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Importance of digital technology application in the development of professional
competence of future chemistry teachers

This article describes the preparation of a virtual laboratory in the subject and its application during the lesson.
The aim of this study is to improve the professional competence of future chemistry teachers-using digital
technologies. Accordingly, the subject of the study is to determine the impact of digital technologies on im-
proving the quality of education. This study is carried out by using experimental method whichris a kind of
quantitative research method. In the course of the work, a study of the influence of a virtual laboratory on the
quality and increase in the level of students” knowledge in a pedagogical experiment was made. The level of
students” knowledge was determined by the formula for calculating progress. A group ofstudents who used the
virtual laboratory showed a high level of knowledge. These data prove the effectiveness of conducting labora-
tory classes in chemistry using a virtual laboratory, which is one-ef the digital technologies. The effectiveness
of digital technology application in the development of professional.competence of future chemistry teachers
is shown:

- chemical experiments were carried out using a virtual laboratory;

- students had the opportunity to self-correct and understand laboratory. work at re-watching;

- prepared with the help of animation and color images; a virtual laboratory has increased the interest of stu-
dents;

- at discussion the results of the lesson, a test was conducted onithe “quizizz” program;

- to determine the significance of the virtual laboratory, the lesson was conducted in two groups, at analysis of
the lesson results in the group where the virtual laboratory was used, the level of knowledge was high;

- it can be observed that the professional competence of students (motivation, skills, knowledge) has increased.

Key words: digital technology, professional competence, virtual laboratory, informatization of education, dig-
italization, Macromedia Flash Player program, cations ofthe second analytical group, qualitative reaction, acid-
base classification, analytical chemistry, chemical experiment.

Introduction

At all stages ofits historical-development, the society has set high standards for specialists in the field of
education, as the level of education ofthe society depends on the ability to create conditions for their further
development. These requirements reflectthe specifics ofa particular era at each time. Today, quality education
is the key to success and the main tool for economic development.

At the age of knowledge economy, it is a necessary to make a teacher's role and competence up to date
since ateacher is the friend, leader, inventor and guide for learning [1; 12]. Thus, a teacher should be knowl-
edgeable and own a critical and self-view. Competences of teacher include high academic skills, emotional
qualities, and skills of challenge and excellence besides ability ofjustice leadership of a class [2; 46]. In this
regard, there is a problem ofincreasing the professional competence, that is, motivation, skills and knowledge
of future chemistry teachers. The use of digital technology is of great importance in solving this problem.

An important area of modern public policy is the development of digitalization in all spheres of society.
The issue of digitization in education is provided for in the Resolution of the Government of the Republic of
Kazakhstan dated December 12, 2017 No 827 on the approval ofthe state program “Digital Kazakhstan”, which
requires the increase of digital literacy in secondary, technical, vocational and higher education [3]. The state
program “Digital Kazakhstan” is an important comprehensive program aimed at improving the living standards
of every inhabitant of the country through the use of digital technologies. The high role of digital technology
in education, high-quality information systems, the availability of electronic devices increase the interest of
students and teachers in learning, allowing them to conduct research in today's relevant research areas.
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The Law ofthe Republic of Kazakhstan “On Education” also takes into account issues related to infor-
mation technology, information support of the education system [4].

One ofthe leading areas of education reform in Kazakhstan is digitalization. E-textbooks and virtual labs,
open educational content, allow each student to create a flexible and individual approach. Students can do their
homework together online. Libraries have become information and computer centers. The whole learning pro-
cess depends on the individual ID of each student, which allows teachers to rate and form ratings.

Currently, the adoption oftechnologies by universities is related to a paradigm shift, where technology is
conceived as a complex and interconnected environment that enables digital learning [5].

In this way, the interest is focused more on the students than on the technology itself, in addition to the
learning experiences it allows. In this context, digitalization is a necessity in higher education institutions
(HEIs) capable of attracting more and better students, improving the experience of courses, teaching.materials,
and the training process in general [6].

Theoretical and practical problems of the use of information technology in education have been studied
by many researchers Robert I.V. [7], Traynev V.A., and Traynev |.V. [8] and others.<In particular, Traynev
V.A., and Traynev I.V., defined information technology as “a set of methods and software and hardware inte-
grated into the technological chain, reducing the labor intensity of the collection, processing, storage and use
of information, as well as increasing its reliability and operational efficiency” [8; 10].

Avadaeva 1.V., showed the basic elements of digital technologies in vocational education: digital pro-
cesses in the organization ofthe educational process, digital technologies for monitoring the professional com-
petencies, knowledge, skills, abilities of students in general education. The essence of digital technologies in
education is a set of methods, approaches and tools that provide processing; transmission and presentation of
information aimed at improving the efficiency of the educational process. Distance learning technologies are
technologies in which students and teachers interact using information.technology [9; 25]. The use of digital
technology also allows you to quickly and objectively determine the level of students’ mastery of very im-
portant material in the learning process.

The priority of research in this area is explained by the need to adaptthe principles oftraditional pedagogy
to the requirements of the modern information society, to. make them operational and instrumental. Not all
issues of digital education technology are developed in sufficient detail, which makes it difficult to implement
in pedagogical practice. Thus, there was a mismatch between the role and place of the personal computer in
the process of teaching chemistry, the limitations associated with the insufficient development of computer
coordination with traditional methods of teaching students. This discrepancy determined the relevance of this
study.

The purpose of this study is to develop the professional competence of future chemistry teachers using
digital technologies.

The following tasks were set to achieve the objectives of the study:

- clarification of the concepts of “competence”, “digitization” and “informatization of education” based
on the analysis of literary sources;

- development of a virtual laboratory for qualitative reactions of cations;

- use of a virtual laboratory in the laboratory;

- preperation ofa test using the program “quizizz” to determine the level of achievement.

Whiddet S. and Hollyforde S. understand competence as the ability to demonstrate the required standards
of behavior [10; 67]

Heine P. uses the terms competence and competence. Atthe same time, in his works, the term competence
always refers to'the description ofthe functionality ofteachers, and competence refers to the ability ofteachers
to perform the corresponding functions [11; 28].

Nikulina T.V. showed that the term informatization of education is interpreted as a set of measures for
the transformation of pedagogical processes based on the introduction of information products, tools, technol-
ogies in teaching and education [12; 107-111].

The pedagogical encyclopedia considers “Informatization of education” in the broadest sense as a com-
plex of socio-pedagogical transformations associated with the saturation of the education system with infor-
mation products, tools and technologies; introduction of educational organizations based on microprocessor
technologies in the narrow sense, as well as information products and pedagogical technologies based on these
tools [13].

The term “digitization” appeared in connection with the rapid development of information and commu-
nication technologies. Davosse Klaus Schwab, who called the first digital revolution of the 1960s and 1980s
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“industrial”, believed that its catalyst was the development of semiconductor computers in the 1960s and
1970s. — personal computers, in the 90s — with the advent ofthe Internet, a virtual world was created, sup-
plemented by new connections such as online games, social networks that connect to the real world [14; 84].
All this reflects the nature ofdigital literacy.

Vartanova, Vyrkovsky and Makseenko clarified the content ofthis concept. They explained that it is not
only the digitization of information, but also a comprehensive solution of infrastructure, management, behav-
ior, cultural nature [15; 17]. Now the era of digital information and communication does not mean a re-exam-
ination of education, pedagogy, its radical change, but an attempt to re-understand the learning process in a
new context. Therefore, it is important to make education accessible using digital news.

Experimental section

To determine the effectiveness ofdigital technology in the teaching ofchemistry, a virtual laboratory for
“qualitative reactions of cations” in analytical chemistry was developed and used in the classroom.

Virtual laboratory is a computer program that allows you to organize chemical processes.on a computer.
Such a program provides a great opportunity to implement interactive learning. With the help ofvirtual labor-
atories it is possible to simulate a certain state of chemical reactions at a useful and qualitative. level.

In modern methods of teaching chemistry, the types of virtual experiments and their application in the
classroom are not fully studied in practice. Starodubtsev V.A., showed two main'types of virtual experiments
— virtual demonstrations (demonstrations) and virtual laboratories. Virtual demonstrations (demonstrations)
that is a computer program that mimics the conditions and signs of chemical processes, creates visual effects
and repeats dynamic images on a computer. Virtual laboratory is a computer program that simulates (models)
chemical processes on a computer, allowing you to change its conditions and parameters [16; 79-87].

In the course of qualitative analysis ofthe discipline of analytical'.chemistry, the reagents required for the
qualitative reactions of ions are sometimes absent, and sometimes it can be dangerous to perform detection
reactions. And in remote schools, laboratory work on chemistry is.not carried out, and the teacher is limited to
demonstration experiments in order to open the topic. In this regard; a virtual laboratory for analytical chem-
istry has been developed.

According to the acid-base classification, cations.are divided into six analytical groups, including a virtual
laboratory for performing qualitative reactions of cations.ofthe second group. This group consists of cations
Ag + Pb2 Hg.2+ chlorides of which are poorly soluble in water, so in the systematic analysis, a solution of
hydrochloric acid was used as a group reagent. To prepare a virtual laboratory, first prepare a methodical part
oflaboratory work, analyze the effects ofgroup reagents and individual reagents, reaction conditions, reaction
equations and results, depending on the analytical group of cations, and then design reagents and chemical
containers used in laboratory work. Only after this section will be used 3D graphics and Macromedia Flash
Player to virtualize laboratory work. In this program, each reagent and vessel is animated. When choosing the
right reagent for a qualitative ion reaction, the reagent is moved with the cursor as shown in Figures 1, 2 and
3, dropping a few drops into the test tube, at which point the color ofthe precipitate formed by the reaction is
clearly visible.

Figure 1. Accumulation of the reagent in the pipette with the help of the cursor in a virtual laboratory work prepared for
the qualitative reactions of cations of the second group
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Figure 2. Accumulation of the reagent in the pipette with the help of the cursor in avirtual laboratory work prepared for
the qualitative reactions of cations of the second group

Figure 3. The course of the reaction in a test tube with the help of the cursor in a virtual laboratory work prepared for
the qualitative reactions of cations of the second group

One of the advantages of virtual work'is that students can work independently, the student selects the
desired reagent to determine each cation, sees the result, if the specific reagent is not selected correctly, the
cursor does not move. Inthisway you can get used to the qualitative reactions of all ions, the reaction equations
are written on the screen after the experiment (Fig. 4).

Figure 4. Demonstration of reaction equations on the screen in a virtual laboratory work prepared for qualitative reac-
tions of cations of the second group
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In the laboratory lesson on qualitative reactions ofcations ofthe second group, a virtual laboratory based
on this topic was used. The effect ofthe virtual laboratory on students’ mastery ofthe properties ofthe second
group of cations was studied experimentally. Experimental work was carried out atthe South Kazakhstan State
Pedagogical University, the second year of the Department of Chemistry, group 1504-10 in chemistry and
group 1507-10a in chemistry and biology. In the first group, a laboratory lesson on "Qualitative reactions of
cations ofthe second group" was conducted using a virtual laboratory. In the second group, laboratory classes
on this topic were conducted in the traditional way. In the first group, students not only created qualitative
reactions ofthe second group of cations, but also used virtual laboratories, repeated experiments and tested the
reactions. Each student has the opportunity to use a virtual laboratory during the lesson, as shown in Figure 5.

Figure 5. Students’ use of a virtual labaratory during the lesson

In order to properly perform a virtual laboratory, students mustbe fully aware ofthe properties ofcations
ofthis group. As shown above, the reaction proceeds to the end only when the correct reagent for the qualitative
ion reaction is selected, and the reaction equation is displayed on the screen. If the specific reagent is not
selected correctly, the cursor will not move. In this case, they will be able to fully master the topic by repeating
the experience.

In addition, virtual laboratories were displayed on an interactive whiteboard for the rest ofthe students to

Figure 6. View of avirtual laboratory on an interactive whiteboard

Results and discussions.

The effectiveness ofthe virtual laboratory and their impact on improving the level of knowledge of stu-
dents was tested by using data that is obtained by the program “quizizz”. In Figure 7 it is shown that the view
oftest tasks prepared using the program “quizizz” on the interactive whiteboard. In Figure 8, the participation
ofthe students in the test tasks prepared with the program “quizizz” is shown.
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Figure 7. View of test tasks prepared using the program “quizizz” on the interactive whiteboard

Figure 8. Participation of students in test tasks prepared by the program “Quizizz”

According to the results of the test, the progress of students was determined.
Success was calculated according to the following formula:

Y = (Ks + Ka + Ks) X100 %/ N;

Where: Ks is the number ofgrades “5”;

Ka is the number of grades “4”;

Ks is the number of grades “3”;

N is the number of students.

The obtained performance.values and test results are shown in Figures 7 and 8.

2 grade 3 grade 4 grade 5 grade

Figure 9 — Assessment of students’ knowledge
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Figure 10 — Students of groups 1504-10 and 1507-10a
Percentage of knowledge

The results of the assessment (Fig. 9, 10) show an increase in the dynamics.ofthe level of achievement.
These data show the effectiveness of using a virtual laboratory in laboratory classes in the:course of qualitative
analysis of analytical chemistry. In addition, the use of virtual laboratory work. inthe teaching of chemistry
provides the following opportunities:

1) expands the volume of material covering different sections ofthe studied chemistry;

2) reading information on the computer screen, including the.reaction equations with the group reagent
and individual reagents of the second group of cations Ag + Pbz+ Hge2 + the resulting precipitate and its
solubility, and the color ofthe solution and precipitate. For example:

a) The reaction ofthe group reagent ofthe cation Ag+with hydrochloric acid and the reaction equations
for the dissolution of the resulting precipitate in ammonium hydroxide:

AgNOs + HCI ~ AgCl + HNO3

AgCl +2NH4OH * [Ag (NHSs)2] CI + 2 H20.

b) The reaction equations for the interaction of the cation Ag + with the individual reagent potassium
iodide and the dissolution ofthe resulting precipitate in sodium thiosulfate:

AgNOs + KI» Agl + K NOs

Agl + 2Na2S203 * Nas[Ag (S20s)-] + Nal.

Students fully mastered the properties of cations ofthis group by making qualitative reactions to all ions
and using the possibility of replication in.a-virtual laboratory.

3) Possibility to show seme harmful chemical reactions that affect the health of students (for example,
mercury salts);

4) students had the lopportunity to self-correct (repeat);

5) due to the increased interest in the lesson, the qualification and level of education of the students
increased.

Conclusion

In conclusion, it should be noted that the measures taken in the context of digitization of the education
system are aimed at the use of new advanced technologies that accelerate and improve the organizational
processes in education. Itis necessary not only to actively implement these processes, but also to improve them
as new technological and social changes occur in society.

The use of virtual work not only increases the visibility of learning and makes it easier to master, but also
completely changes the process, which allows you to more deeply identify the important connections of the
object under study, its laws, which helps to better master the material. Students can study the phenomena,
change their parameters, compare, analyze and draw conclusions. Virtual experiments allow to demonstrate
chemical experiments that can not be performed in the school chemistry laboratory for any reason (shortage
of chemical reagents and drugs, expensive reagents, toxicity, danger of working with them, time constraints).
It also saves on chemical reagents. Students are usually particularly interested in virtual labs in the form of
computer simulations. Such activity opens up great cognitive opportunities for them; students can be seen not
only as observers, but in some cases as active participants in experiments.
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In addition, virtual laboratories, which are one of the digital technologies, can be rationally used in the
distance learning system through Internet platforms.

So, the effectiveness of digital technology in the development of professional competence of future chem-
istry teachers is as follows:

- promotes the development of information culture and free work with the media;

- the level of skills and knowledge increased due to the increased interest of students by using the virtual
laboratory;

- having the ability to quickly and qualitatively pass the test and self-assess in order to take into account
the students’ knowledge.
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bonawak xumMus myfanimaepiHid Kacioyn Ky3bIpeTTiNiriH gambiTyja
LMGPbIK TEXHONOMUAHBI KON4aHYAblH MaHbl3bl

Makanafa naH 60ibIHLIA BUPTYanbl 3epTXaHaHbl faiiblHAay XaHe OHbl cabak 6apbiCbiHAA KONAaHY cunaTTan-
FaH. byn 3epTTeyfiH MakKcaTbl — LM(PAbIK TEXHONOTUANAPAbI NaiifanaHa oTelpbin, 6onallak XumMus MyfFanim-
[epiHiH Kaciby Ky3blpeTTifiriH apTTbipy. TuiciHwe, 3epTTey NaHi LUPPAbIK TEXHOMOTMANAPAbIH OKY canacbiH
XaKcapTyFa acepiH aHblKTay 60/1bIN Tabblnagbl. 3epTTey Maceneci 60MbIHLLA NCUXONOTNANbIK-MefarorvKanbiK
XoHe agicTeMenik apgebuetTepre Wwony >xacanfaH. OKy NpouUeciHi{ MOHUTOPUHTI, CTYAEHTTEPAIH XaHa maTe-
puangbl urepy canacblH Tangay, TecTifney XaHe AnarHoCTMKanblK XYMbIC NaiganaHbingbl. XXyMblic 6apbicbiHAA
nefarornkanblk 3KCNepuUMeHT XaffalibiHAa BUPTYanibl 3epTXaHaHblH, CTYAEHTTepAiH 6iniM geHreiiHe >aHe
canacblHa acepi 3epTTengi. CTyAeHTTepAiH 6iniM geHrelii oKy ynrepimiH ecentey hopmMynacbiMeH aHbIKTaNAbl.
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3Ha4veHne NPUMeHEHNS LUPPOBbLIX TEXHOMOTNI B pa3BUTUN NPOdeCCMOHaNbHbIX
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BupTyanabl 3epTXaHaHbl NaiiganaHfad CTyLeHTTep To6bl 6iNiMHIH XXOFapbl AeHreiiH KepceTTi. byn gepekTep
LUMdpnbiK TexHonormanapabiH 6ipi 60nbin TabbinatblH BUPTYanbl 3epTXaHaHbl NaijanaHa oTbIpbif, XUMUS
6oiibIHLIA 3epTXaHanblk cabakTapabl 8TKI3yAiH TMiMAiniriH ganengeinai. bonawak xuMus MyfaniMaepiHi Ke-
CibW KY3bIPETTINIriH gambITya LM pablK TEXHONOrNANapaAbl KONAaHyAblH TUIMAINIri KepceTinreH:

- XUMUANbIK 3KCMEPUMEHTTEP BUPTYaibl 3epTXaHaHblH KBMeriMeH Xyprisingi;

- CTYAEHTTep KaiiTa Kapay KesiHAe 3epTXaHasblK XYMbICTapAblH MaHIH 63 GeTiHLle Ty3eTyre KaHe TyciHyre
MYMKIHAIK angbl;

- aHMMaLWs XXaHe TYPNi-TYCTi CypeTTep apKbinbl faliblHAaNnFaH BUPTYanabl 3epTXaHa CTyAeHTTepAiH KbI3bIFy-
LWbINbIFBIH aPTTbIPABI.

- cabak HaTUXXeNepiH Tankblnay kesiHge "Quizz" 6argapnamackl 60ibiHLLA TECT 8TKi3ingi. TecT Tancbipmanapsi
anfblH ana ganbiHAanabl;

- BUPTYaNfbl 3epTXaHaHblH MaHbI3AblIbIFbIH aHbIKTAY YLUiH cabak eki TonTa eTKi3ingi, BUpTyanasl 3epTxaHa
naiganaHbliFaH TONTaFbl cabak HaTUXKeNepiH Tanaay KesiHae 6inim feHreini Xofapbl 60n14bl;

-CTYAEHTTEPAIH Kacion Ky3bIpeTTiniri (MoTneayus, garabinap, 6inim) apTkaHbliH 6alikayfa 601agbl.

KinT ce3fep: uupnbik TEXHONOIMSA, KaCiOWN Ky3bIPeTTiNiK, BUPTyanbibl 3epTXaHa, 6inim 6epyai aknaparTtaH-
abipy, undpnangbipy, Macromedia Flash Player 6aFgapnamachl, eKiHLi aHaNMTUKabIK TOM KaTMOHAApbI, ca-
nasblK peakuus, KbllLKbll — HEri3fik Knaccuukauus, aHanuTuKanbik XMMnUs, XMMUsbIK 3KCNEPUMEHT.

A.C. KapmaHoBa, .M. MaaubekoBa, H. KaBak

KOMMeTeHUN OyayLLUX YyUnuTenen Xxummm

B cTaTbe onucaHa NoAroToBKa BMPTYa/bHOM nabopaTtopuy No NpegmeTy 1. ee NpUMeHeHNe BO BpeMS ypoKa.
Llenb faHHOro nccnefoBaHns — MOBbILLEHME NPODECCUOHANBHON KOMMNETEHTHOCTYN BYAYLUNX YUUTeNein xu-
MWW C UCMOMb30BaHNEM LNDPOBLIX TEXHONOTMiA. COOTBETCTBEHHO, MPEAMETOM UCCNEf0BAHMNS ABNSETCA ONpe-
[eNeHne BAAHNS LUQPOBbLIX TEXHOMNOTMIA Ha NOBbILIEHWE KayecTBa 00y4YeHns. MpoBeAeH 0630p NCMXONOr0-
nefarornyeckon 1 MeToAMYECKON NMTepaTypbl No npobneme. nccneaoBaHus. cnonb3oBaHbl MOHUTOPUHT
yyebHOro npouecca, aHann3 Ka4ecTBa yCBOEHUS CTyAeHTaMy HOBOIO MaTepuwana, TeCTUPOBaHWe U UarHoCTu-
yeckasa paboTa. B xoae paboTbl 66110 NPOBeLEHO MCE/ef0BAHME BAMAHNUSA BUPTYanbHON nabopaTopmm Ha Ka-
4eCTBO M NOBbILLIEHWE YPOBHSA 3HAHUI CTYEHTOB B YCAOBMAX NeAarormyeckoro sKcnepMMeHTa. Y poBeHb 3Ha-
HWI CTYEHTOB onpegenancsa hopMynoi pacyera ycrneBaeMocTu. BbICOKMIA ypOBEHb 3HAHUIA NOKa3ana rpynna
CTY/IEHTOB, BOCMO/Ib30BABLUMXCS BUPTYanbHOW nabopatopueil. ITU AaHHble 40Ka3blBalOT Pe3yNbTaTUBHOCTb
npoBeAeHMs NabopaTOPHbIX 3aHATWIA MO XUMUN C NCMONb30BaHWEM BUPTYaNibHOM nabopaTopuun, KoTopas siB-
NeTcA 04HOM M3 LMDPOBLIX TeXHOAOMMIA. MoKasaHa 3peKTUBHOCTL MCMNONb30BAHUSA LUPPOBbLIX TEXHONOT U
B Pa3BUTUM NPO(ECCUOHANbHOM KOMNETEHTHOCTUN BYAYLNX YUNTENEA XUMUN:

- XMMUYECKMe 3KCNePMMEHTLI.NPOBOAUINCE C MOMOLLbIO BUPTYanbLHOI nabopatopuu;

- CTYAEHTbl UMeNn BO3MOXHOCTb CAMOCTOATENIbHO KOPPEKTMPOBATL 1 NMOHATL CyTb 1a60paTopHbIX paboT npu
NMOBTOPHOM MPOCMOTPE;

- MOArOTOB/IEHHAsA C MOMOWIbH aHMMaLUMM U LUBETHbLIX M306paXeHWid BUpPTYya/ibHasi nabopaTopus nosbicuna
WHTepec y CTY/AEHTOB.

- Npwv 06CyXKAEHNM Pe3y/bTaTOB YpoKa Obl/l MPOBEAEH TECT MO NporpaMme «Quizz». TecToBble 3a4aHNs ObiNn
NOArOTOBNEHbI 3apaHes;

- 4NS onpefeneHns 3Ha4MMocTn BUPTYanbHOK nabopaTopum 3aHATE NPOBOAMIOCH B ABYX Fpynnax, Npu aHa-
NM3e pe3ynbTaToB YPOKa B rpynne, rae NCNonb3oBanach BUPTyanbHas nabopatopus, ypoBeHb 3HaHUIA Obln Bbl-
COKUM;

- MOXHO OTMETUTb, YTO NPOoeccMoHanbHas KOMNETEHTHOCTb CTYAEHTOB (MOTUBALLMSA, HaBbIKMW, 3HAHMS) NO-
BbICMNACh.

KntoueBble cnoBa: LngpoBas TEXHONOMKs, NPoeccuoHanbHas KOMNETEHTHOCTb, BUPTyanbHas nabopatopus,
NHopmaTm3aLma o6pasoBaHus, LudposmsaLns, nporpammaMacromedia Flash Player, kKaTMoHbl BTOpOIii aHa-
NUTWUYECKO rpynnbl, Ka4eCTBEHHAsA peakLus, KUCNOTHO-LeoYHas Knaccuiukawms, aHanmtTuyeckas Xumms,
XUMUYECKUIA 3KCMEPUMEHT.
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