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AKTyalpHICTh TNpPEIMETy Ta BHUBYEHHS, MAIIMHHOTO 30py MaiOyTHIMU
1HKEHEpaMH-TIe[aroraMi ~ KOMIT IOTEPHOTO  MPOQUI0, 3YMOBJEHA IMOJATBIINM
HayKOBO-T€XHIYHUM MPOTPECOM, CTPIMKHUM BIIPOBAKEHHIM 1HGOPMAIIMHUX HOBAIIii
y PpI3HI rangysi JIIOACBKOI AISUIBHOCTI, B OCHOBHOMY IIPOMHCIOBOCTI, PO3BUTKOM
1H(pOpMaIHUX TEXHOJIOTIH 1 PO3IIUPEHHSAM cdep 1X 3aCTOCyBaHHs. Y Takii cUTyarlii
BIJIMIOBIJTHO, 1H)KEHEp-NeAaror NOBUHEH OyTH YCHIIIHMM MHPAKTUKOM 1 TEOPETUKOM
BOJIHOYAC.

[ToHATTS 30py MOMUJIMBO PO3JIUIMTH Ha Taki cepH, SK KOMIT IOTEpHUU 3ip,
doTorpammeTpis, MamIMHHUNA 3ip, 00poOKa 300pakeHb, PO3Mi3HABAHHS Ta aHai3
oOpas3iB. baraTo MeToMiB 1 TOAATKIB BCE M€ 3HAXOAATHCS B CTaAll QyHIaMEHTATHHUX
JTOCHIKeHb, aje JOCTaTHS iX KUIBKICTh BXKE 3aCTOCOBYETHCS B KOMEPIIHHUX
NPOAYKTaxX, J€ BOHM YAaCTO CKJIANAIOTh YaCTHUHY OUIBIIOI CHCTEMH, SKa MOXKE
BUPIIIYBATH CKJIQJHI 3aBJIaHHS, HampukiIad, y cdepi MeaudHuX 300pakeHb ado
BHUMIPIOBAHHS 1 KOHTPOJIIO SIKOCT1 y Mpoliecax BUpOOHUITBA. OJTHUMHU 3 HOBUX rary3ei
3aCTOCYBaHHS € aBTOHOMHI TPAHCIIOPTHI 3aCO0M, BKITIOUAIOUH T1BO/IHI, HA3eMHI (Taki
SIK pOoOOTH 1 MalIMHU), MOBITPSHI. PIBEHh aBTOHOMHOCTI 3MIHIOETHCS Bij] TTOBHICTIO
aBTOHOMHUX (O€3MIJIOTHUX) M0 TPAHCHOPTHHX 3ac00iB, 1€ CHCTEMH, 3aCHOBaHI Ha
KOMIT I0TEPHOMY 30pi, TIATPUMYIOTH BOJIiS 200 MiJIOTa B PI3HUX CUTYaIlisIX.

[Iporpec B o00nacTi OOYHMCTIOBAIBHOI TEXHIKM MPHUBIB JO MOBCIOIHOTO
MOIIMPEHHS PI3HOBHAIB HE CKIAIHUX JOJIATKIB, IIOB’S3aHUX 3 BHKOPUCTAHHIM
KOMIT FOTEPHUX 300pakeHb. MalMHHUN 31p HacaMmmepea € Miapo3iIoM 1HXEHeii,
NOB'A3aHUM 3 OOYHUCIIOBAJIBHOIO TEXHIKOIO, OINTHUKOI, MAaIlMHOOYAyBaHHS Ta
IIPOMHCIIOBOIO aBTOMATH3AIli€l0, sKi € 0a30BMM HaBYAIBHUM MaTepiajaoM JyIs

BUBYCHHS 1H)KEHEPAMU-TIEJaroraMyi KOMIT FOTEPHOTO TPOQ1iIHO.



OcBiTHS MATOTOBKA 1H)KCHEPIB-TIEJAroriB MOBUHHA OYTH PI3HOOIYHOIO Ta
IIJIECTIPSMOBAHOO, a Tak SK 1HGOpMAIIiHI TEXHOJOTil IIOAHSA Bce OlIbIe
3MINIYIOTHCS Y 01K BHBUEHHS 1 3aCTOCYBAHHS INTYYHOTO 1HTEIEKTY, POOOTOTEXHIKH,
KOMIT FOTEPHOTO 30py Tomo. I mepcrnekTwBa Taka, 1o morpeda y daxiBosax, sKi
BOJIOJIIOTh TAKUMHU TEXHOJIOTISIMU OyJie JIMIIe 3pOCTaTH, Ha BIIMIHY Bl MOTPEOH Y
3BHYaHUX KBadiikoBaHUX poOounx. ToMy sIKICTh MiATOTOBKH 1HKEHEPIB-NIEAAroriB
MOBMHHA BIJIMOBIJATH TEHACHIIISIM CYYaCHOTO PO3BUTKY TEXHOJIOTIM IITYy4YHOIrO
1HTENIEeKTY, 30KpeMa, CUCTEM MalTMHHOTO 30DY.

VY nporieci BUKOHAHHS JUCEPTALIHOTO AOCIIHKEHHS BIIepIe 0y10 po3po0IeHO
1 TEOPETUYHO OOTPYHTOBAHO MOJICIb MIATOTOBKY MalOYyTHIX 1H)XXEHEPIB-I1€/1aroriB 110
PO3pOOKH 1 3aCTOCYBAHHS 1HTENEKTyaJIbHUX CHUCTEM MAIIMHHOTO 30pPY; BH3HAYEHO
MeJJaroriyHl YMOBH PO3POOKHU 1 3aCTOCYBAHHS 1HTEJIEKTYyIbHUX CHUCTEM MAaIIMHHOTO
30py MaillOyTHIMHU i1HXEHepaMH-TearoraMu KOMIT FOTEPHOTrO Npodiiro: MOTUBAIIsS
HABYAJIbHOI ISUTBHOCTI 4Yepe3 OHOBJICHHS 3MICTY ITATOTOBKH 1H)KCHEPIB-TIEAroriB
JTUCHUIUIIH MPOo(deciiHOro CIpsMyBaHHS, BUKOPUCTAHHS MDKIPEIMETHUX 3B’ SA3KIB
KOMIT FOTEPHOTO 30py Ta JUCIHIUIIH IUKIY MpodeciiiHOl MIATOTOBKH; IHTETpaiis
IH)KEHEpHOT0 3HAHHS KOMIT IOTEPHOIO 30pYy Y HaBUAJIbHO-METOJUYHE 3a0€3MeueHHs
peamizauii  IHTEJNEKTyaJlbHUX  CHUCTE€M;  pO3pPOOJEHO  HaBYAJbHO-METOJUYHE
3a0e3neyeHHs peaiizallii IHTeIeKTyaJbHIUX CHCTEM MAIIMHHOTO 30py Ha Iuiatdopmi
610motrekn Open CV; yTOYHEHO: MOHATTS «IHTEJIEKTyajdbHa CHUCTEMa MAaIIUHHOTO
30py»; HampsIMH 3aCTOCYBaHHS IHTENEKTyaJlbHUX CHCTEM MAIIMHHOTO 30py Y
MJrOTOBIIl 1HXKEHEPIB-TIEIaroriB KOMIT I0TEPHOr0 Mpo(disito; 3MICTOBE HAITOBHEHHS
HaBYAIbHOI JUCHUIUIIHU «TeXHOJOTii MTYYHOTO I1HTENEKTY»; METOAUKY Ta eTamu
NPOEKTYBaHHS KOMIT IOTEPHOrO0 30py 3a gomomororo Oi0mioreku Open CV;
MOJIAJILIIIOTO PO3BUTKY HAOYJIM TEOPETUYHI Ta METOJWYHI 3acaaud pO3poOKH Ta
3aCTOCYBaHHS 1HTEJIIEKTYaJTbHUX CUCTEM MAIIMHHOIO 30py MaOyTHIMU 1HKEHEpaMu-
neJaroraMy KOMIT FOTEPHOTO TIPOdiIro.

3niiicneno a00ip mporpamHux moayiiB 0i6mioteku Open CV, gk cucremu
KOMIT FOTEPHOTO 30Dy, ii CKJIaJIOB1 €JIEMEHTH JJIs MiITOTOBKK MAallOyTHIX 1H>KEHEPIiB-
nefaroriB 'y Trady3l  KOMITIOTEPHMX  TEXHOJIOTIH;, peali30BaHO  CHCTEMH

KOMIT FOTEPHOTO 30py Ha ocHOBI 01010Tekn Open CV 1151 oKpeciaeHHs mpeaMETHOT



rajxy3i HaBYaJbHOI JUCIUILIIHA, PO3pPOOJICHO KOMIIOHCHTH METOJHMKHA BHUBYCHHS
6160motrexkn OpenCV  mist po3poOKKM 1 3aCTOCYBaHHSI IHTEJICKTyaJbHUX CHCTEM
MAaIllMHHOTO 30py Yy Tpolieci MiJArOTOBKM MaWOyTHIX 1HXKEHEPIB-IIEJaroris
KOMIT FOTEPHOTO  TPO(diI0; YTOYHEHO METOAWYHE HANOBHEHHS JIUCHHMILUTIHU
«TexHONOoT11 IITY4YHOTr0 IHTENEKTY» Ta pO3p00IEHO KOMILIEKC 3aBIaHb JIJA0OPATOPHOTO
KTy 3MICTOBOTO MOJYJIsl « TeXHOJOTIT KOMIT FOTEPHOr0 30py» i 3700yBadiB BULIOT
ocBitu 3a crnenianbHicTio 015.39 IIpodeciiina ocpita (I{udposi TexHOIOTIT).

[IpoBenenuii aHani3 HayKOBHX JKepeln, MIATBEPAMUB, 110 OCBITHS MiATOTOBKA
1HKEHEPIB-TIEAAroriB MOBUHHA OyTH PI3HOOIYHOIO Ta IIJIECHIPSIMOBAHOIO, a TaK SK
iHpopMariiiHi TexHoyorli MOAHS Bce OUIbIIEe 3MINIYIOThCS Yy OIK BHUBUCHHS 1
3aCTOCYBaHHA IITYYHOT'O 1HTENEKTY, POOOTOTEXHIKH, KOMII IOTEPHOrO 30py TOLIO. |
NepCreKTUBa Taka, Mo noTpeda y (axiBIX, Kl BOJIOIIIOTh TAKUMH TEXHOJIOT1SIMHU
OyJie mu1e 3pocTaTH, Ha BIIMIHY BiJ] TOTPeOU y 3BUYaHUX KBaTi(P1KOBAaHUX pOOOUHUX.
Tomy SKICTh MIATOTOBKH 1H)KCHEPIB-IIEIaroTiB MOBUHHA BIJAMOBIAATH TEHIACHIIISIM
CYy4aCHOT'O PO3BUTKY TEXHOJIOT1H MITYYHOTO 1IHTEJIEKTY, 30KpeMa, CUCTEM MAIIMHHOTO
30py.

JIOCDKEHO OCHOBHI KOMITOHEHTH TOTOBHOCTI (I[ITbOBUM, 3MICTOBHH,
onepauiiHO-AISIbHICHUN Ta KOHTPOJbHO-PErYJIOBAIbHUI) MaWOYTHIX 1H)KEHEpIiB-
NEeJaroriB  KOMI IOTEpHOTO Mnpoduio. BiAnoBigHO A0 KOMIIOHEHTIB TOTOBHOCTI
MaiOyTHIX 1H)KEHEPIB-TIEJAroriB 10 po3poOKH Ta 3aCTOCYBAHHS IHTEIICKTyaJbHUX
CUCTEM MALIMHHOTO 30pY BU3HAYEHO KpUTepii (LIHHICHUI, 3HAHHEBUM, ONIEpALIIITHUH,
OI[IHIOBAJIbHO-aHAITHYHUM) Ta TMOKA3HUKH 1X CPOPMOBAHOCTI, 5KI 3a0€3MeUyIOTh
MOKJIMBICTh OLIIHUTH CTaH PO3BUTKY JIaHOI KOMIIETEHTHOCTI Ta BHECEHHS B HUX
NEBHUX KOPEKTUBIB. OLIHIOIOUM PIBEHb TOTOBHOCTI 10 pO3pOOKH Ta 3aCTOCYBaHHS
IHTEIEKTyIbHUX CUCTEM MAIIMHHOTO 30py Y MalOyTHIX 1HXEHEpIB-TIEJAaroriB, MU
OpIEHTYBAJIMCS HAa IOKA3HUKH, IO B1JI0OpaXar0Th OCHOBHI KOMIIOHEHTH iX CTPYKTYPH.

BpaxoByroun pe3ynbTaTd €MMIIPHUYHUX TOCHIKEHb Ta crhenudiky HaBYaHHS
MaiOyTHIX 1H)XKEHEPIB-TEaroriB  KOMIT IOTEPHOT0 MpoduUIr0 y TNeAaroriyHoMy
YHIBEPCUTETI 1 PO3YMIHHSI CYTHOCTI Ta CTPYKTYPH JISJIBHOCTI IIOA0 KOMIT IOTEPHOIrO
30py, HAMH BU3HAYEHO YOTUPH PiBHI TOTOBHOCTI MalOyTHIX 1HXKEHEPIB-TIEAAroriB /10

pPO3pOOKU Ta 3aCTOCYBAHHS 1HTEJIEKTYyaJIbHUX CHCTEM MAIIMHHOTO 30pY: BHCOKHU



(kpeaTuBHUM), HEOOXITHUN (IOCTATHIN), KPUTHYHUMA (HEIOCTATHIN), HU3BKUU
(HempUIyCTUMUM). SIKICTh 3aCBOEHHS CHUCTEM KOMIT FOTEPHOTO 30py MaiOyTHIMH
IH)KeHepaMU-TielaroraMyd  JIOUIJIbHO ~ OI[IHIOBAaTH 32 [OKa3HMKAMH  BOJIOJIIHHS
QITOPUTMOM POOOTH CHUCTEM KOMII IOTEpHOTO 30py. [loKa3HMKKM BUpaKEHO Uepes:
KPOK POOOTH — ONUC — MPHUKIIAJ, 10 JACTh MOXKJIUBICTh 30CEPEAUTHCH Ha 3HAYCHHI,
XapaKTEPUCTUKAX, MOKJIUBOCTSAX Ta OCHOBHUX Tally3sX WOTrO 3acTOCYBaHHS. 3a
pe3yJibTaTaMu KOHTPOJIBHOTO 3pi3y OyJI0 3’sICOBAHO 3aTHICTh MAalOYTHIX 1HXEHEPIB-
neAaroriB po3poOsiTH 1HTENEKTyallbHI CUCTEMU MAIIMHHOTO 30pY, Ta 3aCTOCOBYBATH
ix y BimacHiii mpodeciitHiii nismibHOCTI. Bu3HaueHo piBeHb BOJIOAIHHS 0a30BUMHU
3HAHHSAMH 3 TPEAMETY, METOIB NMOOYI0BU 1HTEIEKTYaJIbHUX CUCTEM Ha IiaTdopmi
OpenCV, piBeHb aKTUBHOCTI Ha J1a0OpPaTOpHUX Ta 1032 AyJAUTOPHUX 3aHATTIX,
PO3yMIHHS MOHATH Y raily3i IITYYHOTO 1HTEJIEKTY, 30KpeMa KOMIT F0TEPHOTO 30DY.
Kuarwo4doBi ciaoBa: iHXeHep-Tegaror KOMIT IOTEPHOTO MNpoduio, MOJEb
IiTOTOBKM, TIEAAroriyHi yMOBH, IHTEJEKTyajJbHa CHCTEMa MAIIUHHOTO 30pY,

KOMIT FoTepHUH 31p, 010110Teka OpenCV.



ABSTRACT

Mazur I.-S. V. Preparation of future computer engineers for the development and
application of intelligent machine vision systems. Qualifying scientific work on the
rights of the manuscript.

The dissertation on competition of a scientific degree of the doctor of philosophy
on a specialty 015 Professional education. — Ternopil Volodymyr Hnatyuk National
Pedagogical University, Ternopil, 2021.

The relevance of the subject and study, machine vision of future engineers-
teachers of computer science, due to further scientific and technological progress, rapid
introduction of information innovations in various fields of human activity, in the main
industry, the development of information technology and expanding their scope. In this
case, the engineer-teacher must be a successful practitioner and theorist at the same
time. The concept of vision can be divided into areas such as computer vision,
photogrammetry, machine vision, image processing, image recognition and analysis.
Many methods and applications are still in the research phase, but a sufficient number
of them are already used in commercial products, where they are often part of a larger
system that can solve complex problems, such as medical imaging or measurement and
quality control in production processes.

Advances in computer technology have led to the proliferation of non-complex
applications involving the use of computer images. Machine vision is primarily a
subdivision of engineering related to computer engineering, optics, mechanical
engineering and industrial automation, which are the basic training material for
computer engineers to study computer science.

The educational training of pedagogical engineers should be versatile and
focused, and as information technology is increasingly shifted towards the study and
application of artificial intelligence, robotics, computer vision and more. And the
prospect is that the need for specialists who have such technologies will only increase,
in contrast to the need for ordinary skilled workers. Therefore, the quality of training
of engineers-teachers should correspond to the trends of modern development of

artificial intelligence technologies, in particular, machine vision systems.



In the process of dissertation research for the first time a model of preparation of
future engineers-teachers for the development and application of intelligent machine
vision systems was developed and theoretically substantiated; determined pedagogical
conditions for the development and application of intelligent machine vision systems
by future engineers-teachers of computer profile: motivation of educational activities
through updating the content of training of engineers-teachers of disciplines of
professional orientation; use of interdisciplinary links between computer vision and
disciplines of the training cycle; integration of engineering knowledge of computer
vision into educational and methodological support for the implementation of
intelligent systems; developed educational and methodological support for the
implementation of intelligent machine vision systems on the platform of the OpenCV
library; specified: the concept of "intelligent machine vision system"; areas of
application of intelligent machine vision systems in the training of computer engineers-
teachers; content of the discipline "Technology of Artificial Intelligence"; methods and
stages of designing computer vision using the OpenCV library; theoretical and
methodological bases of development and application of intelligent machine vision
systems by future engineers-teachers of computer profile have been further developed.

Selection of software modules of the OpenCV library as a computer vision
system, its constituent elements for the training of future engineers-teachers in the field
of computer technology; implemented computer vision systems based on the Open CV
library to outline the subject area of the discipline; developed components of the
methodology for studying the OpenCV library for the development and application of
intelligent machine vision systems in the training of future engineers-teachers of
computer science; implemented computer vision systems based on the Open CV library
to outline the subject area of the discipline; developed components of the methodology
for studying the OpenCV library for the development and application of intelligent
machine vision systems in the training of future engineers-teachers of computer
science; the methodical content of the discipline "Artificial Intelligence Technologies"
was specified and a set of tasks of the laboratory cycle of the content module
"Computer Vision Technologies" for students of higher education in the specialty

015.39 Professional Education (Digital Technologies) was developed.



An analysis of scientific sources confirmed that the educational training of
pedagogical engineers should be versatile and focused, and as information technology
is increasingly shifted towards the study and application of artificial intelligence,
robotics, computer vision and more. And the prospect is that the need for specialists
who have such technologies will only increase, in contrast to the need for ordinary
skilled workers. Therefore, the quality of training of engineers-teachers should
correspond to the trends of modern development of artificial intelligence technologies,
in particular, machine vision systems.

The main components of readiness (target, content, operational and control and
regulatory) of future computer engineers-teachers have been studied. According to the
components of readiness of future engineers-teachers to develop and apply intelligent
machine vision systems, criteria (value, knowledge, operational, evaluation-analytical)
and indicators of their formation are determined, which provide an opportunity to
assess the development of this competence and make certain adjustments. Assessing
the level of readiness for the development and application of intelligent machine vision
systems in future engineers-teachers, we focused on indicators that reflect the main
components of their structure.

Taking into account the results of empirical research and the specifics of training
future computer engineers in pedagogical university and understanding the nature and
structure of computer vision, we have identified four levels of readiness of future
engineers to develop and apply intelligent machine vision systems: high ( creative),
necessary (sufficient), critical (insufficient), low (unacceptable). The quality of
mastering computer vision systems by future engineers-educators should be assessed
by the indicators of mastery of the algorithm of computer vision systems. Indicators
are expressed through: step of work — description — example, which will allow to
focus on the meaning, characteristics, capabilities and main areas of its application.
The ability of future pedagogical engineers to develop intelligent machine vision
systems and apply them in their own professional activities was determined by the
results of the control section. The level of basic knowledge of the subject, methods of

building intelligent systems on the OpenCV platform, the level of activity in laboratory



and extracurricular activities, understanding of concepts in the field of artificial
intelligence, including computer vision.
Key words: computer engineer-teacher, training model, pedagogical conditions,

intelligent machine vision system, computer vision, OpenCV library.
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