathematical comprehension among Learners with visual impairment was emphasized. Byrne et al. (2023)
discovered that manipulatives resources can enhance children's ability to grasp numerical concepts.

Despite the benefits of manipulatives in the inclusive classroom for LVI, teachers’ ability to use them effectively with an
appropriate teaching strategy is essential in enhancing LVI's understanding of mathematics concepts. Quigley (2021) noted that
educators who effectively utilize concrete materials create an environment rich in mathematical opportunities for young learners
to analyze concepts and problem-solve. Maboya et al. (2020) found that despite the presence of well-equipped mathematics
laboratories, Learners still struggled with the concept-symbol disconnect. Teachers faced challenges in effectively utilizing
manipulatives to aid Learners in transitioning cognitively from concrete to pictorial and abstract representations (Maboya et al.,
2020). The study conducted by Rule et al. (2011) highlighted a deficiency in teachers' special education skills needed to support
Learners with visual impairment in maximizing their potential in mathematics and science.

Additionally, Bell and Silverman (2019) identified concerns regarding the insufficient knowledge of the Nemeth Code
among Teachers of the Visually Impaired (TVIs), as well as a tendency to overlook teaching braille math notation to Learners with
remaining vision. Furthermore, adult participants with residual vision expressed regret over not having been taught Braille math
codes, underscoring the significance of Braille in facilitating participation in the fields of mathematics and science (Bell &
Silverman, 2019). This could be a result of the lack of teacher motivation, mentorship in mathematics and science teaching
methods, and tools for Learner empowerment, which further discourages Learners with Visual impairment from pursuing these
subjects at a higher level (Hayes & Proulx, 2024). For example, Nthibeli et al. (2022) noted that teachers in South Africa were not
sufficiently equipped to teach students with autism effectively in inclusive classrooms.

Despite the importance of manipulatives in an inclusive classroom to LVI comprehension of mathematics concepts,
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their practical use in the classroom is essential. Despite this, little is known about how manipulatives are used in the mathematics
classrooms of inclusive basic schools in Ghana. This is a problem because if these materials are not used effectively, LVI's
understanding of mathematics concepts is likely to be compromised. As a result, this study sought to evaluate the use of
manipulatives in teaching mathematics in inclusive basic schools in Ghana.

RESEARCH QUESTIONS

1. How do basic school mathematics teachers make manipulatives accessible to LVI during mathematics lessons?

2. What support do the basic school inclusive teachers provide to LVI when using manipulatives in teaching
mathematics concepts?

3. What assessment strategies do inclusive basic school teachers use to evaluate Learners with visual impairment
when using manipulatives in a mathematics classroom?

4. What kind of difficulty do the inclusive basic school teachers encounter when using manipulatives to teach
mathematics to LVI?

THEORETICAL FRAMEWORK

Cognitive and social constructivism theory serves as the theoretical framework for this study. Cognitive constructivism
is a theory influenced by Piaget's cognitive development, in which learners are seen as actively constructing their knowledge
(Piaget, 1936). Piaget proposed that children progress through four stages of cognitive development — sensorimotor,
preoperational, concrete operational, and formal operational — in which they actively build knowledge. The idea of actively
constructing knowledge led to the development of radical constructivism (Von Glasersfeld, 2014), which posits that reality is
subjective and that there is no absolute truth. For Learners to construct their knowledge effectively, it is important to provide
materials and activities that engage them in active exploration and discovery (Bada & Olusegun, 2015). This study is based on
cognitive constructivism, as employing manipulatives to teach mathematical concepts in an inclusive classroom, particularly for
learners with visual impairments, provides them with hands-on experiences to construct their knowledge independently rather
than relying on others for mathematical information during instruction.

Socio-constructivism is developed based on Vygotsky’s sociocultural theory (Vygotsky, 1978). This shows that the
cognitive development of children is influenced by the cultural and social context in which they live (Vygotsky, 1978). This implies
that children's learning is influenced by their personality and the social level. Vygotsky (1978) extended the theory to the
interaction that the learner has with the community and family members. McLeod (2020) asserted that there are two significant
points in Vygotsky's (1978) theory development. First, the theory suggested that the more skillful, experienced, or knowledgeable
individual could be a peer, an elder person, a teacher, or a family member (McLeod, 2020). As a result, learners gain knowledge
by interacting with knowledgeable individuals socially (McLeod, 2020). This study selects socio-constructivism theory due to its
relevance in inclusive classrooms, where both educators and non-visually impaired learners recognize learners with visual
impairments as integral members of the school community. Consequently, LVIs must engage with their sighted counterparts,
teachers, and the school community to obtain instructional information for optimal learning. The teacher, who acts as a specialist
in knowledge, aids the LVI in grasping mathematical concepts by using manipulatives for instruction. Furthermore, via
collaboration and coordination, LVIs and their sighted counterparts coexist to thrive in mathematical education.

McLeod's (2020) second point was the Zone of Proximal Development, which represents the distance between the
learner's current level and the level they need to reach through the assistance of an adult. The child's potential for development
can only be reached through collaboration and problem-solving with the teacher or high-ability peers (Nino, 2023). In this case,
the zone of proximal development refers to the level that a learner needs to reach through partnership, interaction, and
encouragement with others rather than the learner alone (Nino, 2023). One of the approaches to teaching is scaffolding, a widely
used instructional strategy based on Vygotsky’s model of providing support to learners to attain a higher level of understanding
(Nino, 2023). In this study, combining both Piaget and Vygotsky can help to identify how basic school mathematics teachers make
manipulatives accessible to LVI during mathematics lessons, the support basic school inclusive teachers provide to LVI when using
manipulatives for teaching mathematics concepts, the assessment strategies inclusive basic school teachers’ uses to evaluate
learners with visual impairment when using manipulative in mathematics classroom and the kind of difficulty the inclusive basic
school teachers encounter when using manipulative to teach mathematics to LVI.

Manipulatives are physical objects or materials used to represent mathematical concepts, allowing learners to explore,
understand, and apply mathematical ideas through hands-on experiences (Tjandra, 2023). These materials can range from
everyday objects to specially designed tools, facilitating a concrete representation of abstract mathematical concepts. Typology
of Manipulatives include: concrete manipulative (Physical objects such as blocks, counting bears, abacus or base-ten blocks that
represent mathematical concepts,), virtual manipulative (Digital tools and simulations that mimic physical manipulatives,
accessible through computers or tablets) and tactile manipulative: Materials designed for tactile exploration, such as Braille
blocks or tactile graphs, beneficial for Learners with Visual Impairment (LVI).

Manipulatives can be used in various instructional settings to enhance learners' understanding of mathematical
concepts (Oyebanji & Idiong, 2021). For all learners, manipulatives offer a hands-on approach to learning, making abstract
concepts more tangible, encouraging active participation and engagement in the learning process, and supporting differentiated
instruction, which allows teachers to cater to diverse learning styles. For LVI, manipulatives need to be adapted to ensure
accessibility and effectiveness. For example, tactile manipulatives that allow learners to explore mathematical concepts through
touch, incorporating Braille and large print labels on manipulatives to facilitate understanding. Additionally, the use of digital
tools and apps that provide auditory or tactile feedback enhances the learning experience for LVI. Furthermore, the development
of customized manipulatives that cater to the specific needs of LVI ensures they can fully engage with mathematical concepts
(Oyebanji & Idiong, 2021).
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RESEARCH METHODS

Research Approach

A case study under a qualitative research approach was adopted for this study (Crewell & Crewell, 2018). This approach
was chosen because the focus of this study was to ascertain how manipulatives are used in inclusive basic schools during
mathematics instruction.

Selection of the participants

To achieve this objective, six mathematics teachers were purposively selected from three inclusive basic schools in
Ghana. These schools are accepted as inclusive basic schools, where LVI are mixed with regular learners. These teachers include
three junior high school mathematics teachers and three primary school mathematics teachers. With the Junior High School, only
mathematics teachers were selected. However, the primary teaching method is class teaching. Any teacher teaching in the upper
primary or early grade levels teaches mathematics, and as such, is selected to participate in the study.

Data Collection Instrument

Data were collected using a structured interview guide to gather detailed information on the use of manipulatives in
inclusive primary schools during mathematics instruction.

Data Collection Procedure

Before data collection, the researcher obtained ethical clearance from the Humanities and Social Sciences Research
Ethics Committee of Kwame Nkrumah University of Science and Technology to ensure the study was safe and did not cause harm
to any participants. This was followed by a letter of permission from the Department of Teacher Education at KNUST, which
allowed us to seek permission from the school and its teachers prior to data collection. The researcher visited the school seven
days prior to the data collection day to obtain verbal permission from the teachers and to request that they sign both the consent
form and the participants’ information sheet. This helped the participants understand the objectives and nature of the study that
was conducted. The data collection lasted for ten days, with each teacher using approximately 40 minutes. The interviews were
conducted at the convenient places chosen by the teachers in their respective schools. The interview was recorded using the
researchers’ phone, with the participants' consent, and was password-protected to prevent access by a third party.

Data analysis

The audio data was later transcribed and analyzed thematically, based on the thematic analysis procedure outlined by
Creswell and Creswell (2018).

RESEARCH RESULTS

1. How do basic school mathematics teachers make manipulatives (for LVI) accessible to LVI during mathematics
lessons?

Availability of Manipulative Materials to make mathematics accessible to LVI

Teacher 1: “The counters are the only materials | LVIs have access to with the help of their sighted peers, who bring
them from the environment.”

Teacher 2: "The materials are not available in my school, so | am not able to make them accessible to the learners."

Teacher 3: "As for the counting, | will let their friends go for the counters as well for them. They will collect it and bring
it to them. | do not let them collect it for themselves, okay."

Teacher 4: "The only material we have in this school for the LVIs is the braille machine and the braille sheets, which are
given to the learner beforehand, the instruction."

Teacher 5: "l only give the braille machine to the learners, and no other materials are added since they are not available
in this school."

Teacher 6: "l do not give any materials to them; | only use chalkboard illustrations. My school does not have an abacus
and all the special materials to teach mathematics concepts to the LVIs."

Use of Existing Braille Resources

Teacher 3: "The braille is with them. They are having it. They know how to braille."

Teacher 4: "The braille machine and the braille sheets are given to the learner beforehand, before the instruction."

Teacher 5: "l only give the braille machine to the learners."

The results indicated that there is an unavailability of special materials, such as an abacus and tactile materials, and
hence, mathematics teachers do not employ them during mathematics instruction. The results also indicated that mathematics
teachers rely on LVI peers for support in making materials such as counters accessible to learners. Three of the six teachers
mentioned the use of Braille by their LVIs.

2. What support do basic school inclusive teachers provide to LVI in the absence of manipulatives when teaching
mathematics concepts?

One-on-One Support and Explanation

Teacher 1: "l get close to the students to help them with the use of the manipulatives, which are mostly counters, to
assist them in getting the quantities they count right."

Teacher 2: "l go to them and find out if they understand the concept, and give more explanations in the form of a
description on the concept being taught to them."

Teacher 5: "l always go to them to find out if they are getting the concepts | am teaching."

Descriptive Method and Adaptation

Teacher 3: "To LVIs, | repeat examples by describing the task to be done slowly to enable them to braille down what is
said."

Teacher 4: "l use the descriptive method for them to understand what | am teaching. | sometimes hold their hand to
help them describe a concept. | have to describe everything | am doing to them."

9
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Support from Resource Teacher

Teacher 6: "Sometimes, their resource teacher comes around to help them during mathematics instruction to braille
the mathematics symbols they are not familiar with..."

Whole-Class Instruction with Adaptation for LVI

Teacher 3: "l explain the concept | am teaching to the whole class with examples."

The results indicated that the support mathematics teachers provide to LVI during instruction includes: one-on-one
support and explanation, the use of descriptive methods and adaptation, support from the resource teacher, and whole-class
instruction with adaptation for LVI.

3. What assessment strategies do inclusive basic school teachers use to evaluate Learners with visual impairment
when using manipulatives in a mathematics classroom?

Class Exercise for All Learners with Accommodations

Teacher 1: "LVIs are given the same questions as their sighted peers; ... | read the questions to LVIs several times. Also,
their friends may write it for them and send it to their resource facilitator to braille it for them."

Teacher 2: "l give LVI the same questions as the Learners who can see, and | read the questions aloud for them to braille
and answer, which their resource facilitator later transcribes for marking”.

Teacher 3: "I will just give all Learners the same exercise, and their colleagues will read for them."

Teacher 4: "l just give them a class exercise in written form. While their friends read it out to them in braille."

Teacher 5: "l give them the same exercise as their sighted peers, who read it out to them in Braille."

Oral Assessment

Teacher 6: "l ask them oral questions to ascertain whether they understand what | am teaching or not."

The results indicated that five teachers assigned the same class exercises to all learners with accommodations, while
one teacher asked oral questions during instruction. Giving the same exercise to both LVI and other learners is good practice, as
it eliminates discrimination between the two diverse groups of learners. The oral questioning, on the other hand, serves as
feedback to the teacher to assess the LVIs' progress in the instruction given.

4. What kind of difficulty do you, as an inclusive basic school teacher, encounter when using manipulatives to teach
mathematics to LVI?

Unavailability of Materials

Teacher 1: "The manipulatives are not available in my school, so | do not encounter any problem because | do not use
them."

Teacher 4: "l do not use manipulatives in my lessons..."

Teacher 5: "The materials are not available, so | do not use them..."

Teacher 2: "I do not use manipulatives to teach them..."

Teacher 6 mentions not using materials, but frames the difficulty in teaching mathematics to LVI differently.

Lack of Knowledge or Training in Using Manipulatives

Teacher 3: "The resource person for LVI may not know all the concepts and the materials to use in teaching certain
concepts in mathematics; therefore, | cannot resort to him for assistance during mathematics instructions."

Teacher 4: "I do not know the manipulatives | can use to teach mathematics to LVI, | do not have any expertise in
manipulatives for teaching LVI."

Teacher 3 also mentions a lack of support, which could be seen as related, but is more about the knowledge of the
resource person and school support.

Challenges with Braille Mathematical Symbols

Teacher 3: "Brailling mathematical symbols for the learners to use is complicated."

Teacher 5: "But most of the time, the LVIs do not do exercise, they complain that they do not know how to braille
special mathematical symbols."

Teacher 6: "Teaching mathematics to LVI is challenging, especially when symbols are involved. "

Lack of Support

Teacher 3: "The school and the resource person do not support us in making the teaching resources..."

The results indicated that the challenges mathematics teachers face include the unavailability of materials, a lack of
knowledge or training in using manipulatives, difficulties with braille mathematical symbols, and inadequate support.

DISCUSSION OF THE RESULTS

The results indicated that there is an unavailability of materials to make mathematics accessible to LVI, and therefore,
mathematics teachers do not employ them during mathematics instruction. The results also indicated that mathematics teachers
rely on LVI peers for support and the use of existing braille resources. Most teachers indicated that they do not have the necessary
materials and therefore do not use them during mathematics instruction. This could make LVI struggle to keep pace with their
sighted peers when it comes to mathematical problem-solving that involves visual elements (Zebehazy & Wilton, 2014). This
contradicts the assertion that providing appropriate learning materials is crucial in improving mathematics education for visually
impaired students (Oyebanji & Idiong, 2021). This implies that teachers abstractly present mathematical concepts, thereby
making understanding difficult, especially for LVI in the inclusive classroom (Mungunda, 2023). This contradicts the tenet of
constructivism, which advocates for the use of materials during instruction (Piaget, 1983; Vygotsky, 1986).

The unavailability of materials significantly impedes the implementation of constructivist principles in mathematics
instruction for LVI. According to Vygotsky's theory, practical learning occurs within the Zone of Proximal Development (ZPD),
where learners are challenged appropriately with the proper support. Without access to manipulatives, teachers are unable to
provide the hands-on learning experiences that are crucial for understanding mathematical concepts, particularly for LVI who
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may benefit from tactile or adapted materials. This absence of resources limits the potential for scaffolding and differentiated
instruction, key components of effective teaching within the ZPD framework (Vygotsky, 1978).

Others indicated that the materials are made available to the LVI through classmates of the LVI, who can see. One
teacher indicated that she gives the braille machine to LVI in her classroom. The given material, for example, braille, may not be
fully utilized when teachers lack knowledge on how to use it. Bell and Silverman (2019) identified concerns regarding the
insufficient knowledge of the Nemeth Code among Teachers of the Visually Impaired (TVIs), as well as a tendency to overlook
teaching braille math notation to Learners with remaining vision. Furthermore, if learners' friends provide the LVI with materials
without assisting the LVI in using them during mathematics instruction, this will not benefit the learners. This could be because
it is challenging to braille some mathematical symbols and shapes. This could be as a result of the lack of teacher motivation,
mentorship in mathematics and science teaching methods, and tools for learners' empowerment, further discouraging LVI from
pursuing these subjects at a higher level (Hayes & Proulx, 2024). For example, Nthibeli et al. (2022) noted that teachers in South
Africa were not sufficiently equipped to teach students with autism effectively in inclusive classrooms. The study conducted by
Rule et al. (2011) highlighted a deficiency in teachers' special education skills needed to support Learners with Visual Impairment
in maximizing their potential in mathematics and science.

The results indicated that the support mathematics teachers provide to LVI during instruction includes: one-on-one
support and explanation, the use of descriptive methods and adaptation, support from the resource teacher, and whole-class
instruction with adaptation for LVI. The reliance on peers for support and the use of existing braille resources can be seen as a
form of scaffolding within the ZPD (Vygotsky, 1978). Peers can offer temporary support, helping LVI navigate through challenging
mathematical tasks. However, this approach may not always be effective or consistent, as peer understanding and ability to
explain concepts can vary. The use of existing braille resources is a positive step towards inclusivity, but it highlights the need for
more tailored and comprehensive resources to fully support LVI. This finding underscores the importance of trained educators
who can provide targeted support, aligning with Vygotsky's emphasis on the role of more knowledgeable others in facilitating
learning.

To provide support to the LVI during instruction, teachers indicated that they approach them to determine if they are
grasping the concepts or experiencing issues with certain aspects of the lessons. The support practices reported by teachers,
including one-on-one support and explanation, use of descriptive methods and adaptation, support from resource teachers, and
whole-class instruction with adaptation for LVI, demonstrate attempts to scaffold learning within the ZPD (Vygotsky, 1978). These
practices reflect an understanding of the need for differentiated instruction and support tailored to the individual needs of LVI.
The use of descriptive methods, in particular, aligns with constructivist principles by facilitating active engagement and
understanding through verbal explanations and adaptations. This aligns with Vygotsky’s sociocultural theory (Vygotsky, 1978),
which posits that learners interact with their teachers to develop cognitively. This implies that some of these teachers pay
attention to these LVI and make sure that every learner benefits from the classroom instruction. Others indicated that they
sometimes receive special assistance from the resource person to help with LVI during mathematics lessons. This is the case
where the school has a resource person for LVI to assist them in their learning. The problem arises when some resource persons
struggle with mathematical concepts and, as a result, find it challenging to communicate with LVI (Belay & Yihun, 2020). This can
affect LVI's understanding of mathematical concepts. This lack of teacher motivation, mentorship in mathematics and science
teaching methods, and tools for student empowerment further discourages visually impaired students from pursuing these
subjects at a higher level (Hayes & Proulx, 2024). In some cases, where these resource persons are few, and they have to assist
different LVI in different classroomes, it becomes difficult to provide adequate support to these LVI, especially in the mathematics
classroom (Belay & Yihun, 2020).

Additionally, the results showed that teachers provide the same class exercise for all learners, with accommodations
and oral questions during instruction (De Verdier, 2016). The practice of administering the same exercise to both LVI and other
learners is a good practice, as it eliminates discrimination among the two diverse groups of learners (De Verdier, 2016). Although
giving them the same exercise is beneficial, the issue is how these teachers help learners understand mathematical symbols and
how LVI can braille these symbols (Nthibeli et al., 2022). The same exercises could be assigned as a result of the syllabus
requirement for teaching mathematics at the basic level. Providing the same class exercises for all learners with accommodations
is a practice that aligns with both Piaget’s and Vygotsky’s theories. It promotes inclusivity and recognizes the potential of all
learners to engage with the same mathematical content, albeit through different means. This approach supports the
constructivist view that learning is an active process and that learners construct knowledge in ways that are meaningful to them.
By adapting exercises to meet the needs of LVI, teachers can ensure that these learners are not disadvantaged and can fully
participate in the learning process.

Finally, the results indicated that the challenges mathematics teachers face include the unavailability of materials, a
lack of knowledge or training in using manipulatives, difficulties with braille mathematical symbols, and inadequate support. The
challenges directly impact the ability of teachers to provide effective scaffolding and support within the ZPD (McLeod, 2020). The
unavailability of manipulatives may affect their usage during instruction in the inclusive mathematics classroom, as LVI learners
learn through kinesthetic and auditory means, thereby impacting LVI performance in mathematics (Okumu, 2021). This also
contradicts the tenet of constructivism, which insists on the use of manipulatives or materials in instruction (Piaget, 1983). This
contradicts the study by Brawand and Johnson (2016), which emphasized the effectiveness of methods such as using the Abacus,
Braille, tactile graphics, and tangible materials in enhancing mathematical comprehension among visually impaired students.
Byrne et al. (2023) discovered that manipulative resources can enhance children's ability to grasp numerical concepts.

However, one teacher indicated that they recognize that some mathematical symbols make the lesson difficult, as
supported by the finding that many teachers of visually impaired students note that their students face challenges in
independently utilizing mathematical graphics (Zebehazy & Wilton, 2014). Numerous mathematics textbooks incorporate visual
graphics that contain crucial topic information not well conveyed in either Braille books or digital renditions of the texts (Emerson
& Anderson, 2018). Okumu et al. (2021) attribute LVI's poor performance in Mathematics to poor proficiency with the use of the
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braille machine. This is because LVI typically uses braille machines to communicate mathematical ideas, and any deficiencies with
the use of these braille machines can automatically affect LVI's performance in Mathematics. This finding aligns with the findings
of Morelle and Tabane (2019), which shed light on the challenges faced by visually impaired learners in South African township
mainstream primary schools. The study highlighted the inadequacies in the implementation of inclusive education, including a
lack of proper support, limited adaptation of teaching methods and materials, and inaccessible physical environments within
schools.

LIMITATIONS

This study is without limitations. The limitations of this study include a small sample size, a focus on a specific national
context (Ghana), and the sole reliance on self-reported interview data. This study was also limited to the use of manipulatives in
an inclusive mathematics classroom in Ghana.

CONCLUSION AND RECOMMENDATION

This study aimed to investigate the manipulative use in inclusive mathematics classrooms of basic schools in Ghana.
The finding indicated that most teachers do not have access to these materials and hence do not employ them during
mathematics instruction. Others indicated that the materials are made available to them through classmates of LVI, who can see
them. The fact that these teachers do not use manipulatives in their instruction could hinder the understanding of mathematics
concepts by LVI. In addition, it was found that to provide support to the LVI during instruction, some teachers indicated that they
approach them to determine if they are grasping the concepts or experiencing issues with certain aspects of the lessons. This
helps teachers identify LVI difficulties and address them during or after instruction. Others indicated that they sometimes receive
special assistance from the resource person to help with LVI during mathematics lessons. The finding also indicated that teachers
give written and oral questions to LVI and other colleagues during instruction. Giving the same exercise to both LVI and other
learners is good practice, as it eliminates discrimination between the two diverse groups of learners. In addition, the results
indicated that since most teachers do not use manipulatives in teaching mathematics concepts, they were unable to identify the
challenges they face when teaching mathematics concepts in inclusive classrooms. However, one teacher indicated that the
recognition of some mathematical symbols by LVI makes the lesson difficult, as they cannot visualize those symbols. Finally,
sometimes the resource person for LVI may not be familiar with all the concepts and materials, making it difficult to bring them
to the learners for use. Based on the findings, it is recommended that heads of the inclusive basic schools in Ghana collaborate
with the Ghana Education Service to provide manipulative materials to these schools. In addition, teachers should receive in-
service training on how to effectively teach mathematics concepts using specific manipulatives in the classroom. Finally, through
professional development sections, resource persons can be provided with assistance on the mathematics concepts taught in
various classrooms of inclusive basic schools in Ghana. This will help the resource persons become familiar with the mathematical
concepts and symbols, enabling them to effectively communicate these concepts to LVI or assist in braille translation of
mathematical concepts.
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AHOTALIA

ABSTRACT

®opmyniosaHHA  npobaemu.  KOHMposne  HABYANbHUX
docsAzHeHb y4YHie abo cmydeHmig € Heg8i0’eMHUM KOMIMOHEHMOM
HaguyanbHo20 npouecy. OOHiElD 3 GopmM KOHMPpoaw €
mecmysaHHA. OCHOBHOK  00CNIOHUYbKOK  3ada4veto  OaHoi
pobomu € N0A0AHHA KOHKpemHUx mpyoHow,ie mecmyeaHHs npu
HABYAHHI pi3uKu, a moyHiwe — OesKux ii po3dinis, AKi
nompebytome  npu  CKAAOAHHI mecmie  giOxusneHb  8i0
cmaHOapmHux memodie mecmyeaHHA. AHAnI3 yux e8ioxuseHs
pa3om 3 0emMoHCMPpaAuielo IX BUKOPUCMAHHA € OCHOBHOK
npobaemoto 0aHO20 O0CIOH EHHS.

Mamepianu i memodu. OcHosHUMU Mamepianamu O0aHO20
docnidrceHHA € pobomu HAWUX Kosea, d MAKOM HAW 87aacHUl
0docei0 8uKnadaHHA ¢izuku y pizHux 3BO m. Xapkosa. binbwicme
enacHUx mamepianige 6yno0 cmamucmu4Ho obpobreHo. Beauky
KOpUuCMb MPUHECO MAKOX( YB8AaX(HE repeyumy8aHHs OKpemux
27108 KHU2, HAMUCAHUX BEe/AUKUMU  (hi3UKamu, 30Kpema
Anvbepmom  EliHwmeliHom, Makcom [lnaHkom, EpgiHom
LLipediHeepom, flyi de Bpolinem mowjo. [jo ocHosHuUx memodie
docnidreHHs 8iOHOCcUMbCS, nepw 3a 6ce, aHaniz pobim,
npucea4eHux nedazo2iyHoOMy mMecmyeaHHIO0 8 i3uyi, a MaKox
BUKOPUCMAHHA  pe3ynbmamis  aHanizy —asmopamu  Cc80ix
BUCHOBKIB, 3p0obsieHux Ha 6a3i 8nacHo2o bazamopiyHozo doceidy
BUKAAOAHHSA.

Pe3yaemamu. Bci ocobausocmi npu cKAadaHHi mecmosux
3080aHb 3 hi3uKU N08’A3aHI 3 0c06UBOCMAMU (I3UYHOI HAYKU.
Ui ocobausocmi obymoeneHi dsoma pakmopamu. [lepwuli
¢pakmop — y eenuxkomy o06cA3i hizuyHUX po30inie eenuxa
Kinbkicme Asuw, marome noosiliHy, a iHooi i nompiliHy npupody,
HAMpukaad, K8aHMoeo-xeunbosuli Ayaniam, HepenamueicmcoKi
ma pensmusicmceKi  ysaeneHHA. Came 8 mMaAKuUx eunaokax
BUHUKAOMb Mi MpyOHOWi NMpu CKAAOaHHi mecmosux 3a60aHb,
AKi npuzeodame 0o ocobausocmeli ocmaHix. [pyauli pakmop —
8idcymHicmob cmpoaux meopili 015 0eAaKux ekcrepuMeHManbHO
8uUHali0eHUX AsuUW, (xo4Ya 0415 HUX icHytomb ceplio3Hi 2imomesu). ¥
387A3KY 3 YUM CKAAOAHHA mecmoesux 3a80aHb MaKox< nompebye
Hosux nidxodie. OCHOBHOW 0cobaUBICMIO CKAAOAHHA Mecmosux
3a80aHb 8 Yux 8unadkax 3a doceioom asmopie € npedcmasseHHA
KOXHO020 mecmogo20 3a800HHA y 8U21:70i Hesenukoi cepii

Formulation of the problem. The assessment of students’
academic performance constitutes an integral component of the
educational process, with testing being one of the most widely
applied forms of assessment. The principal research objective of
this study is to address specific challenges arising in the
development of test items in physics education, particularly in
certain domains that necessitate deviations from conventional
testing approaches. The analysis of such deviations, combined
with the demonstration of their practical implementation,
represents the core problem explored in this work.

Materials and methods. The materials underpinning this
research comprise both the scholarly contributions of colleagues
and the authors’ own pedagogical experience in teaching physics
across several higher education institutions in Kharkiv. A
significant portion of the authors’ materials was subjected to
statistical analysis. Additionally, the careful examination of
selected chapters from seminal works authored by eminent
physicists — such as Albert Einstein, Max Planck, Erwin
Schrédinger, and Louis de Broglie — proved highly valuable. The
primary methodological framework employed in this study
involves a comprehensive analysis of research on pedagogical
testing in physics, as well as the systematic application of the
authors’ conclusions, derived from extensive teaching practice.

Results. The distinctive features encountered in the
construction of physics test items are intrinsically linked to the
nature of the discipline itself. These features are determined by
two principal factors. The first concerns the fact that within many
branches of physics, numerous phenomena exhibit dual or even
multiple interpretations (e.g., wave—particle duality, non-
relativistic and relativistic formulations). Such cases pose
significant difficulties for test design and necessitate the adoption
of non-standard approaches. The second factor lies in the absence
of rigorously established theories for certain experimentally
discovered phenomena, although well-founded hypotheses exist
to account for them. Accordingly, formulating test tasks in such
instances requires innovative strategies. Drawing upon the
authors’ experience, the most effective approach involves
presenting each test item as a structured sequence of smaller,

© The Author(s) 2025
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OpibHiwux 3a80aHb, MEBHUM YUHOM po3mawosaHux. Lel
nputiom nokasaes cebe sk diesul.

BucHo8KuU. B mux sunadkax, Koau ¢is3u4Hi 06’ekmu abo asuwa
30 pi3HUX YMOB8 mMarome pl3Hi, ane mMamemamuyHoO y3200H(eHi
meopii, i cmpykmypa, i 3micm mecmie 3anexcame 8i0 Kinbkocmi
meopemuyHux ioxodie i 8i0 CcKAAOHOCMI MAmMeMamu4yHo20
387A3KY MiX HUMU. AKU0 Qi3uyHi 06’ekmu abo Aasuwa He MaromMe
cmpoeux (OosedeHux) meopemuyHux nidxodis, @ maroms auwe
npunyujeHHA (2inromesu), mo cmpykmypa mecmig 3aaexums gio
KinbKocmi 2imome3 ma ekcriepumeHmis, wo npusodams 00 yux
einomes, a 3micm nosuHeH micmumu 8 cobi mamepiasn, AKul
00380s4€ ouyiHeamu mosipHicmb KoxcHoi 3 einomes. Take
mecmyeaHHsA, AK ceid4ume e8uKknadaybKuli doceid asmopis,
00380/1A€ Oy’#e MOYHO OUYiHUMU PO3YMIHHA CcmydeHmamu
CKAadHux hisuyHux Asuw. Kpim yvoezo, aHaniz peszynbmamis
mako2o  mecmysaHHA  4yacmo  doromazae  8uksnadayesi
YOOCKOHAAUMU MeMOOUKY BUKAAOAHHS.

interrelated sub-tasks. This technique has demonstrated
considerable pedagogical efficacy.

Conclusions. In situations where physical objects or phenomena
are described by multiple, mathematically consistent theoretical
frameworks, both the structure and the content of test items
depend on the number of theoretical approaches considered and
the complexity of the mathematical relationships between them.
Conversely, when physical objects or phenomena are
characterized not by established theories but by provisional
hypotheses, the structure of test items should reflect the number
of such hypotheses and the experimental evidence underlying
them. In this case, the content must be designed to enable the
assessment of the relative plausibility of each hypothesis. As
indicated by the authors’ teaching experience, this type of testing
provides a highly accurate measure of students’ comprehension of
complex physical phenomena. Furthermore, analyzing test results
often helps instructors refine and improve their instructional
methodologies.

K/IDYOBI CJ/IOBA: mecm; mecmosuli KOHMposns; pieeHb
CKAadHocmi; npasunbHa 8i0noeids; hizuka;, KeaHmosa ¢isuxa;

KEYWORDS: testing; assessment; level of complexity; correct
response; physics; quantum physics; phenomenon; process.

Asuwe; npouyec.

AnA UWUTYBAHHA: bociH M., Pukosa Jl., bpocnascbka .
OcobnMBOCTi TECTIB | TECTOBOTO KOHTPO/IIO HAaBYA/IbHUX AOCATHEHD
3 $isuKkK. @Pisuko-mamemamuyHa oceima, 2025. Tom 40. Ne 5.
C. 14-20. https://doi.org/10.31110/fm02025.v40i5-02.

FOR CITATION: Bosin, M., Rykova, L., & Broslavska, H. (2025).
Features of tests and test control of academic achievements in
physics. Physical and Mathematical Education, 40(5), 14-20.
https://doi.org/10.31110/fm02025.v40i5-02.

BCTYN

MNoctaHoBKa npobsemu. Y cyyacHUx ymoBax TpaHcHOpMaLLii OCBITU TECTYBaHHA € OAHMM 3 HaNbiNblW ePeKTUBHUX i
HAMMOLWMPEHIWNX METOAIB KOHTPOJIKO HABYAJIbHUX [OCATHEHb CTyAeHTiB. TecTyBaHHA [03BOJISE LWBWMAKO, 3PYyYHO Ta
iHPOPMATMBHO OLIHUTK piBEHb 3HAHb, YMiHb Ta KOMMETEHTHOCTel 3406yBaviB OCBITUM. 3 ornagy Ha crneundiky HaB4YanbHOI
OMCUMMNIHK «i3MKa» TecToBMIM KOHTPO/Ib noTpebye ocobnusoro nigxoay — AK y GOpmyBaHHi 3aBAaHb, TaK i B iXHbOMY
negaroriyHoMy aHanisi.

AHani3 akTyanbHUX gocnigKeHb. [NpobaemaTnKa TECTOBOTO OLLiHKOBAHHS B OCBITi aKTUBHO BMBYAETLCA K Y BITYM3HAHIMN,
TaK i B 3apybiXKHil negaroriyni Hayui. TeopeTUyHi OcHOBW TecTosorii 3aknageHo B npauax M. Kpyya, b. bayma, P. Talinepa,
/1. KpoHbaxa Ta iHWMX., AKi AOCNIAXKYBANN NMUTAHHA BaNigHOCTI, HAAIMHOCTI Ta Winei OCBITHbOrO OUiHIOBAHHA. B yKpaiHCbKOMy
OCBITHBOMY MPOCTOPi 3HAYHUI BHECOK Y PO3BMTOK METOAMK KOHTPO/O 3HaHb 3pobunn O. ApoweHko, J1. Kyxap, . bontobaly,
I. bynax, A.Kacnepcbkuii, C.Moagnacos, /1. binoycoBa Ta iHWIi [OCNIAHWKKM, SKi AQKUEHTYIOTb yBary Ha aganTauii TeCcToBMX
TEXHO/IOTi 0 YMOB HaLLiOHa/IbHOIT OCBITU Ta Ha 0COBMBOCTAX ANAAKTUYHOTO MPOEKTYBaHHA TecTiB. ABTOpM pobiT, NpucBaYeHUX
TECTOBOMY KOHTPOJIHO HaBYaIbHUX JOCATHEHb, AOCNIAXKYIOTb NPobaemy B Pi3HUX acneKkTax. Tak, Ha BUSHAYEHHA MeTU Ta GYHKLLN
TECTOBOro KOHTPO/O, OBrpyHTYBAHHA BUMOF A0 NeAaroriYyHoro Tecty cnpamoBaHi gocnigxeHHs B. Kyniwosa (Kulishov, 2022),
H. PeByubKkoi (Revutska, 2015), nepeBaru Ta HefoNiKM BUKOPWUCTAHHA TECTOBOrO KOHTPOAIO 3HAHb CTYAEHTIB aHani3yloTb
I. Anamosa, K. barpiin (Adamova et al., 2015), O. Fpaboscbkuit, O. Kucensosa (Kyselova et al., 2023). Npobaemi cTBOpeHHA TecTiB
npucesdeHi gocnigxernsa |. bynax, A. bontobawa, M. Mpyru, O. Kucenbosoi, B. Kyniwosa, /1. Kyxap, H. PeByubkoi, B. CeprieHKa.
Meparorn O. Mpaboscbkuii, O. Kncenbosa, I Mopoxoseub (Morokhovets, 2018) gocnig»yroTb NUTaHHA WOAO MiCLA OCBITHIX
BMMIpIOBaHb Yy cucTeMi 3abesneyeHHs AKOCTI ocBiTU. baraTo pobiT, 0cobAMBO OCTaHHIM Yacom, NpuUcBAYEHO npobiemam
KOMN'IOTEPHOrO TecTyBaHHA (aocnigHuku J1. binoycosa, O. [nasyHoBa, T. luweHko, B. InbiH, H. Mop3e, . MopoxoBeupb Ta iH.).
Y CBiT/li TEMATUKKN HALLOTO AOCNIAKEHHA NPUBEPTAOTb yBary poboTH, NPUCBAYEHI TECTYBAHHIO YYHIB Ta CTYAEHTIB HABYA/IbHUX
pocArHeHb 3 ¢isnkn (A. Kacnepcbkoro, P. Kyxapuyka, I. Bynax, M. Mpyru, C. NMoanacosa). Y ranysi anaaktuku ¢isukun Tectosui
KOHTPO/Ib PO3rNAJAETbCA AK 3acib nepeBipkM He nuvwe GaKTUYHWMX 3HaHb, @ M YMiHb 3acTOCOBYBaTM i3UYHI 3aKOHM [0
pO3B'A3aHHA NPAKTUYHUX | HECTAaHAAPTHUX 334a4. [OCNiAHWKM aHani3ytoTb cneundiky nobyaoBM AKICHUX i KiIbKICHUX TECTOBUX
3aBAaHb, BaXK/MBICTb iX BiAMNOBIAHOCTI OCBITHIM LiNAM Ta KOMMeTeHTHiCHOMY niaxoay. OcobnmBe 3HaYeHHs MatoTb poboTw,
NPUCBAYEHI TECTOBOMY OLLiHIOBAHHIO EKCNEPUMEHTA/IbHUX HAaBMYOK, LLLO € YHiKaZIbHUM acneKkTom $i3nyHOT OCBiTU. TaKMM YMHOM,
TECTOBUI KOHTPOAb Yy &i3NYHi OCBITI pO3rNAfaETbCA AK HaraToyHKLiOHANbHUIA IHCTPYMEHT, WO noTpebye MeToanYHOI
BMBAXEHOCTI, NCMXO0N0ro-NeAaroriYyHoro NiagrpyHTA Ta Bi4NOBIAHOCTI Cy4aCHUM OCBITHIM BUK/IMKaM.

di3nKka AK HayKa He TinbKM POpPMYe Yy CTyAEHTIB HAyKOBMIW CBIiTOrNAL4, afe i pPO3BMBAE JIOMYHE, KPUTUYHE Ta
eKCnepuMeHTaslbHe MUC/IeHHS. Anle € 0cOBAMBOCTI L€l HaBYaNbHOI AUCLUMNAIHU, AKI 3yMOB/IOOTL NiAXO4M A0 CKAafaHHA
TECTOBWX 3aBAaHb 3 $i3nKu. Mepoto 0cobAunBICTIO € Te, WO B HiNbLWOCTI Po34iniB Gi3MKM (eNeKTPOMarHeTu3m, ONTMKa, aTOMHa
bi3nKa, agepHa ¢isnKa, GisvKa enemeHTapHUX YaCTUHOK) BUBYAIOTLCA ABULLA Ta NPOLLECH, LLLO MalOTb He OAHY Npupoay, a ABi abo
6inblwe, AKi NpM LbOMY, AK NPaBWUIO, CynepeyaTb ogHa oAHiK. Lle cTBoptoe 3po3ymini TpyAHOLW Nig Yac CKNagaHHA TecToBUX
3aBAaHb. [pyroto 0cobaMBICTIO € HAABHICTb Gi3MYHMX ABULL, (MPOLECIB), LLLO BUABAEHI EKCNIEPUMEHTANbHO, afe JOKM He MatoTb
CTPOruX Teopiit. Y cyyacHin ¢isnui TakKMX CUTyaL,in BeAnYesHa KibKicTb, TOMY METOAMKA CKNaLaHHS TeCTOBUX 3aBAaHb 3 Pi3uKM €
33Ja4elo, HaA3BMYAMHO aKTyanbHOW HUHI. Chig TakKoXK 3a3HAYMTW, WO 33 OCTaHHI NiBTOpa-ABa AeCATMAITTA di3vKa NOMITHO
3pocna 3a 06cArom 3a paxyHoK ¢isvkn MikpocsiTy. BignosigHo, TecToBi 3aBAaHHA 3 $i3MKM NOBUHHI, 3 04HOIO HOKY, OXOMN/I0BATU
LyKe BEIMKMI 06CAT HaBYaIbHOrO MaTepiany, 3 iHWOro 60Ky, 6yT1 KOHKPETHUMMU | 3pO3yMinUMK. AKLLO A0 LbOro A0AaTU ONUCaHI
BMLWE ABi 0COBAMBOCTI, TO CKNaAaHHA TecTiB A4 BiANOBiAHWX PO3ZiniB Gi3VKM CTAaHOBUTb AyKe ceplhio3Hy npobnemy. [aHa
poboTa NpeacTaBAAETLCA KPOKOM NPU BUPILLEHHI Uiel npobaemu.
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Merta cratri. MeTolo poboTM € PO3POOKA METOAMKM CKAAAAHHA TECTOBWX 3aBAaHb ANA AiarHOCTMKM HaBYa/bHUX
[OCATHEeHb CTYAEHTIB 3 TUX pO34inie ¢isnKKM, B AKMX 0BroBOPIOOTLCA ABMILA, WO MAlOTb AK MiHIMyM MNoABiliHy npupoay,
HanpuKkNag, KoM CTUKAIOTbCA KNACMYHA MEeXaHiKa 3 PenAaTMBICTCbKOO, XBM/IbOBA TEOPiA 3 KBAHTOBOKO TOLLO, @ TaKOMX KOAU
eKcneprMMeHTabHi paKTU He MaloTb CTPOrOro TEOPETUYHOTO 0B6IPYHTYBaHHA, AK, HANPUKAAA, NPUPOAA MArHiTHOTO Noaa 3emai.

METOAM AOCNIAMEHHA

Locnig)eHHs B AaHiNn poboTi 34iMCHIOETLCA 3 BUKOPUCTAHHAM TaKMX METOAIB, AK aHani3 HAayKoBOI NiTepaTypu ann
3’ACYBaHHA | YTOYHEHHA MOHATTA NeAaroriyHoOro TecTy, BU3HAYEHHS MeTU Ta OYHKLiA TeCTOBOro KOHTPOJIO, cMcTeMaTM3al,if
LOCNIAXEeHb WoA0 NPUHLMNIB CKNA4AHHA AKICHMX TECTiB, y3aralbHEeHHA NiAX0A4iB A0 BU3HAYEHHA POAi OCBITHIX BUMIpOBaHb Y
cucTemMi 3abesneyeHHn SKOCTI OCBITM, CUCTEMATM3aLiA iICHYOUYMX MigXOAiB A0 TECTyBaHHA HaBYa/lbHUX [OCATHEHb 3 i3UKM,
y3arasibHeHHA BJ1aCHOro NejaroriYyHoro JocBiay.

PE3Y/IbTATU AOCNIAMKEHHA TA iX OBTOBOPEHHSA

CKlagHOLL, LLLO BUHUKAIOTb AK Npu GisMYHOMY ONKCi, TaK i Npy CKNagaHHI TECTOBUX 3aBAaHb, MOYMHAOTHLCA i3 BBEAEHHA
CMNOBUX MONIB: €IeKTPUYHOIO, MarHiTHOrO, e/1IEKTPOMArHiTHOro, rpaBiTaLiMHOro, MesoHHoro Tolwo. KoxKHe 3 Lmx nonis nposBsnse
cebe TakKMM YMHOM, LLLO BiANOBiAHI BNACTUBOCTI HEMOK/IMBO OMNMUCATU B PaMKax O4HUX yaBeHb (ogHi€el Teopii). AKLLO AK Npuknag,
B3ATU €/IeKTPOMArHiTHe noJjie, NOWWPEHHA AKOTO MOPOAMKYE ENeKTPOMArHiTHi xBwuni, To iHTepdepeHuia i AndpaKuis
€/1eKTPOMArHITHUX XBU/b, L0 CNOCTEPIraloTbCA eKCNepMMEHTANbHO, CBiAYATb NPO iX XBUIbOBY Npupoay. Y TOM e Yac, TUCK Toro
K CBiT/Ia Ha OyAb-AKY NepewwKoay, Lo TaKOXK CNOCTEPIraETbCA eKCNePUMEHTANIbHO, CBIAYUTL MPO Te, WO eNeKTPOMArHiTHi XBui
O/, HOYACHO ABAAIOTb COH6OIO NOTIK YacTUHOK. OTXKe, ABOICTa NpMpoaa TYT o4eBUAHA. KBaHT eNeKTPOMarHiTHoro BUNPOMiHIOBaHHSA
HasunealoTb GOTOHOM. POTOHM He MalOTb €NeKTPUYHOro 3apAdy, He MalTb MacW, iCHylTb TiIbKM B pyci (PpoTOHIB, WO
nepebyBatoTb y CTaHi CNOKOD, He iCHYE) — 3HaYUTb BOHM MatoTb iMNYbC i, BiANOBIAHO, CUMETPIID. 3aNeXKHO Bif cMMmeTpii aeski
GOTOHM Ha3MBAOTb E€NEKTPUYHUMM, AesAKi MarHiTHUMWU. PosrnsHemo pani rpasiTauiiHe nosie. Y meXKax KaacuuHoi ¢isnku
rpaBiTauiiHa B3aEMOZiA ONUCYETbCA 3aKOHOM BcecBiTHbOro TaxiHHA HbloToHa. KnacuyHa Teopia rpasiTauii fobpe npautoe gns
OnUCy rpaBiTaLiiHMX B3aEMOAiN y HiNbWOCTi 3BMYaNHUX cUTyaLin. O4HAK BOHA MA€E CBOi OBMEKEHHS | HE MOXKe NOACHUTU HU3KY
disnuHMX ABMLL. 30Kpema, Knacu4yHa Teopis rpasiTalii He MoXKe aZeKBaTHO ONMCyBaTK rpaBiTaLiliHi B3aeMOAii B Ay*Ke CUAbHUX
Nnonsx, Takux fAKi € N06AM3y YOPHUX AiPOK abo HEWTPOHHUX 3ipoK. He MoXKe BOHA MOACHWUTU M TaKi ABMWA, AK rpasiTauiliHe
NiH3YBaHHA, YePBOHE 3MiLLLeHHA Ta YNOBIIbHEHHA Yacy B CU/IbHUX rpaBiTaLinHux nonax. 3 uiei npuumHm Anbbeptom EHLWTENHOM
6yno po3pobneHo 3aranbHy Teopito BigHocHocTi (3TB) - rpasiTauiliHy Teopito, AKa OMWCYE rpaBiTaLilo AK NPOAB reometpil
npocTopy-yacy, a He K cuny. Y 3TB rpaBiTauiliHi epeKkTM 3ymOB/eHi He CUIOBOK B3aEMOJIE0 Tin i nonis, a aedpopmadieto
NpPOCTOPY-4acy, CNPUYUHEHY MPUCYTHICTIO Macu-eHeprii. ICHYBaHHA TaKUX Pi3HUX NiAX0AiB KAacuYHOI (HepenaTuBicTCbKOi) Ta
eMHLUTEHIBCbKOI (peNATUBICTCHKOT) TEOPIl | CTBOPIOE TaKi TPYAHOLLi NpY CKNaJaHHI TECTOBUX 3aBAaHb, AKi NOB'A3aHi 3 npupoaoto
rpasiTauii. HapewrTi, Hanbinbwi TPyAHOLL TeCcTyBaHHA 3yCTPiYalOTbCA Yy KBAHTOBIM ¢i3nui, AKa noscHuna baraTo paHiwe
HEe3pOo3yMinux asuLL Ak y Gisunui, Tak i B bionorii Ta B MeAnUMHI. 3'aBUANCA Taki po3ainu y Hayu,i, AK KBaHTOBa bionoris Ta KBAHTOBA
meguumMHa. | bionoria, i MeguLMHa y HAyKOBOMY MAaHi BXKe HemMUcauMmi 6e3 disuKko-maTemaTMyHoro anapaty. KeaHtoBa ¢ismKa
6YyAb-AKY B3aEMOZI0 TPAKTYE AK NpoOLLEC OOMiIHY MiXK efleMeHTaMK, Lo B3aEMOLIIOTb, AeAKMMM YaCTUHKAMM, AKi MOXKYTb MaTH
abo He maTu macy, 3apAg, MeXaHiYHUIN CMUH, MarHiTHWI CMMH ToWwo. TakUX YacTUHOK 6e3niy, 60 icHye 6e3niy pisHUX B3aemoain,
0c06/IMBO B MIKPOCBITI - BHYTPILUHbOATOMHI, BHYTPILUHbOSAAEPHI, BHYTPILUHBOME3OHHI TOWO. barato 3 LUMX YaCTMHOK
eKCcnepuMMeHTaNbHO 3HAWAEHI, AeAKi We Hi, ane iXHA Knacudikauia, BNaCTMBOCTI, NPUHANEKHICTb 40 Pi3HUX rpyn BxKe €. | Bce Le
HaCTINIbKM BiAPI3HAETbCA Bif, YABNAEHb KNACUYHUX TEPMOAMHAMIKM Ta €/1eKTPOAUHAMIKK, WO CKAafJaHHA TeCTOBMX 3aBAaHb 3a
LMW TEMAMM MOXKHA Ha3BaTK QisUYHUM MUCTELTBOM.

Mepw, HiXX PO3MNOYMHATM MiIPKYBAHHA NMPO MO/IMBOCTI CNOCO6IB CKNaZaHHA TECTOBUX 3aBAaHb 3 NepesiyeHux Tem,
3YNUHUMOCA KOPOTKO Ha Pi3HOBMAAX TUX TECTOBUX 3aBAaHb, AKI B HALW Yac LUMPOKO BUKOPUCTOBYIOTLCA K EBPOMENCbKUMMU, TaK i
BITYN3HAHMMM NeJaroramu.

CnoyaTKy Npo NpuUiHATI GOpPMM TECTOBMUX 3aBAaHb. Meaarorn po3pisHATb 3aKpUTi TecToBi 3aBAaHHA (T3) Ta BiAKPUTI
T3 (Kulishov, 2022; Kukhar et al., 2010; Kyselova et al., 2023; Ishchenko, 2007). jo 3akpuTux T3 BiAHOCATb:

e 3aBAaHHs 3 BMOOpPOM OZHiEl NMpaBuAbHOI Bignosigi. CTyAeHTY MPOMNOHYETbCA BMOPATM MpPaBUAbHUIA BapiaHT 3
KiNbKOX 3anponoHoBaHux. Lie HalinowupeHiwa popma, AKa [03BONAE WBUAKO AATH OLLHKY.

e 3aBAaHHA 3 BMOOPOM AEKiNbKOX MpaBWUIbHUX Bignosigen. Y UbOMy BMMNAAKY CTYAEHT MOXe BMOPATW KiNbKa
NpaBWJIbHUX BiAMNOBIZEN 3 HafaHUX BapiaHTiB. Lie f03BoNsAE rnbLie NnepesipnT pO3yMiHHA TEMMU.

e AnbTepHaTUBHI 3aBAaHHSA, WO NepeabayatoTb 2 BiAMNOBIAI, HANPUKAAL, «Tak» abo «Hi». TyT AyKe BUCOKUI NMPOLLEHT
yragysaHHs (50 npoueHTiB), TOMy Taka popma BUKOPUCTOBYETLCA HE YacTo.

[0 BiAKPUTUX TeCTOBUX 3aBAaHb BiAHOCATD:

e 3aBAaHHA, WO nepeabayatoTb BisibHY BiANOBiAb. CTYAEHT caMOCTiMHO GOopMyAIOE BifNoOBiAb Ha 3anWTaHHA, WO
[,03BOJIAIE OLLIHUTK OO 34aTHICTb A0 KPUTUYHOFO MUCNEHHSA Ta aHanisy.

e 3aBAaHHA Ha AoONOBHEHHA. CTyAEeHTY HaJAETbCA YACTKOBMI TEKCT, AKUMA NOTPIOHO AOMOBHUTM. Taki NUTaHHA
HaluacTiwe cnpAMOBaHi Ha NepeBipKy 3HAHHA TEPMIHIB i NOHATD.

e 3aBAaHHA HA BCTAHOBNEHHSA BigNOBIAHOCTI, KOAW €N1eMEeHTU OAHIET MHOXMHM NOTPIGHO NOCTaBMTKM Y BiANOBIAHICTL
0,0 eN1eMEHTIB iHLWOT MHOXWHM (3B'A30K popmu i 3micTy, cyTi Ta ABMLLA TOLLO).

e 3aBAaHHS Ha BCTAaHOB/IEHHA MPABUIbHOI NOCNIAOBHOCTI. Lle cknaaHuin pisHoBua T3, ae cTyaeHT popmye Bignosiab
i3 3anponoHOBaHOI HeBpEryIbOBaHOI MOCNILOBHOCTI CAiB Ta iHWMX 06’€eKTiB.

Tenep KOPOTKO NPO CKNAAHICTb TECTOBMX 3aBAaHb. B 6inbloCTi BUNAAKIB BMKNAZAui, CNMPAOYUCh Ha TaKCOHOMItO
b. bayma (Dziuban et al., 2004), BuainaoTb TpU piBHI CKNaaHOCTI TecToBux 3aBaaHb (Kyselova et al., 2023; Kulishov, 2022; Kukhar
et al., 2010). Mepwwnit piseHb - 03HaOMYMIA (BNi3HaBaHHA paHille BMBYEHUX 06'eKTiB, ix Bnactmusocteit). Cioan BiAHOCATLCA
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3aBAaHHA AN1A NepeBipKM 3HAHHA GopMy., iMeH, Ha3B, GaKTiB, BNACTUBOCTEN, 03HAK, Aili Towo. Jpyruit piseHb — penpoayKTUBHUN
(BMKOHaHHA A4iaNbHOCTI 33 IHCTPYKLiEIO UM Nig KepiBHMLTBOM BMKNagaya). Clogm BigHOCATLCA TECTU-NIACTAaHOBKM, B AKMX € $pasa,
dopmyna abo AKMIACH iHLWKI ICTOTHUIA enemeHT TeKCTy. [lo Apyroro piBHA CKAAZHOCTI BiAHOCATLCA TaKOX TMNOBI 3a4adi. TpeTin
piBeHb — NPOAYKTUBHUI (NNaHYBaHHA Ta CaMOCTiMHE BMKOHAHHA AifANbHOCTI, NOB'A3QHOI 3 BUKOHAHHAM 3aBAaHHA). TecTamu
TPETLOro PiBHA MOKYTb CTaTM 3aNUTaHHA, AKI LiKaBi CTyAeHTaM CBOIMM ClOXKeTaMu, ane NoTpebytoTb ANA BiANOBigeN cepio3HOro
PO3yMiHHA BigNoBiAHWNX Gi3YHMX 3aKOHIB. MPUKNALAMM TAKMUX 3aNUTaHb MOXKYTb BYTU TaKi: «HaBILLO PO3NYLYOTb FPYHT y cagax
Ta ropogax?»; <4omy Tina, Wo BiIbHO NaAatoThb, BiAXMAAIOTLCA Ha CXif?»; «<4OMY Npasi 6eperun pik y NiBHIYHIM NiBKYAI KPyTiLi, HixK
niBi, a NniBAEHHIN NiBKyni — HaBnakM» Touwo. besnepeyHoto nepeBarol TaKWMX 3aBAaHb € iX BaXK/MBa MOTUBYOYA PO/b, AKA
CNOHYKAE CTYAEHTIB A0 CaMOCTIMHOTO HabyTTa 3HaHb, pOPMYBaHHA YMiHb Ta HaBMYOK MMUC/IEHHEBOI AiANbHOCTI, YMiHHA
CaMoCTiHO nepepobnaTh Beanki macusm iHpopmauii. o TPeTboro piBHA CKAAAHOCTI BiGHOCATLCA TAKOXK HETUMOBI 3aBAAHHSA, LLO
BMMaratoTb 417 BUPILEHHA Ay»Ke IMMBOKOro po3ymiHHA HaBYa/NbHOrO maTtepiany. XoTinocs 6 3a3HaunTK, WO AeAKi BUKNagadi
nepeoL,iHIOTb BHECOK GOPMU TECTOBOTO 3aBAAHHA Y MOr0 CKNAAHICTb. BCe K TaKu CKNAHICTb TECTY BU3HAYAETbCA Hacamnepes,
CKNAAHiCTIO camoi ¢i3MyHoi 3a4aui.

Mepexogsauu Tenep A0 OCHOBHOMO 3aBAAHHA AaHOI pob0TH, 3ayBaXKMMO, L0 HAABHICTb KiSIbKOX Teopii AN NoACHEHHA
bi3nuHMX Npouecis Ta ABMULL, CYTTEBO YCKNAAHIOE TECTYBAHHSA, NOB’A3aHe 3 BiANOBIAHMMM NpoLecamu Ta asuiLammn. Hacamnepeg,
Haro/sI0CMMO, WO TECTOBE 3aBAAHHA B AAaHOMY BMNAAKY HifiK HE MOXKe 06iNTUCA OAHUM NUTAHHAM. [N TaKMX NUTaHb, AK: «AKa
np1MpoLa MarHiTHOro NossA 3eMni?», «AKa NpUpoaa rpasiTaliiHOT B3aEMOAIi?», «AKa NPUPOAA B3AEMOAIT MK HYKIOHaMU B AApaxX
aToOMIB?» C/lig, CKNafaTh cepito 3anuTaHb. Takux NuTaHb y ¢isuui 6e3niy, ane eTaNoHHUX BigNOBiAEN TaKi NUTAHHA HE MatOTb. 3
iHworo 60Ky, 06X0AMTM KOHTPO/Ib 3HaHb 3 YCiX LMX NUTAaHb HE MOMHA Yepe3 BaXK/IMBICTb LUMX MUTaHb. AK Ke BUMHUTU Y LN
CUTyauii? Bulie Be Oy/n0 3a3HaAYeHO, WO OAHOrO NMUTAHHA B TECTOBOMY 3aBAaHHI O/18 MepeBipKU 3HaHb 3 ByAb-AKOI 3 LMX
BAXK/IMBUX TeM Mano. MoTpibHO NO KOXKHIl 3 LUX TEM CKNaZaTN HEBEIMKY CEpPito NUTAHb Y TECTOBOMY 3aBAaHHI, PO3TalLOBaHUX Y
neBHil NocNigoBHOCTI.

Miakpecnnumo, WO KOXKHA TaKa cepisf 3anMTaHb NOB’A3aHa He 3 AKMMOCH PO34iNoM Yu Migpo3ainom ¢isuKkM, Wo Mae
Mmicue B 6iNbWIOCTi BUNAAKIB, @ 3 KOHKPETHUM 06’EKTOM (ABULLEM), KONM OBMEKYIOTbCA OAHUM 3anuTaHHAM. Y TUX BMNagKax,
KO/ ABMULLE HE MAE CTPOTOi Teopii, ane Mae pisHi rinoTesun, 3anNUTaHHA NOBUHHI BYTM 32 KOXKHOIO 3 HUX. MpK LbOMY 3anUTaHHA
CNif, CKNaAaTM TakKMM YMHOM, LWO6 33 BIANOBIAAMM MOXKHa 6yN0 3pO6UTU BUCHOBKM MPO PO3YMIHHA CTyAeHTamu nepesar Ta
HEeAONIK KOXHOI 3 rinoTes. Y TUX BUNaaKax, KoM 06’eKT BUBYEHHA B OAHUX BUNAZLKaxX NOBOAMTLCA TaK, LLO A/1A MOACHEHHSA A0ro
noseaiHKM NOTpibHa oaHa Teopis, a B iHWWX BUNAAKAX — iHWI, 3aNUTaHHA NOBMHHI BYTU 33 KOXKHO 3 Teopil i 060B’A3KOBO 3a
MOMMBOCTI CTUKYBaHHA (CNiBiCHYBaHHA) UMX Teopilt. HanpuKknag, enekTpoMarHiTHI XBMAi MaloTb XBUIbOBY i KBAHTOBY Npupoay
(Teopito). MoXknMBICTb O4HOYACHOTO iCHYBaHHA UMX Teopin A. ENHWTENH NOACHMB NEePeTBOPEHHAM MAcK B EHEPTito Ta HaBMaKM.
Jani HaBegemo aBa npuknaau.

MazHimHe none 3emsi. ICHYBaHHA LIbOTO MarHiTHOrO Mons ouyeBupHe. MOro cMnoBi XapaKTEPUCTUKM, IHAYKUiA Ta
Hanpy»eHICTb Nerko BUMIPIOIOTbCA Y Pi3HUX TOYKax 3eMHOI MOBEPXHi Ha AOCTYMHUX FMMOWMHAX Ta BMCOTax Hag 3emneto. Ha
eKBaTopi, HaNpPUKNag, iHAYKLiA MarHiTHOro nons AopiBHIOE NpMban3Ho 0,04 mTA. ICHYOTb MarHiTHi aHomManii Ha Hawwii naaHeTi —
KypcbKa Ta Bpasunabcbka marHitHi aHomanii. [oxoaKeHHA MarHiTHOro nonsa 3emni B CTPOroMy 3Ha4YeHHi C10Ba A,0Ci 3a/1MLWaETbCA
3araKoto A/1A BYEHUX, HE3BaXaloumM Ha Te, WO BiZLOMI Ti npouecu, AKi BHOCATb NOKM LLO HEBM3HAYEHi BKAAaAW B MarHiTHe nose
3emni. 3 ogHOro 60Ky, BHYTPILHE A4P0 3eMJli Ma€ CU/IbHE MarHiTHe Nose, WO CTBOPIOETLCS PYXOM PO3¥KapeHOoro 3ai3a. 3 iHworo
60Ky, 30BHIlLIHE (pigKe) AAP0 3eM/i CTBOPHOE KOHBEKLLiMHI MOTOKM, AKI TaKOX NOPOANYIOTb AyMKE CU/bHE MarHiTHe none 3i
CKNIAfHO0 CTPYKTYPOLO | Pi3HUMM aHOMANIAMU. 3 TPETLOro BOKY, y AeAKMUX MicLAX 3eM/i MarHiTHe Nosie BUSHAYaETbCA NOKNALaMMU
BEJ/IMKMX MAC MArHiTHUX matepianis. AKLWO Le BpaxyBaTy, LLO iCHYIOTb rinoTesu, AKi NoB'A3yl0Tb NOXOAKEHHA MarHiTHOro nona
3emni 3 aTOMHUMM MpoL,ecaMu B Hagpax NJaHeTH, To AaTh YiTKy BiAMNOBiAb Ha NUTAHHA “AKa NpMpPoAa MarHiTHoro nosas semni?”
NPaKTUYHO HEMOXK/IMBO, HE3BaXKaluM Ha Te, WO MOXKHA MOpPIBHATM Ti Qi3WYHi NpouecKn, AKi NPOTiKalTb Y BCiX BMMNagKax.
MOpiBHAHHA Ue NOKA3ye, WO MaKCMMANbHUI BHECOK Y MarHiTHe none 3emni pobuTb 06epTaHHA PiANHM B 30BHIWHbOMY AApI
3emni; Apyruii 3a BEIMYMHOK BHECOK BHOCUTL 06epTaHHA BHYTPIWHbOroO A4pa 3eMAi (po3KapeHoro 3ai3a); fani — BXKe BaXKKO
NOpiBHIOBATU. YNCENBHO OLHUTU Ui BKAAAM NOKKU LLO HEMOXANBO. BogHOYac BaXK/IMBO 3ayBaXKMTW, WO MarHiTHe none 3emni
3aXMLLAE HAWy NNAHETY Bif, COHAYHOI pagiauii. bes uboro 3axucty *Kutra Ha 3emi 6y0 6 HEMOXKAUBUM.

Tecr 1. Mpupoaa marHitHoro nons 3emni.

3as0aHH#A 1.1. (ouiHKa 3a NpaBUAbHY BignoBiab — 2 6anu).

3emns y 6araTboX MiCLAX MICTUTb BEIMKY Macy MarHiTHMX maTtepianis. Lielt ¢paKkT € OCHOBHOIO NPUUYMHOLID iCHYBAHHA
MarHiTHOro nons 3emni. Y1 € NpPaBU/IbHOIO LA TOYKa 30py?

Bignosigi: «Tak», «Hi». [paBMibHA BiANOBIAb: «Hi».

3as0aHH#A 1.2. (OuiHKa 3a NpaBUAbHY BignoBiab — 2 6anu).

BiZoMO, WO Ha NoBepxHi 3eMni 3HAXOAUTbCA BEMKA KibKICTb eNeKTPUYHUX 3apagis (nepeBaXkHO HeraTmeHUX). Mpwu
[060BOMY 06epTaHHI 3emMAi BUHMKAIOTb BiAMNOBIAHO KPYroBi e/1eKTPUYHI CTPYMM, LLO NOPOSKYIOTb MarHiTHe nosie 3emni. Yu €
NpPaBUIbHOLO LA TOYKa 30py?

Bignosigi: «Tak», «Hi». [lpaBuabHa BiANOBIAb: «Hi».

3as0aHH#A 1.3. (OuiHKa 3a NpaBWAbHY BignoBiab — 2 6anu).

MarHiTHe none 3emi reHepyeTbCA NePEBAXKHO BHYTPILUIHbO3EMHUMM AXKepenamu. Yu € TouKa 30py NpaBuIbHOK?

Bignosiai: «Tak», «Hi». MpaBuIbHA BiANOBIAb: «TaK».

3ae0aHHsA 1.4. (ouiHKa 3a NpaBUAbHY Bignosiab — 4 6anu).

OAHMM i3 AyKepen marHiTHoro nossa 3emni € BHYTpiWHE aapo 3emni. BKaszatn xoda 6 NnpnbAn3HO MOro xapakKTepuCcTUKK:
ximiuHWUI cknag, (A), paaiyc (B), Temnepatypa (C), Tuck (D).

MpasuabHa Bignosiab: (A) —3ani30 Ta Hikenb; (B) ~ 1200 km; (C) ~ 5700 K; (D) — (330-360) Ma. (ue TecT i3 BiaKpUTUMM
Bignosiaamu).
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3ae0aHH#A 1.5. (ouiHKa 3a npaBWAbHY Bignosiab — 4 6anu)

Ha OymKy BYEHMX, OCHOBHMM [KEPEesioM MarHiTHOro noss 3emni € 30BHiWHE pigke Aapo 3emni. Bkasatn xoua 6
NPUBIN3HO MOro XapaKTePUCTUKU: XiMmiuHUI cknag, (A), rainbuHa (B), TowmHa (C), Temnepatypa (D).

MpaBubHa BignoBigpb: (A) — piaki 3ani3o Ta Hikenb; (B) ~ 2900 km; (C) ~ 2250 km; (D) ~ (4400-6100) K.

3ae0aHH#A 1.6. (ouiHKa 3a NpaBMAbHY Bignosiab — 5 6anis)

Y HayKoBiIl1 NiTepaTypi ONNCaHO KiNlbKa TEOPiN NOXOAKEHHA MarHiTHOro nonsa 3emii. Bkasatu, AKy 3 nepeniyeHmx BYeHi
BBAYKalOTb OCHOBHOIO:

(A) — reHepyBaHHsA Nona 3aBAAKM NOCTIMHOMY 06epTaHHIO MEeTaNEeBOro A4 pa NAAHETH.

(B) — yTBOpEHHA NOAIA 3 ONOMOTOI0 TEPTA MiXK Lapamu aTmochepwm, WO Ha Pi3Hii BUCOTI Hag noBepxHeo 3emii.

(C) — BUHMKHEHHS nonAa 3 gonomoroto B3aemogii 3emni 3 CoHuem.

(D) — BUHMKHEHHSA NOAA 3 4OMOMOrOH KOHBEKLLIMHMX NOTOKIB, AKi CTBOPIOIOTHLCA 30BHILWHIM (pigkum) agpom 3emni.

(E) — yTBOpEHHA NONS HAaBKO/10 3eMAi Yepes BEMKY KiNbKiCTb MarHiTHMX maTepianis, Wo y 3emni.

MpaBwuabHa Bignosigp: (D).

3a80aHHsA 1.7. (OCKiNbKM MarHiTHe none 3emni paTye NAtogen Big marHiTHUX Byp Ta Big, cmepTenbHOT COHAYHOIT pagiauii,
TO 0CO6MBO KOPUCHUM HACTynHe 3aBAaHHA byae ana MmanbyTHiX meauKiB Ta bionoris).

AKi NPUYMHK Hebe3nekn MarHiTHUX byp AnA AAWHU Halbinblw cepiio3HO obrosoptoloTbes B NiTepaTypi? KinbKicTb
6aniB 3a NpaBUAbHY BigNOBiAb 3a1eXKMUTb Big GaKyAbTETy Ta cnewiabHOCTi.

BubpaTtun npasuabHi Bignosizi.

(A) — pi3Ke 3pocTaHHA iIHAYKLi MarHiTHOro No/iA BN/NBAE Ha €IEKTPOMATHITHY B3aEMOZII0 MiXK KNITMHAMM OpraHismy.

(B) — pUTMiYHi 3MiHWM reomarHiTHOro nons BiabysaoTbea y AianasoHi 0,5 — 2,0 M'u. Came 3 TaKoto YacToToto 6't0Tbes cepus
nopen.

(C) — marHiTHe none 3emni, WO Pi3KO 3MIHIOETLCA NPU MAFHITHUX BypsAX, | MeTeonapaMeTpu NPU3BOAATL 4,0 3MEHLWEHHA
KiNIbKOCTi epUTPOLMTIB i BHUKEHHA remornobiHy, TOBTO 3pocTaE B'A3KICTb KPOBI.

(D) — nia gieto marHiTHUX Byp 3MiHIOOTLCA BIOPUTMU, LLLO MPU3BOANTL A0 NOTIPLIEHHSA CTaHy /l0AeN, AKi CTPaXKAaloTb Ha
NCUXiYHi 3aXBOPIOBAHHA.

MpaBuabHa Bignosigp: (B) Ta (C).

Bianosigi Ha HaBeaeHi 7 3anuTaHb 403BONATL 3POOUTU YiTKi BUCHOBKM NPO PiBEHb PO3YMiHHA CTYAEHTOM MPUpPOAMU
MarHiTHoro noss 3emni (ue i € meta Tecty 1).

HacTynHy Temy gns cknafaHHA TECTOBUX 3aBAaHb 06epemMo 3 Bi3MKM enemMeHTapHUX YaCTUHOK — OAHOTO 3 HaWBAXKUYMX
ONA CTyAeHTiB po3ainis ¢isnkn. BisbMmemMo KoHKpeTHUIA 06’ekT: «CTaHaapTHas mogenb». CTaHAapTHaA MoAenb — TeopeTuyHa
KOHCTPYKLiA B }i3nLi enemeHTapHMX YaCTUHOK, LLLO OMUCYE eNeKTPOMArHiTHI, cnabKi Ta CMAbHI B3aeMogii BCiX enemeHTapHuUX
YaCTUHOK.

Tect 2.0cHOBHi XapaKTepucTMKku CTaHaapTHOI Moaeni.

3as80aHH#A 2.1. (OuiHKa 3a NpaBUAbHY Bignosiab — 2 6anu).

Yu € xo4a 6 oaHa 3 YAaCTUHOK i3 CTAaHAAPTHOI Mogeni ogHoYacHo i 6o3oHam, | pepmioHoM?

Bignosigi: «Tak», «Hi».

MpasunibHa BiANOBIAb — «Hi».

3ae80aHH#A 2.2. (OuiHKa 3a NpaBUAbHY Bignosiab — 2 6anu).

AKi YacTKM € NepeHOCHUKAMN CUIbHOT B3aEMOAIT MiXK KBapKamu?

MpaBuabHa BiANOBIAbL — «TNHOOHUY.

3ae80aHHsA 2.3. (OuiHKa 3a NpaBUAbHY Bignosiab — 2 6anu).

Yu morke CTaHZapTHA MOAENb ONUCaTU TEMHY MaTepito?

Bignosiaj: «Tak», «Hi».

MpaBuabHa BiANOBIAb — «Hi».

3a80aHHsA 2.4. (ouiHKa 3a NpaBUAbHY Bignosiab — 4 6anu).

MepeniyeHi enemeHTapHi YaCTUHKM PO36UTU Ha ABa Knacu — 6030HU Ta pepmioHU.

1) $oTOH, 2) enekTpoH, 3) rtooH, 4) NPOTOH, 5) me30H, 6) HENTPOH, 7) HEATPUHO.

MpasunbHa BigNOBIAb:

«6030HU: GOTOH NOOH, ME30H;

depMioHU: HEUTPOH, NPOTOH, NIeKTPOH, HEUTPUHO».

3ae0aHHsA 2.5. (OuiHKa 3a NpaBUAbHY Bignosiab — 4 6anu).

BcTaHOBITb BigNOBIAHICTD MiXK YaCTUHKAMM Ta iX BNACTUBOCTAMM.

YacTuHKK: a) enekTpoH; 6) $OTOH; B) NPOTOH; I) rtooH. BnactneocTi: 1) cniH 1, 6030H; 2) Ma€e macy i NO3UTUBHUI 3apAag;
3) HaniBuinnii cnuH, depmioH; 4) 6eamacoBuin, NepeHOCUTL B3aEMOLI.

MpaBuabHa Bignosigp:a—3;6—-4;8—2; r—1.

3ae80aHH#A 2.6. (OUiHKa 3a NpaBWAbHY Bignosiab — 5 6anis).

EHepria 38'A3Ky A4pa aTOMa 3aN1eXnTb Bif:

a) aedekTty macu;

6) KiNbKOCTi HYK/OHIB;

B) CMIbHOI B3aemogaii;

r) eneKTPoHHOI 060N0HKM.

3 nepepaxoBaHuWX BiANOBIAEN BUOPATU NPaBUIbHI.

MpaBnabHa BiANOBIAb: BCi NYHKTW, OKPiM OCTAHHbOO.

OCTaHHi TpW 3aNWUTaHHA, Ha BIgMiHY Bifg, NepLMX TPbOX, BXKE MatoTb 4OCTaTHbO BUCOKMI PiBEHb CKNAAHOCTI.
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3ae0aHHsA 2.7. (OuiHKa 3a NpaBWAbHY Bignosiab — 7 6anis).

LLlo BiabyBaETbCA 3 XBUIbOBOI PYHKLLIEID YACTKM Y MOMEHT BUMIpY i KoopanHaTU?

a) BOHA 3HUKaE;

6) BOHa CTa€ NOCTiNHOW;

B) BOHa KONIAMNCYE Y TOUKY CMOCTEPEKEHHS;

r) BOHa NEePETBOPIOETLCA HA HY/IbOBE 3HAYEHHS.

MpaBuabHa BigNOBIAL: B)

OcTaHHe 3aBAaHHA Byae nig cuay anwe Hanbinbw CUABHUM CTYAeHTaMm.

fIK MOKa3aB [0CBiA, CaMe TaKMMKM TECTOBUMM 3B'A3KAMK 3PYYHO NEPEBIPATM 3HAHHA CTYAEHTIB 3 TUX Po34inis ¢i3nku,
0, BaXKKO KOPUCTYBATKCA iHTYILLiEIO, TOBTO KON Hemae 06pasHuMX yABAeHb Gi3UUHMX NpoueciB. ByB Yac, KoM BYEHI-DI3UKM Manun
Pi3Hi TOYKM 30pYy Ha OAHI | TEX ABMLLA, AOBOAAYM KOXKEH CBOK AyMKy. HapelwTi, AnbbepT EMHWTENH 3anponoHyBas 3a iCTUHY
NPUIHATK Te, WO NOKa3ylTb MaTemMaTUKa Ta eKCNEPUMEHT, HaBITb AKLLO Lie HEMOXANBO cobi yaBUTU. EKcneprmeHTH Ha Toi Yac
BYXe MOKasyBanW ABOICTY NPUPOAY eNeKTPOMArHiTHUX XBWJ/b, @ MaTteMaTuKy AnbbepT EMHWTENH cTBOpWUB, NMPOKAABWM LUM
popory y ¢isuky mikpocsiTty. Jani Bxe byaun Teopii cunbHOI i cnabkoi B3aemogaii i Tak gani.

BUCHOBKM TA NEPCNEKTUBU NOAANBLLUOIO AOC/NIAXKEHHA

di3nKa, Ha BiAMIHY Bif, iHLWKX HAYK | AUCUMNIH, BUBYAE ABMLLA Ta NPOLLECU, 3HAYHA YaCTMHA AKMX BUMArae 4s1a onucy
Ta PO3yMiHHSA CYTO abCTPaKTHUX MaTeEMaTUUYHMX 06pasiB, TaKMX AIK N-BUMIPHUI NPOCTip (4e n>3), yaBHWUIA Yac, BiACYTHICTb macu Ta
PO3MipiB Y YacTUHOK i Tak gani. Lto ob6cTaBMHY HeobxigHO BpaxoByBaTH Nif 4ac CKNafaHHA TECTOBMX 3aBAaHb A/1A NepeBipku
3HaHb Y CTyAeHTiB. 30Kpema, He NOTPIbHO BMMaraTu Big, CTYAEHTIB 06pa3HOro PO3yMiHHA AeAKUX ABULL, OCKiZIbKM Unx 0bpasis
HEMAE, a ICHYIOTb PiBHAHHSA Ta iX cuctemn. Came abCTPaKTHI MaTeMaTMyYHi 06pasu [,03BOAKOTL CTPOro BU3HAYMTU TaKi 06’ €KTH, K
aToM, eNneKkTpoH, GOTOH, IIOOH, NPOTOH, NPOCTiP MiHKOBCBLKOrO, YOPHI AipKKU, TEeMHa maTepisa Towo. Taknx ob’ekTiB y npupoai
iCHYe BesiyesHa KinbKicTb. Came Ui 06’eKTU Ta iX CYKyMHOCTI NpU3BOAATb A0 TUX ABUL, MPO AKi MOBa MLWNA BULLE B acnekTi
CKNafaHHA TEeCTiB AN NePeBIPKM PO3YMIHHA UMX ABULL,. ONTUMANbHUMMK € TECTU, KOXKEH 3 AKUX BKAOYAE A0 cebe 3anuTaHHA 3a
KOXXHMM eN1eMeHTOM, LLLO YTBOPIOE ABULLE, AKE BUBYAETHCA, @ TAKOXK 32 KOXKHUM TEOPETUYHUM MiAXOA0M, WO NOACHIOE Lie ABMLLE.
Came TaKMM YNHOM CKIaZEeHi TeCTU A03BOAIOTb NeAarory BUSHa4MTU piBEHb PO3YMIHHA KOXHMM CTYAEHTOM NpUpoan Ayanismy
ABMLL, @ TAaKOX HAABHOCTI AEKiNbKOX TEOPETUYHUX NIAXOAIB (AEKiNbKOX rinoTes) Ana NOACHEHHA Pe3y/bTaTiB eKCNePUMEHTIB,
NnoB’A3aHUX 3 AeAKMMU Gi3UYHUMM 06’ eKTamm.

Pasom 3 Tum, Ay)Ke Ba*KNUBO, WO aHaNi3 pesy/nbTaTiB TaKOro TecTyBaHHA A03BO/AE Negaroram aHanisyBaTu CBOI
METOAMUKM BUKNALAHHA Qi3UKM | BHOCUTM B Lii METOANKMN NO3UTUBHI 3MiHU.

KOH®NIKT IHTEPECIB

ABTOpWU NiATBEPAKYIOTb BiACYTHICTL IHAHCOBMX, OCOOMCTMX UM iHLIMX iHTEPECiB, WO MOXKYTb PO3rNAL4ATUCA AK
NOTEHUiMHNIN KOHGAIKT iHTepeciB Woao nybnikauii uiei ctaTTi.

®IHAHCYBAHHA

PoboTa BMKOHaHA 3a BigcyTHOCTI GiHAaHCOBOT NIATPMMKM 3 BOKY ByAb-AKUX OpraHisaLii.

AOCTYNHICTb AAHUX

Lle TeopeTuyHe AOCAiAKEHHA He Nnepeabayae BUKOPUCTAHHA A0AATKOBKUX Habopis AaHMX.

BUKOPUCTAHHA LUTYYHOTO IHTENEKTY

IHCTPYMEHTM WITYYHOTO iHTENIEKTY HE BUKOPUCTOBYBANUCHL NPU HAaNUCaHHi Liel poboTu.
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AHOTALIA

ABSTRACT

®dopmynioeaHHa npobaemu. B 3ada4yax 3amiHU 3MIHHUX 8
dugpepeHyianeHUx — 8upasax, WO micmaAme  noxioHi  8i0
6azamosumipHux 8i0obpaxceHb MPOMOHYEMbLCA BUKOPUCMAHHSA
2n106anbHUX  KOHCMPYKYil, 30Kpema, mampuyi  AKkobi
8idobpaxceHHA. [pu ybomy Oocaeaemosca opmanizayis, wo
dornomaezae po3ymiHHio ideliHoi cmopoHu npobaemu. [TponoHosaHa
mexHika 0cobnuso egeKmusHO Mpaytoe 8 Halibinbw CKAAOHUX
3a0a4ax, Koau mpeba nepelimu 00 HOBUX AK He3a1eHCHUX 3MIHHUX,
mak i 3a1ex1¢HOI.

Mamepianu i memodu. [na 3acmocy8aHHA 3amiH 8
duhepeHyianbHUX 8uUpasax, wWo Micmame YacCMUHHI MOXiOHI
¢yHKYil 8i0 6azambox 3MIHHUX, WUPOKO 30CMOCOBYHOMbCA
mampuui Akobi eidobpaxceHb, iXHA nosediHKka npu nepexodi 0o
HOBUX 3MiHHUX, hopmyna OugepeHyilo8aHHA  CKAadeHo20
8i0obpaxceHHA. Mpu ybomy Halibinbw KOPUCHUM € BUKOPUCMAHHA
noxioHoi 8 nosHavyeHHAx JlelibHuya. Memoduka cymmeso
8iOpI3HAEMbCA 8i0 MuX, WO MOMXCHA 3ycmpimu 8 YucaeHHUX
nocibHukax. Tpeba 3a3HaYUMU, W0 8KA3AHA MEMAMUKA 8Xo0UMb,
AK Npasuso, 8 Mpospamu BUWUX HABYAMALHUX 3aKnadie 3
nidsuweHUM pieHeM 8UBYEHHA MAMEMAMUYHO20 AHAI3Y.

Pe3syabmamu. PoszaaHymo 3a0avyi, no8’a3aHi 3
nepemeopeHHAMU OugdepeHuianbHUX 8upasis, 8 AKUX cmapi 3MiHHI
8UPAXKAIOMbCA Yepe3 HOBi, & MAKOMX HO8i 3MIHHI — Yepe3 cmapi.
Mpuknadu oxonawomMs OCHOBHI 3a0a4i HA 6KA3aHY memy,
npu4omy, makox i nidsuweHoi cKknadHocmi. [lepeKoHaAugo
0o8edeHo, Wo 8 MaKux 3a0a4ax e(heKmueHoO MPaytoe Mampu4He

qyucneHHs, a came, mampuys fAkobi OugpepeHyiliosHo2o
8i006paMEHHSA.
BucHoeKu. [IporioHogaHa poboma pobume HA2040C HA

aKMUBHOMY BUKOPUCMAHHI MOMPUYHOI MexHiKu 8 3a0a4yax
nepemeopeHHs 3MIHHUX 8 OugdepeHyianbHUX eupasax, 30Kpema,
OugpepeHyianbHUX pPiBHAHHAX Mepuio2o MopAdKy 3 bazamema
3MiHHUMU. TakKum YuHom Mampuys fAkobi nocmae sk Oiliosa
KOHCMPYKYia, wo pobums npoyec nepemeopeHb  Binbw
3p03ymMinum i MpupoOHUM. BUKOpucmaHHA mMampuyi AKob6i
doromazae cmydeHmam Kpauje 3posymimu mamepias, pobums
po3e’asaHHsA Ginbw nezkum. Memooduka moxce 6ymu npornoHosaHa
makox y Kypcax ougepeHyianbHUx pieHAHb — 38udaliHux | 3
YACMUHHUMU MOXIOHUMU.

Formulation of the Problem. In problems of substitution of
variables in differential expressions containing derivatives of
multidimensional mappings, the use of global constructions is
proposed, in particular, the Jacobi matrix of the mapping. This
achieves formalization that helps to understand the conceptual
side of the problem. The proposed technique works especially
effectively in the most complex problems, when it is necessary to
switch to new variables, both independent and dependent.

Materials and Methods. For the application of substitutions
in differential expressions containing partial derivatives of
functions of many variables, the Jacobi matrix of mappings, its
behavior when switching to new variables, and the formula for
differentiating a composite mapping are widely used. In this
case, the most useful is the use of the derivative in Leibniz
notation. The methodology differs significantly from that found
in many manuals. It should be noted that this topic is typically
included in the programs of higher educational institutions with
advanced studies in mathematical analysis.

Results. Problems related to transformations of differential
expressions in which old variables are expressed in terms of new
ones, and new variables in terms of old ones, are considered. The
examples cover the main problems on the specified topic, as well
as those of increased complexity. It has been convincingly
demonstrated that matrix calculus, specifically the Jacobi matrix
of differential mapping, is effective in solving such problems.

Conclusion. The proposed work emphasizes the active use of
matrix techniques in problems involving the transformation of
variables in differential expressions, particularly first-order
differential equations with multiple variables. Thus, the Jacobi
matrix proves to be an effective construction, making the
transformation process more understandable and transparent.
The use of the Jacobi matrix helps students better understand
the material, making the solution easier and clearer. The
technique can also be introduced in courses on differential
equations, including ordinary and partial derivatives.

K/TOYOBI CJ/IOBA: mampu4yHe YucneHHs;, 6azamosumipHe
8i006paxceHHs,; NoxiOHa; dughepeHYito8aAHHA; 3aMIHA 3MIHHUX.

KEYWORDS: matrix calculus; multidimensional mapping;
derivative; differentiation; change of variables.
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YACNEHHA B 3aJayax MNEepeTBOPEHHA BUPasiB 3 NOXiAHUMM
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BCTYN

MocraHoBKa npobnemu. AudepeHuianbHe uYucneHHA OYHKUiM 6araTbox 3MiHHMX — 060B’A3KOBa Tema B Kypci
MaTeMaTUYHOro aHani3y. AK NPaBu/I0, OCHOBHA yBara Ha MPaKTUYHWX 3aHATTAX MPUAINAETLCA METOAAM 3HAaXOAXKEHHA YaCTUHHUX
noxigHux GyHKLii, a cama noxiaHa 6araToBMMipHOro Bif06parkeHHA, AKY B AaHMX Hasncax MOXKHa NoAaTh AK maTpuuto Akobi, He
bepe yyacTi y po3B’A3aHHi i MalKe He BMKOPUCTOBYETbCA Ha NpaKTUUi. Hacnpasai came maTpuyHuiA nigxig y 3agadax
6araToBMMipHOro aHanisy, 0cob6/MBO B 3a4a4ax, B AKUX Tpeba 34iCHI0OBAaT NepeTBOPEHHSA 3MiHHWX B M depeHLianbHUX BUpa3ax
abo B gudepeHLiaNbHUX PIBHAHHAX 3 YAaCTUHHMMM NOXIAHMMM NEPLIOro NOPAAKY, 3HAYHO CMPOLLYE PO3B’A3aHHA, PO6UTL oro
npupogHUMm. MNpu LboMy 3pO3yMiNoto CTaE igeliHa CTOpOHa Npouecy pPo3B A3aHHSA.

AHani3 aKkTyanbHUX AochigkKeHb. [udepeHuiaibHOMY uUMCIeHHIO 6araToBMMIpHUX BigobpaxeHb npucBAYEHa
yncneHHa maTemaTuyHa fNiTepaTtypa, 30Kpema, l. I. /lawko, B. ®. EmenbaHos & O. K. boapuyk (1992), Aoporosues A. fl. (1993),
LWKinb, M. I. (2005), B. M. Ay6osuk & I. I. tOpumk (2013), O. Forster (2001), Miklds Laczkovich (2017), Shmuel Kantorovitz (2016),
Wendell Fleming (2012). OgHak, 3agadi nepeTBopeHHA gudepeHLiabHUX BUPa3iB He € PO3MOBCIOAXKEHUMMU | PO3rNA4aOTLCA B
HaBYa/IbHMX 3aKNafdax 3 NiABULLEHMM PiBHEM BMBYEHHA MAaTEeMATUYHOrO aHanisy. K NPaBMNO, METOAMKA PO3B’A3aHHA TaKMX
33fa4y nos’sAsaHa 3 iHBapiaHTHicTIO dopmuM neplworo audepeHuiana BiAHOCHO 3amiH 3MiHHMX. Ane Npu Takomy niaxoai
BTPAYAETLCA PO3YMIHHA CTPYKTYPM — HE BUAHO NOBEAIHKM MPU NepeTBOpPEeHHAX NoxigHoi, maTpuui AKobi, AK eanHOro uinoro.
Halbinblu cyyacHUin nornsg, Ha onepawito gudepeHLitoBaHHA NoAArae B Tomy, Wwo aAna GyHKuii f , Wwo aie 3 og4HOro HopmoBaHoro

npoctopy E BiHwKi, F,ii noxiaHa B KOXKHIiM TOULi — Lie eleMeHT NPOCTOpPY NiHINHKX BifZobpaXKeHb: f'(x)eL(E,F) 3EBF

(J. Dieudonné (1969)). ani posoanTbcsa dopmyna audepeHLitoBaHHA KoMmno3uuii GyHKLT, AKa Byae cyTTEBO BUKOPUCTOBYBATUCH
B [aHil CTaTTi. B AeAKMX KNaCUYHMX NiAPYYHMKAX MPO L0 KOHCTPYKLLKO HABiTb He 3rafytoTb, @ B iHLUMX BOHA XO4 i NPUCYTHA, ane
He Ma€e NoAasblIOro PO3BUTKY, HE MOSCHIOETHCA, LLO Le MOXe OyTM 3acTocoBaHe Mpu po3B’A3aHHi 3a4ay Pi3HOro crTeneHs
CKNAQHOCTI, HanpuKnag, Npu 3HAXOAXKEHHI MOXiAHUX CKNafgeHoi ¢yHKUi, npu nepexodi y audepeHuianbHUX BUpasax Ta
PIBHAHHAX 3 YaCTUHHUMM NOXiAHUMM A0 HOBUX KOOPAMHAT, TOWO. ABTOP BBAKAE, LW,0 HAaBYAHHA CTYAEHTIB TaKMM KOHCTPYKLIAM
NiABULWLNTD iXHil TEOPETUYHWI piBEeHb Ta 3p0bUTb PO3B’A3aHHA 3a4ay 6inbw 3po3yminum.

Byaemo peani3oByBaTM OMMCaHy KOHCTPYKLiO Yy CKiHYEHHOBMMipHOMY BMNagKy. PosrnaHemo audepeHuiioBHe
sinobpaxenHa f:R" - R™,y = f(x),x € R*,y € R™. Moro noxigHa — ue maTpuua AKobi, Aka B NosHadyeHHi JlelibHuuA
3aNUCYETLCA HACTYMHUM YUHOM:

M m

E ox,
D(y) _ DY) | "
D(X) D(Xl’ 'Xn) 6)/ 8)/

dopmyna andepeHuitoBaHHA KOMNO3ULIT BiaobpaxkeHb (CKNageHoro BigobparkeHHA): Hexal Z = z(y(x)) er X .Topi

o am)fm yn

oy 9y, o X
D(z+%) _ D(z2) D(YYm) | " "

D(Xq,-e1 Xp) - D(Yp1o Ym) D(Xge0Xn)

e O | Y Km
M Nm )\ 0% OXn

3BigCY NPU BUKOHAHHI YMOB TEOPEMM NP0 ANDEPEHLIMOBHICTb BiLODParkeHHsa X = x(y) , 0bepHeHoro go y = y(x) , A0BOAMUTLCSA

D(xl,...,xn):[D(yl,...,yn)

D(yrs¥n) ( D(xXn)

-1
cnpasesausicTb Gopmynu: J . Nigkpecnmmo, wo came ua popmyna AysKe CnpocTUTb PO3B’A3aHHA

OeAKNX 3agau.
. . , . 0ou du
Po3rnaHemo ofHy 3 Haltbinbll po3noBcloaXeHMX 3agay. Hexal U = u(x, y) ell . 3anucatv YacTuHHI noxigHi a—a B
X
ou ou . . -
NONAPHUX KOOpAMHATaxX a—a—, Ae X = pCosg,y = pSing. 3ayBa}kMMO, WO B LUMX 3anucax € Aeaka HesianosigHicTb: U e
P op
dyHKLjelo BogHouac Big, X, Y i p,¢@. Hacnpasai BennumHa U - Lie 3HaYeHHA ABOX HAacTyNHMX GyHKuUin U i U:
u=u(xy)=u(x(p.0).y(p.0))=0(p.¢).
3riaHo 3 Biaommmu popmynamm andepeHuitoBaHHA CKNaAeHOoro BigobpaxkeHHs i obepHeHoro BigobpaxkeHHn

(2.2). 00 _ 20) Dips) o [D(x,y)T:[au ) o —psin‘L

a'dy) D(xy) D(p.¢)D(xy) D(p.e)| D(p.0) o' 90 \sing  pcose
. co .
1(ou ou )\l pcose psing ou au _S(p sing
" olopop i =|—,— || sinp cosgp |=
p\8p 0p )\ —sing cosg op 0p )| -2 —
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= [mcow—lausin(p ausin(p+lauc05(p]
op pop " op p oy
OcTaTouHoO,
ou ou ou lou . ou .. 1 ou
—,— |=| =—cosp———sinp,—sinp +——Cosy (1)
ox oy) \9p pop op pop

AK NpaBWNO, NPW PO3B’A3aHHI L€l i NOAiIBHMX 33434 BUNUCYIOTb AOCUTb TPOMI3AKY CUCTEMY NiHIAHUX PiBHAHb BiAHOCHO
LUYKaHMX NOXiAHWX 3 MOAANbLIMM iXHIM PO3B’A3aHHAM. ABTOP NPOMOHYE HE BUMMUCYBATU CUCTEMY, @ BUKOPUCTATU BUKIAAEHY
TEXHiKy, AKa i4eMHO 3aMiHI0E po3B'A3aHHA cucTemm (AKLWO 6 mu i BUNMCanu) 3actocyBaHHAM 0bepHEeHOT MaTpuLi 40 MaTpuLi
AKO6i NnepeTBOpPEHHSA CTapuX (AEKAPTOBUX) KOOPAMHAT A0 HOBMX (MONAPHMX), LLO, 0CO6MBO MPOCTO ANA MATPULb PO3MIPHOCTI
2x2.

AHanoriyHo ¢opmyni (1) MoXKHa oaepKaTh ANs 4BOX HeNepepBHO AndepeHLiioBHUX GYHKLIA U = U(X, y),v =V(X, y) dopmyny

au a—ucosw—la—usimp a—usin(p+£a—uc05(p
ox oy | | dp p oo op p Op
NN ﬂCOS(p—lﬂsin(p ﬂsin(/wriﬂcosw
ox oy) \op p oo op p op
. . ou ov ou_ o .
AKWo Ui PyHKLUii 3ap0BoNbHATE yMoBam Kowi-PimaHa —=-—,—=——, TO 3 0AepPXaHOro pe3y/ibTaTy MOXHa NPUUATU [0
OXx oy oy  OX
YMOB:
a—uCOSgo—ia—uSin(p—@Sinq)-ﬁ-lﬂCOS(p 6—usin¢+la—uc05¢—@cow—iﬂsin(p
op p o op pdp " op p o op p o

BMKOHa€EMO 3 MMM PiBHOCTAMM [1Ba NEPETBOPEHHA: CNOYaTKY NepLle NOMHOXMUMO Ha —SiNg , Apyre —Ha COS¢@ i pe3ynbTaTi
[04aMo; MOTIM nepLue MOMHOXUMO Ha COS@, a Apyre —Ha Sing i Tex Aogamo. MNicis cnpoleHb OTPMMAEMO:
ou 1ov ou o ov
= = p— -
op pop Op op
ymosu Kowi-PimaHa y NofspHUX KOOPANHATAX, O € BaXKANBUM GaKTOM y Teopii aHaNITUYHUX OYHKLNA.
MerTolo po60THU € 3aCTOCYBAaHHA MATPUYHOTO YMC/IEHHA B 334a4Yax 3aMiHM 3MIHHMX B MaTeMaTUYHWUX BMpasax, Lo
MICTATb NOXiAHI NepLoro NopaAKy, 30Kpema, B andepeHLiaibHUX PIBHAHHAX NEPLIOro NOPAAKY 3 YHACTUHHUMM NOXIAHUMU.

METOAM AOC/IAMKEHHA

[JocnipxXeHHA FPYHTYETbCA HA aHaNi3i Nporpam Kypcy MaTemaTUYHOro aHanisy AnAa cTyaeHTiB 1-ro kKypcy 6akanaspaty
BULLMX HABYANbHUX 3aKNaAiB TEXHIYHOTO CNPAMYBAHHSA i MexaHiKo-maTemMaTUdHWUX ¢akynbTeTiB yHiBepcuTeTiB. Hanonernmso
BTINIOETbCA METOAMKA 3aCTOCyBaHHA MaTpuui AKobi andepeHuilioBHOro BigobpaxeHHA. 3aCTOCOBYETbCA ifeosoria poboTu
aBTopa — boxoHos, 0. €. (2021).

PE3Y/IbTATU AOCNIAXKEHD

MiaKpecnnmo: Nnpu BUKOPUCTAHHI 3aMiH i noganbliomy avdepeHuitoBaHHi GyHKLIN aBTOp HAaNONATAE HA 3HAXOAKEHHI
HEe OKPEeMMX YaCTUHHUX MOXiAHMX, @ BCiX iX B LiIOMY, AK eNeMeHTiB BignoBigHMX maTpuub AKOGI. Lle TaKoXX NpMBYAE CTYAEHTa A0
TOro, Wo BUrNAA avdepeHuianis, bopmyna audepeHuitoBaHHA cknageHoi GyHKLiT Taki cami, AK i y 04HOBMMIpHOMY aHanisi, ane
Bi4NOBiAHI BUPa3n MatoTb MaTPUYHY CTPYKTYpPY.
3ayBaXKMMO TaKOMXK, W0 B NOAIOHMX 3a4a4ax 3a00POHAETLCA PO3B’A3YBATU HENIHINHY CUCTEMY, 3HAX04A4YM BUPA3 OAHUX
KOOPAMHAT Yyepes iHWIi 3 MeTO 3HAXOAKEeHHs maTpuui AKobi BiANOBIAHOrO Bif0OpaKeHHsA. 3 iAeHOI TOUKMN 30py PO3B’A3aHHSA
HeNiHIMHOT cMCTeMM BaKUe, HiXK PO3B’A3aHHA NiHIMHOI 3agaui, AKe B 4aHOMY BUMAAKY 3aMiHIOETbCA 3HAXO4XKEHHA obepHeHol
maTpuLi.
Mpuknap 1. NepeiTi f0 NONAPHUX KOOPAMHAT B CUCTEMI PIBHAHB:
& =y+ kx(x2 + yz),ﬂ =—X+ ky(x2 + yz).
dt dt
MepeTBOPMMO cUCTEMY, 3acCTOCOBYIOUN dopMyny AndepeHLitoBaHHA CKNageHoro BigobpaxkeHHs i 3anucaswm npasy
YaCTUHY B NONAPHUX KOOPAMHATAX:

x)_ D(x,y) D(p.p) (cosp —psing\(pf) sinp+kp?cosep
(Y{J_D(p,(o) D(t) _[sin(o pcos@j(‘/’t,j_p(—cosw+kpzsin(pJ.
3Bigcu

[pt’]_ (cosw —psin(p]1 sing+kp®cose _(pcosgy pSin(pJ{ sing +kp?cosg j_[kpj

o sing  pcosp ) | —cosp+kp?sing) \—Sing  c0sp )| _cosp+kpPsing ) | -1

9o _ 4392 4
dt dt
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Mpuknag 2. 3anucatv y NOAAPHUX KOOpAWMHaTax HacTynHe audepeHuiasbHe PiBHAHHA 3 YAaCTUHHUMMK NOXIAHUMU:

ou ou
Po3B’A3aHHA. BukopucToytoum dopmyny (1), nigcrasnatoum Bupasm —,— 4epes —,— B PIBHAHHSA, OAEPKMMO Nics
oX oy op Op

ou .
nepetsopeHb npn p#0: 6_ =0 . Moro po3s’askom byae aosinbHa HenepepsHo andepeHLjitosHa dyHkuja: Z = f (X2 + y2) .
4

PosrnaHemo ABa HaWbiNbL 3aranbHMUX BUNAAKK, KOIM BiZLOMO NPO 3B’A30K MiXK «CTapoto» GYHKLIEIO Big, ABOX «CTapUX»
3MIHHUX | KHOBOK» QYHKLI, WO 3a1€XKUTb Bif, ABOX KHOBUX» 3MiHHUX. MpK LbOMY B OAHIM CMTyau,ii CTapi 3MiHHI BUparkatoTbCA
yepes HOBI, a B iHLWIi — HOBI 3MiHHI BUpaXKatoTbCA Yepes cTapi.

Bunagox I. Crapi 3MIiHHiI X,Y,2= Z(X, y) BMpPaXKaTbCcA yepes HOBI u,v,w= W(u,v) :

x=op(u,v,w),y =y(u,v,w),z = z(u,v,w).

B aeakomy andepeHuianbHomy BMpasi Big cTapoi Hesigomoi GyHKuUii z =z(X,y) Tpeba nepeiTn [0 HOBOI HeBigOMOT
Dy/(u,v,w)
D(u,v)
3a/1eXKUTb ABHUM YMHOM, He Bepyym 40 yBaru 3aeXKHICTb Bif UUX 3MiHHUX PyHKUii W, To6TO, came YacTUHHI noxigHi, akwo W
z(x,y) = ;((U,V,W). MiagctasnsioumM B AiBy  YacCTUHY

YHKLiT W= W(U,V) . 3ayBaXkMmo, Lo BUpa3 Aani byaemo posymiti Ak noxiaHi no (U,v) OyHKLiT ¥, Bif AKMX BOHA

BBAXKAETbCA HE3aNeXHOoK 3MiHHOW. 3 ymosu  BUNIUBAE:

qu)(u,v,w),y:l//(u,v,w), O4EPKUMO TOTOMHICTb, LLO CYTTEBO, OCKIZIbKM Came TOTOXKHICTb MOMKHa AudepeHLitoBaTh:

zZ(x,y) = z(go(u,v,w),y/(u,v, W)) E;{(U,V,W(U,V)). MpoandepeHLitoeMo 06MABI YaCTUHM 32 3MIHHUMM (u,v) :

D(z)  D(z) [D(¢(u,v,w),yz(u,v,w))+D(go(u,v,w),y/(u,v,w)) D(w) ]: Dyy(u,v.W) Dy (u.v,w) D(w)

D(u,v) - D(x,y) D(u,v) D(w) D(u,v) D(u,v) D(w) D(u,v)’
3Biacu
D(z) (o az)_ DZ(u,v,w)JrDZ(u,v,w) D(w) D((p(u,v,w),y/(u,v,w))+D(go(u,v,w),y/(u,v,w)) D(w) N
D(x,y) \ox'oy) D(u,v) D(w) D(u,v) D(u,v) D(w) D@u,v) |
3anuwemo BMpasu NPaBoi YaCTUHI y 6iNbll 3py4HOMY A1A 06YMCNEHb BUMNAL:
op O¢ op N
a a_ (%%jﬁl[%%j || ow (@%] -
ax'oy) (lau'ov) awlou'ov))|| oy oy | | oy \au'ov
ou  ov ow

-1

9p Opow  Op  Op oW
(&&]_[Wﬁzm 4 %@) U wou v owov o)

, ==
X 0y) \ou owou v owov)| Oy Oy oW Oy Oy ow
ou owou oV Ow ov

2 2

oz 0z 0z

Npuknag 3. MNMepetrsopuTn audepeHuUianbHe PiBHAHHA 3 YAaCTUHHMMM NOXIAHUMMU | X— | +| Y— =72 ==
oX oy OX oy

yBiBLWwM 3aminy: X =ue" = gp(u,w), y=veV = y/(v,w), z=we" = Z(W) .

Byzemo aiatu 3a popmynoto (2). 06UMcAMMo oKpemo BUPa3mn y NpaBsiii YaCTUHI 04EPHKAHOTO BUPA3Y :

[a—l a—l}ra—l(@ @j :((l+w)eW%,(l+w)ew%j:(1+W)ew[@ @j

au'av) ow\ou’ov au’ v
aﬁ aj% %4,%% 1+u@ u%
U owou N awov |__ ov
al+al@ al+al% V@ 1+V%
ou Owou oV Ow ov au ov

Mo3HauYMMO BU3HAYHWK OZep:KaHoi MaTpuLi Yepe3 A . YuTay camocTiliHO 3pobuTb HeobXigHi NnepeTBopeHHs i 3Hanae

obepHeHy A0 uiei maTpuy,:

ow  ow )Y ow o ow

1+u— u— | lV—  —u—

R ou ov _e ov ov
ow ow | A ow ow |

v— 1+v— -vV— l4+u—

ou ov ou ou

24



®izuko-maTtematnuHa ocsita / Physical and Mathematical Education Tom 40, Ne 5 / Vol. 40, No 5 (2025)

OTxXe,
ow - ow
2 oz _ (1+w)e"e™ (ow ow Wy Y _lrw(ow ow
(6X'3Yj_ A (5’Ej L LA (8u a\/J
ou ou
3Bigcu
NG ul+w)e" ow oz v(1+w)e" ow
X7 a2 aw’ly T a2
o [x@f {ygjz :M{(ﬂf +(V@f}zz@zzwzezwwym
ox oy A2 ou v ox oy A2 Bu ov

TaKMM YMHOM PIBHAHHA 3 YMOBM 33jayi NicnA nNepeTBOpeHb 3anUWeTbCs Y BUIALI, WO CniBnafae (3 TOYHicTO Ao
No3HayeHb 3MiHHMX) 3 TUM, WO Girypye B yMOBI 3ajaui:

aw) ([ aw) 2 oW ow
Uu— | +|lv—| =
ou ov u v’
TO6TO, BOHO iHBapiaHTHe BiAHOCHO BKa3aHOi 3aMiHU 3MiHHUX.
ou ou _ou Xy
Npuknag 4. Nepetsoputn AndepeHuianbHe PiBHAHHA 3 YaCTUHHUMM NOXIGHUMM Xa— + yg 26_ =u+—
X Z z

ysiswn saminy: X =& =(&n.6) y=nc=y(&m¢).z=c=x(&m¢)u=cw(&m.s).

MipKytouu, siK i Npu foBeaeHHi dopmynu (2), oaeprumo:

0
D(cw(¢.7.6) D) _ D) D(xy.2) (gam M s aNHau a 6u] 3 . f::
DE7¢)  DEng) Dxy.2)DEne) o0& an “oc) \ax'oy' @ 0 0 1

ow 6W ow au ou ou aou ou Ow ou Ow ou ow ow ow
SletemWre T =l e E Ty T+ T T = T T Ty T SR T

o& 677 og ay OX ay oz oXx o0& oy 0n oz o0& on o
Micna I'Iip,CTaHOBKVI 3Hal7I,CI,eHVIX I'IOXi,CI,HMX 3 ypaxyBaHHAM BUTNALY NepeTBOPEHb 3MiIHHUX 3 ymosu 3ap,aqi oAepPXKNMO:

—-2& ™, y-nz @+2g@+zw U+Xy3g2@+uzu+§ng3%:§l
(x-2¢)7

o& on " oc z o o ¢

Bunagok II. Hosi 3minni &,77,¢ = é’(f,r]) BUpaxaloTbeA Yepes ctapi X, Y,z =2(X,Y):
=p(xy.2)n=w(xy,2),¢ = x2(xy.2).

3anuMLwemo TOTOXHICTb: é’(go(x, Y, 2(X, y)),l//(X, Y, (X, y)))z;((x, Y, (X, y)) i npoaudepeHUitoemo ii 33 3MiHHUMKU X i Y :

D) _ D) [D(w(x,y,z),w(x.y,z)hD(w(x,v,z),w(x.y,z)) D(2) ]:D(z(x,y,z))f(z(x,v,z)) D(2)

D(x,y) D(&.m) D(x,y) D(2) D(x,y) D(x,y) D(z)  D(xy)

3BifCK HEBAXKKO OTPUMATU BMPA3 A4 YaCTUHHUX NOXiAHUX CTapoi HeBiZOMOI PYHKLi 3a CTapuMm 3MIHHUMU:

D(2) :[ D() D(¢(X,y,z),w(x,y12))_D(ﬂc(x,y,Z))]l[D(z(x,y,Z))_ D) D(¢(x,y,z),w(x,y12))]

D(x,y) ( D(s.m) D(z) D(z2) D(xy) D(&.7) D(xy)

abo B KOOpAMHaTHIN Ppopmi:
(2.2,
ox’ ox

-1

op(x,y,2) dp(xy,2) Op(xy,2)
_ [ag agj o _ox(xy.2) [6;((x,y,z) 6;((x,y,z)J_[ag agj ox oy a)
o0& om )| oy (x,y,2) Ford x X o0& on )| oy (x,y,z) ow(xy,z)
oz OX oy

oz oz
Mpuknag, 5. NepetsoputH AndepeHLianbHe PIBHAHHA 3 YaCTUHHUMM noxiaHummn (Xy + Z)& + (1— yz)5 =X+Yyz,

BBIBLUM 3aMiHy | 04epyKaBLUM PiBHAHHSA BiAHOCHO HOBOT dYHKUIT § = ((5,77) , AKLLO
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E=p(xy.2)=yz-xn=w(xy.2)=x2-y.{ = (XY, 2)=xy -2

B2 o5 5 2)

OX oy o0& on )\ x ol on)\lz -1

_{ 6? Z§+1] ((y X)+ [Zg zag,—z%ﬁﬂj:(y % i x §+j (y LI a*g: 2%, a;]
n & op o5 on o5 on o5 on 66 on

MiacTaBMMO 3HaMAEHI 3HAYEHHA YaCTUHHUX NOXiGHUX Y PIBHAHHA:

0 0 2 0 0
(xy+z)(y+a§ zgj (l y)(x zag+a§j (x +yz)[yg+xaf] ]

3acTtocyemo dopmyny (3):

0
i nicna nepeTBopeHb O4EPIKMMO: (1—X2 —y2-7° —2xyz)6—§ =0. AKWo BMpa3 y AyKKax He AOPIBHIOE Hy/O, NPUAEMO A0
n

og

PiBHAHHA 6—: 0. Moro moxHa poss’asatu y HeasHomy Buriagi: ¢ = (&), ae f — posinbHa HenepepsHO andepeHLiioBHa
n

byHKLjs. MoBepTaloumnch A0 CTapux 3miHHMX, Byaemo matn: Xy —z = f (yz - X) .

oz oz
Npuknag 6. MepetBopuTn gudepeHUianbHe PIBHAHHA 3 YAaCTUHHMMM NOXiAHUMM X6_+ y5= z+«/x2 +y2 +z2 ,
X

yBiBLUM 3aMiHy: U :l,v =7+ sz + y2 +22.
X
2

Po3B’Aa3aHHA. Jani mm 6yaemo BUKOPUCTOBYBATM HACTYNHE 3HAaYEHHS KOPEHSA: JXZ + y2 +2°=v-1z.
3anuwemo Gopmyny AndbepeHLitoBaHHA CKNALEHOTO Bif0BpaXKeHHs:

D(z) _ D(z) P(u(xy.z(xy)).v(xy.2(xy)))

D(x,y) D(u,v) D(xy)
 0(2) [ Dfuxnahvixya)) | O{ulyauy)vixyex) oo
D(u,v) D(xy) D(2) D(xy) )

3Biacu

D(u,v) D(z) D(x,y)_D(u,v) D(x,y)

{1_ D(2) D(u(xy.2(xy)), (x,v,z(x,v»)] D(z) _ D(z) D(u(x¥.2)¥(x¥.2))

D(z) _ L D(z) D(u(xy.z(xy)).v(xy,2(xY))) -1 D(2) D(u(x,y,z),v(x,y,Z)):>
D(xy) D(u,v) D(z) D(u,v) D(x,y)
)’ u NS Y1
0z oz oz oz oz oz oz) ox oy 0z oz oz oz X2 X
[6x ay] - (a av)gv (a’a] o | [a 5) 1L (a'aj x oy [
oz ox oy V—-z V-2

V-2 y oz X 0z 1oz y oz
= |t —— |
0z y20u v—z&v Xdu v—zov

V—Z-V—

MifcTaBNAOYM 3HANAEHI 3HAUEHHA Y PIBHAHHA, 04EPKUMO:

2 2 2.2
V-2 oz X oz oz oz X5+ oz oz
az[_v+ yw]zvjyaz_v:(xuyw):vz_zv.

vez_vZl xou v-zdav xou v-zdv voz_yZov v

: 2 2,2 2 . . 1

3yMOBVI 3a4a4l BunamBae: X +y +V IZ(V —VZ),I'HCHH YOro pIBHAHHA H36y836 BUrnAaay: 67:5

v

oz

Npuknag 7. MepetsopuTu AndepeHLianbHe PIBHAHHA 3 YaCTMHHUMM NOXiAHMMU (X—Z)a—+ ya—o B3ABLUM 33
X

3aNeXHY 3MiHHY X, @ Y,Z —3a He3aneXHi 3MiHHi.
Po3B’a3aHHA. CKopucTaemocb dopmyioto (3), BBiBLUM HACTYMNHi 3aMiHU:

E=p(xv.2)=2,n=w(xy.2)=Yy, = x(xy.2)=
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OBlrOBOPEHHA

Binbw TpaanUiiHO € METOAMKA B 3afa4ax, Ae Tpeba NnepexoAnTH Bif, 0A4HUX KOOPAMHAT A0 iHWKX B AndepeHLianbHUX
BMpa3ax LWAAXOM 3anucy gudepeHLianis B LUX 3MiHHUX | pO3B’A3aHHI BiANOBIAHUX CUCTEM PIBHAHb BiAHOCHO LUYKAaHUX YaCTUHHMX
noxigaHux. MogibHuii niaxia 3anposagxeHo y Wkinb, M. I. (2005). NponoHoBaHa B AaHil cTaTTi dopmanisaLisa po3s’asye Taki
npobnemn HabaraTo pauioHasbHilLE, OCKIIbKM BCe BMMUPAETbCA B 3HAXOAXeHHA obepHeHoi maTpuui AKobi, wo ocobanso y
BMMAAKY MaTpuLi PO3MIPHOCTIi 2x 2 € TPUBIaNbHOM 3aJayeto.

BUCHOBKM TA NEPCNEKTUBU NOAANBLLUOIO AOCNIAXKEHHA

Po3rnaHyTi npuknagu ceigyatb npo edeKTUBHICTb | 3pO3yminicTb pPO3B’A3aHHA [4OCUTb CKAAgHMX 3ajay
aoudepeHLianbHOro YncneHHa GyHKLi 6aratbox 3miHHUX. Ocob6MBO X0UeTbCA 3BEPHYTM yBary Ha Npuknag, 7, AOCNIAXKEHHA
AKOrO M€ NCUMXONOTiIYHI TPyAHOL. Afe NpW 3acTOCyBaHHI NPOMOHOBAHOrO Gopmaniamy MOro po3s’A3yBaHHA CMNPOLLYETHLCA.
Mopanbwi aocnigKeHHA MOXyYTb 6yTU NOB’A3aHi 3 NepPeTBOPEHHAMMU BUPA3iB, WO MICTATb NOXiAHI BULWMX NopAAKiB. Mpy ubomy
BMHUKAE Npobiemm ifeonoriyHoro xapakrepy, 30Kpema, 3 iHTepnpeTaujielo NoxiaHoTl Big maTpuui Akobi, Towo. 3rigHo 3 poboToto
aBTopa, boxoHos, 10. €. (2024) BuWLLi NOXigHI MOXYTb BYTU iHTEPNPETOBaHO y TEPMiHax TEH30PHMX AO6YTKIB, WO AAE 3MOry
npawoBaTh 3 KOXKHOI TaKOK MOXiAHO AK 3 EAMHUM LLiAUM.

KOH®IKT IHTEPECIB

ABTOpPM NiATBEPAKYIOTL BiACYTHICTL GiHAHCOBMX, OCOBUCTUX UM iHWMX iHTEPEeCiB, LLO MOXYTb PO3rNAAATUCA AK
NOTEHLiMHMI KOHOAIKT iHTepeciB Woao nybnikauii Liei cTaTTi.

®IHAHCYBAHHA

PoboTa BMKOHaHA 3a BigcyTHOCTI hiHAaHCOBOT NiATPUMKM 3 BOKY ByAb-AKUX OpraHisaLii.

AOCTYNHICTb AAHUX

Lle TeopeTnyHe focniaKeHHs He nepeabayvae BUKOPUCTaHHA A0AaTKOBUX HAabOopiB AaHUX.

BUKOPUCTAHHA LUTYYHOTO IHTENEKTY

IHCTPYMEHTU WITYYHOrO iHTENIEKTY HEe BUKOPMCTOBYBA/IMCb NPU HANUCaHHI L€l poboTw.
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ABSTRACT

®opmyntosaHHa npobaemu. [pasunvHuli 8i06ip hakmopHux
3MIHHUX Y Cy4aCHUX eKOHOMemPUYHUX OOCNIOHEHHAX € K/HOYO0B800
yMO80oH 3a6e3ne4eHHs moyHocmi, cmabinbHocmi ma
npoeHocmuyHoi 30amHocmi modeneli, npome y cmyOdeHMCbKUX
pobomax 4acmo mpanaalmeca Murosi MOMUsKU, MO8’A3GHI 3
HAOMIpHOI  KinbKicmio — ghakmopis, cnabkum meopemuyHum
06rpyHMYBAHHAM ix 8U60OPY A6O HAABHICMIO My/IbMUKOIHEeapPHOCM.
Y cmammi 06rpyHmMo8aHo HeobxiOHicmb cMeopeHHsA MPAaKMUYHUX
pekomeHOayili, AKuli NOeOHye Haykosy 06rpyHMosaHicme i3
POCMOMOt0  3aCcMOCY8aHHA ma 3abesnedyye Kopekmruli eubip
GaKMOpPHUX 3MIHHUX Yy Npoyeci MoOesIto8aHHA eKOHOMIYHUX ABUW,

Mamepianu i memodu. Y 0OocnioxieHHi 8uKopucmaHo
KOMII/IeKC meopemuy4HuUX, Cmamucmu4HUX ma eKOHOMemMpPU4HUX
memodis, ceped AKUX K408y posb 8idiepanu KopenauitHul i
peepeciliHuli aHanis, wjo 0anu 3moay 8ua8UMU Ma KinbKicHO oyi-
HUMU 830EMO38°A3KU MiX 3MIHHUMU. [nA nidsuwjeHHs docmosip-
Hocmi  pesynbmamis i cmabineHocmi modeni nposedeHo
repesipKy Ha MysnbmuKosiHeapHicme 3a anzopummom Pappapa—
rnobepa, akull nepedbavae 3acmocysaHHA x>, F- ma t-kpumepiie
0414 OyiHKU 83aEMO3anertHocmel MiX He3aneHHUMU 3MIHHUMU.

Pe3yaemamu. Y pe3synbmami 00cniOxeHHsA 3arpornoHO8aHO
noemanHuli anzopumm  8i060PY GAKMOPHUX 3MIHHUX, WO
nepedbayae: (1) pospaxyHoK KoegpiyieHmie Kopenauii  Ona
opmysaHHs sekmopa ma mampuui kopeaauiti; (2) eidbip 3miHHUX,
AKI Maome cunbHUl 38°A30K i3 pPe3ysibmamueHo 3MIHHOK ma
c1abry e3aemHy Kopensauito; (3) nepesipky iHgpopmamueHocmi
3MIHHUX 3a 0O0MomMo20K0 Memoody MOKA3HUKI8 iHghopmayiliHoi
MiCmKocmi ma KoegiuieHma MHOMCUHHOT Kopenayii; (4) dodamkosuli
GHANI3 HA MYsAbMUKOAIHEAPHICMb 018 8UAB/EHHA HAOAUWKOBUX
¢akmopis. Anzopumm 3abesneuye 06rpyHmMosaHicme eubopy
npeduxkmopie, nidsuwlye moyHicms i cmabineHicme modenel, a
MAKOXH € 3pYYHUM 0115 HOBYAIbHO20 BUKOPUCMAHHSA.

BucHosku. 3anpornoHosaHuli nidxid 0o0380a8€ cucmemHo
opeaHizyeamu  npoyec  8i06opy PAKMOPHUX 3MIHHUX Yy
CMyO0eHMCbKUX EKOHOMEeMPUYHUX OO0C/iOHCEeHHAX, MOEOHYIOYU
HaoyYHicmb, AocmynHicmbs ma Haykosy KopekmHicms. Mozo
30CMOCY8AHHA CNPUAE hOPMYBAHHIO Yy cmydeHmie HABUYOK
GHONIMUYHO20  MUCAEHHA, Cmamucmu4Hoi  iHmepnpemauyii
pe3yanbmamis ma yceioomneHo20 nidxody 0o nobydosu modeseli.

Formulation of the problem. The correct selection of factor
variables in modern econometric studies is a key condition for
ensuring the accuracy, stability, and predictive power of models.
However, student papers often contain typical errors related to an
excessive number of factors, weak theoretical justification for their
selection, or the presence of multicollinearity. The article
substantiates the need to create practical recommendations that
combines scientific validity with ease of use and ensures the
correct selection of factor variables in the process of modeling
economic phenomena.

Materials and methods. The study uses a set of theoretical,
statistical, and econometric methods, among which correlation
and regression analysis played a key role, allowing us to identify
and quantitatively assess the relationships between variables. To
increase the reliability of the results and the stability of the model,
a multicollinearity check was performed using the Farrar—Glauber
algorithm, which involves the use of x? F, and t criteria to assess
the interdependencies between independent variables.

Results. As a result of the study, a step-by-step algorithm for
selecting factor variables is proposed, which involves:
(1) calculating correlation coefficients to form a vector and
correlation matrix; (2) selecting variables that have a strong
relationship with the outcome variable and weak mutual
correlation; (3) verification of the informativeness of variables
using the method of information capacity indicators and the
multiple correlation coefficient; (4) additional analysis for
multicollinearity to identify redundant factors. The algorithm
ensures the validity of the predictor choice, enhances the accuracy
and stability of models, and is convenient for educational
purposes.

Conclusion. The proposed approach enables the systematic
organization of the process of selecting factor variables in student
econometric research, combining clarity, accessibility, and
scientific rigor. Its application contributes to the formation of
students' analytical thinking skills, statistical interpretation of
results, and a conscious approach to model building.

© The Author(s) 2025
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BCTYN

MocraHoBKa npo6nemu. CyyacHa MiAroToBKa eKOHOMICTIB, QiHAHCUCTIB i MmeHeaKepiB nepegbavae GbopmyBaHHSA Y
CTYAEHTIB 34aTHOCTI 34,iMCHIOBATU 'PYHTOBHUI KifIbKiCHMIA aHai3 coliabHO-EKOHOMIYHUX NPOL,ECIB HAa OCHOBI EKOHOMETPUYHMX
meTogie (MTnywak & CemeHsika, 2017; Mywak Ta iH., 2018). EQEKTMBHICTb TaKMX AOCNIAKEHb 3HAYHOK MIpPOHD 3a/IEKUTL Bif,
KOPEKTHOro Bifbopy (aKTOPHUX 3MIHHWMX, AKI BW3HAYalOTb CTPYKTYpPy Ta MOACHIOBa/NbHY Cuay nobyaosaHoi moaeni.
HenpasunbHUt BUBip PaKTOPiB, LWLO YaCTO TPANASAETLCA Y CTYAEHTCbKMX pPoBOTaX, 3yMOBJIOE HU3bKY AKICTb EKOHOMETPUUHUX
Mmofenei, BUKPUBNEHHS Pe3ynbTaTiB i MOMUAKOBI yNpaBAiHCbKi BUCHOBKU. TMNOBMMK NpobaemMammn € HaaMipHEe BK/IOYEHHA
3MiHHUX 63 eKOHOMIYHOro OOrpyHTYBaHHA, IrHOPYBaHHA B33aEMO3ANEKHOCTI  MiX HMMKW, a TaKOX HaABHICTb
MY/IbTUKONIIHEapHOCTi, AKa NOPYLUYE CTaTUCTUYHY HAAIAHICTb OLiHEHUX NapameTpiB.

AHani3 akTyanbHUX gocniaxeHb. Binbip GakToOpHUX 3MIHHMX € OAHWUM i3 K/HOYOBMX eTaniB NobyA0BM eKOHOMETPUYHUX
mogenen, OCKiNbKM came BiH BM3HAYAE TOYHICTb, IHTEPMNPETOBaHICTb | NPOrHOCTUYHY 34aTHICTb OTPUMAHUX pesynbTaTie. Y
CYYaCHWUX JOCNIAXKEHHAX 3aNPONOHOBAHO LMPOKUI CNEKTP MeTOAiB Bigbopy GpakTopiB, AKI MOXKHA KNacudikyBaTW AK KNACUYHI
(Hall & Miller, 2009), perynsapusauiriHi (Turlach et al., 2005), 6aiteciscbki (Garcia-Donato & Paulo, 2021) Ta cneujianiszoBaHi,
opieHTOBaHi Ha ocobaunsocTi pakTopHoro aHanisy (Abramov et al., 2021; Obushnyi et al., 2022; Virovets et al., 2023).

Y npaui Kuo & Mallick (1998) npeacraBneHo ysaranbHeHWiA Migxig 40 BiAbopy GaKTOPHUX 3MIHHUX Yy perpeciiHux
MOZenAx, WO MNOEAHYE eNeMeHTU KaacuyHux i OaleciBCbKMX MeToaiB. ABTOpPM 3anponoHyBaAu NpocTy npoueaypy
NiAMHOXWHHOrO BifbOOPY HEe3anexHUX 3MiHHMX, fKa 6a3yeTbCA HA PO3LMPEHHI CTAHAAPTHOrO PIBHAHHA perpecii Wasxom
BBEAEHHSA iHAMKATOPHUX 3MiHHMX. Lli 3MiHHI BU3HauatoTb, AKi GakTopM matoTb ByTH BKAOYEHI 0 moaeni. Y poboTi po3risaHyTo
TPAAULiNHI MEeTOoM — MOKPOKOBY PErpecito, MOCNIAOBHE BUK/OYEHHS Ta A0AaBaHHA 3MiHHMX, 3aCHOBaHiI Ha MiHimi3auil
cepefHbOKBaAPaTUYHOT NOMUAKK. TaKoX NpoBeAeHO MOpPiIBHAHHA 3 GAMECIBCBKMMM NiAX04aMM, 30KPeMa 3 BUKOPUCTAHHAM
baieciBcbKoro Ta nceBgo-baiieciscbkoro pakTopis gns BM6OPY HaliKpalwoi moaeni.

Mopganbwnin po3BMTOK Li€i NpobaemaTUKK NpeacTaBneHo y gocniaxeHHi Desboulets (2018), ge 34iicHEHO FPYHTOBHUI
OrNsf, Cy4acHUX npoueayp Biabopy GakTOPHMX 3MIHHWUX 3 MO3MLLIA MPAKTUYHOrO 3aCTOCYBAHHA. ABTOP HAro/IOWYE, WO 3POCTaHHA
ob6cAriB AaHUX CNpUAO MOLMPEHHIO aBTOMATU30BAaHMX METOAIB MOAENIOBaHHA, AKi AatoTb 3mory ¢opmyBatv mogeni 6e3
nonepeaHix TeoOpeTMyHMX obmerkeHb. HesBayKaroum Ha aKTMBHWI PO3BUTOK TEOPETUYHMX ACMEKTIB, Y BiNbWOCTi NPUKNAZHMX
pobiT, Ak 3a3Havae Desboulets, foci LWMPOKO BUKOPUCTOBYHOTLCA 6a30Bi NpoLeaypu —nepeaycim NOKPoKoBa perpecia. JocnigHuK
3anNponoHyBaB Kaacudikauilo MeToaiB 3anexHo Bi4 Tuny moaenen (NiHilHI, rpynoBi, aAWTUBHI, 4YaCTKOBO AiHiliHI,
HenapameTpuyHi) Ta PO3rAsHYB AOCTYMNHI NporpamHi 3acobu, wWwo 3abe3nedyloTb ix peanisayito. Kpim TOoro, asTop Hasis
pekoMeHAaLji Wwoao BMbOpYy MeToAiB ANA Pi3HWUX Linelt MoAentoBaHHA Ta 3aNponoHyBaB NiAX0AM A0 MiABULLEHHA TOYHOCTI 1
cTabinbHOCTI Npouecy Biabopy dakTopis.

IHWMKIA Hanpam PO3BUTKY L€l TeEMaTUKKM nNpeacTaBiaeHo B poboTi Fan et al. (2018), ae po3rnaHyTo npobnemy Bigbopy
3MiHHWUX Y BUCOKOBUMIPHUMX perpeciinHmx 3aavax 3a YyMoB HafaBHOCTI NPOCTOPOBO| Ta YaCOBOI 3a/1€XKHOCTI MiX AaHUMU. ABTOPK
NiAKPECNOTb, WO 6iNblWicTb NOWMPEHNX METOLIB BTpayatoTb ePeKTUBHICTb Yy pasi CUIbHOI Kopenauii mix daktopamu. Ans
po3B’A3aHHA Ljel npobaemn BOHW 3anponoHyBann metopg Factor-Adjusted Regularized Model Selection (FarmSelect), akuii
BMKOPUCTOBYE GAKTOPHY MOZe/b AN1A BUAINEHHSA NPUXOBAHUX (NaTeHTHUX) GpaKTopiB i iHAMBIAYANbHUX KOMMNOHEHT 3MiHHMX. Lle
[A€E 3MOTYy 3MEHLWIMTM B3aEMHY 3aNEXKHICTb MiXK O3HaKamMu Ta MiABULLMTU AKiCTb Bigbopy 3miHHWMX. [oBeaeHo, WO MeToz,
FarmSelect 3abe3neyye y3roaKeHicTb Bigbopy moaeni Ta onTMMasbHi WBMAKOCTI 36iXKHOCTI HaBiTb 3@ CNAOKMX CTAaTUCTUYHMUX
YMOB. Pe3ynbTaT YNCeNbHUX eKCNePUMEHTIB MOKA3YHOTb, WO 3aNPONOHOBAHMUI NiaXis € ePeKTUBHUM AK Y MeKax BUBIpKK, TaK i
npv NPOrHo3yBaHHi Ha HOBMX AaHKMX, 3a6e3neyvytoun cTabinbHiCTb HaBITb 3a cNabKoi abo BiACYTHLOT KOPENALLT MidK 3MIHHUMW.

OKpemMy yBary nuTaHHIO BigGoOpy ¢GaKTOPHUIN 3MIHHUX NpugineHo y pocnigxkeHHi Kvalheim (2020). Y pobori
NMOPIBHIOIOTLCA ZiBA NMOKA3HMKM — BEKTOP Ta MaTpuua KoedilieHTiB Kopensuii — gns paHXyBaHHA 3MiHHWUX 33 IXHIM BHECKOM Yy
NaTeHTHO-3MiHHI perpeciliHi mogeni, NnobyaoBaHi Ha OCHOBI MeTOZy YaCTKOBUX HalMMeHLMX KBagpaTie. Obuasa NMokasHUKK
6a3yroTbCA Ha NPOEKLLT MaTPULLi NOACHIOBANbHUX 3MIHHMX HA HOPMani30BaHUI BEKTOP perpecii.

Modanbwuii PO3BUTOK AOCAIANKEHDb Y HanpaAmi BiAbopy GaKTOPHUX 3MIHHUX LEMOHCTPYE 3pOCTatoumii iHTepec A0
MEeTOAiB, WO FPYHTYIOTbCA Ha aHani3i KopenauiiHux 38’A3KiB MiX 3MiHHUMUK. 30Kpema, y poboti Dudas et al. (2025) 6yno
npesCcTaBAeHO HOBUI MiAXia A0 OUMLLEHHA» KOPensALUiMHOT MaTpULL LLAAXOM 3aCTOCYBaHHA HeYiTKMX Macok (fuzzy masks). Takuit
nigxia [O3BONAE HE NNLLE BUAINATM NAPU 3MIHHMX i3 BUCOKMM piBHEM B3aEMO3B’A3KY, ane i 36epiraTv NocTynosicTb nepexoay
MiX «3HAYYLWMMM» Ta «HE3HauyLWMMn» KoedilieHTamm Kopenauii. Lle BiAKpMBAE HOBI MOX/MBOCTI ANA TOYHiWOl nobyaosu
MHOXWHW GAKTOPIB, LLLO MAOTb HAMBULLMIA NPOrHOCTUYHUI NOTEHLian.

Y KOHTEeKCTi HaBYa/IbHOro MpPoLLecy pe3ynbTaTh NoAiIGHMX JOCNiAXKEHb AOLINbHO BUKOPUCTOBYBATU 1A GOPMYyBaHHA Y
CTYAEHTIB NMPaKTUYHUX HABMYOK 3aCTOCYBaHHA MeToziB Bigbopy GaKTOPHUX 3MIHHUX, AKI CNMPAOTbCA Ha aHani3 BeKTopa Ta
MaTpuLi KoedilieHTiB KopenaLii. 30Kpema, BapTo NPUAINIUTH yBary MeToAy NOKasHMKIB iHpopMaL,iiHOT MICTKOCTI, AKMI [,03BONIAE
OLHWUTM BHECOK KOXHOI 3MiHHOI y 3arasibHy BapiaLito A0CAiAKYyBAaHOrO Npouecy, a TaKoX MeTony KoedilieHTa MHOMXWHHOI
Kopenaujii, Wo Aae 3MOry BW3HAYMUTU CTYMiHb ANiHIMHOTO 3B'A3KY MIiXK KOMKHOK MOTEHLiMHO (aKTOPHOK 3MiHHOK Ta
pe3ynbTaTUBHOK O3HAKOK B yMOBax 6araToBMMIPHOI 3a/1€KHOCTI.
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OnaHyBaHHA UMX MEeTOAiB CNPUATUME PO3BUTKY Y CTYAEHTIB 34aTHOCTI:
® [HTepnpeTyBaTH CTPYKTYPY B3aEMO3B’A3KIB MiXK 3MIHHUMU;
e 3AilCHIOBATN BUBIp Halbinbl iHGopMaTUBHMX PpaKTOPIB HA OCHOBI Ki/IbKiICHMX NOKa3HUKIB;
® KPUTUYHO OLiHIOBaTM KOPeNALiHY HaA/JUWKOBICTb Y AAHMX i 3an06irat MyabTUKONIHEAaPHOCTI.

MoeAHAHHA Cy4acHMX NiAX04iB, ONUCAHWX y AocnigxeHHsx Fan et al. (2018), Kvalheim (2020) ta Dudas et al. (2025), i3
6a30BMMM METO4AMM KOPEeNALMHOro aHanisy, CTBOPIOE KOMMIEKCHY METOAO/NOrYHY OCHOBY AR HaBYaHHA MalbyTHiX
€KOHOMICTiB, PpiHAaHCUCTIB i MeHeaKepiB METOAAaM PaLioHaNbHOTO BiA60py GaKTOPHUX 3MIHHUX Y EKOHOMETPUUYHUX MOLENAX.

Merta cratti nonarae y GopmyntoBaHHI NPAKTUYHUX PeKOMeHZaLil Ana CTyAeHTIB WoAo pauioHanbHoro siabopy
baKTOPHMX 3MiIHHUX Y NpoLeci NobyA0BN eKOHOMETPUYHUX MOAENEN, CNPAMOBAHMX Ha NiABULLEHHA AOCTOBIPHOCTI pe3yabTaTiB
aHani3y Ta AKOCTi EKOHOMIYHUX iHTepnpeTaL,ii.

METOAM AOC/IAMKEHHA

Y pocnigKeHHi BUKOPUCTAaHO KOMMIEKC TEOPETUYHUX, CTAaTUCTUYHMX Ta EKOHOMETPUYHUX METOAiB, CNPAMOBAHUX HA
06r'pyHTYBaHHA, MOPIBHAHHA Ta OUiHKY edeKTMBHOCTI nigxoais A0 Biad6opy $aKTOPHUX 3MIHHUX Yy PEerpeciiHMx Moaensx.
TeopeTUyHy OCHOBY CTAaHOBW/IM aHani3, CUHTE3 i NOPIBHANBHWUIA aHaNi3, AKi 4aAM 3MOry CMCTEMATU3yBaTK CyyacHi niaxoau po
BigOOpPY 3MiHHMX Ta y3aranbHUTU pe3yabTaTu, nogaHi y npauax: Abramov et al. (2021), Desboulets (2018), Dudas (2025), Fan et
al. (2018), Garcia-Donato & Paulo (2021), Hall & Miller (2009), Kuo & Mallick (1998), Kvalheim (2020), Obushnyi et al. (2021),
Turlach et al. (2005), Virovets et al. (2023). Ana KinbKicHOro aHani3y 3acTOCOBAHO METOAM KOPENAuiiHOro Ta perpecinHoro
aHanisy, 30Kpema nobyaoBy BEKTOpa Ta MaTpuL,i KodedilieHTiB KopensaLii, a TAKOXK MeTo/ NoKa3HUKIB iHpopMaL,inHOT MiCTKOCTI,
L0 A3€ 3MOTY BU3HAYMTU BHECOK KOXKHOIO NPeaMKTOpa y Bapiallito pe3ynbTaTMBHOI 03HaKKU. 3acTOCOBaHi CTaTUCTUYHI X%-, F-Ta t-
KpUTepii ANA OLHKM B3aEMO3ANEKHOCTEN MiXK HE3aNeXHUMU 3MIHHUMU B anropuTMi AOCNIAMKEHHA HA MY/IbTUKONIHEApHICTb
(Thywak & CemeHsnka, 2018).

PE3Y/IbTATU AOCNIAXKEHHA

Pe3ynbTaTv NnpoBeAeHOro A0CNIAXKEHHS Aa/IM 3MOTY PO3POOUTU NPAKTUYHI peKoMeHAaUil, AKi NpeacTaBaeHi y suraagi
aNropuTMy Ana CTYAEHTIB WoAo Bigbopy ¢GaKTOpHUX 3MIHHMX Yy Mpoueci NobyaoBM €KOHOMIKO-MATEMATUYHUX MOAenei.
BinibpaHi ¢baKkTopHi 3MmiHHI, AKi BXOAATb 40 A0CNIAKYBAaHOI MOAENi, MaloTb 3a0BOJIbHATM PAAY O3HaK, a came: MaTu BUCOKY
BapiabenbHicTb, CUIbHO KOPE/OBaTH 3 PE3Y/IbTaTUBHOK 3MIHHOIO, C/TABKO KOpetoBaTH MiXK CO6010, @ TaKOXK CUJIbHO KOPENoBaTH
3i 3BMIHHMMMU, AKi HE BUKOPUCTOBYIOTLCS B MoAeni AK GaKTOPHI, ase NoB’A3aHi 3 pe3ybTaTUBHOK 3MiHHOW. Anroputm Bigbopy
dakTopiB nepeabavac KinbKa etanis. Ha noyaTKy 34iCHIOETLCA PO3PaxyHOK KoedilieHTiB KopensLii, Wwo Ao3Bonse nobyaysaTu
BEKTOP abo MaTpuLto KopenauimHUX 3B’A3KiB MiXK 3MiHHMMW. MoTiM BiAOYBaETbCA BUBIP TUX 3MIHHMX, AKI MAlOTb BMUCOKY
KOpenALito 3 pe3ynbTaTUBHOK 3MiHHOK Ta HU3bKY B3aEMHY KOpenALito MixK coboto. [ani npoBoAMTbCA NepesipKka afeKBaTHOCTI
BMbOpY paKTOpIB i3 BUKOPUCTAaHHAM MeToAy NOKA3HMKiB iHGOpMaL,iHOi MiCTKOCTi Ta meToay KoediljieHTa MHOXWHHOI Kopensw,ii.
[nA nigBuLWeHHs AOCTOBIPHOCTI pe3ynbTaTiB 34iNCHIOETbCA TaKOX A0AATKOBUIM aHANi3 Ha MY/NbTUKONIHEAPHICTDb, WO A03BONAE
BMABUTU HaL/MLWIKOBI abo TiCHO MoB’A3aHi 3MiHHI. MepeBaramy 3aNPONOHOBAHOIO ANITOPUTMY € MOr0 NPOCTOTA, HAOYHICTb Ta
LBMAKICTb 3aCTOCYBAHHA AN1A HEBENMKUX HABOPIB AaHMX, LLO POBUTL MOro 3pyYHUM 1A HABYAbHUX Linel i NPakTUYHUX 3aBAaHb
CTyAeHTIB. BogHoUac obmeKeHHAM € Te, WO Lel Niaxia He BPaxoBYE HENiHINHI 3B’ A3KM MiXK 3MIHHUMM 1 MOKe BYTU HeAOCTaTHLO
edeKTMBHMM NpU HAABHOCTI BUCOKOI My/IbTUKONIHEAPHOCTI UM BENUKOI KiNbKOCTi NOTeHLiHMX haKTopiB.

PosrnaHemo foKnagHiwe anroputm Biabopy GakTopHUX 3MiHHUX (Puc.1), Wwo BXoAUTUMYTb A0 CKAaLy EKOHOMETPUYHOI
mogeni. [laHa npoueaypa CKNa[a€ETbCA 3 HACTYMHUX KPOKIB:

1.36ip CTATHCTHUHKY A3 HMX

I
2.PU3paxyHOK BEKTORE T3 MATPHLI
KoedILIEHTIB Hopen ALl
I
3.MeTof NOHAIHMKIB IHQopMaLiHH T
MiCTROCTI
[
4 MeTon KoedigieHTa MHOMWHHOT
KopenAauir
I

5.MepeBipka Ha MyNETUKOAIHEAPHICTL

Puc. 1. Aaroputm Bia6opy ¢paKTOPHUX 3MiIHHUX
[epeno: pospobneHo asmopamu

1. 36ip CTAaTUCTUYHWX f@HKUX NPO peanizauito PesyabTaTUBHOI 3MIHHOI Y Ta GpaKTOPHWX 3MIHHKX X; (j = 1,n). OtpumanHi
CTaTUCTWYHI AaHi Y Ta X;;j (i=1,m, j =1,n). Ha ubomy KpoLi cMCTEMaTM3YIOTb Ta 3anNuUCylOTb AaHi y BUrnagi Tabauui abo
BEKTOPA CMOCTEPEKEHHA 3aNEXKHOI 3MIHHOT Y | MaTpuLi cnocTepeXKeHH:A He3anexHux amiHHux Xq, X5, ..., X, ¢

Y1 X11 X12 " Xin

_| )2 _ | X21 X22 " Xon
Y= : ’ X= H H H :

Ym Xm1i Xm2 " Xpmn

2. HacTynHMM eTanom [ocniaMKeHHA BMCTYNaEe aHani3 WiNbHOCTI B3aEMO3B'A3KIB MiK pe3y/NbTaTMBHOIK O3HAKOM Ta
BigibpaHUMKU GaKTOPHUMM 3MIHHUMMU, 3@ TAKOXK MiXK camMmmn GaKTOopamu, LLO BKKOYEHI f0 moaeni. Taka nepesipKka A03BONAE
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OLiHUTK CTYNiHb BigNOBIAHOCTI paKTOPiB OCHOBHMUM BMMOram, 30Kpema ApYyrilii Ta TPeTili 03HaKaM, AKMM MatoTb 3a40BOJIbHATH
06paHi 3MiHHI, — HafBHOCTI TICHOTO 3B’A3KYy 3 pe3yNbTaTMBHOK 3MiHHOK Ta cnabkoi Kopenauii mixk coboto. [ns KinbKicHoro
BMMIpPIOBAHHA CUAM UMX 3B’'A3KIB 3aCTOCOBYETbCA PO3PAXyHOK KoedilieHTiB KopenAuji, Lo [03BONAE BUABUTM CTyMiHb
B3aEMO3a/IEKHOCTI NOKa3HMKIB i 3abe3neynTy KOPEKTHICTb NOAA/bLLIOIO MOAE/IOBAHHA.

[na BU3HaYeHHA cnim 3B’A3Ky 064Mcitoemo KoedilieHTH Kopensuii 3a dopmynamu:

ij_ij'y Xka—Yk-Y-

= —— — Ta — 7J
2, _\2 2, \2 2 2 2 N2
V- -ij—(xp VX - R -ij—(x,->
Mepwa dopmyna 403BONSAE BUIHAUUTU CUAY 3B’A3KY MiXK BiZANOBIAHNMMM GAKTOPHMMM Ta Pe3yNbTaTUBHOIO 3MIHHUMM, A

Opyra — MiK NOTEHUiMHUMU GAKTOPHUMM 3MIHHUMU. Pe3ynbTaTh, OTPMMAHI MicNs BUKOPUCTAHHA nepLuoi Ta apyroi dopmyn,
MOKHa 3anucaTu BigNoBigHO y BUrNAAi BeKTopa Kopenauii Ry Ta matpuui Kopenauii R:

Jaek=1nj=1n

'

4t 1 rz T

T 7 1 e T
RO = 2 ’ X = 2.1 . . 2:7'[

Tn Th1 Tz 1

MeToto UbOro eTany [OCNiAXKeHHA € Bigbip TakuMx (GAKTOPHUX 3MIHHMX, AKi XapaKTepU3yloTbCA BUCOKMM piBHEM
Kopenauji i3 3a1eXHo 3MiHHOIO Ta BOAHOYAC HU3bKMM CTyNneHeM B3aeMHOI Kopensauii dakTopis Mix coboto. s OLiHIOBaHHA
CTAaTUCTUYHOI 3HAYYLLOCTi OTPUMAHMX KoedilieHTiB KopenaLii 3acTocoByeTbCcA KpuTepii CTbloAeHTa: po3paxoBaHi 3HAYEHHSA
NMOPIBHIOIOTLCA 3 KPUTUYHMM 3HAUYEHHAM KoedillieHTa KopensLii, BUSHaYeHUM Ha OCHOBI t-po3noginy CTblofeHTa A8 3a4aHoro
PiBHA 3HAYYLWOCTi @ i N — 2 CTyNeHiB BiNbHOCTI (B 4aHOMY BUNaAKy N — Le obcar BignosigHoi BUbipKK). Takuii nigxia nae amory
06r'pyHTOBaHO BUOKPEMUTU HaWbINbL iHGOPMATUBHI GaKTOPM ANA NOAANBLLOTO BKAKOYEHHS 40 MOAeni.

Y pasi, AKWO NOTEHLi/HI GaKTOPHI 3MiHHI HE NPOXOAATL NEpPEeBIPKY 3a KPUTEPIEM Ty j < Tipur, BOHU BUNYYAOTLCA 3
noganbworo aHanisy. Cepef 3MiHHUX, WO 3aAMWMAUCA, OBUPAETbCA Ta, AKAa MA€E Hambinbwuii KoediuieHT Kopenauii 3
pe3y/bTaTUBHOIO 3MiHHOIO, OCKi/IbKM CaMe BOHA MiCTUTb Hanbinbwwnii o6car iHGopmalLiii Npo NoBeaiHKy 3aneXHoi 3MiHHOI. Jani
30iNCHIOETBCA aHaNi3 KopenAuinHUX 3B’A3KIB MiXX BMOpPaHO GaKTOPHOI 3MIHHOIO Ta IHWWUMK 3MIHHUMM, WO 3anULIMAUCA Y
Mogei. 13 po3rasfy BUK/IIOYAOTLCA Ti 3MiHHI, A5 AKUX BUKOHYETLCA YMOBA T j > Tipur, OCKIZIbKM BOHU AaybnooTb iHpopmal,ito,
BXXe BifobpaKeHy BUOpaHO 3MiHHOW. TaKui Nigxin 403BONAE MiHIMI3yBaTU MY/NIbTUKOIHEAPHICTb i 3a6€3NeYnTn BKIOYEHHA
00 Moaeni vwwe Halbinbw iHbopmaTUBHMX paKTOpIB.

3. Memo0d nokasHukKie iHpopmayiliHoi micmKkocmi € ogHUM i3 ePeKTUBHUX NiaxoAiB A0 Biabopy GaKTOPHUX 3MIHHUX Y
npoueci NobyAoBM eKOHOMETPUYHUX Mogenelt. Moro cyTb nonarae y BUGOPI TMX 3MIHHMX, AKI AEMOHCTPYIOTb BUCOKUI piBEHb
Kopenauji 3 pe3ynbTaTUBHOI 3MIHHOI Ta BOAHOYAC XapaKTepu3YHTbCA HU3bKMM CTyNeHem B3aEMHOI Kopenauii mix coboto.
TaKui Niaxig fae 3mory YyHUKHYTU AybatoBaHHsA iHGopMaLLi Ta NigBULLUTY TOYHICTL MoZeni. MoYaTKoOBUMM JaHUMK ANA peanisauii
MeToAy BUCTYNaloTb BEKTOP KOpenALiil pe3ysibTaTMBHOT 3MIHHOT 3 GaKTOPHUMK Ry Ta MaTpULA NapHMX KOPENALN Mix camumm
dakTOpHMMM 3MiHHMMKM R. Came Ha OCHOBI LMX CTAaTUCTUYHUX MOKA3HMKIB 34iACHIOETLCA OLiHIOBAHHA iIHPOPMALLIMHOT MiCTKOCTI
KOXXHOT 3MiHHOT Ta GOpPMyBaHHA ONTUMaNbHOrO Habopy paKTopiB AnA NobyA0BU MoLENi.

CyTb [OaHOro MeToAy MONAra€ B HACTYMHOMY: PO3rNAfatoTb yCi KOMbBiHaLii NOTEHUiMHWUX GaKTOPHUX 3MiHHWUX

X1, X5, ..., Xy, 3aranbHa KinbKicTb TakMx KomMBiHawii C = 2" —1. [INA KOXHOI 3 TaKUX KOMBIHaLLil i pO3paxoByoTb iHOUBIdYasbHI Ta
iHMmeapaneHi NOKa3HMKK iHGOPMALNHOT MiCTKOCTI.
IHAMBIAYaNbHI NOKAa3HMKM iIHPOPMALLIAHOT MICTKOCTI AN KOXKHOI KOHKPETHOT CUTYaL,ii BU3SHaYatoTbCA 33 GOpPMy/IoHD

I
_ ]
hej =~

1+ 2 Irjil

i=Lix ]
Ae ¢ — Homep KombiHauii (C = R ), ] — Homep GaKTOpHOI 3MIHHOI, WO BXOAWTL B AaHy KOMGBiHaLito Ta iHAMBIAYaNbHUIA

MoKasHuK aKoi sHaxoaumo ( j =1, n), N. — KiJIbKICTb 3MiHHWX B neBHil KoMbiHaLji, rji — KoedilieHT Kopenau,ii Mmixk dakTopHUMM

3MiHHUMUK Xj Ta X, I’J- — KoediLieHT Kopenauii mixk GakTOPHOK 3MiHHOMO XJ- Ta pe3y/NbTaTUBHOK 3MiHHOO. |HTerpanbHi

n

C
MOKa3HMKM iHpOopMaLiiiHOT MiCTKOCTI 06umnctoloThEA 3a dopmynoto H . = z hcj .

=1

IHAMBIAYaNbHI Ta iHTErpanbHi NOKasHWKKM iHPOPMALLiHOT MICTKOCTI HOpMytlOTbCA B MexKax iHTepsany [0; 1], wo
3abe3neyye MOMKAMUBICTb X MOPIBHAHHA MiXX CO60t0. YMm BaMKYe 3HAYEHHA UMX MOKA3HMKIB 40 OAMHMLi, TMUM BULIO €
iHPOPMATUBHICTb BigNOBIAHMX PAaKTOPHUX 3MIHHUX. Y BUNAAKY, KON GAKTOPHI 3MiHHI A@MOHCTPYIOTb CUJIbHUA KOPEenaLinHuiA
3B’A30K i3 pe3yNbTaTUBHOI 3MiHHOK Ta BOAHOYAC XapaKTepU3yoTbCA CNabKUMK B3aEMHUMMU Kopenauiamu, iHaMBIAyanbHi Ta
iHTerpasbHi NOKa3HUKKM iIHPOPMALLIHHOT MICTKOCTI HaBIMXKAOTLCA A0 CBOIX MaKCMMasIbHWUX 3HAYEHb. BianoBigHO, 4NA BKAOYEHHSA
00 mogeni obMpatoTbea Ti 3MiHHI, AKI MatoTb HaMBiNbLi 3HAYEHHSA iHTErPaNbHOrO NOKa3HMKa iIHPOPMaLiMHOT MICTKOCTI, OCKiNIbKK
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came BOHM 3abe3neyytoTb HalnoBHile BigobparkeHHs iHGopPMaLLT NPo pe3ynbTaTUBHY 03HaAKY NPU MiHIMaNbHIN HAANULLKOBOCTI
OaHUX.

4. HactynHuit meTog, BifAbopy pakTOPHUX 3MIHHUX FPYHTYETLCA HA BUKOPUCTAHHI KoeiyieHma MHOXUHHOI Kopenayii.
KoediLlieHT MHOXWHHOT KopensLii MoxKe 6yTM KpuTepiem Biabopy HalMKpaLwoi KoMbBiHaLiT paKTOPHUX 3MIHHUX cepea KombiHau,in,
LLLO MICTATb 0OHAKOBY KiNbKicTb PpaKTOpIB.

Oanunii KoedilieHT € Mipoto NiHIMHOro 3B’A3KY Pe3y/bTaTUBHOI 3MiHHOI ¥ 3 dakTopHUMK 3MiHHUMKU X1, X5, ..., Xy
O4yeBMAHO, MaKCMMasbHe 3HauyeHHs KoediuieHTa Bignosigae HaWbinblWwin winbHOCcTi 3B’A3Ky. o3HavyaeTbca KoeodiujieHT
MHOWHHOT Kopensuii R, i 3agaeTbea Ha iHTepsani [0; 1].

AKWO A0 KOMbBiHaLii paKTOPHUX 3MIHHUX BXOAATb 8Ci GAKTOPHI 3MiHHI, TO KOE®IiLIEHT MHOXUHHOI Kopensauii MoXHa
BM3HaAYMTM 33 JOMNOMOrOI0 BEKTOpa Kopenauii Ry Ta matpuui Kopensauii R 3a BignosigHoto 3aranbHoo popmynoto:

det W 1 Ry
R. .= |1-— ,pe W=
det R Ro

5. HacTynHUm KpoKom Ans nigsuLLeHHA 40CTOBIPHOCTI OTPUMAHMX Pe3yabTaTiB NicaA NepBMHHOTO Bigbopy GpakTopHUX
3MiHHMX [O0LiNbHO NPOBECTM A0AATKOBUM aHania Ha MyNbTUKONIHEapHICTb. TaKMI aHani3 CnpAMOBaHUM Ha BUABMEHHA
HagAMLWKOBUX abo TICHO B3aEMOMNOB’ A3aHMX 3MIHHMX, AIKI MOXKYTb CMOTBOPIOBATM Pe3y/IbTaTW OLLHIOBAHHA NapameTpiB Moaeni Ta
3HUKYBATK Ti NOACHIOBA/IbHY 34aTHICTb. My/NbTUKOIHEAPHICTb BUHUKAE TOAi, KOAM ABi ab0 binblie He3aNeXKHUX 3MIHHUX MatoTb
BMCOKUI piBEHb B3aEMHOI KOpensLii, yHacnifoK 4oro ixHii BHECOK Yy MOACHEHHs Bapialii pe3ynbTaTUBHOI 3MiHHOI CTae
HEOAHO3HAYHUM. [NA BUAB/MEHHA LbOrO ABWLLA 3aCTOCOBYIOTb anroputm dappapa — [nobepa, AKMI BKAOYAE TPU BUAM

. . . . 2 -
CTaTUCTUYHUX KPUTEPIiB, 32 AKMMU NEPEeBIPAETLCA MYNbTUKONIHEAPHICTb YCbOr0 MAcuBY HE3aNEXHUX 3MIHHUX ( ¥ -KpuTepiii);
KOKHOI He3a/eXKHOI 3MiHHOI 3 yciMma iHWKMK (F-KpUTepili); KOXHOT Napyu He3aNeXHUX 3MiHHUX (t-KpuTepilt). Ta cknagaeTbea 3

CEMM KPOKiB: HOpMani3aLis 3MiHHUX; 3HaXOAKEHHA KOPeALiNHOI MaTpuLi; BUSHAYEHHA KpUTEpIto ;(2 ; BU3HaYeHHA obepHeHoi
maTpuLi; obuncneHHa F-KpuTepiiB; 3HAXOAXKEHHA 4YaCTUHHUX KoedilieHTiB Kopenauii; obuymcneHHA t-Kputepiis (Mnywak &
CemeHsKa, 2018). NpoBeaeHHA TaKoro aHanisy 403Bo/iA€ 3abe3neunTn cTabinbHICTb NapaMeTpis perpeciiHoi mogeni, NiasuLWwmTH
TOYHICTb NPOTrHO3YBaHHA Ta YHUKHYTK AybntoBaHHA iHbopmaLii mixk GpakTopamum.

OBrOBOPEHHA

Mig Y4ac BMKOHAHHA CTYAEHTCbKUX EKOHOMETPUYHWUX AocChigKeHb 6e3 3acTocyBaHHA 3anpONOHOBAHOrO anropuTMmy
HalyacTile crnocTepiratoTbCA TUMOBI MOMWAKKM, MOB’'A3aHI 3 HEKOPEKTHUM ypaxyBaHHAM B3aEMO3B’A3KIB MiX (aKTOPHUMM
3MIHHMMU. 30KpeMa, CTYAEHTUN YacTO He aHaNi3yHoTb WiZIbHICTb KOPenALinHMX 3B’A3KiB MiXK pakTOpamMm, Lo NPU3BOAUTbL 40 NOABK
MY/IbTUKOJ/IIHEAPHOCTI B Mogesni. YHac/ligoK LbOro OUiHKM MapaMeTpiB pPerpeciiHoro piBHAHHA CTaloTb CTaTUCTUYHO
He3HauyLMMK, @ TOYHICTb MPOrHO3yBAaHHA CYTTEBO 3HUMKYETbCA. BMKOPUCTAHHA 3anpoOMNOHOBAHOrO anropuTMy Aae 3mory
CBOEYACHO BMABWUTU TaKi B3AaEMO3aNEXKHOCTI, ONTUMI3yBaTU HAbip GpaKTopiB i NiABULMTI AOCTOBIPHICTE OTPUMAHMUX PEe3yNbTaTiB.

BUCHOBKM TA NEPCNEKTUBU NOAANBLUOIO AOCNIAXKEHHA

MpoBegeHe foCNiAKEHHA 0,03BOANA0 cHOPMYBATU CUCTEMHUI Niaxig, A0 Bif60py GaKTOPHUX 3MIHHUX Y CTYAEHTCbKUX
€KOHOMETPUYHUX JOCNIAKEHHAX, LLLO MOEAHYE CyYacHi TEOPETUYHI HanpaLoBaHHA Ta NPAKTUYHI peKoMeHaaL,ii ANA HaBYaNbHOTO
3actocyBaHHA. OOrPyHTOBAHO BAXKAMBICTb MPABUALHOTO BMOOPY GAKTOPIB AK KAHOYOBOI ymoBM MobysoBM AOCTOBIPHMX,
iHTEpNpeToBaHMX i MPOrHOCTUYHO edEeKTUBHUX EKOHOMETPUYHMX Mogeneil. Ha ocHOBi aHanily cyyacHUMX HAyKOBMX Mpalb
BCTAHOBNEHO, LLLO aKTyanbHi Nigxoam f0 Bigdopy GakTOPHUX 3MIHHMX €BONIOLLIOHYIOTb Bif, KNAaCUYHMX METOAIB A0 iHTerpoBaHmX
MoZenein, AKi BpaxoBytoTb BUCOKY BUMIPHICTb J@HWX, NAaTEHTHI GaKTOPK Ta CKAALHI KOPeNALiiHi 3ai1eKHOCTi.

3anponoHoBaHW aNropuTm 3abesneyvye NOCAIAOBHICTb Aild Npy GopmyBaHHiI cucTteMn GaKTopiB, 30KpPEMa 06UYMCIEHHSA
KoediLieHTIB KopenaL,ii, BUSHauYeHHA HaWbiNbL iIHPOPMATUBHUX 3MIHHMX 32 METOZAMM MOKa3HMKIB iHGOpMaLiHOT micTKOCTI Ta
KoediLiEHTa MHOXXMHHOI Kopenauii, a TaKoX NepeBipKy MoZeni Ha HasaBHICTb My/IbTUKONiIHeapHOCTi. Takui nigxig fo3BonAe
CTyAEeHTaM yCBiZLOMIEeHO Ta O6IPYHTOBAHO 34iMCHIOBATM BUBIp 3MIHHMX, NiABULLYIOYM AKICTb NOBYA0BAHWUX MOgENeN.

MpaKTUYHEe 3HAYEHHA OAEepPXKaHUX Pe3yNbTaTiB NONArAE Y MOXKAMBOCTI BUKOPUCTAHHA PO3POBAEHOrO anroputMmy Ak
HaBYa/IbHO-METOAMYHOrO [HCTPYMEHTY Mif 4ac BWMKOHAHHA KBanidikauiMHWX pob6IT 3 E€KOHOMETPUYHOro MOAENHOBAHHS.
3acTocyBaHHA 3aMpOMNOHOBAHMX METOAIB CNPUAE PO3BUTKY B CTYZEHTIB HaBWMYOK aHaNiTUMHOTO MUCAEHHA, CTaTUCTUYHOTO
MOZeNOBaHHA Ta iHTepnpeTaLii JaHUX.

MepcneKkTMBM NOAaNbWMX AOCAIAMEHb MONATAOTb Y PO3WMPEHHI MEeToA0/or4YHOT 6a3n 33 paxyHOK BpaxyBaHHA
HeNiHIMHWX 3aN1eXHOCTEN MiXK 3MIHHUMM, @ TAKOX Y PO3pobeHHI anropuTmis ana poboTn 3 BEMKUMU AaHUMU. TaKuii Hanpam
3abe3neunTb NOrNnbAeHHA TEOPETUYHUX 3acag, i NiABULLUTL NPaKTUYHY ePEeKTUBHICTD EKOHOMETPUYHUX AOCNIAKEHD Y NiAroTOBL,
MalbyTHiIX eKOHOMICTIB, GiHAHCUCTIB | MeHeaKepiB.

KOH®NIKT IHTEPECIB

ABTOpPM NiATBEPAKYIOTL BiACYTHICTL GiHAHCOBMX, OCOBUCTMX UM iHWMX iHTEPECiB, LLO MOXYTb PO3rNAfATUCA AK
NOTEHLiMHMI KOHOAIKT iHTepeciB Woao nybnikawii Liei cTaTTi.

®IHAHCYBAHHA

PoboTa BMKOHaHa 3a BigcyTHOCTI GiHaHCOBOT NiATPMMKM 3 BOKY ByAb-AKUX OpraHisaLii.
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AHOTALIA ABSTRACT

DopmynosaHHsA npobnemu. Cmamms npucesyeHa Formulation of the problem. The article aims to systematize
cucmemamu3sayii  ma y30a20/16HEHHIO OCHOBHUX munis and generalize the main types of mathematical models used in
mamemamuy4Hux Moolesnel, WO 3acmMocosyromeca M0  4ac solving applied economic problems within the higher

pPO38°A3YBAHHA MPUKAAOHUX 30004 eKOHOMIYHO20 3mMicmy 8 Kypci
8UWOI MaMeMamuKu, 0 MAaKOX BU3HA4YeHHIO Medaz202iYHUX yMos
pO38UMKY 8MiHb MAMeEMamu4yHO20 MOOe/o8aHHA y MalibymHix
eKoHomicmis.

Mamepianu i memoou. Y 00cnidxeHHi 8UKOPUCMAHO KOMIIAEKC
meopemuyHux i emnipu4HUxX Mmemodis: aHaAsi3 HayKoB80o-MemoOu4HOI
nimepamypu 3 npobaemu  Mamemamu4yHo20 MOOesO8AHHS,
y302anbHeHHA  8iMYu3HAHO20  ma  3apybixcHozo  00csidy,
cucmemMamusayis mMurnosux eKoHOMIKO-MmamemamuyHux modesned,
nedazoaidHi cnocmepexeHHs.

Pe3ynemamu. Y cmammi  06rpyHmoeaHo  3HA4YeHHA
Mamemamu4Ho20  MOOes8AHHA  AK  MpPosiOHo20  Memody
GpopmMysaHHA npogeciliiHoi  KomnemeHmHocmi malbymHix

eKoHomicmie. Cucmemamu308aHO OCHOBHI Munu Mamemamu4HUx
modesell, WO BUKOPUCMOBYIOMbCA 8 EeKOHOMIYHUX 3a0a4ax
(MampuyHi, 8eKmopHi, AiHiliHi, iHMezpaneHi, dugpepeHyianeHi, Ha
0CHOBi NOXiOHOI). 3anNPoNoOHOBAHO y3a2anbHEHY CMPYKMYPHY CXemMy
mamemamu4Hoi modeni npuknadHoi 3adadi, AKa NoedHye emanu
¢opmanizauii, aHanimuku G iHmepnpemayii ma 8idobpaxcae
830EMO38’A30K Meopemu4HoI i KinbKicHOI cknadosux. 3’AcoeaHo, wo
came peanisayia  yiei nocnidosHocmi  cripuse  hopmMy8aHHIO
00CniOHUYbKO20 MUy MUC/EHHA Mma Po38UMKY AHAAIMUYHUX YMiHb
3006ysauie oceimu.

BucHosKu. Bu3HayeHO cynepeyHicmes Mix< nompebor cy4acHoi
eKoOHOMIYHOI ocsimu y ¢paxieysx, 30amHux 00 MOOento8aHHs U
aHanizy — eKoOHOMIYHUX  rfpouecis, mMa  peanbHUM  CMAHOM
mamemamuyHoi nidzomosku 3006ysavie ocsimu. [osedeHo, wWo
cucmemMHe 8UKOPUCMAHHA MPUKAAOHUX 3a0a4 eKOHOMIYHO20 3micmy
8 Kypci 8uwWoi mMamemamuKku Crpuse GopmysaHHO haxosux
KomnemeHmHocmel i po38UMKYy  eKOHOMIYHO20 ~ MUCAEHHA.
lepcnekmusamu  nodanewux  OOCNIOHEHb €  CMBOPEHHA
memoduyHux 3acobie i yugposux pecypcie 018 HABYAHHA
MamemMamuyHo20 MOOesOB8AHHA, d MAKOX [HMezpayia ybo2o
MemoOdy 8 MiHOUCYUNAIHAPHI Kypcu eKOHOMIYHO20 CripAMYB8aHHS.

mathematics course, as well as to determine the pedagogical
conditions that foster the development of mathematical
modeling skills among future economists.

Materials and methods. The research employed
a combination of theoretical and empirical methods, including
an analysis of scientific and methodological literature
on mathematical modeling, the synthesis and comparison
of national and international studies, the systematization of
typical economic—-mathematical models, and pedagogical
observations.

Results. The study substantiates the role of mathematical
modelling as a core method in forming the professional
competence of future economists. The main types of
mathematical models used in economic problem-solving —
matrix, vector, linear, integral, differential, and derivative-based
models — were systematized. A generalized structural scheme
of a mathematical model of an applied problem is proposed,
integrating  the stages of formalization,  analysis,
and interpretation, and reflecting the relationship between
theoretical and quantitative components. It was found that the
implementation of this sequence contributes to the development
of research-oriented thinking and analytical skills of learners.

Conclusion. The study reveals a contradiction between the
growing need for economists capable of modelling and analyzing
economic processes and the insufficient level of students’
mathematical training. It is proven that the systematic use of
applied economic problems in the higher mathematics course
promotes the formation of professional competences and the
development of economic thinking. Further research should
focus on the design of methodological tools and digital resources
for teaching mathematical modeling, as well as on integrating
modeling techniques into interdisciplinary economics-related
courses.

K/1l040BI C/10BA: mMmamemamuyHe MOOEN0BAHHSA;
MamemamuyHa mMooesb; MPUKAAOHA 300a4d; sUld MamemamuKa;
eKOHOMIYHUU 3Micm; NPUKAAOHA CPAMOBAHICMb.

KEYWORDS: mathematical modeling; mathematical model;
applied problem; higher mathematics; economic content;
applied orientation.
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BCTYN

MocraHoBKa npo6nemu. Cy4yacHi couia/IbHO-EeKOHOMIYHI cucTeEMM  YHKLIOHYIOTb Yy CepedoBuLL  BUCOKOT
HEBM3HAYeHOCTi, WO 3ymMoB/E NoTpeby y daxiBuax, 34aTHUX 4O aHaNTUYHOrO MWCNEHHS, MPOrHO3yBaHHA Ta NobynoBu
mozenein eKoHOMiYHMX npouecis. Tomy genani Bce 6inblIOro 3HaYeHHs HabyBaOTb MaTeMaTUYHI METOAM aHanily, onTUmisau;i
Ta NPUUHATTA pileHb, WO PobUTb MaTemMaTUyHy NiAroTOBKY MalbyTHIX eKoHOoMmicTiB ¢yHAameHTOM iXHboi npodeciiHol
[iANbHOCTI. YMiIHHA MOAEeNtoBaTU EKOHOMIYHI ABMLLA | NPOLLECH € OCHOBOI ANA GOPMYyBaHHA HABMYOK EKOHOMIYHOIO MUC/IEHHSA,
aHaNITUYHOT Ky/IbTYPW A 34aTHOCTI 4,0 apryMeHTOBaHMX BUCHOBKIB Y NpodeciiHili gianbHOCTI.

MobynoBa mMateMaTUUHUX MOAENEeN A€ 3MOry He nuwe BifobpaxaTu peanbHi eKOHOMIYHI mpouecn y dopmi
bopmanizoBaHUX 3anexKHOCTeN, a 1 AOCNIAXKYBATU iX BNAACTUMBOCTI, BUABAATU 3aKOHOMIPHOCTI Ta MPOrHO3yBaTWM Pe3y/bTaTu
YyNpaBAiHCbKMX pilleHb. TOMy OBOJIOAIHHA METOAOM MaTeMaTUYHOrO MOZE/NOBAHHA PO3rNALAETLCA AK NOKA3HWMK TMBUHM
npodecinHoi NiAroToBKM MaibyTHLOTO EKOHOMICTA. 34aTHICTb NepexoauTU Bif, peanbHOi eKOHOMIYHOI cuTyauii ao i
bopmanizoBaHOro onucy, iHTepnpeTyBaTM OTPUMAHI Pe3yNbTaTH Ta CNiBBIAHOCUTM iX 3 NPAKTUKOK CTAHOBWUTL OAMH i3 KJOYOBUX
KOMMOHEHTIB NpodeciiHOi KOMNETEHTHOCTI $axiBLus eKOHOMIYHOro npodinto. MpoTe pe3ynbTaTh NefaroriYHUX CNOCTEPENKEHD i
eMNipUYHUX A0CNIAMXKEHb CBiAYaTb NPO HEAOCTAaTHIO CHOPMOBAHICTb Y 3406yBayiB OCBITM YMiHb MaTEMATUYHOrO MOAE/IOBAHHA.
MaibyTHi eKOHOMICTM HEPIAKO MatoTb /ilie dparMeHTapHi yaBAEHHS NPO MeTo4, MOLEN0BAHHSA, 0BMeXKYIoUYNCb BiATBOPEHHAM
roToBMX anroputmie 6e3 po3ymMiHHA NOTIKM nepexoaiB MiX eTanamu dopmanisauii, aHaniTMKM Ta iHTepnpeTauii. TpyaHouwi
BMKAUKAOTb He nwe nobyaoBa mogenen, a i OCMUCNEHHS EKOHOMIYHOTO 3MiCTY OTPUMAHMX Pe3ynbTaTis, WO CBiAYMTbL NPO
cnabKuit 3B’A30K MiXK TEOPETMYHOK MaTeMaTUYHOK MiArOTOBKOK i MPUKAALHOK EKOHOMIYHOW AisanbHicTio. OTKe, BUHWMKAE
CynepeyHicTb MixK 06’€KTMBHOI NOTPEOOO Cy4acHOro PMHKY NpaLi B EKOHOMICTaX, 3,aTHMX 3aCTOCOBYBATU MATEMATUYHI MeToan
Ta MOZENOBaHHA A8 aHa/i3y eKOHOMIYHUX NPOLLECIB, | peabHUM CTAaHOM iXHbOT NiATOTOBKM, LLLO XapaKTePU3YETLCA HEeAOCTATHIM
piBHEM cpOopmMOBaHOCTI BMiHb NOBYA0BU N AOCNIAKEHHA MaTEMATUYHUX mogenen. Lia cynepeyHicTb 3ymMOB/OE HEObXiAHICTb
NOWYKy ebeKTUBHUX LWNAXIB PO3BUTKY BMiHb MAaTEMATUYHOIO MOAENIOBAHHA Y NPOLLECi BUBYEHHSA BULLOI MaTEMATUKK, LLO ¢
BM3HAYa€ HAyKOBO-NPAKTUYHY 3HAYYLLICTb AAHOTO AOC/IAXKEHHS.

AHani3 akTyanbHuUX gocnipKeHb. MpobremaTtMka maTeMaTUYHOIO MOAENOBAHHA Y NiAroTosLi $paxiBLiB EKOHOMIYHOTO
npodinto nocigae nNomiTHe Mmicue Yy CydyacHii MeparorivyHin Ta MeToAMYHIN niTepaTypi. [OCNIAHWKM HaroNowWYyoThb, Lo
MaTeMATUYHE MOAENIOBAHHA BUKOHYE He SnLe IHCTPYMEHTaNbHY, a W CBITOrNaaHy OyHKLUio, ocKibkn dopmye y 3406yBavis
OCBITU cUCTEMHE HauyeHHA eKOHOMIYHMX NPOLLECIB | 34aTHICTb MUCNTKM Yy KaTeropiax B3aEMO3a/IeXKHOCTI Ta 3aKOHOMIpHOCcTen. Y
LbOMY acneKTi MOAENIOBaHHSA PO3rNALA€ETLCA AK NPOBiIAHWI CNOCI6 Ni3HAHHA, AKMI NOEAHYE TEOPETUYHI NOIOXKEHHA MaTEMaTUKN
3 NPaKTUYHMMM 3aBAAHHAMM eKoHOMIKM (Mpyc, 2023).

YKpaiHCbKi BYeHi NpuAinatoTb 3HayHy yBary npobnemi npodeciiHoi cnpamMoBaHOCTI MaTeMaTU4HOI MigroTOBKM
MalbyTHIX eKoHomicTiB. 3okpema, y npauax Camapyk (2022), boHaapeHko i Kupwunawyk (2017), lNycak i Mynisatoi (2016)
06rpyHTOBAHO HEOOXiAHICTb iHTErpauii 3micTy E€KOHOMIYHMX AUCUMMNAIH i3 KypcOM BULLOIi MaTeMaTuKW, Wo 3abesnevye
bOopMyBaHHA CTiIMKMX YMiHb 3aCTOCOBYBATU MaTeMaTUYHi MoAeni B aHani3i BUpOOHMUMX, GiHAHCOBUX i COLLia/IbHO-EKOHOMIYHMX
npouecis. focnigKeHHa [ymaHcbkoi (2015) aKueHTye yBary Ha Tunosorii npodeciiHux 3agay, po3B’A3aHHA AKUX CRpUAE
PO3BUTKY EKOHOMIYHOIO MUCNEHHA 11 POPMYyBaHHIO MaTeEMATUYHOT KOMMNETEHTHOCTI 3400yBaYiB OCBITH.

Y 3apybirKHUX CTyAiAX CrOCTepIraeTbCA NOCUNEHHS iHTepecy A0 NPobaeMn HaBYaHHA MaTeEMATUYHOTO MOZE/IIOBAHHA AK
nposigHoro KomnoHeHta STEM-ocBiTn. Greefrath i Vorholter (2016) Bu3HauatoTb MoAENOBaHHA AK MpoLec nepexoay Big,
peanbHOi cuTyaLlii 4O MaTeMaTMYHOrO il onucy Ta iHTepnpeTawii pe3ynbTaTiB, @ TAKOXK MiAKPECNOTb MOr0 POJib Y PO3BUTKY
KpUTHMYHOro mucneHHs. Hernandez-Martinez, Rogovchenko i Thomas (2021) po3rasgatots 0co6ansocTi NpodecitHOro MMCAEHHA
BMKNAZAyiB MaTeMaTUKK, AKI BNPOBALKYIOTb MOAENIOBAHHA B OCBITHI NpoLlec, i pobaaTb BUCHOBOK, LLO Big epeKTUBHOCTI Liel
NPaKTUKK 3a71eXUTb 34aTHICTb 3400yBaYiB 3aCTOCOBYBAaTM MaTeMaTUUYHI METOAN Y HECTAHAAPTHUX EKOHOMIYHUX CUTYaLiAaxX. Blum
i Niss (2024) pocniasKyoTb iCTOPUYHY €BOJIIOL,I0 MOHATTA KOMMNETEHTHOCTI MaTeMaTUYHOrO MOAEN0BAHHA Ta A0BOAATD, WO MOro
PO3BUTOK BigOYBaAETLCA Y TICHOMY 3B’A3KY i3 NOoTpebamm eKOHOMIYHOT OCBITU Ta PUHKY Npa;.

CyTTEBUI BHECOK Y BUBYEHHA TEHAEHLIN PO3BUTKY MaTEMATUYHOTO MOZE/OBAHHA 3p06UAM B'€THAMCBKI AOCNIAHWKM
Ngu, Nam, Cuong i Thao (2025), saKi Bia3Ha4YalOTb pi3Ke 3pOCTaHHA KiNbKOCTI HAayKoBMX Ny6Aikauilt y 6a3i Scopus, npucBayeHmnx
npo6siemi HaBYaHHA MOAENOBAHHIO Y BULLM WKOANI. BOHW MigKpecnoTb, Wo OAHUM i3 BU3HAYA/IbHMX TPEHAIB € nepexis Bij,
TPaAMLiNHOro BUKNALAHHA MaTEMATUKM 4,0 BUKNALAHHA Yepe3 MOAEN0BAHHS, WO CMPUAE NiABULLEHHIO MOTMBALLi Ta NPAKTUYHOI
CNPAMOBAHOCTI HaBYaHHA.

TakMM 4YMHOM, pe3ynbTaTu nonepeaHiX A[OCNIAXKEHb [aloTb MiACTaBUM  CTBEPAXKYBaTU, LLO PO3BUTOK YMiHb
MaTeMaTUYHOTO MOAE/IOBAHHA € CTPATEriYHMM HANPAMOM YAOCKOHA/NIEHHA MaTeMaTUYHOI MiAroTOBKM eKOHOMICTiB. BogHouac
6inbwictb pobIT 30cepeaKeHO Ha TeopeTUyHMX 3acagax abo onuci oKpemux NpUKNaAiB Mogfenei, Todi AK NUTAHHA
cucTemaTtumsauii TMNiB MaTeMaTUYHUX MoAener MNPUKNAAHUX 33434 EKOHOMIYHOro 3MICTy Ta MEeTOAMKM iX Y3rogsKeHoro
BMKOPUCTAHHA B KYpCi BMLLOI MAaTEMaTUKM 3a/MLWAIOTLCA HEAOCTaTHbO po3pobneHumun. Came L0 NPOrainHy MAe Ha MeTi
3aMNOBHUTK AaHe JOCAIAKEHHA.

Merta cTaTTi — cMcTemaTM3yBaTH Ta y3araJbHUTU OCHOBHI MaTeMaTUYHI MOZeN, AIKi 3aCTOCOBYIOTLCA NPU PO3B’A3YBaHHI
NPUKAAAHUX 33424 EKOHOMIYHOIO 3MICTY B KypCi BULLOT MaTEMATUKMU.

METOAM AOCNIANEHHA

TeopeTnyHy OCHOBY AOCAIOXEHHA CTAaHOBWMAM aHani3 i CMHTE3 HayKOBO-METOAMYHOI, MCUXONOro-nefaroriyHoi Ta
HaBYaNbHOI NiTepaTypu, NpUcBaYeHoi Npobaemi maTeMaTUYHOrO MOAENOBAHHA B EKOHOMIYHIA OCBITi; NOPIBHANBHWUIA aHani3
BITYMBHAHWMX | 3apYBiXKHUX AOCAIAXKEHDb; CUCTEMATM3ALLIA 11 y3araJibHEHHA OTPUMAHMX BiOMOCTEN 3 METOI BUOKPEM/IEHHA TUNIB
MaTeMaTUYHUX Moaenel NPUKNAgHWUX 3adad. [lo eMnipUYHUX METOZAIB HaNeXanu neparoriyHi CnocTepexXeHHA 3a NpoLecom
HaBYaHHA BULL,OI MaTEMATMKM, aHai3 MMCbMOBMX POBIT, CNPAMOBAHMUX Ha BUABNEHHSA PiBHA cGOPMOBAHOCTI yMiHb N0byA0BM Ta
[OCNIAXKEHHA MaTeMaTUYHUX Mmogene.
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PE3Y/IbTATU AOCAIAMKEHHSA

Y MeToauuHIn niTepaTtypi nNig NpUKNagHOK 3ajadverd PoO3yMiloTb 3afadvy, AKa 3a GopmMy/toBaHHAM Ta MeTogamwu
po3B’sA3yBaHHA 6/M3bKa 40 33434, LLO BUHMKAOTbL Ha NpakTuui. Li 3agadi mictaTb peanbHi ymoBM Ta cuTyalii, WO MaloTb MicLe Y
pi3HMX chepax AifsNbHOCTI Cy4acHOT NtoaUHU: B No6YTi, Ha BUPOOHMLTBI, B eKOHOMILi TOWw0. MaTemaTuyHe MOAeNtOBaHHSA 3aBX AW
NOXOAMTb i3 MPAKTMYHOI 3a4a4i, AKa NOTIM ONUCYETbCA MAaTEMATUYHOIO MOAEN/IIO Ta BUPILIYETLCA 32 AONOMOrO0 Li€i moaeni.
Becb npouec Has3MBaeTbca moaentoBaHHaAM (Greefrath & Vorholter, 2016).

3aga4amm eKOHOMIYHOTO 3MICTy HasuBaloTb 3ajadi, NoB’A3aHi 3 diHaHcamK, TopriBaeto, NPUAHATTAM ONTUMAbHUX
pilleHb, rPOLIOBMMM PO3PAXyYHKaMK. MOroAKYEMOCA 3 AYMKOLO, LLO 3a434i EKOHOMIYHOrO 3MICTy — MOTYXKHWUI 3acib PO3BUTKY
€KOHOMIYHOTO CTU/IH0 MUC/IEHHA, EKOHOMIYHOTO BUXOBaHHSA, BUPOBeHHA eKOHOMIYHOT rpamoTHocTi (Bac, 2015). byab-aKka 3agaya
€KOHOMIYHOro 3MICTy CKNAJAETbCA 3 NPEeAMETHOro CIOXKeTy, YMOBU Ta BMMOru. CloXKeT 334adi MICTUTb €KOHOMIYHI MOHATTA,
HanpuKnag NnoHATTA cobiBapTocTi, peHTabenbHoCTi, NPUBYTKY, BUTPAT TOLLO.

Y negaroriyHii nitepatypi BM3Ha4YeHi OCHOBHI METOAWMYHI BMMOTM [0 CUCTEMM MPUKAALHUX 3afay: BiAnoBiAHICTb
YMHHMM HaBYa/NIbHMM MPOrpaMam Ta NiAPYYHUKAM 3 BULLOTI MaTEMATUKKU, AOCTYMHICTb Ta 3pO3yMiNicTb GOPMYNOBAHHA YMOBM,
BigobparKeHHA peanbHUX BUPOBHMUMX MPOLLECIB, AOTPMMAHHA HAYKOBOI CUMBOIKM Ta TEPMIHOOTII, iNOCTPALLA 3HAYYLWOCT
MaTeMaTUYHUX METOAIB A0 PO3B’A3aHHA peanbHux npobaem.

MaTtemaTuyHe MoaeNtoBaHHA BiAHOCATb A0 HAYKOBMX METOAIB BMBYEHHA ABWLY, Ta NMPOLECIB LUAAXOM CTBOPEHHA Ta
LOCNIAXKEHHA IX MaTeMATUYHUX MoZenei. MaTemaTyHa MOAE/Nb — Lie CUCTEMA MaTeEMATUUYHMUX Ta IOTYHUX CNiBBIAHOLEHb, LLO
ONUCYOTb peanbHi cuctemun. [ocnigKeHHA MaTEMATUYHOI MOZENi A€ MOXK/MBICTb Ai3HATUCA MPO XapaKTEPUCTUMKKM 06’eKTa
BMBYEHHA. [10 3arajibHUX NPUHLUMMIB MAaTEMATUYHOIO MOAE/NOBAHHA BiAHOCATb: afeKBATHICTL Moaeni, To6To ii BiANOBIAHICTL
opuriHany; yHiBepcanbHiCTb, WO XapaKTepusye WMPOTYy 06nacTi 3acTocyBaHHA mogeni; o6’ eKTMBHICTb, TOBTO BignosigHicTb
HayKOBMX BUCHOBKIB peanbHUM YMOBaM; YyTAMBICTb, TOBTO 34aTHICTb MOZeNi pearyBaTi Ha 3MiHW NapameTpiB; MPoCcToTa Moaeni;
CTiMKICTb, W0 03HaYa€ Many 3MiHy MoZeni NPy Manin 3MiHi BUXiAHUX NapameTpiB.

Po3B’sa3yBaHHA OyAb-AKOi NPUKAAAHOI 3a4a4i 34iMCHIOETLCA 3@ 3ara/lbHOK CXEMOK MATEMATUYHOTO MOAE/NOBAHHA Ta
CK/IaZla€TbCA 3 TPbOX OCHOBHMX eTanis (Blum & Leiss, 2007):

I. Eman opmanizayii (Mamemamusayii): BiaOYBaETbCA «NepeKknag» peanbHOi NPaKTUYHOI cUTyauii Ha MOBY
MaTeMaTUKN. Pe3ynbTaTom Lporo eTany € nobynoBa maTeMaTUYHOT Moaeni.

Il. AHanimuy4Huli eman: po3s’s3yBaHHA 3a4a4i BcepeanHi MaTeMaTUYHOI MOAeNi, 3HaXOA4KEHHA PO3B’A3KiB BiANOBIAHMX
MaTeMaTUYHUX 334au.

IIl. Eman iHmepnpemauii (demamemamu3ayii): 34iACHIOETbCA iIHTEPNPETALLiA OTPMMAHOro PO3B’A3KY BiHOCHO BUXiAHOI
NPaKTUYHOT CUTYyaL,ii.

MeparoriyHa nNpakTMKa CBigYMTb, WO Yy 3400yBadviB OCBITM HalmeHLW cPOpMOBaHi HaBMYKM peanisauii nepworo Ta
TPETbOro eTanis MoAeNtoBaHHA. Bax/MBO He TiIbKM O3HAWOMANIOBATU CTYAEHTIB 3 rOTOBUMMM MaTeMaTUYHUMU MOAENAMMU Ta
npautoBaTM B MeXax UMX MoZesnel, a M HaB4yaTu iX CTBOPHOBATM Ta 3ZiMACHIOBATM MEpPexoau Big, NPaKTUYHUX CUTyauin go
MaTeMaTUYHUX 334a4 | HaBNaKu.

MpPONOHYEMO PO3rnaAaTM MaTemMaTUYHI MOAeNi Yepes NPU3MY 4,BOX 3MiCTOBMX CKAAA0BUX: B y3arasbHeHil TeOpeTUYHil
dopmi (TeopeTnyHa mMoAaenb) Ta Yy KOHKpeTM3oBaHin ¢opmi 3 BignosigHOW uymcnoBoto iHbopmauielo (KinbKkicHa moaenb).
TeopeTnyHa MoAeNb MICTUTb PO3B’A30K Y 3ara/JibHOMY BUI/IALI, LLLO BKIKOYAE BUPA3Y i3 3MIHHMMM, PiBHAHHA abo dopmynu, ski
[aNi 3aCTOCOBYHOTLCA Y KiNbKICHIM Mogeni. TeopeTnyHa Ta Ki/bKiCHi CKNaaoBi B3aEMHO AOMOBHIOKOTb OZHA OAHY i CTBOPIOIOTb
uinicHe yaBneHHs Npo 06’eKT BUBYEHHSA.

AIK NpuKNag, po3rNAHemMO 3agadvy Ha NPOAYKTUBHICTb mpaui. Obcar npoaykuii ¢ipmu, BupobneHoi nNpoTarom AHs

. 1 7 . . . .
npeacTaBnse GyHKL,t0 u(t):§t3+5t2 +2t, Ae t —y4ac B rogMHax. 3HalT1 NPOAYKTMUBHICTb NpaLi yepes3 3 roanHM nicaa NovaTky
poboTu. 3aaya 3BOANTLCA A0 MAaTEMATUYHOT MOAENi Ha OCHOBI NOXiAHOI. TeopeTuyHa Mmoaenb 3a4aui: Hexamn u=u(t) — KiNbKiCTb

BMpObNEHOI NpoAyKLii 3a Bigpi3oK yacy t, ae te [0; T]. MpoAyKTUBHICTb NPaLLi B KOXXEH MOMEHT Yacy ty€ [0; TJ [OPIBHIOE NOXiAHIN
Big obcAry npoaykuii: P=u/(tg). KinbkicHa Mmogenb 3agaui: 3Haiigemo noxigHy oymkuii u=ult): u(t)=t?+7t+2. OTxe,

NPO/YKTMBHICTb MpaLii 3MIHIOETbCA 3a 3aKOHOM: Plt)=t% +7t+2 . OBUMCAMMO ii 3HAUEHHS Y TouLj tg=3 roa: u’(3)=32 +21+2=32

oaMHULb. OTKe, yepes 3 roanHu Big noyvaTky poboTn dpipma BurotosnaaTume 32 sBupobu 3a 1 roguHy.

Po3rnAaHeMo OCHOBHI TMMM MaTeMaTUYHMX MOAeNeN B 3aja4ax EKOHOMIKM Ta MPoaHani3yemo ix 0cobamBoCTi.

1. MaTtemaTUuHi MoAeni Ha OCHOBI MNOHATTA MaTpuLi Ta Aiii 3 maTpuuamm (maTpuuHi mogeni). Mogaeni uboro Tmny
3aCTOCOBYIOTHCA B 334a4aX 3 NiHIMHUMM 3aN1€KHOCTAMMU MK AOCNIAKYBAHUMU BEIMYMHAMU. [JO MAaTPUUHUX MOAeNel HanexaTb
MmogZeni cnoxus4yoro snbopy, mogeni ¢ipmn, moaeni eKOHOMIYHOTO POCTy, PiBHOBArM Ha TOBAPHWUX, PecypcHUx i GiHaHCOBUX
PUHKax Ta iHwWi.

OcobnnBOCTi MaTPUUYHMX MOAENEN: A0 MOoAeNel Lboro TNy 3BoAATbCA 34e6inbloro NpukNagHi 3agadi, ymosa AKMX
npeactaBneHa y 1abaunuHin dopmi; Ha etani dopmanisauii ymosa 3agadi 3anMCyeTbCA Y MATPUUHIN GopMi, AKa € 3py4YHOtO Ta
KOMMAKTHOI; B MeXax aHafiTMYHOro eTany po3riafalTbCA onepauii Hag mMaTpuuAmK (foAaBaHHA, BigHIMAHHA MaTpPULb,
MHOXEHHA MATPULi Ha YMCNO, TPAHCMOHYBAHHA MATPULI, 3HaxXo4eHHs obepHeHoi maTpuui); MpointocTpyeMo Ha NpuKnagi
BKasaHi 0cob6a1BoCTi.

Mpuknaga. MNignprnemcTso BMMYCKae NPOAYKLIIO TPbOX BuAis B, P, P3, BUKOPUCTOBYIOUM CMPOBUHY ABOX TUMIB Sq, Sy .

Hopmu BUTPaTN OAMHULL CUPOBUHM HA BUTOTOB/IEHHA OAMHUL NPOAYKLiT KOXKHOTO BUAY 3a3HauyeHi B Tabaumu,:
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Buamn cnpoBuHu
Buan npoayku,ii MnaH Bunycky, o4,
51 S2
P 3 4 120
P, 2 5 70
P 6 7 100
BapricTb cMpoBUHMY, y.0. 50 80

BW3HaunTK BUTPATU CUPOBMHM A/1A NIAHOBOrO BUMYCKY NPOAYKL,ii Ta 3ara/ibHy BapTiCTb CUPOBUHM.
3 4

Po3B’A3aHHA. 3anvwemo MaTpuLi HOPM BUTPAT CUPOBUHU A=|2 5|, NNaHy BUNYCKY NpoAyKL,i B:(120 70 100) i
6 7

50
BapTOCTi CUPOBUHM C = (SOJ .

MaTpuuto BUTPAT CUPOBMHM S MOXHa 3anucat AK 406yToK maTpuub B Ta A:
3 4
S=BA=(120 70 100)2 5|=(1100 1530).
6 7

Togi 3aranbHy BapTiCTb CUPOBMHM NPEACTaBUMO Yepes A00yToK matpuub S i C :
50
Q=5C=(1100 1530).(80j:(177400).

OTxKe, BUTPATU BUAIB CMPOBUHK S; Ta Sy AopiBHIo0TL 1100 i 1530 oanHMUb BiANOBIAHO; 3araibHa BapTiCTb CUPOBUHM
177400 yMOBHUX OAMHWULb.

2. MaTtemaTuuyHi mogeni Ha OCHOBI MOHATTA BEKTOpa (BeKTOpHiI mopgeni). EKOHOMIYHI npouecu mopentorTbea 3a
[,0MOMOrOL0 BEKTOPIB LiiH, 06CATy CNOXKMBYMX TOBAPIB, BUTPAT PeCypCiB, KPeanTiB, NPOLEHTHWUX CTaBOK Ta iHWMX. Po3rnsaaetbea
€KOHOMIYHMI 3MiCT CKanapHOro A06YTKY BEKTOPIB, L0 AAE MOXKANBICTb BU3HAUNTU HEBIQOMI BEANYMHU. HanpuKaag, AKLWO Bigomi

BEKTOp 0bcAry n ToBapis x=(x1 ;X ;...;x,,), fe x; — obcar i-ro ToBapy, Ta BEKTOP LiiH p=(p1;p2;...;pn), Ae p; — uiHa oguHUL i-ro

TOBapy, TO CKaNAPHMUI O0BYTOK BeKTOpiB E;=p1x1 +PyXy +...+ ppX, BU3HAYaE UiHy Habopy LmMX ToBapiB.

OcobnnBOCTi BEKTOPHUX MOAeNel: 0AHOTUMHI HABoPW YNCNOBUX AAHMX 334a4i NPUIMAIOTLCA AK KOOPAUHATU BEKTOPIB;
PO3rNAAAETLCA CKANAPHUI [OOYTOK BEKTOPIB, PE3y/IbTaTOM AKOTO € HEBiAOMa EKOHOMIYHA Be/IMYMHA (NeBHEe YNC/0); BBEAEHHA
BEKTOPIB A€ MOX/IMBICTb YNOPAAKYBATU PO3PAXYHKM, 3p06UTH IX HAOUHMMM Ta NAKOHIYHMMMU; BEKTOPHI MoAeNi 338 CBOIM 3MiCTOM
CXOMXi Ha MaTPUYHI moaeni.

Npuknaa. PecypcHi BUTPaTH GipmMmn Ha BUTOTOBNEHHSA OAMHULI NPOAYKLIT 3a4aHi B Tabaunu;:

Pecypcu KinbKictb LiHa
CuposuHa Tnny 1 150 Kkr 60 rpH/Kr
CuposuHa Tnny 2 80 kr 250 rpH/Kr
CuposuHa Tnny 3 60 Kr 500 rpH/Kr

Onnara npaui

0,5 ntognHo-rog,

40 rpH/noguHo-rog,

Ob6nagHaHHA

0,6 mawunHo-rog,

50 rpH/malunHo-rog,

EnektpoeHepria

200 kBT

4 rpH/KBT

BW3HauMTK LiHY BCiX pecypcis, WO BUKOPUCTOBYHOTLCSA Li€to GipMOI0 Ha BUTOTOBIEHHA O4MHUL MPOAYKL;i.
Po3B’A3aHHA. 3anuwwemo Apyruin ctoBneup Tabaunui aHMX AK KOOPAWHATM BEKTOPA PecypciB Ha OAUHULLIO NPOAYKL,ii

;:(150;80; 60;0,5;0,6; 200), a TpeTi CTOBMYMK Tabnuui — AK KOOpAMHATM BEKTOpa LUiH O4MHMLUb BiANOBIAHWX pecypciB
p:(60; 250; 500; 40; 50; 4). CKansapHUin AOBYTOK BEKTOpiB P Ta ; [OPIBHIOE 3aranbHili BapTOCTi YCiX BUKOPUCTAHUX pecypis,
To6TO
. 6
p~x:Zp,-x,-:60-150+250-80+500-60+40~O,5+50-0,6+4~200:59850.
i=1

OTxKe, pecypcHi BUTpaTu ¢ipmMM Ha BUTOTOB/IEHHS OAMHMIL NPOAYKLii AopiBHIOOTb 59850 rpH.

3. MatemaTuuHi mogeni Ha OCHOBI MOHATTA CUCTEMU NiHIHMX PiBHAHD (NiHiIWHI Mogeni).

CucTemm NiHiIMHUX anrebpaiyHnX PiBHAHbL € OAHMM i3 OCHOBHMX IHCTPYMEHTIB MAaTEMATMYHOIO MOZAE/NOBaHHA 33434
eKOHOMIKK. [lo mogenel uboro TMNy 3BOAUTLCA PAL MPUKAALHUX 3ada4y: NPo 0bcAr BUMMYCKY NPOAYKLii, NPO 3HAXO4XKEHHA
KoediLiEHTIB NOBHUX Ta HENPAMWUX BUTPAT, NAaHy Ta Nporpamuv BMPOOHMLTBA, NPO BU3HAYEHHA ONTUMANBLHOFO MAAHY, MNPO
3HAXOAKEHHA BUTPAT CUPOBUHM, MANMBA Ta TPYAOBUX pecypcis Ta iHWi. OcobamMBoCTi moaeneit: 3aaaya 3B0AMTbCA [0 CUCTEMU
PiBHAHb, WO MICTUTb NEBHY KiNbKICTb PiBHAHb Ta HEBIZOMMX (3aNEXHO Bif YMOBM); HEOOXigHO 0bpaTh paLioHanbHUIA cnocib
po3B’A3yBaHHA cUCTEMM (HAaNpuKAag, metog Faycca, MaTPUYHUIA TOWO); 3 MOAENAMM Lboro Tuny 3406yBadi 3HaoOMi 3i WKoAM
(Ha npuKNaai cuctem piBHAHL 3 4BOMA abo TPbOMa HEBIZOMUMM).
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Mpuknap. 3i cTaHAApPTHUX NUCTIB maTepiany HeobXiZHO BWKPOITM 3aroToBKM TpboX TWNiB A, B,C Yy KinbKoOCTAX

BignosigHo 400, 540, 310. KinbKicTb 3aroTOBOK, OAEPKYBAHMX 3 KOXKHOTO INCTa MPU KOXKHOMY cnocobi po3KpotoBaHHSA, HaBeaeHi
B Tabmui.

TUH 33roTOBKM Cnocib po3KpotoBaHHSA
1 2 3
A 5 3 1
B 2 8 4
C 1 2 6

BW3HAUNUTK, CKINbKM IMCTIB NOTPIBHO AR BUKPOKOBAHHA AaHOI KiZIbKOCTi 3aroTOBOK.

Po3e’AsaHHA. Hexall xq, x,, x3 — HEBI,OMA KiNbKiCTb INCTIB ANA 3aroToBoK TUNY A, B, C BiAnoBiaHO. [11A BUKPOIOBaHHA
3aroToBOK TMNy A B 3aranbHiii KinbkocTi 400 HeobXifHO 5xj+3x,+x3 JIACTIB, 3BiAKM OTPUMYEMO neplle PiBHAHHA:
5x1 +3x2 +x3=400 . [na oTpumanHA 540 3aroToBOK TuMy B HeobXifHa KiNbKiCTb SNCTIB 2x1 +8x, +4x3, TOMY Maemo apyre
PIBHAHHA: 2xq +8x; +4x3=540. [nA BMKOHaHHA 3aroToBOK Tuny C cyma x;+2x,+6x3 Mae popisHiosatn 310, T06TO
X1 +2x2 +6x3 =310 . Yci 3aroToBKM ByAyTb BUKPOEHI 38 YMOBM OLHOHYACHOTO BUKOHAHHSA TPbOX 3aNMUCaHUX PiBHAHb, TOBTO MaEMo

5Xq +3X2 +x3 =400
CUCTEeMY PiBHAHb, WO € MaTEMATUYHOI MOZAE/II0 33434i PO PO3KPOIOBAHHA: 2Xq +8X, +4x5 =540 .  PO3B’A3yl0uM L0 cucTemy
X1 +2Xo +6x3 =310
6yab-aKMM meToAoM (Hanpuknag, metogom laycca), OTPUMAEMO EAMHUI PO3B'A3OK: x1 =50, xp =40, x3 =30 . OTKe, A4/19 NOBHOTO
BMKOHaHHSA 3aBAaHHA noTpibHo 50 anctis ana 3arotosok tuny A, 40 aucris — Tuny B, 30 auctis — tuny C.

4, MatemaTu4Hi mogeni Ha OCHOBI NOHATTA NOXiAHOT

EKOHOMIYHWMI 3MIiCT NOXigHOI BK/OYAE BU3HAYEHHA ONTUMANbHMX OOCATiB BUNYCKY NPOAYKLIl, BM3HAYeHHSA
€1aCTUYHOCTI NONMUTY BiAHOCHO A0X0AY, aHaNi3 rPAaHUYHOTO HABAMMKEHHA OO0 MAaKCMMaZbHOMO A0X04Y, BUSHAYEHHSA LWBUAKOCTI
3MiHM eKOHOMIYHOro npouecy. Ha ocHOBI MOHATTA NOXiAHOI ByAyOTbCA HACTYMHI y3arasbHEHI BUAN MATEMATUUYHUX Mogenen
€KOHOMIYHUX 33Za4: MoAeb NPOAYKTUBHOCTI NpaLi, MOAe/ib MapriHabHUX BUTPAT, MOAE/Ib MApriHaAbHOroO A0X0AY, MoAesb
BM3HAYEHHA MaKCUMMyMy NPUBYTKY, MoAe b ONTUMI3aL,ii oNnoAaTKyBaHHA NiANPUEMCTBA, MOAE b €1aCTUYHOCTI Ta iHLWi.

OcobiMBoCTi Mogene Ha OCHOBI MOXiAHOI: MoZeni Uboro TMMNY PO3rnaAalTbca B po3ginax ,JudbepeHuitoBaHHA
dYHKLIN oaHiel 3miHHOI” Ta ,®PyHyKUii 6araTbox 3MmiHHMX”; noxigHa QyHKLIT xapakTepusye WBUAKICTb 3MiHWM NEBHOro
€KOHOMIYHOro npouecy abo BeNMUYNHK; NepenbayaeTbecs po3rnag Aesakoi yHKLii ogHiei abo KinbKOX 3MiHHOI, AKa BCTAHOB/OE
3aN1EXKHICTb MK EKOHOMIYHUMM BENMUMHAMM; 3HAXOAATLCA NOXiAHI PYHKLLT Ta aHANI3YETLCA X EKOHOMIYHUIA 3MiCT.

Npuknaa. O6car BMaobyBaHHA y AeAKOi KOPUCHOT KONANMHM 33 OAMHULIO Yacy 3a1eXKUTb Bif, KiIbKOCTi pOBITHUKIB X

Ta BU3HAYAETLCA QYHKLIEHD y=8\/;. LliHa KopucHOi KonanuHu — 600 rpH/T, 3apobiTHa nnaTa pobiTHMKa — 200 rpH/roa, iHWKX
BMTPAT dipma He BPaxoBYe. 3HANTU ONTUMA/bHY KiNbKicTb POBITHUKIB pipmu.

Po3B’A3aHHA. 3anuwwemo GpyHKL o NprbYTKY dipmu: P(x)=4800\/; -200x . flocnignmo Px) Ha ekcTpemyMm 3a 10NOMOroK0

. .. " . 1 2400
noxiaHoi. 3Halaemo noxigaHy P'(x): P'(x)=4800——=-200= -200.
(2 P(x)=2800_7-200- 25
, . p N, . . .. 2400 .
Po3B’akemo piBHAHHA P (x)=0 Ta 3HAWAEMO CTaLiOHapHI TOUYKM DYHKLT: T-ZOO:O , 3BiOKN x=144.
X
1 -3 1200 1200
3Haraemo Apyry NoxigHy Ta il 3HaYeHHsA B CTALiOHAPHIM ToYLLi: P”(x)=2400-(— —)-x 2= , P”(144)=- <0.
2 Vi3 V1443

TakUM YMHOM, x=144 — TOYKa MaKcumymy yHKLii npnubyTKy dipmu. OTKe, onTMManbHa KiNbKicTb pOb6ITHUKIB dipmu
LopiBHIOE 144,

5. MatemaTuuyHi mogeni Ha OCHOBI BU3HAYeHOro iHTerpana (iHTerpanbHa moaenb).

Yepes BM3HAUYEHWUIN iHTerpan o6YMCAIOOTb CyMapHi eKOHOMIYHI edeKTW, Hanpukaag 3aranbHui goxia ¢ipmu abo
3arafbHi BUTPATW BUPOBHULITBA. SIKLLO rpaHUYHMIt 4OXIA 334aH0 GyHKLUiE y = f(x), Ae X — KiNbKICTb NPOAaHUX OAUHULb TOBAPY,

N
TO Aoxia Big peanisauii N oanHULb NpoAyKLii 4OPIBHIOE: I f(x)fx .
0
B eKOHOMIUYHMX 33/1a4aX YacTO BUKOPUCTOBYIOTb TEOPEMY MPO CepeAHE 3HaueHHs dyHUii. Hanpuknag, akwo p=plt) —
3MiHHMI NPUBYTOK NiANPUEMCTBA, TO CPeAHE 3HAaUEHHA NPUBYTKY 3a NPOMINKOK Yacy Bif, t; A0 t, 064MCAIOIOTb Yepes BU3HAYEHUIA

t;
. 1
iHTerpan: p,=—— | plt)t .

t-f
t
OcobnnBocTi mogenelt Ha OCHOBI MOHATTA iHTErpana: onepaw,in iHTerpyBaHHA 4a€ 3MOry OTPUMATU EKOHOMIUHI GYHKLLT

33 BiOMMMM iX TpaHUYHUMK GYHKLIAMM; 0 MOZENeN LLbOro TUNY 3BOAATLCA NPUKNALHI 3a4a4i Ha 06YMCNEeHHA cepefHiX 3HaYeHb
€KOHOMIYHMX MOKAa3HMKiB; 3aCTOCOBYIOTbCA B 3ajayax peasisauii ToBapiB Ta ¢iHaHCOBMX 3adayax; BPAXOBYETbCA TiCHWUM
B3aEMO3B’'A30K onepawii gudepeHLitoBaHHA Ta iHTerpyBaHHs.
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Mpuknapa,. 3a yucTMMM iHBECTMLIAMM I(t):80000t 064YNCAUTY NPUPICT KaniTany 3 NePLIOro No YeTBEPTUI piK. BUsHaunTy,
3a CKi/IbKM POKiB NpupicT Kanitaay ctaHosutume 10 000 000 y.o.
t;
Po3g’A3aHHA. [pupicT Kanitany obYMCAMMO 33 [AOMNOMOrol0  BM3HAYEHOro iHTerpana: AK= I /(t)dt ,
t
4
AK = I 80 000tdt = 40 000t2 f =600000 y.0. 3a NPOMIXKOK 4acy t npupicT Kanitany mae ctaHosuTt 10 000 000 y.o., TO6TO

1
t
40000t2 . =10000000,t2 =250,t ~15,8 pokie.

OT:Ke, 3 NepLLOro No YeTBepTMIA ik NpupicT Kanitaay 600 000 y.o., 4na NpupocTy Kanitany Ha 10 000 000 y.o. HeobxigHo
npmbaunsHo 15,8 pokis.

6. MatemaTtuuHi mogeni Ha ocHOBI gudepeHuianbHUX piBHAHL (AndepeHuianbHi mogeni).

Ha ocHoBi andepeHUianbHUX piBHAHb OyAylOTbCA MOAEANI PIBHOBAXKHOTO 3POCTAaHHA BMMYCKY NPOAYKLIl, 3B'A3KY
iHpnAuii Ta 6e3pobiTTa, AemorpadiyHoro npouecy, 3HeuiHOBaHHA 0b6nagHaHHA Ta iHWi (bapabaw Ta iH., 2019). OcobaunsocTi
mozenen Lboro TUMy: OMUCYHOTb CKAaZHI PYHKLIOHaNbHI 3aN1€XKHOCTIi B EKOHOMIYHUX ABULAX Ta MpoLecax; BifobparkatoTb
OVMHAMIKY 3MiH €KOHOMIYHUX BEINYMH, TOBTO € AUHAMIYHUMM MATEMATUYHUMU MOLENAMMU; MOAENI MICTATb KPiM HEBiZOMMX
BE/IMYUH TaKOXK IiX MOXigHi pisHUX nopsaakis; noTpebyroTb cHOPMOBAHUX YMiHb iHTerpyBatu gudepeHuianbHi PiBHAHHA.
Po3rnaHemo npuknag, audepeHuianbHOi Mogeni NepLworo Nopaaxy.

Npuknaga. Y 2000 poui HaceneHHA AeAKoi KpaiHM Hanivysano 60 maH ocib. ikoto Byae YMCenbHiICTb HAaceNeHHs Liel
KpaiHn y 2030 poui, AKLWO BiAOMO, WO HaceneHHA y 2020 poui ctaHOBUAO 64 mH. LUBMAKICTb 3MiHM NPUPOCTY HaceneHHa
BBayKaTW NPONOPLIMHOIO KiIbKOCTI HAaceNeHHs.

Po3B’s3aHHA. KinbKicTb HaceneHHs y 3pocTae i € GyHKUi€eto Yacy t , TO6TO y=y(t) . OCKinbKM WBMAKICTb 3MiHW NPUPOCTY

o . . d - . . . .
HacefneHHA NponopLiiHa Moro KinbKoCTi, TO d—¥=ky , 8e k — KoediuieHT nponopuiiHocTi. OTpumaHe gudepeHuianbHe piBHAHHA

d . . - o o
d—};=ky € MaTeMaTU4YHOK MO4eNto 4aHOoro AeMOI’pad)NHOI’O npouecy. BigokpeMnmo 3miHHi Ta 3Hangemo 3aranbHUin pO3B'ﬂ3OK

. d
PiBHAHHA: —y=kdt, y=Cekt , e C=const .
y

BusHaunmo ctany iHTerpyBaHHA C, NOKNABLUK, WO B NOYATKOBUI MOMEHT Yacy t=0 KifbKiCTb HaceneHHsa y =60 MAH:

ce®=60 , 3BigKn C=60.

L . . . 1, 16
O6uncanmo k 3 ymosm, Lo yepes t=20 POKiB KiNbKiCTb HaceneHHsa y=64 MH. ocib: 60629 =64 , 3BigKKM k=2_OInE .
iInEt
TakMM YMHOM, OfEepMKaan YaCTUHHWUIA PO3B’A30K AndepeHLianbHOro piBHAHHA y BUrAaai: y=60e20 15 | 3upaigemo

1 16 1
KiNbKicTb HaceneHHs y 2030 poui, NOKNABLIM B OCTaHHIN Gpopmyni t=30 : y=60e20 "5 =60 3220 =714 mnH oci6.

OT)Ke, YMCeNbHICTb HaceneHHsA Kpaiiu y 2030 poui HabaunxkeHo ctaHoButume 71,4 maH ocib.

MigcymoBylouM HaBefAeHi NPUKAAAM MATEMATUUHUX MOZENeN Pi3HWUX TUMIB (MaTPUYHUX, BEKTOPHWX, NiHIAHUX,
ondepeHLianbHUX, iHTErpanbHUX | mogenelt Ha OCHOBI NOXiAHOI) MOXHa KOHCTAaTyBaTH, LLO BCi BOHWM AEMOHCTPYIOTb CNiNbHY
noriky nobynosun i GyHKLIOHYBaHHA. He3Bakatoum Ha BigMIHHOCTI y 3MiCTi, CTyneHi CKNaAHOCTI YK rany3i 3aCTOCYBAHHA, KOXKHA
MoZenb NPOXOoAuTb TPU MOCAIAO0BHI cTagii: dopmanisauito, aHaniTMuHy obpobKy Ta iHTepnpeTauito pesynbtaTie. Came uf
noc/ifoBHICTb 3abe3neyye nepexia Big, peanbHOT EKOHOMIYHOT CUTYyaLi 40 Ti y3arabHEHOrO TEOPETUYHOTO ONUcCy, a Aani — Ao
MPaKTUYHOrO BUCHOBKY, WO Ma€ NPUKNAAHE 3HAYeHHA ANA MabyTHbOro eKkoHomicTa. Taka CMifbHICTb CTPYKTYPHUX eneMeHTiB
[A€ NigcTaBy po3rnagaTtv Npouec MOAENOBAHHA AK LiNICHY cucTeMy, Y AKIM y3roAKeHO B3aEMOLiOTb TEOPETUYHA i KifbKicHa
CKNagoBi. NA HA0UHOTo NOAAHHA L€l cMCTeMM NOBYA0BAHO y3arasbHEHY CTPYKTYPHY CXEMY MaTeMaTUYHOI Mmogeni NpUKNagHol
3agadi (Puc. 1), wo Bigobpakae BHYTPIWHI N0riYHi 3B’A3KN MiXK eTanamu MOAetOBaHHA Ta Pi3HOBUMAAMW MOAeneN.

IHTepnpeTauia NogaHoi cxemMu JA€ 3MOry 3pobWTU KifbKa Ba*KAMBUX YMOBMBOZIB. [lo-neplue, yHiBEPCANbHICTb
CTPYKTYpU MoZeni CBigYMTb NPo Te, WO MeToA MaTeMaTUYHOTO MOAE/IIOBAHHA MOXKHA PO3rAAATU AK HACKPISHWIM AMAAKTUYHWUIA
NPUHLMN BUKNAAAHHA BULLOT MaTeMaTUKM ManbyTHIM eKkoHoMicTam. BoHa 3abe3neyye MOXAMBICTb iHTErpauii pisHMX po3ainis
Kypcy (niHiliHa anrebpa, maTeMaTMUYHUI aHani3, Teopia audepeHLiaNbHMX PIBHAHB) Y EAVHE NOJE NPAaKTUYHMX 3acToCyBaHb. Mo-
Apyre, noAgilHa npupofa mogeni (TeopeTWyHa Ta KinbKicHa) A03BONAE MOEAHYBATU abCTPaKTHE MWUC/IEHHA 3 MPAKTUYHOI
aHanitmkoto. Takui Nigxia cnpuae po3BUTKY y 3400yBayiB yMiHb NEPEXOAUTH Bif CUMBONIYHUX GOPMY O EKOHOMIYHOIO 3MICTY,
Bif, 3arafbHOrO 3aKOHY A0 KOHKPETHOro 4YMC0BOro pesynbTaty. Mo-TpeTe, BUAiNeHHA eTanis dopmanisauii, aHaniTMkm i
iHTepnpeTaLii BifobpaKae NOCTyNoBe 3pOCTAHHA KOTHITUBHOI CKAAAHOCTI HaBYaNbHOI AiANbHOCTI: Bi PO3YMiHHA YMOBM 33aadi
[0 BMBOPY afeKBaTHUX MaTeMaTUYHMX 3acobiB i, 3peLTolo, A0 OCMUC/IEHHA pe3ybTaTy B eKOHOMIYHOMY KOHTeKCTi. Came LA
baraTopiBHeBa nobyposa mogeni ¢opmye y 3406yBayiB OCBiTM He nMLLE TEXHIYHIi HABMYKKM, a W 3[aTHICTb A0 HAYKOBOro
y3ara/sibHeHHA, aHanisy M NpPorHosysaHHA. TOMy y3araiibHeHa CTPYKTypHa cxeMa BUKOHYE NoABiliHY GYHKLi0 — MeToA0N0rYHY 1
neparoriyHy. 3 oaHoro 60Ky, BOHa € iHCTPYMEHTOM aHani3y eKOHOMIYHMX NpoLeciB, a 3 iHWOro, 3acobom HaBYaHHA, WO
ponomarae $opmyBaTM cUCTeMHe HayeHHA PoNi MaTemMaTUKM B eKoHoMiLi. Takuii niaxia nornnbaoe posymiHHA 3a06yBadyamm
CYTHOCTI MOZEeNIOBaHHA AK MeToAy Mi3HaHHA Ta cnpuAe GOPMYBAHHIO AOCAIAHULBKOrO TUMY MUCAEHHA, HeobxiaHoro ana
Cy4acHOro eKoOHOMicTa.
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NiHIAHI mogeni Ha iHTerpanbHi
moaeni OCHOBI NoxigHoi mogeni
BEKTOPHI andepeHuianbHi
mogeni moaeni
mMmaTtemaTtuyHa moaenb
NpUKNagHoi 3apavi
MaTpUYHi
mogeni iHWi moaeni
e B
d
TeopeTuyHa moaensb hl > KiNbKicHa moaenb

|¢opmanisau,iﬂ M aHaniTMKa M iHTepnpeTauin |

Puc. 1. Y3aranbHeHa CTPYKTypHa cxema MmaTeMaTUYHOI MoAeni NpUKNagHoi 3agadi
[epeno: asmopcbka po3pobka

BUCHOBKM TA NEPCNEKTUBU NOAA/IbLLOIO AOCNIAXKEHHA

MpoBegeHe AOCNIAKEHHA NiATBEPAMAO, WO MAaTeMaTUYHE MOZEeNoBaHHA € H6a3oBMM 3acobom po3BUTKY $axoBux
KOMNETEHTHOCTEN MalbyTHIX eKOHOMICTiB, afarKe 3abe3neyye NOeAHAHHA aBCTPAKTHONO TEOPETUYHOrO MWUCNEHHA 3 YMIHHAM
aHani3yBaTM peasibHi EKOHOMIYHI Npouecy. 3aNPoNoOHOBaHa cUCTEMATU3aLiA Moaenen NPUKIAAHMX 33434 [03BOINIA BUABUTU
3aKOHOMIPHOCTI IX NObYA0BU Ta y3araibHUTKU NiaXifg, 40 iX BAKOPUCTAHHSA B KYPCi BULLOT MaTeMaTUKKU. BuasneHo, Wo nocnigoBHa
peanisauis eTanis dopmanisauii, aHaniTUKM Ta iHTepnpeTaL,ii cTBOptOE ePeKTUBHY NeaaroriyHy pamky gns GopmyBaHHA HaBUYOK
LOCNIAHWULBKOrO MUC/IEHHA Ta CAMOCTIMHOIO BUpiWEHHA npodeciliHux npobnem.

P0O3BUTOK yMiHb MAaTEMATUYHOTO MOZE/NIOBAHHA CMPUAE CTAHOBNAEHHIO Y 34,00yBayiB EKOHOMIYHOTO MUCAEHHSA, YMIHHA
NPOrHo3yBaTh TeHAeHLii Ta NpuiimaTy obrpyHTOBaHI pileHHA. BogHouac pe3ynbTaT NneparoriyHoro AiarHOCTyBaHHA CBiAYaTh,
wo 6inbwicTs 3406yBaviB OCBITM AEMOHCTPYIOTb ANLLE CepeaHill piBeHb BONOAIHHA HaBMYKaMM MOLENOBAHHA, 0CO6AMBO Ha
etanax <¢opmanisauii peanbHUX CUTyaUil | TAymadeHHA OTPUMaAHWUX pesynbTaTiB. Le niatBepgkye HeobXiaHicTb
LinecnpAMOBaHOro BAOCKOHANEHHA METOAMKM BUKAAAAHHA BUWOI MaTeMaTMKM 3 aKLEHTOM Ha MpPaKTUKO-OPIEHTOBAHUX
3aBAAHHAX EKOHOMIYHOTO 3MICTy Ta BUKOPUCTaHHI MOAEN0BaHHA AK HACKPI3HONO MeToAy HaBYaHHA.

Y3aranbHeHa CTPYKTYpHa CXema MaTeMaTUYHOI MoAeni NPUKAaLHOT 3a4adi, po3pobsieHa B MeXKax AOCNIAXKEHHA, MOXKe
6yTM BMKOPWUCTaHA AK AWAAKTUYHMI IHCTPYMEHT A1A MPOEKTYBAHHA HaBYa/lbHMX 3aHATb, OpraHisauii camocTiliHoi poboTu
3106yBauyiB Ta CTBOPEHHA eNEeKTPOHHMX HaBYanbHUX pecypcis. |i 3acTocyBaHHA CNPUAE PO3BMTKY Mi3HaBaAbHOI CaMOCTIHOCTI,
$OpMyBaHHIO aHANITUYHOIO M KPUTUYHOTO MUC/IEHHSA, @ TAKOXK NiABULLEHHIO MOTUBAL,ii A0 HABYAHHA MATEMATUYHUX ONCUMUMIH.

MepcneKkTMBM NoAaNbLUIMX AOC/iIAKEHb NONATAOTL Y PO3p0obaeHHi M anpobalLii meToanyYHUX 3acobiB GopMyBaHHS BMiHb
MaTEMATUYHOrO MOZENOBAHHA 3 BUKOPUCTAHHAM LUUPPOBUX TEXHONOTIN, CUMYAALIMHOIO cepeaoBULLa Ta NPOrpaMHUX NaKeTiB
€KOHOMIKO-MaTeMATUYHOrO  aHanisy. J[JOUWiNbHMM € TaKoX BWMBYEHHS MOM/IMBOCTEW iHTerpauii MoZentoBaHHA vy
MiXKAMCLMNNIHAPHI KypcK, 30Kpema GiHaHCOBOT aHaNITUKM, CTaTUCTUKM, NMPOrHO3YBaHHA Ta YNPaBAiHHA pU3MKaMMU, L0 A03BOIUTD
NiABULLNTM MNPAKTUYHY 3HAYYLLCTb MaTeMaTMYHOI MNiATOTOBKM MalbyTHIX EKOHOMICTIB i CnpuaTMME PO3BUTKY iXHbOI
LOCNIAHNLbKOT KOMMNETEHTHOCTI.

KOH®IKT IHTEPECIB

ABTOpPM NiATBEPAKYIOTL BiACYTHICTL GiHAHCOBMX, OCOBUCTMX UM HWMX iHTEPECiB, LLO MOXYTb PO3rNALATUCA AK
NOTEHUiMHMI KOHOAIKT iHTepeciB Wwoao nybnikauii Liei cTaTTi.

®IHAHCYBAHHA

PoboTa BMKOHaHa 3a BigcyTHOCTI GiHAaHCOBOT NiATPMMKN 3 BOKY ByAb-AKUX OpraHisaLii.

AOOCTYNHICTb AAHUX

Lle TeopeTnuHe AOCAigKeHHA He nepeabadae BUKOPUCTAHHA A0AATKOBUX Habopis AaHMX.

BMKOPUCTAHHA LUTYYHOIO IHTENEKTY

IHCTPYMEHTM LUTYYHOTO iHTENEKTY He BUKOPUCTOBYBA/IMCH NPU HaNUCaHHI L€l poboTu.
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AHOTALIA

ABSTRACT

Y cmammi po3anaHymo iHmezpayito 2eHepamueHo20 WMmy4yHo20
iHmenexkmy ([LUI) y npouec po3sumky iHghopmayiliHo-yugpposoi
komnemeHmHocmi  (ILUK) yu4Hie 6a3080i cepedHboi ocgimu.
MiokpecneHo akmyanbHicCMb CMBOPEHHA KOHYenmyasnbHoi Mooeri,
wWo noedHye nedazoeivHi, KO2HIMUBHI, MeXHOMO02IYHI Ma emuyYHi
sumipu U cnupaemoeca Ha pamky DigComp 2.2 ma pekomeHOayii
UNESCO.

dopmyntoeaHHa npobaemu. ILIK cmae Kn10408010 y yugposomy
cycninecmsi, 00HaK mpaduyilivi  nidxodu 68 wkKoni  He
3a6e3meqyloms  HAMEHHO20  pieHA iT  hopmy8aHHA.  Y4Hi
8iduysaome CKAAQOHOWi Yy MOWYKY mMa KPUMUYHOMY QHAnMI3i
iHhopmayii, a ocseimHili npoyec nompebye iHAusIOyanizauii ma
WupWo20 B8UKOPUCMAHHA yugposux 3acobie. lMowuperHs [LLUI
aKkmyanizye HeobxidHicmb KOHYenmyanbHo20 (o2o 8Mpo8adHeHHA
3 ypaxysaHHAM nedazoziyHoi doyinbHocmi, emuku ma 6e3sneKu.

Mamepianu i memodu. BukopucmaHo aHani3 Haykogoi U
mMemoduyHoi fimepamypu, MiXHapoOHUX OOKyMeHmie 3 Yugposoi
2pamomHocmi, pe3ynbmamu nedazo2iyHo20 CriocmepexeHHa ma
KOHMeHmM-aHani3 oceimHix npakmuk. [na nobydosu modeni
30CMOCOBAHO ~ Memod  MOOEMtB8AHHA i CMPYKMYypHO-

The article considers the integration of generative artificial
intelligence (GAl) into developing students' information and
digital competence (IDC) in basic secondary education. The
relevance of creating a conceptual model that combines
pedagogical, cognitive, technological, and ethical dimensions
based on the DigComp 2.2 framework and UNESCO
recommendations is emphasized.

Formulation of the problem. IDC is becoming increasingly
important in the digital society, but traditional approaches in
schools do not provide the proper level of its formation. Students
often face difficulties in searching and critically analyzing
information, and the educational process requires
individualization and a broader use of digital tools. The spread
of GSI highlights the need for its conceptual implementation,
considering pedagogical feasibility, ethics, and security.

Materials and methods. The analysis of scientific and
methodological literature, international documents on digital
literacy, the results of pedagogical observations, and content
analysis of educational practices were employed. The modeling
method and structural-functional analysis were employed to

© The Author(s) 2025
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yHKYioHaneHUl aHani3, ujo 00380/aU8 BU3HAYUMU 830EMO38 A3KU
M iT cknadHUKamu.

Pesyabmamu. Po3pobseHo KoHyenmyanbHy Modens iHmezpauil
TUI'y po3sumok ILIK yuHis, aAka mae bazamopisHesy peanizayito. Ha
pigHi y4HA — nepcoHanizayia oceimHix mpaekmopiti, yam-6omu,
cucmemu pekomeHOayili, po38UMOK KPUMUYHO20 MUC/EHHSA; Ha
pigHi 84umena — onmumisayis PYMUHHUX 30800Hb, QHAAI3
docAeHeHb, CMBOPEHHA [HOUBIOyanbHUX MAAGHIB, HA  PiBHI
YNpaseniHHA — aHanimuka 07A MpPo2HO3Yy8AHHA pe3ysbmamis i
KOpeKyii npo2pam,; Ha CcycninbHOMY pi6Hi — eupiweHHA NUMAaHb
docmynHocmi, 3axucmy OQHUX, MOOOAAHHA An20pUMMIYHOT
ynepeoxceHocmi. Modens oxonaoe yinvosul, cy6’ekmHo-
06’ekmHud, 3micmosud, mexHoso2iyHud, memoouyHul,
opeaHizayitiHul, emu4Hul | pe3ynbmMamueHo-oyiH08anbHUl
CKNAOHUKU, Wo hopmytoms yinicHy cucmemy.

BucHosku. [Hmezpauis [l y Hae4aHHA 8i0Kpusae Hosi
MOMHUBOCMI 0714 PO3BUMKY KPUMUYHO20 MUCAEHHSA, Yugposoi
meop4ocmi ma asmoHomii yyHie. Modenb mae meopemuyHy U
MPaKMUY4Hy  3Ha4ywicms, Moxce bymu eukopucmaHa 0
OHOB/IEHHA 0CB8IMHIX cmaHOapmis, CMEBOPEeHHA MemoOUYHUX
mamepianie i npozpam nideuweHHs Ksanigikayii nedazozis. i
peanizayia cnpuse GopmMye8aHHIO 20MOBHOCMI WKOAAPIE 00
ycgidomneHoi 83aeMO0ii 3 iHMenekmMyanbHUMU MeXHO02IAMU 8
ymosax yugposoi mpaHcgopmayii.

construct the model, enabling it to identify the relationships
between its components.

Results. A conceptual model of integrating GSI into the
development of students' ICT has been developed, with a multi-
level implementation. At the student level - personalization of
educational trajectories, chat bots, recommendation systems,
development of critical thinking; at the teacher level -
optimization of routine tasks, analysis of achievements, creation
of individual plans; at the management level - analytics for
predicting results and correcting programs; at the social level -
solving issues of accessibility, data protection, overcoming
algorithmic bias. The model encompasses target, subject-object,
content, technological, methodological, organizational, ethical,
and result-evaluation components, forming a holistic system.

Conclusions. Integrating GSI into teaching opens up new
opportunities for developing critical thinking, digital creativity,
and student autonomy. The model has both theoretical and
practical significance, and can be used to update educational
standards, create methodological materials, and inform teacher
training programs. Its implementation contributes to the
formation of students' readiness for conscious interaction with
intelligent technologies in the context of digital transformation.

K/TKOYOBI C/I0BA: iHpopmayiliHo-yugposa KomnemeHmMHicme;
2eHepamusHul wmyyHul iHmenekm (TLUI); y4Hi; 6a308a cepedHA
oceima; KoHyenmyansHa modesne iHmezpayii MLI.

KEYWORDS: information and digital competence; generative
artificial intelligence (GAl); students; basic secondary education;
conceptual model of GAl integration.
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BCTYN

MoctaHoBKa npobnemu. CyyacHWii OCBITHIM npouec He 3aBXAu 3abesneuvye HanexHwuii piBeHb GOpMyBaHHA
iHpopMaLiliHO-LMbPOBOT KOMNETEHTHOCTI Y4HiB. LLUKOAAPI YacToO MaloTb TPYAHOLL i3 CAMOCTIHMM MOLLIYKOM Ta ONPaLLtoBaHHAM
iHpopMaLl, KPUTUYHOIO OLLIHKOK AxKepen i pe3ynbTaTiB BUKOPUCTAHHA UMPPOBUX TEXHONOTIN. TpaanuLUiiHi MeToam HaBYaHHA
06MeXKYIOTb MOMK/IMBOCTI NepcoHasi3al,ii OCBiTHbOI TPaEKTOpIi BIAMNOBIAHO A0 iHAMBIAYaNbHUX MOTPeb Ta PiBHA NiArOTOBKM
KOXKHOro 3406yBaya oCBiTU. BogHouac ycnilHe NPOHUKHEHHSA TEXHOOTM Ha OCHOBI WTy4YHOro iHTeneKkTy (LUI) y noBcakaeHHe
KUTTA JIIOANHM 3YMOBJIIOE 3POCTaHHA OCBITHLOIO Ta COLia/IbHOTO iHTepecy A0 ONaHOBYBAHHA HaBMYKaMM B3AEMOAIT 3 LUMU
TexHosnoriamn. Y cuctemi 3arasibHoi cepeHbOi OCBITU NOCTAE 3aBAAHHA NiArOTYBaTW Y4YHIB 40 XKUTTA Y CYCNiNbCTBI, e BOHW Aeaani
yacTiwe cniBnpayoBaTMMyTb i3 TexHonoriamu LI, wo BMcyBae HOBi BUMOTU 4,0 NefaroriyHOi NPaKTUKK.

BigcyTHicTb iHTerpauii cyyacHux uUMPOBUX IHCTPYMEHTIB, 30Kpema reHepaTUBHOrO LWITy4yHoro iHTenekty (FLUI),
YNOBI/IbHIOE PO3BUTOK KPUTUYHOTO MUCIEHHSA, LMPPOBOI €TUKM Ta 6e3NeYHOro BUKOPUCTaHHSA iHpopmaLii. Y LbOMy KOHTEKCTI
dopmyBaHHA iHGOPMALLMHO-LMPPOBOI KOMNETEHTHOCTI B acneKkTi BUKopucTaHHA LI noctae AK neparoriyHa Ta KOrHITMBHA
npobnema, wWo notpebye nepeocMUCIeHHA NiAXOAIB A0 OpraHisauii ocBiTHboro npouecy. IHTerpauia NI B ocBiTHIM npouec
3aKnaaiB 3aranbHoi cepeaHboi ocBiTM (33CO) BiAKPWMBAE MOM/AMBOCTI ANA CTBOPEHHA afanTUBHMX OCBITHIX TPAEKTOPIM, AKi
BPAXOBYHOTb TEMIM HaBYaHHS, iHTepecK Ta 34ib6HOCTi yuHiB. Lie 3abe3neuye nepcoHanisoBaHy NiATPUMKY y GOPMYItOBAHHI 3aMUTIB,
06pobLi AaHWUX Ta OLiHIOBAHHI Pe3ynbTaTiB, WO CNPUAE PO3BUTKY MPAKTUYHMX i KPUTUUYHUX UMbPOBUX HAaBWMYOK. Kpim Toro,
BMKOpUCcTaHHA MU nonerwye poboTy BUMTENiB, £,03BONAIOUYN edEKTUBHILIE aHaNi3yBaTM NPOrPecC y4HiB, ONTUMI3yBaTU HaBYa/bHi
pecypcu Ta BAOCKOHA/IOBATK NeJarorivyHi ctpaTerii.

OTxke, iHTerpauis iHcTpymeHTiB LUl B OCBIiTHIA Mpouec € nNepcrnekKTUBHUM LWASXOM PO3B’A3aHHA npobnemu
HeA0CTaTHLOTO PO3BUTKY IHGOPMALLIMHO-LMPPOBOI KOMNETEHTHOCTI, CTBOPIOOYM YMOBK ANA GOPMYyBaHHA HaBMYOK BesneyHoi,
€TUYHOI Ta KPUTUYHO OBIPYHTOBAHOT B3aEMOA|T 3 HOBITHIMW LUDPOBUMU TEXHONOTIAMM.

AHani3 aKTyanbHUX AocnigXeHb Mepwi cnpobu 3actocyBaHHA LI B ocBiTi gaTytoTbca 1970-mMu poKamu, Koau Ui
TEXHO/0rii NoYann BUKOPUCTOBYBATUCA A4/1A MNiIATPUMKM HaBYaHHA, BUKAaAaHHA Ta YyNpaBAiHHA OCBITHIMM 3aknagamu (Casal-Otero
et al., 2023). MpoTe 1 AocCi HeEMaE XoAHOI KpaiHK, ae LI noBHicTIo iHTerpoBaHo y npouec HaBYyaHHA WKoaapis. Y CLUA npotarom
OCTaHHiX POKiB aKTMBHO PO3PO6AAIOTLCA NOKANbHI iHiLiaTMBKM M STEM-npoekTu ans iHTerpauii LIy cepeaHto wkony (Touretzky et
al., 2019; Owoeye, 2024). Y Kutai MiHicTepcTBO 0CBITM BKNOUMAO ocHOBM LLI 0 0608’A3KOBOI Nporpamu cepegHboi WKoau (Jiang
et al., 2023). Y CiHranypi gep»aBHa cTpareria nepeabadyae 03HalOMAEHHA AiTei i3 KoHuenuiamm LI BXKe Ha piBHI AOWKINbHOI
ocsiTn (Heintz, 2021). Y €Bponi TakoX peani3ytoTbCA OKPeMi iHiLiaTUBK: 30KpemMa, Y HimeuyunHi 3anyLLeHo ninoTHI NPOeKTH 3
yNpoBaZKeHHA HaBYaNbHUX KypciB, Nnos’a3aHux i3 LUI (Micheuz, 2020).

Y HayKoBi# niTepatypi NOHATTA rpamoTHOCTI y cdepi LUI po3KpUBAETLCA Yepes KisibKa BUMIpIB: 3HAHHA, NPaKTUYHE
33CTOCYBaHHSA, OLiHKA BAIACHOTO BUKOPUCTAHHA Ta eTu4Hi acnektu (Zhou & Schofield, 2024). OcHoBHi Hanpamu 3acTtocyBaHHsA LLI
B OCBITi OXON/IOIOTb aAaNTUBHE 1 NEePCOHaNi30BaHe HaBYaHHS, iHTENEKTya/IbHE OL,iHIOBAHHA Ta YNPaB/iHHA OCBITHIM NpoLecom,
nNpodiNtoBaHHA YYHIB i MPOrHo3yBaHHA pe3ynbTaTiB Ha OCHOBI AAHWX, @ TaKOX BUKOPUCTAHHA LMPPOBUX MPOAYKTIB ANA
opraHisau,ii HaByaHHA (Wang et al., 2024).
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CyyacHi KoHuenTyanbHi mopgeni iHTerpauii LUl nponoHyoTb pisHi Nigxoau: TEXHIYHUA, KPUTUYHUIN Ta ETUYHUWN
KOMNOHeHTM KomneTeHTHocTi (Cheah et al., 2025); neaaroriuHi mogeni Ta noetanHi cTpaTerii BnpoBaakeHHaA (Zhou & Schofield,
2024; Wang et al., 2024); a TakoXX MoAeni NPUAHATTA TEXHOJOTIN, WO BPAaXOBYHOTb FOTOBHICTb yYMTENIB | OpraHisaLiiHi 6ap’epu
(Ates & Giindiizalp, 2025). CuctemHuin ornag nitepatypu (Chen et al., 2020) 3acBigyye, WO WTYYHUI iIHTENEKT BUCTYNAE HE NnLLe
iHCTPYMEHTOM aBTOMaTM3aL,ii OCBITHIX NpoLecis, a 1 3aC060M PO3BUTKY KPUTUYHOTO MUCIEHHA Ta UMPPOBMX HABUYOK YYHIB. Y
LOCNIAXEHHAX NigKPeCcntoeTbea, Wo iHTerpauia Tl moxe peanisoByBatMcAa 4epe3 afanTMBHI MOAeNi HaBYaHHA,
NepcoHani3oBaHWU KOHTEHT Ta aBTOMATW30BaHi NiAXOAM A0 OUjHIOBAHHA, WO 6e3nocepegHbo crnpuse GOpMyBaHHIO
iHpopmaUiiHO-UMPPOBOI KOMMNETEHTHOCTI. 3p06/1eHO BMCHOBOK, WO TaKi TEXHOJOrI CTBOPIOIOTL TEXHIYHI NepegymoBu ANns
nepcoHasisoBaHOro PO3BMUTKY 3a3HaYEHOI KOMMNETEHTHOCTI.

Y eBponencbkii pamui uModpoBoi KomneTeHTHocTi DigComp 2.2 BMOKPEM/IEHO KOMMNETEHTHOCTi, MOB’A3aHi 3
BUKopucTaHHam LUI: ymiHHA dopmyntoBaTi 3anuTu, iHTepnpeTyBaTM M KPUTUYHO OUiHIOBATU pe3ynbTatu. Lle Hanpamy
noegHyetbca 3 Data Literacy, wWo nigkpecntoe 3B°A30K iHPpopmauiiHOI Ta uMppoBOi KOMNETEHTHOCTeN. Lleit AOKYMEHT Ta
Bi4NOBiAHI AOCNIAXKEHHA pa3oM BMCTYMNalOTb METOAO0/IOTIYHOK OCHOBOK A/18 PO3POOAEHHA KOHLENTyanbHOT Moageni iHTerpau;i
FWl y npouec ¢dopmyBaHHA iHGOpPMaALIAHO-UMDPOBOI KOMMNETEHTHOCTI YYHIB, MIATBEPANKYIOUM, WO PO3BUTOK LUX
KOMNEeTeHTHOCTEeN HeMoXmBuiA 6e3 edpekTuBHoro BnposaaxeHHs MUl (Vuorikari et al., 2022; Van Audenhove et al., 2024).

[ocnifiHUKM NPONOHYIOTb TAKOX MOAE/i KOMNETEHTHOCTEN, OpieHTOBAHI came Ha LUI. 3okpema, aBTopu (Annapureddy
et al., 2025) BnoKkpemntooTb 12 KOMNETEHTHOCTEN, Ccepes, AKUX — YMIHHA CTBOPHOBATU AKICHI 3aMMTU, KPUTUYHO aHaniyBaTtu
Bignosiai Ta yceigomntoBatn obmexxeHHA 1 pusnku MNLI. Okpemo po3pobneHo paMKu KOMNETEHTHOCTI ANA YYHIB i BUUTeNiB, Ae
OCTaHHi BMUCTYNatoTb NPOBiAHMKAMW iHTerpaLii TeXHOOri Yy HaBYa/IbHUI NPOLEC, 3 AKLEHTOM Ha METOAUYHOMY Ta ETUYHOMY
Bumipax (UNESCO, 2024a; 2024b).

Y pocnigxeHHax (Holmes et al., 2021; 2022) 3HayHa yBara npuaineHa NUTaHHAM KOJIEKTMBHOI BignoBigaibHOCTI Ta
aKagemiyHoT fobpoyecHOCTi y BUKOpUCTaHHI LLUI. ABTOpW NPOMNOHYIOTL NPUHLMMAM NPO30POCTi ANTOPUTMIB, 3aXMUCTY aBTOPCbKUX
npas i BUPOBNEHHA CNiNbHUX NpaBua AN 3abe3neyeHHA eTUYHOro 3actocyBaHHA LI y HaByaHHi. 3a pe3ynbTaTamu A0OCNIAXKEHD
(Kamali et el, 2024), eTvKa WTYy4YHOro iHTENEKTY NOCTAE AK 6AraTOBUMIPHUI BUKNUK, LLLO OXOM/IOE NPABOBI, KY/bTYPHI Ta OCBIiTHI
acneKkTu. ABTOp Haro/0Wye Ha HEOOXiAHOCTI AOTPMMAHHA NPAaBOBUX HOPM, YPaxyBaHHA KY/AbTYPHUX YMHHUKIB Ta GOPMyBaHHSA
KPUTUYHOTO MMUC/IEHHA YYHIB, NiAKPECIOOYM, WO eTUYHI NuTaHHA LI noTpebytoTb KOoMNAeKcHoro i 6araTopiBHEBOro nigxoay.
Y cdepi inTerpauii LI B ocBiTy Le 3ymoBAtoe NoTpeby B CUCTEMHOMY €TUYHOMY CYNpPOBOA,.

LocnigxeHHs (Beninger et al., 2025) akueHTye Ha dopmyBaHHi rpamoTHocTi ML AK KA0Y0BOro cknaaHMKa undpoBsol
aganTauii ocBiTM. ABTOPY MiAKPEC/IIOTb BaX/IUBICTb MOEAHAHHA COLia/IbHO-€TUYHUX MiPKYyBaHb i3 MPaKTUYHUMKU HABUYKaMM
(pO3yMiHHA, BUKOPUCTaHHSA, OLiHKA), HAaroNoWYHTb Ha LiHHOCTI HaBiTb HEBE/IMKMX NeAaroriYyHnx BTPyYaHb A41A NiABULLEHHA PiBHA
rPaMOTHOCTI 11 3aKAMKakoTb Ao iHTerpauii FLUI-rpamoTHOCTI B OCBiTHI nporpamu.

OTKe, aHani3 foCNiAXKeHb CBIAYUTb NPO HEOBXiAHICTL cMcTEMHOTo ocMucaeHHaA poai MUl y dopmysaHHi iHpopmauiiHo-
LUMGPpPOBOI KOMMETEHTHOCTI Y4YHIB Ta €TUYHWX aCMeKTiB MOro BUMKOPWUCTAHHA. BoagHoYac BiACYTHICTb HayKOBO OOFpyHTOBAHOI
KOHLeNTyanbHoi mogeni iHTerpauii MU y npouec HaBY4aHHA YCKAAAHIOE peanisaLito Moro noTeHwiany ANA PO3BUTKY KPUTUYHOMO
MWCNEHHSA, LMPOBOI rPamMOTHOCTI Ta TBOPYOI camopeanisalii y4HiB y 3aknagax 6a3oBoi cepeiHbOi OCBITU.

Merta cratTi — 06rpyHTYBaTU KOHUENTyanbHy mogenb iHTerpauii MUl y npouec po3suTKy iHpopmauiiHo-undposoi
KOMMETEHTHOCTI Y4YHiB 3aKnasiB 6a30B0oi cepeHbOI OCBITH.

METOAM AOC/IAMKEHHA

TeopeTUyHUn aHani3 HayKoBMX [Kepen i neparoriyHoi NiTepatypu LWOAO PO3BUTKY iHGOpmaLinHO-LMbpoBOI
KOMNETEHTHOCTI, iHTerpauii TexHoori M| B OCBiTHIN Npouec Ta MeToA010rii PO3PO6KM KOHUENTYanbHUX Moaenei. EmnipnyHi
meToam: cnoctepeeHHA. KoOHTeHT-aHani3 ana ouiHIOBaHHA AiANbHOCTI y4acHWUKIB OCBITHbOro npouecy. MetToam moaentoBaHHA
Ta Banigauii: po3pobKa KoHLEeNTyanbHOT Mogeni iHTerpauii MU, aHani3 B3aeM03B’A3KiB MiXk KOMNOHEHTaMWU MoAEeNi ANA KOpeKL,i

JlocnioiceHHA euKoHaHe 8 mexax «KomnaeKcHo20 HAayKosoz2o O00CNiIOHeHHA BUKOPUCMAHHA 2eHepamueHo20
WmMy4Ho20 [HMenekmy Ha pi3HUX pieHAX ocsimu 074 YOOCKOHAsEeHHA Mnedaz202iYHUX Ma YynpassaiHCbKUX MPAaKMuK», U0
BUKOHYEMbCA 30 PAXYHOK OO0 EeMHUX Kowmis, CNpAMOBAHUX HA 3abe3nevyeHHs MpoeedeHHs O0epMHasHUMU HAyKosUuMU
YCMAHOBAMU HAYKOBUX 00CiOMEHb i HayKOBO-MEXHIYHUX (eKcrnepumMeHmasnbHUx) po3poboK 3a pe3ysa6mamamu 0eprasHoi
amecmayii 32idHo doz2osopy No b®/ C12—2025 npo BUKOHAHHA HAYKO8020 O0CAIOHEHHS, AKA 30 pe3yabmamamu 0epiasHol
amecmayii 3a Haykosum Hanpamom «CycninbHuli» gioHeceHa 8o apynu A.

PE3Y/ZIbTATU OOCNIAXEHHA

IHbopMmaULitHO-uMdppoBa KomneTeHTHiCTb (ILK) € KAlYoBMM YMHHMKOM PO3BWUTKY 3aranbHOi cepeAHboi OCBITW Ta
BM3HAYAETbCA CTPIMKMM NOWMPEHHAM UMPPOBUX TEXHONOrIM Yy NeparoriyHin npakTvui BuMTenis. €sBponeicbka pamka
DigComp 2.2 (Vuorikari et al., 2022) suoKpemnoe n’aTb cknagHukie ILUK: iHbopmaLiiHy rpamoTHICTL | po6OoTy 3 AaHMMM,
KOMYHiKaLjlo Ta cniBnpaLto, CTBOPeHHA LUMPPOBOro KOHTEHTY, Be3neky Ta po3s’asaHHA npobnem. Lii cknagHWKM cTaHOBNATL
MEeTOL0/0rMYHY OCHOBY ANA iHTerpauii iHHOBaLiMHWUX TexHonorii, 3okpema TLI, B OCBiTHIM npouec. Y AOKYMEHTi HaBegeHo
NPUKNAAM HAaBUYOK, CTaB/EHb i NiAX04iB, WO BPAaX0OBYOTb PO/b HOBITHIX TEXHONOTIN, y Tomy Ymcai LUI. Taknum umHom, DigComp 2.2
MO3Ke C/IyryBaTh TeopeTuyHoto 6a3oto ana Bu3HauyeHHA 3micTy ILIK y 3aknapax 3aranbHoi cepeiHbOi OCBITH.

3pocTtaHHA poni W B OCBiTHbOMY cepefoBMLL aKTyanisye notpeby y BMPOO/IeHHI KOHLEeNnTyaslbHOi mMoaeni Moro
iHTerpau,ii, Lo po3rnAAaETbCA AK CMCTEMA abCTPAKTHUX MOHATD, KA NOACHIOE BAACTMBOCTI Ta B3aEMO3B'A3KM OCBITHBOTO NpoLecy
3 HOBITHIMW TeXHONOTIAMU. Taka MOAENIb MA€E OXOMN/IIOBATU HE NINLLE TEXHIYHUIA BUMip 3acTocyBaHHA LI, a i1 neparoriyHi, eTUYHi
Ta KOTHITUBHI acnekTW. Y LbOMY KOHTEKCTI Ba*KNIMBUM € Y3rOAMKEHHA MiXXHapOAHMX CTaHAapTiB LMPPOBOi KOMMNETEHTHOCTI 3
HOBMMM BUK/MKaMM, LLLO NOCTAOTb Nepes, 3akaagamMum 3araabHoi cepeHboi OCBITM B yMOBax ynposageHHa MLLI.
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3oKkpema, y pokymeHTi UNESCO Guidance for Generative Al in Education and Research (2023) okpecneHo Komniekc
3axX04iB ANA AeprKaB, AKi iHTerpytoTb MLUI: dopmyBaHHA OCBITHIX NONITUK, 3abe3nedeHHs NIATPUMKM, LOTPUMAHHA ETUYHUX HOPM,
3aXUCT KOHOIAEHLIMHOCTI Ta NPIOPUTETHICTb AUTUHOLEHTPU3MY (NH0ANHOLEHTPU3MY). MiAKPECNIOETLCA HEOOXIAHICTb ypaxyBaHHA
NpaBOBUX, ETUYHUX i MOJIITUYHUX ACNEKTIB — 30KPEMaA 3axXWUCTy AaHWUX, 3abe3neyeHHs AOCTYMHOCTI Ta BiAMNOBIAHOCTI BiKOBUM
ocobansoctaM. Kpim TOro, LOKYMEHT MiCTUTb NpUKAagu 3actocyBaHHA MUI y HaBYaHHI M HAYKOBMX AOCNIAMKEHHAX, AKI MOXYTb
6yTV BUKOPUCTaHI 414 po3pobieHHA 3MiCTy HaBYa/IbHMX 3aBAaHb Y KOHLENTyabHili moaeni.

MpoaHaniayemo piBeHb iHTerpaLii NPakTUYHMX Ta ETUYHUX HOPM BUKOpUcTaHHA M1 y 3a3HaueHmx pamKax DigComp 2.2.

Ta UNESCO (Tabnumusa 1).

Ta6auusa 1. AHani3 noBHOTM 3micTy pamok DigComp 2.2. Ta UNESCO wopao iHTerpauii ML B npakTuKy

AcnekKt

[e BXe npucyTHil

LLlo noTpebye AONOBHEHHA

3HaHHA npo ocHoswm LWI /
npuHUMNu pobotn mogenei Ta
ANroOpPUTMIB.

DigComp 2.2 — npuKnagm HaBUYOK;
UNESCO — pamka.

CTpyKTypOBaHi 3HaHHA NPO NPUHLMMN
pob60oTu moaenei, obMeReHHs, NOTEHLiAHI
ynepeasKeHHsa Ta PU3NKM.

ETWYHi acnektn, 6esneka Ta
KOHOIAEHUMHICTb.

DigComp 2.2 — 3ragyBaHHA eTukm Ta NWUI;
UNESCO — pamku Ta pekomeHaau,ii
Action Plan €C.

MPaKTUYHI KeWCK BUKOPUCTAHHA ETUYHUX
NPUHLANIB, METOAM OLHIOBAaHHA PU3UKIB i
6e3neyHoro 3actocyBaHHaA LI

Hasuuku BukopuctaHHa LWI
(iHcTpymeHTH, cTBOpEHHA
3anuTiB, iIHTEPaKTUBHI A0AaTKN)

DigComp 2.2. —4acTKoBO;
UNESCO — He nepeabaueHo.

BKAtOYEHHA y HaBYaibHI N1aHN Ta paMKK1
KOMMNETEHTHOCTEM, po3pobaeHHsA
NPaKTUYHWUX 3aBAAHb | BNpaB.

KpuTuuHe mucneHHs wogo LWI:
aHani3 ynepeaKeHob,
obmerKeHb, MaHinynauin

DigComp 2.2 — npuknagm;
European Commission — pekomeHgau,ii.

Po3pobKa HaBYasibHUX 3aBAAHD i
MeTOAMYHMX MaTepianis gna GopmMyBaHHA
HaBUYOK KPUTUYHOTO aHani3y Ta OLiHKK
pe3ynbTaTis LLI.

BukopucTaHHsa WI y HaByaHHi /
neaaroriyHiv npakTuui

UNESCO — pamka;
UNESCO — npuknagmn npakTumkK.

IHTerpauia nepefoBOro 4ocBigy, aganTauis
[0 NpegMeTiB Ta MeTOA0/10riM, fobipKa
iHCTPYMeHTIB i MeToAjiB A1 ePeKTUBHOTO

3aCTOCyBaHHA B Knaci.

Jpiepeno: asmopcbKa po3pobka.

OcHoBHOWO npobnemoto iHTerpauii MUl 3anMwaeTbca HepoOCTaTHIM piBEHb HAYKOBO-METOAMYHOTO 3abe3neyeHHs,
obmerkeHa f0bipKa ePpeKTUBHUX MiAXOAIB A0 MOro BMKOPUCTAHHS Ta BiACYTHICTb BiANpPaubOBaHMX MeTOAiB OuiHtoBaHHA LUI-
CMCTEM Y HaBYaHHI Ta po3BMTKY ILK y4acHUKiB OCBITHbOro npouecy. Pasom i3 TUM, JOCAIANKEHHA BITYM3HAHUX | 3apybiKHUX
YYEHUX, @ TAKOXK OHOBJ/IEHI PaMKM UMPPOBOT KOMNETEHTHOCTI MiATBEPAMXKYIOTb HEObXiAHICTb 3acTocyBaHHA LUl AK iHCTpymeHTy
bopmyBaHHA Ta PO3BUTKY 3a3HAYEHOT KOMMNETEHTHOCTI, LLLO OXOMNJIOE HAaBUYKM Big, GOPMYNIOBAHHA 3aMUTiB 40 KPUTUYHOT OLHKM
pe3ynbTaTis.

BpaxoBytoun Ui BUKAMKK Ta HayKOBI Niaxoam, HeobxiaHe cuctemHe badeHHs iHTerpauii reHepatusHoro LI y npouec
pPO3BUTKY iHGOPMALIMHO-UMPPOBOT KOMNETEHTHOCTI YYHIB. Y LLbOMY KOHTEKCTI MPOMNOHYETLCA KOHLEeNnTyanbHa moaenb (Puc. 1),
AKa BiZOOPAXKAE KAOYOBI CKNAZHMKM Ta B3AEMO3B’'A3KM NPOLLECY: LiNboBMUI, CyH’'EKTHO-06’EKTHWUIA, 3MICTOBUIM, TEXHONOTIYHUIA,
METOAMYHUI, OpraHisaLinHuiA, eTUYHUI Ta Pe3yNbTaTUBHO-OL,iHIOBAIbHUIA.

Meta: HTEMPALIA TEHEPATUBHOI O WTYYHOI O IHTENEKTY
¥ MPOLEC PO3BUTKY IHGOPMALIMHO-LIM®POBOT KOMNETEHTHOCT! YUHIB

| CyCninLHo-ETHYHIA
pigeHs

¢ | Pisens ynpagninua |

S B
~h o
Uinsoawmi 3microsmin Oprasizauiiivuin =~ —— Evrunmi
. v
| i _ I T
A PeaynuratmeHo-
s . " o r T
CyB'ekTHO-06 EXTHUIA MeroamyHuin ) TMHUR oujiHioBANLHUH

Pesynbrar: PO3BUHEHA IHOOPMALIMHO-LIM®POBA KOMNETEHTHICTD YUHIB B YMOBAX IHTETPALII

FEHEPATWBHOTO WTYYHOr O IHTENEKTY

Puc. 1. KoHuenTyanbHa moaenb iHTerpauii reHepaTMBHOrO LUTYYHOrO iHTENEeKTY
y npouec po3BUTKY iHpopMaL,iliHO-LUMPPOBOI KOMNETEHTHOCTI Y4HIB piBHA 63a30B0OI cepefHbOT OCBITU

[#cepeno: aemopcoKa po3pobKa.
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Ljinbosuli cKnadHUK MoaeNi XapaKTePU3YETLCA CNPAMOBAHICTIO Ha pOpMyBaHHA Ta PO3BUTOK iHpOpMaL,iiHO-UnPpoBOT
KOMMNETEHTHOCTI Y4HiB, NiAroToBKy A0 poboTu 3 lNLUI-cuctemamm, po3BUTOK KPUTUYHOTO MUCNEHHSA Ta LMGPOBOT ETUKM.

Y mexax Linbosoro 610Ky BU3HaYaloTbCA 3080aHHA, CNPAMOBAHI Ha NoeTanHe 3abe3neyeHHA JOCATHEHHA MeTH:

(1) o3HaliomneHHA yyHiB 3 NpMHUMNamm poboTu MU Ta Moro GpyHKLIOHANbHUMM MOKANBOCTAMMU;

(2) popmyBaHHA BMiHHA GOPMYNIOBATM HiTKi Ta KOPEKTHI 3anuTK (MpomnTK);

(3) pO3BMTOK HABMYOK KPUTUYHOTO aHai3y Ta OLHKM OTPUMAHOI iHbOopPMaLLiT;

(4) BUXOBaHHA YCBIAOMIEHOTO Ta ETUYHOTO CTaB/IEHHA [0 BUKOPUCTAHHA LUPPOBUX IHCTPYMEHTIB.

LinboBUIA CKNAAHWMK TaKOXK BM3HAYa€E NeJaroriyHi OPiEHTMPU Ta CTaHAAPTM OCBITHLOI AiANBHOCTI, WO 3abe3nevyoTb
BignoBigHicTb Moaeni Bumoram 6a3oBoi cepeaHboOi OCBITH, 30Kpema GopMyBaHHIO OAHIET 3 K/HOYOBUX KOMMNETEHTHOCTEN YYHIB —
iHpopMmauiliHO-LMbpOBOI. BiH 3aKNada€e NoriYHY OCHOBY ANA iHWKWX 6A0KIB Moaeni, Gopmyroumn 3B’A30K MidK OCBITHIMK Linamu,
opraHisaLiinHO-nearoriyHMMM 3axo4aMu Ta OYiKYBaHMMU pe3ybTaTaMu HaBYaHHA.

Cy6’ekmHO0-06’eKmHuli CKAAOHUK mogeni nepenbayae yaBAEHHA OCBITHbOrO MPOLECY AK CUCTEMM B3AEMOAIT MiXK
cy6’ekmamu (aKTUBHUMM y4acHUKaMK) Ta 06’ekmamu (LMOPOBUMM M TEXHONOTIYHUMM IHCTPYMeHTamm) (Tabamusa 2).

Tabnuua 2. EnemeHTH cy6’eKTHO-06’EKTHOrO CKNAaZHUKA moaeni

EnemeHTn Onwuc

Cy6’ektn Yu4Hi — 0CcHOBHi KopucTyBayi LUI-iHCTPYMeHTIB, AKi PO3BMBAlOTb HABUYKM CAMOHABYaHHA, KPUTUHHOTO MUCIEHHA
Ta uMdpPOBOI FPAaMOTHOCTI.

BuuTteni — pacunitaTopu i mogepaTopu OCBiTHbOrO Npouecy, AkKi iHTerpytoTb M| ana nepcoHanisauii 3aBaaHsb,
OLLiHIOBAHHA Ta NiATPUMKM Pi3HUX CTUAIB HaBYAHHA.

BaTbKu — napTHepu OCBITHBOrO Mpouecy, WO 3AiNCHIOTb KOHTPO/Ab i GOPMYIOTb EeTWYHI OpieHTUPU
BMKOPUCTaHHA TEXHOOTIN AiTbMM.

ApMmiHicTpauia — cTpaTeriyHi meHegXepu OCBITHbOrO cepefoBMLLa, BiANOBIAANbHI 3@ NOAITUKM, BNPOBALKEHHA
Ta MOHITOPUHT epeKTUBHOCTI LMPPOBUX iIHHOBALLI.

IT-cneujianictu — TexHiyHi mopepatopu, Aki 3abe3neuyloTb iHPpPacTPyKTypy, Kibepbesneky Ta agantauito
nnatpopm Ao noTpeb KOPUCTYBaYiB.

06’ekTn FWi-mopeni (ChatGPT, Gemini, Claude Towo) — iHTENEKTYaNbHI areHTy, Lo BUKOHYIOTb GYHKLiT aBToMmaTn3au,ii,
reHepaLii 3HaHb, CTBOPEHHA a4aNTUBHUX CLEHApPIiiB HAaBYaHHA.

Lindposi ocBiTHi pecypcu (enekTpoHHi 6i6Ni0TeKN, OHNANH-KYpCW, iHTEPaKTUBHI maTtepiann) — 6asa ana
nornnbaeHHs 3HaHb i GOPMyBaHHA AOCNIAHULBKOT KOMNETEHTHOCTI.

OcsitHi nnatpopmu (Moodle, Google Classroom, Edmodo) — opraHisauiiHi cepefoBuiLa ANA KOMyHiKau,ii,
CNiNbHOT PO6OTM Ta MOHITOPUHTY Nporpecy.

IHHOBAULiNHI cepBicu (BipTyanbHi nabopaTtopii, HaBYANbHI CUMYNATOPU, AAANTUBHI THIOTOPK) — IHCTPYMEHTU ANA
PO3LIMPEHHA MOX/IMBOCTEN AOCBIAY Ta NPAKTUYHOTO HAaBYAHHA.

[bwepeno: asmopcbka po3pobka.

36anaHcoBaHa B3aemMogia Cyb’ekTiB Ta 00’€KTiB y LUMPpPOBOMY cepefoBULL € YMOBOK €TMYHOrO Ta e(peKTUBHOro
BnpoBagKeHHA M. Cy6’ekKTHO-06’€KTHUIA CKNaAHWUK A03BONAE BUBYAYyBaTH LiNiCHY MOAeNb OCBiTHbOI B3aEMOAI|, Ae TeXHONOTIi
He 3aMiHIOITb NI0AUHY, @ BUCTYNAKOTb «NAPTHEPAMM» Y CMiSIbHOMY TBOPEHHI 3HaHb, 3abe3nedytoun 6anaHc Mix iIHHOBaLiAMM Ta
rYMaHiCTUMHMMM LLIHHOCTAMM OCBITH.

3micmosuli cKnadHUK Moeni CNPAMOBAHUI Ha iHTerpauito MUl B HaBYanbHi Nporpamu (CTBOPEHHs, peaaryBaHHs,
aHani3 TeKcTiB, 306paXKeHb, Moaeneit), BUKOPUCTaHHA MOro y MidKAMCLMNAIHAapHKUX npoekTax, STEM/STEAM-ocBiTi, Ludposiit
TBOPYOCTi, @ TAKOX Ha BMNPOBaAMEHHA OCBITHIX iHHOBaLiX (Mo6inbHi 3actocyHkM, AR/VR/MR, reimidikauia, agantmeHi
nnatoopmm). Knto4oBoo MeToo LibOro CKNafHUKa € CTBOPEHHA HOBOMO OCBITHbOTO KOHTEHTY Ta TpaHchopMaLlia TpaamLiiHUX
HaBYa/bHUX MiAX0AiB BiANOBIAHO A0 BUKAMKIB LMdpPOBOI epu.

Mo-nepwe, 3actocyBaHHA (LUl [03BONSE PO3WMPUTM MOMKAMBOCTI PobBOTM 3 HaBYa/NbHMMMKM MaTepianamu: Big,
aBTOMATU30BAHOIO CTBOPEHHSA M pefaryBaHHA TEKCTiB, aHaNi3y Ta y3arasbHeHHs iHpopmaL,ii Ao reHepaLii 306paxkeHb, mogenei
i Bi3yanisauii, WO CNpUAIOTL KPaLWOoMy PO3YMIHHIO CKAagHUX NOHATb. Lle He nvwe nonerwye 40CTyn A0 HaBYalbHWUX Pecypcis,
ane i CTUMY/IOE PO3BUTOK HAaBUYOK KPUTUHHOTO OCMUCAIEHHA KOHTEHTY Ta MOro TBOPYOi aganTalii.

Mo-apyre, 3MiCTOBUIA CKNAAHMK NiIAKPECNIOE PONb reHepaTuBHOro LIy mixkancumnaiHapHUX NPOEKTaX, WO IHTErpytoThb
rymaHiTapHi Ta NpUMpoAHNY0-HAYKOBI 3HaHHA. BukopuctaHHa LIy STEM Ta STEAM-0CBITI CTBOPIOE YMOBU AN1A 3a/y4eHHA YYHIB
A0 AOCNIAHUUBKMX | NPAKTUKO OPIEHTOBaHMX 3aBAaHb, e NOEAHYIOTLCA MPOrpaMyBaHHA, AM3aliH, MUCTELTBO Ta HayKoBWI
eKkcnepumeHT. Y Takomy cepegosuui FLUI BUCTYNaE AK iIHCTPYMEHT iHTerpaw,ii pisHUX ranysen 3HaHb i CTUMY/IOBAHHA KOIEKTUBHOT
poboTu.

Mo-TpeTe, y ¢OKyCi LbOro cKnafHuWkKa nepebyBae PO3BUTOK UUPPOBOI TBOPYOCTI. YYHI OTPUMYIOTb MOXKAMBICTD
peanisyBaTtu iHAMBIAYaNbHI Ta rPynoBi TBOPYi NPOEKTM 33 AONOMOrO0 iHHOBALIMHMX CEpBICiB — Bif Bi3ya/ibHOro MUCTELTBA A0
CTBOPEHHA iHTepaKTMBHMUX meaianpoaykTis. MWI Bigkpusae npocTip Ana iHAMBIAyani3auii OCBITHbOro A0CBiAY, A403BOAAIOYM
Y4YHAM 06MpaTh GopMM Ta IHCTPYMEHTU 1A BUPANKEHHSA BNACHUX iaei.

3MICTOBUIA CKNAAHWMK TaKMM YMHOM Bifobparkae 6araToBEKTOPHUI Niaxig 40 OHOBNEHHA 3MICTy OCBITM: BiH MOEAHYE
KOMHITUBHMI, TBOPYIiIA Ta TEXHONOTIYHMI BUMIPWU HAaBYaHHA, CNPAMOBYIOYM OCBITHIM Npouec Ha popmyBaHHA LinicHOT ILK yyHiB.

MemoduyHuli CKAAGOHUK MOLEeNi XapaKTEPU3YETbCA 3aCTOCYBAaHHAM NeAaroriyHux cTpaTteriv (npob1emHo-opieHTOBaHeE,
NPOEKTHE, KONIEKTUBHE HAaBYaHHA), METOAMK GOPMYBAaHHA HABUYOK CTBOPEHHA 3anuTiB Ao LI, a TaKoX MeToZiB OLiHIOBAHHA
(aBToMaTn30BaHi TECTU, aHANI3 NPOrpPeCy, CAMOOLLHIOBAHHSA i B3AEMOOLLHIOBAHHSA).

MeparoriyHi ctpaterii popmytoTb ocHoBy BMKopucTaHHA ML y knaci. MpobaemHo-opieHTOBaHe HaBYaHHA CMPAMOBYE
YYHiB Ha NOLWYK pilleHb ANA peasibHMX 3aBAaHb 3a AOMNOMOTIO0 reHepPaTUBHUX IHCTPYMEHTIB, CTUMY/THOI0YM PO3BUTOK KPUTUYHOTO
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MWCNEHHSA Ta AOCNIAHULbKMUX HAaBMYOK. MPOEKTHe HaBYyaHHA 3abe3neyye iHTerpauito MUl y mixkaucuMnaiHapHi NPOEKTH, Ae YUHI
BMKOPUCTOBYIOTb MOTrO AN CTBOPEHHA KOHTEHTY, aHani3y faHUX YU MOAENIOBAHHA, TUM CamUM GOPMYLOUM NPAKTUKO-OPIEHTOBAHI
KOMMeTeHTHOCTI. KoNleKTMBHE HaBYaHHA, migcuneHe uMdpPoBUMM cepBicamu, A03BOJIAE OPraHi3oBYyBaTU CMIBMPALLO YYHIB Y
pO3B’A3aHHI CKNaAHMX 3aBAaHb, CpuAoYM GopMyBaHHIO KOMYHIKAaTUBHMX i cOLialbHUX HAaBUYOK Y LMGPOBOMY CepeOBULL.

Lpyrum BaKNMBMM acrneKTOM € MeTOoANKM GOpMyBaHHA HAaBMYOK CTBOpeHHs 3anuTiB o Wi (prompt engineering).
YYHAM HeobXigHO HaBYATMCA KOPEKTHO GOPMY/IHOBATKM IHCTPYKLIT Ta NUTaHHSA, abu focaraTi pefeBaHTHUX | eTMYHMX BignoBiaen.
Lle po3BuBae He nuLe TeXHIYHI KOMMETEHTHOCTI, @ I KOTHITUBHY FHYYKICTb, YMIHHA CTaBUTU YTOYHIOBAIbHI MUTAHHA Ta KPUTUYHO
aHanisyeBaTn OTPMMaHi pe3ynbTaTu.

MeToan OUiHIOBaHHA HaBYaNbHUX AOCATHEHb TPaHCPOpPMyOTbCA 3aBAAKM iHTerpauii M. ABTomaTnsoBaHi Tectn Ta
CUCTEMM aHaNi3y Nporpecy A03BONAIOTb 34iMCHIOBATM WBUAKUIA | NepCcoOHaNi3oBaHM 3BOPOTHUI 3B’A30K. CaMOOLLiHIOBAHHA Ta
B33aEMOOLLiHIOBAHHA, MNiATPUMaHI undpoBuMM nnatdopmamu, po3BuBatOTb pedNeKCUBHICTb, BiNOBIAANBHICTL 33 BAacHe
HaBYaHHA Ta BMiHHA KOHCTPYKTUBHO aHani3yBaTu poboTy iHWwux. BukopuctanHa MUl ana popmyBanbHOro OLHIOBAaHHA CTBOPIOE
HOBi MOXX/IMBOCTI ANA AiarHOCTMKM CUNBbHUX i CNaBKUX CTOPIH YYHIB, cnpuatoum NnobyaoBi iHAMBIAYaNIbHUX OCBITHIX TPAEKTOPIN.

TakMM YMHOM, METOAMYHUIN CKNAAHWK BU3HAYa€e nefaroriyHi ymosu iHTerpauii reHepaTtusHoro LUl y HaByaHHA. BiH
3abe3neyye rapmoHiliHe MOEAHAHHA iHHOBALMHUX TEXHOJOTM 3 NepeBipeHMMU AUMAAKTUYHMMU NiAXOAAaMM, WO [L03BONAE
nepeTBOPUTM LMPPOBI IHCTPYMEHTU Ha ePeKTUBHUX «MapTHEpiB» Yy PO3BUTKY KOMNETeHTHOCTeN Ta GopmyBaHHI HaByasbHOI
ABTOHOMIi y4HiB.

OpezaHizayiliHuli cknadHuk mopeni nepepsbadae GopmyBaHHA NOANITMKM  undpoBOi TpaHchopmauii  WKowu,
3abe3neyeHHA JOCTYNHOCTI Ta 6e3nekn LMbPOBUX cepeaoBULL, HanarogKeHHsA cnisnpaui 3 IT-komnaHiamu, yHiBepcuTeTamm Ta
OCBITHIMM CTapTanamu.

Lei cknagHWK OKpec/toe ynpaBiHCbKi, IHPPaCTPYKTYpHI Ta NapTHePCbKi yMOBM, HeobXigHi Ana ebeKTMBHOI iHTerpauji
FWI B oCBiTHIl Npouec. BiH BU3HaYae NONITUKY, MexaHi3aMM Ta pecypcu, Wwo 3abesnevyroTb CTanicTb UnMdppoBoi TpaHchopmalLii Ta
cnpuatoTb po3suTKY ILIK yyHis:

— popmyBaHHsA NoNiTMKKM LMbpoBoi TpaHchopmaL,ii WKonn nepeabayae, Wo agMmiHicTpaLia Mae po3pobnaTu cTpaTeriyHi
OOKYMEHTH, AKi PErIaMeHTYIOTb BUKOPUCTAHHA FeHepaTUBHUX MoZAesel, BU3HayatoTb NPUHLMMM akageMiyHoi gobpoyecHocTi,
€TUYHi HOpMM Ta OpieHTUPK 6e3neyHoi B3aemogii 3 TexHonoriAMM. Taka MOAITMKA MAE y3roA)KyBaTWUCA 3 HaLiOHaNbHUMMU
OCBITHIMW CTaHZaApTaMM Ta rNobBaNbHUMKU PEKOMEHIALIAMM, CNPUAIOYM LiNecCnpPAMOBAaHOMY M CUCTEMHOMY BMNPOBAAMKEHHIO
LMbpoBUX iIHHOBALLN;

—3abe3neyeHHsa AO0CTyNHOCTI Ta 6e3nekn undposux cepenosuly nepesbayae po3BUTOK iHOPACTPYKTypU (iHTEpHET-
3’elHAaHHA, cepBepu, HaBYaNbHI N1aTGOPMK), BNPOBAAKEHHA CUCTEM KiBEP3axMCTy Ta 3aXMCTY NEPCOHANBbHUX AAHUX, @ TaKOXK
CTBOPEHHA YMOB PiBHOrO A0CTYNY ANA BCiX YYHIB HE3aNEXKHO Bif, coLiaNbHO-EKOHOMIYHUX dhaKTopiB. OpraHisauiiHuii CKNagHUK y
LbOMY acneKTi NOKAMKaHWIA MiHIMi3yBaTV UMdPOBY HEPIBHICTb Ta rAPaHTYBaTH iHKAKO3MBHICTb LIMdPOBOI OCBITH;

— Ha/laroA’KeHHsA MapTHePCbKoi B3aemogii 3 IT-komnaHismM, yHiBepcMTETaMM Ta OCBITHIMWM cTapTanamu nepenbdayae
TpaHcdep 3HAHb, 3a/y4eHHs iHHOBALMHMX pilleHb i CTBOPEHHA CMiINbHUX MPOEKTIB, WO PO3LWMPIOOTL OCBITHIM MpOCTip.
YHIBEPCUTETU MOKYTb BUCTYNATU HAYKOBO-METOAUYHUMM LeHTPamu, IT-komnaHii — TexHoNorYHMMM NpoBaligepamu, a cTapTanu
— [XKepenom KpeaTuBHUX OCBITHIX pilleHb. Liei TPUKYTHUK B3aemogii GOpMye BiIKPUTY OCBITHIO EKOCUCTEMY, A€ LWKOJA CTAE He
Nvilie CNoXKMBayeMm, ase i cniBTBOPLEM iIHHOBaLiMHUX MPaKTUK.

3arasiom OpraHi3aLUiiHUiA CKNagHUK CNPAMOBAHWIA Ha iHCTUTYUiani3auito iHTerpauii reHepatusHoro LI, dopmyBaHHA
LUMdpPoBOT KyNbTYpH LIKOAK Ta 3abe3nedyeHHA 6e3nepepBHOro Po3BUTKY OCBITHLOIO cepefoBMLLA. BiH BU3HAYaE pamKu, y AKUX
BiAOYBAETbCA B3aEMOLIA BCIX YY4aCHWKIB OCBITHLOrO MpoLecy, Ta 3abe3neyye 6anaHC MK TEXHONOMNYHUMMU MOMKIUBOCTAMMU
coL,iaNIbHOO BiANOBiIAANbHICTHO.

TexHonoziyHuli cknadHuk oxonnoe ¢GopmM opraHisauii ocBiTHbOro npouecy (3miwaHe, MobinbHe HaBYaHHSA,
nepcoHani3oBaHi TPAEKTOPIT), BUKOPUCTAHHA IHCTPYMEHTIB (4aT-60TH, BipTyasbHi THIOTOPW Ta ACUCTEHTU, CUMYNATOPU, aHANITUKA
HaBYasIbHUX AaHUX) Ta iHTerpauito i3 cuctemamu LMS, e-nopTtdonio, XMapHUMK cepefoBULLIAMMN.

TexHonoriyHMi BNOK BKAtOYAE BUOIp 3acobiB Ta nnatdopm, wo 3abesneyvytoTb edeKTUBHY peanisauito mogeni:
iHTerpauis 3acobis LUl gna cTBOpeHHA TeKCTiB, 306pakeHb Ta Bigeo (A0 npuknaay, ChatGPT, MC Copilot, MidJourney, DALL E 3,
Imagen, Video Studio Al, Adobe Firefly Towo); undposi nnatdopmun ana npesentauint (Google Slides, Canva, Gamma Towo) i
cninbHoi poboTtn (Google Workspace (Docs, Sheets, Slides, Meet), Microsoft 365 (Teams, Word, Excel, PowerPoint, OneDrive),
Slack, Discord, Miro ToL0), @ TaKOXK iIHCTPYMEHTU AN MOHITOPUHTY i BiAcTeXeHHA nporpecy y4His (Classtime, Kahoot!, Nearpod,
Google Classroom, Moodle ToLo). BiH opMye NpaKkTUYHY OCHOBY ANA AOCATHEHHA PE3YNbTaTiB, BUSHAYEHUX Y LinboBOMY 60U,
i cTBOPIOE YMOBYM A4 ePeKTUBHOrO NOEAHAHHA HAaBYANbHUX CTPATETIM Ta LUPPOBUX TEXHONOFIN.

EmuyHuli cknadHUk mogeni mae 6araToBUMIpPHWIA XapaKTep i BM3HAYaE€ LiHHICHI OPIEHTUPW, WO pPeryntoTb
BMKOPUCTaHHA TexHonorin Tl B ocBiTHbOMY cepefoBuuli. BiH cnpsmoBaHW Ha GOpMyBaHHA B Y4YHIB 34aTHOCTI He Auwe
OMaHOBYBATU UMPPOBI IHCTPYMEHTH, @ 1 KPUTUYHO OCMMUCAIOBATU HACNiAKM iXHBOTO 3aCTOCYBaHHA. Y LeHTPi LibOro CKNagHMUKa
nepebysae undpoBa eTuKa, Wo nepesbayac AOTPUMAHHA NPUHLMMIB aKadeMiyHOi 4oBpoyecHOCTi, HOPM aBTOPCLKOrO NpaBa,
3aXMCTY NePCOHaNbHMUX AAaHUX Ta PO3BUTOK BiANOBIANbHOIO BUKOPUCTaHHA LLI.

ETUYHMI CKNAZHMK NOEAHYE HOPMATMBHO-MPABOBI, MOPA/ibHi Ta OCBITHI acnekTW. BiH He nuwe 3a4a€e pamku
[0NYCTUMOTO BUKOPUCTAHHA TEXHOJOTIN, ane i GOpMYeE y LIKONAPIB HOBY KyNbTypy LMpPOBOI B3aEMOAII, LLO FPYHTYETLCA Ha
YecHOCTi, BiANOBIAaNbHOCTI Ta NOBasi A0 npas iHWKX. Came LA OCHOBA A03BONAE 3p06UTM NpoLec UMdPOBOro HaBYaHHA He inLle
epeKTUBHMM, a 1 colianbHO 6e3neYyHMM Ta LiHHICHO OPIEHTOBAHUM.

Pe3ynbmamueHo-oyiHi08anbHUll CKAGOHUK XapaKTepU3YETbCA BUSHAYEHHAM KPUTEPIiB OLiHIOBaHHA chOPMOBAHOCTI
ILUK, MOHITOPUHIOM HaBYaNIbHUX AOCATHEHD i PiBHA LUMGPOBOI rPaMOTHOCTI, PO3BUTKOM KPUTUYHOIO CTaBAEHHA A0 pe3y/bTaTis
po6otu 3 T'WI (Tabanua 3).

Y ueit enemeHT moZeni 3akN1aaEMO OLLHIOBAHHA, CAMOOLLIHIOBAaHHA Ta B3aEMOOLLIHIOBAHHA pe3y/bTaTis; popmyBaHHA
HaBUYOK pednekcii Wwoao mex i gouinbHocTi BUKopuctaHHA LI, MopAag 3 BUMTENbCbKMM OLLIHIOBAaHHAM, CAMOOLLIHIOBAHHA Ta
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B3AaEMOOLLiHIOBAHHA pe3ynbTaTiB 3a6e3neyytoTb PO3BMTOK METAKOTHITUBHMUX YMiHb: YUYHi HEe SiMe aHani3yloTb PiBeHb BAACHMX
[OCATHEHb, a i BYaTbCA afleKBATHO OLLiHIOBATW Pe3y/ibTaTy iHLWMX, WO CNPUAE BUXOBAHHIO BiANOBIAaNbHOCTI, 06’€KTUBHOCTI Ta
KOHCTPYKTMBHOT KOMYHiKaLLii B OCBITHbOMY CepefoBuLL;.

Tabanua 3. Kputepii Ta NOKa3HMKM OLHIOBaHHA B MeXXaX pe3ybTaTUBHO-OLHIOBA/IbHOrO CKAagHUKa moaeni

Kpurepii MoKa3HMKM OLiHIOBAHHA

MoKa3HUKuU (aKicTb po60TH YYHA 3 reHepaTUBHUM LLI):

— y4yeHb pOpPMY/IHOE 3p03YMiNi Ta KOPEKTHI 3aNuUTK;

— Y4eHb OTPUMYE pe3y/bTaTy, WO 33a40BO/IbHAIOTL 3aMUTaMm;
— y4YeHb aHani3ye oTpumaHi Bignosig,i.

MeparoriyHe
OLiHIOBAHHA pe3ynbTaTiB
LIANBHOCTI yYHA

loKasHuUKu:
ChopMOBaHiCTb B y4HiB — y4eHb 34aTHUIN ONUCATU BNACHUI BHECOK Y BUKOHAHHA 3aBAaHHS;
YMiHb CAaMOOLLIHKM — Y4YeHb NOPIBHIOE CBOI pe3y/bTaTu 3 BUSHAYEHUMU KPUTEPIAMM YCMILLUHOCTI;

— y4eHb BU3HA4a€ BNACHI CUJIbHI CTOPOHM Ta chepu AN BAOCKOHANEHHS.

lMoKa3HUKU:
ChopMoBaHicCTb B y4HiB — y4yeHb HaZa€ aprymeHTOBaHi Bigrykn Ha poboTy O4HOKNACHUKIB;
YMiHb B3aEMOOL,HKMN — YYeHb BUABJIAE 34aTHICTb A0 KOHCTPYKTUBHOI KPUTUKMU, AOTPUMYKOUMCb ETUYHUX HOPM;

— Y4YeHb BUKOPUCTOBYE Pe3ybTaTU B3AEMOOL,IHKM A1A MOKPALLEHHA BAAaCHMUX OCBITHIX MPOAYKTIB.

lMoKa3HUKuU:
Pednekcis wono — Y4eHb aprymeHTOBaHO BM3Ha4yae chepu ePeKTMBHOIO BUKOPUCTAHHA reHepaTusHoro LUI;
[OUiNbHOCTI — y4eHb ycBigomtoe obmexkeHHs LI Ta pusmkn, NoB’A3aHi 3 MOro 3acToCyBaHHAM.
BMKopucTaHHA LI — Y4eHb BMIi€ OKPECIUTU CUTYaLLii, KoK CAif NOKNaAAaTUCA Ha BNACHI 3HAHHA, @ HE Ha pe3y/bTaTu

reHepaTMBHOI MoZeni.

lMoka3HuUKu:

— YYeHb CTaBMTb 3anNMUTaHHA A0 pe3ynbTaTiB, OTPUMaHuX Big, LI, KpUTUYHO aHanisye ix;

— y4eHb nopisHIoe Bignosiai LWI 3 iHwumn axepenamu iHpopmal,ii;

— Y4eHb A@MOHCTPYE 34aTHICTb NPUIAMATM CAMOCTIVHI pilleHHA HA OCHOBI aHANI3Y KiNIbKOX AyKepen.

PO3BUTOK KPpUTUYHOTO
MWUCNEHHA Ta UMPpoBOI
aBTOHOMIT

[bwepeno: asmopcbka po3pobKa.

3anponoHoBaHi KPUTEPIi Ta MOKa3HUKM MOXKYTb CTaTU B Harogi BUNTENAM Yy NPOLLECi OLiHIOBAHHA PiBHA CHOPMOBaAHOCTI
YMiHb YYHiB, NPOCTEXYBATH, AK YYHi NepexonAaTb Bif NOBEPXHEBOro BMKopuCTaHHA LUI Ao #oro ycBigomneHoro, eTMYHoOro Ta
aBTOHOMHOIO 3aCTOCYBaHHA.

Pe3ynbTaTMBHO-OLHIOBANIbHUI CKNASHUK MOAENi BUCTYNAaE MedaroriyHMM MEXaHi3MOM, WO MOEAHYE OLiHIOBAHHS,
CaMOOL,iHIOBAHHA, B3aEMOOLHIOBAHHA, pedJieKcito, CTBOPHOOYM YMOBM A1 CAMOPO3BUTKY, KPWUTUYHOI aBTOHOMII Ta
ycBifomneHoro BuKkopucTtaHHa LI B ocBiTHbOMY npoueci.

IHTerpauia MWl y po3sutok ILUK yyHiB 6a30B0i cepenHbOi OCBITM € BaKNIMBMM HanNpAMOM MOAEPHIi3aLLii OCBITHbOrO
npouecy. 3anponoHOBaHa KOHLUENTyalbHAa Mogenb 3abe3neyye BiAMNOBIAHICTE E€BPOMENCHKMM Ta MidKHAPOAHUM pPamMKam
KOMNETEHTHOCTI; BPAaXOBYE PU3NKM i MOXKANBOCTI BUKOpUCTaHHA LUI; cnpuae dopmyBaHHIO KPUTUHHOFO, TBOPYOFrO M €TUYHOTO
MUCNEHHSA YYHiB.

KoHuenTyanbHa moaens nepeabavae Taki pisHi iHTerpauii LI B 6a308ii cepeaHii ocsiti (Lytvynova et al., 2024):

1. PigeHb y4HA

— Wl nigTpumye nepcoHanizoBaHi OCBITHI TPAEKTOPIi, BPaxoOBYyKUM TEMM HaBYaHHA, pPiBeHb MiArOTOBKM Ta CTWU/b
CNpUHATTA iHpopMmaLii, wo cnpusae popmysaHHto ILK;

— BUKOPUCTOBYIOTbCA 4aT-60TW, CUCTEMWM PEKOMEHAALIN, afanTUBHI TecTM ANA PO3BUTKY HaBMYOK pobotn 3
iHpopmauiero Ta LMPPOBUX IHCTPYMEHTIB;

— 3abe3neyvyeTbcA iHAMBIAYaNi3aLis HaBYaHHA: YUYHi OTPMMYIOTb 3aBAAHHA, PECYPCU Ta MOACHEHHS, WO BiAMNOBIAAOTb
iXHiM 3gi6HOCTAM | noTpebam, GopmMytoUM KPUTUUYHE MUC/IEHHSA | 34aTHICTb OLHIOBATK pe3yabTatn poboTu MLLUI.

2. PigeHb yyumensa

— WI BMCTynae iHHOBALiMHMM [HCTPYMEHTOM NIATPMMKM, [AONOMAralouyM aHanisyBaTM MNPOrpec KOMKHOIo Y4Hs,
dopmMyBaTH iHAMBIAYaNbHI NNaHM HABYAHHA Ta PeKOMeHAyBaTU A0AATKOBI MaTepianu, Wwo 6esnocepeHbo cNpuae po3BuTKy ILK
YUHiB;

— 3MEHLUYE PYTUHHE HaBaHTaXKEHHA, A03BONAIOYM 30CEPesUTUCA HA TBOPYIM Ta BMXOBHIN poboTi Ta meToguyHOMY
CynpoBOAi PO3BUTKY LUDPOBUX KOMNETEHTHOCTEN;

— BUKAMKK: noTpeba y BnacHii LMpoBiA KOMNETEHTHOCTI, ycBigomneHe BUMKOpUCTaHHA LUI, eTUYHi nuTaHHA, AKi
BYUMTE/Ib NOBMHEH BPAaxXOBYBATW MpPU iHTErpaLii TeXHONO i y HaBYaHHS.

3. PigeHb ynpasniHHA

— Ha ocHOBi aHaniTMkM T moXnMBe MNPOrHO3yBaHHA OCBITHIX pPe3ynbTaTiB, BUABMEHHA PU3UKY HeycnilHOCTI Ta
KOpeKuia nporpam, wo niarpumye dopmysaHHa ILIK y wmpluomy KonekTmsi yuHis;
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— NiATPUMKA NPUAHATTA YNPaBAiHCbKMX pilLeHb LLLOA0 OpraHisalii ocBiTHbOro npouecy, 3abesneyeHHsa pecypcamm ans
PO3BUTKY LMPPOBOi KOMNETEHTHOCTI YYHIB i Negaroris.

4. CycninbHuli ma emuyHuli pieeHo

— BMKopucTaHHA W B iHAMBIAYani3aLUil HaBYAHHA NigHIMAE NUTaHHA PiBHOro 4OCTyny, 6e3nekn AaHux, 3anobiraHHA
a/ITOPUTMIYHIN ynepearKeHOCTi Ta PO3BUTKY BifNOBIAANbHOrO CTaBNEHHA A0 UMDPOBUX TEXHOOTIN;

— noTpibHe BUPOHEHHA HOPM i MONITUK Ha PiBHI AepKaBu ana 3abe3neyeHHs eTMYHOro Ta 6e3neYHoro BUKOPUCTaHHA
TWwi, wo dpopmye y cycninbeTei 6a3oBsi iHpopmaLinHO-LMPPOBI KOMMNETEHTHOCTI.

BUCHOBKWM TA NEPCMNEKTUBU NOAAbLUOIO AOCNIAKEHHA

MpoBeaeHWn aHani3 3acBigyye, WO iHTerpauis reHepaTMBHOrO LITYYHOrO iHTENEKTY B OCBITHI Mpouec 3aknagis
3ara/ibHOI cepefiHbOl OCBITM € BaroMMM YMHHWKOM PO3BUTKY iHGOPMALiNHO-UMPPOBOT KOMNETEHTHOCTI y4HiB, GOpMyBaHHA
HaBMYOK 6e3neyHol, eTUYHOI Ta KPUTUUYHO O6rPYHTOBAHOI B3aEMOAIT HOBITHIMM TeXHOMOTIAMM. 3anydeHHn LI Hagae MOXKAUBICTD:
1) nepcoHanisyBaTM OCBIiTHi TpaeKTopii BiANOBIAHO 40 PiBHA MNiArOTOBKM Ta MOTPe6 Y4HiB; 2) CNPUATU PO3BUTKY KPUTUYHOTO
MWCNEHHSA, LMOPOBOI rPaMOTHOCTI Ta €TUKM; 3) pO3LIMPIOBATM 3MICT HABYAHHA 33 PAXYHOK MiXKAWCLMNAIHAPHWUX MPOEKTIB,
LMbpPOBOI TBOPYOCTI Ta iIHHOBALIMHMX MeToAiB; 4) NigBMLLYyBaTU ePEeKTUBHICTb NeAaroriyHoi AiaNbHOCTI Ta yNpaBaiHHA OCBITHIM
cepefoBuLLEM.

OO6rpyHTOBaHO KOHLLENTYasbHY MogeNb iHTerpauii reHepatueHoro LI y npouec po3sutky iHpopmaLiiHo-umpposoi
KOMMETEHTHOCTI y4YHiB 3aKnafiB 6a30Boi cepeaHbOl OCBITH, WO € CUCTEMHOI Ta HAraToBMMIPHOK, OCKIi/IbKM OXOMJIIOE BiCim
CKNAAHMKIB: LiNbOBUM, CY6'EKTHO-06’EKTHMI, 3MICTOBMI, TEXHONOTIYHWIK, METOAMYHWUIA, OpraHis3auiiHUiA, EeTUYHUN,
pe3yNbTaTUBHO-OLHIOBa/IbHUIA. Peanisauis 3anponoHoBaHOI Mogeni cnpuatume GOPMYBAHHIO B YYHIB HABUYOK KPUTUYHOTO
MUCNEHHSA, LMPPOBOI TBOPYOCTI, MiXANUCUMNAIHAPHOI B3aEMOZi Ta BiANoOBiAanbHOro BUKopucTaHHa LI, a Takox cTBOptoBaTUME
ymosn ana naptHepctsa 33CO 3 IT-cekTopom Ta iHWMMWM OCBITHIMM Ta HayKOBMMW ycCTaHOBamu. Mogenb moxe cratu
METOL010rYHOI OCHOBOO A/1f PO3POOKM HaBYANbHUX MPOrpam, LMPPOBUX OCBITHIX cCepeaoBULL i CTpaTerin po3BuUTKy Lmbposoi
KOMMNETEHTHOCTI Ha piBHI 3aKnaay OCBiTU. BaXAMBUM KOMMNOHEHTOM MOAENI € BU3HAUYEHHA KpUTepiiB (NegaroriyHe ouiHOBaHHA
pe3ynbTaTiB AifaNbHOCTI y4HA, CHOPMOBAHICTb YMiHb CAaMOOLHKM, cHOPMOBAHICTb YMiHb B33aEMOOLHKM, pednekcia wono
OOUINbHOCTI BUKOpUCTaHHA LI, pO3BMTOK KPUTMYHOrO MWCIEHHs Ta UMdPOBOi aBTOHOMIT) Ta MOKAa3HMKIB OLiHIOBaHHSA
iHpopmaLiiHO-UMPOBOT KOMNETEHTHOCTI Y4YHIB PiBHA 6a30BOi ceEpeaHbOI OCBITH.

Y nepcnekTuBi Noganblui AOCAIAKEHHA MOXKYTb BYTM 30cepearKeHi Ha eMnipuyHili Nepesipui moaeni y pisHUX TUNax
33CO (micbKMX, CiNbCbKMX, cnewjianizoBaHuX) ANA BUABNEHHA ePEKTUBHOCTI Ta aganTUBHOCTI, AOCAIAMKEHHI €TUYHUX acnekTiB
3actocyBaHHsA LI y 3aranbHilt cepeaHilt OCBITi, 30KpemMa NUTaHb akaLeMiYHOi 4OOPOYECHOCTI, aBTOPCTBA Ta He3neKkn AaHuX.

KOH®NIKT IHTEPECIB

ABTOPM 33ABNAIOTb NPO BiACYTHICTb KOHONIKTY iHTEpeciB.

®IHAHCYBAHHA

[JocnipxeHHA BUKOHaHe B Mexax «KOMNNeKCHOro HayKoBOro AOCNIAXKEHHA BUKOPUCTAHHA reHepaTUBHOIO LUTYYHOTO
iHTENEeKTY Ha Pi3HMX PIBHAX OCBITU ANA YAOCKOHANEHHA NeAaroriyHux Ta ynpasaiHCbKMX NPAKTUK», WO BUKOHYETLCA 33 PaxyHOK
6104 KETHUX KOLUTIB, CNPAMOBAHMX Ha 3abe3neyeHHa NPoBeAeHHA AepKaBHUMM HAYKOBUMM YCTAHOBAMM HAYKOBUX AOCNIAXKEHD
i HAYKOBO-TEXHIYHMX (eKcnepnMeHTabHMX) PO3PO6OK 3a pesy/ibTaTaMm AepaBHOi aTecTauii 3rigHo aorosopy Ne 5®/ C12-2025
NpPO BMKOHAHHA HAaYKOBOro AOC/iIAMKEHHSA, AKA 33 pe3y/ibTaTaMUu AeprKaBHOI aTecTalii 33 HayKOBUM HanpAmom «CycninbHUN»
BigHeceHa go rpynu A.

AOCTYNHICTb AAHUX

Lle focnigxeHHa He nepeabayano BUKOPUCTaHHA OKpeMMX Habopis faHUX.

BUKOPUCTAHHA LUTYYHOIO IHTENEKTY

BukopuctaHo ChatGPT pna noninweHHsA SAKOCTI MOBW, NepeBipKa rpamaTuKu. ABTOPM KPWUTMYHO nepesipuan Ta
Bigpenarysany oTpMMaHMUIM KOHTEHT i HecyTb NOBHY BifNOBIAANbHICTb 33 MOro 3MicT.
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ABSTRACT

AHOTALIA
®opmynioeaHHa npobaemu. MalibymHi eyumeni iHpopmamuku
ma ¢axieyi IT, Hae4arwo4uce y 3BO, mnosuHHi 3006ymu

KomrnemeHmMHOCMI, W0 po3Kpusarome ix 30amHicme i 20mosHicme
eghekmusHO sukopucmosysamu 3acobu Kommn’tomepHoi epagiku y
npogpecii. [oyinbHo y 3micm oceimHeo-npodeciliHux npoepam
po3Miulyeamu 0c8imHi KOMMOHEHMU, BUBYEHHA AKUX CPAMOBAHE HA
8UPObBAIEHHA HABUYOK pobomu 3 [HCMpymMeHmMamu mpusumipHoi
epaghiku, modentosaHHs, aHimayii U  OusaliHy. Peanizauia
OifnbHiCHO20 MiOX00y Yy MNOEOHAHHI 3 OHOB/EHHAM MPO2PAMHUX
3acobie 3ymo810e HeobxidHicMb Po3pobKU OUCMaHYiliHo20 Kypcy AK
MPAKMUKO-0PIEHMOBAHO20 pecypcy.

Memodu ma mamepianu. AHANI3 HOYKOBO-MEMOOUYHUX NPayb
3 Komn'tomepHoi  epacpiku;  BUOKPEMAEHHsA  KAY0BUX
pexkomeHOauili 3 po3pobraeHHA i 8NpPo8adHEHHA OUCMAHYiliHo20
Kypcy AK MPAaKMUKO-OPIEHMOBAHO20 Pecypcy; CrocmepexeHHs,
onumysaHHs i npedcmassaeHHsA 8a1ACHO20 NedazoidHoz20 00csioy.

Pe3ynemamu. 3anponoHo8aHO WAAXU MOOOAAHHA OCHOBHUX
BUK/UKIB 3 eus4YeHHA 3D-epagpiku, npoaHanizoeaHo oKpemi
acnekmu  po3pobKu ma  8nposadHeHHA  OUCMaHyiliHozo
MPAKMUKO-OPIEHMOBAHO20 KypCy, WO MOEOHYE iHCMPYKuiliHud,
iHpopmayiliHul, KoHMposto4ul, KoOMyHiKamueHUll CKAAOHUKU.
HaeyanbHi  moOyni  Kypcy npedcmaeneHo AK — cucmemy
n1a6opamopHuUx (MPAKMUYHUX) 3aHAMb, KOXCHE 3 AKUX Micmumeb:
opMynto8aHHA 3a80aHHSA; IHCMPYKYiliHi mamepianu; OianbHiCHY
yacmuHy; niodcymkosy pednekcito. Bisyanizayisa pe3ysbmamis
onumysaHHA 3006yeadie oceimu ma y3a20a7bHEeHHA 6/1aCH020
nedaeoeiyHo2o 00c8i0y 00380AUAU  PO3KPUMU  BUKAUKU i
rnepcrnekmusu 8rnposadHeHHA OUCMAHYiliHo20 Kypcy y npoyec
npogeciliHoi nidzomosku malibymHix gaxisyie.

BucHoBKu. Kno4YosuMU BUKAUKAMU OC8IMHbO20 rpoyecy €
MUMQAHHA MexXHIYHO20 i MpoepamHozo 3abe3neveHHs, 0MPUMAHHA
npuHyunie iHOusidyansHozo U OugpepeHyiliosaHozo nidxody,
8M1POBAOHEHHA AKMUBHO20 | MPAKMUKO-OPIEHMOBAHO20 HABYAHH.
HasuyaneHi  MoOyni  OucmaHuiliHo2o  Kypcy €  CYKynHicmio
nabopamopHux (Mpakmu4Hux) pobim, wo micmame eapiamusHi,
KOMMemeHmMHIcHi ~ 30800HHSA npogpeciliHozo CrPAMYBAHHS.
EcpekmusHicmo 0C8iMHLO20 npouecy nidcuntoemoca
3acmocy8aHHAM — mexHonoeii  BYOD. Bug4YeHHA  Mpo2pamHO20
cepedosuwja Blender 3D € OouineHUM 3 0enady Ha lozo
6azamogyHKuioHaneHicms, docmynHicme ma nepesaau y npoyeci
pobomu 3 HUM.

Formulation of the problem. Future computer science teachers
and IT specialists studying at higher education institutions must
acquire competencies that reveal their ability and readiness to
effectively use computer graphics tools in their profession. It is
advisable to include educational components in the content of
educational and professional programs, the study of which
is aimed at developing skills in working with three-dimensional
graphics,  modelling, animation and  design  tools.
The implementation of an activity-based approach in combination
with the updating of software tools necessitates the development
of a distance learning course as a practice-oriented resource.

Materials and methods. Analysis of scientific and
methodological works on computer graphics; identification of key
recommendations for the development and implementation of
a distance learning course as a practice-oriented resource;
observation, questioning, and presentation of personal teaching
experience.

Results. Ways to overcome the main challenges in studying
3D graphics are proposed, and individual aspects of developing
and implementing a distance practice-oriented course that
combines instructional, informational, control,
and communicative components are analyzed. The course
modules are presented as a system of laboratory (practical)
classes, each of which contains: task formulation, instructional
materials, an activity part, and a final reflection. Visualization
of the survey results and generalization of our own pedagogical
experience enabled us to identify the challenges and prospects
of implementing a distance learning course in the professional
training of future specialists.

Conclusions. The key challenges of the educational process
are issues of technical and software support, adherence to
the principles of an individual and differentiated approach, and
the introduction of active and practice-oriented learning. The
training modules of the distance learning course comprise a set
of laboratory (practical) works that contain variable,
competence-based tasks of a professional nature.
The effectiveness of the educational process is enhanced by
the use of BYOD technology. Learning the Blender 3D software
environment is advisable given its versatility, accessibility,
and advantages in the process of working with it.

K/IKYOBI  C/IOBA:  3D-epagpika;  ducmaHyiliHul  Kypc;
Komn'tomepHa epagpika; 3006yeay euwoi ocgimu; npogeciliHa
nidzomoska.

KEYWORDS: 3D graphics; distance learning course;
computer graphics; higher education applicant; professional
training.
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BCTYN

NoctaHoBKa npobaemu. OgHUM i3 KNOHOBUX 3aBAAHb 3aKaaay BULWOI ocBiTM (3BO) € popmyBaHHA KOMMNETEHTHOrO
daxiBus, AKMIN BONOAI€ 34aTHICTIO | FOTOBHICTIO ehEeKTUBHO NpaLoBaTH i3 Cyd4aCHUMM iHGOPMaLIMHUMM TEXHONOTIAMM. Y KOHTEKCTI
npodecinHoi gianbHocTi BUMTENA iHGOPMATUKKM un daxiBua 3 iHPOPMALIHUX TEXHONOFIM 0COBAMBOro 3HayeHHs HabyBatoTb
BMiHHA BMKOPWUCTOBYBATM Cy4acHe nporpamHe 3abe3neyeHHs, 30Kpema iHCTPYMEHTM TPUBUMIPHOI rpadikK, 3aCTOCYHKM
MOZEeN0BaHHA, aHimauii 1 an3aiiHy. BianosigHo, y 3micTi ocBiTHbo-NpodeciinHux nporpam (OMMM) BapTo pPO3MiLLyBaTV TaKi OCBITHI
KOMMNOHEHTU AK «OcHOBM Komn'toTepHOT rpadikv Ta aAusaliHy», «3D-mogentoBaHHA Ta Bisyanisauia», «AHimauis Ta umdposui
KOHTEHT», «[poeKTHa AiANbHICTb 3 BUKOPUCTAaHHAM 3D-iHCTPYMEHTIB» Ta CYMiXKHI 3 HUMMW. 3 ypaxyBaHHAM AiAsbHICHOTO niaxoay
00 HaBYaHHA | AMHAMIYHOrO OHOBJ/IEHHA MpPOrpamHoro 3abesnevyeHHs, HAyKOBO-MeAaroriyHMM mnpauiBHUMKam HeobxigHo
NPUAINATU yBary He vwe 3MiCTOBOMY HaMOBHEHHIO BiAMOBIAHWX ANCUMNIH, @ TAaKOX iX METOAMYHOMY Ta TEXHOIOTYHOMY
3abe3neyeHHI0. Y LbOMYy acneKTi aKTya/lbHUM € po3pobKa AUCTAHUiMHUX KYpCiB AK MPAKTUKO-OPIEHTOBAHUX PECYpCiB, WO
3abe3nevyroTb iHTEPAKTUBHICTb, AOCTYMNHICTb Ta ePEeKTUBHICTb OCBITHLOrO NpoLecy.

AHani3 aKTyanbHUX ApocnigKeHb. [UTaHHA BMBYEHHA KOMM'toTepHoi rpadiku Ta BIANOBIAHOINO NpPOrpamHoro
3abe3neyeHHAa y 3BO € aKTyaslbHMM ynpoOAOBX OCTaHHIX POKiB. Lie 3ymoBieHO PO3BMTKOM iHPOPMaALiNHUX TEXHONOTIN,
3POCTAHHAM NONUTY Ha $axiBLiB, 34aTHMX NPALLIOBATH i3 IHCTPYMEHTaMM TPUBMMIPHOTO MOAENOBAHHSA, Bisyanisauii M aHimau,ii.
Po3pobKy HaBYa/bHO-AMAAKTUYHOIO 3abe3neyeHHs, a TaKoX AOCNiAXKEeHHA 0cO6/MBOCTEN MOro 3aCTOCyBaHHA B OCBITHbOMY
npoueci 34ilcHI0BaNM AK BiTYN3HAHI, TaK i 3apybiXKHi HayKoBL,i.

Tak, H. THeako (2025) npoaHanisyBana cTaH i MepcnekTUBM NigroToBKM 3406yBaviB BMLWOI OCBITM 40 BUKOPUCTAHHA
pacTpoBoi 1 BEKTOpHOI rpadikM y npoodeciitHii aianbHocTi. S.J. Al-Nawaiseh, W.J. Alkasasbeh (2025) pocnignnum, wo
BNPOBaAEHHA B OCBITHI NMporpamu AMCUMNAIH 3 BUMBYEHHA Komn'toTepHoi rpadikm y 3BO cnpuae edpeKTMBHOMY PO3BUTKY
Bi3ya/lbHMX, KOTHITUBHWUX Ta KPeaTMBHWUX HaBMYOK. HaTOMiCTb «rapmoHiliHe NOEeAHAHHA TPaAMLiIMHUX TeXHOOorin rpadivHoi
NiArOTOBKM i Cy4aCHWX TEXHOJIOFi HAaBYaHHA» NO3UTUBHO BM/MBAIOTb Ha PO3BMTOK MPOCTOPOBOI YABM CY4acHOTO iHXeHepa
KOHCTPYKTOpa nig 4Yac BuB4YeHHA 3D-mogentoBaHHa (CaBenbeBa & Myctosoro, 2021). |. Teepgoxni6 1 A. lepkay (2024)
30CepeaKytoTbCA Ha KOMMAEKCHOMY BMBYeHHi 3D-mopesntoBaHHA B yMOBaX 3MIlAHOTNO HaBYaHHA Y 3aK/iagax 3arajabHoi
cepefiHboi OCBITM Ta BMOKPEMOIOTb Y LbOMY npoueci Taki TpyaHouwi: 3abe3neyeHHs TexHiYHOT NiATPMMKM, PO3pobKa
MeTOAMYHMX MaTepianis, A06ip MOTUBALIMHMX YMHHMKIB. OTPMMaHi BUCHOBKM 6/M3bKi [0 pe3ynbTaTiB AOCNIAKEHHA
G. Kushiator, M. Adashie, B. Ayim, 1. Y. Klodzi (2023), aki aKueHTylOTb CBOI yBary Ha AiasbHICHOMY NiAX0Ai 3acTOCyBaHHSA
UMPPOBUX TEXHOOTIW MNif, YaC BUBYEHHA KOMMN OTEPHOI rpadikmn yHHAMM CTApLLOI LWKOW.

Peanisauis 3D-npoeKTiB BMMarae 3acToCyBaHHA CMeLiani3oBaHOro NporpamHoro 3abesneyeHHs, pPisHOMaHITTA AKOro
BiAKPMBAE LUMPOKI MOXKIMBOCTI ANA YPi3HOMAHITHEHHA OCBITHBOrO Npouecy. JocnigHWKKU No-pi3HOMY MiAX0AATb A0 BUIHAYEHHA
HalbiNblW AOUINBHUX HCTPYMEHTIB. AHani3ylouM NporpamHi 3acTOCYHKM 33 QYHKLIOHAAbHUMM MOMKAMBOCTAMMU, chepoto
3aCTOCYBAHHA i CKNAQHICTIO OMaHyBaHHA, BYEHi MNiAKPECNIOTb, WO «BUOIP KOHKPETHOro rpadiyHoro pepaktopa Mae
34iCHIOBATMCA 3 YpaxyBaHHAM Linel HaBY4aHHA 3400yBayiB BMLOI OCBITM MEBHOI CreLiafbHOCTI Ta IXHbOro A0cBigy poboTu B
ranysi 3D-mopentoBaHHA» (Mastok Ta iH., 2024). O. 0. Mosiiuk, Y. B. Sikora, O. Yu. Usata. (2023) sk npob6iemHUit MOMEHT
BUAINAIOTL «CNPUMHATTA YYHAMM CKAAAHUX iHTepdeiiciB BignosigHOro rpadiyHoro nporpamHoro 3abesneyeHHa» Ta HaBOAATb
NPaKTUYHI peKomeHZaLil Woa0 BUBYEHHA TPUBMMIPHOI rpadiku y WKinbHOMY Kypci iHbopmaTuKku. Y csoto yepry, O. Mocitok
(2018) y KOHTEKCTI NigroToBKM BUNTENIB iIHOOPMATUKM aKLLEHTYE Ha AOLiNbHOCTI BUKOPUCTaHHA nporpamu Blender 3D, HaBoguTb
NPUKNAL 3MiCTOBOTO HarnoOBHEHHA OAHOMMEHHOro Kypcy. TaKOX Y4YeHWI Haronowye Ha po3pobui HaBYa/bHO-METOANYHUX
KOMNEKCiB, f,o60pi meTosiB BUBYUEHHA 3D-TeXHONOrIN 3 ypaxyBaHHAM pi3HMX dopm opraHisau,ii ocBiTHboro npouecy. Y npoueci
niarotoBkM 6akanaspis  Komn’'toTepHux Hayk H.Chemerys, K. Osadcha, V. Osadchyi, V.Kruhlyk (2019) nponoHytoTb
BMKopucToByBaTM 3D-rpadiyHnin npouecop Autodesk Maya Ta nig yac BMBYEHHA KOMMN'tOTEPHOI rpadikm pobasTb aKUEHT Ha
MoZeNtoBaHHI 06’eKTiB opraHiyHOi GopMM Ha NPUKNAAI CTBOPEHHS irpOBMX NEPCOHAKIB Ta OTOYEHHS.

AHani3 BuUWE3rafaHMx AOCNiAXeHb A3€ NiACTaBU CTBEPAXKYBATM, LLO HAaNpAMKM BUBYEHHA 3D-rpadikn 3 BUKOPUCTAHHAM
Pi3HMX GOPM HaBYAHHA 3a/IMLLAETHCA HEAOCTaTHLO AOCNIAKEHOI, MPU LboMy 0cob6aMBOI yBarM noTpebye po3pobneHHs i
BNPOBaXKEHHSA B Mpouec NpodeciinHoi NiAroTOBKM MalibyTHIX daxiBLiB AUCTAHLIHWX KypCiB NPaKTUKO- OPIEHTOBAHOMO CPAMYBAHHSA.

Meta crtatTi — OOrpyHTYBAHHA TEOPETUKO-METOAMYHWUX 33caf, i MPAKTUUHUX peKoMeHAauil Wwoao po3pobku Ta
BMNPOBagKEHHA AUCTAHLIMHOro Kypcy 3 3D-rpadikv AK cKagoBoi NpodeciliHOi NigroToBkM manbyTHix neaarorie Ta gaxisuis 3
iHbopMaLiiHNX TeXHONOrIN.

METOAM AOCNIAMEHHA

BuKOpWCTaHO: aHani3 HayKoBO-METOAMYHMX npaub wopno 3D-TexHosorii AK 06’€KTiB BMBYEHHA W iHCTPYMEHTIB
OiANbHOCTI; y3arasbHEHHA W CUCTEMATU3aLiA peKoMeHAali 3 NUTaHb PO3PO6KM i BNPOBAAKEHHA AMCTAHLIMHOIO Kypcy fAK
NPaKTUKO-OPIEHTOBAHOIO PECYPCY; CNOCTEPEXKEHHA i ONUTYBAHHA 3 METO BU3HAYeHHA ePeKTUBHOCTI BNPOBAAKEHHA KypCy Y
npouec npodeciiHoi NigroToBKM ManbyTHiX daxisuiB. EKcnepumeHTanbHa 6a3a gocniaskeHHs byna 3ocepesrkeHa Ha GpaKkynbTeTi
MaTeMaTUKM Ta iHpOpMaTUKM PiBHEHCbKOIO AepKaBHOro rymaHitTapHoro yHisepcutety (PArY), a came cepep, 3406yBadis BULWLOI
oCBiTU cneuianbHocTel «CepegHs ocsita (IHbopmaTuKa)» Ta «lpodeciiHa ocsita (LUudposi TexHonorii)», Aki y BubipkoBomy
LMK/ OCBITHIX KOMNOHEHT 06panu gns BUBYEHHA ancumniiHy «3D-rpadikar.
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PE3Y/IbTATU AOC/IAMKEHHSA

KomneTeHTHOCTI Wwo40 poboTH 3 cydacHUMU rpadiyHMMM iIHCTPYMEHTaMM, AK 3a3Hadvae H. THeaKo, BU3HAYaloTb pPiBeHb
roTOBHOCTI 3406yBaya OCBITU «MpPaLOBATU Y BUCOKOKOHKYPEHTHOMY umdpoBomy cepenosuui» (FTHegKko, 2025). Po3ymiHHSA
MOK/IMBOCTEN iIHHOBALNHNX TEXHOOTIN Bidyanisauii BipTyasbHUX i peanbHUX 06’€KTiB, a TaKOX MaclTabiB ixX 3acTocyBaHHA,
PO3LLMPIOE YMOBWM BNPOBAAMKEHHA 3a3HAYEHUX TEXHO/IOTIM B OCBITHIN npouec (BapaHoBcbKka & BapaHoBCbKuiA, 2024). Ha gymRy
BYEHWUX, TPMBUMIPHI TEXHONOTIT MOXYTb 3aCTOCOBYBATMUCA Y PI3HUX CNELiaNbHOCTAX — BiJ, MUCTELbKUX A0 TEXHIYHUX i TOMy
MOXK/IMBUI Nepexif Big, BUBYEHHA 6a30BUX KoHUenuil 3D-rpadikm go mikAMCUMNAIHApPHOTO Migxo4y, Po3WMUpeHHs chepw ix
3aCTOCYBAHHSA LWASXOM YNPOBAAKEHHS B Pi3Hi ranysi. TexHonorii TpMBUMIpHOT rpadikm po3BmBaloTb y 3406yBayiB BULLOT OCBITU
He /IMLLe TEeXHIYHI HAaBUYKM, @ W LUMPOKE KOO KOTHITUBHUX, TBOPUMX 34i6HOCTEN. BaXK/IMBMMM € TaKOXK TOYHICTb, YBaXKHICTb A0
OKpPEeMUX e/IEMEHTIB, eCTETUYHE CNPUNHATTA pe3ynbTaTy, 343THICTb MOACHIOBATU TEXHIYHI acNekT moaeni y npoueci KomaHAHOT
poboTu Hag, 3D-npoeKToMm.

AHani3 YNHHUX OCBITHIX Nporpam 3 iHGopMaTUKKN 1A 3aKNAZiB 3ara/ibHOi cepeaHbOl OCBITU 3aCBiAYMB YNPOBaAKEHHSA
TPUBUMIPHOrO MOAENOBAHHSA AK 060B’A3KOBOI CKNAA0BOI HABYA/IbHOFO NAAaHY Ta AK GaKyAbTaTMBHOrO Kypcy (OCBiTHI nporpamu,
2025). Y uboMy KOHTEKCTi MaibyTHili nesaror Mae BOIOAITM 3HAHHAMM NPO KOMN'oTepHY rpadiky, OpieHTYBaTMCA y NporpaMHoMy
3a6e3neyeHHi i NPOrHO3yBaTW HaNPAMM MOro 3acTOCYBaHHA. 3a3HayeHi BUMOTU BUCTYNAOTb NIAFPYHTAM AN YAOCKOHANEHHA
ONMN wnaxom ynpoBagKeHHA OCBITHIX KOMMNOHEHTIB, CNMPAMOBaHUX Ha BUBYEHHA KOMN'IOTEPHOT rpadikun, 30Kpema TPMBUMIPHOTro
MOZEeNOBaHHA.

ONM niaroToBKM MalibyTHiX daxiBLiB MicTATL gucumnaiHM 060B'A3K0BOrO i BUBipKOBOro umkAay. Meplui BU3HavatoTb
3MiCT creuianbHOCTI i KBanidikauii, AKy 3a406yBatoTb CTyaeHTH, a Apyri 34e6inblioro NOriYHO NPOAOBNKYIOTb iX BUBYEHHS i
nornnbatooTb 3806yTy 06i3HaHicTb. Bubip avcumnnix i3 Bubipkosoro uukny OMNM 3ymoBaeHuUl NisHaBabHUMM 34i6HOCTAMM Ta
iHTepecamu 3406yBayiB BULLOI OCBITK, @ TAKOXK iXHIMKM NoTpebamu M nepcnekTMBamMM NoAanbloro NpodecinHoro po3suTKy. 3
METOI PO3LWMPEHHA NpodeciMHnx iHTepeciB 3a406yBavie nepworo (6akanaBpCbKOro) piBHA BMLLOI OCBITU cheuianbHOCTEN
«CepegHs ocsiTa (IHpopmaTuka)» Ta «MpodeciitHa ocsita (Lmdposi TexHonorii)» y PATY nponoHyeTbcs HWU3Ka BUBIPKOBUX
HaBYa/IbHUX AMCUMNAIH. YacTMHA 3 HUX BUCTYNAE NOFYHUM NPOAOB}KEHHAM 060B’A3KOBOT KOMMNOHEHTN «Komn’toTepHa rpadika
Ta TexHoAorii MynbTuMmegia» (puc. 1). Cepeg BubipkoBUMX KypciB ocobanse micue nocigae amcumniina «3D-rpadika», Wo cnpuse
nornnbeHHI0 3HaHb i MPAKTUUYHUX YMiHb CTYAEHTIB Y chepi Komn'toTepHOoi rpadikn. TakMm YMHOM, 3400yBadi OCBITU OTPUMYIOTb
MOMBICTb BCebiYHO pO3BMBATUCA AK Y rany3i iHpopmaLiiHUX TEXHOOFIN 3aranom, Tak i Y HanpPAMi TEXHO/IOFIN Komn'loTepHOT
rpadikm 3okpema.
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Puc. 1. MixknpeameTHuMiA 38’A30K gUcumnniH 0608’A3KOBOro Ta BU6ipKOBOro LMKAIB
[epeno: asmopcbka po3pobka.

OCHOBHMM NporpamHum 3abesneyeHHAM, poboTy 3 AKMM ONaHOBYHOTb 3400yBayi OCBITU B Meax AucumnaiHm «3D-
rpadika», € Blender 3D. Cepeg Moro nepesar: KpocnnatGopmeHicTb (CymicHicTb 3 onepauiinumum cuctemamm Windows, Linux,
macOS); BiAKPUTICTb i JOCTYNHICTb (6e3KoWToBHE NporpamHe 3abesneyveHHs 3 BiLAKPUTOIO NiLEH3iE); 3pyYHicTb (MOpiBHAHO
NPOCTUIA iHTEpdEC, LUIMPOKMIA Habip IHCTPYMEHTIB 418 BUPiLLEHHA 3aBAaHb Pi3HOT CKNAAHOCTI); HaBYabHa NiIATPUMKA (HasBHICTb
HaBYa/NbHOrO KOHTeHTy (HOpuyeHKo Ta iH., 2022), 30Kpema YKPaiHCbKOK MOBOI Yy BiAKPUTOMY AOCTYNi); GYHKUiOHaNbHI
MOAMBOCTI (MObyA0Ba TPUBUMIPHMX O6’EKTIB 3 BUKOPUCTAHHAM 3D-NpumiTUBIB, peparyBaHHA NoOirOHaNbHOI CITKM 06’€eKTy,
moandikaTopu, eKCTpyayBaHHA, poboTa 3 maTepianamm Ta TEKCTYPamMM, KOMMNO3UTUHT CLEEHM, HaNalTyBaHHA aHimaL,ii 3D-cueHun);
npakTU4YHa 3aTpebyBaHicTb (MoNUT Ha ¢axisLiB i3 3D-MmoaeNtoBaHHA Ta AN3alHY Ha Cy4aCHOMY PUHKY npaLi).

Ha eTani BnpoBaaskeHHsA pucumniiiu «3D-rpadika» B OCBIiTHIA MpoOLEC BMKAaZAuyi 3ilUTOBXYIOTbCA 3 HU3KOK
OpraHisauiHUX i MeTOAUYHUX BUKAUKIB. PO3KPUEMO 3MICT OKPEMMX 3 HUX | MOXK/IMBI LLNSAXM iX BUPILLEHHSA.

Bubip nporpamHoro 3abesneyeHHs € OAHMM i3 KNHOHOBMX BUK/AMKIB B OpraHisauii OCBiTHbOro Mpouecy, OCKiNbKK
CbOrOAHI ICHYE LUIMPOKUI CNEKTp Nporpam gaa MOZEeNtoBaHHA TPUBUMIPHUX 06’EKTIB, cepes AKUX KOPUCTYBaYi BUOKPEMIIOIOTb
Hacamnepea, KoOMepLiiHi NPoAYKTH, Lo NoTPebyoTb NpMAbaHHSA NiueHsii Ta 6e3KoWToBHI — 3 BiAKPUTMM AocTynom. Kpim uporo,
CTPIMKMI PO3BUTOK OHNAMH-CEPeAOBULL, 3HAYHO PO3LUMPIOE MOXKAMBOCTI BUKOPUCTAHHA Cy4aCHWX iHCTpymeHTiB ana 3D-
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MoZeNtoBaHHA. Ha BKbip nporpamHoro 3abesnedyeHHs BNAMBAIOTL Ki/lbKa KAOYOBMX YMHHMKIB: piBeHb 06i3HAHOCTI BUKNagaya,
OOCTYMHICTb Nporpam y Komn’toTepHux aBauTopiax 3BO, 3auikaBieHicTb 3406yBadiB BMLWLOT ocBiTH (Mastok Ta iH., 2024).

Y 3B’A3KY 3 LM 0CO6MBOrO 3HAaUYEHHA HabyBa€e NPoLLEC OpraHi3aLii HaBYaHHA, BPaxXyBaHHA TEXHIYHMUX MOXKANBOCTEN Ta
YMOB OCBIiTHbOTO cepegoBuwa. MowunpeHnm piweHHAM y 3BO € BUKopucTaHHA TexHonorii BYOD (Bring Your Own Device a6bo
«MpurHecK cBili NPUCTPIl»), WO Hagae 3406yBaYam BULLOT OCBITU MOMK/IMBICTb MPUHOCUTM Ha 3aHATTA BNACHI ragyKeTn (HOyTOyKu,
NAaHLWWEeTH TOLLO), NPaLoBATN Y KOMDOPTHUX YMOoBax. Takui Niaxig Mae HU3Ky nepesar: 36epexeHHs CTyAeHTaMW pe3ybTaTis
pob0TM Ha BNacHOMY 3acobi; 3abe3neyeHHs KOXKHOro CTyeHTa 3aco60M AiANbHOCTI; NiABULLEHHSA PiBHA OBONOAIHHA LMbPOBOIO
KOMMETEHTHICTIo. Mpu LbOMy, Ba*K/IMBO B ayauMToOpii opraHisyBaTtu creuianbHo obi1agHaHi pobodi micus 3 MOXKAMBICTIO 3pyYHOro
PO3MILLLEHHA ragyKeTiB, NiAKNIOYEHHA 3apALHMX NPUCTPOIB Ta aocTynom Ao 6eskowToBHoro Wi-Fi. IHWwMiA cnocib opraHisauii
OCBITHBOrO MPOLLECY MOJAMAE Y BUKOPUCTAHHI 3miwaHoro ¢opmaty, KOAM YacTMHa CTYAEHTIB Npautoe B aBauMTopii, a iHWi
NPUEAHYIOTLCA OUCTAHLIMHO Yepes cepBicy Bigeo3s’a3Ky.

Po3pobKa 3micTy AMCUMNAIHM 3 ypaxyBaHHAM aKTyalibHUX BMMOr [0 NifrotoBku ¢axiBLiB € BaXKNIMBMM eTanom
opraHisau,ii ocBiTHboro npouecy. OckiNbku gucumnaiHa «3D-rpadika» 3HaX0AUTLCA Y LMK BUBIPKOBUX AUCUMNAIH, BigNoBigHO
00 nonoxeHHa PAMY Ha il BUBYEHHA BigBoanTbea 3 Kpegutn ECTS (MeToanuHi pekomeHgauii, 2024). Lie cytteBo obmerkye
KiNbKiCTb aBAUTOPHUX FOAMH | 3yMOBJIIOE HEOBXiAHICTb ONTUMI3aLLT 3MiCTY HaBYaHHA Ta GOPM opraHisaLii 3aHATb. Y 3B'A3Ky 3 UM
O0UiNbHO NaHYBATW HAaBYaHHA AIK MPaKTUKO-OPIEHTOBAHE, HANPUKAAA, NiCNA O3HANOMNEHHSA CTYAEHTIB i3 NEBHUM IHCTPYMEHTOM
abo NPUMHLMNOM CTBOPEHHA TPUBMMIPHOI MOAeNi PEKOMEHAYETbCA 04pa3y 3aCTOCOBYBATM 3400yTy 06i3HAHICTL Ha NPAKTUL,.
Takwui nigxin Ao3BonAe 3806yBavam OCBITH BigNpaLboBYBaTU HABUYKM KOPUCTYBAHHA MPOTrPAaMHUMM iIHCTPYMEHTAMU, CTBOPEHHSA
BNIACHUX NPOEKTIB Ta dopMyBaHHA npodeciitHoro noptdonio.

OnucaHi BuLEe cLeHapii NiAKPectoTb BAaXKAUBICTb BNPOBAAKEHHA 3MilLaHOT GOpMM opraHisauii HaBYyaHHA. Y Lbomy
KOHTEKCTi BUKMaZay npuainae ocobnusy yeary Bubopy pecypcy gaa NPeAcTaB/eHHA HaBYa/ibHO-METOOMYHUX MaTepianis
OMCUMnNiHK,. EQEeKTUBHMM BUPILLEHHAM LbOro 3aBAaHHA € AUCTAHLIMHUIA KypC 3 BUKOPUCTAHHAM OAHIEl 3 cMCTEM YNPaBAiHHA
HaByaHHAM (LMS Moodle). OUCTaHUiMHMIA KypC MPOEKTYETbCA 3 METOK CTBOPEHHA TFHYYKOrO W aJanTMBHOIO OCBITHHOTO
cepenoBuLLa | TOMY MICTUTb «HABYAJIbHO-AUAAKTUYHUI KOHTEHT, WO NPeACTaBAeHUN Yy pisHMX dopmaTax, 3aCHOBAHUIM AK Ha
3MICTOBHI/ TaK i HA KOMYHIKaTMBHIl1 KOMMOHeHTI» (BoiToBny & MaBnoBsa, 2024).

OUCTaHUiIMHWUIA KypC NOEAHYE TaKi CKAAQHMKMK: IHCTPYKUiAHMIA (IHCTPYKUi LWOAO anroputMmy HaBYaHHA Ha Kypci,
BMKOHaHHA N1abopaTopHUX pobiT, NiATPMMKM KOMyHiKauii Towo), iHpopmauiliHuii (nabopaTopHi (npakTuyHi) pobotw,
BifleopenosunTapili, NOCIBHUKKM, HOBMHU KypCy TOLLO), KOHTPOJIOIOUMIA (3BiTM NPO BMKOHAHHA POBIT, MiACYMKOBMI TecT ToLwwo),
KOMYHIKaTUBHWI (BXigHE ONUTYBaHHSA, pedeKcis, KOHCYbTaLiHMI dopym).

[oTpUMyroUYnCb NOTiKU NOBYA0BU AUCTAHLIAHOIMO Kypcy, LLO OPIEHTYETbCA HA PO3BUTOK MPAKTUUHWUX YMiHb KOMKEH
HaBYaNbHUI MoAyAb Kypcy 3D-rpadikv BUrnagaTMme AK CYKYNHICTb 1abopaTopHUX (MPAKTUYHMX) 3aHATb, KOMKHE 3 AKUX MICTUTD:
dopmyntoBaHHA 3aBAaHHA (MeTa poboTU, OYiKyBaHi pe3ynbTaTu, KpUTepii OLiHIOBAHHSA); IHCTPYKLIiMHI maTepiann (MOKPOKOBI
IHCTPYKL,i, iNtOCTPaTUBHUI MaTepian, BiAeOoiHCTPYKLIT (CKpiHKAcTK); AiANbHICHY YaCTMHY (BUKOHAHHSA 3aBAaHb ¥ cepeaoBuiL Ans
3D-mo4entoBaHHA, NMPOMIXKHI eTanu nepesipku); NiacymKoBy pedneKcito (3aBaHTaXKeHHA BMKOHAHOMO 3aBAAHHA Yy cUcCTEMY
OMCTaHLiMHOIO HaBYaHHA, CAMOKOHTPOb, pednekcin).

OcobnnBoi yBarnm notpebye BUBIP KOHTEHTY, AKWUWA MOBWMHEH ByTWM NpeacTaBAeHUN Yy Pi3HUX dopmaTtax (TeKcTosi
BigoMmoOcCTi, BigeodparmeHTn, npeseHTauii, oTtorpadii, MantoHKK), XapaKTePU3yBaTUCA 3MICTOM, IHTEPAKTUBHICTIO, AOCTYMHICTIO.
3a3HaYyMMoO, WO PO3MILLEHHA B AMUCTAHUIAHOMY Kypci BigeomaTepianiB notpebye 3acTocyBaHHA chelialbHUX iHCTPYMEHTIB
cepeposuwa. Hanpuknag, y LMS Moodle gna 3aBaHTaxKeHHA Bi4eOKOHTEHTY BapTo BUKOpUCTaTK pecypc « URL-BEONOKNMKAHHAY,
Wob yepes MOro BigKpUTE NMOKAMKAHHA (MonepeaHbOo Bifeo NOTPIGHO PO3MICTUTM Ha OAHIN 3 OHNAMH NAATPOPM, LLO reHepye
NOK/NMKaHHA 3 AOCTYNOM My6AiYHOrO BUKOPUCTaHHA) onybaikyBaT MOro Ha Kypci. Y pe3ynbTaTi, KOXeH HaBYa/ibHUI MOAY/b
MicTUTUMe 6araToPpopMaTHUIN KOHTEHT, AKMI He nuLe iHbopmye 3006yBaYiB OCBITH, @ 1 CTUMYIIOE iX 0 aKTUBHOI AiANbHOCTI.

He MeHW Bak/MBUM Yy AUCTAHLIMHOMY KypCi € KOHTPO/IOKYMIA CKAALHUK, WO peanisye nepesipKy AOCATHEHb
3006YyBayiB BULLOT OCBITU. CNMpPatOYMCh HA BNAACHMI A0CBiA, PEKOMEHAYEMO OPraHi30BYBaTH OLiHIOBAHHA B AUCTAHLLIMHOMY KypCi
y TakuMi cnocib: NoTouHi 3BiTM — y BUMNAAI AianbHOCTEN, Wo 3abe3neyyioTb MOXK/AMBICTb HaACUNAHHA BUKNagady dannis i3
BMKOHaHWUMM 3aBAAHHAMM (AiANbHICTb «3aBAaHHA»); CBOEYACHICTb Ta AKICTb BUKOHAHHA MPAKTUYHOI pO6OTU pernameHTyETbCA
napameTpamMu HaNaWTyBaHHA BiANOBIAHOI A4iANbHOCTI; 3aXMCT pobiT — y popmarTi BiseokoHdepeHuii (aianbHicTb «BigBlueButton»,
pecypc «URL-BEBNOKAMKAHHAY) 3 NONepeaHiM OroN0OWeHHAM AATH, Yacy NoAil; NiACYMKOBUIA KOHTPO/Ib — Y BUMNAL TECTYBAHHSA;
6aHK TecToBMX 3aBAaHb BAPTO HAMOBHIOBATU 3aMUTAHHAMM, WO MepeBipAlOTb BOMOAIHHA IHCTPYMEHTapieM MPOrpamHoro
cepenoBuLa, NPodecinHo TEPMIHOOTIED.

Po3pobka 3aBAaHb ANA NabopaToOpHMX (NPaKTUYHMX) POBIT FPYHTYETbCA Ha NpUHUMNAX iHAMBIAyanisauii i
ondepeHLioBaHoro niaxoay, CTUMYNOBaHHI aKTUBHOT HaBYa/IbHO-Ni3HABAbHOT AiANbHOCTI. 32 TaKMX YMOB 3aBAAHHA MatloTb
6yTV BapiaTMBHUMM (Pi3HOTO PiBHA CKNAZLHOCTI), KOMNETEHTHICHUMM (GOPMYIOTb BMiHHA, IHTErpytoTb 3HAHHA 3 Pi3HUX ranysem,
OPIEHTYIOTbCA Ha pPe3ynbTaT), NPaKTUYHUMK (Big0BpPaXkaloTb peanbHi abo HabaWKeHi A0 NpodecitHuX cuTyaulii). TakoX BOHM
NOBWMHHI XapaKTepM3yBaTUCA TEMATMYHOIO BiANOBIAHICTIO (CTOCYBaTUCA KOHKPETHOI TEMM), 3p03yMiNicTio i YiTKicTIO dopmMyntoBaHb
(byT 3pO3ymMiNMMK Yy CBOEMY TPAKTyBaHHI), yHiKanbHUMK (He aybnioBaTM ofAHE OLHOro, CMPUATM Pi3HOGIYHOMY PO3BUTKY
3406YyBayiB OCBITH).

OAHMM i3 BUKNMKIB A48 BUKNAZAua, AKUIA po3pobasie ANCTaHLiHUI Rypc, € A06ip TaKMX BUAIB HAaBYANbHOI 4iANbHOCTI,
wo 3abesneyyBanm 6 06’€KTMBHY MepeBipKYy PiBHA 3HaHb i BMiHb 34,00yBayiB OCBiTM Ta MPM LbOMY MiHIMI3yBanu pU3MKK
NopyLUIeHHA NPUHUMNIB akagemiyHoi gobpoyecHocTi. [Ins LbOro AOLiINbHO 3aCTOCOBYBATU 3aBAAHHA 3 BapiaTUBHUMKM YMOBaMM
BMKOHaHHSA, a TaKOX BM3HAYaTU BUMOTM [0 OY4iKyBaHOro pe3ynbTaTy. Y npoueci BUBYEHHA TPMBUMIPHOIT rpadikM 3Ha4Ha YacTMHa
HaBYa/IbHMX 3aBAaHb I'PYHTYETbCA HA BiATBOPEHHI OKpemMoi moaeni 3a 3pa3skomM. EGeKTMBHMM nigxonom y Takomy BUMAOKY €
cynposig, 3aBaaHHA ¢poTorpadieto Moaeni Ta BUKOPUCTAHHSA il AK OPIEHTMPA Nig, Yac OLiHIOBAHHA BUKOHAHWUX POBIT, WO A03BONAE
nonepeauT BUKOPUCTAHHA 3a06yBavamu 3D-mogenen i3 BiLKPUTUX iHTEPHET-PECYPCiB AK BNACHUX.
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Y 38’A3KY 3 UMM nepes NOYaTKOM BMBYEHHA AUCUMUNNIHM LOLiNIbHO NPOBECTU ONUTYBAHHA CTYAEHTIB ANA BU3HAYEHHA
iXHbOro piBHA 06i3HAHOCTI 3 BiANOBIAHMM MpOrpaMHUM 3abesnevyeHHsAM. Tak, pe3y/bTaTu NPOBEAEHOrO AOCAIANKEHH:A Byau
Takumu: 45,5% pecnoHAeHTiB Ha 6a3oBomy piBHi O3HaomneHi 3 nporpamoto Blender 3D; 27,3% cTyaeHTiB maloTb /vwe
NoYaTKOBi TEOPETUYHI YABNEHHSA NP0 3a3HayeHe NporpamHe 3abesneyeHHs; we 27,3% y4acHUKIB ONUTYBaHHA B3araji He 3Haomi
3 HMM (puc. 2). Taki gaHi cBig4aTb NPo HeobXiAHICTb 3acToCcyBaHHA B OCBITHbOMY npoueci avdepeHuitoBaHoro nigxoay,
HanpuKnag, 3aBAaHHA PisHOI CKNagHOCTI — Big 6a30BUX A0 NPodecitHO-0PIEHTOBAHMX.

0,00%

u Hikonw He npauosae(na) 3
Blender 30

B Mag(na) 3arancHe yABAEHHA,
ane He npauoeas(na)
CaMOCTIHHD

BEwkoHysae(na) Gasosi gii
[MopenEanHA, Haeirawia)

B [oceiguernii KOpUCTYBaY

Puc. 2. Pe3ynbTaT onuTyBaHHA WoAo0 o6isHaHocTi y po6orTi 3 Blender 3D
[epeno: asmopcbka po3pobka.

OCKi/IbKM TPUBUMIPHE MOAENOBAHHA € TBOPYOK Ais/IbHICTIO, 3400yBaYam BMLOI OCBITU AOLINBHO MPOMOHYBaTU
BMKOHYBATW HaBYa/IbHi MPOEKTU, Y MEXKax AKUX BOHU MPOABAATUMYTb AU3aWHEPCHKi 34i6HOCTI, AEMOHCTPYBAaTUMYTb HabyTi
3HAHHA W HaBWYKKW. TaKi 3aBAAHHA PO3rNALAEMO fK MiACYMKOBi. Hanpuknag, cTygeHTam MPOMNOHYEMO PO3pobUTH Au3aitH
i30MeTpUYHOI KimHaTK (puc. 3). BUKOHAHHA LbOro NPOEKTY PO3paxoBaHe HA YOTUPU NabopaTopHi poboTK Ta Nnepenbayae Kinbka
nocnifoBHMX etanis: nobyaoBa KapKacy KiMHATW; CTBOPEHHA iHTep’epHUX 06’€KTiB; MOAEe/oBaHHA OCHOBHUX €NeMEeHTIB
iHTep’epy; poboTa 3 fOAATKOBUMU e/eMEeHTaMM 3 BUKOPUCTAHHAM BiAKPUTUX iHTEPHET-pecypcCiB; HafawTyBaHHA maTtepianis i
TEKCTYp enemeHTiB mogeni; poboTa 3 OCBiTAEHHSAM i Kamepamu; peHzep ¢iHanbHOro 306paxKeHHA. MPOEKTHE 3aBAAHHA
niACyMOBYE 3aCBOEHMI MaTepian Kypcy, cnpusae npodeciiHomy po3BUTKY 3400yBadiB BMLLOT OCBITU. BUKOHaHA poboTa moxe

CNYryBaTh OCHOBOK 0cobucToro noptdonio maibyTHboro ¢paxisLa Ta CTUMY/IOBaTM MOro A0 NpodecinHOro BAOCKOHaNEHHS.

Puc. 3. Mpuknaam npoekTiB 3506yBayiB BULLOI OCBITH
Lxcepeno: asmopceKka po3pobKa.

Y merax OOCNiAKEeHHA CayxadaM AMCTaHLUiMHOro Kypcy 6yn0 3anponoHOBAHO OLHWUTKA 3py4YHicTb poboTM 3 MM
pecypcom. Ha puc. 4 npeacTtaBneHi pe3yabTaTi ONUTYBaHHA. BOHM CBiAYaTb NPO BUCOKWUI piBEHb 334,0BONIEHOCTI CTYAEHTIB AK
CTPYKTYPOIO KYpCY, TaK i AKICTIO KOHTEHTY, WO NiaTBEPAKYE ePEeKTUBHICTb BUKOPUCTAHHA AMUCTAHLiMHOMO pecypcy AN opraHisauii

OCBITHbOFO NpoOLLECy.
63,60%

36,40%

0 o 1]
1 2 3 4 5

Puc. 4. AKicTb BUKNaAAHHA Ta 3a6e3neyeHHs HaBYaZIbHOTO Kypcy 3a WKanot Bia 1 o 5
[repeno: asmopcoka po3pobka.

MeTa i 3MiCT Kypcy, HaBYa/NbHWUIA KOHTEHT i MPAKTUYHI 3aBAAHHA CNPUAAKM O3HAWOMAEHHIO 3406yBaviB OCBiTM 3
TexHonoriamm 3D-mo4eNtoBaHHA Ta MOTUBYBA/IM iX A0 NOAANbLIOIO PO3BUTKY B Ll coepi (puc. 5). Liei BUCHOBOK NiATBEPAXKYIOTb
pesynbTaTM ONUTYBaHHA, NPOBEAEHOro MNiC/NA 3aBeplUeHHs Kypcy. 3okpema, 54,5% 31060yBadyiB BMWOI OCBITM MaHYHOTb
npoaoBXKUTU BuBYeHHA 3D-rpadikv Be Ha npodeciiiHomy pisHi. Le 18,2% pecnoHAeHTIB BMABMAM 3alLiKaBNEHICTb Y
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3aCTOCYBaHHi TEXHOAOriM TPUBMMIPHOT rpadiku ana peanisauii BnacHux igeit. BogHouac 27,3% yvacHUKIB 3a3HauUMAM, WO PiBEHb
ix iHTepecy o 3D-rpadiku 3anMLWMBCA HE3MIHHMM NOPIBHAHO 3 MOYAaTKOM BUBYEHHSA KypCy.

Pe3ynbTaTv oNUTYBaHHA WOA0 A0LiINbHOCTI BUBYEHHS nporpamu Blender 3D BigobpaskeHo Ha puc. 6. 3okpema, 27,3%
pecnoHaeHTiB po3rnagatoTe Blender 3D sK npodeciitHuiA iHCTPYMEHT ana poboTn 3 TPMBMMIPHOK KOMM'IOTEPHO rpadikoto,
18,2% BUABWMAWN FOTOBHICTb A0 NOrIMBGIEHOr0 BUBYEHHA NPOrpaMHOro cepeaosuwa. 6ansbKo NonoBuMHU onutaHux (45,5%) He
BiAMOBNAIOTLCA Bif BUKOpPUCTaHHA Blender 3D Ta po3ymitoTb YMOBM, 3a AKMX MOro 3actocyBaHHA Byae douinbHum. BogHouac,
nvwe 9,1% pecnoHAEHTIB 3a3HaunAW, WO He MNaHYHTb BUKOPWUCTOBYBATM Le nporpamHe 3abesnevyeHHAa Hagani. OTpUmaHi
pe3ynbTaTu cBifvaTh, Wo BuBYeHHA Blender 3D He nuwe 3auikasuao 3406yBavis OCBiTH, ane W MOTUBYBANO A0 NOAANbLIOIO
ONaHyBaHHA Ta NPAKTUYHOTO 3aCTOCYBAHHA TEXHOIOTI TPUBUMIPHOTO MOAENIOBAHHA.

0,00%

B TaK, Y BAaCHUX TBOPUMX
NPOEKTaX

B Tak, Ans npodecinHoro
PO3BUTKY

m CYyTTEBD BMPIC

W TPOXK NIABKILMECR : MOXAMBO, 33AEHMTS Big
: obcTasuH

1 3anuwneca Hes amin
. m Hi, ne nasnyo
M Brpamms(na) iHTepec

Puc. 5. InTepec go 3D-rpadiku nicnsa 3aBepLUeHHA Puc. 6. Pe3ynbTatt ONUTYBaHHA LWOA0 BUKOPUCTAHHA
BUBYEHHA Kypcy Blender 3D y maii6yTHbOMYy
[cepeno: asmopcbKa po3pobKa. [cepeno: asmopcbKa po3pobKa.

Cdepu 3acTOCyBaHHA TEXHOOT M TPUBUMIPHOIT rpadiku € Pi3HOMAHITHUMM — Bif, irPOBUX NMPOEKTIB 4,0 TEXHIYHMX PiLleHb.
Lle BiAKpWBaE LWMPOKI MOMAMBOCTI AN TUX, XTO Xouye peanisyBatm cebe Ha npodeciiHomy pisHi. O3HalloMMBWKCH i3
MoxnusocTamu nporpamu Blender 3D, 3806yBayi OCBITM BU3HAYMAM HU3KY HamnpAMiB, Y AKMX BOHM BayaTb noTeHujan Ana
Ba1IacHoro npodeciiHoro 3poctaHHA (puc. 7). Cepep Halibinbw nonynapHux coep — irposa rpadika (63,6%) Ta 3D-apyk (45,5%).
3arasiom, MO3MTUBHMM PE3y/NbTaTOM HaBYaHHA € Te, WO 3HAYyHa 4YacTMHa pecnoHgeHTiB (63,6%) ycsigomntoe aouinbHe
BMKOPUCTaHHA 3406yTHX 3HaHb Ta BMiHb AN peanisaLii BNaCHUX TBOPUYMUX MPOEKTIB.

Ocobucti npoextu/Teopyicrs I 63,60%
3D-apys N 45.50%
Pewnamua npogykyin/siges [N 18,20%
Irposa rpagita [ 63.60%
Bizyanizayin apxitextypr [N 27.30%

Arimzuiz Ta mynethine [ 27.30%

Puc. 7. Cdepm 3actocyBaHHsa nporpamu Blender 3D
Lxcepeno: asmopceKka po3pobKa.

OTpuMaHi pesynbTaTv cBig4aTh, WO 3MicT Kypcy «3D-rpadika» Bignosigae iHTepecam 3406yBadiB BULLOT OCBITU Ta €
npvMBabaMBMM ANA ONaHyBaHHA. BoaHouac TexHoNOorii TPMBUMIPHOT rpadiku HanexaTb 40 TUX, WO NOoTpebytoTb cneuianbHoro
KOMN'toTepHOro 3abesneyeHHs, a TaKOX MOCTIMHOrO OHOBNEHHS 3HaHb, PO3BMTKY TBOPYOCTI. OUiHIOIOYM NPOLEC BMBYEHHA
Blender 3D, 6inblwicTb 3006yBauis (72,7%) 3a3Haunnu, wo nporpamHe 3abesneyeHHs € 4OBOI CKNAaAHUM A8 3aCBOEHHA, NpoTe
uikasum (puc. 8).

0%

| [y#e CRNagHo

m CKnagHo, ane uikaec

= MomipHo, BineWicTs 3a50aHE
BAAN0CR BHKOHATH

| JTerke Ta 3po3yming

m Byno 3aHagro npocte

Puc. 8. MOKa3HMKKM CKNagHOCTI npouecy HaBYaHHA Blender 3D
[wepeno: asmopcoka po3pobka.

Pe3yanaTM nposegeHoOro TeopeTnyHoro i €KCNnepumMeHTaZIbHOro OOCNIAXEHHA 3acBiAYMAN, LWLO BKAKOYEHHA OCBITHIX

KOMMOHEHTIB i3 KOomN'toTepHoi rpadikm y dopmaTi AUCTaHLiINHUX NPaKTUKO-OPIEHTOBAHMX KypciB y npouec npodeciiHoi
NiAroToBKM MalibyTHiX Neaaroris € A0UiNIbHUM Ta ePeKTUBHUM.
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BUCHOBKM TA NEPCNEKTUBU NOAANBLUOIO AOCNIAXKEHHA

BK/IlOYEHHA OCBITHIX KOMMOHEHTIB WOAO BMBYEHHA Komn'toTepHoi rpadiku Ao npouecy npodeciiHoi niarotoBku
ManbyTHIX yuntenis iHpopmaTMkm Ta IT-daxiBuiB € aKTyaNbHUM K HeobxiaHMM. TaKi KOMMOHEHTU MOXKYTb BYTW YacTUHO
0608B’A3K0BUX NpodeciitHUX ancumnaiH abo nponoHyBaTUcA AK BMOIpPKOBI, AONOBHIOWYM i nornnbaooum 6a3oBy NigroToBKy
3406YyBayiB 0CBiTU. O4HUM 3 OCHOBHWUX BUK/MKIB Y LLbOMY KOHTEKCTi € MUTAHHA TEXHIYHOrO i NPOrpamHoro 3abesneyeHHs.

OcCBiTHIM npouec i3 BUBYEHHA aucumniaiHn «3D-rpadika» AouiNbHO opraHizoByBaTW, bepyyn A0 yBaru NpUHUMNK
iHaMBiayanbHoro " AudepeHuiioBaHOro nigxoay, AKTUBHOMO | MPAKTUKO-OPIEHTOBAHOINO HABYAHHSA, aKLEHTYIOUM Ha
NabopaTopHUX (MPaKTUUYHKX) 3aHATTAX Ta i3 3aCTOCYBAHHAM BiZNOBIAHOrO ANCTaHLiMHOrO Kypcy. OcobanMBOro 3HaueHHs HabyBae
TexHonoria BYOD, wo Hagae 3406yBayaM BULLOI OCBITM MOXK/IMBICTb MPUHOCUTU HA 3aHATTA BAACHI ragyKeTu Ta npauoBaTtu 3
HUMMK. HaByanbHi MoAyAi ANCTAHUIMHOIO KypCy € CYKYMHICTIO NabopaToOpHMX (MPAKTUYHMX) 3aHATb, KOXKHE 3 fKMUX MICTUTL:
bopmyntoBaHHA 3aBAAHHA; IHCTPYKLiNHI MaTepianu; AiANbHICHY YacTUHY; NigAcymKoBy pednekcito. HaB4asibHUI KOHTEHT, AKUI He
nvuwe iHpopmye 30006yBaviB OCBITU, @ M CTUMYAIOE iX [0 aKTUBHOI LiANbHOCTI, NOBUHEH BYTU NpeacTaBAeHUI y pi3HUX dopmaTax
(TekcT, BipeodpparmeHTH, npeseHTauii, doTorpadii, MantoHKK), XapaKTepU3yBaTUCA 3MIiCTOM, iHTEPAKTUBHICTIO, OOCTYMHICTHO.
BueueHHAa nporpamu Blender 3D 3ymoBneHe ii nepesaramu AK KpocnaaTGOPMEHICTb, BIOKPUTICTb, AOCTYMHICTb, LUMPOKUIA
byHKLiOHan Ta npakTMyHa 3aTpebyBaHicTb. 3a TaKMX YMOB 3aBAaHHA MaloTb 6yTM BapiaTUBHUMM, KOMMETEHTHICHUMM,
NPaKTUYHUMK, XapaKTepus3yBaTUCA TEeMaTUYHOM BiAMOBIAHICTIO, 3PO3yMmificTiO i UiTKicTIO ¢dopMyNoBaHb, YHIKaNbHUMU.
BaXk/IMBUM CKNAZHUKOM AMCTAHLIMHOIO KypCy € KOHTPO/IbHMI KOMMNOHEHT, Wo nepeabavae nepesipKy focArHeHb 3406yBadiB
BMLL,OI OCBITU Yy TaKMX pOpmax: NOTOYHI 3BiTH, 3aXUCT POBIT, NiACYMKOBUIA KOHTPOJIb. OAHWUM i3 MOTUBYHOUMX YUHHUKIB YCNILLHOTO
BMBYEHHSA TEXHOJIOFN TPUBMMIPHOI rpadikm € MOXKAMBICTb CTBOPEHHA BIACHUX MPOEKTIB Ana GopmyBaHHA npodeciinHoro
noptdonio. BapTo 3ayBaxk1TK, WO opraHisaLiiiHi i MeToanyHi nigxoan [0 BUBYEHHA TpMBMMIpHOI rpadikn y 3BO pocnigxeHi we
He NOBHOI MipOto | NOTPebYIOTL NOAANBLWIONO BUBYEHHSA. Y NEPCNeKTUBI AOUINbHUM € PO3rNaa METOAUKM BUBYEHHA 3D-rpadiku
Kpi3b NPU3My TEXHOOTi NPOEKTHO-OPIEHTOBAHOIO HaBYaHHSA i3 3a/lyYEHHAM IHCTPYMEHTIB LUTYYHOrO iHTENEKTY.

KOH®IKT IHTEPECIB

ABTOpPM NiATBEPAXKYIOTb BiACYTHICT GiHAHCOBMX, OCOBUCTMX UM iHWMX iHTEPecCiB, LLO MOXYTb PO3rNAAATUCA AK
NOTEHUiMHUIN KOHNIKT iHTepeciB Woao nybnikauii uiei ctaTTi.

®IHAHCYBAHHA

Po6oTa BMKOHaHa 3a BiaAcyTHOCTI piHaHCOBOT NiATPUMKM 3 BOKY ByAb-AKUX OpraHis3auin.

AOCTYNHICTb AAHUX

Lle TeopeTnyHe foCniaKeHHsA He nepeabayvae BUKOPUCTAaHHA A0AaTKOBUX Habopis AaHUX.

BUKOPUCTAHHA LUTYYHOTIO IHTE/NIEKTY

IHCTPYMEHTM WITYYHOTO iHTENIEKTY HE BUKOPMCTOBYBANUCH NPU HAaNUCaHHI Liel poboTu.
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ABSTRACT

®opmyniosaHHa npobaemu. 3miHU y ceimi mexHosoeail,
30Kpema 8 2asy3i AoNo8HEHOI, 8ipmyasnbHOI peansbHocmi, npopus
y cghepi wmy4HO20 iHMeneKmy, a Mmakox< nepexio Ha 3miwaHy
GopMy HABYAHHSA, 3MywWyOMb 3aKAAO0U 0C8imu 3MiHo8amu
memodu ma nioxodu 0o ocsimHbo2o npouyecy. CydacHi
docnidxeHHA MoKasylme, WO BUKOPUCMAHHA OO0Mo8HeHoI
peansHocmi  (AR) y Hae4yaHHi Mae 6azamo nepesaz, AKi
103UMUBHO 81/1UBAIOMb HA MPOoYec oceimu.

Mamepianu i memodu. [ns peanizayii memu 00CcniOHeHHA
HaMmu 6Yys10 BUKOPUCMAHO KOMIAeKC memodis, a came: aHani3,
cucmemamusayis, y3a2anbHEeHHS HAyKosux Oxcepes, aHasi3
Haykosux nybaikayili 8iM4u3HAHUX | 30KOPOOHHUX BYeHUX,
HOPMAMUBHO-NPasosux OOKyMeHmis, y302a/bHEHHA 6/10CHO20
doceidy, a came OMNUMYBAHHA Y4YHI8 WOO0 BUKOPUCMAHHSA
mexHosoeili 0ornosHeHoi peasnbHOCMI 8 0C8IMHBLOMY npoyeci ma
aHani3 Has4yanbHUx 0ocsAzHeHb cCyb’ekmie HABYAHHA «00» ma
«MicaA» 00CNIOHCEHHA.

Pe3ynsmamu. 3miwaHe HaB4YQHHA € CY4aCHOI Nedaz202i4Ho
mooenno, y AKili NMOEOHYOMbCA KAACHO Yypo4Ha ¢opma 3
YugposuUMU MexHOM02IAMU, WO O03B80MAE YYHAM CAMOCMIUHO
onpaysosysamu mamepian y 3pyyHull 048 Hux 4Yac. 3a makoi
GopMu HABYAHHA f1e2KOo MoeOHy8amu mpaduyiliHi memoou 3
iHmepakmueHuUMuU iHcmpymeHmamu, oceimHili npoyec Habysae
2HYYKOCMI, Y4YHi npayrorome y 871aCHOMY mMmeMmri, pieeHb
camocmiliHocmi  3pocmae.  [na  OucyunaiH  npupodHU4o-
MAMeMAMUYHO20 YUKy KAYOBUM ACMEKMOM HOBYAHHA €
nposedeHHA eKcriepumeHmis. B ymosax 3miluaHo20 HOBYAHHA ye
CMA€e MOXAUBUM 3a805KU MEXHO02iAM 00No8HEHOI peanbHocmi
ma iHMepakmusHUM CUMYAAUIAM, 0cobauBo 044 y4His, AKi He
Maome MoxaUBocmi 8i0sidyeamu O4YHi 3aHAMMA 3 pPi3HUX
MPUYUH.

BucHosKku.  3a80aku AR HasYaHHA  cmae  binbw
iHmepakmueHuM ma crpuse ni08UWEHHIO iHMepecy ma
momusauii y4yHie 00 0ceimHbL020 npouyecy, 8i3yanizauia Oae
MOoMuBICMb Kpawe 3po3ymimu CKAQOHI npouecu;
8paxosyomocs iHOUBIAYasbHi 0CO6UBOCMI KOXHO20 Y4YHA mMa
HAOAEMbCA MOMAUBICML Mpaytosamu y 81acHoMy memi.
lMpome He cnid 3a6ysamu, W0 cy4acHa mMos100b MAE 3a71eHHiCMb
8i0 yugposux 3acobis, 3 Memol YHUKHEHHS He2amueHo20
8MaUBy HA PO3BUMOK [HWUX HABUYOK MA COYia/nbHUX 8MiHb
sukopucmaxHsa AR, VR mae 6ymu do308aHUM.

Formulation of the problem. Changes in the world of
technology, particularly in the fields of augmented and virtual
reality, breakthroughs in artificial intelligence, and the transition
to blended learning, are forcing educational institutions to adapt
their methods and approaches to the educational process. Recent
studies have demonstrated that the application of augmented
reality (AR) in education presents numerous advantages that
positively influence the educational process.

Materials and methods. A set of methods was employed,
including analysis, systematization, and synthesis of scholarly
sources; a review of scientific publications by both domestic and
international researchers; examination of regulatory and policy
documents; and reflection on our own professional experience. In
particular, a student survey was conducted regarding the
application of AR technologies in the educational process,
complemented by an analysis of learners’ academic performance
before and after the implementation of the study.

Results. Blended learning is a modern pedagogical model that
combines classroom teaching with digital technologies, allowing
students to study material independently at a time convenient for
them. This form of learning facilitates the integration of traditional
methods with interactive tools, making the educational process
more flexible and allowing students to work at their own pace,
thereby increasing their level of independence. For natural science
and mathematics subjects, conducting experiments is a key aspect
of learning. In blended learning, this is made possible by
augmented reality technologies and interactive simulations,
particularly for students who are unable to attend face-to-face
classes due to various reasons.

Conclusions. The integration of AR into education fosters
interactivity, increases learner motivation, and stimulates interest in
the learning process. Visualization tools enhance comprehension of
complex phenomena, while personalized pathways allow students
to work at a pace aligned with their individual needs. Nevertheless,
it must be acknowledged that modern students often display a
strong dependency on digital devices. To mitigate potential negative
impacts on the development of essential soft skills and social
competencies, the use of AR and VR should be carefully balanced
and applied in moderation.

K/ID4YOBI C/IOBA: OonosHeHa
HABYAHHA; i3uKa; oceimHili npouec.

peaneHicme;  3miwaHe

KEYWORDS: augmented reality; blended learning; physics;
educational process.

ANA UNTYBAHHA: ChobopaHuk O. [lonoBHeHa peasibHicTb Ha
ypoKkax ®i3vKu: pocsig BuKopuctaHHA Physics Lab AR 3a ymos
3MillaHOro HaBYaHHA. @isuko-mamemamuy4Ha oceima, 2025.
Tom 40. Ne 5. C. 61-67. https://doi.org/10.31110/fm02025.v40i5-
08.

© The Author(s) 2025

61

FOR CITATION: Slobodianyk, O. (2025). Augmented reality in
physics lessons: experience using Physics Lab AR in blended
learning. Physical and Mathematical Education, 40(5), 61-67.
https://doi.org/10.31110/fm02025.v40i5-08.


https://doi.org/10.31110/fmo2025.v40i5-08
mailto:Oslobodyanyk84@gmail.com
https://orcid.org/0000-0003-3504-2684
mailto:Oslobodyanyk84@gmail.com
https://orcid.org/0000-0003-3504-2684

ISSN 2413-158X (online), 2413-1571 (print)

BCTYN

MocraHoBKa npobnemu. Cy4acHWit OCBITHI NpoLec NOCTIMHO eBOMIOLLIOHYE Mif BNJIMBOM HOBWUX TEXHOOFiH, 30Kpema
[ONOBHEeHa peanbHicTb (AR) € ogHieto i3 Han3aTpebyBaHiWMX iHHOBALiM, WO aKTUBHO TPaHCHOPMYIOTb NPOLLEC HABYAHHS.
BnpoBaakeHHA AR y HaBYanbHi cepef0BULLA NPOMOHYE YHIKaNbHIi MOX/IMBOCTI ANA iHTEPAKTUBHOIO HaBYaHHA, CTUMYJIIOBaHHA
3aLiKaBNEHOCTI Y4YHIB Ta NOrIMBAEHHSA IXHBOFO PO3YMIHHA CKNaAHMX NpoLeciB. 3aBAAKM CUHepril Gpi3MYHOro i BipTyanbHOro CBITiB,
OONOBHEHa peasibHICTb [03BOJIAE CTBOPIOBATM KOHTEKCTyaslbHi HaBYasbHi CUTyauii, ge TeopeTWyHi 3HaHHA HabyBaloTb
NPaKTUYHOTO 3HAYEHHA.

Ha cborogHi ocHoBHMM 3aBaaHHAM 33CO € nigrotoBka AUTUHW A0 PeasibHOrO KUTTA: HAaBYMTU B3AEMOLIATU B
iHpopMmauitHoMy noni, aHanisyBatTn, PoBUTU BUCHOBKM, KPUTUYHO MUCAUTU. AK 3a3HadyeHo B KoHuenuii HoBoi YKpaiHCbKoi
LUKO/IM, 3anam’ATOBYBaHHA BeNMKUX 06cAariB iHpopmauii He € epeKTMBHUM, NOTPibHE OnaHyBaHHA yYHEM YMiHb, HAaBMYOK Ta
KOMMETEHTHOCTEM, aKTyalbHUX Ha PWHKY npaui, Tomy y HYLI Baxnuse micue BiABOAWUTLCA MUTAHHIO CTBOPEHHA TBOPYOro
cepefioBuLLa, Y AKOMY aKLEHTU Ha MOBiNbHMX POOOYMX 30HAX, OCHALLEHWUX Cy4acHUMW TexHonoriamu. (KoHuyenuis Hoeoi
YKpaiHcokoi wkonu, 2016) OpraHisauia Takoro npocTopy noTpebye LWMPOKOro BUKOPUCTAHHA My/NbTUMEZiMHUX 3acobis,
IT-TexHoOriM, cy4acHMX nabopaTopHMx 6a3 Ta 6ibNIOTEK, L0 HA JAaHUI MOMEHT € NPobaeMaTUYHMM Y 3B’A3KY 3 EKOHOMIYHUMM
npuymnHamu. Tomy, NPONOHYEMO AK a/fibTePHATMBY BUKOPUCTOBYBATH imepcuneHi TexHonorii (VR, AR, MR, XR), a Takox LLI. 3BicHo
BOHW He 3aMiHATb TPAAMLIMHMX METOAiB HAaBYAHHSA, a/1e MOXYTb CTaTU AKICHUM AOMNOBHEHHAM OCBITHbOIO NpoLecy, 3pobuTn 1oro
NPaKTUKO-OPIEHTOBAHUM, LjiKaBUM, HACUYEHUM.

AHani3 akTyanbHUX AocnigKeHb. JocniaKeHHA BITYN3HAHMX Ta 3apybiXKHMX HAaYKOBLLiB MOKa3yOTb, O BUKOPUCTAHHA
AR-TeXHONOrIN y HaBYaHHi cnpuAe bGinblw rNM6OKOMY 3aCBOEHHIO MaTepiany, NiABULLYE MOTMBALLO YYHIB Ta PO3BMBAE iXHI
KPUTUYHI HaBUYKM MUCNEHHA.

Cepepn, BIiTUM3HAHMX HAYKOBLiB, AKi AoCnigKyBann npobiemy BMKOPUCTAHHA BNPOBagKeHHs AR-TexHonorii y
HaBYanbHMI npouec H. COpoKo y CBOIli CTaTTi XxapakTepusye OYHKLii 4ONOBHEHOI peanbHOCTI gns niaTpumkn STEAM ocBith B
33CO (Copoko, 2021), a /N.lUknAap posrnsgae iMmepcuBHi TexHoorii AK oAuH i3 Hanpamis STEM-ocsitn (LWknap, 2023).
C. lnutsnHoBa, O.bypos, C.CemepikoB y cnilbHOMY AOCNIAXKEHHI OBFPYHTYBaM KOHLENTya/lbHY MOAEb BUKOPUCTAHHA AR B
OCBITHbOMY MPOLLECi Ta BU3HAUUM Tl OCHOBHI CKNAZHUKM. ABTOPU TaKOXK OBIPYHTYBAM NPUHLMNK Ta NiAX0AM BUKOPUCTAHHA AR
TEXHO/IOFM y OCBITHBOMY MpOLECi, ONUCAaNM MNeparoriyHi yMOBM, OXapaKTepu3yBanu nepeBarn Ta HeLONIKM aKTUBHOIO
BMKOpUcTaHHA IT B ocBiTi (Lytvynova et al., 2020). Y poboTti O.fpnb’toK NpeacTaBNeHO Pe3ynbTaTu eKCNeprMeHTasIbHOro
LOCNIAXKEHHS, 30KpeMa BUBYEHO Pe3ybTaTu BNINBY MOXK/INBOCTEN BUKOPUCTAHHA iIMEPCUBHOI OCBITHbOI CUCTEMM Ha KOTHITUBHI
npouecu HaBYaHHA y4yHis (Fpmb’tok, 2022) AK 3a3Havae H0.boTy3oBa, 3actocyBaHHA VR Ta AR 03BoNsAE Bi3yanizyBaTh abCTpaKTHI
MaTeMaTUYHI igei, pobnaum ix 6inbl AOCTYNHUMKU ANA PO3YMIHHA y4yHiB. Lle 0co61MBO KOPUCHO ANA 3aCBOEHHA abCTPAKTHUX
NOHATb, POPMYBaAHHA YiTKUX ysABNEHb MPO MNpPOCTopoBi dirypu. 3aranom iHTerpauis iMepcuMBHUX TEXHONONIM Y HaBYaHHA
MaTEMATUKM € IHHOBALIHMM KPOKOM, O I03BOJIAE BUMTENAM Ta YHHAM BiJKPMBATU HOBI MOX/MBOCTI A1 BUBYEHHA NpeameTy
Ta nigBuLLyBaTH epeKTUBHICTb HaBYaHHA. (BoTy3oBa, 2024).

3apybixHi gocnigHuku Cevikbas M., Bulut N., Kaiser G. 34iicCHUAN cUCTEMATUYHWI OrAag, niTepaTypy 3 npobnemaTukm
iMepPCMBHUX TEXHOOFI B OCBITI, 30KpeMa B HaBYaHHI MaTeMaTWKK Ta AiMLLAM BUCHOBKIB, WO 3acTocyBaHHA AR/VR TexHonori
nepeTBOPIOE MAaTEMATUKY Ha BiNblu 4OCTYNHY Ta NpMBabANBY HayKy ANA TUX, XTO MA€E TPYAHOLLi 3 HaBY4aHHAM abo 0cob6mBI OCBITHI
noTpebu. ABTOPU PEKOMEHAYIOTb BUMTENAM MaTeMaTUKM A1A epeKTUBHOI iHTerpauii TexHonorii AR/VR y CBOK0O MpaKTUKy
BMKNAZaHHA, MPONTU BiANOBIAHE HABYAHHA, @ TAKOX HANIAroAxyBaTu CNiBNPALLO 3 KOJIeraMu Ta AiIMTUCA KPALLMMM NPaKTUKamMu
B CBOI MaTeMaTUuHili ocBiTHiN cninbHoTI (Cevikbas et al., 2023).

Fromm, J., Radianti, J., y cBOiX npausax [OCNIAXKYIOTb MOXAUBOCTI eMMipUYHOro HaBYyaHHA 3acobamu BipTyasnbHOT
peanbHOCTI Ta loNoBHEHOT peanbHocTel (Fromm & Radianti, 2021); Baptista De Lima, C., Walton, S., & Owen, T. (2022) y cBoemy
[OCNIAMKEHHI 3a3HaYaloTh, WO TEXHOJOTi 4ONOBHEHOI PeaNbHOCTI MaloTb BEIMKUIA NMOTEHLAN B OCBITi, NPOTe He NpaBu/bHe iX
33CTOCYBaHHA MOXe NPU3BECTU A0 MOTiplIeHHA pe3ynbTaTiB HaB4aHHA. Bower, M., Howe, C., McCredie, N., 3a3HayatoTb, WO
[0NOBHEHa peanibHICTb CNPUAE PO3BUTKY aHANITUYHOMO Ta KPUTUYHOTO MUCeHHA (Bower et al., 2020).

AR uge BiZlHOCHO HOBWI TpPeHA, cepes, TEXHOJIOTIN B OCBITi, WO BiIKPMBAE HOBI MOXK/IMBOCTI B 06/1aCTi AOCNIAKEHD He
cnocobom 3amiHM peanbHoro obnafHaHHA, a Yepe3 [OMNOBHEHHSA, PO3WMPEHHA, YPISHOMAHITHEHHA OCBITHbOro npouecy
3acobamu HaBYaHHA. Hacnpasai imepcuBHI TexHooriT 3a6e3neyvytoTb PiBHICTb B OCBITI. 11 Cy4aCHMX YYHIB BaXK/JIMBUM € MOMEHT
Bi3yanisauii abCTpaKTHUX NOHATb, O6’EKTIB Ta ABWULW,. He 3aBXAM B HaBYaNbHOMY 3aKnagi € HeobxigHe obnagHaHHA AnA
NPaAKTUYHKUX | NnabopaTopHUx pobiT abo K 33 peanbHUX YMOB AOCNIAUTU ABULLE YM MPOLLEC HEMOKINBO, TO B TAKOMY BMNAAKY
O0UiNbHO BUKOPUCTOBYBATU cumyAaLii abo imepcunsHi TexHonorii (IT) (Salnyk & Fomenko, 2023). Hanpuknag, y sus4yeHHi ¢isnku
IT BapTO NOCTaBUTM Ha Apyre Micue MicnA eKCrnepumeHTy 3 peanbHUM obnafHaHHAM, ane AKLO TaKUIN HEe MOX/IUBWUI, TO 11 Ha
nepwe. Hapasi B Google Play i B AppStore € BenMKuKiA BUBIp [0A4aTKIB, AKI MOXHa BUKOPUCTOBYBATM Ha 3aHATTAX. 30Kpema, ana
BMKOPUCTaHHA Ha ypoKax di3vKM MoxKHa 3anponoHysaTtu Arloopa, Merge EDU Platform, MEL VR Science Simulations VR Chosen
Physics, Physics Lab AR Ta iH.. BinbLWicTb 3 HUX MalOTb AHITOMOBHUI iHTEPdENAC, WO CTBOPIOE NEBHI HE3PYYHOCTI ANA BUUTENIB, AKI
He BONOAIIOTb MOBO. Cepes, BITYM3HAHMX PO3POBOK MOXKHaA BMOKpemuTM BookVAR Ta ARSchool.Chemie, BOHM matoTb
YKPaiHOMOBHMUI iHTepdENC Ta AOCUTb 3PYUHi Y BUKOPUCTAHHI.

MeToto focnifgKeHHA NpoaHani3yBaTH NearoriyHi MOXAMBOCTI BUKOPUCTaHHA 3acoby AonoBHEHOT peanbHOCTi Physics
Lab AR y npoueci HaB4aHHA $i3MKKM 32 YMOB 3MiLLIAHOTO HAaBYAHHSA, JOCAIANTM MOro BNAMB Ha GOpMYyBaHHA HAaBYANbHUX AOCATHEHb
YYHiB, MOTMBALLitO T aKTMBI3aLLit0 Ni3HABa/IbHOI Aif/IbHOCTI, @ TAKOXK BM3HAUNTU ePEKTUBHI Nigxoam A0 iHTerpauii wiei TexHonorii
Y WKIiNbHY NPaKTUKY.

METOAM AOC/IAMKEHHA

[na peanizauii metn JocCnigKeHHA Hamu 6yno BMKOPUCTAHO KOMMJIEKC METOAIB, a came: aHani3, cuctemaTmsalin,
y3arafibHEHHA HAYKOBMX AXKepes, aHani3 HayKoBMX Nyb6/iKaLii BITYM3HAHUX i 3aKOPLAOHHUX BYEHWUX, HOPMATUBHO-MPABOBUX
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[LOKYMEHTIB, y3aralibHeHHA BIAaCHOTO [0CBiAyY, @ TaKOX nepesipka edekTuBHOCTI AR TexHonorili, 30kpema, Physics Lab AR B
OCBITHbOMY NpoLLeci.

PE3Y/IbTATU JOC/IAMKEHHSA

Y cy4acHMX yMOBax MOLUMPEHHA 3MIlLAHOFO HaBYaHHA, AKe NOEAHYE OYHI 3aHATTA 3 AUCTAHLIMHUMMK TEXHONOTIAMM,
0c06/1MBOI yBaru 3acnyrosytoTb LMPPOBI iHCTPYMEHTMH, L0 A03BO/AIOTb OPraHi3yBaTh BipTyasibHi ekcnepumeHTU. OgHUM i3 Taknx
pilweHb € MOBiNbHMIA 3acTocyHOK Physics Lab AR, W0 BUKOPUCTOBYE TEXHONOTIO O0NOBHEHOT peanbHocTi (AR) gna moaentoBaHHA
bisnyYHUX ABMLL,.

3miWaHe HaBYaHHA € Cy4acHOK MefaroriyHo MOALENNIO, AKA MOEAHYE TPAAWUIMHI OYHI 3aHATTA 3 uMdpoBMMHK
TEXHOIOFAMM, L0 A03BO/AE YYHAM CAaMOCTIMHO OMPaLLbOBYBATM MaTepian y 3py4HUit Ana HUX Yac. BOHO Ma€ Taki XapaKTepuUCTUKM:

® [HYYKiCTb HaBYa/IbHOTO NpoLiecy (Y4Hi MOXYTb BUBYATM MaTepian y BAaCHOMY Temni).
® MOX/NBICTb BUKOPUCTAHHA iIHTEPAKTUBHUX iIHCTPYMEHTIB, Takmx Ak AR i VR.
¢ MiABULLEHHSA PiBHA CAMOCTIMHOCTI YYHiIB.

Y KOHTeKcTi $i3uKM OAHMM i3 KNIOYOBMX aCMeKTiB HaBYAHHA € MPOBEAEHHA eKCnepuMeHTiB. B ymoBax 3miwaHoro
HaBYaHHA NOCTAE MUTAHHA AOCTYMHOCTI TaKMX JOCAIAMKEHb ANA BCiX y4YHiB. Came TOMY TeXHOOrii SONOBHEHOT peasbHOCTI MOXYTb
cTaTn ePeKTUBHUM PiLlLIEHHAM.

Physics Lab AR H — ue MobiNbHUI 3aCTOCYHOK, WO [03BO/MAE NPOBOAUTU (i3NYHI eKCNepuMEHTU Yy AONOBHEHIN
peanbHoCTi. A came: BipTya/sibHi 1a60paTOpHi pobOTU 3 MEXAHIKKU, ENEeKTPUKU, ONTUKM, TEPMOANHAMIKM TOLWO; IHTEPAKTUBHE
MoZeNtoBaHHA GisMUHUX NPOLLECIB i3 MOXK/IMBICTIO 3MiHM NapameTpiB (Maca, WBKUAKICTb, Hanpyra ToLLo); 36upaTy Ta aHani3ysatu
OaHi y undposomy dopmari; CTBOPIOBATU BAACHI EKCMEPUMEHTU Ta TecTyBaTH iX. JOAaTOK A03BONAE CTBOPIOBATM BipTyasbHi
eKkcnepumeHTn 6e3 notpebu y disnuHomy obnagHaHHI, Wo pobUTb MOro 0cobaMBO KOPUCHUM Y ANCTAHLIMHOMY Ta 3MilLaHOMY
HaBYaHHiI.

1vas0

alls

I
6)

Puc. 1. NabopaTopia enektpuku B Physics Lab AR
[wepeno: asmopcoka po3pobka.

Mepepn noyaTKOM PobOTH 3 AOAATKOM, YYHI MAOTb MOXK/IMBICTb 32 LOMNOMOrO NOCIOHMKA 03HalomuUTUCA 3 Habopom
iHCTpyMeHTiB AnA nobyaosmn Kona (puc.1a), noTim A0AATOK MOXKe CamMOCTiiHO NobyayBaTh cxemy [0 CTBOPEHOMO €/1eKTPUYHOro
KO/1a, TO6TO NEPEMMKAIOUMCH MiXK BKIAAKAMMU MOXKHA 3MiHIOBATU BUA Noaadi.

Hasenemo gekinbKa NpuKnaais iHAMBIAyaNbHUX 3aBAAHb, AKI YYHI BUKOHYIOTb 3 BUKOPUCTAHHAM 04ATKY.

1. MpakmuyHe 3a80aHHA. Y cepenosuui Physics Lab AR 36epiTb NnpocTe enekTpuyHe Koo 3 6aTapeiikoto, 1aMnoYKoo

Ta nepemuKayem:

a) YBIMKHITb Ta BUMKHITb NepeMuKay. 3pobu BUCHOBOK: fIKa po/ib NepemmnKayda B eNeKTpUYHOMY KoNi?

6) JoaaiTe Apyry NamnoyKky nocnifoBHO. AK 3MiHMAACcA ACKPABICTb NAMMOYOK?

B8) MOMipKyliTe UM MOXKNMBO [,04aTU B KOJO LLE OZHY 1aMMNOYKY? AKLLO TaK, TO AKOT MOTYXKHOCTi?

MepeBipTe cBOi NpMNyLLEHHA Ha NPAKTULL.

2. Teopye 3a80aHHA. Bukopuctait Physics Lab AR, w06 3mogentoBatv byab-aKuiA fOCAig, i3 Kypcy 7 Knacy Ha BAACHUM

po3cya, (HanpuKknaa: 3akoH Mackana, 3aKoH BigOUTTA CBITAA, cuna TepTsa).

a) Onuwm xig gocaiay.

6) 3p06M CKPIHLWIOT/3aMaIbOBKY pesynbTaTy.

B) MoAcHw, aKke PiznyHe ABMLLE T JOCNIANB.

3. JocnidHuybke 3a80aHHA a) Biakpuiite Physics Lab AR, Bubepitb cumynsuito «Point Charges» abo «Electrostatics».
BcTaHOBITb OAMH NO3MTUBHMIA 3apag +Q Ha no3uuito A (Hanpuknag, koopamHath x=0). Po3micTiTb apyruii 3apag B Ha 3 pisHMx
BigcTaHax Big A (Hanpuknaa: 2 cm, 5 cm, 8 CM) | 419 KOXKHOI BiACTaHi BUKOHaWTe Aocnia ABa pasu (BMnagokK 1: B = +g 04HOMMEHHI
3apagm; BUNadoK 2: B = —q pisHOMMeHHI 3apaam) BukopucToByiiTe oaHaKoBy BennunHy |g| (Hanpuknag, 1 ymoBHa oauHuuA
3apAaay) 4NA BCiX eKCnepuMeHTIB.

6) OnA KOXKHOI KOH®irypauii BBIMKHITL iHAMKATOP cuAM abo NOAMBITLCA BEAMUYMHY CUAM B3aEMOAii (MOXKHa
BMKOPUCTOBYBATM BiA06paXKeHH BEKTOPIB Ta YMCNOBI 3HAYeHHSA). 3anuiTb HANPAMKU (MPUTArAHHA YW BiALITOBXYBaHHA) i
BE/IMYMHY cuAu B Tabauugo.

B) YBIMKHM NOKa3 CUNOBUX NiHil ANA napu 3apagis y KOXKHIN KoHirypauii. Mantoi (abo 3pobu CKpiHWOTM) cxemm
CUNOBWX NiHIM ANA BUNAAKY OAHOIMEHHUX i Pi3HOMMEHHUX 3apaaiB.

r) 3MiHiTb BeNIMUMHY o4HOro 3apAaay (Hanpuknag, 36inbWitb, @ NOTIM 3MEHLWITb Y 2 pa3un) Ta NOBTOPITb BUMIPHOBAHHSA
£Ns GiKCoBaHOI BiACTaHi. 3anuwWiTb, AK 3MiHMAAcA cuna.

MepemilLytoum IHCTPYMEHTH, Ha poboye Nose, y4Hi MaloTb MOXK/IMBICTb EKCNIEPUMEHTYBATH, CTBOPIOBATH, aHANi3yBaTH,
NPOBOAUTU BipTyaNibHi €KCMepMMEHTHM, 3MiIHIOIUM NnapameTpu (Hanpuknag, macy o6'ekTa, WBMAKICTb abo BEANYUHY CMAK) Ta
cnocTepiratoym pesynbTati B peasbHOMy Yaci. Lle 403BoAsE IM OTPMMATM NPAKTUYHWUIA JOCBIA 6€3 pu3nKy ans 6esneku.
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Ha pvc.2 morkemo cnocTepirat B3aEMOZ,ji10 3apasiB, KOXKEH yYeHb MOYKe CaMOCTIMHO J,043BaTV UM BUAANATU NOTPIOHMII
3apAg, Ta CNOCTepiraTh AK 3MIHIOETbCA NOAE MiXK HUMWN.

EnexTpocTaTiumnit  MarsiTocTarmunuit

Puc. 2. focnipgkeHHa B3aemogiii 3apaais y Physics Lab AR
[epeno: asmopcbka po3pobka.

Ha puc. 3 nokasaHo MOXANBOCTI AOCNIAKEHHA COHAYHOI CUCTEMM 3 A0AAaBAHHAM iHLUMX NAAHET, NPU YOMY Y BEPXHbOMY
npaBomy KyTi ogpa3y BiA0OpPaXKaloTbCA OCHOBHI XapaKTepPUCTUKM LWWBWUAKICTb, Maca, pagiyc, Towo. KoxeH KopucTyBay Mae
MOXUBICTb NOAINNTUCA CBOIM NPOEKTOM, 36epertu Ha AMCK, onybikyBaTW ANA 3arasibHOro OrnAay.

Moginurucs 3 ;
Mopoxiit poSowwi crin
36epertv Ha gnck
“nvaris gucxa
OnyBnixysat pobory S

IMNOPT Ta eXcnOpT 7

Puc. 3. flocnigkeHHA coHAYHOI cuctemu y Physics Lab AR
[epeno: asmopcoka po3pobka.

5 N

Hackinbky wikaenm 6yB anA Tebe ypok i3
BUKOpUCTaHHAM Physics Lab AR?

~

Yu nigsMiimMna BUKOpUCTaHa TEXHOAOTIA
TBOIO MOTHMBALLi10 0 BUBYEHHA (i3MKK?

015
02,5% 0 s

63%

B CKOpille HelikaBWil = YaCTKOBO LiiKaBuMit = 30BCIM Hi = CKOpiwe Hi = 4aCTKOBO TakK
1 UiKaBuiA B ayKe uikasui = TaK B 3HAYHO Tak

- EA /
a) 6)
_ ™ &
Yu gonomorno sukopuctaHHA Physics Lab Yu sonomir LOAATOK 3pO3YMITH CKNaAHI
AR Kpale 3po3ymiTi HOBY Temy? Temu, AKi BaXKKO NoAcHWTK Bes gisyanisauii?

70%
87%

B 30BCIM Hi B 4aCTKOBO B TaK = 3HAYHO 3posyminiwe ® 30BCIMHI B YACTKOBO = Tak ® 3HAYHO AONOMIr

o F g /
8) 2)

Puc. 4. Pe3ynbTat oNUTYBaHHA Y4YHIB WOA0 A0LiNbHOCTI BUKOPUCTAHHA AR f0pAaTKy Ha ypoKax ¢i3vku
[repeno: asmopcoka po3pobka.
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Y pocnigxeHHi B3ano yyactb 132 yyHi 7-8 knacis wkonm Nel micta Kuesa, 23 3 HMX nepebyBatoTb Ha CimeliHii dopmi
HaBYaHHA. Ha noyaTtky AoCAigyKeHHA Hamu Byno NpoaHani3oBaHO pPiBeHb HAaBYabHUX AOCATHEHb 3406yBaviB A0 3acTOCyBaHHSA
TEeXHO/I0ri AONOBHEHOI peanbHOCTI Ta nicns (puc.5).

MicnAa BMKOPUCTaHHA AONOBHEHO! peanbHOCTi Ha ypokax, Hamu 6y/n0 NpoBefeHO OMWUTYBAHHA YYHIB, pPe3ynbTaTu
HaBedeHo Ha aiarpamax (puc. 4, a-2). Baunmo, Wo piBeHb 3aLLiKaBeHHA 3pOCTaE, NiABULLYETLCA MOTMUBALLIA 40 HABYAHHSA, CKNAAHI
peui cTaloTb 3pO3yMINiLLMMM | NPOCTILUIMMU Y CIPUNAHATTI.

a3 ~
YeniwHicTb yuHiB 3 ¢i3uKK

40,00%

30,00%
20,00%
oo L

0,00%
BUCOKMIA LOCTaTHIM cepeaHin HU3BKUIH

B A0 excnepumenTy B nicaa exkcnepumenTy

A J

Puc. 5. iMHamika ycniwHocTi yuHis 3 $pisuku nicns BukopuctaHHa AR B ocBiTHbomy npoueci (Physics Lab AR)
[epeno: asmopcbka po3pobka.

Ha giarpami Bigobpa)keHO AMHaMIKy HaBYaNbHOI AiANIbHOCTI 3 BUMKOPUCTAHHAM iIMEPCUBHUX TEXHOJOTIN.
MpoaHanisyBaBwmM Hinblw AeTanbHO pPe3ynbTaT ONUTYBAHHA Ta KOHTUMHIEHT YYHIB, WO MOKPALWMAN pPiBEHb HaBYa/NbHUX
[OCATHEHb, BUABUAK, WO Lie NepeBa*kHO Y4YHi, AKi HaBYalOTbCA Ha CiMelHin popmi HaBYaHHA i HE MakTb 3MOTM NOBHOL,IHHO
BiABiZyBaTN OYHi 3aHATTA. TOMy, 3aCTOCYBaHHSA 3acobiB AONOBHEHOI peanbHOCTI, 30Kpema Physics Lab AR 3a ymoB 3milaHoro
HaBYaHHA, MA€E pAL Nepesar 41a peanisauii KOMMNOHEHTIB HaBYaHHA.

1. MpaKTUYHKUIT KOMMNOHEHT. JOCTYNHICTb EKCNEePUMEHTIB (HaBiTb AKWO NabopaTopHe 06/1aAHAHHA BiACYTHE Y WIKONI
abo Booma); 6e3nexa (MoxKHa BUKOHYBaTU EKCNEPUMEHTH 6e3 pU3UKY OTPMMAHHS TPaBM); MOXKAMBICTb CaMOCMIliHO20 8UBYEHHSA
bi3nKM (3'ABNAETBCA MOMKAMBICTb BUKOHYBATM EKCMEPUMEHTM Yy 3pYYHUM 4Yac, a TaKOX HajaBaTM [AOAATKOBI pecypcu Ta
NOACHEHHA, HAaNPUKNaA, NPU HaBeAeHi Ha 06'eKT moKe 3'ABMTUCA [0AAaTKOBA iHbopmaLia abo Bigeo 3 NOACHEHHAM ABULLA);
po3uwupeHHa moxcausocmeli 0ocnioreHHa (MOXHA MOLENOBaTU CKAagHI ABMLLA, AKI BaKKO abo HEMOXX/MBO BiATBOPUTU Y
3BMYANHMX YMOBax (HanpuKkaag, pyx naaHeT, MarHiTHe nose 3emii Towo,) 36ip Ta aHaNi3 AaHUX eKCNepuMEHTIB Moxe byTu
nonerweHo 3a 4onomoroto AR. YUHi 3MOXKYTb SIerko B3aEMOZIATU 3 AaHUMM, NPOBOAUTU rpadiuHMi aHani3 i 6aunTn pesynbraTm
B PEXKMMIi PeanbHOro Yacy, Lo € BaXKMBUM 419 MabyTHbOrO MOAENOBAHHA ABMULLA YM NpoLecy.

2. MoTMBaLiHMA KOMMNOHEHT. |[HTePaKTUBHICTb, e1eMeHTH rerimidikau,ii 330X04yI0Tb YYHIB 40 aKTUBHOI 4iANbHOCTI,
CNpUAIOTL NIABULLEHHIO iHTEpecy A0 npeameTa, OPMYBaHHIO BHYTPILLIHbOI MOTMBALLi Ta PO3BUTKY Ni3HABA/IbHOI aKTUBHOCTI. YYHi
LEeMOHCTPYIOTb Bifibll BUCOKWUI piBEHb 3a1y4eHOCTi Y NMPOLEC BUBYEHHA CKAagHOro matepiany. OcobsivBoi yBarm 3acnyrosye
BMKOPUCTAHHA TEXHONOTiN foNoBHeHOi peanbHOCTi (AR) y npoekmHili disaneHocmi, a came y BipTyanbHUX GpisnuHUX nabopaTopinx,
L0 MOKe 3HAYHO «36araTUTM» HaBYaZIbHWUI NPOLLEC Ta MiABULLMTK 3aLLIKABNEHICTb YYHIB, CMPUATU rPYNOBUM NPOEKTaM, Ae Y4Hi
MOKYTb CMiJIbHO NPALOBATM HaZ EKCMEPUMEHTAMM YM ECKiZamMM, 0BroBOPHOOYM Ta BMBYAOUM i3UYHI NPUHLMNK.

3. CouiaNibHO-KOMYHIKaTUBHUIA KOMNOHEHT. AR-niaTtdopmu NigTpumytoTs KonabopaTtueHi dopmm poboTu (rpynosi
LOCNIAXKEHHSA, CNiNbHI NPOEKTH), L0 PO3BMBAE KOMYHIKAaTMBHI HABUYKM Ta BMiHHA NPaLLtoBaTM B KOMaHAj. Bunteno Ha ypouyi moxce
BUKOPUCTATU MOBINbHUI 3aCTOCYHOK ANA AEMOHCTpaLii eKcnepMmeHTiB abo » 3anponoHyBaTW rpynosy poboTy yuHiB i3
BipTYa/IbHUMM eKCNEPUMEHTAMM YU BUKOHATU CAMOCTIMHI AOCNIAXKEHHA 3 NOAANbLWMM 06roBOpPEHHAM pe3y/bTaTis.

4. Pe3ynbTaTUBHUI KOMMOHEHT. 33 AaHUMM eMnipuyHMX docnigxeHb (Radianti et al.,, 2021; Bower et al., 2020),
BMKOpUCTaHHA AR nigBuuLye cepegHi 6anu yyHiB Ha 15—25% y NopiBHAHHI 3 TPAAWULIMHUMM METOAAMM HaBYaHHSA, 0cobauBo y
rany3ax STEM. 3aBgakun AR y4Hi MOXKyTb OTPMMATK AOCTYN A0 BEAMKOI KiNIbKOCTI BipTya/ibHUX pecypciB i maTepianis, AKi MOXYTb
6yTV HepOCTYMNHI B 3BUY4AMHOMY KAaCHOMY CepesoBuLLi.

BUCHOBKM TA NEPCMEKTUBU NOAANBLUOIO AOCNIAXKEHHA

MpoBeaeHWin aHani3 3acBigumMB, WO BUKOPUCTaHHSA 3acoby AonoBHeEHOI peasbHOCTI Physics Lab AR y npoueci HaBYyaHHsA
®i3nKM 33 YMOB 3MilLAHOTO HaBYaHHA MA€E CYTTEBMIA MefaroriyHuii noteHuian. TexHonoria 3abesneyye HAOUHICTb | AOCTYMHICTb
CKNAgHUX abCTPAKTHUX MOHATb, CNPUAE POPMYBAHHIO LiNICHOTO yABAEHHA Npo ¢isMyHi Npouecu Ta NiABULLEHHIO PiBHA
HaBYa/IbHUX AOCATHEHb YYHiB. BOHA NO3MTMBHO BN/MBAE HA MOTUBaLLiiHY cdepy, aKTUBI3yE Ni3HABaNbHY AiANbHICTb, CTBOPIOE
YMOBW AN1A PO3BUTKY A0CNIAHULBKUX YMiHb | KOUTUYHOTO MUC/EHHA.

EbekTnBHicTb ynpoBagskeHHA Physics Lab AR 3anexuTb Bif NpoaymMaHWX NefaroriYHUX CTpaTeriin: NoeaHaHHA
TPAANLINHUX | UMDPOBUX METOLIB HaBYAHHSA, iHTerpaLii enemeHTiB rerimidikauyii, nepcoHanisau,ii 3aBaaHb, a TaKOXK opraHisau;i
rpynoBoi B3aemogaii 8 AR-cepeaosuLLi. [louiibHUM € NOCTYNOBE PO3LIMPEHHA NMPAKTUKN BUKOPUCTAHHA L€l TEXHOOTIT Y WKOAI,
L0 A,03BO/IUTb He MLe NiABULLMTU AKICTb 3aCBOEHHA HAaBYa/bHOTO MaTepiany, a i cpopmyBaTh B YUHIB YMiHHA 3aCTOCOBYBATU
3HaHHA B peasibHMX i 3MOAe/bOBaHNX YMOBAX.

OTke, Physics Lab AR morke cTatv edeKTUBHUM iHCTPYMEHTOM MiATPMMKM 3MIlLAHOTO HABYaHHA i3VKKM, 30aTHUM
iHTerpyBaTV iHHOBALiMHI TeXHONOrIT 3 TPAAWUUIMHOIO METOAMKO, 3abe3neyyoum HOBUI piBeHb B3AEMOAIT YYHA 3 HABYANbHUM
KOHTEHTOM. MepcnekT1Bmn Noganblumx AOCNiAKeHb BOHAYaEMO B AOCNIAKEHHI METOANYHUX NiAXOAIB Y NiArOTOBLi BUMTENiB Bi3nKM
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0,0 BUKOPUCTAHHA AOMNOBHEHOI peanbHOCTi, po3pobui mogeni iHTerpauii AR y HaBYanbHi NPOrpamm Ta OUiHLi BNAMBY HA OCBITHI
pe3ynbTaTv y A4OBrOTpMBanii NepCneKkTmBi.

KOH®NIKT IHTEPECIB

ABTOpWU NiATBEPAKYIOTb BiACYTHICTL iHAHCOBMX, OCOBUCTMX UM iHLIMX iHTEPECiB, LLO MOXKYTb PO3rNAZ4aTUCA fAK

NoTeHUiMHNA KOHGANIKT iHTepeciB Woao nybnikauii uiei ctaTTi.

®IHAHCYBAHHA

Po60Ta BMKOHaHa 3a BiACyTHOCTI GiHaHCOBOT NiATPUMKM 3 BOKY ByAb-AKUX OpraHisauin..

AOOCTYNHICTb AAHUX

Lle TeopeTnyHe focnigxeHHs He nepenbayae BUKOPUCTAHHA A04aTKOBMX HabopiB AaHMX.

BUKOPUCTAHHA LUTYYHOIO IHTENEKTY

IHCTPYMEHTU LWITYYHOrO iHTENIEKTY HE BUKOPUCTOBYBA/IMCb NPWU HAaNUCaHHI L€l poboTy.
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AHOTALIA

ABSTRACT

Y cmammi euceimaeHo memoduyHi acrnekmu po36’A3y8aHHA
MPUKAAOHUX 300a4 HA YPOKAX MamemamuKu 011 (opMyBaHHSA
KomnemeHmHocmi «nidnpuemnausicmes ma iHaHcosa
2pamMomHicme», HageOeHo emanu Po3e’A3y8aHHA MAKUX 300aH.

dopmyntoeaHHa npobaemu. Liugposizayii HaceneHHA YkpaiHu ma
npazHeHHs 00 Mi0BUWEHHA piBHA hiHaHCOBOI epamomHocmi
8i0bysarombcs  3MiHU 8 o0c8imHix meHOeHyiax. Ha cbo2odHI
LepxcasHuli cmaHdapm 6a3080i cepedHboi oceimu ma LeprasHuli

cmaHOapm  npogineHoi  cepedHboi  ocgimu  nobydosaHi Ha
KomMnemeHmMHiCHOMy nioxooi. OOdHitoe 3 Kro4o8uX
KomnemeHmHocmeli 8UOKpemsaeHo «nionpuemsausicme ma

¢iHaHcosy epamomHicme», wo npedbavyae 30amHicme ALOUHU
iHiyitoeamu, naaHysamu ma peanizosysamu idei, 6pamu Ha cebe
8idnoeidanbHicms, 3Haxooumu Moxcausocmi i pecypcu  0aa
docAzHeHsA C80€EI Memu, yMimu egeKmueHO ynpasaamu 8aacHUMU
giHaHcamu, Kopucmysamuca 6aHKIBCbKUMU MPoOyKmamu ma
npulimamu  ¢iHaHcosi  piweHHA.  Bpaxosydu  HopmamueHi
OOKyMeHmMU Ccy4yacHomy s4umesnto HeobxidHo 3Halimu maki 3acobu i
memoou, fKi egexkmusHo 3moenu 6 peanizysamu nocmaesneHi
30800HHA.

Mamepianu i memodu. [aa 0aHozo 00cnioneHHs 6yno
BUKOPUCMAHO Komrsekc memodig: : meopemuydHuli — 045 aHanisy
HOpMamueHuUx  OoKymeHmis,  emnipuyHuli —  nedazoziyHe
crnocmepexceHHs 30 Ha84asbHO OifnbHicmio yyHie 10-11 knacie nid
Yyac po3e’A3ysaHHA 3a0a4.

Pesynomamu. Y 0ocnidxceHHi npedcmassneHo npuknad ¢abynau
KomMremeHmHicHoi 3adaui, AKa 8idnosidae sikosum o0cobausocmam
Y4Hi8 cmapwoi wkKoau ma momusye ix 00 po3e’a3yeaHHA ma
camocmiliHozo  nmowlyKy  iHghopmayii. BuokpemneHo  emanu
p0O38’A3Y8AHHA MPUKAAOHUX 3a0a4 01 egheKmueHo20 GopMy8aHHA
KomnemeHmHocmi «nidnpuemaugicme ma ¢iHaHcoea 2pamomHicme».

BucHoeKu. Po038°A3y8aHHA MpPUKAadHUX 3a0ay i3 iHaHcosuM
3MicCmom  10Ka3asn0 €800  epeKkmusHicmb Yy hopmy8aHHi
KomrnemeHmHocmi «nionpuemaugicme ma iHaHcosa
2PAMOMHICMbY Yy CMAPWOKAACHUKIB. BUKOPUCMAHHA aKmMyasnbHUX
daHux, QR-Kko0is i HaguanbHUX OUCKYCili Nid8UWYE MomMuBayito y4His,
GopMye KpumuyHe MucC/ieHHA ma pobume mamemamuky Oiesum
iHcmpymeHmom 0aa npuliHAMMA peanbHUX iHaHco8uUx ma
nionPUEMHUYbKUX pilleHb.

The article highlights the methodological aspects of solving
applied problems in mathematics lessons to form the
competence «entrepreneurship and financial literacy»; the
stages of solving such problems are given.

Formulation of the problem. Considering the current trends
in technology development, the digitalization of Ukraine's
population, and the desire to enhance financial literacy,
changes are occurring in educational trends. Today, the State
Standard of Basic Secondary Education and the State Standard
of Specialized Secondary Education are built on a competency-
based approach. One of the key competencies is
«entrepreneurship and financial literacy», which implies a
person's ability to initiate, plan, and implement ideas, take
responsibility, find opportunities and resources to achieve
their goals, be able to effectively manage their own finances,
use banking products, and make financial decisions.
Considering regulatory documents, a modern teacher must
find effective means and methods to implement the assigned
tasks.

Materials and methods. A combination of methods was
employed in this study: theoretical, for analyzing regulatory
documents, and empirical, involving pedagogical observation
of the educational activities of 10th—11th grade students while
they solved problems.

Results. The study presents an example of a competency-
based problem scenario tailored to the age-specific
characteristics of high school students and designed to
motivate them to solve the problem and independently seek
information. The stages of solving applied problems are
identified to effectively develop the competence of
«entrepreneurship and financial literacy».

Conclusions. Solving applied problems with financial
content has proven effective in developing the competence of
«entrepreneurship and financial literacy» among high school
students. The use of relevant data, QR codes, and educational
discussions enhances student motivation, fosters critical
thinking, and transforms mathematics into a valuable tool for
making informed financial and entrepreneurial decisions in
real life.

K/TKOYOBI C/IOBA: cmapwa wKona; npukaadHi 3a0ayi; giHaHcosa
2pamomuicme; MiONpUeMaUBICMb; KOMIemeHMHiICMeo.

KEYWORDS: high school; applied problems; financial
literacy; entrepreneurship; competence.
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BCTYN

MocraHoBKa npo6aemu. Y cy4acHMX yMoBax PO3BUTKY CYCMinbCTBa Ta LMdposisaLii 6aHKIBCbKMX onepauiit ocobamsol
aKTyanbHOCTI HabyBae GOPMyBAHHSA Y CTAPLLIOKNIACHUKIB HEOOXIAHMX Y NOBCAKAEHHOMY KUTTi YMiHb | HABUYOK, AKi 3abe3neyatb ix
rOTOBHICTb A0 YCMiLIHOI coujiani3auii, camopeanisauii Ta NpodeciiHOro cTaHOBAEHHS.

BozHoYac 3a3HAYaEMO, LLLO 3riHO i3 3arasibHOHALOHANbHUM ONUTYBaHHAM, NpoBeaeHnm HauioHanbHUM 6aHKOM YKpaiHm
Ta npoekTom USAID y 2021 poui rpyna onutaHux y Biui Big, 18-19 pokiB Nnokasana HalHW»K4i NnokasHukm (USAID, 2021). Y 2023 poui
LeHTp iHaHCOBMX 3HaHb «TafaH» ONPUIOAHMB PE3Y/IbTaTU ONUTYBaHHSA 3 GpiHAHCOBOI r(PAaMOTHOCTI A4/1A AiTel Bikom 11-18 pokis, 3a
pesynbTaTamm AKkoro, 86% nigAiTKiB XxoTinm 6 niaBuLyBaTH CBOK diHaHCOBY 0bi3HaHICTb B WKoOAi (BoiTuubKa & Ponik, 2023).

LLloAo nianpremnmBocTi BapTO 3ayBayKMTK, WO BiANOBIAHO A0 AHaniTuyHoro 38iTy SCORE(UNDP, 2021) nnwe 7% rpomagsaH
YKpaiHu MatoTb HamMip po3noyaTh BAacHy cnpasy, a 6% y:Ke € nignpueMuamn. Xoya 3a AaHMMK gocnigKeHb EBponencbKkoro poHay
pO3BUTKY HaBMYOK(European Training Foundation, 2023), 73% ykpaiHCbKOI MO/I0Ai BUABAAIOTb BaXKaHHA BECTU BIACcHMI BisHec,
OZHaK Lji HaMipy 3aNULWAKOTLCA AEKNAPATUBHMMM, OCKIIbKM MOIOAb HE MA€E TBEPAOTO OCBITHLOIO MiArPYHTA ANA L€l AiANbHOCTI.

Ona nigBuweHHA piBHA ¢GiHAHCOBOI Ta MiANPUEMHMLBKOI 0BI3HAHOCTI HaceneHHs Ha piBHI gepKaBHOI NOMITUKK Byna
po3pobsieHa HauioHanbHa cTpateria po3BUTKY ¢iHaHcoBoi rpamoTHocTi go 2030 poky (National Bank of Ukraine, 2020), ska
nepenbayae Aji B pamkax neplimx 4YoTMPbOX cTpaTeriyHmx Linax. Mepwoto uinato, BianosigHO 40 L€l cTpaTerii, € A4iTM, monoab Ta
OCBITAHW. BianoBigHO A0 UMX BUKAMKIB Yy HOBOMY [lep:KaBHOMY CTaHAapTi NpodinbHoi cepeaHboi ocBiTK (Mpo 3aTBepArKEeHHA
[epKaBHOro ctaHZapTy npodinbHoi cepeaHboi ocBiTh, 2024) y MeTy OCBITHbOrO NpPOLECY 3aKNaAeHo GOpPMYyBaHHA KAOUYOBUX
KOMMETEHTHOCTEN, AKi HeobxigHi ana BcebiyHOro po3BUTKY ocobucTocTi. OJHIE 3 UMX K/OYOBUX KOMMETEHTHOCTEN €
«NigNPUEMAMBICTb | ¢diHAaHCOBA rPamOTHICTb». TakMi nigxis A0 HaBYaHHA nepenbayae, wo 3406yBay OCBITM, BOAHOYAC i3
KNACUYHUMM 3HAHHAMM OTPUMAE «DYHAAMEHT» YMiHb | HABUYOK Ha H6a3i npodinbHOI cepeaHbOT WKOM Ta, Byayun y LOPOCIOMY BiLli,
3MOKe HaZa/li CaMOoCTiiHO PO3BMBATUCA Ta YCMiWHO peanisyBatu cebe B KUTTI.

OTKe, 4N peanisalyii NoCTaBNeHNX BUMOT HeobXiaHO BUKOPUCTATU TaKi 3acobM HaBYaHHSA, AKi ByayTb aKTyanbHi, epeKTUBHI
Ta BiANOBIAATV BIKOBUM 0COB/IMBOCTAM YUHIB CTapLUOI LLIKOAN.

AHani3 akTyanbHUxX gocnigKeHb. Mpobaematnka GiHaHCOBOT FPaMOTHOCTI Ta NiANPUEMANBOCTI MA€E r106aNbHUI XapaKTep
i aKTMBHO [OCAIOXKYETbCA B MeXKaxX MiKHApOAHOI neaarorikn. 3a pesyibTaTaMn eMNipUYHUX SOCAIAKEHD WKINbHI Nporpamu, siki
BK/IIOYAOTb PO3BUTOK ¢iHAHCOBOI rPamoTHOCTI B 3406yBayiB OCBITM iCTOTHO NigBMLLYIOTL piBeHb OBI3HAHOCTI 1 rOTOBHOCTI A0
¢diHaHcoBoi camocTiiiHocTi (Salas-Velasco, 2025; Aljaouni et al., 2020). TaK, Mi3kHapoAHi AOCNIAXKEHHA MiATBEPAMKYIOTb, LLO iCHYE
TiICHWUIA 3B’A30K MiXK piBHEM MaTEMaTMYHMX 3HaHb Ta ¢iHaHcoBol o0b6i3HaHicTio (Skagerlund et al., 2018; Zhou et al., 2023), a
BUMKOPUCTAHHA UUPPOBUX TEXHONOFiI [03BONAE CYTTEBO NIABUWIMTM HaBYasbHY MOTMBALiO YYHIB Nig 4ac ¢opmyBaHHA
KomneTteHTHocTel (Hernandez-Martinez et al., 2025).

MeBHi acnekT popmyBaHHA GiHAHCOBOT r(PAMOTHOCTI HAaCENIEHHA PO3rNALAM Y CBOIX NPALLAX TaKi BITYM3HAHI HAYKOBL, AK
/1. 3axapkiHa Ta M. KaTtepuHiHa (2014), T.Kisuma (2012), A.KysHeuyoBa (CmosskeHko & KysHeuosa, 2013). 3a pegakuieto
T. CmoBU:KeHKO Byna po3pobaeHa nporpama BUbipKoBoro Kypcy «PiHaHcoBa rpamoTHICTb» ans yyHiB 10-11 knacis, MeToauyHi Ta
HaBYa/NbHi MaTepiann, METOI AKMUX € MO3HAVOMMTM YYHIB i3 CydacHUMM GiHAHCOBMMM NPOAYKTAaMM Ta NOCAYraMu, BMiTW NaHyBaTH
cBoE€ diHaHcOBe MaNbyTHE (IHCTUTYT moaepHi3aLii ocsiTK, 6.4.).

MWTaHHA BNIMBY MAaTEMATUYHMX 3HAHb, YMiHb | HABMYOK Ha BMiHHA ynpaBaaTM ocobuctumu diHaHcamm Ta peanisauiero
NiANPUEMHULBKMX e, NOCUNEHHSA iHTepecy B YYHIB 40 ¢iHAHCOBMX MOHATb HA YPOKAaX MATeMaTUKM Oyno OKpec/ieHo B
pocnigkeHHsx B. Lseus( LWseub &YepHeHko, 2024)., M. bypau Ta [. Bacunbesoi (2017).

Y CBIiTOBI NPaKTULLi KOMNETEHTHICHWI NiaXia, PO3rNAAAETLCA AK NPOBIAHA NAPaAMIMa MOAEPHI3aLLT MaTeMaTUYHOT OCBITU
(Hardie et al., 2022). 3okpema, 3a3Ha4YaETbCA BNAWUB POJIi BUNTENA, MOFO KOMMETEHTHOCTI Ha ePEKTUBHICTb JOCATHYTUX PEe3yNbTaTis
(Zlatkin-Troitschanskaia et al., 2024), HeobxigHicTb 36arayeHHs NocibHUKIB MeToanYHUMM MmaTepianamu (Vilalta Riera et al., 2024).

Merta cratTi. 3 ornagy Ha BULLEBUKIAAEHE METOI € BUCBIT/IEHHA METOAMYHUX MNiAXOAIB A0 3aCTOCYBAHHA NPUKAAAHUX
33434 3 ¢iHaHCOBMM 3MIicTOM, fIK 40 edeKTMBHOro 3acoby ¢opmyBaHHA Yy CTApLUOKJACHMKIB K/AOYOBOI KOMMNETEHTHOCTI
«MigNpPUEMAMBICTb Ta GiHAHCOBA NPAMOTHICTb» Y NPOLECi HABYAHHA MATEMATUKM.

METOAM AOCNIAMEHHA

[Nna pocarHeHHA meTn 6yn0 BUKOPUCTAHO KOMMIEKC METOZAiB: TEOPETUYHMI — ANA aHaNi3y HOPMATUBHUX AOKYMEHTIB,
eMMiPUYHUI — NesaroriyHe CNoCTEPEXKEeHHSA 33 HaBYa/IbHOW AifnbHicTIO yyHiB 10-11 KnaciB nif Yac po3B’s3yBaHHA 3ajad,
aQHKeTyBaHHA.

AHKeTyBaHHA b6yn0 nposeseHe y KBiTHI 2025 poKy cepea y4His 11 knacy flineto Ne128 [IHiNpoBCbKoro paoHy m. Kuesa,
y AKOMy B3A10 y4yacTb 40 pecnoHAeHTiB Bikom 16-17 pokis.

AHKeTa micTuna 6 3anuTaHb:

1. Yu BBaXKa€ETe BM, LLLO MAaTEMATUYHI 3HAHHA CNPUAIOTb PO3YMiHHIO GiHAaHCOBMX Npouecis?

2.  fKwWwo BiANOBIAb Ha Neplue 3aNUTaHHA «TaK», TO BKaXiTb, AKA AiANbHICTb HA YPOKAaX MaTeMATMKKN CNpUANa LboMy

Halbinblue: po3B’A3yBaHHA NPUKNALHUX 33434, 0BroBOpPEHHs, HaBYaNbHI ANCKYCIi, BUKOpUCTaHHA QR-Kogis ans
NOLWYKY YM NepeBipKu AaHMX, iHWe(BKaXiTb).

3.  fIKi 3 HaBeAeHWX NOHATL Bam Byau Bigomi 40 YPOKiB, a MPO AKi BM A4i3HANNCA Ha YPOKax maTtemaTukum? (IHdaauis,

0Eeno3unT, NoAaToK, KpeauT, iHBecTuLii, NpubyToK, GiHaHCOBUIA PU3UK)

4. Yu 3MiHWMNOCA Balle CTaBNAEHHA A0 NJAHYBaHHA BNACHOTO B0AMKeTy Nicna ypoKis maTemMaTuKkun?

Y o6rosoptoeTe BKU diHaHCOBI Temu BAOMa 3 6aTbKamu/poanyammn?
6. AKWo BiANOBIAb Ha NONepeAHE 3aNUTAHHA «TaK», BKAXKIiTb, AKI pakTOpKU A1a Bac € NOLITOBXOM A0 06roBOpeHHsn
diHaHCOBUX TeM.

L
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PE3Y/IbTATU JOC/IAMKEHHSA

P03B’A3yBaHHA 33434 Ha YPOKax MaTeMaTMKM BOAHOYAC € L0 | 3acobom HaBYaHHSA. Llei npouec 3aimae 3HauHy YacTUHY
LUKINIBHOTO KypCy MaTeMaTUKW. YKpaiHCbKMA MmaTemaTuK-negaror 3. CnenkaHb BUAINAE YOTUPU OCHOBHI GYHKL,T 33434 y LWKiNbHOMY
KypCi MaTeMATUKM: HaBYa/IbHY, PO3BMBA/IbHY, BUXOBHY i KOHTPOIbHY (CnenKaHb, 2006). BUXoaaum 3 yMOB KOMMETEHTHICHOTO Niaxoay
[0 HaBYaHHsA, y BignosigHoCTI Ao [epaBHoro ctaHaapTy npodinbHoi cepeaHboi ociTh (2024) Ha Hawy AyMKy HeobxiaHO fAoaaTtu
we oaHy ¢yHKUiO — 3aCTOCYBaHHA MaTeMaTUYHWUX 3HAHb Yy MPAKTUYHMX CUTYaLisX, 30Kpema nig 4Yac po3s’A3yBaHHA 3a4ad
¢diHaHCOBOro 3micTy. 3B’A30K 3 EKOHOMIYHUMW TEMAMKU [,03BO/IAE PeasnizyBaTM NPUHUMM €AHOCTI TEOPil Ta NPaKTUKK Ta CNPURE
PO3BUTKY NiANPUEMHULLKOI Ta $iHAHCOBOT FPAaMOTHOCTI.

BMX04AYM 3 HALLMX AOCAIAXKEHD MOXKEMO 3a3HAUYUTH, WO HabiNbLL edeKTMBHO € dopma NOCTAHOBKM 3aaadi, y Gabyni
AKOI HaBeAEHi aKTyanbHi Ta peanbHi (aKTW, MOKa3HMKM, CTAaTUCTMYHI AaHi abo 3anponoOHOBaHO YYHAM AOMOBHWUTM 3agady
HeobXiAHUMM AaHMMUK A1 PO3B’A3yBaHHA CAMOCTIHO.

[na akTyanisauii faHux Ta po3LWIMPEHHA KOHTEKCTY 33434 Nif Yac ypoKiB BUKopuctoByBanmca QR-Koaw, Wo Beu y4HiB A0
30BHIiWHIX iHbOpMaUiMHUX pecypciB ( odiLiiHUX CTaTUCTUYHMUX AaHWUX, piHAHCOBMX MopTanis, Towo). Hanpuknag, y 3agayax Ha
CiMenHMI BIoAXKeT UM iHpAALI0 YYHAM NPONOHYBANOCA CKaHyBaTn QR-Koa, abu NepeBipuTV aKTyaIbHICTb BUKOPUCTAHMX NOKA3HUKIB
TaKMUX AK KypC BatoT, piBeHb iHAALI, CTaBKM NOAATKIB 338 OCTaHHIMM AaHMMKM HaujoHanbHoro 6aHKy YKpaiHu. Hanpuknag, 3agadi
TAKOro 3micTy:

3apgaua 1. Cim’a CaBuykiB *KuBe B YKpaiHi. ¥ 2025 pou;i iX cimeiHMIA YucTuii goxia ctaHoBuTb 23 460 rpH Ha Micaup (cepeaHilt
NMOKa3HWK nepLuoro KeapTany 2025 poky). Yepes iHpasLilo B TpaBHi LiHKM 3pocan Ha 1,3 %, a 3 NoYaTKy poKy — Ha 5,6 %.
O60B’A3KOBI LLLOMICAYHI BUTPATU CKNAAA0TbCA 3 KOMyHaibHWUX nocayr —6 000 rpH, NpoayKTiB xapyyBaHHA — 12 000 rpH, BUTPATH 3a
HaBYaHHA monoaworo cmHa —4 000 rpH, iHwe — 7 000 rpH. MeToto € HakonnunTh 60 000 rpH 3a 12 micAuis.

3aBAaHHA:
1. CknafiTb MicAYHMI 3BIT [OXOAM, BUTPATH, 3a0LaAKEeHHA. YY1 3MOXKe CiMm’l LOCATTU NOCTaBAeHOT MeTn?
2. MMpoaHanisyvTe BNAMB iHGAALIT Ha BUTPATU. Yn 36epekeTbcA piBeHb HAKONNYEHb?
3. 3anponoHyiTe WAAXM AOCATHEHHA METU (CKOPOYEHHA BUTPAT, 4EN03MT, NigPOo6ITOK TOLLO).
4. MMepesipTe 3a QR- KOAOM aKTyaNIbHICTb AAHUX HA CbOrOAHILLHIN AeHb. AK 3MIHUTLCA Nepios HaKOMUYEHHA BaXKaHOT CymMU, AKLLO
cim’a CaBYyKiB NOYHE HAKOMMUYBaTH CbOroAHi? LLLo BNAMHYAO Ha 36iblUeHHS/3MeHLEHHA Lboro nepioay?
3agaya 2. OneHa nnaHye iHBecTyBatk 100 000 2 y 6iTKOiH. CTaHOM Ha 5 amnHa 2025 poky Kypc 1 BTC = 4 506 930 2. 3a
OCTaHHil piK BapTiCcTb 3pocna Ha = 93,6 %. YKpaiHa roTye 3aKOH Npo onoAaTKyBaHHA KPUMNTOBA/IlOTU: CTaHAAPTHA cTaBKa — 18 % NAPO
+ 5 % BilicbkoBu 36ip, abo ninbrosa — 9 %.
[JetanbHa iHbopMaLin LLOA0 3aKOHOMPOEKTIB NOB’A3aHNX 3 KPUNTOBANHOTOO:

3aBAaHHA:
MopaxyiiTe, ckinbkn BTC Kynutb OneHa Ha 100 000 2.
O6uuncnitb BapTicTb BTC Yepes pik npu 3pocTaHHi Ha 93,6 %.
Po3paxyiTe unctnin goxig, nicns onoaatkysBaHHA (23 % i9 %).
MopiBHANTe BapiaHT ONOAATKYBaHHA Ta 3pO06UTU BUCHOBOK.
MpoaHanisyiTe pU3NKKU KPMNTOBAAIOT (BONATU/LHICTb, 3MiHM B 3aKOHOAABCTBI), CKOpUCTaBWMCh iHbopmaLjieto B QR-Koaax.

Lle HoBOBBEAEHHA CNPUANO PO3BUTKY HE TiNbKM $iHAHCOBOI 06i3HAHOCTI Y4HIB, @ 1 LMPPOBOI KOMNETEHTHOCTI. binblie
TOro, BUKOPUCTaHHA QR-KOAiB NiABWLLMAO CaMOCTIMHICTb i MOTMBALLIO YYHIB 4O PO3B’A3yBaHHA MoOCTaBAeHOi npobaemu. BoHu
OTPUMA/IU MOK/IMBICTb CAaMOCTIMHO NepeBipATM iHPpOopMaL,ito, CTaBuUTU GaKTU Nig, CYMHIB, WO HaZaBaslo aBTOHOMIIO Y HaBYaHHI,
330X04YBa/IO iHiLiaTUBHICTb Ta 4,@aBafI0 MOXK/IMBICTb peanisyBaTh iHAMBIAYANbHUI NiAXig, 40 KOXKHOTO YYHS.

Ba)KNMBOIO CKNAZ0BOK KOMMETEHTHICHMX 3a4a4 € HaBYasbHI AUCKYCIi Ta obroBopeHHs. Micna po3B’s3aHHA 3a4adi yyHi
obrosoptoBasM pesynbTaTh, AINMAUCA CBOIMM CTpaTEriAsMM Ta OTPUMAHMMM BUCHOBKaMM. Taki 0BroBOpPEHHA 3HA4YHOK Mipoto
aKTUBI3YBaIN KPUTUYHE MUCIEHHA CTApPLIOKNACHUKIB. Mo-nepLue, BOHU A03BOAIOTL BIAKPUTU Pi3Hi Nigxoam Ao po3B’a3yBaHHA Tiel
4Yn iHWOT NpobaemHoi cuTyauii. Mo-gpyre, AUCKyCis CNOHYKana 06rpyHTOBYBATM CBOI PilLEHHS, MOPIBHIOBATK a/ibTEPHATMBY, LUYKaTH
NMOMWKN B MiPKYBaHHAX, HABOANTN apryMEHTM «3a» | «npoTh». TaKi iIHTePaKTUBM Nif, 4ac yPOKY CMOHYKaKOTh 0 PO3BUTKY NiAePCbKUX
AKOCTEM Ta iHiLiaTMBHOCTI, BMiHHA apryMeHTYBaTV! CBOO NO3MLLiL0 | BUBAXKEHO KPUTUKYBATH iHLWI. Mo-TpeTe, 3406yBayi 0CBiTM 3406y11
HaBUYKM YiTKO BUCNIOBAOBATH CBOI lyMKM, C/TyXaT OMOHEHTIB, 3HAaXOAUTU KOHCTPYKTUBHI PillEHHA — L0 € OCHOBHUMW e/1eMeHTaMum
npoABY NiANPUEMANBOCTI.

[na Toro abu AOCArHYTM NOCTaBNEHOK METHU NPU PO3B’A3yBaHHI 3a4a4 - cbopmMyBaTh HEODBXiAHI KOMNETEHTHOCTI, BUMTENIO
HeobXifHO 3a3ganeriab NPoAyMaTh eTanu po3s’asyBaHHsA. B. LLBeub Ta H. MepwurHa ans opraHisauii epeKkTMBHOI poboTyM nig Yac
pO3B’A3yBaHHA MNPUKAAAHWX 334a4y MPOMOHYIOTb BUMOKPEMMTM TaKi €Tanu: CTBOPEHHA MaTemMaTWM4HOi MoAeni, AOCNiAKEHHA
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matemaTtnyHoi mogeni, Biabip po3s’A3KiB NpuknagHoi 3agadi (Lseub & MepwwuHa, 2022). He 3anepeuytoun nonepeaHboOro Ta
BPAxXOBYHOUYM BMACHUIN NeAaroriyHUin [0CBi4 MM MOAEPHI3yBaAM iX Ta AOMNOBHUAM Yy BiANoBigHOCTI A0 edeKTUBHOI peanisauii
KOMMETEHTHICHOTO MiAX0A4y: MOTUBALLiA, 03HAMOM/IEHHS 3 YMOBOO, NOOyA0Ba MaTeEMaTUYHOT MoZei, Po3B’A3aHHA MaTeMaTUUYHOT
3aJadi, iHTepnpeTaLia Ta aHani3, pednekcia. Po3rnaHeEMO pPo/ib BUMTENA Ta YUYHIB HA KOXHOMY eTani Ha Npuknagi 3agadi 1 (gus.

Tabauuysa 1).

Tabnuusa 1. MogepHizoBaHi eTanu po3s’A3yBaHHA 3a8aui

ETan po3s’a3yBaHHA
334aui

Lii Buntens

Lii yuHis

Pe3ynbTat eTany

MoTusauia

CTaBuWTb 3anNUTaHHA 0 Knacy: «4un
3aBXAM NIOANHA MOXKE HAaKOMUUYNTU
6aaHy cymy KowwTis? LLlo morke
3aBagMTU NO3UTUBHOMY pe3ybTaTy».

BWCNOBAIOIOTL BNACHI AYMKM,
HaBOAATb MPUKNAAM 3 BNACHOIO KMTTA
(HanpuKnag, AK im Baanoca/He
BAA/10CA HAKONUYUTU Ha HOBUIA
TenedoH, noxig, y KiHo, Towo).

CresopeHo
emoLiiHMi 38’A30K
3 TEMOt0.

O3HaMoOMNEHHA 3
YMOBOIO 334aui

MponoHye 03HaOMUTUCA 3 YMOBOIO
Ta po38’A3aTu 3a4a4y. AKLEHTYE yBary

YuTatoTb 3a4a4y, BUOKPEMIOIOTH
HeobXifHi AaHi AN po3B’A3yBaHHA

Bu3HauyeHo Knto4oBi
[aHi 3agaui.

Ha TOoMy, iKi piHaHCOBI TepMiHK
BMKOPWCTaHi B yMOBIi 3a4ad4i Ta
YTOYHIOE UM 3PO3YMIli BOHU ANA YYHIB.
3a HeobxigHOCTi 3HaMOMMUTb Y4HIB 3
biHaHCOBMMM TEpMiHaMMU.

3agaui (aoxig, iHpaauia, Towo).

MNobynosa CTaBWTb YTOYHIOKOYi 3aNUTaHHA, BignosigatoTb Ha nuTaHHA: «Joxig — CknageHo Bupasm,
MaTeMaTU4HoI 3anuncye Ha gowui opmynu 3a BMTPATM = 320LWWAAXKEHHAY. HeobxiaHi gnA
mogzeni HeobxigHocTi. Hanpuknag: «Ak MoscHIoOTb Ajto BigCOTKIB gns obuncneHb.
po3paxyBaTv JoXia?» , «AKi BW3HAYEHHA BNAUBY iHPAALI.
MaTeMATUYHI 3HAaHHA HeobxigHi gna CKnagatoTb BUPA3Kn 418 HeOOXiaHMX
BpaxyBaHHA iHGAALLT?». obuncneHb.
Po3B’A3aHHA KoHcynbTye, ponomarae npu Po61ATb MaTEMaTUYHI PO3paxyHKMU. ®PopmyBaHHA
MaTeMaTU4HoI MaTeMaTUYHMX PO3pPaxyHKaXx, 064MCNOBANbHUX
3a4aui nepesipse NPaBU/IbHICTb 06YNCNEHD. HaBUYOK
IHTepnperTauia Ta OpraHi30By€ ANCKYCilO, CTaBUTb [pONOHYIOTL LWAAXM AOCATHEHHA LjiNi: ®opmyBaHHA
aHani3 pesynbTaTie 3anNuUTaHHA: «4u € LWaHCK AOCATTH 3MeHLLEHHA BUTPAT, f04ATKOBUN NigNPUEMHULLBKMX
MeTU?», «fAKi anbTepHATUBHI LLNAXN 3apobiTOK, BHECEHHA 3a0LaAKeHHsA HaBUYOK
[OCATHEHHA METU BU MOKeTe Ha Aeno3uT.
nopagutu cim’i CaBuyKis?»
Pednekcis MponoHye 3aBepwnT dppasm: «A DopMyNoOTb BNACHI BUCHOBKMW. dopmyBaHHA
3p03yMiB...», «fl Ai3HaBCA...». PO3yMiHHS, LLO
MaTemaTuKa —
iHCTpyMeHT

HeobXiaHU y
CY4aCHOMY YKUTTI.

[brepeno: aemopcbKa po3pobKa.

Taka cxema byna 3aCTocoBaHa B HALLOMY eKCepUMeHTaIbHOMY AO0CNIAKeHHI, AKe nposoannocsa Ha 6asi flineto Ne 128
[HinpoBcbKoro paiioHy m. Kuesa. Y gocnigskeHHi B3sau yyactb 40 yyHiB niveto 11 Knacy. Pe3ynbTaTh aHKeTyBaHHA 3acBiaumnm
NO3UTUBHWIA BMNINB BUKOPUCTAHHA NPUKAAAHMX 33434 GiHaHCOBOIo 3mMicTy. [lo BNpOBaA KeHHs 33434 Takoro Tuny nnwe 40% yyHis
3a3HayanM, WO MaTemaTUyHi 3HAHHA HeobXiaHi ans po3ymiHHA ¢iHaHCOBMX npoueciB. licns po3B’s3yBaHHA UMKAY 334ady uen
NOKa3HWK 3pic 20 80 %. YacTKa y4HiB, AKi 3MOMAM NOACHUTU NOHATTA KIHPAALIAY, «4EN03UT», «NOAATOK» 36inblumnaca 3 50% o 85%.
70% y4HiB 3a3HauMAM, LWLO NicnA ypokiB novanu obrosoptoBaTv diHaHCOBI Temu BAOMA, a 65% CTBOPIOBATU MAaH AOCATHEHHA
¢diHaHcoBMX Linei. ToX, HaBeAeHa BULLE MOAENb eTaniB po3B’A3yBaHHA NPUKNALHWUX 33434 3apeKomeHayBana cebe epeKTUBHOW
Ta flopeyHoto ANnA GOPMYBaHHA KOMMETEHTHOCTI «NiANPUEMAMBICTD Ta GiHAHCOBA FPAMOTHICTb» Y CTaPLLIOKAACHUKIB.

BUCHOBKWM TA NEPCNEKTUBU NOAANBLLUOIO AOCNIAXKEHHA

MiocymoByOUM 3MICT CTATTi MOXKHa CTBEPAKYBATH, WO PO3B’A3yBaHHA MATEeMATUYHUX 3343y € OAHUM 3 edeKTUBHUX
3aco6iB HaBYaHHA 417 GOPMYBaHHA KOMMNETEHTHOCTI «NiANPUEMAMBICTL Ta GiHAHCOBA NPAMOTHICTb» Ha YPOKax MaTeMaTUKK. 3aadi
TaKoro TMNYy He JnLLe PO3BMBalOTb 06UYMCIIOBANbHI HABMYKM, @ M CNPUAIOTL YMIHHIO 3aCTOCYBATU MAaTEMATUYHI 3HAHHA Y NPAKTUYHMUX
JKUTTEBUX CUTYALLIAX, AKI NOB’A3aHi 3 0cOBUCTUMU diHaHCAMM, NNaHYBaHHAM OCOBUCTOro BIOAXKETY Ta MPUAHATTAM €KOHOMIYHMX
pileHb.

BukopuctaHHa QR-kogis y dabynax 3agay 3abe3neunsnio iHTerpaLito HaB4aHHA 3 LMGPOBUMM IHCTPYMEHTaMM, NiABULLNAO
MOTMBALLIO YYHIB Ta PO3BMHYNO iX BMIHHA CaMOCTIIHO BMKOPWUCTOBYBATWM iHGOPMALMHMI pecypc, KPUTUYHO OLiHIOBATM Ta
nepesipATH il aKTyanbHICTb.

OpraHisauis HaBYaNbHUX AMCKYCiM Nicna  BMKOHAHHA 3aBAaHb 3abe3neuye GopMyBaHHA
KOMMNETEHTHOCTI: PO3BUBAE KPUTUYHE MUC/IEHHSA, HABUYKM apryMeHTaLlii, 4a€ MOXKAUBICTb NPOABUTHU iHiLLiaTUBY.

NiANPUEMHULBKOT
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TaKnM YMHOM, PO3B’A3yBAHHA NPUKAAAHMX 33434 GIHAHCOBOrO 3MICTY Ha YPOKaX MaTeMaTUKM BUCTYMNAE He iLle 3acobom
HaBYaHHA, ane 1 Ai€EBUM iHCTPYMEHTOM PO3BUTKY (iHAHCOBOI Ky/ibTypy Ta NiANPUEMHULBKUX HAaBMYOK YYHIB CTApLUOi LUKOAW.
MepcnekTMBM MOAANbLINX AOCNIAKEHb YHayaEMO B PO3LWIMPEHHI NPaKTUKM BUKOPUCTAHHA LMGPOBMX PecypciB, iHTEPaKTUBHUX
MeToAiB Ta po3pobui cucTemu 3aBAaHb, afANTOBaHWMX A0 Pi3HUX PiBHIB MaTeMaTMYHOI MiArOTOBKM, @ TaKOX BK/IHOYEHHA
KOMMETEHTHICHMX 3a4a4 Y NiAPYYHUKN Ta CTBOPEHHS iX A06ipPOK BigNOBIAHO A0 3MICTOBMX ANiHil LWKINLHOMO Kypcy MaTeMaTUKM.

KOH®NIKT IHTEPECIB

ABTOpPU 33ABAAIOTb NPO BiACYTHICTb KOHPNIKTY iHTEpeCiB.

®IHAHCYBAHHA

JocnipeHHA He OTPUMYBAJIO 30BHILLIHbOTO GiHaHCYBAHHA.

JOCTYMHICTb AAHUX

Lle gocniaskeHHA He nepenbayano BUKOPUCTAHHA OKPeMUX Habopis AaHUX.

BUKOPUCTAHHA LUTYYHOIO IHTENIEKTY

Y npoueci nigrotoBKM cTaTTi aBTop BUKopucToByBas ChatGPT ana Toro, Wob nepesipuTH rpamaTuKy YacTUHU TEKCTY,
AKa HanmucaHa aHrniicbKoo MoBoto. MicaAa BUKOPUCTAHHA LbOro IHCTPYMEHTY aBToOp NepernAaHyB i Bigpeaarysas TEKCT Ta Hece
NOBHY BiANOBIAANbHICTb 3@ 3MICT ONy6AiKOBAHOIO PyKOMucy.
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ABSTRACT

DopmyntoeaHHA nNpobaemu. Y CyvyacHux ymosax eamausuM
acrnekmom po3sumky ocobucmocmi y4Hig € ix obi3HaHicme y
cepepi iHaHcosux po3paxyHKie. Kpim moeo, nidnpuemausicme
ma iHaHcosa epamomHicme € O00Hielo 3 11 Kaw4osux
KomnemeHmHocmedl, hopmy8aHHA AKOI nepedba4yeHO YUHHUMU
OepiasHUMU OepuasHi OOKYMEHMAMU, WO peaynoms
oceimHio difnbHicme 8 YKpaiHi, 30kpema, KoHuyenyii peanizayii
pedopmu Hosa ykpaiHcoka wkona (HYLL). AHaniz dxcepen wodo
8MposadHeHHs 0CHO8 (iHaHCOB80I epamomHocmi 8 Has4anbHuUl
npoyec Mokasas, WO HAPA3i B80OHO 3HAXOOUMbLCA sauwe Ha
noyamkosomy emani i Mae cymmesi HayioHasneHi ocobausocmi,
rOpPiBHAHO 3 AHAM020MU 8 IHWUX KpaiHax ceimy.

Memotwo cmammi € OemansHuli 8UKAAO MemoOUYHUX
ocobnusocmeli 8UBYEHHSA OCHOB (hiHaHCOBOI 2paMOMHOCMI yYHI8
8 knacie HYLLl Ha ypoKax mMamemamuKu 3 Memoto HaseHHO20
¢opmysaHHA  8i0M0BIOHOI  KAY0B80I  KOoMmemeHmMHocmi,
nepedbayeHoi [epxcasHum cmaHoapmom 6a3080i cepedHboi
0ceimu, 3a A8BMOPCLKUMU HABYAAbHUMU Mamepianamu.

Mamepianu i memodu. byno sukopucmaHo meopemuyHuli
aHaniz  mMemoou4Hoi  aimepamypu, nopieHAnbHUlU — aHasi3,
cucmemamu3ayito ma y3020/1bHEHHA HAABHUX Meopemu4HuX
00CniOHeHb 3 memamuKku cmammi, a Mmakox mnedazoeiyHe
crocmepexeHHs mMa Y3a2aabHEHHA 8/1aCH020 Medaeo2i4Ho20
doceidy uj000 Hag4YaHHA mamemamuku y 8 kaaci HYLL.

Pesynomamu. 32i0H0 3 MOOesbHOK  MpPo2pamord  ma
niopyYyHUKamu, 0OHUM i3 aemopie AKUX € aemop yiei cmammi,
po3din “OcHosu ¢hiHaHCcoBOI 2pamomHocmi”, AKUX MOEOHYE
mamepian 08ox napazpagie “Popmyau NPocMux ma CKAAOHUX
sidcomkis i duckoHmie ma ix 3acmocysaHHa” | “ZlamosaHi cymu.
ExeisaneHmHi cymu npu 3a0aHili eidcomkosili cmasuyi”
8800UMbCA 8 KypC Mmamemamuku 8 Knacy HYLL. Lleli mamepian €
nepesa}cHo HOBUM 071 YKPAIHCbKUX yYyumesie Mamemamuku, a
omie, AK cam meopemuyHuli mamepias, MakK i ioeo Memoou4Hi
ocobausocmi (io2o cid pemenbHO NoACH8AMU. TaKe NOACHEHHA
peanizosaHe 8 caMomy MiOPYYHUKY, Yy KHU3i 0118 e4yumens, a
mMaKkoxX y  000amMKO8UX  iIHMEPAKMueHUX  mMamepianax
(Has4anbHUX 8i0€0), CMeopeHUX aB8MOPCLKUM KONEKMUBOM
npoepamu i nidpy4yHUKa. ¥ cmammi Ha800AMbCA MemoOuYHi
KomeHmapi 0o Halbinbw CKAAOHO20 0AA PO3YMIHHA Y4YHAMU
meopemu4yHo2o mMamepiany ma memoou4Hi nopadu w000
Op2aHi3auii sus4YeHHA ybo20 mamepiany.

BucHo8Ku. fIK MOKA3ye onumyeaHHA y4Hie nid Yyac anpobayii
niopy4HUKa ma onumyeaHHa e4yumesie Mamemamuku, AKi
nposoounu yro anpobauito, HagedeHi nNioxoou 00 HABYAHHA y4Hi8
ocHosam ¢piHaHcosoi epamomHocmi dobpe cnpulimaromecs
nionimkamu.  Peaynemamu KOHMPOsbHUX 30X00i8  MAKOMHC
nokasyroms, wo yeli mamepian € docmynHUM i 3p03yminum 014
binbwiocmi yyHie, Aki (io2o sus4anu. Takox yci onumaxi ayumeni
cami 0obpe pos3ibpanuca y 8i0nogiOHOMYy meopemuyHoOMy
mamepiani, npu4oMy B8HACMIOOK HanewHoi cnienpayi 3

Formulation of the problem. In modern conditions, an
important aspect of the development of students' personality
is their awareness in the field of financial calculations. In addition,
“entrepreneurship and financial literacy” is one of the 11 key
competencies, the formation of which is provided for by current
state documents regulating educational activities in Ukraine,
in particular, the concept of implementing the New Ukrainian
School (NUS) reform. Analysis of sources on the introduction of the
basics of financial literacy into the educational process showed
that it is currently only at the initial stage and has significant
national characteristics, compared with analogues in other
countries of the world.

The purpose of the article is a detailed presentation of the
methodological features of studying the basics of financial literacy
of 8th grade NUS students in mathematics lessons in order
to properly form the corresponding key competency provided for
by the State Standard of Basic Secondary Education, using the
author's educational materials.

Materials and methods. Theoretical analysis of methodological
literature, comparative analysis, systematization,
and generalization of existing theoretical research on the topic of
the article were employed, as well as pedagogical observation
and generalization of one's own pedagogical experience in
teaching mathematics to 8th-grade students at the National
Secondary School.

Results. According to the model educational program and
textbooks, one of the authors of which is the author of this article,
the section “Fundamentals of Financial Literacy”, which combines
the material of the two paragraphs “Formulas of Simple and
Compound Interest and Discounts and Their Application”
and “Dated Amounts. Equivalent Amounts at a Given Interest
Rate” is introduced into the mathematics course for the 8th grade
of the National Secondary School. This material is largely new to
Ukrainian mathematics teachers; therefore, both the theoretical
content itself and its methodological features should be carefully
explained. Such an explanation is implemented in the textbook
itself, in the teacher's book, as well as in additional interactive
materials (educational videos) created by the author team of
the educational program and the textbook. The article offers
methodological comments on the most challenging theoretical
material for students to understand, as well as methodological
advice on organizing the study of this material.

Conclusions. As shown by the survey of students during the
probation of the textbook and the survey of mathematics teachers
who conducted this probation, the presented approaches
to teaching students the basics of financial literacy are well
received by adolescents. The results of control measures also show
that this material is accessible and understandable for
the majority of students who studied it. Also, all the surveyed
teachers themselves understood the relevant theoretical material

© The Author(s) 2025
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a8MOPCLKUM KOAEKMUBOM MiOpYy4YHUKA Ma 3a 00OMO20t0 KHU2U well, and as a result of proper cooperation with the author's team
0014 84umens, yeli NPoyec He BUKUKAB Y HUX 3HA4YHUX MpPyOHoWis. of the textbook and with the help of a book for teachers, this
Mu esaxaemo, wo nposedeHa anpobauyid aABMOPCbKUX process did not cause them significant difficulties. We believe that
Has4asnbHUX Mamepianie MOKA3ye, WO OnucaHi 8 cmammi the author's educational materials demonstrate the effectiveness
MemoOuYHi nNidxo0u 00 8UBYEHHS OCHOB (hiHAHCOBOI 2pamomHocmi of the methodological approaches to studying the basics of
€ KopucHumu i 3a6e3ne4ame HasnexcHe opmy8aHHs 8i0MosioHoI financial literacy described in the article, which will ensure the
K/I04080i KomMnemeHmMHocmi y4Hie, nepedbayeHoi [epiasHUmM proper development of the relevant key competence in students,
cmaHOapmom 6a3080i cepedHboi ocgimu. as stipulated in the State Standard of Basic Secondary Education.
K/IO4YOBI CJ/IOBA: Hosa yKkpaiHcbKa wkKona; [epxicasHuli KEYWORDS: New Ukrainian School; State Standard of Basic
cmaHdapm 6a3080i cepedHbOi ocsimu; ModenbHa HABYANbHA Secondary Education; model mathematics program; mathematics
npoepama 3 Mamemamuku; NiOPy4HUK 3 MamemMamuku; Ka4oei textbook; key competencies; entrepreneurship and financial
KomnemeHmHocmi; nionpuemausicme i piHaHCo8a 2pAMOMHICMb. literacy.
ANA UWUTYBAHHA: Shkolnyi O. Methodological features of FOR CITATION: Shkolnyi, O. (2025). Methodological features of
studying the basics of financial literacy in the 8th-grade studying the basics of financial literacy in the 8th grade
mathematics course of NUS.  @®i3uko-mamemamuyHa mathematics course of NUS. Physical and Mathematical
ocsima, 2025. Tom 40. Ne 5. C. 74-79. Education, 40(5), 74-79.
https://doi.org/10.31110/fm02025.v40i5-10. https://doi.org/10.31110/fm02025.v40i5-10.
INTRODUCTION

Problem statement. Analysis of current research. In modern conditions, an important aspect of the development of
students' personality is their awareness in the field of financial calculations. In addition, entrepreneurship and financial literacy
are one of the 11 key competencies, the formation of which is provided for by current state documents regulating educational
activities in Ukraine (MES of Ukraine 2016, Cabinet 2018, Cabinet 2020, Cabinet 2024). Therefore, in the model educational
program for the integrated course "Mathematics" for grades 7-9 (Vasylyshyn et al. 2023), in order to implement this requirement,
itis proposed to study the basics of financial literacy, in particular, simple and compound interest and discounts, dated amounts,
equivalent amounts and their series, as well as simple cumulative payments. The methodological features of this program are
described in detail in the article (Shkolnyi 2023). We would just like to note here that this model program is the only one that
proposes introducing financial literacy into the school mathematics course as a separate content line.

According to the mentioned model program, the author team consisting of Oleksandr Shkolnyi, Yevhen Nelin, Andriy
Mylianyk and Yuliia Prostakova is creating a line of textbooks for grades 7-9 (Shkolnyi et al. 2024a, Shkolnyi et al. 2025a), as well
as a methodological kit for them, which includes a teacher's manual, a collection of materials for current formative and
summative assessment, a collection of tasks, as well as interactive materials (see, Shkolnyi et al. 2024b, Shkolnyi et al. 2025b,
Shkolnyi et al. 2024c). Currently, materials for grades 7 and 8 of the New Ukrainian School (NUS) have been tested, published and
are used in the educational process in schools in Ukraine, and materials for grade 9 are being prepared for publication.

It should be noted that not many publications in scientific journals are devoted to the problem of forming the key
competence “entrepreneurship and financial literacy” for Ukrainian schoolchildren in basic secondary schools, in particular, on
mathematics lessons, and we did not find any systematic methodological studies on this subject at all. The available publications
(for example, Kizima et al. 2017, Smovzhenko et al. 2020, Pysmennyi 2023) mainly concern the teaching of financial literacy in
high school or in specialized educational institutions with in-depth study of the basics of economics and entrepreneurship. There
are also separate online courses for teenagers who want to independently improve their level of financial literacy (for example,
https://studbiz.in.ua/, https://talan.bank.gov.ua/ and others).

It is also clear that foreign publications on this topic, of which there are many (see, for example, Amagir et.al. 2020,
Cameron et. al. 2014, OECD 2024, Sohn et. al. 2012, etc.), are mostly of little application to Ukrainian realities, since they do not
take into account the peculiarities of the educational process in our country, especially during the implementation of the New
Ukrainian School reform. In addition, currently, Ukrainian adolescents, due to martial law, are in special conditions and require a
different approach to learning from the traditional ones (more details about teaching mathematics under martial law in Ukraine
are described in the article Matiash & Shkolnyi 2025).

In the context of developing entrepreneurship and financial literacy at the level of basic secondary education, a separate
model curriculum for the course "Entrepreneurship and Financial Literacy" for students in grades 8-9 of general secondary
education institutions (Bespalko et al., 2023), recommended by the Ministry of Education and Science of Ukraine for use in the
educational process, deserves attention. Its introductory part, in particular, states the low level of financial education of Ukrainian
youth aged 18-19 (data are based on the 2021 USAID project "Financial Sector Transformation" - see Vitka 2021).

The Entrepreneurship and Financial Literacy program provides for the study of the following topics: “Formation of
financial culture” and “Fundamentals of human financial literacy” - grade 8; “Money and its purpose”, “Banking and non-banking
financial institutions”, “Basic financial services”, “Protection of the rights of consumers of financial services”, “Fundamentals of
entrepreneurship” - grade 9. Analysis of the program content shows that it performs a predominantly ideological function,
expanding the horizons of students in the field of financial literacy without much detailing the method of making financial
calculations. In our opinion, this course alone is not enough for the proper formation of the “entrepreneurship and financial
literacy” competence; systematic efforts of representatives of other educational fields, in particular, mathematics, are required.

Therefore, the purpose of our work is to provide a detailed description of the methodological features of studying the
basics of financial literacy of 8th-grade students of the New Ukrainian School in mathematics lessons in order to properly form
the corresponding key competence provided for by the State Standard of Basic Secondary Education, using the author's
educational materials.
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METHODS OF THE RESEARCH

To achieve the study's goal, we employ a theoretical analysis of methodological literature related to the chosen topic. Also,
as an empirical method, we use surveys of teachers and students, as well as observation of the educational process in secondary
schools during the testing of teaching materials in mathematics for grades 7-8 of the New Ukrainian School. In this article, we also
operate with various methods of scientific knowledge: comparative analysis to clarify different points of view on the problem;
systematization and generalization to formulate conclusions and recommendations on the formation of financial literacy of students
in grades 7-9 in mathematics lessons; we also summarize our own pedagogical experience and observations of the authors on the
process of teaching mathematics in Ukrainian schools.

RESULTS OF RESEARCH

According to the model educational program (Vasylyshyn et al., 2023), the study of the basics of financial literacy in the
integrated course “Mathematics” for grades 7-9 begins in grade 8. The corresponding section of the textbook (Shkolnyi et al., 2025a)
is entitled “Basics of Financial Literacy”, which combines two paragraphs: “Formulas of Simple and Compound Interest and Discounts
and Their Application” and “Dated Amounts. Equivalent Amounts at a Given Interest Rate”.

The first paragraph (“Formulas for simple and compound interest and discounts and their applications”) studies the
formulas for simple interest and discounts and their practical applications. A feature of this and partly the following second
paragraph of the section of the paragraph is that they contain a large amount of terminology that is new to students. The
motivation to study simple and compound interest is natural, since they are constantly used in financial calculations. Let us cite
in full volume the dialogue between Petryk and Tetianka at the beginning of the paragraph, which serves as a motivation for
studying the educational material (Shkolnyi et al., 2025a).

Petryk. Listen, Tetianka, yesterday | saw a strange advertisement on the street: “Hurry up and open a deposit in our
bank! We guarantee 24% per annum monthly in hryvnia and 8% per annum semi-annually in dollars and euros!” You may not
know what this means.

Tetianka. Honestly, | also find it strange how annual interest can be monthly or semi-annual. | also don’t always
understand these financial advertisements. For example, | recently heard from my parents that one of the Internet providers offers
a profitable discount for regular customers - 18% per annum for 4 months. | am extremely curious what this means!

Petryk. | know that in translation from English, “znyzhka” means a discount. And | once read about a deposit on the
Internet. This is money that the bank has accepted from the depositor for a certain period of storage at interest. Therefore, it
seems to me that when making deposits, the amount of money in the client's account increases over time in a certain way, and
when making a discount, the cost of services decreases for some time in a certain way.

Tetianka. Everything is logical, but it's better to ask the teachers, because knowing for sure is always better than guessing.

Next, teachers provide all the definitions of concepts necessary for understanding (interest funds, initial and final
amounts, interest rate, simple interest, annual interest rate, loan period, bank discount, repayment amount, revenue, interest
rate, annual discount rate, discount period). All introduced definitions are illustrated with examples that allow students to better
understand the essence of the introduced concepts and learn to recognize, in particular, initial and final amounts, interest funds,
revenue, repayment amount, as well as calculate the interest and discount rate for a simple and complex scheme of interest and
discount accrual.

It is worth noting that most mathematics teachers in Ukrainian schools encounter the above concepts for the first time,
and therefore, mastering them may cause some difficulties. For example, in financial mathematics, interest is not the number of
hundredths of a whole, but the funds that an individual receives as a result of certain financial transactions. It is also important
in problems to distinguish the rate of interest or discount from the equal interest or discount rate. A certain feature of financial
calculations when solving problems on simple interest or discounts is that, for the convenience of calculations, it is assumed that
the length of the year is not 365, but 360 days.

The most difficult material to understand in the paragraph “Formulas for Simple and Compound Interest and Discounts
and Their Applications” is the relationship between the formulas for simple interest and simple discounts. We will provide the
corresponding explanation from the textbook (Shkolnyi et al. 2025a) in full.

The simple interest and discount formulas are related, and it is no coincidence that the initial and final sums in the simple
interest formula coincide with the proceeds and repayment amounts in the simple discount formula. Consider the following
example.

Example. Let Mr. Dmytro pay the bank UAH 10,000. If 5 months before maturity, the bank sells this obligation to
Ms. Oksana for UAH 9,500, then the repayment amount S = UAH 10,000, bank revenue P = UAH 9,500, and discount

D = § — P = UAH 500. The discount rate in this case j = —c— - 100% = 5% = 0,05.

However, when Ms. Oksana buys Mr. Dmytro’s bond before its maturity date, she is effectively borrowing money from
the bank and owning the bond as a security. On the maturity date, Ms. Oksana will receive UAH 10,000 from Mr. Dmytro and will
receive UAH 500 in profit on her UAH 9,500 investment. For Ms. Oksana, UAH 9,500 can be considered the initial deposit amount,
the bank’s discount of UAH 500 as her own interest funds, and the repayment amount of UAH 10,000 as the final amount. It is
clear that the interest rate Ms. Oksana will receive on her investment will not align with the bank's discount rate. Indeed, the bank

discount rate in this case is 5%. If we consider UAH 500 as interest funds on Ms. Oksana’s UAH 9,500 investment, then the interest

rate i = - . 100% = ~2 9% ~ 5,26%.
9500 19

The annual interest rate for this case will also be different from the annual discount rate. Indeed, the discount rate

5 240 . . .
o= 14—9% ~ 12,63%. The relationship between annual interest and

discount rates is derived from the equality I = D that is, Prt = Sdt or Pr = Sd. In their financial activities, banks may use both
of these rates for discounting. Therefore, one should be careful not to confuse them.

5 . 100
d= 5%:E = 12%, and the annual interest rate r = F%:
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This example makes it clear why the letters in the simple interest formula (S = P(1 + rt)) and the simple discount
formula (P = S(1 — dt)) are coincide, and how exactly the simple interest rate and the simple discount rate are related to each
other. A sufficient number of examples given in the “gym” of the textbook for this section (this is what the authors call the system
of problems for each of the textbook paragraphs divided into four levels of complexity) should be considered so that students
can well understand this difference. The understanding of simple interest and simple discounts and the connection between
them will also be facilitated by two specific examples given in the textbook with a full solution and comments to it immediately
after the theoretical material cited above.

The second part of the paragraph "Formulas for simple and compound interest and discounts and their application"
contains information about compound interest and discounts. Here the definitions of the following concepts are introduced:
compound sum, compound interest, conversion period, effective annual interest rate, present value of the contribution,
compound discount. Then the formulas for compound interest are proved (S = P(1 + )", where P — first initial amount,
i — interest rate for the conversion period, n — number of conversion periods) and the compound discount formula
(P =S(1+i)7™). It should be noted that although the letter designations in the compound discount formula are the same as
those in the compound interest formula, they have a different economic meaning: amount P is considered the present value of
the contribution S, and the difference S — P is called a compound discount.

It is also important that the theoretical material of the paragraph answers the questions of children from the
motivational block at the beginning. Indeed, the concept of annual interest rate is first introduced: “Similar to simple interest,
when calculating a compound sum, the annual interest rate is used, indicating the number of conversion periods per year. If the
number of conversion periods per year is m, then the annual interest rate is denoted by 7;,. It is obvious that the interest rate for
the conversion period i = %’” (Shkolnyi et al. 2025a) After this definition, it becomes clear that in the motivational block, 24%

T

per annum per month means the interest rate i = 1—22 = 2% per month.

It is clear that solving problems on simple and complex interest and discounts requires performing many routine
calculations, for which it is convenient to use computing equipment - a calculator or spreadsheets. The corresponding educational
videos on this topic, provided in the electronic appendix to the textbook, will be useful to 8th grade students. These educational
videos are available to students using QR codes provided in the textbook. We should also emphasize that in the textbook (Shkolnyi
et al. 2025a) the use of educational videos is systematic, not fragmentary. These videos are the same part of the textbook as the
printed text; they are mandatory for students to study, and are not auxiliary in nature.

The development of the ability to use computing tools to solve financial problems deserves due attention and sufficient
time. Therefore, given the small size of the financial literacy section, teachers should allocate sufficient teaching time to it during
their lesson planning. This time, in particular, will be spent on mastering computer programs such as Excel, which facilitate
calculations when solving financial problems.

The second paragraph of the section devoted to financial literacy (“Dated amounts. Equivalent amounts at a given
interest rate”) concerns the study of dated amounts and equivalent payments at a given interest rate. The motivational block of
the paragraph provides examples of situations that confirm that comparing amounts of money without specifying the date is
incorrect. Let us cite the corresponding dialogue between Petryk and Tetianka from the textbook (Shkolnyi et al. 2025a).

Tetianka. Listen, Petryk, | recently heard a strange phrase on the bus, which a lady said on the phone: “It’s better to take
1000 UAH now than 1500 UAH in a year, because money is not worth as much now as it used to be.” How can money be worth
anything? In my opinion, it’s products or things that are worth something, and they are mostly bought for money.

Petryk. The phrase is really a bit strange, but | agree that comparing amounts of money without knowing the date when
they were received will not work. Because money depreciates over time, even in the most developed countries. For example, in
O’Henry’s stories, you can read that you could rent an apartment for 8 dollars a week, and now in the USA, it’s difficult to even
have lunch in a cafe for that kind of money!

Tetianka. That’s true. My dad says that money should work. That is, there is no point in simply accumulating cash for a
long time; it is better to put it in a bank or invest it in a project at a certain percentage. Then the interest will at least compensate
for the depreciation, and maybe even give some profit.

Petryk. Logically. And the bank, in turn, will also invest the funds received from depositors somewhere at a certain
percentage and receive profit, from which it pays interest to depositors. Listen, it turns out that the bank also pays money for the
use of funds! That is, for the bank, your contribution to the deposit account will cost a certain amount of money for using it, and
therefore, your money may cost other money. Very, very interesting, | want to learn more about this!

It is precisely because of the incorrectness of comparing amounts without a date that the concept of a dated amount
is introduced: “The amount of a payment together with the date of its payment is called a dated amount. For example, if the
borrower is to pay 3,000 UAH on February 3, 2030, then this is a dated amount.” (Shkolnyi et al., 2025a) Dated amounts can be
compared by introducing the concept of equivalence of two dated amounts: “Two dated amounts are called equivalent if, at a
given interest rate, their present values are the same.” From this definition, the rule of equivalence of two dated amounts is
derived: “Let, at an interest rate i, the amounts A and B must be paid, respectively, after a and b conversion periods from the
present time. Then the amounts A and B will be equivalent if B = A(1 + i)?~%.” (Shkolnyi et al. 2025a) The last equality is called
the basic equation of equivalence of dated amounts. The following are examples of finding equivalent amounts for given numbers
of conversion periods from the present time with a complete solution and appropriate detailed comments. It is worth considering
a sufficient number of such examples for a better understanding of students. They are given in the “gym” of the textbook to this
paragraph.

A generalization of the rule of equivalence of two dated amounts is the rule for calculating the equivalent amount of a
series of payments: “Let, at interest rates i, the amounts A, B, and C be paid respectively after a, b, and ¢ conversion periods from
the present time. Then the amount C will be equivalent to the series of payments A and B if C = A(1 + i)°™® + B(1 +i)¢7b.”
(Shkolnyi et al. 2025a) This rule is simply derived using the basic equation of equivalence of dated amounts. Usually, the amount

77



ISSN 2413-158X (online), 2413-1571 (print)

equivalent to a series of payments in practice needs to be found if it is planned to replace several payments (for example, on a
loan) with a single payment. A specific example of such an application of the rule for calculating the equivalent amount of a series
of payments is given in the textbook: “A bank provides loans at an annual interest rate of r, = 12%. Mr. Mykhailo was supposed
to return 5,000 UAH to this bank in a year, another 5,000 UAH in 2 years, and another 5,000 UAH in 3 years, but decided to repay
the loan in one payment in 2.5 years. Let’s find the amount Mr. Mykhailo has to pay according to his decision.” (Shkolnyi et al.
2025a) A full solution with comments is given for this problem. Also, in the “gym” for this paragraph, a sufficient number of similar
problems of different levels of complexity are given.

Equivalence can also be established between two series of payments. The textbook gives the following definition of
equivalent series of payments: “Two series of payments are called equivalent if the amounts equivalent to each of these series
of payments on the same date coincide.” (Shkolnyi et al. 2025a) The equivalence equation for two series of payments is then derived:
“Let for the interest rates i amounts Ay, 45, ..., Ay, By, B, ..., By, must be paid accordingly through a4, a,,...,a,, b1, ba, ..., by
conversion periods from now, and u — arbitrary moment in time. Then the series of payments 44, 45, ..., A, and By, B,, ..., By, will
be equivalent if A;(1+ )% % + -+ A, (1 + )% % = B, (1 + )% 1 + -+ B, (1 + i)*Pn” (Shkolnyi et al. 2025a) An
example of using the last equation for a specific situation of replacing one series of payments with another is given in the
educational video, which is presented in the textbook immediately after the formulated definitions. Also, several similar problems
are given in the system of problems to this paragraph.

We believe that all 8th grade students should be able to apply the basic equivalence equation for two dated amounts.
Problems using equivalence equations for series of payments are technically more complex. Therefore, all students should be
able to understand the essence and write down the equation of equivalence of a series of payments to one payment and the
equation of equivalence of a series of two series of payments, but the ability to solve the corresponding equations to find
unknown amounts should be required only from students who are studying at a sufficient and high level of educational
achievements. This ideology is reflected in the system of problems to this paragraph: at the initial level, you need to find the
number of conversion periods, the interest rate at the annual interest rate, and also write down the equivalence equation for
two dated amounts; at the intermediate level, you need to find a dated amount equivalent to another dated amount, and also
write down the equivalence equation for one dated amount of a series of two dated amounts; at a sufficient level - find a dated
sum equivalent to a series of two dated sums and write an equivalence equation between two series of dated sums; at a high
level - find a series of dated sums equivalent to another series of dated sums. We also draw your attention to the fact that in the
curiosities from Grandpa Taras to this paragraph, inquisitive students can find information about the equivalence relation and its
application not only in financial mathematics, but also in the mathematics course material known to 8th-grade students - vectors
on the plane, similar triangles, etc.

The theoretical material of the paragraph “Dated amounts. Equivalent amounts at a given interest rate” is also mostly
new for mathematics teachers. Therefore, the book for teachers (Shkolnyi et al., 2025b) provides solutions to all problems for
work in the “gym” class of sufficient and high level, as well as individual problems of intermediate and elementary levels. This
facilitates the work of teachers and contributes to their better understanding of the given material, making it possible to convey
this material to students adequately and without distortion.

CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

As shown by the survey of students during the textbook probation (Shkolnyi et al., 2025a), and the survey of
mathematics teachers who conducted this probation, the above-mentioned approaches to teaching students the basics of
financial literacy are well received by adolescents. According to this survey, the vast majority of students (87%) understood the
relevance of studying the material of the section “Fundamentals of Financial Literacy” in grade 8. All the surveyed teachers
themselves understood the relevant theoretical material well, and as a result of proper cooperation with the textbook’s author
team and with the help of the teacher’s book, this process did not cause them significant difficulties. According to the control
measures after the topi, 12% of all students mastered the material of the section “Fundamentals of Financial Literacy” at a high
level, 26% at a sufficient level, 44% at an average level, and only 18% at an initial level. In our opinion, for a fundamentally new
educational material, this is a notable achievement, which demonstrates that the material is accessible and understandable to
the majority of students who have studied it.

Of course, the number of teachers and students who conducted the testing during only one academic year (18 teachers
and about 600 students) does not yet provide statistically sound grounds to unequivocally state that the educational material on
financial literacy in mathematics lessons in the 8th grade of the National Secondary School has been successfully mastered by
students, and the corresponding key competence has been formed. This requires longer-term studies, particularly on the level of
residual knowledge on financial literacy among the same students in the 9th grade, which will be conducted in the next academic
year. Also, in our opinion, the study of the material of the section “Basics of Financial Literacy” by eighth-graders will contribute
to their better understanding of the topic “Accumulated Payments (Annuities)”, which is planned for study in the 9th grade
according to the model educational program (Vasylyshyn et al., 2023). However, we believe that the probation of the author's
educational materials conducted in the 2024-2025 academic year in a case study mode gives significant grounds to hope that the
methodological approaches described in the article to studying the basics of financial literacy in the 8th grade of the National
Secondary School are useful and will ensure the proper formation of the relevant key competence of students, as provided for
by the New Ukrainian School Concept and the State Standard of Basic Secondary Education.
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AHOTALIA

ABSTRACT

®opmynioeaHHa  npobaemu. [lidcomoska  malbymHix
yqyumenie iH(hOPMAMUKU 8UMA20€E He AuwWe ONaHy8aHHA MO8

npoepamysaHHA ma yugposux cepsicie, a i po3sumky
KpUMUYHO20  MUCAEHHA  AK  30amHocmi  aHanizysamu
iHpopmayito, susenamu npunyweHHs, ouiHeamu

anbmepHamusu, 6ydysamu apaymeHmauyito ma pegaekcysamu
8n1acHi cydxeHHA. BebopieHmosaHi 3acobu si3yanizauyii 3HaHb
(MeHmaneHi ma KoHyenm-kapmu, OJiazpamu, HMePaKmueHi
doWwKu) cmeoproroms yMosu 071 308HIiWHbLOI pernpeseHmayii
MipKysaHHA 3006ysaya oceimu, OOHAK HA MNpPAKmuyi 4acmo
8UKOpUCMOBYIOMbCA AK OOMOMINHA HAOYHICMb, a He AK
iHCmpymeHm hopMy8aHHS KPUMUYHO20 MUC/EHHS.

Mamepianu i memodu. Teopemu4Hy OCHO8Y CMAHOBUMb
aHaniz npaub 3 npobnem Kpumu4yHo20 MUC/EHHS, Yugposori
KomnemeHmHocmi nedaezoeis, si3yanizayii  3HaHb i
B8UKOpUCMAHHA 8ebmexHonoeili 8 oceimi. EMnipuyHa YyacmuHa
rPYHMYEMbCA HA MOPIBHANBHOMY Neda202iYyHOMY eKcriepumeHmi
3 y4acmro KOHMPO/bHUX mMa eKCcrnepumMeHmanbHUx epyn
3006ysauie  ocsimu  cneyianbHocmi  «CepedHA  ocsima
(IHpopmamuka)», aHanizi npodykmie ix disnbHOCMI.

Pe3yaemamu. obydosaHo y3azanbHeHy moodesb iHmezpayii
sebopieHmosaHux 3acobie egi3yanizayii 3HaHb y npouyec
nidecomosKu malibymHix yyumenis iHhopmamuku.
BcmaHosneHo, wo nocnioosHa peasnizayia modeni iHmezpayii
sebiHcmpymeHmis 3abe3neyye cmiliky no3umueHy OUHAMIKY 8Cix
MOKA3HUKI8 KpUMUYHO20 MUC/EHHSA 8 eKCriepumMmeHmanbHil 2pyni.
EmMnipu4yHo 06rpyHMOBAaHO CyKynHicmes nedazoziyHux ymos, 3a
AKUX 3acobu ei3yanizayii 3HaHb Halibinbw MOBHO peasisyrome
ceili nomeHyian. lMokazaHo, wio 8i3yaseHi modeni nepecmaromes
bymu «intocmpayieto» (i nepemeoproromecs HaA 3acib aHanisy,
KpUumuy4yHo20 nepeanady ma camoKopeKyii MipKyeaHs.

Formulation of the Problem. The preparation of pre-service
informatics teachers requires not only mastering programming
languages and digital services but also developing critical thinking,
which involves the ability to analyze information, identify
assumptions, evaluate alternatives, build arguments, and reflect
on one’s own judgments. Web-based knowledge visualization
tools (mind maps, concept maps, diagrams, interactive
whiteboards) create conditions for the external representation of
learners’ reasoning; however, in practice, they are often used
merely as auxiliary visual aids rather than as instruments for
fostering critical thinking.

Materials and Methods. The theoretical framework is based on
the analysis of studies on critical thinking, teachers’ digital
competence, knowledge visualization, and the use of web
technologies in education. The empirical part relies on a
comparative pedagogical experiment involving control and
experimental groups of learners majoring in Secondary Education
(Informatics). This involves analyzing their learning products (web-
based maps, diagrams, and course models).

Results. A generalized model for integrating web-based
knowledge visualization tools into the preparation of pre-service
informatics teachers was developed. It was established that the
consistent implementation of the web-tool integration model
ensures a steady, positive dynamic in all critical thinking indicators
for the experimental group. A set of pedagogical conditions under
which knowledge visualization tools fully realize their potential
was empirically substantiated: integrated. It was shown that
under these conditions, visual models cease to function as mere
“illustrations” and become a means of analysis, critical revision,
and self-correction of reasoning.

© The Author(s) 2025
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BucHosku. Y3azansvHeHa modesnb iHmezpayir
sebopieHmosaHux 3acobig ei3yanisayii 3HaHb Yy npouec
nidzomosku malibymHix yyumenie iHpopmamuKku Oae 3moay
yinecnpAMoOBaHO pPoO3BUBAMU KPUMUYHE MUCAEHHA 4Yepes
pobomy 3 haxoso penesaHMHUMU 06 eKmamu — an20pummamu,
yugposumu  pecypcamu, MooeaaMuU  oc8imHIx  cumyayil,
MPOEKMamu Kypcie. BuokpemseHi nedazoziyHi ymosu Moxyme
6ymu sukopucmaHi 015 yOOCKOHaneHHA 3micmy U mexHonoail
HABYAHHA OUCYUMIH, @ MAKOX a0anmoeaHi 00 nid2omosKu
iHwux Kamezopili ¢axisyis, 0aa AKuUX 8i3yanizayia 3HAHb €
YeHmpanbHUM 3ac060M OCMUC/AEHHA CKAAOHUX cucmem i
npoyecis.

Conclusion. The generalized model of integrating web-based
knowledge visualization tools into the preparation of pre-service
informatics teachers enables the purposeful development of
critical thinking through work with professionally relevant objects,
such as algorithms, digital resources, models of educational
situations, and course projects. The identified pedagogical
conditions can be used to improve the content and instructional
design of courses related to methods of teaching informatics and
educational technologies, and can be adapted for the preparation
of other professional categories for whom knowledge visualization
is a central means of understanding complex systems and
processes.

K/IDYOBI CJ/IOBA: Kpumu4He MucneHHs; esebopieHmoeaHa
8i3yanizayia; KoHuenm-kapmu, meHmasneHi Kapmu; malibymHi
y4umeni iHpopmamuku; yugposi 3acobu; nedazoziyHi ymosu;
8i3yanizayia 3HaHbL; euwa oceima; npogeciliHa nidzomoska

KEYWORDS: critical thinking; web-based visualization; concept
maps; mind maps; pre-service informatics teachers; digital tools;
pedagogical  conditions; knowledge visualization;  higher
education; teacher education.

syumenis.
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BCTYN

NocraHoBKa npobnemu. CyyacHa napagurma npodeciinHoi NigrotoBkM mMalbyTHiX yuntenis iHbopmaTMku notpebye
NepeocMUCIEHHA ANLAKTUYHMX NIAXOAIB 3 OrnsAy Ha 3MiHy iHGopmaLiitHoro cepenosuiLa, cneumdiky uMbpPoBOi KybTypu Ta
3POCTaHHA BUMOT [0 aHaNiTUUHOTO MUCNEHHA Nedarora. MaeTbca He Anle Npo onaHyBaHHA MOB NPOrpamMyBaHHA Yu CepBicis, a
Npo 34aTHICTb iHTEPNPETYBaTH 1 oLjiHIOBaTH iHpopMaLito, ByayBaTv Ta NepeBipaATU apryMeHTH, MPUIAMATN OBI'PYHTOBaHI pilleHHsA
B YMOBAX HEBWM3HAYEHOCTi. Y HayKOBIiW NiTepaTypi KPUTUUHE MUCTIEHHA TPAKTYETbCA K YCBILOMNEHUN, LiNECNPAMOBaHUA TUN
MUWCNEHHA, WO MNOEAHYE iHTepnpeTauito, aHani3, OLiHIOBAHHA, MOACHEHHA Ta CaMOpPEeryfAuilo CyArKeHb. Y neaaroriyHmx
[OCNIAXKEHHAX MOro PO3BMTOK 3a3BMYall OMUCYIOTb Yepe3 HU3KY MOKA3HUKIB: YMIHHA CTaBUTM 3anuUTaHHA A0 iHbopmauii i
BMABNATU NPUXOBaHI NPUMNYLLEHHA, NOMYHO CTPYKTYPYBATM MiPKYBaHHA, OLiHIOBATU CU/Y A0Ka3iB, NOPIBHIOBATM a/ibTEPHATUBHI
no3uuii, BUABAATU NOTYHI MOMWIKM W CynepeyHoCTi, 34iMCHIOBATU pedeKcilo WoAo BAACHUX BUMCHOBKIB. 14 MaibyTHboro
BUMTENA iIHOOPMATUKM Lii NOKA3HMKM HabyBatoTb MPUKAALHOTO XapaKTepy, OCKiNbKM NOB'A3aHi 3 aHaNi30oM anroputmie, LMPPOBUX
pecypcis, pe3ynbTaTiB HaBYaIbHUX AOCNiIAKEHDb Ta MOBEAiHKM KOPUCTYBaYa B iHPOpMALLiIMHOMY cepesoBULL.

Bisyanisauis 3HaHb nocigae ocobause micue cepen 3acobiB PO3BUTKY KPUTUYHOTO MWUC/IEHHSA, OCKiNIbKM 3abesneuye
30BHILIHIO penpe3eHTaL,ito CKNaZHUX CTPYKTYP 3HaHb i Aa€ 3MOry «nobauynTn» NoriKy MipKyBaHHA. MpadidyHe nogaHHA iHpopmauii
CNPUAE BUABMEHHIO MNPUYMHHO-HACNIAKOBUX 3B'A3KIB, i€papxii MOHATb, NPOTUPIY i NporanuvH, NONErwye MOPIBHAHHA
aNbTepPHATUBHUX PillleHb Ta aHani3 aprymeHTiB. 18 KPUTUUHOTO MUCTIEHHA BAXK/IMBUM € He CTiZIbkM GaKT nobynoBu cxemu um
KapTW, CKiIbKM NPOLEC MOCANILOBHOTO YTOYHEHHS CTPYKTYPU, MeperpynyBaHHs e/IeMeHTIB, NepeBipKM 3B’A3KiB i OCMUCIEHHSA TOTO,
AKI BUCHOBKW BUMNIMBAIOTH i3 BidyasibHOi mogeni. BianoBigHO, NOKa3HWKM PO3BUTKY KPUTUYHOTO MUCAEHHA MOXKYTb dikcyBaTUCA
yepes AKicTb N0ByA0BaHUX CTPYKTYP (NOFIYHICTb, LiNICHICTb, y3roAKeHicTb), a TaKOXK Yepes 34aTHICTb 3406yBaya OCBITM NOACHUTH
BNACHY KApTYy, 3aXMCTUTK il Big, KOUTUKM Ta YAOCKOHANUTM BHACNIAOK pedneKcii.

Y ubomy npouieci Be6TEXHONOTIT MOCTalOTh HE /ILLE IK TEXHIYHUIA iIHCTPYMEHT, a IK CepeloBULLLE Bi3yaslbHOTO MUC/IEHHS.
[0 BeOGTEXHONOTIN, O NiATPUMYIOTb Bi3yani3aLito 3HaHb, HaNeXaTb XMapPHi CePBICU CTBOPEHHSA KapT MUC/IEHHSA 1 iHTENEKT-KapT,
OHMaNH-NNaThopmm AnA NobyA0BM Aiarpam Ta IOTIYHUX CXeM, iHTEPAKTUBHI SOLWKK CMiNbHOT POHOTHU, KOHCTPYKTOPU iHPOrpadiku.
TX cninbHOK PUCOID € MOXAMBICTL HaraTopiBHEBOI IHTEPaKTUBHOI penpeseHTaLi iHpopMaLii (4oaaBaHHA Wapis, KOMeHTapis,
NnocuAaHb), CninbHe peaaryBaHHA B peasibHOMY Yaci, AOCTYMHICTb 3 Pi3HUX NPUCTPOIB | BBYA0BaHICTb y LMbpPOBY iHPPACTPYKTYpY
3aKknagy ocsith. Ana MmanbyTHix yunTtenis iHPOPMaTUKM TaKi iIHCTPYMEHTU OAHOYACHO € 33C0H60M HaBYaHHA, 06’EKTOM BUBYEHHSA
" pecypcom ans manbyTHbOT NpodeciiHoi AiaNbHOCTI.

Monpu BWMCOKMI MOTeHUian BebGTEXHONOrIN, y NpaKTULi NiArOTOBKM MaMbyTHIX yuuTenis iHGOpMaTUKM Bce Le
CNOCTEPIraETbCa HeAOCTaTHA Y3rOAMKEHICTb MiXK LWiNAMM PO3BUTKY KPUTUYHOTO MUC/AEHHA W peanbHUMM CUEeHapiamu
BMKOPWCTaHHSA iHCTPYMEHTIB Bisyanisauii. LiudpoBsi cepBicM 4acTo 3aCTOCOBYIOTLCA €Mi30ANYHO, SIK 3pyYHUA cnocib noaaTtn Bxe
CTPYKTYPOBaAHUI BUKNaZa4YemM maTepian, a He AK iIHCTPYMeHT npobaemaTtusalii, NowWyKy anbTepHaTMB, NobyaoBsu i nepesipku
BNACHMX rinoTes 3406yBaviB ocsiTW. Hepo3pobneHicTb NnegaroriyHo 06rpyHTOBaHMX MOAe el iHTerpalii Be6iHCTPYMEHTIB y Kypcu
nefaroriku, MeToAMKM HaBYaHHA iHOOPMATUKM, OCBITHLOIO MPOEKTYBAHHA YCKNAAHIOE LinecnpamoBaHe GOpMyBaHHA TaKuX
NMOKa3HMKIB KPUTUUYHOIO MUCNEHHSA, AK apryMeHTOBaHICTb CyAXKeHb, BUABAEHHA NPUNYLLEHb, aHani3 axepen Ta pednekcia. Le
3yMOB/IIOE MOTPeby y creuiabHOMY AOCAIAMKEHHI, CNPAMOBAHOMY Ha OKpec/eHHs NeaaroriYHoro MoTeHuiany Bisyanisauii,
po3pobneHHA y3aranbHeHoOi mogeni iHTerpauii BebiHCTPYMeHTiB y npouec popmMyBaHHA KPUTUYHOTO MMUCIAEHHA ManBYTHiX
yunTenis iHGOPMaTUKKM Ta BUSHAYEHHSA YMOB, 3a AKMX 3acObM Bidyanisalii 3HaHb CTAOTb AiEBUM PECYPCOM PO3BUTKY aHANITUYHUX
i pepneKkcMBHUX YMiHb.

AHani3 aKTyanbHUX AocnipgeHb. [pobnemaTvka pPO3BUTKY KPUTUYHOTO MUC/IEHHA Y BWLi/A OCBITi 3arasiom i B
nigroToBLi BYMTENiB 30KpemMa MOCiAae MOMITHE MicLue B MiKHAapOAHOMY HAyKOBOMY AWMCKYPCi. Y3arasbHeHe BW3HAYEHHS
KPUTUYHOTO MUC/IEHHA, CGOPMYIbOBaHE EKCMEPTHOM FPynoto nig KepisHMLTBOM P. Facione, 380aAnTbCA A0 LinecnpaAMoBaHOro
CaMOpEerynboBaHOIO CyA)KeHHsA, fAKe 6a3yeTbcs Ha iHTepnpeTauji, aHanisi, OLiHIOBAHHI Ta MOACHEHHi, [AONOBHEHUX
CaMOKOpeKLieto MipKyBaHb (Facione, 1990). Y noganbwmx poboTax aBTOp YTOUHIOE CTPYKTYPY KPUTUUHOTO MUC/IEHHA Yepes Habip

81



ISSN 2413-158X (online), 2413-1571 (print)

KOTHITUBHMX YMiHb (aHani3, iHTepnpeTaLis, OUiHIOBAHHA, MOACHEHHA, camoperynauia) i Aucnosuuin (BigKpuTICTb 40 HOBMX
[0Kas3iB, CXMNbHICTb A0 0B6IPYHTOBAHOrO CYMHIBY, BiANOBIAANbHICTb 3a BnacHi cyaskeHHa) (Facione, 2013). s niaroToBKM
BUMTENA IHOOPMATUKM Lie O3HAYAE, WO KPUTUYHE MUC/NEHHA NOB’A3aHe He /JnWe 3 NOTYHICTIO MipKyBaHb, a W i3 34aTHICTIO
OLiHIOBATK UMPOBI pecypcu, NPo30pPiCTb aATOPUTMIB, HAZIMHICTb AXKepen Ta eTUYHI HaC/igKU BUKOPUCTAHHA TEXHONOTIN.

TeopeTuyHi 3acaAy BMKOPWUCTAHHA Bi3yani3auii 3HaHb AK 3ac00y PO3BUTKY KPUTUYHOMO MWCIEHHA MOB’A3aHi
Hacamnepes, i3 KOHUEeNTyaAbHUMM KapTamu Ta cnopigHeHumu rpadiyHummn mogenamu. Knacuuni npaui (Novak & Gowin, 1984)
pPO3rNaAaoTb KOHLENT-KapTU SIK iHCTPYMEHT opraHisauii 4 penpeseHTalii 3HaHb y BUMAAAi By3niB i 3B'A3KiB, WO ¢iKcyloTb
BiAHOWEHHA MiK NOHATTAMM 1 3abe3neuyloTb nepexig, Bif MexaHIYHOro 3aCBOEHHA 40 OCMMUC/IEHOro HaByaHHA. Moganbui
TEOPEeTUYHI OrnAAM NiIAKPECOTb METAKOTHITUBHUI XapaKTep TakKMX CXeM: BOHM [aloTb 3MOry 3406yBayesi oCBiTU 3pobutH
ABHOIO B/IACHY «KapTy» NpegMeTHOl ranysi, BUABUTU NPOraiMHKU, CynepeyvHocTi 1 XnbHi 38’A3KKM, a BUKNaZaueBi — AiarHOCTyBaTK
rMMBUHY po3ymiHHA 1 cTpaTerii mncneHHs (Ausubel, 2000).

EMNipuYHi LOCNioKEHHA Y Pi3HMX rany3ax 3HaHb AEMOHCTPYIOTb 3B'A30K MiXK NOOYA0BOIO KOHLLENT-KAapT i PO3BUTKOM
KPUTUYHOTO MWUCNEHHA. Y HU3Lj pobiT, BUKOHAHUX Y MeLCECTPUHCHKIMA OCBITi, KOHLENTyasbHe KapTyBaHHA 3aCTOCOBAHO fK
iHCTPYMEHT oOUiHIOBaHHA W GOpMyBaHHA BMiHb aHani3yBaTU KAiHIYHI cUTyauji, BUABNATU MNPUYMHHO-HACNILKOBI 3B'A3KM Ta
aprymeHTyBaTM npodeciiHi  pilleHHA; pe3ynbTaTM 3acBiAYMAW  NiABULLEHHA MOKA3HMKIB KPUTUYHONO MUCIAEHHA B
eKCNepUMEHTaIbHUX TPynax NopiBHAHO 3 KOHTpoAbHUMMM (Senita, 2008). N. Dabbagh, aHanisytoumM Komn’'toTepHi iIHCTPYMEHTH
nobynosu KoHuenT-KapT (Inspiration, SemNet), nokasye, WO iX BUKOPUCTAHHA NEpPeBOAUTb AiA/bHICTb 3400yBaYiB OCBITU Ha
piBeHb peopraHi3au,ii 3HaHb, NOByA0BM rinoTes i NepeBipKM aprymeHTiB, WWo 6e3nocepesHbo NOB'A3aHO 3 KPUTUYHUM MUCTEHHAM
(Dabbagh, 2001). OocnigsKeHHs, NPUCBAYEHi iHTENIEKT-KapTam, TakoX OIKCYOTb 3pOCTaHHA 34aTHOCTI 3406yBadviB OCBiTU
BCTAHOB/IOBATM 3B'A3KM MiXK igeamun, 6aunTM anbTepHaTMBM Ta OOFPYHTOBYBATW BNACHY MO3MLUiO, Koiv nobyaosBa KapT
CynpoBOAKYETbCA 06roBopeHHsAM i pednekcieto (Thoreau, 2016).

OKpema NliHia focniasKeHb CTOCYETbCA came UMPpPoBUX Ta BeBOpiEHTOBAHMX iHCTPYMeHTiB Bisyanisauii. Asiksoy (2019)
NMoKasana, Wo KoMN' loTepHe KOHLLeNT-KapTyBaHHA y Kypcax Gi3vKM NigBuLLye 3MiCTOBHY rMMBMHY HaBYaHHA, CNpUAE iHTerpauii
HOBWX 3HaHb 3i BXXe HaABHUMM 1 aKTUBI3yE OCMUCNEHe onpaLoBaHHA MaTepiany. CyyacHi meTaaHanitmyHi ornaam 8 STEM-ocaiTi
(Wang et al, 2025) 3acBig4ytoTb, WO BUKOPUCTAHHA KOHUENT-KapT y undppoBomy GoOpmaTi NO3UTUBHO BMIMBAE HA aKaAEMIYHi
LOCATHEHHA Ta PO3BUTOK BULLMX PiBHIB MUC/NIEHHA, 30KpeMa aHani3y 1 cuHTe3y, a epeKTU € CTaTUCTUUYHO 3HAYYLLMMU ANA Pi3HUX
BIKOBUWX rpyn i npeameTis. [locnigKeHHA LMdpPOBUX iHTENEKT-KAPT Yy NiaroTosu,i ¢paxiBLiB MeaMUHOI ranysi NOKasyoTb, WO XMapHi
CepBicuM MiACUNIOITb KPEeaTUBHICTb, KPUTUYHE MUC/IEHHA M KAiHIYHE cyasKeHHA, 0cob/iMBO KoM 3aBAaHHA nepenbavatoTb
NOPIBHAHHA aNbTEPHATUBHMX PilLIEHb | KONEKTUBHE pefaryBaHHa KapT (lbrahim & Hendy, 2025).

MapanenbHo GoOpMyeTbCA KOopnyc pobiT, NPMUCBAYEHUX IHCTPYMEHTaM Bi3yanisauii y cepefoBULL CUCTEM YNpaB/iHHA
HaBYaHHAM Ta iHWKX BebnnaaTdopmax. OnucaHi B NiTepaTypi iHTEPaKTUBHI 3acobu Bisyanisauji 8 LMS (aawbopan akTUBHOCTI,
rpadu B3aemoaii, AMHaMIYHI Aiarpamu) cBig4aTb NPO MOTeHWian ANA NIATPUMKM aHaniTUYHOI AianbHOCTI 3406yBadiB OCBiTH,
OCKIiNIbKM AaloTb 3MOry A0CAIAMKYBATU OCBITHI AaHi, 6aunTK TeHAEHLi Ta BUABAATM NpoBAeMHi AiNAHKKM y BAacHin poboTi (Kuosa
et al., 2016). Y npausax, npucBaveHnx An3aliHy iIHCTPYMEeHTIB Bisyanisauii gna ocBiTM HaroNoWyeTbes, Wo epeKTUBHI Beb63acobu
MaloTb MOEAHYBATU HTEPAKTUBHICTb, MOXAMBICTb HaNalTyBaHHA PiBHA AeTanisauii, NiATPMMKY cueHapiiB 4OCAIAHULBKOTO
3anNMTYBaHHA 1 KOOMEPaTUBHOT POH6OTU — caMe Lii XapaKTePUCTUKU POBAATb IX KOPUCHUMW ANA PO3BUTKY KPUTUHHOTO MUC/IEHHA
(Fernandez et al., 2025).

OKpemy rpyny CTaHOBNATb OMNAA0BI OCNIAKEHHS, AKi Aa0Tb 3MOTY OLHUTU ePEKTU KOHLLENT-KAPT AK 3ac0by pO3BUTKY
KPUTUYHOTO MUC/NIEHHA Y Pi3HUX OCBITHIX ranysax. MeTtaaHanisu (Barta et al., 2022; Schroeder et al., 2018) 3acBiguytoTb, WO i
nobyzoBa, i BUBYEHHA KOHLENT-KapT y cepesHbOMY MOKPALLYOTb HaBYa/ibHi pPe3ynbTaT, a TaKoX MoB’A3aHi 3 NO3WUTUBHOM
OMHAMIKOK KOTHITUBHUX YMiHb BMLLOMO PiBHSA, BK/ILOYHO 3 aHaNi30M, CUHTE30M i KPUTUYHUM OLiHIOBAHHAM iHpopmauii . MogibHi
BMCHOBKM OTPUMaHO B CUCTEMATUYHOMY OrAi Ta meTaaHanisi (Yue et al., 2017), npucBaYeHOMY PO3BUTKY KPUTUYHOTO MUCNIEHHS
MaNBYTHIX MeAUYHUX NPaL,iBHUKIB: BUKOPUCTAHHA KOHLENT-KapT Y HaBYa/IbHUX Kypcax NOCNiLOBHO acOLLIOETLCA 3i 3pOCTAHHAM
NOKa3HWMKIB KPUTUYHOFO MUCNEHHSA 33 CTAHAAPTU30BAHMMM TECTaMM 1 aBTOPCbKMMM LIKANAMMU .

EKkcnepumeHTanbHi M KBasieKcnepMMeHTaNbHi AOCNIOKEHHA KOHKPETU3YIOTb L pe3ynbTaTh Ha maTtepiani oKpemux
amcumnnid i dopmartiB HaBYaHHA. Y ranysi NpMpoaHUYoi Ta reorpadiyHoi OCBITM KOMN'IOTEPHO MiATPUMYBaHe i1 KonabopaTuBHe
KOHLLeNT-KapTyBaHHA AEMOHCTPYE MO3UTUBHMI BNIMB Ha YCMIWHICTb Ta Ha 34aTHICTb 34006yBaYiB OCBITM BCTaHOB/OBATH 3B’A3KM
MiX NOHATTAMKM I 0brpyHTOBYBaTM BUCHOBKM (Chang et al., 2017). Y meauMuHii OCBIiTi AOBEeAEHO, LLO BKIOYEHHA HABYAHHA
KOHLeNT-KapTam 10 Kypcy CNPUAE 3POCTaHHIO AK YMiHb ByyBaTW 3MiCTOBHI CTPYKTYPU, TaK i MOKA3HMKIB KPUTUUYHOTO MUCNEHHSA
(Bilik et al., 2020; Maryam et al., 2021). CratTa (Cafias et al., 2023) nigkpecnioe, Wo came iHTEPAKTUBHI LMPOBI IHCTPYMEHTH
KOHLLeNT-KapTyBaHHA CTBOPIOIOTb YMOBW A1l MOETANHOrO YTOYHEHHA 1 Nepernagy 3HaHb, LWo NpAMO NoB’A3aHo 3 GopMyBaHHAM
KPUTUYHOTO MUCNEHHA. [oAaTKOBMI aKUEHT Ha MOEAHAHHI KapTyBaHHA, CNiBMpali Ta OUIHIOBAHHA, A€ KOHLEenT-KapTu
PO3rNA[aoTbCA AK CTPYKTYPOTBIPHUI eNeMeHT HaBYalbHOTO CepeaoBULLA, OPIEHTOBAHOIO Ha PO3BUTOK KPUTUYHOTO MUCIEHHSA
(zandvakili et al., 2019). CyKkynHicTb UMX pe3ynbTaTiB NIATBEPAXKYE, LLO KOHUENT-KAapTyBaHHA, 30Kpema B uudppoBomy Ta Beb-
opieHTOBaHOMY dopMmaTi, MOXKe PO3rNAAaTUCA AK NEepPCreKTUBHUW IHCTPYMEHT GOpMYBaHHA KPUTUYHOIO MWCNEHHSA, OAHaK
noTpebye YiTKOro AUAAKTUYHOTO NPOEKTYBAHHS.

BoaHouac y gocnigxeHHsx, 3ocepeaKeHnx Ha npodeciiHii nigrotosui BUMTENiB, akLEeHTH 34e6inbloro 3miweHi Ha
3aranbHy LMGPOBY KOMNETEHTHICTb abo Ha BUKOPUCTAHHA OKpemux cepsiciB AK 3acobiB intocTpauii HaBY4aAbHOrO maTtepiany.
HasBHi NpaLi He 3aB AW pO3raaaatoTb Biyanisalito Ha ocHOBI Beb6TexHooril (Be6Bi3yanizal,iio) AK LinecnpaMoBaHUA IHCTPYMEHT
dOopMyBaHHA KPUTUYHOTO MUC/IEHHSI MAUBYTHIX yunTenis, a TUM Binbwe ManbyTHIX yumTenis iHPOPMATUKKM, ANA AKMX BisyasbHi
MoZenNi anropuTmie, CTPYKTYP LaHUX, apXiTEKTYpM NPOrpam € NOBCAKAEHHO NpodeciliHo peanbHIcTio. Y HaaBHUX poboTax
HeLOCTaTHbO OMMCaHi negaroriyHi Mmogeni, WO MNOeAHYOTb: a) Ao6ip cneundiyHMx BeBIHCTPYMEHTIB Bi3yasnisauii 3HaHb;
6) dopmyntoBaHHA 3aBAaHb, OPIEHTOBAHUX HA BUABNEHHA NPUMYLLEHb, aHai3 A0Ka3iB i NOPIBHAHHA aNbTEPHATVB; B) OpraHisau,ito
cnisnpau,i 11 pednekcii 3406yBayiB OCBITH.
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OT)Ke, Nonpu 3HAYHY KIiNbKICTb AOCNIAXKEHb, AKi NiATBEPAXKYIOTb ePEeKTUBHICTb KOHLENT- i iHTeNEKT-KapT, a TaKoX
undpoBmx 3acobis Bisyanizauii 41A PO3BUTKY CKAALHUX KOTHITUBHUX YMiHb MaibyTHIX axiBLiB, ManogocniArKeHUM 3a1MLLAETLCA
NUTaHHA Po3pobIeHHs y3araabHEeHOI Moaeni iHTerpauii BebiHCTpyMeHTIB Bisyanisalii y OCBiTHilA Npouec NiaroToBKM MalbyTHixX
yumTenis iHGOpPMaTUKM came 3 METO PO3BUTKY iX KPUTUUHOTO MUCNEHHA. MOTPebytoTb YTOYHEHHA TaKOXK NesaroriyHi ymosy, 3a
AKUX TaKi 3ac0bM HallbiNbLIO Mipoto CNpUAOTL GOPMYBAHHIO NOKA3HMKIB KPUTUYHOTO MUCIEHHA — Bif YMIHHA CTPYKTYpyBaTK
iHpopMmauito 11 byayBaTn 06rpyHTOBAHI aprymeHTU 0 34aTHOCTI pedaeKcyBaTh BAACHi KOTHITUBHI cTpaTerii. Came 3an0OBHEHHIO
LMX NPOrannH npuceayeHe nogasblue JOCNiAXKEeHHA

META | METOAU AOCNIAXEHHA

MeTolo f0oCnigKeHHA € TEOPEeTUYHO OOFPYHTYBaTWM 1 PO3pobuTK y3aranbHeHy mogenb iHTerpauii Be6TexHoorin
Bi3yanisauii 3HaHb y npouec GOpMyBaHHA KPUTUYHOTO MWCIEHHA ManByTHIX yuuTenis iHGOPMATUKM, a TaKOXK OKpecauTu
neparoriyHi yMoBw, 33 AKUX TaKi 3aCOBM MaKCMMaNbHO CMPUAIOTb PO3BMTKY aHaNITUYHMX, OLIHOYHUX i pedNeKCMBHUX YMiHb
3406YyBaviB OCBIiTH.

[na pocArHeHHA NOCTaB/NEHOI METU 3aCTOCOBAHO KOMMAEKC METOAiIB HAayKOBOro MisHaHHA. Ha TeopeTMyHoMmy piBHi
BMKOPUCTAHO aHani3, CMHTe3, MOPIBHAHHA Ta y3araJbHEHHA HAYKOBMUX A)Kepen, LU0 CTOCYITbCA NPo6/iemMaTUKM KPUTUYHOTO
MWCNEHHSA, Bi3yanisauii 3HaHb, umMdposmx Ta BebTexHonorih y nigrotosui BuMTenis. OKpPeMO 3A4iMCHEHO CTPYKTYpHO-
bYHKUiOHaNbHUI aHani3 nigxoais A0 GOPMYBAHHA KPUTUYHOTO MMUC/IEHHA MAWBYTHIX yyuTenis iHPOPMATUKM 3 MeTOH
BMOKPEMJIEHHA LjiNen, 3MiCTOBUX NiHi, TMMOBMX 3aBAaHb i 3acobis Bisyanisauii, AKi BXe 3acTocoByloTbcA abo MOXyTb byTH
afjanToBaHi Ao uudposoro cepeposuuia. Lie A03BOAMAO YTOUHWUTUM CUCTEMY MOKA3HUKIB PO3BUTKY KPUTUUHOFO MUCNEHHA,
peneBaHTHUX came AnA ranysi iHGopMaTUYHOI OCBITU (YMIHHA BUABNATU MPUNYLLEHHA B aArOpMTMax, aHanisyBaTu CTPYKTypy
undpoBKX pecypcis, OLiHIOBATM NPO30PICTb | HAAIMHICTb 4AaHUX TOLLO).

Ha piBHi KOHUENTyanbHOro mogentoBaHHA 6yno nobyaoBaHO y3arasibHeHy Mogenb iHTerpauii BebiHCTpymeHTiB
Bi3yasisauii 3HaHb y npouec GopmMyBaHHA KPUTUYHOFO MUC/IEHHS.

EMNipMyHy CKNafoBy AOCNIAKEHHS XapaKeTpu3yloTb y3arasbHeHHi Kelcu ynpoBageHHa Beb3acobis Bisyanisauii y
aucumniiHax, Wwo 3abesnevyoTb MNiArOTOBKY MAaNBYTHIX yuyuTenis iHGOpMaTUKM (MeToAMKa HaBYaHHA iHHOPMATUKM, OCBITHI
TEXHOOrii, MPOEKTYBAHHA LMPPOBOro OCBITHLOrO CepeaoBMLLA), @ TAKOXK Ha aHani3i NPOAYKTIB AianbHOCTI 3406yBayiB OCBITU.
BMKopuMCTaHO MeToan neparoriyHOro cnocrtepexkeHHa 3a poboToto 3a406yBaviB ocBiTM 3 TakMmK cepsicamu, sk Coggle, Miro,
Lucidchart, aHani3 i NOPiBHAHHA CTBOPEHNX HUMM KOHLENT- Ta iHTENEKT-KapT, CXEM a/ITOPUTMIB | Mogeei HaBYaNbHUX CUTyaLlil.

Y mekax eMnipuUYHOi YacTUHU gocnigxeHHs y 2024 poui 6yno opraHisoBaHO NOPIBHANbHUIA NeAaroriyHmii eKCnepumeHT
i3 3a/1ly4eHHAM KOHTPOAbHOI (21 3506yBay) Ta ekcnepumeHTanbHOT (18 3406yBayiB) akagemiyHMX rpyn cneuianbHocTi «CepegHn
ocBiTa (IHpopmaTHKa)». KOHTPObHI rpynu npaLtoBany y TpagmLiiHii opraHisadii ocBiTHboro npotecy: Be6opieHToBaHi 3acobm
Bi3yanisaLii BUKOPUCTOBYBANNCA €Ni30A4MYHO, NepeBaXKHO A4 BiATBOPEHHA BXe CTPYKTYpPOBaHOro BMKNaJavyem matepiany, a
IHCTPYKLIT Manu nepeBa)KHO TEXHIYHMI XapaKTep. B ekcnepumeHTanbHUX rpynax 6yno winecnpamoBaHO BNpPoOBaAKeHO MoAeb
iHTerpauii BebiHCTpyMeHTiB AK 3acobiB BisyanisalLii: 3406yBayi 0CBiTM OTPUMYBaNM iHTErpoBaHi (TEXHIKO-KOTHITUBHI) IHCTPYKLi A0
poboTK 3 Bi3yaNbHUMMK cepBicamMu, BMKOHYBA/IM 3aBAAHHA 3 BiAKPUTMMM bOpMamu BiAMOBILi, KOPUCTYBaANCA MPO30OPUMM
wabnoHamu oujiHIOBaHHA Man, 6pasin y4acTb B OpraHi3oBaHOMy 06roBopeHHi NobyA0BaHUX CTPYKTYp i Benn pednekcmsHi 3anucu
LLLOA0 NOTIKM BNIACHOTO MipKYyBaHHA.

MOKa3HMKaMM KPUTUUYHOTO MUCNEHHSA DY OnepaLlioHaNi30BaHi XapakKTepPUCTUKM Bi3yasibHUX MPOAYKTIB i CynpoBigHUX
pebneKCUBHUX CyayKeHb 3406yBayiB OCBITU: 1) NOFIYHICTb | CTPYKTYPOBaHICTb Man (HaABHICTb YiTKOI iepapXii NOHATb, KOPEKTHICTb
NPUYNHHO-HACNIAKOBUX Ta YaCTKOBO-LL/IICHUX 3B’A3KiB, BiACYTHICTb BHYTPILLHIX cynepeyHocTeld); 2) NOBHOTA 1 peneBaHTHICTb
BifOOPAXKEHHA 3MICTy (CTyNiHb OXOMAEHHA CYTTEBMX enleMeHTIB cuTyauii abo 3agadi, YHUKHEHHA HeCyTTEBUX UM BMMALKOBUX
netanen); 3) onpautoBaHHA anbTepHaTMB (KiNbKiCTb i AKICTb FiNOK, WO NpeacTaBAAOTb Pi3Hi BapiaHTW pilleHb, NO3WLK YK
iHTepnpeTaLii, HaABHICTb NePEXOAiB «AKLLO — TO» MiXX HUMM); 4) MapKyBaHHA NpUNyLLeHb i NPO6JEMHUX 30H (BUOKPEMIEHHS
BY3/1iB, AKi FPYHTYIOTbCA Ha HenepeBipeHuX rinotesax, gpikcauia micub HeBU3HaYeHoCTi abo bpaKy AaHuWX); 5) apryMeHTOBaHICTb i
KPUTUYHICTb MipKyBaHb (HAfBHICTb y Mamax Ta YCHUX/MUCbMOBMX KOMEHTapAX MoCuNaHb Ha [Jxepena, NPUKNaaM,
KOHTPaprymeHTW, BUABNEHHA NOFYHMX NMOMUOK); 6) pedneKkcuBHICTb (34aTHiCTL 3a406yBava OCBITU y pedieKCMBHUX 3anmcax
NOACHUTM 3MiHW Y CTPYKTYPi Man, BU3HaTU NOMUIKKU NoNepeaHiX BEPCiii, OKPeCNUTU BNACHI KOTHITUBHI cTpaTerii Ta iXx 06MeKeHHs).
Came 3a fMHaAMIKOIO LMX NMOKa3HMKIB 34iMCHIOBANOCA NOPIBHAHHA KOHTPO/IbHUX Ta €KCNePUMEHTAIbHUX TPy,

BuOKpemMneHHs negaroriyHMX yMoB 3ZiMCHIOBANOCA LWAAXOM MNOEAHAHHA MOPIBHANBHOIO aHani3y KemnciB, KOHTEHT-
aHanisy iHCTPYKLIN 0 3aBAaHb i pedneKkcMBHUX 3anucis 3406yBayiB OCBITU Ta AKICHOTO aHani3y TMNOBUX TPYAHOLLIB i YCMiLLHUX
cTpaTerii poboTn 3 BisyanizauitHUMKM iHCTpymeHTamu. MMOBTOPIOBaHI NaTepHW (cuTyauii, y AKMX cnocTepiranoca cyTtrese
nocuneHHa abo, HaBMaku, ocnabneHHs NPOABIB KPUTUUHOTO MUC/IEHHA) TPYMYBAAWUCA Y 3MICTOBI KnacTep, WO Aanv MiacTasu
chopMytoBaTU OKPeMi YMOBM: BUMOTM [0 iHTENPOBaHUX iHCTPYKLiNA, XapaKTEPUCTUKY 3aBAaHb 3 BiAKPUTMMW Bignosiaamu,
napameTpu WabAOHIB OLiHIOBAHHA Man, 0cobAMBOCTI opraHisaLii 06rosopeHHs Ta pedekcii.

[o 06roBOpeHHsA MPOMIKHMX pe3ynbTaTiB i NepeBipkM AOLiNbHOCTI BUAINEHUX NEAaroriYyHMX ymoB 3anydanuca
BMKNagaui (7 ocib), AKi MaloTb AOCBIA BUKOPUCTaHHA 3acobis Bisyanisauii y poboTi 3 MaiibyTHIMK yunTenamm iHbopmaTtuku. IxHi
BMCHOBKM [,03BO/IUAN CKOPUTyBaTM (GOPMYNIOBAHHA OKPEMWX KOMMOHEHTIB MOAENi, YTOYHUTU BUMOTMM A0 iHCTPYKUiN Ana
3806yBayiB OCBiITW, 40 OpraHisauii 06roBopeHHs NobyaoBaHMX KapT i 40 pedneKkcMBHUX 3aBAaHb. OTpMMaHi eMnipuyHi gaHi
iHTEepnpeTyBannca B NOFiLi MOPIBHANBHOTO aHanisy KeWncis, 3i CNiBBIAHECEHHAM BUABNEHUX TEHAEHLIN i3 TeopeTuyHo
06rPYHTOBAHMMM NOKA3HUKaMU PO3BUTKY KPUTUHHOFO MUC/IEHHA

PE3Y/ZIbTATU OOCNIAXEHD

Y3aranbHeHa mogenb iHTerpauii BebTexHoorii Bisyanisauii 3HaHb y npouec GOopMyBaHHA KPUTUYHOIO MUC/IEHHA
ManbyTHIX yuntenis iHpopmaTuKM Nepenbayae NoCNiLOBHY B3AEMOLIIO KiIbKOX B/10KIB: LiIbOBOr0, 3MiCTOBOr0, TEXHO/IOTIYHOMO
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Ta OuiHOBaNbHO-pedneKkcMBHOro. Y ULiboBOMy 610Ui KOHKpeTM30BaHO, WO BebBidyanisauia Mae He Auwe MigTPUMMYBaTH
33aCBOEHHA TEOPETUYHUX BiAOMOCTEM, @ W LINECnPAMOBAHO pPO3BMBATU BMIHHA aHanisyBaTu iHGOpMaLito, NOpPiBHIOBATH
aNbTepHATUBHI pileHHA, BUABNATM MPUXOBaHi MPUNyLeHHA, OyayBaTh i NepeBipATM aprymeHTW, YCBIZOMOBATU MeXi
3acToCyBaHHA NeBHMX Nigxoais. Came AMHaMiKa LMX MOKA3HMKIB CTa/la OCHOBO AN1A iHTeprpeTau,ii pe3ynbTaTiB. 3micToBuUIA 610K
mogeni NOEAHYE TEMM 3 METOAMKM HaBYaHHA iHGOPMATWMKKM, NPOrpamyBaHHA, MNPOEKTYBAHHA LMGPOBOro OCBITHHOrO
cepefoBuLLLa, Y MeXaxX AKUX AOLiIbHO BUMKOPUCTOBYBATU KOHLLENT- Ta iHTENEKT-KapTW, JIOTIKO-CEMAHTUYHI CXemMu, giarpammu
NOTOKIB [AaHWX, CXeMM anropuTmie. TexHonoriyHMin 610K mopgeni Bigobparkae TMnosi eTanu poboTn 3a06yBaya OCBITU 3
BebiHCTpymeHTamu Bisyanisauii. Ha eTani npobaemaTnsau,ii BUKNagay NponoHye HaBYanbHy CUMTyalito (3agayy, Kelc, dparmeHT
Ko4y, OMWC OCBITHbOT NPO6aEMU), AKY HEMOKIMBO KOPEKTHO onpautoBaTh 6e3 CTpyKTypyBaHHA iHpopmalii. [ani peanisyetbea
KOHCTPYKTOPCbKMIA eTan: 3406yBadi OCBiTU 3a 4ONOMOroto o6paHoro BebiHCTpymeHTa CTBOPIOIOTb NEPBUHHY Bi3yasbHy MOAEeb,
dIKCYlOUM OCHOBHI MOHATTA, B33aEMO3B’A3KM, anbTEPHATWMBHI TiNKM piweHb. HacTynHMI eTan MOB’A3aHMI i3 KPUTUYHUM
[00NpaLoBaHHAM KapTu Yyepes 3anuTaHHA BMK/aZaya Ta OA4HOTPYMHMKIB, MOPIBHAHHA KiNIbKOX BapiaHTIB Bi3ya/JibHUX pilleHb,
BMAB/IEHHA CynepeyHoCcTel i NporanuH. 3aBeplanbHUi OLiHIOBaNbHO-pedNeKcMBHUI eTan nepeabavyae CamoOLLiHIOBAHHSA
nobyzoBaHWUX CTPYKTYP 3a 3afaHMMK KpuTepiamu, dikcauito 3miH y nopTtdonio Ta popmyntoBaHHA BUCHOBKIB LWLOAO TOrO, AK
TpaHchopMyBanocs po3ymMiHHA npobaemu.

MopiBHAHHA BEBIHCTPYMEHTIB Y peanbHMX HaBYa/IbHUX CUTyaL,iax NOKAa3aso, WO Pi3Hi Knacu 3acobiB BUKOHYIOTb Pi3Hi
OMAAKTUYHI GYHKLIT | NO-pi3HOMY BMIMBalOTb Ha OKPEMi MOKa3HUKN KPUTUUYHOTO MUCAEHHSA. Po60Ta 3 NiHINHUMKU MeHTaIbHUMM
manamu (MindMup, XMind) Hacamnepea, No3HaumMnaca Ha JIOTiYHOCTI i CTPYKTYPOBAHOCTI KapT Ta NOBHOTI OXOMJIEHHS 3MiCTy. B
eKcnepyMMeHTaNbHUX rpynax, Ae A0 3aBAaHb 6yN10 A0AaHO KOTHITUBHI OPiEHTUPK, HAaNPUKIHLi Kypcy 3pocaa KiNbKiCTb man i3 4iTko
BMPAXKEHO iEPapXi€l0 NOHATb i KOPEKTHO NOBYyA0BaHUMU NPUYNHHO-HACNIAKOBUMM NAHLLIOraMKU; HAaTOMICTb Y KOHTPOJIbHUX
rpynax nepeBa*kaM CXemMu, LLLO NOBTOPIOIOTb CTPYKTYPY KOHCMEKTY 6e3 BUOKPEeMNEHH: LEeHTPaNbHUX i NigTPUMyBanbHUX Te3.
IHCTPyMeHTM 3 po3ranyKeHow cTpyKTypoto (Coggle, Lucidchart) Haibinbw NOMITHO BNAMHY/AM Ha NOKa3HWMK OMNpaLloBaHHA
aNbTepHaTMB: y poboTax 3400yBayiB OCBiTU eKCnepuMeHTabHMX Fpyn 36iNblLMAAcA YacTKa KapT, Ae NpeacTas/eHo ABa i binblue
BapiaHTiB BUPILLEHHA 334a4i ab0 Kiflbka MOXAMBMX TPAEKTOPIN HABYA/ILHOTO MPOEKTY, TOAI AK Y KOHTPOJIbHUX Fpynax KapTu
3a/1MWanunCcA NepeBaxkHo OA4HO NiHIMHUMU. IHTepaKTMBHI gowKu (Miro, Jamboard), Wwo BMKopucToBYyBaauca y rpynosiii po6ori,
CNPUANN 3POCTAHHIO MOKA3HWUKIB aprymMeHTOBaHOCTI 11 pedNeKCMBHOCTI, OCKINIbKM BUMAraan obrpyHTOBYBaTH 3MiHW Yy CTPYKTYpi
KapTu nepeg, oAHOrpynHMKamm Ta dikcyBaTv BAacHY No3uLito.

AHani3 KelciB ynpoBaaKeHHA mMoAeni AaB 3MOTy KOHKPETU3yBaTu BM/IMB KOXKHOI NeAaroriyHoi yMOBM Ha AWHAMIKY
NMOKa3HMKIB KPUTUYHOTO MUC/IEHHA. Meplwa ymoBa, NOB'A3aHa 3 HaABHICTIO iHTErpoOBaHMX IHCTPYKLi A0 poboTH 3 BidyasbHUMM
iHCTpyMeHTamu, nposeuna cebe Hacamnepes y 3pOCTaHHI MOKA3HWKIB MApKyBaHHA MPUNyLWeHb i NPob6aeMHUX 30H, @ TaKOX
apryMeHTOBAHOCTI MipKyBaHb. Y Moayni « ANrOPUTMIYHI CTPYKTYPU» KapTW KOHTPOJIbHWUX TPYn, Ae iHCTPYKLUiT 6yanM nepeBakHO
TEXHIYHUMMU, MICTUAM MiHIMYM BY3/1iB, NO3HAYeHUX AK TiMNOTE3n YM ChipHi Micud; 3406yBayi OCBITU IHKOM BUKOPUCTOBYBaU
cneujanbHi NO3HAYeHHA ANA HEBU3HAYEHOCTI, MalXe He BiaAinAnn GakT Big npunyweHHA. Y eKcnepumMeHTanbHUX rpynax, ae
IHCTPYKLiT MicTUAM NpAMi BKasiBKM Ha HeobXiaHiCTb dikCcyBaTU NPUNYLLEHHA, MO3HA4YaTM Cynepeynmsi 3B’A3KM, [043BaATU
apryMeHTU «3a» i «NpoTU», A0 KiHUA LMKAY 3aHATb CYTTEBO 3POCNA YACTKa KapT, y AKMX BUAINEeHO NpobaemHi By3au, HaBeaeHo
KOHTPaprymeHTU, a 3B’A3KM CYNPOBOAMKEHO KOPOTKMMWM MNOACHIOBAa/NbHUMW nignucamu. Lle cBiguuTb, WO iHCTPYKUiA 3
KOTHITUBHMMMW OPIEHTUPAMM NPAMO NiATPUMYE NOKA3ZHUKN KPUTUYHOCTI M YCBIAOMNIEHOTO CTaB/IEHHA A0 BAACHUX CYXEHb.

[pyra ymoBa, Lo cTOCYeTbCA POPMYNIOBAHHA 3aBAaHb i3 BiakputMmmM popmamm Bignosigi, 3abesneunna nosuTUBHY
OMHaMiKy Hacamnepeq, ANA NOKa3HMKIB ONpaLoBaHHA anbTePHATUB i NOBHOTM Bif06pasKeHHA 3MiCTy. Y Kelci NPOEKTYBaHHA
UMPPOBOro Kypcy B KOHTPOJIbHMX rpynax 3aBAaHHA Ha KLWTanT «BiATBOPUTM KapTy eTanis 3a 3paskom» MNpu3BOAUAU [0
OZHOTUMHUX CTPYKTYP, A€ OCHOBHY yBary NpuAiasaan nocnigoBHOCTI KPOKIB, a Mi/IKKM, WO BifobOpaXKkatoTb pU3MKU, 0BMEXKEHHS UK
BapiaHTM aganTalii, NPaKTUYHO He 3'aBnanuca. MNicna BBeAEHHA Yy eKCNepMMeHTaIbHUX Fpynax 3anuTaHb BiZKPUTOro TUNy («AKi
[0AATKOBI PU3UKU MOXKAUBI», «AKi anbTepHAaTUMBM MOXKHA 3arnponOHYBaTU ANA PI3SHUX TPYN KOPWUCTYBa4iB», «AK 3MIHWUTbCA
CTPYKTYpa Kypcy 3a HecTaui pecypcis») KapTu CTasv 3HAYHO PO3ranyKeHiwnmmn. 3pocna KinbKicTb By3/iB, LLO ONUCYOTb YMOBU
3aCTOCYBAHHA pilleHb, 3'ABUMANCA Ti/IKU, NPUCBAYEHI MOPIBHAHHIO BAPIaHTIB i MOACHEHHIO HACNiAKiB BMOOPY. TakMm YMHOM,
3aBAaHHA 3 BIOKPUTOK BIANOBIAAIO CMNPUAAW Mepexoay Bif, PenpoayKTUBHOI Bisyanisauii fo [ocnigHWUbKOI poboTtn 3
aNbTepHaTMBaMM.

TpeTa ymoBa — CTBOPEHHA NPO30puX LWab/OHIB OLiHIOBAaHHA CTPYKTYp man — 6yna noB’A3aHa 3 NOKpalLeHHAM
NOKa3HMKIB NIOTYHOCTI Ta CTPYKTYPOBAHOCTI KapT, @ TAKOX apryMeHTOBAHOCTI MipKyBaHb. [lo 3anpoBagsKeHHA pybpuK y Kypci
«LndpoBe OCBITHE cepenoBULLE 3aKaay OCBITM» 3400yBayi OCBITU 34e6i1bLIOro OPIEHTYBANNCS HA 30BHIWWHIWA BUTAAL Manu; y
pedbneKCMBHUX 3anMcax NepeBaKany 3rafiku Npo «3py4HiCTb CEPBiCY» UM KHAZ/INLIOK eNeMEHTIB», @ HE MPO 3MICTOBI NPOraNnHM.
Micna BBeAeHHA WaAbNOHIB, A& OKPEMUMMU LLIKANAMM OLHIOBANUCA NOBHOTA OXOMNJIEHHA CYTTEBMX acMeKTiB, NOTiYHICTb 3B’A3KiB,
HasABHICTb a/bTEPHATUB i KOHTPAPrymeHTiB, 3406yBayi OCBITU NOYANN CUCTEMATUYHO NEPEBIPATM BNACHI KAPTK Ha BigNOBIAHICTL
UMM KpuTepiam. Y ¢iHanbHUX poboTax eKCnepMMEHTaNbHUX FPyn 3MEHLUMAACA KiNbKICTb «3aBUCAUX» BY3NiB 6e3 3B’A3KiB,
NOCUNNAACA CTPYKTYpHa BNOPAAKOBAHICTb, @ B pedieKciax 3’ABUAMUCA NOCUNAHHA HA KOHKPETHI KpuTepii («6paKye aprymeHTiB
NpPOTM», «He BCi CTEMKroNAepyn BpaxoBaHi B CTPYKTypi»). Lle Aae nigcTtaBu cTBEpAXKYBaATH, WO WABAOHM OLiHIOBAHHA NiABULLYIOTb
YCBIAOMANEHICTb WOA0 AKOCTI IOFIYHOI CTPYKTYPU Ta aprymeHTaLii.

YeTBepTa ymoBa — opraHisauis o6rosopeHHsA Nobya0BaHUX KapT MixK 3400yBavammn OCBITU — 3abe3neynna 3pyLueHHs y
NMOKa3HMKax apryMeHTOBaHOCTi Ta pedIeKCUBHOCTI, @ TaKOX cnpuaia rnMbluomMy onpaLoBaHHIO afbTepHaTUB. Y Kelci FpynoBoro
aHanisy npoekTy «BnpoBagMKeHHA LWKiNbHOI NnatGopmMu AnNA BUBYEHHA MNPOrPAMyBaHHA» Y KOHTPOJIbBHOMY BapiaHTi
iHAMBIAYaNbHO CTBOPEHi Manu 3anuwanuca 6e3 nybaivHoi Npe3eHTaL;i; 3MiHM Big, 04HOM0 3aBAAHHA A0 IHWOro Maau nepesBaXHo
KOCMETUYHUIN XapakTep. HaTomicTb y eKcnepuMeHTasbHUX rpynax, A€ KapTu OeMOHCTPYBa/ZMCA Ha CNibHIM  gouwui,
06roBOpOBANIMCA B MANMX TPYMax, a KOMKEH YYaCHWK MaB apryMeHTyBaTW CBOK CTPYKTYpy M pearyBaTM Ha 3anuTaHHA
OAHOTPYNHUKIB, 6yN0 3adiKCOBAHO IHTEHCMBHE OHOBJIEHHA Mogenel: A0AABAHHA TiNOK, WO BigobpaXKaloTb NOrAAAN Pi3HUX
CTeKrongepis, neperpynyBaHHA eTaniB, YTOYHEHHA KpuTepiiB ycnixy. PednekcuMBHi 3anncy nokasanu, wo 3a06yBadi ocBith
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noyanu ycBifOMOBATU BMANB KPUTUYHUX 3anuTaHb OAHOTPYMHWKIB Ha BfACHE MUC/AEHHA, BiA3HaYaAW BUNALKM, KoM
[0BOAMNOCA NEepernagatim novyaTKoBMI NAaH Mig BNAMBOM apryMeHTiB iHWMX. Le cBigumTb, Wo 06roBopeHHsa BMCTYNae
KaTani3aTopom fIK 418 apryMeHTOBAHOCTI, TaK i AN1A 34aTHOCTI 40 CaMOKOpPEKLii.

M'aTa ymoBa — cucteMaTMyHa pedniekcia WoAo NOriKM BAACHOMO MipKyBaHHA — HaMbinblw NOMITHO BRAWMHY/AA Ha
NOKAa3HUK pedIEKCMBHOCTI, @ TaKOXK ONOCEepeAKOBAHO MiATPMMANA PO3BUTOK iHLWMX NOKa3HUKIB. Y Kypci «MeToamKa HaBYaHHA
iHpopmaTtukm» umndpose NopTdPosio 3 NPOMINKHUMK BEPCIAMM Man i KOPOTKUMU pedSIEKCUBHUMMU HOTATKaMKU Aano 3mMory
NPOCTEKMNTN EBOJIOLiI0 MUCNIEHHA OKpeMmx 3406yBadiB ocBiTH. Y rpynax 6e3 060B8’a3koBoi pedekcii KapTh 3miHoBanuca, ane
3ae6inblworo 6e3 ABHOro yCBiAOMAEHHA NPUYMH TaKMX 3MiH: 3806yBayi OCBITU iHKOIM NOB’A3yBasIM NPABKW Y CTPYKTYPi 3 HOBUMU
aprymeHTaMu 4u BUSABNEHUMM CYNepeyHOCTAMMU. HaTOMICTb Y EKCMepUMMEHTaNbHUX Fpynax y 3anucax peryasapHo 3'aBasaauca
MipKYBaHHA Ha KWTANT: «npubpana Lo rinky, 60 He morna NigKpinuTK il NPUKNaZamm», «MO3HAYMB BY30/ AK NPUMYLLEHHS,
OCKIiNIbKM HEMAE AOCTaTHIX AaHMX», «404aB a/IbTEPHATMBY, NPO AKY paHilwe He AymaB». Taka AnHamiKa CBiAYNTL NPO GOopMyBaHHA
YCTaHOBKM Ha NepeBipKy BAACHUX BUCHOBKIB i FOTOBHICTb Mepernafaty CTPYKTYpYy MipKYBaHHSA, WO € CYTTIO pedIeKCUBHOTO BUMIpY
KPUTUYHOTO MUC/IEHHA.

Y3aranbHEeHHA OTPMMaHUX pe3ynbTaTiB [03BOJIAE CTBEPAXKYBaTM, WO Came B eKCNepUMEHTaZIbHUX rpynax
cnocTepiranaca cTiika NO3UTMBHA AMHaMiKa 3a BCiMa BUSHAYEHUMM NOKA3HUKAMM KPUTUYHOTO MUCIEHHS, TOA| AK Y KOHTPOIbHUX
rpynax 3miHM Manu ¢parmeHTapHUIN XapakTep i 34e6iNblworo CTocyBanuCA Aule 30BHIWHLOI opraHisauii man. OTxe,
3anponoHoBaHa MoAenb iHTerpauii BeGiHCTPYMEHTIB y NOEAHAHHI 3 BUOKPEMAEHUMU MedaroriyHMMM yMOBaMU NepeBoauUTb
Bi3yasni3auitlo 3HaHb i3 piBHA TexHiYHOro 3acoby nogaHHA iHopmaLii Ha piBeHb AiEBOro mexaHiamy GbopmyBaHHA NOTYHOCTI,
NOBHOTH, KPUTUYHOCTI Ta pedNEKCMBHOCTI MUCTIEHHA MalbyTHIX yunTenis iHbopmaTUKK.

OBIrOBOPEHHA

OTpvMaHi pe3ynbTaTh 3aralom Y3roAKylTbCA 3 YABNEHHAM MPO KPUTUYHE MUC/IEHHA AK MpO LinecnpamoBaHe
Camopery/iboBaHe CYAMKEHHs, WO MOEAHYE iHTepnpeTalilo, aHani3, OUiHIOBaHHA, iHbepeHLilo Ta NOACHEHHA, AOMOBHEHI
camoKopeKujieto mipkyBaHb (Facione, 1990). BuoKpemneHi i onepaLioHani3oBaHi B AOCNIAMKEHHI MOKA3HUKM — JOTIYHICTb i
CTPYKTYPOBAHICTb Bi3yasibHUX MOJAeNeN, MOBHOTA U PeNeBaHTHICTb BiAOOparKeHHs 3MicTy, OnpalloBaHHA a/ibTEPHATUB,
MapKyBaHHA NpuNylleHb i NPobaeMHMX 30H, aprymeHTOBaHICTb Ta pedNeKCUMBHICTb — BUABUAWUCA YYTIMBUMW OO 3MIiH B
opraHisauii pobotu 3 BebopieHTOBaHMMM 3acobamm Bisyanisauii. MO3UTUBHA AMHAMIKA LMX MOKA3HWUKIB Y eKCNepUMEHTaNbHUX
rpynax CBig4mTh, LLLO 3aNPONOHOBAHA MOAENb iHTErpaL,ii BebiHCTpyMeHTiB cnpaBai «BOYA,0BYE» B OCBITHIM NPOLLEC Ti KOMNOHEHTU
KPUTUYHOTO MUC/IEHHSA, AIKi B TEOPETUYHUX POBOTaX ONUCYHOTLCA NepeBaXKHO Ha abCTPAKTHOMY PiBHi.

Pe3ynbTaTi NiaTBEpPAKYIOTH BUCHOBKWU A0CAIAKEHD, Y AKUX KOHLENT-KapTh 1 CNopigHeHi rpadiyHi cxemmn TpaKTyoTbCs
AK IHCTPYMEHTU 30BHILLUHbOI penpeseHTalii 3HaHb, WO CNPUAIOTL Mepexoay Bif MexXaHiYHOro BiATBOpPeHHs iHdopmaLii Ao
ocmucneHoro HasyaHHA (Novak & Gowin, 1984). Y Hawomy BUMNAAKY Lie NPOSBUAOCA B TOMY, LLO B eKCNepMMEHTaNbHUX rpynax
3406YyBayi OCBITM MOCTYNOBO NEPEXOAMAMN Bif, «KKAPTU-KOHCMEKTY», AKA /IMLLIE NOBTOPIOE CTPYKTYPY JIeKUiiHOro maTepiany, 4o
KapT, WO MICTATb anbTEPHATUBHI TiJIKK pilleHb, ABHE MapKyBaHHA MPUNyLLeHb, NO3HAa4YeHHA NPOBAEMHUX BY3NiB i NOTIYHMX
posrany»KeHb. Taka €eBONIOLiA Bi3ya/ibHUX MPOAYKTIB 36iraeTbca 3 yABAEHHAM NPO KOHUENT-KapTU SIK METaKOTHITUBHUI
iHCTPYMEHT, AKMI L03BONSE 3p0OUTU ABHMMMU BAIACHI KOTHITUBHI MPOLEecH | CTBOPIOE YMOBU A5 iX pedNeKCUBHOTO nepernsay.

BoaHoYac oTpMMaHi AaHi yTOYHIOIOTL 3p06AEHI paHile BUCHOBKM WOAO poni undpoBUX iIHCTPYMEHTIB Bisyanisauii. Y
poboTax, NPUCBAYEHMX 3aCTOCYBAHHIO KOMN'IOTEPHUX 3ac06iB AN1A NO6YA0BM KOHUENT-KapT (Dabbagh, 2001; Asiksoy, 2019 Ta iH.),
NiAKPecntoeTbCA, Wo nepexig A0 uudposoro GoOpmaTy NOCUIOE BMNAUB 3aBAAKW iHTEPAKTUBHOCTI, MOM/MBOCTI LIBUAKOIO
pefaryBaHHs Ta cnisnpaui. Y nposeaeHOMY HamMu AocaigKeHHi 6yno nokasaHo, Wo cam no cobi Bebpopmar we He rapaHTye
PO3BUTKY KPUTUYHOTO MWCAEHHA: Y KOHTPOJIbHUX rpynax, Ae Ti cami cepBicM BWMKOPWUCTOBYBA/IMCA NEpPEeBaXKHO ANA
penpoayKTUBHUX 3aBAaHb, MO3UTUBHI 3pYLIEHHA CTOCyBanucA 34e6iN1bloro 30BHIWHbOT BNOPAAKOBAHOCTI KapT, @ He rMUBUHK
aprymeHTauii Y1 poboTtu 3 anbTepHatMBamu. Lie nae nigcrasm cTBEpAXKYBATH, LLO BUPIWIAZIbHUM YUHHUKOM € HE TEXHOJOTIA SK
Taka, a cnocib ii AnAaKTMYHOro BOYL0BYBaHHS.

BuoKpemneHi nefaroriyHi ymoBM [,03BOIAOTL NOMMOUTM HanABHI y NiTepaTypi yaABAEHHA NPO MexaHi3mu aji 3acobis
Bi3yanisauii. BinbwicTb emnipuyHMX pobiT, y AKMX 3adiKCOBAHO MO3UTUBHMI BMNAMB KOHLUENT-KAPT HAa KPUTUYHE MUCNEHHSA
(Hacamnepes, y MeaMuHii OCBITI Ta iHWKX NpodeciMHMX rany3nx), 30CcepeaskyroTbCA Ha MOPIBHAHHI «3/6€3 KapT», YacTo He
LeTanisyoun napameTpu 3aBAaHb, XapaKTep iHCTPYKLIiN, npoLesypn 06roBopeHHsn 11 OLLiHIOBaHHA. Y HalWomy AOCNiAKeHHi 6yno
MOKa3aHo, WO iHTErpoBaHi iHCTPYKL,ii 3MIHIOIOTb CNOCI6 BUKOPUCTAHHSA iHCTPYMeHTa: 3400yBadi OCBiTM MOYMHAOTb CNpUiiMaTh
KapTy fIK KMOBY» OMUCY aprymeHTiB, NMPUNyWeHb i CynepeyHocTel, a He AK AeKOpaTUBHY cxemy. 3aBAaHHA 3 BigKPUTMMM
bopmamu BiANOBIA] BUABUANCA KPUTUUHO BaXKAMBUMM ANA aKTUBALLii NOLWYKY aNbTepHaTMB, a NPO30pi WabAoHM OLiHIOBaHHA —
L0851 3MiLLEeHHs PoKyca yBarM 3 KKPacMBOCTI» KapTW Ha NIOTIYHY BUBAXKEHICTb | 0BFPYHTOBAHICTb.

OcobimMBoro 3HauyeHHa HabyBae pes3ysbTaT, MOB’A3aHMI i3 OpraHisauielo 0b6roBopeHHs NobyaoBaHMX KapT i
cucTeMaTuyHo pednekcieto. Mornaan Ha KpUTUYHE MUCIEHHA AK Ha COLiafbHO onocepenKoBaHe ABuLe, WO GOPMYETLCA B
[0ianosi i B3aEMHIl aprymeHTaL,ii, € ycTaieHMMM ANA NiAXOAiB, AKi OPIEHTYIOTbCA Ha CoLiaNibHUI KOHCTPYKTUBI3M. Y NpoBeseHoMy
[OCNIAMXKEHHi Bidyanisalia 3HaHb y NOEAHAHHI 3 rpynoBuUM 06roBOpPeHHAM [L03BO/IMNA KOHKPETM3yBaTH, AK came BifbyBa€ETbeA
uen nepexis Big, iHOMBIAYaNbHOTO CyAKEHHA 4O CMiIbHOI PEKOHCTPYKLIT MipKYBaHHA: KPUTUYHI 3aNUTaHHA OAHOMPYMHUKIB Y
6YyKBaNIbHOMY CEHCi BNMUCYBA/INCA B KapTy Yepes A0A4aBaHHA HOBUX riNIOK, 06’ €AHAHHA BY3NiB, 3MiHY CTaTyCy NEBHUX e/1IeMEeHTIB i3
«dakTiB» Ha «npUnyLeHHa». PednekcnsHi 3anmcn B umdposomy noptdonio 4emMoHCcTpyBanu, Wo 3406yBadi 0CBiTM NOYMHAIOTL
BiACTEXXYBATM BNACHI KOTHITMBHI MaTepPHM (CXWAbHICTb A0 NiHIMHWUX CTPYKTYP, YHUKAHHA anbTepHaTUB, irHOPYBaHHA
cynepeyHocTelt) i LinecnpaMoBaHO X KOpUryBaTW, WO BiAnoBigae igei camoperynauii AK BaXK/IMBOI CKAAA0BOI KPUTUYHOTO
MWCNEHHA.

BapTo nigKkpecantu i cneumoiky oTpMMaHUX pesyabTaTiB came gna NigroToBKM ManbyTHIX yumTenis iHpopmatuku. Ha
BigMiHY Big 6araTbox AOOCHIAMEHb, A€ KOHUENT-KapTM BUKOPUCTOBYIOTbCA NEpeBaKHO Ana Bidyanisauii dakTonoriyHoro
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maTtepiany, y Hawomy BuNagKy ob’ekTamu Bisyanisaujii Bynnm anropuTmu, CTPYKTYpU LMPPOBUX pPecypcis, MoAesni OCBITHIX
CUTyaLii, NPOEKTN umdpoBMX KypciB. Lie 36aMKye Bi3yanbHy AianbHICTbL 3406yBadyiB OCBiTM 3 TMNOBMMM npodecitHumm
33aBAAHHAMM BYUTENA IHPOPMATUKMU, AKMI MAE BMITU CTPYKTYPYBaTK KOA, apXiTEKTYpy MpPOrpamHux pieHb, Noriky undposmx
cepsiciB. M03NTUBHA ANHAMIKa NOKA3HUKIB KPUTUUHOTO MUC/IEHHA 33 TaKUMM 3aBAAHHAMM CBIAUYUTD, L0 BeOOpieHTOBAHI 3acobu
Bi3yanizauii MOXKyTb pO3rna4aTMCA He NnLie AK 3araJibHOANAAKTUYHUIA IHCTPYMEHT, a 11 AK efemeHT $HaxoBoi NiAroTOBKM, AKUI
6e3nocepesHbO roTye 3406yBaya OCBITU A0 MalibyTHLOT NpodeciMHOT AifAbHOCTI.

IHTepnpeTauia OTPMMAHUX pe3ynbTaTiB Yy LWMPLIOMY NefaroriyHoOMy AUCKYPCi [03BOJIAE BUABUTU Ki/ibKa K/IHOYOBMUX
CTpaTeriyHMx MOJOXKEHb LLOAO BMNPOBaAKEHHA Beb6TexHONOril Bidyanisauii y npouec popmyBaHHA KPUTUYHOFO MUC/IEHHA B
ManbyTHIX yuuTenis iHbopmaTuku. MNepeaycim, iAeTbcA NPo HeobXiAHICTb 3mileHHA GOKyCy Y BMKOPUCTAHHI BidyasbHUX
iHCTPYMEHTIB Bif, penpoAyKTUBHOIO Bif06paKeHHA HaBYaIbHOrO maTepiany A0 MOro aKTMBHOMO NEePeOCMMUCIEHHS, apryMeHTa i
Ta NOPIBHAHHSA aNbTepPHATUBHUX BapiaHTiB. ToAi BeOKAPTU MUCAEHHSA, NOTIYHI CXEMU 1 IHTEPAKTUBHI AOLWKM He /ILLEe A0MNOBHIOTL
TEKCTOBY YM ayAioBi3yanbHy Nogady, a BUCTyNatoTb cepefoBULLLEM PeasibHOrO KOHCTPYIOBAHHA 3HaHb.

AHaniz BukopuctaHux cepeicie (Coggle, Miro, Lucidchart Towo) gemoHCTpye, Wo 6iNbWwicTb 3 HUX OPIEHTOBaHI Ha
iHTYiTMBHE ONaHyBaHHSA, @ OT)Ke MOXYTb BYTW Ierko afanToBaHi 40 cepefoBuLLa NiAFOTOBKM BUMTENiB. MpoTe edeKTUBHICTDb X
33CTOCYBaHHSA 3aN€XWUTb Bif, HAaABHOCTI METOAMYHOrO CynpoBOAY, 30Kpema CLeHapiiB iHTerpauii B Kypcu, TMNoBux WabnoHis
Bi3ya/IbHUX CTPYKTYP, CUCTEMM OLLiHIOBAHHA apryMeHTAaTUBHOI JI0FiKM man. AK 3acsiaveHo B gocnigxeHHax A. Rozumenko et al.
(2024) Ta M. Drushlyak et al. (2025), 3actocyBaHHA Bi3yanisauii CTUMYAIOE PO3BUTOK [OCAIAHMUBKMX, aHANITUYHUX i
KOMYHiKaTUBHUX HaBMYOK, 0COB/IMBO B NOEAHAHHI 3 LMOPOBUMM CUMYNALLISMU ab0 iIHTEPAaKTUBHMM FPYNOBMM aHa/li3oOM.

Bisyanisauis B npoueci npodeciiHoi NiAroTOBKM CTa€ iHCTPYMEHTOM 30BHILIHbOI KOTHITMBHOI penpeseHTauii ii
3aCTOCYBaHHA [03BOJIAE CTYAEHTY MOBAYUTU NOFiKY BIACHOTO MWC/IEHHS, BM3HAYMTU CynepeyvyHOoCTi abo NoriYHi nporanunHuy,
po3BMHYTU pednekcito. Came Ui acnekTV BiANoBiAalOTb 32 GOPMYBAHHA KPUTUYHOFO MUC/IEHHA SIK KAOYOBOFO KOMMOHEHTY
neAaroriyHoi roToBHOCTI 40 pob0Tn B ymoBax iHGopMaL,iiHOro NepeBaHTaXKeHHA, GparmeHTapHOCTI 3HaHb | baraToBapiaHTHOCTI
HaBYa/IbHUX pilleHb. 3acTocyBaHHA BebBi3yanisaLlii cnpuae po3BUTKY B MalbyTHIX yunuTeniB HaBUUYOK NPOEKTYBAHHA LUdPOBOro
KOHTEHTY L0, Y CBO Yepry, popmye 34aTHICTb CTBOPIOBATU OCBITHI PECYPCU 3 ypaxyBaHHAM JIOTiKM CIPUAMAHHSA, aHaNiTUYHOTO
NOTEHL,iaNly Y4HA 1 NPUHLMNIB HABYaIbHOTO AWU3alHY.

OKpemy yBary ciig npuainnt poai uMppPoBOI KyNbTypU BUKNALAYa, LLO B YMOBAX MiAroTOBKM MalbyTHiX nesaroris € He
e NPUKIAZOoM, a i AeTePMiHAHTOO yChilWHOT iHTerpauii TexHonorii. Ik 3a3Hadae C. Redecker (2017) y pamkax DigCompEdu,
KPUTUYHE BUKOPWUCTAHHA LMOPOBUX pecypciB, 30KpPema Bi3yasbHUX, € BaXX/AMBUM enemeHTOM npodeciiHoi LmbpoBoi
KOMNEeTeHTHOCTI. Buknagay, AKMin BMie MOAEN0BaTU MUCIEHHA Yepes3 KapTu 1 IOTiYHI cxeMu, GaKTUYHO AEMOHCTPYE KYAbTYpHY
HOPMY iHTENEKTYaIbHOTrO NOBOAMKEHHA 3 IHPOPMaLLi€to, AKY CTYAEHT 3aCBOIOE K MOAE/b MalbyTHLOT NpodeciiHOi NoBeaiHKK.

BaknnBMM cTpaTeriyHMm BUCHOBKOM [OCNIAMKEHHSA € Te, WO BebTexHonoril Bidyanisauii gouiNbHO iHTerpyBaTn He AK
OKpemMy MeTOAMKY, a AK HACKPi3HWMI KOMMOHEHT HaBYa/lbHOIO MPOLECY, AKUIA CYNPOBOAMKYE OCHOBHI €Tanu Big, MOCTAaHOBKMU
npobnemu oo pednekcii Ta camoouiHoBaHHA. B ymoBax niarotosku Buntenis iHhopmaTMKm e mae ocobiMBe 3HAUYEHHSA, agxKe
CTYAEHTU CaMi MatoTb HAaBYUTUCA NePEeTBOPIOBATH iHGOPMALLIMHI pecypcy Ha CTPYKTYPOBaHi 3HAHHSA, AKi 34aTHI TpaHC/0BaTK Aani
0,0 Y4YHiB, Kosier, MPOEKTHUX rpyn. MopiBHAHHA 3 pe3ynbTatamu Bilik et al. (2020), Maryam et al. (2021), Chang et al. (2017), Cafias
et al. (2023) i Zandvakili et al. (2019) gae 3mory TouYHille OKPECAUTM BKAAA, HAWOro AOCAIAKEHHA. AKLLO B Ha3BaHWX poboTax
ros0oBHa yBara MNPUAINAETLCA NiATBEPAXKEHHIO edeKTy «HAABHOCTI/BIACYTHOCTI» KOHUENT-KapT abo MOPIBHAHHIO Pi3HMX
opraHisauinHux Gopm X BMKOPUCTAHHA, TO B HAWOMYy BMMAaZKy AKUEHT 3MILLEHO Ha OMUC CYKYMHOCTI ymMOB, AKi pobnatb
BebBi3yanisaLito 3HaHb LiEBUM MEXaHI3MOM GOPMYBAHHA KPUTUYHOTO MUCNEHHA. |HTerpoBaHi iHCTPYKLi, BIiAKPWTI 3aBAaHHS,
pybpuKK OLiHIOBaHHA, 06roBOpeHHA KapT Ta pednekcusHi nNopTdonio A03BONAOTL MOEAHATU Ti €NEeMEHTU KKAPTYBAaHHAY,
«cniBnpaui» Ta «OLiHIOBAHHA», Ha AKi BKasye mogenb (Zandvakili et al., 2019), ane Bxe y CTPYKTypi cneujianbHO po3pobaeHoi
Mmogeni NigrotoBKM ManbyTHIX yumTenis iHpopmaTuKu. Lie po3LwmMptoe nose 3aCToCyBaHHA pe3ybTaTiB NoNepeaHix A40CAioKEHD i
LEMOHCTPYE, AK y3arasbHeHi epeKkTU KOHLLEeNT-KapTyBaHHA MOXYTb ByTW peanisoBaHi B KOHKPETHi NpodeciiHO opieHTOBaHiM
OCBITHIl Mporpami.

[JonaTKoOBO OTPMMAHi  pesynbTaTv JIOMNYHO BMUCYHOTbCA B LUMPLIMKA  EBPOMENCBKUN  AUCKYPC WoAo uudpoBsoi
KOMMeTeHTHOCTI nepgarorie. Y pamkax DigCompEdu uudpoBa KOMNETEHTHICTb BUKNAAaYa TPAKTYETbCA HE /UWE AK YMIHHSA
KOPUCTYBATMCA IHCTPYMEHTAMM, @ AK 34aTHICTb NegaroriyHo AoLiNbHO iHTerpysaTu undposi 3acobu ana po3BUTKY KPUTUYHOMO
MWCNEHHSA, iHPOPMaL,iiHOI ririeHn Ta BigNoBiganbHOro BuKopuctaHHa IKT 3g06yBavamu ocsitu (Redecker, 2017). MoKasHMKK, 3a
AKMMU Y HALOMY AOCNIAMKEHHI OLiHIOBAaBCA PO3BUTOK KPUTUYHOIO MUCNEHHA (NOriKa, onpaLoBaHHA aNbTepHaTUB, MAPKYBaHHSA
npunyleHb, pednekcin), KopentoTb 3 KOMMOHEHTaMM NeaaroriyHol UMGpPOoBOi KOMMNETEHTHOCTI, NMOB’A3aHUMKM 3 aHani3om
iHpopmaUii Ta cNPAMOBAaHUM BUKOPUCTAHHAM LMPPOBUX iIHCTPYMEHTIB A5 NiATPUMKM MUCIEHHS. Lle nobpe y3roaKyerbca 3
pe3ynbTaTamm AOCNIAKEHD, e KPUTUYHE MUCIEHHA Ta iIHPOpMaLLiiHa ririeHa MON0Al PO3rNALAt0TLCA AK BPA3/1IMBA 30HA, OCKi/NbKK
CaMOOL,iHKa BNACHUX YMiHb YacTo iCTOTHO PO3XOAMTbCA 3 peasbHUM piBHEM BooAiHHA HUMKM (Rudenko et al., 2025). Y ubomy
CeHci po3pobneHa Hamu mopenb iHTerpauii BeGiHCTPyMeHTIB ANA Bidyanisauii 3HaHb MOXKe PO3rNffaTUCA K KOHKPETHUM
MeXaHi3m «nepeknagy» pamkosux sumor DigCompEdu y WwoaeHHy NPakTUKY NiAroTOBKM MalbyTHIX yuntenis iHpopmaTukm.

BaxKNMBMM € TaKOXK 3iCTaBNEHHA HalUMX Pe3ynbTaTiB i3 AOCNIAMKEHHAMM, Y AKUX PO3BUTOK KPUTUYHOTO MUCIEHHA
3abe3neyvyeTbea Yepes pisHi popmaTt uMdpPoBOT AiANbHOCTI — CUMYAALT, NPOEKTYBAHHA MOBINbHUX 3aCTOCYHKIB, BUKOPUCTAHHA
3acobis Bi3yanisauii. ChatGPT-opieHTOBaHi cumynsaLii, onucaHi AN NigroTOBKM MalbyTHIX yuuTeNiB MaTeMaTUKKM, NOKa3YOTb, LLO
uinecnpamoBaHe 3icTaBneHHs Bignosiger LUl 3 BAacHMMM MipKyBaHHAMM 34060yBayiB OCBITM CNPUAE BUABJEHHIO NMOMWIIOK,
nepesipui aprymeHTis Ta GOpMyBaHHIO 3BUMYKM He npuitmatn umdposuit pesynbtaT «Ha Bipy» (Drushlyak et al., 2025).
[ocniaxeHHsA, NpucBAYeHi NPOEKTYBAHHIO MOBINbHUX 3aCTOCYHKIB Ha ocHoBi LI i nigrotosui IT-paxiBLiB 40 TaKoOT AianbHOCTI,
NMOKasyloTb, WO iHXeHepHi W neaaroriyHi 3aBAaHHA, NoB’A3aHi 3 AM3aliHOM i OUjiHIOBAHHAM UMPPOBMX cepsiciB, NPUPOLHO
BMMaratTb Bif 3400yBayiB OCBiTM aHanisy BMMOT, OLHKMA PU3MKIB | NMEepeocCMUCNIEHHS KOPUCTYBaLbKUX CueHapiiB, TobTo
anentolTb A0 TUX CaMUX KOMMOHEHTIB KPUTUYHOIO MUCIEHHA, AKI MU dikcyBanu 4epes BisyanbHi mogeni (Diemientiev &
Semenikhina, 2025; lemeHTbeB, LLlamoHs, & CemeHixiHa, 2025). PO60TH, NpucBAYeHi pO3BUTKY AOCNIAHULBKUX YMiHb 3acobamu
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Bi3yanisauii (Rozumenko et al., 2024) Ta iHpopmaLiiHO-uUMbPOBOI Ky/NbTypM BUMTENIB Yepe3 KoMN'toTepHy Bisyanisauito
(FOpueHko, MomoT, & CemeHixiHa, 2024), NiATBEPAMYIOTb, WO Bi3ya/ibHi iHCTPYMEHTM 34aTHIi MOEAHATM aHaNI3 AaHMX,
KOHCTPYIOBAHHA 3HAHHA i pedeKcito Hag BNAaCHUMM pilleHHaMK. Pesynbtati Seleviciene (2023), oTpumaHi B ESP-kypcax i3
BMKOPUCTaHHAM BEOOPIEHTOBAHUX iIHTENEKT-KAPT, Y3roAKYIOTbCA 3 HALWMMM BUCHOBKaMU: came 3aBAaHHA AOCAIAHULBKOTO TUMYy,
rpynosa poboTa 3 KapTamMu M YiTKi KpuTepii iX OuiHIOBaHHA 3abe3neyyloTb MigBULLEHHA PIBHA KPUTUYHOTO MUC/IEHHA. Hawe
LOCNIAKEHHA PO3LWIMPIOE Li BUCHOBKM Ha chepy NiAroToBKM MalbyTHix yuutenis iHGopmaTUKKM, NoKasytoun, wo Beb3acobm
Bi3yasi3aLii MOXyTb CTaTU CUCTEMHUM IHCTPYMEHTOM GOPMYBAHHA KPUTUYHOTO MUCIEHHA Y GaxOBO OPIEHTOBAHMX AUCLMMAIHAX.

OTKe, 0BroBopeHHA pe3ynbTaTiB Yy 3iCTaBNEHHI 3 HAABHUMM TEOPETUYHUMM N eMNiPUYHMMU HanpaLoBaHHAMM
[03BONIAE 3pOBUTU KinbKa y3aranbHeHb. lMo-nepwe, BebTexHonorii Bi3yanisauii 3HaHb 34aTHI NiATPUMMYBaTM BCi OCHOBHI
KOMMOHEHTUN KPUTUYHOTO MUCIEHHSA — Bif, aHani3y 1 oLiHOBaHHA A0 camopedeKcii —3a YMOBM, WO iX BUKOPUCTaHHSA cnewiaibHO
CNPOEKTOBaHe 4epes iHTerpoBaHi iHCTPYKLUii, BigKPWUTI 3aBAaHHA, PyOPWMKW OLiHIOBAHHA, OBroBopeHHAa Ta pedaekcusHe
noptdonio. Mo-agpyre, HOBU3Ha 3aNPONOHOBAHOIO MiAX0AY NONATAE B NePexodi Bif, MUTAHHA «4M KOPWUCHI KOHLENT-KapTu ana
KPUTUYHOTO MWC/IEHHS» A0 MNUTAHHA «AKi cCamMe OpraHisauiiHi ¥ MeToamuHi piweHHA pobnsaTb BebBi3yanisauio AieBum
MexaHi3Mom GOPMYBaHHA KPUTUYHOFO MWCNEHHSA MAWBYTHIX yuutenis iHpopmatukmy». Mo-TpeTe, pesynbTaTh BigKPUBAOTH
MOMBOCTI A/1A NOAanblWUX AO0CNIAMKEHb, MOB'A3aHMX i3 KiNbKICHOIO OLiHKOIO edeKTiB KOXHOi 3 YyMOB OKpPemo, a TaKoX i3
nepeHeceHHAM po3pobaeHoi mogeni Ha iHWi rpynu 3a406yBayiB OCBITM Ta iHWI NpeaMeTHI ranysi.

BUCHOBKM

MpoBeneHe [OCNIAKEHHA A0 3MOTY YTOUHUTU YABNEHHA NPO KPUTUUYHE MUCNEHHA MAUBYTHIX yuntenis iHGopmaTnKu
Ta OKPEC/NUTU Ti acneKTH, AKi Ha NPaKTULi cnNpaBai NiaAaloTbea UinecnpsmoBaHomy GopmyBaHHIO 3acobamm BebopieHTOBAHOT
Bi3yasnisauii 3HaHb. KpuTnyHe mucneHHa 3806yBayiB 0CBiTM YN0 PO3rNAHYTO AK 34ATHICTb JIOFIYHO CTPYKTYpYyBaTH iHGopmaLLito,
BUABNAATU M OULHIOBATU NPUMYLLEHHA, OMPALbOBYBATU aNbTEPHATUBHI pilleHHs, OyayBaTW aprymMeHTauito Ta 3A4ilMCHIOBATM
pednekcito Woao BAacHUX MipKyBaHb. OnepauioHanisauif LMx XapakTePUCTMK Yepes CUCTEMY MOKa3HMKIB (CTPYKTYPOBaHICTb i
NoOBHOTa Bi3yasibHUX MoZenel, poboTa 3 aNbTepHAaTUBAMM, MAaPKyBaHHA NPO6AEMHUX 30H, ApPryMeHTOBaHICTb | pedneKCMBHICTb)
[ana MOXNUBICTb NEPenTH Bif, 3arafbHUX AeKnapaui A0 aHani3y peanbHUX 3MiH y NPOAYKTax AifanbHOCTI 3406yBayiB OCBiTH,
ManbyTHix yumTenis iHpopmaTmkm. Ocob1MBO NPOAYKTMBHOK TaKa Bi3yasbHa AiANbHICTb BUABMAacA y chepax, besnocepesHbO
nos’AsaHux i3 npodecinHMmMn 3aBgaHHAMKU BUMTENs IHOOPMATUKKU: aHaNi3OM anropuTMIB, CTPYKTYPOK LMOPOBUX pecypcis,
MOZENt0BaHHAM OCBITHIX CUTyaL,ili Ta NPOEKTYBAHHAM LNdPOBMX KypCiB.

Po3pobneHa y3aranbHeHa mopenb iHTerpauii BebTexHoNoriM Bisyanisauii 3HaHb y npouec GopmyBaHHA KPUTUUHOTO
MWUCNEHHA ManbyTHiX yuuTenis iHPOPMaTMKM NpoAEeMOHCTpyBasa CBOK e(deKTUBHICTb Y MNOPIBHANbHOMY neaaroriyHomy
ekcnepumenTi. Ii peanisauia 3abesneunna y3rofKeHiCTb MiX 3a[4eKNapOBaHOK METOK PO3BUTKY KPUTUYHOTO MUC/IEHHS,
£,060pOM HaBYA/IbHOTO 3MICTY, XapPaKTEPOM 3aBAaHb i cnocobamu aHanisy NPoAyKTiB AianbHOCTI 3800yBayiB 0CBiTU. MOPIBHAHHA
KOHTPOJIbHMX Ta €KCMepUMEHTA/NbHUX FPYn MOKa3ano CTiKy MNO3WUTUBHY AMHAMIKy 3a BCiMa BM3HAYEHMMW MOKA3HUKaMMU
KPUTUYHOTO MUC/IEHHS B TUX BUNaAKax, Koau BebBi3yanisaLis BUKOPUCTOBYBANACA He eni30A4MYHO, a AK HAaCKPi3HWUIA MeXaHi3m
OnpaLtoBaHHA HaBYaNbHOTO MaTepiany.

EmnipnyHo 06rpyHTOBAHO CYKYMHICTb NeaaroriYHMX yMoB, 3a AKMX 3acobu Bi3yanisauii 3HaHb HaWbinbw NOBHO
peanisytoTb CBi NoTeHuian y GopMyBaHHI KPUTUYHOTO MUCAEHHA. [lo HUX HanexaTb iHTerpoBaHi IHCTPYKLi, O NOEAHYIOTb
TEXHiYHi Aii 3 KOrHITUBHUMM OPIEHTUPAMMU; 3aBAAHHSA 3 BiAKPUTUMM PopMamm BigNoBiAi, AKI BUMaratoTb NOLWYKY M NOPIBHAHHA
a/NbTEPHATMB; MNpPO30pi WabNOHM OUiHIOBaHHA Mar, WO NepeBOAATb YyBary Ha JIOTYHICTb i apryMeHTOBAHICTb CTPYKTYpW;
opraHisauis obroBopeHHs NobygoBaHUX KapT MiXK 3406yBa4amMm OCBITH; cucTemMaTUyHa pednekcis, 3adikcoBaHa B unpposomy
noptdonio. Came KombiHauisa UMX ymoB 3abe3neumna nepexig Bia GopmanbHOro BUKOPUCTAHHA BebcepsiciB [0 ix
bYHKLiOHYBaHHA AK IHCTPYMEHTIB aHaNi3y M CaMOKOpPEKLT MipKyBaHb.

OTpuMaHi pe3ynbTaT¥ MatoTb TEOPETUYHE W MPAKTUYHE 3HAYEHHA. 3 TEOPETUYHOTO HOKY YTOYHEHO PO3YMiHHA poni
BebOpieHTOBaHOI Bi3yanisaLii y popmyBaHHi KPUTUYHOTO MUCAEHHA MalbyTHIX yumTenis iHPOPMATUKM Ta 3anpornoHOBAHO
MOZe b, AKa MOXe CNyryBaTM OCHOBOW A1A NOAANbWWX AOCAIAMKEHb Y ranysi unMdpoBoi negarorikv. 3 NPakTUYHOro GOKy
chopmMyNboBaHi NiAX0aM 1 YMOBU MOXKYTb BYTUM BUKOPUCTAHI Nig 4aCc OHOBAEHHA 3MICTY 1 TEXHONON ANCLMNAIH, NOB A3aHMX i3
METOAMKOK HaBYaHHA iIHGOPMATMKM, OCBITHIMM TEXHOOFAMM, NPOEKTYBAHHAM LMPPOBOro OCBITHHOrO CepefoBULLa, @ TaKOXK
npu po3pobneHHi TPeHIHroBUX NPOrpam 3 PO3BUTKY KPUTUYHOFO MUC/IEHHA. NepcneKTMBHUM BUAAETLCA NOAANbLUE BUBYEHHA
BM/IMBY OKPEMMX KOMMOHEHTIB MOAEi Ha pi3Hi rpynu 3400yBayiB OCBITU, @ TAKOXK NepeHeceHHs ONMCcaHUX pPilleHb Y MiAroToBKY
¢daxiBuiB iHWMX cneuianbHOCTeN, ge Bi3yanisauis 3HaHb NOEAHYETLCA 3 NOTPEOOIO Y BUCOKOMY PiBHI KPUTUYHOTO MUCIEHHSA.

KOH®IKT IHTEPECIB

ABTOpPM NiATBEPAKYIOTL BiACYTHICTL GiHAHCOBMX, OCOBUCTMX UM HWMX iHTEPECiB, LLO MOXYTb PO3rNAfATUCA AK
NOTEHLiMHMI KOHOAIKT iHTepeciB Woao nybnikauii uiei cTaTTi.

®IHAHCYBAHHA

Po60Ta BMKOHaHa 3a BiACyTHOCTI GiHaHCOBOT NiATPMMKM 3 BOKY ByAb-SKUX OpraHisauin.

AOCTYNHICTb AAHUX

Lie TeopeTnKo-npakTU4He [OCNIAXEHHA He nepep,ﬁaqae BUKOPUCTAaHHA 404aTKOBUX Ha60piB AaHUX.
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BUKOPUCTAHHA LUTYYHOIO IHTENEKTY

IHCTPYMEHTU WwTy4YHoro iHTenekTy (ChatGPT 5.1) BUKOpUCTaHO AN cMCTEMATU3aL,l pe3ynbTaTiB HAYKOBUX AOCNIAKEHD
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