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Abstract. This article explores issues related to the adaptive learning of students in higher education institu-
tions, presenting the main characteristics of both traditional and contemporary educational paradigms. It describes
the latter’s advantages in the context of the dynamic changes of the modern world and, specifically, the demands
on the process and outcomes of higher education. In discussing modern learning concepts, those foundational
to adaptive learning are examined separately. The authors provide a description, objectives, methods, and results
of the study conducted as an experiment with first-year undergraduate students. The results are assessed in the con-
clusion, and recommendations for their practical application are presented.
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AHHoTanusl. B cratbe paccMarpuBaroTCsi BOIPOCHI aJIAIITUBHOTO OOYYEHUs CTYACHTOB BBICHIMX 00pa3oBaTelib-
HBIX YYPEXICHHUH, IPUBOISTCS OCHOBHBIC XapaKTEPHCTHKH TPAJUIHOHHON M COBPEMEHHOM 00pa30BaTEIBHBIX
napagurM. ONUCHIBAIOTCS MPEUMYIIECTBA NOCIEIHUX B CBETE AMHAMMUYECKUX U3MEHEHUN COBPEMEHHOI0 MHUpa
U, B 4aCTHOCTH, TPEOOBaHMH K MPOIIECCY U pe3y/ibTaraM BbICIIero o0pa3zoBaHus. B paMkax oOcyxkaeHus: coBpe-
MEHHBIX KOHIICTIINH OOYYEHHUs OTAENBHO pacCMaTPHUBAIOTCS T€ U3 HUX, KOTOPBIC JIEKAT B OCHOBE aJallTHBHOTO
00yueHHsl. ABTOpPBI IIPUBOASAT OMKMCAHKE, 11T, METO/bI U PE3YJIbTaThl HCCIeOBAaHMUs, IPOBEICHHOTO B (opme
9KCIIEPUMEHTA C YYaIUMHUCS [IEPBOTrO Kypca IporpaMMbl OakaiaBpuara. JlaHbl OlleHKa MOJyYEHHBIX Pe3yJIbTaToB
1 PEKOMEHIAIHH IS UX MPAKTHYECKOTO IPUMEHEHHS.

KuiroueBble ciioBa: aganTuBHOE OOydeHHE, TPaJUIMOHHOE OOydeHME, BhICIIEE 00pa30BaHME, CTATUCTUIECKUI
aHaJIM3, IEPCOHAIM3UPOBAHHOE 00yUYCHHUE, CTYJCHTO-IEHTPUPOBaHHOE 00yUeHue, 00pa3oBaTeIbHbIC TEXHOJIOTHH,
WHHOBAI[OHHBIE ITOJIX0/IbI B 00Pa30BaHUM.
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Introduction

In the contemporary world, where technologies evolve at an incredible pace, the educational pro-
cess cannot remain unchanged. Among the innovative approaches taking a central place in pedagogy
in recent years, adaptive learning stands out prominently [1]. This method implies the individualization
of the learning process, making it maximally effective for each student. It considers the unique features,
pace of material assimilation, and students’ interests, thereby ensuring a deep understanding of the sub-
ject and durable retention of information.

The use of adaptive technologies in education not only enhances student motivation but also makes
the learning process more flexible and accessible [2]. The relevance of adaptive learning is undeni-
able — this educational approach recognizes that traditional teaching methods, which assume a uniform
program for all, no longer meet the requirements of the times. This method offers a solution that allows
the educational process to be more flexible and individualized. The significance of researching adaptive
learning becomes particularly relevant in the context of remote and blended education, which has be-
come an integral part of life for many students and teachers worldwide [3]. In such conditions, adaptive
learning technologies can offer effective tools for maintaining student engagement, motivation, and suc-
cess in learning despite the absence of traditional personal interaction [4].

Furthermore, the importance of adaptive learning is underscored by the necessity to prepare students
for working in conditions requiring a high degree of variability, critical thinking, and the ability to learn
independently. In this respect, adaptive systems serve not only as a method to enhance academic suc-
cess but also as a means to develop skills necessary for successful careers and continuous professional
growth in the future [5]. Thus, the relevance of researching adaptive learning is determined by its poten-
tial to significantly improve the quality and accessibility of education, tailor learning to the needs and ca-
pabilities of each student, and prepare students for effective work and life in an ever-changing world [6].

Traditional teaching methods, characterized by a standardized approach to teaching, have played
a crucial role in the education system for many years. However, considering modern requirements
and the dynamically changing educational environment, these approaches increasingly demonstrate
their shortcomings rather than advantages. Let us consider the main aspects of traditional teaching me-
thods that do not meet today’s requirements.

Firstly, the classical teaching system implies a unidirectional knowledge transfer process from
teacher to student, often using lectures and oral explanations. In other words, the “teacher-student” re-
lationships are structured according to a the subject-object system, where the learner plays the passive
participant affected by the teaching process [7], this limits active participation in the educational process
and does not facilitate the development of critical thinking and independence.

Traditional teaching methods often rely on a standardized curriculum, assuming the same volume
and content of material for all students, which does not consider the individual characteristics of stu-
dents, their learning pace, and interests [8]. Such an averaged approach to learners can decrease moti-
vation and academic performance. These methods also involve assessing results by a single standard —
using uniform tests and exams for all students, not always adequately reflecting individual achievements
and skills. Besides producing inaccurate evaluation outcomes, this approach negatively affects students’
self-esteem and attitude towards learning.

Educational systems adhering to the a traditional pedagogical approach often demonstrates low
flexibility in adapting to changes and innovations [9], this relates both to the incorporation of new tech-
nologies and the application of innovative teaching approaches. Thus, the system is characterized by
a high degree of inertia, making it even less effective in the conditions of the modern dynamic world.

Another characteristic is the insufficient focus on practical skills. Many traditional methods are cent-
red on theoretical knowledge, paying inadequate attention to developing applied competencies [10].
As a result, students struggle to apply the knowledge gained in real-life and professional situations,
not to mention doubts regarding the relevance of the knowledge obtained.

Such problems with traditional educational methods highlight the need for their reevaluation and sig-
nificant adjustment, considering the modern requirements of the external environment relative to edu-
cational institutions. In response to this and considering significant changes in the modern world, new
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educational concepts have emerged. They form the foundation of adaptive learning, offering innovative
educational approaches to make learning more personalized, flexible, and effective. Let us examine
some of them that have facilitated the development of adaptive learning.

Differentiated learning involves creating diverse learning paths and tasks adapted for each stu-
dent. This concept acknowledges students’ rights to possess different abilities, preferences, and lear-
ning styles, and offers corresponding methods to maximize engagement, and effectiveness of learning
for each individual [11].

Competency-based learning focuses on students acquiring specific skills and knowledge ne-
cessary for successful activity in a particular area. Unlike traditional learning, where the emphasis
is on the time spent studying material, competency-based learning focuses on demonstrating actual
abilities and achievements [12].

Flexible learning creates an educational environment that gives students a choice regarding how,
when, and where they learn [13]. This approach includes the use of various educational technologies
and methods — such as online courses, blended learning, and self-study — to provide students with maxi-
mum flexibility and access to educational resources.

Another concept, personalized learning, strives to tailor the educational process to the personal
characteristics, needs and goals [14]; this is achieved through the use of adaptive educational platforms,
learning analytics, and individualized study plans, allowing students to progress through the educational
route at their own pace and focus on the most significant aspects of the learning content for them.

The contemporary educational methodologies signify a departure from uniform, one-size-fits-all
approaches towards more dynamic and student-centered strategies, showcasing a worldwide shift from
a teacher-centric to a learner-centric paradigm [15]. This learner-centric paradigm heralds a pivotal shift
in educational strategies, diverging from the conventional model that places teaching at the forefront,
to a new model that prioritizes the learner and their educational journey. Within this paradigm, the
emphasis is on the proactive involvement of students in their own learning, underscoring the necessity
of an educational atmosphere that nurtures independent learning, critical analysis, and the applied use
of knowledge. Essential elements of this learner-centric paradigm encompass:

— learner-centric focus — contrasting with the traditional paradigm where the educator is seen
as the main conduit of knowledge, this new paradigm places the learner at the heart of the educational
experience. The structuring of the educational process is thus designed to fully accommodate each lear-
ner’s unique characteristics and learning preferences;

— engaged learning — this principle advocates for the students’ active engagement in their edu-
cational pursuits, encompassing activities that foster critical thinking, project-based learning, group
discussions, and autonomous investigation. Engaged learning is instrumental in cultivating a profound
comprehension of subjects and honing skills vital for addressing challenges in the real world;

— cooperative engagement and interaction — the paradigm underscores the significance of mutual
cooperation and interaction, both among peers and between students and educators. This collaborative
engagement and idea exchange are crucial for enriching understanding of the curriculum and fostering
interpersonal skills;

— technological integration —the adoption of digital technologies within the learning process is a cor-
nerstone of this modern paradigm. Such technologies afford learners access to an expansive array of in-
formational resources, collaborative tools, and platforms for exchanging knowledge;

— lifelong learning — recognizing education as an ongoing journey that transcends the confines
of the classroom, this aspect views learning not as a finite phase but as an enduring component of life.
It champions continuous self-improvement and the perpetual refreshment of knowledge and abilities.

It is worth noting that adaptive learning, formed on the principles of the described paradigm,
is not just theory. Implementing various educational programs — from experimental to integrated into
the educational process — confirms their practical effectiveness. Such programs facilitate targeted lear-
ning and improve educational outcomes in colleges and universities [ 16]. Educational platforms created
to provide adaptive education allow students to access learning content that matches their individual
needs and learning styles, ultimately enhancing academic performance [17]. Systems developed can
integrate various learning styles, significantly improving the efficiency of education [18]. Data analytics
and adaptive technologies also contribute to the personalization of learning, satisfying individual educa-
tional preferences [19]. A separate mention is the research dedicated to developing an adaptive learning
system based on EEG brainwaves of students, which is also aimed at improving the efficiency of edu-
cation by personally adapting learning materials to students’ strengths [20]. Individually oriented solu-

7



L{H®POBAS TPAHCOOPMALTHS DKOHOMHYECKHE HAYKH,
T 30, Ne 2 (2024) OBPA30BAHHE

tions offered by adaptive e-learning educational systems create specially designed environments using
learning style analytics, i.e., student patterns [21]. Adapting courses to students’ preferences in adaptive
educational systems can also increase satisfaction with the learning process [22].

A review of numerous studies confirms the significance of adaptive learning as a tool for enhancing
student learning, demonstrating the practical possibility of meeting individual educational needs. Within
the scope of studying the described area, the authors conducted research aimed at a comparative eva-
luation of the effectiveness of adaptive learning compared to traditional methods based on the analysis
of educational data collected during the learning process. The research methods included an experiment
and statistical analysis of the collected data. Participants in the experiment were first-year undergraduate
students — two groups of 30 students each. One group was taught using an adaptive (experimental) pro-
gram, the other with a traditional (control group) program.

Before the start of the learning, preliminary testing of both groups was conducted to determine
the initial level of knowledge in subject. The average score of both groups was 55.72 and 54.26 out
of a possible 100. The experimental group followed the adaptive program scenario during the sub-
sequent learning, while the control group followed the traditional one. The observation period lasted
one academic semester.

Research results and discussion

After completing the course, both groups underwent final testing. The scoring system used was
on a hundred-point scale. The average final score of the experimental group was 83.27, and for the cont-
rol group it was 66.12 (Fig. 1).

100

83,27

75

55,72
50

Test Score

25

Before experiment After experiment
B Control group [ ] Experimental group

Fig. 1. Test results for both groups before and after the experiment

The following data were taken for subsequent statistical analysis:

— sample size (n): 30 students in each group;

—mean values (M): M, = 83.27 (adaptive learning), M, = 66.12 (traditional learning);

— standard deviation (SD): SD; = § for the experimental group and SD, = 10 for the control group;

—the standard error ofthe mean (SEM), calculated using the formula SEM = sqr‘[((SDl2 /ny)+ (SD% /ny)),
was SEM = 2.07, t-value: t=(M; — M,)/SEM = 8.28 (for convenience, the results are rounded to the nearest
hundredth within this text).

Using the t-distribution table, with 58 degrees of freedom (n; + n, — 2) and a t-value = of 8.28,
the p-value is less than 0.001, significantly below the standard threshold of 0.050 for statistical signifi-
cance. It indicates that the differences between the groups are statistically significant.

The implementation of adaptive learning in the educational landscape presents a compelling ap-
proach to customizing and enhancing each student’s learning journey. This study underscores the pivotal
role adaptive learning plays in modern education, particularly highlighting its capacity to cater to stu-
dents’ unique learning styles, paces, and interests. Through the deployment of adaptive technologies, edu-
cation becomes not only more accessible but also significantly more engaging and efficient for learners.

Adaptive learning’s recognition of the need for a departure from one-size-fits-all teaching methods
to more individualized and flexible strategies aligns with the evolving requirements of the digital age.
Traditional teaching methods, while foundational to the education system for many years, often fail
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to meet today’s learners’ dynamic and diverse needs. This research corroborates the growing consensus
that adaptive learning methodologies offer a more effective and personalized learning experience, en-
hancing student outcomes.

One of the study’s notable findings is the statistically significant improvement in learning outcomes
among students who participated in the adaptive learning program compared to those in the traditional
learning setup. This outcome validates the efficacy of adaptive learning strategies and significantly high-
lights their potential to enhance academic performance. The individualized nature of adaptive learning,
with its focus on tailoring the educational content and pace to each student’s specific needs, proves
instrumental in facilitating a deeper understanding and retention of knowledge.

Moreover, adaptive learning’s relevance is further emphasized in remote and blended learning envi-
ronments. As education increasingly moves online, maintaining student engagement and motivation be-
comes paramount. Adaptive learning technologies emerge as crucial tools, offering innovative solutions
that ensure educational continuity and effectiveness, even without traditional classroom interactions.

The study also illuminates the importance of preparing students for the complexities of the modern
workforce. Adaptive learning systems aim to improve academic success and focus on developing cri-
tical skills necessary for lifelong learning and adaptability in a rapidly changing world. By fostering
an environment that encourages critical thinking, self-directed learning, and the application of know-
ledge in practical settings, adaptive learning prepares students for successful careers and ongoing pro-
fessional development.

This research advocates for adopting adaptive learning technologies in higher education. Highligh-
ting the tangible benefits of personalized and flexible learning experiences calls for educators and curri-
culum developers to integrate adaptive learning strategies into their teaching practices. Such an ap-
proach enhances student engagement and satisfaction and aligns educational processes with the de-
mands of the XXI century.

In conclusion, this study’s findings reinforce the transformative potential of adaptive learning
in higher education. By offering a more personalized, flexible, and effective learning experience, adap-
tive learning stands out as a critical factor in elevating the educational process’s efficiency. As the edu-
cational landscape continues to evolve, integrating adaptive learning strategies will undoubtedly play
a crucial role in shaping the future of education, making it more responsive to learners’ diverse needs
and aspirations worldwide.

Conclusion

1. The study demonstrates that students’ learning outcomes in the experimental group are significant-
ly higher than those of the control group. It confirms the hypothesis of a significant increase in the effec-
tiveness of learning when applying the adaptive learning program and indicates that an individualized
approach, which takes into account the unique needs and learning paces of each student, contributes
to better material assimilation.

2. Such learning may also contribute to increased student engagement and motivation. Although our
study did not directly focus on these aspects, it is reasonable to suggest that the higher scores achieved
by the experimental group are partly due to increased motivation and interest in the learning material in-
duced by the personalized approach. Based on the data obtained, we recommend that university teachers
and course developers actively explore and implement adaptive educational technologies. It is important
to consider individual differences among students and provide educational content that matches their
educational preferences.
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BBenenune

WuTerparuBHblid moaxoa B 00y4eHUH — 3TO (opMar, OTBEYAIOMIUH TPeOOBAHUSIM COBPEMEHHOTO
Mupa. OH OpUEHTUPOBAH Ha MPAKTHYECKOE MPUMEHEHUE 3HAHUI 1 TOMOTaeT perarb NpooaeMbl OTHON
HayKd TIoCpencTBoM Apyrod. Kax il yueHMK ycBauBaeT HaBBbIKM B3aUMOJCHCTBUS C OKPYKAIOIIUMH,
npruoOpeTaeT IeIOCTHYIO CHCTEMY 3HAHUH 0 MUpE.

B Hacrosimiee Bpemst HCXOfsl U3 OCOOGHHOCTEH pa3BUTHUsI BHICOKOTEXHOJIOTHYHOIO ACIEKTa MPOU3-
BOJICTBA KOMITETEHITUH BBIITYCKHUKA TEXHUYECKOTO By3a BCe OOJbINIE OPUEHTHPYIOTCS Ha CO3IaHNE KOMII-
JIEKCHBIX TEXHUYECKHX CHCTEM M YyIpaBieHHEe UMM, a TaKKe Ha COBEpIIEHCTBOBAHHE CYIIECTBYIOIINX
Y BHEJIPCHHE HOBBIX TEXHHUYECKUX O0O0BEKTOB. B 3TOM cilyd4ae OCHOBHOH IIENIbI0 CUCTEMBI BBICIIIETO MPO-
(heccroHaTEHOTO 0OPA30BAHMUS SBIISETCS MTOBBIIIICHNE BHUIMAHHSA K TIPOOJIEMaM ITOJIrOTOBKA BBIITYCKHHIKOB
TEXHUYECKOTO MPO(UIISi KAY€CTBEHHO HOBOTO YPOBHSI, T. €. K CAMOCTOSATEIIbHOMY OOHApyKEHHIO U pelie-
HUIO KOMILUIEKCHBIX MH)KEHEPHO-TEXHIUECKUX 33]1a4, BEIXOISAIINX 32 PAMKHU CTaHAAPTHBIX CUTYAIHiA; (hop-
MHUPOBAaHHE aKTUBHOW KPEaTUBHOM JIMIHOCTH, CIIOCOOHOM KOHCTPYHPOBAaTh U IPOEKTUPOBATH KOMITIEKC-
HBIE pecypcocOeperarolye TeXHHIeCKHe 0ObEKTHI U MPOM3BOJICTBEHHO-TEXHOIOTHUECKHE TTPOLIECCHI.

HecMmotpst Ha TO, 4TO COBpEMEHHOE pa3JieieHre TpyJa B 00JIaCTH MAIIMHOCTPOCHUS HEN30€KHO
BEJICT K CTEeNHaIN3aI HHKEHEPOB, OCHOBHAS COCTABIISIONIAS JII0O00H HHKEHEPHO-TEXHUYECKOM J1es-
TEJIILHOCTH — MPOEKTHO-KOHCTPYKTOPCKAsl NESITEIBHOCTD, YCIeX KOTOPOH 3aBHCUT OT (OPMHUPOBAHUS
COOTBETCTBYIOIINX KoMIeTeHIuH. [lepexos kK KOMIIETEHIIMOHHO-OPUEHTHPOBAHHOMY O0Y4YeHHIO 00Y-
CIIaBIIMBAEeT HEOOXOAMMOCTh TIOWMCKAa COOTBETCTBYIOIIMX TEOPETHUKO-METOIMYECKUX pPEelIeHUH, Ha-
MpaBJIeHHBIX Ha 3()()EKTUBHYIO OPTaHU3AIMIO YIeOHOTO MpoLecca 1 00eCIIeunBAIOIINX TOBBIIICHHUE Ka-
YeCcTBa Pa3BUTHA MPO(PECCHOHATFHO 3HAYUMBIX KOMIIETSHIINH, HEOOXOINMBIX I BEJICHHS TIPOSKTHO-
KOHCTPYKTOPCKOH JI€ATETHHOCTH, MO3BOJISIONINX BBIITYCKHUKY OBITH KOHKYPEHTOCIIOCOOHBIM Ha PBHIHKE
Tpyna [1, 2].

MeTomea MPOBEACHUS IKCIICPUMEHTA U €€ PE3YIbTATbI

Jig mocTHKeHUsT HanIydIlero pe3ynbrara B JOPMHPOBAHUHU MPOEKTHO-KOHCTPYKTOPCKUX KOMITE-
TEHIMH HEOOXOMMO IIPUBUBAThH KYJIBTYPY HPOCKTHOMN JISATEIILHOCTH HAaYMHAs C IEPBOT0 Kypca Oaka-
naBpuata. B najgpHeWIeM 3To Mo3BOJISET CTYACHTaM TUIOJ0TBOPHO PadOTaTh KaK B MEXKIUCIUILTUHAP-
HBIX, TAK ¥ B UHTETPUPOBAHHBIX BHYTPH BY30BCKUX MPOEKTAX, MAKCHMAIBHO CIIOCOOCTBYET PA3BUTHIO
AKTUBHOMW JINYHOCTH, (POPMUPOBAHUIO MO3HABATEILHBIX UHTEPECOB, TBOPYCCKUX CIIOCOOHOCTEH, yMe-
HUS OLEHUBATh U COU3MEPSTHh CBOU UHIUBUIYAIbHBIE BO3MOKHOCTH, MPOSIBISITH MHUIIMATUBHOCTD, Ca-
MOCTOSITEJIbHOCTD, PEAJIN30BbIBATH JINYHOCTHBIA TOTEHLIUAIL.

Hauunasi ¢ mepBoro Kypca npu U3ydeHUH JUCIMILIMH OOMIEnpo(eCcCHOHAIBHOTO IMKIIA U 3aKaH-
YHUBast MOJATOTOBKOW BBIMMYCKHOW KBAIH(DUKAITMOHHOW PabOTHI, IEATEIbHOCTh CTYACHTOB JO0JDKHA OBITh
CBsI3aHA C PEUICHUEM MPAKTHKO-OPUEHTHPOBAHHBIX MPOPECCHOHANBHBIX 3a7a4, KOTOPhIC OHU JOJDKHBI
peliaTh CaMOCTOSITEIPHO WM B KOMaH/aX TIOCPEICTBOM MPOSKTHOW paboThl. [IpHHIMITHATBHO BaKHBIM
pu (GOPMHUPOBAHIH TIPOEKTHO-KOHCTPYKTOPCKUX KOMITETEHIIHIA SBISIETCS UCTIOIb30BAHNE COBPEMEHHBIX
UH()OPMAITHOHHBIX TEXHOJIOTHH. DTO MTO3BOJISIET PACITUPUTE cPepy IPUMEHEHHSI TTOTYICHHBIX TEXHUIEC-
KHMX 3HAHWUW B OOJIACTH MPOrPAaMMUPOBAHHUS C UCTIOJIb30BAHUEM CHCTEM aBTOMATHUECKOTO MPOSKTHPOBa-
HUS U KOHCTpyupoBaHust. IIporiecc mpoekTupoBaHusi ¢ IPUMEHEHUEM KOMIIbIOTEPA ITOMOT'AET JIETKO U Me-
XaHWYECKN TIPOCTO CTPOUTH HY)KHBIC COUCTAHMS, OOCCIICUMBASI MOMYTHHOCTh MPEICTABICHUS 3HAHUIMA.
[Tupokoe OTpaxkeHUE 3TO HAXOAUT B IPOSKTHO-OPTaHU30BAHHOM KOMITOHEHTE CTPYKTYpPbl HH()OPMAIIHOH-
HO-METOJIUECKOTO 00ecTiedeHns mporecca GOpMUPOBaHUS MPOCKTHO-KOHCTPYKTOPCKUX KOMITETEHITUI
OyIyIIHX CIIEIHATUCTOB B O0JIACTH TEXHUKU M TEXHOJIOTHH, KOT/Ia TIPOCKTHI BBHITOIHSIIOTCS CTYICHTaMHU
C UCIIOJIb30BaHUEM COBPEMEHHBIX CPEJICTB aBTOMAaTU3UPOBaHHOTO IipoekTupoBanus (Autodesk AutoCAD,
3ds Max, SolidWorks, Mathcad), 4To o3BoJISIET HE TOIHKO aBTOMATH3UPOBATh Pa3padOTKY MPOEKTHO-TEX-
HUYECKOHM TOKYMEHTAIINU, HO ¥ BBRITIONHSTH 3D-Moenu mpoeKTHpyeMbIX u3aenuii [3—5].

Ha puc. 1 mpuBeneHb BUIBI yu4eOHOM EATEILHOCTH, OPUCHTUPOBAHHBIC HA IOJITOTOBKY K IMTPOEKTHO-
KOHCTPYKTOpPCKOU JiesitesibHOCTH, Tiie Y UPC — yueOHo-uccnenoBarensckas padora crynenra; BKP — BbI-
MyCKHasl KBaJU(UKaIIMOHHAs: padoTa. Kaxiblii U3 BhIJCICHHBIX 3TArlOB 00YYCHUsI OCHOBAH Ha UCIIOJIb-
30BaHHH TPUHIIUIIOB ITPOOJIEMHO-OPUEHTHPOBAHHOTO U MPOEKTHO-OPT'aHU30BAHHOTO TIOIX0JIOB B 00y4e-
HUU (OpHEHTAIMA Ha pelIeHue OIpeeNIeHHON MpoOiIeMbl Yepe3 MPOeKT, CTyAeHTO-IIEHTPUPOBAHHOCTH,
MEKTUCIIUTUTMHAPHOCTD, KOMaHIHYIO Pa0oTy, 00yueHHE Ha OCHOBE OIIbITA) B COUCTAHUH C PA3INIHBIMU
BHJIaMHU YIeOHO-TT03HABATEIBHOM e TeNbHOCTH. OCHOBHAS U1 3aKITIOYACTCS B IIOMBITKE OOCCIICUCHUS
TECHOMH CBS3U IPOU3BOJICTBA U HENIPEPHIBHOCTH IIPOLECCA [TOJATOTOBKH CTYIEHTOB K IPOEKTHO-KOHCTPYK-
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TOPCKOH JAEATEbHOCTH Ha OCHOBE MHTEIPATUBHOTO MOIX0a. IHTErpaTHBHBIN MTOIX0 pacCMaTpPHBASTCs
KaK peaju3alus TPeX OCHOBHBIX MOJOKEHUH, OTPa)aroIUX TPU CTOPOHBI YUEOHOTO TpoIliecca: coaep-
YKaHHe 00y4eHUs, METOIMKY OOYUYCHHS U OPTaHU3aIMOHHBIN ACTICKT.

VIIPC 1o npodImpyonmm
mpeaMeTaM
H TIPOI3BOJCTBEHHBIE
TIPaKTHKH (4 Kypc)

Brmonnernne BKP

Puc. 1. Buasr yueOHOI A€ATENBHOCTH, OPHEHTHPOBAHHBIC Ha MTOATOTOBKY
K IIPOCKTHO-KOHCTPYKTOPCKOH JIeSITEIbHOCTH
Fig. 1. Types of educational activities focused on preparation for design and engineering activities

Ha xaxxgom stamne oOydyeHus: obecrieunBaeTcsi B3aMMOCBSA3b MEX/Y Pa3ITUUHBIMU YPOBHSIMH FOTOB-
HOCTHU CTYJICHTOB K MPOEKTHOH JEATEIEHOCTH MOCPEICTBOM KOPPEKTUPOBKH ieNel 00ydYeHus, COIep-
KaHus 001IerpodeCCHOHAIBHBIX U CIICIIHATBHBIX JUCIUILTIH, BHIOOpA COOTBETCTBYOIIMX TEXHOIOTUH
oOyuenusi. Ha opuenTupyromem sTare 00y4eHus IpoLecc pa3BUTHS MPOCKTHO-KOHCTPYKTOPCKHUX KOM-
METCHIUI OCYIIECTBISCTCS HA YPOBHE HHTETPAIIMU MEXKIPEIMETHBIX CBA3CH: HCIONB3YIOTCS IOHSATHS,
3aKOHBI, KATETOPUH, KOTOPBIC SIBJISFOTCS OOIIMMHU B YUCOHBIX JUCIMILIMHAX OOUICHPOPECCHOHATBHON
U CIIEIMaIbHOM TOATOTOBKH; U3JIOKEHHNE TEOPETUUECKOI0 MaTepraa BeJeTCsl C ONOPOi Ha 3HAHUSA CTy-
JICHTAMH CMEXHBIX TUCIHUIUINH; JJIsi CAMOCTOSITENILHOM PaboOThl CTYJCHTAM MPEIOCTABISCTCS MPAaBO
BBIOOPA YPOBHS CIIOKHOCTH 33J[aHNUSA B COOTBETCTBHHU C MX BO3MOXHOCTSAMH. B aTOT mepuos oOyuenus,
HapsAy C pEeIICHHEM XOPOIIO CTPYKTYPHUPOBAHHBIX THIIOBBIX 3a7ad, BBOIASTCS TBOPUYECKHE 3aJlaHMS,
HE MMEIOIINE OIHO3HAYHOTO PEIICHHSI, JJISl BHIIOJHEHHS KOTOPBIX CTYJACHTAM HEOOXOUMO aKTyaH3u-
POBAaTh 3HAHHUA HE TOJILKO JUCHHUIUIMH IIPOCKTUPOBOYHOTO 6J'IOKa, HO U HECKOJIBKHX CMEXKHBIX y‘Ie6HI)IX
JUCLUIUTUH 001ienpodeccnoHaabHOro nukia [6—-8].

[porecc oOyueHusl, IIIaBHBIM 00pa30M OCHOBAHHBIN Ha HH()OPMAITMOHHO-PA3BUBAIOIINX TEXHOJIO-
rUsSX OOydeHUsI, HalpaBJIeH Ha CHCTEMAaTH3allMI0 y CTYACHTOB 3HAHWU MO 00menpodeccHoHaIbHBIM
JUCLUIUTMHAM, Ha CBOEBPEMEHHYIO UX aKTyaJlM3alMIo, a TaKKe Ha (POPMUPOBAHKE YCTOHUMBBIX HABbI-
KOB paboThI ¢ mHpopmanueil. Ha mpeobpasytomiem starne oOydeHus Mporecce pa3BUTHS IPOEKTHO-KOH-
CTPYKTOPCKHMX KOMITETCHILIMI HampasiieH Ha (JOPMUPOBAHNE TTOTPEOHOCTEH CTY/IEHTOB B JIOTIOJTHHUTEIb-
HOW MH(OpMAaLIMU, YMEHHH €€ MOMCKa U NepepaboTKU C OMOpol Ha AUCIMIUIMHBI TPOEKTHPOBOYHOIO
Onoka. Ha nanHOM 3Tare, OCHOBaHHOM Ha WCIIOJIB30BaHUH JIESTEIBHOCTHBIX TEXHOJIOTHI 00y4YeHus,
BBITOJTHSIOTCS Pa3IMYHbIE HETUIIOBBIE MPOCKTHI, KOTOPBIC MPEACTABISIOT COO0I TBOPUYECKUE 3adaHuUs
MEXIUCLUIUTMHAPHOTO Xapakrepa. B 3ToT nepuon o0yueHus y CTyACHTOB NPOUCXOAUT (GOPMUPOBAHUE
crcTeMbl TIPo(eCCHOHANBHBIX MPAKTUYECKUX YMEHUH M HABBIKOB, TI0 OTHOIICHUIO K KOTOPBIM y4eO-
Has uH(OpMAaLHUs BBICTYNAeT UHCTPYMEHTOM, 00ECIIEUHBAIONINM BO3MOXKHOCTh Ka4€CTBEHHO BBITION-
HATH NMpo(eccHoHaNbHY0 AesITeNbHOCTh. LleneBas opueHTanus 1 MOTHUBAIHS CTYJCHTOB HAIPaBJICHBI
HAa TOBBIIIIEHHE MTOTPEOHOCTH B CAaMOOOPA30BAHUH U CAMOCOBEPIIICHCTBOBAHUHU CBOEH MPOEKTHO-KOH-
CTPYKTOPCKOM JEATEBHOCTH, CAMOCTOSTENbHBINA MOUCK M NepepaboTKy MpoecCHOHAIbHO 3HAUUMOMN
nHopmanuu [9, 10].

Ha TBOpueckom 3Tane oOyueHHs CTyACHTHI OBIAEBAIOT MPAKTHYECKUM OIMBITOM MPOEKTHPOBAHHUS
Yyepe3 BBeIEHHE B yUeOHBIN MpoLiece 3aJaHuii TI0 pa3padoTKe MPOEKTOB MEKAUCIUITIMHAPHOTO XapaK-
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Tepa, KOTOpble MPEICTaBISIOT cO00 CHHTE3 TBOPUYECKOH, HAyYHO-MCCIIEAOBATEILCKON U MPOESKTHOMN
JeSITeTbHOCTH. BBIMONTHEHNE TPOEKTOB, MX MPE3EHTANNS U 3aIIMTa CIIOCOOCTBYIOT AajbHememy Gop-
MHUPOBAHHUIO CyObEeKTHOH mo3unmu cryaeHTa [11].

WnaTerpanus yaeOHON AESITETHHOCTH OCYIIECTBISETCS Ha CTHIKE MPOSKTUPOBOYHBIX U CIEIHAIb-
HBIX JUCHUIUIMH. B 3TOT neproj 00y4eHns JOMUHUPYIOT IPOAYKTUBHBIE, aKTHBHO-TBOPYECKHIE METOIBI
00y4eHMsl, IPeIOoIaraole CaMOCTOSITEIbHYIO U TBOPUYECKYIO JESITEIbHOCTD IPOOIEMHO-TTPAKTHIEC-
KOTo Xapakrepa. Pesympraramu maHHOTO 3Tana oOy4deHHsI CTAaHOBATCS IIEHHOCTHO-CMBICIIOBOE Camo-
OTIpe/IeNICHHEe CTYJICHTa, Pa3BUTHE MPOPECCHOHATBHON MOTHBAIMH, BHICOKHH ypOBEHb AKTHBH3AIUU
yueOHOM AeATeNbHOCTH CTYAeHTa, C(HOPMHUPOBAHHOCTH €r0 JMYHOCTHOTO OTHOIICHUS K caM000pa3oBa-
HUIO U CAaMOCOBEPIIICHCTBOBAHHUIO.

Pe3ynbraTs! sKCIIEpUMeHTa IOKa3ali, YTO MPEeAsIaraeMblii MoJIX0 ] CITIOCOOCTBYET yCIIEUTHOHN ITOAr0-
TOBKe OakajiaBpoB B 00JIACTH TEXHUKHU U TEXHOJOTH K OyayIiel MpOeKTHO-KOHCTPYKTOPCKON AesITENb-
HOoCcTH. Tako# MMOIXom HAIpaBJICH HAa YUET 0COOSHHOCTEH Oymymieit mpodecCHoHanbsHOM AeSITETEHOCTH
CTECIHAINCTOB U (QOPMHUPOBAHHUE B UX TPYIOBBIX KOJUIEKTUBAX CIIOCOOHOCTH K €CTECTBEHHOW ajarnTa-
LUK U OBICTPOMY OCBOCHHIO TEXHOJIOIHH, TPEOYIOIINX 3HAHUM B 00JIaCTH COBPEMEHHOM HayKH.

3aKiIroueHue

1. 3aKIFOYUTENFHBIM 3TATIOM MOJATOTOBKHU CTYJICHTOB K IMPOEKTHO-KOHCTPYKTOPCKOH JIESATEIbHOCTH
SIBIISIETCSL BBIMIOJIHEHWE WMH BBITYCKHOW KBaJM(UKAIMOHHOW paboThl, KOTOpas MPEACTaBIsieT coOon
npodeccroHaIbHO-OPUEHTUPOBAHHBIN POEKT.

2. Kaxprii aTan 00y4eHusI MOXKET BKIIIOYATh B C€0s MOTHBAIIMOHHO-OPHEHTUPYIOIIHNA, HHTEIJIEK-
TyaJlbHO-TIO3HABATENbHBIN, AEATEIbHOCTHO-NIPAKTHYECKUH MM Pe(IEeKCHBHO-OIICHOYHBIH MOIITAITBI,
KOTOpbIE HAIOJHSIIOTCS Pa3IMYHbIM COACP’KAaHUEM, COIPOBOXKIAIOTCS BBIOOPOM COOTBETCTBYIOLIMX
TEXHOJIOTUH 00yUYeHHsI, XapaKTepU3yI0TCsA pa3BUTHEM U (POPMHUPOBAHUEM CTPYKTYpPHBIX KOMIIOHEHTOB
yueOHOI 1eITETLHOCTH, a TAK)KE U3MEHEHHEM CaMOro CTYJCHTa, Kak cyObekTa yueOHO! e TeIbHOCTH.
[Tomumo 3TOTO, KAXKAOMY 3Taly mpoiecca GOPMUPOBAHUS MPOEKTHO-KOHCTPYKTOPCKUX KOMIIETCHLINI
COOTBETCTBYET OMNpEICICHHBIA YPOBEHb MpOIecca WHTETpaliu rpapuueckux, odmenpodeccuoHab-
HBIX M CIIEHUABHBIX JUCIUTUIMH.
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AHHOTanusi. PaccMOTpeHbI TPYJHOCTH W 337a4d UCIOJIb30BAHUS IPOrPAMMHOTO O0ECIHEeUYCHHsI TP MPUMEHe-
HUU TEXHOJIOTHI THOPHIHOTO 00yUeHHS TPOSKTHPOBAHUIO IIH(PPOBEIX yCTpOICcTB. ONpeiesieH CoCTaB U3y4aeMo-
ro ycrpoiictra. [lokaszaTenu kauecTBa 0Oy4CHHUS CBA3aHBI C BELIOOPOM MPOrPAMMHOTO 00CCIICUCHUS HA MPUMEPE
CTETCHU YIOBJIETBOPEHHOCTH PE3Y/IbTATOM ITPOSKTUPOBAHUS. BbIIECICHBI MOAYIN HPOrPAMMHOIO 0OECIICYCHHSI
TS pa3paboTKu HUPPOBBIX yeTpoiicTB. [IporpaMmHOe obecriedueHre pa3padaTbiBaeMOro YCTPOMCTBA PACCMOTPE-
HO KaK COCTaBJISIONIAst JJAOOPATOPHOTO MpakTukyma. OTMEUCHA 0COOCHHOCTh THOPHUIHOTO OOyUCHUS, CBSI3aHHAS
CO CJIOKHOCTBIO MaKETHPOBAHHS U C HEOOXOIMMOCTBIO 00ECIIeUeH s COBMECTUMOCTH (PailJIOB MPOEKTA, CO3/aH-
HBIX B OHJIAIH-PEKUME, C IPOrPAMMHBIMH MOJIYJISIMA KOMITBIOTEpa B J1aboparopun yHUBepcuteTa. [IpeanoxeHo
co3aTh 0a3y JAaHHBIX YYEOHBIX TPOCKTOB ISl 00ECIICUeHHUS TPEEMCTBEHHOCTH TIPOSKTHPOBAHUS U (hOPMUPOBa-
HUSI CTapT-an-npoekToB. [IpuBeaeH mpuMep pe3yibTaToB MPOSKTUPOBAHUS HU(PPOBOTO YCTPOHCTBA MHANKAIINU
¥ KOHTPOJISI TEXHOJOTHYECKOTO MapaMeTpa. BBIAEICHBI CIOKHOCTH IPU HCIIOIh30BAHUM HWHTETPAJIBHBIX CXEM
OTEYECTBEHHOTO MIPOM3BOJICTBA B YUEOHOM MPOCKTUPOBAaHUH. PEKOMEHI0BAaHO MPOBOIUTH THOPUAHOE O00yUYeHHUE
MIPOEKTUPOBAHHIO [IU(PPOBBIX YCTPOKCTB B MAITBIX IPYIINaX.

KuaroueBble cjoBa: rubOpugHoe oOydeHHe, MPOrpaMMHOE OOeCIedeHHe, IMPOoIecc, pa3paboTka, nuppoBoe
YCTPOMCTBO, MTPAKTHKYM, IIPOCKT, PE3yIIbTaT.

KonpaukT uHTEepecoB. ABTOPHI 3asBIAIOT 00 OTCYTCTBHH KOH(IMKTA HHTEPECOB.

Jdnsi uurupoBanus. Axpemunk, O. JI. Vcnonp3oBaHue MpOrpaMMHOIO oOecriedeHHsl NP MPOSKTHPOBAHHH
IU(POBBIX yCTPOUCTB B Xoe rudpuanoro odyuenus/ O. JI. Axpemunk, A. P. Xabapos// Lludposas rpanchopmarus.
2024. T. 30, Ne 2. C. 16-23. http://dx.doi.org/10.35596/1729-7648-2024-30-2-16-23.

SOFTWARE USING IN DIGITAL DESIGN UNDER HYBRID TRAINING

OLEG L. AKHREMCHIK, ALEXEI R. CHABAROV

Tver State Technical University (Tver, Russian Federation)

Submitted 18.03.2024

Abstract. The difficulties and tasks of using software when applying hybrid learning technologies in the design
of digital devices are considered. The composition of the device under study has been determined. Indicators
of training quality are associated with the choice of software using the example of the degree of satisfaction with
the design result. Software modules for the development of digital devices have been identified. The software
of the device being developed is considered as a component of a laboratory workshop. A feature of hybrid learning
is noted that is associated with the complexity of prototyping and the need to ensure compatibility of project files
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created online with computer software modules in the university laboratory. It is proposed to create a database
of educational projects to ensure continuity in the design and formation of start-up projects. An example of the de-
sign results of a digital device for indicating and monitoring a process parameter is given. The difficulties when
using domestically produced integrated circuits in educational design are highlighted. It is recommended to con-
duct hybrid training in the design of digital devices in small groups.

Keywords: hybrid training, software, process, project, digital device, practicum, design, result.
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BBenenue

Ludposas Tpanchopmanms npombiiuieHHOcTH Coro3Horo rocyaapctsa Poccun u benapycu siB-
JSIETCSl CTPATeTHYecKor 3a/1adeid, KoTopasi IpeaycMaTpruBaeT MOBCEMECTHOE MPUMEHEHUE ITH(PPOBBIX
YCTPOMCTB U (popMaToB 00pabOTKH JaHHBIX B XOJ€ KOHCTPYKTOPCKO-TEXHOJIOTHYECKOW MOATOTOBKH
MIPOM3BOACTBA U COOCTBEHHO MPOM3BOJACTBEHHOro mporuecca [1]. Hanuume nepconana, cnocodHoro
paspabarbiBaTh, BHEAPATH M 3()(HEKTUBHO NPUMEHATh HU(POBBIC YCTPOHCTBA, — OJMH W3 KOMIIOHEH-
TOB MHJIEKCA IIU(PPOBON 3PEIIOCTH MPOMBIIIICHHOCTH B IIEJIOM U OTACIbHBIX OTPACICH U MPEIIPUATHI
B YaCTHOCTH.

B pamkax cmeHbl 00pa3oBaTeNbHBIX MApaiurM B HACTOAIIEE BpeMsl YIEOHBIN MPOIECC XapaKTepu-
3yeTcst HA0OpPOM KOMIIETEHTHOCTHBIX Mojieliel. B xome o0ydeHuns: B TEXHHUECKOM YHUBEPCHTETE Y 00y-
YaeMBIX JIOJDKEH COPMHUPOBATHCS MyJl KOMIIETCHIUH, 00€CIIeUnBAIOIINX TOIOTOBKY, (YHKIMOHUPO-
BaHKHE W OOHOBJIEHHE LU(POBOrO MPOU3BOACTBA. BepOanbHO TpeOoBaHUSI KOMIIETCHIIMH MOTYT OBITh
npesicTaBiieHbl B Bujie: «CriocobeH pa3padaThIBaTh aJrOPUTMBI M IPOTPAMMBI, TPUTOTHBIE JUIs IPAKTHU-
YEeCKOTo MpUMeHeHNsD», «CrocoOeH 0CBanBaTh METOMKY TIPUMEHEHHSI TPOTPAMMHBIX CPENICTB /IS pe-
[IeHUS TTPAKTHYECKUX 3a/ad». PopMUpOBaHUE KOMITETEHIMHA MTpH 00YYeHHH OCYIIECTBISETCS B XOJE
CaMOCTOSITeTTFHON pabOTHI IPH KYPCOBOM MPOSKTHPOBAHUU U PAOOTHI MOJ] KOHTPOJIEM TPENoiaBaTes
BO BpeMsi JTa0OPaTOPHBIX IPAKTUKYMOB.

[Iupokoe MpUMEHEHUE CErofHs Mojy4aeT ruOpuaHOe 00ydeHHE C MPUMEHEHHUEM IHCTAHIIMOH-
HBIX TEXHOJIOTHHA. B ycloBHsx Takoro oOy4eHus O0IbIas YacTh B3aUMOJICHCTBHUS YWICHOB MPOEKTHBIX
KOMaH7] 00ecIieurnBaeTcsl B TUCTAHIIMOHHOM pekuMe. [Ipu OTCyTCTBHM HayYHO-000CHOBaHHBIX METO-
UK K BBIOOPY KOMITOHEHTOB MPAKTHKyMa JUCTAHIIMOHHOE B3aWMOJICHCTBHE MOXKET OBITh MPUIHHOMN
HEIOCTaTKOB, CHIYKAKOIIUX dPPEKTUBHOCT 00pa30BaTeIbHBIX CUCTEM U MOTHBAIIMIO K MX HCIIOJIB30-
BaHu1o [2]. Beibop nporpammuoro odecreuenus (I10) mist yueGHOTO mpoiiecca BO MHOTOM OMPECIISET
pe3ynbratsl v 3pdekTuBHOCTL 00ydeHus. C y4eToM BBICOKOW CKOPOCTH Pa3BUTHS KOMITBIOTEPHBIX CHC-
TEM U TexHoNoruil udposusanuu ooHoBiIeHue [10 B yHHBEpCHUTETE TIPOUCXOAUT HENPEPHIBHO.

[IpenmeT wccnemoBaHus aBTOPOB — MPOIECCHI MOAEPHHU3AIMH M WCIMOJIB30BaHUA Jab0OpaTOpHOI
0a3bl PETHOHAILHOTO TEXHWYECKOTO YHHUBEpCHTETa. B KadecTBe 0OBEKTa MCCIENOBaHUS PacCMOTPEH
cocrtas [1O st caMOCTOSATENBHOM paOOTHI U IPOBEACHHUS MTPAKTUKYMOB MPH POSKTHPOBAHUU ITUDPO-
BBIX YCTPOUCTB.

[Ipornecc MonepHU3amK 1a60paTOPHOTO 00OPYIOBAHHS IPOUCXOANT B YCIOBUSIX JKECTKHX OTPaHU-
YeHUH Ha OIOKET yaeOHOTO BpeMeHH! 1 ((MHAHCOBBIC PECYPCHI, Ha CoepKaHe yIeOHO-MaTepHATbHON
6a3s1r 1 ipuobperernne 110 [3]. Bo MHOTHX ciydasx BepCHU MPOTPAMMHBIX MPOMYKTOB Ha TapKeTax
yAaJIeHHBIX TIOJIh30BaTeNell (Kak CTY/JIeHTOB, TaK M MperoaBareieil) He COBIAIAI0T ¢ MOTHO(YHKITHO-
HaJbHBIMU BEPCHUSIMHU B J1a00paTOPUSX U MPOU3BOICTBEHHBIX IiexaX. [[03ToMy JieTanbHbIi OAXO/ K BbI-
0opy u ucnonb3oBanuio [10 kpaiiHe BaxkeH.

Hudposoe ycTpoiicTBO Kak 00beKT Y4eOHOI0 NMPOEKTHPOBAHUSA

Ludpossle ycTpoiicTBa cirykar 6a3UcoM ISl TOCTPOCHHS aBTOMATU3HPOBAHHBIX, aBTOMAaTHYECKHX,
HWHTCJJICKTYAJIbHBIX PACTIPEACIICHHBIX CUCTEM, UCTIOJIB3YEMbBIX JIA YIIPABJICHUA U aBTOMAaTU3alluu IIpo-
M3BOJICTBEHHBIX ITPOIIECCOB BCEX OTPACIIEil MPOMBIILIEHHOCTH. L1 poBbIe yCTpoiCTBA OCYIIECTBIISIOT
ronydeHue, 00padoTKy, XpaHEeHHUE | Nepeaady HHGOpMaIiy, UMEIOT CBOIO apXHUTEKTypy (HOBOE 10 OT-
HOIICHHIO K MPUMEHSBIIUMCS paHee TEXHUYECKUM YCTPOHCTBAM CBOICTBO, ONpEIEISIoNniee HaINIne
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I1O B ycrpoticTBe) U TpeOYIOT At PYHKITMOHUPOBAHUS HATMYHUS MTPOrPAMMHON cpelibl (T1aT(opMBl).
Cpena obecniednBaeT peayn3alHio IpaBuil peodpa3oBaHmsl, IPOTOKOIOB apXUBALMK U Mepeaun JaH-
HBIX O COCTOSIHUH MPEMETOB U MPOAYKTOB TPY/a.

[Mox tudpoBbIM, IO MHEHUIO aBTOPOB CTAaThU, MOXXHO IIOHUMATh 3alpOrpaMMHPOBAaHHOE Ha peasiu-
3aIUI0 © MOJU(DUKAIIHIO OTIPEICIICHHOTO aJITOPUTMa YCTPOUCTBO, COCTOsIIIEe U3 OONBIIUX (CBEPXO0ITh-
muX) naTerpanbHbix cxeM (CBUC). B kauectBe CBUC MOTyT IPUMEHSATHCS MPOTPaAMMHUPYEMBIC JTOTH-
YeCKHe MaTpuLbl, MUKPOKOHTpOIepsl, MUKpoOBM. B coctaB ycrpoiicTBa BXoasT: npeoOpazoBaTeiib
mocie1oBaTeIbHOTo HHTepdelica nepeayl JaHHBIX; MOAY/IHM ONEPAaTUBHON M IOCTOSHHOM NaMsATH; MO-
Iynu Ui (GOPMHPOBAHMS CUTHAJIOB € TOAEPIKKON 3BYKOBOTO (hopMarta; MoAyar 00paOOTKH CUTHAJIOB;
aHaJoro-uu(poBbIe MPeodpa3z0BaTEIH; KOMIIAPATOPHI; CYSTYHKH, TAlMEPbl 1 IOCTPOSHHbIC Ha UX 0aze
reHeparopsl. CoeTuHEHNE PEATBHOTO ITU(GPOBOTO YCTPONCTBA C KOMITBIOTEPOM B JIabopaTopuu obec-
reanBaeTcs o uaTepdeiicy USB 0e3 mpomexxyTodanoro xocta [4]. Pa3psmHOCTh W TakTOBas 4acToTa
paboTHl YCTPOHCTBA MOTYT OBITH JIFOOBIMH.

B pesynbraTe BbINONHEHUS! Y4eOHOTO MPOEKTa 00s3aTEeIbHBIM SIBISCTCS MPEAOCTABICHUE KOMII-
JeKTa JOKyMEHTallMK Ha paspabarbiBaeMoe yCTpoicTBO. [locTpoeHme M OeMOHCTpauus OecT-
BYIOII[ETO MaKeTa MOBBIMIAIOT CTENEHb YJIOBIETBOPECHHOCTH pe3yiibTaTaMu 00yUeHHsI KaK CO CTOPOHBI
CTYIEHTOB, TaK U CO CTOPOHBI IIPENoaBaTeIbCcKoro cocrasa. [loaTomy Ha dakynbsreTe HHPOPMALU-
OHHBIX TEXHOJOTHI TBepckoro rocymapcrBeHHoro rexundeckoro yauepeurera (TI'TY) co3nmatores
YCIJIOBHSI ISl U3TOTOBJICHUS pab0oTOCIIOCOOHOI0 MaKkeTa, YTo Ipy rHOpPUIHOM 00yueHUH TpedyeT 10-
MOJTHUTEIBHBIX YCUINH.

KypcoBoe mpoekTupoBaHue Mpu THOPUAHOM OOYYCHHUH MPOEKTHPOBAHHIO IH(POBBIX yCTPOHCTB
BBITIOJTHSIETCA 0€3 HAJIMYMs MakeTHBIX M OTJIAZOYHBIX IJIAT Y MOJIb30BaTeNel, M He BCeraa pa3padboTka
BEAETCS B T€X CPEax, KOTOPbIC YCTAHOBJICHBI HA KOMIIbIOTEpax B yHUBepcuTere. Co3naHne TeXHUIecC-
KO JIOKYMEHTALMM U MAaKETOB IM(POBBIX YCTPOUCTB IIPHU y4eOHOM NMPOESKTUPOBAHUH CXOXKE C IIPOLIEC-
com coznanusi [T-nmponykros [5]. KypcoBbie paboThl U MPOEKTHl MOTYT pacCMaTpUBATHCS B KaueCTBE
MUHH-IT-TIpOEKTOB ¢ MUHMMaJIbHBIM HA0OPOM TPEOOBaHMIA, & OTCYTCTBHE €ANHON CPEAbl IPOTrPaAMMHU-
pOBaHUsI ¥ OTJIAJOYHBIX IUIAT SIBJISETCS OAHUM W3 (PAKTOPOB, BIMSIONIMX Ha HEOIAromodyYHBIH XOJ
BBITIOJTHCHUS U 3aBEPIICHUS ITPOCKTOB [5].

LeneBast GpyHkunss oOyueHHs IPOSKTUPOBAHUIO LUGPPOBBIX YCTPOHCTB ONpenesieTcs Yepe3 MHO-
KECTBO II0Ka3aTeNieil KauecTBa mpoiecca o0yueHus. ' udpuaHoe obyueHne npenocTaBiseT TOMOTHH-
TEJIbHBIC MIPEUMYIIECTBA, CBA3aHHBIC C BO3MOKHOCTBIO TUIAHUPOBAHUS M PALMOHAIBLHOTO HCIIONB30-
BaHMsI OIO/DKETa BPEMEHH BBITTOJHEHUsI MpoekTa. [lokazarenn kadecTBa SBISIFOTCS OCHOBHBIMH TIPH BbI-
6ope 110 mis yaeOHBIX 1 HcclenoBaTenbCcKkux gadbopatopuii [6]. CI0KHOCTH BEIOOpA U UCTIOTB30BAHUS
IIPOrPaMM 3aKJIFOUAETCsl B TOM, YTO paboTaTh KOMAHIE POEKTUPOBIIMKOB IPUXOJUTCSI HE TOJIBKO B JIO-
KaJbHOW CETH YHUBEPCUTETA, HO U JUCTAaHLIMOHHO Yepe3 INI00aIbHYIO CETh 110 KJIMEHT-CEPBEPHOI TEXHO-
noruu. [losToMy KauecTBO cepBHca IpH (PYHKIMOHUPOBAHUY KaHalla CBA3M UMeeT 3HaueHue. [1pu stom
ucnonbzyemoe 11O 1omKHO TORAepKUBaTh PEKUM aBTOPU3ALMK KaXKA0TO MOJIb30BaTeNs U obecnedn-
BaTh HAJIS)KHOE XpaHEHHUE MTPOMEKYTOUHBIX U OKOHYATEILHBIX PE3yIbTaTOB MPOSKTUPOBaHuUs [7].

CocTaB nporpaMMHOro odecnevdeHust

HcnonezyeMoe B NpakTHKyMax Ui pa3paboTku mudpoBeix ycrpoiictB 110 nenmurcs Ha oOliee
u cnenuansHoe. Obmee 10 mpencrasnseT co60if COBOKYITHOCTh MPOTPaMM, MOCTABISIEMBIX B KOMII-
nekTe ¢ kommnbiorepoM. B coctar obmiero [10O Bxomut onepanmonnas cucrema (OC) (cucremuoe I10).
Takxke k o61memy 110 0oTHOCUTCSI KOMIUIEKT ITPOTpaMM sl aAMUHUCTPUPOBAHUS M OpraHUu3aliy y4ueO-
Horo npouecca. OyHKIMN OpraHu3aluy MPOSKTUPOBAHUS BKIIOYAIOT: (OPMUPOBAHUE U MPEACTABIIC-
HUE Yy4eOHOro MaTepuaia, 3aJaHui Ha 3Tamax paboThl, TECTOB Ui NMPOBEPKU 3HAHUI; HAOIIOICHUE
3a yCIIeBaeMOCTbHIO, MPOIIECCOM M3Y4EHHsI KOHTEHTAa; MPOBEPKY pe3ybTaToB C OTIPABKOM pa3zesioB
Ha UCTIpaBJICHNE; BEICHUE KypHAIOB U 3aII0JIHEHUE OTYeTOB [8].

Crnenuanbnoe [10 BKIIIOUaeT MHOKECTBO ITPOTPaMMHBIX MOJYJIEH, YCTAaHABINBAEMbIX B KOHKPETHON
KOH(UTypauy KOMIbIOTEpa AJIs pa3paOOTKU NpoekTa. B kauecTBe cocTapnstomei cnenuansHoro [10
paccMarpuBaeTCsl MPUKJIAAHAS porpaMMa IMojib30BaTelsl 11l PyHKIMOHUPOBaHUS pa3padaTbiBaeMo-
ro ycrpoicTea. JlpaiiBepbl 1 KOMIWIATOPSBI [JIs OTJIAJ0OYHBIX MOAYJIEH 00s3aTelIbHO BXOJST B COCTAB
cnermanbsHoro [10.
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PazpabareiBaemoe B xone obyuenus [10, obecneunsatomiee GyHKIHOHUPOBAHUE YCTPOWUCTB, SIBIISI-
eTcsl IEpPEeMEHHON COCTaBIISIIOLIEH NMPaKTHUKyMa, HO Ha €ro ocHoBe GopMupyercsi hakynbTeTckas 0asa
JaHHBIX TIPOEKTOB, KOTOPAs MO3BOJISIET 00ECIIEUNTh PEEMCTBEHHOCTD Pa3padOTOK M CO3JaTh yCIOBUS
JUIS TIONTOTOBKM CTapT-aroB, MPUTOAHBIX U KOMMEpUYECKOro MCoib3oBaHus. B mporecce rudpu-
HOTO O00y4eHHs1 OONBIIYIO POJIb UTPAeT BBIOOP TiaT(opM s MPOBEACHUS MPAKTUKYMOB. [IpakTukym
JIOJDKEH TMPeAyCMaTpUBaTh KaK CUMYIILINIO, TaK M OTIAJKy PeaIbHOr0 YCTPONCTBA HA KOMIIBIOTEPE JIa-
OoparopHoro crenza. B xone miannposanust rHOpUAHOTO 00ydeHUs pa3paboTKe IM(POBBIX YCTPONUCTB
MOYKHO BBIJICJINTD 33/1a4i: OpraHu3alys pa3paOOTKU U CUMYJISILMS YCTPOUCTBA B 0(pIaiiH-peKUME; IPO-
rpaMMHPOBaHHE U JEMOHCTpanusi paboThl YCTPONCTBA KaK B J1a0OPaTOPHH, TaK U AUCTAHLIMOHHO; 00-
CY)KJICHHE Pe3yNbTaToB PaOOTHI B TPOSKTHOM IpyIIIe.

B 3anaue Boibopa cucremuoro [1O mist TexHonmoruii ruOpuIHOTO 00yYeHNsI B KaueCTBE OrpaHnye-
HUIl paccMaTpHBAETCsl YUCIO KOMIBIOTEPOB U TaKETOB, CIOCOOHBIX (DYHKIIMOHUPOBATH IO YIPaB-
neHueM BbIOpaHHOW OC. AKTyaJIbHBIM Ha CETONHSIIHHUN JEHb SBJSIETCS IEpexol Ha OTEYECTBEHHOE
CHCTEMHOE INporpamMMHoe oOecreueHue. B To ke Bpemsi MCHOJIb3yeMble OOydYalolIMMHUCS MPOrpaM-
MHO-TEXHUYECKHE CPENICTBA, KaK MPaBUIIO, KOMITIEKTYI0TCss mMropTHoi OC. Hcxons u3 Toro, 4To BbIO-
paHHas 17151 KOMITBIOTEPOB JIabopaTopuii TexHuueckoro yHusepcutera OC H0KHA OTBEUYaTh 3apocaM
00y4arouxcsl, MapTHEPOB-paboToaTeNel, HayYHO-TEXHHYECKOMY YPOBHIO IPOMBIIIICHHBIX CHUCTEM,
TIpU THOpUIHOM OOYUEHUH Ha KOMITBIOTEp B j1aboparopuu meinecooOpa3HO yCTaHABIMBATh HECKOIb-
ko OC (unu BCIoIb30BaTh B MPAKTUKYME HECKOJIBKO KOMITBIOTEPOB ¢ pa3HbIM cucteMHbIM [10). Cpenbt
[IPOrPaMMHUPOBAHUS H OTJIAJAKH HUPPOBBIX YCTPOUCTB NOIDKHBI OBITH KPOCC-TIaT(OPMEHHBIMH.

B xozme mpoBeneHUsI MpakTUKYMOB Ha QakynasreTe nH(GopMaunoHHblX TexHonoruit TI'TY BorLiB-
JICHO, YTO BBIOOp OTedecTBeHHOTo cucteMHoro I1O BieueT 3a co00 HEBO3MOXKHOCTH HCIOJIB30BATH
BHUPTYaJIbHBIE CPE/Ibl N3MEPEHHS U MOJICTMPOBAHUS, OTIAAKHN U JUATHOCTUPOBAHUS, IPUMEHIEMBIE pa-
Hee B T1a0OpaTOPHBIX MPAKTHKyMaX, KYPCOBOM M AUTUIOMHOM MPOEKTHpOBaHuH (Hampumep, LabVIEW,
MAX 11, Keil, Multisim, Proteus u nip.). OTMedeHHBIE 0COOCHHOCTH CHIDKAIOT TTOTeHIHAT (hopMUpoBa-
HUS YCTOMUYMBBIX IPAKTUUECKUX HABBIKOB AJIS TTOJyYeHUsI HEOOXOAMMBIX KOMIIETEHIMI 1O pa3paboTke
U IPOrpaMMHUPOBaHUI0 HU(PPOBLIX ycTpoiicTB. Tak, mpu ycraHoBKe onepauuoHHo# cuctemsl PEJ] OC
(Poccus) mpakTHUeCKH OKazajiCh HEJOCTYIHBIMH BCE JIpaiiBephl, UCTIONb3yeMble paHee JJis paboTh
C MaKeTHBIMH TUIATaMH, IPOTPaMMaTOPaMH M U3MEPHUTEIHHBIM 000PYIOBAHHEM.

[Ipeanaraemoe Npou3BOJUTENSIMHU CETOIHS JJa0OpaToOpHOE 000PYAOBaHUE IPOAODKAET OPUEHTUPO-
Bathcs Ha Momudukarun OC Windows (Hampumep, madopatopaslii crenn «MukpokonTpomep PICy
JUIS1 N3yYCHHSI MUKPOIPOLIECCOPHOI TEXHUKHM). BBIOOD criernaabHOro mporpaMMHOTo 00ecTiedeHust At
y4eOHOTr0o MpaKkTHKyMa 3a4acTylo omnpeaensercs xapakrepuctukamu [10, a He cBolicTBaMu pazpadarhi-
BAaEMOTO YCTPOWCTBA W TEXHOJOTUSIMH 00yueHus [9]. Bxoasiias B cocTaB apXHUTEKTypbl HU(PPOBOTO
YCTPOMCTBA cUCTEMA KOMaH/I JI0J>KHA MTOMIJIEPAKUBATHCS UCIIOIB3YEMOM MPOTPaMMHOM Cpeaoid, UToO OT-
BEYaeT NPUHLUIY coBMecTUMOCTU. O0OpyI0BaHHE IPAKTUKYMA JOJDKHO TAKKe COOTBETCTBOBATH TPE-
0OOBaHMSAM TEXHUYECKOU, IPOrpaMMHON U MH(OPMALTMOHHON COBMECTUMOCTEH.

VYuuTsiBas 00JbIIOE Pa3HOOOpa3ue MPHUKIAAHBIX IPOrPAMM, UCIIONIB3YEMBIX IIPH IPOSKTUPOBAHUN
1 oTinajKe HH(POBBIX YCTPOICTB, chopmupyeM TpeboBanus kK coctaBy crenuansHoro [10. B I10 momxk-
HBl BXOJIUTH: TEKCTOBBIN U rpadMuecKuil peaakTopsl, 0a3bl JaHHBIX YCTPOMCTB U MPOEKTOB, PEAAKTOP
BpPEMEHHBIX JHarpamMM, CpeJICTBa KOHPUTYpAIMU TOTIOJIOTHH ITUPPOBOTO ycTpoiicTBa. J10NOIHATENEHO
B cocrtaB [1O Brmrouarorcs: OJIOK pabOTHI CO CIIMCKAMH COCAMHEHHUH, 00pabOTINK, MOIY/Ih TIPOBEPKU
JIOTMKH PabOThI, pa3aeuTelb, Pa3BOIUHK.

B xone Bepudukanuy cXeMHBIX pelieHHid B cocTaBe crenuaibHoro 10 ucnonb3yrores: cumyss-
TOp, aHAJIM3aTOP BPEMEHHBIX JHarpaMM C BOBMOXXHOCTBIO UX PEIaKTUPOBaHUs, KoMmuisitop. Pabora
B IIpoliecce yueOHOro MpakTHKyMa HeBO3MOXKHA 0e3 BCTPOEHHOTo accemOiiepa u 6a3bl JaHHBIX pasjie-
70B nipoekTa. Ciemyer OTMETUTb, YTO (haiiiibl, onuchBaomye (HyHKIIMOHUPOBAHHUE pa3padaTbiBaeMOro
YCTPOMCTBA, UMEIOT pa3Hble (JOPMATHI OMHOTO COAEPKaHMS (MAIUIMHHBIM Koxl, TMCTHHT Ha C, TMCTUHT
Ha accemOIepe) U CONPOBOXKIAIOTCS OMOJIHUTEIbHBIMU (aiinamu. [locne Tpancsiunu pazpaboTaHHO-
ro IpOrpaMMHOIO Kofga 00ydaeMbIMH HCCIIEAYIOTCS BPEMEHHBIC AMArpaMMbl paOOThl, IPOU3BOAUTCS
Bepudukanys pa3paboTku 1 GOPMHPYIOTCS OTUETHI.

Hannune nepeunciennsix komnoHenToB [10 orpakaercs B nndpoBoM macnopre 1aboparopuu, Ko-
TOPBIN JTOCTYIEH CTYACHTY Ul OINpeesieHuss Habopa TpeOoBaHUI K COCTaBy MHIMBUIYaIbHBIX arla-
paTHOTO W MPOTPAMMHOTO 00eCTIeUeHUH, HEOOXOMUMBIX TS YIeOHOTO TTPOCKTUPOBAHUS TIPH THOPHU-
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HOM OOy4YeHHH. AHanmu3 TpeOOBaHMWU MO3BOJISIET YETKO CIUIAHWPOBAThH TpavK MOCEHICHHS U TITaHbI
3aHATUI B YCIOBUSX HeNMonHOro komiuiekra [10.

Ot4eTsl 0 paboTe B TPAAUIIMOHHON MOJICIIM O0YYEHUS MPEICTABIISIFOTCS B BUE HA0Opa JJOKyMEHTa-
U, BDEMCHHBIX JUarpaMm MU S5KpaHHBIX (I)OpM, TMOJIYYCHHBIX B XOA€ MOJACINPOBAHNA CIIPOCKTUPOBAH-
HOTO YCTpOﬁCTBa B PCKUME CUMYJIALNN. HpI/IJ'IO)KeHI/IeM K OTYCTY, IMOBBIIAIOIINM Ka4C€CTBO IIPOCKTU-
pOBaHUS, IBJSICTCS paOOTAIOIIHHN PU3NIECKUI MaKeT YCTPOUCTBA.

B rubpunHoil TexHONIOTHN 00YYEeHHS TTPEIIIONaraeTcsl, 4TO CTYACHTHI, ITOKITIOYAIOIIecs K padoTe
B OHJIAHH-PEXKHUME WIIM BBIMIOIHSIONIIE Pab0Ty CaMOCTOSTENLHO, IPEAOCTABIISIOT TOJIBKO oT4eT. Moe-
JTUPOBAHHUE MOXKET IPOBOJUTHCS JINOO HA raJXKeTe 00y4aeMOro B YIaJICHHOM PeXHMe, THO0 Ha KOMIThIO-
Tepe J1TabOpaTOPHK B JUCTAHIIMOHHOM PEKUME C OOCYXkKJICHHUEM TOTy4aeMbIX Pe3yJIbTaToOB B IPYIIIE.
MaxkeTrpoBaHHE Ha OTJIaJI0YHOM IJIaTe B OHJIAWH IPOBOAMTCS MO0 MperoaaBaTesieM, JU00 KoJljieraMu
1o rpytme. COOTBETCTBEHHO B 00IIIee MporpaMMHOe o0ecIIedeHIe 00s3aTeTbHO BKITFOUAIOTCS TIPOTpaM-
MBI JIJIS1 CO3/IaHus M (PYHKIIMOHUPOBAHUS BUACOKOH(epeH HiA, BeOMHapoB. [1man mpoBeneHus 3aHATHS
JIOJDKEH ITpeJlyCMaTpUBaTh Olepaliii HACTPOUKH KaHalla CBSI3H, TIOJKIIFOYCHUS K KOMITBIOTEPY MTperoia-
BaTells, Iepeiady YIpaBieHHsl yIaIeHHOMY M0JIb30BaTeIIIo.

HpaKTI/IKa HUCIOJIb30BaHUS MPOTrPaMMHOI0 o0ecneueHust

[Ipu oprannzanuu AMCTaHIMOHHOTO PEXXUMa PabOThl yYaCTHUKAM 00pa30BaTeIbHOTO Ipoliecca He-
00XOIMMO HAaWTH KOMIIPOMHCC MEKAY OONBIIUM YUCIOM JeTalled sl pACCMOTPEHUS] IPH MEHBIIIEM
yriie 0030pa u OOJIbIICH HIMPUHE 30HBI 0030pa Kamepsl, P OOJIbIIEM yITie 0030pa, MO3BOJISIONIUI
YMEHBIIIUTh YUCIIO KaMep, UCTIONB3YEMBIX B ceaHce CBs3M. VIcXoms M3 MpakTUKK MPUMEHEHHS TeXHO-
soruii TubpuaHoro odydenus B TI'TY mpu npoekTupoBaHUU IUPPOBBIX YCTPOHCTB JAOMOTHUTEIHHO
BbIJIesIeHa 3a1a4a oOMeHa (aiinaMu, CO3MaHHBIMU YIAIEHHO ¢ moMouIsio cnenuansHoro I10 ¢ mocne-
JOYIOUIMM aKTHUBUPOBAHUEM COACPKUMOTO U TTOJTydYeHHEM paboTaroIIero ycTpoicTBa Ha MakeTHOH Ijia-
Te B tabopatopuu. COOTBETCTBEHHO Ha rajpKeTe 00y4aeMoro JOJKHBI ObITh YCTAHOBICHBI CHMYJISITOP
1 KOMIIIIATOP 7151 Bcmoiib3yeMbix B MakeTax CBUC. Cumyrsimmst paboThI TPOBOAUTCS YIAJIEHHO 00Y-
gaeMbIM (puc. 1, @), a oTIaaKa yCTpOHCTBa OCyIIeCTRIsIETCS B 1aboparopuu (puc. 1, b). [lepenaBaembie
(haiipl TOMKHBI (PYHKIIMOHUPOBATH COBMECTHO C ONEPAIMOHHON CHCTEMOM, YCTaHOBJICHHOH Ha KOM-
neroTepe yHuBepcutera. COBMECTHOE HCIIONB30BaHNE CUMYIISILIMU 1 MAaKETUPOBAHUS TTO3BOJISIET TIOBBI-
CHUTb CTEIICHb YJOBIETBOPEHHOCTH MPOIIECCaMU pa3padOTKH U 00yUEeHHS.

LCD2
LMO18L

|

100 O——3-| POORXDPCINT1S PBOICP1/CLKO/PCINTO [--——0 108

101 O——-| POUTXOPCINTI? PBIOCIAPCINTI [-——0 Te“PEPaT:ure

102 O——5{ PD2INTOFCINT1 PB2ISSIOCIBPCINTZ [-5——0 010 15.008°C

103 O———{ PDYINTI/OCZBIPCINTIO  PB3MOSVOC2APCINTS [H——0 1011

104 O———2| POATOXCKPCINT20 PBAMISOPCINTA [=——0 1012 pow

10 8= rost E——o o 288 pE. ssaazmas

108 Q———s— PDAAINMOCOAFCINT22 PBETOSCIXTALI/PCINTS f-=— T T T

107 O———"—{ POTANIPCINTZ3  PBIITOSC2XTALZPCINTT [~ EeEl 1 i e :ir_iigl
AREF Q=21 AREF ADO

2 G PCI/ADCI/PCINTO [——0 AD! 9 -

10 AD2 5 8388

Puc. 1. Pe3ynsrarsl yueOHOTO MpOSKTHPOBAHHS LU(PPOBOTO YCTPOICTBA KOHTPOIIS M HHAUKALIMN
TEXHOJIOTMYECKOI'0 IIapaMeTpa: @ — pe3y/IbTaT CUMYJISILUY Ha YIaJIeHHOM yCTPOHCTBE
YJieHa MPOEKTHOW TPYIIIbL; b — MaKkeT yCTpoicTBa B 1aboparopun
Fig. 1. The results of the educational design of a digital device for monitoring and indicating
a technological parameter: a — result of modeling on a remote device of a member of the design team;
b —layout of the device in the laboratory
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Oco6ennoctn npuMeHenus I10 npu ruOpuaHoM 0O0ydeHHUH COCTOST B TOM, YTO HEOOXoAHMMa J10-
MOJTHUTENIbHAsT KOAUpOBKa (ailioB B opMarkl, YUTAEMBbIE IOJIH30BATEIEM B Pa3HBIX NMPOrPAMMHBIX
cpenax 1 OC; mpu OICHKE Pe3yJabTaToB padOTHl YacTO paccMaTpHBAlOTCS OTYETHI 0e3 MOJCITHpOBa-
HUSL 1 (QYHKIMOHUPOBAaHUS MakeTa HU(PPOBOrO YCTpOWCTBa B jaboparopuu. [lo MHEHHIO aBTOpPOB,
CIIOKHOCTH B MOJIEJIM THOPUIHOTO OOYYEHUS BBI3BAHBI TE€M, UTO JKEIATCIHHBIM SIBIISICTCS TPUMEHEHNE
B KauecTBe OCHOBHI (P poBEIX ycTpotictB CbUC nponssoacTea CorozHoro rocynapersa Poccun u be-
napycu (Harpumep, K1921BKO1T). /lomuHupyrommii (pakTop — THIT IPOIECCOPHOTO siapa. Tak, BBIOOP
sapa ARM Cortex-M3/M4/MA4F no3Bonser uzydars ogHoBpeMeHHO CBbHC nMIopTHOTO ¥ pocCcHiicKoro
MPOM3BOACTBA. B yciaoBusSX THOpUAHOTO O0yUeHHS OTYET O MOACIMPOBAHUN PAOOTHI YCTPOUCTBA MOXK-
HO npeacTaBuTh g ogHoit CBUC, a MakeTHpoBaHKE B TabOpaTOpuu MPOBECTH HA Apyroi. OGydaeMsblii
MTOJTy4aeT HaBBIKM CPABHUTEILHOTO aHAIN3a PEKUMOB pabOTHI IIH(PPOBOTO YCTPOHCTBA.

AnpoOanys paclIMPeHHbIX IUAAKTUYECKUX IPUEMOB I'MOPUIHOTO 00ydeHHUs IPOBEACHA aBTOPaMU
B XOZI€ BBIITOJIHEHUS paboT Mo aucuuiuiiHaM « TexHuuecKue cpeacTBa aBTOMATH3aLNU U YIIPABICHUS,
«udposas cxeMoTexHUKa» U « MUKPOIPOLIECCOPHBIE CUCTEMBI» JUISI CTYACHTOB OakanaBpuara, o0y4a-
IoLIMXCs 10 HanpasieHuto « THpopMaTrka 1 BeIYHCIUTEeNbHAs TeXHUKay B iepuog 2021-2023 rr. [1po-
EKTHPOBaHKE 3aBEPIIMIIOCH PacueToM MHIAMBHAyaNbHBIX mokaszareneii CSAT (Customer Satisfaction)
u CDSAT (Customer Dissatisfaction). 3a Tpu rof1a UCTIOTB30BaHUS TEXHOIOTHI THOPUIHOTO O0YUEHUS
IIPOM30LIET POCT 3HAUCHMS MHJEKCAa YJOBJIETBOPEHHOCTU OpraHM3aleld M ConepKaHueM OOydeHUs
CO CTOPOHBI CTYJICHTOB, PACCYMTAHHOTO Ha OCHOBE aHKETHPOBAHMS, [IPOBEICHHOTO B KOHIIE pa3pabOTKH
yueOHOro poekTa. B aHkeTy ObUT BKITIOUEH BOMIPOC PAHKUPOBAHUS 00y4aeMbIMH IPOTPAMMHBIX CPeJI,
UCTIONIb3YyEMBIX TIpU MpoeKTUpoBaHuH. [10 ¢ HaWBBICHIMM PEHTHHTOM MPOAOIIKAET HCIOIB30BATHCS
B yueOHOM miporiecce. [IporpaMma ¢ MUHUMaJIEHBIM PEHTHHTOM TIO/IJICKHUT 3aMEHE B X07ie OOHOBJICHUS
¥ MOJIEPHHU3AIINN J1a00PaTOPHOTO 00OPYITOBAHHUS.

Tpancgopmanus Beiciiero oOpa3oBaHusi, €ro NOACTPOMKA IO 3aIpOChl CTYIEHTOB U paboTonare-
Jeii TpeOyIoT NPUMEHEHHST HOBBIX MOJIEJICH U TEXHOJIOTHH 00yueHus. beicTpoe 0OHOBIEHHE 3JI€MEHT-
HOM 0a3bl IU(POBBIX YCTPOICTB HE MO3BOISIET KOMIUIEKTOBATh YHUBEPCUTETHI aKTyaJIbHBIMH CETOIHS
IPOrpaMMHO-TEKYIIUMH cpelcTBaMu. Mcronp3yembie mpu THOPUIHOM OOYYEHUH MOZAEIH TO3BOJISIOT
Ha OCHOBE KOOIEPAalrHu J1abopaTopuil BEAYIINX M PETHOHAIBHBIX YHUBEPCUTETOB MPEAOCTABIAT J0-
MTOJTHUTEIFHBIE BO3MOXKHOCTH 00y4aeMbIM JUTsl BEIOOpa Tipy poekTrpoBanni komruiektoB CbUC u Be-
PpHUQUKALUHT yCTPOHCTB.

Lenecoobpa3HbIM B YCIOBHSAX THOPUIHOTO OOYYEHUS sl CO3AaHMS OJHOTO YCTPOWCTBA SIBIISCT-
Csl COCTaBIICHHE MAJIBIX TPYIII, Pa0OTAIOIIUX MO MPUHIHITY MPOEKTHOTO 00yueHus. Kpome momydenus
HABBIKOB KOMaHJIHOW JIESITEIbHOCTH, Pa3paboTKa MOXKET CTaThb OCHOBOHM B IMOMCKE (PMHAHCUPOBAHUS
JUIsl IOBEZCHUS YCTPOMCTBA 10 KOMMEPUYECKOM 3KCILUTyaTtaluy B Buae craprana. OOMeH NpoMeKyTou-
HBIMHU pe3yJIbTaTaMM pa3pabOTKU MEKAY WIEHAMM IPYIIbI IPOUCXOAUT B JUCTAHIMOHHOM (opmare.
3TO BBISBIAET HEAOCTATKU KOJUPOBAHMS U MPEACTAaBICHUS MH(OPMALIUK, HEOOXOAUMOMN Kak Ju1s y4ueO-
HOTO TIpoLecca, TaK U AJIs MOJACPKKHU dTara OyayIei SKCITyaTaliH.

3ak/oueHue

1. 3agaua BIOOpa cocTaBa MPOrPaMMHOTO O00ECHEUYEHUs Ul MPOBEICHHS CaMOCTOSTEIbHOU pa-
0OTBI U MPAKTHKYMOB IO MPOSKTUPOBAHHIO HU(PPOBBIX YCTPONCTB PEIIACTCS MOCTOSHHO MPU HAJH-
YHUU JKECTKUX (PUHAHCOBBIX M BPEMEHHBIX OTpaHHYCHHUI. Takke K OrpaHHYCHUSIM OTHOCHUTCS YHCIIO
KOMITBIOTEPOB M T'a/PKETOB, CIIOCOOHBIX (DYHKIIMOHMUPOBATH MOJ YIIPABICHUEM HCIIOIB3YeMOW orepa-
IIMOHHOW CHCTEMBI. BEIOOp mporpaMMHOTo obecnedeHust uisl 1abopaTtopuii OCyIIeCTBIIeTCS Ha OCHO-
BE€ pacCMOTPEHUS MOKa3aTeneil kauecTBa 00ydeHus. B ycnoBusx ruOpuaHoro o0y4eHus 3HaYUTeIIbHOES
BHUMaHHME yaeiseTcs rpaduky paboT 1 OI0KETUPOBAHUIO BPEMEHHU PaOOThI HaJl IIPOSKTOM.

2. [Ipoextupyemsbie QP POBBIC yCTPOICTBA COEPKAT MOLYIIN (POPMUPOBAHUS B 0OPaOOTKH CUTHA-
JIOB, TIAMSTH, TIEPEIady JaHHbIX, IPUKIAJHBIC TPOrpaMMbl. Pa3paboTka ydeOHOM JOKYMEHTAIMH CO-
MIPOBOYKIAETCS OTIAKOH MaKETOB YCTPONCTB Kak B JTA0OPAaTOPHAX YHUBEPCHUTETA, TAK U B OHJIAIH-pe-
xume. [IpencraBnenne padoraromero GU3MYECKOr0 MakeTa yCTPOUCTBA B YCIOBUSAX THOPHIHOTO 00Y-
YEHUsI OBBIIIACT CTEIICHb YIOBICTBOPEHHOCTH Pe3yJibTaTaMu 00yUYCHUS.

3. B cocraB nporpaMMHOro o0ecredeHust 1J1si THOPUIIHOTO 00yUYECHHUS TPOCKTUPOBAHUIO IIU(PPOBBIX
YCTPOMCTB BXOIUT OOIIee U CIielUabHOE MporpaMMHoe obecrieueHue. K o0iieMy OTHOCSTCS omnepa-
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[IMOHHASI CUCTEMa W MPOTPaMMBI JIJIsi OPTaHM3alliK yueOHOTO Tporecca (B TOM YHUCIE MO CO3JaHHIO
1 (DYHKIIMOHUPOBAHHIO KAHAJIOB CBSI3H, ITPOBEACHUIO BHICOKOH(epeHIuii). Ha kommbroTepax yueOHOH
nabopaTopuy PEKOMEH/IyeTCsl YCTaHABIIMBATh HECKOJIBKO ONepaMoHHbIX cucteM. [IporpammHuoe obec-
MICUCHUE MPOCKTUPYEMBIX YCTPONCTB BXOJMT B COCTaB CICIHAJILHOTO MPOTPAMMHOI0 OOecIeueHus,
U pe3ysbTaThl MPOSKTUPOBAHMSI COXPAHSIOTCS B 0a3y JMaHHBIX YUEOHBIX MPOCKTOB IS MOCIIEIYIOIIETO
npuMeHeHusi. OCHOBOH CTIEMATBHOTO MTPOrPaMMHOTO 00€CTIEYeHUS SBISIFOTCS KPOCC-TTaT(hOpMEHHBIE
MIPOTpaMMHBIE CPEJIbI IS CO3/IaHuUs IPOEKTOB, HAIMCAHUS KOJIa, OTIAaIKH W CUMYIISIIINA MaKETOB ITU(-
POBBIX YCTPOWCTB.

4. Yerkoe MPEICTABICHUE O COCTABE U CIIOKHOCTIX MPUMEHEHHs MPOrPaMMHOTO OOeCIeueHUs
B YCJIOBUSX THOPHIHOTO OOYyYEHHUs MO3BOJIAET JOMOJIHATh METOJMKY OOYyYeHHs MPUEMaMH, CIIOCO0-
HbIMH COKPaTHTb HETaTHMBHOE BIIMSHUE (PAKTOPOB OTJIOKECHHOTO MAKCTHPOBAHUS U HECOBMECTHMOCTH
COCTABIISIOIIHNX MPOTPAMMHOTO o0ecTiedeH s Tpu (OPMHUPOBAHUH TPeOyeMbIX sl pa3paboTku udpo-
BBIX YCTPOUCTB KOMIIETCHIIMH.
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AnHotanusi. VccienoBano omnpezaessitoniee BiusHue 3(Q(OEKTHBHOCTH M KadecTBa CHCTEM 00pa3oBaHHMS
Ha Bce c(hephl YeTOBEUECKON NEATENIbHOCTH: SKOHOMUYECKYI0, COI[HAIbHYI0, O0IECTBEHHO-TIOIUTHYECKYIO, ObI-
TOBYIO U JYXOBHYIO. PacCMOTpeHB! BaxkHEHIINE YCIOBHUS U MPOaHATU3UPOBAHEI OCHOBHBIE MYTH, TIO3BOJISIONINE
CYIIECTBEHHO MOBBICUTH 3(P(PEKTUBHOCTH COBPEMEHHOTO MPO(ecCHOHaIBHOT0 00pa30BaHHUsI ITPU OJJHOBPEMEHHOM
TIOBBIIIEHUH €ro KauecTBa. O0O0CHOBaHA HEOOXOANMOCTh MCIOJIB30BAHMS aaATHBHBIX 00Pa30BaTEIbHBIX TEXHO-
JIOTHH, TOKa3aHbl 0COOCHHOCTH AITOPUTMHU3AIINH [TPOIIEcca aIallTUBHOTO O0YYEHUSI C LEIBIO MTOBBIIICHUS €T0 Ka-
4YecTBa, MPOaHAIN3UPOBaHbI Iy TH co31aHus 3P deKTHBHON Moen MPodecCHOHATBHOM 00IaCTH JJIs Ial THBHBIX
oOpazoBarenbHbIX cucTeM. st BeIOOpa 3THX IMyTel MPUMEHSIICS METOJ, CPaBHUTEIBHOTO aHanu3a. [Ipowsuio-
CTPHPOBAHBI BOBMOKHOCTH CO3JIaHMSI COBPEMEHHBIX aalTHBHBIX CUCTEM MPO(eCCHOHAIBHOTO 00y4YeHHs Ha Oc-
HOBE MCIOJIb30BAHUS KOHUENIMKM MexXayHapoaHON opraHusauuu Tpyaa «Momyin TpyLOBBIX KOMIIETEHLIMID.
[IpuBeneHs! mpuMepsI pe3yIbTaToB, MOMYYEHHBIX B ITPOIECCE MHOTOJIETHEH MPO(ECCHOHANBHON JIESTENbHOCTH.

KiroueBble ciioBa: amanTuBHOE O6p330BaHI/IC, WHIUBUAYATIU3aIUS 06y‘IeHI/I5I, MOIYJIBHBIE TEXHOJIOTUH, IPEI-
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Abstract. The determining influence of the effectiveness and quality of education systems on all spheres of human
activity has been studied: economic, social, socio-political, everyday and spiritual. The most important condi-
tions are considered and the main ways are analyzed to significantly increase the efficiency of modern vocational
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education while simultaneously improving its quality. The necessity of using adaptive educational technologies
is substantiated, the features of algorithmization of the adaptive learning process are shown in order to improve
its quality, and ways of creating an effective model of the professional field for adaptive educational systems
are analyzed. The comparative analysis method was used to select these paths. The possibilities of creating mo-
dern adaptive vocational training systems based on the use of the concept of the International Labor Organization
“Labor Competency Modules” are illustrated. Examples of results obtained during many years of professional
activity are given.
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BBenenue

Pa3Butne sxoHOMUKM bemapycu Ha Bcex artamax, a ee mudpoBHu3aIysl B 0COOCHHOCTH, HAIPSMYFO
3aBUCAT OT KaIpOBOr0 IMOTEHIMAaja, KOTOPBIM pacroyiaraet ctpaHa. KagpoBoe obecrieueHre He TOJIBKO
BCEX OTpaciiell SKOHOMHKH, HO U COLIMAIBHOM cepsl, ObITa, 3APaBOOXPAHEHUS, 00Pa30BaHUS U KYJIBTY-
PBL, OTIpEIeIIsieTCS COCTOSHUEM U YPOBHEM CUCTEMBI 00pa30BaHUsi — OOIIEro, CHeNUaIbHOTO, Iearor-
YEeCKOT0, MEAUIIUHCKOTO, aKaJeMHUYECKOTO U B 0COOCHHOCTH TIPO(ecCHOHAIBEHOTO.

[Ipu moucke n aHanmu3e MyTel MOBBIIICHUS KadecTBa MPo(eCcCCHOHAIEHOTO 00pa30BaHMs HE BCET/Ia
YYUTHIBACTCS HEMPETIOKHBIN (DaKT 3aBUCHMOCTH HAIpPaBICHUH U COMEpKaHUs 00pa30BaHUs OT Tpedo-
BaHW phIHKA TpyAa. DTO O3HAYACT, YTO CUCTEMa MPOQEeCCHOHATIBHOTO 00pa3oBaHusl AJIsl TOr0, YTOObI
OBITH YCIICHIHOW M BOCTPEOOBaHHOH, TOJDKHA a/lallTUPOBATHCS K TPEOOBAHUSAM AWHAMUYHOTO PBIHKA
Tpyaa (MOKHO CKa3aTh O HEKOEM CHCTEMHOM aJanTupoBaHum). [logTBepkIeHHEM TOMY CITYKHUT aKTHB-
Has eATeIpHOCTh OpraHu3anun 3KOHOMHUYECKOoTo coTpynuudectsa u paszsutus (ODCP) [1]. B exe-
roaubix aokiagax OOCP cogepskarcs pe3yinbTraThl aHAJIM3a U3MEHEHUN KOHBIOHKTYPBI PbIHKA TPYyHa,
KOTOpbIe HEOOXOJMMO YYHUTBHIBATH MPHU OPraHU3aIH MPO(PECCHOHAIBHOTO 00pa3oBaHUs OymayIInx
cneunanuctoB. B noknane 2023 1. oTMeyaeTcsi COCTOSHUE HAIPSKEHHOCTH MHUPOBOTO PBIHKA TpyJa
W BBICKa3bIBAIOTCS OINACEHHUs, YTO OBICTPOE Pa3BHTHE MCKYCCTBEHHOTO WHTEIUIEKTa MOXET CYyIIEeCT-
BEHHO IOBIUATH Ha pabovne MecTa, a 3HAYNT, — Ha IpodeccroHaibHoe 00pa3oBaHue.

Kpome 0603Ha9€HHOTO TIeTOCTHOTO MIIA CHCTEMHOTO aJTalTUPOBaHMs MPO(eCcCHOHAIEHOTO 00pa3o-
BaHUs, KaK I[eJIOCTHON CHCTEMBI K TOTPEOHOCTSM PhIHKA TPy, caM 00pa30BaTeIbHBIH MTPOIeCcC, YTOOBI
ObITh HanOosee F(P(HEKTUBHBIM U KAYSCTBEHHBIM, TAKXKE JIOJDKCH OBITh aJalITHBHBIM. YOEIUTEIIbHBIM
MOATBEPKACHUEM STOMY MOXKET CIY)KUTh OHO U3 MOJOKEHHH JOKYMEHTa, OMpPECISIOIIero cTpare-
THIO Pa3BUTHS M COBEPIIEHCTBOBAHUS HAIIMOHAJIBHOM CHUCTeMbI oOpa3oBaHus [2], Tie MpoBo3yale-
HO: «K 0HOM M3 OCHOBHBIX TEHIEHIMH Pa3BUTHA 00pa30BaHMs B MUPE MOXHO OTHECTH OPHEHTAIIHIO
Ha JJMYHOCTH 00ydaroIerocs B IeNsIX HanOoJiee TTOIHOTO PACKPBITHS €T0 CIIOCOOHOCTEN U YIAOBJIETBO-
peHus ero o0pa3oBaTeNbHBIX MMOTPEOHOCTEI». Peub uiet, KoHeYHO, 00 aJanTHBHOM OOyUYEHHH.

Cama uaest ananTUBHOTO oOydeHHs OepeT Havyajao U3 MIyOOKoH ApeBHOCTH. J{peBHErpeuecKue, eB-
peiickne u KuTalCKie TPaKTaThl CBUACTENLCTBYIOT, YTO yKe B IEPBOM BeKe A0 Hatel 3psl [3] mpeanpu-
HUMAJIMCh TIepBbIC TIONBITKH A THPOBATh MIPOIECcC HAKOMJICHHUS YEIIOBEKOM 3HAHUN 00 OKpYy’KarolieM
MUpe, WIH K€ alalTHPOBATh MPOIecC O0yUEHNs, C OHOM CTOPOHBI, K BO3MOXKHOCTSIM 00yJaroIerocs,
a C IPyroi — K moTpeOHOCTAM B ATHX 3HAHUAX. OCHOBBI IIEIarOTUYECKON TEOPHH aJalTHBHOTO 00yJe-
HUS ObUIH 3aJI0KeHBI BeuKuM menarorom S. A. KomeHckum [4], koTopslid cpopMyaupoBall mnemaro-
THYECKUE TPUHLUIBI KIACCHO-YPOYHOH CHCTEMbI 00y4YeHHMs, SBIISIOLIMECS, TI0 CYyTH CBOCH, OCHOBOM
AIalITUBHBIX CUCTEM O0yUYCHHS.

AKTyaJIbHOCTh a/IaITUBHOTO OOYYEHUS B Hallle BPEMsi CTPEMHTEIBHO pacTeT. BrI3BaHO 3TO TeM,
4yT0 HH(pOpMaTH3AIHS, TUPPOBU3ANS 1 ITHPOKOE MPUMEHEHHE NCKYCCTBEHHOTO HHTEIIEKTa, aKTHBHO
IIPOHUKAs BO BCe C(hephl YeOBEUECKOH AeSITeTHHOCTH, CYIIIECTBEHHO YBEITMUNBAIOT BO3MOKHOCTH U 00-
JIETYAIOT pealln3alliio aJIallTHBHOTO 00pa30BaTebHOTO MPOIlecca Ha Pa3IUYHbBIX YPOBHSX: JOIIKOIb-
HOTO U 00LIero cpeHero o0pa3oBaHusl, NPOPECCHOHATBHO-TEXHMYECKOTO M CPETHETO CIIEHaIbHOTO,
a Taxoke BICIIEro 00pa3oBaHusl.
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AJITOPpUTMH3ALHSA TPoIecca AJaNTHBHOIO 00y4eHus!

Peanu3zanyst coBpeMEeHHON CUCTEMBI aIalITUBHOTO 00y4YeHHs Ha JII0OOM U3 00pa3oBaTeIbHbIX YPOB-
Hell, Oyab To 00yueHHe JOUIKOJbHUKOB MIIH TOJyYeHHE BBICLIETO 00pa30BaHusl, MpeanonaraeT nepBo-
odepeqHOe PelIeHre TPHEANHON 3aJa41 — ONPEAEICHUE UTO, K YeMY U KaKUM 00pa3oM alanTupoBarh.
CoBpeMeHHBIH MOJXO0 K PEIIEHUI0 3TOI HEMTPOCTOW M MHOTOATAITHOM 3a/1auy IPEAIoaraer:

— CO3/1aHHE MOZAEIH CUCTEMBI aJallTUBHOTO 00Y4YEHUS;

— pa3paboTKy Ha ee OCHOBE aaropurMa (JyHKIHOHUPOBAHUS CUCTEMBI,

— pa3paboTKy anmapaTHO-IIPOrPaMMHOTO KOMIUIEKCA, C TIOMOIIBIO KOTOPOTO aIalTUBHOE 00y4YeHHUE
peanuzyercs [3].

3mech HEOOXOIMMO YUUTBIBATh, YTO JTI000€ MpodecCHOHANBHOE OOyYeHHE, KaK TPaJAWIHOHHOE,
TaK ¥ afalTHBHOE, 3aKJI0YaeTCsl B KOHEUHOM CUETe:

— B MOATOTOBKE HEOOXOANMOTO AJIsl M3y4YeHHUs] 00beMa yueOHOro Marepuana Wik B GopMUpOBaHUH
coZiepKaHus MPOQPECCHOHATBHOTO 00YUCHHS;

— B [IOJITHOM YCBOGHHMH OOyYaromumcs yaeOHOro Marepuaia, JajdbHelieM 3aKperieHny oIy deH-
HBIX 3HaHMH, B (DOPMMPOBAHMM HABBIKOB M KOMIIETCHLUM, HEOOXOMUMBIX Ul Oyayiied mpodeccuo-
HaJIbHOH NESITEILHOCTH.

Ha coBpemMeHHOM MH(OKOMMYHUKAIIMOHHOM SI3BIKE 3a/la4a CO3aHUs aJallTHBHON CHCTEMBI 00Y-
YeHUs, a TOUHee — pa3paboTKU MOJEIH CUCTEMbI U aITOPUTMa, PEATIU3YIOIIEro 3Ty MOJEIb, CBOAUTCS
K CO3J1aHUIO, MCIIOJB30BAHUIO U ONITUMAJIBHOMY BSaHMOHeﬁCTBHm JABYX UCTOYHUKOB: JAHHBIX COJCP-
XKaHusi 00ydeHust (MoAenH npodecCHoHanbHON 00J1acTH) U JAHHBIX O BO3MOXKHOCTSIX U MOTPEOHOCTIX
oOydaemoro (Moznesn o0ydaeMoro). 13 cka3aHHOTO BBILIE CIIEAYET OHO3HAYHBIN BHIBOA: KAYECTBEHHOE
npodeccroHaabHOe 00yueHHE HEBO3MOXKHO 0e3 He0OXOIMMOH TOJIHOTHI U KauecTBa COfepiKaHusl 00y-
YeHusl, T. €. 6e3 BhIcOK03(h(heKTUBHOI MoJenH TpodeCCHOHATBHOM 00IaCTH.

Co3nanue Mozeid NpoecCHOHAILHOI 00J1aCTH

Conepxanue mpodeccCHoHaTEHOTO 00yUeHUS (MOAEITh PO eCCHOHATBHON 00JIACTH ) JOKHO OTIpe-
JeTISIThCSL CIIPOCOM pBIHKA TPYAa Ha TEX MM MHBIX crienuanicToB. Cucrema npodhecCHOHaIbHOTO 00pa-
30BaHUs JOJDKHA 00ECIeYNBaTh MOATOTOBKY CIELUAMCTOB COOTBETCTBYIOIINX YPOBHEH KBaIn(UKauu
Y KOMIIETEHIIHH 0 PO eCcCHsiM, KOTOPBIE SIBIISIOTCS BOCTPEOOBaHHBIMHU HA PHIHKE TPY/a B TAHHBIH ITe-
puoxa BpeMeHH. [1oCTOSHHBIN aHaI3 W3MEHEHNH KOHBIOHKTYPHI pbIHKa Tpyaa rnpoBogutr OOCP u exe-
TOJIHO MYOJIMKYET pe3ysIbTaThl UCCIIeIOBaHNH B cBouX jokianax [1]. Cozganue mojenu npodeccrHoHallb-
HO# oOmacTu (hopMHpOBaHHE COACpXKAHUS MPOPECCHOHATHLHOTO 00YUEHHSI) MOXKET OCYIIeCTBISATHCS
Ha OCHOBE MCIIOJIb30BaHMS IBYX ANbTEPHATUBHBIX IyTEeH: TPAIUIIMOHHOTO U IESTEIBHOCTHOTO [5].

TpamuimoHHEIA TTyTh (POPMHUPOBAHUS COEPIKAHUS Y4eOHOTO MarepHana MpeanoaracT mpruMeHe-
HUE TIPEAMETHO-YPOUHOTO (B BBICHINX yUEOHBIX 3aBE/ICHHUIX JEKIIHOHHO-CEMUHAPCKOT0) moaxoza. [lo-
Jy4eHHBIH TaKUM 00pa3oM y4eOHbII MaTepual mpeacTaBisieT co0oil Habop y4eOHBIX MPEAMETOB (IHc-
nuruH). OMHAKO U3 TIENarornYecKol MPaKTHKH U3BECTHO, YTO Jake TOCTATOYHO TITyOOKOE M TIOJHOE
YCBOGHHE W BJaJICHHE MAaTepPHaJOM OTIENBHBIX YUCOHBIX JUCIMIUIMH HE BCETNa MPUBOIAMUT 00yYaro-
mierocst K GOpMHUPOBAHHIO Y HETO TpeOyeMbIX 3HAHWH, HABBIKOB M KOMIIETCHIUH, K X () (HEeKTHBHOMY
HCTIOJIb30BAHUIO HA TIPAKTHUKE.

Bonee apdexTuBHBIM ITpH HOPMUPOBAHUM COJCPKAHKS YUeOHOT0 MaTepraia Jijis mpodeccuoHallb-
HOTO 00y4eHUs OKa3bIBACTCS ACATENLHOCTHBIN OIX0 [6], OCHOBaHHBIN Ha aHATIM3€ TOH e TETbHOCTH,
KOTOPOW JTOJKEH OyJIeT 3aHMMaThCsI TIOATOTaBINBAEMBIN CIIEIIHATUCT. JJaHHBIN TTOX0 HAa3hIBAIOT TaK-
ke QyHKIMOHAIBLHBIM. CyITHOCTh €ro 3aKIIIoYaeTcs B CIeNyromeM. [ pynmnoil SKCepToB MPOBOAUTCS
MIPOTHOCTUYECKUN aHaJIN3 COEPKAaHUs TPYIOBOH AeATeNbHOCTH Oyayliero cnenuanicra. B npouecce
aHaJIM3a BBIABIISIOTCS BCE TPYIOBBIC (PYHKITUH, & TAKXKE TTOCIIeIOBATEIHHOCTh UX BBITTOITHEHHS BO BPeMS
Tpyaa. [lanee paccMaTpuBarOTCs U HIACHTUDHUIMPYIOTCS CPECTBa U OOBEKTHI Tpyna. B nrTore momy4va-
eTCsl McUepIbIBaloNIee ONMUcanne Oyayliel AesTeNIbHOCTH CIICHHUAINCTa, BKIIIOYAIOIIee TIEPeYeHb TeX
3aj/1ad, KOTOPBIE €My TMIPEICTOUT Pemarb B CBOeH MpodecCHOHANBHON MpakTuke. Vcxons n3 onncaHus
9THX 3aJ1a4 OTPENIENISIOTCS:

— coziepkaHHe yueOHOro Marepuaia, HeoOOX0AUMOe U AOCTaTOYHOE ISl TPO(EeCCHOHAIBHOTO 00Y-
YeHHsI OyyIIeTo CIeIHalnucTa;

— mesecoo0pazHasi CTPYKTypa M TIOCIe0BaTeIbHOCTh YCBOCHHUS YUeOHOTO MaTepuaia.

B OGonbmMHCTBE yupekIeHHH BBICIIEr0 00pa3oBaHMs PACHPOCTPAHEH TPAAWLHOHHBIA MOIXO.
B Pa3TUIHBIX Pa3HOBUIHOCTSX [5], XOTS OH yCTyIAET ACSITEILHOCTHOMY TOIXOMY 110 3 (HEKTHBHOCTH.
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Konnenuusa «MoayJm TPpyI0BbIX KOMIIeTeHIHI» MeKIyHapOaHOH OPpraHnu3anuy Tpyaa
KaK 0CHOBA CO3JaHUsI MOJeJIH NMpodeccHoHaIBLHON 001aCTH

Haubonee apextrBHyI0 MOIENb TPOheCCHOHATBHON 00MacTH (coaepkanne podheCcCHOHATHHOTO
00y4eHMsT) MOYKHO CO3/1aTh Ha OCHOBE MOAYJbHOM TEXHOIOTHH, pa3paboTaHHON SKcriepTaMu MexiyHa-
ponuoii opranuzanuu Tpyaa (MOT) B kpusucHsie 80-¢ TOABI MPOLLTIOTO CTONETUS. TeXHOTOTHS MOy IH-
JIa MHUPOKYIO U3BECTHOCTh B MUpE Kak KoHuenusa «Moaymu TpynoBbix komnerennmin»y (MTK-konmern-
umst MOT) [6]. B pamkax qaHHO#M KOHIIETIIMN OB TPEIOKEH JIEATENIbHOCTHBIN OAX0 (QOpMUPOBAHUS
cofiepaHusg podeCCHOHATBHOTO 00ydeHMs. BaxHeHIITMMI TPUHIIMTIAME, KOTOPBIE CITy)KaT OCHOBOM
CO3JIaHUSI COBPEMEHHBIX 00Pa30BaTeIbHBIX CUCTEM IPH JIEATEIBHOCTHOM ITOIXO0JIE, SIBISTIOTCS [6]:

— ONEpaTHUBHOCTb M THOKOCTh. CHcTemMa Mpo(eCCHOHAIBLHOTO OOyuYeHHs OJDKHA OTCIICKHBATH
KOHBIOHKTYPY PBIHKa TpyZa U 00ecleunBarh MOATOTOBKY CIIEIHAIHCTOB, COOTBETCTBYIOIIUX CIPOCY
10 HOMEHKJIaType Mpodeccuil, a TakKe 1Mo YPOBHIO KBaTH(DUKAIAN;

— HETIPEPBIBHOCTH M OTKPHITOCTh. CHcTeMa MPodeCcCHOHAIBHOTO 00pa30BaHUs TOJDKHA 00eCIIeun-
BaTh MOTEHIIMAIBHYI0 BO3MOXXHOCTH HEIIPEPHIBHOTO 00pa30BaHMs, YTO O3HAYAET BO3MOKHOCTH ITOJI-
KITFOYEHUS K TIPOIieccy 0O0ydeHus B JI000€ BpeMsi U BO3MOXKHOCTb ITPOAOIDKEHHS 00yUYeHHSI Ha CIIEYIO-
uieM, O6oJiee BBICOKOM, MPO(EeCCHOHAIEHOM YPOBHE — 00y4eHHUE 110 BEPTHKAIH, IPH HEOOXOAUMOCTH —
OCBOCHHE HOBOH (CMEKHOH) podeccu, T. €. o0yueHue o ropu3oHTanu. [locie 3toro — Bo3BpaiieHne
Ha PBIHOK TPY/a;

— nemokparm3anus. CieayeT o0ecneuynBaTh BO3MOKHOCTD y4eTa CKIIOHHOCTEH U MOoKenaHuit 00y-
Y4aeMbIX, YTO OyJeT CITIOCOOCTBOBATH MTOBBIIIICHHIO MOTHBAIINH Ipoliecca 00yUeHHS 1, KaK CIeICTBUE, —
MOBBIILICHUIO KauecTBa U 3()(HEKTUBHOCTH O0yUCHMUS;

— goctynHocTh. CrcremMa npohecCHoHaIbHOr0 O0yUeHHS U CaMO COJlepKaHne 00y4YeHUs! TOJKHBI
o0ecreurnBaTh BO3MOYKHOCTh Peajn3alii yueOHOTo Mpolecca Kak B yUpexIeHHsIX 00pa3oBaHus C mpe-
MOJIaBaTeISIMA M MHCTPYKTOPAaMH, TaK M CAMOCTOATENIBHO; a TaK)Ke JUCTAHIIMOHHO, UCTIONB3YS COBpe-
MEHHBIE HH(POKOMMYHHUKAIIHOHHBIE TEXHOIOTHH;

— MOJYNBHOCTh. KBaHTOBaHME M CTPYKTypHUpPOBAaHHE COAEPIKaHUS yU4eOHOrO Marepuala, a TaKxke
opraHu3anys npouecca o0yueHHs IOJDKHBI OCYHIECTBIATHCS HAa OCHOBE HCIIONB30BAHUS OTACITBHBIX
y4eOHbIX Moysel. Kaxkapiit u3 Mojysneit 1oykeH ObITh IpeHa3HaueH sl TOCTHKEHHS ONpeIeTIeHHON
1IeJIM B TIporiecce o0ydyeHus. @opMupoBanue 1 pa3paboTka y4eOHBIX MOAYIEH MOTYT OCYIIECTBISATHCS
C WICTIONIb30BaHUEM Pa3IMIHBIX KPUTEPUEB U TTOIXO/IOB;

— 3¢ deKTUBHOCTD U KauecTBO. J[71s1 o0ecnedeHms TpedyeMoro pe3yiabrata i BEICOKOTO KadecTBa 00y-
YeHHsI HeOOXOMMBI YeTKre (DOPMYITHPOBKH IIeJieH, MOCTaHOBKA 3a/1ad 00y4YeHHs, JOCTHKEHNE UX 0e3-
yCIOBHOM peanu3aunu. JJoOUTHCS 3TOr0 BO3MOKHO TOJIBKO MPH UCIONIb30BAHUN BBICOKOI((EKTUBHBIX
U pe3yNbTaTUBHBIX MPOrpamMM oOydeHHs. B pa3zpaboTke TaKMX MporpaMM, KpoMe BBICOKOKBATU(DUIIH-
POBAaHHBIX I€1arOroB W METOANCTOB, JIOJHDKHBI yYaCTBOBATh TAK)KE OTBITHBIE CIEIIHATNCTBI COOTBETCT-
BYIOIIUX OONacTei mesTensHOoCTH. [loaroToBneHHbIe TPOTpaMMBbl JOIKHBI MOIEKATh 00S3aTeTbHON
AKCIIEPTHU3E, T0padaTHIBATHCS, OIICHUBATHCS U CEPTU(HUITUPOBATHCS;

— ctangaptuzauus. st odecrieueHuss BOBMOKHOCTEH OLIGHMBATH KAYeCTBO MOATOTOBKHM CIeLUa-
JIMCTOB HEOOXOJMMBI HOpMalu3alys W CTaHAapTU3alusl TpeOOBaHUM K 3HAHUSM, YMEHUSIM U KOMIIE-
TEHIIMSIM, KOTOPBIMH JIOJDKHBI 00aath oOyueHHbIe. BhICIIMM ypoBHEM CTaHIapTH3alUK B 00JacTh
MTOJITOTOBKY KaJIPOB SBJISIOTCS NpodeccroHanbHbIe CTaHAapThl. VIMEHHO OHHM OTpeAemsIioT KOHEYHBII
pesyabrar — KadecTBo oOyueHus. B bemapycn HOpMaTMBHBIMH JTOKYMEHTAaMH TaKOTO BHA SBIISIOT-
csl KBaTM(UKAIIMOHHBIE XapaKTEPUCTUKH, KOTOPbIe BXOMAT B EnunbIil TapudHO-KBaIM()UKAITMOHHBIH
CIPaBOYHHK, a TAKXKe 00pa3oBaTebHbIC CTAaHAAPTHI IO YYeOHBIM CIICHUATIBHOCTSIM, pa3padaTbiBacMble
B cucreMe MUHHCTEpPCTBA 00pa30BaHMS;

— MHAMBHyaJIM3aIHsl ITpoliecca 00yueHs;

— OPHEHTHPOBAHHOCTH Ha KOHEYHBIN pe3ybTaT;

— aKTHBH3AIHS;

— TUTIOpaNTA3aIds U JIp.

[lepeunicneHHbIE MPUHLIMIIBI 3aJI0KEHBI B JOKYMEHTE, ONPEAEIIAIONIEM IIyTH Pa3BUTHS U COBEPILICH-
CTBOBaHMsI clcTeMbl oOpa3oBanusi benapycu [2]. Mcnonbp3oBanue ux Npu GOPMUPOBAHUH COICPKAHUS
po)eCCHOHATIBLHOTO 00yUeHus [6] MO3BOJISET peain30BaTh ICATSIIbHOCTHBIN, aKTUBU3UPYIOLIUI U Ba-
pUATUBHBIN TTOIXOIBI K yaeOHOMY TIporieccy. Tako# yaeOHbIH mpoliece AeaeT peaabHOW HHINBH Ty aTH-
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3aIUI0 00yUYCHHS, TIO3BOJISICT PEaTU30BhIBATH THOKKE TPOTPaMMbl 00yUCHHS U Jiaxe 00pa3oBaTelibHbIC
CTaHJApThl, YTO MOBBIIIACT MOTHBALMIO [TO3HABATEIBHON AeaTenbHOCTH o0ydarommxcs. OxumaeMblit
U peajbHbI UTOT TAaKOH OpraHu3aluy Y4eOHOTO Mpolecca — MOBBIIICHUE KaueCTBA U CHIKEHUE CTOH-
MOCTH npodeccroHanbHoro o0ydenus. UuanBuayanu3upoBath npomecc o0y4eHus! MpH 3TOM MOXKHO
JBYMsI TIyTSIMH: PETYJIMPOBAHUEM TEMIIa YCBOCHHUSI yueOHOrO Marepuania MpH OJUHAKOBOM JIJIsI BCEX
oOy4aronumxcsi o0beMe Marepraia; BBIOOPOM B COOTBETCTBHHU C TIOKEIAHUSIMHU U BOZMOXKHOCTSIMHU OT-
JIEITBHBIX 00yYaeMbIX HHIUBHIYaTIHHOTO JJIST K&XKIOTO U3 HUX 00bheMa y4eOHOTo Marepuaa.

Takum 006pa3om, MOAYIBHBIN MOAXO] CIIOCOOCTBYET CaMOOOYUEHHIO U YBEIUUECHUIO OTBETCTBEHHO-
CTH 00y4aroIerocs 3a pe3yabTarbl cCBoel yueOHol aesitebHOCTH. CyleCTBEHHO H3MEHSIETCS ITPH 3TOM
ponb mpenonaBarens. OHa TpaHchopMHUpyeTCst B POJIb KOHCYJIBTaHTAa: OCHOBHBIMH (PYHKIIMSIMHU CTa-
HOBATCSl €r0 KOHCYJIbTATHBHAS TOMOIIL O0yYaeMbIM, YIPaBICHHUE TO3HABATEILHON JIEATENLHOCTHIO
Y KOHTPOJIb 32 €€ pe3yJIbTaTaMHM, HapsiJly ¢ CAMOKOHTPOJIEM ydaruxcsl. [Ipu 9ToM cHIDKaroTcs TpeboBa-
HUS K KBATU(UKAIMH CAMOTO MPENo/IaBaTelisl, OHA B 3HAYNTEIILHO MEHBIIICH CTETICHU BIIMSCT Ha PE3yJib-
tarbl 00y4deHusi. O4eHb BaKHBIM MUTOTOM MOIYJIBHOTO IOJIXOAA SIBISETCS 3HAYUTENILHOE COKpAlLICHUE
CPOKOB 00y4YeHHs IPH COXPAHEHUH MOJHOTHI M TITyOMHBI YCBOCHHSI yueOHOTO MaTepHuara.

Cam niporiecc mpodecCHOHAIBHOTO 00YUYCHUS Ha OCHOBE MOJYJIBHOTO TIOZIXO/1a TIPeJIroiaraet y4ueo-
HYIO JICATEIIbHOCTh 00yUaroIIerocsi CaMOCTOSTEIbHO HIIH IO/ YIIPABICHUEM MTPEToaBaTeIsl OCPEICT-
BOM pabOTHI €ro0 C MPEA0CTABICHHBIM €My HHANBUIYAILHBIM TAKETOM HAYYHO-METOIMIECKOT0o 00ecte-
yeHus. [lakeT 3TOT noykeH coaepxkarhb [6]:

— LIEJIEBYIO IPOrpaMMy AeUCTBHI oOyuaromerocs (yueOHbIH M1aH, y4eOHbIe IPOrpaMMBl | T. I1.);

— O0aHK yueOHo# nH(popMaLun (comep:kaHue NpodhecCHoHaIbLHOro 00yUeHHs B yIOOHbIX (hopmaTax);

— METO/INYECKOE PYKOBOCTBO JJISl TOCTH)KEHHSI TOCTABICHHBIX YUeOHBIX 1IeIeH;

— CpelIcTBa KOHTPOJISI U CAMOKOHTPOJISI Ka4eCTBa O0yUCHHUS;

— CITOCOOBI U CPEJICTBA KOPPEKTHPOBKH YPOBHS TIOITOTOBKH.

OcHoBHbIE MOHATHS KOHIENIUH «MOTyJH TPYTOBBIX KOMIIETEHIIHIi»

[Iporpammer u conepxkanne MTK-o0yueHus pa3padaTsIBalOTCsI HA OCHOBE OMTUCAHUS M aHAN3a Oy-
IyIIel mpogecCHoHaNbHOM IeaTenbHOCTH 00ydaemoro. Onrucanue TOTOBUTCS Ha 0a3e COOTBETCTBYIO-
IUX MPO(EeCCHOHANBHBIX CTaHAAPTOB, KBAIN(UKAIIMOHHBIX XapaKTEPUCTHUK, TOMKHOCTHBIX HHCTPYK-
Ui Ui JanHoi npodeccuu, MPOU3BOACTBEHHBIX 3aIaHi paboToaTesei, a TakKe C YIeTOM JIMUHBIX
npodeccHOHaIbHBIX 3HAHUW U OIBITA Pa3pabOTUMKOB YKa3aHHBIX y4eOHBIX MaTepuaioB. M3noxkeHHas
TakuM 00pa3oM npodeccruoHalbHast eATENFHOCTh Oy/IyIIEro CrielianucTa pa30uBaeTcs Ha OTIeNIbHbIE
JIOTHYECKH 3aBEPIIICHHBIC YacTH, Ha3bIBacMble MOIYIbHBIMEU Oiokamu (MB) [6]. Mb — 310 morudec-
KM 3aBepIleHHas W MpHemiieMas 4acTh paboThl B paMKax IPOM3BOACTBEHHOTO 3a/laHusi, mpodeccuu
WK 00JIaCTH AESITEIBHOCTH € YeTKO 0003HAYEHHBIMH HA4aJIoOM M OKOHYAHHMEM, KOTOpasi, KaKk IpaBHJIO,
HE MoapaszensieTcs B JanbHeimem Ha 0ojiee MeITKUe YacTH.

CoBokynHocTh MB, crpynmupoBaHHBIX JJIsi KOHKPETHOTO BUAa pabotel, oopasyer MTK, xotopsiii
MpeiCTaBIsIeT onucanue paboTsl, BeIpaxkeHHoe B Bujge MBb (MTK omuceiBaer B hopme MbB pabory,
BBITIOTHSIEMYIO B PaMKaxX KOHKPETHOTO IMPOU3BOICTBEHHOTO 3a/1aHus). Janee paboTa B paMKax Ka)KI0To
MBb pa30OuBaeTcs Ha YETKO OmNpesiesieHHbIE Maru (Oneparum), BEITOIHIEMbIE B CTPOTO ONPEICICHHON
JIOTMYECKOM MOoCce10BaTebHOCTH. J{iIst ocyiiecTBIeHHs B OyAyIleM JaHHbIX Onepanuid o0ydaromemMy-
cs1 He0OXOIMMO OBJIAJIETh ONpPE/CICHHBIMH 3HAHUSIMUA M HaBBIKAMHU (IICUXOMOTOPHBIMHU, MHTEIUICKTY-
AIbHBIMH, SMOIMOHANILHBIMK). Ha oCHOBe JeTanbHOro aHanu3a maroB paboTsl B KaxxaoM Mb u Tpe-
OyeMBIX JUIsl MX BBITIOJHEHHSI HABBIKOB U KOMITETCHIIHH ONIPEEISIOTCS 00bEM U CoiepiKaHue y4eOHOTo
MaTepuala, HeoOXOIMMOTO U IOCTATOYHOTO /TS TIOATOTOBKH 00YYaroIIerocs BHITOIHAT paboTy B paM-
kax storo Mb.

Y4eOHblil MaTepuan CTPYKTypUPYETCsl U TIOApa3aelisieTcs Ha OTAeNbHbIC yueOHbIe aeMeHTHI (Y3),
Ka)IbIid M3 KOTOPBIX MOCBALICH (POPMUPOBAHUIO Y 00y4aeMOro ONpEeICHHOTO BUAA 3HAHWN, HAaBbI-
KOB MJIM KoMIleTeHIuH [6]. YO — camocrosTenbHas yueOHas Opoiitopa (3JIEKTPOHHBIA YUeOHBIH 3iie-
MEHT), Ipe/IHa3HaYeHHas U1 O0y4YeHH s, OPHEHTHPOBAHHOTO KaK Ha CAMOCTOSTEIbHYIO paboTy oOydae-
MOTO, TaK ¥ Ha padoTy IOJ PyKOBOACTBOM mpenoaaBatens. Kaxasnii YO cozman s GopMupoBaHUS
y 00y4aroIIerocs OmpeeIeHHbIX MPAKTHYECKNX HABBIKOB, KOMITETECHIIMN UJIM TEOPETUIECKIX 3HAHUH,
T. €. COIEPKUT BeCh 00bEM yueOHOro MaTepuaia, HeoOXoauMoro Uit (POPMUPOBAHHUS TaHHBIX HABBIKOB
1 KOMITETCHLUH WX 711 TOTYYCHUS] TEOPETUICCKUX 3HAHUH.
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Crpykrypa MTK-nporpamMmMbl U tormueckas B3auMOCBA3b ee cocTaBHBIX dacteit [6] (MTK, Mb
n YD) nokaszassl Ha puc. 1.

MTK-ITPOIT'PAMMA
MOJYJ/Ib TPYJJOBBIX KOMIIETEHIUI

Mb Mb

Vo 4C) Vo V3 p%C)

Puc. 1. CtpykrypHas cxema 1 B3auMHble cBsi3H neMeHToB MTK-nporpamMmbl
Fig. 1. Block diagram and mutual connections of the elements of the MTK program

baza Y3 cayxuT mist 00ydaeMbIX OCHOBHBIM HCTOYHHKOM yaeOHO0# nHpopmammu. OHa MOXKET OBITh
co3J]aHa Kak JUIsl OTAEIbHOM mpodeccun, Tak U Ui Lelol npodeccuonansHoi odnactu. JlocTynmHOCTh
COBpeMEHHBIX 0a3 YO (B 271eKTpOHHOM (opMmare) odecrieuuBaeTcs: 61aronaps UCIONIb30BaHMIO 00Iay-
HBIX TEXHOJIOTHH.

Jnst mpeniogaBaresield 1 y4eOHbBIX 3aBEACHU, OPraHU3yIONMX 00y4YeHHE, MOKET pa3padaThiBaThCs
nHCcTpykTHBHBIH 0ok (MB) — coBpemennast opma riaHa 3aHsTHid, paspaboTaHHAs Ui MOIYJILHON
cucrembl 00ydeHus. OH CIOCOOCTBYET OCYILIECTBICHUIO IPENOAABATEISIMUA CUCTEMAaTHYECKOT0 IJIaHU-
pOBaHUA W TOATOTOBKH 3aHATHH. b MOXeT Takxke cIyXUTh OCHOBOH sl pa3paboTku Y3. B 3aBu-
CHUMOCTH OT IOCTaBJICHHBIX yueOHbIX 1esei oraensHeie MTK, Bxomsmme B coctaB MTK-niporpamm,
MOTYT COCTOSITh U3 pa3IMYHOTO KonmndectBa Mb B pamkax ofHOM WM HECKOJIBKHUX MPO(ECCHI.

Moneans npogeccuoHaILHON 001acTH
JJISl aJaNTUBHOTO U3y4YeHus nporpaMmbl «OxpaHa Tpyna»

[lone3ubiM U 3¢QekTuBHBIM oKazanock npuMenenue MTK-mporpammel, pazpaboTaHHOl ¢ To-
MOUIBIO PAcCMaTpHBAEMbIX B CTaTbe MOIYJIBHBIX TEXHOJOIMH, B KaueCTBE MOJIENU MPOEeCCHOHANb-
HOW o0nacTW Ui aJanTHUBHOTO OOy4YeHHS PYyKOBOJUTENEH M CHENHaINCTOB MPENNpUATHI U oOp-
ragm3anuid mo oxpane Tpyma. MTK-mporpamma «OxpaHa Tpyma» co3maBajiach B paMKaX IPOCK-
taMOT BYE/96/MO01/FRG «Pa3Butne MmoaynsHbIX cucTeM 00yueHMs B Pecriyonuke bemapycey. Becbma
3¢ PEKTUBHBIM OKa3aJI0Ch TPUMEHEHHE TaHHOH MPOrpaMMbl B MPOLECCE TPAAULIMOHHOTO 1 0COOEHHO
aIalTHBHOTO O0yUYCHHs YKa3aHHOTO KOHTHHICHTA — KaK IPH [eJIeBOH MOAr0TOBKE, TaK U MPH Meperno-
TOTOBKE U IMOBBINICHUM KBaJIU(pUKAIMK. YUeOHBIA Marepuaa B MporpaMMe pa3OuT Ha IIECTh OTCIb-
HBIX JIOTHYECKH 3aBepUICHHBIX yacTed — Ha mecth Mb. U3 manHoro Habopa Mb MoxxHO cocTaBUTh
MTK-nporpaMMsl Ui pa3iIndHbIX TPYHI 00ydaeMBbIX, a TAKXKE Ul Pa3HbIX BUAOB WK 3TANOB 00yde-
Hus. Pa3zouenne yueOnoro marepuana va Mb mans MTK-nmporpammer «OxpaHa Tpyaa» MpeicTaBIeHO
B Tabm. 1.

Taoauua 1. [epedens MomyapHBIX 0670K0B, 00pasyromux MTK-mporpammy «Oxpana Tpyma»
Table 1. List of modular blocks that form the MTC program “Occupational Safety and Health”

Haumenosanne / Name

MB1. OcHOBHBIE ONOXKEHUS TPYAOBOrO IpaBa

MB2. [IpaBoBBIE OCHOBBI OXpaHbI TPyAa

MB3. Opranusauus paboThl 110 OXpaHe TPy/ia Ha MIPEANPUITHN

Alw o= (Z

Mb4. OmnacHbIe 1 BpeAHbIE IPOU3BOICTBEHHBIE (DAKTOPBI M MEPHI 3aIIUTHI OT HUX

5 MBS5. [opsinok paccieoBanus, OpOPMIICHHS M ydeTa HECUACTHBIX CIIydaeB U MpOo(ecCHOHATbHBIX
3a00JIeBaHN Ha TIPOM3BOACTBE

6 Mb6. OxazaHue NOMOIIH TOCTPAJABIINM IIPU TOBPEKACHUH 3I0pOBbsI HA IIPOU3BOJICTBE

29



L{H®POBAS TPAHCOOPMALIHS DKOHOMHYECKHE HAYKH,
T 30, Ne 2 (2024) OBPA30BAHHE

Pa30buenne yueOHOTO MaTepurala B paMkax oTaenbHbIX Mb Ha ydeOHbIe 27IeMeHThI OKa3aHOo Ha TIPH-
mepe MB3 B Tabm. 2.

Taoauuna 2. [TepedeHp yueOHBIX SIEMEHTOB TSI MOAYIIBHBIX 0110K0B-3 (MB3)
n3 MTK-nmporpammsl «Oxpana Tpyna»
Table 2. List of educational elements for modular blocks-3 (MB3)
from the MTC program “Occupational safety and health”

Ne HanmenoBanue / Name Koauaectso crpanui /
Number of pages

3 | MB3. Opranuzaiyst paboThI 110 OXpaHe Tpy/Aa Ha MPEIIPHITHH

3.1 |Opranuzanus ynpasieHUs: OXpaHOH Tpyaa Ha IPEANPUITHI 16

3.2 | *O6ecneuenue 6€30MacHOTO MPOU3BOICTBA PAOOT 15

3.3 | *IpaBmia v HHCTPYKIINH IO OXpaHE TPyIa 30

3.4 | Arrectanust pabouuX MECT I10 yCIOBHSIM Tpy/ia 26

3.5 | Obyuenue 1 MHCTPYKTUPOBAHUE MO OXpaHe Tpya 21

3.6 | *Pa3paboTKa 1 COracoBaHUE JOKYMEHTAIIH HA OOBEKTHI 34

3.7 | *]JloxyMeHTaIUsI Ha IPUMCHIEMYIO H BBIITYCKAEMYTO ITPOIYKITHIO 15

3.8 | *MeaunmHCcKOe U caHUTApHO-OBITOBOE 0OECIIeUeHNE PadOTAIOIINX 30

3.9 |Craructuyeckas OTYETHOCTD MO OXpaHe Tpya 26

3.10 | *CepTudukarus pabodnx MecT 21

B mponecce ncrnonb30BaHusl MOAYIBHBIX IPOTPaMM 110 MEpE HAKAIUTUBAHUSI COOCTBEHHOTO OIIbI-
Ta, MOSABJICHUSI HOBBIX PE3yJIbTATOB HAYYHBIX MCCIIEIOBAaHUN, HOBBIX METOJIOB U METOAMK BBITTOJIHEHUS
paboT, yCoBEpIIEHCTBOBAHUS MTPOM3BOICTBEHHOTO 000PYIOBaHUS U TIPEAMETOB TPY/a, a B MOCIEAHNE
JECSATUIIETHS — B CBA3H C OYPHBIM pa3BUTHEM WH(OPMAITMOHHO-KOMMYHHUKAITMOHHBIX TEXHOJIOTHH, HC-
KYCCTBEHHOTO WHTEIUIEKTa, IH(PPOBU3AIIH SYKOHOMUKH U MPAKTHYECKHA BCEX 00JACTel 4eI0BEYeCKOi
JESATEILHOCTA BO3HUKAET HEOOXOJUMOCThH J0padarhIiBaTh y4eOHBIH Marepual MOAYIbHBIX YYeOHBIX
IIporpamm.

O monenu npodeccuoHaILHOM 00,1aCTH AJs1 ATANTUBHOTO H3YUYeHUs] TUCHUILTHHBI
«MeTtpoaorusi, cTaHAAPTU3ALMS U cepTUGUKATUT»

Onnum u3 npumepoB dddexkruBHOro ncnonb3oBanus MTK-konuenmn MOT MoXeT CiTy>KUTb CO3-
JJaHWE HA OCHOBE HMCIIOJIB30BaHUs PACCMOTPEHHBIX MOJYIBHBIX TEXHOJOTHI MOJEIU MPOQecCroHab-
HOHW 00JIacTH JUIsl aJJaliTHBHOTO M3YYECHUS JUCUUIUIMHBI « METpOJIOrusl, CTaHAapTU3AIMS U CepTU(HKa-
sy (MCuC) [7] mpu nmoaroroBke B MeXayHapOIHOM TOCYJapCTBEHHOM 3KOJOTMYECKOM HHCTUTYTE
nmenn A. J[. Caxapoa benopycckoro rocy1apCTBEHHOTO YHHBEPCHTETa CTYIEHTOB IO CIHEIHaIbHOC-
M «HpOpPMAITMOHHBIE CHCTEMBI M TEXHOJIOTHIY, « JHEProd(p(PpeKTHBHBIC TEXHOIOTUH 1 SHEpTreTHYIeC-
KU MEHEIDKMEHT, «SlnepHas u paguannoHHas 0€3011acHOCTbY. Y4eOHble IPOrpaMMbl YKa3aHHbIX JIUC-
LUIUIMH OCIIYXHUIM OCHOBOM 711 pPa3pabOTKH paccMaTprBaeMOi MoAEIH NPo(heCCHOHAIbHON 001acTH.

BapuanT pa3Ouenus yuyeOHOro mMarepuaia AMCLUUILIMHBI HA OTJEIbHbIC JJOTMYECKH 3aBEPLICHHBIC
4acTH — MOJYJIbHBIE OJOKHM — mpuBeneH B [7]. M3 momydenusix Mb MoxxHO chopmupoBars kak MTK
Ka)KJ0T0 U3 Pa3JesioB, TaK M MOAYJIN TPYIOBBIX KOMIIETEHIIUI JIUIsl BCEX Pa3/IesIOB JUCIIUIIINHBI, SBIISIO-
mecst ocHoBoi MTK-nporpaMMsl st u3yueHust npeaMera B 1esioM. B [7] moka3zaHsl mpuMeps! fene-
Hus yueObHoro Matepuana mo MCuC Ha yeTsipe otaenbHbIx Mb. 3arem u3 Mb s kaxaoro pasuena
ctopmupoBansl porpammbl 1o MCuC, coorBercrBytonue MTK. B pesynsrare nomyuena MTK-
nporpamMma AJis aJlaiTUBHOTO u3ydeHus aucuumiauael MCuC B nenom. Jlanee B paMkax OTAEIBHOTO
MBb yueOHbIil MaTepuai pa3ouBaeTCst Ha OTJACNbHBIC, TOTHYECKH YETKO ONpPEe/ICHHbIC YaCTH U CTPYK-
TypHUpyeTcs B BHJE OTACNbHBIX YD. Kaxneiii YO npennazHadeH s GpopMupoBaHus y oOydaeMoro
TpeOyeMbIX 3HAHUI W HABBIKOB IO OTJAENBHBIM BOMPOCaM y4eOHOW MpOrpamMMBl, ISl CO3IaHMsT He0O-
XOJMMBIX KOMIIETCHIINH 0 AuciuruinHe. CleayeT OTMETHUTh, YTO Hanbosee BBICOKOH d(PEKTUBHOCTH
MIPUMEHEHUSI MOIYJIbHBIX yUEeOHBIX MaTepHaOB KaK MPH TPATUIIMOHHOM, TaK W MPHU aJaTHBHOM €ro
M3yY9EeHUH MOYKHO JOCTHYb B TOM CITy4ae, €CIIU IMOJHOCTHIO pa3padoTaHbl BCE yUeOHBIE SJIEMEHTHI 1 Me-
TOMWYCCKUE MaTepHaIIbl, MPUBEACHHBIC B [6]. OQHAKO ATO CBA3aHO CO 3HAYUTEIHLHBIMH BPEMEHHBIMHU
1 MaTepUAIIbHBIMHU 3aTPaTaMH.
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3aKJIroueHue

1. IIpoananu3npoBaHbl HAIIPABIICHUS TOBBIIICHUS 3PPEKTUBHOCTH MPO(EeCCHOHAILHOTO 00pa3oBa-
HUS, OTIPEIEIICHBI ITyTH YIyUIIeHUS KauecTBa aJallTHBHOTO 00yYeHHs 3a cUeT co3Aanns 3P (HEeKTUBHBIX
MoJeniell mpodeccuonanbHoi obnactu [§].

2. [IpuBenens! mpuMeps! MITOTHOTO BHeApeHuss MTK-mporpamm, pazpaboTaHHBIX B paMKax MPOEK-
Ta MexnyHnaponHoi opranuzanuu tpyaa BYE/96/MO1/FRG «Pa3Butue MOIy/IbHBIX CUCTEM 00yUYeHHUs
B Pecrrybmnmke bemapych». MHOTOETHUI OTIBIT, HAKOTUICHHBIN aBTOPAMH CTaTbH M POCCHHUCKUMU KOJI-
JIETaMU, TIOITBEPIKIACT CYIIECTBEHHOE MOBBIIICHUE 3PPEKTUBHOCTH Y4EOHOTO MPOIECCca IPH UCTIONb-
30BaHUH MOMAYJBHBIX YICOHBIX MaTEPHAIIOB, IPEUMYIIIECTBA KOTOPHIX MPOSIBIISTIOTCS B OOJIBINICH CcTere-
HU 1ipu co3nanuu Ha ocHoBe M TK-konnenimun MOT-Monenu npodeccuoHaabHON 00IacTH I COBpe-
MEHHOTO aJIallTUBHOTO 00y4ueHus [9].

3. OTHUM U3 TIIaBHBIX MPENSATCTBUMA ISl ITUPOKOTO UCIIOIh30BAHUS CHCTEM aJalITUBHOTO O0Y4YCHHS
SIBIISIETCS BHICOKAST 3aTPATHOCTh Ha MOATOTOBKY K MX BHeApeHuio. Co3maHue MpeniaraéMblx Mojaesei
aJIarnTayy, AITOPUTMOB U TIPOTPAMMHOTO OOECIICUSHHSI HA UX OCHOBE JIJISl PealIn3alii aJJallTHBHOTO
o0y4eHHs TpeOyeT OrPOMHBIX 3aTPaT PECYPCOB BHICOKOKBATH(HUIIMPOBAHHBIX CIICI[UAIMCTOB, a TAKKE
(hMHAHCOBBIX U MaTepPHANILHBIX BIOKEHUH. XOTS aJallTUBHOE O0yYeHHE — BEChMa TPYIOEMKOE U HeJle-
IIEBOE, HO OKYIAaeTCs BHICOKUMH KauyeCTBOM U 3((EKTHBHOCTHIO MPOPECCHOHAIBHOIO 00pa30BaHUs
IIPH OTHOBPEMEHHOM COKPAIIIEHUU CPOKOB OOYYEHUSI.

4. O0nacTpio 00pa3oBaTENbHON ACATEILHOCTH, T/Ie IPUMEHEHNE aallTHBHOTO O0yUeHHS Ha OCHOBE
WCTIOJIb30BAHUSA MH(POPMAIMOHHO-KOMMYHHUKAIIMOHHBIX U MOAYJIBHBIX TEXHOJIOTHH MeXTyHapoaHOH
opraHuzanuu Tpyjaa oyaer Haubosiee 3((hEKTUBHBIM U B ONIPECICHHOM CMBICIIC €TUHCTBEHHO BO3MOXK-
HBIM 1 HEOOXOIMMBIM, SIBIISIETCS MHKITFO3MBHOE 00pa3oBaHMe JIFOIeH ¢ 0coObIMU ToTpedHOoCcTs MU [10].
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BBenenune

AKTyanbHOU TIpOOJIeMOi B COBPEMEHHON 3KOHOMHYECKOH JIEHCTBUTEIHHOCTH BBICTYIIAET HHTETPa-
LS COUUANBHO YA3BUMBIX TPYI B PHIHOK TpyAa. K TakuM rpynnam npuHauIeKaT HHBAIUIBI U JIULA
C OTrpaHUYEHHBIMH BO3MOKHOCTSIMHU 37I0POBBSI, OAMHOKHE W/WJIA MHOTOJETHBIC POJUTENH, BOCIIUTHI-
BAIOII€ HECOBEPILIEHHOIETHUX, BKIIIOYAsl 1€TeH-NHBAINI0B, IEHCUOHEPHI U TpakKIaHe MpeIeHCHOH-
HOTO BO3pacTa, BRITYCKHUKHU JICTCKUX JOMOB B BO3pacTe J0 23 JIET, JuIla, OCBOOOKICHHBIC W3 MECT
JMIIEHNs1 CBOOOABI, OSKEHIIbI M BHIHY)KICHHBIE [IEPECEICHIIbI, MaJOUMYIIIHE, a TAKXKe JIula 0e3 orpe-
JITICHHOTO MECTa )KUTENbCTBA U 3aHATHH, FpaKaHe, Hy KJaIOIHeCs B COLUUAILHOM 00CTyXuBaHuH [1].
O dexTrBHOE TPYHIOYCTPOHUCTBO JAHHBIX KaTETOPUH I'paskaaH HEe MIPOCTO CHOCOOCTBYET X COLUANILHO-
My OJaronoiyuduIo, HO U SIBJISIETCS MMOKA3aTesieM YCTOWYMBOCTH M PE3yJbTaTHBHOCTH DKOHOMHYECKON
CUCTEMBI Ha YPOBHE PETMOHA I CTPaHbI B 1[eJIOM. HeMHTerpupoBaHHOCT 3TUX TPYII BEJAET K YCHU-
JICHUIO COLIMAJIbHBIX HAIPSIKEHUH, YBEINUECHUIO TOCYIapPCTBEHHBIX 3aTPaT Ha COLIUAIIbHBIE IIPOIPaMMBbL
1 YIYUICHHUIO TOTEHIHAIBHBIX 3KOHOMUYECKUX BO3MOKHOCTEH.

B konTekcTe yckopeHHOH LuppoBOi TpaHCHOpMaMU U Pa3BUTHS MH(OOPMALIMOHHBIX TEXHOJIOTHH
B CTaThe€ PACCMaTPUBAETCS MCIOJIb30BAaHNE MHTEIUIEKTYaJIbHOIO aHAJIN3a JAaHHBIX KaK OIHOTO M3 KIIIO-
YEeBBIX HHCTPYMEHTOB JIJIsl ITTyOOKOTO U3Y4eHUs U 9P(PEKTUBHOTO peIIeHHs MPOOJIEeMaTHKH HHTETPallui
MapruHAIM3UPOBAHHBIX KAaTETOPUI HAcelIeHUs B PHIHOK Tpynaa. [IpuMeHeHne MeTomoB, OCHOBAHHBIX
Ha OOJIBIINX JaHHBIX U UCKYCCTBCHHOM MHTEIUIEKTE, OTKPHIBAET HOBBIE BO3MOKHOCTH [UIsl IPOIHO3UPO-
BaHUSI M ONTUMH3ALMHU IPOLECCOB TPYAOYCTPOMCTBA ITUX IpymIl. TakoH MOAX0 MOXKET OKa3aTh 3HAYH-
TEJILHOE BIMSHUE Ha pa3pabOTKy CTpaTeruii, HampaBjIeHHBIX Ha YCTOMUYMBOE SKOHOMUYECKOE Pa3BUTHE
1 TIOBBILICHUE COLUANTBHON CTA0MIBHOCTH.

ConmnanbHasi yI3BUMOCTb U TPYAOYCTPOIHCTBO

CounanbHasi ysI3BUMOCTb, SIBIISISICH 3HAYUMBIM OOBEKTOM COBPEMEHHBIX COIIMATBHO-IKOHOMHYECKUX
UCCIICIOBAHU, IPEICTABIISIET COOOH MHOTOYPOBHEBbIN (DEHOMEH, OXBAThIBAIOIIUN PA3IMUHBIC ACTICKThI
OOIIEeCTBEHHOM JKM3HA. DTO HE TOIBKO SKOHOMUYECKOE MOJI0KESHNE WIIH 3I0POBhE, HO M KOMIUIEKCHBIE
ACIIEKThI, BKJIIOYAS KyJIbTYPHYIO HACHTHYHOCTh, 00pa30BaHUE, COLUAIBHYIO H30JISLHUIO U MOJIUTHYEC-
Koe y4actue. MynbTHANCUMIUIMHAPHBIN MOAXON K aHAJIM3y COLHMAIbHON YSA3BMMOCTH NpeNnoiaraet
H3y4YCHHE €€ B3aUMOCBSI3EH ¢ COLMAIbHBIMM, SKOHOMUYECKUMHU U KYJIBTYPHBIMH (DakTOpaMu, BIHSIO-
LIMMHU Ha YPOBEHb YSI3BUMOCTH MHAMBUIOB M TPYIII B YCIOBHSIX TUHAMUYHO MEHSIIOIIETOCS OOIIECTBA.
Oco0oe BHUMaHHE yENsAeTCs] U3MEHEHUSAM B COI[MAJIBHOM 3all[UIIEHHOCTH HAaceleHHUs B MEePHOJ KO-
HOMHYECKON HECTaOWIIBHOCTH, a TaKXke CIeru(uKe 30H YI3BUMOCTH PA3IUYHBIX TPyl paOOTHHUKOB
u (hakTOopaM, BIMSAIOLIMM Ha UX COLMAIbHYIO 3alMIICHHOCT [2]. B nureparype mpeacraBieHs! pa3iny-
HBIE TEOPETHYECKUE MOAXO/IbI K aHAJIHM3Y COLMAIbHON ySI3BUMOCTH, TAKHE KaK:

— N00X00 COYUANBLHOU IKCKII03uU — QPOKYyCUPYeTCsl Ha M3yYeHUH (PAKTOPOB YSI3BUMOCTH OTICIb-
HBIX TPYI HACEJIEHMs — MOKWIBIX JIOJEH U JIMIl C OrpaHMYEHHBIMU BO3MOXKHOCTSIMH 3/10pOBbsi. Oc-
HOBHOE BHUMaHHE YIENSCTCS WACHTH(GUKAMKE 0aphepoB, MPESTCTBYIOIUX HHTETPALUN ITHX TPYIIT
B 0OIIECTBO, M MOUCKY MyTel MX mpeoponeHus [3];

— KVJILbIMYPHBIl N0OX00 — UCCIIEAYET, KaK KyJIbTypHbIE (DaKTOPbI, BKIIIOYAsi CTEPEOTHUIIbI U MIPEAB3si-
TOCTb, BIUSIOT Ha COLMAJIbHYIO yI3BUMOCTh. Hanpumep, aHanu3upyercsi, Kak STHUIECKHE U TeHIepHbIE
CTEPEOTHITBI MOTYT OIPAaHMYHMBATH JOCTYIl K 0OpPa30BaHHUIO U TPYAOYCTPONCTBY, WM KaK KyJIbTypHas
H30JISIMS UMMHTPAHTCKUX COOOIIECTB BIMSET HA UX COLMANBHYIO HHTErpanuio [4];

— N00X00 pecypcHoll 3a8uUcUMOCmy — TIOTYEPKUBAET BIMSHUE TOCTyIa K pecypcaM Ha YPOBEHbB ys3-
BHMOCTH Pa3IWYHBIX TPYII HaceJdeHus. [[pumepoM MOXKET CITy’KUTh NCCIIEA0BAaHUE TOTO, KaK YKOHOMHU-
YEeCKOE€ IOJIOKEHHUE BINSACT Ha JOCTYITHOCTh 3APaBOOXPAaHEHUS, 00pa30BaHUs U JKWIbS Ul Manoooec-
MIEYCHHBIX CJIOEB HACEJICHUS, YCUINBAS UX COLMATIBbHYIO YSI3BUMOCTD;

— N00X00 COYUATLHO20 KANUMAIA — AKUSHTUPYET 3HaUCHHUE COLIMAIbHBIX CETEeH, JOBEPHUS U B3aUMO-
JecTBUS U1l (POPMUPOBAHUS COLIMATBHOM ySI3BUMOCTHU. [IprMepbl BKITIOUAIOT UCCIIeIOBAHUS BIMSHUS
COLIMANIBHBIX CETEeH Ha TPYIOYCTPOHCTBO MOJIOJCKU U aHAIIU3 POJIM OOIIECTBEHHOTO JIOBEPHS U ydac-
THS B TPAXKJIAHCKUX OPTaHU3ALNAX IS TIOBBIIIEHHUS COIMAIHHOTO OIArOTONYyYHsS M CHIDKEHUS YSI3BU-
MocTH [5].

CoBpeMeHHBIE HCCIIECIOBaHHUS B JIOMEHE COLUAIBHOH YSI3BUMOCTH (DOKYCHPYIOTCSI Ha aHaJIN3e
crienn(pUUeCcKuX TPyIIl HACEICHUs, BKIIIOYas MUTPaHTOB, 0e3pa00THBIX 1 MHBANUAOB. [IpumepoM Tako-
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T'O HCCJIEIOBAHMUS CITY)KUT aHATUTHIECKHUI 0030D, IIOCBAIICHHBIN pa3pa0d0TKe U MPUMEHEHNIO HHIEKCOB
conuanbHOH ys3BuMocTH (SVI). JlaHHBIN aHAN3 BISIBIISIET YHUKAIBHBIE BEI30BBI, CTOSIIIUE ITEPE]] ITH-
MU TPYIIIAaMU, U JEMOHCTPUPYET B3aUMOJICHCTBUE MHOXKECTBA (PaKTOPOB, CO3AIOIINX Pa3HOOOPa3HbBIC
(hopmbl ysi3BuUMOCTH. VcclienoBaHus 3HAYUTEIBHO CIIOCOOCTBYIOT TITyOOKOMY TTOHUMAaHHEO MEXaHU3MOB
COILIMAIILHOM YSI3BUMOCTH M pa3padoTke 3 (EKTHBHBIX cTpaTeruii ee peogonenus [6]. Ha puc. 1 npen-
CTaBJICH LIUKJI COI[MAJILHOM YSI3BUMOCTH U TPYAOYCTPOUCTBO, MILTIOCTPUPYIOIINM 3aMKHYTHIM Mpoliecc,
B KOTOPOM HEJOCTAaTOK PECYpPCOB M BO3MOXKHOCTEW MPHBOAUT K OTpaHMYEHHOMY JTOCTYIy K 00pa3o-
BaHUIO M PBIHKY TPY/a, YTO YCHJIMBAET COIMAIBHYIO YA3BUMOCTh H CIIOCOOCTBYET POCTY COLMATBHOMN
M30JIALIMN ¥ SKOHOMHUYECKOTO HepaBeHCTBa. LMK mouepkuBaeT, Kak B3auMOJIEHCTBHE 3TUX (DAaKTOPOB
CO3JIaeT CHUCTEMY, M3 KOTOPOH TPYIHO BHIPBAThCs O3 CIEIUAIbHBIX CTPATETUH M MEp pearupoBaHUsI.
TaxuMm 00pazom, UK CITYKUT HATIISIHBIM TPEICTABICHIEM CIOKHON CHCTEMBI IIPUYIWH U CIICCTBUN,
MOTYEepPKHBasi HEOOXOAMMOCTh KOMIUIEKCHBIX MEp M CTpaTeTHii, OCHOBAaHHBIX Ha METOJaX WHTEIJIEKTY-
anpHOTO aHanm3a nanHbx (MAJ]), ams pa3peiBa 3TOTO MUKIIA U MTOIEPIKKH TPYIAOYCTPOHCTBA YA3BUMBIX
CPYII HACEICHHUS.

v

HepocTtatok pecypcoB
1N BO3MOXHOCTEMN
v
OrpaHuYeHHbIn [ocTyn
k obpasoBaHuo
1 pbIHKY Tpyaa
CouunanbHas

nsonauus c
Ycunerune coumanbHom v Tparerum
1N 9KOHOMUYECKON —P 1 Mepbl

Crepeotunbl
n30MsALmm W MCKPUMMHALMS pearvpoBaHus

A L 2
dunsunyeckme
B6apbepsbl

A 4
HectabunbHocTb
Ha pblHKe TpyAa
A 4
OTcyTCTBUE NOAAEPIKKM
MHULMAaTUB

Puc. 1. [Tukn counanbHON yA3BUMOCTH U TPYAOYCTPOMCTBO
Fig. 1. The cycle of social vulnerability and employment

B paMKax pacCMaTpruBacMbIX ITOAXOI0B K COHI/IEUIBHOﬁ YA3BUMOCTH KITFOYEBBIM ACIICKTOM SBJISACTCA
pa3paboTka dPPEKTUBHBIX MPAKTHUECKUX CTPATETHIH M Mep, HAIIPABJICHHBIX HA CHIDKCHUE YPOBHS CO-
[UATLHON YSI3BUMOCTH U YIyYIIIEHHE BO3MOXXHOCTEH TPYIOyCTPONCTBA YS3BUMBIX TPYII HACCICHHS.
[Mepen BHenpeHHeM HUPPOBBIX TEXHOJIOTUI TPAAUIIMOHHBIC MEPhI BKIIIOYAIIN CIICAYIONIHE TIPAKTUKH:

— passumiue coyuanbHoll UHGpacmpyKmypsl — CTpaTeruy, HalpaBiIeHHbIE Ha YITy4lIeHue JOCTyna
K 00pa30BaHUIO, 3PaBOOXPAHEHHIO U COMAIBHBIM yciuyram. UrparoT KIIo4eByr0 poib B MOJACPIKKE
YS3BUMBIX TPYNIL. 3HAUUTEIbHOE BHHUMAHHE YACISIETCS MHKIIFO3UBHOMY OOpa30BaHHIO U Mpodeccro-
HAJBHOW TIOITOTOBKE, YTO CIIOCOOCTBYET MHTETPAIIUH JAHHBIX TPYII B PHIHOK TPY/A;

— peanuzayusi NPOSPAMM COYUANLHOU NOOOEPAHCKU — TTPOTPAMMBI MTOJJICPIKKH JIOXOIOB U COIHAITh-
HOM 3aIlIUTHI, TaKKe Kak 1mocoOus mo 6e3paboTHIle, TIEHCHU U COLMalbHbIE BHIILIAThl. O0ecnednBaroT
MUHUMAJIbHBINA YPOBEHB OJIar0COCTOSHHS U TIOMOTAIOT CHUYKATh PUCK COLIMATBLHOM H30JISIMU. DTH MEPhI
CIOCOOCTBYIOT CO3IaHUI0 OoJiee CTaOMIILHON B Oe301acHON COIMAaTbHON Cpe/bl;

— NPOOBUIICEHUE NOTUMUKU PAGHBIX BO3MONICHOCTEN — 3AKOHO/IATeIbHbIC HHUIIMATHBEI, HAlleICHHBIC
Ha 0oprOy ¢ TUCKpUMHHAIMEH M YCHIICHHUE PABSHCTBA JOCTYIA K pecypcam U BO3MOXKHOCTIM. Dopmu-
PYIOT OCHOBY JIJIsl CO3/IaHMsI OOJiee CIIPaBeTTMBON M MHKITIO3UBHOU padoueii cpepl;

— YKpenienue cemu COyuanibHo20 NapmHepcmed — B3aUMOJCHCTBHE TOCYIapCTBEHHBIX OPraHOB,
HETPaBUTEIbCTBEHHBIX OPraHU3alUii, YaCTHOTO CEKTOpa U COOOIIECTB HEOOXOAUMO VIS peau3aluu
KOMIIJICKCHBIX TIOIXOJIOB K PEIICHHIO MPOOIEeM COLMAIBLHON YSI3BUMOCTH. Takoe COTPYIHUYECTBO CIO-
COOCTBYET O0BEIMHEHHUIO YCHUIIUN U PECYPCOB JUIS JOCTHXKEHUs HanOosiee 3(GEeKTUBHBIX PE3yJIbTATOB.
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Cpenu mpeniaraeMbIX HOBaTOPCKUX ITOJXOOB K YMEHBLICHUIO COLMAIBHON YSI3BUMOCTH 0C000€
MECTO 3aHUMaeT aKTUBHOE UCTIO0JIb30BaHNE U (PPOBBIX TEXHOIOTHI U METOIOB MHTEIUIEKTYaIbHOTO aHa-
JM3a AAHHBIX. DTO HAINPaBIEHUE OTXOAUT OT TPAAMLIMOHHBIX MHCTPYMEHTOB U IpEJlaraeT nepeoBbie
peteHus It pa3padoTKH ITePCOHATM3UPOBAHHBIX MPOrPaMM MOJICP’KKH U IOBBIIICHUS (P PEKTUBHOC-
TH MIPOLECCOB TPyAOycTpoiicTa. [IpuMeHenne Takux HHCTPYMEHTOB MTO3BOJISIET TPOBOIUTH TITyOOKH
aHaJIN3 ¥ TOYHOE NMPOTHO3UPOBAHNE TCHACHIUI Ha PBIHKE TPYla, OCHOBBIBAACH HA NHTEIIEKTYaIbEHOU
AHAJINTUKE UCTOPUUECKUX JAHHBIX, YTO OTKPBIBAET HOBBIE MEPCIEKTHUBBI JJISI COMAIBHON HHTETpaIiy
YSI3BUMBIX TPYII HACETICHMS.

Cn0XHO NepeoleHUTh 3HaYMMOCTh TPYI0yCTPOMCTBA YSI3BUMBIX I'PYMI JIJIsl SKOHOMHUYECKOTO pocC-
Ta, MOCKOJIBKY OHO CIIOCOOCTBYET MOBBIIICHUIO UX JIMYHBIX JOXOJOB, YTO, B CBOIO O4YepE/b, YBEIHUH-
BaeT MOTPEOUTENBCKHI CIIPOC M HAJIOTOBBIE MOCTYIUICHHUS. JTO BEIET K CHIKEHHIO TOCY/IapCTBEHHBIX
pPacxoI0B Ha COLHUANIBHYIO MOMIEPIKKY U CTUMYIUPYET IKOHOMHUYECKOe pa3BuTHEe. CXEeMaTHu4HOE H30-
OpaskeHHe IaHHOTIO Mpoliecca NPEeICTaBIeHO Ha puc. 2.

TpyOoyCcTPOMCTBO yA3BMMBIX Fpyrn

!

[MoBbILWEHE NUYHBLIX 4OXO40B

!

YBenuyeHue I'IOTpe6MTerIbCKOFO cnpoca

|

PocTt HanoroBbIX NOCTYNneHi

.

CHmxeHne rocyaapCTtBeHHbIX pacxoaoB
Ha coumnanbHy noanepxkKy

.

CTMMyJ'IVIpOBaHVIe 3KOHOMMYECKOro pocrta
N pas3BnTud

Puc. 2. [lenouka Bo31eHCTBUS TPYAOYyCTPOMCTBA YS3BUMBIX I'PYIIIT HA SKOHOMUKY
Fig. 2. Chain of impact of vulnerable groups employment on the economy

B cTparernax cHnKeHHS COLMAIBHON YSI3BUMOCTH aKTyaJbHBIMU SIBIIAIOTCS MEXTyHaPOIAHbIE HHU-
[IMaTUBEI, peaqnu3yeMble B pa3IUIHBIX cTpaHax. Hampumep, B Azepbaiimkane OOH mogaeprxana mpor-
paMMy, LEeJIbI0 KOTOPOH ObUIa colManbHast U TPYLOBask peadUINTals HHBAINAOB, a TAKXKe HOAJEPIKKa
ux camo3aHsATocTd [7]. B Dduonun ocymecTBisics mpoekT ypOaHUCTHUECKON MPOAYKTHBHOM CEeTH
COLMANIbHOM 3alMThI, OxBaThiBatouii 604 000 ys3BUMBIX TpakAaH, BKIIOYas MEPHI M0 00IeCTBEHHBIM
paboram ¥ rpaHTHI Ha )ku3HeoOecneuenue. JlononmuutensHo [IporpaMma MasibIx TPaHTOB TIIO0ATBHOTO
IKOJIOTHYECKOTO (POHIA peain30Baja MPOCKThI M0 00YUYECHHUIO COMHEUHON nHXeHepun B bennse [8, 9].
OTH NPOEKTH! WIUIIOCTPUPYIOT BAXKHOCTh COTPYIHUYECTBA MEXIY MECTHBIMU COOOLIECTBAMHU U MEXK-
JOYHApOIHBIMU OPraHU3aLUsIMH IJIS1 JOCTH)KEHHS YCTOHYMBOTO Pa3BUTHS M COKPAILEHHS COLUAIbHON
YSI3BUMOCTH.

JanpHelmmii aHaan3 COLMANbHON ySA3BUMOCTH BKIIIOYAET B ce0sl pACCMOTPEHNE KOHKPETHBIX (ak-
TOPOB, BIMSIOMINX HA TPYAOYCTPOHCTBO YSI3BUMBIX TPYII, a TaKXKe H3ydYeHHE CYIIECTBYIOIINX IMpakK-
THUK, HAIPaBJICHHBIX Ha pellleHre 3TUX mpoodnem. [Ipencrapnennbie B Taba. | penieHus! sBISIOTCS OT-
paKEHMEM TEKYIIUX TeHICHLUI U MOAXOIO0B, IPUMEHSAEMBIX B PA3JIMUHBIX CTPaHAX M OpraHU3aLUsIX
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JJIsL TOAACPIKKH CONHATIBHO YA3BHUMBIX I'PYHIl, AECMOHCTPUPYS BA)KHOCTb MHTCTPHUPOBAHHOI'O IMOAXOAA
K YJIIYUYIICHHUIO UX MOJIOXKCHHA Ha PBIHKE TPYyAa.

Tadnauua 1. DTansl UKIA COIMATBFHON YSI3BUMOCTH U CBA3aHHBIE C HUMH (DaKTOPHI,
BIUSIFOLIME Ha TPYAOYCTPOHCTBO, C MPEIaraeMbIMU PEIICHHSAMH
Table 1. Cycle stages of social vulnerability and related factors influencing employment, with proposed solutions

[IpeumyiectBo Henocrarok
[Ipennaraemoe
Orarm 1ukia / daxrop / IIpobnema / pemenus / pemenus /
pemenue / .
Cycle stage Factor Problem Sugeested solution Advantage Disadvantage
£g of the solution of the solution
Henocrarok Joctyn OrpaHu4eHHBIN Pactmpenue [ToBbienue YBenuuenue
pecypcoB K 00pa30BaHUIO |HOCTYH K Ka4eCTBEH- TPaHTOB 00pa3oBaTeNbHOTO | OHOMKETHBIX
1 BO3MOXKHOCTEH HOMY 00pa30BaHUIO U CTUIEHIUH YPOBHs pacxoznos
OrpaHn4eHHbIH Hagbiku Henocrarok [lepenonroroBka | [loBbimenue ypous| TpeboBaHue
JOCTYTI K 00pa3oBa- | M KBaIH(pUKALKS | TPOPECCHOHATBHBIX | M KBAUIN(DHUKALMOHHBIE | TPYIOYCTpOiicTBa pecypcoB
HUIO M PBIHKY TpyJa HABBIKOB IPOTPaMMBbI U BPEMCHU
ConmanpHas CerteBble CBSI3U OrpaHn4eHust Oprasunzanys Pacumpenme VYeunenue
H30JISIHS B HETBOPKUHIE npodeccroHaNbHBIX | MPO(ECCHOHATBHBIX | KOHKYPEHIIMU
MEpOIPHSITHH BO3MOXKHOCTEHt Ha PbIHKE
CrepeoTHrIbl IIcuxonoru- CrepeoTHIibl O6pa3oBarebHbIe CrocobctByer  |CompoTUBIICHHE
W TUCKPUMHHANUS | YecKne Oapbepsl | ¥ MPEB3sTOCTh HPOTPaMMBI IIPOTHB paBeHCTBY HU3MEHCHUSIM
JUCKPUMHHAIAN Ha pabore B KOJIJICKTUBE
duznueckue Omnyecknii | [Ipodnemsl noctyn- | Pa3paborka cranmap- Vnydienue Bricokue
Oapbepbl JIOCTYII HOCTH pabOYUX MECT| TOB U aJalTUBHOTO yCIOBUH HavyaJIbHbIE
JUTSL HHBAJIUIOB 000pyIOBaHUs JUISL THBAJIMI0B WHBECTUIINN
HecrabuwisHOCTh 3aHATOCTh Bricokuii ypoBeHb Cosanne THOKHX VBenuuenue Heob6xonnmocTthb
Ha pBIHKE TpyAa | Ha PBIHKE TpyaAa 0e3paboTuIbl YCIIOBHH Tpyaa 3aHATOCTH perynupoBaHus
YCIIOBHI Tpyaa
OtcyTcTBUE CouumansHoe OTcyTcTBUE NIOA- DdunaHcupoBaHue CTuMyapoBaHHe Puck
TOJUIEPIKKH NpPeIIPHHU- | JIEP)KKH WHUIHATUB U MTOAJIePIKKa WHHOBAINIt HEJI0CTaTOYHOH
WHUIAATHB MaTelbCTBO | B COIMATBHOM TIPE- CTapTaroB U MIPeIIpPUHAMA- | TPUOBUTBHOCTH
MPUHUMATEIbCTBE TEJIbCTBA

Ananu3 Tabn. 1 mo3BONAET cleNaTh CIEAYIONINE BHIBOJIBI B KOHTEKCTE COIMATHHOU YS3BUMOCTH

U TPYZLOYCTPOUCTBA.

OrpaHU9YeHHBIN TOCTYIT K KAUeCTBEHHOMY 00Pa30BaHUIO MPENCTABIIAET COO0H 3HAUNTEIBHYIO TIPOO-

nemy. PaciimpeHnue nporpamMm rpaHToB U CTUIIEHANM IPEUIaracTcsi Kak peleHue, KOTOpoe MOKET MOBBI-
CUTh 00pa30BaTeNbHbII YPOBEHb M, KaK CIEJCTBHE, KBAIM(PUKAIIMIO COIMAIBHO yS3BUMBIX rpyni. On-
HAKO 3TO TPeOyeT 3HAYUTEIbHBIX (DMHAHCOBBIX BIOXKEHHI, YTO MOXKET YBEIIMYUTH OFOPKETHBIC PACXOIbL.

Henocrarok mpodeccroHaNbHBIX HABBIKOB U OIBITA SBJISETCS MPEMSITCTBUEM JUIsl TPYAOYCTPOM-
ctBa. [IporpaMMbl npodeccHOHaIbHOM MEPEIOATOTOBKY M IMOBBIICHHS KBATU(DUKALIUN IPEIararoTcs
KaK CI0co0 MOBBIMICHHUS YPOBHS TPYAOYyCTPOHCTBA. DTO, OMHAKO, TPEOYEeT 3HAYMTEILHBIX BPEMEHHBIX
U PECYPCHBIX BIOKCHUM.

OrpaHuyeHus: B HETBOPKUHIE YCUIIMBAIOT COLMANBbHYIO U30JSIIUIO YSI3BUMBIX rpynn. Opranuzanus
PO(heCCHOHANTBHBIX CETEBBIX MEPONPUATHH MOXKET PaCHIMPUTHh MPOo(ecCHOHATbEHBIE BO3MOXHOCTH,
HO 3TO TaKK€ MOXKET YCUIIUTh KOHKYPEHLIUIO HA PHIHKE TPYya.

CTepeoTHuITbl U MPEAB3ATOCTh Ha PHIHKE TPyAda MOTYT OBITh MPEOAOJICHBI Yepe3 00pa3oBaTeIbHbIC
MIPOTPaMMBI. ITH MPOTPAMMBI CITOCOOCTBYIOT PaBEHCTBY M YIYUIICHUIO pab0dYero KIMMara, HO MOTYT
CTOJIKHYTBCS C CONPOTHUBIICHUEM U3MEHEHUSAM B KOJJICKTHBE.

[IpoGnembl HOCTYIMHOCTH PabOYMX MECT Ui WHBAJIHUIOB BO3MOXHO PEIIMTH MyTEeM pa3paboTKu
CTaH/ApPTOB JOCTYITHOCTH M BHEAPCHHS AJallTUBHOTO OOOPYIOBAHHS. DTO YIYUIIUT YCIOBHS Tpyda
JUTSL JIFOJIEH ¢ OTPaHUYCHHBIMY BO3MOXKHOCTSIMH, OJTHAKO MOTPEOyeT 3HAUUTEIIbHBIX Ha4aJIbHbIX WHBEC-
TUIUH.

Bricokuii ypoBeHb 0€3pabOTHIIBI CPEAH YA3BUMBIX TPYIIT MOKET OBITh CHIDKEH ITYyTEM CO3TAHFS
THOKHX YCIOBHHN TpyAa. ITO yBEIMYUBAET 3aHATOCTh, HO TPEOYeT PEeryIMpOBaHUs YCIOBHN TPYy/a.

OTcyTCcTBUE MONACPKKU MHUIIUATHAB B COLUAIBHOM IPEIIPUHUMATEIHCTBE MOXKET OBITh KOMITCH-
CUPOBaHO (PMHAHCUPOBAHHMEM U IMOJJCPKKON CTapTarioB, YTO CTUMYJIUPYET UHHOBAIIUU U MTPEIIPUHU-
MaTenbcTBO. OIHAKO TAaKUE MPOEKTHI MOTYT CTONKHYTHCS C PUCKOM HEOCTATOUHON MPUOBLTEHOCTH.
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AHaIU3 CONMANBHON YSI3BUMOCTH B KOHTEKCTE TPYIOyCTPOHCTBA OTKPBIBAET MHOXECTBO (haKTO-
POB, BIUSIONIMX HA WHTETPAIHMIO YSI3BUMBIX TPYII B pabouyio cpedy. Pazsutue cormansHOl WHpa-
CTPYKTYPBI, peaar3alys MporpaMM COIMALHOW MOIICPKKH, MPOJBUKEHUE PABHBIX BO3MOXHOCTEH,
HUHTCTpald WHHOBAIIMOHHBIX TEXHOJIOTUHN U YKPCIUICHUEC COLUAJIBHOTO MapTHEPCTBA ABJIAKOTCA KITHO-
YCBBIMU CTPATCTUAMU [JIA YIIYHYHICHUSA WX IOJIOKCHMHA. HpI/IMepBI pa3HOO6pa3HLIX MECKAYHAPOAHBIX
MIPOEKTOB, TakuX Kak rmoamaepkka OOH mporpamm B Azepbaiimkane u DHHUOHIH, a TAK)KE HHUITHATHBBI
I'mobankHOTO KONOTrHYEcKOro hoHaa B benuse, noguepkuBaroT 3hHEeKTHBHOCTD MOOATBLHBIX MTOIXO00B
K YMEHBIIIEHHUIO COIIMAILHON ySI3BUMOCTHU. B 11e710M MYIBTHANCIUTUIMHAPHBIA aHAINU3 U IPAKTUYSCKUE
MEpbI CIIOCOOCTBYIOT 00JIee YCICIIHOMY BKIFOUEHHIO COIUAIBHO YS3BHMBIX IPYII B TPYIOBYIO KHU3Hb
o01ecTBa.

MeTOZ]I)l HHTC/VICKTYAJbHOI'0 aHAJIU3a JAHHBIX B IPOTrHO3MPOBAHUHU pr}lO}’CTpOﬁCTBa

B coBpeMeHHOM WH()OPMAIIMOHHOM MPOCTPAHCTBE aHAIN3 OOJBIIUX JAHHBIX CTAHOBUTCS KITIOUe-
BBIM HHCTPYMEHTOM B Pa3paboTKe CTpaTeruii TPyI0yCTpoiicTBa, 0COOEHHO aKTyalIbHBIX JIJISl COIUATEHO
YSI3BUMBIX TPYII. DTO HaIlpaBlieHHE MPOJOIDKAET OCTaBaThes B (poKyce nccienoBannii, Tpedys J0mo-
HUTEINIBHBIX MTOJITBEPKACHNN CBOEH A((heKTUBHOCTH. B yCIOBHSIX TMHAMIYECKUX N3MEHEHHUH Ha PHIHKE
TpyAa IPOTHO3UPOBAHNE TEHICHIIMN HAa OCHOBE aHAJIN3a HCTOPUYECKUX JaHHBIX CTAHOBUTCS HE TOJIBKO
BO3MOJKHBIM, HO M HEOOXOAUMBIM Uist popMynupoBanus SPPEKTUBHON MOTUTHKH 3aHATOCTH. MHTEN-
JICKTyaJIbHBIM aHAIN3 TaHHBIX 00ECTICYMBACT BBISBIICHUE 3HAYMMBIX 3aKOHOMEPHOCTEH 1 CO3aHue TIPO-
THO30B, UCIIONIB3Ysl CIIOXKHBIE M Pa3HOOOpa3Hble MAacCHBBI MH(OPMAIINH, YTO MPEIOCTABISET IIEHHbIE
MIPaKTHYECKNE BBIBOJIBI JIJTsI TOCYAAPCTBEHHBIX CTPYKTYP, HEMPAaBUTEIbCTBEHHBIX OpPTaHU3AIMi 1 9acT-
HOTO CEKTOpa.

B coBpeMeHHOI 5KOHOMUKE aHaJIU3 JaHHBIX HAUMHAET BBICTYIATh KaK MEPCIIEKTUBHBIA HHCTPYMEHT
JUIsL IPOTHO3UPOBAHHMS TPYAOYCTPONUCTBA, 0COOCHHO JUIsl COLMANIBHO YSI3BUMBIX TPYII. XOTs 3Ta MPaK-
THKA ellle He MMOIyYHIa IUPOKOTO PaclpoCTPaHEHUs, PeJIaraeTcsl akTUBHO pa3BUBATh U IIPUMCHSTh
MOJIXOJBl aHANN3a OOMNBIIKMX JAaHHBIX JUIsl GopMHUpOBaHUs 3P(EKTHBHBIX CTPATETHH TPYI0yCTPONUCTBA
STHX TPYII HACETICHHS, YTO MOYKET OTKPHITh HOBBIE BOZMOYKHOCTH TSI COIIMATHbHON MHTETPAIINHN U SKOHO-
MHYECKOTO pa3BUTHs. BbIieM OCHOBHBIE METOIbI aHANIN3A IAHHBIX, HCIIOIB3YEMbIX B JAHHOW 00NacTu:

1) AecKpUNTUBHBIN aHAIM3 — OCHOBA HAYaJbHOTO M3YUYECHHUs AAHHBIX, BKIIOYAET MOJACYET YacTOT,
CPeHUX 3HAUCHH, MEIUaH U APYTHX CTaTHCTHUYECKUX Mep. DTOT MOIXOJ IMOMOTAET MOHATH O0IIne
TEHJICHIIMU U 1Ia0JI0OHBI B JIAHHBIX;

2) KOpPEISIIIMOHHBIN aHAITU3 — UCTIONB3YETCS ISl BBISIBIICHUSI CBSI3€H MEXKITY pa3IMYHBIMU IIePEMEH-
HbIMHA. [Ipu TpymoycTpoiicTBE 3TO TOMOTAET MOHSTh, KaK pa3IHdHbIe ()aKTOPHI BIUAIOT Ha BEPOSITHOCTh
TPYIIOyCTPOMCTBA;

3) perpeccHOHHbIN aHajIu3 — IOMOTaeT NPOTrHO3UPOBAaTh 3HAUYEHHS OHOW MEPEeMEHHON Ha OCHOBE
Jpyroil. B skoHOMHUYeCcKHX MCCIeJOBAaHHUAX YacTO UCIONb3YeTCs IS OLICHKU BIMSHUS ONPEICIICHHBIX
(hbakTopoB (Hampumep, 00pa30BaHUs WU MPO(PECCHOHAIBHOM MOITOTOBKN) Ha 3aHATOCTb,

4) KacTepHbIil aHATU3 — TPYIITUPYET MOX0XKHUE TTOKA3aTEIH, YTO [IOMOTAET BBISIBUTH CKPBITHIE 11a0-
JIOHBI B JIAaHHBIX O TPYJI0YyCTPONCTBE, HAIIPUMED, CTPYTITHPOBATh Pa3IMIHbIE TPOdheccun Uitk TUTIBHI 0e3-
paboTHBIX;

5) MeTOozbl MAIIMHHOTO O0YYEeHHsI — COBMECTHO C aJIFOPUTMaMH KiacCU(UKALUU U MPeacKa3aHus
MOTYT aBTOMaTHUECKH 00pabareiBaTh OONIbIINE 0OBEMBI JAHHBIX JJIS1 BEISIBICHHS CIIOKHBIX 3aKOHOMEP-
HOCTEH M MPOTHO3UPOBAHMS OYyIyIINX TEHIEHIINI B TPYI0yCTPONUCTBE.

[TpuBeseHHBIE METOMBI aHANM3a JIAHHBIX MMEIOT IIMPOKUI CHEKTp MPUMEHEHHUS B Pa3IHYHBIX
acTekTax TPYAOyCTpOcTBa. BaxkHO TITyOOKO TMOHMMATh, KaK OHU MOTYT OBITH d(P(PEKTUBHO HCITOIb-
30BaHbl HAa MPAKTUKE JUIS PEIICHUs] KOHKPETHBIX 3a]ad. Harmpumep, KOppesiuOHHbIH aHAIH3 MOXET
BBISIBUTH B3aUMOCBSI3b MEX/1y 00pa30BaTebHBIM YPOBHEM U TPYAOYCTPOMCTBOM, B TO BpeMsI KaK Kilac-
TEpHBIA aHaJIN3 TOMOXKET TPYNIUPOBATH JAaHHBIE O 0e3pabOTHBIX ISl CO3IaHMSI LIEIEBBIX MPOrpaMMm
TOJICPKKH.

st obecrieueHus MOJTHOTHI KAPTUHBI U 000CHOBaHHS I(PPEKTUBHOCTH TPUMEHSEMBIX METOJOB
B TaOJ. 2 TIpe/iCTaBIeH CHHTE3 HAMPABIEHUH HCITOIB30BaHMS STHX METOIOB B KOHTEKCTE TPYAOYCTPOH-
CTBa yS3BUMBIX rpymir. OcBelnieHne BO3MOKHOCTEH U OTpaHUYEeHNH, CBSI3aHHBIX C KaX/IbIM U3 METOJIOB,
MO3BOJISICT HE TOJIBKO OLICHUTH UX POJIb B OOLIEM HCCIEOBAaHUN PhIHKA TPy, HO ¥ BBISIBUTH Hanbosee
MEPCIEKTUBHBIC TTOIXOBI TSI KOHKPETHON TONACPIKKH YSA3BUMBIX I'PYIII HACEICHHSL.
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Ta6auma 2. MeToIbl aHaNIN3a JaHHBIX IS YIYUIICHHS TPYI0YCTPOMCTBA YSA3BUMBIX TPYIIIL:
[IPUMEHEHHE U PE3YJIbTaThI
Table 2. Data analysis methods for enhancing employment of vulnerable groups: applications and outcomes

Meron / 1 U OcobeHHoCTb / IMpeumytiecTBo / Henocrarox /
Method PHMCHEHHC /LS Peculiaritie Advantage Disadvantage
Heckpurn- AHanm3 TeHACHINH Ompenenenne Kirode- JlerxocTth OrpaHudeHHOE
THBHBII 6e3paboTHIIb! BBIX JIeMOrpaduuecKkux UHTEPNpeTanuH, MIPOrHOCTHYECKOE
aHan3 11abJIOHOB MINPOKAs JOCTYITHOCTb 3HAYCHHE
Koppens- OreHKa IporpamMM 00yUeHHS; N3yuenune Bo3moxxknocTb He noareepxnaer
LII/IOHHBII\/'I U3YYCHUE CBA3U MEXKAY COLlUATIb- B3aMMOCBS3€eH BBISIBJICHUA NPUINHHO-CJIEACTBEHHBIX
aHan3 HOH MOIEPIKKON M YCIICITHO- | MEXKTy TIepeMEHHBIMU CKPBITBIX CBsI3eH cBs3eit
CTBIO TPYAOYCTpOICTBA
Perpec- [IporHo3upoBanue 3aHITOCTH; OLueHKa BIUSTHUS TouHOCTH IPOTHO30B CI10)KHOCTD
CHOHHBII OLICHKA BIIMSHUS 00pa3oBa- OJIHUX TTePEeMEHHBIX TIPY TIPABHILHOMN HMHTEpIpETaINH,
aHanm3 TENIbHBIX HHUINATUB Ha JpyTHue HacTpoiike qyBCTBHTEIILHOCTh
Ha TPYJ0YCTPOUCTBO K BbIOpOCam
Knactepusiii | CermenTanus 6e3paboTHBIX; I'pynnuposanue Beorasienue 3aBUCUMOCTb
aHanm3 TpynnupoBka mpodeccnit TIOXOJKUX JTAHHBIX HEOUEBUIHBIX OT BBIOOpA MapaMeTpoB
JUTSI LIEJIEBBIX TPEHUHIOB m1a0JIOHOB KJIaCTepU3aLUH
Mammnnoe | Mnentuduxarms prckoB 6e3pa- | O6paboTka 6ombmmx Bricokue TouHOCTB CII0XXHOCTb HACTPOHKH,
oOydeHue | OOTHUIIBI; aBTOMATH3MPOBAHHBIN 00bEMOB TaHHBIX U aJIalITUBHOCTH pHCK mepeodyueHHs
0TOOp KaHIUIaTOB JUIS BBISIBIICHHS
JUISL IPOTPaMM TTOAICPIKKH 3aKOHOMEPHOCTEH

AHanuzupys npencTaBieHHbIe B Ta0I. 2 METOIbI 00pabOTKU JaHHBIX, MOKHO BBISIBUTb UX YHUKAJIb-
HOE 3HAYCHHE JUIsI TPYAOYCTPONUCTBA COLUANTBHO YSI3BUMBIX TPYIIIL.

JleCKpUNITHBHBIA aHann3 obOecrieuyuBaeT 0a30BOC MOHMMaHHE JAEMOTpapUuecKUX M COIHAIbHO-
9KOHOMHUYECKUX JIAaHHBIX COIMAIBHO YS3BUMBIX TPYII, OrPAaHHYMBACTCS MOBEPXHOCTHBIM aHAIM30M
1 HE PaCKpbIBAET INIyOMHHBIE IPUUNHHO-CIEICTBEHHBIE CBS3U, YTO JIEJIAET €0 MEPBIM I1aroM B IIOHH-
MaHHM{ MX IIPOOJIEeM Ha phIHKE Tpyda. MOXKeT BBIIONHATHCS COLUATBHBIMH CIIY>KOaMHU U areHTCTBaMHU
10 TPYZIOYCTPOICTBY, IOMOXET STUM OPraHU3aLUsIM B IIOJYUCHUH IEPBUYHBIX JaHHBIX 0 0€3pa0OTHBIX,
00 ux 00pa3oBaHUU W UCTOPUH TPYAOYCTPOMCTBA, YTO SIBISETCSI OCHOBOM JUIA pa3paOOTKH MOJUTHK
U TIPOTPaMM.

KoppensuuonHslii anaims, XoTs U 3p(EeKTUBEH B BBISIBICHIUH CKPBITHIX B3aMMOCBSI3eH MEXy pas-
JMYHBIMY COLIMATIbHO-3KOHOMHUYECKUMU (PaKTOpaMH, TAKMMHU KaK YPOBEHb 00pa30BaHUs U ycIieX B TPY-
JOYCTPOWCTBE, HE MOXKET YCTAaHOBHTH IPSIMbIC NMPUYUHHO-CIIECACTBEHHbIC OTHOIICHHS, YTO SIBISIETCS
KPUTHYECKH BaYKHBIM JUIS pa3padOTKH Mep MOJIAEPKKU. ByleT rmone3eH npu UCroiab30BaHUK UCCIIE0-
BaTeJIbCKUMH OPTaHU3aALMSIMUA 1 YHUBEPCUTETAMH AJISl U3yUCHHS CBSI3€H MEKAY Pa3InUHbIMU COLMAIb-
HO-DKOHOMHYECKMMHU (haKTOpaMH W MX BIUSHHS Ha TPYAOyCTpoicTBO. [lomMoraeT onpenennTh, Kakue
(axTopbl HarboJee BAXKHBI JIJIsl TPYAOYCTPOUCTBA YSA3BHUMBIX TPYIIIL.

PerpeccronHslil aHanmu3 npeanaraet 0oj1ee TOYHOE IPOrHO3MPOBAHUE BIUSHUS COLUAIBHO-3KOHO-
MHYECKUX (PaKTOPOB Ha TPYIOYCTPOICTBO COLUAIBHO YSA3BUMBIX I'PYII, HO €TI0 CIOKHOCTB TPpeOyeT 1e-
TAJBHOTO CTATUCTUYECKOTO aHalu3a U TIIATEIbHON MMOArOTOBKY JaHHBIX. [lonxoaut i mpruMeHeHus
BJIACTSIMH M OPTaHU3ALMIMH, 3aHUMAIOIIUMUCS pa3paboTKON MOTUTHUKH, I O0Jiee TOUHOTO MTPOTHO3H-
pOBaHUsI BIHUSHUS 00pa30BaTeIbHBIX TPOTPAMM HIIH SKOHOMHUYECKUX H3MEHEHHI Ha TPYIOyCTPOHCTBO.

KnacrepHplii aHanu3 0COOCHHO BaKeH JUIsi TPYNIUPOBKU 0e3paOOTHBIX U BBISBICHUS CKPBITHIX
mabJI0HOB, CITOCOOCTBYET OoJiee AP HEeKTUBHOMY ITOAXOAY K pa3padoTKe MPOrpaMM TMOANEPIKKH, HO €ro
TOYHOCTbH 3aBHCUT OT IPaBHJIBHOIO BBIOOpA MapaMEeTPOB M ITOHWMAHHUS CTPYKTYphl JaHHBIX. MoxeT
OBITH MCIIOJIB30BaH CIIY>)KOAMHU 3aHATOCTH M COLUANIBHBIMU CITY>KOaMu AJIsl TPYIIUPOBKU 0e3paboTHBIX
10 Pa3IUYHBIM KPUTEPHUSIM, UTO IOMOTAET B pa3paboTKe IeJIeHANPaBICHHBIX IPOrpaMM MOJACPKKH.

MammaHoe o0yueHue, Kak MmepefoBoi MeToa oO0paboTku OONbIIMX 00BEMOB JaHHBIX, OTKpBIBA-
€T HOBBIC TOPU3OHTHI B MPOTHO3MPOBAHUH M TOHUMAHUH CIIOKHBIX 3aKOHOMEPHOCTEH, 4TO 0COOCHHO
LEHHO AJISl aHaJM3a CUTYalMM B TPYIOYCTPOICTBE COLMAJIBHO YSI3BUMBIX Ipymi. Tem He MeHee ero
3¢ (heKTUBHOE HCITONB30BaHME TpeOyeT ITyOOKHX 3HAHHH B OOJIACTH TAHHBIX M MAITHHHOTO OOYYEHUSI.
MeTozp! MaLTMHHOTO O0y4YEHHS IPUMEHSIIOTCS IEPEIOBBIMH UCCIIEIOBATEILCKUMH LICHTPAMHU U paspa-
0OTYMKaMU POTrPaMMHOT0 oOecnedeHus Al aHanu3a OONbIIMX 00BEMOB IaHHBIX, IOMOTAIOT B BBISIB-
JICHUU CIIOKHBIX 3aKOHOMEPHOCTEH ¥ MPOTHO3MPOBAHHUHU OYIyIMX TEHACHIMIA TPYI0yCTPOHCTBA COIIH-
QJIBHO YS3BUMBIX TPYIIIL.
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[IpencraBnennas Ha puc. 3 cxema HHPOPMAIIMOHHON CHCTEMBI IEMOHCTPHUPYET, KaK IMepeuncIIeH-
HbIE METOJ[l MOTYT OBITh HHTETPUPOBAHBI B TPOIIECC MOIICPKKH COUATHHO ySI3BUMBIX TPYIII, Jeias
OXBaT OT WACHTU(UKAIIUY U aHAJIK3a MOTPEOHOCTEH 10 MOHUTOPHUHTA M OIICHKU Peaji30BaHHBIX CTpa-
TEruu.

[Nonb3oBaTenbcKkuii
nHTepderic (Ul)

A\ 4

KnneHT-cepBepHoe
B3ammogenctamne (API)

y
CepBepHasi yacTb
(o6paboTka 3anpocos,
ayTeHTnduKaumns)

Bbasa gaHHbIX
(xpaHeHwue, obpaboTka,
3almTa JaHHbIX)

A 4

Mopaynu aHanvaa faHHbIX
(vHcTpymeHThl AL

v
WHTerpauus ¢ BHELUHUMU
cucteMamu
(rocnopTansl, 6a3bl AaHHbIX)

\ 4
PaspaboTka nnaHos
NoAAEPXKN
(Ha ocHOBe AaHHbIX aHanu3a)

v
MOHUTOPWHT 1 OLeHKa
ahdeKkTMBHOCTU
(aHanuTU4Yeckne MHCTPYMEHTHI)

Puc. 3. Cxema nH(POPMAITMOHHOH CHCTEMBI [T TPYAOYCTPOMCTBA COMMATBHO YI3BUMBIX TPYTIIT
Fig. 3. Scheme of an information system for employment of socially vulnerable groups

[Ipu peanuzanyuu HHOOPMALMOHHON CUCTEMBI JJIsl OAJEPIKKH COIUANBHO YSI3BUMBIX TPYIIT KaXK-
JIbIH KOMITOHEHT CHCTEMBI UTPAeT OTPEICIICHHYIO POJIb U BHOCHT CBOM BKJIaJ B 3 (PEeKTHBHOCTD U (yHK-
UOHAJIBHOCTD PCIICHUA. Omnuiiem q)yHK[II/IOHaJ'I U TEXHUYCCKHEC aCIICKThl OCHOBHBIX 3JIEMECHTOB CUCTEMBI.

— monb3oBarenbekuil maTepdeiic (Ul) — BrmouaeT BeO-npuiokenus (pa3paboranHbie Ha React,
Angular u T. 1.) 1 MoOMIBEHBIE iprokeHus (1I0S/Android). OGecrnieunBaeT B3anMOACHCTBHE C TOJB30-
BaTeJSIMHU (COLMAILHBIMU CITy)K0aMu, 0e3pa00THBIMHU, pab0TOAATEINSIMHI );

— KIMeHT-cepBepHOoe B3aumojeiicteue (API) (pa3paboran Ha Node.js, Express.js) — ais oOMeHa
JaHHBIMHA MCXKAY KIIMCHTCKUMU MMPUIIOKCHUAMU U CEPBEPOM;

— cepBepHasi yacTh — 00paboTKa 3anpocoB, ayreHTH(uKanus (ucnoiab3oBanue JWT, OAuth), moruka
IIPWIOKEHUN, YIIPABIECHUE TOCTYIIOM;

— 6a3a manabix — SQL (mampumep, PostgreSQL) umu NoSQL (MongoDB) — amnist XpaneHus JaHHBIX
0 TIOJIB30BATEINAX, 00 MX COIMATbHO-IKOHOMHUYECKUX XapaKTepPUCTUKAX, HICTOPHU TPYIOyCTPOHCTBA;

— MOJYJM aHajlu3a JaHHBIX — HUCHoJib3oBaHue OubOnmmorek Python (Pandas, NumPy) mns nmec-
KPHUIITUBHOTO W KOPPEISIIUOHHOTO aHanu3a. [I[puMeHneHne MammmHHOTO 00y4YeHUs! C MCIIONb30BaHUEM
Scikit-learn, TensorFlow Jij1st BBISIBJICHHS CIIOXKHBIX 3aKOHOMEPHOCTEH;
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— MHTETPAIUs ¢ BHCITHUMH CUCTEMAaMH — CBSI3b C TOCYIAPCTBCHHBIMHU TIOPTANIaMU, 0a3aMu JaHHBIX
yepe3 RESTful API nnu SOAP;

— pa3paboTKa TJIAHOB TOAJIEPKKH — CO3J[aHME WHIMBUAYAIbHBIX CTpATerMii HA OCHOBE aHaju3a
JTAaHHBIX, UCTIOJNIb30BaHUE CUCTEM yIpasieHus npoekramMu 1 CRM-cucrem;

— MOHHUTOPHHI' U OILICHKa 3(1)(1)CKTI/IBHOCTI/I — HMHTETrpanusd C aHAJIUTUYCCKUMU HWHCTPYMCHTaAMH
(Google Analytics, Tableau) mist coopa 00paTHOM CBSI3M U aHAIH3a PE3YIIETATOB.

TakuM 00pa3oM, HcCIe0BaHUE METOJIOB MHTEIICKTYa bHOTO aHAIN3a JIAHHBIX B KOHTEKCTE CO-
[UATBHON yS3BUMOCTU OTKPHIBACT HOBBIE MIEPCIIEKTUBBI JIJISl YAYUIIICHUS [IPOIecca TPYI0yCTPONCTBA,
YYUTBIBas YHUKAIBHBIC MOTPEOHOCTH M MTPOOJIEMBI YSI3BUMBIX IPYII HaceaeHus. Vcnonp3oBaHue 3TUX
METOJIOB 00ECIIeUnBaET HE TOJIBKO ITyOOKHUI aHalN3 TEKYIIel CUTYalll1, HO ¥ CIIOCOOCTBYET pa3padoT-
Ke IIeJICHATIPaBICHHBIX ¥ Y(PPEKTUBHBIX CTPATETHI TOAJICPKKH.

3akJoueHue

1. MccrenoBanre MOAYEPKUBACT BAXKHOCTH NMPUMEHEHHUS METONOB HWHTEIUICKTYaJIbHOTO aHaln3a
TAHHBIX JJIS TTOBBIICHUS 3(PPEKTHBHOCTH TPYA0YCTPONCTBA CONMAIBHO YSI3BUMBIX TPYMI. OTH METO-
b1, TOKa3aBIIre CBOIO d(h(hEeKTUBHOCTH, OTKPHIBAIOT HOBBIE BOZMOXXHOCTH JUISI TITyOOKOTO TTIOHUMaHUS
JUHAMHYECKUX TEHJCHIMI Ha PhIHKE TPyJa W CIIOCOOCTBYIOT BBISBICHHIO KPUTHUECKHUX (DAKTOPOB,
BIUSIONIMX Ha TPOIIECC TPYAOYyCTpoiicTBa. OCOOCHHOCTh BBIMOJIHEHHOTO UCCIIE0BAHUSI — MHOTOYPOB-
HEBBIN MOAXOJ K aHAJN3Y COLUAIBHON ySI3BUMOCTUA M BHUMAHUE K MHTETPAIMH PA3IMYHBIX ACIIEKTOB
B €MHBIN aHATMTUYCCKUH PpEeHMBOPK.

2. Pa3paborana KoHIeNTyaqpHas cxeMa MH()pOPMAITMOHHOW CHCTEMBI, KOTOpasi BKIIOUAET MOIYIH
Jutst cOopa 1 aHaM3a JaHHbBIX, HHTETPAIUIO PA3IMYHBIX HCTOYHHKOB HH(OPMAIIHH, a TAKKE pa3padoTKy
U pealiu3alllio CTpaTeruil TPyIoyCTPOMCTBA. DTa CUCTEMA OXBATHIBAECT BECh MPOLECC, HAUMHASI OT UJICH-
TU(UKAIUU TOTPEOHOCTEH YA3BUMBIX TPYII U 3aKaHYUBAs OIEHKOU 3(P()EKTUBHOCTH peaTu30BaHHBIX
MIpOTpamMm.

3. HccrnenoBanue HE TOMBKO MOTYCPKUBACT 3HAYMMOCTH MCIIOIB30BAHUS TEPEIOBBIX TEXHOJOTH-
YEeCKUX PEIIeHUH IS yITydIIeHHus MPOIECCOB TPYIOyCTPONCTBA, HO 1 CTUMYJIHPYET pa3paboTKy KOMII-
JIEKCHBIX MH()OPMAIIMOHHBIX CHCTEM, KOTOPBIE MOTYT CITy)KUTh KaTajdu3aTOpOM COIMAIBLHBIX H3MEHE-
HUH. DTO 00eCneunuT He TONBKO Oojiee TTyOOKOe NMOHMMaHME MEXaHW3MOB COILMATIbHON WHTETpalluHy,
HO Y MIOMOXKET B (HOPMUPOBAHUH UHKITFO3UBHOTO M CIIPABEJIMBOTO PhIHKA Tpy/aa. Takue cucTeMbl OyayT
CIOCOOCTBOBaTh IKOHOMUYECKOMY Pa3BUTHIO, CHIKCHHIO COLIMAIBHOIO HAIPSDKEHUS U YITyYIICHHUIO
00111ero 06;JarocoCTosIHUS 00IIIeCTBA.

4. Pe3ynbraTsl HCCIETOBAHAS TTOAISPKUBAIOT HEOOXOAMMOCTh MEKCEKTOPATFHOTO COTPYAHIYECTBA
MEKy FOCyJapCTBEHHBIMU OpraHaMH, YaCTHBIM CEKTOPOM, HENPABUTEIbLCTBEHHBIMU OPraHU3aLUSIMU
Y aKaJIeMUYECKUMU KpyTraMu C LEeNbI0 pa3paboTku U peanu3anuu d(Q(EeKTUBHBIX CTpATErHii, Halpas-
JICHHBIX Ha TOJACPKKY COLUAIBHO YS3BUMBIX TPYIII U YAYUIICHUE MIPOIIECCOB TPYAOYCTPOICTRA.
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Abstract. This article describes a teaching method that was used to teach second-year mechatronics and robotics
students the components of cyber-physical systems. In view of the importance of team learning, the group was
divided into five sub-groups (student teams) in order to increase efficiency by comparing the tasks undertaken
by the teams. A line following robot was used for the teaching. This course was designed to last 48 academic hours.
As a result, the students noted that after building the robot in teams, their attitude towards cyber-physical systems
changed, and they became motivated to carry out larger projects related to cyber-physical systems.
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AHHoTanusi. B cTaThe onmchIBacTCs METO/ 00yUEHHsI, KOTOPbIH HCIIONB30BAJICS JijIsi O0yUeHHUsI CTYJICHTOB BTO-
pOro Kypca MEXaTPOHUKH M POOOTOTEXHUKH KOMIIOHCHTaM KHOCP(HU3UYECKHUX CHCTEM. YUHTHIBas BaKHOCTh
KOMaH/IHOTO OOydYeHHs, Irpymia Oblia pa3feieHa Ha MATh MOATPYINH (CTYACHUYSCKUX KOMaH/), YTOOBI TOBBICUTH
3¢ PEeKTUBHOCTD 32 CUET CpPAaBHEHUsI 3a/IaHUM, BHIIOIHIEMbIX KOMaHAaMu. J[J1si 00y4ueHHUsT UCTIONb30BAIICS POOOT,
CJICAYIOIINH 32 JIMHUCH. DTOT Kypce ObUT paccunTaH Ha 48 akaJeMUYCCKIX YacoB. B pesynbrare cTyIeHThl OTMETH-
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JIM, 9TO ITOCJIC CO3JaHUusA p060Ta B KOMaH/IaX X OTHOIICHUEC K KI/I6Cp(1)I/IBI/I‘ICCKI/IM CUCTCMaM U3MCHUJIOCH, U Y HUX
IIOsABHJIaCh MOTUBALIUS BBIIIOJIHATH OoJiee MacIITaOHEIE IMPOCKTHI, CBA3AHHLIC C KI/I6ep(1)I/I3I/I‘{eCKI/IMI/I CHUCTCMaMMU.

KiaroueBnie ciioBa: KI/IGGP(l)PIBI/I‘IeCKI/Ie CHUCTEMbI, MCTO 06yquI/m, pO6OT, CTyACHYCCKNEC KOMAaHbI, 06yquI/Ie
Ha OCHOBC IIPOCKTa.

Kon@umkT uHTepecoB. ABTOPHI 3a4BISAIOT 00 OTCYTCTBHH KOH(MINKTA HHTEPECOB.

Jas nuTHpoBaHUs. YIydlleHHWE IOHUMAaHHs CTyJACHTaMHU-WH)KCHEpaMH KOMIIOHEHTOB KHOep(u3nuecKkux
CHCTEM C MCIIOF30BaHNEM MeToa 00yUeHIsI, OCHOBAaHHOTO Ha KOMaHAHBIX TpoekTax / A. A. Yapsiesa [u ap.] //
udposas tpanchopmarust. 2024. T. 30, Ne 2. C. 43-51. http://dx.doi.org/10.35596/1729-7648-2024-30-2-43-51.

Introduction

Oguzhan Engineering and Technology University of Turkmenistan (ETUT) was opened in 2016
and is one of the youngest universities in the country. Despite its youth, our university, which is one
of the leading universities in the country, is a reporter of the Times Higher Education [1], member
of CDIO [2], UI GreenMetric [3], and a number of other international organisations [4, 5]. ETUT trains
engineering technologists and technicians at Bachelor's degree. The aim of the ETUT's teaching staff
is to prepare a competitive specialist in their field.

At the ETUT students receive a quality education in English and Japanese in accordance with inter-
national educational standards in the majorities “Automation and control”, “Mechatronics and robotics”,
“Electronics and nanoelectronics”, “Biomedical electronics”, “Physics of modern technologies”, “Tech-

9% ¢

nical means of data protection”, “Technologies of digital economy”, “Digital infrastructure and cyber-
security”, “Mobile and network engineering”, “Innovative economics” and etc. [6].

One of the main tasks of the academic staff of the Department of Cyber-Physical Systems (CPS)
at the ETUT is to provide the students of this department with a broad modern understanding of CPS.
CPS are one of the main directions of the intelligent industry that is planned to be organised in the co-
untry in the coming years.

A smart manufacturing is an industrial system that integrates modern information and communication
technologies with the production environment to ensure real-time management of energy, productivity
and costs in the production process at the machine, factory or enterprise level. In other words, the smart
manufacturing is the production of the future, combining the imaginary and physical worlds through
CPS. The capabilities of devices and sensors to transfer information between each other make it pos-
sible to build an intelligent network throughout the entire production chain [7, 8]. In order to achieve
the above, there is a need for highly qualified specialists who are will be able to model CPS platforms
and their production, create software using different programming languages for the interaction of mo-
dern sensors and control systems with each other, in short, engineers who can deal with CPS.

For this reason, the academic staff of the Department of CPS are striving to train personnel who will
work in this new industrial sector, which will make a great contribution to the development of the country,
according to modern requirements and to achieve a continuous improvement of their skills. This article
describes the characteristics of the method that uses a programmable line following robot to improve
the understanding of components of CPS by undergraduate students of the Department of CPS.

Literature review

To date, several researchers have conducted research into teaching methods for students with com-
ponents of CPSs.

V. Gadepally et al. [9] using the existing project “Autonomous driving in mixed environments” ex-
plain to students the structure and working principle of CPS. In this paper, based on the “Autonomous
driving in mixed environments” project, students are invited to develop algorithms for the CPS, “Room-
ba, overcoming competition”, and the results of this method are analysed through a project competition.
The aim of this event is to give students the opportunity to study the components of CPS by working
independently on existing scientific projects.

N. Ueter et al. [10] in their work, they teach of the Department of Computer Science and Computer
Engineering students the components of CPS by building an unmanned vehicle using the project-based
learning method. Project-based learning is a comprehensive programme in which students start with
projects in one subject area while developing their skills in other subjects. In this article, the basic con-

44



DIGITAL TRANSFORMATION EcoNoMmIc SCIENCES,
V.30, No 2 (2024) EpucarioNn

cepts of CPSs are explained to the students and the results demonstrated by the students are discussed
and evaluated at the end of the project. In this methodology, students are given the opportunity to apply
their theoretical knowledge, complete a project and test their work in real life to improve their cognitive
skills. This method also aims to improve students’ ability to work in groups on complex projects.

The work of S. A. Nelke et al. [11] is also based on the use of project-based learning methodology
in teaching students the components of CPS. But the difference in their methodology is that it is aimed
at teaching undergraduate students in “Industrial engineering and technology management”, who prac-
tically have no knowledge about the components of CPS, about courses in electricity and programming.
The authors solved this problem by teaching students about the Internet of things, one of the key com-
ponents of CPS. This is because Technological Business Engineers, who are the profession of the future,
will be able to work with electrical engineers and programmers, and gaining an understanding of their
work, will enable them to properly manage multifaceted projects.

S. Ghosh et al. [12] use the CPS testbed, which specialises in developing a simple way to teach stu-
dents the components of CPS. This testbed allows students to design, run and analyse control algorithms
in various CPS. As can be seen from the teaching methods above, each institution uses different methods
to teach students the components of CPS. This article describes our teaching methodology used to teach
the components of CPSs to 2nd year students of “Mechatronics and robotics” at the Faculty of Cyber-
physical systems.

Methodology

Teaching students about the components of CPS starts with explaining to them what the term “cy-
berphysical systems” means. To do this, we use Google Scholar to analyze various literature and use the
most cited articles. Using several articles and writing definitions in notebooks, we discuss all these defi-
nitions together with the students. While discussing the definitions of the term CPS, we also come across
a number of other terms related to CPS, and again analyse the relevant literature sources in order to
understand them. This methodology allows students to better understand CPSs. In order to consolidate
what has been learnt in this lesson, in the next lesson we give the students cards with the names of the
terms and explore the students' concepts. If the student has not improved, more time is given and the
previous activities are repeated. As an example of the definition of cyberphysical systems, consider the
following definitions.

E. A. Lee [13]: “A cyber-physical system (CPS) is an orchestration of computers and physical sys-
tems. Embedded computers monitor and control physical processes, usually with feedback loops, where
physical processes affect computations and vice versa”.

V. Gunes et al. [14]: “Cyber-physical systems (CPSs) are complex, multi-disciplinary, physical-
ly-aware next generation engineered systems that integrate embedded computing technology (cyber
part) into the physical phenomena by using transformative research approaches. This integration mainly
includes observation, communication, and control aspects of the physical systems from the multi-discip-
linary perspective”.

R. Alguliyev et al. [15]: “Cyber-physical systems (CPS) is a system that can effectively integrate
cyber and physical components using the modern sensor, computing and network technologies”.

A. Humayed et al. [16]: “CPS are composed of various components in many ways. There are dif-
ferent hardware components such as sensors, actuators, and embedded systems. There are also different
collections of software products, proprietary and commercial, for control and monitoring”.

M. N. O. Sadiku et al. [17]: “A CPS has three main components: (1) a physical system, (2) networ-
king and communication element, (3) a distributed cyber system. CPSs are designed with a set of distri-
buted hardware, software, and network components which are embedded in physical systems and envi-
ronments. The software plays the most important role; it includes all software programs for processing,
filtering, and storing information. CPSs interact with the physical system through networks”.

As we can see, in the definitions provided to understand the meaning of the term CPS, we find seve-
ral other terms such as integrated systems, physical system, sensors, computing structure, actuators, high
precision network. These new terms are also discussed throughout the course. Of course, many of these
new terms have been explained in previous lessons. If these terms have not been considered before
this lesson, then these new terms are also being supplemented. Once the students have learnt these terms,
it remains to familiarise them with the places where they are used in the design of CPSs and the func-
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tions they perform, by seeing and “touching” the devices that make up CPSs in real life. To do this,
we use the “Project based learning” method mentioned above, i. e. we choose a specific project. Students
are introduced to the function that each component in the system performs individually (Fig. 1).

Fig. 1. Some components of the CPS for seeing and “touching”

Given the importance of group learning, we divide the group into sub-groups (student teams) of five
to increase efficiency by comparing the tasks undertaken by the sub-groups. This creates a habit of wor-

king as a team and encourages the development of specific engineering skills, such as the ability to pub-
licly explain new ideas and knowledge to team members.

Results and discussion

In this section we will discuss project selection, selection of components for real-time project exe-
cution, project execution and analysis of the results obtained as a result of project execution. The “Line
following robot” project was chosen for the “Project based learning”. The “Line following robot” con-
sists of hardware and software and is a prime simple example of a CPS (Fig. 2).

CYBER-PHYSICAL SYSTEMS LINE FOLLOWING ROBOT
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Fig. 2. “Line following robot” as and simple example of a cyber-physical systems
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ARDUINO

Line following robot is an autonomous robot which is able to follow a colored line that is drawn
on the surface. As we can see from the definition, our robot must be able to follow a given line, i. . it must
be able to feel the line and receive information about it, for which we use an IR sensor. The next step
is to process the data received from the sensor using the Arduino Uno platform and develop an algorithm
for the program to send commands to control the DC motors and communicate with the wireless re-
mote control. We use motor driver to control the movement and direction of the DC motors. We added
the HC-06 Bluetooth module to this project to control the robot remotely in case of some technical problems.

46



DIGITAL TRANSFORMATION EcoNoMmIc SCIENCES,
V.30, No 2 (2024) EpucarioNn

This project allows students to interact in real time with sensors, actuators, data processing tools,
programming and many others that are components of CPSs. Students are provided with all necessary
equipment and components for the implementation of the project. The main goal of this project is to give
students the opportunity to select the components of CPSs and develop an autonomous robot in the team
that can move along the black line, controlled wirelessly (Bluetooth) if necessary, and to compare
the performance of the teams with each other. The robot consists of the components depicted in Fig. 3.
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Fig. 3. Components of the line following robot: a — rolling chassis with wheels; b — Arduino Uno;
¢ —motor driver L298N; d — IR sensors; e — connecting wires; f — DC motors; g — Bluetooth module HC-06;
h — rechargeable batteries; i — battery box; j — Arduino software

The sub-group consisted of 2nd year students from the “Mechatronics and robotics majority”. These
students had previously taken courses such as “Scientific fundamentals of innovative technologies”,
“Physics”, “Mathematics”, “Mathematical statistics and probability theory”, “Programming” and “En-
gineering graphics” in different semesters. As the line following robot is controlled by the Arduino Uno
platform, team members should be familiar with the Arduino programming language, as well as courses
such as “Digital signal processing”, “Fundamentals of mechatronics”, “Fundamentals of robotics”. But
the most important thing is not that they can fully understand these courses. The focus was on the stu-
dents’ motivation and skills. Although the students had previously learnt the basic concepts in these
courses, they did not complete the real project by ‘touching’ all the components. And this time they did
a real project.

Sub-groups were formed taking into account the skills and abilities of the students. This is a com-
mon situation in engineering teams. The students are given a total of 48 hours to complete this pro-
ject (16 hours of experimental lessons and 32 hours of additional lessons). The 16 hours of experimental
lessons are carried out according to a timetable drawn up by the teachers (Tab. 1), and the 32 hours
of extra lessons are carried out after the main lessons according to the timetable drawn up by the sub-
groups themselves and agreed with the teacher.
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Table 1. Examples of topics to be covered in the experimental lessons

No Topic
1 An introduction to cyber-physical systems and some examples of them
2 Components of cyber-physical systems
3 | Arduino platforms. The Arduino Uno platform
4 The Arduino programming language. Receiving data from sensors using the Arduino Uno platform
5 Controlling actuators with Arduino Uno
6 Digital signal processing with Arduino Uno
7 | The line following robot and its components
8 Development of an algorithm for the movement of a line following robot on the Arduino Uno platform

Students carry out their research work in the relevant laboratories of the ETUT Scientific and Tech-
nological Center after the main classes. One of the main activities of the ETUT Scientific and Tech-
nological Center is to provide technical and methodological support to university teachers, graduate
students, master and undergraduate students in conducting research and improving their education.
Students and teachers of the Faculty of Cyberphysical Systems have carried out several scientific
projects [18-26] at the Department of Intelligent and Robotic Technologies of the ETUT Scientific
and Technological Center.

The main reason for the choice of the Arduino platform for the teaching of components of CPSs
to students in experimental classes is the availability of open source projects on the same platform.
Open source articles and video tutorials are presented in a way that is easy for students to understand,
providing additional opportunities for self-learning and self-improvement. A further advantage is that
the control system consists of both hardware and software components. The line following robot team
project consisted out of four phases (Tab. 2).

Table 2. Phases of the line following robot team project

No Phase

1 Choosing components and studying their purpose and working principles
2 Building the robot, putting all the components in their places

3 Developing and uploading a code algorithm for Arduino Uno

4 Testing the ready-to-use Line following robot experimentally

In the first phase, the students are explained the peculiarities of component selection and the techni-
cal characteristics of these components for each specific project. They are then introduced to all the com-
ponents selected to build a line following robot, and the functions that each component performs.
In the second phase, the components selected in the first phase are installed on the robot chassis together
with the students. These components are then connected to each other, to the power supply and to the Ar-
duino Uno by connecting wires. As a result, robots were built for each sub-group, as shown in Fig. 4.

In the third phase, the task is to move the robot configured in the previous stage. To do this, algo-
rithms are created in the Arduino programming language for the motor driver that controls the DC motor,
the IR sensor and the Bluetooth module. Each of these algorithms is loaded and tested individually on Ar-
duino Uno controller. After checking the correctness of the algorithms, all of them are loaded with cont-
rols in the form of a single sequence of code. Fourth phase is the final decisive phase in our case, in which
student teams test in real time the CPS they have developed — a line following robot. By observing the ro-
bot's movement along the line, they make the necessary adjustments to the code. Student teams can also
control the robot using a smartphone via Bluetooth wireless connection. After each phase, the sub-groups
presented their work. In the presentation, they presented a list of the literature used to complete this phase
and what they learned from the relevant literature to complete this phase of the project. After the allotted
48 hours, all teams tested their completed projects on the track with lines. Some of the problems encoun-
tered with the prosthetics were discussed with other groups and teachers. Several competitions were orga-
nised to compare the projects with each other. When the students were asked for their opinion in order
to determine the effectiveness of the teaching methodology used, they noted that for the first time they had
mastered the skills of teamwork, explaining their ideas to each other, typical for engineers, and that they
realized that what they had learned in the classroom could be applied in real life.
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Cc

Fig. 4. Ready-to-use line following robot: a, b — top and bottom views, respectively;
¢ — line following robot in process

Conclusion

In this article the teaching method has been described where we have used to teach second year
mechatronics and robotics majority students of the components of CPSs using a line following robot.
Our aim is to give students the opportunity to learn how to work in a team and put it into practice.
The students were given the basic information about CPSs and the opportunity to get to know each
of the components that make up the CPS separately. During the 48-hour placement, the sub-groups
worked as a team to build a line-following robot. In order to determine the results of the teaching me-
thod, the students were asked about the results. Students noted that after building the line following ro-
bot, their attitude towards CPSs changed and they became motivated to carry out larger projects related
to CPSs. As a result of what they have learned in this course, we expect students to successfully comp-
lete course projects in their 31 year and diploma projects in their final 4th year.
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AHnHoTanusi. PaccMoTpeHa KOMIUIGKCHAsI MOJIENb, ONMCHIBAIONIAS W YYUTHIBAIOIIAS B3aWMOCBSI3H MEXIy On3-
HEC-IIPOLIeCCaMy, OPTaHM3alMOHHON CTPYKTYpoil M MH()OPMAIIMOHHBIMH CHCTEMAMH YUPEXKICHHS CPEIHETO
CTELATIBbHOTO 00pa3zoBaHus. [JIs mpeICTaBICHHUS MOJICIH HCTIOIb30BAH MAaTPUYHBIN ITOXO0] C PUBJICUCHUEM HH-
CTpyMEHTapHst Teoprn Marpuil. OnrcaHbl BeCOBble KOAP(UIIMEHTHI B3aUMOCBSI3H SJIEMEHTOB MOJECIH C IOMOIIBIO
METOJI0B IKCIIEPTHBIX OIIEHOK U C YYE€TOM 30HbI OTBETCTBEHHOCTH COTPYIHHKOB IPH BBINOIHEHUN OMPEAEICHHBIX
6usHec-mponeccos. IlocTpoeHre Moen OCHOBBIBACTCS HA OITMCAHUM OTIEPAlMOHHOT0 Ou3Hec-mponecca «Ilox-
TOTOBKA CIELHAIICTOB Ha YPOBHE CPEIHETO CIEHAIBHOTO 00pa30BaHMsDy, BKIOYAIOIIETO MOAIPOIECCHl Teope-
THYECKOTO M IIpaKTH4eckoro ooyuenus. [lomyueHnas Moaesb, COCTOAMIAs U3 TPEX MATPHIL, TO3BOJISIET IIPOBOANTH
YUET U aHaJIN3 OPTraHN3AI[MOHHBIX JIEMEHTOB CTPYKTYPbI YUPEkKACHHSI 00pa30BaHMs HA HATMYUE OIIHOOK, OIICHKH
MOJTHOTHI U CTNIOYCHHOCTH B3aUMOACHCTBHS CTPYKTYP C LIENbI0 UX JaTbHEHIIeH ONTUMH3AIUN H aBTOMATH3aIHH.
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Abstract. The complex model describing and taking into account the interrelationships between business proces-
ses, organizational structure and information systems of a secondary special education institution is considered.
To represent the model the matrix approach with the use of matrix theory tools is used. Weight coefficients of in-
terrelation of model elements are described using the method of expert evaluation and taking into account the zone
of responsibility of employees in the performance of certain business processes. The model construction is based
on the description of the operational business process “Training of specialists at the level of secondary specialized
education”, including subprocesses of theoretical and practical training. The obtained model, consisting of three
matrices, allows for accounting and analysis of organizational elements of the educational institution structure
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for errors, assessment of completeness and cohesion of interaction between structures in order to their further
optimization and automation.
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BBenenune

B Tekymiei cuTyanuu ObICTPO pa3BUBAIOIICHCS] SKOHOMUKH COBPEMEHHBIM OpraHU3aIisIM HE00X0-
JIMMO TIOCTOSIHHO YJTy4IlIaTh M COBEPIICHCTBOBATH CBOIO JICATEIBHOCTD C IIEJIbIO MOICPKAHHIS HMHUIKA
1 KOHKYPEHTOCIIOCOOHOCTH Ha phIHKE Tpy/a. [[jist 3Toro TpedyroTcs UCIoIb30BaHie HOBBIX IH(POBBIX
TEXHOJIOTUH M TIEPECMOTP TOJIXOJIOB K YIIPABICHUIO H OPTaHU3AIMK OU3HEC-TIPOIIECCOB.

Ceromnst mudpoBas TpaHchoOpManus aKTUBHO 3aTparMBaeT YIPaBICHYSCKHE OM3HEC-TPOIIECCHI
ONTHMH3ALUK U aBTOMATU3AIMHU JIESITEIIHOCTH YUpekKIeHUH oOpazoBaHus. KiltoueBbIMH pHYMHAMHA
JUISL ONITUMU3AINH OM3HEC-TIPOLIECCOB SIBIISIIOTCS: YMCHBIICHUE 3aTpaT WM BPEMEHU Ha BBINOIHEHUE
OIpe/IeNICHHBIX (YHKIUI OM3HEC-MPOLIECCOB, M3MEHEHHE TPEOOBAHMUIT K IESITEIbHOCTH OpraHU3aluH,
CO3/1aHHE CHCTEMBI YIpaBiIeHUs KadecTBOM U 11p. [1]. Onun u3 3 PEeKTUBHBIX HHCTPYMEHTOB B paMKax
ONITUMHM3AIINH U JATbHEHIIIeH CTaHIaPTU3AIMY CUCTEMBbI YITPABICHUS eI TEIbHOCTRIO YUPEKIACHUS 00-
pa3oBaHUs — MOJICIMPOBaHHE OU3HEC-TIPOIIECCOB.

busHec-MonenpoBaHre IO3BOJIICT ONHUCATh pealibHbIe MNpOoLecCchl (DYyHKIIMOHUPOBAHHUS TOM
WM MHON OpPraHM3allii, B TOM YHCIIC YUPEKACHUs 00pa3oBaHus, OLCHUTh 3G (EKTUBHOCTD, N30eKAaTh
YpPE3MEPHOT0 pa3pacTaHusi YUCICHHOCTH nepcoHanta. KoppekTHoe MozennpoBaHue OU3HeC-IpoIeCcCOB
CHIDKACT BEPOSITHOCTh BHYTPEHHEH KOHKYPEHIIMHM MEXIy MOAPA3ICICHUSIMU OPTraHU3alliK, a TaKKe
MOXeT cTaTh d(QPEKTHBHOM 0a30H JIJIsl COBEPIIEHCTBOBAHUS ICATEILHOCTH YUPEKICHHsI 00pa30BaHHSI.
Pe3ynbraTel MOZEIMPOBAHUS TAIOT BO3ZMOKHOCTh MUHHMHU3MPOBATh (DMHAHCOBBIC M BPEMEHHBIC IOTe-
PH, YCTAHOBHTS JIMIITHUE OTIEPAIMH, TPOCTON B pabOTe COTPYAHUKOB, U30BITOUHBIC HH(POPMAIIMOHHBIC
CHCTEMBI, TyOIupoBaHue, Hamuue Hed((HEKTUBHBIX JTODKHOCTEH U (DYHKITHIA.

B cooTBeTCTBHUM C aHAIM30M BHYTPEHHHUX JIOKAJIBHBIX JJOKYMEHTOB 110 00CCIICYCHHIO CHCTEMBI Me-
HEJKMEHTA KaueCTBa B YUPEIHKICHHUSIX BBICIIETO U CPEIHETO CIEIHAaIbHOTO 00pa3oBaHus pa3padboTaHa
cxeMa OHM3HEC-TIPOIIECCOB, PACKPBIBAIOIIAS IESITEILHOCTD MO MOATOTOBKE CIEIHAIMCTOB CO CPEIHHM
crienraibHbIM oOpa3oBaHueM. Cxema, U300pakeHHass Ha puc. 1, MpeAcTaBicHa B BUJE CICTYIOMINX
OCHOBHBIX OU3HEC-TTPOIIECCOB B YUPESIKICHUAK CPETHETO CIIEIHATLHOTO 00pa30BaHUs: YIIPABIISIONINE —
YIpaBISAOT (QYHKIMOHUPOBAHUEM 00pa30BaTe/IbHON CHCTEMBI; OTMIEPAIlHOHHBIC (OCHOBHbBIC) — OMHUCHI-
BaroT 00pa3oBaTeNbHBII MPOIece; NOAACPKUBAIOIINE (00EeCIICYHBAIOIINE) — OOCITYKHBAIOT OCHOBHYIO
TEATETHHOCTD [2].

Ynpasasiowue busnec-npoyeccul

EHEJDKME \
NepCoHaa

Onepayuonnvie 6u3Hec-npoyeccul
gl??p? ’ CIlb \ 3 . TIprem \ acripe e \
CIUAIIbHO pOrpaMMHO B KOJUICIDK BBIITY CKHUKC

Tloooepoicusarowyue busHec-npoyeccol

A
A

A

(DUHAHCOBO \\ (p OpManno \
00 ECIICYCH! OOECIICYCHN

Puc. 1. EI/ISHGC-HPOHeCCH YUpEKACHUSA CPEAHETO CIICTIUAIBHOTO 06p8.30BaHI/I51

Fig. 1. Business processes of secondary specialized education institutions
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MonenupoBaHue HAYMHACTCS C BBIOOpA MPHOPUTETHBIX OM3HEC-TPOIECCOB, MOCIE Yero HeoOXo-
JUMO TIPUCTYNUTH K UX JCTAIbHOMY ONHMCAHUIO, aHAIN3Y M ONTUMU3auuu. [Ipu netansHOM OnUcaHuu
Ba)KHOM 4acThlo ABJsIeTCS YOPMHUPOBAHUE KPUTEPHEB OLICHKH M ONTUMHU3AIMN OM3HEC-IIPOLIECCOB, B Ka-
YCCTBEC KOTOPLIX BBICTYIAIOT 3JIEMCHTLI ACATCIIbHOCTH YUPCIKICHUA O6pa3OBaHH${:

— CTPYKTypa OU3HEC-TIPOIIECCOB;

— OpraHM3aIOHHAS CTPYKTYPA;

— CTpyKTypa (QYHKIMH HH(OOPMAIMOHHBIX CHCTEM (HAmpuMep, HHPOPMAMOHHAS CHCTEMa JIOKY-
MEHTO0000pOTa, CUCTEeMa MEHEDKMEHTA KauecTBa, CTPaTeruy, OXpaHa Tpyaa u T. [.).

HOCTpoeHHe KOMILJIEKCHOH MOJIeJIU 6I/I3HeC-HPOIIeCCOB

Jliiss coBepIIeHCTBOBaHUSI OM3HEC-TIPOIECCOB TPUMEHSIOTCS Pa3IMYHBIC BUJBI MOJCIUPOBAHUS:
(byHKIIMOHAJIBHOE, 00BEKTHOE, UMUTALIMOHHOE U Jp. J{i1s1 pa3paboTky MOnesH, ONMUCHIBAIOLICH U yUu-
THIBAIOIICH B3aWMOCBSI3U CTPYKTYP OpraHH3allMH, MPeIaracTcs MCIOJIb30BaTh MATPUUHBIA MOIXO]
C TIPHUBIICYCHUEM HHCTPYMEHTapHs Teopur Marpull [3]. Mojenb COCTOUT U3 CIIEAYIOIUX TPeX B3au-
MOCBSI3aHHBIX MATPHII:

— OpraHu3aluoHHas CTPyKTypa—OusHec-nporecchl (Ob) — mMaTpulia, ycTaHaBIUBAIOMIAsT B3aHMO-
CBSI3b MEXK]Iy OPTraHU3aI[MOHHOW CTPYKTYPOH M CTPYKTYPOIl OM3HEC-TIPOIIECCOB;

— UH(pOPMAIMOHHbBIE cucTeMbl—On3Hec-miporecchl (MB) — marpuia, ycraHariuBaromas B3auMo-
CBSI3b MEXK]Iy CTPYKTYypaMHu MH(OOPMAIIHOHHBIX CHCTEM M OHU3HEC-TIPOIIECCOB;

— OpraHu3auoHHAs CTPYKTypa—mHpopMaInoHasie cucteMbl (OW) — MaTpuIia, ycTaHaBIUBAIOIIAS
B3aUMOCBSI3b MEXK/Yy OPraHU3aIMOHHON CTPYKTYPOIl U CTPYKTYPOil HH(POPMAITHOHHBIX CHCTEM.

Crpoku marpuibl Ob (Tadi. 1) oToOpakaroT OpraHu3aMOHHYI0 CTPYKTYPY YUPEKICHHUS 00pa3oBa-
HUSI, CTOJIOIBI BBICTYIIAIOT (PYHKIMSIMU OM3HEC-TIPOIIECCOB, BHIMOJHACMBIMH TEM WJIM HHBIM JIOJDKHOCT-
HBIM JIMIIOM WJIA OPTaHU3alMOHHON CTPYKTYPO. 3HAYCHUS, CTOSIIME Ha TIEPECCUCHUHN CTPOK U CTOJIOLIOB
MAaTpPHIIbI, OKA3bIBAIOT, KAKOE MOpaszeiacHue (MK JOHKHOCTHOE JIMI0) OTBETCTBECHHO 3a BBIOJHEHUE
¢byHkimu ousHec-nporiecca. [Ipu 3TOM 3HAYCHUS] HAXOAATCS B JAMAra3one ot 1 1o 4, NpuHUMast ClIeyIo-
I[HE 30HBI OTBETCTBEHHOCTH B COOTBETCTBUM ¢ Marpuiieii RACI (Marpuiia OTBETCTBEHHOCTH poJjiei B OH3-
Hec-mporeccax: R — responsible — HemocpencTBEHHBIH HUCIIONIHUTEb, HECET OTBETCTBEHHOCTh 32 BBI-
MOJIHEHUE paboThl; A — accountable — pyKOBOIUTE b, OTBEUACT 3@ PE3YJIBTAT, BIUSCT HAa MUCIIOJHUTEIICH;
C — consulted — akcniepT, mpeaocTapiseT HeooxoauMyro nHpopmanuio; I — informed — koro HeoOXoAUMO
MIPOMH(POPMHUPOBATE O pe3yabrarax BemonaHeHus): 1 —1;2—-C; 3 - A; 4 —R.

Taéauua 1. Marpuia OTBETCTBEHHOCTH OpraHU3alUOHHAsI CTPYKTYpa—OU3HEC-TIPOLIECCHI
Table 1. Responsibility matrix organizational structure—business processes

Bbusnec-npouecc / Business process
Opranu3aluoH- [TonroroBka crienUaINCTOB HAa YPOBHE CPEIJHETO CHIEUATIBHOTO 00pa3oBaHus / ;Cg
Has CTpyKTypa / Training of specialists at the level of secondary specialized education g
. S
Orgsz;llz?&(énal Teo,’ggﬁ:;ﬁgi t?gi};llilrelgﬂe / INpaktrueckoe obydenue / Practical training :;E
Ay | A | Az | Ay | Ais | Aie | Aoy | Az | Ay | Aos | Aps | Aye | Ay
B 3 3 3 3 3 3 3 3 3 1 1 3 1 33
By, 4 3 4 3 1 4 0 0 0 0 0 0 0 20
B3 2 0 0 0 0 3 2 0 0 0 0 0 3 10
Byy 0 0 0 0 0 0 4 4 4 3 3 4 4 26
Bis 4 3 0 0 0 3 0 0 0 0 0 0 0 10
By, 3 3 3 3 3 3 0 0 0 0 3 0 3 24
By, 3 3 3 3 3 3 0 0 0 0 3 0 3 24
By 1 4 1 4 4 1 0 0 0 4 4 0 1 24
Bj; 2 0 0 0 0 0 2 0 0 0 0 0 0 4
B, 0 4 1 4 4 0 0 0 0 4 0 0 0 17
HUroro 22 | 23 | 15 | 20 | 18 | 20 8 7 7 12 | 14 7 15
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B tabn. 1 BBemeHs cienyromme 0003HAYCHHS:

A, — teopernueckoe oOyueHue: 4;; — pa3paborka JOKyMeHTaiuu; 4, — mporecc OoOydYeHHs;
A1z, A1, A15 — TEKYIIASA, TPOMEXKYTOUHAS U UTOTOBASI aTTECTAIIUU COOTBETCTBEHHO; A4 — aHAIIN3;

A, — mpakTudeckoe oOydeHue: A,; — pa3paboTKa JOKyMEHTauuu; A, — 3aKI0UYEHHE JJOTOBOPOB;
A,3 — pacripeneneHue o opraHu3anusm; 4,4 — MPOBENCHNUE IPAKTUKH; A»5 — MTOBEICHUE HTOTOB TIPAK-
TUKU; A4 — OTUIaTa TPyZa paOOTHUKOB 0a3 MPaKTUKHU; A,7 — aHAIN3.

MoxHO BBeCTH 0003HAUCHHS CTPYKTYPHBIX MOAPA3ACICHNN U JTOIDKHOCTHBIX JIUI] B BUJIE CIIC/IYIO-
IIMX MHOXECTB:

B — pykoBOJACTBO: By — mupeKkTop; B1,, Bj; —3aMeCTUTEIb TUPEKTOPA 10 Y4eOHOM 1 yueOHO-METO-
JMYECKOi paboTe COOTBETCTBEHHO; By, B15 — 3aMECTUTENh AUPEKTOPA IO MMPOU3BOACTBEHHOMY 00yUe-
HUIO U BOCIIUTATEIILHOW pabOTe COOTBETCTBEHHO;

B, — otnenenue: B, — 3aBenyroluil oTeneHuem; By, — Npeaceaaresb HUKIOBOW KOMUCCUU; Bys —
MIPETIo/IaBaTeh;

B3 — yueOHO-MeToan4Yeckoe o0beAnHEHHE: B3| — METOAMCT; B4 — 0Oydaromuecs.

OTiymue mpenaraeéMoro mojaxoaa OT U3BECTHBIX COCTOUT B BECOBBIX KOI(PPHUIIMEHTAX, KOTOPHIE
ABTOPHI YCIIOBHO BBIOpanu B nuarnaszoHe oT 1 g0 4. B u3BecTHBIX moaxoaax [4] Bce KO UIIUEHTHI
PaBHbI €AVMHUIEC, YTO YKa3bIBACT JIMIIb HA TO, YTO JAaHHOC JIMIIO MMECT OTHOUICHUEC K JaHHOMY ous-
Hec-TIpoIiecCy. 3/1eCh K€ MpeIaraeTcs ykKa3arb U CTENeHb OTBETCTBEHHOCTH JTOJKHOCTHOTO JIUIA
IPU peasiu3allii TOTO WU MHOro OusHec-mporecca. Juanazon kospduimentor ot 1 10 4 BeiOpaH
SMITUPUYECKH HA OCHOBAHHUH SKCIIEPTHON OIEHKH aBTOPOB U MOXKET OBITh N3MEHEH KOHEYHBIM T0JIb-
30BaTeJIeEM B Ty WJIM UHYIO CTOPOHY.

IIpennaraercs cienyromuii anropuT™ JA€UCTBUNA MO KCIOIB30BAHUIO MATPUIIbI, MIPEACTaBIECHHON
B Tabn. 1. /lns KomMdecTBEHHOrO aHaliM3a B3aWMOCBSI3eH HEOOXOIUMO MPOCYMMHUPOBaTh BCE CTPO-
K{A U cTONOIBI MaTpuilel. Eciin cymMMa CTpOK wiin CTOJIOIOB MaTpHIIbI paBHA HYINIO, TO 3TO O3HAYaeT
Haju4due rpy0oil OmMMOKM BO B3aWMOCBSI3M OM3HEC-TIPOIIECCOB M OPTaHU3AIlMOHHOW CTPYKTYpHI [S].
Ecnmu cymma Gonbliie 3apaHee 3a1laHHOTO 3HaueHHS NV, TO QYHKIMOHAI JaHHOTO JOJHKHOTO JIMIA Tepe-
TPYy’KE€H, ¥ 3TO SIBIISIETCS OCHOBAHNEM TSI TIEpepabOTKH PETJIAaMEHTOB NCTIOJTHEHHS TIPOIIECCOB C yUETOM
HEOOXOAMMOCTH BBITIOTHEHHS HECKOJIBKUX MOIPOIIECCOB OAHUM JOJDKHOCTHBIM JIMIIOM KU Tepepa-
OOTKHM periaMeHTa MOAIpolecca. 3HaYeHHe N Ha 3TOM 3Tarle MCCICIOBAHUN TaKkKe MOXET ObITh BbI-
OpaHo smmupudecku. B ganpHeiimem s Beioopa N HE0OX0IUMO YeTKOE ero 000CHOBaHUE, OIMPAsICh
Ha pe3yJIbTaThl TEOPUH ONTUMH3ALNHU H BBIOOPA.

Taxum oOpazom, s CO3MaHUS TOTOOHON MaTPHUITEI HEOOXOAMMBI HepapXUdeCKHe KITacCH(UKATOPHI
OHM3HEC-TIPOIIECCOB M OPTaHMU3AIMOHHOMN CTPYKTYPBI YUPEXkIeHUs 00pa3oBanus. Hanmuue MaTpuirst ot-
BETCTBEHHOCTH ITO3BOJISIET IPOBOJUTH aHAIN3 B3aUMOCBS3H (DYHKINK OM3HEC-TIPOIIECCOB C OpraHu3a-
LIMOHHOH CTPYKTYPOH, BBISBIATH OIINOKH, BHITTOTHATH KOPPEKITUIO M ONITUMH3AIINIO MX B3aMMOCBSI3EH.
B3aumocBs3b HHOOPMAITMOHHBIX CHCTEM C OU3HEC-TIPOIIeCCaMHt MTPOJIEMOHCTPUPOBaHA B Ta0. 2.

[To cTpokam B TaOI1. 2 mpecTaBiIeHbl OU3HEC-TIPOIIECCHI, IO CTOIOIAM MTPUBEIEHBI BO3MO)KHBIE WH-
(hopMaIOHHBIE CUCTEMBI, KOTOPbIE MOT'YT MPHUMEHSThHCS C JaHHBIMU OU3Hec-Tpoieccamu. Marpuiia
TIO3BOJISACT OIMPEACINTD YaCTOTY MCIIOJIB30BaAHUA I/IH(bOpMaHI/IOHHBIX CHCTEM B HECKOJIBKHUX 6I/I3HGC-HpO-
neccax i JadbHEWUIIero MPUHSATHS PElIeHHs] 0 BO3MOXKHOM IEPEeCMOTpe periiaMeHTa MPUMEHEHUS
GyHKIM MHPOPMAIIMOHHOW CHCTEMBI B OTMEUYEHHBIX OM3Hec-Tpoleccax. HeoOXoquMo OTMETHTS,
yT0 cTONOIBl Marpuiel Ob (Tabn. 1) u crpoku marpunbl Wb (tadn. 2) omuHakoBbl. CrenoBarenbHO,
MOXKHO MPUMEHUTH OFHO U3 MPABUI TEOPUHU MATPHUII, T1I€ OMUCHIBACTCS, YTO MPOU3BEICHUE JIByX Mat-
PHII 1aeT TPETHIO MaTPHILY, B KOTOPOW MCKITIOUEHa OIMHAKOBasi CTOpoHa. B paccmarprBaeMoM B cTaThe
cllyyae — CTOpoHa ¢ Ou3Hec-mporieccamu. Mcexons u3z atoro, npu ymHoxenuun marpur Ob n Ub nmomy-
ynM Matpuiyy OW, npuBenennyto B Tabn. 3. Marpuma OM noka3biBaeT CTENeHb aBTOMaTH3alUH JIes-
TEBPHOCTH OPTaHM3AIMOHHBIX MOJIPA3eICHUH 1 TTO3BOJISIET BHISIBUTH M30BITOYHOCTH WIIH, HA00OPOT,
OTCYTCTBHUE UCIIOIb30BaHUS (PYHKIMI HHPOPMALIMOHHOW CUCTEMBI ONPEICIICHHON OpraHU3alluOHHOM
cTpyKTypoi. [Ipn mycTol CTpOKe MaTpHIIBI AENAETCS BHIBOI, UTO B TIOAPA3/ICTICHUN HE HCTIONb3yeTCs
HU oJHa MH(OPMAIMOHHAs! CUCTEMA, IOPTOMY HEOOX0JUMO MEPECMOTPETh OM3HEC-TPOLIECCHI B IO~
pasaCiIiCHUu, BBIABUTH NPUYNHY OTCYTCTBHUA aBTOMATU3allMU W INPUHATH PCIICHHUE 110 BHECAPCHUIO
HEOOXOIUMBIX HH(POPMAIIMOHHBIX CHCTEM.
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Taéauma 2. Marpuiia B3auMOCBSI3H HHPOPMAIIMOHHBIX CHCTEM ¢ OU3HEC-TIPOIIECCAMU
Table 2. Matrix of interrelation of information systems with business processes

Wudopmanmonnas cucrema / Information system
on + (5]
= s X = LA le] 1 —
= — = O s — o &9 ™~ O <
z = =385 o = 2 o= 225 ¢« £ 3% E kS
S E8wE| 02l gg FR EREE 0 =
Busnec-mponecce / E52E52E% ogj'fg | EERS8 |85c258|xE¢8| =
. e oS o3¢S = O o < o S SSsspEsE|OEQD o
Business process xg‘sawvg ‘:(aog %; g:gmg—g og.g_gog o= 2
=S Z2EL28|25E5| EE| §E-EE |f835825|o2 8
X025 SEE|YE3 z TQEET |¥ S s m =
- EE 3z &8 58 =5 a =g Q.Q_E;o
o = %' k] =R [ON-] E{ s = SRS ga,
= N < — == é
- o Ay 1 1 1 1 0 0 4
o
EEEER 1 0 1 1 0 1 4
SR o8| DS
~22 5|58 250
s é,g ??) 3%2 £ Aig 1 0 1 1 0 1 4
§% 53 é OF | A 1 0 1 1 0 0 3
i}
E g Rz % Aig 1 1 1 1 1 0 5
g E £5 Ar 1 1 1 1 0 0 4
o o on
g g %; g £ |4» 1 0 1 1 0 0 3
O H =
s 208|388 |4dxn 1 0 1 1 0 0 3
ROWE|FESE
o Qo
EE2EZE8E |4 1 0 1 1 0 0 3
SETCIE E [y 1 0 ] ] 0 0 3
Aoy 1 1 1 1 0 0 4
Hroro 13 4 13 13 1 3
Obosnauenus: 110 — mporpammuoe obecmnedenue; CMJIO — cucrema MeXBEJOMCTBEHHOTO TOKYMEHTOOOOpOTA;
B/ — 6a3a naunbix; PAC — pecniyOiukanckas aBromatn3upoBanHas cucrema; COO — cucrema JIeKTPOHHOTO 00yUCHUsL.

Tadmuma 3. Marpuiia B3auMOCBSI3H OPraHU3aIl[MOHHOW CTPYKTYPbI C MH()OPMALIMOHHBIMU CHCTEMaMHU
Table 3. Matrix of relationship between organizational structure and information systems

- MNudopmarmonnas cucrema / Information system
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55| ReEedsgf P57 2z |EESEES| CEIERS| o7 | =
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By 33 10 33 33 3 9 121
By 19 9 19 19 1 7 74
B3 10 10 10 10 3 0 43
By 26 8 26 26 0 0 86
Bis 10 7 10 10 3 3 43
By 24 9 24 24 3 9 93
B, 24 9 24 24 3 9 93
By 24 3 24 24 1 9 85
B3, 4 4 4 4 2 0 18
By 17 0 17 17 0 9 60

Uroro 191 69 191 191 19 55

Ecnu cronben marpuiisl OU myctoid, 3T0 3HaYMT, 4TO (PYHKIUH HHPOPMALIMOHHON CUCTEMBI HE HC-
MOJIB3YIOTCSI HU B OIHOM MOAPa3/ACICHUH, CIEJ0BATEIbHO, HYKHO JHOO0 MEepecMOTpeTh OM3HEC-Tpo-
LECCHI U MOHSATH, MoueMy (HYHKIUH HHQOPMAIIMOHHOW CHCTEMBI CTAIM MU30BITOYHBIMU U HUTIE HE WC-
MOJIB3YIOTCSI, TMO0 0TKA3aThCsl OT AaHHOW MH(OPMAIIMOHHOW CUCTEMBL. B ciryuae, eciiu cymma CTpOKH
WK CTONOLA OO0JIbIlIe HEKOTOPOTO Hamepen 3aJaHHOro 4ucia N, He0OOXOIMMO MU3MEHUTh PErIaMEHTbI
BBINOJIHEHNSI OM3HEC-TIPOLIECCOB U TOBTOPHO MPOBECTH 00yUEHHE COTPYIHUKOB HCIIOIb30BAHUIO COOT-
BETCTBYIOIIUX (PYHKIHMH HHPOPMALIMOHHOW CHCTEMBI.
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Hudpsl, crosmue B CTpokax MW CTONONAX Tabi. 3, MOKa3bIBAIOT 3HAYMMOCTH (BOCTPEOOBAaHHOCTH,
4acToTa MCIIOJIb30BAHMS) TOH MM MHOM MH(MOPMAIMOHHON CHCTEMBbI JUIsl PYKOBOJHUTENEH U Crielua-
JIUCTOB, 0003HAYEHHBIX Kak Bj. Uem Oosbuie mudpbl, TeM Bbille 3HAUMMOCTb. CyMMa Mo CTOIONAM
yKa3bIBaeT Ha BOCTPEOOBAHHOCTH TOW WJIM MHOW MH(QOPMAIIMOHHOW CHUCTEMBI AJISl BHIOPAHHBIX PYKO-
BOJIUTENICH M CIICIIUAUCTOB B 1IeJIOM. Tak, caMbIMU BOCTPEOOBAHHBIMU SIBISIFOTCS HH(DOPMAIIMOHHBIE
cucteMsl «I[10 mist xpaneHus 1 00pabOTKH TEKCTOBO HH(MopManumny», «b/| HopmMaTuBHO-TIPaBOBOM WH-
(hopmarim» u «OneKkTpoHHas mouTay, uMeromue 191 6amn. Cymma 1o cTpokam 03HadaeT, HACKOJIBKO
BOCTpeOOBaHbI Bce BHIOpaHHBIE HHPOPMAIIMOHHBIE CUCTEMBI [UISl TOTO MJIM HHOTO PYKOBOJHUTENS, 000-
3HA4YEHHOTO KaK Bj;. Tax, 1 qupekropa — By — 0011as 3Ha4uMOCTh BCEX BHIOPAHHBIX MH()OPMAIIMOH-
HBIX CHCTEM HauOOJbIIas U3 TIPUBEIEHHBIX B Ta0M. 3 B;; u cocrasnser 121.

Pazpaborannasi MosieNb, ONKMCHIBAIONIAS W YYUTHIBAIOIIAS B3AMMOCBSI3U CTPYKTYp OpraHH3alluH,
MTO3BOJISIET TIPEICTaBUTh B3aNMOOTHOIICHHS TAHHBIX CTPYKTYp B BUZE KyOa, rae ocu X OymayT COOTBET-
CTBOBAaTh OM3HEC-TIPOIIECCHI, OCH Y — OpraHU3alMOHHbIE CTPYKTYPHI, OCH Z — HH(OPMAIIOHHBIE CHCTe-
Mbl. CTpyKTypa npeaiaraeMoro noaxona n3oopaxena B Buje Kyda Ha puc. 2.
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Puc. 2. TpexmepHbIi KyO B3aUMOCBSI3€1 3JIEMEHTOB JICSTEILHOCTH OpraHU3aluH
Fig. 2. Three-dimensional cube of interrelationships of elements of the organization's activities

[IpencraBieHue nesSTENLHOCTH OPTaHWU3AlMU B BUJE TPEXMEPHOTO KyOa IMO3BOJISET OOBEIUHUTH
pa3HbIC 3JIEMEHTHI OPraHU3allUY, & IMEHHO — OPTaHU3alMOHHYIO CTPYKTYpPY, OU3HEC-TIPOIIECChl U MH-
(hopMaIOHHBIE CHCTEMBI, YTO J]aeT BO3MOXXHOCTh OOJIee MOJIHO U KOPPEKTHO OMUCATh JIESATSILHOCTD
OpraHU3aIliN, TIOKa3aTh B3aUMOCBS3H MKy Pa3IUIHBIMU OU3HEC-TIPOIECCAMH U CTPYKTYPHBIMH ITO/I-
pa3eneHusIMA ¢ yaeToM (pyHKIHH HH(POPMAITMOHHBIX CUCTEM. TaKoil TOAX0/ TOMOTaeT BEISIBUTH Clie-
JYOTIIE HECOOTBETCTBUS BO B3AUMOJIEHCTBUH CTPYKTYD:

— HECOIJIaCOBAaHHOCTH 110 BXOJIaM H BBIXOJ[aM MEX/Ty B3aUMOCHCTBYIOIIUMU OU3HEC-TIPOIIECCaMH;

— 30HBI OTBETCTBEHHOCTH ITOJ[PA3JIEIICHNH 33 OU3HEC-TTPOIECCHI;

— 30HBI IEPECEUCHUSI OTBETCTBEHHOCTH PA3HBIX MOAPA3/ICICHIH 3a OIUH U TOT e OU3HEC-TIPOIIECC;

— TYIIMKOBbIE OM3HEC-TIPOLIECCHI, HE 3aBEPLIAOIIMECS PE3YIIBTATOM;

— TIOBTOpPEHHE OM3HEC-TTPOLIECCOB MITH MMapaljIeIbHO BHITIOTHIEMbIe OU3HEC-TIPOIIECCHI.

3aK/IoueHue

1. B cooTBeTCTBHY C aHAJIM30M BHYTPEHHHX JIOKAJIBHBIX JTOKYMEHTOB MO 00ECIEUYeHUI0 CHCTEMBI
MEHE/DKMEHTA KauecTBa B YUPEKICHUSIX BBICIIETO U CPEAHETO CIeNUaIbHOr0 00pa3oBaHus pa3padora-
Ha cxema OM3HEC-TIPOLIECCOB, PACKPBIBAIOIIAsS AESITEIBHOCTD 110 OATOTOBKE CIIELUATICTOB CO CPEAHUM
CreHaIbHBIM 00pa30BaHUEM.

2. TlomyueHa KOMIUIEKCHAsI MOJIEJIb, OTMCBHIBAIONIAs M YYUTHIBAIONIAsT B3aUMOCBS3H MEXKIy Ou3-
HEeC-TIPOIleCCaMM, OPTaHU3AIMOHHOW CTPYKTypOol W WH(GOPMAIMOHHBIMH CHUCTEMaMHU YUPEKICHUS
CPEIHEeTo CTennaIbHOro 00pazoBaHus. Moieah COCTOUT U3 TPEX MATPHIL U TIO3BOJIAET MPOBOANTH YUET
Y aHallM3 OPTaHM3AIMOHHBIX AJIEMEHTOB CTPYKTYPhI YUPEKISHHsI 00pa30BaHUs Ha HaJW4YWE OMIMOOK,
OLIEHKH ITOJTHOTHI U CIUNIOUEHHOCTH B3aUMOJEHCTBHS CTPYKTYP C LIEIbI0 X AATbHENIIEH ONTUMU3AINH
1 aBTOMAaTHU3aIIH.
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3. C nomomuipto pazpaboTaHHON MOAEIH B3aMMOOTHOIIEHHSI CTPYKTYP OpPraHU3allly MOXHO MpPEA-
CTaBHUTh B BHJE Ky0a, UTO IO3BOJISIET OOBEJUHUTH Pa3HbIC AIEMEHTHI OpPraHU3allK, & UMEHHO — Opra-
HU3AIMOHHYIO CTPYKTYpY, OM3HEC-TIPOLECCH M MHPOPMAIIMOHHBIE CUCTEMBI. DTO JIaeT BO3MOKHOCTh
OoJiee MOJTHO M KOPPEKTHO OMHUCATh JEATEIHLHOCTh OPraHU3aliH, [T0Ka3aTh B3aUMOCBSI3H MEXKIY Ou3-
HEC-TIPOIECCAMHU M CTPYKTYPHBIMH MOAPA3IEICHUSIMU C Y9eTOM (QYHKINI HHPOPMAITHOHHBIX CHCTEM.
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T'paMMbIl CXEMOTEXHUYCCKOTO MOACTIUPOBAHU A LTSpiCC, KOTOpasd UCIOJB3YCTCA IMPHU MOATOTOBKE CTYICHTOB MHIKC-
HEPHBIX CHeHHaHLHOCTeﬁ.
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BBenenune

[ToaroroBka CHeNUAIMCTOB TI0 HANPABICHUIO «DJEKTPOHWKA U HAHOIEKTPOHHKa» B [lpuaHecT-
poBckoM rocynapctBeHHOM yHuBepcutere uMenu T. I. Illeuenko Havanack eme B cepenune 90-x IT.
MPOIIJIOTO BeKa, a Mo HampaBieHuio «H()OKOMMYHHUKAIMOHHBIC TEXHOJOTUH W CHUCTEMBI CBSI3H» —
B 2001 1. [TogroroBka Benach Ha GU3UKO-MaTEMaTHIECKOM (hakysIbpTeTe B paMKax crendanbHocTi «Du-
3MKa», y4eOHO-METOIMYECKOE PYKOBOACTBO OCYILECTBISUIOCH Ha (uzndeckoM (akynbreTe MOCKOBC-
KOTO TOCYJapCTBEHHOTO YHUBEpPCHTETAa. YUeOHbIC IUIaHbI PErIAMEHTHUPOBAIKNCH 00pa30BaTeIbHBIMU
CTaHJapTaMu HarpasicHus1 «PU3MKa», KOTOpbIE TIPelyCMaTpUBalIi U3yUeHHE [IECTH pa3aeioB o0Iei
U IIECTH Pa3JelioB TeopeTudeckor ¢usuku. [Ipu 3TOM nepeyHu MUCHMILIMH CHEIMaTUu3aluil ObLTH
B3STHI U3 COOTBETCTBYIOIINX CTAHIAPTOB MO MOATOTOBKE WHKeHepoB. C 2014 1. OBUIO MPUHATO perire-
HHUE O MOJATrOTOBKE CHENUAINCTOB ¢ HHKEHEPHOH KBanu(UKAIMEH MO MepeYrCICHHBIM HAPaBICHUSM
C IByXypOBHEBBIM 00pa30BaHUEM, T. €. 0AKaJIaBPOB M MAarucTpoB. M B mepBoM, U BO BTOPOM HaIpaBJie-
HUSIX TUCIUIUIMHBI, CBSI3aHHBIE CO CXCMOTEXHUKOM, MMENN pa3InyHbIe BAPHAHTHI HA3BaHUH, HO OTHO-
cwInCh K 6a3oBoMy 010Ky b1 B yueOHbIX tutanax [1, 2].

CxeMOTeXHHYECKOE MOJ€/JIMPOBaHUE

J1s KauecTBEHHOTO M3YUYeHHS CXEMOTEXHUKH TPEeOyeTCsl He TOJIBKO yaeOHas TuTeparypa TaKuX aB-
TopoB, kak I1. Xoporwu, Y. Xwmt [3], V. Tutue, K. enk [4] u W. [1. Cremanenko [5], HO ocBoeHUE cXe-
MOTEXHUYECKOTO MOJICITUPOBAHHUSI TUIIOBBIX KOH(HUIYpalMid CXeM yCHJHTeNel, PUIBTPOB U LU(PPOBBIX
YCTPOMCTB C CO3/IaHMEM COOCTBEHHBIX paboumnx OmbOmmorek. [locite uero MOXHO MPUCTYNATh K BEITOI-
HEHUIO J1a0OPaTOPHBIX PadOT C UCIIOIB30BAHMEM M3MEPHUTENHHBIX MPUOOPOB M CTEHIOB. Takod Mmoaxon
K U3Y4YCHUIO CXEMOTEXHHUKH JICTAET CTYAEHTOB OoJiee MOATOTOBICHHBIMH K 3KCIEPUMEHTAIBHBIM HC-
CJIEZIOBAHUSM TIO BBISIBIICHHIO PA0OTOCIIOCOOHOCTH MEKTPOHHBIX YCTPOUCTB. s mprMepa paccMOTpHM
TpH J1aboparopHbie paboTHI IO U3YUSHUIO TIPHHIUITOB (DYHKIIMOHUPOBAHHS U XapaKTEPUCTUK YCHITUTEICH.

IlepBast pa6ora — 310 cxeMa ycuutenst ¢ o0uuM mMuTTepoM (OD). MOKET BBITTOIHATHCS B IIPOT-
pamMMe cxeMoTexHu4deckoro moaenupoBanms LTspice wim B mo0oit Apyroil spice-cCOBMECTHUMOM TPO-
rpamme. B mporiecce paboTbl POBOISATCS CISMYIONIIME BHJIBI aHANM3a: BEIOOp pabouel TOUKH (aHa-
3 .OP), aHanu3 nepexoqHoro npouecca Npyu yCuiIeHuH CuHycouaaibHoro curnana (anamus3 .TRAN),
YaCTOTHBIM aHAIW3 IS TONYYEHHUS! aMIUTUTYIHO-9aCTOTHOH M (ha3adacTOTHON XapaKTepHCTHK (aHa-
mn3 .AC) u ananu3 no noctostHHOMY Toky (.DC) /14 momyueHus nepeaTouHbIX XapakTepUCTHK. YCH-
auTeNnb, coOpaHHbli mo cxeme ¢ OO, — ogHokackagHbIil. COCTOMT U3 YeThIpex pe3uctopos (R1-R4)
u Tpansucropa (Q1) (puc. 1). Tako#t ycunmuTenb 0OBIMHO MPEAHA3ZHAYCH IS TPEABAPUTEIHHOTO yCHITe-
HUS HENPEPHIBHBIX MJIM TAPMOHUYECKUX CHHYCOUIATBHBIX CUTHAJIOB 110 HAPSIKEHUIO.

Vi
R2
15k

Vin

LR
BP0 K/ T N

Puc. 1. OqHOKaCKaIHBINA YCUIIUTEIh, COOPAHHBIN IO CXEME C OOIUM SMHUTTEPOM
Fig. 1. Single-stage amplifier assembled according to a common emitter circuit

OCHOBHBIMH AIIEMEHTAMH KacKa/Jla SIBISIFOTCS: ISNMTENh HAPsDKEHMSI Ha pe3uctopax R1 u R2, Harpy-
309HBIN pe3nucTop R3, pe3uctop R4, cTaOMIM3HPYIONNI paOOTy OHITOISAPHOTO TPAaH3UCTOpA H—p—7-TH-
na (Q1). O1u sneMeHTsl 00pa3yloT YCHIUTEbHBIN Kackal. BxogHoli curnan Vin nogaercs Ha 0a3y TpaH-
3WCTOPA, a BEIXOMHOW Vout onpenenseTcs najieHueM HarpsbkeHus Ha pesucrope R3. Kpome Toro, 3a cuet
BKJTFOUEHHS B SMUTTEPHYIO TIeTh pe3ucTopa R4 B cxeMe BO3HHKAET OTPHIIATEeNIbHAS 00OpaTHas CBSA3b 10 TO-
CTOSIHHOMY U TIepeMEeHHOMY TOKY. OHa OCYIIECTBISIET TEMIIEPATypHYIO CTAOMIM3aLUI0 padoueii TOUKU
TpaH3ucTopa. [lonspHOCTh HampsHKEHUS MCTOYHWKA MUTAHUS VCC MOJOXKHUTENbHA. JTO 00ecreunBaeT
JUTSL TPAH3UCTOpa H—p—N-TUITA CMEIEHNE KOJJIEKTOPHOTO Mepexoa B 00paTHOM, a SMUTTEPHOTO TMepexo-
Jla — B IPSIMOM HAIIPaBJICHUH, T. €. aKTUBHBIH (yCHUIIUTENBHBII) pexuM padoThl Tpanzuctopa Q1. s mpo-
BEPKH PabOTHI YCHITUTENsI HEOOXOMMO cOOpaTh COOTBETCTBYIOIYIO CXEMY, TOKa3aHHYIO Ha PHUC. 2.
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Puc. 2. Cxema npoBepku paboThl YCUITUTENS ¢ OOIIMM dSMUTTEPOM
Fig. 2. Circuit for testing the operation of an amplifier with a common emitter

Ha puc. 2 xonnmencaropet Cl1 u C2 gBustoTcsl pasaenutenbHbIMH. OHM 00eCTeduBarOT W30Is-
nuio (paszesieHne) UCTOUHUKA CUTHaJla M Harpy3Kd OT KackaJa MO TOCTOSHHOMY TOKY M COeIHHe-
HUe (CBsI3b) MX MO MEPEMEHHOM cocTaBisiomield Mexay coOoil. Kpome mepeuncieHHBIX 3IeMEHTOB
MIPUHIATIHAIBHON CXEMBI, TIPH yCHJICHHH CHHYCOWJAIBHOTO CHTHAIa OT MCTOYHHKA Vin HEOOXOauM
HCTOYHHUK MTOCTOSTHHOTO HanpsbkeHust Ve, BeipadatsiBatoniuii 10 B, u Harpy3o4Hblii pesuctop RL.

WneanbHbIA yCUIUTENb JOJDKEH YBEIMYMBATH BXOAHOW CUTHAII B 3aJJaHHOE YHCIIO pa3 0e3 u3MeHe-
Hus Gopmel curHamia. [lpudyem ycummrens ¢ OD WHBEPTHPYET BXOAHOW curHail. [lpu ycuneHnn cuHy-
COUIATILHOTO CHTHAalla MOTYT BO3HUKATh MCKa)KEHUsI, KOTOpbIe OBIBAIOT JIBYX BUJIOB: JIMHCHHBIC U HE-
nuHelHble. Ha puc. 3 mokasaHsl OCIMIIIIONPaMMBbl BXOAHOTO M BBIXOJHOTO CUTHANIOB yeunutens ¢ O0.
IIpuBeeHHBIN pe3yabTaT MOAECIUPOBAHUS TTOKA3BIBAET OTCYTCTBUE HEIMHEMHBIX UCKAXKEHUN B YCUIIH-
BacMOM CHTHaJIe pH KodpdunneHTe ycuieHus nopsiaka 10.

V(vout)

5.058V

/\ AW .

4.959V
1.065V

1.060V— /\//\//\//\//\/\_/ b

1.054V- - :
Oms 1ms 2ms 3ms 4ms Sms 6ms Tms 8ms 9ms 10ms

Puc. 3. OcumsuiorpaMMbl BXOZHOTO (@) 1 BBIXOAHOTO (H) CUTHAJIOB YCHITUTEIS C OOIIUM SMHUTTEPOM
Fig. 3. Oscillograms of the input (a) and output () signals of an amplifier with a common emitter

V(in)

HccienoBaHue 4acTOTHBIX XapPpaKTECPUCTUK YCUIUTEISA

JIoist moTydeHUsT aMILTUTYTHO-4aCTOTHOW ¥ (ha304aCTOTHOM XapaKTepUCTUK ycumutens (puc. 4) He-
00xoamMo TTpoBecTH YacToTHEIN aHamu3 .AC. Cxema, H300paKeHHAS Ha PUC. 2, TTO3BOJISIET ATO CAETATh,
niepeiiis ot ananm3a JTRAN k .AC, 3a/1aB Ipy 3TOM BHJT IIIKaJIbI U3MEHEHHS YaCTOTHI (JICKAIHO), YUCIIO
TOUEK Ha JICKaly ¥ HCOOXOAMMBIH TMaNa30H 4acToT. XapaKTepPUCTUKH, IPUBEIICHHBIC HA PUC. 4, TOTY4CHBI
IpH OTCYTCTBHH KoHAeHcaTtopa C1, MoAKIIIo9aeMoro napajuieabHo pe3uctopy R4 (puc. 1).

V(vout) .

[-100°

% F-1200

s / 1400

[-160°

I --200°
220
[-2400

12600

22dB

12800

T T
1Hz 10Hz 100Hz 1KHz 10KHz 100KHz 1MHz 10MHz 100MHz

Puc. 4. AmmntyaHo-gactoTHas (1) n dazogactoTHas (2) XapaKTEPUCTHKH YCHIIUTENS ¢ OOIIUM SMUTTEPOM
Fig. 4. Amplitude-frequency (1) and phase-frequency (2) characteristics of an amplifier with a common emitter
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C menpro TOMYYeHHs IEPelaTOYHBIX XapaKTEPUCTHUK YCHIIUTEIBHOTO Kackasla, IOCTPOCHHOTO
o cxeme ¢ O3, He0OXOAMMO MPOBECTH aHAIM3 MO TocTossHHOMY TOKY .DC. Jlmst 3TOro Hy»HO 33/1aTh
Jana3oH W3MEHEHUI BXOAHOTO CHUTHANA OT UCTOYHHMKA Vin M UCKIIIOUYUTH M3 cXeMbl KoHaeHcarop Cl.
B pesynbrare moimydnM CTaTHYECKHE TIePEAaTOYHbIe XapaKTePUCTUKU TOKA U HAIPSDKCHUS YCHITUTEIb-
HOTO Kackaaa (puc. 5).

o V(vin) V(vout) 1(V1) TEIN

uv _/\ 3 [-0.6mA

10V i -0.9mA
\ £

9V \\ -1.2mA

FAY 4 -1.5mA

TV F-1.8mA

6V- / F-2.1mA

5 -2.4mA

4V- -2.7mA

3V

-3.0mA

2v. \ -3.3mA
14 W L-3.6mA
T T T T 3.9mA

4 2v 3v 4 5V 6V v 8V v 10V

0 1

Puc. 5. Crarnueckue nepearouHble XapakKTepUCTUKN HanpspkeHus (1, 2) n Toka (3) yCHIIUTENBHOTO KacKa/ia
€ 00LIMM SMUTTEPOM
Fig. 5. Static transfer characteristics of voltage (1, 2) and current (3) of an amplifier stage with a common emitter

Bropasi padora — u3yueHue npuHLUMIA pabOThl YCHIIMTEIBHOTO KAacKaaa, COOpPAaHHOIO Ha OHIIO-
JSIPHOM TpaH3UCTOpE IO cxeMme ¢ obmieit 6a3oit (Ob) u uccienoBanue BIUSHUS DJIEMEHTOB MPUHIIN-
MUAJILHON CXEMBl Ha €r0 YaCTOTHBIC U BPEMEHHbBIC XapakTepucTUKU. MoskeT BoimonHAThCS B LTspice
WM 1000 IpyToit spice-coBMecTnMoil iporpamme. [IpoBoaaTcs Takue ke BUIBI aHaIN3a, Kak v JJIs
MepBOM 1abopaTopHON PabOTHL.

Yeunurens, codpannsblii o cxeme ¢ Ob, — onHokackaanbiil. COCTONUT U3 YETHIPEX pe3UCTOpoB (R1—-R4)
u tpanzucrtopa (Q1) (puc. 6). Takoil ycunurtens 0ObIYHO HCHOIB3YETCS sl YCUIICHUSI HEMPEPBIBHBIX
WJIM TAPMOHUYECKUX CUHYCOUIaIbHBIX CUTHAJIOB 110 HANPSHKEHUIO MJIH TOKY B YCTpoOiicTBax, paboraro-
[IMX Ha BHICOKUX YaCTOTaX.

Vee

Vin

1.6891k R4

Vss -

Puc. 6. OgHOKacKaTHBIN YCHUINTENh, COOPaHHBIN IO CXeMe ¢ 00mIei 6a30i
Fig. 6. Single-stage amplifier assembled according to a common base circuit

OcHOBHBIC JICMEHTHI Kackajia TaKue ke, Kak 1 Ha puc. 1. BxomHo# curaan Vin momaeTcst Ha IMHT-
TEp TPaH3UCTOpa, a BHIXOAHOM Vout ompenensercs naJeHUEM HampshbkeHus Ha pesuctope R3. Kpome
TOTO, PE3UCTOP R4 ABNAETCS HArpy3KoM A BXoaHOTo curHana. [lonspHOCTh HanpsyKEHHUsI HCTOUHUKA
nUTaHust Ve MONIoKHUTENbHA. DT0 00eCieYnBaeT Ui TPaH3UCTOpa n—p—A-THIIa CMELICHUE KOJUIEKTOP-
HOTO TIepexo/ia B 00paTHOM, a SMUTTEPHOTO MEPExXo/ia — B MPSMOM HANpaBJICHUH, T. €. aKTUBHBIN (yCH-
JUTETBHBIN) peXXUM padoThl Tpansuctopa Q1. J{is mpoBepKky pabOTh yCUIUTENS HEOOX0IUMO COOpaTh
COOTBETCTBYIOLIYIO CXEMY, IOKa3aHHYIO Ha PUC. 7.

Ha puc. 7 xornencaropsr C2 u C1 SBISIOTCS pa3AeNUTeNbHBIMA, TaK KaK ONOKHUPYIOT TIPOXOXKIe-
HUE MMOCTOSHHOTO HANpsDKEHUS, 33Jalolero padounii pesxuM Tpansuctopa. OHHM 00ecreunBaroT U30-
nsuo (paszieneHne) UICTOYHNKA CUTHalla M Harpy3KH OT Kackaja Io MOCTOSHHOMY TOKY M COeIHHe-
HUE (CBSA3b) MX IO MEPEeMEHHON COCTaBisAIoeld Mexay coboil. Kpome mepeduciieHHBIX 3J1€MEHTOB
MIPUHIAITHAIBHON CXEMBI, TIPH YCUJICHHH CHHYCOWJAIBHOTO CHTHANa OT MCTOYHHKA Vin HEOOXOauM
WCTOYHHK ITOCTOSTHHOTO HarpsbkeHus Ve, BeipabatsiBatoniuii 10 B, n Harpy3o4nslii pesuctop RL.
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C1
Vout 11 Vout2
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C2
11 Vin2
11
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Vs 40k

.tran 0 10m 0 0.1m

Vin

SINE(0 10m 1000 2m 400)
AC 1

Puc. 7. Cxema npoBepk# padOThI ycHIIUTENs ¢ 0011ei 6a3oi
Fig. 7. Circuit for testing the operation of an amplifier with a common base

Ha puc. 8 mokaszanbl 0CHHUIOIPAMMbI BXOJHOTO M BBIXOJHOTO curHajioB ycuurens ¢ OB. Tlpuse-
JICHHBIN PE3yNbTaT MOJICITUPOBAHUS MOKA3bIBACT OTCYTCTBUE KaK HETMHEHHBIX HCKAXKCHUH B YCUIIUBAC-
MOM CHTHaJe TpH K03 uIreHTe ycunenus nopsiaka 50, Tak ¥ MHBEpCUH (a3bl CUTHATA MPH €r0 YCH-
JICHUH, B OTJIM4re OT cxeMbl ¢ OD.

5.49V-

V(vout)

soov———\ [ A L\ /NN e

4.50V-
336.8mV- - - - - - - - "
334.4mV—------ A 4 Y— W N — SRS NUS SO S
332.0mV—4— pA N ~1
329.6mV-y------ ; : i : :
327.2mV- T T T T T T T T T
Oms Ims 2ms 3ms 4ms Sms 6ms 7ms 8ms 9ms 10ms

V(vin)

Puc. 8. OcrpmrorpaMMbl BXOIHOTO (@) 1 BBIXOJHOTO (b) CHTHAIOB YCHIIUTENS ¢ 001eit 0a30if
Fig. 8. Oscillograms of the input () and output (b) signals of an amplifier with a common base

Jis osTyueHus aMILTUTYTHO-4aCTOTHOM U (pa3ovacToTHOU XapakTepucTuk ycunureis ¢ Ob HeoO-
XOJIMMO TIPOBECTH 4acToTHBINA aHanu3 .AC. Cxema, n300pakeHHas Ha puc. 9, TO3BOJISIET 3TO CHIENATh,
niepeiins ot anamu3a .-TRAN k .AC, 3a/1aB Ipu 5TOM BH/T KA U3MEHEHUS YaCTOTHI (ACKaTHO), YUCIIO
TOYEK Ha JIeKaJy ¥ HeOOXOAMMBIH TUara3oH 9acToT.

424B _V(rout)

- 120°
41dB+--
- 800
40dB-1-- - 400
39dB- L o0

38dB- - -40°

37dB--- - _80°

36dB e ——— 1200
100Hz 1KHz 10KHz 100KHz 1MHz

Puc. 9. Ammuutynno-uacrorHas (1) u pazougactorHast (2) XapakTepUCTHKH yCHIINTENS ¢ 001eit 6a3oi
Fig. 9. Oscillograms of the input (1) and output (2) signals of an amplifier with a common base

Jwuarazon pabounx gactot ycunmutens mo cxeme ¢ Ob — ot 200 't go 9 MI'n, uTo cpaBHUMO € Yac-
TOTHBIM JIMANIA30HOM YCHIIUTEIs, cOOpaHHOTro 110 cxeme ¢ OD npu BrirodeHun kouaencaropa Cl mna-
pamienbHO pe3uctopy R4. Ilpu stom k03(DQUIMEHT YCUIICHUS COCTABIISI BEIMUYUHY mopsiaka 44 nb
B 000MX CITydasx.

TpeTbst padoTa — n3yueHne MPUHINAIIOB PaObOTHl M XapaKTEPUCTUK MHBEPTHUPYIOIIETO YCHUIIATENS
Ha ornepanoHHOM ycmutene (OY). Dra padora, Kak miepBasi M BTopasi, MOKET BBITTONHATHCS B LTspice
WM JTI000W JIPYTOH spice-CoBMeCcTUMON mporpamme. [IpoBoasiTcs Takue ke BUABI aHAIN3a, KaK JIIs
[IEpPBOM ¥ BTOPOIi 1a00paTOPHBIX PaOOT.

63



L[H®POBAS TPAHCOOPMAILHA TEXHHYECKHE HAYKH
T 30, Ne 2 (2024)

Howmenxuarypa Mukpocxem OV odeHb 0omblasi — OT MPEUU3UOHHBIX, TO3BOJISIFOLINX CO3/1aBaTh BbI-
COKOTOYHBIE IIPe00pa30oBaTeNId CUIHAJIOB, 10 OBICTPOACHCTBYIOMINX, IPUMEHIEMBIX B BBICOKOCKOPOCT-
HBIX TIpeoOpazoBaTensix qaHHbIX. Kasknoe npumenenue TpedyeT cBoeii cxemsl BKmoueHust OY. [Tostomy
NpoaHaIu3upyeM pocTteiyro cxemy ycuiurens Ha OY. YV mroboro OV Bcerna uMeroTces /iBa BXOJa,
MTOCKOJIbKY BXOJIHBIM KacKaJioM siBisieTcs: AuddepeHIaibHbIi, KOTOPBIH CIOCOOCH yCHUIINBATh pa3HH-
LIy HalnpsDKeHUH Ha BXOJAX C OYCHb BBICOKMM KOA()(QULIMEHTOM YCHICHMS, 3HAUYUTEIIBHO IPEBBILIAI0-
LIMM YCHJIEHHE 00BIYHOTO Kackana ycunuress ¢ O3. IIpu sToMm kaxgoe «miedo» nuddepeHunanbHoro
Kacka/ia MoCTPOCHO aHAIOTUYHO ycunuTento ¢ OD, HO OHU B3aUMOAEHCTBYIOT IPYT C IPYTOM, OCKOJIb-
Ky MUTAIOTCA OT OJJHOTO OTPAaHUYEHHOTO U CTA0OMIIM3UPOBAHHOTO HCTOYHUKA TOKA. [Ipn OTKpBITHH JTHO-
00Tr0 M3 TPAaH3UCTOPOB BHIXOHOE HAIIPSHKCHUE, OTIPe/IeliieMOe MaJicHUEM HaAMPSHKEHHSI B HArPy30YHBIX
pesucropax, OyeT Kak MUHUMYM B JIBa pa3a MPeBbHIIIaTh BEIXOAHON CUTHAJI OOBIYHOTO Kackaga ¢ OD.
Teopetudueckuit aHanmm3 padoTel T PEpeHNINATEHOTO Kackaaa H3IokeH B [5]. Cxema HHBEpTHPYIOIIIEe-
ro ycunurens Ha OY nokaszana Ha puc. 10.

.tran 0 10m 0 0.1m

R1

1k

SINE(0 1.2 1000 2m 400)
AC1 +15] -15

Puc. 10. Cxema ananu3a paOOTBl HHBEPTHPYIONIETO YCHIUTEIISI Ha ONIEPAlMOHHOM yCHIIUTENE
Fig. 10. Diagram for analyzing the operation of an inverting amplifier using an operational amplifier

Ha puc. 10 pesucropsl R1 n R2 3agar0T KO3QPULUUEHT yCHiIeHHs], a R4 SBIISETCS] HArpy3KoH YCHITH-
tenst. Uctounnku +V1 u —V2 nogarot nuranue, He0oOXoauMoe Ut padoThl yCHIUTENA. Vin — HCTOYHUK
BXOJIHOTO CMHYCOMJIATBHOTO CHUTHAJIAa C TEMH K€ MapaMeTpaMu, 4To U MPU MpoBepke padoThl yCHIIHU-
teneir Ha OO0 n Ob. OcummiorpaMMbl BXOJHOTO M BBIXOJHOTO CUTHAJIOB MHBEPTHUPYIOIIETO YCHUITUTENS
Ha OY npuseneHs! Ha puc. 11.

‘V(out)

8V

N

v A A
w | / / / / a
v o
-8V \V/
1.0V G

] A\
o4 A n b
008 PN
0.4V \v/ \/
0.8V

Oms 0.2ms 0.4ms 0.6ms 0.8ms 10ms
Puc. 11. OcunniorpaMmsl BXOIHOTO (a) ¥ BBIXOIHOTO () CUTHAJIOB MHBEPTHPYIOIIETO YCHIUTEIS
Ha OIEePALIOHHOM YCHJIUTEIIEe
Fig. 11. Oscillograms of the input (a) and output () signals of the inverting amplifier
on the operational amplifier

[IpoBenu aHam3 cxeMbl, H300pakeHHO Ha puc. 10, 1 onpenenuiym 1eKajHoe U3MEHEHHNE YacTOTEHI,
KOJIMYECTBO TOUEK Ha AEKaay U AMAIA30H 4acTOT. Pe3ynbTar 3TOro aHanusa ¢ aMIUIUTYQHO-4aCTOTHOMN
1 (pa3ovacToTHON XapaKTepUCTUKAMU WHBEpTUpYIomiero ycmiuTens Ha OY npuseneH Ha puc. 12. Ilo-
Joca mporyckaHus ycunurens coctasuia 1,2 MI'n, a 3amac o ¢aze — 6onee 60 rpaa., 4To 10CTaTOYHO
JUIs1 yCTOMYMBOTO (PYHKIIMOHUPOBAHMS MIPH paboTe ¢ CUTHATAMU OOJIBIION aMIIUTybL. [J1s momy4eHust
CTaTHUECKUX TMEePEeIaTOUHBIX XapaKTEPUCTHK TOKAa W HANpsHKCHUS HEOOXOIWM aHAIM3 IO MOCTOSHHO-
my ToKy .DC. Jlyig 3TOTO ClemyeT 3a1aTh JUHEHHOE N3MEHEHNE BXOHOTO CUTHANIA OT TeHepaTopa Vin
ot (-5) no (+5) B ¢ mpupamenuem B 0,1 B (puc. 13).
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23dB LG e 180°

21dB F120°
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Puc. 12. AMmumryaao-yactotHast (1) u pazoyactoTHas (2) XapaKTepUCTUKN HHBEPTHPYIOMIETO YCHIUTEIS
Ha OIepaIjMOHHOM YCHUJIUTEIEe
Fig. 12. Amplitude-frequency (1) and phase-frequency (2) characteristics of an inverting amplifier
based on an operational amplifier

2.0mA 1(V3)

A\,
A
1.4mA 3
0.8mA.
0.2mA V(out) V(vin)
12V-
1
6V- e —
S——
)% ——
—GV{T 7
-12V <

—4V -2V o 2 4
Puc. 13. Cratnueckue nepeaaToyHble XapaKTepUCTHKN HanpshkeHu (1, 2) u Toka (3) HHBEPTHPYIOIIETO yCHIIUTENS
Ha OTIEPALMIOHHOM YCHJIUTENe
Fig. 13. Static transfer characteristics of voltage (1, 2) and current (3) of the inverting amplifier
on the operational amplifier

[IpuBeneHHbBIE TPUMEPBI BBITTOJIHEHHS JTA00OPATOPHBIX paboT JAOCTATOYHO MPOCTHI, HO TH 3a1a4n
CIIeZlyeT penaTh Ha HadallbHOM JTare U3y4YeHHUs CXeMOTEXHUKH TPH TIOATOTOBKE MH)KEHEPHBIX KaJIPOB
10 JaHHBIM HalpasieHUsM. VIMEHHO Takue pabOThl BBIIOJHSIOT CTYACHTHI IPU W3yUYEHUH TUCILIMII-
1uH «CXeMOTEXHUKA TEIEKOMMYHHUKAMOHHBIX YCTPOUCTBY [6], « MukpocxeMoTexHuka» u «Cxemo-
TEXHHUKA.

WzyueHne yCUIUTENbHBIX YCTPOUCTB U APYTHX CXeM 00pabOTKH aHaJIOrOBBIX CUT'HANIOB ((DUIBTPOB,
KOMIIapaTopoB U Jp.) OOBIYHO MPEIIIECTBYET H3yUeHHIO IIU(QPOBOH CXEMOTEXHHUKH, KOTOPYIO HAaYMHAa-
FOT C U3YUYEHUs IPOCTEUIINX Jorudeckux aemenToB tuna 1, NJINM, HE. IIpuyem aieMeHThI CTpOsITCS
Kak Ha OMIOJIAPHBIX, TaK U 00s13aTenbHo Ha KMOII-Tpan3ucropax ¢ NpOEKTHBIMI HOPMaMH B €AMHULIBL
MHUKpPOH. 3aTeM NPUCTYNAIOT K M3YUYEHHIO PabOThl CXeM CyMMAaTOpOB, JEKOAEPOB, KOJAEPOB, MYJIBTH-
IJIEKCOPOB M JEMYJBTUIIIIEKCOPOB. [lociae HUX CleAyroT TPUITEPHl U YCTPOICTBAa HA UX OCHOBE — pe-
THCTPBI U cueTurKu. [Ipu 3TOM Kaxkaplii 00ydaeMblii co3aeT cOOCTBEHHYIO OMOIMOTEKY aHAJIOTOBBIX
u 1udpoBbIx dmemenToB. Ho coOcTBeHHas Oubnmoreka snemeHToB Ha KMOII-Tpan3ucropax MoxeT
OBITh MCTIOJIH30BAHA B JATBHEHIIIEM MTPH MOACTUPOBAHUN PAOOTHI CIOKHBIX (PYHKIIMOHAIBHBIX Y3JI0B,
HEOOXOOUMBIX AJIsI MOCTPOEHUS CIIELHAIM3UPOBAHHBIX MHUKPOCXEM, IpEeIHa3HAYCHHBIX Ui PaOOThI
B MHUKPO3JIEKTPOHHOH anmaparype caMmoro pa3jindyHOro NIpUMEHEHUs — OT OBITOBON TEXHUKHU 10 CUCTEM
BOOpPYKEHUH.

3akioueHue

YenenrHasi TOATOTOBKA MHKSHEPHBIX KaJIPOB 110 HANPABICHUSIM « DIIEKTPOHUKA U HAHOAJICKTPOHU-
Ka» U «I/IHq)OKOMMYHI/IKaHI/IOHHBIC TCXHOJIOTUU U CUCTEMbI CBA3M» BO3MOKHA IMTPU KOMILJICKCHOM IO/ -
XOJI€ K M3YYCHHUIO JUCLHUIUIMH, CBSI3aHHBIX CO CXEMOTEXHUKON M C aHAJTM30M pabOTOCIIOCOOHOCTH 3JICK-
TPOHHBIX YCTpOUCTB. [Ipm 3TOM 10 Havana SKCIIEPUMEHTOB TI0 UCCIICIOBAHUIO PAOOTHI AIEKTPOHHBIX
CXEM JIOJDKHO OBITH TMPOBEACHO CXEMOTEXHHYECKOS MOACIHPOBAHKE WX PAabOTHI B JIFOOOW Spice-COB-
MECTHMOM mporpamme. Torfa MOMy4YeHHbIC PE3yJbTAThl MO3BOJSAT MPOBOIUTH KCIEPHUMEHTABHBIC
paboTHI ¢ OONBITNM MMOHUMAaHUEM WX CyTH. KpoMe TOoro, 3T0 TOMOXKET COXpaHUTh B pabO4YeM COCTOS-
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HUH N3MEPUTEIbHbIC IPUOOPHI U caMy AIIEKTPOHHO-KOMIIOHEHTHY!O 0a3y, yoeperas ux oT HeM30eKHBIX
OKMOOK HAYMHAIOIIUX SKCIIEPUMEHTATOPOB.
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AHHOTanus. B crarbe MoATBEpkK/IEH BO3pACTAIOUIMH YPOBEHb BOBJICYCHHOCTH MEXKIYHApPOJHOTO COOOIIECTBA
B IPOLECC PAa3BUTUS KBAHTOBBIX TEXHOJIOTUH. B HayyHOM NMPOCTPAHCTBE B OTEUECTBEHHOM CETMEHTE aBTOpaMHU
BBISIBJICHO 3HAYMTEIHHOE OTCTaBAHUE MEXK/Y YPOBHEM M KadeCTBOM CYIIECTBYIOIIMX 00pa30BaTENIbHBIX MPOT-
paMM BBICHINX YIE€OHBIX 3aBE/ICHNH 1O OTHOIICHHIO K MEKTyHAPOJHBIM JIOCTIKCHUSAM IPAKTHIECKOTO XapakTepa
B 00s1aCTH Pa3pabOTKH U TPOTPAMMHUPOBAHNS KBAHTOBBIX BBIYNCIUTENBHBIX YCTPOHCTB. B 1esix yctpaHeHus cio-
JKUBILETOCS] HAYYHO-METOANYECKOTO pa3phIBa PEKOMEHYETCsl BHEAPUTH B 00pa30BaTeNIbHbIE IPOTPAMMBI YKPYII-
HeHHbIX rpynn HanpasiaeHui noarotoBku 09.00.00 u 10.00.00 cooTBeTCTRYIONNE TPEIMETHI B KA4YECTBE OTACIb-
HBIX AUCIMIUINH, OO B YK€ CYIIECTBYOLINE [AUCIMIUINHBI], U PACIIMPHUTH UX 0 UCCIECIOBAHUS BO3MOKHOCTEH
METOJIOB KBAaHTOBOTO IpOrpaMMupoBaHusa. Ha ocHOBe COOCTBEHHOTO OMBITA MPETOIABaTENbCKON AEATEIBHOCTH
aBTOPBI MpEATIaraloT BO3MOXKHYIO CTPaTErui0 BHECEHUSI COOTBETCTBYIONINX N3MEHEHUH, a TaKKe BapHAHThI KOp-
PEKTUPOBKH PabOUYMX MPOrpaMM JAUCIUIUINH, BKJIIOUAIONIMX B ceOs 3a/1a4M 10 ITPOrpaMMHUPOBAHUIO KBAaHTOBBIX
BBIYMCIIUTENIBHBIX YCTPOHCTB.

KiroueBble c10Ba: METObI KBAHTOBOTO IIPOTPAMMHUPOBAHHUS, TEXHOJIIOTHH IPOrPAMMHUPOBAHUS, KBAHTOBBIE TEX-
HOJIOTUHU, KBAHTOBBIE BbIUUCIICHHUS.

Kongaukt uHTEpecoB. ABTOPHI 3asBIISAIOT 00 OTCYTCTBHUHU KOH(IMKTAa HHTEPECOB.

BbaaromapHocTb. ABTOPBHI BRIPXKAIOT HCKPEHHIOO OJIaroAapHOCTh HACTABHUKY M ITPOBOJIHUKY B MUP KBAaHTOBBIX
TEXHOJIOTHH KaHJ. TeXH. HayK A. B. KoposbkoBy 3a KpUTHUECKHMH ITOAXOJ M ONEPATHBHYIO BOBJICUCHHOCTH
B IIPOLIECC PEAAKTUPOBAHMS TTOMYICHHBIX PE3yJIbTaTOB NCCIIEJOBAHHUS.

Joas nurupoBanus. Kproukos, A. A. MeTonbsl KBAHTOBOTO MPOIPaMMHUPOBAHUS: TOIXOABI K (OPMHPOBAHUIO
OHTOJIOTHHM W (OpMAJIU3ALMU COBPEMEHHOH BBIYMCIUTENBLHON MapaJurMbl B 00pa3oBaTelIbHOM Mporecce /
A. A. Kprouxkos, M. A. Kuszes // Ludposas tpanchopmanmsa. 2024. T. 30, Ne 2. C. 67-76. http://dx.doi.
org/10.35596/1729-7648-2024-30-2-67-76.

QUANTUM PROGRAMMING METHODS:
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Abstract. The article confirms the increasing level of involvement of the international community in the de-
velopment of quantum technologies. In the scientific space in the domestic segment, the authors have identified
a significant lag between the level and quality of existing educational programs of higher educational institutions
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in relation to international practical achievements in the field of development and programming of quantum com-
puting devices. In order to eliminate the existing scientific and methodological gap, it is recommended to intro-
duce relevant subjects into the educational programs of enlarged groups of training areas 09.00.00 and 10.00.00
as separate disciplines, or into already existing [disciplines], and expand them to study the possibilities of quantum
programming methods. Based on their own teaching experience, the authors propose a possible strategy for mak-
ing appropriate changes, as well as options for adjusting the work programs of disciplines that include tasks for
programming quantum computing devices.

Keywords: quantum programming methods, programming technologies, quantum technologies, quantum com-
puting.
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BBenenue

B Hacrosiee BpeMs mpeaMeTHast 001acTh HayYHO-TIPAKTUIECKUX UCCIIEIOBaHUI B cepe KBAaHTO-
BbIX TEXHOJIOTUI U KBAaHTOBBIX BBIYMCIICHUH B YACTHOCTH C KaXKIbIM I'OJOM IIPUBJIEKACT Bce OOJIbIIEe
KOJIMYECTBO NPO(UIBHBIX CIEHUATUCTOB KaK M3 YMCJIAa NPEACTaBUTENECH HayyHOro COOOILECTBA, TaK
U Cpe COTPYAHUKOB TOCYAaPCTBEHHBIX CTPYKTYP M KOMMEpPUECKUX 00beAnHEHUH. B TO Bpemst Kak ro-
CYIapCTBEHHBIC OPTaHbl PETYJIUPOBAHMS B YCIOBUAX IU(DPOBU3ALMH SKOHOMUKH TPUHUMAIOT aKTUBHOE
ydacTue B pa3paboTKe W MPHHATHA HOPMAaTHBHO-TIPABOBBIX JOKYMEHTOB M HALIMOHAIBHBIX MPOTrPaMM
10 Pa3BUTHIO TIPEJIMETHOM 0051acTH, 00pa3oBaTebHbIC YUPEKACHUS TOIBKO PUCTYIAIOT K BHEIPEHUIO
PO UIBHBIX AUCLUILIMH 110 HAIIPABJICHUSIM [I0JTOTOBKH MHKEHEPHBIX KaJIPOB 110 IPOrpaMMe KBaHTO-
BBIX BBIUHCIICHUH.

[IpencraBneHHble B CTaThe Pe3yJbTaThl UCCIACIOBAHHUS MOTYT OBITH IOJIE3HBIMHU AJIsl ipodeccop-
CKO-TIPETIOaBaTeIbCKOTO COCTaBa YYEOHBIX 3aBEACHHUM, MPOBOAALIMX ITOATOTOBKY CIIELHAIMCTOB
10 HAITPaBJICHUSIM, BXOAAILIMM B MepeueHb YKPYIMHeHHBIX rpynn cnenuansHocteit 09.00.00 «Mudopma-
THKA U BerauciuTenbHas Texankay u 10.00.00 «Muadopmanmonnas 6e3onacHoctsby. Llenb — cucremarn-
3aLUsl HAKOIUICHHBIX 3HAHUI U (popMasibHOE OmpeneseHre HayyHO-IIPAKTUYECKOro 00pa30BaTeIbHOrO
HanpasieHHus «MeToabl KBAHTOBOTO MPOTrPAMMHUPOBAHU.

Tl'ocynapcTBenHble MPOrpaMMBbI M HAIMOHAJIBHBIE NTPOEKTHI
KaK KaTaJu3aTop pa3sBUTHSA MpPeIMeTHOH 001acTH

AKTyaJIbHOCTh MCCIJICIOBAHUS MOATBEPXKIACTCS YPOBHEM MEXIYyHAPOIHBIX MHBECTULMM, BKJIAIbI-
BacMbIX B KBAaHTOBBIC TEXHOJIOTUH, a TAK)XXE KOJMYECTBOM HOPMAaTUBHBIX JOKYMEHTOB, IPUHUMACMBbIX
rOCYIapCTBEHHBIMU MHCTaHLUSMH Pa3InUHbIX cTpaH. C KaKIbIM TOI0M HAOMI0AaeTCsl POCT YMCIIa MH-
POBBIX JIepKaB, 0CO3HAIONINX HEM30SKHOCTh MPUXO0/Ia HA MEKAYHAPOAHBIH PHIHOK HOBBIX TEXHOIOTHY-
HBIX OTpacjieil SKOHOMUKH M TMPUHUMAIOIINX MMPEBEHTUBHBIE MEPHI 10 PETYIMPOBAHUIO, IIEHTPAIN30-
BAaHHOMY YIPABJIEHHUIO U PA3BUTHIO COOTBETCTBYIOIINX 00JIaCTEH.

B 2018 . Konrpecc CIIIA omy6mukoBan akt H.R.6227 HammoHanbHOW KBaHTOBOW MHUITUATHUBEI
C IJIAHOM Pa3BUTHS KBAaHTOBBIX TEXHOJOTMU B cTpaHe. Uepe3 ueThlpe rofa ObUIM MPEACTABICHBI 3a-
koH H.R.7535 006 obecrieyeHnH TOTOBHOCTH TOCYNAPCTBEHHBIX YUPEKICHUN K BO3MOXHBIM IOCIEA-
CTBUSIM TIOSIBJIEHUSI KBAHTOBBIX BBIYUCIUTENBHBIX YCTPOMCTB, MPEACTABISAIONIUX MOTEHIMAIBHYIO
yrpo3y UMEIOLIMMCSl CHCTeMaM oOecriedeHns: KubepOe30nacHoCTH, a Takke Memopanaym NSM-10
0 HaIlMOHABHOU Oe30MmacHOCTH U TpoaBrkeHNH auaepcTsa CIIIA B 061acTi KBAHTOBBIX BEIYHCIICHUT.

OnvH W3 KITIOYEeBBIX JHIEpOoB Aznarckoro perronHa Kwuraiickas Hapomnas Pecny6muka B 2021 1
Bruroumiia B 14-it HaroHanbHbIH 5KOHOMUYECKH IJ1aH Pa3BUTHS UCCIIEIOBAHUS B 00JIaCTH KBAHTOBBIX
TEXHOJIOTUH KaK OJIHO M3 NMEePEOBhIX HAalpaBJIEHUH, MOUIekKAIINX IPUOPUTETHOMY Pa3BUTHIO HA IIEpU-
ox BIIIOTH 10 2035 . B mapre 2023-ro BenukoOpuranus omybnukoBana HalmoHanbHyt0 KBaHTOBYIO
CTpATErHio CO CPOKOM BBITIOJTHEHUS JICCSTh JIET, HallpaBJIeHHYI0 Ha npeBpamienne OobeanneHnoro Ko-
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POJIEBCTBA B HAYYHO-TEXHUUYECKYIO CBEPXIEPIKABY, C YUETOM MOCIEI0BATENBHOTO Pa3BUTHUS U CBOEBPE-
MEHHOTO BHEIPEHMSI B IPAKTHUYECKYIO TNIOCKOCTh TEXHOJIOTMH KBAHTOBBIX BHIYHCICHHH.

B Poccuiickoit ®enepaunu B 2019 1. Obl1a yTBepXkKAeHa IOPOKHAS KapTa Pa3BUTHUS «CKBOZHONY
1 QpoBoil TexHonorun «KBaHTOBBIE TEXHOJIOTHIY, MIPEIONATaI0NIasl Pa3BUTHE KBAHTOBBIX BBIYHCIIC-
HUI, KBAHTOBON KpUNITOTpa(uu U CEHCOPHBIX TEXHOJIOTHIA. VcrionHeHne TOPOKHON KapThl ObLIO yCTa-
HOBJICHO B IISITUJIETHUM CPOK, OJTHAKO B paMKax aKTyaJu3alliu MOJYyYEHHbIX pe3ysbTaToB B 2023 1. pa-
00Ta mporpaMmsl OblIa TOMIOJTHEHA HOBBIMU MEPONPHUATHAMH U nipoasieHa 10 2030-ro.

K guciy crpas, ¢ HejaBHETo BpeMEHH YASISIOMNX IPUCTAIbHOE BHUMaHHE KBAHTOBBIM TEXHOJIO-
THSIM Ha TOCYAapCTBEHHOM YpOBHE, pucoenunmince Jlanus, Upnanaus, bpasunus, Benrpus, Munus,
Asctpanusi, Kanana, FOxHo-Adpukanckas PecniyOnuka u psj Ipyrux SKOHOMHUUECKU Pa3BUTBIX TOCY-
JIAPCTB C YCTOSBIIMMCS HAyYHO-TEXHHYSCKUM MoTeHnnanom!. OqHuM u3 HanboJiee 3HAYMTENIbHBIX CO-
OBITHI, TOATBEPIKIAAIOITNX aKTyaJIbHOCTh TIOCTABIICHHOHN TEMBI, BIIICTCS IMyOnuKaIus B saBape 2024 1.
kBaHTOBOM cTparernn HATO, 1iemnb KoTopoit — obecrieueHne «KBaHTOBOW rOTOBHOCTH» CeBepoarianTu-
YECKOT'0 CO03a K BHELITHUM YTPO3aM.

MexaHU3MBI CHCTEMBI 00Pa30BaHUs B 00JIaCTH MOATOTOBKHU CIEIUATHCTOB
B cepe KBAHTOBBIX TEXHOJIOT Uil

Brraenstorcs Tpu HanpaBlIeHUs] KBAHTOBBIX TEXHOJIOTHM:

— KBaHTOBbIE KOMMYHHKAIINH;

— KBaHTOBbIE BHIYHCIICHHUS;

— KBaHTOBBIE CEHCOPBI U METPOJIOTHSI.

KBaHTOBBIE KOMMYHHMKALIUH TOPA3yMEBAIOT 110 COOOH TEXHOJIOTHIO KPUIITOIpapUIeCKOM 3alUThI,
HCIOJIB3YIOLICH HHANBUAYaIbHbIC KBAHTOBBIC YaCTHUIIbI U PACIPEACICHUS OOLIEro cekpeTa (KIkoya).
KBaHTOBBIE BBIUMCIIEHUS — KJIACC BBIYMCIUTENBHBIX YCTPONCTB, HCIOIB3YIOIINX JUIsl pEIIeHUs 3aa4
MIPUHIIMIIBI KBAHTOBOM MeXaHUKHU. KBaHTOBBIE CEHCOPBI M METPOJIOTHS — COBOKYITHOCTh BBICOKOTOUHBIX
HU3MEPUTENBHBIX TPUOOPOB, OCHOBaHHBIX Ha KBaHTOBBIX d(p¢ekrax. HampapneHnne KBaHTOBBIX CEHCO-
POB ¥ METPOJIOTHH TIPUCYTCTBYET B UCCIIEIOBATEIBCKUX HHCTUTYTAaX M MPOMBIIUIEHHBIX JIAO0pAaTOPHUSIX
C CepeaMHbl IPOLUIOro Beka. JlaHHas o0nacTh sBisieTcsl (PyHIAMEHTOM ABYX CMEXKHBIX JUCLUIUIUH —
KBaHTOBOW KpHUNTOrpaduy U KBAHTOBBIX BbIUUCIEHHHU. [1o BceMy MuUPY QYHKIHOHUPYIOT YUPEKACHUS
BBICIIIETO 00pa30BaHMsl, BHIIOJIHAIOIINE TOATOTOBKY KaApPOB B 001aCTH TEXHOJIIOTHHY MAaTepHAIOB, HAHO-
TEXHOJIOTUH U NPUKIafHON HU3MKK. MexaHu3M 00yUueHHs U TOCIIEAYIOIIET0 BKIIOYEHHUS MOJIOJBIX yUe-
HBIX B TPYIOBYIO A€ATEIBHOCTh OTIaKEH U CTAa0UIIBHO YOBJIETBOPSIET CIPOC Ha KBAJIU(ULHUPOBAHHBIX
CHEIMAINCTOB.

Wnest kBaHTOBBIX KOMMYHHUKAIMH BIepBhIe ObUTa omyOnunkoBaHa B 1983 1. u ceronHs uMeeT BhICO-
KU ypOBEHb BCECTOpOHHEH mpopabotku. 3a nmocienuue 40 jer o0nacTb KBAaHTOBOM KpunTorpaduu
BBIIIUIA HA YPOBEHB MPOMBIIIICHHOTO MIPOU3BOICTBA KOMMEPUECKUX CUCTEM IO 00ECIICUeHHIO MPOoTiec-
ca BBIPaOOTKH U pacnpeneneHus kioueil. Kak B 3apyOeKHBIX, TaK U B OTEUECTBEHHBIX YHUBEPCUTETAX
HMMEIOTCSl COOTBETCTBYIOIINE MPOrpaMMBbl MTOJATOTOBKU CTyneHTOB (Hampumep, 10.05.01), mpoBoasaTcs
exerofHble GopyMbl U KOH(GEPEHINH, BHEAPSAIOTCS ONOIHUTEIbHbIE 00pa30BaTeIbHbIC HAIIPABICHUS
JUIsl FOHBIX WH)KEHEPOB COBMECTHO C KYpPCaMH IMOBBIIICHHS KBATM(MUKAINU ISl JEHCTBYIOMIUX TPO-
¢wipHBIX crienuanucToB. OHAKO COBEPIIEHHO MHAYE JIeJI0 OOCTOUT € MOATOTOBKON yUEHBIX M pa3pa-
00TUMKOB B c(hepe KBAaHTOBBIX BBIYHMCICHUH. HecMOTpsi Ha akTyalbHOCTH BOTIPOCA, YPOBEHb BHEIpE-
HUSI TeMaTHYECKUX 00pa30BaTeNbHBIX IPOrpaMM B By3aX CTPaHbl, a Takke padoTa 110 MOBBILICHUIO
WHPOPMAIIMOHHON OCBEIIOMIIGHHOCTH CPEM TEXHUUECKUX CICHUAIMCTOB M PSIOBBIX MOJIb30BaTeNICH
IT-uadpacTpyKTyphl OCTaBIAET *ejarh Jydmero. KBaHTOBbIE BBIYMCICHUS 3a4acTyiO MPENOAAIOTCS
B OIHOM U3 TPeX BapHAHTOB TOBECTBOBAHMS: TOBEPXHOCTHOE OCBEIICHNE KJIFOUEBBIX MTOJIOKEHUH U BO3-
MOXXHOCTEH KBAaHTOBBIX KOMIIBIOTEPOB B HAYUHO-IIOMYJIIPHOM CTHJIE U3JIOKEHUS; JICKLUHU 110 JTMHEHHON
anredpe, TEOPUX MHOYKECTB ¥ KOMIUIEKCHBIM aHalTN3 KaK OCHOBA KBAaHTOBBIX BBIYMCIICHUH; TPUKIIATHASL
(u3uKa 1 MaTepuaNoBEACHUE C TOUKU 3PEHUSI BOIIPOCA CO3IAHMUS KBAHTOBBIX IPOLIECCOPOB.

OnHO3HAYHO Ka)KJbIl 03ByUEHHBIN MTOJX0J] BaXKEH, OJTHAKO HEPEIKO HU OJIMH M3 YKa3aHHBIX BBIIIE
(hopmaToB 00yueHHs HE MTOAPa3yMEBAET IOATOTOBKY MHXECHEPHBIX KaJpOB B 00JIACTH IPOrpaMMHpOBa-
HUSI KBAHTOBBIX KOMITBIOTEPOB, YTO MOATBEPKAACTCS NPAKTHUECKU MOJIHBIM OTCYTCTBUEM TeMaTHYeC-

I Quantum Economy Blueprint. Available: https://www3.weforum.org/docs/WEF_Quantum_Economy_ Blueprint 2024.
pdf (Accessed 10 February 2024).
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KOM TEXHHYECKOW JIUTEPATYPBI B PYCCKOS3BIYHOM CETMEHTE, 32 HCKIIOUYEHUEM MEepPEBOJOB MHOCTpPAaH-
HBIX KHUT U PEIKUX MOHOTpaduii, NOATOTOBIEHHBIX CAMOCTOSITEIIbHBIMU YCHIUSIMHA MOJIOJBIX YUCHBIX.
Takum 00pa3zoM, HECMOTpPsI HA CHHXPOHHOE Pa3BUTHE TEOPHH KBAHTOBBIX BBIYMCICHUHA W KBAHTOBOH
Kpunrtorpaguu (repBbie paboThl 0 KBAHTOBBIX KOMITbIOTEpax MOsiBUINCH B 1980-x IT.), mpakTHUecKas
00J1acTh KBAHTOBBIX BBEIUYUCIICHUH U CMEKHBIE TEXHOJIOTHYECKHE TT0/Ipa3iesbl €CTECTBEHHOM HAYKH 3HA-
YUTEJIBHO OTCTAIOT OT CPOPMYIINPOBAHHOMN 32 ITOCIICIHUE JECITUIETUS TEOPUH, UTO UMEET Pa3UTEIIbHOE
OTINYME B CPAaBHEHWH C aHAJIOTHYHBIM TEUEHHEM PA3BUTHsI KBAaHTOBBIX KOMMYHHKanuil. bonee Toro,
B Cllyyae conocTaBieHuss Poccust — MUp CTaHOBHUTCS OUEBUIHO, YTO JIOKAIBHBIE YCIIEXH COOTEYECT-
BEHHHKOB €Il CHJIbHEE OTCTAIOT OT Pe3ylbTaTOB MHOCTPAHHBIX HAYYHBIX OOBEIMHEHHH, YTO TaKKe
OTMEYAETCS B JOPOKHOM KapTe pa3BUTHUSI KBAHTOBBIX TEXHONOrUil B Poccuiickoit denepanuu.

B T0 Xe Bpemsi B umcIiie 3TanoB ¥ MEPONPUATHH IO PEHICHUIO TEXHOJIOTHYECKHX 3a/1ad TOPOKHAs
KapTa [IpeIoiaraeT peaau3aliio HOBbIX 00pa30BaTeIbHbIX IPOTPAMM B IPO(UIBHBIX YHUBEPCUTETAX,
OpTaHU3alHMIO CIICLKYPCOB U LIEHTPOB JOMOJIHUTENBHOIO 00pazoBanus (puc. 1). OxHako, eciy MmoucKk
CIELUAINCTOB U OTKPBITHE 0a30BbIX Kadenp, 3aHNMAIOIUXCS UCKIIOUUTEIbHO MOATOTOBKON MHKEHE-
POB B cdepe KBaHTOBBIX TEXHOJIOTHM, SBISIFOTCS TPYHAO3aTPaTHBIMHU, PEAKHMH U y3KONPO(QHUIBHBIMU
MHCTPYMEHTaMH pelIeHUs] MOCTAaBIEHHON 3a/aud, TO IleJIeHANpaBlIeHHas KOPPEKTHPOBKA yUEOHBIX
IJTAHOB U paboYuX MPOrpaMM HEKOTOPBIX JAUCIUIUIMH CIIOCOOHA PEMIUTh BOIPOC C MIMPOKHM OXBAaTOM
OOJIBIIMHCTBA IIPOrPaMM IIOJATOTOBOK. A 3TO MPEAIOaraeT BhITYCK OOJBILEro Yucia CTyAEHTOB, Bia-
JEIOIINX HABBIKAMU IPOTrPAMMHPOBAHUS KBAHTOBBIX KOMIIBIOTEPOB.

Onncanne npoeKTa

— e p——— = Oprannsanua(IpoGHIBHEIX CIIeNKYPCOB)s
[Peamsams HOBBIX 00pa3oBaTeIbHBIX IPOrpaMM, | | Pean3soBarb

HpekIe BCETO, B IPOQIIbHBIX YHHBEPCHTETAX, o0pa3oBaTebHbIE paMKax TOrpaMMB! IKONBHOTO

paboTa ¢ TaaHTIHBBIMH LIKOJIEHHKAMH I TPOrpaMMBl, B T4 06 PasOBaHILL [Kachellp KBaHTOBBIX ]
KPYKKOBBIM JBIUKEHHEM MeKTyHapOTHOE a TaKxe

(mopoGHee cM. COTDYIHHYECTBO TIEHTPOB JIOOJHHTEILHOIO 00Pa30BaHHS]

Tabn 5) TIporpaMMsI 1 BO3BpAIIeHNS H3—3a pyOeKa DopMHpOBaHHe CTaHAAPTOB H

TalaHT/IIBbIX CIENHAIICTOB (IpUMeEp, IporpaMma | PeamizoBara BepHGHINPOBAHHBIX METOIHK JUIsS

«1000 tamauToB» B Kurae) TporpamMma 1o pabore ¢ 00pa3oBaTeNbHBIX KypCOB B IIKOJAX,

JTHACTIOPOit KoJutepkax, BY3ax

Puc. 1. Dransl 1 MeponpusATHs peaau3aliy JOPOKHONW KapThl
(Mcrounuk https://digital.gov.ru/ru/documents/6650/)
Fig. 1. Stages and activities of the roadmap implementation (Source https://digital.gov.ru/ru/documents/6650/)

CymiectByeT ocTpasi HEOOXOJUMOCTh BO BKIIFOUYCHUH HarpasiieHHs: « MeTobl KBAHTOBOTO MPOTrpam-
MHUPOBaHUS» B CYIIECTBYIOIINE MPOrpaMMbl 00YYECHHUSI TEXHUYECKHUX CIEIHATHCTOB JIMO0 B (opmare
CaMOCTOSITEIbHON TUCUUIUINHBI, JIMOO B KAaueCTBE OTAEIBHOIO IVIOOAJBHOIO TEMAaTHYECKOro Oyoka
B paMKax OJHOI0 M3 ImpeaMeToB — « TexHomoruu u Meroas! nporpammuposanus» (TMII) umn «Meto-
1bl porpammupoBanusy (MI). ist Toro Hy»XHO ONpeaeaTuTh MECTO KBAHTOBOTO ITPOTPAMMHUPOBAHUS
10 OTHOUICHUIO K JIBYM pacCMaTpHBaeMbIM MpeaMeTam (puc. 2).

MeToAbl KEQHTOBOTO
NPOrpamMMUpPOBAHUS

TeXHOAOTUM U METOABI
NPOrpaMMUPOBAHUS

MeToAb!
NPOrpPAMMMUPOBAHUSA

Puc. 2. Onpenenenue B3auMOCBA3H MIPEIMETOB
Fig. 2. Determining the relationship of subjects

Paboune nmporpaMMbl AUCHMILIHH

B mepByto ouepens crieayeT ompeneauTh COOTHOIICHNE PeIMeTOB « TeXHOIOTHH W METOBI TPo-
rpaMMHUPOBaHUS» U «METOIBI TpOrpaMMHUpPOBaHus». I 3TOr0 HEOOXOMMO JIaTh OTIpEIeICHNEe KakK-
JIOMY HAIPaBICHUIO MMOATOTOBKU CTYACHTOB.

TexHo10rMd NPOrpaMMHUPOBAHMS — HU3YyUCHUE TMPOU3BOACTBEHHBIX IIPOIECCOB, MPUBOISIIUX
K CO3JITaHUIO TTporpaMMHOro obecredeHus [1].
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Metoas! (ot rped. methodos — myTh MccaeOBaHUS WM TO3HAHUS) — COBOKYITHOCTh OTHOCHTEIIBHO
OJHOPOAHBIX NPHUEMOB, ONEpaliii MPaKTUIECKOTO WM TEOPETUUECKOTO OCBOEHHUS JEHCTBUTEIBHOCTH,
MTOJYMHEHHBIX PEIIeHNI0 KOHKPETHOH 3a1auu [2].

Crporoe orpesienenre TepMUHa «METOABI IPOrPaMMHUPOBAHNUS» B HAyUYHO-TEXHUYECKOH JINTepaTy-
pe OTCYTCTBYET. 3a TOJBI Pa3BUTHS CUCTEMBI 00pa30BaHMA U B CBETE MEPHOANYECKON CMEHBI 00pa30-
BaTeJIbHBIX CTaHIAPTOB CErOJHs AUCLUIIIMHA «MeTonbl IPOorpaMMHUPOBAaHUS» B IOIABIISAIONIEM OOJIb-
LIMHCTBE CBOMX BapHalWi, 32 HE3HAYUTEJIBHBIMH HCKIIIOUEHUSIMH, OXBAThIBACT M3yYCHHE CIIOCOOOB
MIPEJICTaBJICHUS JaHHBIX U 2JIEMEHTBI TEOPUH alropuTMOB. [lociie MHOrOUNCIEHHBIX AUCKYCCHH ¢ yue-
HBIMHU ¥ MPaKTHKYIOIIUMH IPOrPaMMHUCTaMH, a TAK)KE C MOJTYaJIMBOTO COIIACHs KOJIJIET aBTOPBI OepyT
Ha ce0s1 OTBETCTBEHHOCTb U MPEAJIAratoT CIEAYIOUIYI0 (hOpMyTUPOBKY.

MeToabl MPOrpaMMHPOBAHUSA — COBOKYITHOCTb TEOPETUKO-TIPAKTUYECKHUX CIIOCOOOB IpezcTaBIIe-
HUSI JAHHBIX B KOMITBIOTEPHBIX IIPOrpaMMax, Ha0Op MPHUHIMIIOB IIOCTPOEHUS U PeaIM3aliy aJITOPUTMOB
paboTHI CO CTPYKTypaMu JaHHBIX C MOCIEAYIOLIEH OLIEHKOH CIIOKHOCTH PACCMaTpUBACMBIX aJITOPUTMOB.

PaccmoTpum B3anMOCBSI3U Mexkay padounmu nporpammamu aucuurivs (PI1/]) «Mertoasl mporpam-
MUpOBaHUs» U « TEXHOJIOTUU ¥ METOJIBI IPOTPAMMUPOBAHUS», TIPEJICTABICHHBIC B Ta0MI. 12. ABTOpBHI 5B-
JSIFOTCsL cCOTpynHUKaMu 6a30Boi kadeapsl PTY MUPDA, peanusytorieii moaroToBKy CTyJCHTOB IO Ha-
npasienuto 10.05.01 «KomnbrorepHas 0€3011aCHOCTBY, MOITOMY JTUCIHIUIMHA «MeTOJbI IPOrpaMMHu-
POBaHMS» XOPOLIO UM H3BeCTHA. Llenu u 3a1auu CTOPOHHETO HAIpPaBIEHUs! ObUIN YTOYHEHBI Y KOJUIET
JOPYTHX CTPYKTYpPHBIX HOAPA3ACIICHUN By3a, a TAKKE B3SThI U3 pabOYMX MPOTrpaMM, OIyOIMKOBaHHBIX
3a MOCJIEHNUE YEThIPE T0Jja POCCUHCKUMHU YHUBEPCUTETaMHU.

Taoauna 1. Comeprkanue pabo4Ynx MPOrpamMM JUCIUTUIAH
Table 1. The discipline's work programs

Coneprxanue
MIPOTPaMMBI / Merton mporpaMMUpOBaHUS / TexHONOTHs 1 METOJ TPOTPAMMHUPOBAHUS /
Contents Programming method Programming technology and method
of program

Lens M3ydeHne 0CHOBHBIX alTOPUTMOB PaboThI ¢ auc- | M3yueHne mopsaKoB MPOEKTHPOBAHUS U IKCILTya-
KPETHBIMU 00BEKTaMHU, CTPYKTYpaMu taruu [10, nonyueHne HaBbIKOB pa3pabOTKH aJro-
JTAHHBIX ¥ METOJAMH MX HCCIICIOBAHHS putmudeckoro [10

3anaun Nzyuenne nH(pOPMALIOHHBIX CTPYKTYP, pa3- Wzyuenne (+) metononoruu paspadorku 110,
paboTKH aJropUTMOB, PEKYPCHUBHBIX METO/IOB oneHku kadectsa [10, pa3paboTku NpHIIOKEHHH,
M aJIrOPUTMOB TectupoBanus 110

Pesynbrar Brnaners TeXHONTOTHAME CTPYKTYypHOTO IporpaM- | BraseTs HaBbIKaMu 1oi60pa alnropuT™MOB U pas3pa-
MHPOBAHHS IIPH CO3/IaHUH IPOrpaMM 00paboTKH | OOTKH HPOrpaMMm JJIsl PEIICHHUs] IPAKTHYSCKHUX 3a/1ad,
CJIO)KHBIX CTPYKTYp JQHHBIX HaBBIKAMH IPOSKTUPOBAHMUS, Pa3pabOTKH, OTIANKH,

TeCTUPOBaHus, foKyMeHTHupoBaHus 10

Heobxomimo Maremaruueckast JOTUKa U TEOpUsl aATOPUTMOB, | (+) oCHOBBI IpoekTupoBanus 110,

3HaTh JMCKPETHAsl MaTeMaTHKa, OCHOBBI HHOPMATHKH, | ONEPAIHOHHBIC CHCTEMBI
S3BIKM TIPOrPaMMHUPOBAHUS

Heobxonumo KommerorepHas rpaduka, KoMIbioTepHoe Mozie- | (+) nmporpammuo-armaparasie C3U, paspymaronime

JUTS CIIEYTOMIETO | TMPOBaHKe, Oa3bl JAaHHBIX, OCHOBHI PACTIPEAENeH- | IPOrpaMMHBIC BO3JEHCTBYSI, pa3paboTKa BeO-IPHIIO-

U3y4YECHUS HBIX BBIYMCIEHUH xeHuil, recruposanue 110

Kparkuii [Mpuanumner paspadorku [10, OOIT; crpykrypHOe | JKn3HeHHbIH UK, TpeOoBaHMs, CHIEIH(DUKAIIIH,

TUIaH MIPOrpaMMHPOBAHNE; TUIIBI JaHHBIX, CTPYKTYpHI; | MpoekTupoBanue [10; cranmapTel, 3Tambl, METOI0-

IIPOrPaMMBI QJITOPUTMBI COPTHPOBOK, IIOMCKA; KOMOHHATOP- Jorusi, IpuHIMIBL pa3pabotku [10; opranu3zanus
HBIC aITOPUTMBI; 331a4K Ha Tpadax; OLeHKa KOJUIEKTHBOB; METO/IbI OTJIa KN U TecTupoBanus [10;
cnoxxHocTr; I'CY; marTepHbI TPOSKTUPOBAHUS CTPYKTypHOE IIPOTPaMMHUPOBAHNE;

IOHATHUE aJIrOprUTMa U MOAECIIU BBIYNCIICHHH
Texuuueckoe Brraucurensusie yerpoiictsa ¢ OC, cpenctsa pa3pabOTKH KOMIIBIOTEPHBIX MPOrPaMM
obecrieueHue u npunoxenuii (MSVS, IDEA...)
Obosnauenus: 110 — nporpammuoe obecrieueHue; (+) — prmodenue B PI1/1 mo TMII nepeunciennii U3 COOTBETCTBYIO-
mero myrakra PIT1J] MIT; C3U — cpencrra 3amurs! napopmarmn; OOIT — 00beKTHO-0pHeHTHPOBAHHOE TPOTPAMMHUPOBAHHE;
I'CY — reneparop ciyyaitaeix yncen; OC — onepanoHHas CUCTEMa.

2 Tabn. 1 — ycpenHenHoe 00001eHne KinoueBbix monokenuil PITJT coorsercTyroiux auciuiuinH. (Ha GakanaBpuare
U CIeLUaJIUTeTe KOJIMYECTBO YacoB (CJIELOBATENIbHO, CamMa IpOrpaMMa) MOXKET BapbUPOBaTbcs OT 4 1O 7 3a4eTHBIX elu-
HUI[; B By3aX, PACHOJIOKCHHBIX PSAAOM C NPEANPHUATUSIMU KOHKPETHOW OTpacid, AEIAaeTcs YHOp Ha MPOrpaMMHUpPOBaHHE
Ha TpeOyeMbIX BBICOKOYPOBHEBBIX S3bIKaX NPOrpaMMHPOBAHUS, MPOrpaMMa Kypca MMeeT HAlPaBICHHOCTh HA IOATOTOBKY
CHEIHATNCTOB B HHTEPECax MOTEHINAIBHBIX 3aKa34lKOB, YTO JKeCTKO 3amaercs B PILJ[; u T. 1.)
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Taxkum 006pazoM, 10 CPaBHUTEILHOMY COIIOCTaBJICHHIO 13 TalI. 1 clienyeT 3aKOHOMEPHBIH BBIBOI —
IUCIMIUINHA « TeXHOIOrMN M METOJIbI IPOTPAMMHPOBAHUS» ABJIAETCS Oojee OOMMpPHON HAaydyHOH 00-
JIACTBIO, UMEET BCECTOPOHHUI OXBAT U MOJIHOCTHIO BKIIIOYAET B ceOs HanpasiieHHe «MeTobl mporpam-
MupoBaHus». Clenyromuil mar — onpeaeacHue MecTa HanpasiaeHus «MeToabl KBAaHTOBOTO MIPOrpam-
MHPOBaHUS» B COBOKYITHOCTH TPEICTABICHHBIX IPOTPaMM MOATOTOBKH WH)KEHEPHBIX KapOB.

MeTo/bI KBAHTOBOI'O nporpamMmmupoBaHUus

OTTalIKMBasCh OT COOCTBEHHOTO OTIBITA MPEIOaBaTEIbCKOM IEATEIBHOCTH B UCCIENyeMOl olrac-
TH, aBTOPHI MPEJYIATAIOT ONpPEJIeNICHHEe METOJ0B KBAHTOBOTO MPOrPAMMUPOBAHHUS, KaK MEKIUCIUITIIH-
HapHON COBOKYIMHOCTH (DU3MKO-MAaTEMAaTHUYECKHUX MTPUEMOB ITOCTPOCHUS KBAHTOBBIX BBIYUCIUTEILHBIX
YCTPOMCTB, TEOPETUKO-TIPAKTUYECKUX CIIOCOOOB pearn3aliil KBAHTOBBIX aJTOPUTMOB C ITOCIIE Y OIIeH
OLICHKOHM CII0OKHOCTH PacCMaTpUBAEMBIX KBAaHTOBBIX alTOpUTMOB. llpencraBieHHas (GopMylIupoBKa
CIIY’)KUT HAIVISITHOM JEMOHCTpAIMel OTIMYMsI METOIOB KBAHTOBOTO MPOIPaMMHUPOBAHMsI OT METOJOB
KJIACCHYECKOTO IMPOTPaMMHUPOBAHUS U SBIsICTCS (DYHIAMEHTOM ITOCTPOSHUS U CO3/IaHHUs COOTBETCTBYIO-
X 00pa3oBaTeNbHBIX MTPOTPAMM CHCTEMBI BBICIIETO 00pa3oBanus. Eciu roBopuTh 0 «MeTonax KBaH-
TOBOTO MIPOIPaMMUPOBAHUS KaK O CAMOCTOSITCIIbHON JUCIMILIMHE, H30JIMPOBAHHOM OT JPyrux o0pa-
30BaTeNbHBIX MPOTPAMM, TO B TIEPBOM HPUOIMKEHUN BUAUTCS HEOOXOUMOCTh OCBEIICHUS IBYX (QyH-
JIaMEHTAJIBHBIX OJIOKOB, TIPEICTABIICHHBIX Ha pHUC. 3.

NQJ R
TeODETMHECKVIe aCTEKTbI TEXHO/OTMI KBAHTOBbIX BbIUMCIIEHMUIA I'IporpaMMMposaHMe KBaHTOBbIX BbIMUC/TUTENBHBIX YCT]| pOﬁCT B
1. KBaHTOBbIE KOMMLIOTEPHI C TOUKM 3pEHUst MHOPMATIKM 1. CnoXHOCTH anropuTMoB
3. Ou3MKa M TEXHUYECKOE UCTIONHEHME KBAHTOBBIX YCTPOMCTB 3. WHCTpyMeHTbl NPOrpaMMUpOBaHUsa
4. BcriomoratenbHble CBeAeHNs 4. TlporpaMM1poBaHye KBaHTOBbIX BbIYMCIMTENbHbIX YCTPOICTB
L5. MaTeMaTU4eCKuil annapaT KBaHTOBbIX BbIUMCIEHI 5. TepcnexTuBbl J

Puc. 3. HeoOxoaumblii 1 10CTaTOYHBIH HAOOP 3HAHUI
JUCLUIUTMHBL « MeTO/bI KBAHTOBOTO IIPOrPAMMHUPOBAHHS
Fig. 3. A necessary and sufficient set of knowledge of the discipline “Quantum programming methods”

B Tematnyeckux Ookax puc. 3 BbIACICHBI 00JIACTH, IEPECEKAIOIINECS 110 CYTH COACPIKaHUsI C H3Y-
YaeMbIMH pasjieliaMy Ha MpeJMeTax Mo KJIaCCHUYECKUM METOAaM MPOrpaMMHUpPOBaHUsl. DTO MoapasyMe-
BaeT 3aBUCUMOCTbH JUCIUILIUH MEX]y COO0H, KOTOpast n300pakeHa Ha puc. 4.

MeTtogp!
POrpaMM1poBaHMst

Puc. 4. B3auMoCBsI3b IPEIMETOB METOJOB KBAHTOBOT'O ¥ KJIACCHYECKOTO IPOrPaAMMUPOBAHHUS
Fig. 4. The relationship between the subjects of quantum and classical programming methods

VY4auTeiBas 60IBLII0OE KOJTUYECTBO TEMAaTHYECKHUX MIEPECEUEHHH, Ha TIEPBBIX dTanax TpaHcPopMauu
00pa3oBaTeNbHbIX IPOrPaMM MPEAaracTcs BHEAPEHUE HEKOTOPBIX TEOPETUKO-IPAKTHUCCKUX 3HAHUI
00JlacTH KBaHTOBOTO TporpaMMHpoBaHus B mMmeromuecs: PIIJ] nByx paccMmaTpuBacMbIX TPEIMETOB
C BHECEHHEM KOPPEKTHPOBOK, IPUBEICHHBIX B Ta0M. 2.
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Taduuna 2. Coneprxanue pabounx MporpamMM JUCIUILUIAH C YUETOM IPEIaracMbIX H3MEHEHHI
Table 2. The discipline’s work programs with the proposed changes

Conepxanue
pOrpamMmsl / Metox nporpamMmmupoBaHus / TexHoIOrHsl ¥ METOJ] TPOrpaMMHUPOBAHUS /
Contents Programming method Programming technology and method
of program
Lems W3ydeHne OCHOBHBIX alTOPUTMOB PabOTHI C TUCK- W3ydeHne mopsaKoB IPOSKTUPOBAHUS U IKCIITya-
PETHBIMU 00BEKTaMH, CTPYKTYpaMH1 JaHHBIX ¥ Me- | Tanuu [10, IpUHIUIOB NOCTPOSHUS U METOI0B
TOAAMH UX HUCCIICOAOBAaHUs, 3aBUCUMOCTH, OTIIMYMHI HNPUMEHEHUA KBAHTOBLIX BbIYUCIUTEIbHBIX
U CUTYaIlMi IPUMEHEHUs] KIIACCUYECKHUX U KBAHTO- | YCTPOMCTB.
BEIX KOMITBIOTEPOB. [Tomy4enye HaBBIKOB IPOrPAMMHUPOBAHHS KBAHTO-
[Nomyuyenue HaBBIKOB Pa3pabOTKU AATOPUTMHUYECKOTO | BBIX KOMOBIOTEPOB, PAa3pabOTKH alITOPHTMUIECKO-
IO ¢ yueTom BO3MOXHOCTEH KBAaHTOBBIX KOMIbiO- | T0 ITO
TepoB
3anaun W3yuenne nHGpOPMAIIMOHHBIX CTPYKTYp, pa3padbotkn | M3yuenne (+) metomonoruu pazpadorku 10,
QITOPUTMOB, PEKYPCHBHBIX METO/IOB U aJITOPUTMOB, | OreHKH kadecTsa [10, pa3paboTky MpHIIoKeHNUH,
«KBAaHTOBBIX» AITOPUTMOB, XpaHEeHHs 1 00paboTku | rectuposanus [10, 6ubnuoreku u IDE xBanTOBOrO
nH(OPMAINHI B KBAHTOBBIX KOMIIBIOTEPaX IIPOrPaMMHPOBAHUS
Pesynbrar Brazers TEXHOJIOTHSIMU CTPYKTYPHOTO ITPOrpam- Bragers HaBbIKamMu 11000pa aarOPUTMOB M pas-
MHPOBAHUS P CO3IaHHUU ITPOrpaMM 00pabOTKI PabOTKH IIPOTrpaMM JUTsl PEIISHUs TPaKTHYECKUX
CJIOXKHBIX CTPYKTYpP JAHHBIX Ha KIIACCHYECKHUX 3aj1a4 ¢ IIOMOMIBIO KJIACCHYECKUX M KBAHTOBBIX
1 KBAaHTOBBIX BBIYHCIUTENILHBIX YCTPOUCTBAX BBEIYHCITUTENILHEIX YCTPOUCTB, HABBIKAMH TTPOEK-
TUPOBAHUS, Pa3pabOTKH, OTIAAKN, TECTUPOBAHUS,
nokymeHTHpoBanus 110
Heobxomumo | MatemarHdeckast JIOTHKA M TEOPHS aITOPHUTMOB, (+) ocHoBsI poekTupoBanus [10, onepanoHHbe
3HaTh JMCKPETHAsi MaTeMaTHKa, OCHOBBI HH(OPMATHKH, CHCTEMBI, allapaTHbIe CPEICTBA BRIYMUCINTENEHOM
SI3BIKY TIPOTPAMMUPOBAHHS, TEOPHS (DYHKIUIA KOMI- | TEXHUKH
IIEKCHOM epeMeHHOM, anredpa, TeOpHs BEPOITHOC-
Tel U MaTeMaThYecKasi CTATUCTHKA
Heobxomumo | Kommbrotepras rpaduka, KOMObIOTEpHOE MOJeIH- | (+) mporpammHo-anmaparasie C3U, paspymaromnme
TSt poBanue, 6a3bl JaHHBIX, OCHOBBI PACHPEEICHHBIX | IPOTrpaMMHBIEC BO3/ACHCTBHS, pa3paboTka BeO-TpH-
MOCIIETYIOUIETO | BBIYHUCICHNH, KpUnTorpadus, Kpunrorpadhuieckue ToKeHui, TectupoBanue 110
N3ydeHHs METOJIbI 321 Tl UHOOPMAIIMHU, MAIIKHHOE 00y4eHHe
Kpatkuii mman | [puaiumns: paspaborku [10, OOIT; ctpykTypHOE JKu3HeHHBI UKL, TpeOOBaHMS, CIICHIH(DUKAIINH,
IIPOrpaMMBI IIPOrpaMMHPOBAHNE; TUIIBI JAHHBIX, CTPYKTYPBL; npoexruposanue [10; cTanmaprsl, STanbl, METOIO-
aITOPUTMBI COPTHPOBOK, MTOMCKA; KOMOMHATOPHBIC | JIOTHS, IPUHIHIIBI pazpaboTku [10; opranmsarms
aNTOPHUTMBI; 33/1a4M Ha Tpadax; OLEHKA CI0KHOCTH; | KOJUIEKTHBOB; METO/bI OTIAAKHU U TecTupoBanwus [10;
I'CY; marTepHbI IPOEKTHPOBAHUS CTPYKTYPHOE H aJTOPUTMUUECKOE TIPOrPaMMHPOBa-
HHE; IIOHATHUE aJITOPUTMA U MOICIIU Bbl‘[l/ICJ'[eHI/Il\/'I;
BHYTPEHHEE YCTPOHCTBO KBAHTOBBIX KOMITBIOTEPOB
Beenenne B 001acTh KBAHTOBBIX BBIYMCIICHUI; MATEMATUIECKUH aNapaT KBAHTOBBIX BBHIUMCICHHN; AHAITN3
OCHOB U CUTYaIMi NPIMEHEHHS KIACCUYECKNX U KBAHTOBBIX KOMIBIOTEPOB; CPEACTBA PAa3pabOTKM KBAHTOBO-
ro I1O; MeTo/Ibl KBAHTOBOI'O IPOrPAMMUPOBAHHS; BOSMOKHOCTH Y OTPAHUYEHHS KBAHTOBBIX BHIUMCIICHUIM
Texanueckoe | Beramenurensbie ycrpoiictBa ¢ OC; cpencrsa pa3padoTKi KOMIIBIOTEPHBIX MPOTPaMM H MTPUIOKEHUAN
obecrieuenne | (MSVS, IDEA...).
BbIXO}I B MHTCPHET JUJIA AOCTYIIA K O6Ha‘leIM KBAHTOBBIM KOMIIBOTEpAM I/I/I/IJ'II/I MHOFOKV6I/ITH]>IM KBAaHTO-
BBIM CUMYJISATOPAM.
[IpenycTaHoBIICHHBIC KBAHTOBBIC MAJIOPA3PSAHBIC CUMYIISITOPBI HA CTAMOHAPHBIX KoMnbioTepax (Cirg,
Qiskit...)
Obosnauenus — Te xe, uro B Tadm. 1.

OpnHako [yt 6oilee OPraHUdHOTO W, C TOYKH 3PEHUS CTYJEHTa, IOCTENIEHHOTO TTOTPYKEHHS B TIpe-

METHYI0 001aCTh HEOOXOAMMO B MOJIHOM Mepe 3a1eHCTBOBATh MEKANCIUIUTMHAPHOCTH 00pa30BaTebHbBIX
IporpaMM ¢ He3HauuTenbHOH KoppekTupoBkoi PIIJI cmexxHbIX mpenmeroB (puc. 5). Hemocpencrtsen-
HBIH MepexoJl K M3yYeHUI0 METOJIOB MPOrpaMMHUPOBAHMSI KBAHTOBBIX KOMITBIOTEPOB B Hamnbosee Oiaro-
MIPUATHOM CLIEHAPHH MPEAIIoaraeT HaTuue y 00yJaroImmXcsl CEpbhe3HOH MPEaBapUTEIbHON TTOATOTOBKH
10 PA3HOIUIAHOBBIM TEXHUUYECKUM IUCLMIUIMHAM. BakHO — BO M30exaHue NaabHEHIINX 3aTpyAHEHUI
y CTYAECHTOB B IOHUMAHUH KOHIIETIIIUY KBAHTOBBIX KOMITBIOTEPOB B LIENISIX HEJOMYIIEHUS 3aKOCTEHEIOCTH
BOCHPUATHSL HECTAHJAPTHOM MapagurMbl BEIYMCIEHNH €CTh CMBICT B MPOBEJEHNN CTPOTOTO pa3/ieieHus
MEKAY KIaCCHYECKUMH 1 KBAHTOBBIMU YCTPOMCTBAMH yiKE C PAaHHHX ATATIOB O0OyUEHHMSI.

B pamkax KypcoB mo uH(pOpPMAaTHKE, S3bIKaM NPOTPAMMHUPOBAHUS W OINEPAIIMOHHBIM CHCTE-
MaM (puc. 5) BOZHUKAIOT Han00JIee TIOIXOSIITNE YCIOBHS JIJIsT OCBEIICHUS BOITPOCOB MMOHUMAHUS KBaH-
TOBBIX BBIYMCIUTEIBHBIX YCTPONCTB, HAYMHAA ¢ caMbIX OCHOB. K mpumepy — ¢ aHanu3a KI1accu4ecKon
1 BEPOSITHOCTHOM MaIlIMHbI ThIOPHHTA C TOYKH 3PEHUSI IPUMEHUMOCTH JaHHBIX YCIOBHBIX a0CTpaKLUni
K KBaHTOBBIM KOMIIBIOTEPAM.
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Puc. 5. Mecto qucuuruinibl «MeToIbl KBAHTOBOTO TIPOTPAMMHUPOBAHUSD B 00pa30BaTeIbHOM MPOIECCe
Fig. 5. The place of the discipline “Quantum programming methods” in the educational process

[Ipu m3ydeHnn anmapaTHBIX CPEICTB BEIUUCIUTEIbHOW TeXHUKH (ACBT) OymyT ymecTHBIME pac-
CMOTpEHHE CITIOCOOOB MOCTPOCHHS KBAHTOBBIX YCTPOMCTB, MEXaHW3MOB PACIIONIOKEHHS (U3NIECKUX
KyOWTOB Ha KBaHTOBOM IIPOIIECCOPE M aHAIIN3 TEXHOJIOTMYECKHUX MOAXOAOB K CO3IaHUIO0 KBAHTOBBIX
YCTaHOBOK (Ha ()OTOHAX, HOHHBIC JIOBYIITKH, CBEPXITPOBOAHHKH U JIP.). B 00s13aTEIIEHOM TTOPSIIKE CIIETY-
€T BBIITOJHUTH paz0op kpurepues Ju BuaueHo k TpeOOBaHMSIM 11O CO3/TAHMIO KBAHTOBBIX KOMITBIOTE-
pog. Taxxe B mporpamme ACBT, 1160 yke ipr U3y9eHHH CXeMOTEXHUKH, HEOOXOIMMO TIPOBECTH KiIac-
cuuKaIyio Mo GOPMUPOBAHHIO MPEACTABICHUS O TOM, K YHCITY KaKUX yCTPOWCTB MOXXHO OTHOCHTH
KBaHTOBBIN KOMITBIOTEP — Oy/Ib TO IE(PpOBasi, aHATIOTOBAs TEXHUKA, JTHOO K€ aHAJOTOBBI BEIYUCINUTEI.

B mpomecce werBeproro cemectpa MareMmarnueckoro ananmsa («Teopus QyHKINH KOMITJIEKCHOMN
niepemenHoit», TOKII) u, Bo3aMOkHO, B pamMKax 0a30BOTo Kypca (PM3MKH HEOOXOMUMO W JOCTATOYHO
peann3oBaTh HEOOIBIIOE TOBEPXHOCTHOE OCBEIIEHHIE BOITPOCOB KBAHTOBBIX BRIYUCIICHUI, YTOOBI Y CTY-
JIEHTOB M3HAYAIEHO (POPMHUPOBAIIOCH CEPHE3HOE OTHOIIECHHUE K HEPENIKO «ITPOXOTHBIMY (TI0 IX MHEHHIO)
IpeIMeTaMm, a TakXKe y)Ke Ha PaHHUX CTaIAAX 3apOXK/IaJICs MHTEPEC K NCCIeAyeMON TepCIIeKTUBHOM Ha-
YYHO-TIpaKTHYeCKor oOnacTu. Teoprs BEpOATHOCTEH N MaTeMaTndeckas CTaTHCTHKA, a TakxKe ajredpa,
BBICTYIAIOT OJJHIMH U3 KJIFOYEBBIX MAaTeMaTHUECKUX WHCTPYMEHTOB KBAaHTOBBIX BBIUMCIICHUH, BMECTE
¢ TOKII dpopmupys hyHIaMEHT MOJEIMPOBAHUS, IPOBEPKHU M aHAJIH3A ITOTy9aeMBIX Pe3yIbTaToB.

HenocpenctBeHHO caMo TpOrpaMMHUPOBaHNE KBAHTOBBIX BEIYNCITUTEIBHBIX YCTPOHCTB MOXKET MTPO-
XOJIUTh Ha TIPAKTUYECKHUX ¥ J1a00PATOPHBIX 3aHATHSIX 110 TEXHOJIOTHUSM M METOaM IPOTPaMMHPOBAHUS.
JlanbHeliee pa3BUTHE MTOMyYEHHBIX HABBHIKOB HAXOJIUT CBOE TIPUMEHEHHE B TUCIHILIMHE (M CXOKHUX
¢ Hell) «Kpurrrorpadguaeckre METOIbI 3aIUTH KHPOPMAITHID. ITO CBSI3aHO C TEM, YTO HEKOTOPBIH HaOop
ANTOPUTMOB KBaHTOBOTO MPOTPaMMHPOBAHUs TIPEIONaraeT HeIOCPEJICTBEHHOE BIMSHAE Ha Pa3BUTHE
JTAHHOW 00JTaCTH 3HAHWH, YTO OyAyIIHe CIEIMAINCTHI TI0 3aIuTe HHPOpMaIny B 0053aTeIbHOM TOPSIIIKE
JIOJDKHBI OpaTh BO BHUMaHue. Bech 00beM MOTy4eHHBIX 32 TIPOJOIDKUTENBHBIN TIepHo/T 00y4deHns 3HAaHN T
Oy/IeT 3aKperIiThC UTOTOBOM HAyYHO-HCCIIEIOBATENILCKON Pad0TOl Ha CTapIINX Kypcax 00ydeHus..

Crparerust NOCTeNEeHHOT0 BHeAPEHHUS HANPABJICHUS IMOATOTOBKH
«MeToAbI KBAHTOBOI0 MPOrPpaMMHPOBAHUS» B 00pa30BaTeIbHBIN Nponece

Crparerus BHEJpEHHUS U TIOCIEIYIOMIET0 Pa3BUTHS HAIIPABICHHS TOATOTOBKH «MeTobI KBAaHTOBO-
TO mporpaMMupoBanms» B cTpyktypy mporpamm 09.00.00 u 10.00.00 MokeT OBITH YCTIEITHO BBHITTOJTHEHA
B TPH dTara.

Oran 1. BHeapenue. BriroueHre 0CHOBHBIX HAyYHBIX KOHIICTIIINN M MPAKTHIECKIX WHCTPYMEHTOB
KBAaHTOBBIX BBIYMCIIEHWH B CYIIECTBYIOIINE HAMPABIEHUS MOATOTOBKH, KaK OBLIO MPOAEMOHCTPUPO-
BaHO Ha MpUMepe KOPPEKTHUPOBKU C yUETOM 3asBICHHBIX IeJed M MoTpedHOoCcTel pabounx mporpamm
mucuuniaud MIT u TMIT.

Oram 2. 3akperuieane. Co3manue MEMHOW peaKIuy MEXIUCIUILTTHHAPHOCTH W TOACpKAHUE aK-
TyaJbHBIX CBEACHUH 10 KBAHTOBOMY MPOTPAMMHPOBAHUIO HA BCEH NMCTAHIMH OOy4YeHHS MyTEeM pac-
IIUPEHUs] HAYYHOTO 3HAHUS MPEIMETHON 00IacTH ¢ 0XBAaTOM CMEXKHBIX MuCHUILTHH. ([{oOaBnenne Te-
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Marnueckoro Onoka «®Pu3nka U TEXHHMYECKOE HMCIOJIHEHHE KBAaHTOBBIX MPOLIECCOPOB» B JUCLUILIUHY
«AnmnapaTHble CPEICTBa BBIYMCIMTENIBHBIX TEXHOJIOTHIY; 100aBICHHE TEOPETHUCCKUX IOJIOKECHUI
0 MamnHe ThIOpUHra ¢ y4eTOM ONbITa KBAHTOBBIX KOMIBIOTEPOB B KypChl IO MH()OPMATHKE, SI3bIKAM
[IPOrPaMMHUPOBAHUS U T. [1.)

Oran 3. Pazsutue. [IpoBenenne npukinagasix HUP, rpanToB, nccienoBaTenbCKux U NPaKTHUECKUX
paboT CTyAeHTaMM U COTPYIHUKaMHU Kadeap; opraHu3anus KOHPEepeHUnH 1 CUMIIO3UYMOB; MEPOTIPHSI-
THS1, HAIIpaBJICHHbIE HA Pa3BUTHE OTpaciiu. BulaeneHne KBaHTOBOTO MPOrpaMMUPOBAHNUS B OTACIbHYIO
JUCLUIUTMHY, HAXOSIYIOCS B HEOCPEACTBEHHON B3aUMOCBSI3U C APYTHMH 00pa30BaTeIbHBIMU IIPOT-
pammam# (OTIIMOHAIIBHO).

ApryMeHTalnusi B M0JIb3y BHEPEeHNS MpelIaraeMoro mojaxoaa

Hepenko 3Byuan pe3oHHBII BOIIPOC, €CTh JIM CMBICI M HEOOXOJUMOCTh B BBEAICHNH TipeaMeTa «Me-
TOJIbI KBAHTOBOTO MIPOTPAMMHPOBAHU» B 00Pa30BATEIBHYIO MMPOTPAMMY I10 IBYM YKPYITHEHHBIM TPYTI-
ram HampasjieHu# noaroroBku. Hamn orset — na. [1o HECKOIBKUM PUYMHAM.

Bo-nepBbIX, MeXIIyHapOIHOE COOOIIECTBO B HACTOAIINI MOMEHT HaXOIUTCS HA MEPETOMHOM JTa-
I1e HayYHO-TEXHUIECKOTO Pa3BUTHS, KOT/Ia TPOUCXOANT NiepedopMaTupoBaHre IKOHOMHUIECKIX YCTOCB
U CBS3€H, HAIIPaBJICHHBIX Ha CTUMYJIMPOBAHHUE PA3BUTHS B TPEACTOSAIINE HECKOIBKO ACCATHIETHIH HO-
BBIX HHHOBAIIMOHHBIX TEXHOJOTHH, K YHCITYy KOTOPBIX OTHOCATCS TeHHAst MH)KEHepHs, MalllMHHOE 00Y-
YeHHe, KBAHTOBblE KOMMYHHKAIIMW W BBIUMCIEHUs. HeT ompenenenHocTH, Yepe3 Kakoil MpOMEeKYyTOK
BpeMeHH Oy/IeT MOCTPOESH MPUKIIATHON KBaHTOBBIN KOMIBIOTED M TIOSBUTCS JIM OH B ipuHIHIe. OHaKo,
rMesi B CBOOOIHOM JOCTYTIE Psil TEXHOJIOTHIA C HEOCITOPUMBIM ITOTEHIINAIOM U TTPEIOCHUIKAMU K AalTb-
HEHIIeMy CTaHOBJICHHIO B KQYECTBE CAMOCTOSITETIHHON OTPACIIH, He BOCIIOIb30BaThCsS MU — BEChMa He-
00yMaHHBII W CTpaTerHdecKy HEBEPHBIH IIar, MPOTHBOPEYAIni dTHKE HAYYHO-UCCIIEI0BATEIHCKOTO
MOJIX0/a.

Bo-BroprbIX, BHEIpeHNE B TporpaMMy 00ydeHHsI KBAHTOBOTO IMPOTPaMMHUPOBaHUS HE TpeOyeT mare-
pHANTBHO-TEXHUYECKUX BIIOKEHHN, YTO CHUIMAET 3HAYMTEIHHYIO YaCTh BOITPOCOB M OOJIETYaeT MpoIecc
ACCUMWJISIITUY TUCIUTUTNHBL. EIMHCTBEHHBIE PacXo/bl, KOTOPBIE MOTYT MOTPEOOBATHCA, — 3TO BpeMS,
KOTOpO€ HEOOXOAMMO 3aTPaTUTh MPO(ecCcOpCKO-TIPErnoaBaTeIhbCKOMY COCTaBy Ha ITOTPYKEHUE B IIPe/I-
METHYIO 00J1aCTh.

HaxkoHer, aBTOpBI SBISAIOTCS CTOPOHHHUKAMH 3aKOHA O TEpexojie KOIMYecTBa B KadyecTBO. B cBs-
3W C 3TUM BKJIIOUEHHE TUCIHILIHHBI « MeTOIpl KBaHTOBOTO MTPOTPaMMHUPOBAHHS B 00pa3oBaTeIbHBIE
MIPOTPaMMBbI BUJTUTCSI BITOJTHE 3aKOHOMEPHBIM U TTOCIIEIOBATEIbHBIM IIArOM.

Pesyabrarhl HccjienoBaHnii 1 UX 00CyKIeHNe

PaccmoTrpum ombIT paboThl co cTyneHTamu ¢ HampasieHus moaroroBku 10.05.01 «KommnbroTepHas
6ezonacHocte» MUPDA. B 2021 1. B paMKax OCEHHETo cemecTpa 5-ro Kypca B kadectBe TeM st HUP
00y4aronmMcst ObUIO MTPETIOKEHO B3STh HA BBIOOP MCCIICIOBAHUS, KOTOPHIC CBSI3aHBI C BO3MOKHBIMHU
BapUaLMsIMU IPOrPaMMHUPOBAHUs yJAJCHHBIX KBAaHTOBBIX BBIUYMCIUTEIbHBIX YCTpOHCTB. B Teuenune
OCCHHETO CeMecTpa AJsl CTYICHTOB MPOBOAMIMCH JOMOIHHUTEIbHBIC MPAKTHUECKUE 3aHSATHS, YTOObI
BHECTH HEKOTOPOE MOHUMAaHUE KOHLENTYaIbHbIX OTINYMIA KBAHTOBBIX KOMIIBIOTEPOB OT KJIACCUYECKHX.
ITo pe3ynpraram cemecTpa MPOBETH MPOBEPKY M 3AIIUTY BBIMOJIHEHHBIX PabOT COBMECTHO C MPOU3-
BOJIbHBIM CPE30M 3HAHMH ITyTEM BBIIOJIHEHUS IPOBEPOUHbIX 3a7aHui. CTajao OueBUIHO, YTO 33 OAUH
cemecTp U 0e3 MpeaBapUTEIbHOM MOATOTOBKM Marepual CTyACHTaMHM, 3a PEAKUMH HCKIIOUEHHSIMHU,
HE YCBaMBaeTCsl, pa0OTHI BHIIIOIHSIIICH TOBEPXHOCTHO, 0€3 MOTPYKEHHUS B CYyTh HCCIICAOBAHUS, IIUPO-
TBI ¥ TOJJPOOHOT0 OXBaTa 3HAHWH y CTY/IEHTOB HE HaOIIOIaOCh.

bbulo pelmeHo W3MEHUTh CTPATErHi0 MOAXoAa K OOYYEHMIO IO KBAHTOBBIM BBIYMCICHHSM.
Ha tperbem romy oOy4eHus! CTyIEHTBI IPOXOIAT rofoBoil kypce mucuuiuinasl MIT. Iocne npeasapu-
TENbHBIX JOTOBOPEHHOCTEN ONPEAETNIIN, YTO JIBa 3aBEPIIAIONINX MECSIIAa BECEHHETO CEMECTpPA MOCBS-
MIAIOTCSI PACCMOTPEHMIO 0a30BBIX BOMPOCOB, CBSA3aHHBIX C MPOTPAMMHUPOBAHHEM KBaHTOBBIX KOMITBIO-
TepoB. CTy/IeHTBI TIOCEMAlOT JIEKIMH 1 Jlajlee 3aKpeIuUIsIIoT MaTeprall MOCPEACTBOM BBITIOJHEHHS He-
CJIOXKHBIX J1a00paTOpHBIX padboT. M1 nMeHHO HaJ TakuM (PyHIAMEHTOM B JajbHEHILEM MpeIonaraercs
Oosiee apdekTuBHOE MPOBEICHUE YIITYOICHHBIX HAJCTPOCK U YIyUIICHUH UX 0a3bl 3HAHUH IS KOMII-
JICKCHOTO ¥ BCECTOPOHHETO M3Y4EHUsI MPeIMETHON 00JIacTH — MPOTPaMMHUPOBAHHUST KBAHTOBBIX BBIUHMC-
JUTETBHBIX YCTPOICTB.

Peanu3oBanHbI onxoa Aanl mepBble pe3yibTaTbl BecHo 2024 1., Koraa Hayajgach OpraHu3alius
nporiecca oopmMIIeHHsI TOTOBOpa HA BBHIMOJIHEHHE HAyYHO-HCCIIE0BATENbCKOH PaboThl B HHTEpecax
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KOMMEPYECKOTO 3aKa3uhKa 10 TeMaTHKe KBAaHTOBBIX TexHOJOruid. K pabore ObIIM MpPUBICYEHBI CTY-
JICHTHI, TPOJIEMOHCTPHPOBABIINE HaHOOJIee YCIICIIHBIE Pe3yabTaThl B XOJE€ OCBOCHHS 00pa3oBaTellb-
HBIX nporpamMM. CerofHs CTYJCHTH! 00ydJaroTCsl KBAHTOBBIM BBIYHCIICHHSAM B CBSI3KE JIBYX IPEAMETOB:
«Mertonp! iporpammupoBanus» (3-i kypc) — « HUP» (5-it kypc). B nanpHeiimem mnanupyercs: 6osee
pacIIMpeHHBIN MOAX0 K 00yYEHHIO B COOTBETCTBHH C PaHEe MPENIOKEHHON CTpaTerueil.

3aKiIroueHue

1. Caenan ouepeaHOM IIar Ha Iy TH K CO3JaHUI0 OHTOJIOTHH 1 (popMasi3aIiiii COBPEMEHHOH BBIUHC-
JUTETHHON IMapajiuT™bI B 00pa30BaTeILHOM MPOIIecce B KOHTEKCTE HaNpaBiIeHn «MeToIbl KBAaHTOBOTO
nporpaMmmMupoBaHus». [loaTBepkaeHa akTyaabHOCTh HEOOXOIUMOCTH BHEAPEHUSI HOBOU TUCIIUILIINHEI,
YTO 3aKOHOMEPHO CIIeAYeT U3 HEeMPOIOPINOHAIFHOTO Pa3BUTHS TEXHOJIOTHH MO0 OTHOIIEHUIO K KOJHU-
YEeCTBY 00pa30BaTEIbHBIX MPOTPAMM U YHCITY BBITYCKAIOIINXCS CIIEMAINCTOB B 00JACTH KBAHTOBBIX
BBIYHCIICHUM.

2. llpoaHanu3upoBaHbl KIIIOYEBBIE ACTEKTHl HAYYHO-TIPAKTHYECKOTO HAIPABICHHS, MPEIIIOKEHO
(hopmanbHOE oTpeneNeHne TEPMUHOB «MeTobI MPOTrpaMMUPOBaHU» M «MeToibl KBaHTOBOTO TPO-
rpaMMHUPOBaHU Il JOPMHUPOBAHNS TPEACTABICHHS O CYTH COIEPIKaHUs B UAE0IoOTHYecKoro (yHma-
MEHTa MPUKIAIHBIX TACITUTIINH.

3. ChopmynupoBaHbI IeNW W 3a]a4il HalpaBlIeHHid, PACCMOTPEHBI BapUaHTHl PabOYHNX MPOTpaMM
COOTBETCTBYIOIIHMX JMCIUIUIMH C YI€TOM HOPMAaTHUBHBIX TpeboBaHmid. [Ipemioker miiaH cTpaTeriu mo-
CJIeZIOBATEIBHOM JOPaOOTKHU MPOTpaMM MPO(UIHHBIX TUCIHIUINH TEXHUIECKIX HAPABICHUH TIOATOTOB-
KW WH)KEHEPHBIX KaJ[POB B COOTBETCTBHH C IMOTPEOHOCTHIO B YBEITMYCHUH YHCIIA KBATH(DUIIMPOBAHHBIX
CIEIHAINCTOB, OTBEUAIOIINX COBPEMEHHBIM TPEOOBAHUSAM M TEHISHITHSIM TEXHOIOTHYECKOTO Pa3BUTHSL.

4. IlpencraBieHHbIe Pe3yAbTATHI CIYXKAT OTIIPABHOW TOYKOW UIA NaTbHEWUIIEeTo 3aKperuieHust (yH-
JTAMEHTAIBHBIX MTOJIOKEHHI paccMaTpruBaeMOW AUCIUIUIMHEI B 00pa30BaTEIbHOM IIPOIECCe YKPYITHEH-
HbIX rpynn cnenuansHoctel 09.00.00 u 10.00.00.
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Annotanusi. OG0CHOBaHBI MapaMETPbl K MEXaHU3MBbI, KOTOPBIE MOT'YT OBITh 3aJI0’KEHBI B OCHOBY METO/Ia 0OHapy-
JKEHUsI COOBITHI MH(POPMAIIMOHHON 0€30MaCHOCTH B CUCTEMaxX OOJIauHOM TMOJIKCH, IJIe UCIONb3YETCsI IIPOTOKOI
aKTUBALMH MTOAIHCH, B pa3paboTKa TaKoro MeTosia. B kauecTBe yka3aHHBIX TapaMeTPOB MPEIJIOKEHBI: KOJTUYECT-
BO IOJINUCHIBAEMBIX AEKTPOHHBIX JTOKYMEHTOB, KOJIMYECTBO HEBEPHBIX MOIBITOK ayTEHTU(UKALIUH [UIS TOCTYTIa
K JIMYHOMY KJIFOYY IMOJIB30BAaTECJIsA, CKOPOCTh CPABHEHUS XOIUI-3HAUYCHUSA IMOANUCBIBACMBIX JOKYMEHTOB, CKOPOCThH
OTIIPABKH XAII-3HAYCHUS ITOAMUCHIBAEMBIX JaHHBIX B YCTPOMCTBE CO3/IAHMS MOAIUCH. PEKOMEHIyeTCsl B OCHOBY
MeToJia 3aJI0)KUTh MEXaHU3Mbl MAaTeMaTHYECKOW CTaTUCTUKH IPHUMEHHUTEIBLHO K MEPEUHCICHHBIM ITapaMeTpaM.
[IpencraBnens! onucaHue U pe3yabTaThl AIPOOALNH Pa3padOTaHHOIO METOAA, KOINYECTBO JIOKHOIIOIOKUTEIbHBIX
1 JIOKHOOTPHIIATENIFHBIX PE3YIBTaTOB aHAN3a COOBITHI MH(DOPMAITMOHHOM 0€30IMacHOCTH B CHCTEMaX 00IaqHOM
noanucH. [loxydeHHbIe 3HAYCHHS OKa3aIMCh MEHbBIIE aHAJOTMYHBIX TIOKa3aTeleH, XapaKTePHBIX /IS PE3yIIbTaToB
aHaJIM3a, MPOBEJCHHOIO C UCIOJIb30BAHUEM JIPYTHX CYIIECTBYIOLIMX METO0B. DTO SIBJSIETCSl OCHOBHBIM IIPEUMY-
LIECTBOM ITPEUIaraéMoro MeTo/ia o CPAaBHEHHIO C €T aHAJIOTaMH.

KuaroueBblie ciaoBa: SIEM-cructema, IpOTOKOT aKTHBAIMH MOATIHCH, PO MOANMCAHTA, CHCTEMa O0IaqHOM
MOATNCH, cOOBITHE MH(OPMAIIIOHHOW 0€3011aCHOCTH.

KoHpukT HHTEepecoB. ABTOPHI 3asBIAIOT 00 OTCYTCTBHH KOH(IMKTA HHTEPECOB.

Jas umurupoBanmus. [epacumoB, B. A. Meron oOHapykeHUs cOObITHH HH()OPMAIIMOHHON Oe30MacHOCTH
B cucTemax obmaunoi noanucu / B. A. I'epacumos, O. B. Boiinpas // [ludposas tpanchopmarms. 2024. T. 30,
Ne 2. C. 77-84. http://dx.doi.org/10.35596/1729-7648-2024-30-2-77-84.

METHOD FOR INFORMATION SECURITY EVENTS DETECTION
IN A CLOUD SIGNATURE SYSTEMS

VYACHESLAV A. GERASIMOV!, OLGA V. BOYPRAV?2
IScientific Research Institute of Technical Protection of Information (Minsk, Republic of Belarus)

2Belarusian State University of Informatics and Radioelectronics (Minsk, Republic of Belarus)

Submitted 18.12.2023

Abstract. The parameters and mechanisms that can be used as the basis for a method for detecting information
security events in cloud signature systems, where the signature activation protocol is used, and the development
of such a method are substantiated. The following parameters are proposed: the number of signed electronic docu-
ments, the number of incorrect authentication attempts to access the user’s personal key, the rate of comparing
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the hash value of the signed documents, and the rate of sending the hash value of the signed data in the signature
creation device. It is recommended to base the method on the mechanisms of mathematical statistics in relation
to the listed parameters. The description and results of testing the developed method, the number of false positive
and false negative results of the analysis of information security events in cloud signature systems are presented.
The obtained values turned out to be less than similar indicators typical for the results of analysis carried out using
other existing methods. This is the main advantage of the proposed method compared to its analogues.

Keywords: SIEM system, signature activation protocol, signer profile, cloud signature system, information
security event.
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BBenenue

Cuctema obmaunoii nognucu (COII) sBisieTcst MHCTPYMEHTOM ISl CO3AaHUsSI DIICKTPOHHBIX JIOKY-
MEHTOB, TIOANHICAHHBIX JIMYHBIM KITFOYOM ITOJIB30BATENsl C HCIOJIB30BAHUEM OONIAUHBIX TEXHOJIOTHH.
JaHHas cucTema MMo3BOJISIET CO3/1aBaTh, XPAaHUTh U OOMEHUBATHCS NIEKTPOHHBIMU JIOKYMEHTAaMH, CO3-
JaHHBIMU B 3TOH cucteme. OHAKO, KaK U Jit00as npyras nHpopmanuonnas cucrema, COIl monsepxena
pa3IMIHBIM yTpo3aM WH()OPMAIIMOHHOM 06€301TacHOCTH.

Onpezenenne coObITUH HH(OOPMAIMOHHOW 0E30MIACHOCTU — Ba)KHAsI COCTABJISIFOIIAsT OOCCIICUCHHUS
oezonacuoctu COIL. CoObITre MH(OPMAIIMOHHO Oe30TacHOCTH! — 3TO NACHTU(UIMPOBAHHBIN CITydai
COCTOSIHHSI CHCTEMBI FJTH CETH, YKa3bIBAIOIINI Ha BO3MOKHOE HapyIIeHHe TOMUTHKHA HH(POPMAITHOHHOM
0€301acHOCTH MJIM Ha OTKa3 CPEACTB 3aIIUTHI HH(OPMAIUH, JIN0O0 paHee Hen3BeCTHas CUTyalusl, KOTO-
past MOXKET OBITH CBSI3aHA C yrpo30il HH(OPMAIIMOHHOW 0€30MaCHOCTH. DTOT MPOIECC MOKET BKIIFOYATh
B ce0s Takue Imaru, Kak HaOJroieHNe, aHaIN3 ¥ pearnpoBaHie Ha pa3IMdHbIe COOBITHS, KOTOPBIE MOTYT
yKa3blBaTh Ha HapylIeHHEe 0e30MaCHOCTH WM MONBITKH HECAHKIMOHMPOBAHHOTO JOCTYMA K JTHYHBIM
JTAHHBIM JIN0O0 K JIMYHOMY KITFOUY TTOJIh30BaTellsl.

CBoOEBpEeMEHHOE OOHAPYKEHHE COOBITHI MHPOPMAITMOHHOM 0€301TaCHOCTH B pPearnpoBaHue Ha HUX
no3BosisitoT aamMuHucTparopaM COIl BBISBISATH TOTCHIUATBHBIE YTPO3bl U IPHHUMATH COOTBETCTBYIO-
[I1e Mephl 0 00eCIIeYeHUI0 Oe30MMaCHOCTH TAKUX CHCTEM. DTH MEPhl MOTYT BKIIIOYATh B ceds (hopMu-
pOBaHKE YBEJIOMIICHHI O HAPYIICHUSIX, OJIOKHPOBKY JIOCTYIIA K YSI3BUMBIM peCypcam.

Lenb mpeacTaBIEHHBIX B CTaThe HCCIEAOBAaHUN — 000CHOBaHKE TApaMETPOB U MEXaHU3MOB, KOTO-
pBI€ MOTYT OBITh 32JI0’KEHBI B OCHOBY METO/Ia 00HAPYKEHHUS COOBITHIT HHPOPMAIMOHHOHN 6€3011acCHOCTH
B cHCTEeMax OOJIAYHOM TOIHICH, T/Ie MCTIOIB3yeTCs MPOoTOoKoN akTuBaruu noanucu (ITAII), u pa3pabot-
Ka Takoro Meroaa. Jist JoCTHKeHUs eI PeLIaiucCh CIEAYIOIINE 3a1aun:

1) anamms ¢ynaxmnuit kommoneato COII;

2) knaccudukanus coobiTaii B COIN, moiexanux KypHaIUpOBaHUIO, U COOBITHI HHPOPMAIOH-
Hoit 6e3omacHoctu B COII,

3) xnaccudukanus coObITHH, peructpupyeMbeix SIEM-cucremamu;

4) oboCHOBaHHE MAPaMETPOB, KOTOPBIE IeTIeCO00Pa3HO MPUMEHSTH IPH (POPMHUPOBAHUH TTPOPUIIS
MOANNCAHTA;

5) ompeneneHre MOpsIKa pean3alinuy pa3padoTaHHOTO METO/Ia;

6) anpoOarusi pa3pabOTaHHOTO METO/A.

Meton aHaau3a coObITHII HHPOPMAMOHHOH 0€30MACHOCTH
NPH UCMOJIL30BAHUHU MPOTOKOJIA AKTHBAIUM MOAMUCH

[IpoTokon akTUBAIMK MOAIMUCH TPUMEHSIETCS JITIsl oOecriedeHns: 0e30acHOrO HCIOIb30BAHMS JTHY-
HOTO KJIIO4Ya TpH BBHIPAOOTKE 3HAYeHHA OONAYHOW IIEKTPOHHOM IM(poBoii moxamucH [1], BeimonHse-
MO#1 ynaneHHbIM ycTpoiictBoM coznanus noamucy (Y CII) ot mmenn noanucanta. [TAIT ucnons3yercs
B COII, xoTopast COCTOUT H3:

— cepsepa noxnucu (CII) — oTBevyaeT 3a MPOBEPKY U MepeAady AaHHBIX AJsl BRIPAOOTKU 3HAUYCHHS
aneKTpoHHoM udposoit noanucu B YCII;

I Tlonurika wHpOpPMAIMOHHON Ge30macHOCTH [DneKTpoHHbIH pecypc]. Pexum mocryma: https:/www.nlb.by/content/
o-biblioteke/politika-informatsionnoy-bezopasnosti/. /lata moctyma: 13.12.2023.
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— cepBepa nokymMeHToB (CJl) — oTBeuaeT 3a co3maHue v MPOBEPKY AIEKTPOHHBIX TOKYMEHTOB;

— cepsepa peructpanuu (CP) — oTBewaer 3a mpolecchl, CBA3aHHBIE C pa0OTOH PETUCTPATOPOB
PETUCTPAIIMOHHBIX LIEHTPOB;

— VCII — oTBeuaeT 3a XpaHCHHE JIMYHBIX KIIFOUEH TOJIb30BaTelICH, MPOIEeCC BHIPAOOTKH 3HAYCHUS
ANeKTpoHHOU 1dpoBoit noarucu (DLIIT);

— KIMEHTCKOU TporpaMMEbI monb3oBarenst/peructparopa (KIIIT/KIIP) — oTBeuaeT 3a mpegocTaie-
HUe uHTepdeiica Ui BEIOOpa IMYHOTO KITF0Ya/padoThI CO CIIOTaMHU MOJTb30BaTE;

— npuxnagHor cuctemsbl (IIC) — oTBewaer 3a mpenocraBieHne BeO-uHTEpdEiica MOIH30BATEISM,
peructparopam aisa B3aumoneictaus ¢ COIL

B COII 6a30BbIME COOBITUSIMU, KOTOPBIE MOJICHKAT KYPHATHUPOBAHUIO U CBSI3aHbBI C UCTIOIH30BaHU-
eM [TAIl, SBASIOTCS CIeMYIONTNE TSUCTBUS:

— MCIIOJIb30BaHKE JIMYHOTO KJIFOYa I10JIb30BaTels;

— ayTeHTU(UKAIHS TTOJIb30BaTeNIei B CHCTEME;

— MOJTyYEHHUE AIIEKTPOHHOTO JOKYMEHTA WUJIM €T0 X3II-3HAYCHHUS;

— HavyaJio ¥ OKOHYaHUE (POPMUPOBAHUS JTOKYMEHTA MOJIb30BaTEIIEM;

— MOTyYEHHUE OT IOJIb30BATENS MOATBEPKACHUS Ha TOANICH TOKyMEHTA;

— Tepemada XdMI-3HaueHUs TOAMMCAHHBIX TAaHHBIX TOJb30BaTeNs Mexk 1y komnonentamu COIT;

— monmy4denue 3aadeHus D111

— BBITPY3Ka U OTIPaBKa dIEKTPOHHOTO JIOKyMEHTA TI0JIh30BaTEITtO.

Cxema B3aumogaeiicteus mexy komnonentamu COII mpencrasnena Ha puc. 1.

Yy

Puc. 1. Cxema B3auMOJICHCTBHSI MEXKy KOMIIOHEHTAMH CUCTEMBI 00aYHON TIOHCH
Fig. 1. Scheme of interaction between cloud signature system components

CoOprtusiMu undopmaronHoit 6e3onacuoctu B COIIL, B kotopoit ucnons3yercs ITATIL siBnsitoTes:

— IeHCTBUS MONb30BaTeNsl B HOUYHOE BPEMS;

— IeWCTBUS TOJIb30BaTENs!, BHITOMHAEMbIE C aHOMAJIbHON CKOPOCTHIO;

— AEWCTBUS MOJB30BATEIS, TPOITYCKAIOIINE CTaHIapPTHBIE IECTBHS B paMKaX ONpeAeNICHHBIX MPO-
LIECCOB;

— TyOnmMpoBaHUe MOJIb30BATEIbCKUX CEAHCOB.

Jst ananu3a coObITHI HHPOPMATMOHHOH 0€30MacHOCTH B HH(OPMALMOHHBIX CUCTEMAax B HACTOSI-
iee BpeMsi HUPOKO Henonb3ytores SIEM-cuctemMbl, B OCHOBY aJITOPUTMOB PaOOThI KOTOPBIX 3aJI0KEHBI
MeXaHU3MbI HACHTH(GUKAINK U Kiaccudukanyu coobrtuiiZ, SIEM-CHCTEMbI pETHCTPUPYIOT:

2 SIEM-cuctema [DiekrponHbIid pecypc]. Pexum moctymna: https:/cloudnetworks.ru/inf-bezopasnost/siem-log-manage-
ment/?utm_referrer=https%3a%2f%2fwww.google.com%?2f. lara qoctymna: 13.12.2023.
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1) coObITHS ayTeHTU(UKAIIIH 1 aBTOPHU3AIINH:

— ycrenrHas ayTeHTH()UKAIHS 0Tb30BaTelIs;

— HeyJlauyHas MOMBITKA ayTeHTU(UKALMK UK BBOJ HEMTPABUILHOTO TAPOJIS;

— U3MEHEHNE TIPUBUJIETUI HITH POJIEH MOTb30BaTeIs;

2) cOOBITHS CETEBOM 0E30TTaCHOCTH:

— oOHapy)KeHHE aTakh Ha CETeBOM ypOBEHb, HApUMEpP, (UIbTPALMS NAKETOB MJIM aTaka OTKas3a
B obciyxuBanuu (DoS);

— oOHapy’KeHHEe BTOPIKEHHS WIIM TTOTIBITKH B3JIOMa CETEBBIX PECYpPCOB;

— OTKa3 B ayTEHTU(UKAIUHN HA CETEBOM YPOBHE;

3) CoOBITHS CHCTEMHOH 0€301TacHOCTH:

— O0HapyKeHHE BPEIOHOCHOTO IIPOTPAaMMHOI0 00€CIICUCHUS;

— oOHapy’KeHHE HE3aKOHHBIX JEHCTBUM WM HAPYLICHUH NOTUTUK O€30MacHOCTH;

— U3MEHEHre KOH(UTYPAINN CHCTEMBI WJIH HapyIIeHHE TIETOCTHOCTH (paliIoBOI CHCTEMBI;

4) coObITHS CO0EB U YIpO3 Ha YPOBHE MPHUIIOKEHHN:

— OIIMOKH MPUJIOKECHUN MITH UX HEKOPPEKTHOE MOBEACHUE;

— TIOTMBITKH KCTUTOMTOB HJTH MICTIONIb30BaHUE N3BECTHBIX YA3BUMOCTEH B MPUIIOKEHUSX;

— U3MEHEHHE HACTPOCK MM KOH(QUTYpaIHU PUIIOKECHUI;

5) Co0ObITHA yNIpaBICHUS YTPO3aMHU:

— oOHapy’KeHHE MTOT03PUTEIHHON aKTUBHOCTH WIJIH aHOMAJINI B TIOBEJICHHUH ITOJTb30BaTEICH HITH CHC-
TEMBI;

— oOHapyKeHHe aTaku Ha 0e30MTaCHOCTh WIIM HAPYIIEHUS TOJUTHK Oe30MIaCHOCTH;

— pe3yJbTaThl aHaJKM3a YTPo3 U MPEAYNPEKICHAN O IOTEHIIMATBHBIX YIPO3ax.

OCHOBHOI HEOCTAaTOK MPUMEHSIEMBIX B HACTOALICE BPEeMsl METOJOB aHaju3a COOBITHI MH(OpMa-
LIMOHHOH Oe30macHOCTH B MH()OPMAIMOHHBIX cHCTeMax ¢ momomsio SIEM-cucTteM COCTOUT B TOM,
YTO KOJIMYECTBO UCIIONB3YEMBIX B paMKaX YKa3aHHBIX METOJIOB MIAPAMETPOB, XapaKTEPU3YIOIIUX KOH-
TEKCT TaKUX COOBITHH, HEAOCTATOYHO AJISl TOTO, YTOOBI YCTAHOBHUTH XapakTep MOBEICHHS MOJIb30BaTe-
1151 (3710HAaMepeHHOE WM HET), KOTOpoe 00yCIIOBMIIO MX BOSHUKHOBeHHE [2]. B cBs3M ¢ 3TMM aBTOpaMun
MIPE/TIOKEHO B OCHOBY METOJIa aHajIM3a coObITHI nHPpopMarmonHoi 6e3onacuoctu B COIL, B KOTOpBIX
ucnonbsyercs [TAIl, 3an0XUTh BBIOJHEHUE aHAIKM3a apaMeTpoB HUPPOBOTO 0Opa3a Mmoib3oBaresiei
ATHX CHCTEM, HA OCHOBE KOTOPHIX MOXKHO YCTAHOBHTB, SIBIISIETCS JIH BBITTOJTHEHHE TIPOTOKOJIA aKTHBAITUT
MOANUCH OOBIYHBIM WIIM K€ «aHOMaNbHBIMY. [lon TepMuHOM «1poBOi 00pas3»3 cienyeT MOHUMATh
MpeICTaBICHHUE TOJIb30BaTEsl B HHPOPMAIIMOHHOW CHUCTEME, SIBIISIONICECS] BUPTYAIBHBIM MOCPETHH-
KOM MEXly HH(POPMAIIMOHHOM CUCTEMOH M MOJIb30BaTesIeM MPH AOCTYIE MOCIETHETO K pecypcam dToi
cUCTeMbl. B cucreMax, K KOTOPBIM ITOJIb30BaTelh 00paIiaeTcss MHOTOKPAaTHO, OOBIYHO TapaHTHUPYETCS
HEU3MEHHOCTH ero nu(poBoro odpasa mpu MOBTOPHBIX oOpaiieHusX. To ecTh U(PoBOIi 00pa3 MmoJib30-
BaTeIsl SIBISICTCS. yCTOWYMBBIM, €r0 IPUHUMAIOT APYTHE CTOPOHBI M OTOXKIECTBISIIOT C [10JIb30BATEIICM.
[TapameTpsl 1 poBoro 0d6pasza BKIOYAIOT B ceOs TapaMeTphl Mpod s MOAMICaHTa.

[peanaraercs 3aJI0KUTh CICAYIOUIME YeThIpe mapamerpa npoduiist TOAMUCaHTa B OCHOBY METO/a
aHanm3a coObITHI nHPOpManoHHoi 6e3onacnoctu B COIIL, B kotopsix ncnonssyercs [TAIL:

1) KOIMYECTBO MOAIMCHIBAEMBIX AIEKTPOHHBIX JIOKyMEHTOB;

2) KOJTMUYECTBO HEBEPHBIX MOMBITOK Ay TEHTH()UKAIIMH IS TOCTYTIA K IMYHOMY KJIIOUY TIOJIb30BaTelIst
(MakcuMabHOE 3HaUEHHE — 3);

3) CKOpOCTh CpaBHEHUS XAIII-3HAUYEHUS TTONMHUCHIBAEMBIX 3JIEKTPOHHBIX JOKYMEHTOB;

4) CKOPOCTDb OTIPABKH XAII-3HAYCHUS TTOMUCHIBAEMBIX TaHHBIX B Y CIL.

Bri0op nepeuncneHHbIX HapaMeTpoB 00yCIIOBIICH TEM, YTO OHHU Yallle BCETO SBIISIOTCS UICHTUDH-
KaTtopamu HapymieHns nudpoBoro odpasa. /s aHanmm3a mepednciIeHHbIX TapaMeTpoB MpensiaraeTcs
HCIIONIb30BAaTh MEXaHU3Mbl MAaTEeMAaTUUICCKONM CTaTUCTUKU. PazpaboTaHHBIN METON, OCHOBAaHHBINA HA BBI-
IeyKa3aHHBIX ITapaMeTpax U MeXaHU3Max, BKIIFOYAeT B ce0s TPH dTara:

1) cbop u mpeaoOpadboTKy JAHHBIX O KOJTUICCTBE ITOAMUCHIBAEMBIX TOKYMEHTOB, KOJIMUECTBE HEBEP-
HBIX TOMBITOK ayTEHTHU(HUKALUK MOIb30BaTeNs A JOCTYIa K JMYHOMY KIIIOUY, CKOPOCTh CpaBHEHUS
X3II-3HAYEHUHM U CKOPOCTh OTIpaBKU X31i-3HadeHuil B YCII;

2) pacyeT CTaTHCTUYECKUX MoKa3aremne [3] U KaXaoro mapamerpa, a TakyKe OIMpeesieHue mopo-
TOBBIX 3HAYCHHH. BhIUMCIeHNE CTaTHCTUUECKUX IOKa3aTelsiei, TaKuX Kak CpeAHee 3Ha4eHUE W CTaH-
JApPTHOE OTKJIOHEHHE, Ha OCHOBE ITOJTyYeHHBIX paHee NaHHBbIX. CpeHee 3HaueHUe TIPE/ICTABISAET Cpe/l-

3 WudopmarpionHele TexHONOrMM u Oe3omacHocTh. WHbpacTpykrypsl ayrentudukaunu: CTH 34.101.87-2022
[DnexrponHnsIii pecypc]. Pexxnm noctyma: https://apmi.bsu.by/assets/files/std/bias-spec130.pdf. dara noctyma: 13.12.2023.
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HIOIO 0a30BYIO TOUKY JUISl CPABHEHHMS TEKYIIETO COOBITHS, & CTAaHIAPTHOE OTKJIOHEHHE JaeT MPe/CTaB-
JIeHUe 0 pazbpoce AaHHbIX. [[opOroBbIe 3HAUCHHUS PACCUUTHIBAIOTCS ITyTEM J00aBICHUS CTaHIAPTHBIX
OTKJIOHEHHH K CpeIHEMY 3HAYCHHUIO;

3) onpenenenue coObITUI HHOOPMAITMOHHOM OE30MMaCHOCTH, KOTOPOE COCTOMT:

— B aHAJIN3€ HOBOI'O CO6BITI/I$I IIyTEM CpaBHCHUSA 3HAYCHUN TCKYIIHUX MapaMeTpoOB C paCCYUTAHHBIMU
CTaTUCTUYECKUMH TTOKa3aTeIsIMU;

— B KJIaCCH(UKAMH TEKYIIETro COOBITHS Ha OCHOBE CPABHEHHUS TEKYIIMX 3HAUYCHWH MapaMeTpoB
C OPOTOBBIMU 3HAYCHUSIMU.

Ecnu 3Ha4eHHs mapaMeTpoB BBIXOAT 3a TPe/eiibl yCTAaHOBICHHBIX MIOPOTOBBIX 3HAUYCHUIL, TO COOBI-
THE MOXET CUMTAThCsl COOBITHEM MH(POPMAIMOHHON 0e30MacHOCTH. B mMpoTHBHOM cityuae, eciiv 3Ha-
YCHHA HaAXOIOATCA B Ipe€aciiaxX IMOPOroBbIX 3Ha‘IeHPII>i, COGI)ITI/IC MOYKET OBIThH KJ'IaCCI/I(l)I/IIII/IpOBaHO Kak
HOpMaJIbHOE.

Pe3ynbrarhl uccien0oBaHuii U UX 00cy:KIeHue

st ampobanm pa3paboTaHHOTO MeTofa ObliIa codpana GoKyc-Tpyrmma, cocrosmas w3 10 gemoBek
paznoro Bo3pacta (ot 20 g0 60 ser), ¢ pa3TMIHBIM YPOBHEM 00pa3oBaHUs (CpETHEE CIIEITUAIBHOE, BBIC-
mee). YdacTHUKaM (DOKYC-TPYIIIBI MPEIOCTABUIA BO3MOXKHOCTh m3yunTh (pyHkimonan COIl, mocne
YETro BBIMOJIHUTH MMOAMUCAHUE Psijia SNCKTPOHHBIX JOKyMeHTOB ¢ iomoiisio [1C u KI1, cepBepHbIX KOM-
noHeHToB COII u YCII (komu4ecTBO JOKYMEHTOB — OT OAHOTO A0 10; KONMMYECTBO UTEpaIUil MO MOJ-
MMCAHUIO KaX10T0 U3 ToKyMeHTOB — 20). [TomyueHHbIe 10 pe3yiibraTaM KaKJI0W W3 UTepalui o moj-
MMHCAHMIO AJICKTPOHHOTO JTOKyMEHTA JaHHBIC, MPEACTABIISIONINE COO0H 3HAUCHUS TIPUBEICHHBIX BBIIIEC
rapaMeTpoB MPOoGUIIst KAKIOTO M3 MOANMCAHTOB M3 YHCIa YYaCTHHUKOB (DOKYC-TPYIIIBI, TPYMITHPOBa-
JUCh U 3aIUChIBAINCH B 0a3y maHHbIX (BJ1). B Tabn. 1 B kauecTBe npumepa MnpecTaBiIeHbl OTyYeHHbBIS
B XOJI€ JIBA/IIIATH UTEPAIHii 110 TIOAMKUCAHUIO AIEKTPOHHOTO IOKYMEHTA JIaHHBIC MPO(UIIS OANMHUCAHTA
OJTHOTO YYaCTHUKA (POKYC-TPYIIIIBL.

Tadmuma 1. @parMeHT JaHHBIX, TTOJYYSHHBIX OT YYaCTHHUKA ()OKYC-TPYIIIIBI
Table 1. Fragment of data received from a focus group participant

Kosnmyectso / Quantity IIponomxurenproCcTh / Duration
Howmep
HEBEPHBIX TOTBITOK
urepanuu / MOAITMCHIBAEMBIX
. ayreHTHU(GUKanuu / CpaBHEHMS XOII-3HAYCHUS], C/ | OTIPABKH XDI-3HAYEHHSI, MC /
Iteration JIOKYMEHTOB / . ) o . .
number ioned d invalid authentication hash value comparisons, s sending hash value, ms
signed documents
attempts
1 9 1 1,24,49,23,38,6,46,45,3 41,56,57,53,58,4,22,12,42
2 1 0 51 32
3 3 1 8,19,23 21,6,46
4 4 0 45,12,34,39 3,32,1,49
5 1 0 52 45
6 5 1 32,55,3,26,34 42.30,30,26,6
7 4 1 42.42,40,16 20,24,23,4
8 2 1 1,37 18,26
9 2 0 57,25 20,18
10 4 0 28,53,33,5 36,37,46,45
11 8 1 43,20,1,11,36,39,52,2 36,27,43,5,10,32,26,49
12 8 1 10,4,49,23,1,14,6,56 42,47,38,28,53,2,37,23
13 7 0 45,56,1,38,50,52,25 29,26,59,57,6,15,40
14 1 0 45 38
15 2 0 28,6 47,34
16 6 0 1,22,41,14,13,47 17,18,47,40,16,57
17 7 1 55,59,14,60,45,0,33 55,3,17,59,53,30,1
18 6 0 57,7,29,28,50,9 21,57,28,43,51,18
19 8 1 2,31,20,25,10,43,57,2 28.,9,9,55,18,21,29,20
20 3 1 57,26,6 9,36,42
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[Toce Toro Kak Kakaplid Y9aCTHUK (POKYC-TPYTITBI 3aBEPIIall IBAANATYIO0 UTEPAIUIO TIO TIO/IHCA-
HUIO JJIEKTPOHHBIX JOKYMEHTOB W IIBITAJICS MOJIIMCATh HOBBIN 3JEKTPOHHBIN JOKYMEHT, HAYMHAJIACh
peanu3aius MeTojia onpeaeieH s CoOObITHs HH(QOMaMOHHOM Oe3omacHocTu. M3 B/l o unenTudukaro-
Py MOAIMCAHTA U3BJICKAIUCH JaHHbIC TPEABLIYIIUX OMEpallyii MOAMUCH U TPEOOPa30BBIBAINCH B BEK-
TOPHI CIIEAYIOIIETO BH/IA:

{9,1,1,41},49,1,24,56},19,1,49,57},19,1,23,53},19,1,38,58},19,1,6,4},{9,1,46,22},
{9,1,45,12},{9,1,3,42},{1,0,51,32},{3,1,8,21},43,1,19,6},{3,1,23,461,{4.,0,45,3},{4,0,12,32},
{4,0,34,1},14,0,39,49},{1,0,52,45},15,1,32,42},15,1,55,30},15,1,3,30},{5,1,26,26},{5,1,34,6},
(4,1,42,20},{4,1,42,24},14,1,40,23},{4,1,16,4},{2,1,1,18},{2,1,37,26},{2,0,57,20},{2,0,25,18},
{4,0,28,36},{4,0,53,37},{4,0,33,46},{4,0,5,45},{8,1,43,36},{8,1,20,27},{8,1,1,43},{8,1,11,5},
{8,1,36,10},{8,1,39,32},18,1,52,26},{8,1,2,49},{8,1,10,42},{8,1,4,47},{8,1,49,38},{8,1,23,28},
(8,1,1,53},{8,1,14,2},{8,1,6,37},{8,1,56,23},{7,0,45,29},{7,0,56,26},{7.,0,1,59},{7,0,38,57},
{7,0,50,6},{7,0,52,15},{7,0,25,40},{1,0,45,38},{2,0,28,47},{2.,0,6,34},{6,0,1,17},{6,0,22,18},
{6,0,41,47},{6,0,14,40},{6,0,13,16},46,0,47,57},{7,1,55,55},{7,1,59,3},{7,1,14,17},{7,1,60,59},
(7,1,45,53},{7,1,0,30},{7,1,33,1},{6,0,57,21},{6,0,7,57},{6,0,29,28},{6,0,28,43},{6,0,50,51},
{6,0,9,18},{8,1,2,28},{8,1,31,9},{8,1,20,9},{8,1,25,55},{8,1,10,18},{8,1,43,21},{8,1,57,29},
{8,1,2,20},{3,1,57,9},3,1,26,36},{3,1,6,42}.

B kax10M 13 Mpe/ICTaBICHHBIX BBIIIE BEKTOPOB MEPBOE 3HAUCHHE COOTBETCTBYET KOJIHUYECTBY MO/
MUCHIBAEMBIX IOKYMEHTOB, BTOPOE — KOJIMYECTBY HEBEPHBIX MOMBITOK ayTCHTH(OUKAIMH, TPEThE — TPO-
JIOJDKATEIBHOCTH CPaBHEHUS XDII-3HAYCHUS, YETBEPTOC — MPOIODKUTEIBHOCTH OTIPABKU XJIII-3HA-
yeHust. B rpyrine BEeKTOPOB, COOTBETCTBYIOIIMX OJHOW HUTEPAllMH, TIEPBOC M BTOPOE 3HAUCHUS OyAyT
OJIMHAKOBBI, TaK KaK KOJUYECTBO IMOJAINUCHIBAEMBIX JOKYMEHTOB M KOJMYECTBO HEBEPHBIX IMOIBITOK
ayreHTH(UKaH GOPMUPYIOTCS B caMoM Hadase ucronb3oBanust [TATL. TTocie moyueHus Tpyni Bek-
TOPOB YCTAHABIUBACTCS MHOXKUTEIh, KOTOPBIA HEOOXOMMO UCIIONB30BaTh MPH OMPEACICHUU TTOPOTo-
BOTO 3HAYCHUS ISl KaXKIOTO U3 MapaMeTPOB, 3HAYCHUST KOTOPBIX 00Pa3yroT BEKTOP, & TAKKE CICTYI0-
1Me BecoBbie K03(DDUIIMEHTHI IS 3TUX 3HAYCHUN:

— KOJIMYECTBO MOJMKUCHIBAEMBIX JJOKYMEHTOB — HAMMEHBIIHH K03()UIIneHT;

— KOJIMYECTBO HEBEPHBIX MOIBITOK ayTCHTU(UKALIUY IS TOCTyIIa K JINYHOMY K04y I10JIb30BaTe-
JIS1 — BBICOKUH KOY(PPHUITUECHT;

— TPOJIOJDKUTEIBHOCTD CPABHEHHUSI XDII-3HAYCHHSI TIOMTUCHIBAEMBIX JIOKYMEHTOB — CPEAHUN KO3()-
(unueHt;

— MPOJOJDKUTEILHOCTD OTHPABKH XAIII-3HAUEHUS MONKUChIBacMbIX JaHHBIX B Y CII — BeICOKHIT KO-
s unmeHT.

[Tocie 3TOro Ha OCHOBE MOJYYCHHBIX JaHHBIX BBIYUC/ISCTCS CTAHIAPTHOE OTKJIOHEHHE G 10 (op-

MyJie
1 - N2
o= -2 (X,-X),
niio

TJIe /1 — KOJIMYECTBO 3HAYEHUH B BEIOOpPKE; X;, X — OTAENbHOE U CpeIHee 3HAYCHHSI B BRIOOPKE COOTBETCT-
BEHHO.

BrruucnuB cpegHee 3HauCHUE KaXIAOrO MapaMeTpa U €ro CTaHAapTHOE OTKJIOHEHHUE, CIETYET BhI-
IOJIHUTH NPOBEPKY HOBBIX 3HAYEeHUM Ha BBIXO/I 3a NPEACIIbI TOPOTOBOT'0 3HAYCHUA KaXK10I'0 ImapaMeTpa
ITyTeM CPaBHEHHSI TEKYIIIETO 3HAYCHNS C CYMMOH CpPETHEeT0 3HAYSHHSI TTapaMeTpa 1 MPOU3BEICHHS KOd (-
(urmenTa mopora, CTaHAAPTHOTO OTKIIOHEHHUS M BeCOBOTO Kod(duinerTa. Ecinu 3Ha4eHre TPEeBhIIaeT
IIOPOTOBOE, IPHHUMAETCS PEIICHUE O TOM, YTO COOBITHE SBISETCS HAPYIIEHUEM YCTOHYUBOCTH U PO-
BOT0 00pasa, 1 3TO COOBITUE MIOMEYAeTCs KaK COObITHE WH(POPMAIIMOHHON 0€3011acHOCTH.

PaccMoTpyM HECKOJIBKO TPUMEPOB MPAKTUYECKOTO HCIOIB30BAHUS Pa3padOTaHHOIO METoja
B COIl, B xotopbix mpumensiercs [1AII [4]. Cpennee 3HaueHUE, CTAaHIAPTHOE OTKIIOHEHUE U TTIOPOTOBOE
3HAYEHUE JIJIs1 KAKIO0TO IMapaMeTpa, NCIOIb3yeMbIe B paMKaX ATHX MPUMEPOB, MTPEICTABICHBI B Ta0MI. 2.
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Tabéauua 2. CpenHee 3HaU€HUE, CTAHAPTHOE OTKIOHEHUE U IOPOrOBOE 3HAYEHHE ISl KasKI0T0 MapaMerpa
Table 2. Average value, standard deviation and threshold value for each parameter

— [Moporosoe 3naueHmeE /

[Tapamerp / Parameter X c Threshold value
KonnuecTBO nmoanuceiBaeMbIX JOKYMEHTOB 6,03 2,28 6,49
KoruecTBO HEBEPHBIX MOIMBITOK ayTeHTH()UKAIIUH 0,63 0,49 1,59
JUTSL TOCTYTIA K TMIHOMY KITIOUY ITOJT30BaTeIIs
[TponomKUTeILHOCTD CPAaBHEHUS XAIII-3HAYCHUS 28,82 18,93 47,65
MTOJIITACHIBAEMBIX TOKYMECHTOB
[IponomKUTEeILHOCTD OTIPABKU XAI-3HAUCHUS 30,63 16,81 64,06
MOANMKMCHIBAEMBIX JaHHBIX

Ipumep 1. Bxonnoit mapametp — Bextop {1,3,0,0}. DT0 CBUAETEIHCTBYET O TOM, UTO TOIH30BATEIIO
OBUI OTIIPABJICH HA MOANHUCH | TOKYMEHT, KOJIMYECTBO PEaTn30BAHHBIX UM HEBEPHBIX MOIBITOK ay TEHTHU-
(ukanuu I 10CTymna K JMYHOMY KIIIouy — 3. 3HaueHHe IepBOIo apaMeTpa He MPEBBIIAET IOPOroBOe
3Ha4yeHue (6,49), mo3ToMy B COOTBETCTBHH C MPEATIOKEHHBIM METOJIOM JIOJIKEH OBITh BBITTOJIHEH aHAIN3
3HauUEHMs BTOPOro napamerpa. JlanHoe 3Hauenue Ha 55,35 % mpeBbIIacT yCTaHOBICHHYIO TOPOTOBYIO
BenmuauHy (1,59). DTO CBUIAETENBCTBYET O TOM, YTO JOCTYIT K JIMYHOMY KITFOUY OBLI 3a0JIOKHPOBaH, T0-
CKOJIbKY OBIJIO MIPEBBIIICHO TIOPOTOBOE 3HAYEHUE KOJIUUECTBA MOMBITOK ayTeHTH(OUKAIIMN JUIsl JOCTyIa
K JIMYHOMY KJIIOUY TI0JIb30BaTellsl. B TakoM ciiydae B COOTBETCTBUH C MPEIOKEHHBIM METOJIOM IO 3a-
BEpIIICHUH aHam3a 3HadeHns Broporo napamerpa COIl u SIEM-cucreMe OyzeT nepeiaHo coooieHne
0 HapylIeHUH U(POBOro oopasa.

Ilpumep 2. BxonHo# napamerp — Bektop {10,1,50,120}, 1. e. mosp30BaTento OBLJIO OTIPABICHO
Ha noxanuch 10 TOKyMEHTOB, KOJIMYECTBO PEAIM30BAaHHBIX UM HEBEPHBIX IOIBITOK ayTeHTU(DHUKALNUU
JUIS 1OCTyTa K JUYHOMY Kitouy — 1. KonnuecTBo oTHpaBieHHbIX Ha MOAMHUCH TOKYMEHTOB M KOJHYe-
CTBO IOTIBITOK HEBEPHOI ayTEeHTH()HKALIMK HE MPEBHIILAIOT YCTaHOBJICHHbIE TIOPOTOBbIe 3Ha4YeHuUs (6,49
n 1,59 coorBercTBeHHO). OQHAKO MPONOKUTEIBHOCTh CPABHEHMS XOII-3HAYCHUS IOAIMCHIBAEMBIX
JOKYMEHTOB M TPOJOJDKHTEIBHOCTh OTIPAaBKH X3UI-3HAUCHHS TMOINHMCHIBAEMbBIX JIAHHBIX MpPEBbIIA-
IOT YCTaHOBIICHHBIE TIOPOTOBBIe 3Ha4YeHus (47,65 u 64,06 cOOTBETCTBEHHO). B Takom ciydae B coOT-
BETCTBUU C TIPEIIOKEHHBIM METOJIOM IO 3aBEPUICHUH aHalIHM3a 3Ha4deHus TpeThero mapamerpa COIL
u SIEM-cucteme Oyziet niepeiano coo0IIeHre 0 HapyieH!u nudpoBoro odopasa.

Ilpumep 3. Bxomnoit mapametp — Bektop {20,3,0,0}, T. e. momp30oBarento OBLIO OTIIPABICHO
Ha noanuch 20 TOKYMEHTOB, KOJIMYECTBO PEaIM30BAHHBIX UM HEBEPHBIX MOIBITOK ayTEeHTU(PHUKAIINU
JUIs IOCTyTa K JTUYHOMY Kitouy — 3. IlepBoe 3HaueHue BxoqHoro napamerpa Ha 208,17 % mnpesblma-
€T YCTaHOBJICHHOE ITIOPOTOBOE 3HAaUCHHE. B COOTBETCTBHH C MPEIUIOKEHHBIM METOIOM IO 3aBEPILICHUN
aHaimza 3HadeHus nepsoro napamerpa COII u SIEM-cucteme Oyner nepeaano cooOIIeHre o HapyIie-
HUM LUpoBoro odpasa.

3akJ/ouenue

1. Pa3paboTaHHBIIl METOJ| MPECTABISICTCS MEPCIIEKTUBHBIM JJIsi OPTaHU3allMU TIPOIlecca aHaIu3a
coObITUH MH(DOPMAITMOHHOW 0E30MACHOCTU CHCTEMbI O0JIAYHOM MOJIKUCH, B KOTOPBIX MPETYCMOTPEHO
[IPUMEHEHHUE TPOTOKOJIA AKTUBAIMH ITOIMUCH. DTO 00YCIIOBJICHO T€M, YTO B OCHOBY METO/Ia 3aJI0KECHbI
MEXaHH3MbI aHall3a MapaMeTPoB, XapaKTePU3YIOIUX MPOPHITH MOJIMUCAHTA B YKa3aHHBIX CHCTEMaX,
3a CUET Yero MOXKHO YCTaHOBHTH, B KAKUX CITydasiX MCIOJIb30BAaHHE YKA3aHHOTO MPOTOKOMA SIBISIETCS
IITaTHBIM, a B KAKMX «aHOMAaJIbHBIMY». biiaronapst 3ToMy MOXHO 00€CIeUnTh YMEHBIIICHUE KOJIMYECTBA
JIOXKHOTIOJIOXKHUTEIBHBIX U JIOXKHOOTPHIIATSIILHBIX PE3YJIbTaTOB aHaln3a COOBITUH WH(OPMAIMOHHON
0€30IaCHOCTH B CUCTEME O0JIAYHOMU TOJITHCH.

2. [Ipu ucronp30BaHUK MTPEIAraeMoOro MeTo/ia O0HapyKeHHs COObITHH HHPOPMAIIMOHHON 0e30-
MACHOCTH 00ECIIEUNBAIOTCS CIICTYIOIINE BOZMOXKHOCTH:

— 0OOHOBIICHUE JIAHHBIX O JICUCTBUSX MOJIH30BATENS U IepepacueT MoKa3arelei opOoroBbIX 3HAUCHUH;

— nobaBJeHHEe BO3MOXKHOCTH MTPEIOCTABIICHHSI CBEACHUMN TPU PETUCTPAIINN CBEJICHUH O e TeIbHO-
CTH II0JIb30BATENIsl B CUCTEME 00JIaYHOMN MOAIUCH JIJIsl YMEHBILICHUS OIIMOOK MPU paboTe METO/a;

— KOMOMHUPOBAHUE C JAPYTUMHU METOJIaMK OOHAPYKEHUSI aHOMAJILHOTO TTOBEICHUS TT0JIb30BaTEIICH.

3. JlasibHerIIMe McCIie0BaHus OyayT HalpaBJIeHbl HA YCOBEPIICHCTBOBAHUE MEXaHM3MOB OOHApY-
JKEHUS COOBITUI MHPOPMAITMOHHOM 0e30MAaCHOCTH, Ha KOTOPHIX OCHOBAH MPE/NIOKEHHBIN METOI.
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