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3micm anmomayii. Jluceprallis TNPUCBSYEHA BHPIUICHHIO AaKTyaJlbHOTO
HAyKOBOTO 3aBJaHHS — pO3pOOJEHHIO MOJeJeH Ta METOJIB MIATPUMKHU
NPUMHATTSA pillieHb B iH(QOPMaLIHHUX MPOIIecax AyalbHOI OCBITH.

VY BcTyni OOrpyHTOBAHO aKTYaldbHICTh JOCHIJIKEHHS, HAaBEIIEHO 3B’S30K
poOOTH 3 HAYKOBO-JIOCIIJHOIO TEMOIO, BH3HAYEHO MeETy ¢ 3aBAaHHA
JOCHIPKEHHS, 00 €KT 1 MpeIMET IOCHIIKEHHsS, HABEICHO IMEepesiK METOJIB
JOCIIJIKEHHS, 10 3aCTOCOBYBAJHUCS JJiA JOCATHEHHS METH JHUCEpTaIliiHO1
pobotu. ChopMynbOBaHO HAyKOBY HOBHU3HY, NMMPAKTUYHE 3HAUYCHHS OTPUMAHUX
pe3yNbTaTiB Ta OCOOMCTHI TBOpuUMii BHECOK 3100yBada. [lomaHo BimoMocCTi
1010 anpooOarlii Ta omyOIiKyBaHHS Pe3yJIbTaTiB TOCTIIKEHHS.

VY nepmiomy posaini “AHani3 mpeaMeTHOi 00JiacTi  JOCHIIKEHHS Ta
MIOCTAHOBKAa HAyKOBOTO 3aBJaHHS MPOAHATI30BaHO CYyTh 1H(OPMAIIHHOTO
MpoIecy BpaxoBywOUYWM Horo (QyHJAaMeHTallbHE 3HA4Y€HHS B  Teopii
KOMIT IOTEPHUX HayK, MNpPOAHATI30BaHO CYTh IH(QOPMALIMHOI TEXHOJOTIl SK
CUCTEMH, W10 3yMOBJIeHa iHdopmaliiinumMu mnporecamu.  OKpecieHo
BU3HAUYCHHS 1H(QOpMaIifHOrOo mpouecy W TEXHOJOrii. AHam3  LUX
dyHIaMEHTAIbHUX TIOHSATh JIO3BOJWB y MojaiblioMy (QopmamizyBatu
1H(MOopMaIliiiH1 TPOLIECH B TyalibHIM OCBITI.

Posrisitnyto cyTh nyanbHOi (DOpMH OCBITH 3 TOYKM 30py BITUM3HSHUX
HAyKOBIIIB, OKPECJICHO BH3HA4YeHHs AaHoi (Gopmu HaBuaHHS. [IpoananizoBaHo
nepeiyMOBU BIPOBAHKEHHS AyajbHOI CBITU B YKpaiHi. Po3risgHyTo A0CBin
(GyHKITIOHYBaHHS TyalbHOI ()OPMU OCBITH B KpaiHax i3 JaBHBOIO TPAIUILIEIO

naHoro HaB4YaHHS, 30KkpeMa IlIBeitapii, Himeduunni, ABCTpii, a TakoX y KpaiHax



3 HEAABHIM JIOCBIAOM YIpOBa/KeHHs. OKpPECICHO KOHIIETIII0 BIPOBAIKEHHS
nyanbHOi (opMU OCBITH B YKpaiHi, 30KpeMa akKIEHTOBAHO BaXKJIMBICTH il
MOBHOLIIHHOTO BIPOBAPKEHHS y BHILINA OCBITI.

[TpoananizoBano iHpOpMaIIiiiHI IPOIECH B TyalibHINA OCBITI, iH()OpMaIIiifHi
NPUMHSTTSA PIIICHb.

Ha ocHOBiI mpoBejeHOro aHamizy BHU3HAYEHO HAYKOBE 3aBJIAHHS, SKE
noJisirae B po3poOJICHHI MOJIEIeH Ta METO/IIB MIATPUMKH TMPUNUHATTS PIIICHb B
iHopMaIiiHUX Tmporecax AyanbHOI OcBiTH. Po3pobiieHHs iH(OpMaIiiHux
MoOJIeNied MIATPUMKH TPUUHATTSA  pillieHb 3I1HCHEHO 3aco0aMu  MOBH
mozaemoBanHs UML Ta peanizoBaHo Ha iX OCHOBI MPOTOTUI BEO-MOpTALY
TyadbHOTO HaBYaHHS.

Y npyromy po3aiai “Po3pobiieHHST MeTOAy OIHIOBAaHHS HaBYaJIbHUX
JIOCSTHEHb CTyJleHTa B IHQOpMaUmiiHUX Mpolecax AyaldbHOI OCBITH
dbopmainizoBaHo iH(pOpMalliifHI TPOIECH B JyallbHIM CHCTEMI OCBITH 3
OKPECIICHHSIM iX $K OKpeMHX 1H(OpMaliiiHUX MpoIleciB y KOMMaHil Ta
HaBYaJbHOMY 3aKiajJl. BcTaHOBIEHO, 10 MEpeTUH 1H(QOpPMALIMHUX MPOLECIB
KOMIIaHii Ta HaBUYaJbHOTO 3aKJIaJly € HEOOXIHOK YMOBOIO IHTErpairii
HAaBUYAJBHOTO MPOLECY B JyalbHIA OCBITI, sSKUW 3a0e3neuye OajnaHC Ta
B3a€EMOIPOHUKHICTh MK HAaBYaHHSIM Yy KOMIIaHIi Ta HaBYAJIbLHOMY 3aKiaji.
Busznaueno, mo cyth OanaHCy MOJSATa€E y BIJICYTHOCTI JOMIHYBaHHSI OJHI€l 3
CTOpIH HaBYaHHA Ta BpaxyBaHHI akKaJeMIYHOI CKJIaJOBOI HaBYaHHS B
HaBYAJIHHOMY IPOIIECI KOMIaHii.

dopmaini3oBaHO €JIIEMEHTH HaBYaJbHOTO IUIaHY AyaJbHOTO HaBYaHHS,
IHTerpaliiHiM €JIEMEHTOM JIBOX JIOKAI[ii HaBYaHHS BU3HAYEHO KOHIICTITyaJIbHE
“3aBaHHS”’, SIKE CTYJIEHT BUKOHYE B KOMMaHii. Bu3HaueHo iHTerpauiiHy CyTh
eJeMeHTa ‘‘3aBJaHHA’, sfKa MOJSAra€ y BUKOHAHHI CTYJEHTOM 3aBJIaHHS 4epe3
3aCTOCYBaHHS 3HaHb, OTPUMAHUX Yy HABUAJbLHOMY 3aKjaji, Ha MPaKTUI Y

KOMIIaHil.



B pesymbrari (dopmamizamnii HaBYaIBHOTO IUIAHY JyallbHOiI OCBITH
PO3p0O0JIEHO METO/I OLIIHIOBAHHSI PE3YJIbTAaTIB HABYAHHS CTY/IE€HTAa HAa poO0YOMY
Mmicii. Po3poOiennii MeTo OIiHIOBaHHS pe3yJbTaTiB HAaBYaHHS CTYJCHTA
BpaxoBy€ akaJeMiyHy CKJIaJJOBYy HaBYaHHA dYepe3 KpHUTepii (KOMIIETeHIli) Ta
nigkputepii  (qucuuIuniaM).  MeToJ  OINHIOE  BUKOHAHHS  CTYJICHTOM
IHTEerpaliiiHoro enemMeHTa ‘3aBAaHHsS’ B Kommadii. B ocHOBI wmetomy
OL[IHIOBaHHS pe3ynbTaTiB HaBYaHHS BUKOPHUCTAHO METO/
OaratokputepianbHoro anamsy [ OPSIS. [{ns ukopucranns merony TOPSIS B
OCHOBI METOJly OILIIHIOBaHHS pe3yJbTaTiB HaBYAHHA CTYACHTa Ha POOOYOMY
MICIII pO3po0JeHO HOoro Mou(IKaIlili0 KOPUTYBaHHS KIHIIEBUX KOEQIIIEHTIB
HEBIJMOBIIHOCTI TMIJCUCTEMU pPaHXXyBaHHS (KOMIaHii) OCBITHIA mporpami
cretiayibHOCTI. Po3pobnena dopmyna gaia MOXKIMBICTH BpaxXyBaTH IEBHY
HEBIJIMOBITHICTD CIIEIiali3allii KOMIaHli HABYaHHS CTYACHTa OCBITHIM mporpami
HaBYaHHA 1, IK HACI1JI0K, CKOPUT'YBaTH KIHIEBI OLIIHKU CTyAEHTa B KoMIaHii. B
OCHOB1 (pOPMYJIM KOPUTYBAHHS HEBIJIMOBIIHOCTI BUKOPUCTAHO METOJI aHAJI3y
1epapxii.

Ha ocHOBI 1HTYiIlIOHICTCBKUX HEYITKUX MHOXHUH PpPO3pOOJICHO METOJ
BU3HAYEHHS CyO €KTUBHOCTI MPU3HAYEHUX HEUITKUX TpaIerienoaioHux
omiHoBaHb ekcriepToM B Meroai TOPSIS. Meron BusHaueHHS CyO’€KTUBHOCTI
KOPUTYE TPU3HAYEHI HEYITKI TPAaNemienoi0OHi OIIHIOBAHHS, MONEPEIHbO
BU3HAYMBIIH, OyJIM BOHU 3aBUIICHI UM 3aHIKEHI €KCIIEPTOM.

[IpoieMOHCTPOBAHO 3aCTOCYBaHHS METOJY OI[IHIOBAHHS HaBYAJIbHUX
JIOCSITHEHb CTYJICHTIB HAa TPUKJIAAl KOMMaHIi HaBYaHHS CTYACHTIB y cdepi
kibepOe3neku. [IpogeMOHCTPOBAHO YMCIIOBUN PE3ysIbTaT 3aCTOCYBAHHSI METOTY
BU3HAYECHHS Ta KOPUI'YBaHHA CyO €KTUBHOCTI, (DOPMYJM HEBIAMNOBIIHOCTI
KOMITaHi¥ OCBITHIH Mporpami.

VY tperbomy po3aim “MoaentoBanHs 1H(GOPMAIIHHUX MPOLECIB TyaIbHOI
OCBITH JJIsi ONTHMI3allii BUTpAT KOMIIAHIi~ PO3pO0JIEHO MOAEIb OMTHMI3aIlii

BapTOCTI HABYAHHS CTYACHTAa B KOMIaHIi B iHPOPMAIIMHUX MpoIecax AyaabHOT



ocBiTH. Mogens onTuMi3amili BapTOCTI HABYAaHHA B IUIbOBIA  (PYHKIIII
MaKCHMI3y€ KOPHUCHICTb KOMIIETEHIIIH IJsi poOOTOAaBIls, SKa MOMNEPEIHbO
BH3HAYCHA 3a JIOMOMOTOI0 MOIM(DIKOBAHOTO METOAYy aHali3y iepapxii.
Po3pobnena moaudikaiiss METOAy aHali3y i€papxiid moisrae B ypaxyBaHHI
OI[IHOK, BHU3HAYEHUX IMOMAapHUM TMOPIBHSAHHIM, KypaTropa 13 HaBYalbHOTO
3aKjiaay Ta IHCTPYKTOpa 13 Kommanii. Jlana momudikailis BpaxoBY€E OIIIHKH
Kypatopa sIK JopaJdl Y MOPIBHSAHHI 3 TPYNOBUM CEpeIHIM METoJoM. Mojenb
onTUMI3aIlli BapTOCTI HAaBUYaHHS B KOMIIAHIi BpaxOBY€ aKaJeMIUuHy CKJIaJ0BY
HABYaHHS Yepe3 mapaMeTpH3alilo 0OMeXeHb MIHIMAIBHOTO Ta MAKCUMAIBHOTO
Yyacy MiATOTOBKH 3T1JTHO 3 BUMOTaMH 3aKOHOJIABCTBA Y cdhepl AyalbHOT OCBITH.
B Mogmeni mapameTpu3oBaHO OOMEXKEHHSI BapTOCTI TOJUHM MIJATOTOBKU
KOMIIETEHIII OCBITHBOI MPOrpamMu CHELIANIbHOCTI Ta 3arajbHOr0 T'POIIOBOTO
dboHay KOMMaHii, BUAUIEHOTO Ha MIATOTOBKY. [IpojieMOHCTpOBAHO YHUCIOBHIA
MPUKJIAJl 3aCTOCYBaHHS MOJIENl ONTUMI3allii Ta Moaudikailii METOIy aHalli3y
lepapxii Ha TIpUKIaAl  KoMImadii 3 KibepOesneku. HaBemeno mpukman
3acTOCyBaHHA MO (IKaIli METOY aHaNI3y lepapXiil y MOPIBHSAHHI 13 TPYIOBUM
cepeaHIM METOJIOM.

Po3pobneno Mopens iHQOpMaIIHHUX —TPOIECIB  OOpaHHS CTYJIEHTOM
npeaMeTa 3a BUOOpOM B AyanbHIA (opmi ocBiTH. B ocHOBI Mmomeni
BUKOpUCTAaHO MeTona OaraTtokputepianbHoro ananizy VIKOR. Po3poGriena
MOJieNTb 0OpaHHs JUCIUILUIIH HaBYAJIBLHOT MPOrpaMu 3a BUOOPOM CKIIAJIA€THCS 3
TPHOX MIJCUCTEM EKCHEPTIB: CTYJIEHTa, KypaTopa 3 HAaBYAJIBHOTO 3aKjaay Ta
THCTPYKTOpa 3 KOMIIaHii. Y KOXHIM MIJACHCTEM] €KCIEpT Ma€ BIACHY CUCTEMY
KpUTepiiB, BaroBi koedimieHTu. s moOymoBu Mojnesi OOpaHHS CTYIEHTOM
JUCIUIUTIHM 32 BUOOpoM po3pobsieno moaudikamito Mmerony VIKOR 13
ypaxyBaHHSM KpUTEPIiB MIJCUCTEM paH)XyBaHHS Ta BH3HAYEHHS CTpaTerii
OpU3HAYEHHSI KOe(DIII€HTIB MAaKCUMAaJbHOI TPYMOBOI KOPUCHOCTI y KOXKHIN

MigcucTeMl  pamKyBaHHs.  [IpogeMOHCTpOBAaHO  YHCJIOBHM  MPHUKIIAT



3actocyBanHa MonupikoBanoro merony VIKOR y nopiBHsHHI 3 pe3ynbratamMu
3aCTOCYBaHHS METOJIy O€3 3aIIpONOHOBaHUX MO (IKAIIIN.

Po3pobneno Mozaens iH(MOpMAaIiiHOTO TMporecy BCTymy abiTypieHTa Ha
nyaneHy ¢opMmy ocBiTH. [ns moOymoBu wmoxeni MoaudikoBaHO METON
OaraToKpUTEpiaIbHOTO aHaMi3y MIATPUMKHA NOpuHATTA pimeHs VIKOR-
TODIM. Cytp monudikamii VIKOR-TODIM wmerony mossirae y noaaBaHHI
Koe(illieHTa BIUIMBY €KCTEPHAJIbHUX 3HAY€Hb Ha TMPOIEeC paHKyBaHHS
anpTepHaTUB. Mojenps 1HGOPMAIIMHOTO TIoleCY BCTYINy abOiTypieHTa Ha
nyanbHy (OpMy OCBITH CTOCYETHCS 3 TMIJACHUCTEM CTYACHTA W KOMITaHii. Y
KOXHIN MIJICUCTEMI € BJIacHI KpUTEpil paHKyBaHHA, BaroBl koedimieHTu. CyTh
po3po0eHoi Moaeni 1H(OpMAaIIITHOrO MpoLEecy BCTYMy a0ITypi€eHTa HA TyallbHY
(opMy OCBITH MOJISATAE B PAHKYBaHHI KOMITAHIEK abITYpIEHTIB, SIK1 BKIIIOUMIIN
il y BIIaCHMI CIIMCOK paH)KyBaHHS KOMITaHii, OakaHuX 1Jia HaB4aHHs. Kpurepii
paHXyBaHHS KOMIIaHI€ aOITypi€HTIB BKJIKOYAIOTh MOKA3HUKU Ta KpUTEpIi
paHKyBaHHS a0ITYpI€EHTOM KOMIaHIH.

VY derBepromy po3aiun “IHdopmaliiiiHe MOJETIOBAHHS Ta peati3alis
MOpTaTy AyaJlbHOTO HAaBYaHHS MPOBEACHO MOJICITIOBAHHS JUHAMIKH 3HAHHEBUX
MOTEHINANIB y IyalbHIN CHUCTEMI OCBITH. BHU3HayeHO Kepena MOIIMpPEHHS,
(opMyBaHHS 3HAHHEBOrO MOTEHIialy B cTyaeHTa. dopmamizaiis JUHAMIKA
3HAHHEBUX TMOTEHINANIB Jlaja MOXJIUBICTh PO3POOUTH MOJeNi 1HPOpMaIlIHHUX
IPOILIECIB KOMIIOHTETIB BEO-TIOPTATY AyadbHOTO HABYAHHS.

OO6rpynToBaHo BuOIp 3aco0iB MozentoBaHHA. Po3poOneHo 1H(opmaliiini
MOJIeJIl KOMIIOHEHTIB MIATPUMKH TPUNHATTA pIlIeHb 3aco0aMu  MOBH
mozaemoBanHs UML. [Ing mnoOynoBu Mojeneil BHKOPHUCTAHO —Jiarpamu
Mpele/eHTIB, Kacy, B3aeMOAll. 3a JOMOMOTOK PO3pOOJICHUX MOJEINIeH
MIPOJIEMOHCTPOBAaHA CTPYKTypa Ta JIOTiKa MPOTpaMHOI peai3alili KOMIOHEHTIB
OIATPUMKA OPUUHSATTS pilIeHb BeO-MopTaly aBTOMaTHh3auli 1H(QopMaliiHuX

HpOHeCiB AYaJIbHOTO HaBYaHHA.



Po3pobneno MIPOTOTHUI BeO-mopTamy IyaJIbHOTO HaBYaHHS.
[IpogeMoHCTpOBaHA CTPYKTypa IMOPTaldy 13 HASABHICTTIO OCOOMCTHX KaOiHETIB
CTyJIeHTa, KypaTopa 3 HaBYAJBHOTO 3aKiaay Ta IHCTPYKTOpa 3 KOMIMaHii.
[TokazaHo, MmO KOXKEH 13 KOPUCTYBadiB Ma€ OKpeMi IMpaBa IOCTYIy [0
KOMITOHEHTIB Ta iX 1HCTPYMEHTIB y CBOEMY ocoOucToMy KabiHeTi. Po3pobieHo
KOMIIOHEHT OHJIAH J>KypHaJly HaBYaHHS 13 MOXIIMBICTTIO TEPETIsAy yCiM
KOpUCTyBauaMm, JUIsi 1HCTPYKTOpa peaii3oBHAa MOXJIMBICTh MpPU3HAYATH
3aBAaHHS 1 BUCTABISATU OLIHKH, JUISl CTYJIEHTA - 3allOBHIOBATH X1J BUKOHAHHS
3aBAaHHS, JUIA KypaTopa - TMeperismatd KoMeHTyBatdh. J[[ns iHcTpykTOpa
KOMITaH1i peaji30BaHO TaKi KOMIIOHEHTH B OCOOHMCTOMY KaOiHEeTi: ONTHUMi3allisd
BApTOCTI HaBYaHHS, KOMIIOHEHT OI[IHIOBAaHHS HaBYaHHA, [MIJICUCTEMaA
KOMITOHEHTa OOpaHHs MpeaMeTa 3a BUOOPOM, KOMITOHEHT BCTYITY Ha JyajabHY
dbopmy HaBuanus, AHP 3actocyHok. [[s cTyzeHTa peanizoBaHO B 0COOUCTOMY
KaOlHETI KOMIIOHEHT OOpaHHS AMUCIUIUIIHKM 3a BuOopom. [[nsi kypaTtopa -
miJicucTeMa KOMIIOHEHTa OOpaHHs JTUCHMILTIHU 32 BuOopoM, AHP 3acTocyHok.
[IporoTun BeO-nopTany peanizoBaHui 13 BAKOPUCTAHHSAM MOBHU ITPOrpamMyBaHHS
PHP, 6a3 manmx MySQL, Java script, moBu po3mitku HTML, kackamHux
tabymue ctraB CSS.

OcCHOBHI HayKOBl1 pe3yJjbpTaTH aucepraunii omyOiikoBaHo B 11 mpausx,
3okpema: aBi crarti [140], [141] - y HaykoBHX (axOBHX MEPIOJTUUHUX
BUJIAaHHAX YKpaiHW; JIBl - y 3aKOpJOHHUX (haxOBUX NEPIOJMYHHUX BHIAHHSIX
[117], [139]; 7 myOmikamiii [18], [19], [20], [21], [22], [23], [65] - y maTepianax
MDKHApPOJHUX ~ Ta  BCEYKPAIHCBKMX  HAYKOBUX,  HAYKOBO-TEXHIYHUX
KoH(epeHwid. 3 HUX 0JHA poOOTa BXOAUTH A0 MIKHAPOAHOI HAYKOMETPHUYHOT
0a3u Scopus [65], nBi podotu [140], [141] - mo MiXKHAPOTHOI HAYKOMETPHUYHOT

6a3u Index Copernicus.



Knrouosi cnosa: inbopManiiHuil npoiiec, METOIU MATPUMKU MPUNAHATTS
pillleHb, HEYITKI MHOXXHHHU, 0araTOKpUTEpiaJibHI METOJU MPUUHATTS PIIIEHb,

ONTUMI3AIlIsl, METOJT aHaJII3y 1€papXii, AyalibHa OCBITA.

SUMMARY

Lechachenko T.A. Models and methods for decision making support in
informational processes of dual education. — Qualifying scientific work on the
right of the manuscript.

Thesis for the degree of Doctor of Philosophy in specialty 122 “Computer
Science”. -Ternopil Ivan Puluj National Technical University, Ternopil, 2021.

Abstract. The thesis is devoted to the solution of an important scientific
problem concerning the development of models and methods for decision
making support in informational processes of dual education.

The relevance of the investigation is substantiated, the connection between
the work with the research topic, is presented, the objective and purpose of the
investigation is determined, the research object and subject, are defined the
research methods used to achieve the goal of the thesis are given in the
introduction. The scientific novelty, practical significance of the obtained
results, and personal creative contribution of the applicant are formulated.
Information concerning testing and publication of research results is given.

In the first section “Analysis of the research subject area and formulation
of a scientific problem” the essence of the information process is analyzed
taking into account its fundamental importance in the theory of computer
science, the essence of information technology as a system caused by
information processes is analyzed. The definition of the information process and
technology is formulated. The analysis of these basic concepts made it possible

to formalize information processes in dual education.



The essence of the dual form of education from the point of view of
domestic scientists is considered, the definition of this form of education is
determined. The prerequisites for the introduction of dual education in Ukraine
are analyzed. The experience of the dual form of education functioning in the
countries with a long tradition of such training, particularly, Switzerland,
Germany, Austria, as well as countries with recent implementation experience,
Is considered. The concept of the introduction of dual form of education in
Ukraine is outlined, in particular, the importance of its complete implementation
in higher education is emphasized.

The information processes in dual education, information technologies for
their implementation are analyzed. The analysis of models and methods for
decision making support is carried out.

On the basis of this analysis, the scientific task, consisting in the
development of models and methods of decision making support in the
information processes of dual education is determined. The development of
information models for decision making support is presented by means of UML
modeling language and the prototype of web portal for dual learning on their
basis is implemented.

In the second section, “Development of the evaluation method of student
achievements in informational processes of dual education” the information
processes in the dual education system are formalized with their definition as
separate information processes in the company and educational institution. It is
determined that the intersection of the information processes of the company
and educational institution is a prerequisite for the integration of the educational
process in dual education, ensuring balance and mutual permeability between
education within the company and educational institution. It is defined that
balance is essence is in the absence of dominance of one of the training sides
and taking into account the academic component of training in the educational
process of the company.



The integration essence of the “task” element, consisting of the student's
fulfillment of the task by application of knowledge gained in the educational
Institution during internship in the company is defined.

As a result of formalizing the curriculum of dual education, the method for
learning outcomes assessment in the workplace is developed. The method of
learning outcomes assessment is based on the method of multiple-criteria
analysis TOPSIS. In order to use TOPSIS method on the basis of the assessment
model, the modification is developed for the correction of the final coefficients
of the ranking subsystems inconsistency (of the company) with the specialty
educational program. The developed formula made it possible to take into
account a certain discrepancy between the specialization of the student's training
company and the educational training program and, as a result, to correct the
student's final grades in the company. The formula for inconsistency correction
Is based on the method of pairwise comparison of the analytic hierarchy
process. The developed method for the assessment of the student learning
outcomes takes into account the academic component of learning through
criteria (competencies) and subcriteria (disciplines). The method evaluates the
student's performance of the "task" integration element in the company.

On the basis of intuitionistic fuzzy sets, the method for determining the
subjectivity of assigned fuzzy trapezoidal evaluations by the expert is
developed. The method for determining subjectivity corrects the assigned fuzzy
trapezoidal assessments, previously determining whether they are overestimated
or underestimated by the expert.

The application of the method of assessing students' academic
achievements on the example of the company which trains students in the field
of cybersecurity is demonstrated. The numerical result of applying the method
of determining and correcting subjectivity, the formula of non-compliance of

companies with the educational program of the specialty are presented.



In the third section, "Modeling the informational processes of dual
education to optimize company costs”, the model of cost optimization of the
student training in the company in information processes of dual education is
developed. The training cost optimization method in the objective function
maximizes the usefulness of the competencies for the employer, previously
determined using the developed modified analytic hierarchy process method.
The developed modification of the analytic hierarchy process method
considering into account the assessment determined by pairwise comparison by
the mentor from the educational institution in a pairwise comparison by the
instructor from the company of the educational program competencies of the
specialty. This modification takes into account the mentor’s assessments as
advisory compared to the group average method. The model for optimizing the
training cost in the company takes into account the academic component of
training by parameterizing the restrictions on the minimum and maximum
training time in accordance with the requirements of the legislation in the field
of dual education. The limitation of the cost per hour of competencies training
for specialty educational program and the general fund of the company intended
for training are parameterized in the model. A numerical example of the
optimization model application and modification of the analytic hierarchy
process method is demonstrated using the example of cybersecurity company.
The example of the application of the modification method of pairwise
comparison of analytic hierarchy process with group mean is given.

The model of information processes of the student's choice of the subject of
educational program in dual education is developed. The model is based on
VIKOR multiple-criteria analysis method. The developed model for choosing
the subject of the educational program for choice consists of three subsystems:
the experts, the student, the mentor from the educational institution and the
instructor (mentor) from the company. In each subsystem, the expert has its own
system of criteria, weighting factors. The modification of VIKOR method is



developed taking into account the criteria of ranking subsystems and
determining the strategy of assigning coefficients of maximum group utility for
each ranking subsystem. The numerical example of modified VIKOR method
application is presented in comparison with the results of the method
application without the proposed modification.

The model of information process of applicant entry to dual form of
education is developed. To build the model, the method of multiple-criteria
decision analysis VIKOR-TODIM is modified. The essence of the modification
Is to add the influence of external values on the alternatives ranking in addition
to the group utility coefficient. The model of information process of applicant
entry to dual form of education consists of student and company subsystems.
Each subsystem has its own ranking criteria and weights. The essence of model
the applicant entry to dual form of education consists of the ranking by the
company of the applicants who have included it in their own list of ranking of
the desired training companies. The criteria for ranking applicants by the
company also include indicators and their criteria ranked by the applicant from
a companies selection. The structure of the model makes it possible to
determine the best company, while taking into account the desire of the
applicant to study in this company. The essence of the model of the applicant
entry to dual form of education enables the applicant to choose a company for
studing in the dual form of education, taking into account the influence of the
parties on each other when the ranking is forming.

In the fourth section, “Information modeling and implementation of the
dual learning portal ” the modeling of the dynamics of knowledge potentials in
the dual system of education is carried out. The sources of dissemination,
formation of knowledge potential in the student are determined. The dynamics
of the spread of knowledge potentials is formalized taking into account their

diffusion-like redistribution.



The choice of modeling tools is substantiated. Information models of
decision making support components using UML modeling language tools are
developed. Diagrams of precedents, class, and interactions are used to build the
models. The developed models demonstrate the structure and logic of software
implementation of decision making support components of the web portal for
automation of information processes of dual education. Using the constructed
models, the roles of the actors in decision support models are illustrated:
optimization of the training cost in the company, the method for assessing the
student's training in dual education, choosing the subject, the model of
applicant's admission to dual form of education, the sequence of their
interaction with the software algorithm, the sequence of implementation of the
algorithm. The developed models formalized the technical implementation of
the web portal of dual learning.

The prototype of the dual education web portal is developed. The structure
of the portal with the presence of student personal accounts, the mentor of
educational institution and the instructor of the company is presented. It is
shown that each of the users has separate rights to access the components and
their tools in his personal account. Online learning log component is developed.
It can be viewed by all users, for the instructor it is possible to assign tasks and
give marks, for the student - to fill in the progress of the task, for the mentor - to
view and leave comments. For the instructor of the company, such components
are implemented in the following personal account as: cost optimization,
training assessment component, the subsystem of component for choosing a
subject, the component of applicants entry to dual form of training, AHP
application. For the student the component of choosing the subject are
implemented in his personal account. For the mentor - the subsystem of the
component of choosing the subject, AHP application. The prototype of the web
portal is implemented using the PHP programming language, MySQL database,
Java script, HTML markup language, cascading CSS style tables.



The main scientific results of the thesis were published in 11 papers,
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