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Abstract. In the context of modernizing the education system of the Republic of Kazakhstan, the
implementation of effective pedagogical approaches aimed at developing sustainable subject competencies among
students is gaining particular importance. One such approach is spiral learning, which involves repeated revisiting
of educational material at different stages with gradually increasing complexity.

This article discusses the introduction of a spiral learning model in teaching the topic of "Nitrogenous
Heterocycles™ in the school chemistry curriculum. The relevance of this topic is includes both: terms of curricular
content and terms of developing chemical skills. These skills enable students to analyze molecular structures, predict
properties, work with chemical equations, and conduct experiments.

Research Goal: To justify and practically apply the spiral dynamics of learning as a means of forming
chemical competencies among students while studying the topic «Nitrogen Heterocyclesy under the updated
educational content.

Research Objectives:

1. Analyze the theoretical foundations of spiral learning and its pedagogical significance in modern education.

2. Assess the effectiveness of the spiral model in forming students' chemical competencies and identify
prospects for its further implementation in school practice.

The study also presents elements of a pedagogical experiment aimed at evaluating the effectiveness of
applying the spiral model within the school curriculum. It describes the stages of forming chemical competencies
through the repeated study of a topic with increasing complexity, as well as examples of integrating theoretical and
practical tasks. The research results indicate a positive impact of the spiral approach on learning quality, student
motivation, and cognitive interest. Conclusions are drawn regarding the feasibility of integrating elements of spiral
learning into chemistry teaching methods under the updated curriculum.

Key words: spiral learning, teaching methodology, updated curriculum, pedagogical approaches,
competency — based approach, subject and cross — disciplinary competencies.

Introduction

Modern competency-oriented education requires the implementation of effective
methodological models aimed at developing subject — specific competencies. One such model is
spiral learning, formalized by J. Bruner, which involves the repeated return to key concepts at
increasingly complex levels of understanding. This approach facilitates knowledge consolidation
and the development of analytical thinking in students [1].

Spiral learning allows for the systematic development of students’ scientific thinking,
enabling them to connect previously studied material with new knowledge and apply it in various
academic and practical contexts. This approach contributes not only to more solid mastery of
educational material but also to the development of key competencies such as critical thinking,
research initiative, teamwork, and self—assessment skills.

J. Bruner believed that “any subject can be mastered at any age level” if it is presented in
the appropriate form. In the context of chemistry education, the spiral learning method becomes
particularly important when studying complex sections such as nitrogen heterocycles. This topic
is characterized by a high level of abstraction and broad interdisciplinary connections, which often
lead to difficulties in material comprehension. The application of the spiral strategy allows for an
instructional process where key concepts are gradually revealed and skills are deepened [2].

The reform of the education system in Kazakhstan and its features were examined by
teachers Mazhitaeva Sh., Baizhigitova T. in their work «Features of the updated educational
programy [3]. The modern education system of the Republic of Kazakhstan is focused on forming
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subject — specific competencies that not only ensure knowledge acquisition but also the
development of practical skills necessary for successful professional activity. In this regard, the
use of progressive didactic models is of particular importance, with the spiral learning
methodology occupying a leading position. According to Kazakhstani researchers, spiral learning
promotes repeated reinforcement and deepening of knowledge with transitions to new levels of
complexity, ensuring firm and conscious assimilation of material.

This approach proves especially effective when studying complex topics in the natural
sciences, such as «Nitrogen Heterocycles», which are part of the organic chemistry curriculum.
Research by A.S. Imanova and M.S. Sagindykova shows that the use of the spiral model in
chemistry lessons promotes the development of students’ key subject competencies, enhancing
both understanding and motivation to learn [4].

Furthermore, M.B. Kulenov emphasizes that successful implementation of spiral learning
requires the creation of specific pedagogical conditions, including the integration of interdisciplinary
connections and the activation of students’ cognitive activity, which aligns with the objectives of
Kazakhstan’s educational modernization efforts [5]. It is also important to note the findings of
Roman, S.V., which show that the spiral organization of material contributes to the development of
critical thinking — a key component of the competency — based approach in education [6].

Thus, the integration of spiral learning into the educational process of schools in the Republic of
Kazakhstan represents a promising direction aimed at significantly improving the level of students’
subject preparation and meeting the demands of the modern competency — based approach.

Materials and methods

The research was conducted at Secondary School No. 28 in the city of Pavlodar during
the 2024-2025 academic year as part of the 10" — grade organic chemistry course. The topic
«Nitrogen Heterocycles» was selected as one of the most complex subjects requiring a
systematic approach to learning.

The methodological foundation of the research was based on the principles of the
competency — based approach, the principles of the spiral learning model, as well as the concept
of updated school curriculum content in the Republic of Kazakhstan [7, 8].

To achieve the research goal, the following methods were used:

— Pedagogical Experiment. Conducted in parallel student groups (control and
experimental). In the experimental group, instruction on the topic “Nitrogen Heterocycles” was
carried out using the spiral model: the material was studied sequentially across three levels — basic,
extended, and applied — with repetition of key concepts at each stage.

— Student Survey (n = 42): Administered before and after the topic to identify changes in
the level of subject competence development and motivation to study chemistry.

— Analysis of Tests and Practical Work: Carried out for both groups, using qualitative and
quantitative indicators (completion percentage, level of understanding, types of errors).

— Expert Evaluation Method: Chemistry teachers (n = 5) reviewed the educational materials
and provided feedback on the didactic feasibility of using the spiral model in instruction.

Analysis of the results was conducted using methods of comparative pedagogical diagnostics
and elements of descriptive statistics. The reliability of the obtained data was ensured through repeated
testing, independent result evaluation, and comparison with educational achievement standards
established by the State Educational Standards of the Republic of Kazakhstan.

Results. The eight colors of the spiral dynamics can be grouped into levels as shown in the
figure below. Each teacher can adapt the spiral dynamics to their class orientation and assign the
colors according to their own preferences. Based on this, grades can be assigned.

For classes with a focus on science and mathematics, the eight colors in the diagram can
be grouped into four levels:

— The first group — beige, purple, and red — represents the basic level.

— The next group — blue and orange — forms the enhanced (intermediate) level.

— Green and yellow correspond to the high level.
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— Turquoise (light blue) indicates the highest level.

All tasks at each level are given at the end of the lesson, i.e., after students have been
introduced to the topic. According to D. Beck’s theory, each turn of the spiral leads to the
complication of the material, and therefore to the development of man [9]. D. Beck's Spiarl is
shown in Figure 1.

Turquoise ?‘ Highest Level
Yellow
= — High Level
B Green
/ Orange

Advanced Level
‘ Blue .
‘ Red .
‘ Purple - Basic Level

Beige

Figure 1 — Levels of Spiral Learning

Beige Level

At this stage of the spiral dynamics, the topic of cyclic compounds is introduced as a
starting point for studying nitrogen heterocycles. Only students who have mastered this topic can
proceed to the next stage of the spiral. As an assignment, students are asked to create a diagram.

For example, studying cyclic compounds during the learning and study of chemistry will
gradually and consistently develop students’ understanding of the structure, properties, and
reactions of cyclic compounds, returning to the topic at different stages of learning — each time at
a higher level of complexity, as shown in Figure 2.

Classification of Cyclic Compounds

Cyclic Organic Compounds

/\

Carbocyclic Heterocyclic
Alicyclic Aromatic O (Oxygen-containing) S (Sulfur-containing) N (Nitrogen-containing)

Figure 2 — Diagram of Studying Cyclic Compounds

Descriptor:

1. Students understand the concept of cyclic compounds.

2. They can classify cyclic compounds.

3. They can distinguish between carbocyclic and heterocyclic compounds.

Students are assessed based on the descriptor at the end of each task. Once the task is completed,
the student progresses to the next spiral level and receives the corresponding color [10].

Purple Level

At this level, students study heterocyclic compounds.

Task 2: Fill in the blanks with the appropriate words.
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Heterocyclic compounds contain one or more ... other than carbon atoms. These
compounds are classified based on the ... of the heteroatom and the ring.

... 1s a representative with an oxygen heteroatom.

... 1s a representative with a sulfur heteroatom.

... 1s a representative with a nitrogen heteroatom.

Words to use: furan, heteroatom, pyrrole, number, thiophene

Descriptor:

1. Understands the concept of heterocyclic compounds

2. Can classify types of heterocyclic compounds

3. Can identify representative heterocyclic compounds

Red Level

This marks the introductory level for nitrogen heterocyclic compounds.

Task 3: Text analysis. Students read the text several times and explain it to one another.

Nitrogen heterocycles are organic compounds whose rings contain a nitrogen atom in
addition to carbon atoms.

They are found in vitamins, pigments (chlorophyll, hemoglobin), and nucleic acids.

The most stable and significant nitrogen heterocycles are five —and six — membered compounds.

Descriptor:

1. Understands the concept of nitrogen heterocycles

2. Recognizes where nitrogen heterocycles occur in nature

3. Is familiar with types of nitrogen heterocycles

As mentioned above, beige, purple, and red colors correspond to the basic level. All
students are expected to fully master this stage. Science and mathematics students typically
progress through it easily. Humanities students also manage it well, as the information serves as a
shared foundation. Tasks at this level are simple and involve techniques such as “explain the
concept” or «select the appropriate words».

However, students who remain at this stage, especially in advanced — level classes, receive
a grade equivalent to «satisfactory».

Blue and Orange Levels

These stages involve familiarizing students with nitrogen heterocycle representatives and
their formulas. Using the «geometric figures» method, the class is divided into two groups.

— Group 1 prepares and writes down five — membered compounds

— Group 2 does the same for six — membered compounds

A student from each group writes the name and formula of a nitrogen heterocycle on the
board. The group that finishes first wins. Then students note down and memorize representatives
from the opposing group.

Accordingly, students who progress to the next spiral level change their assigned colors.

Descriptor:

1. Knows representatives of nitrogen heterocycles

2. Can write formulas of the representatives

3. Can differentiate between the representatives

At the enhanced level, the amount of material students need to master increases. The
number of tasks may also increase — 2 to 3 assignments can be given at this stage. Moreover, tasks
are more complex compared to the basic level. Student evaluation is still based on descriptors.
Aitbaeva A.B. and other teachers, considering modern trends in education and the requirements
placed on students, pay attention to the gradual complication of the material [11].

Green and Yellow Levels

At these stages of the spiral, the physical and chemical properties of nitrogen heterocycles are
explored. Using the «association» method, students describe the smell, color, and taste of a given
compound. They also create posters showing what happens when it reacts with other elements. This helps
students better remember the physical and chemical properties of key compounds.
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Descriptor:

1. Knows physical properties

2. Can describe chemical properties

3. Learns to write chemical equations

Students who reach this high level can receive an “A” grade. At this stage, students become
thoroughly familiar with the topic and master the content. Since this topic is usually covered in
Grade 11, complex and engaging tasks are used extensively.

Turquoise Level

Scenario: What substances are responsible for the color in denim jeans?

This is the highest level. At this stage, students are assessed on their ability to connect their
knowledge with real — life situations. Assignments involve solving real — life problems related to
the topic.

To summarize the spiral dynamics, a final lesson can involve creating a poster that brings
together material covered from the beige to the turquoise level. Students are divided into groups
and given the “meme” method as an assignment. Each group creates a fun image (“meme”) based
on what they learned at each stage.

In her research, Buzaubakova K.Zh. says these methods stimulate creativity and
competition. Furthermore, by systematizing knowledge through spiral stages, students consolidate
their knowledge and discuss the topic being studied [12].

Results and discussion

In traditional teaching, up to a quarter of the class may not fully understand the topic. In
contrast, with the spiral dynamics approach, each student must fully master the material before
advancing to the next level or color of the spiral. As a result, only one or two students in the class
may struggle. However, by looking at a student’s assigned color, one can determine their current
level in the spiral. This allows teachers to assess learning progress and guide students to the next
stage accordingly. The results are shown in Figure 3.

Traditional Teaching Sdairal Dynamics
10%
25,000/‘ ‘
75% 90%
1m2 1m2

Figure 3 — Learning Outcomes Using Spiral and Traditional Teaching Methods

By analyzing the information, they receive. Students can transform their acquired knowledge
into a coherent picture with each new turn of the spiral. This process is continuous, linking different
sections topics, and concepts and developing a systematic understanding of the material.

Each successive turn of the spiral leads, on the one hand, to a deeper understanding of the
topic being studied and, on the other hand, to a broader comprehension of how it connects with
other sections and topics. The constant need to re-analyze familiar concepts and ideas, along with
the requirement to synthesize an increasingly complex and branched—out picture, positively
influences students’ cognitive abilities. Thus, the didactic spiral, as an organizational structure of
the learning process, fosters the development of analytical thinking [13].

A survey was conducted in which the authors sought to assess students’ understanding of
key concepts and skills, their interest in the subject, and their perception of its significance in real
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life. As a result of this survey, which evaluated the effectiveness of the spiral learning model, the
following results were obtained: The results are shown in Table 1 and Figure 4.

Table 1 — Indicators of Subject Competence and Motivation to Study the Discipline

Subject Competencies Motivation to Study the
Discipline
Understanding | Abilityto | Confidence | Interestin | Desire | Awareness of
of Key Apply in the to Learn | the Subject’s
Concepts Knowledge | Completing | Subject More Importance
Tasks
Before 52 46 39 57 50 61
After 83 78 70 81 76 85

Indicators of Subject Competence and Motivation to Study the Discipline

" ddaddd

Understandi ~ Abilityto ~ Confidence = Interest in Desireto ~ Awareness

1

ng of Key Apply in the Subject =~ Learn More of the
Concepts ~ Knowledge Completing Subject’s
Tasks Importance
Subject Competencies Motivation to Study the Discipline
m Before 52 46 39 57 50 61
m After 83 78 70 81 76 85

Figure 4 — Indicators of Subject Competence and Motivation to Study the Discipline

Thus, the results of the student survey conducted before and after studying the topic
demonstrate positive dynamics in both the development of subject competencies and the
motivation to study chemistry. After studying the topic, students showed a deeper understanding
of key concepts, increased confidence in completing tasks, and significantly improved their ability
to apply the acquired knowledge in practice.

In addition, there was an increase in interest in the subject, greater cognitive engagement, and a
clearer understanding of the importance of chemistry in everyday life. These changes indicate the
effectiveness of the teaching approaches used and the success of the educational intervention.

Conclusion

The conducted research confirmed that the spiral learning model is an effective tool for
developing chemical competencies among school students.

Bruner’s spiral approach involves the systematic repetition and deepening of content, which
ensures a solid understanding and better retention of knowledge [14]. In the local context, this method is
supported by official regulations from the Ministry of Education and Science of the Republic of
Kazakhstan, which emphasize logical progression and cognitive development of learners.

Research in the field of chemistry teaching at school shows that the use of the spiral form
of education contributes to a deeper understanding of the educational material, critical thinking
and experimental skills. The data on the implementation of the spiral method in Philippine schools
showed a significant increase in student academic performance [15].

The application of the spiral model to the topic of «Nitrogen Heterocycles» showed that:

— Students were better able to connect new knowledge with previously studied material;
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— Both meta — and subject — specific competencies were formed — including research,
analytical, and communication skills;

— Motivation and participation in experimental activities increased.

This approach not only strengthens theoretical knowledge but also fosters chemical literacy
and research skills.

The results obtained justify the integration of spiral dynamics into the school chemistry
curriculum. This will enable:

— Optimization of lesson planning for complex topics such as nitrogen heterocycles;

— Inclusion of regular reflection and adaptive assignments at different stages of learning;

— Expansion of experimental and research components at all levels of the course.

Spiral learning dynamics have proven to be both methodologically sound and practically
effective in meeting the objectives of developing chemical competencies in school students. With
systematic implementation, this approach improves the quality of knowledge acquisition and
enhances students’ cognitive engagement.

Thus, the topic «Nitrogen — Containing Organic Compounds» is among the most extensive
and content-rich in the school chemistry curriculum, which underscores the importance of using
a spiral model to teach it. These substances play a central role in biological processes and are
components of medicines, dyes, and polymers; therefore, a deep understanding of their properties
and transformations is crucial for developing students’ chemical literacy.

1. Applied to the topic of nitrogen-containing compounds, the spiral method makes it possible to:

- build an understanding of functional groups gradually — from the amino group to the
amide and peptide bond;

- reveal step by step the structure, properties, and biological roles of organic substances;

- ensure interdisciplinary links with biology, medicine, and ecology.

The spiral model creates a continuous field of «returns and deepening», within which a
complex topic becomes accessible and logically coherent.

2. A staged unfolding of the topic “Nitrogen — Containing Organic Compounds” includes
several cycles.

First cycle: initial concepts (Grades 8-9). At the early stages of studying chemistry,
students become familiar with:

« the nitrogen atom and its valency;

¢ the ammonia molecule NHs and its structure;

« the basic chemical properties of ammonia;

« initial ideas about functional groups.

This level forms the foundation for further understanding of the structure of nitrogen —
containing organic compounds. Here the emphasis is placed not on details, but on the basic ideas
to which students will later return.

Second cycle: introduction to organic chemistry (Grades 9-10). At this stage, students first
encounter nitrogen — containing organic substances as distinct classes:

- amines (structure, classification, basic properties);

- nitro compounds;

- aniline as a key aromatic amine.

Fundamental concepts are formed:

- the influence of the amino group on molecular properties;

- the main chemical reactions of amines;

- the practical significance of these compounds.

Here it is important not only to assimilate the material, but also to develop the ability to see
patterns: “structure — properties — application.”

Third cycle: deepening into biologically significant substances (Grades 10-11). At a new
level, students become acquainted with more complex nitrogen — containing compounds:
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- amino acids: structure, acid—base properties, amphoterism, isoelectric state;

- peptides and proteins: formation of the peptide bond, protein structure, biological functions;

- amines and amide bonds in natural and synthetic polymers.

This is no longer just organic chemistry, but an interdisciplinary unit that brings together
chemistry, biology, and ecology. Here, students come to understand the role of nitrogen—
containing compounds in living organisms, medicine, and industry.

3. Developing chemical thinking through the spiral approach — that is, regularly returning
to the topic — makes it possible to:

« strengthen foundational concepts (electronic structure, acid — base properties);

o see cause — and — effect relationships between a substance’s structure and function;

« build skills in classification and systematization;

« develop the ability to make chemical predictions.

The study showed that in the 9th grade, students learn to explain the basic properties of
amines, and in the 10th and 11th grades, they use this knowledge to analyze amino acid reactions
and the mechanisms of formation of peptide bonds.

4. The spiral method ensures deep integration of the topic with other disciplines and forms
cross—curricular links:

« with biology: protein structure, amino — acid metabolism, enzymes;

« with ecology: toxicity of nitro compounds, organic pollutants;

« with medicine: amine — containing drugs, synthesis of pharmaceuticals;

« with materials chemistry: polyamides, polyurethanes, dyes, fibers.

Each turn of learning adds to these links, creating a holistic understanding of the role of
nitrogen—containing substances in nature and technology.

5. Constantly returning to the topic ensures:

e Long - term retention;

 adeeper understanding of patterns;

« ease in solving problems in organic chemistry;

« confidence when performing practical and laboratory work.

Students cope better with final assessment tasks, which often include amino acids, amines,
and proteins.

6. The use of the spiral model gives the teacher a number of advantages, such as:

 organizing the learning process in a sequential and logical way;

« returning to complex topics to eliminate gaps;

« differentiating instruction: each new turn allows weaker students to catch up and
stronger students to move ahead;

« developing critical and analytical thinking through the systematization of knowledge.

The study material becomes not a set of separate topics, but a single structured system.

Thus, the topic «Nitrogen — Containing Organic Compounds» is one of the key topics in
the organic chemistry course, and its successful mastery is possible only with a well-designed
methodological approach. The spiral method of instruction ensures gradualness, coherence, and
depth of learning, enabling students to:

- understand the relationship between the structure and properties of substances;

- grasp the biological and practical significance of nitrogen—containing compounds;

- develop analytical skills and chemical thinking.
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CIHUAPAJIBJIbI OKBITY IIOHAIK KY¥Y3ETTIJIIKTI JAMBITY K¥PAJIbI PETIHJIE
Xacenosea M.T", Myxkanosa P.JK., Epxubaesa M.K.

onketl Mapaynan amuvinoaest [lagnooap nedacoeukanvlk yHusepcumeni,
Kazaxcman Pecnyonuxacwl, Ilasnooap k.
“e-mail: maral_176@mail.ru, rozam14@mail.ru, erkibaevameruert@mail.ru

Anoamna. Kazaxcman Pecnybnukacvinsiy Oinim 0epy sHCylecin Hcaybipmy sHcagoausbiHoa OKyubLiapOobiy
MYpakmol NaHOIK KY3blpemmilikmepin 0amvlmyea 0azblmman2an muiMoi nedazoeukanvly maciioepoi eneisy epexuie
manwizea ue. Ocvl macindepdiy 6ipi cnupanbOi OKbIMY,, OHbIH MIHI OKY MAMEPUAIbIH 3PMYPILL Ke3eHoepoe Kaumanian
Kanumapyoa scamoip.

Byn maxanada mexmenmezi xumus Kypcoinoa «A30m eemepoyurioepiy maKbipblObiH 0Ky Ke3iHoe Chupatboi OKbimy
Mooenin Jcy3eze acvlpy Kapacmulpbliaovl. Taxvipbinmely e3exminici MeKmen KypColHbll MA3MYHbI MeH — XUMUSIbIK
KY3ipemminikmi 0amvlmy mypebiColHAH AI2AHOA 3ammapobly KYpPbLIbIMbIH MAnoay, Kacuemmepin 60icay, XuMUsIbIK
meHOeyIepMeH HCYMbIC ICmey HCaHe MAAHCIPUDE HCYP2i3y 0ae0bLIAPLIH KALINMACMbIPY APKbLIbl He2iz0eneol.

3epmmeydin makcamoi: dcanapmelazan Oinim 6epy MAaZMYHbuL Hca2iauvinoa «Azom cemepoyurioepiy
MaxvipulObIH OKY Ke3iHOe MeKmen OKYUIbLIAPbIHbIY XUMUSIbIK KY3blpemmiiikmepin 0amulmy KYpaivl pemiHoe
CRUpanbObl OKbIMY OUHAMUKACHIH He2i30ey JicaHe maxcipubede Konr0aHy.

3epmmey makcammapuol.

1. Cnupanvovl 0KbimyObly MeopusiiblK He2i30epiH  JicoHe OHblY Kaszipel 6inim Oepy odcyuecinoei
neodazosuKanblK MoHIH Manoay.

2. Mexmen oKyubIIAPBIHBIY XUMUALLIK KY3Iipemminiein 0amvlmyoagvl CRUpaib0bl MOOenbOiy, mMuimMoinicin
bazanay sicone oHvl MeKkmen madicipubecinoe 00aH api Koa0any nepcneKmusailapbli aHbIKmay.

JKymvicma conoati—ax mexmen 0az0apiamacsl ascblHOd CRUPAibObl MOOENbOL KOAOAHYOblY MUIMOLNIZIH
bazanayza bagblmman2an nedazo2uKaIbly IKCnepumenm snemenmmepi 6epineen. Kypoeninizi scozapvl maxpipbinmol
KQUumanan oKy apKblibl XUMUSIbIK KY3blpemmiiikmepoi oamvlmy Ke3eHoepi CUnammaigaH, COHbIMEH Kamap
MEOPUSLIBIK HCIHE NPAKINUKATBIK MANCLIPMALAPObl OIPIKMIPY MblCAn0apvl KeamipiieeH.

3epmmey Homudcenepi mamepuandvl MeHeepy CANACbIHA, OKVUbLIAPObIH MOMUBAYUACIHA IHCIHE
MAHBIMOBIK KbI3bI2YUWBLIBIKMbIY OAMYbIHA CRUPATbObIK MACIIONY O acepin kepcemedi. Kanapmoinzan 6inim bepy
MA3MYHbL HCAZ0AUBIHOA XUMUSHBL OKbIIY d0iCmeMecine CnupanbObl OKbly 1eMeHmmepin eHeizy0iy OpblHObLIbIEbL
mypanvl KOPbLMbIHOBLIAP HCACANObL.

¥cvinvinzan adicmemenik wewinoepoi Xumusi naHiniy myeanimoepi, adickepiep dicaue oKy 6a20apiamacyin
Jrcacayubliap naudaiana aiaos.

Kinm ce30ep: cnupanvoi oxbimy, oxbimy a0icmepi, Jcayapmolizan OiliM 6epy MAa3MYHbl, Neda2ouKaiblk
macinoep, Kysipemminikke neeizoencen macii, HoHOIK JHcaHe Memananoix Kysvipemmep.

CIIUPAJIBHOE OBYYEHHUE KAK CPEACTBO ®OPMUPOBAHUSA
NPEIMETHBIX KOMIETEHIUIA

Xacenoea M.T.", Myxanoea P.JK., Epxubaesa M.K.

Ilasnodapckuii nedazozuyeckuil yHugepcumem umenu Anvkes Mapeynanua,
Pecnyonuxa Kazaxcman, e. Ilaénooap
“e-mail: maral_176@mail.ru, rozam14@mail.ru, erkibaevameruert@mail.ru

Annomayus. B ycrosusx mooepruzayuu cucmemvl oopazosanus Pecnyonruku Kaszaxcman ocoboe snauenue
npuobpemaem eHedperue 3PHEKMUBHbIX Neda202UtecKux n00X0008, HANPABIEHHbIX HA POPMUPOBAHUE YCIMOUYUBIX
npeomemuulx Komnemenyui yuaupuxcs. OOHUM U3 Maxkux no0xX0008 AGNAEMC CRUPAIbHOE 0OYYeHUe, CYMb KOMOpOo2o
3aKNIOUACTNC 8 MHOLOKDAMHOM 6036DAUEHUU K YUEOHOMY MAMEPUany Hd DA3HbIX MAnax ¢ NOCMEeNneHHblM
VCIOJICHEHUEM COOEPICAHU.

B odannoii cmamve paccmampusaemcs peanuzayus CRUpanbHOU MoOenu OOyYeHUs npu u3yieHuu memvl
«A3omucmule 2emepoyuKbly 6 WKOALHOM Kypce xumuu. OOOCHO8AHA AKMYATbHOCHb MeMbl KAK ¢ MOYKU 3DEeHUs.
COOEPAHCAHUA WKOTBHO20 KYPCA, MAK U 8 KOHMEKCMe QopMUPOSAHUs XUMUYECKUX KOMNEMeHYull, 8KII0YAS YMEHUs
AHATU3UPOBAMb CIPYKMYPY BeWecms, NPOZHOUPOBANb UX C80UCMea, pabomams ¢ XUMUHECKUMU YPABHEHUAMU U
nPo8OOUMb IKCHEPUMEHTI.
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Lenv uccnedoganus: 060CHOBAHUE U NPAKMUYECKOE NPUMEHEHUE CRUPALbHOU OUAHAMUKU O0OYYeHUsT KAK
cpedcmea  (QOpMUPOBAHUS XUMUYECKUX KOMHEMeHYUull Y WKOJIbHUKOG NpuU usyyeHuu memvl «Azomucmole
2emepoYUKIbLY 8 YCI0BUSIX OOHOBNIEHHO20 COOePICAHUSL 0OPA3Z0B8AHUSL.

3adauu uccredosamnusi:

1. Ilpoananusuposamev meopemuueckie 0CHO8bL CRUPATILHO20 0OYUEHUS U €20 Ne0a202UHeCKyI0 3HAYUMOCTb
6 COBPEMEHHOU cucmeme 00pa308aHusL.

2. OyeHumv 3¢exmusHocms CnuparbHOU MOOeiu 6 QOPMUPOSAHUU XUMUYECKUX KOMNEMeHYul y
WIKOTIbHUKOB U 8bISIGUMb NEPCREKMUBLL €€ OANbHElUle20 NPUMEHEHUS 8 WKOIbHOU NPAKIMUKE.

B pabome maxkoice npedcmasnenvl dnemennivl neda202utecko20 IKCRePUMeHmd, HanpagieHH020 Ha OYEHKY
ahpexmusnocmu  npuMeHeHusi CRUPATbHOU MOOeIU 6 pAaMKAX WKOIbHOU npocpammel. Onucanvl mansl
PopMUPOBAHUSL XUMUYECKUX KOMNEMEHYULL Yepe3 NOGMOPHOEe U3YUEeHUE MeMbl C YCIONCHEHUEM, d MAKIICe NPUMepbl
UHmMeZpayuu Meopemuyeckux U nPaKmuyeckux 3a0aHul.

Pesynomamol uccnedoganus cuOemerbCcmseyiom 0 NONONCUMETbHOM GIUSHUU CRUPATILHO20 N00X00d HA
Kauecmeo yCeoeHUst Mamepuad, MOmueayuio yiawuxcs u pazeumue no3HaeameivHo2o unmepeca. Coenanst 1600bl
0 YenecoodpasHOCmu 6KIIOHYEHUSL INEMEHMO8 CRUPATIbHO20 0OYYEHUsl 8 MeMOOUK)Y NPEenoo0asanus XuMuu 6 YCl1o6Usx
0OHOBIIEHHO20 CO0epIICanusi 06Pa306aHUsL.

Ipeonazaemvie memoouueckue peuteHust Mo2ym Ovlmb UCHOIb308AHbL YHUMESIMU XUMUU, MEMOOUCMAMU U
PaA3padboOmMuuKamMu y4eOHbIX NPOSPAMM.

Knroueesvie cnosa: cnupanvroe obyueHue, Memoouka npenooasanusi, 0OHOBIEHHOE COOepICaHUe 0OpPa308aHus,
nedazoeuieckue n00X00bl, KOMNEMeHMHOCHIHbIL NOOX00, NPeOMeNHbIe U MeManpeomMemnvle KOMIemeHYuUlU.
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