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Jucepraliito IpUCBSYEHO PO3pOOIl MOJENI Ta METOJIB Ta MEepCOHi(pIKOBAHOT
aganTarii B MPOTPAaMHUX CHCTEMax HaBYaHHS B AaBTOIIKOJI JJIS IIiBUIICHHS
e(heKTUBHOCTI MIJTOTOBKH BOJIIB 3 ypaxyBaHHSM SIK PIBHS IMIJTOTOBKM KOPUCTYBaya,
TaK 1 HOro MOTOYHOTO KOTHITUBHOTO CTaHY.

Metoro aucepTamiiHOrO MOCHIJKEHHSI € po3poOka MOAedl Ta METO/IIB
nepcoHi()iKoOBaHOI ajanTaiii Mpolecy MiATOTOBKKM BOAIIB Ha 0a3i TiOpHIHOL
apXITeKTypd  MPOrpaMHOI  CUCTEMHU 3  BUKOPHCTAHHSIM  (pOpMaji30BaHOIO
Ipe/ICTaBlIeHHs MPOQUII0 3HaHb Ta TOTOYHOTO CTaHy KOPHUCTyBaua JJisl IMiABUIICHHS
e(eKTUBHOCTI HAaBYaHHS B IPOIrPAMHHUX CUCTEMax aBTOIIKLI.

B nucepTramiiinHomMy J0CIHIIKEHHI BUPIITYIOTHCS HACTYTIHI 3aB/IaHHS

1. AHami3 craHy mpoOsiiemMH ajnamntailii Ta mepcoHidikaiii mporecy HaBYaHHS
BOJI1iB Y aBTOIIIKOJII.

2. Po3poOka Mozeni TiOpUIHOI MPOrpaMHOI apXITEeKTypu 3 HepudepiitHUMU
00YHMCIICHHSIMU ISl TIepCOH1(IKOBAHOT aianTaliii mporecy MmiJroTOBKM B aBTOIIKOJII.

3. Po3poOka meToAiB 1moOym0BH BEKTOpPY MPOQiI0 KOPUCTyBadya Ta BEKTOPY
MOTOYHOTO CTaHy KOPUCTYBada HaBYAJIbHOT MPOTPAMHOI CHCTEMHU.

4. Po3pobxka meToy repcoHidikoBaHOI aanTarlii mporecy BUOOpy HaBYaIbHUX
MOJIyJIiB Ha OCHOB1 BEKTOPiB MPO(D1JIt0 Ta CTaHy KOPUCTYyBaya.

5. Po3pobka meromy Bepudikalli mpoiiecy BUOOpY HaBUYAIBHUX MOIYJIB 3
BUKOPUCTAHHSM TEXHOJIOT1] 1HTEJIEKTYaJIbHOTO aHai3y MPOLECIB.

6. Peamizamiss TiOpuaHOi MporpaMHOI apXiTEKTypH Ta EKCIEpUMEHTaJIbHA

nepeBipka po3po0IeHNX METOIB IEPCOHI(PIKOBAHOT aganTarlii mpolecy HaB4aHHS.
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O06’exTOM TOCTIIKEHHS € MPOoIeC MepcoHi(piKOBaHOI afanTaiii B MPOrpaMHUX
CUCTEMax HaBYaHHS B aBTOIIKOJIL.

[IpenMeToM AOCIIKEHHS € MOJCh Ta METOJU MEPCOHi(IKOBaHOI aganTallii B
MPOTPaMHUX CHCTEMax HaBYaHHS, 110 BPaXxOBYIOTh PIBEHb IMATOTOBKU Ta MOTOYHHUN
CTaH KOpHUCTyBauya.

B nucepramii BUKOPHUCTAaHO METOAM KOMITIOTEPU30BAHOTO aJalITHBHOTO
TECTyBaHHSA,  MANIMHHOTO  HAaBYaHHS,  IMMATPUMKH  TNPUHAHATTS  PIIICHB,
IHTEJIEKTYaJIbHOTO aHajli3y MPOIECIB Ta apXITEKTyPHOTO MPOEKTYBAHHS T1OPHIHUX
nporpaMHUX cucteM. Meton QopMyBaHHSI BEKTOpY NpoduI0 KOpHUCTyBaya
HABYAJIbHOI MPOTPaMHOI CHCTEMH BHKOPHUCTOBYE METOJIU KOMII'FOTEPU30BAHOTO
aJanTUBHOTO TECTYBaHHS Ta MOJENl aJalNTUBHUX HaBYAIbHUX cHUCTeM. Meton
0OyJ0OBU BEKTOPY MOTOYHOIO CTaHy KOPUCTyBaya B HABYAJIbHIM TPOTrpamMHiil CHCTEMI
BUKOPUCTOBYE MOJIEJII MAIIMHHOTO HABYaHHS JJI OLIIHKK BapiabelbHOCTI CEpIIEBOTO
putMy. MeTon nepcoHi(ikoBaHOi afanTailii mpoiecy BUOOpy HaBYaIbHUX MOJIYJIIB Ha
OCHOBI1 BEKTOPIB MPOGIII0 Ta CTaHy KOPUCTYBaua BUKOPUCTOBYE METOAM IMiITPUMKHU
IPUUHATTS PIillIeHb T4 TEOPII0 KOHTEKCTHO-aAANTUBHUX MPOTpaMHUX cUCTeM. MeToa
Bepudikanii npouecy BHOOPY HaBYAIBHMX MOJYJIB IPYHTYEThCS Ha METOAAX
IHTEJICKTYyaJIbHOTO ~ aHajlizy TpoleciB. Mojens MNporpaMHoi  apXiTEeKTypu 3
nepudepiiHuMU  OOYMCIIEHHAMM JJIA  NEepCcOoHI(IKOBAHOT afanTamii Mporecy
MIJTOTOBKM B aBTOLIKOJII PO3POOJIEHO 13 BUKOPUCTAHHSAM TiOpUIHUX MPOTrpamMHUX
apXiTEeKTyp.

HaykoBuM 3aBIaHHSM JIUCEPTALIHOTO JOCIIIKEHHSI € po3poOKa MojeNl Ta
METO/IB Ta MepcoHipIKOBaHOI amanTailii B MPOTPaMHUX CHUCTEMaX HaBYaHHS B
ABTOIIKOJII I MIABUIICHHS €(PEKTUBHOCTI MIATOTOBKM BOJIIB 3 ypaxyBaHHSM SK
PIBHSI MIATOTOBKM KOPUCTYyBaua, Tak 1 HOro NOTOYHOTO KOTHITUBHOTO CTaHy.

HaykoBa HOBH3HA OTpUMaHUX B TUCEPTAIIHHOMY JTOCIIPKEHH] PE3yJIbTATIB.

1. Bmepiie 3ampornoHOBaHO MOJENb TIOPUIHOT MPOrpPamMHOI ApXITEKTYypH 3
nepudepiitHIMU OOYUCIIEHHSIMHU CHUCTEMU HABUaHHS B aBTOIIKOJI, SKa MICTUTh
KIIIEHTCHKUN PIBEHb IS Bi3yalizallii JIOPOXHBOTO CEpefoBHINA, NepudepiiHmii

piBEHb ISl AUCIETYEpHU3allil MepcoHi(piKOBAHOTO BUOOPY HABUAIBHUX 3aBJaHb Ta
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MIKpOCEpBICHUN piBEHb AJi Bepudikallii BUOOPY HaBUAIBbHUX 3aBJIaHb, 110 CTBOPIOE
YMOBH JIJIs1 TIepcOH1(PiKOBaHOT ajanTariii mporecy HaB4aHHs B aBTOIIKOJI.

2. YIOCKOHAJIEHO METOJIM MOOY/I0BU BEKTOPIB MPOQIII0 Ta MOTOYHOTO CTAHY
KOpHCTyBaya HaBYaJbHOI MpPOTpaMHOI CHCTEMH, fAKI Ha BIIMIHY BiJl ICHYIOYHX
MOEIHYIOTh OMUC K PIBHS 3HAHb KOPUCTYBada 3 BUKOPUCTAHHAM MCUXOMETPUYHHUX
MiTXO0/IB, TaK 1 MOro IOTOYHOTO IICUXOEMOIIIMHOTO CTaHy Ha OCHOBI OIIIHKA
Bapia0eIbHOCTI CEPIIEBOTO PHUTMY, IO CTBOPIOE YMOBH [IJI1 aBTOMAaTH30BAaHOI
JUcIeTYepr3alii HaCTYIMHUX HABYaJIbHUX MOJYJIIB 3 ypaxyBaHHSM HE JIMILIE PiBHA
MiATOTOBKU KOPUCTYBaua, a i piBHS HOr0 MOTOYHOT'O KOTHITUBHOTO HABAaHTAKEHHSI.

3. Bmepiie 3ampornoHoOBaHO METOJ| NEepcoHI(PIKOBAHOT amanTaili MpoIecy
HaBYaHHS NUIBIXOM BHOOpPY HaBYaJIbHUX MOJYJIIB Ha OCHOBI BEKTOPIB Mpodiiro Ta
CTaHy KOPHCTyBaua Ta 3 ypaxyBaHHSM CTYIEHIO HOBU3HM 3aBJaHb Ta MOMEPEIHBOT
¢biapTpallii MOTYJIB 3a pIBHEM CKJIIQAHOCTI, IO JA€ MOXJIUBICTh Y aBTOMAaTU30BaHOMY
pexumMi miai0dpaTd HaBYAJbHUN CLEHApid 3riAHO PIBHSA MIATOTOBKUA Ta MOTOYHOIO
KOTHITUBHOTO HAaBaHTAXEHHS KOPUCTYBava HaBYAJIbHOT IPOTPAMHOI CHUCTEMHU.

4. HaOyB mojanbIioro po3BUTKY MeTOA Bepu(ikallli mpoiecy MiAroTOBKU
BO/I11B B HABYAIbHUX MPOrPAMHUX CUCTEMAX aBTOLIKLI, IKUH Ha BIAMIHY B1J] ICHYIOUUX
MICTHTh €Tanmu TOoOyJOBH MOJENIeH IIhOBOTO Ta (haKTUIHOTO IPOIECIB
MEepPCOHI(IKOBAHOI aanTalii HaBYaHHS Ta BUSBJIECHHS NOPYIIEHb aJIallTUBHOIL JOTIKH
Ha OCHOBI MOPIBHSIHHA LIJILOBOI Ta (PaKTUYHOI MoJIeNiel, 10 3a0e3neyye YMOBH st
yIOCKOHAJIEHHsI TpaBuUil TepcoHi(pIKOBAHOI ajanTaiii y MpoIeci HaBYaHHS 3
ypaxyBaHHSIM PiBHS JIATEHTHUX 3HAHb KOPUCTYBaYiB.

[IpakTryHe 3HAYEHHS OTPUMAHUX HOBHX TECOPETUYHHUX PE3YJIHTATIB MOJSATAE Y
po3po0Ili  TiOpUIHOT  MpOrpamMHOI  apXITEKTypu Ta  MOAYJIB  MATPUMKH
NepCcoHI(PIKOBAHOI afanTalli HaBYaJIbHOTO MPOLECY 3 YpaXyBaHHSM pPiBHS 3HAHb Ta
MOTOYHOTO CTaHy KOPUCTyBada MPOrpamMHOi CHCTEMH HAaBYAHHS B aBTOIIKOJIAX, IO
CTBOPIOE YMOBH JIJIsl TIABUILEHHS! €(PEKTUBHOCTI HAaBUaHHS HE JIUIIIE 3 ypaxyBaHHAM
CKJIQJIHOCTI OTaHOBAaHMX KOPUCTYBaueM HABUYAIBHHUX CIICHApIiB, a ¥ 3 ypaxyBaHHIM
HOro MOTOYHOIO ICHUXOEMOLIHHOTO CTaHy B YMOBaX BHMHHUKHEHHS KOTHITHMBHOIO

INEpEHABaAHTAKCHHSA Hi}l qaC HaBYaHH.
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OTpuMaHi B JUCEepTalliiHOMY OCIIPKEHHI pe3yJbTaTH oIy0JiikoBaHo B 10
HAyKOBUX IpalsiX, B TOMY 4HCIl 5 cTarel y mnepioguyHux (PaxoBHUX HAYKOBHX
BUJIaHHAX VYKpaiHM 3 TEXHIYHMX Hayk Kareropii «b», 5 Te3 nomoBiged Ha
MDKHApOIHUX KOH(MEPEHITISX.

KimtouoBi cnoBa: Iumyctpiss 4.0, 3HaHHS, MOHITOPUHIOBA CHUCTEMA,
TCHEPATUBHUI INTYYHUH IHTENEKT, J1arHOCTHYHA MOJEib, TECTOBHM CIICHApIi,
iH(dopmariiiina cucTemMa, ONMTHMI3allisl, TECTOBA MOJIEIb, ACIICHTPATi30BaHEe HAaBYAHHS
Ta BUKOHAHHS, AareHTHE IMITalliiHe MOJENIOBaHHs, TMPOiI3l PEryJIbOBAaHOTO
CBITIIO(OPHOTO TEpexpecTsi, NMpHBaTHA XMapa, EKCIIEPUMEHTAIbHI JTOCIIKCHHS,

PE3YJIbTAaTU BIIPOBAIKCHHA.
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ABSTRACT

Maliuha A. I. Model and Methods of Personalized Adaptation of the Driver
Training Process in Educational Software Systems of Driving Schools. — Qualifying
scientific work in manuscript form.

Dissertation submitted for the degree of Doctor of Philosophy, specialty 121 —
Software Engineering. National Aerospace University "Kharkiv Aviation Institute",
Kharkiv, 2026.

The dissertation is devoted to the development of a model and methods of
personalized adaptation in driving school educational software systems aimed at
improving the effectiveness of driver training, taking into account both the user's level
of preparation and their current cognitive state.

The objective of the dissertation research is to develop a model and methods of
personalized adaptation of the driver training process based on a hybrid software
architecture, using a formalized representation of the user's knowledge profile and
current state to improve learning effectiveness in driving school software systems.

The dissertation research addresses the following tasks:

1. Analysis of the state of the problem of adaptation and personalization of the
driver training process in driving schools.

2. Development of a hybrid software architecture model with edge computing
for personalized adaptation of the training process in a driving school.

3. Development of methods for constructing the user profile vector and the
current user state vector of the educational software system.

4. Development of a method for personalized adaptation of the learning module
selection process based on user profile and state vectors.

5. Development of a method for verifying the learning module selection process
using process mining technology.

6. Implementation of the hybrid software architecture and experimental
validation of the developed methods of personalized adaptation of the learning process.

The object of the research is the process of personalized adaptation in driving

school educational software systems.
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The subject of the research is the model and methods of personalized adaptation
in educational software systems that account for the user's level of preparation and
current state.

The dissertation employs methods of computerized adaptive testing, machine
learning, decision support, process mining, and architectural design of hybrid software
systems. The method for constructing the user profile vector of the educational
software system applies computerized adaptive testing techniques and adaptive
learning system models. The method for constructing the current user state vector in
the educational software system employs machine learning models for heart rate
variability assessment. The method of personalized adaptation of the learning module
selection process based on user profile and state vectors applies decision support
methods and the theory of context-adaptive software systems. The method for verifying
the learning module selection process is grounded in process mining methods. The
hybrid edge-computing software architecture model for personalized adaptation of the
driver training process was developed using hybrid software architecture principles.

The scientific objective of the dissertation is to develop a model and methods of
personalized adaptation in driving school educational software systems to improve the
effectiveness of driver training, taking into account both the user's level of preparation
and their current cognitive state.

Scientific novelty of the results obtained in the dissertation research.

1. For the first time, a hybrid edge-computing software architecture model for a
driving school learning system is proposed, comprising a client tier for road
environment visualization, an edge tier for dispatching personalized selection of
learning tasks, and a microservice tier for verifying learning task selection — thereby
establishing conditions for personalized adaptation of the driving school training
process.

2. The methods for constructing user profile and current state vectors of the
educational software system have been improved; unlike existing approaches, they
combine a description of the user's knowledge level using psychometric methods with

an assessment of their current psycho-emotional state based on heart rate variability
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analysis — enabling automated dispatching of subsequent learning modules that
accounts not only for the user's level of preparation but also for their current cognitive
load.

3. For the first time, a method of personalized adaptation of the learning process
is proposed through the selection of learning modules based on user profile and state
vectors, with consideration of task novelty and preliminary filtering of modules by
difficulty level — enabling automated matching of a learning scenario to the user's level
of preparation and current cognitive load in the educational software system.

4. The method for verifying the driver training process in driving school
educational software systems has been further developed; unlike existing approaches,
it incorporates stages for constructing models of the target and actual processes of
personalized learning adaptation and for detecting violations of adaptive logic through
comparison of the target and actual models — providing conditions for refining
personalized adaptation rules during training with regard to users' latent knowledge
levels.

The practical significance of the obtained theoretical results lies in the
development of a hybrid software architecture and modules supporting personalized
adaptation of the learning process that account for the user's knowledge level and
current state in driving school software systems — establishing conditions for
improving learning effectiveness not only in terms of the complexity of learning
scenarios mastered by the user, but also with regard to their current psycho-emotional
state under conditions of cognitive overload during training.

The results obtained in the dissertation research are published in 10 scientific
works, including 5 articles in peer-reviewed professional scientific journals of Ukraine
in technical sciences, category "B", and 5 conference abstracts presented at
international conferences.

Keywords: Industry 4.0, knowledge, monitoring system, generative artificial
intelligence, diagnostic model, test scenario, information system, optimization, test
model, decentralized learning and execution, agent-based simulation, traffic light

intersection, private cloud, experimental research, implementation results.
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BCTYII

AKTyaJIbHICTL TeMH JoCHiIKeHHs. CydacHUN pO3BUTOK NIPOTrpaMHHX
HABYAJIIBHUX CHCTEM XapaKTePU3YEThCS 3alUTOM Ha TNEpcoHi(iKaliio HaBYaHHA 3
ypaxyBaHHSM 1HJIMBIyalbHUX KOTHITUBHHMX XapaKTEPUCTUK KOPHUCTYBauiB 3 THUM,
mo0 JOWHAMIYHO aJanTyBaTH HaBYaldbHI CIEHapil BIAMOBIIHO IO TOTOYHUX
MOKJIUBOCTEH IIMX KOPUCTYBauiB IIOJ0 OMaHyBaHHS HaBYalbHOrO Mmarepiamy. Ha
JaHUW MOMEHT y OUIBIIIOCTI PO3BMHEHUX KpaiH, a TakoX 1 B Ykpaini, Iamyctpis 4.0
HaOyJa pUC CYKYIHOCTI B3a€MOIOB’SI3aHUX €KOCHCTEM, Cepell SKHX JIOBOJII 3HAYHE
MiClIe 3aiMar0Th HaBYaIbH1 1H(OPMAIiITHI CUCTEMHU.

Bupimenns pgaHoro 3aBJaHHsS OOYMOBIIIOE€ BaXKJIMBICTb CTBOPEHHS Ta
YIOCKOHAJICHHSI TIAXOJIB J0 TepcoHi(IKOBAHOI amanTalili Mpolecy HaBYaHHS 3
KOMIUJIEKCHUM YpaxXyBaHHSM HE JIUIIE JOCSTHYTOTO PIBHS 3HAHb Yy NPEIMETHIH
0o0yacTi, a ¥ MOTOYHOTO PIBHA KOTHITUBHOTO HABAaHTAXEHHS KOPUCTyBada, SIKAN
BIUTUBA€ Ha 3JIaTHICTh OCTAHHBOTO €(EKTUBHO BHMBYATH HABYAIBHHUI Marepial.
Peanizariisi mepconidikoBaHoi aganTailii mpy MiJroToBIl BOJiiB MOTpedye po3poOKu
KOMILIEKCY METOJIIB MOOYJOBM BEKTOPIB MNpo(uI0 Ta CTaHy KOpUCTyBaya,
TUcIieTYepr3allii HaBYaJIbHUX MOJYJIIB 3 YpaxyBaHHSAM iH(opMaIlii i3 OTpUMaHUX
BEKTOpPIB, a TaKOX Bepu(ikauii 3HaHb, 0 BUKOPHUCTOBYIOTHCS ISl AMHAMIYHOIO
BUOOpPY HaBuUajdbHUX clieHapiiB. CyKyMHICTh HUX Mif3ajad 00yMOBIIOE JTOUUIbHICTh
pPO3pOOKH ¥ 3aCTOCYBaHHS TIOPUIHMUX APXITEKTYPHUX MIAXOJIB, MPU3HAYCHUX JIJIS
KOMIUIEKCHOTO TPEJICTaBJICHHS TMpo(dilto Ta CTaHy KOPUCTyBada, a TaKOX
NepcoHiPiKOBAaHOI amanTaili Mpolecy MIATOTOBKA B MPOTrPaMHUX HaBYAIbHUX
CUCTEMaX aBTOIIKIL.

[IpoTe icHytOU1 aanTHBHI CUCTEMH IMIATOTOBKH BOJIIiB MIPU BUOOP1 HABYATIBHUX
MOMAYJIB OOMEXYIOTBCS, K TPABHIJIO, OIIHKOK TOTOYHOTO PIBHA IIATOTOBKH
KOPHUCTYBAUIB IIPH M100p1 CIIeHapIiB JJIsl MOJAJIBIIIOT0 HAaBYaHHS 1 HE BPaXOBYIOTh iX
NOTOYHI MOXJIMBOCTI MO0 €()EKTUBHOTO BUBYEHHS LIUX MOAYJIB. ['eHepaTHBHMIA
IITYYHUH 1HTENEKT, 10 OCTAHHIMM POKaMU HaOyB 3HAUHOTO MOILIMPEHHS, 32 CBOEIO

OPUPOAOI0 HE B 3MO31 OyTH 3aCTOCOBAHUM ISl BUPIIIEHHS JaHUX 3a7a4d. PO3BUTOK



16

aJalTUBHUX TMIAXOAIB TMOB'I3aHMN 13 YAaCTKOBHM BpaxyBaHHSIM 3arajibHOTO
ncuxo(i3UYHOTO CTaHy IO, OAHAK, He 3abesneuye mepcoHi()IKOBAHOI ajamTarii
IPOIIeCY HaBYaHHS Ha OCHOBI TOpUIHUX apXITEKTYPHUX PIlICHb.

Jlnia 3a6e3nedenHs nepcoHi(pikoBaHoOi ajanTarlii mpolecy HaBYaHHS BOJIIHHIO HA
OCHOBI OJIHOYACHOI'O BpaxyBaHHs MPO(MUI0 PIBHSA MIATOTOBKUA Ta MOTOYHOI'O CTaHy
KOPUCTyBa4a TOTPEOYIOTh MOMAIBIIOTO PO3BUTKY METOAW Ta MOCNTI aJamTailii
MpoLeCy HAaBUYAaHHS HA OCHOBI TIOpPUIHUX apXITEKTyp MNpPOTPaMHUX HaBUAIbHHX
cucteM. Kpim Toro, HaOyTi 3HaHHS OCOOM, sSKa HABYAETHCA TaKOX IOTPEOYIOTh
aJI€KBATHOI OL[IHKU.

Takum ywmHOM, po3poOKa MOJENi, METOAIB Ta TIOPUAHOI apXITeKTypHU
IPOrPaMHOI CUCTEMHU JIJIsi IEpCcOoH1(PIKOBAHOT alarnTalii mpolecy MmaAroTOBKU BOJIIiB Ha
OCHOB1 (POpPMai30BaHOTO MPEACTABICHHA MNPOQPUI0 3HAHb W IMOTOYHOIO CTaHy
KOpPHUCTYBaua € aKTyaJIlbHUM HayKOBUM 3aBJaHHSM, BUPIIICHHS SIKOTO 3a0e3reuye
M1JIBUIICHHS €(EKTUBHOCTI HABUYAHHS B aBTOIIIKOJIAX.

HaykoBuM 3aBJaHHSIM JMCePTALIITHOIO AOCTIIKEHHS € po3poOKa MoJIeni Ta
METO/11B MepCOHI(h1KOBAHOI a/IanTailii B MpOrpaMHUX CUCTEMaX HABYaHHS B aBTOIIKOJII
JUISL TIABUILEHHS €(QEeKTHUBHOCTI MIArOTOBKH BOAIIB 3 YpaxyBaHHSIM SK pPIBHS
MJrOTOBKH KOPUCTYBaya, TaK 1 HOro MOTOYHOTO KOTHITUBHOTO CTaHYy.

3B’5130K po00TH 3 HAYKOBUMM NPOrpaMaMH, IJIAHAMM, TEMAMHU.

PoGoTa BHKOHaHa B pamkax HaykoBO-fociainHoi Temu JIPNe0124U001426
«Texuonorist po3poOJIeHHST MPOTPAaMHOTO 3a0€3MEUEeHHsI /7l 1HHOBAILIMHUX CHUCTEM
CHE1aJIbHOTO Ta MOJABIMHOTO MPU3HAYEHHS», TepMiHM BUKOHaHH:: 2024 — 2026 pp.

Merta nocaimxenns. MeToro aucepTaiiiHoro J0CIKEHHS € po3poOKa Moieni
Ta METO/1B MepcoHi1KOBAHOI aanTaiii mpoIecy miAroToBKH BOIiiB Ha 0a3i riopuIHOl
apXITeKTypd  MPOrpaMHOi  CUCTEMH 3  BUKOPHUCTAHHSIM  (pOpMasi30BaHOIO
MIPEACTaBICHHS MPOQITI0 3HaHh Ta TOTOYHOTO CTaHYy KOPHUCTyBauda JIsl ITiIBUIICHHS
e()eKTUBHOCTI HAaBYaHHS B TPOTrPaMHUX CUCTEMAaX aBTOMIKLJI.

B nucepTratiiinomMy J0CIHIIKEHHI BUPIITYIOTHCS HACTYTIHI 3aB/IaHHS:

1. AHami3 craHy mpoOyiemMu ajmamntailii Ta mepcoHidikaiii mporecy HaBYaHHS

BOJ11B y aBTOILKOJII.
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2. Po3pobka Mozeni riOpuaHOi mporpaMHOi apXiTEeKTypu 3 NepudepiiiHUMU
0OYHCIICHHIMU JJIs1 IEPCOH1(DIKOBAHOI alarTaIlii mpoIecy MmaroToBKH B aBTOIIKOJII.

3. Po3poOka meroxdiB 1mMoOya0BH BEKTOpPY IPOodiIi0 KOPUCTyBadya Ta BEKTOPY
MOTOYHOTO CTaHy KOPHUCTyBadya HaBYaIbHOI IPOrPaMHOI CHCTEMHU.

4. Po3poOka meToay nepcoHi(ikoBaHOI afanTallii mpoiecy BuOopy HaBYaJIbHUX
MOJIyJIiB Ha OCHOB1 BEKTOPIB MPO(LIIO Ta CTaHy KOPUCTyBaya.

5. Po3pobka meromy Bepudikaili mpoiecy BHOOpY HaBYAIBHUX MOIYJIB 3
BUKOPHUCTAHHSAM TEXHOJIOT11 1IHTEJIEKTYaJIbHOT'O aHaI13y IIPOIIECIB.

6. Peamizamiss Ti0puAHOI MpOrpaMHOI apXITEKTypH Ta EKCIEpPHUMEHTAJIbHA
nepeBipKa po3poOIEHUX METO/11B MepCOoH1(DIKOBAHOT alanTailii mpoIecy HaB4aHHs.

O00’exTOM I0CTiIZKEHHS € TIPoIleC MepCcoHI(pIKOBAHOT ajanTallli B IporpaMHuX
CHUCTEeMaxX HaBYaHHS B aBTOIIKOJII.

IIpeameTrom gocaiTKeHHs € MOJIETh Ta METOIU NIepCcoH1(PiKOBAHOT ajanTarlii B
MPOTpaMHUX CHCTEMax HaBYaHHS, 10 BPaXxOBYIOTh PIBEHbH IMATOTOBKHU Ta MOTOYHHUN
CTaH KOpHUCTyBaya.

Metoau HOCJII/IZKEHHS : B aucepTarii BUKOPUCTAHO METOAU
KOMITFOTEPH30BAHOTO aJallTUBHOTO TECTYBAaHHS, MAIIMHHOTO HaBYaHHS, ITiITPUMKH
OPUUHATTS PpillleHb, 1HTEJICKTYyaJIbHOTO aHaji3y TPOLECIB Ta apXiTEKTypPHOTO
MPOEKTYBaHHS TIOPUAHUX MPOrpaMHUX cucteM. Meroa (QopMyBaHHA BEKTOpPY
mpodiIF0  KOpHCTyBadya HaBUYaJIbHOI MPOTPAMHOI CHUCTEMH BUKOPHUCTOBYE METOIM
KOMIT'FOTEPU30BAHOTO aJIalITUBHOTO TECTYBAHHS Ta MOJIENI aJIallTUBHUX HAaBUYAJIbHUX
cucteM. Metoa moOyIOBH BEKTOPY MOTOYHOTO CTaHy KOPHCTyBada B HABYAIbHIN
IpOrpaMHiil CHCTEMi BHUKOPHUCTOBYE MOJENI MAIIMHHOTO HaBYaHHS JUIS OIIIHKH
BapiaOEbHOCTI CEPIIEBOTO pUTMY. MeToa mepcoHipikoBaHOT amanTailii Mporiecy
BUOOPY HaBUAJIBHUX MOJYJIIB Ha OCHOBI BEKTOPiB MpOQiII0 Ta CTaHy KOPUCTyBaya
BUKOPUCTOBYE METOAM MIATPUMKH TPUHHATTA PINICHh Ta TEOPIF0 KOHTEKCTHO-
aJanTUBHUX MpOrpaMHuX cucteM. Metoj Bepudikaiiii mpoiiecy BUOOPY HaBYAIbHUX
MOJYJIIB IPYHTYETHCS Ha METOJAX IHTEJEKTYaJIbHOTO aHali3y MpolleciB. Mojenb

MPOTpamMHOi apXiTeKTypu 3 nepudepiiHuMU 0O0YNCICHHSIMHU AJI1 TTepCOHI(IKOBAHOT
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ajanramnii TpoIecy MIATOTOBKM B aBTOIIKOJI PO3pOOJEHO 13 BUKOPHCTAHHSAM
rOpUIHUX MPOTPAMHUX apPXITEKTYP.

HaykoBa HOBH3HA 0J1ep:KaHUX Pe3yJIbTATiB.

1. Brnepiue 3amporoHOBaHO MOJENIb TIOPHIHOI MPOTPAMHOI apXiTEKTypH 3
nepudepiftHIMA OOYUCIEHHSIMH CHCTEMH HaBYaHHS B aBTOIIKOJI, sIKa MICTUTH
KIEHTCHKUN pIBEHb JUIS Bi3yadi3allii JOpPOKHBOTO CEpeloBUIla, mepudepiiHmii
piBeHb IS AMcHeTdepu3allii nepcoHi(pikoBaHOTO BHOOpPY HABYAIBHHX 3aBIaHb Ta
MIKPOCEPBICHUN PiBEHB JJIs Bepudikarlii BUOOPY HABUAIbHHUX 3aBJaHb, III0 CTBOPIOE
YMOBH I IEpCOHI(IKOBAHOI ajanTalli Mporecy HaB4aHHs B aBTOLIKOJI.

2. Y10cKOHAJIEHO METOU MOO0YI0BU BEKTOPIB MPOQIII0 Ta MOTOYHOTO CTaHy
KOpPHUCTYBaua HaBYAJIbHOI MPOrPaMHOI CHCTEMH, SIKI Ha BIAMIHY BiJl ICHYHOYMX
MMOETHYIOTh OIHC SIK PiBHS 3HAHb KOPHUCTyBada 3 BUKOPHCTAHHIM ICHXOMETPUIHUX
MiIX0/iB, TaK 1 HOro IOTOYHOrO TICHXOEMOIIIMHOTO CTaHy Ha OCHOB1 OIIIHKH
Bapi1abEIbHOCTI CEpPLEBOT0 PUTMY, IO CTBOPIOE YMOBH [JIsi aBTOMAaTH30BaHO1
JUCIeTYepr3allii HaCTYIMHUX HABYaJIbHUX MOJYJIIB 3 ypaxyBaHHSM HE JIMIIE PiBHA
MJTOTOBKH KOPUCTYBaya, a i piBHA MOTO MOTOYHOTO KOTHITUBHOTO HAaBAaHTAKEHHSI.

3. Bnepiue 3anmpornoHOBaHO METOJ| MEPCOHI(pIKOBAHOI ajamnTalli Mporecy
HaBYaHHS NUIIXOM BHOOpPY HaBUYAJIbHUX MOJYJIIB Ha OCHOBI BEKTOPIB mpodiio Ta
CTaHy KOPHCTyBauda Ta 3 ypaxyBaHHSM CTYIICHIO HOBW3HH 3aBJaHb Ta IMOIMEPEIHBOI
(1apTpaLii MOYJIB 3a PIBHEM CKJIAAHOCTI, IO JA€ MOKJIUBICTh Y aBTOMATH30BAaHOMY
pexuMi miaidpaTd HaBUAIBHUW CIIEHApid 3TiHO PIBHS MIATOTOBKUA Ta MOTOYHOTO
KOTHITUBHOTO HaBaHTAKCHHS KOPUCTyBada HABYAIBHOI TPOTPAMHOI CHCTEMH.

4. JlictaB moaaJbIIOro Po3BHUTKY METOJ BepHdiKaiii mpolecy MiArOTOBKU
BOJI11B B HABYAIBHUX MPOTPAMHUX CHUCTEMAaX aBTOIIKLI, SKUH HA BIAMIHY B1J] ICHYIOUUX
MICTUTh €Tanu MOoOYyJO0BM MOJENEeH LUIBOBOrO Ta (DAKTUYHOTO MPOUECIB
nepcoHi(iKOBaHOI aganTallii HaBYaHHS Ta BUSBICHHS MOPYIIEHb aIalITUBHOI JIOTIKH
Ha OCHOBI MOPIBHSIHHS LUJIBOBOI Ta (PaKTUUHOI MOJIeeH, 1o 3a0e3neuye yMOBHU IS
YAOCKOHAJIEHHS TIpaBUJl TMEpCOHI(pIKOBAHOI ajanTallii y Tmpoleci HaBYaHHSA 3

ypaxyBaHHSIM piBHA JATEHTHUX 3HaHb KOPUCTYBAYiB.
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IIpakTU4YHe 3HAYEHHSI OTPUMAHMX TEOPETUYHHUX pe3yabTaTiB. [IpakTuune
3HAUYEHHS OTPMMAHUX HOBUX TEOPETUUHHUX PE3YJbTATIB MOJISATA€E Y PO3pOOIIi MOpUIHOT
IIPOTrpaMHOi  apXiTEKTypH Ta MOJYJIIB IMIATPUMKH TepcoHipikoBaHOI amamTariii
HABYAJILHOTO MPOIIECY 3 YPaXyBaHHIM PiBHS 3HaHb Ta TOTOYHOTO CTaHY KOPUCTYyBada
POrpaMHOi CUCTEMH HaBYaHHS B aBTOIIKOJIAX, [0 CTBOPIOE YMOBH JIJIS TI1JIBUILICHHS
e¢(peKTUBHOCTI HaBUaHHS HE JHUIIE 3 YypaxyBaHHSAM CKJIQJHOCTI OINAaHOBaHHUX
KOPUCTYBa4eM HaBYAJIBHUX CIICHApiiB, a W 3 ypaxyBaHHAM HOTO TOTOYHOTO
NICUXOEMOIIMHOTO CTaHy B yMOBaX BMHMKHEHHS KOTHITMBHOI'O MEpEeHAaBaHTAKCHHS
1T Yac HaBYaHHS.

Oco0uctuii BHecok 3100yBaya. ABTOp OTpMMaB HOBI HAYKOBI1 pe3yibTaTH
JTUCePTallIfHOrO JOCIIKeHHs caMocTiiHo. Podotu [1 — 3, 5 — 10] BukoHani 6e3
CIiBaBTOPIB. Y po0OoTi [4], mo Oyna omyOJiKoBaHa 31 CIIBABTOPOM, MPEICTABICHO
HOBUH HAYKOBUU pPE3yJbTaT — METOJ] BepuGiKallli aJanTUBHOI TPOTPaMHOi CUCTEMHU 3
BUKOPUCTAHHAM TEXHOJIOT1] process mining.

AnpobGanisa marepiaaiB  aucepramii. OTpumani B JgucepTaiiitHoMy
JOCIIKEHH] pe3yJbTaTH JIOMOBIJAINCh HA MIKHAPOJHUX HAYKOBO-TEXHIYHUX
koHpepeHuisix «lIpobnemu iHpopmaruzaniin, «CydyacHi HanmpsiMA PO3BUTKY
1H(MOpMAIIHTHO-KOMYHIKAIIMHUX TEXHOJOTIH Ta 3aco0iB yIpaBIiHHI», MI>KHAPOIHIN
HayKOBO-TIPAaKTUYHOT KoHbepeHlii «[HTerpoBaHi 1HTENEKTyaldbHI POOOTOTEXHIYHI
komruiekcu (IIPTK 2026)».

Myoaikanii. Otpumani B JaucepTalliiHOMY JOCIIKEHHI  pe3yJbTaTh
omy0ikoBaHO B 10 HAyKOBHX Mpalsx, B TOMY YHCI1 5 cTaTell y nepiognyHux GaxoBux
HAYKOBUX BUJAHHSIX YKpaiHHM 3 TEXHIYHUX HayK kateropii «by», 5 Te3 momosiaeil Ha
MIDKHApOJIHUX KOH(PEPEHITISAX.

Ctpykrypa Tta o6car auceprauiiinoi podoru. {ucepraiiisi MiCTUTh BCTYII,
YOTUPU PO3AUIH, BHCHOBKH, TEPENIK JPKepeNl TOCWIaHHS 13 176 HaillMeHyBaHb,
npeacTaBieHux Ha 20 cropiHkax, 1 mogaTok Ha 2 CTOpiHKax. 3arajJbHUN 00CsT
nucepraiii ckianae 181 cTopiHky, B ToMy yuciai 158 CTOpIHOK OCHOBHOIO TEKCTY,
anotarii Ha 10 cTopinkax, 41 pucyHkis, 15 Tabnuie, 3 HUX 3 po3MilIeH] Ha 3 OKpEeMUX

CTOpIHKAX.
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1 AHAJII3 CTAHY NIPOBJEMMU AJJAIITALI TA NEPCOHIDIKAIIIL
MPOLIECY HABUAHHS BOJIIIB Y ABTOIIKO.JII

1.1 Amnamiz oco0GiauBOCTel aJanTUBHOrO IIPOIECY HABUYaHHS BOJIiB B

ABTOIIIKOJax

[Ipoliec HaBYaHHS B BOJIiB aBTOIIKOJIaX HAMpPaBJICHUM Ha (POpMYyBaHHS TaKUX

npodeciiHuX HAaBUYOK Ta KOMIIETEHTHOCTEH MalOyTHIX BOJiiB, IO 3a0e3neyaTh

Oe3reyHe BOMIHHS Ha JOPOrax 3arajJbHOr0 KOPUCTYBaHHS.

Jlanuii mporiec Mae Taki OCHOBHI Xapaktepuctuku. [lo-mepine, 10 HaBYaHHS

JOMYCKAIOThCS KYpCAaHTH 3 PI3HUM piBHEM 0a30BO1 MIATOTOBKM, MOTHUBAIlli Ta

KOTHITHBHHUX 3ﬂi6HOCT€ﬁ. IIo Apyre, 6G3HOCGPGIIHI>O [IponcC HaBYaHHA BKIIOYAE

TCOPCTUUHY Hi,ZIFOTOBKy, IIPaKTU4YHY Hi,Z[FOTOBKy Ta KOHTPOJIb 3HAHB. HO-TpeTC, 3a

pe3yJibTaTaMu TaKoi MiJATOTOBKU BOJIM MOBHHEH 3aCBOITH HaOIp KOMIETEHIIN s

0e3MeYHOoro KepyBaHHs TpaHCIIOPTHUM 3acobom [11, 12]. XapakTepuCTUKH OCHOBHUX

€TamiB MpoLleCy HaBYaHHA BOJ1iB B aBTOIIKOJI1 HaBeJIeHO B Taou. 1.1.

Tabmurs 1.1 — ETanu nporecy HaBuaHHs BOAIIB

3HaHb Ta HAaBU4Y0K

MPAKTUIHOTO 1CTIUTIB

Etan XapakTepuCTHUKa OpientoBHi| Crioci0 OIIHKU
BUTPATH
qacy
1. Ouinka piBHs |BuzHaueHHs piBHS 0a30BUX 3HaHb |1-2 ;H1 Menuuune
MATOTOBKU Ta HABUYOK, KOTHITUBHUX 00CTE)KEHHS,
KypcaHTa 3110HOCTEM, CTaHy 370pOB A AHKETYBaHHS
2. Teopernuna |BuBYEHHS NpaBUi JOPOKHBOTO 64 ronnau [Komn'torepue
IiITOTOBKA PyXy Ta OCHOB OC3IIEYHOT0 BOIIHHS TECTyBaHHS
3. IIpakTruHa PopMyBaHHS IICUXOMOTOPHUX 40 ronun  [IIpakTuysi
M1ArOTOBKA HABUYOK BOJIHHSI aBTOMOOLIS BIPABU 3
BOJIHHS
4. KoHTposib CkrnagaHHs TEOPETUYHOTO Ta 2-3 ropunu By TpimHil Ta

JIEpKaBHUN
ICIIUTH
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[Ipomec HaBYaHHS B YKPATHCHKIM aBTOIIKOJI XapaKTEPU3YETHCA CYTTEBO
OIBIIMM  OOCSATOM ayJIUTOPHUX TOJAWH Y TIOPIBHSAHHI 3 €BPONCUCHKUMH Ta
aMEpPUKaHCHKUMU IT1JIX0JIaMH, SIK1 BpaXOBYIOTh MPIOPUTETH 100 IOPOKHBOT OE3IMEKH,
a TaKoX BiIOOpakaroTh HaIllOHAIBHI memaroriuHi Tpamuiii [13 — 15]. 3a3Buyaii, y
HaBYaJIbHUX 3aKJaJaX TaKOTO THUIY, B SIKOCTI METOJAMYHOI OCHOBHU (hYyHKIIIOHYBaHHS
HABYAJIBHUX TMPOTPAMHUX CHCTEM BHKOPHUCTOBYETHCS ~areHTHE  IMiTalliifHe
MOJICITFOBAHHS.

€BponenCchKUl MiAX1A 10 HABYAHHA BOAIIB XapaKTEPU3YEThCS 3MEHILIECHHSM
KUIBKOCTI TOJWH (DOPMaJIbHOI MIATOTOBKM Ta TIOCHJIEHOK YBAarow J0 SKOCTI
THCTPYKTaXY.

3okpema, (paHily3bka CHCTEMa IIJITOTOBKM IMOOY/I0OBaHA BIJAMOBITHO [0
koHrenii Apprentissage Anticip¢ de la Conduite (AAC). Jlana xoHueniis
nependayae ABOCTANHY MPAKTUYHY MATOTOBKY [15]. [lepmmmii etan Bxitoyae 20 roaux
TEOPETUYHOTO Ta MPAKTHUYHOTO HABYaHHA B aBTOIIKOm. Jlpyrwii etam € eTramom
CYIPOBOJIKYBAaHOTO BOJIHHS, 10 miepeadadae He MeHme HibK 3000 kigoMmeTpiB
NPaKTHKWA YIIPaBIIHHSA aBTOMOOILJIEM [T HArJsaI0M JOCBigueHoro Bomis. OcraHHIN
MMOBMHEH IIOHAaWMEHILE 5 pOKIB MaTH BOJIMCbKe MOCBiIUeHHs KaTteropii B. Takwuii
I1IX17] 1a€ MOKIIMBICTh PO3MIOYMHATH HaBYaHHS 3 15-piuHoro Biky. [linroToBka BojiiB
Ha eTami CyNpOBOJKYBAHOI'O BOJIHHS Iepefdadae Tpu OOOB'SI3KOBI 3ycTpidl B
aBTOIIKOJI1: TIOTIEPE/IHIO, MPOMIXKHY, 1110 BiAOYBaEeThCs yepe3 4 —6 MiCsI[IB HABUAHHS,
Ta 3aKJIIOYHY 3YCTpi4, SKa MPOBOAUTHCS mmicis mpoizay 3000 km [16, 17]. Takui
JBOETAITHUM M1IX1] 10 MIATOTOBKH BOJIiB Ha MPAKTHIIl 3a0e31evy€ piBEHb YCIIIIHOCTI
CKJIQZIaHHS MPAKTUYHOTO icnuTy Omu3bko 70% y MOPIBHSIHHI 3 piBHEM YCIIIIITHOCTI B
54% tipu TpaauiiiiHOMYy HaBYaHHI B MUHY poku [18].

bpurancekuit miaxia nepeadadyae 000B’SI3KOBUN TECT COPUNHATTS HeOe3MeKu
Mpy BOAIHHI SK YacTHUHY TeopeTudHoro icnuty [19]. TpaaumiitHo mei TecT
CKJIaJla€Thcsl 3 14 BIJGOKIIIMIB MO OAHIN XBWUJIMHI, KOKEH 3 SKUX MPEJCTaBIISIE NBI
NOTeHIIMHI HeOe3neku. Ilpu oIiHIOBaHHI 3a KOXHY 17eHTH(]IKOBaHY HeOe3MeKy
HAJAETHCS MaKCUMyM S5 0ajiB B 3aJ€KHOCTI B MIBHAKOCTI peakilii MailOyTHHOTO

Bomis. Ilpoximuuit Ganm craHoButh 44 3 75 mMoxnuBux. OctanHi 10 pokiB mnpu
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MIPOBE/ICHHI TECTY BHKOPUCTOBYIOTHCS HE BIJCOKIINH, a TEXHOJOTIi KOMITIOTEPHOI
rpadiku 3 THM, 1100 3a0€3MeUnTH CTaHAApTH3AIl0 OIliHIOBaHHA. B pesynbrari
3aCTOCYBaHHA PO3TJISTHYTOTO MiIXOAY 3araJIbHUM MOKA3HUK YCHIITHOCT1 TEOPETUYHOTO
ICIIUTYy CTaHOBHTH 55,7% 3a 2021 pik [20].

[IIBeachKka mporpaMa MiArOTOBKK BOJIiB MICTUTh KOMIIOHEHTH PU3MKOBAHOTO
BoaiHHs Risk 1 Ta Risk 2 [21]. Komnonent Risk 1 nepen6auae TeopeTndHy miaroToBKy
BOJIiB 3 ypaxyBaHHSM PH3UKIB, TIOB'SI3aHUX 3 QJIKOTOJIEM Ta BTOMOK. KoMmoHEHT
Risk 2 (Riskutbildning del 2) Bkirowae TpeHyBaHHS Ha TpeKy KoB3aHHs. JlaHui
KOMITOHEHT BKJItoUa€e 3-4 TOMWHW HABYAHHS IMOJ0 KEPyBaHHS aBTO B KPUTHYHUX
cutyamisx. L1 curyanii MoOIENOIOThCS HA CHEIlaJIbHOMY TpPEKy 3 TMOHMKEHUM
Koe(DiliEHTOM 3YeIUIeHHs, ad0 K 3a JIOMOMOTr0l0 CHUCTEMH CUMYJIOBaHHS HU3bKOTO
3ueruieHHs Ha acanbTi Skid-Car [22].

[liBHIYHOAMEPUKAHCHKUN MIJAX1J TaKOX TMOEAHYE KOPOTKY (hOpMalibHY
MIJITOTOBKY, sika Bkitoyae 30-32 roauHu Teopii Ta 6-8 TOAMH 3 IHCTPYKTOPOM, 3
BOJIHHSM IIiJT HarjsaoM OatTbkiB, sike TpuBae 50-60 rommn [23]. Takmii mporec
HaBUYaHHS 3a0e3leuye 3HIKEHHS aBapiiHOCTI cepejl BOJIIB-MOYATKIBINB [24].
3okpema, B mtati Kanmidopsis BukopuctoByethest Konuenilis GDL (Graduated Driver
Licensing), sika BUKOPUCTOBY€ TPHOXETAMHUM MIiAXiA 10 OTPUMAaHHS BOJIACHKUX
npasB [23]. IlouaTkoBHil eTanm Mae TPUBAJICTh 6 MICSIIB 1 MOXKE MOYMHATUCH 3 15,5
pokiB. [IpoMi>kHMIT eTan MOYMHAETHCS 3 16 POKiIB Ta Ma€ 0OMEKEHHSI Ha BOIHHS BHOU1
Ta Ha KUIbKICTh MacaxkupiB. [ToBHA JTilieH31s BOMISIM MOKe OyTH OTpUMaHa JIUIIIE Yepe3
12 MicsiiB micias MOoYaTKy HaBYaHHA, a00 K npH AocarHeHH1 18-piyuro. [IpakTuuna
MJIrOTOBKA BKJIIOYA€ 6 TOAMH HaBUYAHHS 3 CEPTU(]DIKOBAHUM THCTPYKTOPOM, a TaKoxkK 50
TOJIMH TIPAKTUKH CiMEHHOTO BOMIHHS. 3 HUX 10 roAWH MPaKTHKX MalOTh MPOBOJIUTHCH
B HiuHMN yac no6u. Cucrema GDL mnpusHaueHa Jjisi 3HIDKEHHS aBapidHOCTI cepet
IT1JUTITKIB.

TakuM 4YMHOM, MIDKHApOJHA MpPAaKTHUKAa HABYAHHS BOAIIB Ma€ TpU KIHOYOBI

XapaKTEPUCTUKHU:
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— MIOCTAITHE aJalTHBHE HABYAHHS 3 TMOCTYIMOBHM 3HATTSM OOMEXEHB IO0
IIBUJIKOCTI, KJTBKOCTI TTaca)KUpP1B, BOJIHHS Y TEMHHM Yac 00U TOIIO, 1110 3a0e3reuye
aJlanTUBHY IMATOTOBKY BOJIIIB y BIJMOBIIHOCTI JIO X MOTOYHUX HABUUOK [25];

— IHTerpallis y mporpamy MmiAroTOBKU 0€3MeKOBUX MOAYIIB, 0 MPU3HAYEH] JIs
HaBYaHHIO BOJIIHHIO 0€3 pU3HKiB B HEOE3MEUYHUX JIOPOXKHIX CUTYalIsIX Ta yMOBaX, MpH
BTOMI Bois Tomio [11];

— BUKOPHUCTAaHHS  NPAaKTHKHA  CIMEHMHOrOo  BOAIHHS, 10  3abe3medye
nepcoHi(ikaiio NpakTUIHOI BOAINCHKOT MIATOTOBKH [26].

Taki 0coOJMBOCTI MIKHAPOHOT MPAKTUKH MiJTOTOBKH /10 BOJIIHHS HAMPAaBJICH1
Ha 3MEHIICHHS PU3HKIB JUIsl BOIIB-NIOYATKIBIIIB HA OCHOBI IMOCTYIOBOIO HAOyTTA
1HIUBITyJIbHOTO JIOCBITy B KOHTPOJIbOBAHUX YMOBAX Y BIAMOBIIHOCTI JIO TIOTOYHOTO
pIBHS 3HaHb Ta HABUYOK. BUKOpUCTaHHS TaKoro miaxoay 3abe3nedye 3HWKEHHS
aBapiii cepell BOJ1iB-II0YATKIBIIB, 30KpeMa BikoMm 16 —17 pokis [25, 26].

Ha BigMiHy BiJ MI>KHapOJHHX MPAKTHK, HABUYAHHS B YKPAaiHCHKUX aBTOIIKOJIAX
BIJIDI3HSIETHCS BEIUKOIO KUIBKICTIO ayJWTOPHUX TOJUH. 3TiJHO 3 THUIIOBOIO
HABYAJIBHOIO MPOTPAMOI0 TIATOTOBKM BOMIIB B YKpaiHi, OOOB'SI3KOBUMH € 64
aKaJeMI4H1 TOAUHU TEOPETUYHOT MATOTOBKH Ta 40 roANH MPaKTUYHOTO HaB4YaHHs [11,
12]. Ilpote, Ha BiAMIHY BiJiI €BPOINEHWCHKOTO Ha aMEPHUKAHCHKOTO TMIIXOJIB, TMPH
BITYM3HSHIN MIATOTOBLI HE Nepen0ayaeThCcsi 000B'SI3KOBE HAOYTTS MPAKTUKU BOJIIHHS
I1JT HArJIS0M 3a MexkaMu aBToIIKou [27, 28]. Jlane oOMekeHHs 301IbIIIy€e CTPOKHU
dbopMyBaHHS CTIMKMX HAaBMYOK BOJIHHS Ta ajanTallii 70 HeOe3NeK Ta PU3HKIB, IO
BUHUKAIOTh Y PEATbHUX JTOPOXKHIX YMOBaX.

Takum yrHOM, €(hEKTUBHICTD MIATOTOBKH BOJIITB 3HAYHOIO MIPOIO 3aJICKUThH BiT
SAKICHOT 1HTerpaiii OTpUMaHUX TEOPETHYHMX 3HAHb 1 MPAKTUYHUX HABUYOK, IO
noTpedye MOETAmHOrO 3aCBOEHHS TeOpii Ta MPakTUKH BOJIHHS [29]. TpamuiiiHuit
napajeabHUAN TMIX1 10 HaBYaHHS BOJIIIB B aBTOIIKOJIAX, IKUH nependadae 0JTHOYACHE
BUBUYCHHS TEOpPil Ta MPAKTUKHA, CTBOPIOE TIABUINCHE KOTHITHBHE HABaHTAKCHHS
BHACJIJIOK HAAMIPHUX BUMOT J10 3aram’sitoByBaHHs [30, 31]. ToMy aJist 3a06e3nedeHHs
edeKkTUBHOT 1HTerpaIlli 3HaHb Ta HAaBUYOK BOAIHHSA 3 2024 poxky B Hamii KpaiHi

3ampoOBaHPKEHO TIOCHIIOBHUN MIAXIJ, KOJU JOCTYIl JI0 MPAKTUYHOTO HaBYAHHS
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HAJA€ThCA Mali0yTHHOMY BOJII€BI JIMIIIE MICIs YCHIIIHOTO CKJIAJAaHHS TEOPETUYHOTO
icriuty [22, 23]. Takwuit miaxing 6a3yeThCcsl HA KOTHITUBHUX Teopisix HaBuaHHS [34, 35]
SK1 BU3HAYAIOTh HEOOX1/IHICTh ()OPMYBAHHS KOHIENTYaJbHUX 3HaHb SIK OCHOBU JJIS
HaOyTTsI MPOIIENYPHUX HABUUOK. TakuM YHHOM, TIOCITITOBHUMN T1AX1T 1€ MOKIIUBICTh
KypCaHTaM aBTOIIKOJW Ha 0a30BOMY PiBHI c(hOpMyBaTH CTIWKI 3HAHHS 1100 TPABUII
TOPOKHBOTO PYyXy, a MOTIM IHTETPYBATH iX 3 MPAKTUYHUMHU HABUYKAMH 3 BOJIIHHS
aBTOMOO1IEM.

Hapeneni B Ta6mn. 1.1 eranu mporiecy HaBYaHHS BOIIB B aBTOIIKOJ MarTh
HACTYITHI 0COOIMBOCTI.

Etan meanuHOoro oOCTEXEHHS 1 MEPBUHHOI JIarHOCTUKHU TMPU3HAYCHUM JUIs
OI[IHKKA TPHUAATHOCTI KaHAWJATIB 10 HaBYaHHS BOAIHHSA [36], mns uporo eramy,
30KpeMa, XapaKTepHE 3aCTOCYBaHHS CHEIlali30BaHUX JIarHOCTUYHUX MOJENEH.
MenuyHa [iarHOCTMKa 3a3BMuYail  BKJIOYAa€ O(TaIbMOJIOTIYHE, HAPKOJOTIYHE,
HEBpOJIOTIYHE, TepaleBTHYHE, a TaKOoX [CUXIaTpu4yHe oOcTexxeHHs. Mera
JIarHOCTUKH TOJISITA€ Y BUSIBJICHH] MPOTUTIOKA3aHb 110J[0 KEPYBAHHS TPAHCIIOPTHUMHU
3aco0amu [37].

TeopernyHa MmiIr0OTOBKa OpiEHTOBaHA HAa ()OPMYBAHHS Y KypCaHTa aBTOILKOJIU
CHUCTEMH 3HaHb 111010 O€3IEUYHOI0 BOIIHHS B PI3HUX JOPOXKHIX cuTyarisax [38]. 3 2024
pPOKy MaiOyTHI BoAli MarOTh BHOIp MK HaBYaHHSM B aBTOILKOJI, AKe 3aiimae 64
ayJIUTOPHUX TOJUHM, Ta CAMOCTIHHOIO TEOPETUYHOI MiAroTOBKOIO [32]. OnHak Ha
NPaKTUI[l CaMOCTIMHA TEOpeTUYHA MIArOTOBKA BHUMAara€ BHCOKOTO  PIBHA
camooprasizauii BiJi MailOyTHbOTO BOJIS Ta MOXE€ MNPU3BOAUTU 10 (POPMYBAHHS
HETIOBHUX 3HaHb 11010 MPABUJI JOPOKHBOTO pyxy [39].

Etan  TeopermyHOi  MIATOTOBKM  BKJIIOYA€  BUKOHAHHS  HACTYITHUX
moxyiiB [11, 32]:

— BUBYCHHS MPABUJI JOPOKHBOTO PYXY;

— 3aCBOEHHS OCHOB 0€3IIEKH JIOPOKHBOTO PYXY;

— BUBUYEHHS MOOYJI0BM aBTOMOO1JIs, & TAKOXK MPaBHII HOTO €KCILTyaTallii;

— 3aCBOEHHS MEIUYHOTO 3a0€3MEeUeHHS;

— BUBUYEHHS 0COOJIMBOCTEN €J1EKTPOMOO1TIB;
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— BUBYCHHS IICUXOJIOTTYHHUX ACMEKTIB BOMIHHS.

ETamn npakTU4HOTr0o HaBUaHHS CKJIAJIa€ThCsl 3 TPhOX KPOKiB [40]:

— ¢opMyBaHHS ~ 0a30BUX  HAaBUYOK  YIpaBJiHHSI  aBTOMOOLIEM  Ha
ABTOMAaWIAHYMKY;

— BOJIIHHS B IPOCTUX JOPOKHIX YMOBaX;

— aJianTaiis 0 MIChKOTO CEpEIOBHIA 3 IHTEHCUBHIUM PyXOM.

Kpox ¢dopmyBanHs 0a30BMX HAaBHUYOK YTpPaBIiHHSI aBTOMOOUIEM mependayae
3aCBOEHHS TICUXOMOTOPHUX HAaBHUYOK BOJIIHHS B KOHTPOJIbOBAHOMY CEpPEOBHUII Ha
apromMaigaHuuky [41]. MaiiOyTHI BoAil ONaHOBYIOTh HaBUYKU POOOTH 3 NEHANSIMHU,
KEpPMOBUM KOJIECOM Ta BaKeJIsiMU ympaBiiHHsg. Ha ngaHomy kpori maioTe OyTu
chopMoBaHi HE JHIE BIAYYTTS rabapuTiB aBTOMOOWUIS, a W MpPaBHIIbHI PYXOBi
HaBUYKH [42]. TUNoBl BOpaBU JaHOTO KPOKY BKJIKOYAIOTH: PyX 3 MICIS, 3yNHUHKY
aBTOMOOLIISA, TOBOPOTH HA MICIII, MTapajesibHe MapKyBaHHS aBTO, @ TAKOXK 3a13]1 y rapax
Ta pO3BOPOT Y OOMEKEeHOMY IIpocTopi. Bcei 111 BripaBu MarOTh OyTH 3aCBO€HI Ha PiBHI
aBTOMATHUYHOTO BUKOHAHHS [43].

Kpokx BomiHHS B TPOCTUX JOPOXKHIX YMOBaX BHKOHYETHCS Ha BYJIHISX 3
MIHIMQJIBHUM JOPOXHIM TpadikoM. OCHOBHUM 3aBJIaHHSM JAHOTO KPOKY € IHTerparis
B YMOBax peaJibHOTO JIOPOKHBOI'O CEPEOBUILA OTPUMAHUX Ha MONEPEIHbOMY €Tarll
TEOPETUYHUX 3HAaHb 3 TMPAKTHUYHUMH HaBUYKaMH BOMiIHHA. KypcaHTH MaroTh
HABYUTHCHh YTPUMYBaTH TOTOYHY CMYTy pyXy, IUCTAHIIIO [0 TMONEPEIHBOTO
aBTOMOOLIIA, a TAKOXK JIOTPUMYBATHUCh IIBUAKICHOTO pexxumy [44].

Kpok aganTariii 10 MICBKOTO CepeIoBHUIIA 3 IHTEHCUBHUM PYXOM Mependayae
BOJIHHS B YMOBax 1HTEHCHBHOTO MIChKOTO Tpadiky, 10 NMoTpedye po3Mi3HaBaHHS
MOTEHITIHHOT HeOe3MeKku, TOB’S3aHOI, 30KpeMa, 3 HEYBAKHUMH IMMIIIOXOJaMH,
panTOBUMHU 3MIHAMU CMYT PYyXy, arpeCMBHUM BOJIHHSIM IHIIMX BOJIiB, a TaKOX
HECIIPUSATINBUMU TOTOMHUMH ymMoBamu [45]. KypcanTtu BiampaioBYIOTh CKJIaIHI
MaHEBpU: MPOi3] NMEepPeXpecTh, NEPECTPOIOBAHHS, OOTOHU, MAPKYBAHHS B PEAIbHUX
ymoBax. OcobJyiMBa yBara NpuaUIIEThCS HIYHOMY BOJIHHIO SIK HAUOLIBII CKJIATHOMY

ACTMEKTY MPAKTUYHOT MiITOTOBKH.



26

Ha erami mpaktuyHOro HaB4YaHHS (POPMYIOTHCS TCUXOMOTOPHI HABUYKU 3
BoAiHHS. [Iponiec hopMyBaHHS HABUYOK BKIIIOYAE psJl cTaAiil. CriouaTtky KypcaHT Mae
CBIJIOMO KOHTpOJIIOBaTH KOXXHUM pyx [40]. [pyra cramis XapakTepu3yeTbCs
MOCTYIIOBOIO aBTOMAaTh3alliero 0OazoBux miii. Ha Ttpetiii crtamii KypcaHT BOJOIi€
HAaBUYKAMH aBTOHOMHOTO BOJIHHSI 0e3 cBigomoro KoHTposito [41]. Ha mnpakruii
aBTOMaTH3allisl 0a30BUX HAaBMYOK BOJAIHHA BiIOyBaeThcs micis 50 roguH aKTHUBHHUX
TpeHyBaHb [46]. Jlo 1bOr0 MOMEHTY Yac peakiiii BOAis MOCTYIOBO 3MEHIIYETHCS JI0
npuom3Ho 0,7 CeKyH]T Ha OYiIKyBaHi CUTYaIlii Ta 1,5 CeKyHIu Ha HECIIO/IIBaH1 3arpO3H
[47 —49].

TakuMm 4MHOM, HaBElIEHI TPU KPOKH Tpu3HadeHl it GopMyBaHHS (YHKIIIM
0e31eyHOro BOIHHS B PI3HUX JIOPOXkKHIX ymMoBax. B [50] mokazano, 1o Taki ¢pyHKIi
HaJeXaTh J0 KJIaCy BUKOHABYMX (DYHKIINA. Y CIIIIHICTh BUKOHABYMX (DYHKIIH B IepIry
yepry 0a3yeThcsi Ha poOOTI ONEPATHUBHOI MaM'ATi JTFOJUHUA, TOOTO 34aTHOCTI TPUMATH
B (OKyCl1 yBaru BU3HAYEHY KUIbKICTh 3aBJIaHb, 4 TAKOXK TaJIbMyBaHH1 HEAKTyaJbHUX
IMITYJIbCUBHUX PEAKIIN (HAIPUKIIA], TAKUX SIK pi3Ke rajlbMyBaHHs, 10 HE BINOBIAA€E
JOPOKHIM 00CTaHOBII a00 K, HABIMAKH, ITHOPYBAHHS MIOTOYHOT HEOE3MEKH ).

B misioMy KOTHITUBHHUI MPOIIEC 3aCBOEHHS TCOPETUIHUX Ta MPAKTUIHUX 3HAHB
Opy HaBYaHHI BOJIIB BKJIIOYAE CIPUNHATTSA, TMEPETBOPEHHS, 30epiraHHs Ta
BUKOPHUCTAHHS 3HaHb II0JI0 BOAIHHS B PI3HUX JOPOXkKHIX yMoBax. O0'eM onepaTuBHOI
(po60uo1) maM'ATi JIFOAMHU CYTTEBO BIIMBAE HA SKICTh MPUMUHATTS PILLIEHD Y CKIAQTHUX
JOPO’KHIX YMOBAaX, B TOMY YMCJI1 HA MIBUJKICTH OHOBJICHHS BaXXJIMBOI (ITPIOPUTETHOT)
iHopMmarlii, a TakoX Ha TOOYIOBY alrOpUTMy MAid 3 TMOJOJIAHHS TMOTEHIIHHOT
HeOe3nekn. KOrHiTMBHA THYYKICTh, 30KpeMa TNpPEJICTaBlIeHa SIK BMIHHS IIIBHJIKO
MePEMUKATHUCS MK 3aBIAHHSMH MPU BOJIHHI Ja€ MOXIJIHMBICTH CyTTEBO 3MEHIITUTH
PHU3HUK KPUTUYHUX MOMUIIOK IPH 3MiHI1 JJOPOKHBOI CUTYAITli.

3riJIHO Teopli KOTHITUBHOTO HaBaHTaXeHHs [51], omepaTuBHA Mam'sITh JTIOJUHU
Ma€ CyTTeBI oOMexeHHs. JIroauHa 3/aTHa 3anaM'siToByBatd 7+£2 [52] enemeHTH Ta
edexTuBHO 00poOsaTu nuie 4+1 iHdopmaniitHux enemeHTiB [53, 54] omHOYaCHO.
TunoBuit Kypc 13 3aCBOEHHSI TIPABWII IOPOKHBOTO PyXy Tepeadadae BUBYCHHS OLIBIII

Hix 200 JOPOKHIX 3HAKIB, @ TAKOXK BEJIUKY KIJIBKICTh TPABUJI BU3HAYEHHS IPIOPUTETY
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IUIA AOPOXHBOTO PYyXYy Ta YHCIEHH! BUHATKU. Takuii 0o0'eM iHdopmarlii cTBOpPOE
HaJMipHE KOTHITUBHE HABAaHTAXEHHS, 1110 CYTTEBO MEPEIIKOIKae HaBYaHHIo [55, 56].

AHani3 0co0JIMBOCTEN MPOIECY HABYAHHS B aBTOUIKOJI MOKa3aB, 10 OCHOBHI
npo0JieMH KOTHITUBHOTO MEPEBAaHTAXEHHS MPHU 3aCBOEHHI TEOPETUUYHOTO MaTepialy
BKJIIOYAIOTh:

— iHpopMaIliiiHE TIepeBaHTAKEHHS, AKE 3a3BUYAil BUHUKAE MPH OJHOYACHOMY
BHUBUCHHI JEKUIBKOX KaTeropiil JOpOoXHIX 3HAKIB Ta MPUBOAUTH 10 (hopmyBaHHs
IUTyTaHWHU y 3HAHHSAX KypcaHTa aBTOLIKOJM [57].

— BIJICYTHICTh @00 HEMOBHOTA KOHTEKCTY BUKOPUCTaHHS 3HAHb, 10 BUHUKAE
BHACJIIJI0K a0CTPaKTHOTO BUBUEHHS IPaBWJI JOPOKHBOTIO pyxXy 0e3 iX MpHUB'S3KH 10
BIJIIIOBIIHUX JTIOPOKHIX CUTYalll Ta YCKIIaJHIOE 3aCBOEHHS IIUX IpaBui [58].

— BIJICYTHICTh CHUCTEMHOTO MIAXOAY BHACIIJIOK (PparMEHTapHOro MOJaHHs
HaBYaJIBHOTO MaTepiany 0e3 BiJOoOpa)KeHHS CHUCTEMHMX 3B'A3KIB MDK IpaBUJIaMU
JTOPOKHBOTO pyxy [59].

BignoBigHo, y oojeid 3 pI3HUM PIBHEM KOTHITUBHHUX MOJKJIMBOCTEH
CIIOCTEPITaeThCsl 301IBIICHHS/3MEHIIICHHSI PIBHS aBapiHOCTI, pi3HA 1HTEpHpeTallis
OJHOTUITHUX JOPOXKHIX CHUTyalllil TOIIO BHACIIAOK TEPEBAHTAXKECHHS TaM'sITi
MalOyTHIX BOJIiB MPU OJHOYACHOMY 3aCBOEHHI BEJIMKUX OOCATIB PI3HOPITHOL
iH(popmanii [60].

THUMoB1 MOMUIIKY PU TEOPETUYHOMY HaBYaHHI BKJIIOUAIOThH B cele:

— HEKOPEKTHE BUKOPUCTAHHSA TMOAIOHMX TMOHSTh, HANPUKIAA 3YyMHUHKA abo
CTOSTHKA, oOriH abo BUIEPEIKECHHS BHACIIJIOK 1H(pOopMaIliitHOro
nepeBaHTaxeHHs [60, 61];

— BUKOPUCTaHHS 3HaHb 0€3 ypaXyBaHHS KOHTEKCTY: MpaBUiIa JOPOKHBOTO PyXY,
3aCBO€HI B OAHOMY KOHTEKCTI, BAKOPUCTOBYIOThCA B HEMIPUAATHUX CUTyalisx [62, 63];

— OPOTUPIYYS MK 3HAHHSMHU, 110 BHHHUKAIOTh BHACIIIOK BiJCYTHOCTI
CHUCTEMHOr0 MIiAXOJYy MpU BUKJIAJaHHI, paHIIIEC 3aCBOEHI TMOMUJIKOBI 3aJIEKHOCTI
3aBakaloTh (POPMYBAHHIO KOPEKTHMX 3HaHb, a00 X HOBa 1HQOpMaLis CIOTBOPIOE

paHiIie 3acBO€HI 3HaHHA [64, 65].
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[TpoBenenuii anasni3 nokasas, 10 MPH MPAKTUYHIN MIATOTOBI BOJIIiB TOMUJIKU
3a3BUYail BUHUKAIOTh MPU BUKOHAHHI MapaJIeIbHOTO MapKyBaHHS BHACIIIOK HETOYHOI
Tpa€eKTOPii pyXy, Ip¥ BUKOHAHHI JIIBOTO MTOBOPOTY BHACIIIOK HEMPABUIBHOI OIIIHKH
JAUCTaHLIi, TpYW HIYHOMY BOJIHHI BHACTIJIOK TOPYILICHHS CIPUUHSATTA BiJICTaHEH
KypCaHTOM aBTOILKOJH, @ TAaKOX IMPHU BOAIHHI B €KCTPEMaJIbHUX YMOBAaX BHACIIJIOK
BTpaTH KOHTPOJIIO HaJl aBTOMOO1IEM.

Bka3aHi TOMUJIKY BUKJIMKaHI HACTYITHUMU KJIFOYOBUMHU MPUUNHAMHU:

— HEJIOCTaTHI HABUYKU IMPOCTOPOBOI OPI€HTAIIIT;

— HEJOCTAaTHS KOOPJWHALS MIX CIHPUUHITHUM 30pOM 300pakKeHHS MOTOYHOI
JOPOKHBOI 0OCTAHOBKM T4 MOTOPHHUMU PEAKIIISIMU BOJI1S;

— BIJICYTHICTh PO3MOJIIY yBard MDK KUIbKOMa 3aBJaHHSMHM 3 BOJIIHHS
OJTHOYACHO.

[{i moMUJIKM € HacIiAKaMU MEePEeBAXKHOTO BUKOPUCTAHHS MACUBHUX METO/IIB
HaBYaHHS 3aMICTh IHTEPAKTUBHUX, HEAOCTATHHOI'O BUKOPUCTAHHS BI3yaJIbHUX 3aCO0IB
OpU HaBYaHHI; CJIa0KOr0 3BOPOTHOIO 3B'A3KY LIOJ0 NMOTOYHOI'O pIBHA 3HaHb Ta
KOTHITUBHOTO HABaHTAXEHHS KypCaHTa aBTOIIKOJIU.

B pesynbrari y octanHi poku TuUlbkH 21% kaHAWAATIB y BOAIl CKJIAIalOTh
TEOpEeTUYHUH icuT Ta juie 16% KaHauaaTIB CKIaAal0Th MPAKTUYHUHN 1CIUT 3 MEPIIOoi
cnpobu [66]. [lns nopiBHsIHHS, y BenmukoOpuTaHii TEOpeTUYHUIN Ta MPAKTUYHUN TECT
3 mepioi crpoodu ckianarTs 44 — 46% ta 46 — 49% xanaunatis [67].

Buxonanuii aHaii3 Mi»HapOHOTO JOCBITY MIATOTOBKH BOJIIiB /1€ MOXKJIUBICTh
3pOOUTH BHCHOBOK, IIO PO3IJISHYTI MPOOJIEMU HABYAHHS KYpPCAHTIB B aBTOILIKOJI €
HACJIIZIKOM PO3PUBY MK TEOPETUYHOIO Ta MPAKTUYHOIO MIAroTOBKOMN. el po3pus
Ma€ HACTYMH1 OCOOJIMBOCTI:

— aOCTpaKTHUI XapakTep TEOPETUUYHOI0 HABYAHHS 13 CIA0KOI0 MPUB'S3KOIO 10
KOHKPETHHUX CUTYaIliif;

— OOMEXEHMI Yac TMPaKTUYHUX 3aHATH IIOAO0 MPUHHATTS PIlIEHh B YMOBax
00MEXEHOTO Yacy;

— HEJIOCTaTHbO YBaru MpUIUISETbCA TPEHYBAaHHIO HAaBUYOK IIBHJIKOTO aHANI3y

JIOPOXKHBOI 0OCTAHOBKHU;
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—crnabKka 1HTerpaiisi MpaBWi JOPOKHBOTO PyXy 3 TEXHIKOI YIPaBIiHHS
aBTOMOOLIIEM.

Jl1st BUpIIIEHHST HAaBEIEHOI MPOOJIEMU PO3PUBY TEOPETUYHOTO Ta MPAKTUYHOTO
HaBUYaHHA TOTPIOHO, 3 YypaxyBaHHSIM MDKHApPOJHOTO JIOCBiy, BHKOHATH
nepcoHi()iKoBaHy ajanTarlifo HaBYaJdbHUX 3aBJaHb. Taka ajamnTallisi OplIEHTOBaHA Ha
MOCTYMATBHUN PO3BUTOK KOTHITUBHUX HABUYOK KypcaHTa aBTOIIKOJIH.

Bukopucrtanns mnepcoHipikoBaHOi ajanTaiii Mpolecy MIATOTOBKH —Mae
3a0€3Me4YnTH HACTYITHI MOKJIMBOCTI HABYAHHS BO/I1iB B ABTOIIKOJII:

— O0aratopa3oBe MOBTOPEHHS CKIIAJHUX CLEHApIiB yNpPaBIIHHSI aBTOMOOLIEM 3
ypaxyBaHHSM pIBHS MIJATOTOBKA Ta MOTOYHOTO CTaHy (CTpec, CIOKIMHUI CTaH)
KypcaHTa aBTOIIKOJIH;

— CTBOPEHHSI TEpPCOHI(PIKOBAaHUX YMOB HaBYaHHsA ©O€3 BIUIMBY 30BHIILIHIX
bakTopiB;

— aJamnTaiis piBHS CKJQJAHOCTI 3aBJaHb BIJMNOBIAHO /O MOTOYHOTO
1HIUBITyJIbHOTO PIBHSA MMiJITOTOBKU KypCAaHTa aBTOIIKOJIH.

Cuenapii HaB4aHHSI MalOTh 3a0€3MEUyBaTH:

— IMITAIli}0 €KCTPEMAJIbHUX MOTOJAHUX YMOB (10111, CHIT, TYMaH);

— MOJICTIIOBaHHSl aBapiiHUX CHUTyaIllil TpW yOpaBiIiHHI aBTOMOOLIEM Ta
BIJIMPAIFOBAHHS PEaKiliil Ha Il CUTYyaIlli;

— TPEHYBaHHSI CIIPUMHATTS HEOE3MEeK! PHU BOJIIHHI aBTOMOO1JIS;

— BIIMpAIFOBaHHS CKJIATHAX MaHEBPIB Ta CKIAJHHX JOPOXKHIX CHTyarii 3
HEOOMEXKEHOIO KIIBKICTIO OBTOPIB.

3a/10BOJICHHS] HABEJICHUX BUMOT MOTpeOye peanizailii aJanTUBHOTO HABYAHHS
BOJII1B B aBTOIIKOJI1 3 HACTYITHUMH MO>KJTUBOCTSIMHU:

— pEeryJitOBaHHsS TEMIy HaBYaHHS Yy BIAMOBIIHOCTI JI0 KOTHITUBHOTO
HABAHTAKCHHS KypCaHTa aBTOIIKOJIN;

— BUSIBJICHHSI TUIIOBHUX TIEPCOHAJILHUX MTOMUJIOK KypCcaHTa aBTONIKOJIHN Ta IMi01p
NepCOHIPIKOBAHUX 3aBJaHb Il 3aCBOEHHS 3HAHb Ta HABUYOK, L0 3a0€3MEeUyIOTh

YCYHCHHS X ITOMUJIOK;
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— nepcoHi(pikoBaHE  KOPUTYBAaHHS  TOCHIJOBHOCTI  IMOJadi  HaBYaJbHUX
MaTtepialliB KypcaHTy aBTOIIKOJIH;

— MIPOTHO3YBaHHS PIBHS YCHIITHOCTI MPHU CKJIaJIaHH1 1CTIUTIB.

Crin 3a3Ha4nTH, 110 peati3allis nepcoHidikaiii aganTHBHOTO HaBYaHHS BOITB
aBTOIIKOJM TMOTpPeOye pO3pOOKH BIAMOBIIHMX MNPOTPAMHUX apXITEKTyp JIs
MPOrpaMHUX HAaBYAJBHUX CHUCTEM 3 MOXKJIMBOCTSIMH aBTOMAaTH30BAaHOTO 300py Ta
aHali3y JaHUX MPO CTaH KOTHITUBHOTO HABaHTa)XCHHS KypcaHTa y MpoIlieci Horo
HAaBYaHHS B aBTOIIKOJI. 3BOPOTHUH 3B'S30K HAa OCHOBI IIUX JAHHUX JIa€ MOXJIHUBICTh
aJanTyBaTH TMPOIEC HABYAHHS 3 ypaxXyBaHHSM IEPCOHAIBHOTO PIBHS TMiATOTOBKU

KypCaHTa Ta HMOT0 IIOTOYHOTO CTaHy.

1.2 Anani3 apXiTeKTyp HaBYaJIbHUX MPOTPAMHUX CHUCTEM

ApXiTeKTypa IpOorpaMHOro 3a0e3nedeHHsl 1HQOpMalliHUX CHCTEM BH3HAYae
CTPYKTYypHI eneMeHTH I13, iX B3a€MO3B'I3KHM Ta MPUHIMITN OpTaHi3allii B3aeMo/Iii MiXkK
LIMMHU CTPYKTYpHUMU esneMeHTamu. BuOpana apxitektypa I13 BriMBae Ha KUTTEBUI
UK PoO3poOKu 1HQoOpMaliifHOi cucteMu. B yMoBax MIBUIKOTO PO3BHUTKY
1H(MOpPMAIIHHUX TEXHOJIOT1HM, IMIMPOKOTO 3aCTOCYBaHHS 1HTEJIEKTYaJbHUX IT1IXO/IIB,
pilieHHsT 100 apxitekTypu I3 maroTh 3a0e3nedyBaTd aJanTHUBHICTb, a TaKOX
MacImTaboOBaHICTh Ta HAAIMHICTh TPOTPAMHUX CHUCTEM, IO peai3yloTh IIi
TeXHOoJIoT1i [68].

CyyacHl miaxoad A0 po3poOKH MPOrpaMHUX apXIiTeKTyp O0a3yroThCs Ha
BUKOPUCTaHHI apXITeKTYpHUX TMarepHiB. Taki maTepHU MOBUHHI 3a0e3medyBaTH
IpoIeCH  JEHEHTPATi30BaHOTO HABUaHHS Ta BHUKOHAHHS BIAMOBITHUX 3aBlIaHb.
OcranHl € TEpeBIPEHMMH Ha TMPAKTHUI[l TUIIOBUMH CUCTEMHUMHU PIMICHHSIMH IS
BU3HAYCHHUX KJIACIB 3a/1a4. ApXITeKTypHI MaTepPHU BU3HAYAIOTh TaKl XapaKTEPUCTUKH
apxiTekTypu [69]:

— 3arajgbHy CTPYKTYpPY MPOTPAMHOI CHCTEMHU;

— TOPAJIOK B3a€MO/11i KOMIIOHEHTIB IPOTPAMHOI CUCTEMU;

—THUIY 1 3HAYEHHS aTpUOyTIB CUCTEMH.
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Apxitektypa HaBuyanbHOi mporpamuoi cuctemu (HIIC) 3amae opranizamiro
KOMITOHEHTIB CUCTEMH 1 MEXaHI3MH 1X B3aeMOJii 1 ToMy Bu3Ha4yae MoxiauBocti HITC
II0JI0 peadizallii MmepcoHaIi30BaHOTO MIAX0Ay 10 HaBuaHHA. [lpu mepconidikamii
MpoIlecy HaBYaHHS HaByaidbHa ImiaTgopma Mae 3a0e3medyBaTh MacmTaOOBaHICTH,
aJanTUBHICTh 1 TMPO30PICTh MNPUUHATHUX PIIMICHb MI0J0 BHOOPY HaBYAIBHUX
cueHapiiB [69]. Takox BaxiIuBy (QYHKLIIO Yy TakuxX IMIaTopmMax BHUKOHYIOTh
MOHITOPHUHI'OB1 CUCTEMH.

3rilHO0 IMX BUMOI BHUJJIEHO Takl KpuUTepii Kiacudikaiii apXiTeKTypHUX
M1IXO/I1B:

— CTYMIHb IIEHTpasi3allii KOMIOHEHTIB;

— MIATPUMKA ajanTalii Ta nepcoHidikallii npoiecy HaBuaHHS;

— MacImTa0OBaHICTh;

— iHTEpOoIepabeNbHICTb.

3aranpHy XapakTepUCTUKY IUX KPUTEPIiB HaBeAECHO B Tadm. 1.2.

Tabmuns 1.2 — Kpurepii knacudikariiii apXiTeKTypHUX MAXO/1B

No Kpurepiit 3mMicT [Tpu3HaueHHs
| Cryninb Konuentpariisa QyHkiiii B Busznauae 31aTHICTB
[eHTpaTi3aIii MOHOJIITHOMY SJIpi apXiTeKTypHu
KOMITOHEHTIB IPOrpaMHOI CUCTEMH / IIPOTPAMHOI CUCTEMU 10
pOo3MoAUT (PYHKIIIN MK aganTarii npu 3MiH1
HE3aJIe)KHUMHU MOJTYJISIMU BUMOT
2 [TinTpumMka ananraiii [BOygoBaHi MeXaHI3MH Busnauae MOXIUBICTE
Ta TepcoHidikaiii noOy10BH MepCOoH1(HIKOBAHUX [[TOETHAHHS
Mpollecy HaBYaHHS  (TPAEKTOPIN HABUAHHS nepcoHidikarii Ta
aJlanTallii mporecy
HABYaHHS
3 MacmtaboBanicth  [3a0e3nedeHsH piBHS € HEe0oOX1JIHOI0 YMOBOIO
POTYKTUBHICTH MPH IPAKTHYHOTO
3OUIbIIEHH] ayAUTOPIT 3aCTOCYBaHHS
KOPHUCTYBadiB HaBYAJIbHOI CUCTEMU
4 [aTeponepabenbHicTh ([liqTpUMKa BIIKPUTHX 3abe3neuye iHTErpalio
CTaHAapTIiB OOMIHY IaHUMH, B F€TEPOreHHE
Hanpukian xAPI, SCORM, |cepenoBuiie
IMS LTI
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Kputepiii cryneHro wneHTpaiizamii KOMIIOHEHTIB MpPOTpamMHOi CHCTEMHU
BpPaxoBY€E CKOHIIEHTPOBAHICTh (DYHKIIIH CHCTEMH B €TMHOMY MOHOJIITHOMY SIJIpi 200 %K
pO3MOAUT iX MIX PI3HMMH HE3aJIeKHUMU MOIyisMu. JlaHuil kputepiii BU3Hauyae
MO>KJIUBOCTI aJanTailii apXiTeKTypH 10 HOBUX BUMoOT [70].

Kputepiii miaTpyMKH aJanTHBHOCTI Ta TepcoHidikallli BH3HAYa€ HASBHICTh
BOY/IOBaHMX MeEXaHI3MIB (POpMyBaHHSA I1HAMBIAyaJIbHUX HABYAIBHHUX TPAEKTOPIi,
TOOTO MiOOPY Ta YTOUHEHHS! KOHTEHTY IIiJ] Yac HaBYaHHS HA OCHOBI iH(OpMAIIIT PO
MOTOYHUN CTaH KopucTyBaua [71, 72].

Kpurepiii macmraboBaHOCTI BHU3HA4Ya€e 3AAaTHICTh MPOrPAMHOI  CUCTEMHU
30epiraTd piBE€Hb MPOAYKTHUBHOCTI TIpU 30UIBIICHHI KUIBKOCTI MIAKIIOYECHUX
KOpHUCTyBauiB. MacmraboBaHICTh PO3IISAAEThCS K HEoOXigHA TMepeayMoBa
MPAKTUYHOTO 3aCTOCYBaHHs, OCKUTHKM HaBUaJIbHA CUCTEMa HE Mae€ JAeTpaayBaTH MpH
30UTbIIIEHH] ayauTopii [73].

Kpurepiii  iHTeponepaOenbHOCTI  BiIoOpa)kae  MOMJIMBICTh — HIATPUMKH
BIIKPUTUX CTaHJApTIB IMIOJ0 OOMIHY HaBUaJbHMUMHU JaHUMH. JlaHUN KpuTepiid
BiJloOpaka€ 3JaTHICTh HABYAJIBHOI CHUCTEMHM B3aEMOJIATH 13  30BHINIHIMH
cucrtemamu [74, 75].

Ha ocHOBI 3a3HaueHHUX KPUTEPIiB BUJAUICHO YOTHPU THIH apXITEKTYyp, SKi
PO3BUBAINCH SIK APXITEKTYpHI MOKOJIHHA. TE€pMIH «IOKOJIHHS» BUKOPUCTAHO IS
BIJIOOpaX€HHsI €BOJIOUIMHUX 3MIH y (PYHKIIOHATBHUX MOXJIMBOCTSIX apXITEKTYp,
TOOTO KOXKHE TOKOJIHHS apXiTeKTyp [0JIa€ CUCTEMHI OOMEXKEHHS TMOIMepeIHBOTO
MTOKOJIIHHSI.

[lepiie mMOKOMIHHS BKIIOYAE MOHOJITHI Ta KIEHT-CEPBEPHI apPXITEKTYPH.
MoHoniTHa apXiTeKTypa peajizye y OJHOMY MOIyJi Bcl (YHKIIl, HaNpUKIana
aBTCHTHU(IKAIIII0, YIPABIIHHA KOHTEHTOM, OI[IHIOBAHHS, a TaKOX 3BITHICTh. Kiti€eHT-
CepBEPHA apXiTEKTypa PO3ALILE PiBHI PEICTaBIeHH JaHUX Ta 6i13Hec-noriku. [Ipote
3a3BU4Yail 00MABa PiBHS, K O13HEC-JIOTIKA, TaK 1 CXOBHIIEC JAaHUX LIEHTPaJI30BaHO
PO3MIIIYIOTECS Ha CTOPOH1 cepBepa.

TunoBuMHU HaBYATLHUMHU MPOTPAMHUMHU CHCTEMaMU I[bOTO MOKOJIIHHS € TepIIi

Bepcii Moodle, WebCT Tta Blackboard [76, 77]. HIIC nepiioro mokoJiiHHS BKJIIOYATH
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peecTpariio HaBYaJIbHUX KYPCiB, TECTyBaHHS, MIATPUMKY KYpHAIy OILIHOK, a TaKOX
dbopymiB 111 KOMYHIKaIii 3 y4HsAMHU. Taki CHCTEMH BUKOPHUCTOBYBAJIM CTaHAApPT
enexkTpoHHoro HapuanHss SCORM 1.2, skuit 3a0e3neuyBaB NEepPeHECEHHs] HaBYAIbHUX
KypciB MK pi3HUMH MmiaTdopmamu, a Takox crangapt AICC, mnomepenHuk
SCORM [78].

ApPXITEKTypH JAHOTO TUIy MalOTh Taki OOMEXEHHS AJiA 33a7]a4 aJalTHBHOTO
HABYaHHS:

— HAJA€ThCS OJHAKOBUU KOHTEHT HJIsi BCIX KOPUCTYyBayiB 0e€3 ypaxyBaHHS
1HJIMBIAYaJIbHOTO PIBHS 3HAHb 1 MOMJIMBOCTEN HaBUAHHSI, OCKUIBKU B apXiTEKTypl HE
nepeaoaveHo MoJIeoBaHHs yuHs [79];

— CKJIaJJHE OHOBJICHHS OKpeMuX (GYHKIIINA, OCKUIBKH 3MiHa KOJy MOTpedye
MOBHOT mepekoMnumsiLii il mosropHoro po3ropranHs HIIC, mo oOMexye po3BUTOK
HaBuainbHOI matdopmu [80];

— MacITa0yBaHHS BUKOHYETHCS IIUISIXOM HAPOIIEHHS TOTY>KHOCTI cepBepa, 110
0o0OMeXy€e BUKOPHCTAHHS HaBUYaJbHOI MPOrPAMHOI CUCTEMM INPHU BEIMKINA KUIBKOCTI
KOpHUCTyBauiB [73].

HeoOxiaHICTh MOAONAaHHS LIMX OOMEXEeHb IMpHUBENa 10 PO3POOKHA MPOTPAMHUX
apXITEKTyp HACTYMHOTO MOKoJiHHs [80].

Jpyruii TUI mporpaMHUX apXiTEKTypu peajizye€ MIKPOCEPBICHY Mapagurmy.
Jlana napanurma nepeadayae po3OUTTS LUTICHOT IPOrPAMHOI CUCTEMH HA CYKYITHICTb
He3alexHUX cepBiciB (a0o wmikpocepsiciB). KokeH 13 MIKpOCEpBICIB BUKOHYE
BU3HAUEHY (YHKIIIO CUCTEMH, HANpUKIAd aBTEHTU(IKAIl0, OI[IHIOBAHHS,
yIPaBJIIHHS HAaYaIBHUMU ClieHapisiMu Toro. CepBicH B3a€MOJIIOTH Yepe3 MporpaMHi
iHTepdeiicu Ta muny noxaiil. llluHa moxiit mpusHavyeHa M1 ACHHXPOHHOTO OOMIHY
NOBIJJOMJICHHAMH MIXK CepBicaMu. SIKIIO OJUH cepBic OMyOJIIKy€e MOJIiI0, TO yCl 1HIII
CEPBICH OTPUMYIOTH CHIOBIIIICHHS TIPO JaHy MO0 1 MOXKYTh HE3aJIE)KHO 00poOUTH Ti.
MikpocepBicr MOKYTbh OYTH pO3TOpHYTI B XMapi B KOHTEHepax, TOOTO B 13071bOBaHUX
nporpaMHuX cepeaoBumax. Jlms posropraHHsS BUKOPHCTOBYIOThCS — Docker-

KOHTEWHEPH, SIKI OpKECTpyeThes 3acobamu cuctemu Kubernetes [81 — 83].
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ApXITeKTypa HaBYAJIBLHUX MPOTPAMHHUX CHUCTEM JAaHOTO THUITY MPEICTaBIICHA
mwiargpopmamu Canvas LMS, Coursera, edX. Xmapna miardpopma Canvas LMS
npu3HayeHa s 3aCTOCYBaHHS y BHIIMIA OCBITI Ta KOPIOPAaTUBHOMY HaBYaHHI.
[Inatdopma mATPpUMYE CTBOPEHHS KYypCiB, aBTOMAaTH30BaHE OI[IHIOBaHHS,
BiJIcOKOH(EpeHIlii, aHaJITUKy aKaJeMI4yHOI VCIIIIHOCTI. Binkpura oHIalH-
miatdopma Coursera TMPOMOHYE THUCAYl HABYAIBHUX KypCiB 1 TpW3HAYCHA JIs
3m00yTTs HepopManbHOi ocBiTH. I[lnatrdopma edX, 3acHoBana ["apBapachkum
yHiBepcuteToM 1 MIT; miaTpuMye aganTHBHE HABYAHHS 32 PaxXyHOK BUKOPHCTAHHS
MiKpocepBiciB [84, 85].

BukopucTtaHHs MIKpOCEPBICIB B IIUX CHUCTEMAaX JA€ MOXKIJIUBICTh PO3MOJLIUTH
HAaBAaHTAKEHHS MDK By3JaMu OOpOOKM. ABTOMAaTH30BaHWI MpPOLIEC PO3TrOPTaHHS
CUCTEMHHUX OHOBJIEHb 3a0e3Medye TNOCTIMHE JONOBHEHHS (YHKIIN HaBYAJIbHHUX
cucteMm [82].

AHaJti3 apXITeKTyp JaHOTO TUITY MTOKa3aB, 1110 BOHU MalOTh Taki OOMEKEHHS MpU
BUPIIICHHI] 3aJ1a4 aIalTUBHOTO HABYAHHS:

— ynkuii amanTarii HamgarOTBCS SK OKpPEeMi CepBicCH 0e3 TMomNepeaHbOTO
CUCTEMHOTO IPOEKTYBAHHS B3a€MO/I1 IIUX cepBiciB [86];

— THUIIOBAa MIKPOCEPBICHA apXiTEKTypa HE BUKOPUCTOBYE IICHTPaJI30BaHE
30epiraHHsl JUHAMIYHOrO NOpo(UII0 KOpPUCTyBaya, Tak MO0 ueid mnpodias OyB
JOCTYITHUM JJIs1 BC1IX KOMIIOHEHTIB CUCTEMHU OfHOYacHO [87];

— aJIMIHICTpYBaHHS BEJHUKOiI KIJBKOCTI MIKPOCEPBICIB MOTpPeOy€e TOAATKOBUX
BUTpAT Ha 1HPPACTPYKTYpPY aBTOMATU30BAHOIO PO3ropTaHHs [88].

Takum ymHOM, apXiTEKTypa JAHOTO THUITy 3a0e3leuye MaciTaboOBaHICTh, ajie
Ma€e 0OMEKEHHS 11010 TATPUMKH PO3TOPTAHHS Ta MEePCOHATI3aIlI].

Tpete apXiTEKTypHE MOKOJIIHHS OXOIUTIOE aaNTHBHI 1 IHTEJIEKTyalbH1 I IXOIH.
KirouoBor0 03HaKOIO0 apxIiTEKTyp [1aHOTO TUIYy € BOyJOBaHAa MOJENl y4Hs, sIKa €
IIEHTPAIBHUM apXiTEKTYPHUM KOMITOHEHTOM. JlaHa apXiTeKkTypa BUKOpPHCTaHa B
aJlaniTUBHUX OCBITHIX TinepMmeaiiHux cucremax [89, 90].

APpXITEKTypa OCBITHBOI TNEPMETINHOI CUCTEMH BKJTIOYAE:
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— MOJIEJIb MPEIMETHOT 00JIaCTl, IKa BU3HAYAE CTPYKTYPOBAHE MPECTABICHHS
HaBYAJIbHUX MaTepiajiiB Ha OCHOBI OHTOJIOT1H; Take MpeJCTaBICHHS 3a/1a€ HaBYaJIbHI
TEMH 1 3aJIEKHOCTI MK HHUMH, Ul HAaBYAHHS 1 BUKOPUCTOBYETHCS JJIsI MOOYIOBH
HaBYAJIbHUX TpaekTopiit [91];

— MOJIeJIb YUHS, IO MICTUTb JIaH1 IIPO PiBEHb 3HaHb KOPUCTYBaya 100 KOKHOI
TE€MH, CTWJIb HaBYaHHSA, LIUJIl HaBYaHHS, TEMI 3aCBOEHHS MaTepially Ta MOBEIIHKOBI
NaTepHU; JaHa MOJIeNIb 00YMOBITIOE€ MOKJIMBICTh MepcoHidikariii HaB4aHHs [92];

— pymi amanTaiii sSK MeXaHi3M TIeHepallli MepCcoHali30BaHOl MOCTIJOBHOCTI
BHBYCHHS HABYAIIBHOT'O KOHTEHTY; PYIIilA BHKOPUCTOBYE MOJICII YUHS Ta MIPEAMETHOT
o0JnacTi 1 HaJa€ peKOMEHMAIll MI0JI0 MOJANBIIUX KPOKIB HABYAHHS, MOPIBHIOIOYU
MOTOYHUM CTaH KOPUCTyBaya i3 HOTo IIJILOBUM cTaHOM [93].

APpPXITEKTypH JAHOTO MOKOJIHHS BHUKOPUCTOBYIOTHCS B aJIallTUBHUX OCBITHIX
rinepmeniianx cucremax WHURLE, TANGOW, IL-Web, Knewton, ASSISTments,
DreamBox [94, 95].

AnanTuBHI ~ apXiTEKTypd  MawTh  Taki  OOMEXeHHS  JuIi  3ajadi
nepcoH1(hIKOBAHOTO aIAaNITUBHOTO HABYAHHS

— MOJIEJIb Y4HS, K MIPaBUJIO, € CTATUYHOIO 1 TOMY HE B OBHIM Mipi BiANOBIAA€E
NOTOYHOMY CTaHy 3HaHb KOpUcCTyBaua [92];

— TOYHICTh aJanTailii 3aJieXUTh BiJ OHTOJOTII MPEIMETHOI raimys3i, MpoTe
MIATPUMKA OHTOJIOTI MOTpeOye CyTTEBUX BHUTPAT Hacy NP YAOCKOHAJIEHHI 3MICTY
JTUCHIUIIH Ta IMOSIB1 HOBUX JUCHHILIIH [96];

— aJIanTaIris BUKOHYETHCS TIEPEBAKHO 3 BUKOPUCTAHHSM SIBHUX MPABUIT; MOJIEITI
MAIIUHHOTO HAaBYaHHS JUIsl BHSBJICHHS HESBHUX TIOBEIHKOBUX TATEPHIB HE
BUKOPHUCTOBYIOThCS [97].

YerBepTe MOKOJIHHA apXITEKTyp BUKOPUCTOBYE areHTHI Ta pPeKOMEHAAIlliTH1
IT1JIXO/IM, 110 TepedadaroTh BUKOPUCTAHHS TECTOBUX MOJICNICH 1 TECTOBUX CIICHApIiB.
3riIHO areHTHOMY TIAXOQy TporpaMHa CHCTeMa CKIIAJA€ThCA 3 CYKYIHOCTI
Creliali30BaHUX MPOTPaMHUX areHTiB. Taki areHTH, HalpUKIIaa MeIaroriyHuil arexr,
areHT KOHTEHTY, areHTU OIIHIOBAaHHS Ta MOHITOPUHTY, aBTOHOMHO OIIHIOIOTH CTaH

CEpeIOBHUILA Ta MPUUMAIOTh PIIIEHHS Y BIJIMOBITHOCTI 31 CBOEIO IIJTbOBOIO (DYHKIIIEIO.
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B3aemoist Mi>k aBBTOHOMHUMU areHTaMH 33/1a€ TIOBEAIHKY MPOTPAMHO1 CUCTeMU. Taka
MOBEIHKA 3a3BUYail OpIEHTOBaHA Ha peali3allilo 1HIUBIAyaJbHOI pOOOTH 3
KopuctyBaueM [98]. AreHTHa apxiTeKTypa Moke OyTH OCHOBaHa Ha MIKpOCEpBicax,
KOJIM KOXEH areHT peai3yeThbcsi B OKpeMOMYy KoHTeiHepi. Ha BimMiHy Bin
MIKPOCEPBICIB areéHTH MarOTh BHYTPIIIHIO MaM'ATh 1 MPUUMAaIOTh PIIIEHHS Ha OCHOBI
CBOTO TMOTOYHOTO CTAaHy 1 CTaHy CEpelOBUINA. ATEHT MOXe 3MIHUTH MOBEAIHKY 0e3
MOBTOPHOI KOMIIUJIAIII, a MIKpOCepBIiCH NOTPeOyIOTh 3MIHM KOJy. ATEHTHa
apxXiTeKTypa 3ajJa€ MpaBujIa B3aEMOJII 1 € OUIBIII BUCOKUM pIBHEM aOCTpakiiii, HiX
MIKPOCEPBICH, OCKUIBKM OCTaHHI1 3aJal0Th MOPSAJOK PO3TOPTaHHS MPOrpaMHOi
CUCTEMH.

Pexomennamiitna apxitektypa y ckiaai HIIC mnpencraBnena y Burisiai
CaMOCTITHOTO ~ apXITEKTYpHOIrO KOMIIOHEHTY 13 BHU3HAY€HUMHU 1HTepdercaMu,
BUMOTaMHU JI0 MacIITa0OBaHOCTI Ta MpaBUJIAMU B3a€EMOJIi 3 IHIIMMH MOAYJISIMU
cucteMd. Buxiz pexkoMeHJAliIHOTO KOMIIOHEHTY 3MIHIOEThCSI B 3aJIEKHOCTI BIJ
MOTOYHOTO CTaHy MOJEJNll KOpHUCTyBaya Ta KOHTEKCTY HaBuaHHs. PekoMeHparliiiHa
apXITEKTypa CKIAJAETHCS 3 YOTUPHOX MIApiB: 300py Ta mornepeaHboi OOpOOKH JTaHUX;
dbopmyBaHHsI 03HaAK; TOOYI0BU PEKOMEH IaIliii; HABYaHHS.

ANTOpUTMIYHA JIOTIKa PEKOMEHJAIIMHOTO KOMIIOHEHTY 0a3yeThcsi Ha
BUKOPUCTAHHI KOMOIHAIIIT TAaKUX T1IXO/1B:

— KojabopatuBHa (QuUIbTpallis, sika mependadae, MO0 PEKOMEHAAIi I0/0
HaBYaHHS (OPMYIOThCSI HAa OCHOBI BUSBJICHHS 3aKOHOMIPDHOCTEM Yy TMOBEIIHIII
CTATUCTUYHO CXOXKHUX KOPHCTYBaUiB, HAPUKIIAJ, «y4Hi, sIKi OnaHyBajau TeMu A ta B,
Jaji mepexoauiiy 10 BuBueHHS Temu C» [99, 100];

— (pinbTparris Ha OCHOBI 3MICTY, KOJIM PEKOMEH/IAITI1 111010 HABYATLHUX MOIYJIIB
OCHOBaHI Ha XapaKTEPHUCTHKAX HABUAJIbHUX JIAHWUX 3 YpaxXyBaHHSIM ITOTOYHOTO PiBHS
3HaHb KOHKPETHOTO YYHS;

— 3HaHIEBUM MIAX1/1, KOJIM HaBYaJIbHA CUCTEMA BUKOPUCTOBYE 3HAHHA y (popmi
dbopMaIbHUX MPaBUJI Ta OHTOJOTII MPEeaMETHOi 00JsacTi Jyis MmiadOpy HACTYITHOTO

HaBYAJIBHOTO MOAYJIA [99].
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3a3HaueHl MIAXOIM  peali3yloTh  JOriKy MOoOyAOBH  peKOMEHMAIlii.
ApPXITEeKTYpHUM pIIIIEHHSAM 4YEeTBEPTOrO0 TIOKOJIHHA € caM pPEKOMEHIAIiHuN
KOMITOHEHT 13 3aJlanuM MiciieM y tornosorii HIIC, Buznauennmu API-koHTpakTamu ta
3aJIaHOI0 CXEMOIO B3a€MOIIT 3 MpodiieM yuHS.

PexoMeHpaliiifHi Ta areHTHI MeEXaHI3MH BUKOPHUCTOBYIOTh TaKi HaBYaJIbHI
cuctemu sik AutoTutor, Cognitive Tutor, Coursera [101, 102].

[HTeNneKTyanmbHa cucTeMa MIATPUMKKA HaBuaHHsS AutoTutor Bene HaBYaHHS
IPUPOJIHOIO MOBOIO 1 aJalTyeThCsl B 3aJEKHOCTI B BIJANOBIACH CTyACHTA.
Hanpuknan, xonu KOpUCTyBad BIJIOBIIa€ HA MUTAHHS OO0 MPHUHILMUIIB PoOOTH
nporecopa, To AutoTutor BUKOHye MOPIBHSHHS BIJIOBIAI 31 CIIMCKOM OYiKyBaHUX
MOHSATHh 3 BUKOPHCTAHHSM JATEHTHO-CEMAaHTHUYHOTO aHalli3y, BHUSBJISE€ MPOTUPIUYSL.
[loTiM cucTemMa reHepye MOCHIIOBHICTh MMIJKA30K y BHUIJISAl 1€papXii, CIOYaTKy
Hai3aranpHime muTaHHs «lllo BM MokeTe momaTth A0 BIAMOBIAI?», MOTIM OLIBII
netanbHl miakazu. CuctemMa Hajae MNpsAMY BIAMOBIAb JMINE Y BHUIAIKY, KOJH
KOPHUCTYBau Ha BIJIMOBIB 3a JOMOMOIOI0 IMiJIKa30K. Takuil amanTHUBHUAM IT1IX1T
M1BUIIY€ pe3yJIbTaTH HABYAHHS MOPIBHSIHO 13 CAMOCTIMHUM ONIaHyBaHHS MiIPYyYHHKA.

Cognitive Tutor € cucTemMoro, 1110 OCHOBaHA Ha TEOpIi aJallTUBHOIO YIIPABIIHHS
muciieHHsM [103]. 3a miero Teopi€r0 KOXEH HaBYaJbHUM KpPOK CTYJEHTa Mae
3ICTaBIATUCh 3 MOJIC/UTIO KOTHITUBHMX HaBHYOK. 3a pe3yJbTaTaMd ITOPIBHSIHHS
HaBYaJbHA CUCTEMA OI[IHIOE€ KUMOBIPHICTh OBOJIOJIHHA CTYJEHTA KOXKHOI HAaBUYKOIO 1
IOTIM aJanTUBHO BUOWpae HaBYalbHI 3amadi. Hampuknan, sKmo mpu omaHyBaHHI
Kypcy aireOpu KOpUCTyBad CHUCTEMATHYHO POOUTH MOMUIKH TpPH CKIAJaHHI 1
BUPIIIICHH] PIBHSIHB 3 IBOMA 3MIHHUMU, HABYAJIbHA CUCTEMA 30UIBIIIYE YACTKY CXOXKHUX
BIIPaB 1 HAJ]A€ TTOKPOKOBI MOB1IOMJICHHS-TTIAKA3KH TTPY BUHUKHEHHI POOJIEM.

Pexomennaniitni moays Coursera aHami3yloTh OUIBII HIXK CTO MHapameTpiB,
30KpeMa TMOTOYHUW Tporpec Kypcy, TPHUBATICTh MEPEryisay JeKIiid, a TaKoxX
pe3yJIbTaTH TECTIB, MOBEIIHKY CXOXHX ciyxadiB. Ha ocHoBi anamizy Coursera
IIPOITIOHY€E HACTYITHUI HaBYAIBHHWHN KypC 3 JCTAIbHUM TOSCHCHHSM, Y SIKOMY BKa3ye
BIJICOTOK CXOKMX KOPHUCTYBadyiB, IO OOpaJii PEKOMEHAOBAHHUM Kypc. AHAJIOTTYHHIMA

niaxig peanizoBano B LinkedIn Learning [104, 105].
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AreHTHHMI MiAX17 3a0e3Meuye afanTallilo peKOMEeHallii 11100 HaBYaHHS HABIThH
JUTSI HOBUX HerepeA0auyyBaHUX CUTYAIllH 1 ]Ja€ MOXKJIMBICTh BPAaXOBYBATH SIK TOTOYHUIMA
CTaH 3HaHb KOPHCTYBaua, TaK 1 1171l HOrO HaBYAHHS.

[TpoTe areHTHi Ta peKOMEHAALI{HI apXITEKTypHU MalOTh HACTYITHI OOMEKEHHS:

— pPEKOMEHJALIMHUN MOaYJb 1 TOJOBHHUM MOAYJb HABUYaJbHOI IPOTrpaMHOI
cucteMu (QYHKIIIOHYIOTh OKPEMO, 3 0OMEKEHUM OOMIHOM JIaHUMH,

— HE BUKOPHUCTOBYETHCS €IWHUN TMPOTOKOJ Mepeaadi MoJeeii KOpUCTyBadiB
pi3HUMHU areHTamu [98];

— pPeKOMEHJAIIMHUI MIIX1]] MOTpeOy€e BETUKUX OOCATIB HaBUAJIbHUX JaHUX, Ha
MaJuX o0csirax CHUCTeMa HaBYAHHS Ma€ HU3bKY TOYHICTH MiI00pYy HaBUYaJIbHUX
MaTepiaiB;

— mpobiemMa «XOJIOAHOTO CTapTy» BHWHHKAE IS HOBHX IIOWHO 3aITyIICHUX
KYpPCIB, JIUISl IKUX BIJICYTHI HaBYaIbH1 JaH1 [96];

— areHTHI CHUCTEMH HE 3aBXKIW MalOTh MEXaHI3MH TOSCHEHHS PUHHSATHX
pIIIEHB, 1110 OOMEKY€E KOHTPOJIb BUKJIaJauaMu TPAEKTOPil HaBYaHHS [97].

BaxxnnBoro 0coOMMBICTIO € HEIOUUIBHICTS BUKOPHUCTAHHS MPHU MOOYAOB1 TAKHUX
aApXITEKTYp TPAAULIITHUX METOAIB ONTUMI3AIlIi.

Pe3ynbraT MOPIBHSUIBHOTO aHAMI3y PO3TJISHYTHX apXITEKTyp HAaBEICHO Y

tabn. 1.3.

Tabmurs 1.3 — Pe3ynpTaTi NOPiBHAJILHOTO aHaIIi3y MPOTPAMHUX apXITEKTYP

BnactuBocri MomnomitHa / | MikpocepBicHa | AqanTuBHA ArenTHa /

Kmenr- peKoMeHaIliifHa
cepBepHa

ATaNITUBHICTD — + + +++

MacutaboBaHiCTh + +++ + +

[Tepconidikarris — — + +

(BOymoBaHa MOJIEIH

VUHS )

[HTepnpeTroBaHicTh + + + —

pillieHb

[aTeponepabenbHICTh + + + +

CKITaiHICTh HU3bKa BHCOKA BHCOKA Ty’Ke BHCOKA

BITPOBAKCHHS
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B Ta6m. 1.3 BuKopucTaHo Taki yMOBHI TO3HAYCHHS:

+++ — MOBHA MIATPUMKA;

+ — MITPUMKA;

+ — oOMexeHa MiATPUMKA,;

— — BIJICYTHICTb IMATPUMKH.

PesynpTat MOpIBHSUIBHOTO —aHAMi3y apXIiTeKTyp JO3BOJSIOTH 3pPOOHUTH
BHCHOBOK, IO JKOACH 3 PO3TISHYTHUX apXITEKTypHHX IIIXOJIB HE Mae Habopy
BJIACTUBOCTEH aJanTHUBHOCTI, MAaCIITaAOOBAHOCTI, ITepcoH1(iKallii, IHTEepIPETOBAHICTh
Ta 1HTEeponepadebHOCTI, HEOOXITHUX JJIA MEePCOHIPIKOBAHOI ajamnTalli Mpolecy
HABYaHHSI.

AJlaniTUBHI Ta areHTHI CUCTEMH MalTh OOMEXKEHYy MacITabOBaHICTh Ta
XapaKTEPU3YIOThCA HEMPO30PICTIO pilieHb. MIKpOcepBICHA apXITEKTypa 3a0e3neuye
MacTaboBaHICTh, MPOTE Mae€ OOMEXKEHHs IIOJO0 MepcoHidikalli Ta MeXaHI3MY
aganTtaiii. MOHOMITHA apXiTEeKTypa HE MIATPUMYE aIaNTUBHICTh 1 MEPCOHI(pIKALIIO 1
Mae 0OMEXKEHY MacIITabOBaHICTb.

[Ipu mepexoai BiJy MOHOJITHOT O MIKPOCEPBICHOI apXITEKTypHU BUPINIYIOTHCS
0OMEKEHHS 100 MAacIITabOBAHOCTI Ta 1HTEPOINEPaOEIbHOCTI, MPOTE 3ATUIIAETHCS
obmexxeHHss mepconidikamii Ta amantuBHOCTI. Ilpm mepexodi 10 aganTUBHOL
apXITeKTYpH BUPILIYIOTbCS MpoOJeMU aJanTHBHOCTI Ta mepcoHidikauii mpore
BUHUKAIOTh npoOsieMu MaciTaboBaHOCTI, IHTEepIPETOBAHOCTI Ta
iHTepornepadenbHocTi. [Ipu mepexoai 1o areHTHOI apXiTeKTYpHU BUHUKAE OOMEKEHHS
1HTEepnpeToBaHocTi [94, 99].

Takum yMHOM, HA OCHOBI aHAI3y APXITEKTYP HABYAIBHUX MPOTPAMHHUX CUCTEM
BUSIBJICHO PsJI OOMEKEHb IMX apXITEeKTypHHMX MIJAXOMIB IIOAO 3ajadi peaiizaiii
NEPCOHIPIKOBAHOTO  AJalTUBHOIO HAaBYaHHS Yy MAcCIITa0OBaHUX CHUCTEMax.
XapakTepucTuKu X 0OMEKeHb HaBeIeHO B Tabi. 1.4.

APpXITEKTypHE MPOTUPIYYS MIXK aJaITUBHICTIO T4 MACIITAOOBAHICTIO MOJIATAE B
TOMY, 1110 MacIITabOBaH1 apXITEKTYPH PO3POOISIOTHCS B TIEPILY YEPTY 3 YpaxXyBaHHSIM
€(EeKTUBHOTO PO3MOALTY HABAHTAXKEHHS, a aJanTHUBHI MOJIYJ IHTErpyHOThCS TaKi

HaBYaJbHI MPOTpaMHI CUCTEMH Yy BHIJISII 30BHIIIHIX cepBiciB. MacmraboBaHa
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mwiargopma Ta MexXaHI3MHU TepcoHidikamii (YHKIIOHYIOTH B JaHiil cuTyauii
napajiesbHO 1 He MPEJICTABISIOTh K €IMHY apXITEKTypHY cUCTeM. TOOTO 111 CKJIaI0Bi
He OYyJIM CIIPOEKTOBAHI1 JUIsl CKOOPAMHOBAHO1 B3aeMoii [83, 86].

BincyTHICTh akTyallbHOI LIEHTpasi30BaHOI MOJENl KOpHUCTyBada MOB'si3aHa 3
THM, 1110 aJaNITUBHI HABYAJIbHI CHCTEMHU BUKOPHUCTOBYIOTh CTaTHYHI ITPOd1J11 YUHIB 200
JCIICHTPaIi30BaHe MPE/ICTABICHHS MPH BUKOPUCTAHHI areHTHUX apXiTekTyp. Taki
npodisi He BIOOpaXaroTh aKTyalbHUN CTaH PIBHSA MIATOTOBKH KOPUCTYyBaya.

BiacyTHicTh €auHOTO NMpodiIt0 KOPUCTYBaya, 10 ONEPaTUBHO OHOBIIOETHCS Ta
€ JOCTYIHUM JUIsl BCIX MOAYJIB, YHEMOXJIMBIIIOE CUHXPOHHY aJanTalilo Ha PiBHI
HAaBYAJIbHOI CHCTEMHM B IIJIOMY, TOMY IO OKpeMi MOJYJl OTPUMYIOTH PI3HY
iH(pOopMaIlilo PO CTaH KOPUCTyBaya 1 MpUMMArOTh HEY3TO/KEHI PIIIEHHS HAa OCHOBI

HEY3TO/KEHUX a00 HeaKTyalbHUX AaHuXx [92, 93].

Tabmuus 1.4 — OOMeKeHHsT apXITeKTyp B ICHYIOUMX HAaBYAJIbHHX MPOrPAMHHUX

cucreMax
OOmexeHHs Omnuc oomexxennst | Bruius Ha peanizaiiiro Hanpsmku
NEPCOHI(PIKOBAHOI | YCYHEHHS HEJOJIKY
ajanTalii mporecy
HaBYaHHS
[Ipotupiyust mixk |MacmraboBaHi VY ckiiagHeHa Po3pobka ridpuaHoi
MOKJIUBOCTAMH  [apPXITEKTYpH B3a€EMO/IISI MIXK apXITeKTYpH, B SKii
aJIANTUBHOCTI Ta  [pO3POOJISIOTHCS 3 MOLYJISIMU nepeadayeHo i
MacITabOBaHOCTI [ypaxyBaHHSIM nepcoHidikaiii Ta MacITabOBaHICTh 1
¢(hEeKTUBHOTO 0a30BOI0 HABUYAJILHOIO |AJIaIITUBHICTH B
PO3MOALTY 1aThOPMOIO0 €IMHIN cUCTEMI1
HABAHTAXKEHHS, a
aJlanTUBHI MOy
IHTErpylOThCs B TaKi
HaBYaJbHI IPOrpaMHi
CUCTEMU y BUTIISII
30BHIIIIHIX CEPBICIB
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OOMexeHHs Omnuc oOmexxenHns | Bruius Ha peanizariito Hanpsmku
nepcoHi()iKOBaHOI | yCyHEHHS HEIOJIKY
ajanTarlii mpouecy

HABYaHHS
BincyTHicTh [Tpodine yuns Pi3H1 Moyl Po3pobxa exuHOi
aKTyaJlbHOI CTaTUYIHHHA 200 BUKOPHUCTOBYIOTh MOJIeTi
IIEHTPATI30BAaHOI [PO3MOIITICHUH MK  |[HEY3TO/KEH1 JaHi, 10 [KOPUCTyBadya
MOJIeTl areHTaMH 1 He 00MeKy€e MOXKITUBOCTI |(Y9HSI), IO
KOpHCTyBaua BiloOpaxae nepcoHidikarii BijloOpakae ioro
IIOTOYHUN CTaH MOTOYHUH CTaH 1
KOpHUCTyBaua BUKOPUCTOBYETHCS
BCIMa
KOMITOHEHTaMU
HaBYaJIbHOI
IIPOIPaMHOI1
CUCTEMU
O6mMexeHa Pexomenpnaniiiai Ta |Bukiagad He moxke  |Po3poOka
IHTEPIPETOBAHICTHAT€HTHI MOJTYJIl HE  |[IEPEBIPUTH IHTEPIPETOBAHOTO
MIPOIIECY HAaBYAHHSMICTSATh MEXaHI3MIB |[IPaBUJIbHICTh HIIXO0IY J0
Ta MOXKJIMBOCTEH |IHTEpHpeTalii aganTarlii TpaekTopii [mepcoHihikoBaHOI
ajanTarlii JaHOTO |pillICHb. HaBYaHHS ajanTariii mporecy
poLEeCy HaBYaHHS

HenocratHst 1HTEpHpeTOBaHICTh

aJanTUBHI PEKOMEHJAIlIHI Ta areHTHi

MpoIIeCy ajanTaiii BUHUKAE TOMY, IIO

MOJyJli HE MarTh MEXaHI3MIB TMOSCHEHHS

npuiinsaTux pimens [107, 108]. Jlane oOmexeHHsS HE Ja€ 3MOTM KOHTPOJIIOBATH

TPAEKTOPIi HABYAHHSI 1 3HUKYE PIBEHb JIOBIPH BUKJIAaqiB Ta IHCTPYKTOPIB [109].

Takum yuHOM, TepcoHi(iKOBaHA aJamnTailisi MPOIECy HaBUYaHHsS MOTpeldye

pO3pO0JIeHHST TIOpUIHOT apXITEKTYypH, IO MOEAHY€E TIEpeBard MaciTaboBaHOCTI

MIKPOCEPBICHOT apXITEKTYpH, MOXJIMBOCTI JUHAMIYHOI MOJENl KOpHUCTyBada Ta

IHTEPIIPETOBAHOCTI MOHOJIITHOI apXITEKTYPH.

1.3 JlocmimkeHHs miaxomiB 10 epcoHidikaiii HaBYaHHS

AHani3 OporpaMHHUX apXiTeKTyp y mifpo3aunt 1.2, 3acBiguMB, 11O 1CHYIOY]

apXITEKTYpHI1 pillIEHHs HE BPaXOBYIOTh OJJHOYACHO PIBEHb 3HAHH KOPUCTYBava Ta MOTO
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MOTOYHMI CTaH SIK JIBa PI3HUX BUMIPH MPOIIECY HAaBYAHHS, K1 B3aEMHO JOMOBHIOIOTH
1H(opMariiro nMpo KOpucTyBaya.

Apnanrariisi mpolecy HaB4YaHHS IPYHTYEThCSA Ha 1HQOpMAIlii Mpo piBeHb 3HAHb
KopucTyBada. HaBuanpHa mporpamMHa cucTeMa BU3HAYAE, SIKI HABYAIbHI MOAYJI 1 SKi
3HaHHS B)KE 3aCBOEHO, 1 MiAOMpae HaBYAIIBHUN MaTepiana cxokoi ckimaaHocti [110,
111]. Ilepconidikariisi, HATOMICTb, 0a3yeTbCcs HA MOTOYHOMY KOTHITUBHOMY CTaHI
yuHs. HaBuanpHa cucTeMa BH3HAYa€ MOTOYHUMN PiBEHb KOTHITUBHOTO HABAaHTAKCHHS
KopuCcTyBaua 1 ¢opMar MOJIaHHA Ta 3MICT HaBYAJIBHOIO MaTepialy 3 METOI0
MIATPUMYBATH  €(PEKTUBHUI  PIBEHb CHPUUHATTA  HABYAJIBHOIO  Marepiaiy
kopuctyBaueMm [112]. AmanTaiiis nae BIANOBIAb Ha NUTaHHS «SIKUW HaBYAIBHUI
MaTepial, KOTo piBHs CKJIaJHOCTI HaJaTH KOPUCTYBaueBi?», a mepcoHidikarist — « Sk
1 KMl MOJaBaTH Marepiajg B NOTOYHUN MOMEHT, 1100 HaBYaHHS OyJ0 €(pEeKTUBHHM,
0e3 rnepeBaHTaKEHHA?». AJJaNITHBHA HABYAJIbHA cHCcTeMa Oe3 nepcoHidikariii madupae
MOAYJb BIJIOBIAHOI 0 PiBHSA 3HaHb KOPHCTyBaya CKJIAJHOCTI, NPOTE€ B MOMEHT
KOTHITUBHOTO TIEpEHABAaHTAKEHHS yUYE€Hb HE 3MOKE€ 3aCBOITH MaTepial.

Jlanuii mAapo3ail TPUCBSYCHUH aHaI3y IAXOMIB A0 TIepcoHidikamii B
HaBYaJbHUX CUCTEMAX, a TAKOX BHSIBJICHHIO BUMOT JI0 MEPCOHI(IKALIl y KOHTEKCTI
HaBYaHHS BOIIHHIO.

[Tepconidikailisi BpaxoBy€e KOTHITUBHE HABAHTAXEHHS, sIKE BIOOpakae CTyliHb
pPO3yMOBHUX 3yCWJIb JIIOJIMHH, IO MalTh OyTH BHUKOPUCTaHI MPU BHUKOHAHHI
HaBYaJIbHOTO 3aBlaHHs. KOTHITMBHE HaBaHTaXXEHHS TMOB'SI3aHO 13  OOPOOKOIO
iHdopmalii, mo po3MilleHa B poOouid mam'sTi. Teopiss KOTHITUBHOIO
HaBaHTakeHHs [ 113] Oymna po3pobiena B 1980-x pokax Ha 6a31 1OCTIKEHb B 001aCTI
KOTHITUBHO1 TICUXOJIOT11T Ta OCIIKEHB MO0 apXITEKTYPH JIFOACHKOTO po3yMy. Meta
CTBOpPEHHS IIi€l Teopli mojsrajsa B TOMY, 100 TMOSICHUTH BIUIMB KOTHITUBHUX
00OME>KEHb JIFOIMHH Ha €(DeKTUBHICTh HABYAHHS, @ TAKOXK HAa (POPMYBaHHS BIITOBITHUX
HaBUYOK.

JlaHa Teopist BpaXoBY€ BIIMIHHOCTI M1’ pOOOYOI0 Ta JOBFOTPUBAJIOKO MaM'ATTHO
moaunau. Poboua mam’aTh pu3HadeHa 111 TAMYACOBOTO 30€piraHHs Ta ONepaTUBHOL

00poOku 1HpopMmarii. B pobouiii mamMm'aTi OZHOYACHO MOXe OyTH po3MillleHa
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oOMeXeHa KIJTBKICTh €JIEeMEHTIB, B OurbmiocTi BumanakiB Big 4 [114] mo 7 [115] 3
oOMeKeHUM YacoM 30epiranHs, 3a3Buyaii 10 30 cekyHa. [JoBrorpuBaia naMm’siTb Mae
BHUCOKY €MHICTh W MpHU3HAYEHA [JIsl TPUBAJIOro 30epiraHHs 3HaHb Ta HaBUYOK. Ha
BiIMIHY BiJ po00dYOi, JOBroTpuBaia Ham'siTh JIOJUHU 30epirae MpeaCcTaBiCHI Y
BUTJISIZII CXEeM CTPYKTYpu 3HaHb. CXeMH [1al0Th MOXJIMBICTH 00'€eTHATH HaOIp
iHQopMaIliHHUX eJEeMEHTIB B OJWH OJIOK, IO TPUBOJUTH JIO 3MEHIICHHS
HABaHTQ)XCHHA Ha maM'aTh. Ha mpakTuill MICTKICTh JOBrOTPHUBAJIOT MaM'sTi
BBa)XA€ThCA HeoOMekeHoro. OOujaBa THNU TMaM'siTl 3HAXOIAThCA Y TIOCTIHHIM
B3aemozii. Poboua mam’4Th npu3HAuYeHa JIsi MOTOYHOI OOpPOOKH Ta KOJyBaHHS
iHdopmaryi. JloprorpuBaia mnam’siTh 30epirae Ta Ja€ MOXJIMBICTh BIATBOPUTHU
OTpHUMaH1 3HaHHS Ta MPOIEAYypH iX 00poOkH. [lepeBuIieHHS eMHOCTI poO0YOT TaM'aTi
MPU3YNUHSAE Tporec (OPMyBaHHS HOBHX KOTHITHBHHUX CXEM 1 YHEMOXKIIUBITIOE
e(eKTUBHE 3aCBOEHHS HaB4yajabHOrOo Marepiamy [113]. 3riiHO KOTHITHBHOTO
HAaBAHTAKECHHS, HABYAJIbHI MaTepiajidi MalOTh OyTH cPOPMOBaHI TAKUM YHMHOM, 1100
M1HIMI3yBaTu a00 3MEHIIUTH 3aiiBl BUMOTH J0 POOOYOi MaM'aTi JIFOIUHU.

B nmocmimxennsx [113, 116] BuaiieHO BHYTpIIIHE, 30BHIIIHE Ta PEJICBAHTHE
HAaBaHTAKCHHSA. BHYTpIlNTHE HaBaHTaXXCHHS 3aJICKHUTh BiJ CKJIAJHOCTI HAaBYAIBHOTO
MaTepiaiy, BiJl KUTbKOCTI €JIEMEHTIB y MaTepiali 1 3aB'si3kiB M1k HUMHU. [Ipy BUBUEHHS
OKpemMHuX (DaKTIB CHOCTEpIraEThCS MiHIMAJIbHE HAaBaHTAXEHHS, MPU PO3B’sI3aHHI
KOMIUIEKCHOI 3a/ladl 13 MHOXKMHOK YMOB KOTHITMBHE HaBaHTKECHHS OyJe
HanOUbuM. CTOPOHHE HaBaHTAXEHHS 3aJ€KUTh BIJl 3MICTy Martepiany.
HaBanTa)keHHsI 30UTbIIY€ETHCS, SKIIO HABYAJIBHUNA MaTepial MICTUTh CYNEPEUWIUBY
iH(popMarito, TPEJCTaBICHO 3 BHKOPHCTAaHHSAM HE3PY4YHOTO 1HTEpdeicy ToIIo.
CTOpOHHE HaBaHTAXKEHHSI TMOTPIOHO 3MEHITYBAaTH IS MIABUIICHHS €(EeKTHBHOCTI
HaBYaHHs. PereBaHTHE HaBaHTaXCHHS BUHUKAE MTPU (POPMYBaHHI HOBUX KOTHITHBHHX
cxeM. Take HaBaHTaXeHHsI JOLUIBHO 30UIbIIYyBaTH. Tak, SKIIO KOPUCTyBay
HaBYaJIbHOI MPOrPAMHOI CUCTEMHU B aBTOLIKOJI JEKUIbKA pa3iB MOBTOPIOE aITOPUTM
BUKOHAHHSI JIIBOT'O TTIOBOPOTY 1 10CATAa€ aBTOMAaTH30BaHOTO BUKOHAHHS ITOBOPOTY, TO B

JTAHOMY BUIIQJIKy BUKOPUCTOBYETHCS KOpPUCHE HaBaHTaxeHHs. Lle miciie B poOouiii
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mam'sTi JUTsl TOAAIBIIIOTO aHami3y cuTyarlii Ha gopo3i [117]. OgHak cyma BCix TpbOX
HaBaHTaXEHb Ma€ OyTH HE O1IbIIE, HI’K MOKJIMBOCTI PoO0YOi mam'sTi.

[Ipu nepconidikallli HaBUaJbHa CUCTEMA Ma€ YTPUMYBAaTH KOPUCTyBaya y 30Hi1
onTUMaIbHOTO TOTOKY [118], ToOTO B Mexax poOodoi mam'aTi 3 MaKCHMalbHUAM
3HAYEHHSM PEJIEBAHTHOTO HAaBAHTAXKEHHSI.

KorHiTuBHUI CTaH 3MIHIOETHCS OCTAaTHRO IIBUIKO, YIPOJIOBXK CEKYHI abo
XBUJIMH B 3aJIC)KHOCTI BiJ] CKJIATHOCTI HABUAJILHOTO 3aBJaHHs, PiBHIB CTPECY Ta BTOMH,
0 BiApI3HAE HOro BiJ MOBUIBHO 3POCTAIOYOTO PiBHA 3HaHb. Ll BIAMIHHICTH
00OyMOBJIIO€ HEOOXI1JIHICTh O€3MEePEPBHOTO BHMIPIOBAHHSA MOTOYHOT'O KOTHITUBHOIO
cTaHy kopucrtyBaua [112].

[Tepconidikairisi Ha OCHOBI TOTOYHOTO KOTHITUBHOTO HaBaHTaXEHHS MOTpedye
HOT0 MOCTIMHOTO BUMIPIOBaHHS 1 mepeadl 1i€i iHpopmallii y HaB4ajabHy IPOTrpaMHY
cucteMy. BUKOPHUCTOBYIOTH YOTHPU TPYNU METOJIIB BUMIPIOBAHHS KOTHITHUBHOTO
HaBaHTA)KCHHS: ¢bi31010T14HI; ITOBE/IIHKOBI, cy0'eKTHBHI, Ha OCHOBI
npoayKTuBHOCTI [119].

XapakTepuCTUKH IIMX METO/IIB HaBeJeHO y Tabu. 1.5.

®i31010T1YHI  METOAM 3a0e3MeuyloTh HaWBHUILY TOYHICTh OLIIHIOBAHHS
KOTHITUBHOTO HaBaHTaxeHHs. Enexkrtpoennedanorpadis (EET) dikcye 3minu
MOTY>KHOCTI TeTa 1 anb(pa-puTMiB SIK MapKepiB KOTHITUBHOTO HaBaHTaxxeHHs [120 —
121]. BapiaGenpHICTh CEPLEBOr0 pPUTMY MOXKE OYTH BHUMIpPSIHA HOCUMHUMU

npuctposimu [122].
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Tabmuus 1.5 — MeToau BUMipIOBaHHSA KOTHITUBHOTO HABAHTAKEHHS

['pyna metonis

IIepeBara

OOMexeHHs

MOXJIUBOCTI
BUKOPUCTAHHS y
HIIC aBTomkomu

d1i310/10T14HI, K1

O0'ekTHBHA OI[IHKA

Bucoka iHBa3uUBHICTH

ToyHMI CEHCOPHUI

PEECTPYIOTH KOTHITUBHOTO 1 BUMOTH 10 CUTHAJI TSI
OloMeTpUYHY HaBaHTAXEHHS Y CIeliajli30BaHOT0 BUSIBJICHHS ITIKiB
iH(dopMairito, peaqbHOMY Yaci oOJlaTHaHHS CYTTEBO [HABaHTAXXEHHS 1
30KpeMa MO3KOBY [3aBISIKU MPsIMiii 00OMEXYIOTh KamiOpyBaHHS
aKTUBHICTb, peecTparlii MacIITa0OBaHICTh 1 [MEPCOHIPIKOBAHUX
CepLEeBUN PUTM, |[01IOMETPUIHHUX BIIPOBAKCHHS Y Mozesen

pEaKIlito 31HUIII SIK |CUTHAIIB CTaHIAPTHUX

npsiM1 IHAUKATOPH HaBYAJIBHUX

CTaHy CepeIoBUILAX

KOpHCTyBayua

[ToBeiHKOBI, [loBHa BijicyTHICT,  |HuK4a TOYHICTH OcHoBHUIT
aHaMI3ylOTh Jii  |[IHBa3UBHOCTI Ta MOPIBHSHO 3 MACUBHHUI (POHOBHIA
YUHS 1] 4yac inTerpauist y HIIC  |p13io0oriunnMu MOHITOPUHT
poootu 3 HIIC, |6e3 mogaTkoBOro METOJIaMH; CUTHAJIA |[KOTHITUBHOI'O
30KpeMa oOnagHaHHS MOXXYTb OyTH HaBaHTa)KCHHS
3aTPUMKH, PyXH, CIIOTBOPEHI YIIPOJIOBXK YCI€i
NaTepHU B3a€MOJI11 30BHIIITHIMU HaBYAJIbHOI cecii
SIK O3HAKH YHHHUKAMH 0e3 BTpydJaHHs y
HaBaHTA)KECHHS HaBYAJIbHUN NPOIIEC
Cy0'ekTHBHI, 3abesreuye BukitouHo [Tpu3HaueHi mis
OTPUMYIOTh IHTEpPNPETOBaHI JJaH!1 |[PETPOCHEKTUBHI, BaJIlJaIli
CaMOOIIIHKY Y4HS [3 TIO3HUIIIT CAMOTO BUMAararoTh 3ylUHKU |00'€KTUBHUX

10]10 YVUHS HABYAJILHOT'O MPOLECY [CEHCOPHUX
HaBaHTAXEHHS 1 HE IPUJIATHI JJIs MOJENEN; MOKYTh
yepes BUMIPIOBaHHS OyTH BUKOpPHUCTaHI1
OTNUTYBAJIbHUKH HAaBaHTA)XCHHA y MICIIsl HAaBYAIbHUX
TICTISl 3aBEPIICHHS peabHOMY Yaci ceciit

3aBJIaHHs

Ha ocHoBi BukopuctoBytoThesi |BukoHyeTbes mTyuyHe [BumiproBaHHs
MPOAYKTHBHOCTI, |[MYJbTUMOJIATbHI BTOPUHHE 3aBJIaHHSA, |[HABAaHTAXCHHS B
[0 BU3HAYAIOTh  |[MOJIEJIl MAIlIMHHOTO [[I[0 3MiHIOE YMOBH YMOBaX MOBIMHUX
pIBEHb HaBuaHHs (ML) nnst  [HaBuanus; ML- 3aBIAHb 3
KOTHITUBHOTO 3a0e3MeueHHS MOJIeT1 MepPEBIPKHU MTPaBUII
HABAHTAXKEHHSA 13 [BUCOKOI TOYHOCTI (GYHKIIOHYIOTh K Ta HABUYOK BOJIHHS
SIKOCT1 BUKOHAHHS [Ki1acudikarlii «YOPHUH AIUK» 0e3

3aBJIaHb, TOYHOCTI
1 IIBUIKOCTI
BIIITOBIAEH

MOKJIUBOCTI
MOSICHEHHS
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BumiproBanHs miameTpa 3iHUIN (MYyHIJIOMETPisSA) € YyTJIUBHUM MapKepOM
KOTHITUBHOTO HaBaHTaXKEHHSI, JOCTYITHUM JIJIl BAMIPIOBAHHS Yepe3 CTaHJapTHY BeO-
Kamepy 3 iH(dpauepBOHOIO MiACBITKOO [123].

OyHkuioHanbHA OMKHSA 1HGpauepBOHA CHEKTPOCKOIMIS Ja€ MOXKIHUBICTh
BIJICTE)KUTH 3MIHU PIBHS KHCHIO Y KPOBI 1 € TIEPCIEKTUBHUM METOJOM OI[IHIOBAHHS
KOTHITUBHOTO HAaBAHTA)XCHHS BHACIHIJIOK MOOUIBHOCTI ¥ CTIMKOCTI BUMIpIOBaHb MpU
pyxax jroaunu [124].

[ToBeniHKOBI MeTOAM HE TNOTPeOyIOTh CHEIIaJIbHOrOo  OOJagHaHHS 1
BUKOPUCTOBYIOTh JaHl II0J0 30UIbIICHHS May3 Mepei BIAMOBIIAI0 KOPHUCTyBaya,
3MIHU TPAEKTOPIi pyXy Kypcopa, 4aCTOTH BUKOPUCTAHHS M1JIKa30K Ta PO3MOLITY Yacy
MK elleMeHTaMH 3aBiaHHs [125]. AUTpekiHr (BiJCTEKEHHS HAIpPSIMKY MOTIISITY
JIOMHU Ta TPUBAJIOCTI (piKcalliid) AO3BOJISIE OLIHUTH PO3MOJLI YBaru JIOJUHA MIXK
ejeMeHTamMu 1HTepdency, BUIISIOUN O3HAKU MEPEBAHTAXKEHHS MPU 3BYKEHH1 30HU
cripuiiHATTA [126].

Cy0'eKTHBHI METO/IM BUKOPUCTOBYIOTHCS SIK PETPOCIEKTUBHI JUIsl KalliOpyBaHHS
00'ekTBHUX MeTO1B. BukopucToBytoThbcs mkaau NASA-TLX [127] Ta ITaaca [128].
ITepmia € GaraToBUMIpHOIO 1, 30KpeMa, BpaxoByEe PO3yMOBe 1 (pizvuHe 3ycuiuIs, a
TAKOXX YacoBl OOMEXEHHS 1 MPOMYKTUBHICTh. Jlpyra BHKOpHUCTOBYE 9-0anbHy
OJIHOBUMIPHY OLIIHKY.

MeToau Ha OCHOBI MPOAYKTHBHOCTI BH3HAYaIOTh HAaBAHTAXKEHHS OCHOBHOTO
3aBJaHHS 4Yepe3 BHUMIPIOBAHHS TOYHOCTI BUKOHAHHS BTOPUHHOTO 3aBaaHHs. [lpwu
30UTbLIEHH] ~ KOTHITUBHOTO  HABAHTAXXEHHA  TOYHICTb  BTOPUHHOI  3ajayi
3meHmyeThes [129]. B manomy  BUmagky — 3a3BU4Yail  BUKOPHUCTOBYETHCS
MYJIBTUMOJIAJILHUHN MiIX1]] HA OCHOBI MAIIMHHOTO HABYAHHS, IO MiJIBUIILYE TOYHICTh
kjacu@ikaili piBHIB KOTHITUBHOTO HaBaHTaxeHHs [130].

[lepconidikailisi BUKOHY€ETbCS 3a pe3yJbTaTaMH BUMIPIOBAHHS KOTHITHUBHOTO
HAaBAaHTAKEHHS 1 BKIIOYA€ CTaTUYHY MepcoHi(ikaliio, JUHAMIYHE KOPUTYyBaHHS
CKJIQJTHOCT1 HAaBYAJILHOTO 3aBJIaHHS, MYJIbTUMOJAJIbHY MEpCOHI(IKaIil0, aJanTUBHE
MIKpOHABYaHHS, TMEPCOHI(IKAIl0 3 BUKOPUCTAHHSIM HOCHUMHUX TPUCTPOIB.

XapaKkTEepUCTUKH ITUX MiAXO/1B HaBEICHO y Tab. 1.6.
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Tabmuus 1.6 — Iligxoau no mepconidikaiii 3a pe3yjapTaTaMd BUMIPIOBAHHS

KOTHITUBHOT'O HaBaHTaKCHHS

IMigxin Ommuc Jxepeno MexaHi3zM OOMeXeHHS
JAHUX TIPO ajanTarii
KH
Cratuuna OnHopazose Tectu Ta HanamryBanns |He BpaxoBye
nepcoHidikaiis [BU3HAYCHHS onuTyBalbHU[IHTEpDeticy JUHAMIYHI
KOTHITUBHOTO  |[KU JIO HIIC Bech kypc [3MiHU
npodiito 10 HAaBYaHHS  |HABYaHHS KOTHITUBHOTO
cecii HABAHTAKECHHSI
YIIPOJIOBXK cecii
HaBYaHHS
JnaamiuHe PerymoBanns  |[loBeaiHKOBI [3HUKEHHSI/ 3aJ1eKHICTD BIJ
KOPUTYBaHHS  |CKJIQJIHOCTI CUTHAJIA 1IBUIICHHS TOYHOCTI
CKJIAQJTHOCTI HACTYITHOTO CKJIaJHOCTI MOBEIIHKOBUX
3aBJaHHSA 3T1IHO 3aBJaHHS IPU  [CUTHAIIB
HOTOYHOTO PIBHS NIEPEBAHTAXKECHHI
KOTHITUBHOTO /
HABaHTAYKEHHS HEJ0BAaHTaXECHHI
MynbsTumoaansH BpaxoBye piBeHb|l loBeaiHKOBI |AganTHBHE Bucoxka
a 3HaHb Ta Ta 3Ba)KyBaHHS, o0UuCIIOBANIbHA
nepcoHi(ikaiis [KOTHITUBHE (1310JI0T14HI |OKpEMI Baru sl |CKJIAAHICTh;
HABAHTA)XEHHSI  |CUTHAJIA HOBaYKiB Ta MOTPIOHO
MpH X BUBYECHH]; OKpemi s KaJiOpyBaTH
BUKOPUCTOBYETH JTOCB1TUEHUX Baru Jist
cs KOPUCTYBaudiB  |KOXKHOT TpyNH
HEUpOMEPEKHA
apxiTeKTypa
AJlanTUBHE PozoutTs [Torounnit |[Ipu [Totpebye
MIKpOHABUYaHHS |[MaTepially Ha  [piBE€Hb NepeBaHTaXEHHI [TONEPETHBOTO
MIKPOMOAYJI1 13 |KOTHITUBHOT [BUOMPAIOTHCA  [PO3OUTTH
JUHAMIYHUM 0 CIPOLIEH] HaBYAJIBHOTO
BUOOpOM HaBaHTaXX€H |pparMeHTH Marepiaiy Ha
HACTYITHOTO HS 1 pIBEHb MIKpOMOTYJIi
MOZYJIS 3aCBOEHHS
[Tepconidikamis |besnepeppauit  |(Dizionoriuni [Knacudikamis  [3aMeXHICTh Bl
3 MOHITOPUHT CUTHAJIU B |[KOTHITUBHOTO  [IKOCTI
BUKOPUCTAHHAM |[OIOMETPUYHOI  [p€aIbHOMY |HABAaHTAXXEHHS |[IPUCTPOIB Ta
HOCHUMUX iH(popmarii yaci 3a TUCKPETHUMH [TOTOBHOCTI
MIPUCTPOIB yepe3 HOCUMUI PIBHSIMU KOPUCTYBayiB
CEHCOop CKJIQJTHOCTI JIJIsl |BUKOPHUCTOBYBA
aJlanTallii piBHA TH HOCUMI

CKJIAJHOCTI

[IPUCTPOI
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CratuuHa mepcoHigikaiis nepeadadae BU3HAUEHHS KOTHITUBHOTO TPOQLIIO
y4HS (EMHOCTI poO0OYOi aM'saTi, TUTIOBOTO CTHJIFO HABYaHHSI, PIBHS TPUBOXKHOCTI) Ta
BUKOPHUCTAHHS I[bOT'0 TIPOQ1II0 /IS HAJIAIITyBaHHS 1HTepdelcy i BUbopy marepiary
1o noyatky cecii HapuanHs [131]. [liaxig € iHTepIpeToBaHUM, OJJHAK ITHOPY€E 3MIHU
KOTHITUBHOTO HAaBaHTAXXEHHS II1]] 4ac cecii HaBYaHHSI.

[Tigxig AMHAMIYHOTO KOPUTYBAHHS CKJIQHOCTI HABYAHHS PETYIIIOE€ CKIAAHICTh
HACTYITHOTO 3aBJaHHs 3T1THO /IO TOTOYHOTO PiBHS KOTHITUBHOTO HaBaHTaxeHHs. [Ipu
30UTbIIEHH] HAaBAHTAXEHHS CKJIAJAHICTh 3aBJAHHS 3HUKYETHCS, a TPU 3MEHIIECHHI —
niaBuinyetbes [132]. [lpoTte miaxia sBHO HE BpaxoBye mpodiib kopuctyBada. s
peanizanii miaXoay MOTPIOEH MporpamMHO-anapaTHU MOJYJb, IO BIACTEXKYE CTaH
KOpUCTYyBaya.

[Tiaxig MyJIbTUMOJATBHOL IEPCOHI(IKaLIli y3aralbHEHO BpPAaXOBY€E CTaH 3HAHb Ta
KOTHITUBHE HaBaHTA)KCHHS MPU BUBYCHHI IIUX 3HAHb 3 BUKOPUCTAHHSM aJIallTUBHOTO
3Ba)XKyBaHHS MpiopuTeTiB. JJi1 HOBauKiB OLIBII BUCOKHI IPIOPUTET BCTAHOBIIIOETHCS
JUIST  TPaJMIIHOTO 3HAHHSA-OPIEHTOBAHOTO HABYAHHS, a JJs JIOCBLIYEHUX
KOPHCTYBauiB 30UIBIIYETHCS Bara mnepcoHidikoBaHoro kommoneHTa [133]. ITimxinm
BU3HAYA€ MOTOYHUI CTaH, 0€3 aHami3y 1CTOp1i HAaBYaHHSI.

AJnanTMBHE MIKpOHABYaHHA pPO30MBaE HaBUYAJIBHUN KypCc Ha MIKPOMOTYJI
TPUBATICTIO AEKIIbKa XBWJIMH. HacTymHMil MIKpOMOIyJib BHOHMpA€EThCA HAa OCHOBI
MOTOYHOTO KOTHITUBHOTO CTaHy KOpHCTyBada Ta MPOTPECY Y HaBUaHHI. Y BUMAAKY
NepeBaHTAKEHHS! BUKOPUCTOBYIOTHCS PO3'sicHIOBabHI kommnoHeHTu [134]. Ilpote
JaHUM TIAX1]1 TAKOXK HE BPaXOBYE 1CTOPIt0 HABYAHHS.

[Tepconidikairisi 3 BAKOPUCTAaHHSIM HOCUMHX MPUCTPOIB BUKOHYETHCS HA OCHOBI
0e3mepepBHOTO MOHITOPUHTY OloMeTpuyHOi iH(opMaIlii (BapiaOenbHICTh PUTMY
ceplis, IKIPHO-TaJlbBaHIYHA peakliis, TeMIiepaTypa Tija) 3a JOMOMOIO HOCHMOIO
ceHcopa. CTaH KOTHITUBHOTO HAaBaHTAXXEHHS KOPUCTyBauya poO30MBA€ThCA Ha
JUCKPETH1 PiBHI 1 BUKOPUCTOBYETHCS JIs aanTalii IBUAKOCTI HaBYaHHs [ 135].

PosrisiHyTi  migxoaw  BIAPI3HSAIOTBCS THUM, MIO BpPaxOBYIOTh IOTOYHE
HABAHTAKEHHS KOPUCTYBaya, ajie He BPaxOBYIOTh ICTOPIIO oro HaBuaHHs. L5 icTopis

BiJI0Opaxae sk piBeHb MOT0 3HaHb, TaK 1 IUHAMIKY HAOyTTS 3HAHbD.
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KorniTuBHe HaBaHTa)XCHHS IpPH HaBYaHHI BOJIHHIO MAa€ IHINY CHEHUQIKy
MOPIBHSHO 3 aKaJeMIYHUM HaBYaHHSM, 110 BU3HAYa€ BUMOTH J0 NepCcoHidiKallii mpu
HaBYaHHI y apTomkoii. Ilg cmenudika oOyMoBIeHA SK CKIQJHICTIO MPEAMETHOT
rajysi, Tak i1 0COOJUBOCTSIMU Ti3HABAIBHOI MISUTEHOCTI il YaC OBOJIOAIHHS 3HAHHIMHU
1l HaBUYKaMHU 111010 KepyBaHHs aBTOMOO171eM. KOrHITHBHE HaBaHTa)KEHHS Bi1o0paxae
MOJIBIMHY MPHUPOIY HABYAILHOTO 3aBJaHHs, (haKTOp OE3MeKH il TPUBOKHOCTI, POOOTY
y peambHOMYy dYaci. Hampukiian, mopsmok Tpoi3ay peryiaboBaHOTO CBITIO(GOpoOM
nepexpecTs 13 TpaMBaHOIO KOJIIE€I0 Mae OyTH BIJIHECEHA JI0 3aBJIaHb 13 MiABUIICHUM
PIBHEM CKJIaIHOCTI.

XapakTepUCTUKH KOTHITUBHOTO HABAHTAKEHHS TMPU HAaBYAaHHI BOJIHHIO
HaBeJieHo y Tabu. 1.7.

[TonBiiiHUI XapakTep HABUAJIBLHOIO 3aBJaHHS BUHHUKAE 13-32 JIONMOBHEHHS
KOTHITUBHOTO HABaHTa)KEHHS ICUXOMOTOPHUM HaBaHTaXeHHsIM. KypcaHT aBTOIIKOIH
napajueiabHO 00poOJisi€e CUTHAIM Y JOPOXKHIA CUTyallli, MpaBuia JOPOKHBOTO PYXY,
MOKa3HUKW TPUIAAIB, a TaK0oX BHUKOHYeE Jii 3 KepyBaHHs aBTomoOuieM [129].
JlocmimKeHHS 11010 3aB/IaHb 3 MOJBIMHUM HABAHTAKEHHSM IiITBEPIKYIOTh CyTTEBE
M1JIBUIIICHHS 3araJIbHOTO KOTHITUBHOTO HAaBAHTA)XXEHHS Ta 3HUKEHHS €(PEKTHUBHOCTI
aHajizy JOpPOKHIX cHTyamiii HoBaukoMm [129]. V nocBimueHux BOJIIB ormeparii
KEepyBaHHS aBTOMOO1JIEM BUKOHYIOThCSI B aBTOMAaTUYHOMY pexkuMi [ 117], 1o 3BUIbHSE
pobouy mam'saTh JJIs aHaI3y JOPOXHBOI cCHUTyalli. Y HOBaukiB IIi omeparii
BUKOHYIOThCS KOHTPOJbOBAaHO W caMi 1O €001 TIiABUINYIOTh KOTHITUBHE
HAaBAaHTAKCHHS, 3MEHIIYIOUHA Pecypc poO0dYOoi mam'sTi JJI 3aCBOEHHS TEOPETUIHUX
3Ha"b [117]. ToMy HajmaHHSs HOBOTO HaBYAJIBHOIO MaTepiayly Il y4YHS Mae
BpPaxOBYBaTH HOTO TMOTOYHE KOTHITUBHE HABAHTAXKCHHS, a HE JIUIIEC CKJIAJHICTh
HABYAJILHOTO MaTepiany.

[Ipu akamemMiuHOMY HaBUYaHHI BUHUKHEHHS 1 BUTIPABJICHHS IIOMUJIKU € TATIOBUM
HaBYAJIbHUM KpokoMm. [Ipu BOMiIHHI aBTOMOOUISI MOMHUJIKA MOXE€ MaTH HETaTUBHI
HACJIJIKK JJIsl BOJIis, MOTO MAacaKHUPiB, a TAKOXK 1HIIUX YYACHUKIB JOPOXKHBOTO PYXY.
Kputnunicts 6€3neku mpu BOAIHHI TOPOKYE TPUBOKHICTH MPY HABYAHHI 1 IT1IBUIILY€

KOTHITUBHE HaBAaHTA)KCHHs HE3aJICXKHO BiJ CKiIaaHOCTI 3aBaanHs [136]. [Ipu icnuti y
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MPEB a0o camocTiiiHUX MOI3/J0K KOTHITUBHE HAaBAaHTA)KEHHS KypCaHTa aBTOIIKOJIH

3YMOBJICHE HE JIMIIIE CKJIQJHICTIO MapIIpyTy ¥ JOPOKHBbOI OOCTAHOBKH, a i CTAHOM

TPUBOTH, 1110 BU3UBAE JI0JJATKOBE CTOPOHHE HABaHTaKeHH: [136].

Tabmuus 1.7 — XapakTepuCTUKH KOTHITUBHOTO HABAHTAXXCHHS MPHU HaBYAaHHI

BOJIHHIO
Ne [Tprunnau Oco0MBICTh KOTHITUBHOIO |BIAMIHHICTH Bl aKaJIeMIYHOT'O
1BULIEHOTO HABAHTAKECHHS HABYaHHS
KOTHITUBHOTO
HABAHTAKECHHS
1 [loxsiitHwmii CriyibHE KOTHITUBHE Ta [Ipu akageMiyHOMY HaBYaHHI
XapakTep TICUXOMOTOPHE MICUXOMOTOpPHA CKJIa/I0Ba
HAaBYAJIILHOTO  |HABAaHTAKEHHS: OJIHOYACHA  [BIACYTHS ¥ 3aBHAHHS
3aBIAHHS 00poOKa CUTHAJIIB Y JIOPOKHIM [IEPEeBaKHO KOTHITHUBHI
CUTYyaIlil Ta CKOOPAMHOBaH1
MOTOPHI JTii
2 Kputnunicte  |[KpuTuuHicTh Oe3neku BU3MBa€ B akaieMiuHOMY HaBYaHHI1
Oe3mneKu TPUBOXKHICTb P HABYAHHI 1 |TOMUJIKA € IOIYCTUMOIO il HE
M1BUIIY€ KOTHITUBHE MPUBOIUTH 10 HE3BOPOTHHUX
HaBaHTa)KEHHS HE3aJIEKHO B1J [HACIIIKIB
CKJIQJTHOCTI 3aBJaHHs
3 [TpukommnonenTH [Ha korHiTUBHE HaBaHTaXKeHHS (B akageMiuHOMY HaBYaHHI
a CTpyKTypa BILJTUBAE KUIbKICTh aKTUBHUX |KOTHITUBHE HABAHTAXKCHHS
3aBIAHHS €JIEMEHTIB y MOTOYHIM BU3HAYAETHCS JIUILIE
JOPOKHIN CUTYyalli, CTYyliHb  |CKJIAHICTIO TEMH, & MOTOpPHA
OTIaHyBaHHS TEOPETUYHUMH (T4 CUTyaTHBHA CKJIA/JI0BI
3HAHHSIMU; PIBEHb BIJICYTHI
aBTOMaTu3allii 0a30BUX
MOTOPHHMX HABUYOK
MaifOyTHBOTO BOJIIS
4  BigcyTHICTh HaBuanbHy cutyariio He B akaneMiyHOMYy HaBYaHHI
JTOBUIBHOT May3U [MOKHA 3yITUHUTH MIPU Y4E€Hb MOXKE€ 3YITUHUTH,
y HaBYaHHI NIEpPEeBAHTAXEHHI SIK Y MOBEPHYTHCH IO HABUATHHOTO
pealbHOMY BOJIHHI TaK 1 IPU  (Matepiany y Oyab-sSKuii
HENepepBHOMY CIIEHapii MOMEHT
HaBYAHHS
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Ne [Tpuunnau Oco0MBICTh KOTHITUBHOIO |BIAMIHHICTH Bl aKaJIeMIYHOT'O
1 IBUILEHOTO HaBaHTaXKEHHS HaBYaHHS
KOTHITUBHOT'O
HaBaHTAKECHHS

5  |Acumerpis Y HOBauka omeparii [Ipu TpaauiiHOMY HaBYaHH1
KOTHITUBHOTO  |[K€PYBAaHHS aBTOMOOLIEM BIIMIHHICTh MK HOBAUKOM Ta
HABAHTAKCHHS |BUKOHYIOTHCS KOHTPOJIHOBAHO |€KCTIEPTOM TPOSBIISIETHCS Y
KypcaHTa 1 TeHEepYIOTh 3HAUHE rMONHI 3HaHb, 0€3
aBTOIIKOJIM Ta |KOTHITMBHE HaBaHTaXXEHHs, a |(Pp1310JIOTTYHOTO HAaBaHTAKEHHS
JTOCBIJTYCHOTO |y JJOCBITYEHOTO BOJIIS 111
BOJIIS orepallii aBTOMaTU30BaH1

[Tepconidikairisi Ma€ BpaxOByBaTH MiJBUIIICHE KOTHITUBHE HABAHTAXKEHHSA IMPU
BHOOPI1 CKJIaJHOCTI HABYAJIbHUX CLIEHAPIIB.

Y akajgeMiyHOMY HaBYaHHI KOTHITUBHE HABAaHTAXXEHHS BU3HAYAETHCA
CKJIaJIHICTIO TEMH HaBYAJIIBHOTO 3aBAaHHA. [Ipy HaBYaHHI BOJIIHHIO HABAaHTAKCHHS
3QJIEKUTh BIJI TPbOX KOMIIOHEHTIB: CKJIQJHOCTI JOPOXHBOI CHUTYyallli, CTYIEHIO
OMaHyBaHHS TEOPETHMYHHMU 3HAHHSIM, PIBHEM aBTOMaTu3allii 0a30BHMX MOTOPHHUX
HaBUYOK MalOyTHHOTO BOIsA. CKIAAHICTh CUTYALl] 3aI€KUTh BiJl KUIBKOCTI aKTUBHUX
JIOPOXKHIX €JIEMEHTIB, BKJIOYAIOUYM TMOTOYHHM MaHEBp, IHTEHCUBHICTH TpadikKy,
KUTBKICTB TIOPOKHIX 3HaKiB. MaitOyTHI# BOIiif Mae BUKOPUCTATH MPaBUIIA IPIOPUTETY
PYXY 3 OJHOYACHOT KOOPAMHALIIELO 11 3 ynpaBiliHHs aBTO. Hanpuknana, npyu BUKOHaAHH1
JIBOTO MOBOPOTY Y CKIIAJIHIN IOPOXKH1M cUTyallli BO/11i 00po0Jsie O1IbIIe 8 eJIEeMEHTIB,
0 CBIAYUTH MPO BHUCOKE KOTHITUBHE HaBaHTaxeHHs [116, 129]. HaBuanusa 3
JOITyCTUMHUM HaBaHTAXCHHSM IIpU3HaUeHe /711 JOpMYBaHHS 3HAHb IIOA0 O€3MeUHOT0
PyXy a Takok aBTOMartwu3allii HaBu4uoK kepyBanHs [117]. I[lepconidikoBana cucrema
Ma€ BpPAaxXOBYBAaTH TPUKOMIIOHEHTHY CTPYKTYpPY 3aBAAaHHA TPU TEOPETHUHOMY
HAaBYaHHI, 3HIKYIOUM KOTHITUBHE HaBaHTAXKEHHS B 3aJIEKHOCTI BIJ CTaHy
KOpPHUCTyBaua MLUISXOM MiAOOPY CHPOIIEHOrO0 HaBYAJIBHOIO CIIEHApil0 a TaKoX
ajanTaiicro iHTepdeicy Ta 30UIBIICHHAM KIUIBKOCTI MOBTOPIB JUIsl aBTOMAaTH3aIlil
HaBHUYOK.

[Ipu TpaguiiiHOMy akaJeMiYHOMY HaBYaHHI YY€Hb MAa€ MOXKJIUBICTh 3pOOUTH

JOBUIbHY Tay3y, NPU3YNUHUTH MEPerjisil JeKUii Ta MOBEPHYTUCS JO PpO3IIILY



52

CKJIagHOTO (hparMeHTy. Y HaBYaHHI BOJIHHIO KyPCAHT aBTOIIKOJIA HE MA€ MOMKJIMBOCTI
NPU3YITUHUTHU BHBUYCHHS HABYaJIBHOTO ClLEHapiio npu HACTaHHI
nepeBaHTaxeHHs [137]. Tomy mnepcoHipikoBaHa HayajbHa CHCTeMa Mae OyTH
MIPOAKTUBHOIO, BUSBIIATH MiABUIIICHUH PIBEHh KOTHITUBHOTO HABAHTAXCHHS Ha OCHOBI
MOTOYHOTO CTaHy KOPHCTyBaua Ta aJalnTyBaTH CKIAJHICTh HAYAJIbHUX MOMYJIB 0
TOTO MOMEHTY, KOJM HAacTaHE KOTHITHBHE mepeBaHTaxeHHs [138]. PeaktuBHa
nepcoHi(iKallis Moyiirae y NpuHHSITTI PIlIEHHS PO KOPEKI[II0 HABUAIHHOTO CIICHAP1IO
miclsg  TepeBaHTa)XXEHHsS, TOOTO TMpU PEaKTUBHIM mepcoHidikaiii pileHHs
MPUIAMAETHCS 13 3al13HEHHSM.

AcuMeTpis  KOTHITUBHOTO  HABaHTAKEHHS  KypcaHTa aBTOIIKOJIM  Ta
JIOCBIYEHOTO BOJIiI BUHHMKA€ BHACTIJOK PI3HOTO PIBHS aBTOMATH3aIlli MOTOPHHUX
HaBu4oK. Jlocmimxenns [139] noka3sye, 1110 AOCBITYEHUN BOJI1 BUKOPUCTOBYE MEHIIIE
MOJIOBUHU pecypcy poOodoi mam'siTi Ha KepyBaHHsS aBTOMoOLIeM. [HIIa mosioBHMHA
naMm'sTi IpU3HAYEHa JJId aHaji3y JOPOKHbBOI cuTyalii. HoBauok y Takiil ke JOpOKHIi
CUTYyallli BUKOPUCTOBY€E Maiike BCIO poOouy mam’ATb. TOMy HOBAa4OK Ma€ CYTTEBO
BUIIIC KOTHITUBHE HABAaHTAXKCHHS NPH BUHUKHEHHI HemepeadadyBaHMX MOAIN Ha
nopo3i. Taka pi3HUIA MiAKPECITIOE BaXKIUBICTh OLIIHKK MOTOYHOIO CTaHY KOPUCTyBaya
1 mepcoHidikallii HaBaHTaXXEHHS IIJITXOM IM1100py HaBYAIbHHUX CIIEHAPIiB.

[TopiBHSIHHA PO3IMVIAHYTUX MIAXOAIB A0 MepcoHidikalii A03BOJIAE 3pOOUTH
BHCHOBOK, IIIO I1i Ti/TXOAX HE BUKOPUCTOBYIOTH €TMHE MTPEICTABICHHS 111 BA3HAYCHHS

PIBHSI 3HaHb Ta CTaHy KOPUCTYyBaya.

1.4 ITocTaHoBKa 3aa41 JOCIIIKEHHS

AHaJI3 METOIB IIITOTOBKH BOJIITB 3 BUKOPUCTAHHIM HaBYaJIbLHUX IIPOTrPaMHUX
CUCTEM CBIJYUTH TPO OOMEKEHHS TPATUIIMNHUX MMAXOMIB 0 TEepCcoHidikarmii Ta
ajanTallii HaBYaJIbHUX CIieHapliB. [CHyIOUl afanTUBHI CUCTEMU HaBYaHHS B aBTOIIKOJTI
BUKOPUCTOBYIOTh 1H(GOpPMAIIIO MPO PIBEHb MIATOTOBKH KOPHUCTYBada i MiAOOpY
HaBYaJIbHUX MOAYJIB. IcHYyIOUl migxoau 1o mepcoHidikalii HaBYaHHS BPAXOBYIOTh

NOTOYHUM CTaH KOTHITUBHOT'O HABAHTAKEHHS KOPUCTYyBaya HAaBYAJIbHOI MPOrPaMHO1
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CHUCTEMH TpPOTE€ HE OMHUCYIOTh OCOOJMBOCTI HaBYAHHS BOJIHHIO, a TaKOX 1CTOPIIO
HAaBYaHHS 1 JOCSATHYTUHW TIpM HABYaHHI MEPCOHAJIbHUN pIBEHb MIATOTOBKHU. Lle
NPUBOJUTH HEBpPaxyBaHHS BHUMOI MEPCOHI(PIKOBAHOI ajanTailii 3 BUKOPUCTAHHSIM
dbopmarizoBaHoro omucy mpodiao 3HaHH Ta MOTOYHOTO CTaHy KOPHUCTyBada IPHU
PO3p00IIi apXiTEKTYPH MPOrPAaMHOT CUCTEMH Ta METO/I1B MepcoHidikarii i Bepudikarrii
a/IaITUBHOTO MPOIECY HaBYAHHS.

AKTyanbHICTb  MPOOJEMH  TUCEPTALIHHOTO  JIOCHIKEHHS OO0yMOBJIECHA
HEOOXIIHICTIO  YCYHYTH  HEBIAMOBIAHICTP  MDK  IPAKTUYHOI  IOTPeOOr0
nepcoHipikoBaHOi ajanTaiii Mpolecy MiArTOTOBKM BOJIIB 3 KOMIUIEKCHUM
ypaxyBaHHSM SK 1X pIBHS 3HaHb TaK 1 IOTOYHOT'O CTaHy KOTHITUBHOTO HABAHTAXKEHHS
Ta OOMEXKEHHMMH MOIUBOCTSM ICHYIOUMX TMIJIXOMIB JI0 aJanTHUBHOTO abo
nepcoH1(pikoBaHOTO HABUAHHS.

Metoro aucepTamifHOro MOCHIDKEHHS € po3poOka Mojeni Ta METOMAIB
MEepPCOHI(IKOBAHOI aJanTaiii Mpolecy MNIArOTOBKKA BOAIIB Ha 0a3l TiOpuaHOI
apXiTeKTYpd  MPOrPaMHOI  CHUCTEMH 3  BUKOPHUCTaHHSIM  (pOpMasi30BaHOIO
IpeICTaBICHHS MPOQUII0 3HaHb Ta TOTOYHOTO CTaHy KOPUCTyBaya JJis T1BUIECHHS
e()EeKTUBHOCTI HAaBYaHHS B IPOTPAMHUX CUCTEMAaX aBTOMIKLJI.

Cdopmyib0BaHO HACTYIIHI 3aBJaHHS JOCIIHKSHHS BIJITOBIIHO A0 MOCTaBICHOT
METH:

1. AHani3 craHy mpoOsiemu ajanrtauii Ta NepcoHi(ikaiii Mporecy HaBYaAHHS
BOJIIiB Y aBTOIIIKOJII.

2. Po3poOka Mozeni TiOpuUIHOI MPOrpaMHOI apXITEeKTypu 3 HepudepiitHUMU
00YHMCIECHHSIMU ISl TIepCOH1(IKOBAHOT aianTaliii mporecy MmiJroTOBKM B aBTOIIKOJII.

3. Po3pobka meToniB moOy/oBH BEKTOpPY MPOGiII0 KOPUCTYyBa4a Ta BEKTOPY
MOTOYHOTO CTaHy KOPUCTyBada HaBYAJIbHOT MPOTPaMHOi CUCTEMH.

4. Po3pobka meToy repcoHidikoBaHOI afanTarlii mporecy BuOOpy HaBYaIbHUX
MOJIyJIiB Ha OCHOB1 BEKTOPiB MPO(D1JIt0 Ta CTaHy KOPUCTYyBaya.

5. Po3pobOka merony Bepudikaliii mpoiiecy BHOOPY HaBUYAIBHUX MOJIYJIB 3

BUKOPUCTAHHSAM TEXHOJIOT1] IHTEJIEKTYaJIbHOTO aHaJIi3y MPOIIECIB.
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6. Peamizamis riOpugHOi MPOTrpaMHOI apXITEKTYpH Ta EKCIIEPUMEHTaJbHa

nepeBipka po3po0JeHUX METOIIB MepcoH1(PiKoBaHOT ajanTallli mporecy HaBuYaHHS.

BucnoBku 10 pozainy 1

1. AHani3 aAanTUBHOTO MPOLIECy HABYaHHS BOJIIB B aBTOILIKOJIAX MOKa3aB, II0
Taki MPOLIECH HAIMpaBJeHI Ha TOCTYNMOBE HAOYTTA I1HAWBIAYaJIBHOTO JIOCBIAY B
KOHTPOJIbOBAHUX YMOBAaxX y BIJMOBIAHOCTI A0 TOTOYHOTO PIBHSA 3HAHb Ta HABUYOK,
pU4YOMy €(QEKTHBHICTh MIATOTOBKH BOJIIIB 3HAYHOI MIPOIO 3aJ€XKHUTh BlJ SKICHOI
iHTerpamii OTpUMaHUX TEOPETUYHUX 3HAHb 1 MPAKTUYHUX HABUYOK HA OCHOBI
KOHTPOJIO KOTHITUBHOTO HaBaHTaxeHHsA. OCTaHHE BUHUKAE BHACIIJIOK 30BHIIIHIX
BIUTUBI a TaKOX MpPH HEBIAMOBIAHOCTI HAaBYAJIBLHOTO MaTepially KOTHITUBHUM
MO>KJIMBOCTSIM Ta PIBHIO 3HAHb KOPUCTYBaua.

2. AHani3 apxXiTeKTyp HaBYaJbHUX MPOTPAMHHUX CUCTEM 3aCBIIUMB, 1110 ICHYIOY1
apXITEKTYpHI1 pIlIEHHS IS HAaBUaJbHUX MPOTPaAaMHUX CHUCTEM HE BPAXOBYIOTH Y
apXiTEKTYypi CMUIHLHO PiBEHb 3HAHb KOPUCTYBa4a Ta MOro MOTOUHMM CTaH SIK IBa PI3HUX
BUMIpH MPOIIECY HAaBYAHHSI, 1[0 B3aEMHO JTOTIOBHIOIOTH 1H(OPMAITi0 PO KOPUCTYBaYa.
Jlist migBuUIeHHsT €PEeKTUBHOCTI HABYAHHS 3 ypaxyBaHHSAM NPoQiII0 KOPUCTyBaya Ta
HOTr0 MOTOYHOTO KOTHITUBHOIO CTaHy MOTPIOHO pO3pOOUTH TiOpUAHY MPOrpamHy
apXiTeKTypy, IO TOEIHYE€ MOXJIMBOCTI MacmTabOBaHOCTI  MIKPOCEPBICHOI
apXITEKTYpH JJI yIOCKOHAJIEHHS MPOLIECY HaBYaHHS Ta IIBUAKOI MepcoHi(pIKOBaHOL
aganTarlii Ha 6a31 MOHOJIITHOT apXITEKTYPH.

3. JocnimkeHnHs miaxomiB g0 mepcoHidikaiii HaBYaHHS TMOKa3ye, IO Taki
i1X0I1 BU3HAYAIOTH CKIIAHICTh HACTYITHOTO HaBYAIBHOT'O MOYJIsi 800 CTAaTUYHO, 10
MOYaTKy MOTOYHOI cecii HaBYaHHS, a00 TMHAMIYHO, 3 YpaxyBaHHAM IIOTOYHOTO CTaHY
KOPHUCTyBada ajie 0e3 BpaxyBaHHS OOMEXKEHb IMOJO0 MOTrO PiBHS MIATOTOBKU. Taka
nepcoHidikaiis Moke OYTHM BHUKOHAHAa 3 PO30OUTTAM CIIEHApil0 HaBYaHHS Ha
MIKpPOMOJYJIi, aJaNTUBHUM BCTAHOBJICHHSIM IMPIOPUTETIB 32 PIBHEM HABAHTAKCHHS

KOpHUCTyBaua, a00 Ha OCHOB1 O10METPUYHOI 1H(POpMaLlii Bii HOCUMUX IPUCTPOIB.
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2 MOIEJI IIATPUMKMU ITEPCOHI®PIKOBAHOI'O AJAIITUBHOI'O
HABUYAHHS BOJIIB Y ABTOIIIKOJIAX

2.1 JleckpunTHBHE MOJCIIOBAHHS JOPOXKHBOI CHUTyarlii IS MiITPUMKH

nepcoHi(iKOBaHOI aganTaliii mpoIecy MmiaroTOBKH BOIIIB

CydacHi nporpamHi CUCTEMH, 1110 BUKOPUCTOBYIOTHCS JUIsl HABYAHHS BOJIIHHIO,
BUKOPHUCTOBYIOTh 0OaraTOpiBHEBHMI oOmHC JOpoXkHiX creHapiiB [139, 140]. Taki
CUCTEMHU TMPEACTABISAIOTh KOXHY JIOPOXKHIO CHUTyalll0 y BUIVISAL  (PIKCOBAHOL
IHTErpaIbHOI CIICHU, TOOTO Yy BUTJIS/I €TMHOTO 00’ €KTa 0€3 BiJoOpaKeHHs CKJIaJIHOCTI
CIICHH SIK OKPEMOTO TTapaMeTpy, HAIIPHUKJIAA y BUTIISI CIICHH «IOPOKHE TIEPEXPECTSD).
Ile o3Hauae, 110 y BUMAJAKY, SKIO MOTpiOHA MEHI a00 OUIBII CKJIa/iHa BEPCisl IIbOTO
CIICHApIiI0, PO3POOHUKH CHCTEMH IOBHUHHI CTBOPUTH HOBHH O0'€KT 3aMICTh MPOCTOI
ajanTarii napamMeTpiB ICHYI0YOT0 CIIEHapIIO.

Takox, ICHYIOYl CHUCTEMH HE BUKOPHUCTOBYIOTh OIOMETPUYHUN 3BOPOTHHUI
3B’SI30K JIJIsl IEPCOHI(IKOBAHOI ajanTallli HaBUYaJIbHUX CIIEHAPIiB Y PEXKUMI M'SIKOTO
peanpHOrO 4acy. KomepiriitHi cuctemu AJi1 HaBYaHHS BOJIIHHIO KOPUTYIOThH TMPOIIEC
MIJITOTOBKH IIJISIXOM BHOOpPY 13 HAOOpYy (PiKCOBaHMX CIIEHApPiiB 1 HE 3aCTOCOBYIOTH
ajanTalio mnapamMeTpiB cleHu Mg 4ac HaByaHHsA [141]. CkiamHICTh anpiopHO
3a1a€ThCS JUISI KOXKHOI CIIEHM W TOMY TIIOTOYHE OOYHMCIICHHS CKJIAJIHOCTI HE
BUKOHYETHCSA. BHAcHmOK IIbOr0 iCHYIOYI CHUCTEMH HE€ BUKOPUCTOBYIOTH MEXaHI3M
aganTarlii CKJIaIHOCTI, 1[0 BPAXOBYE SK PIBEHb MIATOTOBKH, TaK 1 piIBEHO KOTHITUBHOIO
HaBaHTAXXEHHS MallOyTHHOTO BO/IIS.

Po3pobnenuit y maHoMy miApo3AUNT MIAXiA 0 YAOCKOHAJCHHS 1CHYHOYHX
MoOjIeJieli 3 BUKOPUCTAHHIM TTapaMeTPiB OIIHKH CKIAAHOCTI ClIeHapiiB 103BoJsie [1]:

— IIPEJICTaBUTH CIIEHAPiil HAaBUAHHS KYpPCAHTIB aBTOIIKOJM Yepe3 KOMOIHAIIO
napaMmeTpiB JOPOKHbOI CUTyalli, a He 4epe3 (PIKCOBaHy CXeMy, K B ICHYIOUHX
CUCTEMAX;

— OTpUMAaTH YUCJIOBY OLIIHKY CKJIQJIHOCTI CIICHAPI1l0 HAaBYaHHS,
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— aJanTyBaTH CIEHapid y pPEKHUMI M'SKOTO peaJbHOTO Yacy Ha OCHOBI
MOPIBHSHHS CKJIQTHOCTI JOPOXKHBOI CIICHH JOPOXKHBOI CIICHHM Ta BapiaOeIbHOCTI
CEPILIEBOr0 pPUTMY KypCaHTa aBTOILIKOJIH.

3anpomnoHoBaHa aJanTUBHA MOJETh JOPOXKHBOI CHTYyallli BKJIIOYA€E Taki
CKJIA/IOBI:

— €JIEMEHTH JOPOXKHBOI cuTyamii Sd, 1m0 BKIIOYAIOTH TOPOXKHI 00 €KTH,
30KpeMa JI0pOKHI 3HaKH, MIIIOXOA1B, TPAHCTIOPT, CBITI0(OPH;

— MpaBuIIa J0POKHBOTO pyxy Pr;

— il Act y AOpPOXKHIN cUTyalli;

— HaOlp OLIHOK CKIAAHOCTI [ 3 BUKOPUCTAHHSAM BIANOBIAHUX IapaMeTpiB
CKJIaJIHOCTI1 IOPOKHBOI CUTYaIIii;

— MHOXUHY GS HaBYAIBbHUX CIIEHApiiB, SKI MalOTh BPaxOBYBaTH CKIIAIHICTh
HAaBYaHHS Ha OCHOBI JaHUX BiJl 010METPUYHOIO 3BOPOTHOTO 3B S3KY.

dopMabHO aJlaliTUBHA MOJIETh TOPOKHBOI CUTyarlii Ms Mae BUTIIS:

Ms= (Sd,Pr,Act,L, Gs ). (2.1)

3B'I3KkM MK PpIBHAMH Sd €IEMEHTIB JIOPOXKHBOI CHTYyallii 3aJar0ThCs
MHOKHHOIO BiJHOIIEHh K, 10 BH3HAYAIOTh CTPYKTYPHI Ta PEryJSATOPHI POJIi.

[TinMHOXKMHA CTPYKTYpPHHMX poJiel R, BHM3HAyda€ IMOCTINHI 3B'I3KM MDK €JIEMEHTaMH

JOPOKHBOI CUTYallll, HAPUKIIA HASBHICTh JOPOXKHIX 3HAKIB, TPAHCIOPTHUX 3aCO01B,
MIIIOXOAIB B JOpOXHINM curyamii. IlinMHOXHMHA perynsTopHuX posiell R, 3ajae
BIJTHONICHHS MK TpaBUJIaMH, €IEMEHTaMU CUTyaIliil Ta JisMHA, TOOTO BHU3HAYAIOTh
YMOBH 3aCTOCYBaHHS TIpaBuja Il KOHKPETHOTO €JIEMEHTAa B JIOPOXKHIN CUTyamii 1
HACTYITHI JIii MiCJIs 3aCTOCYBAaHHS MIpaBUIIa.

Jlns omucy eneMeHTiB Mmojeni Ms Ta BigHOIIEHb R BHKOPHCTOBYETHCS
JTUCKPUTIIIIAHA JIOTIKA, sIKa 3a/1a€ KOHIIENTH (KJIAacH), M0 BiAOOpakar0Th MHOKHHHU
00'€KTIB TIEBHOTO THUITy y TMpPEeIMETHIN 00JiacTi, poJjii, 0 BH3HAYAIOTh OlHApHI
BIJTHOIICHHS MK ITUMHU O0'€KTaMH, Ta €K3EMIUIAPH, IO MPEACTABISAIOTh KOHKPETHI

00'exTH.
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JIOpOo>KHS cUTYaIlisl XapaKTepU3y€eThCsl TAKMM 0a30BUM HA0OPOM KOHIEMTIB, 1110
BimoOpakatoTh eneMeHTH Sd, mpaBuna Pr, mii Act Ta BU3HAYalOThCS B paMKax

YHIBEpPCAIBHOTO KOHIIETITY *

(RoadSituation, TrafficSign,Vehicle, Pedestrian, Rule, Action) b, (2.2)

ne RoadSituation — KOHIIENT JOPOKHBOI CUTYAIIT;

TrafficSign — KOHLENT TOPOKHBOTO 3HAKY;

Vehicle — koHIIENT TPaHCIIOPTHOTO 3aCO0Y;

Rule — xonmnenT npapwiia JOPOKHBOTO PYXY;

Pedestrian — KOHLIENT MIIIOX0/4;

Action — n1ist BOJisSI TPAaHCIIOPTHOTO 3aC00Yy.

AHaJNOTIYHO, JUIS KOHIENTY TPAHCIIOPTHHX 3acO0iB Ta KOHIENTY JOPOXKHIX

3HAKIB 33/Ial0ThCSl MiAKIACH JIETKOBHI aBTOMOOUTL (Car ), BaHTaXXHUM aBTOMOOLIb

(Truck ), motorukn ( Motorcycle), aBTobyc ( Bus):

(Car,Truck,Motorcycle,Bus) & Vehicle. (2.3)

Jlns1 Kacy TOpOKHIX 3HAKIB BUAUISIOTHCS ITIKIACH TIOTIEPEKYBAIbHUX 3HAKIB
(WarningSign), 3nakiB  npioputety (PrioritySign), 3a00pOHHMX  3HaKiB
(ProhibitionSign), HAKa30BHUX 3HAaKIB (MandatorySign), CHeIiaJIbHAX
(SpecialOrderSign), iHpopmariiiino-BKa3iBHUX 3HaKiB ([nformationSign), cepsicy

(ServiceSign):

WarningSign, PrioritySign, ProhibitionSign,
MandatorySign, Special OrderSign, & Vehicle. (2.4)

InformationSign, ServiceSign
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CTpyKTypHI poJIi, TaKi sIK «MICTHTh elieMeHT» (hasElement), «MiCTUTh 3HAK»
(hasSign), «MICTUTb TpaHCIIOPTHUN 3aciO» (hasVehicle), «BKIIOUA€E MIIOXO01a»

(hasPedestrian) Bu3Ha4aroTh CTPYKTYpY JOPOKHBOI CUTYAIli1l, HAIPUKIIAI;

hasVehicle: Situation x Vehicle. (2.5)

PerynstopHi posi BCTaHOBIIOIOTH BIAHOIICHHS M1 MIPaBUJIaMU Ta CUTYaIlISIMH,
30KpeMa 3acTOCyBaHHs TIpaBwia 10 cutyamii (appliesTo), OOMEXKEHHS IS
TPaHCIOPTHOTO 3acoly (restricts), Bumora nii (requires), TOPYILIEHHS TpPaBUII
(violates).

Hanpuknaz, y BUNagKy HOpPOKHBOTO 3HaKy «/lail mopory» Bojiid Mae 3p0OUTH
3YNUHKY Mepen nepexpectsm 3rigHo npasuia 7.8 [1JIP, ske i BuMmarae Bijg BOdis i
«3ynuHKa mepes mepexpecTsam». Taka cuTyarlis y MOJIeN 3a1a€ThCs 3a JOMOMOTOIO

HAaCTYIIHHUX KOHI_[CHTiBZ

TrafficSign, Rule, Action,
Concepts =< GiveWaySign ¢ TrafficSign, ¢, (2.6)
StopAction @ Action.

ne GiveWaySign — 3nak «/lait nopory»;
StopAction — fist 3ylIMHKUA TPAHCTIOPTHOTO 3aco0y.

Toni knac curyauiit «/lait nopory (GiveWaySituation)» BUHUKa€ y BUAJIKY,
KO KJIac JIOPOXKHIX cuTyauil (RoadSituation) Mae eleMeHT TUITy 3HaK «Jlaif
nopory (GiveWaySign)», mo BigoOpakaeTbcs 3a JOMOMOTOI0 CTPYKTYPHOI poJIi
hasSign. 11s ponb TOB'S3y€ TOPOKHIO CUTYAIlll0 Ta JOPOXKHINA 3HAK 1 BU3HAUae
MHOXHMHY BCix cutyaunid (RoadSituation), B sxux € 3HaK «Jlail popory

(GiveWaySign)»:

GiveWaySituation = 2.7
= RoadSituationy (FhasSign.GiveWaySign). '
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3aranbHa TOCTIAOBHICTh aKTHBAIl y JOPOXKHIM CHUTYyalli, 3TiHO SKOI 3HAK

3allyCKac€ IIpaBUJIO, a IIPAaBUJIO 3dIlyCKa€ I[iIO, Ma€ TaKuu BUTJIAA:

Activation =

: : : _ (2.8)
= TrafficSigny (HappllesTo.(Rule y (Elrequlres.Actlon))).

Poiub appliesTo Bu3Hadae moTpedy 3aCTOCYBATH MPABHIIO IMOTOYHOI CHUTYAIIii,
TOOTO BUAUIAE MIAMHOXKHHY JOPOXKHIX CHTyalliil, B SKuUX mpaBuio Rule
3actocoByeThes. llepetnnu i3 TrafficSign oOMexye MIAMHOXUHY CUTyalld JIMILE
3aJIaHUM THUIIOM 3HAKIiB, JI0 SIKUX MIPaBUJIO Ma€ OyTH 3aCTOCOBAHO.

[TocniioBHICTh aKTUBALIll MpaBUJIa Ta J1i y AaHIM CUTYyallli BpaXOBY€ HAsABHICTh

3Haka «Crom (StopAction)»:

GiveWayActivation = (2.9)
GiveWaySigny JdappliesTo.(Ruley Irequires.StopAction). '

Hanpuxnan, 111 JOpOXKHIX 3HAKIB TaKHUM 3B'130K MOKe MaTh BUTJIS: JloposkHiit
3HaKk — has rule — «Ycrymm pgopory» — requires_action — «3ylHUHKa TMepen
epPeXpeCcTsIM», 1110 3a0e3Meuye YMOBH JIJIsI aBTOMATH3AIli1 BUSIBJICHHS CYyTIEpEYHOCTEH
MIDXK IIpaBUJIaMU Ta MEPEBIPKU KOPEKTHOCTI CLIEHapIiB.

OriHka crieHapilo BUBYEHHS JIOPOXKHBOI CUTYyaIlll OpIEHTOBaHA Ha MIATPUMKY
3aIaHOTO  PIBHA KOTHITUBHOIO HABAHTAKEHHS KYypCaHTa AaBTOIIKOJIUA 1 TOMY
IPYHTYEThCS Ha TEOpli KOTHITUBHOIO HaBaHTaXeHHs [56], ska kiacudpikye BUIU
KOTHITUBHOTO HaBaHTaKEHHs. Bubip aTpuOyTiB I OIIHKH CKIAAHOCTI JOPOKHIX
cUTyalllid 6a3yeTbcs HAa METOJOJIOTI OIiHKK pobouoro HaBaHTaxkeHHST NASA-TLX,
sIKa BU3HAYAE IMICTh BUMIPIB KOTHITUBHOTO Ta ¢izuunoro nmonuty [137], a Takox Ha
IIPOBEICHUX JOCIIIKEHB 11010 HAaBUYAHHS BOJIIHHIO, B SIKUX PO3TJISIABCS 3B'SI30K MiXK

KOTHITUBHUM HaBaHTA)XEHHSIM Ta IapameTpaMu putMmy cepiid [ 142, 143].
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Ha ocHOBI aHami3y BKa3zaHUX JOCIIIKEHb 3alPONOHOBAHO TaKl MapaMeTpH AJis
OL[IHKA JOPOKHBOI CHUTyaIllli, sIKI MalTh BH3HAYaJIbHUN BIUIMB HAa KOTHITUBHE
HABAaHTA)KEHHS KypCaHTa:

— KUIBKICTb 00’ €KTIB Yy CKJIaJll TOPOKHBOI CUTyalli As,:

— yac Ha NPUNHATTA pillleHHs MO0 Aii y TOpOoKHiM cutyauii As, ;

— KIJIBKICTh BapiaHTIB MOKJIMBUX JIIH, SIKI KypCaHT MOXKE€ BUKOHATH Y MOTOYHIH
TOPOXKHINA cUTyauii As,.

[lepmuii mapameTp AOPOKHBOT cUTyallli BHOpaHO BIAMOBIIHO 10 TeOpii
00MEKEHOT EMHOCTI yBaru Ta KOHUEMIIT «BYy3bKOTO MICIS YBaru» [56], 3rigHO SIKUX
JIOJCHKUIT MO30K €(EeKTHBHO MOXKE MapajeibHO 00poOATH OOMEXEHY KUIbKICTh
00’€KTIB 3 JJOCTaTHHO BUCOKHM PIiBHEM jeTaii3allii. 30UTbIIEHHS KUIBKOCTI 00’ €KTIB
BUIIIE BKa3aHOT MEX1 MPUBOAUTH J0 €KCIOHEHIIAJBLHOIO 3HMXEHHS SKOCTI aHali3y
KOXHOTO OKpeMoro o0’ekta. JIOCHiPKeHHS 3aJIe)KHOCTEH MK CTaHOM Ta piBHEM
HABAaHTKEHHS BOJiS BUSBWIM KOPEISAIIAHUNA 3B’S30K MK MOPYIICHHAMHU
BapiabenbHOCTI cepueBoro putmy (HRV) Ta kinbkicTiO TpaHCIOPTHUX 3ac001B, 110
OaunTh BOAiN. BoMiHHS Ha 10ce 3 MIHIMAJIBHOIO KUIBKICTIO O0’€KTIB Y IOJI 30pY
xapakTepusyerbesi 0azoBum piBHeM HRV, a gns mickkoro Tpadiky 3 BHCOKOIO
KUTBKICTIO 00’ €KTIB XapakTepHuM € 3HmkeHHss HRV [143].

Jlnst manoro mapamerpa po3poOJjieHO 5 rpajaiiii 3HaueHb, 1100 BiIOOpPa3UTH
MOBHUM [lalla30H peajbHUX JOPOXKHIX CHUTyalllil, 110 BiANOBIIAIOTh MPOCTIN
HaBYAJIbHIN CHTYallli, He3aBaHTAXKCHIH MIChbKiA OOCTAaHOBII, TUIIOBOMY MICBKOMY
TpadiKy, 1HTEHCUBHOMY MICBKOMY pyXy Ta Tpadiky 3 MaKCHUMaJbHOIO KIUJIbKICTIO
00'exTiB. [lepia rpanarist Ja€ MOKIJIUBICTh KYpCaHTY aBTOLIKOJIM 30CEPEAUTHCS JTUIIIE
Ha OCHOBHHX HaBMYKaxX KepyBaHHA. Taka curyailis 3a0e3neuye HaBuaHHs BOJIHHIO 0e3
CYTTEBOTO TEPEHABAHTAKEHHSI KOTHITUBHOI CUCTEMU MaWOyTHHOTO BOMISl, OCKIJIBKH
3riHO MociipkeHHto [144] Bomii — HOBauku Bxke Tpu 1-2 aBTOMOOUIAX Ha OPO3i
BUSIBIISIFOTH O3HAKU CTPECY.

Hpyra rpanaiisi BiJNOBiIa€ MIChKiMi OOCTAHOBIII Ha HEBEIWYKUX BYJIMYKAX,
KOJIU MaiOyTHIM BoAiil 00poOsie iHGopMaIlio Mpo MHOKUHY 00’ €KTI B KOM(DOPTHUX

JaCOBHUX paMKaX.
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Tpets rpagaris BigoOpa)kae TUIMOBUN MICBKUN PYX CepeIHBbOi IHTEHCUBHOCTI,
SIKUH TTOTpeOye BiJl KypcaHTa HaBUUOK BUOOPY Ta MPIOpHUTH3aIlii 00’ €KTIB Ha I0PO31 32
pIBHEM HEOE3MEKH.

YerBepTa rpajaiis MOJETIOE MICHKHH pyX Ha 1HTEHCHBHO 3aBaHTaXECHUX
BYJIMIISX, SIKUW BUMAarae BiJl KypcaHTa IIBUIKOI 00poOKu iH(popMarlii Jyisl TOCTIHHOTO
MEPEKITIOUEHHS yBark B MeKaxX BHIUMOI MHOKHUHU aBTOMAIIIHH.

OcranHs Tpagaris KiJbKOCTI aBTOMAIIMH MOJEIIOE KPUTUYHY CHUTYAIlI0 Ha
J0pO31, sIKa MOXKE TMEPEeBAaHTAXXUTH MOXKJIMBOCTI KOTHITUBHOI CHUCTEMHU JIIOJWHU
00pOoOJISITH TPOCTOPOBY 1H(HOPMAIIIIO.

Bubip napametpy iHTepBally yacy Ha MPUUHATTS PIILICHHS B JOPOKHIA CUTYaITii
0aszyerbcss Ha po3poOieHii NASA wmeroaumi NASA-TLX cy0’eKTHBHOI OINIHKH
KOTHITMBHOTO HaBaHTaXeHH:. J[aHa MeTO/IMKa 1a€ MOKIIMBICTh BU3HAUUTH, HACKUTEKU
CKJIQJTHUM CIIPUHUMAETHCS BUKOHAHHS TIEBHOTO 3aBIaHHs JIoAUHOIO [ 127]. MeTtonuka
BUKOPUCTOBYE 6 TTOKA3HMKIB, KJIIFOUOBUM 3 IKUX € MEHTaJbHa HarnpyxeHicTb (Mental
Demand). [aTepBan yacy Ha NpUMHSTTS pillleHHS B JOPOKHIM cHUTyallli BigoOpaxkae
MOKa3HUK MEHTAJIBHOI HAMPYXKEHOCTI, OCKUIbKM 4Yac, MOTPIOHHWM JUIsl MPUNHHSATTA
pILIEHHS, 3pOCTa€e JOrapu(pMIYHO B 3AJIEAKHOCTI BiJl KUIBKOCTI BapiaHTIB PIILICHHS
[145]. HocmimkeHHs 3B'SI3Ky BapiabENbHOCTI CEpPLEBOTO PUTMY Ta MEHTAIbHOT
HANPYXEHOCTI B aJaNTHUBHUX CHCTEMax HaBUaHHS TOKa3aJld BHCOKE 3HAYCHHS
KOpeJsLii, AK€ € HaBUIIMM cepel] BCIX IIECTH KOMIIOHEHTIB HABAaHTAKEHHS 3a
meToaukoro NASA-TLX [127].

Jns nmanoro mapametrpy BuOpaHo 4 piBHS Tpajailii, 10 OXOIUIIOIOTh BECh
Jliana3oH peakiiid BOAis: MOYMHAIOUN 3 EKCTPEHOT peaKIlii il 10 BAKOHAHHS TIAHOBOTO
MaHEBpY, KOJIU BOJIIA Ma€ JOCTATHHO Yacy JJIsl aHATI3y JOPOXKHBOI cuTyairii. ['panarris
1 mpexacTaBisie KpUTUYHY CUTYAIIilO, siIka TOTpedy€e MIBUAKOI, HA PIBHI aBTOMATHU3MY,
peaxirii Ha OCHOBI BXX€ CPOPMOBAHUX ANTOPUTMIB Aiil. ['pamaris 2 maHoTO IapameTpy
BiI0Opaxkae MoTpedy y MIBUAKOMY MNPUMHSTTI PIIIEHHA Yy AUHAMIYHIN JOPOXKHIN
CUTYyallli, KOJIM KypCaHT aBTOIIKOJIM BCTUTA€ BUKOHATH 0a30BUM aHasi3 0OCTAaHOBKH,
ajie Ma€ HeIOCTaTHbO Yacy JJIs IETAIbHOTO PO3IJIALY BCIX ajdbTepHATHB, 110 MOTpeOye

HAaBUYOK BUOOpY MPIOPUTETIB 1 OLIHKM pu3MKiB. ['pamamis 3 BimoOpaxkae THUIOBE
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MaHEBPYBAaHHA Y AOPOXKHIIM CUTYyaIlil, KOJIM KypCaHT Ma€ IOCTaTHbO Yacy AJIsi aHATI3y
MOTOYHOI 0OCTAHOBKH, MOJANbBIIOI OLIHKY MOXJIMBUX aJbTEPHATUBHUX JiH, a TAKOX
BUOOpPY parfioHabHOTO pimeHHs. ['panamis 4 3abesnedye nocTaTHIM KOMQOPTHHIA
1HTEepBaJ Yacy AJs BOJIiB-HOBAUKIB, KM Ja€ MOXIIUBICTH MMOBHICTIO 3aJi5ITH poO0OUy
nam’SITh JTFOJJUHU (TpuBaIicTh B Mexax 20-30 cexyn [146]) Ta mOBHICTIO OOMIPKYBaTH
MalOyTHIN MaHeBp. JlaHa rpamamis MpuU3HAYCHA IS MMOYATKOBUX €TaIliB HABYAHHS
BOJIHHIO, KOJIM MaiOyTHIM BOMIN 1€ HE JOCST PIBHS aBTOMATU3MY JJIsl HAaBUYOK
OPUNHSATTS PIllICHb.

[TapameTp KUIBKOCTI albTEPHATUBHUX Alil, K1 BOJIA Ma€ PO3IIIAIATU B SIKOCTI
NOTEHIIIHUX BIAMOBIJEH Yy TMOTOYHIM CHUTYyallii, Oe3MmocepelHb0 BigoOpakae
CKJIQJHICTh TMpOIECY NPUUHATTS pimeHHs. Jlanuii mnapameTp 3rigHO Teopii
KOTHITUBHOTO HABAHTAKEHHS PENPE3CHTYE KOTHITUBHE HABAHTAKEHHS, SIKE MOB’ SI3aHO
13 MOOY1I0BOIO CXEMAaTUYHUX 3HAHb [56]. OOTpyHTYBaHHS 1ILOTO BUOOPY IPYHTYETHCS
Ha EMIIPUYHUX JOCHIKCHHSIX, $KI JIEMOHCTPYIOTh, 10 KOXHa J10JJaTKOBa
anpTepHatuBa nii 30uibiye Mental Demand na 8-12% Ta mocwitroe mopyiieHHS
BapiabenbHOCTI ceprieBoro putmy [127]. Ha BiamiHy Bif mUIBHOCTI 00’€KTIB, sKa
XapaKTEepHU3y€e€ 30BHIINIHIO CKIAIHICTh CHUTYyalli, BaplaHTU [Id PpPENnpe3eHTYIOTh
BHYTPIIIHIO CKJIQHICTh NPUUHATTA PIIIEHHS Ta BUMAaraloThb BijJ] BOJISL PO3BUTKY
HAaBUYOK aHali3y MHOXWHHHUX CILEHApliB Ta MOJIETIOBAaHHS HACIIJIKIB KOXXHOIO
noTeHuiiHoro mauespy [139].

OrriHKa piBHSI CKJIQIHOCTI IOPOKHBOI CUTYaIll1 BUKOHYETHCS HA OCHOBI 3TOPTKH

3HAYCHb as; IIMX MapamMeTpiB:

LzZWiaSU,(Vizlz)asi[ € 4s,, (2.10)
i.j

7€ Baru w, KOXKHOI TPyNU NapaMeTpiB BHU3HAYAKOTBCS HA OCHOBI OMNMTYBaHHs

KypCaHTIB aBTOIIKOJIH.
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Takum uYuHOM, pO3pobJieHAa MOAENb Ja€ MOKJIMBICTh aJaNTHBHO OMHCATU
JOPOXKH1 CHUTYallli, [0 BUKOPUCTOBYIOTHCS IMPU HABYaHHI B aBTOIIKOJI, a TaKOX

BUKOHATH OIIIHKY PIBHS CKJIQJIHOCTI IIMX CUTYAaIIii.

2.2 MogentoBaHHs Tpolecy OOpoOKH OlOMETPUYHHMX JaHUX Yy TPOrpaMHUX

CHUCTCMaX HaB4YaHH BOI[ﬁB B aBTOIIKOJIax

EdexTuBHICTH MIATOTOBKH BOJIIB 3 BUKOPUCTAHHAM HaBUYAIbHHUX MPOTPaAMHHUX
CUCTEM CYTTEBOIO MIPOIO 3aJ€XKHUTh BIJI MOXJIMBOCTI aJaNTyBaTH CKIIAJIHICTh
CIEHapiiB MIJATOTOBKUA 1O 1HAUBIIYyaJIbHUX KOTHITUBHUX MOXKJIMBOCTEH Ta CTaHy
KypcaHTa aBTOLIKOJM. [CHyIO4l CHUCTEMH BHUKOPUCTOBYIOTh THIIOBI HaBYaJbHI
IPOrpamH, sIKi HE BpaxOBYIOTh MOTOYHUN CTaH KOPUCTYBAYiB, 110 MOKE IMPUBECTHU JI0
KOTHITUBHOTO TEPEBAHTAXKEHHA KOPHUCTYBauiB, SKI MalOTh OOMEXKEHHMM JOCBia, a
TaKOX J0 HEJOBAaHTAXXECHHS JOCBITUEHUX KypcaHTIB. Taki 0OMeXeHHS IPUBOAATH J10
CYTT€BOT0 3HMXCHHS €(DEKTUBHOCTI HABYAJILHOTO MPOILIECY .

TakuM YMHOM, MiABUIIEHHS €()EKTUBHOCTI MIATOTOBKH BOJIIB MOTpelye
BUPIIIICHHS 3aj71a4l nepcoHidikallii mporecy HaB4aHHs 3 YpaXyBaHHAM KOTHITUBHOTO
HaBaHTa)XEHHs KypcaHTiB. Jyis peamizaiii 1i€i 3ama4di HEOOX1AHO OOTPYHTYBATH Ta
pO3pOOUTH MOJIeSIb TPOIeCy MIIATPUMKH 3BOPOTHOTO 3B'SI3KY BiJ KypcaHTa B
HaBYaJIBHIN IpOrpamMHii cUCTEM1 Ha OCHOB1 00pOOKH 010METPUYHUX JAHUX 3 TUM, 11100
3a0e3NeUnTH JUHAMIYHY TMepcoHI(IKail0 HaBYAJIbHUX CLEHApIIB Uil TaKUX
KopucTyBauiB. OIHKa NOTOYHOI'O CTaHY KypCaHTa aBTOIIKOJIUA MOTpeOye MOCTIHHOTO
BUMIpIOBaHHS (i310JOTIYHUX peakIii Ha HaBuaibHIA cecii. TouyHICTH HBHOTO
BUMIPIOBAaHHSI BIUIMBA€ HA OLIHKY CTaHy KOpPUCTyBaya MpH HaBYaHHI 1 HA Mi0ip
HaBuagbHUX MonymiB. CTaH KopuCTyBada 3a3BUYail BUMIPSETHCS 3 ypaxXyBaHHSIM
BapiaOEeIbHOCTI Ta YACTOTHU CEPIIEBUX CKOPOUYEHB, a TAKOXK PIBHSA HOTO KOTHITUBHOTO
HaBaHTa)KCHHSL.

[cayroui migxoaw M0 OIOMETPUYHOI OINIHKM IMOTOYHOTO CTaHy KOpHCTyBada
0a3yloTbcd Ha PI3HUX (PI3UYHUX CXeMaxX BUMIPIOBaHHS (HAKJIAHI €JIeKTPOJH,

HarpyaHi enekTpokapaiorpadu, dotomierusmorpadis (photoplethysmography,
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PPG)), mo Biapi3HAIOTHCA 3a TOYHICTIO Ta MOXIIMBICTIO BUKOPHCTAaHHS B YMOBax
aBTOIIKLJI.

Haknagni enexkTtpoaum, IO 3akpiluieHI Ha T, BUKOPHUCTOBYIOTHCS B
nabopaTopHOMY MEIWYHOMY OOJIagHaHI, HANpUKIad, TojicoMHOTpadax Ta
xoyTepiBcbkux MoHiTopax (Holter monitors). IlomcomHorpad ogHO4YacHO MOXKe
¢ikcyBaTé 10 MBaAUATH (i310JOTIYHUX CHUTHAIIB, HAMPUKIIAA €JIEKTPOKapIiorpamy,
eJIeKTpoeHIedanorpamMy, a TakokK MiorpaMmy Ta peecTparlito quxanss. [lanuii npumnan
3a0be3reuye BUCOKY TOYHICTh. XOJTEPIBCHKUI MOHITOP € MOPTATUBHUM MPUOOPOM 3
HaKJIaJHUMU eneKTpoaaMu. HaknaaHi enexkTpoau po3MILLyIOTh y Ha Tl JIOAUHU Y
KiTbKoX Toukax A 3anucy EKI'. Ilpuctpiii HOCATH ynpoaoBX 3aJaHOrO 4yacy s
3aMucy 1cTopii BUMIpIOBaHb. JaHui miaxia Mae OOMEXKEHHs JJIsi BUKOPUCTAHHS TIPU
HaBUYaHHI B aBTOLUKOJI, OCKIJIBKH €JIEKTPOIU PO3MIIILY€E KBaTi(PIKOBAaHUA MEAMYHUN
HepcoHall, IKUi MONEepPEeIHbO TOTY€E Malli€HTa.

HarpyaHi MoOUIbHI elnekTpokapaiorpadu € KOMIAaKTHOIO peai3alli€ro miIxony
710 BUMIPIOBAHHS 3 HAKJIaJHUMHU €JEKTpoJaMu. BOHU BUKOPUCTOBYIOTh TKaHMHHMN
nosic 13 BOYJOBAaHUMHU TEKCTWJIBHHUMM eJekTpomamu. Llel mosic oXoruioe rpyaHy
KIITKY 1 PEECTpyE EJIEeKTPUUHUU MOTeHIlan cepueBoro Mm’s3a. Jlanuwii npunan
3a0e3mnedye BUCOKY TOYHICTh BUMIPIOBAHb, OJU3bKY /10 MOMEPEAHBOTO MAX0Ay Ta 0e3
noTtpedbu y wmeauyHomy nepcoHami. IIpore miaxim wmae ¢(i3udHi OOMEKEHHS.
Harpynnuii mosic cTUCkae TpyAHY KIITKY NpPU HOCIHHI, MICTUTh KaOenl 1 ToMy
HECYMICHUH 13 €PEKTUBHUM HABYAHHSIM.

CrnoxuBui ~ CMapT-TOAIMHHUKA  HE  BUKOPUCTOBYIOTH  €IEKTPOIH, a
BUKOPUCTOBYIOTh ONTUYHUN NAaTYUK HA BHYTPIIMIHIA TMOBEPXHI TOAUHHUKA (METOI
dotomneruzmorpadii, ®II). OnTuuHMA JATYNK BUIIPOMIHIOE CBITIO Y 3€JEHO-
YepBOHOMY Jiama3oHi. BOynoBanuii (OTONETEKTOP BUMIPIOE 1HTEHCUBHICTD
BiIOMTOTO Bij miKipu curHairy. O6’eM KpoBi B KamIisipax KOJWBAETHCS CHHXPOHHO 31
CKOPOYCHHSMH CEpIlsl, TO CBITJIO Ha BXOJI (POTONETEKTOpa MyNbCYE 3 TAKOKW XK
yacToTor0. Ll mymnbcanis CBITIOBOrO CUTHANY MICTUThH 1H(OpPMAIIIO TIPO CEpLEBH
putM. TakoX HOCIHHS TOAMHHHMKA HE Hakiazae oOMeXEeHb Ha PyXH JIIOJWHU MpH

HaBYaHHI. BogHOYac onTUYHUEN MiAXIJ A0 BUMIPIOBAHb € OLIBII YYTJIMBHUM JI0 PYXIB
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JMOWHU, HDK EJNeKTPUYHUMA. TakoX CHOXHBYI CMapT-TOAMHHUKA HE MAarOTh
CTaHAAPTU30BaHOI U MOJIEINI 300pY JIaHUX.

dopMyBaHHS MHOXXUHU BUMOT JIO IPUCTPOIO O10METPUYHOI OLIHKU TOTOYHOTO
CTaHy KOpPHUCTyBaua 0a3yeThCsl Ha aHali3l KOHTEKCTY SIK HaOOpy YMOB, y SIKHX Lied
IpUCTpPid Mae PYHKITIOHYBATH B IpOrpaMHiil HaB4YaIbHIN cucTeMi. Ko)kHa BUMora mae
BifoOpaxkatn oOMexxkeHHs a0o MmoTpedy Yy 3acTOCyBaHHI MPUCTPoro. Takuil miaxina
peaitizy€e METOI0JIOT110 KOHTEKCTHO-3aJIEKHOTO MPOEKTYBAHHS BUMOT.

OmnepartliiiHuii KOHTEKCT BU3HAYAIOTh YOTUPU YMHHUKHU.

[To-nepme, OIOMETPUYHMII CHUTHAA TIOBUHEH MICTUTH BCIO HEOOXIJIHY
iH(MOopMaIlito IS PO3PAXyHKY BEKTOPY MOTOYHOIO CTaHy KOPHUCTyBada MPOrpamHOi
CUCTEMH, B TOMY YHMCIi 1H(QOpMAII0 MI0JI0 BapiadEIbHOCTI CEPIIEBOTO PUTMY.
OOuunCIIeHHS OCTAaHHBOTO BU3HA4Ya€ OOMEKEHHS 1100 YAaCTOTH JUCKPETU3ALlil.

[To-npyre, mnpuctpiii OiOMETPUYHHMX BUMIPIOBaHb (PYHKIIIOHYE B YMOBax
HABYaHHs, KOJIM KOPHCTYBad MOXXE€ BUKOHYBAaTH PYyXH, IO 0OMexye (opm-hakTop
IPUCTPOIO 1 HE JOIMYCKA€E MOTO 3aKPITUICHHS Ha TYTyOl JIOUHU.

[To-Tpete, mepenavya 010METPUYHUX JAHUX PeaTi3y€ KPUTHUHUN UISIX 00pOOKHU
TOMy Mae OyTH 3a0e3rnedyeHa MiHiMadbHa 3aTpUMKa Mepeiadl JaHuX BiJ IPUCTPOIO 10
By3J1a OOYHUCIICHB, siKa 3a0e3neunsia 6 poOboTy B peKUMI M'SKOTO PEeabHOTO Yacy.

B-dyeTBepTux, mporpamMHa CHCTEMa Ma€ pO3rOPTATUCh B aBTOMIKOJAX, IO
00OMeKy€ BapTICTh MPUCTPOIO.

CyKyIHICTh KOHTEKCTHUX YMHHHKIB BU3HAUA€ HABEJNICHI y Ta0J. 2.1 BUMOTH 110
MIPUCTPOIO OTPUMAHHS O010METPUYHMX JaHUX. BUIbIIICTh PO3MIIAHYTUX MPUCTPOIB HE
3aJI0BOJILHSIOTH BUMOTaM aBTOHOMHOCTI ,MOKJIMBOCT1 HOCIHHS Ta OOMEKEHHS 110 I[1HI.
Cepen mpoaHali30BaHUX MPUCTPOIB CYKYITHOCTI BUMOT 33JI0BOJIBHSIIOTH JIUIIIE CMapT-
TOJTMHHUKH.

Mopuesb nporecy 00poOku GiomeTpudHux ganux M, ckiamgaerbes 3 5 ¢as:

Mbi0:<q)19q)27q)39q)47q)53>: (211)

ne @, — daza orpuMaHHs 0IOMETPUYHKX JaHUX;
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@, — (aza nmonepenHLOi 0OPOOKH TAHUX;

@, — (aza BigbOpy MEPBUHHHUX O3HAK;

@, — daza popmyBanHs GopMaTEHOrO ONKCY MOTOYHOTO CTAaHYy KOPHCTYBAYa;

@, —¢paza mepenadyy oOmuMCy IOTOYHOTO CTaHy KOpPHCTyBada 0 MOJYIIIO

nepcoHi1(hiKOBaHOI ajlanTarlii Mporecy HaBYaHHs.

Tabnuis 2.1 — Bumoru 10 npucTpoio BUMiprOBaHHS 010METPUYHUX JTAHUX

KOHTEeKCTHUI YUHHUK

[IpucTpiii He 0OMEXKYE PyXU KOPHCTyBaya
MPOTPaMHOI CUCTEMHU HABYAHHS

[lepenada G10METPUYHUX TAHUX pealli3ye
KPUTUYHUH HUIAX 0OpOOKH TOMY Mae OyTU
3a0e3nedeHa MiHiMaibHa 3aTPUMKa
nepeavl JaHUX BiJl IPUCTPOIO JI0 By3Jia
004HCIIEHb

[IpucTpiit G10METPUUHUX BUMIPIOBAHb

Bumora
1. TlpucTpiii g HOCIHHS

2. be3npoToBa nepegaya JaHUX y
pPEXKUMI M'IKOTO peajJbHOTO Yacy

3. ABTOHOMHICTB — AEKUIBKA TOINH

MOHITOPUHTY (POOOUMIi IEHB)

GyHKIIIOHYE i1 Yac HaBYaHHS, 1110
CKJIAJIa€ JICKUIbKA TOJUH

4. HeBucoka 11iHa IpUCTPOIO Ha
P1BHI MacOBOI MPOTYKLIii

BaprticTh NpucTporo € KpUTUYHUM
(bakTOpOM ISl TPUIHATTS PILLIEHHS 11010
BUKOPHUCTAHHA MPUCTPOIB JIJIsi HABYAHHS

5. HasgBHICTH BUCOKOYACTOTHOTO
OIIT'(PPG) - cencopa

BucokouactoTHa 006pobka (Hanpukiana, 60
LMKIJIIB HA XBUJIMHY ) 3a0e31euye poOoTy B

PEKHUMI M'SIKOTO PEaJIbHOTO Yacy
[Tepenada 6G10METPUYHUX TAHUX B LIEHTP
00pOOKH 3 BUKOPUCTAHHSM IIPOTPAMHOTO
iHTEpdEicy

6. HasiBHICTH pOrpaMHOTO
iHTepdeicy

CykynHicTh 1uX (a3 BIJAMOBIAAE TOCTIAOBHOCTI NEPETBOPEHb JaHHUX BiJl
TaT4rKa 10 (iHATLHOTO CTPYKTYPOBAHOTO OMHMCY IMOTOYHOTO CTaHY KOPHCTyBaua
HaBYAJIbHOI MPOrpaMHOI cucteMu [8].

3arajibHy cXemy Iporiecy OOpoOKM OlOMETpUYHUX JaHUX KOPHUCTyBada
NPEACTABICHO Ha puc. 2.1.

daza @, € komyHnikaniitHoto. [lepenaya naHux 3A1HCHIOETHCS O€3 TX 00pOOKH 32

nporokosiom Bluetooth Low Energy.



67

1. ®aza orpuMaHHs

) Komymnikariiiga ¢asa
OlOMETPpUYHUX JaHUX y P

2. ®aza nonepeHLO1 00pOOKHU
TaHUX

O6uucntoBanbHi pa3u

3. ®aza BinOOpy MEpBUHHUX
O3HaK

3. ®a3za ¢popmyBaHHS
(dbopMaIbLHOTO OMKCY TOTOYHOTO

CemantuuHa (asza
CTaHy KOpHCTyBaya

3. ®a3a nepenavy onucy
MOTOYHOTO CTaHy KOpUCTyBaua
710 MOJYJIIO TIepCOHI(hIKOBaHOT

ajianTallii npouecy HaB4aHHs

[arerpariiina dasa

Pucynok 2.1 — Cxema npornecy o0OpoOKku 610METPUYHUX TaHUX KOPUCTyBaua

®azu O,,P, e oOYHCITIOBATLHUMH 1 TPU3HAYEH] [UIS MIATOTOBKH JAHHX IO
omnmcy crany kopucryBada. ®aza @, 3abe3nedye nepeTBOPEHHs BXiTHOTO CUTHAITY Ha
KOMITOHEHTH BEKTOpY, IO BH3HAYAIOTh MOTOYHHMH CTaH KopucryBaua. Paza @

3a0e3neuye 1HTErpalio MOAYJIIB MporpaMHoi cucteMu. CTpyKTypOBaHUM OIMUC CTaHy

KOPUCTYBada TMEPENAEThCs sl MepCcOoHI(DIKOBAHOT amamTailii mpolecy MiArOTOBKU
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BoaiiB. Koxkna 3 (a3 mae BXigHMil 1 BUXIAHMH 1HTepdeiic, 0 Ja€ MOXKIUBICTH
3MIHIOBATH J1i Ha OyIb-sIK1i (pa3i He3aaeKHO Bijl IHIIIMX CKJIaJI0OBHX MIPOIECy 0OpOOKHU
O1OMETPUYHUX JTAHUX.

HeoOxignicts pa3 @,, P, € HacHigKOM TOTO, IO HEOOPOOICHUH CUTHAT CMapPT-
TOJMHHUKA MICTHTh HE JIMIIE KOPUCHY, a i IIyMOBY CKJaJOBl 1 HE MOxke OyTu
0e3nocepeTHbO BUKOPUCTAHUM JIJIs1 OOUMCIICHHS BIACTUBOCTEM CEPIIEBOIO PUTMY.

®III" maTuynka cMapT-TOAMHHUKA HE BUMIPIOE OE3MTOCEPETHBO CEPIICBUI PUTM.
Bin BuMiproe 3MiHy IHTEHCUBHOCTI BIIOMUTOTO CBITJA, SIKa 3QJICKUTH Bij MyJIbcarlii
ceplIls, MOJIOKEHHS JaTYMKY Ha PyIl Ta eleKTpUuuHuX meperkoi. Cepiie myJsbCye i
MPOLLITOBXYE KPOB y Kanuisipu. BinoOpakeHH 1€l MyJibcallii € KOpUCHUM CHTHAJIOM,
SKUA BUKOPHUCTOBYETBCS 11 MOOYIOBH OIMCY CTaHy KopucTyBada. IIpore
KOPHUCTYBad, SIK MPaBUII0, pOOUTH PyXH pyKaMm#u Ipu HaB4aHHi. {1 pyxu npuBoaaTh 10
3MIIIEHHS] JaT4yuKa BIAHOCHO PYKHM 1 3MIHM 1HTEHCHUBHOCTI BIJOMTOrO CBITJIA
HEe3aJI)KHO BiJ] CepIIeBOro puTMy. Takox caMm curdan GoToaaTyuKa MiCTUTh ITyMOBY

ckinanoBy. ToMy curHan x(t) zaTduka cMapT-TOXMHHHKA y JOBUIBHHIT MOMEHT 4acy

! Mae€ BUTIAL:

x(t):xcardio (t)+xmotion (t)_l_xel(t)’ (212)

I€ X4 (#) — KOMIIOHEHTA CHIHAITy, 9aCTOTA SIKOI JISKHUTH y Aialla30Hi 3HAYCHb PUTMY

cepls JIFOIUHMU;

X motion (#) — LLIyM BHACITIJIOK, [0 BHHHKAE [IPH PyXax 3aIl’sCTs y IPOLIEC] HaBYaHHS,
x,(¢) — mymoBa ckiamoBa curHaity (pOToIaTUHKA.

MOXIMBICTh PO3AICHHS] KOPUCHOTO Ta IIyMOBUX cUTHAMIB y (2.12) ocHOBaHa

Ha TOMY, IO CKJIAJIOBI CHTHAIY HaT4HKa X, (2), X,0. (2) Ta x,(¢) posnineni mo

4acTOoTI.

Ckimagosa x_, (t) 3HAXOAMUTHCS Yy Jlama3oHi 4acTOT PUTMY CEpIls JIOJIUHH,

cK1amoBa X, (f) € Hu3bKOWacTOTHOIO, a x,(f) 3meGimpmoro MicTHTh
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BHCOKOYACTOTHUN CHUTHaj. JlaHa BIAcTHBICTH M03BOJISIE BiAQIIBTPYBaTH IIYyMOBI
CKJIQJIOB1 1 BUIIIUTH KapI10CUTHAJ.

Taka ¢inprpaiis BUKOHYeTbes Ha (azi P, mporecy oOpoOku GioOMEeTpUIHHX

naxuXx. [TocaimoBHICT GiIbTpaIlii MICTUTh HACTYITHI KPOKH.

Kpoxk 2.1. ®@inprpartist BXiIHOTO curHaity B aiamaszoni Bix 0,5 'y mo 4 I'm.

dingpTpallis ga€ MOXKIMBICTh BUIUIATA CUTHAN CEPIICOUTTS, SKUH, SIK TIPABUIIO,
3HaXOJUThCS Yy Aiamaszoni Bif 0,8 10 21'n, o Bignosigae myascy Bif 48 mo 120 yaapis
Ha XBWIMHY. Jlna ¢iapTparii BHUKOPUCTOBYETHCS CMYTOBO-IIPOMYCKHUM (MIIBTP
YETBEPTOro MOPSIKY, SIKHM OCIa0JII0E CUTHAIIM 32 MEXaMU Jlana3oHy cepiieOuTTs Ha
24 J16.

Kpok 2.2. JlerekTyBaHHS MIKIB CEPLICOUTTS.

JleTekTyBaHHs MIKIB R, BKJIIOYA€ AU(EPECHINIIOBAHHS BXIIHOIO CHTHAIY JUIs

BU3HAYEHHS 3MIHU CUTHATY BiJl IaTYMKA, 3BEJICHHS B KBaJpaT JJIS IMICHUJICHHS Pi13HUII
MDXK IMKaM{ CHTHAJTY Ta IIyMY, a TaKOXK 3HAXODKCHHS MKy CUTHAITY, 1110 TTePEBUIILYE
aJanTUBHUN TOpir. BHUKOPUCTOBYETHCS KOB3HE BIKHO. AJANTHBHUM TMOPIT
BU3HAYAETHCS SIK CEPETHE 3HAUCHHS MIXK MIKOM CHTHAJY 1 ITyMOM.

Kpok 2.3. O6uncnenns inrepayisB. NN, MK yJ1apamu cepris:

NN, =R, -R,j=12,.,J -], (2.13)

J

e R, — MKOBUi CUTHAI, 1110 OTPUMAHUI Ha MONEPETHBLOMY KPOIIi;

J — KIJbKICTh TIKIB.
Kpok 2.4. ®inbTpaliisi BUKUIB.

BuxkitogaroTbes 3HaYeHHS 1HTEpBaIiB NN o5 VIS AKX BITHOCHE BIIXWJIECHHS Bl

MEJIaHHOTO 3HaYEHHS MEPEBUILLYE MOPIT &,y . YMOBA QUIBTpAIlil Ma€ BUTIIAL:

[NN, - NN|
NN

>¢g (2.14)

NN »
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ne NN — menianHe 3HaYeHHS IHTEpPBAIY MK yJaapaMu CepIis.
®aza @, MiCTUTH KPOKH BiIOOPY MEPBUHHUX O3HAK.

Kpox 3.1. OOGuucnenns mnokazauka RMSSD — cepenHbOKBaIpaTUyHOTO

BIJIXUJICHHS TIOCJIIJIOBHUX PI3HUIIb:

1

J-1
ﬁZ(NNjH_NNj)Z' (2.15)

j=1

RMSSD,,, = \/

JlaHuii MOKa3HUK BUMIPIOE MIKPOKOJIMBAHHS MK yAapamMu CeplIls.
Kpok 3.2. Po3paxyHOK 4aCTOTH CEPLIEBUX CKOPOUEHbD.

Po3paxyHok BuKOHYy€eThCs Ha iHTepBaii I = 60000 .mc :

HR = —, (2.16)

ne NN — CEpelIHE 3HAUCHHS IHTEPBAIY MK yJapaMH CepIls B MIKPOCEKYH/IaX.
Kpok 3.3. O6uucieHHs: HOpMasi30BaHOI BapiaOEIbHOCTI CEPIIEBUX CKOPOUCHD
HRV

norm *

Ry - RMSSD ~RMSSD,,
o A RMSSD

: 2.17)

ne ARMSSD = RMSSD_, — RMSSD,, — MakcUMalbHUH J1alla30H BapiaOeNnbHOCTI;
RMSSD, ,RMSSD,.— MakcuMajibHe W MiIHIMaJbHE 3HAYEHHS BaplaOeIbHOCTI

CEpLEBUX CKOPOUYEHb.
3nauenHss HRV € TNepBUHHOIO O3HAKOK TOTOYHOrO CTaHy JoauHu. lle
3HaYeHHS 3HWKYETHCS TPHU TIepeHaBaHTAKEHHI KOPUCTyBaya.

Kpox 3.4. Po3paxyHOK HOpMaTi30BaHOT YaCTOTH CEPIIEBUX CKOPOYECHb AR, :

norm
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=R Ry (2.18)
HRmax - HRmin

ne HR HR__ — MIHIMaJbHI 1 MaKCUMaJibHI 3HAUCHHS CEPIIEBUX CKOPOUYCHb, IO

min 9 ma:
oTpumMaHi 3a ¢popmyiioro (2.16).

KomMmOGiHarrist 4acToTH Ta BapiabeabHOCTI CEpIIEBUX CKOPOUCHB BiTOOpakae CTaH
KOpHuCTyBada. Hampukiaza, moeTHaHHS MiIBUINEHOT YaCTOTH CEPIEBUX CKOPOYCHB 1
3HIDKEHOI BapiaOeNbHOCTI € MaTepHOM CTaHy II€peHaBaHTAXKEHHS KOpHUCTyBauda
HABYAJIbHOI CUCTEMHU.

Po3pobnena mojens npoiecy oOpoOku OIOMETpUYHUX JaHUX BU3HAYA€E (das3u
nepetBopenb Big DI curHamy cmMapT-roIMHHHMKA A0 ONKUCY IOTOYHOIO CTaHy
KopucTyBada. Mojiesb BIJINIOB1Ia€ HABEIGHUM y Ta0. 2.1 BuMoram J0 BUMIprOBaHHS
TaKUX JaHUX Yy MPOIeCl HABYAHHS 3 YpaxyBaHHSIM PyXiB KOpPHUCTyBaua HaBYAIbHOI
CHUCTEMH Ta MOTPEO MPAKTUYHOIO BUKOPUCTAHHS 1100 1O AaBTOHOMHOCTI 11 HEBUCOKO1

BapTOCTI.

2.3 Mogenp rTiOpumHOT TPOTpaMHOI  apXiTEKTypu 3 THepudepitHuMu

00YHMCIEHHSAMU ISl TepCOH1(pIKOBAHOT alanTallii Mporecy MmiAroToBKM B aBTOIIKOJII

[IpoBenenwii y nmepuiomMy po3aii aHai3 apXiTeKTYPHUX MIAXOIIB 10 pO3pOOKHU
MIPOrpaMHUX CUCTEM MOKa3aB, 10 0a30B1 apXiTEKTypH HE 3a0€3MeUyIOTh 33 I0BOJICHHS
cynepewInBUX He(DYHKI[IOHATBHUX BUMOT J0 aJalTHBHOI IMPOTPaMHOI CHCTEMH
HAaBYaHHS B aBTOINKOJI. Taka cucreMa mae 3a0€3MEYUTH HU3bKI 3aTPUMKH TIPH
nepcoHi(ikoBaHii amanTaiii 3a yMOBH OOMEXEHOI BapTOCTI BOJOMIHHS Ta
KOH(1IESHIIHOCTI O610METPHYHHX JaHHUX.

MoHosiTHa GararorapoBa apxXiTeKTypa 3abe3rnedye 3MEHIIICHHS 3aTPUMOK TTPU
0o0poOIll JaHUX, OCKUIBKA BCl KOMIIOHEHTH CHCTEMH TMpAIIOITh SK OIUH
oOUYHMCITIOBAILHUN TIPOIIeC Ha KOMITIOTepi KopucTyBaya. [IpoTte Taka apxiTekTypa
noTpedye BUKOPHUCTAHHS JOCTATHHO JOPOTOTO KOMITHOTEPHOTO OOJIaJIHAHHS Ha

KOXXHOMY HAaBYaJIbHOMY MICIIi, IO 0OMEKy€e MacIITa0yBaHHS.
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KnienT-cepBepHa apXiTeKTypa BUKOPHUCTOBYE LIEHTPAI30BaH1 OOUMCIICHHS, 110
3MEHIIy€ BUTPATH Ha KIIIEHTCHbKI MOAYJIl, MPOTE€ MA€ CYTTEBY 3aTPUMKY 4acy 4epes
BUKOPUCTaHHS TJIOOAIbHOI Mepeki. 3arajbHa 3aTpUMKa, SK MPaBUIIO, MOMITHO
MIEPEBUILLYE JOMYCTUMY MEXY JJII CUCTEM PEAIbHOTO Yacy.

[Iporpamua apxitekTypa 3 nepudepiiHUMH OOYHMCICHHSIMH BKIIIOYA€E CEpPBEP
PSZOM KOPUCTyBaueM, IO CYTTEBO 3HUXKYE 3aTPUMKY B Mepexi. OgHaK Takuii
MOHOJITHUM niepudepiitHuil cepBep Mae 0OMEXEHHS MacIITaOyBaHHS MPU 3POCTaHHI
KUIBKOCTI OJJHOYACHUX KOPUCTYBaYiB.

MikpocepBicHa apXiTeKTypa MOJIETIIy€e MacluTaOyBaHHS Ta PO3rOpPTaHHs, ajie
Ha TPAKTUINl Tependadae pO3MIIIEHHS 3HAYHOI YAaCTHMHHM JIOTIKM Yy XMmapi, IO
YCKJIQJHIOE BUKOHAHHS BHMMOTH JIO 3aTPUMKU MPU ajanTaiii a TakoX BHUMOTH
KOH(]1IEHIIITHOCTI 010METPUYHUX JTAHHX.

Januit miapo3ai IpucBsYeHU po3po0iil TOpUIHOT MPOrpaMHOi apXITEKTYPH
HABYAJIBHOI MPOTPAMHOI CHCTEMH, MI0 BHUKOPHUCTOBYE TEPEBArMl PO3TIISTHYTHX
apXITeKTyp Ta MICTUTh TPU PIBHI: KOpPUCTyBada; nepudepiiHuil; MIKpOCEpBICHUM.
Po3nozin MoaysiB Mo piBHSAM BUKOHYETHCS 3 ypaxyBaHHSIM HE(PYHKITIOHATHHIUX BUMOT
3riHO MiAXoAy, omucaHoro B crnemudikamii Architecture Analysis & Design
Language [147], mo po3pobiieHa sl aBIOHIKM, a TaKOXX aBTOMOOUIBHMX Ta
ABTOHOMHUX CHCTEM 3 KPUTUYHUMH HEPYHKIIOHATHHIMHA BUMOTAMH, 30KpeMa 1070
yacy BIJIKIIMKY cucTeMHu, Oe3neku Tomlo. Taki BUMOru MawTh OyTH BOyAOBaHI B
MOJIETIb K ii BIacTHBOCTI [6].

Po3pobnena apxiTekrypa € riOpuaHOI0, OCKUIBKU 00’€QHYE TPU CTPYKTYPHO
PI3HI MaTepHU B3aEMO/II1 MI>K MOIYJISIMUA MPOTPAMHOT cucTemu [2]:

— CHHXpPOHHa OOpOOKYy B MEXax OJHOTO OOYMCIIOBAIBHOIO TMPOIECY Ha
nepudepiitHoMy cepBepi;

— CHHXPOHHA B3a€EMO/IIS MK KITIEHTOM 1 nepudepiiHUM CepBEPOM B JIOKAIBHIM
MEpPEexi;

— aCHMHXpOHHA B3a€MOJISl Ha OCHOBI MOMIA MDK mnepudepiiHuMm 1

MIKPOCEPBICHUM PiBHSIMH 3 BUKOPUCTAHHSAM YEPTH MTOBIIOMIICHD.
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Koxen 13 1ux 1ma0iaoHIB TpPU3HAYCHWA I 3aJ0BOJICHHS BiJIIOBITHUX
He()YHKIIIOHAJILHUX BUMOT, a iX MOEIHAHHS Ja€ MOYKJIUBICTh BUKOHATH Y CYKYITHOCTI
BUMOTH JI0 3aTPUMKH, BApTOCTI Ta KOH(PIICHIIMHOCT1 TaHUX.

Po3po6niena ribpuaHa apxiTeKTypa MICTUTh KOPHCTYBAllbKUM, MepudepiiiHui

Ta MIKpPOCEPBICHUM PIBHI:
MArch = <U7 D’ S9R>7 (219)

ne U — Habip MOAy B pIBHA KOPUCTYBaya;
E — MHOXUMHA MOy iB niepudepiitHOrO piBHS;
S — Mozyi MIKpOCEPBICHOTO PIBHS, IO PEATi3yIOTh JIOTIKY HaBUYaHHS;
R — MHOXUMHa (QYHKIIOHATBHUX Ta HEPYHKI10HATBHUX BUMOT.

Ha xopuctyBaiibkoMy piBHI peaizyroThcsi (YHKIIIT BIJOOpaKEHHS TOPOKHBOT
00CTaHOBKM JUIsl KOPUCTyBaya Ta 300py OiomeTpuuyHux AaHux. Ha mepudepiitnomy
PIBHI peaii3oBaHO aNropuTMHU nepcoHidikoBaHoi amanramii. Ha mikpocepBicHOMY
PiBHI, B XMapi, pealii3yeTbcs Bepudikallis Ta aHaIITUKA, OCKUIBKY MPU BUPIIIICHH] IIMX
3a/1a4 4acoB1 OOMEKEHHS HE € KPUTUUYHUMH.

Posnoain MoaymniB HaBYalIbHOI MPOTPaAaMHOI CUCTEMH MK KOPUCTYBAIIbKUM,
nepudepiiHuM Ta MIKPOCEPBICHUM pPIBHSIMH BU3HAYAETHCS KPUTEPISIMU 3aTPUMKHU

K

latency

Butpat K_ , Ta 130asuli K, , MIKPOCEPBICHOTO PiBHS BiJl KPUTUYHOTO IUISAXY

cost isol
00poOKM OlIOMETPUYHUX JaHUX KOPUCTyBaua JJid NepcoHl(piKOBaHOT ajamTarii
IpoLEeCy HaBYaHHS.

3aTpuMKa Ha KPUTHMYHOMY MLUISXY BHM3HAYA€ThCS SK CyMapHUH yac 300py
OlOMETpUYHUX JaHuX, POOOTH MOJIYyNiB MepudepiiHOrO pIBHS Ta MEPEKEBUX

3aTPUMOK Y JIOKQJIbHIM MEpexi:

K peney (Lt + Lty + Lty + Lty ) S Lty (2.20)

latency *

ne Lt, —3arpuMka 1npu 300pi 610METpUYHUX JaHUX BiJ KOPUCTYBaua;
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Lt, —3aTpuMKa Ha 00poOKy aHUX Ha nepudepiiiHoMy piBHi;
Lt, ,+Lt,, — 3aTpuMKa Ha Iepeladyy JAAaHUX B JIOKAJIBHIA MEpEexXl MIXK
KOPUCTYBAIIbKUM Ta NiepudepiiHUM PIBHIMHU.

IToporose 3HavuenHs Lt,, ., ., Ma€ OyTH TakuM, 1100 KOpUCTyBay HE BiUyBaB
3aTPUMKH TIpH poOOTi 3 HABUATLHUM MoysieM. Hanpukian, moporose 3HaueHHs 0,25
CEeKyH/IM HE BUKIIMKA€E BIAUYTTA 3aTPUMKHU MPH BIJOOpaKEHHI HABYAIBHOTO MOJYJIS
KOPHCTYBaueBi.

Kpurepiii Butpat K, BU3Ha4Ya€ BapTICTh FOPUIHOT apXITEKTYPH B 3aJIEKHOCTI

cost

B1JI KIJTLKOCT1 KOPUCTYBayiB Ta PIBHS 3aBaHTaKCHHS NepudepiitHoro ceprepa:

Ccost

K. :|nC, + % c,+C,|<C, . . 2.21)

1€ N — KUIbKICTh KypCaHTIB B aBTOLIKOJII
h — KUIBKICTh KOPUCTYBaYiB, 1[0 BUKOPUCTOBYIOTh CEPBEP;

2>E>1:>{EW:2
h .

1

hi_ byHKIIIS CTeNl, HampUKiIa
C, — BapTICTh KOMIT'FOTEpA JJIs1 HABYaHHS KOPUCTYyBaya,
C,, — BapTiCTh nepudepiitHoro cepsepa;
C¢ — BapTICTh XMapHOI'O CEPBICY.

Kputepiii K, , nae MOXJIMBICTb OLIHWUTH 130JISLIK0 PIBHSA MIKpOCEPBICIB Bij
HUIIXy 00poOKK 010METPUYHUX JAHUX KOPUCTYBaya, OCKUIBKU OCTaHHIN € KpUTUIHUM
nuaxoM. ToOTO B MOCHIAOBHOCTI «301p O10METpUYHUX JNaHUX—KIacu(ikalis cCTaHy
KOPUCTyBa4ya — MEPCOHI(pIKOBaHA ajamnTallis HaBYAJLHOTO MOMIYJS» HE Mae OyTH
CUHXPOHHOTO BUKIIMKY JI0 MiKPOCEPBICHOTO PiBHS, TOMY II[0 TAKHI BUKIIUK IPUBOIUTH
710 3aTPUMOK TP TIEPCOHI(pIKOBAHIM aianTailii mpoIrecy HaB4aHHs.

Takuif migxig peami3yeThcs 3a JIOMOMOTOK aCMHXPOHHOI yepru momii. Jlana
yepra peanmi3yerbcsi Taku uuHOM. llepudepiitnuii cepBep myOiikye moii.

MikpocepBicH MAMUCYIOThCSI HA TOMIKM 3 TOTPIOHMMH TOMISIMH, TICISI YOTO
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o0pobmsitoTh 1 moxaii 'y ¢oHoBoMy pexumi. Tomy 3arpumku OOpoOKM Ha
MIKPOCEPBICHOMY PiBHI HE BpaxoBYIOThCA ¥ (2.20).

KopucryBanpkuii  piBeHb MICTHUTh MOAYJI B3a€MOJIIi 3 KOPUCTYBavyeM
U ={u,,u,,uy,u,}: u, — MOMy/b HABYATBLHOTO iHTEpdeiiCy 3 KOPUCTyBAdYEM; U, —
MOJyJIb 00pOOKH O10METPUYHUX JaHUX KOPUCTYBAya; u, — MOAYJIb OOPOOKU BX1THUX
JaHMUX BIJ] KOPUCTYBaua; #, — MOAYJb B3a€MO/I1i 3 IepU(epIHHUM CEPBEPOM.

Mopynb HaB4aJIbHOTO 1HTEpP(EUCY MIATPUMYE B3aEMOJIIO 13 KOPUCTYBadYeM 1
3a0e3neyye omnepaTUBHY Bi3yalbHY BIAMOBIAL Ha ii KopucTyBada. JlaHwil MOAYb
OTpUMYE TIapamMeTpu NepcoHi(pikoBaHO1 aganTalii s BUOOPY HAaBYAIBHOTO MOJTYJISL.
[{i mapameTpu 3a/1al0Th TUI 1 PIBEHb CKJIQJHOCTI HaBUAJHLHOTO MaTepiaidy Tak, 11100
HECYTTEBO TIEPEBUIIMTH NOTOYHUN pPIBEHb 3HAaHb KOPHUCTyBaua 1 3a0e3MeduTd
MOTHBALIIIO 10 HABUYAHHs 0€3 IepeHaBaHTaXeHHsI KypcaHTa. Moayib BigoOpakae aiis
KOPUCTyBauya TOTOBUW €KpaH HaBYaHHSA 1 MEHIO B3aemojli. Takuii ekpaH Moxke
MICTHUTH:

— TECTOBI 3anuTaHHs 1040 [IpaBuil AOPOKHBOTO PYXY;

— MYJIbTUME/IIHHI UTIOCTpalLlli HABYAJIbHUX JOPOKHIX CUTYaIliif;

— iH(opMaIrito Mpo pe3yabTaTH BIAMOBIICH KypcaHTa.

Monyns 00poOku OIOMETpUYHMX JaHUX KOPUCTyBadya HAKOMUYY€E JaHi
O0lOMETPUYHOTO MOHITOPUHTY JJii BU3HAYEHHS NOTOYHOIO CTaHy KOpHUCTyBauda
HABYAJIbHOI MPOTPAMHOI CUCTEMH. J|aHWMN MOAYJIb BUKOHYE:

— MOCTIHE BUMIPIOBAHHS BapiaOeIbHOCTI CEPLIEBOTO PUTMY 3 BUKOPUCTAHHAM
3B’SI3KYy 3 HOCUMHM MPUCTPOEM (CMApT-TOAUHHUKOM);

— BUMIPIOBaHHS 3 BUKOPUCTAHHIM KOB3HOTO BIKHA,

— ¢hopMyBaHHS BEKTOPY MMOTOYHOTO CTaHy KOPUCTyBaya HaBUaJIbHOI CHCTEMH;

OTpuMaHi JaH1 Jal0Th MOXKJIMBICTh OL[IHUTH HAasIBHICTh CTPECY y KOpPHUCTyBaya,
a TaKOXX PiBeHb HOTO MOTOYHOTO KOTHITHBHOTO HaBaHTAKEHHS. ToMy maHU MOITyIb
MOBHHEH HAJaBaTH BEKTOP CTaH KOPHUCTyBava 3 MiHIMAJIbHOIO 3aTPUMKOIO.

Monyns 00poOKM BXIJHUX MaHMX BiJ KOpPUCTyBada MEPETBOPIOE MO y
y3ro/pkeHuid  ¢opMaT, SAKHH y TOAAIBIIOMY BHKOPHUCTOBYETHCS  MOIYJIEM

nucnerdepusariii. Moaynb 00poOKY BXITHUX BPaXOBYE MOJIi1, IKI BAHUKIU BHACIIIOK
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Aiil KopucTyBaua (HATUCKAaHHS KJAaBIII Ha KIaBlaTypl, pyXd Muii) Ta ¢opmye
CTPYKTYpOBaHUN OMHUC IUX IMOJINA, SKUH aHATI3Ye€TbCcsl Ha PiBHI mepudepiiHoro
cepBepa. 3aTpUMKH B JaHOMY MO/JIYyJII € HECYTTEBUMH 1 HE BIUIMBAIOTh HA KPUTUUHHIMA
IISAX, TIOB'A3aHUM 13 00pOOKOI0 010METPUIHHX JAHUX.

Monyns B3aeMopii 3 nepudepiiiHUM cepBEepOM BUKOHYE Iepeaady JaHuX Ha
nepudepiiHuil cepBep, BpaxoByIOUM HE(PYHKIIOHATbHI BUMOTHU OO0 3aTPUMOK Ta
KoH(DigeHIIITHOCTI OioMeTpUYHUX AaHUX. BiH mepemae BeKTOp CTaHy KOpHUCTyBadya Ha
nepudepiiHUil cepBep 1 mNpuiiMae BiJI cepBepa IapaMeTpu IepcoHi(ikoBaHOT
aganTaiii 3 BUKOPUCTAaHHS BIJJIAJICHOTO BUKJIMUKY IPOLEAYpP, IO J1a€ MOXJIUBICTH
nepeaaT JaHi 3 HEBEIMKOI0 3aTPUMKOIO.

[lepudepiitnuii  piBeHb peasizye TNepcoHIPIKOBaHY aJanTaIlilo Mpolecy
HaBYaHHS Ha OCHOBI BUKOPUCTaHHS METOIB (OpMYyBaHHS MPOQiI0 KOPUCTYBauya,
METO/ly TepcoHI(PIKOBaHOI ajanTallii HaBYaIbHUX MOJYJIB Ta METOAy Bepudikarii
aJanTUBHOI TPOTrPaMHOI CUCTEMH, K1 JE€TAIBHO PO3IJISHYTI B po3aiii 3. JlaHuii piBeHb
Brmouae monyni D ={d,.d,,d,,d,,ds}: d, — wmonyis ¢opmyBaHHs mpodinro
KOpUCTyBaua; d, — MOAYJb BHU3HAUYECHHS MOTOYHOTO CTaHy KOPHUCTyBauya Ha OCHOBI
O010METpUYHUX JaHMX; d, — MOIYJb AMCIETYEpH3alli HaBYAIBHUX MOIYJIB; d, —
MOJyJb HABYAJIBHOTO KOHTEHTY; ds — MOAYJb MOHITOPMHIY HE(QYHKIIOHAJIbHUX

XapaKTEePUCTHK.

Monyns hopmyBaHHS podiI0 KOpUCTyBada (hOopMye BEKTOP, 110 BiJI0Opaxkae
piBEHb NIATOTOBKM KOPUCTyBaua HaBYAJIBHOI MpOrpamMHOi cucteMu. OTpuUMaHUN
BEKTOp B1JI0OpaXkae piBE€Hb Ta 3110HOCTEH 3HaHb KOPUCTYyBaua, ICTOPIKO MOMUIIOK, a
TaKOX TPAEKTOPIIO 3MIHU HOTO HABUYOK.

Moynib BU3HAUE€HHS IOTOYHOTO CTaHy KOPUCTyBaya Ha OCHOBI 010METPUYHUX
naHux (opmMye BEKTOp MOTOYHOIO CTaHYy KOPUCTYBaua, IO BKIIOYA€E BapiabeNbHICTh
Ta YaCTOTY CEPIIEBUX CKOPOUEHB i MTOTOYHE KOTHITUBHE HABAHTAXKEHHS 3 B1ITMIOB1THOIO
MITKOIO 4acy.

Mopyne nucneTdepusalii HaBUYaJbHUX MOJYJIB MO€AHYE 1H(OpMaIio 13
BEKTOpIB NPO(DUIF0 Ta MOTOYHOTO CTaHy KOPHCTyBadya 1 Ha OCHOBI 00'€HaHOTO

BEKTOpY MiaOupae HaByYaibHUU MOAYJb. IIpu BHOOpPI MOIyJiE BUKOPUCTOBYETHCS
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(GYHKIIIST KOPUCHOCTI, SIKa BPaxOBY€ PIBEHb MIATOTOBKM KOPHCTyBayda 1 MOXKIIUBICTh
KOTHITUBHOT'O TIEPEHAaBaHTa)KECHHS.

Moaynp  HaBYalNbHOTO  KOHTEHTY  JETalll3ye€  BUOpaHUM  MOJIyJIeM
AUcreTyepu3allii HaBuajIbHUM ClIeHapiil Ta mepefae Led CleHapid Ha KII€HTChKUN
pIBCHb.

Moynb MOHITOPHUHTY HE(YHKIIOHAIBHUX XapaKTEPUCTUK 3aMUCy€ YacoBl
MITKH €TalliB MpoIiecy MepcoHi(pikoBaHOI ajganTaiii, oounciaoe GakTUIHI 3HAYCHHS
3aTPUMOK, BUSBJISI€E TOPYILICHHS 3aJIaHMX IOPOTIB 1 Iepenae 1o iHdopMalliio Ha
PIBEHb MIKPOCEPBICIB IIPH 3aBEPIIEHI CECli HABYAHHSI.

MikpocepBiHuil piBeHb BUKOHYE (yHKIII aHAMTHKUA Ta Bepudikarii, ski He
MOB'sI3aHI 13 0€3MOCEPEIHROI0 B3aEMOJIIEI0 3 KOPHUCTyBaueM, MpoTe 3a0e3MeuyroTh
JIOBFOCTPOKOBY aJIAITUBHY POOOTY MPOrpaMHOT HABUAJIbHOI CUCTEMU.

Jlanuii piBeHb MicTuTh Moxyi S ={s,,s,,5;,5,}: s, — MOZy/b Bepudikawii; s,
— MOAYJb aHAJITUKH; S, — MOJYJIb T€Hepallll IepCOH1(PIKOBAaHUX CLICHAP1iB HABYaHHSI,
§, —MOJyJIb JaHUX CUCTEMHU HaBYaHHS.

Monynb Bepudikalii 3aucye )KypHaiu Moaii (JIOru) NpoBeACHUX HaBYATbHUX
ceciii 1 BUKOPUCTOBYE IIi JIOTH JiJisi Bepu(ikallii rmpoiiecy nepconigpikoBaHoi aganTarii
IPOrPAMHOI CUCTEMHU 3 BUKOPUCTAHHSIM TEXHOJIOTIi process mining.

Monynb aHadITUKM BUKOHYE arperaiiio MOKa3HUKIB KOPUCTYBadyiB, 30Kpema
JUHAMIKM PIBHS TIATOTOBKU, PO3MOJITY CTaHIiB 3700yBauiB Tomo. Ha ocHOBI
arperoBaHuX MOKA3HUKIB JaHUM MOAYJb (hOPMYE 3BITH IIOJO0 YCIHIIIHOCTI HABYAHHS
JUISL aJIMIHICTpAIlll aBTOLIKOJIH.

Monyns reHepairii nepcoHipikOBaHUX CIIEHApI1iB HaBYaHHS (GopMye ClieHapii
HACTYIMHOI cecli JIJI1 KOPUCTyBaya Ha OCHOBI 1CTOpIi HOTO MOMepeIHIX CEeClil.

Monynb faHuX cUCTeMH HaBYaHHs 30epirae 3araibHi 1aHi IPO KOPUCTYBaviB Ta
npoliec HaB4aHHA (Mpodisil KOPUCTYBAYIB, 3aBJIaHHS, KYPHAIU MOIN).

Po3pobnena riOpuaHa apxiTeKTypa aJanTUBHOI MPOTPAMHOI HABYAJIBHOI

CUCTEMH Mpe/ICTaBICHA Ha puc. 2.2.
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1. KopucryBarnpkuii piBeHb

Monyins HaBYaIBHOTO Moy 06poOkH 610METPUUHUX
iHTepdelicy 3 KOpUCTyBaYeM JTAaHUX KOPUCTyBayda
Moynbe 06poOKH BX1JHHX Monynb B3aemMo/ii 3
JAaHUX BiJl KOPUCTYyBay4a nepudepiiHuM cepBepoM

2.Ilepudepiitauii piBeHb

Monynib BU3HA4YEHHSI TOTOYHOTO
CTaHy KOPHCTyBada Ha OCHOBI
O01OMETPUYHUX JIAHUX

Monynb popmyBanHs mpodisto
KOpHUCTyBaua

Monaynb nucnerdepusaiii

. MOI[y.HL HaBYAJIbHOI'O KOHTCHTY
HaBYaJIbHUX MOJIYJI1B

Mopynb MOHITOPUHTY
He( YHKITIOHATbHUX
XapaKTEPUCTUK

3. CepBicHuil piBeHb

Monyns Bepudikarrii Moaynb aHaTITUKA

Mogyns reHeparii
nepcoHi(iKOBaHUX CIICHAPIiB
HaBYAHHS

MOI[YJ'II) JaHUX CUCTEMHU
HaB4YaHH

Pucynox 2.2 — I'iGpuiHa apXiTeKTypa HaBYaJIbHOI MPOTPAMHOI CUCTEMU

B 3anponoHoBaHiil riOpuIHIA apXITEKTypl peaji3oBaHO JBa MOTOKHU JIaHUX:
CUHXPOHHHMM Ta aCUHXPOHHUU.

CuHXpOHHMI MOTIK 3a0e3nedye MNpouec MNepcoH1(PIKOBAHOTO aJaNTHUBHOTO
HAaBYaHHS 3 YpaxyBaHHSM I[IOTOYHOTO CTaHy KOPHCTyBaua 1 Ma€ 3aJ0BOJBHATH

oOMEXeHHS Ha 3aTpUMKy mepefadi gaHux. CymapHa 3aTpUMKa B JaHOMY MOTOII
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CKJIAIa€ThCS 13 3aTPUMKH Ha KOPUCTYBALIbKOMY Ta mepudepiitHoMy piBHAX, a TAKOXK
3aTPUMKH B KOMIT FOTEPHIN Mepexi MpH mepeadi JaHUX MiXK IIUMH PIBHSIMH.

ACHUHXPOHHUM MOTIK MIATPUMYE yIOCKOHATICHHS MPOLIECY HABUAHHS 1 peasizye
nepeaady JaHux i3 mepudepiitHoro Ha MiKpOCEPBICHUM PiBEHB, A€ aHI aHATI3YIOThCS
1 Bepu(ikyrTbCs .pe3ynbTaTd Bepudikaiii clyX)aTb OOTPYHTYBaHHSAM IS
MOJIJIBIIOTO YIOCKOHAJICHHS MPOIIeCy HAaBYAHHS.

[ToToku nanux Mix piBHAMH TOPUIHOT MPOTPAMHOI ApXITEKTYPH IIPEICTABICHO
Ha puc. 2.3.

Po3srnssHemMo KIt040B1 0COOJIUBOCTI po3po0JIeHOI rOpuIHOT apXiTeKTypu. Jlana
apXITEKTypa MOEAHYE JIeKIbKa 0a30BUX MATEPHIB B3aEMO/IIT M1 MOYJISIMU, TIPUUOMY
KOXEH 13 MaTepHIB peaizye oOMiH JaHHUMU Ha OKPEMOMY DPiBHI a00 MK DPIBHAMHU
po3pobiieHoi apxitektypu. IIpu po3poOiii riOpuaHOT apXiTEKTYpU BpPaxOBaHO TaKl
IepeBaru Ta HeJIOIiKh 0a30BUX apXITEKTYP.

MononiTHa apxiTekTypa 3a0e3neuyye JIOKaJlbHy OOpoOKYy 3 HHU3BKOIO
JATEHTICTIO, 10 MAXOAUTH ISl KpUTUYHOrO nuisixy. I[IpoTe mporpamuy cucremy 3
MOHOJIITHOIO apXITEKTYPOIO MOTPIOHO PO3TOPHYTH HA KOXKHOMY KOMIT'IOTEp1, TOOTO
BOHA [OraHa MacIITa0y€eThCS 1 TOMY € JOCTaTHLO JOPOTOI0.

[TomieBo-0pieHTOBAHMI T1IX11 TPU3HAYEHUH [T MACIITA00OBAHUX MPOTPAMHUX
cucteM. [Ipore Takuil miaxia Mae BENIMKI 3aTPUMKH HA KPUTUYHOMY LIJISIXY 0OpOOKH,
AKIIO0 BUKOHY€EThCS aCHHXPOHHA 00p0o0OKa 3amuTiB, 00 3alUTH CTABISATHCS B UEPTY.

KiienT-cepBepHa apxiTekTypa, IO peaii3oBaHa y IJIOOAIbHIN Mepexi,
3a0e3neuye 3HI)KEHHS BUTpAT 3a PAXyHOK TOHKMX KII€HTIB. OJHAaK y Takii
apXITEKTYypl 3aTPUMKH 3aJI€KaTh B B3a€MOJII 3 XMapOI0 1 TOMY 3aTPUMKHA MOXKYTb
OyTy 3HAYHUMH.

ApxiTekTtypa 3 nepudepiiHUMU CEpBEPHUMH OOYHCIECHHSMU 3a0e3rnedye
KOMITPOMIC MIXK 3aTPUMKaMU Ta BapTICTIO, OHAK 301IBIIIEHHS KiJTbKOCTI OJTHOYACHUX

KOPHUCTYBauiB OOMEKEHO MOXKIIMBOCTSIMU TIepudepifHOro ceprepa.
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1. KopuctyBaubkuii piBeHb
. BinoOpaxeHnHs
30ip maHUX PO CTaH P
nepcoHi(hikoBaHOTO
KOpUCTYBaya .
CIICHApil0 HaBYaHHS
\ T
l \ CUHXpOHHMI
Mepenaua na [lepenaua napamerpiB HOTIK
nepudepiiinuii piBeHb Bubopy Ha - nepeaadi
KOPHUCTYBAIIbKHWHU P1IBCHb TaHUX
2 Ilepudepiitauii piBeHb
IlepconidikoBanuii BUOIp
MOy
CCCll HaBYaHHA HETOYHOCTI aJarTarii
ACHHXPOHHHUM
lepenaya naHux npo NOTIK Hepesaui
[Tepenaua ganux mnpo p p pea
BIIXUJICHHS MTPU JTaHHX
cecii HABUaHHS
ajlanTarii

\

3. CepBicHuil piBeHb

" AHauni3 Ta Bepudikaris

Pucynok 2.3 — I[loToku qanux B riOpUaHIN apXiTEKTypl MPOrpaMHOi HaBYAIbHOI

CHUCTCMH

MikpocepBicHa apXiTeKTypa JErKO MacIiTa0yeThCs, ajie PO3rOPTAETHCS
3a3BUyail y xMapi. BuneceHHs1 YaCTUHU JIOT1KK POOOTH 10 XMapH 301IbIIY€E 3aTPUMKH
1 cynepeyuTb BHUMOraM J0 KOH(IACHIINHOCTI NepcoHI(PIKOBAaHUX OIOMETPUUYHUX
JTaHUX.

BnactuBocTi 6a30BUX apXITEKTYpHHUX MIAXOMIB, IO OYyJM BUKOPHUCTaH1 MpHU

PpO3po0IIi TIOpUIHOT apXITEKTYpH, HABEACHO B Ta0I. 2.2.
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Tabnuist 2.2 — BukopucTaHHa MOXKIMBOCTEH 0a30BUX apXITEKTYPHHUX MIAXO/IIB

y pO3pOo0JICHIM r1OpuAHIN TporpaMHii apXiTEeKTypi

MIX1

«TOHKOTO KJTIEHTa» Ha
HABYAJILHOMY MIiCIIi
KOpHUCTYyBaua

bazoBuii miaxin | Bukopucranuii [TepeBaru riOpuaHOT apXiTEKTYpPH

naTepH

MomnosiTHa OO6pobOKa B Mexkax MiHiMalibHa BHYTPIIIHS 3aTpUMKa

apxiTeKTypa OJIHOTO MIDK MOJIYJISIMU Ha
O0YHCITIOBAIEHOTO nepudepiitnomy ceppepi
npolecy Ha
nepudepiitHoMy piBHI

Knient-cepBepunii | Bukopuctanus 3HIKEHHS BapTOCT1 00JIa THAHHS

Ha KJIIEHTCHKOMY PiBHI

ApXiTeKTypa,
OpIEHTOBaHA Ha
noii

ACHUHXPOHHUI 0OMIH
MMOISIMUA MIXK
nepudepiitHum 1

Bunecenns pecypcoeMHux
orepalliif 3a MexX1 allfOPUTMY
ajanraitii HaBYaHHsI JJIsI

CEpBICIB, HAIIPUKJIIA]]
yepe3 Kubernetes

MIKPOCEPBICHUM KOpHUCTyBaua, TOOTO 3a IpaHHUIIi

PIBHSAMH KPUTHYHOTO NIJIIXY 0OpOOKHU
MikpocepBicHa Hezanexue MacmtaOyBaHHS CEpBICIB
apxITEeKTypa MacmTadyBaHHS Bepu(iKalli, aHATITUKU Ta

30epeKeHHs JaHuX 0€3 BIUIUBY Ha
npoliec ajanTallli HaBYaHHS.

Po3pobrena ribpuaHa apXiTeKTypa BUKOPUCTOBYE MOKIMBOCTI MOHOJIITHOTO
X0y Ha nepudepiitHoMy piBHI, 1110 3a0e3nedy€e HU3bKY 3aTPUMKY TPU CHUTBHOMY
BUKOHAHHI MoaymB d, — (opMyBaHHS IpOQLI0 KOPUCTyBauya; d, — BU3HAYECHHS

MIOTOYHOI'O CTaHy KOPUCTYBaya Ha OCHOB1 O10METPUUYHUX 1aHUX; d, —AUCIIEeTYepU3aLii

HaBYAJIbHUX MOAYJiB. [lepeBara Kii€HT-CEpBEPHOTO MIJXOAY IMOJSATa€ B TOMY, IO
MOXHa Ha HaBYaJIbHOMY MICII KOPHCTyBaya BCTAHOBUTH HEIOpOre OO0JIaJHAHHSA
TOHKOTO KIIIEHTY.

[TomieBuit miaxig peaxizoBaHo MiX nepudepiiHuM Ta MiKPOCEPBICHUM PIBHIMU
riOpuaHOT apXITEeKTypH 4Yepe3 AaCUHXPOHHMM OOMIH MOAISIMU (3 BHUKOPHUCTAHHSI,
Hanpukiaza, Apache Kafka), mo mo3Bosisie BuHECTH pecypcoeMHi orepariii HaB4aabHOT
IPOrpPaMHOI CHUCTEMH 33 MEXI KPUTHYHOIO HUISIXY OOpOOKH O1OMETPUYHMX IJaHUX
KOpPHCTYyBaya, Ji€ BaXJIMBO 3a0€3MeUnTH MIHIMAJIbHY 3aTpUMKy. MOXKIMBOCTI

MacmTabyBaHHsS MIKPOCEpPBICHOI apXiTEeKTypu 3a0€3MeuyloTh PO3LIUPEHHS CEpPBICIB
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BepHudikallii, aHaTITUKK Ta 30€peKeHHs JaHUX MPO MPOIleC HaBUYaHHA 0e3 BTPyYaHHs
B poOOTY arOpUTMy aJamnTaliii.

TakuM YHWHOM, poO3poOJieHAa TPHUPIBHEBA MOJENIb TiOpHUIHOI MpOorpaMHOl
apxiTekTypu 3 nepudepiiHuMU OOYUCICHHSAMU CHCTEMH HABYaHHS B aBTOIIKOJI
MOETHYE MOYKJIMBOCTI MOHOJITHOI, KJII€HT-CEPBEPHOI, MOAIEBOI Ta MIKPOCEPBICHOT
apXxiTEeKTyp, BUKOPUCTOBYIOUM iX IEpeBard Ha KIIEHTCbKOMY, nepudepiiiHoMy Ta
MIKpPOCEpBICHOMY pIBHAX 3 YypaxyBaHHSIM HEQYHKI[IOHATbHUX OOMEXEHb 0

nepcoH1()IKOBAaHOTO aIalITUBHOTO HABYAHHS B aBTOIIKOJII.

BucHoBku 10 po3ainy 2

1. Po3pobiieHo amanTuBHY MOJIeNb JOPOXKHBOI CHUTYyallli ISl MIATPUMKH
TEOPETUYHOT0 HaBYaHHs BOA1IB. Mo1e1b MICTUTh ONKC I0POKHBOI CUTYAIIl] 3aco0amMu
JNECKPUIITUBHOI JIOTIKH, @ TaKOX OLIHKY PIBHA CKIAQQHOCTI LHUX CHUTyalld 3
BUKOPUCTAHHSM MOKAa3HUKIB KUTBKOCTI 00 €KTIB y CKJIal JOPOKHBOI CUTYyallii, yacy
Ha TOPUUHATTS pIIIEHHA 000 Mii Yy JAOPOXKHIM CHUTyalli, KUIBKOCTI BapiaHTIB
MOXJIMBHX i, SIKI KypCaHT aBTOIIKOJM MOXX€ BHUKOHATH Yy TIOTOYHIN JOPOXKHIM
cutyarlii. Po3pobOnena Mojenb CTBOPHOE YMOBH ISl TIEPCOHI(PIKOBAHOI amanTarii
MpolieCcy MIATOTOBKU BOAIIB 3 YpaxyBaHHSIM pIBHS iX 3HaHb Ta NCUXO(}1310JI0TTHHOTO
CTaHy.

2. Po3pob6ieHo Mozelnb npouecy o0poOku 010METPpUYHHUX JAHUX Y MPOTrpaMHUX
CHUCTeMaxX HaBYaHHA BOMIIB B aBTOIIKoNax. Mojens BKIO4Yae (asu OTpUMaHHSA
OlOMETpUYHUX [aHUX, TONepeaHbOTI OOpOOKM JaHMX, BiIOOpPY TMEPBUHHUX O3HAK,
dopMyBaHHS (OPMAIBHOTO OIMKUCY MOTOYHOTO CTaHy KOPHCTyBada, epeady OMucy
MOTOYHOT'O CTaHy KOpPHUCTYyBaua JO MOJIYJIO MepcoHi(piKoBaHOI ajganTaiii mpoiecy
HaBUaHHA. MoJleTh CTBOPIOE YMOBHM ISl TEpCOHi(iIKaIi MpoIecy HaBUYaHHSA 3
ypaxyBaHHSM OIKCY TOTOYHOrO TCUXO(]i310JI0TIYHOIO0 CTaHy KOpHUCTyBaya,
OTPUMAHOTO Ha OCHOB1 HOTO O10METPUYHUX JAHUX B PEKUMI M'SIKOTO PEaIbHOTO Yacy.

3. Brepuie 3anponoHOBaHO MOJENb TIOPUAHOI MPOrPAMHOI apXITEKTYpH 3

nepudepiitHIMUA OOYUCIEHHSIMH CUCTEMHU HAaBYaHHS B aBTOIIKOJI. MoOJeinb MICTUTh
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KIIEHTChKUHM, mnepudepiiianii Ta MikpocepBicHUN piBHI. KilieHTChKkUN piBEHb
apxXiTEeKTypud  NpU3HAYCHUM  JUIS  Bi3yaiizaili  JOPOXKHBOTO  CEpEeIOBHIIA.
[Tepudepiitnuii piBeHb NpU3HAYEHUN IS BU3HAUCHHS TICUXOEMOIIIMHOTO CTaHy
KOPUCTyBa4a TUIAXOM OOpOOKM ¥Oro OIOMETPHUYHUX J@HUX Ta TOJAJIBIIO]l
nepcoHi1()iKOBaHOI ajanTallii HaB4aJIbHUX 3aBAaHb. MiKpoCepBICHUHN pIBEHb BUKOHYE
Bepu(dikalliro mporecy nepcoHipikoBaHoi aganTarlii a TAaKOXK aHalli3 Ta y3aralbHCHHS
pe3yibTaTIiB TpOIeCy HaBYaHHSA B aBTOIIKONI. Mojenb 3abe3rnedye MOXIIHBICTh
nepcoHi1(hiKOBaHOI aianTarlii Mporecy HaB4YaHHs y MPOTPaMHUX CHCTEMax aBTOIIKLI 3
ypaxyBaHHSM HE€ JIMIIE pIBHA 3HaHb, a W TMOTOYHOTO PIBHSI KOTHITUBHOIO

HaBaHTa>XCHH:A Ta BiIIHOBiIIHOFO HCHXOCMOHiﬁHOFO CTaHy KOpHuCTyBaua.
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3 METOIM IMOBYAOBU INEPCOHI®PIKOBAHOI'O AJAIITUBHOTI'O
MMPOTPAMHOTI'O 3ABE3IIEYEHHSI CHCTEM HABYAHHS BO/IIIB

3.1 Po3po6ka meTory popMyBaHHs BEKTOPY MPOPiII0 KOPUCTyBaya HaBYAIbHOT

MPOTrPaMHOI CUCTEMHU

Po3poOka nporpaMHuX cUCTEM JIJIsl TIEPCOH1(DIKOBAHOTO aJalITUBHOIO HABYaHHS
KOPHCTYBayiB 13 pI3HUMH KOTHITUBHUMHU 3MI0HOCTSMH, pPIBHEM OCBITH Ta
MO>KJIMBOCTAMHM ONaHYBaHHS HaBYAJIbHOIO MaTeplajly € akTyalbHOIO 33a4et0 y cdepi
1HXEHEePil TPOrpaMHOro 3a0e3MeyYeHHs, OCKIIBKA TPAIUIIINHI apXITEeKTYpHI IMiIX0I1
0a3yI0ThCS Ha BUKOPUCTAHHI CTATHYHOTO OMHUCY KOpucTyBada. CTaTUYHHIA OMHC HE
BpPaxoBYy€ 1HJAMBIIyaTbHI OCOOJHUBOCTI W MOXJIMBICTh YJOCKOHAJICHHS KOMITCTCHIIIN
IIpY HABYaHHI Ta HE 3a0e3neuye ajanTaliio HaBYaJIbHOTO MPOIIECY Y pealbHOMY a0o
ONM3bKOMY 10 peasibHOro daci. J[aHuil HEAOJIK MOXXE NPUBECTU 10 HaJaHHS
MOYATKIBIAM CKJIQJHUX HAaBYAJIBHUX CIICHAPIiB 13 HAMIPHOIO (PYHKI[IOHAIBHICTIO, 200
K HEJOCTATHHO CKIIQTHUX MOJYJIB IS MPOCYHYTHUX KOPHUCTYBadiB. BHACTiAOK IIHOTO
B TIOJAJIBIIIOMY B11I0YBA€THCS HEKOPEKTHUI MiI01Ip HABYAILHUX CIIEHAPIiB, OCKIIbKU
BOHM HE BpaxOBYIOTh IHJIWBIAyaldbHI TATEPHU TIOMIJIOK KOPUCTYBayiB TIPH
MIPOXOJI’KEHHI TIOTIEpEHIX HaBYaIbHUX MOAYdiB. ToMy B Mexkax 3alpOrnOHOBAaHOTO B
po3auTl 2 TIOPUAHOTO apXITEKTYPHOTO PIIICHHS] HEOOX1THO MOJ0JIaTH TaKi HEJOIKH
TPaAULIMHUX apXITEeKTYpHUX MIAXOIIB B aJAaNTUBHUX MPOTPAMHUX HABUYAIBHUX
cucTeMax o0 nodyaoBu Npodiao CTaHy KOpUCTyBaya:

— OOMEXEHI MOXJMBOCTI ~MaTeMaTHYHOTO  3a0€3MedYeHHs  MPOrpaMHHX
KOMITOHEHT III0JI0 aBTOMAaTH30BAaHOI OLIIHKU PIBHS MIJATOTOBKH KOPHUCTYBadiB, IO
MPUBOJNTH JIO TMOJAUTY KOPUCTYBayiB 3a KUIBKICTIO BHKOHAaHUX 3aBlaHb 0e€3
ypaxyBaHHS CKJIAJIHOCTI ITUX 3aBJlaHb, @ TAKOXX MMaTEPHIB MTOMUJIOK;

— HEJIOCTATHS 1HTErpallis MOXJIUBOCTEH TCHUXO0JIOTO-TIEaroriYHuX MOJEieH y
pOrpaMHi apXiTeKTypH CHCTEM HaBUaHHS, IO YCKJIAIHIOE PO3POOKY alanTHBHUX

HaBUYAJIbHUX CUCTEM, X TECTYBaHHsI Ta BaJiaIlllo;
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— BIZICYTHICTh HEEBPUCTHYHUX MIAXOMIB J0 MEPETBOPEHHS MCUXOMETPUUHUX
OITIHOK KOPUCTYBaYiB y JUCKPETHI PiBHI CKJIAHOCTI HABYAIBHUX CLICHAPIiB (MOIYIiB),
10 0OMEXKY€ MOKIIMBOCTI aAalTUBHOI IUCTIETYEpHU3allii HABYATbHUX KOMIIOHEHT.

®opmyBaHHA BEKTOpY Mpo(diIt0 KOpHCTyBaya y TMPOTPAaMHUX CHCTEMax
HaBYaHHs Oe3MOocepe/HhO BIUIMBAE HA BUPIIMIEHHS HACTYMHUX 3aJlad MporpamMHoOi
THXEHePIT:

— po3po0Ka apXiTeKTypHUX MAaTEePHIB AJIS aIallTUBHUX CUCTEM;

— MOJICJIIOBaHHSI TOBEAIHKM KOpPUCTyBadya sIK BXIJHOTO TNapameTpy AJis
AUcTieTYepu3allii HaB4aJbHUX MPOTPAMHUX MOIYJIIB;

— popMarizailisi BAMOT JI0 MPOTPAMHOT KOMIIOHEHTH OI[IHKM CTaHy KOPUCTyBada
3 ypaxyBaHHSM crenudikailii iHTepgeiciB Ta MPOTOKOIIB B3aEMO/III MI>K MOTYJISIMU;

— Bepudikallis KOPEKTHOCTI aJIrOpUTMIB aJanTaiii UISIXOM MOPIBHSIHHS
3aIJIaHOBAHO1, a TAKOXK (PAKTUYHOT MOBEIIHKU MPOTPAMHOI CHCTEMU HaBUYaHHS.

VY KOHTEKCTI HaBYaJIbHUX NPOrPAMHHUX CHCTEM /IS MIATOTOBKM BOJIiB B
ABTOIIIKOJIaX HEKOPEKTHUM MiA01p CKIAJHOCTI HABYAJIILHOTO CIIEHAPIIO MPUBOAUTH J0
KOTHITUBHOTO MepeBaHTaXeHHs (200 HEJOBAHTAXKEHHSI) KOPUCTYBauya Ta HEIOCTATHHO1
MIITOTOBKK J10 [l B peajbHUX JOPOXKHIX cuTyaulisix. Tomy po3poOka meTomy
dopmyBaHHs TPOGUII0 KOPUCTyBaya Ma€ CTBOPUTH YMOBU ISl 3aJJ0BOJICHHS
He(YHKIIIOHAIbBHUX BUMOT LI0JI0 3aTPUMOK MPH aJanTarlii CHCTEMH, TOYHOCTI BUOOPY
HAaBYAJbHOTO MOJYJS Ta MIATPUMKA HABYAHHA KOPUCTYBAdiB 13 PI3HUM pIBHEM
M1JITOTOBKH.

AHani3 JiTepaTypHUX JpKepes MOoKa3aB BIICYTHICTh KOMIUIEKCHUX PIIEHb AJIs
HaBYAJIBHUX MPOTPAMHUX CHUCTEM, IO IHTETPYIOTh NCUXOMETPUYHI MOJIEI OI[IHKH
PIBHSI MATOTOBKM KOPUCTYBAUiB Y MPOTrpamMHi KOMITIOHEHTH 3 TAKUMH BUMOTAMH:

— (hopMmanizoBani crienudikaliii BXiqHUX (BUX1IHUX) TaHUX;

— 0OMEKEHHS I10JI0 AITOPUTMIYHOI CKJIATHOCTI OOYHCIICHb;

— MOMJIMBICTh Badi/allii OLIHKK PIBHSA MIATOTOBKM KOPUCTyBaya HaBYaIbHOL
IPOrpaMHOI CUCTEMHU LUISIXOM MOPIBHSAHHA 3 €KCIIEPTHUMH OLIIHKAMU 1HCTPYKTOPIB.

B nocnimxennsx [148, 149] po3po6ieHO TPUKOMIIOHEHTHY MOJENb Ta METO

OLIIHKU PIBHS MIATOTOBKM YYHIB HA OCHOBI OOPOOKM JaHMX LIOJ0 BUPILIEHHS LUMU
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YUYHSAMH 3aBAaHb B MuHyJomy. [IpoTe 3amaua iMmieMeHTallii AaHOTO MIAXOAY Y
IporpaMHi MOJYJIl y CKJIaJl aJanTUBHMX HABUAJbHUX CHCTEM 13 PO3MOJILICHOIO
apXITEKTYpOIO B JJAHUX poOoTax He posrisgaerbes. Podotu [150, 151] mpucesdeHi
ajanTanii cucTeM HaBYaHHS BOJIIB 3 BUKOPUCTaHHAM OioMeTpuyHUX naHux. [Iporte
BOHU HE BPAaxOBYIOTh MOINEPEAHIO MIATOTOBKY KOPHUCTYBayiB TaKMX HaBYAIbHHUX
CHUCTEM, III0 € BAKIIUBUM JUTsI TepcoHi(ikariii 6a30BOT0 piBHS CKIAAHOCTI HABUYAJIBHUX
MOJYJIiB JI0 MOYATKy aIalTaIlii Ha OCHOBI O10METPUYHUX TaHUX.

Metoro gaHoro MiAPO3AUTY € po3podka mMeToay GopMyBaHHS MpodiIOo
KOPUCTYBaya y HaBYaJbHIA MPOrpaMHiil CHCTEMI Ha OCHOBI IHTErpalii MomnepeaHixX
NICUXOMETPUYHUX OIIIHOK PIBHS TMIJATOTOBKM KOPHUCTYBayiB, aHalli3y pe3yJbTaTiB
HAaBYaHHS Ta TOJAJBINOI KOHBepTalli iHdopmallii MOJ0 CTaHy KOpHCTyBada Yy
JUCKPETHI PIBHI CKJIAJHOCTI JUIsl JUCHeTYepr3allii HaBYaJIbHUX MOJYJIIB Y T10pUIHIN
IPOrpaMHiil apXiTEeKTypi.

Po3pobnenuit meton Mae 3abe3nedyuTd  (OpMyBaHHS BEKTOPY MPpodiII0
KOpHUCTyBaua sK (HOpMali30BaHOTO NPOrpaMHOro iHTepdeicy st B3aeMmoiii 3
KOMITOHEHTAaMH  aJanTUBHOTO MIJKJIIOYEHHS MOJIYJIIB HABYAJIbHOI  CHCTEMH
(miapo3ain 3.3) Ta KOHTEKCTHO-3aJIEKHO1 Bepuikalii 3 BUKOPUCTAHHSIM METO[IIB
process mining (mapo3aia 3.4), mo BIANOBIAAE€ MPUHIIUIIAM MOJIYJIBHOCTI, CIa0KOi
3B’SI3HOCTI MIK KOMIIOHEHTaMH Ta CHJIBHOTO 3YEIJIEHHS BCEPEIUHI MOIYIIB MpH
MPOEKTYBaHHI NPOrpaMHUX apXiTekTyp [152].

Orinka ctany ¥ HacTynmHe (OpMyBaHHS MPOQLITI0 KOPUCTyBaya y MPOrpaMHiil
CUCTEMl HaBYaHHS 0a3yeTbCsd HA TICUXOMETPUYHIN Teopii OI[IHKH pEe3yJIbTaTiB
BUKOHAHHS 3aBJaHHS, 110 BCTAHOBIIOE (OpMaNTbHY 3aJICKHICTh MK 310HOCTAMH I
pIBHEM TIATOTOBKA KOPHCTyBaua, MapaMeTpamMHu 3aBJaHHS Ta WMOBIPHICTIO HOTO
NPaBIJILHOTO BUKOHAHHS KOPUCTyBaueM cucTeMu. lIcmxomeTpudHa Teopis iHTerpye
TPU KJIACHYHI MJAXOMU JIO0 OIIHKH 3M10HOCTEH Yy4HIB: TecTH (PIKCOBaHOI JOBKHUHH,
aHaii3 3a mwkajaMu (a00 MIKaTbHUN aHai3); CTAHJAPTHI ONUTYBAJIbHUKH.

Buxopuctanns TecTiB (PiKCOBaHOI JOBXHMHM Tiependayae, IO BCl Y4HI
OTPUMYIOTHh OJTHAKOBUI HAOIp MUTaHb HE3AJIEKHO BiJl IXHHOTO PiBHS MIATOTOBKU Ta

3HaHb. Hampukian, y cranmapTu3oBaHoOMy TecTi 3 50 muTaHb y4e€Hb-IOYaTKIBElb 1
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V4€Hb 3 BHCOKMM pIBHEM 3HaHb BHUKOHYIOTh aOCOJIFOTHO 1JCHTHYHI 3aBIaHHS.
OcCHOBHUI HEJOJIK TAKOTO MIAXOAY MoJiArae y Hee()eKTUBHOMY BUKOPUCTAHHI 4acy:
cnabKi y4yHl BHUTpaydarOTh OaraTo 4Yacy Ha 3aHaJTO CKJIAJHI TUTaHHS, SKI HE
BIJIMOBIAAIOTH TIXHHOMY PIBHIO PO3YMIHHS, TOJ SIK CUJIbHI YYHI 3MYIIIEHI BUKOHYBAaTH
IpOCTI 3aBAaHHS, SKI HE HECYThb JJIsi HUX JlarHOCTHYHOI IiHHOCTI [153]. Takwuit
HeaudepeHIiioBaHNN TIIX1A MPU3BOJUTH 10 TOTO, MO TeCT (PIKCOBAHOI JOBKHHH
n00pe MpaIroe JIUIIE I YIHIB CEPEIHBOTO PIBHS IMiITOTOBKH.

AHani3 3a IIKaJlaMd TPYHTYE€TbCSd Ha NPUITYLIEHHI, IO 3aBJaHHS MOXHA
BIIOPSAKYBAaTH BiJ MPOCTUX JO CKIAQAHUX, 1 YCIHIIIHE BHUKOHAHHS CKJIAHIIIOrO
3aBJlaHHS aBTOMATHMYHO O3HAYa€ 3/IaTHICTh BUKOHATH BCl TIpoctimm. Takwil miaxif
4acTO BHUKOPUCTOBYETHCS Yy TMOETATHOMY HaBYaHHI, JI€ KOKEH PIBEHb CKJIAIHOCTI
Oynyerscsi Ha momepeaHboMy. [IpoTe TOTOBHMM OOMEXKEHHSM NaHOTO MiIXOMy €
KOpPCTKA 1€papxiyHa CTPYKTypa TECTIB, sSIKa HE BPAaXOBY€ KOMIUIEKCHICTh HAaBHUYOK
yuHiB [153]. Hanpukmnan, ydyeHbp Moke A00pe BHKOHYBATH MPAKTU4YHI 3aBJIaHHS
BHUCOKOT'O PIBHS, ajie¢ MaTH MPOTAIMHU B TEOPETUYHUX 3HAHHSIX CEPEAHBOTO PIBHI.
AHani3 3a mKaJlaMH TakoX He mepeadavae TpyrmyBaHHS 3aBllaHb 32 «PO3AUIBHOIO
3MAaTHICTIO», TOOTO TakKi 3aBJaHHS HE Jal0Th MOXJIMBICTh BIJIPI3HUTH YYHIB 3
OJIM3bKUMHU PIBHMU HaBUYOK [154].

CranmapTHi ONMUTYBAJIBHUKH 3a3BHYAl MICTATH CEPIl0 MUTAHb 13 3a37aJieTi/ib
BU3HAYCHUMH BapiaHTaMH BIAMNOBiAEeH (MHOXXMHHUI BUOip, mkana Jlalikepra To1o),
AK1 OI[IHIOIOTh 3HAHHS a00 HABUYKHU y4YHS Ha OCHOBI HOTro 3BITY 3a BU3HAYCHUMH
KputepisMu. Taki iIHCTPYMEHTH JIETKO BHKOPHCTOBYBATH Ta CTaHIAPTU3YBATH, IO
0OyMOBJIIOE X MIMPOKE BUKOPUCTAHHS JUIsI MAacOBHX OIIHOK. OJHAaK KIIOYOBUIA
HEJOJIK JAaHOTO MIAXOAY IOJIATAE Yy BIJCYTHOCTI aaliTUBHOCTI: OMUTYBAJIbHUK HE
3MIHIOE CKJIQJIHICTh a00 CHOpPSIMOBaHICTh MHUTaHb B 3aJICXKHOCTI BiJ MONEpEaHIX
BiamoBigerd yuHs [156]. Taka BmacTHBICTH O3HAYae€, MO JUIsl JOCATHEHHS OIIHKU
OPUNUHATHOI TOYHOCTI B OMMUTYBAJIbHUK HEOOXIJHO BKJIIOYATH BEJUKY KUIBKICTh
NUTaHb. 30UIbIICHHS HA00PY MUTaHb CYTTEBO MOJOBXKYE Yac TECTYBaHHS 1 3MEHIIY€
MOTHBaIil0 y4dHiB. KpiM TOro, crangapTHi ONUTYBaJbHUKM YacTO HE BPaXOBYIOThH

J0JIaTKOB1 (haKTOPH, SIKI BUHUKAIOTH y MPOLECI HaBUAHHS, HANPUKIIAJ KOTHITUBHE
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MEePEHABAHTAXXEHHS, MOTOYHUN eMOUIMHUN cTaH yuyHs Tomo. L{i dakTopu MOXyTh
CYTT€BO BIUIMBATU HA PE3YJIbTATH OMUTYBAHHS.

HaBeneni oOMeXeHHS  KJIAaCUYHUX  METOMIB  CBIAYaThb  HEOOXITHICTH
BUKOPUCTAHHSA QJalTUBHUX CHUCTEM OIiHIoBaHHSA. (OCTaHHI MarOTh OINEPaTHBHO
KOPUTYBAaTU CKJIAAHICTh 1 MPU3HAYEHHS 3aBJaHb HAa OCHOBI MOTOYHOTO PIBHS Y4HS,
3a0e3Mevyyourd BOJHOYAC TMIABUINEHHS SKOCTI HaBUaHHS 1 3MEHILIEHHS BHUTpaT
yacy [154, 156].

Po3poOnenuii  MeToJ; BHUKOPHUCTOBYE KOHIICMIIO  KOMI'TOTEPU30BaHOIO
agantuBHoro TectyBaHHs (Computerized Adaptive Testing, CAT), mo noennye
Teopito WMoBipHOCTEH 1 aganTuBHICTE [154, 157]. CAT BukopuctoBye 06a3oBi ifei
TECTyBaHHS MAaIll€eHTa y JiKaps: SKIIO Malli€HT JIETKO BUKOHAB 0a30B1 TECTH PYXY, TO
JiKap o/Apa3y MepexXOoauTh A0 OUIbII CKJIAJAHHUX BIIPaB, JOCTPOKOBO 3aBEPUIYIOUH
nepeBipKy 6a30BUX HABUYOK.

Konrermniisi KoMI'tfOTepU30BaHOTO aJalTUBHOTO TECTYBaHHS IOJIATA€ B TOMY,
110 BUO1p HACTYIMHOT'O TUTAHHS Ma€ 3aJieXkKaTH BiJl TOTO, YK MTPABUIHLHO YU€Hb BiJIIIOBIB
Ha monepenHe. Ko BiAMOBIAL YUHS MPaBUIbHA, TO CUCTEMA TECTYBAaHHS MPOIOHYE
BUPIIIUTH CKJIAAHIIIE 3aBJIaHHSA, B 1HIIOMY BUIIQJKy HaJga€ mpocTiui TecT. Takuii
MIIX17 J1a€ MOXJIMBICTH O1IBII TOYHO OIIHUTH 3HI0HOCTI Y4YHS 3 BUKOPHCTAHHSM
CYTTEBO MEHIIOI KUIBKOCTI MHUTAaHb y MOPIBHSHHI 3 TecTaMH (PIKCOBAHOI JOBKUHHU.
JlaHa KOHLEMLIIS peali3yeTbcs B paMKax Teopii BiAryKy Ha 3aBaaHHs (Item Response
Theory, IRT). Octanas TpakTye HMOBIPHICTh YCHIIITHOTO MPOXOJKEHHS MOTOYHOTO
HABUYAJBHOTO €MI30/ly AK (PYHKI[IIO0 BiJ 3110HOCTEH y4HsS Ta MapaMeTpiB KOKHOTO
3aBAaHHS, 110 BHU3HAYa€ B3AEMOJII0 MK  XapaKTEpUCTHUKAMU oco0u Ta
XapaKTepuCTHKaMH 3aBAaHHa [154]. Jlamui migxig A03BOJsIE  MependadyuTd
UMOBIPHICTb yCHiXy B KOHKPETHIM HaBYaJbHINA CUTYaIlli.

DyHKITIS aJanTUBHOT B3a€EMO/IIT CIUPAEThCS Ha MOAEIb [ 153, sika Tpanchopmye

Oe3nepepBHY BXIAHY 3MIHHY Yy 3HA4Y€HHS WMOBIPHOCTI. 3TiIHO 1€l MO,

HWMOBIPHICTB P(result(al.,bi)#rue) MPaBUJIHLHOI BIJIMOBII YUHS 31 310HOCTAMU bj Ha

3aBJaHHs 31 CKJIAJHICTIO @, BU3HAYAETHCS PIZHULEID MDK HOro 3a10HOCTAMH Ta
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CKIAHICTIO  3aBiaHHsA. JlarentHa 3mi0HiCTE  KOpuCTyBaua b,  3a3BM4aii

IPEICTaBIAEThCS K O€3p0o3MipHa BeTUUKMHA Y Jl1ara3oHi [-3; 3], Ae HyIbOBE 3HAUCHHSI

BIINOBIIa€ CEPEIHBOMY PIBHIO MIArOTOBKU. CKIaqHICTh 3aBJAHHS @, Ma€ TaKy camy
mIKaay, mo ¥ 3ai10HocTi. ToOTO CKIAAHICTL g, =1 O3Ha4ae, MO A PO3B'A3aHHS

3aBJIaHHs y4E€Hb IOBUHEH MaTh 3ai6HOCTI b, =1. SIKmo 3110HOCTI y4YHS 3HAYHO

MEePEBUINYIOTh CKJIAAHICTh 3aBAaHHSA, TO HWMOBIPHICTh KOPEKTHOI BIJAMOBIiAI
HaOmmwkaeTbes 10 1, a B mpotmwiexHomy Bumagky — 10 0. ToOTo 1 3amexHICTh €

HEHINHOIO 1 HOpMalTi3y€eThCs 3a IOMOMOTOO0 JIOTICTUYHOT (PYHKIIT a00 CUTMOTAH:

% 3.1)
l+e'" 7

P(result(a[,bj )=true) =

Opmnak MoJieNb OIIHKK WMOBIPHOCTI MpaBWIbHOI BiANOBIL (3.1) HE BpaxoBye,

110 JESIK1 CIIeHapii 3aBJaHb MPU HAaBYaHHI B aBTOIIKOJII Kpalle po3UISIOTh CIIa0KUX Ta

CWJIBHUX YYHIB, HIX 1HII. Hanmpukiaza, mpy HaBYaHHI BOJIHHIO MAHEBD «IapajeibHe

MapKyBaHHSD» YITKO PO3JALISE MOXKIMBOCTI HOBAUKiB 1 JOCBITUCHUX BOJIIIB, a 3aBIaHHS

«pyX TO TpsMIA J10pO31» BUKOHYIOTH YCHIIIHO Maike BCl KypCaHTH aBTOIIKOJIH,
HE3aJIE’KHO BiJ] PIBHS X MallCTEpHOCTI.

Jns ycyHEeHHS 1IbOro HEJOoJKy B [155] 3amporoHOBaHO BBECTH IapaMeTp

PO3pI3HEHHS c,, IO BH3HAYa€ YyTIMBICTh 3aBJAHHSA 10 PIBHA 3410HOCTEH uepes
KPYTH3HY JIOTICTUYHOI KpHUBOi, a TaKOX IapaMeTp BraJyBaHHS d,, IO 334a€
MIHIMaJIbHO MOXJIMBE 3HA4YEHHsS WMOBIPHOCTI. BHCOKe 3HAuYe€HHS MapaMmeTpy
JOUCKpUMIHALIi ¢, O3HaYae, 110 HaBITh HEBEJIMKA 3MIHA B 310HOCTSIX Yy4HS CYTTEBO
BIUIMBA€ HA WMOBIPHICTh yCMIXY (KpHUBa CUI'MOIJH CTa€ OLIbII KPYTOIO), @ HU3BKE c,
CBITYUTH TIPO “pO3MUTICTH” 3aBJIaHHS, SIKE CIIA0KO PO3PI3HSE YUHIB PI3HUX PIBHIB.

Ha mpaktuini 3a3Bu4ail BUKOPUCTOBYETHCS Jiama30H 3HAauY€Hb IapamMerpa
auckpuMinanii B giamasodi [0,5; 2,5], OCKUIBKM 3HAY€HHs ¢, > 1,5 1a€ MOXIIUBICTb
€(EeKTUBHO BIJIOKPEMUTHU MIATOTOBICHUX KOPHUCTYBaudiB HaBUaJbHOI CHCTEMH BiJl

Y4HIB 3 HU3bKUM PIBHEM MiATOTOBKH.
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IIpu BUKOpHUCTaHHI N, HaBYalbHHUX MOJIYJIB, IO Pealli3yl0Th Pi3HI cLEHapii
1 . : :
NpEACTaBICHHA 3HaHb, d,=——, TOOTO JaHWI NapaMeTp BIANOBINAE IPOCTOMY
Sc
Bra/lyBaHHIO pe3yibTary yuHeM. Toai mogens [155] nis 3apaul ananTUBHOTO Mig00py

HaBYaJIbHOTO MOAYJIA IJIA KOPpUCTYBada HpHﬁMaG BUTJIAA:

P resull‘(al.,b.)=trueq.,L =—+|1- . (3.2)
’ N N

Sc Sc

[Iss Momenbs J03BOJIIE HA KOXHOMY KpOILll HaB4YaHHA oOpaTtu HaWOUIbII

iHpopMaTHBHE 3aBJaHHSA, TOOTO 3aBAaHHSA, BIANOBIAb Ha SKE€ € HANOUIBII

1
HEBU3HAYECHUM JIs YUHsI, TOOTO P result(ai,bj)=true c,— |=0,5.
Sc

NMOBIpHICTh PaBUIILHOI BIJIMOBI/II CKJIAIAETHCS 3 IBOX KOMIIOHEHT — 0a30BO1

HMOBIPHOCTI BraJlyBaHHd —— Ta JI0JaTKOBOI IMOBIPHOCTI, 5IKa 3aJI€KUTh BiJ PI3HMUIIL

Sc
MIXK JJATEHTHUMU 3/11I0HOCTSIMU KOPUCTYBaua i CKJIQJHICTIO 3aB/IaHHS.

JlarentHa 3410HICTE b, xopucryBaya OILIIHIOETHCSI METOJIOM MaKCHUMAaJIBLHOIL

npapnonoAioHocTi (Maximum Likelihood Estimation, MLE) na ocHOBI #oro
BIIMOBIJIeH HA MHOKUHY 3aBAaHb O = {ql.} . @yHKII1s TPaBAONO10HOCTI L(a[‘Q) TSt
3a/ayl aJanTUBHOIO MiAOOPY HABYAIBHOTO MOAYJSA [JIsi KOpPUCTyBadya MpHiiMae

BUTJISI;

L(a|0)=

(3.3)
=[P result(al.,bj)#rue cl,,NL 1-P result(ai,bj)#rue cl,,L )]

Sc Sc
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OyHK111s TPaBIONOAIOHOCTI OIIHIOE, HACKIIBKY HUMOBIPHUM € OTPUMaHUI Ha0ip

BiamoBizer O NI KOPUCTyBaya 3 JaTCHTHOO 3i0HICTIO bj . Hanmpukian, po3ristHemMo

CUTYyaIlito, KOJW KOPHUCTyBad TMPaBUJILHO BIAMOBIB Ha CKIAgHI 3aBIaHHSI Ta
HETPaBWJIBHO Ha MPOCTi, TOOTO I KOMOiHAIls BIAMOBIACH HETUIIOBA JJISI JIFOOOTO

3HAYEHHS JIATEHTHUX 31I0HOCTEW b,. B TakoMy BHNAIKy 3HAYCHHS L(al.‘Q) Oyne
HU3BKUM JUIA BCIX 3HAa4€Hb b, MO BiOOpakae HECTAOUIBHICTL BiIMOBiAEH abo

BUIAKOBICTb.
VY BuUNaaky, SKUI0 KOPUCTYBad HaJa€ MPaBWIbHI BIANOBIII HA 3aBJAaHHS 31

CKJIAJHICTIO a,, TO L(a, ‘Q) J0CSIra€ MAaKCUMyMY MPU NIEBHOMY 3HAYE€HH1 JJATEHTHUX
3ni6HOCTel. Tosi ONiHKA KOTHITHBHMX 31i0HOCTEl KOpuCcTyBadya b, BH3HAYaeThCS 5K

3HAYEHHS apryMEHTy b, 1[0 MakcUMi3ye (QYHKII10 npaBaonoaioHocti L(a, ‘Q) :

J

b, =argmax L(a,|0). (3.4)
bj

Ha ocHOBI mNOTOYHOi OIIIHKKM KOTHITHBHOI 3110HOCTI (3.4) MOxe OyTu
3MIMCHEHHUI TUHAMIYHUN BUO1p HACTYTHOTO 3aBJaHHs 1)1 KOpUCTyBayda. Takuii BUOIp
3IIMCHIOETHCS 3 BUKOpUCTAHHAM anroputmy CAT.

Sxio KopucTyBad BIJIMOBIA€ MPABWIBHO, TO BIH OTPUMY€E OUIBII CKJIaJHE

HACTyIIHE 3aBIAHHSA 3 OUIBIIMM 3HAYEHHSAM ¢, SKIIO HENPAaBUIBHO — OTPHUMYE
3aBJaHHs 3 MCHIIMM 3HA4YECHHSAM ¢,. Takuil aaropuT™ OAa€ MOXKIUBICTh HIBUILIE
OIIIHUTHU PI1BEHB MIATOTOBKHU 37100yBaya [157, 158].

Bubip HacTtynmHOro 3aBaaHHs 3A1MCHIOEThCA 3a OIIHKOIO iH(opMmarii dimepa
1 (a[), sKa KUIbKICHO ONHUCY€E, CKIIBKHU 1H(GOpMaIlli MPo 3aBAaHHS MICTUTh BiIOBI/Ib
KOpPHUCTYyBaya.

Jlana oIliHKa BHKOPWCTOBYE TEPIIy IMOXIAHO BiJi WMOBIPHOCTI TPaBWIBHOI

. . 1
BiAnoBial. [ CIOpPOLIEHHS 3aluCy MO3HaYUMO P result(ai,bl.)ztrue ¢,— | K P.

Sc

Tomi omiaka ®imepa npuiMae BUTIIS:
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. (B)
I(a,)=b; SOoPY (3.5)

Ouinka (3.5) nocsrae MakCUMyMy Ul 3aBAaHb, CKIIAJHICTb KUX @, OJIU3bKa J10

IIOTOYHOI OIIIHKH bj KOpHCTyBaya. 3aHaJTO JIETKI Ta 3aHAATO CKJIaJIHI 3aBJaHHS

MICTATh Majio iHGoOpMaIli, OCKIIbKM KOPHUCTyBau MaiKe HANeBHO BiJAMOBICTh
OPaBWJIBHO HA MEPINI 1 HEMPaBWJIBHO Ha JAPYTi 3aBJaHHA, 1O HE Ja€ MOXJIUBICTbH

3BY3UTH Jiana3oH 3Ha4eHb «a,. ToMy BuOip HOMepa k HACTyMHOIO 3aBJaHHS

3IIMCHIOETHCA HA MHOMKHMHI HEBHKOHAHUX 3aBlaHb, TOOTO 3aBIaHb I SKHX

BUKOHYETBCSI YMOBA i < k, 32 KpUTEPIEM:

k =argmax /(a,). (3.6)

ili<k

Bubip 3aBnans (3.6) Moke OyTH TOCTaTHHO CKJIQJHUM I KJIaciB MPAKTUUYHUX
3a/7la4 HAaBYaHHI BOJIHHIO aBTO, YMHPABIIHHIO CKJIAJHUMHM TEXHIYHHUMHU CUCTEMaMH
TOIIIO BHACIIJIOK BEJIMKOI KIIBKOCTI PI3HOIUIAaHOBHMX Tija3afad. JJisi CHpoIeHHs
BUOOpY 3aBJaHHS PO3AUIAIOTHCS Ha PIBHI HA OCHOBI MOPOTOBHX 3HAYEHBb 310HOCTEN
KOpUCTyBaua. Takuil MAXiA CHOpOILye JUCHeT4Yepu3allli HaBYaJbHUX MOIYIIB Yy
IPOrpaMHiil cUCTEMI.

PiBHI cknagHOCTI L, MarOTh BUTJISL!

L1, iff b’ <-1,0,

L2, iff —1,0<h’ <-0,3,

L,=4{L3, iff —0,3<b’ <+0,5, (3.7)
L4, iff +0,5<b <+1,2,

L5, iff b >+1,2.
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Bianogigxo a0 (3.7), KopucTyBadi 3 HU3bKUMHU b/ <—1,0 moTpedyroTh 6a30BUX

HaBYaJIbHUX MOJyiB piBHS L1 Ge3 oOMexxeHb yacy, HallpUKial CUTyallii BOJIHHS Ha

MOPOKHBOMY TapKyBaJIbHOMY MaiJIaHUMKy, Ha BYJHIN, J¢ € 1e 1-2 aBTOMOOLII.

. . * . . .
Kopucrysaui 3 cepennivmn —0,3<b, <+0,5 oTpuMyOTh MOXINBICTH BUBYUTH MiCBKi

cuenapii L3 (mampukiman, 15-25 aBTOMOOUTIB, JOPOKHS CHUTYyallisl Ha TEPEXPECTI).

Kopucrysaui 3 Bucokumu b, > +1,2 oTpuMyioTh eKxcriepTHi HaBuambHi Momyni LS5

(mampukiian, 50 1 Olaplie aBTOMOOUIIB Ha JIOPO31, BUHUKHEHHS EKCTpPEMaJbHUX
CUTYyaIliil).

Takuit miaxig Jae MOXKJIUBICTH OpraHi3yBaTH JOCTYI JO MOJIYJIB y 30HI
HalOIMKYOTO PO3BUTKY HABUYOK Ta BMIHb KOPUCTYBaua, JCIIO CKJIAJHIIINX 33 HOro
MMOTOYHUH PIBEHh KOPUCTYBada. BUKOpUCTaHHS MOJYJIIB 3 HE3HAYHUM ITiIBUIIICHHSIM
CKJIQHOCT1  3aBJlaHb  CTUMYJIIOE  PO3BUTOK  HaBMYOK ©0€3  KOTHITUBHOIO
nepeBaHTaxeHHs [159].

OkpiM OIIIHKM pIBHA JAaTEHTHUX 3Ai0HOCTeH, aia (opMyBaHHS TOBHOTO
BEKTOPY CTaHy YMiHb KOpPUCTyBada HEOOXIJIHO BpaxyBaTh THUIIOBI MOMMIIKH

KopuctyBaya U__ Ta Tpa€eKTOPIIO 3MiHM WOro HaBU4OK 3 yacoMm U, ,. LlI noka3HUKH

XapaKTepU3yIOTh PIBEHb 3aCBOEHHS  HABUAJBHUX  MOIYJIIB  KOPUCTYBA4eM.
Pesynbrytounit BeKTOp npoduTto MOMUIIOK Ma€ BUTIISL:

U=(U

error > trend > °

(3.8)

error error

. [ . .
[Mpodine nommmox U, ={U ()} MICTHUTh YacCTOTH IIOMHJIOK II0 PIBHSIM

BaXJIMBOCTI, BiJl CTpaTEriyHMX 10 CHUTyaTUBHUX TOMHJIOK. PiBHI BaxyimBocTi /
BKJIIOYAIOTh TaKi TUIH MTOMUJIOK:

— CTpAaTeriyHi, K1 BiI0OpaKat0Th MOPYLIEHHS 3araJIbHUX 3aKOHOMIPHOCTEN Mpu
BUpIIIEHH] 3a/1a4; HAMPUKIAJ] MPU OTMaHyBaHHI TEOPETUYHUX 3HAHb MPU HABYAHHI
BOAIHHIO CTpaTeriyHi MOMMJIKM BKJIIOYAIOTh HEBIpHUWA BHUOIp  TpaEKTOpii,

HEOOTPYHTOBAHE PILIEHHS PO OOTIH TOIIIO;
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— TaKTHYHI, K1 BUHUKAIOTh MPU BUPIIICHHI KOHKPETHUX MPAKTUYHUX 3aBJaHb;
HaIPUKJIaJ TP HaBYaHHI BOJIHHIO JI0 TaKUX MOMHJIOK BITHOCSTHCS 3aHAJTO Pi3Ke
rajbMyBaHHS, HEBIJIMOBIIHA IIBUIKICTh HA TIOBOPOTI;

— CUTyaTHBHI, 1110 BUHUKAIOTh Y BIAMOBIIH Ha HENepea0aueHi moii; HalmpuKIiaj
JUIS MaliOYTHIX BOJIiB CUTYaTUBHUMHU NTOMUJIKAMH € 3aTpUMKa peakxiiii Ha MIIIoXo/a,
HEMpaBUJIbHA OLIIHKA TUCTAHIIII.

JIst KoKHOT KaTeropii MOMHIIOK OOYMCITIOETHCS X YacTKa SK BITHOIICHHS 0

3arajibHOi K1JIbKOCT1 MOMMJIOK JTAHOTO PiBHS:

() _  KUIBKICTb IOMUJIOK PIBHA [ (3.9)
3arajibHa KUJIbKICTb 1M1 piBHS [

error

TpaekTopis 3MiHM HABUYOK U, MOJIENIOE MOCIIIOBHICT 3MIHH b, 3 4aCOM IS
IPOTHO3YBaHHS 30HM HAWOIMKYOr0 PO3BHTKY KOPHCTyBaya. SIKIIO KOpUCTyBau
BHKOHAB T€CTOBI1 3aBJaHHA Y JUCKPETHI MOMEHTH Yacy 1,2.....¢,...,7 , TO IOCJI1I0BHICTh
OIL[IHOK MOro 3110HOCTEN Ma€ BUTJISI:

B=(b,.b, s..0sb,..0sby). (3.10)

172722 VooV

Taka TpaekTopiss y HAWMPOCTIIIOMY BWMAAKYy AampOKCUMYETHCS JIHIHHOIO

perpeciero. 3HAYCHHsSI KOTHITUBHHUX 3/II0HOCTEM KOpUCTyBadya y MailOyTHI MOMEHTH

qacy b; (t) Ma€e BUTIIS;
b (1)=6,+6¢, (3.11)
ne 6, — 3MIIIeHHS;

6, —xoedILIEHT HAXUITY, IO XapaKTepU3ye HIBUAKICTh PO3BUTKY HABUYOK Ta YMIHb

KOpPHUCTyBaya.
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Po30utTTs 3HaueHb 6, Ha NMOPOroBl IHTEPBAJIM A€ MOKJIMBICTb BU3HAUUTHU
npaBui BUOOPY HaBYAJIbHUX MOJYJIIB AJs KopuctyBada. Hanpuknan, sxmo 6 > 0,2,

TO KOPUCTYBAY IMIBUAKO HABYAETHCS 1 TPOTrpaMHa CUCTEMA HABYAHHS MOKE TT1 IBULITUTH
CKJIAJHICTH 3aB/IaHb.
OriHKa piBHA MIATOTOBKHU 1 JJATEHTHHUX 3/1I0HOCTEM KOPHUCTyBaua Ma€ BUTIIS

BekTopa V!

user ?

KWW BKJIOYAE PIBHI CKJIAJIHOCTI MOJYJIB JIJIi KOPHUCTYyBayda, MOTOYHY

OIIIHKY 310HOCTEH KOpHUCTyBada, 4acTOTy IMOMMJIOK Ta TPAEKTOPIIO 3MIHU PIBHS

MiTOTOBKU KOPUCTYBaua HAaBYAJIbHOI MPOTPAMHOI CUCTEMH

Vi =(L,.b.U,..U,.)- (3.12)

user

MeTton ¢hopmyBaHHS BEKTOPY NPOQLII0 KOPUCTYBaya y HABYAJIbHIA IPOrpaMHii
CHUCTEMI MICTUTH Taki etanu [3].

Etan 1. [ToOynoBa BXiHOT0O HAOOPY AaHUX.

Ha nanomy erami BHKOHY€TbCA arperauis pe3yJjbTaTiB BUKOHAHHS 3aB/JAHb
KOpPUCTYBaueM, M0 MICTATh 1HGOpMAII0 TPO TMPaBUIILHICTH BIJIMOBIIEH, Yac
BUKOHAHHSI, TUI 3aBAaHHs Towo. [Ipyu BUKOHaHHI MeToAy (hopmyeThbest HaOIp AaHUX
E= {e{.} .

Etan 2. OuiHka piBHA MIATOTOBKY KOPUCTYyBaya a, .

[Ipy BUKOHAaHHI [AaHOTO €Tamy OI[IHKa pIBHSA NIATOTOBKH KOPHCTyBaua
PO3paxoBYEThCS Ha OCHOBI (DYHKIIIT MpaBaonoAioHOCTi (3.3) sk 3HAUYEHHS apTyMEHTY,
10 MakcuMizye 1110 GyHkio (3.4).

Etan 3. YTOouHEeHHS piBHS MiATOTOBKU KOPUCTYBaya.

Ha manomy etami HEOJHOPA30BO 3MIMCHIOETHCS BUOIP TECTOBOTO 3aBJAHHS 3
BUKOpUCTaHHAM OIlIHKK Dimepa (3.5). TecToBi 3aBaaHHs BUOUPAIOThCS 32 (POPMYII0H0
(3.6). IlinOupaeThecs 3aBIaHHS, CKIIAIHICTh SIKOTO OJIM3bKa 0 MOTOYHOI OI[IHKU PIBHS
MITOTOBKY KOPUCTyBada HaBYAJIBbHOI CUCTeMU. J[aHWi eTanm BUKOHYETHCS TTOBTOPHO

JI0 TOCATHEHHS 3aJ1aHO1 TOYHOCTI OI[IHKH JIATEHTHUX 37[10HOCTEN KOpHCTYBaya.
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Etan 4. IlepeTBOpeHHS OTPUMAaHOI OLIHKHM PIBHS MIATOTOBKU KOPHUCTyBada y
PIBHI CKJIaJTHOCTI 3aBJiaHb JIJIs KOPHUCTyBaya.

[lepeTBOpEHHSI BUKOHYETHCSI 3 BUKOPHCTAaHHSIM IOPOTOBHUX 3HAYEHb OIIIHKH
JATeHTHUX 3/110HOCTeH 3r11HO (3.7), 1110 Aa€ MOXIJIHUBICTh Y3TOAUTH PIBEHb MIATOTOBKH
KOPUCTYBa4ya 1 CKJIAJHICTb HAaBYAJIBHUX MOJAYJIB JJISi QITOPUTMY AMCIIETYEpH3alii
(miaposmin 3.3).

Etan 5. ®opmyBanHs npo@iIi0 TUITIOBUX TTOMUJIOK.

[Tpu BUKOHAHHI €Taly BUKOPUCTOBYIOTHCS MMapaMeTpy 3aBAaHb E = {el.} , MITKH

KAaTeropiil MOMHUJIOK, a TaKOX OLIHKM KOPUCTyBaya y IONEPEIHI MOMEHTH 4Yacy.
3aBaaHHs KIAcU(]IKYIOTbCS 3a KaTErOpisIMA TOMHUJIOK 1 OOYHCIIOETHCS YacTOTH
MMOMUJIOK Y KOKH1M KaTeropii BiAMoBiAHO A0 (3.9). 3 BUKOpUCTAHHSM JIIHIHHOT perpecii
(3.11) dopmyeThbes TpaekTOpid 3MiH MOMUJIOK. Pe3ynbTaToM eTamy € BEKTOp npoQiito
noMIIIOK (3.8), sIKUif MICTUTh CTpATEriuHI TAKTUYHI Ta CUTYallliiHI TOMWIKH, IO J1a€
MO>KJIUBICTh BUBHAUUTHU MATEPHU MPUCKOPEHOT0 a00 yNOBUIBHEHOTO HABYAHHS.

ETan 6. ®opmyBaHHs BEKTOPY MPOQUITI0 KOPUCTYyBaya HABYAIBHOI MPOTPAMHOT
CUCTEMH.

[Ipu dhopmyBaHHI BEeKTOpY NpoduII0 KOpUCTyBada 00'€IHYIOTHCS pe3yJIbTaTH
nonepeaHix eramiB. Otpumanuii BekTop (3.12) BpaxoBye piBeHb CKJIAJHOCTI 3aBJIaHHS
JUTsl KOpUcTyBaya (pe3yJbTaT etany 4), plBeHb HMIATOTOBKH KOPUCTyBaya (pe3ysabTaT
etarty 3), mpodijab TOMUIOK (pe3ysbTaT etamny 5). BekTop Moxe OyTu mpecTaBIeHUM
y dhopmati JSON 1151 moAasIbIIOor0 BUKOPUCTAHHS TP AUCTIETYEPU3AIlil HABYATIBHUX
MO/TYJIiB.

Po3pobnenuit meton ¢opMyBaHHS TpOo(dUII0 KOPUCTYyBada y HaBUYaIbHIN
IIPOTrpaMHii CUCTEMI Ma€ psijl IepeBar MOPIBHSAHO 3 ICHYIOUYUMHU M1IX0/IaMH JI0 OL[IHKU
KOPHUCTYyBauiB. MeTO/l BUKOHY€E KOMIUIEKCHY OLIIHKY 1HIUBITYyaJIbHUX XapaKTEPUCTHK
KOXKHOTO 3aBJaHHS 3 BUKOPUCTAaHHSM TapaMeTpiB PO3PI3HEHHS, CKJIQJHOCTI Ta
BraJlyBaHHS, IO A€ MOXJIMBICTh IPUCKOPUTH HABYAHHS 3 BUKOPHUCTAHHSIM MOYJIiB
CKJIQJTHOCT1 BIJMOBITHO 1O PIBHA TMIATOTOBKM KOpPUCTyBadya. MeTon BH3HAYae
JTUCKPETHI PiBHI CKJIAIHOCTI 3aBJaHbh Ha OCHOBI II€] OIIHKH, IO Ja€ MOXKJIHUBICThH

YHUKHYTH PYYHOrO HaJlalITYyBaHHS MOPOTOBUX 3HAYEHb Yy TMpoleci po3poOKH
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nporpaMHOro 3a0e3neueHHs. DopMyBaHHS MNPOPUII0 MOMHIOK Ta TPAEKTOPIi
PO3BUTKY HABUYOK KOPHCTyBada Ja€ MOXJIUBICTh MiaiOpaTd HaBYajdbHI MOIYJI
BIIMOBIAHO JO0 CHJBHUX Ta CJIa0MX CTOPIH KOpHUCTyBada IpH JUCTIETYEpH3allii
MoaymiB. OTpuMaHuil TpH BUKOHAHHI METOAY BEKTOp MNPOQUII0 KOpUCTyBada
3abesneuye  crnernudikamio  iHTEepdelcy mnpu  B3aeMOJli 3  KOMIIOHEHTaMH
aucnerdepusarnii MoxyiiB (miapo3min 3.3) Tta Bepudikamii (migposain 3.4), 1o
BIJINTOBI/Ia€ TIPUHITUTIAM MOJYJIBHOCTI, CTa0KOTO 3B’SI3Ky Ta BHCOKOi 3B’SI3HOCTI MPHU
IPOEKTYBAHHI MPOTPAMHUX apXITEKTYP.

Po3poOnenuii MeTroa BUKOPUCTOBYE 3arajbHl ICUXOMETPUYHI MPUHIUIU
OI[IHKA KOPHUCTYBauiB, 1HBapiaHTHUX JO MPEAMETHOI rajiys3i, 1[0 Ja€ MOKIHUBICTb
CTBOpIOBAaTH 010JTI0TEKM KOMITIOHEHT MOMEpPEIHBOI OI[IHKA CTaHy KOpUCTyBaya IS
HaBYAJIBHUX CHUCTEM 3 PI3HUX MPEAMETHUX Trajay3ed, 3HIKYIUYHM BapTICTh PO3POOKHU

4Cpe3 ITIOBTOPHC BUKOPHUCTAHHA KOAY Ta MaCIHTa6YBaHH5{ apXiTCKTypHI/IX piIHeHB.

3.2 Po3poOka meToqy moOyJOBH BEKTOPY MOTOYHOIO CTaHy KOPHUCTyBaya B

HaBYaJIBHIN POTpaMHiil cuCTeM1

Jlanuii mipo3 AT IpUCBSTYCHHN po3poOIli MeToay hOpMyBaHHS BEKTOPY CTaHY
KOpHCTyBaua, 110 3a0e3rnedye MnepcoHi(ikailio Mmpoiecy HaBUYaHHS Yy aJalTHUBHUX
HaBYAJIBHUX MPOTPAMHUX CHCTEMAaX 1 IOMOBHIOE TPO(1JIb KOpUCTyBaya, OTPUMAHUH 3
BUKOPUCTaHHSAM po3pobisieHoro y migpo3aim 3.1 meroxy. JlomoBHeHHs mnpoduio
KOPUCTYBaya BpPaxOBY€ MOTOYHHMI HOro mcuxo@i31oJOriyHUiA MijJ yac B3aeMOJAII 3
HaBYAJIbHOIO IPOTPAMHOI0 CHCTEMOIO. Takuil CTaH MOKE BKJIHOYATH KOTHITHBHE
nepeBaHTaXKEHHs, CTpeC, BTOMY, 3HI)KEHHS KOHIIeHTpallli yBaru. Lli ¢pakropu MOXKYThH
CYTTEBO 3HMU3UTH €(PEKTUBHICThL HAaBYAHHS HABITh MPH MIAIOpaHOMY BIAMOBITHO O
nmpod o KopucTyBada 6a30BOMY PiBHI CKJIAAHOCTI HaBYAIBHUX MoaydiB [160, 161].
Ornuc MOTOYHOTO CTaHy KOPUCTYyBaya B HABUAJIbHIM MPOrpaMHiid cUcTeM1 3a0e3euye
nepcoHi(iKOBaHY aIaNTaIliio HABYAIBHOTO MaTepialy 3 ypaxXyBaHHSIM sIK PI1BHsI 3HaHb,

TaK 1 TOTOYHOT'O MCUXOEMOILIIMHOTO CTaHy KOPUCTYyBaya.
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[cHyroul mporpaMHi pilIeHHS A MOHITOPUHTY CTaHy KOpHCTyBaya B
HAaBYAJIbHUX CHUCTEMaxX MaloTh PAJ OOMEXeHb IO0J0 MepcoHidikaili HaBYATBHUX
cueHapii [161-163]. 11 oOMexxeHHs TIOB'sI3aH1 13 CKIAAHICTIO 1HTErparlii y HaB4aJIbHI
OpOrpaMHi CHUCTEMH METOJIB OIOMETPHUYHOTO MOHITOPUHTY Ta BIJICYTHICTIO
dbopMaIbHUX MPOrpaMHUX 1HTEp(dENCIB AJI1 0OPOOKH MTOTOYHOT'O CTaHy KOPHUCTYBava
B PEKUMI PEabHOTO Yacy.

CknagHIiCTh iHTErparii MeTo/iiB 610METPUYHOTO MOHITOPUHTY BUHHUKA€E TOMY,
10 TaKi METOJM MaloTh OYTH peasli3oBaHl y OKPEMHUX MPOTrpaMHUX KOMIIOHEHTAaX 13
BU3HAYEHUMHU 1HTep(ericamu 111 010METPUYHUX JIaHUX, 10 EPEIa0ThCS 13 HOCUMUX
CEHCOpIB, 3 MOXJIMBOCTSMHU (UIbTpalii «CHpUX» OIOMETPUYHMX JaHUX Ta IX
kinacudikamii. Jlane oOMEXeHHS Ha TMPAKTUI MPUBOJUTH JO BHUKOPUCTAHHS
CITPOIIIEHOTO MpoIecy 00poOKH O10METPUUHUX JAHUX HAa OCHOBI EBPUCTUYHUX MTPABUII
31 CTATUYHUMH TTOPOTOBUMH 3HAaYeHHAMU. Hampukiaa, yacToTa cepleBruX CKOPOUYCHb
BUIIE 33J]aHOTO MMOPOTOBOTO 3HAYEHHS IIUMH NPaBUIIaMU MOKe OyTH IHTEpIpEeTOBaHA
K 1HIUKATOp CTPECOBOTO CTaHy KOpPUCTyBaua IPOTrpaMHOi CHUCTEMH IIiJI 4Yac
OMaHyBaHHS TMOTOYHOTO HaBUYaJbHOTO MOAyys. OIHaK Taka MiABUIICHA YacToTa
poboTtu cepils Moxke OyTH, HANPUKIIAA, HACTIAKOM HE MCHUXIYHOTO, a MOMEPEeIHHOTO
(13MYHOTO HAaBAHTAKEHHS.

BincyTHICTh BHM3HAaY€HMX MpOrpaMHUX I1HTep(ENCciB M1 OLIHKH CTaHy
KOPHUCTYBaya MPOrpaMHOi CUCTEMHU B PEKUMI PEATBLHOTO Yacy 0OMEXy€e MOMXKIMBOCTI
nepcoHipikOoBaHOI ajanTailii HaBYANBHUX CIIEHApIiB Ta Bepudikaiii Mnporecy
aJanTUBHOTO HaBuaHHsS. TOOTO BIACYTHICTH 1HTEpPPENCIB OOMEXYy€e MOMKIMBOCTI
peanizamii amanTUBHOI MPOTPaAMHOI apXITEKTYpH 13 MepCOHi(IKAIlE0 Ha OCHOBI
OLIIHKH SIK PO, TaK 1 MOTOYHOTO CTaHy KOpHCTyBaya.

TakuM unHOM, OIIIHKA CTaHy KOPHCTyBada B peKUMY PEaTbHOTO Yacy moTpedye
po3po0KKM mporpaMHux iHTepdenciB mis iHTerparmii oOpoOJeHUX MaHUX IIOJ0
MOTOYHOT'O CTaHy KOPHUCTyBaya 13 30BHIIIHIX HOCHUMHX CEHCOPIB JJIsi MOJAJIBIIOL
nepcoHi(PIKOBaHOI afanTallii HaBYaJIbHUX MOAYJIIB Y TIPOLIEC] HABYAHHS.

AHamni3 JiTepaTypHUX JDKEpeN MO0 PO3pPOOKH aNalTUBHUX MPOTPaMHUX

HaBYAJIbHUX CHCTEM IIOKa3aB, IO B CYYAaCHHUX ,Z[OCJIiI[)KeHHSIX HEOOCTAaTHLBO YBaru
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NPUILISETHCS 1HTErpalii pe3yibTaTiB 010METPUYHOTO MOHITOPUHTY (30Kpema, Ha
OCHOBI aHaJli3y 4YacTOTH Ta BapiabEIBHOCTI CEPIIEBOIO PUTMY) 3 BHUKOPHCTAHHSIM
crienndikaliii mporpaMHoro iHTepdeicy Ha OCHOBI BEKTOpY cTaHy KopuctyBaya [161,
163]. HocaimkeHHsT MOKIMBOCTEH BUKOPHUCTAHHS BapiabeNbHOCTI CEPIIEBOTO PUTMY
K 1HAMKATOpa KOTHITUBHOIO HABAHTAXKEHHS B OCBITHIX CHUCTEMaXx IiJITBEPKYIOThH
KOPEJAIII0 CEepLEeBOr0 pPHUTMY 3 KOTHITUBHMM HaBaHTaxkeHHsM [160, 163]. B
nocaimkenHi [160] mepconidikariiss BUKOHY€ETHCS Ha OCHOBI €BPUCTUYHUX MPABUI 13
CTaTUYHUMH TIOPOTAMHM, 110 BPAaXOBYIOTh YAacCTOTY CEPIEBUX CKOPOYEHBb, MPOTE HE
BpPaxOBYIOTh PO3BUTOK HABUYOK KOPUCTYyBaya, 0 0OMEXKYE TOUHICTh KJIacu(iKallii.
JlocimKeHHS [162] MIPE/ICTABIISIE METO/I ajanTamii Ha OCHOBI
enexkTpoenuedanorpadiyHOr0 MOHITOPUHTY JIOOHOTO CIIBBITHOIICHHS TeTa/anbda
XBWJIb I Kiacu@ikallii KOTHITUBHOTO HaBaHTa)KEHHs. MeTo/1 Ma€ BUCOKY TOYHICTb
BU3HAYEHHS CTaHy KOPUCTyBaya, OJIHAK BUKOPUCTOBYE JOPOTUM OararokaHaJIbHHIMA
II0JIOM IS esieKTpoeHuedanorpadii Ta XapaKTepu3y€eTbes CyTTEBOIO 3aTPUMKOIO IIPU
300pi1 i 00pOOIIl CUTHATTY.

TakuMm YuMHOM, BUPIMICHHS 3a7a4l OIIHKM MOTOYHOTO CTaHy KOPUCTyBaya
HABYAJIBHOT MPOTPAMHOI CHCTEMHU B PEKMMI PEeabHOTO 4acy Ha OCHOBI HOCHMOTO
CEHCOPY JOCTYITHOI BapTOCTI moTpedye po3poOKH MeToay NOoOyI0BH BEKTOPY
MMOTOYHOTO CTaHy ISl MOJANbIIOrO 3 CTBOPEHHA MDKMOAYJBHUX IHTEP(ENCIB y
MpOrpamMHii CUCTEMI.

Po3pobnenuii MeTos OIIHKKA MOTOYHOTO CTaHy KOPHUCTyBadya B HaBYAIbHIN
MporpamMHiii CUCTEM1 BUKOPUCTOBYE aHaji3 BapiadeiabHOCTI cepueBoro purmy (Heart
Rate Variability, HRV). Lle#i dizionoriunmii mokazHuk BioOpakae Bapiallito 4aCOBUX
1HTEpBAIIB M1 TOCIIJOBHUMU yaapaMu cepilsi. OCTaHHI PeECTPYIOTHCA K THTEPBAIH
R-R nHa enekTtpokapaiorpami abo  SIK IHTEPBAJIM MIXK MIKaMH MyJIbCOBOI XBUJIl TIPH
BUMIPIOBaHHI CEHCOpaMH HOCHUMUX IMPUCTPOiB [167].

Ha BinMiHYy BiJl MPOCTOrO BUMIPIOBAHHS YacTOTHU cepleBUX ckopoueHb (Heart
Rate, HR), mo Hagae nuiie cepeHe 3HaYEHHS yJapiB 3a XBWIMHY, BapiaOeIbHICTh
CEpLIEBOr0 PUTMY XapaKTepu3y€e HEBEJMKI BIAXWICHHA MDK yaapamu myinbcy. Lli

BIJIXUJICHHSI KOHTPOJIIOIOTHCSI aBTOHOMHOIO HEPBOBOKO CUCTEMOI0, BIMIOBIIAILHOIO 32



100

peaKiliro Ha CTPeC y BWIJISAl IMABHUINCHHS CEPIEBOi aKTUBHOCTI Ta MoOuTi3amii
OpraHi3My MpH 3arpo3l YM KOTHITUBHOMY HABAHTAKECHHI, a TAaKOX 3a 3HIKCHHS
aKTUBHOCTI Ceplsl y CHOKiHOMY cTaHl. ToMy BHKOPHUCTaHHS TIOKa3HUKA
Bapia0eIbHOCTI CEPIIEBOTO PUTMY € YMOBOIO OO ’€KTHBHOI OIIIHKA TIOTOYHOTO
ncuxo¢1310JI0TIYHOTO CTaHy KOpPHCTyBaua HaBYaibHOI cuctemu [164,165]. Bucoka
BapiabenpHicTs HRV cBimuuTh npo crokiitHuil po3cinabieHuil cTaH KOPUCTyBaya, a
HU3bKa BapiaOenbHICTh BigoOpaskae KOTHITMBHE MEPEBAHTAXKEHHS Ta CTPEC, IO Ja€
MOXJIMBICTh TIEPCOHI(IKYBaTH PiBEHb CKJIAIHOCTI HaBYaJIbHUX CIICHApiiB Yy
MporpamMHii cucteMi HaBuaHHs [ 166].

J171s1 O11iHKY BapiaOeabHOCTI CEPLIEBOr0 PUTMY TPAJAMIIIITHO BUKOPUCTOBYETHCS,

pizHuls ARR iHTepBamiB cepLeBUX CKOpOoYeHb RR mipu n BuMIpi Ta RR _, TipH

nornepeHboMy BUMIp n—1:

ARR=RR —RR . (3.13)

Benuki 3Hauennss ARR cBimuaTh Mpo penakcallito, a Malli 3Ha4eHHsI TOKa3yIoTh

CTPECOBMM CTaH JIIOAMHU. [HTEpBall CepLEeBUX CKOPOYEHb RRBHU3HAYAECTHCS IS

MOCIIIOBHUX 1 Ta n—1 ynapiB cepus. Jlanuii iHTepBan 3a3BUYail BUMIPIOETHCS B
MUTICEKYH]aX MK MKOBUMHU TOYKAMH MTYJIHCOBOT XBHIIL.

Ha npakTtuili BIKHO BUMIPIOBAHb IYJIbCY JOLIIBHO BCTAHOBUTH B | XBWIIMHY.
Buxopasuu 3 po3paxyHKy MyjbCy B COKiitHOMY cTaHi 60 y1apiB Ha XBHJIMHY KIJTBKICTh
BHUMIPIOBaHb 3a3BU4ail cTaHOBUTH N =60.

CepenHbOKBaJIpaTUYHE BIIXWJIEHHS I pi3HUII ARR Mik MOCHITIOBHUMU

BUMipamMu RR OMNHCYy€ MOTOYHY BapiaOeNbHICTh CEPLEBUX CKOPOUEHB:

(3.14)
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K10 KOpUCTYBad HABYAJIBHOI MPOTPAMHO1 CUCTEMH Mepe0yBa€ y CIOKIHHOMY
CTaHl, 3 HU3BKMM KOTHITUBHUM HaBaHTaXEHHsA, TO ARR CyTT€BO 3MIHIOETHCS
BHACJIZIOK, Hampukiaa, (I3UYHHX pyXiB. SKIOI0 X KOPUCTyBa4 3HAXOJUTHCS Y

CTPECOBOMY CTaHI, TO 1HTEpBaIU RR  3MIHIOIOTbCS HECYTTEBO, TOMY pi3HULS ARR

Oyne MiHiManpHOWO. Taki 3HadeHHs ARR CBITYUTH TPO BHUCOKE KOTHITHBHE
HABAaHTAKEHHA 1 HEOOXIAHICTh 3aMIiHM HaBYaJIbHOTO MOIyJs. TakuM 4YWHOM,
BUKOPHUCTAHHA aHalli3y BapiabenbHOCTI cepueBoro putmy HRV, Ha Bigminy BiA
YacTOTH cepueBux ckopoueHb HR, mae MoOXnmuBicTe poO3pi3HUTH  (Pi3UUHE
HABAaHTAKEHHSA BiJ KOTHITUBHOTO HABAHTAXKEHHS, OCKUIBKH IS (DI3UYHOTO
HAaBaHTAKCHHS XapaKTepHa BHUCOKA, a ISl KOTHITHBHOTO TIEPEBAHTAXKCHHSI — HU3bKa
HRYV.

HonatkoBo no HRV (3.14) sk MOKa3HUK IMOTOYHOTO CTaHy KOPHCTyBaua
HaBYAJLHOI CHCTEMH MOKE OyTH PO3PaxOBaHO BiHOIICHHS YACTOTHHX KOMITOHCHT
BapiabenbHOCTI  cepueBoro puTMmy. CHIBBIIHOIIEHHS  HU3bKOYACTOTHHUX  Ta

HRYV, :
BHCOKOYACTOTHHX CKJIaqoBuX HRV — ——— cBigunTh NMpo cTaH Jt0IuHA. 3HAYCHHS
high
CHBBIAHOIIEHHS O1IbIIIE 2-X CBIIYUTH MPO KOTHITUBHE MEPEBAHTAXKEHHS, & 3HAUCHHS
MeHe 1 — mpo cnokiitHuil cran [166]. [ns po3paxyHKy JaHOTO BIJHOILIECHHS
BUKOPHUCTOBYETHCS MBUAKE nepeTBopeHHst Dyp’e. PezynbraTom neperBopenns Oyp’e
€ CIEKTpajlbHa IIUIbHICTh MOTYKHOCTI CEPLEBOIO PUTMY, SIKa IHTETPYETHCS OKPEMO
TSI HU3bKO YaCTOTHOI Ta BUCOKOYACTOTHOI CKIaa0Boi [ 164, 165].

B siKOCTI ckansipHOTO 1HAMKATOpA MOTOYHOTO CTaHy KOPUCTyBadya HaBYAIBHOI
MPOTPaMHOi CHUCTEMHU PO3pOOJCHUN METOJ BUKOPHUCTOBYE IHTETPATbHUN IMOKA3HUK
cTaHy cepiis H , skuii BpaxoBye HOpMaIi30BaHy BapiabeNbHICTh CEPIIEBUX CKOPOUYCHb

HRV  Ta HOpMali30BaHy 4aCcTOTY CEPIEBUX CKOpOUYeHb HR

norm norm *

— HR Vnorm + HRnorm . (3 . 1 5)

2

H
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HopwmaitizoBaHa 4acTtoTa cepleBUX CKOpoueHb HR  pO3paxOBYETHCS depe3

norm

CIIIBBITHOIIEHHS IOTOYHOrO 3Ha4eHHs MR Ta 3HaueHHi HR y CIOKIIHOMY

typical

CTaH1 JIOIUHU:

HR —HR_
HR,,, = ”‘;[R oL (3.16)

typical

HR
JlomatkoBo B (3.15) Moxe OyTH BHUKOpPHCTaHA KOMIIOHEHTA R—; Opnnak

high
BKJIIOUCHHS J10 CKJany [/ maHoOro moka3HUKa MOoTpedye OOIPYHTOBAHOTO BUOOPY
BAaroBUX KOE(IIEHTIB JJIs1 BCIX TPbOX KOMIIOHEHT.

Jlnst aBTOMaTr30BaHoOi Kiacu@ikailli MOTOYHOTO CTaHy KOPUCTyBada Ha TpU
KaTeropii KOrHITUBHOTO HABAaHTAYKEHHSI Ha OCHOB1 YaCOBO1 IMOCI1JOBHOCTI O3HAK CTaHy
KOPHUCTYBaua BUKOPUCTOBYETHCSI Mepexka OBroi kopotkoyacHoi nmam’ati LSTM, sika
Mpu3HaYeHa JJ1sl BUIIJICHHS MaTepHiB y vaci [7].

Kpim o3nak HRV, , HR

norm 2

H , ninsgs LSTM B AKOCTI €JIEMEHTIB BX1JTHUX JaHUX

norm 2

BUKOPUCTOBYIOTBCS CTAHAAPTHE BIAXWIEHHS RR , Ha IHTEpBajl CIOCTEPEKEHH: 13 N

BUMIpIB, ARR — BiIcoToK ARR, 110 mepeBuIly€e MOPOTOBE 3HAUCHHS, CEPETHS

treshold

4acToTa CEpIEBUX CKOpoueHb HR KoediuieHT «aHR niHIAHOI perpecii, 1o

mean

B1J10OpaXka€ TPEH]| 3MIHH CEPLEBUX CKOPOUYEHb (301IbIIEHHS 00 3MEHILICHHS ).

Hopmanizamis HRV HR Ja€ MOJKJIMBICTH 0€3 J0JaTKOBHX BaroBHX

norm 2 norm

Koe(ilieHTiB 0OpOOISATH AaHl PI3HUX KOPUCTYBAYIB.
ArperoBaHuii mokasHuk ctany cepisi H Hagae LSTM nonatkoBy iHdopMaliio

y NMOPIBHSAHHI 3 MOXJIMBUMU HEHIMHUMU KoMOiHauissmu HRV, ., HR .
CrannapTHe BIIXWJIEHHS 1HTepBaliB RR , PpO3PaxOBYETbCA 3 ypaxyBaHHSIM
CEpeAHbOT0 3HAUEHHS 1HTepBaliB RR  Ta J1a€ MOKJIMBICTb BUSBUTH J1OBIOCTPOKOBI

TPEH/IM Y TIOCIIITOBHOCTI CEPIIEBUX CKOPOUCHbD:
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(RRn - RRmean )2

M=

3
|
—_

Rdenn = N

(3.17)

BigcoTok pi3HMII MDK IHTEpBaJaMHM CEpLEBUX CKOpoYeHb ARR ., =, 11O

NEPEBUIIY€E MMOPOrOBE 3HAUCHHS, BUKOPUCTOBYETHCS ISl BUSIBICHHS MIEPEXOAIB MIXK
CTaHaMH HU3bKO1, HOPMaJIBHOT 1 IiIBUIIIEHOI KOTHITUBHOI aKTUBHOCTI.

Koedimiear aHR Bu3HaYaeThcs TpW MOOYIOBI JiHINHOI perpecii, 3amae
JUHAMIKY 3MIHU CEpIIEBUX CKOPOYEHb HA MOTOYHOMY IHTEpBaJll Yacy, IO JT03BOJISIE
PO3PI3HUTH TIEPEXij] 10 HOBOTO CTaHy KOTHITUBHOI aKTUBHOCTI.

LSTM BusiBIiIsie TeMIOpaibHI NATEPHU 3MIHM HABEJEHUX IMOKA3HUKIB Yy daci:
MIOCTYIIOBE HApOCTaHHs, MiK, cTaOumizamis. B pamMkax THUMOBOro IiHTEpBay
BuMiproBaHb 60 cexyHa 11t LSTM B gkoCTi BXIAHUX TaHUX MOxke OyTu mogaHo 10-12
cepiil BXiIHUX JaHUX MPU BUMIpax MpoTsAroM 6 1 5 CEeKyH]I BIIMOBIIHO.

PesynbraTom kiacudikailli € MOTOYHHM CTaH KOTHITUBHOTO HaBaHTAKECHHS

kopuctyBaua Cog, , SIKAA MOXe NpUHMaTd OJHE 3 TPbOX 3HadeHb {Bucoke

ser
HaBaHTaxeHHsI; Hopma; Hu3bke HaBaHTa)KeHHS | .

DiHaNbHUI BEKTOP MOTOYHOTO CTaHy KOpPUCTyBaua V.’ BKIIOYa€ HOPMOBAHI

user

3HaueHHusa HRV

norm 2

HR  , IOTOYHMI CTaH KOTHITMBHOTO HAaBaHTAXCHHA B, Ta

user

MITKY 4acy ¢

current ©

V., =(HRYV,

user norm >

HR__.Cog (3.18)

user > tcurrent > *

Bekrop V.  MicTUTh iH(pOpMAaLil0 IIOAO MOTOYHOrO CTaHy KOPHCTyBaya y

user
BUTJISI, TIPU3HAYCHOMY I OOPOOKH KOMIIOHEHTOM AMCIETYEpHU3allii MOJIYJIIB B
HaBYaJIbHIH MporpamMHiil cuctemi. KojkHa ckiiajioBa BEKTOPY MICTUTh 1H(OpMAILIiIO PO
PI3HI aCMIEKTU MOTOYHOTO CTaHY, IO J1a€ MOXJIMBICTh MIPUHAMATH OaratokputepiaibHi
pillIEHHST 1IOAO0 JWCIEeTYepHu3alii MOJYJIB HaBUalbHOI cuctemMu. Hampukian,

3HWKEHHS HRV

norm

ta 3HadeHHA Cog «Bucoke

user

miaBUIIEHHST HR

norm 3
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HABAHTAKCHHS» CBIMYaTh TPO TIEPEBUIINCHHS KOTHITUBHOTO HABAHTAKCHHS
KOPHUCTyBaua Ta HeOOX1HICTh IEPEMUKAHHS Ha CTIPOIICHUIN HaBYAIbHUA MOYJIb.

Po3pob6ienuit MeTos peatizye Tak MOCIIIOBHICTh €TaIliB 3 MOO0YI0BH BEKTOPY
CTaHy KopucTtyBaua [3].

Etan 1. 36ip 6ioMeTpUYHUX TaHUX.

Ha nmepmomy erami iHiIiami3yeThCs 3’ €JHAHHS 3 CEHCOPOM CEPIICBOTO PUTMY 32
JOTIOMOTOI0  OE€3APOTOBUX MPOTOKOJIB HHU3BKOTO EHEProCIOXHBaHHS, Iepeaayda
IHTEpBAJIIB 4acy MIX CEpIEBUMH CKOPOYCHHSMH, CHUHXPOHI3alllsl MITOK dYacy 13
CUCTEMHUM TOJAMHHUKOM, (h)OPMYBaHHS MOTOKY HEOOPOOJIEHUX OI0METPUUHUX JAHUX
JUTSL TIOQUTBIIIOT OOPOOKH.

Etan 2. ®inpTpaliis Ta HOpMati3alis JaHUX Ipo NOTOYHUI CTaH KOPUCTyBayva.

BukoHyeTbcs MeniaHHa (uIbTpamis JUisi 4aCTOTH CEPLEBUX CKOPOYEHb IS
BUJIAJICHHS P13KUX 3MiH YaCTOTH CEPIEBUX CKOpoueHb. [Ipu diabTpallii BUSBISIOTHCS
€KCTPAaCUCTOJIM HA IHTEpBAJIAX MK CEPUEBHMMH CKOPOUYEHHSIMHU, IO BIIXWISIOTHCS
MOHAJ TEBHUM BiICOTOK Big Memianu. [lomanpima Hopmamizaimiss BUKOHYETHCS
BIJIHOCHO CITOKIMTHOTO CTaHy Iepe;] CECl€r0 HaBYaHHS.

Etan 3. Po3paxyHok 03HaK BapiaOeIbHOCTI CEPILIEBOTO PUTMY.

Ha TperboMy erTami OOYHCIIOETBCA CEPEAHHOKBAIPATHYHE BiAXUIICHHS
Bapia0eNIbHOCTI CEPUEBOI0 PUTMY 3 BUKOPUCTAaHHAM Bupasy (3.14). JlonaTkoBo Moxe
OyTH pO3paxOBaHO CIHIBBIJHOIIEHHS HU3BKOYACTOTHOI Ta BUCOKOYACTOTHOT
CKJIAJIOBUX cepIieBOro puTMmy. ETam Bkirouae HacTymH1 KpOKH.

Kpoxk 3.1. Po3paxynok pisauni ARR inTepBaiis cepleBux CKOPOUEHb.

Kpok 3.2. O6uucieHHs: cepeIHhOKBAAPATUYHOIO BIIXUJICHHS BapiabEIbHOCTI
CEpPLIEBOTO PUTMY.

Kpok 3.3. Hopmauizaitisi cepeJHbOKBaAPAaTUYHOTO BIIXUJICHHS Bap1aOebHOCTI
CEpPLIEBOTO PUTMY.

ETan 4. Po3paxyHOK IHTETpaJIbHOTO MMOKa3HUKY CTaHy cepus H .

[HTerpanbHuil MOKa3HUK CTaHy cepls [ arperye o3HaKd CEPIIEBOTO PUTMY Y
€IMHUN CKAJSIPHUN 1THIUKATOP CTaHy KOpUCTyBaua 3rifgHo 3 hopmynoro (3.15). lanwmii

eTarl repeadavyae peaizalliio TaKuX KPOKiB.
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Kpoxk 4.1. O6uncneHHss HOpMai30BaHOT YaCTOTU CEPLIEBUX CKOPOUECHb.

Kpox 4.2. Po3paxyHOK IHTETrpaJIbHOTO MTOKa3HUKA H .

Etan 5. Knacudikaiiisi KOTHITUBHOTO HaBaHTa)KEHHSI KOPUCTYBavya HaBYaJIbHOI
[IPOrpaMHOI CUCTEMH.

Krnacudikariiss BUKOHYEThCSI 3 BUKOPUCTAHHSIM JOBIOi KOPOTKOYACHOT MaM’sITi

LSTM Tta crapmapTHOro BigxuieHHs iHTepBaniB RR, (3.17). Eran Bxmouae

HACTYIIHI KPOKH.
Kpoxk 5.1. O6uncneHHs cTaHJapTHOTO BIAXUJICHHS IHTEPBAIIB.
Kpok 5.2. Knacudikailisi KOTHITUBHOTO HaBaHTKEHHS 3 BUKOPHUCTAHHIM

LSTM.

2 o
Etamn 6. ®opmyBaHHs BeKTOpY V. MOTOYHOIO CTaHy KOPUCTyBada HaBYaJIbHOI

T

IPOrPAMHOI CUCTEMHU.

Bekrop mictuth (3.18) MICTUTh KOMIIOHEHTH, 10 XapaKTEPU3YIOTh MOTOYHUI
CTaH KopuctyBaua HR  ,3MiHU cTaHy HRV, , kjacu@ikaiito NOTOYHOTO CTaHy Ta
MITKY 4acy.

[Ipy mpakTHYHOMY BUKOPUCTaHHI JaHWU BEKTOp mnpeacTaBisieTbess y JSON —
dopmari 1 B Takomy (opmaTi BHUKOPUCTOBYETHCS Y METOJAAX IMEpPCOHI(pIKOBAHOI
aganTarlii mporecy BHOOpY HaBuUajdbHUX MOAYJIB (migpo3ain 3.3) ta Bepudikarii
(mgposain 3.4).

Po3pobnenuii MeTon OHJIAWH-OIIIHKKA CTaHy KOPHCTyBaua y HaBYalIbHIN
MpOrpamMHiil CHCTEMI Mae€ psi MepeBar MOPIBHAHO 3 ICHYIOUMMH MIAXOJaMH 0
MOHITOPUHTY NCUXO0(1310JI0TTYHOTO CTaHy KOPUCTYBayiB.

30kpema, TOTOYHUN METO] HE 0OOMEXye KOpUCTyBaya y MpoIeci HaBUYaHHS 1 HE
noTpedye T0JaTKOBOI MIATOTOBKHU /10 BUMIPIOBaHb, TOA1 SIK METOJU TOYHOI OI[IHKHU
KOTHITUBHOTO HaBaHTaXEHHS Ha 0a3i enekTpoeHnedanorpadii BUKOPUCTOBYIOTH
CIEKTPOJU, SKI BUMAaraloTh CKJIAQIHOI TMPOIEIypH TMIATOTOBKH KOPHUCTyBada,
noTpeOyIOTh I 0OCIYyrOBYBaHHS KBaTI(PIKOBAHUX CHEIIANICTIB, M0 OOMEXye ix
BUKOPUCTAHHS y HABYAJIbHUX MIPOTPAMHHUX CHCTEMaX.

Po3poOnenuii MeToj MNpeicTaBisie CTaH KOPUCTyBaya y BHIJISAI BEKTOPY

NOTOYHOTO CTaHy, KU MOXe OyTH pealli3oBaHO SK MPOrpaMHHUM OO’€KT 13 YITKO
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BHU3HAUYEHUMU TUIIAaMU TOJIB, 30Kkpema y popmarti JSON. Takuii mporpamHuii 06'ekt
cenudikye iHTepdeic 3 MoayleM Juclerdepusallli, sSkuil  3abesneuye
nepcoHi(piKOBaHy aJanTarilo Mpolecy MiAKIOYEHHS HaBYaJbHUX  MOJYJIIB
[IPOrpaMHOI CUCTEMH.

Po3po6reni B miaposaiiax 3.1 ta 3.2 meTtoau 3abe3neuyoTh 1BO(a3Hy OIIHKY
CTaHy KOpHCTyBaya HaBYaJIbHOI MPOTPAMHOT CUCTEMHU HA OCHOBI MO€HAHHS BEKTOPIB
podiITFO Ta MOTOYHOTO CTaHy KOPUCTYBAya, M0 Ja€ MOKIIMBICTh MiAI0OpaTH HAaBYAIbHI
MOYJII B 3aJIKHOCTI SIK BiJ PIBHS MiATOTOBKH, TaK 1 MOTOYHOTO MCUXO(I3UIHOTO
CTaHy KypCaHTa aBTOIIKOJW, THUM CAaMHUM IIiJBUIIUBIINA €(PEKTUBHICTh 3aCBOECHHSI
HABYAJIBHOTO MaTepiamy.

[cHyroui miaxoau 10 kiacu@ikalli KOTHITHBHOT'O HABAHTAXKEHHS Y aJJallTUBHUX
HaBUYAJbHUX CUCTEMaXx 3a3BHUail 0a3yIOThCS HAa €BPUCTHYHUX MTOPOTOBUX MPABHIIAX 3
BUKOPUCTAHHSIM O1OMETPUYHUX TMOKA3HMKIB, HAMPUKIIAJ «AKIIO YacTOTa CEpALIEBUX
CKOpPOYEHb TIEPEBHIIYE TOPOTOBE 3HAYCHHSI», TO KOPHUCTyBad Ma€ KOTHITUBHE
nepeHaBaHTaxkeHHs. OHAK Taki MpaBUiia HE BPaXOBYIOTh 1HAMBIAYalbHI BIIMIHHOCTI
y 4aCTOTi CEPIIEBUX CKOPOUYEHB 3aJICKHO BiJ] BIKY, PiBHA (I3UUHOI MIATOTOBKH, CTaTI
Ta HE JaI0Th MOKJIMBICTh PO3PI3HUTH (D13MUHE HABAHTAXKEHHS. 30KpeMa, PyXH JIOIUHU
MIJBHUINYIOTh YacTOTy CEpIEBUX CKOPOYCHb HaBiTh 0€3 3MIHM KOTHITHBHOTO
HaBaHTAKCHHS.

Po3po6ienuit MmeTon BUKoHYe Kiacudikarliro 3a fonomororo mepexi LSTM, sika
7A€ MO>XKJIMBICTh BpaxyBaTH TaKi TEMIOpaJibHI MATEPHU, SIK MOCTYNOBE HAPOCTAHHS
CTPECOBOIO CTaHy, MKOBI HABaHTAXXEHHS, CTa0LIi3allisl CTaHy MICIs NepeBaHTaAXKEHHS,
1 MIABUIIMTH TOYHICTh BU3HAYECHHS CTaHy I[EPEHABAHTAKEHHS KOPHUCTyBayda
HABYAJIBHOI IPOTPaMHOI CUCTEMH.

[IpoTe po3pobieHnit MeTo Ma€ psii OOMEKEeHb. 30KpeMa, TOUHICTh OOUHUCIICHHS
HOPMAJTI30BaHOI YaCTOTH CEPIIEBUX CKOPOYEHb T4 HOPMAaIi30BaHOI BaplaOeIbHOCTI
CEpLIEBOro pUTMY Ha eTamnax 2 Ta 3 MeToAy 3aJIe’KaTh BiJ] KOPEKTHOCTI BUMIPIOBAHHS
0a30BHUX MapaMeTpiB KOPUCTyBaya y CIIOKIMHOMY CTaHi Iepe] MoYaTKOM HaBYaJIbHOI
cecii. Takox TOYHICTH BUMIPIOBAHHS YaCTOTH CEPILIEBUX CKOPOUEHb YYTIUBA JI0 PyXiB

KOpHUCTYBaua. 30KpeMa, pyxXu pyKaMu MOXYThb IPUBECTH JI0 3MIIIIEHHS CEHCOpa CMapT-
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TOJUHHHUKA W 3MEHILIEHHS TOYHOCTI BUSBJICHHS IMIKIB MyJIbCY Ta IHTEPBAJIIB CEPLIEBUX
CKOPOYEHb.

Takum 4yuHOM, pO3pOOJIEHUI METO/ MOOY/I0BU BEKTOPY CTaHy KOPUCTyBada y
HABYaAJIbHIA TpOrpaMHiil cucTeMi 3a0e3ledye MOMKIMBICTH MOHITOPHHTY CTaHy 3a
JOTIOMOT'OI0 JIAaHUX 3 HOCHMOTO MPHUCTPOIO (CMapT-TOJIMHHUKA) Ta (OpMYye BEKTOP
CTaHy KOpHCTyBaua y pexumi soft real-time. OTrpumaHmii BEKTOp MOXe OyTH
npencTaBieHuii 'y crpykrypoBanomy JSON — ¢opmatri 11 BHUKOPUCTaHHS Y
MDKMOJTyJIbHOMY 1HTep(eiici mpu BUpIIICHH] 3aJadi JUcCIieTuyepHr3allii HaBYaJbHUX
MO/IyJIIB HaBYAJIbHOI MPOrpaMHO1 CUCTEMH JIsl TepcoH1()iKOBAHOT afganTallli mpouecy

HaB4YaHHA.

3.3 Po3pobka metony mnepcoHipikoBaHOI ajamTaili mporecy BUOOpY

HaBYAJILHUX MOJIYJIIB Ha OCHOB1 BEKTOPIB NpO(PiJIt0 Ta CTaHy KOPUCTYyBaua

CyyacHi miaxoau 0 BUOOPY HABUAJIBLHOTO KOHTEHTY, 3a3BUYail 0a3yl0ThCsl Ha
BUKOPUCTAaHHI  CTaTUYHUX  MpaBWwI, ab0  pPEKOMEHJALUIMHUX  aJrOpUTMIB
KoiabopaTuBHOT (inbTpallii, sSKi MPaIoTs B pexuMi oduaiiH. Taki migxoaud He
JAI0Th MOXJIMBOCTI OTMEPaTHUBHO MigAiOpaTH HaBYAIBHUI MOJYJIb B 3aJ€KHOCTI Bij
KoMOiHaIli 6a30BMX HABUUYOK Ta MOTOYHOTO CTaHy KopucTyBaua. [Ipote nana 3amaua
Mae OyTU BUPIIICHA MPU IMIBUJIKUX 3MIHAX CTaHy KOPUCTyBada BHACHIIOK CTpecy abo
BTOMM T@pM HaBYaHHI, a TaKOXX KOTHITUBHOTO TME€PEBAHTAXEHHS BHACIIJOK
HEJIOCTaTHBbOI 0a30BOI MIArOTOBKH, IO MAalOTh CEPUO3HHUI BIUIMB HA €(PEKTUBHICTbH
HaBuaHHs. [lana mpoOiema MOke BUHUKHYTH HABITh MPU MMOYATKOBOMY BHOOp1 PIBHS
CKJIQJTHOCT1 Ha OCHOBI IPO(]1JII0 KOPUCTYyBaua, po3rIIHyTOMY B miapo3aiii 3.1. Tomy
po3po0Ka METOIB AUCTIETUYCPU3AIlii MOYJIIB y aIallTUBHUX HABYAIBHUX MTPOTPaAMHUX
CUCTEMAax, 1110 BPAaXOBYIOTh K MCUXOMETPUYHUHN MPOodiidh KOPUCTyBada, TaK 1 MOTO
MOTOYHMM NICUX0(]1310JI0TTUHUIN CTaH, TOTPeOy€e CBOTO BUPIIIICHHS.

Po3pobnenuit y ganoMmy po3zin MeTo mepcoHi(iKoBaHOI ajanTailii mporecy
BUOOpY HaBYAJIBHUX MOJYJIB BUKOPUCTOBYE IMpEACTaBieH] y miapo3aiiax 3.1 ta 3.2

BEKTOpU MpOQIII0 KOPUCTyBaya Ta CTaHy KOPUCTyBada Mg MiAOOpPY HaBYaIbHUX
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MOAayiB 3 0a3u clueHapiiB, siki Oyiu po3risHyTi y migposain 2.1. Aucneryepusaris
MOJIyJIiB BUKOHYETHCS 3 ypaxXyBaHHSIM MOTOYHOTO PIBHS MIATOTOBKH KOPUCTYyBaya,
MOXKJIMBOCTEH HOTO ajamnTaliii BiIMOBIIHO A0 PiBHS KOTHITUBHOIO HABAHTAXKCHHS TIPH
HaBYaHHI, HOBU3HM CIICHAPIIO HABYAHHS JIJI1 KOPUCTYyBayJa.

[cHyroul migxoau A0 aJanTUBHOI AMCHETYEpHU3allii HaBUYAJbHUX MOIYIIB
XapaKTEPU3yIOThCA HACTYyMHUMHU KIFOUOBUMH BJIACTHUBOCTSMH, SIKI OOMEXYIOThH
noOy/0By aJaNTUBHUX MEPCOHI(PIKOBAaHMX TMPOTPAMHUX CHUCTEM Ha OCHOBI
KOMOIHOBaHOT OIIIHKK MpOo(d1IF0 Ta CTaHy KOPUCTyBayva.

[To-nepmie, TpaauIidHUM MIAX1 0 JUCIIETYEpU3alli MOAYJIB Ha OCHOBI
CTaTUYHHUX MPUYUHHO-HACIIIKOBUX IMPABUJ OO0 CTaHy KOPUCTyBadya HaBYAIbHOI
OpPOrpaMHOi CHCTeMH (HANpUKIad, MPaBUI BUIY <GIKIIO YacTOTa CEPIEBUX
cKopoueHb >120 ynapiB Ha XBWIMHY, TO 3HU3UTH Ha | piBEHb CKJIAJIHICTh HABYAJIBHOTO
MOJyJIs») HE BpPaxoBY€ IHAMBIAyallbHI BIJIMIHHOCTI KOPHCTyBada. 30KpeMa, B
3aJIEKHOCTI B1Jl pIBHSI CIIOPTUBHOI MIATOTOBKH, 0230Ba 4acTOTa CEPLUEBUX CKOPOUYEHb
Moke 3MiHoBatuch Big 50 no 80 ymapiB Ha XBWIMHY, IO TOTpedye anmamTarii
noporoBoro 3HaueHHs B 120 ynapiB Ha XBWIMHY y HaBeACHOMY MpHUKJIaai. Takox B
3aJIEKHOCTI B1J MMOTOYHOTO PiBHSA JIOCBIAY OJIMH KOPUCTYyBad MOK€ HaOyBaTu 3HaHb
Ipy poOOTI 31 CKJIAIHUMH MOJTYJISIMU HABITh MPH I ABUIIIEHOMY PiBHI CEpIIEOUTTS, TOI
K 1HIIMA HaBITh MPU THUIIOBIA YacTOTI CEPLEBHX CKOPOUYEHb MOTPEOYy€e MPOCTHUX
HaBYAJIbHUX  MOJYJIB  BHACIIJOK  HEAOCTaTHHOI  MIATOTOBIEHOCTI.  Tomy
nepcoHipikoBaHA CUCTEMA, IKAa BUKOPUCTOBYE JIMIIIE CTATUYHI MPABUIIA 3 TOPOTOBUMH
3HAYCHHSAMH YaCTOTH CEPIIEBUX CKOPOUYEHb, MOXKE€ HETOYHO 3MIHUTH CKJIQJHICTh
MoayJsi. B pesynbrati KopucTyBay MporpaMHOi CUCTEMHU MOXKE MPOIYCTUTH BaXKJIMBI
Ha MOTOYHOMY PiBHI IMiJITOTOBKU HAaBYAJIbHI TEMHU.

[To-apyre, TpaauiliiHi peKOMEHJAIlIMHI aIrOPUTMU OCHOBI1 KOJAOOpaTHBHOT
¢inpTpamii [167] abo Ha ocHOBI mpaBwmi [162] 3a3BUuaii BUKOPUCTOBYIOTHCS JJIS
nig00py CTAaTUYHOIO KOHTEHTY Y MaTdopMax IUCTAHUIMHOTO HABYaHHS, HAIIPUKJIIA]
HaByYalIbHUX (iIbMIB a00 oHNalH-KypciB. IIpoTe Taki miaXxoau He MPU3HAYEHI IS
BUBUYCHHS 3HAHb T4 HABUYOK, 1[0 TIOB's13aHi 13 OE3MEKOI0 JIt01el 1 TOMY HE BPaxOBYIOTh

NOTOYHUHN CTaH KOpHMCTyBauya MijJ 4ac cecii HaByaHHSA. ToOTO BUOIp HAaBYAIBHOTO
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MOMAYJISi BUKOHYETHCS 3 YpaxyBaHHSIM MHUHYJIUX YIOJ00aHh KOPHUCTYBadiB 3
aHaJIOTTYHUMHU TIpodiasiMH ab0 Ha OCHOBI CXOXKOCTI CEMaHTHKH MOAYJIB, 03
ypaxyBaHHS MOTOYHOI'O PIBHS KOTHITUBHOT'O HaBaHTa)KEHHs a00 MepeHaBaHTAXKCHHSI.
Bulip HaBuanbHUX MOAYNIB y TaKiil CUTYyallli MOXKE MPUBOJUTHU JI0 CTPECY Ta BTOMH
BHACJIIJIOK IMIJIBUIICHOT CKJIQAHOCTI MOJYJIB, IO HE BIANOBIAAIOTH CTaHy
KOpHCTyBaya.

[To-TpeTe, mMeToaM ajmanTallii CKJIAJHOCTI HaBYAJIbHUX MOJYJIB Ha OCHOBI
MOPOTOBHUX 3HAYEHb MapaMeTPiB CTaHy JIOAUHU HE BPaxOBYIOTh TPUBAJIICTh CTaHy 3
MiBUIICHOI0 YacTOTOIO Mynbcy. Hampuknaa, MiABUINEHHS YacTOTH CEPIEBUX
CKOpOYEHb Ha JIEKUJIbKa CEKYH]I, III0 BUHUKAE BHACIIJIOK PI3KOr0 PyXy KOPUCTYyBaya,
Ta MIiJIBUILIEHA YAaCTOTA MYJbCY MPOTATOM XBUJIMHHU-JABOX BHACIIJIOK KOTHITUBHOTO
MEPEBAHTAXEHHS MPU HABYAHHI NOTPEOYIOTh PI3HUX cXeM BUOOPY MoaymiB. Takox
NOTPIOHO BpPaxyBaTH CTPYKTYPHO-JIOTIYHY CXEMYy KypCy, HOBHU3HY MOJYJisi, TOOTO
MEpEBIPATH, YA BHKOHYBAaB KOPHCTYBAau CXOXI CII€Hapii HABYAHHS pAHIIIE TOILIO.
Hanpuknan HaBuaHHs BOAIHHIO 32 TeMOI0 «OOTiH Ha ABOCMYTOBIH 0p03i» MOTpedye
nonepeIHbOT0 BUBYEHHS TeMu «[IpaBuiia BUKOpUCTaHHS CMYT pyXy». be3 BpaxyBaHHs
MOCIIIOBHOCTI BUBYEHHS MOJYJIIB aJalTHBHA CHCTEMa MOXKE MOMMJIKOBO 3HU3HUTU
CKJIQIIHICTh MOAYJISL JUIsl TIOTOYHOTO KOpHCTyBada. TOOTO CyKymHICTh WX (haKTOPiB
MPUBOANUTH JI0 3HUKEHHS TOYHOCTI MiAOOPY HaBUAJbHUX MOJYJIB Yy MOPIBHSHHSA 3
BUOOPOM JTIOJIMHU-THCTPYKTOpA Ta BIAMOBITHOIO 3HIKEHHS PIBHS 3aJJ0BOJICHOCTI
KOPHUCTYBauiB TAKOI CHCTEMH.

TakuM YHMHOM, HaBEIEHE MPOTHPIYYS MIXK MPAKTUYHOIO MOTPeOor 3
NEePCOHIPIKOBAHOTO TMi00OpY MOMYJIIB B HaBUajbHIA MpOrpamMHIA CHUCTEMI Ta
MOMJIMBOCTSAMHM ICHYIOUHX ITIIXO/IIB 100 aalTUBHOI JUCTIETYepU3AIlil TPOTrpaMHIX
MOJIYJIIB B pealbHOMYy dYaci (abo y M’SKOMy peajbHOMY 4aci) MiJAKPECITIOE
aKTyaJIbHICTh IPOOJIEMH, 10 BUPIIIYETHCS B JAHOMY IT1IPO3/ILIIL.

[TpoGnematuka aucrieTdepusailii HaBYATBHUX MOJIYJIB 3 ypaxyBaHHSIM
NICUXOMETPUIHOTO MPOdiTI0 KOPUCTYBaya Ta WOTO MOTOYHOTO CTaHy 0e3MmocepeTHbO
MOB’si3aHa 3 MOJICTIOBAHHSM JIMHAMIYHOI TOBEIIHKHM KOPUCTyBada $K BXIJHOTO

napameTpa JUisi NPUUHSTTS pIIIEHb B PEXHMI M SIKOIO PEeallbHOr0 4acy 3a YMOB
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oOMeXeHb MIOA0 OOYMCIIOBAIBHOI CKJIATHOCTI Ta 33J0BOJCHHS HE(QYHKI[IOHATBHUX
BUMOT 70 jaucneTdepu3aiiii. OcTaHHI TMOB'sI3aH1 13 3aTPUMKOI0 Yacy Ta TOYHICTIO
PEKOMEHAII| 10/I0 HABYAJIbHOT'O MOIYJIS.

JlucrieTuep MOy iB, SIKM BUKOHY€E TIEPCOHI(IKOBaHY aJanTallito, IpeICTaBiIse
co0010 OAWH 13 KJIFOYOBHUX KOMIIOHEHTIB PO3po0JeHoi y miapo3aun 2.3 ridopuaHoi
IporpaMHOi apXiTekTypu. BiH oTpumye BekTOpu NpOdUII0 Ta BEKTOPH CTaHY
KOpPHCTyBauya, BUKOHY€ JABOETanmHy (iIpTpamilo MOAYJIIB, COPTyE MOAYNl 3a
KOPHUCHICTIO 1 Tepeaae HaBYaIbHI MOAYJi-KaHAUAATH i1 BHOOPY KOPHUCTYBadeM.
JloryBaHnHs (3anuc y >KypHaJ Mo/iil) mpolecy BUOOpY MOAYJIIB IPH MEPCOHI(PIKOBAHIMI
ajanTamii Ja€ MOXJIMBICTh B IOAAQIBIIOMY BIATBOPUTH (PAKTUUHY ITOCIITOBHICTD
BUKOHAHHS JIaHOTO MPOIIECY, 110 3a0e31euy€e MOXKIINBICTh TOOYA0BU UKITY afanTaiii
HaBYaJIbHOI cUcTeMH. Takuil LUK 0a3yeThCs HA po3poOJEHOMY METOAl BepUQiKallii
npolecy MIATOTOBKA BOJIIB B HAaBYAIBHUX MPOTPAMHUX CHCTEMaxX aBTOIIKLI
(mgposain 3.4).

AHani3 TTepaTypHUX JHKEPE MO0 AUCTIeTYepU3allii MOIYJIIB JIJIs aJall THBHUX
HaBYAJIBHUX CHUCTEM, MOKa3aB, M0 ICHYIOYl MIIXOIU Peai3yloTh OKpeMO Miaoip
MOJIyJTiB HACTYTHHUMH aJbTePHATUBHUMH CTIOCOOAMHU:

— Ha OCHOBI 1CTOPI1 B3aEMO/I1i 3 KOPUCTYBAYEM;

— 3 ypaxyBaHHSM PiBHS KOMIIETEHTHOCTI KOPUCTYBaya;

— 3 ypaxyBaHHS TOTOYHOTO NICUXO(13HYHOTO CTaHy KOPUCTYyBaya.

Hocmimkennss [167] mnpucBsauyeHo mMmoOyAOBI peKOMEHJAIii Ha OCHOBI
TpaauLiitHOI KoslabopaTuBHOI PinbTpanii. Januil miaxia 3ade3nevye nepcoHani3amio
pPEKOMEHAIlI|, OJTHAK BUKOPUCTOBYE MaKETHY 0OPOOKY 1 TOMY HE MPU3HAYCHUM IS
po0oTu B pexkumi oHutaiiH. [e#t miaxig He BpaxoByOTh 010METpUYHI JaH1 KOpUCTyBavya
1 HE TIPU3HAYCHUH ISl 3aCTOCYBAHHS B CUCTEMaXx BIPTyalbHOT PEaIbHOCTI.

PoGora [162] BUKOpPHCTOBY€ CTaTW4HI TpaBWiIa I afanTarlii CKJIaJHOCTI
HaBYaJIbHUX MOJYJIIB HA OCHOBI PE3yJIbTaTIiB O10METPUYHOTO MOHITOPUHTY. AJie 1aHe
JOCIIKEHHSI HE BpaxoBye 0a30Bl I1HAWBIAyaldbHI OCOOJIMBOCTI KOPHUCTYBAuiB,
HAIPUKIIAJ YacTOTy CEpLEBUX CKOPOYEHb y CTaHI CHOKOIO, 110 MOKE MPUBECTU J0

NOMMWJIOK JIJIsl KOPUCTYBAUiB 3 MIABUIIEHOIO 0a30BOI0 YACTOTOIO MYJIbCY.
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Hocnimxenns [148, 149] BukopuctoBytoTh nicuxomerpuuny mozens IRT 3PL 3
JIOTICTUYHOIO (PYHKIII€IO 3 TphOX napameTpiB Ta CAT-miaxig 11sl TOTo, 100 BU3HAYATH
piBEHb MIArOTOBKHU KOpUCTyBauiB. OllIHKA PIBHS MIATOTOBKH BUKOHYETHCS HA OCHOBI
WMOBIPHOCTI MPaBUJIBHOI BIJMOBI/II 3 ypaxyBaHHS PIBHS CKJIaTHOCTI 3aBnaHHsA. OnHaK
Il TIX0U MOTPEOYIOTh BUKOHAHHS HAOOpPY INMUTaHb, SKUM aanTyeThCs y Mpoleci
BIMOBiACH, 10 Ha mpakTumi mnotpedye 10-15 xBunma yacy. Bxazani migxoau
OLIIHIOIOTH PiBEHb MIATOTOBKA KOPHCTYyBada, OJHAK HE BPaXxOBYIOTb MOT0O MOTOYHUMN
CTaH 1 TOMYy He IIPU3HAYCHI JJII BUOOPY MOIYJIIB Y MPOIECI HABYaHHS.

Po3po0nenuii MeToa BUKOPUCTOBYE BEKTOP MPOQLI0 KOPUCTyBaya Ta BEKTOP
HOro MoTOYHOTO cTaHy. BekTop nmpodisito OHOBIIOETHCA MIC/sI BUKOHAHHS TTOPOTOBOi
KUIBKOCTI 3aBJIaHb, Hanpukiaa, micias 40 3aBganb abo 2 THKHIB HaBYaHHs. BekTop
MOTOYHOTO CTaHy OHOBIIOETHCA KOXKEH pa3 Miciis MPOBEACHHS MOHITOPHHTY CTaHY
kopucTyBaua. CTaH KOPUCTYBaua OHOBIIIOETHCS B PEKUMI M'SKOTO PEaIbHOTO 4acy 1
MICTUTHh O1OMETPHYHI JJaHI KOPUCTyBaya 3a aKTyaJbHHI Iepioj 4acy, 3a3BU4Yail 3a
octaHHIO XBUIMHY. [IpencraBnena y BekTopax iHdopmarlis nepefaerbes y dopmari
JSON, 1o mgae MOXIUBICTh CTaHAAPTU3YBATH 1HTEpdENdc MK PIBHAMH T1OpUIHOI
apXIiTeKTYpH CUCTEMHU HaBUAHHS.

[TonepenHiii BigO1p HAaBYAIBHUX MOJYJIIB BUKOHY€ETHCS Ha OCHOBI MOCIIIIOBHO1
(1apTpaLii MOIYIB 32 TEMOIO, CKJIQIHICTIO Ta TPUBAIOCTI HABYAHHS.

®inbTpaniss TEM 3TiAHO MOMEPEeIHIX BUBUYEHUX HABUAJbHUX CLEHApIiB Ja€
MO>KJIMBICTh BUKJIFOUHUTH 13 MOJANBIIIOTO PO3IIISY MOAYJI, JAJIA SIKUX KOPUCTYBAY II1e
HE BUBYMB OOOB’A3KOBI morepeAaHi Temu. Hampukiazn, nmepen BUBYEHHSM MOJIYIIO
«OOriH Ha JBOCMYTOBIA JOPO31» TMOMEPETHHO KOPUCTYBAad Ma€ BUBYUTH TEMU
«Jlopoxust po3mitkay Ta «IIpaBuna oOrory». SIKIO KOpUCTYBad HE BUBYAB Il TEMH,
TO MOAYJb «OOriH HAa ABOCMYTOBIN JJOPO31» BUKIIKOYAETHCS 3 PO3TIISY.

QinbTp CKIATHOCTI MPU3HAYCHUHN I BIIXWICHHS MOJYJIIB, CKIQJHICTD SIKUX
BUXOJUTH 3a MEX1 MOTOYHOrO PIBHS MIJTOTOBKU KOpHUCTyBada. ToOTO Ha gaHOMY
KpOIll BUAQISIIOTHCS MOJIYJ, SIKI SIBHO MOXYTh CIPUYUHUTH KOTHITUBHE

MMEPCHABAHTAXKCHHA KOPpUCTYyBayda.
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®inpTpaliisi BABYCHUX MOAYJIIB MPU3HAYCHA JJISI BUKIIOYCHHS 3 PO3TISAY THUX
MOJIYJIIB, SIKI KOPHCTYBada B)K€ BUBYAB JEKUIbKa pa3iB (TOOTO KiJIbKICTh MTOBTOPIB y
BHBUEHHI JIOCATJIa TOPOroBOro 3HaueHHs1). Ha mnanoMy Kpoili MOXyTh OyTH BUHSITKH,
0 SKUX HAJIekKaTh MOAYJl O€3MeyHoro BOMIHHS, Hampukian «EkcTpeHe
raJIbMyBaHHS.

OOuuncieHHs KOPUCHOCTI MOAYJSI BUKOHYETHCS 3T1HO PIBHSA KOMIIETEHTHOCTI
KOPHUCTYBa4a, a TAKOXK 3 YpaxXyBaHHSIM KOTHITHBHOTO CTaHy Ta HOBU3HU HaBYAIHHOTO
crieHapiro. HoBu3Ha crieHapito po3paxoBY€EThCs B 3aJI€KHOCTI Bl KUIBKOCTI IIOBTOPIB
y BHUBUYEHHI HaBYaJIbHOTO MOyJs. Iloka3HWK HOBH3HHU 3MeEHITyeThes Big 1 10 0 B
3aJIEKHOCTI BiJI KIUTBKOCTI TOBTOPHUX HAaBYaHb KOPHCTyBaua 3 BHUKOPHUCTAHHS
HOTOYHOTO MOJTYJIS.

[linMHOXHMHA MOJYIIB-KaHAUAATIB 3 MAKCHUMAJIBHOK KOPHUCHICTIO HAJAAIOThCS
KOpHUCTyBaueBl. 3 HHUX BIH Mae€ BimiOpaTH OauH MOAYdb. Pe3ynbTaté BUOOPY
KOPUCTYBaua JIOTYIOTbCA (3alHUCYIOThCS B IKypHal MOAINA) I MOAAJIBLIOTO
yAOCKOHAJIEHHS MpoIiecy NepcoH1()iKOBaHOI ajanTarlii HaB4aHHSI.

Meton nepconiikoBaHoi afanTailii HaBYATLHUX MOJYJIIB BU3HAUAE AJITOPUTM
poGotu aucnerdyepa moayiiB ModuleDispatch sk iHTerpamiiHOro KOMIOHEHTY
aganTUBHOI HaBYalibHOI cucTteMu. CyKymHICTH MeToniB (GopMyBaHHS MpodiIro
KopucTyBaua (mipo3/aii 3.1), OliHKA MOTOYHOTO CTaHy KOpHUCTyBava (miapo3aia 3.2),
Ta aJanTUBHOI Bepu@ikalii mpouecy BUOOPY MOAYJIB HAa OCHOBI IHTEJIEKTYalbHOTO
aHamizy mpomeciB  (migpo3aur  3.4) dopmye €mMHMIA UK MATPUMKH
MEPCOHANII30BAHOTO0 HABYaHHA. Y po3poOJeHid TIOpUAHINA apXITEKTypi «KIIEHT-
nepudepis-xmapay (miapo3aia 2.4) KOMIOHEHT JTUCIIeTYEpa MOJYJIIB PO3TOPTAETHCS
Ha nepudepiifHoMy cepBepl y JOKaIbHIN Mepexki aBTOIIKOIN 3 TUM, 11100 3MEHIITUTH
3aTPUMKH TIPH B3a€EMOJIi 3 KOPHUCTyBayeM, B TOMY YHCJIi 32 PaXyHOK KEITyBaHHSI
nanux. Takuii miaxin 3abe3nedye aBTOHOMHICTh TIPH BIIMOBI JIOCTYIy J0 XMapu a0o
710 T100aIbHOT MEpEeXi B LIJIOMY.

Po3poOnenuit  meton  mae  3abe3nedyyBaTH  BHKOHAHHS  HACTYIHUX

(YHKI[IOHaJIbHUX BUMOT:
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— ¢inbpTpaniss MOIYJIB, SKI HE BIANOBIAAIOTH PIBHIO MIATOTOBKH Ta CTaHy
KOPHUCTYBaua;

— OOYHUCIIEHHS CTYIEHIO KOPUCHOCTI HABYAIBLHOTO MOJTYJISI JIJIsl KOPUCTYyBaua;

— paHXyBaHHS 1 Bi101p HaBYAIbHUX MOJYJIIB 32 KOPUCHICTIO.

MeTon Mae 3aJ10BOJIbHATH HACTYITHUM HEPYHKIIOHAIBHUM BUMOTAM:

— po6oTa B pexumMi M'SIKOTO peajbHOro 4acy;

— 3a0€3Me4YeHHS TOPOTOBOr0 PIBHS MPUHHATHOCTI KOPUCTYBAUEM.

— HE3aJICKHICTh BiJI TIPOIIECY MiA00PY MOJIYIIB BiJl 0OCOOJUBOCTEH MpeIMETHOL
00JacTi.

Po6ota B pexuMi M'sIKOTO peaibHOTO Yacy nependadae HECYTTEBI 3aTPUMKHU Ha
JUCIIETYepU3AIliIo, HA TIPAKTHUIIl TaKl 3aTPUMKH MatOTh OyTH He OuTble 1 ceKyHu.

PiBeHb TPUUHATHOCTI  3alpPONOHOBAHOTO  MOJYJS JJi1  KOpPUCTyBaua
PO3PaxoOBYETHCS B 3AJICKHOCTI BiJl TOTO, Y4 BUOpPAB KOPUCTYBay MEPIIANA MOAYJIb 13
CITUCKY PEKOMEHIOBAHUX.

Hezanexuicte mporiecy mnepcoHiikoBaHoi ananraiii Bl 0coOIuBOCTEH
IPEeIMETHOI 001acTi peani30BaHO 3a PaXyHOK BHUKOPHUCTAHHS BEKTOpIB Mpodiito Ta
cTaHy KopucTtyBauda. Po3poOieHuil MmeToa Moxe 3a0e3nedyBaTi MiATPUMKY HaBUaAHHS
y Takux cdepax, SK BOIIHHS, MEIMIIMHA, aBlalliifHa Tally3b, BUCOKOTEXHOJIOTIUHA
MIPOMMCIIOBICTb.

3agaua  mepcoHi(iKOBaHO1 aganTanii HaBYAJIbHUX MO/TYJIiB €
0araToKkpuTEPiAIbHOIO 33/1a4€10, SIKA BPAXOBYE:

— BIATOBIIHICTb PIBHS CKJIQQHOCTI HABYAJIILHOTO MOZYJIS a, PIBHIO HiATOTOBKH

KOPMCTYBaua Ha OCHOBi BeKTOpy mHpodimo kopucTysada V. ; BekTop Npodimo

user ?
KOpHCTyBauya BKJIIOYA€ PIBHI CKJIAJAHOCTI MOJYJIB JUis KOpUCTyBaya L 3TiIHO
MOPOTOBUX 3HAYEHb 3M10HOCTEH KopucTyBaya (3.7), MOTOYHY OIIHKY 310HOCTEH

KopucryBada b, , mpodins momunok U, = i3 yacToTamu noMunok (3.9) mo pisusm /, a

TaKOX Tpaekropito U 3MIHM pIBHS TIATOTOBKM KOPHUCTyBauya HaBYaJIbHOI

trend

IPOrpaMHOi CUCTEMH, MTPEACTABIICHA JHIAHOIO perpeciero (3.11);
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— BIANOBIAHICTD PIBHSA CKJIAJHOCTI MOYJIIO @, IOTOYHOMY CTaHY KOpPUCTyBaya,

2
IPEICTaBICHOMY BEKTOpoM V.

user 2

BEKTOp MOTOYHOrO0 CTaHy MicTuTh HRV — —

norm

HOpMaJTi30BaHy BapiabeNbHICTh ceplieBUX CKOpoueHb (3.14), HR  — HOpMalli30BaHy

norm

4acToTa CepLEBUX CKOpOYeHb (3.16), MOTOUHMI CTaH KOTHITUBHOI'O HABAHTAXKECHHS,
B, ={Bucoxe nasanmasicenns; Hopma; Husvke nasanmasicents |, a TaKOK MITKY
HACY L, 5
— HOBM3HA Nov(ai) MOJYJIIO a, AJIsl KOPUCTyBaya.
[Ipy BuKOHaAHHI 3a/1a4yl MEPCOHI(PIKOBAHOI ajganTallli BUKOPUCTOBYIOTHCS TPHU
KOMITOHEHTH (YHKIIT KOPUCHOCTI: PIBEHb CKJIQJHOCTI MOYJIIO L(al.), PIBEHb
KOTHITUBHOI'O HaBaHTa)XCHHs B (ai), a TAaKO>K HOBU3HA MOJYJIIO Nov(ai) .
KopucHicte Utility K0XHOTO 3 KOMIOHEHTIB BU3HAYAETHCS 3 BUKOPHCTAHHIM
sapa Tayca s nepwoi kommnoHeHTH L(a,), MOPOTroBHX 3HAYeHb UL APYroi
KOMIIOHEHTH B (al. ) , @ TAKOXX Yepe3 JIHINHY IHTEPIIOJISLIIO 111 TPEThOI KOMITIOHEHTH
Nov(ai).
KopucHictp Utility(Lm,a[) BHU3HAYAETBCS HA OCHOBI TIOPIBHSHHS PIBHS

CKJIaJTHOCT1 MOJTYJTIO L(ai) Ta IIOBOTO 3HAYEHHS CKIAAHOCTI L :

Utility(L,,a,) = exp| -| == | | (3.19)

CknagHiCTh HaBYAJIBLHOTO MOJYJIIO L(a,.) BU3HAYAETHCS Yy BIAMOBITHOCTI JI0

(2.10) Ha ocHOBI1 aTpPUOYTIB CKJIATHOCTI TIOPOKHBOT'O CIIEHAPiI0, IKUM MPEICTaBICHUIN
y MOJYIL.

Buxopucranns siapal'aycay  (3.19) 3abe3neuye 3riaapKyBaHHs AJIs LIUPOKOTO
niana3oHy piBHIB ToOTO MOIyJi 13 CKJIQAHICTIO OJIM3BKOIO 10 LUJIBOBOI MAarOTh
3HA4YEHHSI KOPUCHOCTI OJU3bKHUM 10 1.

Kopuchicte Momynst y BIAMOBIAHOCTI J0 TMOTOYHOTO CTaHy KOPHCTyBauda

BU3HAYAETHCSI HA OCHOB1 TOPOTOBUX 3HAUYEHb CKJIAHOCTI MOIYJIIO L(a[) :
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liff B,, = Hopma,
Utility(B,,,,a,)=11—L(a,) iff B,,, = Bucoke nasanmadcenns. (3.20)

user® i

L(al.) iff B, = Husbke naganmasicennsi.

HKHIO UL IIOTOYHOT'O MOAYIIIO a4, KOTHITHBHE HAaBaHTA)KCHHS € HOPMAJIbHUM,
TO KOpI/ICHiCTB € MaKCHUMAJIbHOIO 1 I[OpiBHIO€ 1.V BHUITIAJIKY BHUCOKOI'O HABAHTAKCHHA

KOPHCHICTh PO3PaXOBYEThCS SIK 1 — L(ai ) , TOOTO YMM BHIIIE CKJIAIHICTh MOJIYJIIO, TUM

HUKYC KOpI/ICHiCTB. vy BHITAJIKY HU3BbKOI'O HABAHTAXKCHHSA KOpI/ICHiCTB PO3pPaxXOBYETHCA

K L(al. ), TOOTO YMM BUIIE PIBEHb CKIAJHOCTI MOIYJIO, TUM BUIIE KOPUCHICTD.

HoBu3zHa po3paxoByeTbCs SK HOPMOBAaHA PI3HHUIS MK MaKCHUMAaJIbHO
JIOIYCTUMOIO KUTBKICTIO pa3iB MPOXOJKEHHS MOJTYJIIB Ta KUTbKICTIO BUKOHAHUX CIIPOO

BUBYEHHS Moayito Used (ai) :

Nov(a )_ MaxUsed — Used(ai) (321)
v MaxUsed ' '

Ha npakTuiii MaxUsed 3a3Budail npuitMa€eTbCsl pIBHUM 3.

3arayibHa KOPHCHICTh MOJYJIIO BH3HAYAETHCS SK 3ropTka KoMmoHeHT (3.19),

(3.20) Ta (3.21):
Utility(a,) = wUtlity (L, ,a, )+ w,Utility(B,,,.a,) + w,Nov(a,). (3.22)

Baru w,, w, Ta w, BU3HAuYalOThCS EMIIIPUYHO HAa OCHOBI ICTOpIi HABUAHHS
KOPHCTYBayiB.
Monyni a, npu aucneryepusallii miaouparThes 3a MaKCUMaIbHUM 3HAUYEHHSIM

¢byHKI1I{ KOPUCHOCTI:
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a = argmax(Utility(ai)). (3.23)

Meton mnepcoHiikoBaHOI ajanTaiiii Mpolecy HaBYaHHS OXOIUIIOE HACTYTMHI
eranu [4].

Etan 1. ITonepenus inapTpaliis MOIyMiB.

Ha nepmomy etari HOCHIIOBHO BUKOPHCTOBYIOTHCS TpU (GUIBTPU BIIOOPY
MiAMHOXKUHU MoyiB. DinbTpu 0a3yl0ThCs Ha MpaBWiIax, IO 3a/1al0Th OOMEXKEHHS
11010 BIAMOBIAHOCTI TEMaTUKU MOMAYJISA, CKJIQJHOCTI MOJYJIB Ta KiJIBKOCTI MOBTOPIB
IIpY HAaBYaHHI.

Kpox 1.1. Bi16ip MoymiB 3a TEMOIO.

Ha mepmiomy kpotii etamy BiiOUparoTbCsl MOJYJ, SKI HaJIeXaThb O 3aJaHOi

MIIMHOKUHU TEM 3T1AHO CTPYKTYPHO-JIOTIUHOI CXeMH Kypcy. Pe3ynbraTom Kpoky €

1
filtered *

Kpox 1.2. ®inpTpaliist MOIYIIB 32 PIBHEM CKJIAIHOCTI.
. . . . 2
Ha gapyromy xpoui BinOuparoTbcs TiIMHOXMHA MofyndiB A, IO
3HAXOAATHCSA Y 3aJaHOMY Jiana3oHi CKiIagHocTi AL :

Ay ={a, €4, :|L(a,)-L,| <AL} (3.24)

filtered filtered

Kpox 1.3. BinGip Moy:iB 3a KUIBKICTIO IOBTOPHHUX MTPOXO/I>KEHb.
Ha tpeThoMy KpoIll BiICIIOIOTHCS MOy, sIKI KOPUCTYyBad BXKE OMAHOBYBaB

3a/1aHy (IMOPOTOBY) KUIbKICTh pas3iB MaxUsed .

o = {0, €43, :Used (a,) < MaxUsed |. (3.25)

filtered filtered i

Etan 2. O6uncnenHs 3Ha4eHHS eJIeMEHTIB (DYHKITIT KOPUCHOCTI JUTsl BiA1IOpaHux

MO/IYJIIB.
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Ha nmpyromy erari BUKOHY€THCS KOMIUIEKCHA OLIHKA KOPHUCHOCTI MOAYMIB 13

3 . . . . .
MHOXHHU Ay, . 17 KOPHUCTyBaya, KA BPAXOBY€ BiANOBIIHICTh PIBHIO MiATOTOBKH

KOPHUCTYyBaua, IOTOYHOMY CTaHy KOPUCTYBaya, a TaKOX PIBEHb HOBU3HU MOJYJIS IS
KOpHUCTYyBaua.

Kpoxk 3.1. Ilepmia cknagoBa o0uncioeTses 3rigHo (3.19) Ta BpaxoBye npodisib
KOPHCTYyBaua 13 BX1HUX JTaHUX.

Kpox 3.2. JIpyra cknagoBa o0uncitoeTbes 3rimHo (3.20) Ta BpaxoBy€e TOTOYHUI
CTaH KypCcaHTa aBTOILIKOJIH.

Kpok 3.3. Tpets cknanoBa Ja€ MOKIUBICTh BpaxyBaTH KUIBKICTh HOBTOPIB MPU
BUBYEHHI MOIYIIB. Y BiANOBIAHOCTI 10 (3.21) HOBI MOJyJi OTPUMYIOTH IMEpeBary
nepea TUMU, sSIK1 KOPUCTYyBay B)KE BUBUAB.

Kpok 3.4. 3aranbHa KOPUCHICTh MOJIYJIFO BU3BHAYAETHCA 3T1IHO (3.22).

Etan 3. Bigbip MoxaymiB 13 MaKCUMaJIbHUM 3HA4YCHHS KOPHUCHOCTI JIS
IIPE/ICTaBIICHHS KOPUCTYBAYEBI.

Ha TpeThoMy eTami BHUKOHYETHCS paH)KyBaHHS MOJIYJIB 3a 3HAYCHHIM

KOPHUCHOCTI Utility(a[), oOuuciaenum 3a (3.22). I3 oTpumaHoi yHOPSAKOBAHOI

MIIMHOKUHU BIJOMPAIOTHCS MOMAYJ 13 MAaKCUMaJIbHUM 3HAYEHHS KOPHUCHOCTI JIst
KopucTyBaua. Hampukmnaz, BUOMparOThCs 3 HAWKpAIIUX MOJTYJIS.

Etan 5. Bubip Mmoaysst KopucTyBaueM.

Ha panomy erami KOpHCTyBaueBl NpPEICTaBISIOTHCS BimiOpaHi MOAyJl 3
HAWOUIBIIUM 3HAYEHHSM KOopHucHOCTi. KopucTtyBau mae BUOpaTtu OAWH 13 MOJYJIB.
Axmo 3a 3agaHuid iHTEpBan yacy, Hanpukiaa 30 CeKyHI, KOpUCTyBad HE BUOpaB
MOJAYJb, TO BIZIOpaHUM BBAXAETbCS HABYAIBHUA MOAYJIh 3 MaKCUMaJbHUM
3HAYCHHSM KOPUCHOCTI.

PesynbraTtu BUOOpPY KOpPHUCTYBaya JOTYIOTHCS JUIs MOJAIbIIONO aHali3Yy.

Po3pobnenuii mMeTos mepcoHipiKOBaHOI ajamnTaiii HaBYAIBHUX MOJYJIB Ha
OCHOBI OIIHKHM Npo(UTI0 Ta CTaHy KOPUCTyBaya Ma€e HACTYIIHI TepEBary.

[To-neprie, KOMIUIEKCHA OIliHKa 3a0e3neuye miadip CKIAIHOCTI MOAYJIS 3T1THO
PIBHSI MIJITOTOBKHU Ta MMOTOYHOTO CTaHy KOpUCTyBada. Ha BimMiHy Bijf po3po0eHOro

NiIX0ay, TPAJUIIHO aJanTHUBHI CHUCTEMU HABUYaHHS BUKOPUCTOBYIOTH MNPOPiib
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KOPHUCTYyBaya, IKUi BioOpaxae HOTro piBeHb MIATOTOBKH HA OCHOBI ICTOP1i BUKOHAHUX
3aBnaHb. IIpore npanuii npodias He MICTUTH 1HGOpMaIi IOAO0 MOTOYHOTO
1cux0(1310JI0TIYHOTO CTaHy KOPUCTyBaya. AJIbTEPHATUBHUM M1IX1 O OI[IHKH PiBHS
KOpPHCTyBaya Ha OCHOBI IMOTOYHUX OIOMETPUYHUX JdaHUX (HANPUKIAA, YacTOTH
cepleOuTTs) HE BpaxoBye 0a30BUM piBEHb HOTO 3HaHb. B pe3ynbrari KOpuUCTyBau 3
HU3BKUM PIBHEM CTPECY MOKE€ OTPHUMATH JUIsl BABYCHHS 3aHA/TO CKJIAJHUA MOMIYJIb,
KU HE 3MO’Ke onaHyBaTH. AOO X MIATOTOBJICHUM KOPUCTYBad y CTPECOBOMY CTaHi
OTPUMAE 3aHAJITO IPOCTUN MOIYJIb.

[To-npyre, po3po0iieHnid METO/ MOCHIIOBHO BUKOHYE (PiIBTPALIII0 MOJYJIIB Ha
OCHOBI TpaBWJ, MICIS YOrO BUKOHYE MIAOIp MOAYJIB Jinie NS BiAGLI-TPOBAHOI
OIIMHOKMHM.  Takuil  MAX1J]  XapaKTepU3YeTbCSd  CYTTEBUM  3MEHIICHHSIM
OOYUCITIOBAILHUX BHUTPAT MOPIBHSHO 13 TpPAagUUIAHUM MiAXOAaMHM Ha OCHOBI
Ko1abopaTUBHOT (BIIBTpAIlii Ta MATPUYHOT PaKTOpHU3AILii.

B-tpeTix, po3po0bieHnii MeTo ] MATPUMYE B3aEMO/II0 3 KOPUCTYBAUYEM LHUISIXOM
BUOOpPY OJHOTO 13 3alPOTIOHOBAHUX MOYJIIB-KaHIUAATIB, IO CIPUSE TIIBUIEHHIO
3aJI0BOJICHOCTI KOPHCTyBada. 30KpeMa, KOPHUCTyBady MOXKE BpaxyBaTh TMOTOYHI
0OMEKEHHS CBOTO Yacy npu BUOOP1 MOTYJIS.

B-ueTBepTHX, BUKOPUCTAHHS MpaBUJ MOINEPEAHBOT (iIbTpallii Ha MEePIIOMY
eTami METOJy CTBOPIOE YMOBHM I TMOOYIOBH B TMOJANBIIOMY TOSCHEHB IIOJIO
MEPCOHAIbHUX TPHUYUH MMiI00py KOHKPETHOTO MOMYJIIO JUIsl KOpHCTyBada. Takwid
H1IX170 BIAPI3HIAETHCS BIJl TPAAUIIIMHUX IMTIAXO/IB HA OCHOBI MAIllMHHOTO HABUaHHS, B
AKUX BUOIp € HEMPO30PUM ISl KOPUCTYBaya.

Oco0nuBO BaKJIMBUM TOSICHEHHS € Y BUMAJAKY, SIKIO MOTpiOHA cepTudikaris
HaBUYaJIbHOI cucTeMu. Taka cepTudikallis 3a3BU4ail TPOBOJUTHCS SIK Y TPAHCIIOPTHIM
ramysi.

Takox cij 3a3HA4YUTH, MO0 ICHYIOUI METOAM JWCIIeTYepH3allli SK MPaBHIIO
peanizyroThCsl Y BUTJISAII MOHOJITHUX MOAYJIIB 6€3 BianoBigHoro API, mo yckinagHioe
iX 1HTerpamito 3 MIKpocepBicaMH IIpH MOOY0BI TOPHUAHOI MPOrPaMHOI apXITEKTYpPH,
OCKIJIbKH B OCHOBI TAKUX MIKPOCEPBICHHUX apXITEKTYPHUX M1AXO1B JIEKATh TIPUHITUITH

c1a0KOro 3B’SI3Ky MI3K MOJTYJIIMH Ta BUCOKOI1 3B’ I3HOCTI MOyJ1iB. PO3p0o0ienuii meton
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BUKOPHCTOBYE BEKTOPH BXIMHUX AaHuX, mpencraBieHi y JSON —dopmari, mo mae
MOXKJIMBICTh IHTETPYBATH METO]T 3 MIKPOCEPBICHUM PiBHEM B PO3pOOJIeHIM T10pU IHIMI
IIPOTrpaMHii apXITEKTypi 3 eprudepitHuMU 00UUCIICHHSIMH.

OOMesxeHHST po3p0o0IEHOT0 METOTy BU3HAYAIOTh YMOBH HOTO 3aCTOCYBaHHS Ta
MO>KJIMBOCTI MOJAJIBIIOTO YIOCKOHATICHHS.

[To-mepmie, MeTod 3alieUTh BiJi KOPEKTHOCTI METAIaHUX Y MOJIYJIAX, IO
MICTSTh CIICHAapli HaBUYAaHHS BOJIHHIO (KUIBKICTh OO'€KTIB CIICHAPIIO, MEPEIyMOBH
BUKOPHUCTAHHA).

[To-npyre, npu nigd0p1 MOIYIIB METOJT BpaXOBY€ MOTOYHHI CTaH KOPUCTYyBaua,
ajie He BPaXxOBY€ Takl JOBrOCTPOKOBI TEMIIOPAJIbHI MATEPHU, SK IUPKAJHI PUTMH,
KpuBy 3a0yBaHHs Tomio. OCTaHHI MOXYTh CYTT€BO BIUIMBAaTH Ha KOTHITHUBHI
MO>KIIUBOCTI KypCaHTa aBTOIIIKOJIH.

B-TpeTix, MeToJ BUKOPUCTOBYE HaOIp JaHUX NPO BUKOHAHHA MOMIYJIB JUIs
YTOYHEHHS METaJaHNX KOKHOTO MOy Is1. OHAK TaKUH MIAX1T HE BpaX0OBYe MpooIeMy
XOJIOJIHOTO CTapTy, TOOTO MpoOjeMy Halaro/KeHHs HOBUX Moay’diB. [lomanbiimii
PO3BUTOK METOJAY 3 YpaxyBaHHSIM TMpOOJEeMU XOJOJHOTO CTapTy MOxe OyTH
OB’ SI3aHHUH 13 BUKOPUCTAHHIM METAJaHUX 13 CXOKHUX MOJYJIIB, HAIIPUKJIIA] CXOXKHUX
CIIeHapiiB, MOTOJHUX YMOB, piBHS Tpadiky. Taki naHi MOXKYTh OyTH OTPUMaHI TaKOX
13 1ataceTiB, M0 (IKCYIOTh MPOIEC BOIIHHS.

TakuM 4YuHOM, pO3poOJICHUN MeToA NepcoHi(pIKOBAHOI ajamnTalii Mmporecy
HaBYaHHs 3a0e3nedye miadip MOAYJsS 3TIHO PIBHS MIATOTOBKH Ta MOTOYHOTO CTaHY
KOpUCTyBaua 13 MOXJIMBICTIO BHOOpPY OJHOTO 13 3alpONOHOBAHUX MOYJIIB

KOPUCTYBAUYEM.

3.4 Po3pobka Meromy Bepudikaiiii mporiecy BHOOPY HaBUAIbHUX MOMIYJIB 3

BUKOPUCTAHHSM TEXHOJIOT1] IHTEJIEKTYaJIbHOTO aHaJIi3y MPOLECIB

Bepudixkariis aganTuBHOI JOTIKM MPOTPAMHUX CHCTEM, IO 3MIHIOIOTH CBOO
MOBEIIHKY B 3aJIe)KHOCTI BiJl pPIBHS 3HAaHb Ta CTaHy KOPUCTyBaya, € KIOYOBOIO

3aJa4€I0 B HAaBUAJIbHUX CUCTEMAX 3 Hi,Z[BI/I]_HeHI/IMI/I BHUMOT'aMHU 1010 663HCKI/I, 30KpEMa
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B (iHAHCOBHX, MEIUYHMX, TPAHCIIOPTHUX, B TOMY YHCJI aBlallifHUX HaBYaJIbHUX
cuctemax. IIpoTe icHyroUl Miaxoau 10 BepHudikallii MporpaMHUX CUCTEM MalOTh Psil
CyTTEBUX OOMEXKEHb MPH IMEPEBIPIll aJanNTUBHOI JIOTIKM B yMOBaX eKCIUTyartarlii
CUCTEMH HaBYaHHS 3 PI3HUMH NPOQPUIIMH Ta CTAHAMHU KOPUCTYBaUiB.

[To-nepiie, Tpaauiiiiina ctaTuyHa (opMaibHa Bepudikailiss 3 BUKOPUCTAHHIM
metoniB model checking mpusHauena s mepeBipKM MPABHIBHOCTI aJITOPUTMIB B
MepIry Yepry Ha eTarli po3poOKu mporpaMHoi cuctemu. Jlana Bepudikarisi, 30kpema,
peanizoBaHa B 1HCTpyMEHTalbHOMY 3aco0i NuSMV [168] i1 monsirae B mepesipii
BJIACTUBOCTEH BCIX CTaHIB, B SIKI CUCTEMA MOXE MEPEUTH. AJie B aIalITUBHUX CUCTEMAX
NOTPiOHO TIepeBIpUTH 3MIHM (PAKTUYHOI TOBEIIHKHM B 3aJIEKHOCTI BIJI pPeaIbHUX
3HaU€Hb MapaMeTpiB MPOQIII0 Ta CTaHy KOPUCTyBada. ToMy cTaTuuHa Bepudikailis
oOMeXye BUSBICHHA IMOMUJIOK TpPH aJanTalli MOBEIIHKM MpPOrPaMHOI CHUCTEMHU,
30KpeMa y BHMaJKaX TPaHUYHUX KOMOIHAIN BXIJIHUX IMapaMeTpiB, SKI MOXKYTh
BUHHMKATU MpU PpoOOTI NPOrpaMHOi CHCTeMH. Takoxk cTaThuyHa Bepu(ikaiis He
BpaxoBy€ TOPOTOBI 3HAYEHHSA PIBHS IIJATOTOBKM MW CTaHy KOPUCTYBadiB TMpH
nepcoHi(hIKOBAaHOMY MIAKIIOUCHHI HaBYAIBHUX MOMAYJIIB, IO MOXKE IPHUBOIUTH JI0
3aTPUMOK TIPH aJanTalii 3riJHO BEeKTOPiB MPOQiIto Ta CTaHy KOPUCTyBaya.

[To-npyre, mixoau Ha OCHOBI MOHITOPUHTY 1HBApiaHTIB BUKOHYIOTH JIOKAJIbHY
MEePEeBipKy BIACTUBOCTEN CHCTEMH 3 BUKOPUCTAHHSIM TEMIIOPAIBHUX OTEPATOPiB, aje
Takl MiAXOAW HE 3a0e3MeuyroTh MOBHOTO aHaII3y MOKIIMBHUX TPAEKTOPIN mpolecy
NepCcoHI(PIKOBAHOI ajanTailii MporpaMHOi CUCTEMHU, [0 HE JA€ MOXJIUBICTh BUSBUTH
MOPYIICHHS OCTaHHIX.

[To-tpere, offline-TecTtyBaHHs 3 BUKOPUCTAHHSIM BIJJOMHUX CIICHAPIiB 3a3BUYal
BUKOHY€THCS HAa CUHTETUYHHMX HAOOpax JaHUX 1 TOMY aHali3ye JIMIIe OOMEXEeHHH
Hallp ciieHapiiB ajanTaiiii, 110 HE J1a€ MOXKJIMBICTh BIIOOpPa3UTH pealibHUM J1arma3oH
CTaHiB KOPUCTYBAYIB 1, BIMOBITHO, BUSIBUTH TPAHUYHI BUITAJIKH TIOBEIIHKU CUCTEMHU.

TakuM 4MHOM, ICHYIOUI MIJXOJU HE BHUKOPHUCTOBYIOTH 3BOPOTHHI 3B'A30K Ha
OCHOBI TMEpPEBIPKU BIJIMOBIIHOCTI MPaBWJI AMCIETYEPHU3ALli MOAYIIB 1 TPAEKTOPIM
MOBEJIHKH, SKi 3aikCOBaHI B JIOTax CHUCTEMH, Ta CTaHy ¥ PIBHA MIATOTOBKU

KOpUCTYBauiB. JlaHWI1 HEMOJIK MOXKE MPUBECTH 10 MIIKIFOYSHHS CKJIAJHUX MOMIYJIIB
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IpU NOTOYHOMY KOTHITMBHOMY NEpEBaHTaXCHHI KOPUCTyBaua, BIICYTHOCTI peakiii
CUCTEMH HaBYaHHS Ha 3MiHY MOTOYHOTO CTaHy KOPHUCTyBadya Ta HEMOXJIUBOCTI
aBTOMATU30BAaHOI ajanTalii MmapaMeTpiB HaBYaHHS Ha OCHOBI  BIJIXWJICHHS
BUKOPHUCTAHUX TPABUJ BiJ TPAEKTOpIi HABYaHHS AJs MEepcoHidikaiii HaBYaILHOTO
npolecy.

[lepconidikoBana anmamramiss Mae 3a0e3MedyBaTd TIeHEPAIil0 MHOXHHU
BapiaHTIB KOHQIrypaiii HaBYaJIbHOTO CEPENOBUINA, TOOTO MHOXHHU MOMJITHBUX
HaBYaJIbHUX MOJYJIIB NI KOpUcTyBadya. KOHTpOJIb KOPEKTHOCTI LMX aJanTOBaHUX
TPAEKTOPI HaBYAHHS KypCaHTa aBTOIIKOJH J1a€ MOXJIHMBICTh yJOCKOHAIUTH MPOIIEC
HABYaHHS, OCKUIBKM HETOYHE HaJallITyBaHHS MpPaBWJI NEpcoHiikoBaHOI ajmamnTarrii
HaBYAJIbHUX MOJYJIB 3HMXKY€E €(PEKTHBHICTh MIATOTOBKM KOPUCTYBaya MpPOTrpaMHOI
CHUCTEMH.

VY nanomy miapo3ial po3po0sieHo MeTo ] Bepudikallli aJaTHBHOI MPOTrPaMHOT
CUCTeMH HaBYaHHS, SIKAW BKITI0YAE AB1 K0ouoBuX (hasu. [lo-nepiire, 3 BAKOPUCTAHHIM
TexHoJorii process mining (PM) [169] dopmyerbes mMonens GakTUYHOTO TPOLECY
NepCcoHi(PIKOBAHOI aJanTailii MporpaMHOi CUCTEMHU OE3MOCEPEIHBO 3 JIOTY (KYypHAITY
MOJii), 0 MICTUTh BCl BMKOHAHI TpaekTopii HaB4yaHHs. [lo-gpyre, BUKOHYETHCS
nepeBipKa BIAMOBIAHOCTI OTPUMAHOI 3 JIOTy (DaKTUYHOI MOJIEN Ta 3aJaHuX MPaBUII
aganTailii. Ha 0OCHOBI OLIIHKM HEBIAMNOBIAHOCTI MpaBuiia NepcoH1(piKOBaHOI aganTalii
MOXYTb OyTH yJOCKOHaJIEHI [5, 9].

Kypnan noniit npeacTasisiec o000 MOCTIOBHICTh 3alKCIB MPO BC1 MO1i, IO
BIJI0YBaIOTHCS MTPU BUKOHAHHI MEepCcOH1(pIKOBAHOT ajanTaiii rnpoiecy HaByaHHs. Lleit
KypHal (ikcye 3B’SI30K MK IMOTOYHHM BEKTOPOM CTaHy KypcaHTa 1 PIilllEHHAM

MOJTyJIsi-IUCIIETUEepa Y KOKEH MOMEHT 4acy y BUTJISA1 MOCIII0BHOCTI MOAIHN e, , KOJKHA

3 IKUX Ma€ BUTIISA KOPTEKY 3 PI3BHOTUITHUX €IIEMEHTIB:
e = <f,-> e_type, u_id, L, 0, B, Cg', Md’, act, stsl.>, (3.26)

JIe ¢, — MITKa 4acy,
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e type, — THII IOA1], 1110 BiAOOpaKae MiJKIIOUEHHS, BIAKIIOUEHHS MOIYJIIO0, CTaTyC
KOPHUCTYyBa4a TOIIIO;

u_id, — 11eHTU(QIKaTOp KOPUCTYBaya;

L — MOTOYHMIA piBEHB TiTOTOBKM KOPUCTYBAYA;

0’ — BiMOBiAHICTH PiBHA MiATOTOBKU KOPUCTYBAUa PiBHIO IOTOYHOTO HABYATHEHOTO
MOJIYJIIO;

B! — craH KOpHCTYyBaya;

Cg' — piBeHb KOTHITMBHOIO HABAaHTA)KEHHS KOPUCTyBaya (BHCOKHI, HOPMAJILHMIA,
HU3BbKHN);

Md; — HaBYAJILHUI MOJTYJIb;

act, — 15 3 qUcneTyepusanii MoayJss (MiAKJIIOYEHHS, BIAKIIOUYEHHS, OHOBJICHHS);

sts, — pe3yJIbTarT Aii.

Kypnan ¢dopmyerbcs 1 JONMOBHIOETBCS Yy KOXHIA cecli HaBYaHHA 1
BUKOPUCTOBYETHCSI TPU BUPIIMICHHI MEpHIoi 3ajadi 1HTEJEKTYaJIbHOTO aHali3y
MpolIeciB (process mining) — 3aja4i BUSIBJICHHS IPOLECIB.

B nanomy migpo3auti Juist BUPIIEHHS I11€T 3a/1a41 BAKOPUCTOBYETHCS aJTOPUTM
Inductive Miner [170]. BiH BUKOHye iepapXiuHy JAEKOMIIO3MIIII0 >KypHaly Ha
MIANOCHIIOBHOCTI. [loTiM anropuT™M peKypCHMBHO BHSIBISE CTPYKTYpHI IIaOJOHU
npolecy ajanTallii: MOCIiA0BHOCTI, BHOIp ajJbTEPHATHUB, UKW, MapayieNbHl T1IKA
nporiecy. Pe3ynbraT aHanizy npeacTaBisie co0010 1epapxiuyHy MoJenb npoiecy. Jlana

MOJIEJTb TIpoliecy (hopMalIbHO TIPEACTABISIEThCS sIK Mepexa [letpi G :

G=(St, T, E), EcStxTxSt, (3.27)

ne St = {Sti} — MHOKHMHA CTaHIB MPOIIECY;

T — MHOXMHAa mepexoiiB, IO BIIOOpaXxkarTh MEPCOHI(pIKOBAHY aJanTalliio
MO/IYiB;

E — muoxuHa gyr mepexi [erpi.
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KoxeH cTan st, 3a1a€Tbes 4epe3 MOKa3HUKHU CTaHy KOPUCTyBava:

st =(L,, B, Cg') (3.28)

i

[lepexonu BiAMOBIAAIOTH AiSIM AMCIIETYEpA 3 MIAKIIOUEHHS a00 BiIKIIIOUEHHS
moaymiB. KoxHa ayra Bu3Hayae mepexiJi MDK CTaHaMH 3a JOMOMOIOI0 [ii 3
nepcoHi1()ikoBaHOI ajanTarti.

Bubip anroputmy Inductive Miner 1151 moOynoBu Moeli (PaKTHIHOTO TTPOIIECY
ajanrtanli Horo mepeBaraMd HaJ albTEPHATHUBHUM alNrOpUTMaMU. 30Kpema,
nonyysipauii anroput™ Alpha Miner [171] He 06po0Jsie TUKIN AOBXUHOIO 11 2 Ta
MOK€ HEKOPEKTHO BIATBOPIOBATHU IMapayielibHI T'JIKUA MPU HEMOBHUX KypHamax. Taki
00OMEKEHHS MPUBOJIATH 710 MOOYI0BU MOMUIKOBUX MOJIeTIEH B aIallTUBHIN CUCTEMI 13
3MIHHUMU Tpa€eKTOpisiMU HaBuyaHHs. EdexkruBHuil anroputm Heuristics Miner [172]
BpPaxOBY€ YaCTOTH MEPEXO/IIB MK CTaHAMH y MPOLEC] aJanTailii, oJHaK No0ya0BaHi
HUM MOJENl MOXYTb MICTHTH TYIHKOBI CHUTYyalli, L0 YHEMOXIJIUBIIOE IMOJAJIbLIY
MEepPEeBIPKY BIAMOBIAHOCTI MK MOJACISIMU (PAKTUUHOTO Ta IIJILOBOTO MPOLECIB
ajarnrarii.

[{i1b0Ba MOIEIIb MPOLIECY afarTallii CTBOPIOETHCS 13 MPABUI AUCTIETYEPU3ALIii 1
BU3HAE TOYHY MOCIJOBHICTh MOAIN 3 ajganTauli y 4aci 3 ypaxyBaHHSIM HOTOYHHUX
3HAYEHb MPOQUIIO Ta CTAaHY KypCaHTa aBTOIIKOJIH.

[IpaBuio BUOOPY HaBYATIBLHOTO MOJYJISI MA€ BUTJIAL:

Vr:(L, (1)2C(M,) A Bi(1)<B'(M,) A Cg' () # HIGH) (3.29)
:>Use(Mj,t),

ne L, (r) — NOTOYHUI piBEHb HABUYOK Y MOMEHT T ;

C (M j) — HEOOX1THUI PiBEHb HABUYOK JIS T1IKJIFOYEHHS MOTyast M i

B! (1‘) — O10MeTpUYHMI TTOKa3HUK CTPECY KypcaHTa Y MOMEHT T;

N



124

B (M j) —/IOIyCTUME 3HAYCHHsI CTPeCy ISl MIAKIFOYCHHS MOy M

Cg'(t) = HIGH

— YMOBa BIICYTHOCTI KPUTUYHOTO KOTHITUBHOTO HaBaHTA>KEHHS

AJIs1 KOpUCTyBada HaBYaJIbLHO1 CHUCTCMU,

Use(M j,t) — BUOIp HAa BUKOPUCTAHHS HABYAJIBHOTO MOy M ;e

SAxicTh eTamoHHOI MOAENI MpoIecy aaamnTarii Oe3mocepeqHhO BIUIMBAE HA
pe3yibpTaT Bepudikaimii, OCKUIBKA HEMOBHOTA TMPABWJI MPUBOAUTH N0 XHOHHUX
CIIpaIllOBaHb, a MPOTUPIYYS B MPABUIIAX HE JAIOTh MOKJIUBOCTI KOPEKTHE BIITBOPUTH
TpaekTopii aganTtaiii. ETanonHa mMojens Takox Moxke OyTh copMoBaHa y BHUIJISIL
mepexi [lerpi.

[lepeBipka BIAMOBIAHOCTI €TAJIOHHOI Ta ()aKTUYHOI MOJIEIEel BUKOHYETHCS 3

BUKOPUCTAHHSM TMOKa3HUKIB BIAMOBIIHOCTI Ta TOYHOCTI. [loka3HUK BiAMOBITHOCTI

Fitness(P P) XapakTepu3ye YacTKy TPAEKTOpIA JIOTy, SIKI TOBHICTIO

Jact >~ ref

BIJITBOPIOIOTHCS B IIJILOBIM MOJIEN1 TIpOLIeCy ajanTarlii:

— correct , (3 . 3 0)

) _ Traces
Traces

Fitness (P P

fact?” re

ne P,,, P, — haktnuHa Ta HiboBa MOJIENI TIPOLECY a/arTallii;

Traces — KUIBKICTh KOPEKTHO BIATBOPEHUX Yy IIUJIbOBIM Mopen Tpac 13

correct
(akTHYHOT MOJIEIIL;
Traces — KINbKICTh Tpac y (pakTU4HIN MOIEi.

3HaueHHsA F itness(me,Pref) =1 CB1IYMUTH IIPO MOBHY BIATNOBIAHICTH (DAKTUYHOI
Ta MUILOBOI MOJEEN.
[Toka3HUK TOYHOCTI Precision(PM,P ) BU3HAYA€ YACTKy IIEPEXOMdiB 13

ref

IITLOBOT MOJIETI, SIK1 BIIOOPaKEHI B JKypHAJII MOA1H:

Precision(Pfact,R ef) = ‘T} =, (3.31)
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ne T, — MHOXHMHA BIIOOPaKEHUX Y )KYPHAII MOJIA NEPEXO/IIB;

T — MHOXXMHA BCIX TIEPEXO/IIB B MOJIEI.

3Ha4YeHHs Precision(Pm,Ref) =1 CBIYHTH MO TE, IO MOJEIb P, HE MICTUThH

HAJJIMIIKOBUX TMEPeXoMiB (i 3 MIAKIIOYeHHS a00 BIAKIIOUEHHS MOAYJIIB NpU
ajanTarii), K1 He OyJIM peali3oBaHi y (aKTUYHIA MOJIEIII.

BusiBieHHs1 BiIXWiIeHb y peamizallii aJanTHUBHOI JIOTIKH 31MCHIOETHCS MiCIs
MEepeBIpKU  BIAMOBIIHOCTI [UIBOBOI Ta (DaKTUYHOI MoOJACIer 3 TUM, 100

11eHTriKyBaTH TO/I1 JIOTY, SIKI HE BITOOPaXKEH1 Y €TAJIOHHIN MOJIEIII:
Violat(e,) =Trueif 3e,:e, e P, ne ¢ P,. (3.32)

1€ e, — OIS JIOTY.
[TopymeHHs Violat(el.) o3Hayae, MO0 HE BUKOHYEThCS ymoBa (3.29), ToOTO

HaBYAJIBHUN MOAYJb OYyB MpU3HAUYCHUM 0€3 ypaxyBaHHS MOTOYHOTO PiBHS 3HaHb 200
MMOTOYHOTI'0 CTaHy KOPUCTYBaya HaBUAJIbHOI MPOTPAMHOI CUCTEMHU.

[TopyuieHHs Kacu(piKyrOThCS 3a PIBHAMH KPUTUYHOCTI 3T1JIHO iX MOTEHUIHHOTO
BILJIUBY Ha SIKICTh IMiITOTOBKU KOPUCTYBaua CUCTEMU HAaBUAHHS:

— CRITICAL, komu BigOyBaeTbCs TMIAKIIOYEHHS CKJIAIHOTO MOIYJsS MpHU
KPUTUYHOMY KOTHITUBHOMY HaBaHT)XEHHI Ta MiJBUIICHOMY OlOMETPUYHOMY
MOKa3HHUKY CTPECy, TOOTO MOBHICTIO HE BUKOHYEThCSI yMoBa (3.29);

— HIGH, kxonu Bi10yBa€eThCs MIKIIOYEHHS HABYAILHOTO MOIYJIS 31 CKJIaAHICTIO,

sKa CyTT€BO MEPEBUIILYE PIBEHb 3HAHb T4 HABUYOK KypCaHTa, TOOTO HE BUKOHYETHCS
ymoBa L, (t) > C(Mj ) ;

— MEDIUM, konu cucTeMa HaBYaHHS 13 3aTPUMKOIO BPaXOBY€E 3MIHY BEKTOPY
CTaHy KOPHCTYBa4a, TOOTO KOJIM He BUKOHYEThCS yMOBa B! (t) <B (M i );

— LOW, 110 BinoOpakae HECyTTEBI TOPYIICHHS YaCOBUX OOMEKEHb.

Po3pobnenuii MmeTon BKiIto4ae eranu (OpMyBaHHS KypHaILy MOJINA, MOOY10BU

MoOjIeJieli mporiecy nepcoHiiKoBaHOI aganTailii, mepeBipKy BIAMOBIMHOCTI (haKTUIHOT
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Ta IIIBOBOI MOJENEH MIpolecy aganTallii Ta BUSBICHHS BIIXWIEHb y peamizamii
a/IalTUBHO] JIOTIKH.

Eran 1. JloryBaHnHs mojiii aganTariii mporpaMHOi CUCTEMHU.

Kpox 1.1. BmpoBamkeHHS MexXaHi3My JIOTYBaHHS B CHCTEMI HaBYaHHSL
MexaHi3M JOTyBaHHS BIIPOBAJKY€ETHCS 13 3aCTOCYBAHHSM aCHEKTHO-OPIEHTOBAHOTO
porpaMyBaHHs, TOOTO IUTSIXOM J101aBaHHA (QYHKIIOHAIBHOCTI IPOTOKOJIIOBAHHS 0€3
3MIHM JIOTIKM OCHOBHOTO Koay uepe3 «mopamu» [173]. Taka momaTkoBa Jorika
BUHOCHUTBCA B OKpeMui MoTyJib. [lopaia Moke BUKOHYBATHCH /10 Ta MICJIsl BAKOHAHHS
OCHOBHOTO KoAy. MexaHi3M peani3alii nopaj 3aJIeKuTh BiJ MOBU MPOTPaMyBaHHS.
30kpema ,Moxe OyTH BUKOpUCTaHUN naTepH JlexopaTop.

Kpox 1.2. ®opMyBaHHS 3aIUCIB JIOTY.

3anuc 1 MOoA1M 3MIHU CTaHy KypcaHTa aBTOIIKOJIH, @ TAKOK MIAKI0YEHHS a00
BIJIKJIFOUEHHSI MOJTYJIiB (POPMYETHCS y (hopMaTi, BU3HAUEHOMY BUpazoM (3.26).

Kpok 1.3. ®opmyBaHHs JI0TY.

Pesynbrytounit nor popmyerbes y cranaapti XES, skuit 3anae xml — ¢popmar
npencraBinenns noxid. Jani y cranmapti XES 0e3 m01aTKOBUX TEpPETBOPEHB
00pOoOJISAIOTHCS AITOPUTMAMH Process mining, 30kpemMa Ha miardopmi ProM.

Etan 2. [To6ynoBa 11i1b0BOi MOJIEIN MPOIIECY aanTalii.

Ha nanomy ertami ¢oopMy€eThCsS MHOKMHA TIPaBUJI JUCIIETUEpHU3allli HAaBYaIbHUX
MOAYJIB 3 ypaxyBaHHSM BEKTOpIB Mpo(dUII0 Ta CTaHy KOPUCTyBadya MPOrpaMHOI
cuctemu. KokHe 3 mpaBuil BU3HA4ae Mepexii MK CTaHaAMHM MPOTPamMHOi CHUCTEMHU
HaByaHHs. [IpaBuia BHOOpPY HaBYAIBHUX MOYJIB MPEACTABISIOTHCS y BUIJIISAL
dbopmyn JiHIAHOT TEMIOpaAJIbHOI JIOTIKKM aHanmoriyno (3.29) — mig  KOXKHOTO
HAaBYAJIBHOTO MOJYJIi BU3HAYAIOTHCS YMOBHU TMIJAKIIOYEHHS W BIJKIIOYCHHS B
3aJIEKHOCTI B1J] IOTOYHUX 3HAYEHb BEKTOPY CTaHY.

CykymHicTh TipaBui (popMye MOAECHb IITLOBOTO MPOIECY afanTarii y dhopmi
mepexi Ilerpi. [Jns mneperBopeHHs mnpaBun y Mepexy Ilerpi mocnigoBHO
BUKOpUCTOBY€eThCs 010m10TeKa SPOT Ta iHCcTpymMeHT cuHTe3y mepexi Petrify.

Etan 3. BusBnenHs ¢akTuuHOTO TIpOllecy AMCIIeTYEpHU3allii MOIYJIB 3

BUKOPUCTAHHSM 1HIyKTUBHOTO aJITOPUTMY process mining.
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Kpox 3.1. ITonepenust 06poOka jory.

Ha mepmomy Kpolli BHKOHYEThCA (DUIBTpAIlisl HE3aBEPIICHUX TPAEKTOPIH,
BUJIAJICHHSI MOXKJIMBUX JyOJIIKaTIB Ta HOpMasi3allis MITOK 4acy.

Kpox 3.2. ®opmyBanHS (akTUYHOI MOAENl MpoLecy MepcoHiPiKoBaHOT
amanTamnii. Ha ganomy Kpolll BHKOPUCTOBYEThCA aiaroput™m Inductive Miner i3
peamizamiero y O6i6mioterti PM4Py [174]. Jlanuit anropuT™ BUSBISIE MIA0JIOHU
CKJIaJIOBUX Tpoliecy (MOCHiJOBHOCTI MOJIN, aJbTEPHATHUBU, IIUKIM Ta MapajeibHi
r'iIKd BUKOHaHHA). [1oTiM 13 nux maboH1B popMyeTbes Mojienb Tporiecy (3.27).

Etan 4. IlepeBipka BIANOBIIHOCTI IIJIOBOIO Ta (PAKTUUHOTO MPOLECIB
ajanTarlii IporpaMHoOi CUCTEMH.

Ha manoMy etami KOXXKHA TpaeKTOpis 13 KypHaJIy MOJIA BIITBOPIOETHCS Ha
LJTbOBIM MOJIEN 1 MEPEBIPSAETHCS HASBHICTh BIAMOBIAHOTO Tiepexoy B Mepexi [leTpi.

O6uncIo0ThCS MoKa3HUK BiAnoBiaHOCTI (3.30) Ta moka3zuuk ToyHocTi (3.31)
[UISIXOM MOPIBHAHHS LIJIBOBOI Ta (PAKTUYHOI MOJEJIEH MpOoLecy afanTallli CUCTEMH
HaBYaHHSI.

Etan 5. BusiBieHHs BiAXHWIICHD Y peajizallii aJanTHBHOI JIOT1KH.

Kpok 5.1. BusiBneHHs BIOXWieHb Ha OCHOBI mpaBuia (3.32) i Takux

00MEXKEHD:

— 3a piBHeM HaBHYOK: L, (t) > C(Mj );
—  3a GiOMETPHYHIMH TIOKA3HUKaMH: B! (t) <B (M j) ;

—  3a piBHEM KOTHITHBHOTO HaBaHTaxeHHs: Cg' (t) # HIGH..

Kpok 5.2. BusiBneHi mopyiieHHsS pO3NOAUISIIOTECS 32 YOTUPMa PIBHIMHU
kputuuHocti (CRITICAL, HIGH, MEDIUM, LOW). VYmoBM mHX TOpYIICH
3a/1al0ThCS Yepe3 MOKa3HUKHU CTaHy KopucTyBaua (3.28).

[IpakTuna mepeBara po3po0JICHOro MeToly BepudiKallii mojasrac B TOMy, 1110
nporpaMHa CHUCTeMa aIallTUBHOTO HABYaHHS B aBTOIIKOJI Ma€ MOCTIMHO MpHMAaTH
pILIEHHS I0JI0 TOTO, IKUH HAaBYAIbHUH ClieHapii (HaBYAJIbHUA MOAYJIb) MIAKITIOUYUTH
y TMOTOYHUII MOMEHT KOHKPETHOMY KOpPHUCTYyBauy. PillleHHS MI0O0 MITKIIOYSHHS

MOJIYJIIB MalOTh BPaXxOBYBAaTH PIBEHb IMiJIFOTOBKM KypCaHTa Ta MOro MOTOYHUMN CTaH.
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PiBeHb mATOTOBKM JJIsl @BTOIIKII CBIAYHTH MPO TE€, IO KYPCAHT BXKE BMIE SIK BOIM
aBTOMOO1JI51, HACKUJIPKY BIIEBHEHO BiH BUKOHYE MOTOYHI BIpPaBH 1 YW TOTOBUM BiH JI0
CKJIQIHIIIOro 3aBaanHs. [loToyHUI cTaH KypcaHTa MOKa3zye: Yd BiH MEPEBTOMUBCH,
a0o € 3aHanTO 30yKEHUM 1 HE3JaTHUM B TTIOTOYHUN MOMEHT SIKICHO 3aCBOIiTH HOBHIM
marepian. [lepmia ymoBa 3abe3reuye ajamnTaiilo pilieHHS MOA0 BUOpaHUX
HaBUYAJBLHUX MOMYJIB mia mpodiib 3HaHh KOPUCTYBada, a APYTy — MEepCOHI(DIKaIlio
pIIlIEHHST 3TIAHO HOro TCHXOEMOIIMHOTO CTaHy, IO y CYKYIHOCTI 3a0e3mnedye
nepcoHi()iKOBaHy ajanTallifo HaBuaHHsA. [IpoTe mnpaBuia MIAKIIOUEHHS MOIYJIIB
MOXXYTh OyTH HETIOBHHMH, 110 MOK€ MPUBECTH A0 IiIKIIOUEHHS 3aHAITO CKIAIHOTO
HAaBYAJIBHOTO MOJYJIIO HEMIJTOTOBICHOMY KYypCaHTy ab0 3K 3alycKy CKJIaJHOTO
3aBJaHHS B TOM MOMEHT, KOJIM KOPUCTYBau y CTaHl MEpeHaBAHTAXKEHHS 1 HE 3aTHUM
ONpaloBaTH e 3aBAaHHsA. Taki MOMHUIKH 30UIbIIYIOTh BUTPATH Yacy Ta 3HIKYIOTh
e(eKTUBHICTh HAaBYAHHS, 1110 MPUBOJUTH /0 HEBMEBHEHOCTI Y CKIAAHUX CHUTYaIlisX
IIPU BOJIIHHI.

Meton Bepudikaiii BUpillye 3amady MEpEeBIPKH KOPEKTHOCTI aJalNTUBHUX
pillieHh TPOrpaMHOi CHCTEMH HaBYaHHS 1 BHSBISE TpaBWiIa, IO MOPYIIYIOThH
MepPCOHI(PIKOBAHY aanTalllo 10 PiBHS 3HAHb Ta HOTOYHOI'O CTAaHYy KOPUCTYyBaya.

[IpaBuna Bepudikailii MaroTh Takuii BUrisi. [IporpamMua cucreMa agjanTUBHOTO
HAaBUaHHS HE IMOBHHHA MIAKIIOYATH CKJIQJHWA MOIYNh Y BHIAJAKY, SKIIO PiBCHb
HaBUYOK KypCaHTa HIDKYMN 32 HEOOX1IHUM MiHIMyM. Take miaKII04eHHs TPUBOAUTh
710 TIOPYIIEHHS adanTUBHOCTI. Tako cucTeMa HE MOBUHHA IMIKIIOUATH OYIb-SKUN
MOJIyJib, SIKIIIO PIBE€Hb CTPECY KypCaHTa MEPEBUIIYE JOMYCTUMY MEXY, OCKLIBKH IIe
nopyirye mepcoHidikaimiro HaB4yaHHA. [IporpamHa cucTeMa He Mae IMiAKIOYaTH
CKJIQJHUM ClLIeHapiil HaBYaHHS y BHUIAAKY, KOJM OJHOYACHO 3a(iKCOBAaHO SK
CTPECOBHMI CTaH, TaK 1 HEJOCTATHIM pPIBE€Hb MIATOTOBKH, OCKUJIBKH 1€ MOPYLUEHHS
nepcoHi(iKOBaHOI aganTallii B LJIOMY.

BusiBieH1 nopyueHHs: po3noAUISIIOTECA 32 KPUTUUHUM, CEPUO3HUM, TOMIPHUM
Ta HE3HaYHUM PiBHAMU. KpUTHYHI NOpYIIEHHS] BAHUKAIOTh, KOJIU € 3arp03a 3/10pOB 10
KypcaHTa mija 4ac 3aHsTTs. Ceplio3Hi XapaKTEePU3yIOThCS MOPYIICHHS MeIaroriyHol

JIOTIKH, KOJM HaBYAaHHS cTae Mayoe(deKTUBHUM. [IOMipHI MOpYIIEHHS BUHHUKAIOThH
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KOJIM CHCTEMa HaBYAHHS pearye 13 3ami3HeHHSM Ha TOTIPIICHHS CTaHy KypcaHTa.
Hes3nauni nmopyiieHHs TpeACTaBIAIOTh APIOHI TEXHIYHI 3aTPUMKH, IO TMOTIPIIYIOTh
poOOTYy cUCTEeMH HaBYAHHSI.

[TepeBara po3poOieHOTO METOAy O0a3yeThCs Ha BUKOPUCTaHHI TEXHOJIOTIT
process mining ISl MOPIBHSIHHS TPAEKTOPIH MAKIIOUESHH MOy TiB. JlaHuii miaxia nae
MO>KJTUBICTh MTPOBOAMTH ITEPATUBHY MEPEBIPKY MPU TOMOBHEHHI (PAKTHUHOT Mo
Mpolecy MepcoHiPiKOBaHOI afanTallii mo Mipi 301UIbIIEHHS KUTBKOCTI Ci/IIB POIECY
y )KypHaJIl MOIiH.

OOMexeHHsT po3p00JEHOr0 METOY OB’ SI3aHI 13 3aJIEKHICTIO B AKOCTI JIOTY.
[Ipomyck mpu 3amuci MOAIN B )KypHaI MOXKE IPUBECTH JI0 MPOIYIICHUX MOPYIICHb Y
npaBuiIax MepcoHipiKOBAHOI aanTalli.

Takum yuHOM, MeTo] Bepudikaiii 3a0e3nedyye YMOBH JUIsl TOAANBIIOTO
yJIOCKOHAJIEHHSI TIpoliecy MepcoHi(pikoBaHOT ajanTaiiii MiIT0TOBKU Y MPOrpaMHUX
HaBYAJbHUX CHCTEMaX.

VY mnepcriekTHBi, BIOCKOHAJICHHS MPOTrpaMHOI YaCTMHM HABYAJIbHUX CHUCTEM
MOXKe OyTH pealli3oBaHE 3a PaxXyHOK BHKOPHUCTAHHS XMapHHUX CEpPBICIB, 30KpeMa, y
dbopmaTi MpUBATHOI XMapH JJII KOKHOT 0COOU, SIKa HABYAETHCS, TOOTO CTBOPEHHS TaK

3BaHoi Private Cloud Groupe.

BucnoBku 10 po3ainy 3

1. Y pockonaneHo MeTo 1 ToOy10BU BEKTOPY Mpo(disiro KOpUCTyBaya HaBYaIbHOT
IPOrpaMHoOi cucTeMu. MeTo BiIpI3HIETHCS BiJl ICHYIOUMX THUM, IO BUKOHYE OI[IHKY
JATeHTHUX 3M1I0HOCTEH KOPUCTYBaya 3 BUKOPHCTAHHSAM TCHXOMETPUYHHUX MOJCIICH,
BHM3HAYA€ Ha I[i OCHOBI PiBHI CKJIQTHOCTI 3aJa4 JJIsi KOPUCTyBada, OMUC THUIIOBHX
MOMWIOK 1 dopMmye BeKTOp Tpodimro KopucTyBada sk (GopmanbHy crenudikariiro
iHTEepdeicy 3 KopucTtyBaueM. MeToja /Ja€ MOKJIMBICTh aBTOMATH3yBaTH IPOLIECH
nepcoHiikoBaHoi amanTtamii Ta Bepudikamii MOIYJIB HaBUYaJbHOI MPOTrpamMHOI

CUCTEMHU 3 YpaxXyBaHHSAM 3HAUEHb KOMIIOHEHTIB BEKTOPY MPOQLII0 KOPUCTYBaYa.
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3. YaockoHaneHo MeToj MOOYJ0BH BEKTOPY MOTOYHOTO CTaHy KOPUCTyBaua
HaBYAJIbHOI MPOTPaMHOi cUCTEeMU. MeTo Ha BiIMIHY BiJ ICHYIOUMX BUKOHY€E aHAIIi3
Bapia0eIbHOCTI CEpPIIEBOI0 PUTMY, BU3HAYAE MATEPHU CEPLIEBOrO0 pUTMY Ta Gopmye
BEKTOpP MOTOYHOTO CTaHy KOPUCTyBaua, SIKU MOke OyTH MpeACTaBICHUI B paMKax
nporpamMHoro iHtepdency JuUisi aBTOMAaTHM30BaHOi JAHMCHETYEpHU3allii  MOIYJIB
HAaBYaJIbHOI TporpamMHoi cucteMu. Merton 3abe3nedye MOMIHMBICTh 1HTErparii
KOMITOHEHTH OIlIHKM CTaHy y MPOTPaMHy apXiTeKTypH aJalnTHBHOI HaBYaIbHOL
CHCTEMH Ta MOJIAJIBIIOTO MePCOH1(PIKOBAHOTO MMiI00PY HABYAIBHUX MOJIYJIIB.

4. Bmepiiie 3amporoHOBAaHO METOJI MepcoHI(PIKOBaHOI aganTalii Mporecy
HaBYaHHS NUIIXOM BHOOpPY HABUYAJIbHUX MOJYJIIB Ha OCHOBI BEKTOPIB MpOoduI0 Ta
CTaHy KopucTyBaya. MeTo/l, Ha BiJIMIHY BiJl ICHYIOUHX, BPaXOBY€ PiBEHbB IMIJITOTOBKH,
MOTOYHUH TICUXO(I3NYHUN CTaH KOPHUCTYyBaya, a TAKOXK CTYIiHb HOBU3HM 3aBIaHb Y
HaBYAIBHUX MOJYJISIX 1 BUKOPUCTOBYE MOMEPEAHIO (QIIBTPAIliI0 MOAYJIIB 32 CTYIIEHEM
BIJINTOBIJTHOCTI PIBHIO MIATOTOBKK KOpPHCTyBada. MeTo/1 1a€ MOKIIMBICTh CKOPUTYBaTH
IPOLIeC HaBUAHHS 3 YpaxyBaHHSIM SIK PiBHS 3HaHb, TaK 1 KOTHITUBHOTO HAaBAHTA>KEHHS
KOPUCTYBaya HaBYAJIbHOI IPOIPaMHO] CUCTEMH.

5. HaOyB mojansIioro po3BUTKY METOJ BepHQikallii aganTUBHOI MPOrpamMHOi
CUCTEMH 3 BHUKOPUCTAHHSM TEXHOJIOTII process mining. MeToa BKIIIOYAE eTamu
MoOyI0BM JIOTY aJalTUBHOT HAaBUAJIbHOI MPOTPAMHOI CHUCTEMH, TTOOYI0BY MOJAENEH
LITBOBOTO Ta (PAaKTUYHOTO TPOLIECIB NEPCOHIPIKOBAHOI afanTallli, BHUSBJICHHS
MOpYIIeHb aIallTUBHOI JIOTIKK Ha 0a3l MOPIBHSIHHS IIJIbOBOI Ta (DaKTUYHOI MOeNen
npoiiecy nepcoHipikoBaHoi anamnraiiii. MeToJ CTBOPIOE YMOBU JJIsSI YAOCKOHAJICHHS
nporecy TepcoHipiKOBaHOI ajaanTarlii HaBYaJdbHOI IPOTPAaMHOI CHCTEMH 3

ypaxyBaHHSM PI3HUIT MK MOJICTISIMU IIITLOBOTO Ta (PaKTUYHOTO MPOIIECy HAaBYAHHS.
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4 EKCIEPUMEHTAJIBHA IEPEBIPKA MOJEJII TA METO/IIB
HNEPCOHI®IKOBAHOI AJIAIITAIII MPOIIECY NIJITOTOBKH BO/IIIB B
HABYAJIBHUX TIPOTPAMHUX CUCTEMAX ABTOHIKIJ

4.1 Peamizamlis Ta eKcCIepMMEHTaJbHA TMEpeBipKa TIOPUAHOI apXITEKTypH

HaBYaJIbHOI HpOI‘paMHO.l. CHUCTCMH aBTOIIKOJIN

ExcriepuMeHTanpHa mepeBipka METOIB MepcoHi(iKOBAHOI amanTailii mporecy
HaBYaHHS B aBTOULIKOJI, po3poOieHux y posaiutax 3.1-3.4, morpebye peanizaiii
IPOTOTUIY TIOpUIHOI MPOrpaMHOI apXiTEeKTypH, HaBe[eHoi y migpo3aum 2.3. JlaHa
apXiTEeKTypa MOETHYE TPU PI3HUX MATEPHU B3a€EMO/I1i MOy IiB HABYAJIBLHOI POrPaMHOT
CUCTEMH:

— 00poOKy B MeXax €IUHOTO IIpollecy Ha nepudepiiiHoMy piBHI, IO
peanizoBaHa JUisi MOJYJIB, SIKI peai3ylOTh KPUTUUYHHMM LUIAX aJanTaiii Ipouecy
HABYaHHS;

— CHHXpPOHHA MEpeXeBa B3a€MOJIIsl MK KIIEHTOM 1 mepudepiero B JTOKaIbHIN
MEpEeXi aBTOIIKOJIM, IKa BUKOHYETHCS I TIepeaadl BEKTOPIB MPOQ1I0 Ta TOTOYHOTO
CTaHy KOpUCTyBaya;

— ACUHXpOHHUH OOMIH 1H(poOpMali€l0 Npo oAl MK nepudepiiHUM Ta
MIKPOCEPBICHUM PIBHSIMU apXITEKTypH, SKHH TPU3HAYEHUW 1 BUKOHAHHS
aHAMITUYHUX (QYHKIIA 32 MEKaMU KPUTUYHOTO LHUISIXY.

[ToeqnanHs 1MX TAaTEpHIB Ja€ MOXKJIMBICTh 3aJOBOJBHUTH SK BUMOTY 0
3MEHIICHHS 3aTPUMKH ITUKIY TMEepCOHI(IKOBAHOI aJamnTalilifo, TaKk 1 BUMOTY [0
0OMeXeHHsI CYKyITHOI BapTOCTI MPOrPaMHOT CHCTEMH HaBYaHHSI.

KiieHTCchkUil piBeHb MOJEIIOETHCS TeHEpaTopoM HaBaHTakeHHs Locust. Ile
BiJIKpUTE TporpamMHue 3abe3nedyeHds Ha Python, mpu3Hauene /st HaBaHTaKyBaJIbLHOTO
tectyBaHHsA. Kon Ha Python ommcye cuenapiii moBemiHKHM OJHOTO BipTyajabHOIO
KOpHUCTyBaya. 3a 3ajanum crieHapiem Locust Bigmpasisie HTTP-3amutu Big 6aratbox
BIpTyaJIbHUX KOopucTyBauiB. To0To Locust iMiTye onHOYacHi cecii B JIEKUIbKOX

KopucTyBauiB. llepudepiiinuii piBeHb MICTUTH CEpBEp, LIO MOCIHIIOBHO peati3ye
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MeToau ToOyJOBH BEKTOPIB MpodUI0 ¥ CTaHy KOPHCTyBada a TaKOX METOIU
nepcoHi(ikoBaHOi aganTallii mpoiecy HaBYaHHSI. MiKpOCEpBICHUM PIBEHb MICTHTh
MOAyYJIb Bepu(ikallii aganTUBHOI MPOTpaMHOI HaBUYajdbHOI cHCTeMHU. Bzaemomis 3
nepudepiiHuM  piBHEM OpraHi3oBaHa 3a JOMOMOTOI) ACHHXPOHHOI Yepru
noBiomieHb [10]. Peamizamiss po3poOieHoi TiOpUIHOI MPOTpaMHOI apXITEKTypH
npencTaBieHa B Taou. 4.1.

Peanizaris riOpuaHOi apXiTeKTypHu BUKOHAHA 3a MPUHIIUIIOM KOHTEHHepu3allii,
KOJU MOy (YHKIIIOHYIOTh SK 130JIbOBaHI IPOTpaMHI KOMIIOHEHTH 31 CBOIM
CEpEeIOBUILEM BHKOHAHHS, a Takoxk Oi0miorexkamu. KokeH KOHTEWHEp Mae CBOIO
KOH(DIrypailito, sika He 3aJIKUTh BiJ IOTOYHUX HAJAIITYBaHb By3Jia OOpOOKHU JIaHUX.
Koopaunaiist peanizoBana 3a gonomororo Docker Compose, BIZKPUTOIO CHCTEMOIO
opkectpauii. baxanmii craH  1HQPACTPYKTypH  33Ja€TbCSi B €IUHOMY
KoH(irypaiiitHomy aiii.

[Ipn mpoBeneHHI €KCIEPUMEHTABHOI MEPEBIPKH OOMEKEHHS Ha 3aTPUMKY
UKy TepcoHi(iKoBaHO1 ajanTarlii BctaHoBJaeHO B 250 Mc. Llel muki paxyerbes Bij
MOMEHTY OTpPHUMaHHS 3alUTy BiJ KOpHCTyBaua mnepudepiiiHuM cepBepoM i 10
MOMEHTY HaJaHHS KOpPUCTYyBayeBl IMEPCOHI(PIKOBAHOTO HABYAIBHOIO MOJYJIS.
OO6rpynTyBanHs 3aaaHoro nopory 250 mMc € takuM. [lepconidikoBana aganTailisi Ipu
MIEPEBUIIIEHH] TOPOTY CIPHHUMAETHCSI KOPUCTYBAYEM SIK «3arajbMOBAHICTh)» CUCTEMH,
110 IPUBOAUTH JI0 3HKEHHS ¢(PEKTUBHOCTI HAaBUAHHSI.

Peanizamisi TiOpugHOi apXITEKTypH OXOIUTIOE BHUKOPHUCTAHHS TMPOAYKTIB 3
BIIKPUTUM BHXIJIHUM KOJOM 3 JIIEH31IMU BUILHOTO BUKOPUCTaHHS, MOAU(IKaIlii Ta
posnoscrokeHHs: FastAPI; Apache Kafka; Jaeger; Prometheus; Grafana; PyTorch.

FastAPI npencrasnse coboro ¢peiimBopk misa nmodynoBu HTTP-iatepdeiicin
MoBoI0 Python. ®dpelimMBopk Hamaetrbcsi 3a jineHsiero MIT. @peiiMBOpK MICTUTH
mabIOHHUN KOy 3 MapIIpyTH3allii 3aluTiB, BaNialii JaHUX, a TAKOXK cepiam3artii
BianoBiaen. Kmrodyosa nepesara FastAPI st BukopucTanHs y HaBUYajiIbHIN cUCTEMI
NOJIATAE Y 3aCTOCYBaHHI aCUHXPOHHOI Mozeni. PpelMBOpK 00poOIIsie BXIHI 3alUTH
napajnenbHO, He OJOKyrounM OOpoOKy MiJ 4ac O4YiKyBaHHS BIAMOBIJI BiJf KOXHOTO 3

MOJIYJIIB, 1110 JO3BOJISI€ 3MEHIITUTH 3aTPUMKY OOPOOKH.
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Tabmuist 4.1 — Peanizatiist po3po6sieHoi riOpuaHOT IPOrpaMHOl apXITEeKTYpH

Monynb PiBenb ribpuanoi | Bukopucrani MoBu [Tpuznauenns/
porpamMHoOi porpamMmyBaHHS, peanizoBaHu METO/
apXiTeKTypHU 016710TEKN Ta

bpeitMBOpKH
edge-server | [lepudepiitauit FastAPI [TinTpumKa opkecTparrii
METO/I1B, PO3POOJICHUX Y
nigposaiaax 3.1-3.3
cat-service | Ilepudepiitauit Python, pyirt Meton hopmyBaHHS
pod1Ir0 KOPUCTyBava
(migpo3ain 3.1)
Istm- [Tepudepiitnuii Python, PyTorch Merton o1iHKu
service MOTOYHOT'O CTaHy
KOpHUCTYyBaya (I1IpOo3a11
3.2)
mape- [lepudepiiinnii Python Meron
service nepcoHi(iKoBaHOT
aganTamii (maposaia 3.3
kaftka MikpocepBicHUM Apache Kafka ACHHXpOHHA yepra
(acuHXpOHHA o1 MK PIBHAMHU
B3a€MO/T151)
process- MikpocepBicHUI Python, PM4Py Merton Bepudikarii
mining aJanTUBHOI MPOrPaMHOT
HABYAJIBHOI CUCTEMHU
(maposain 3.4)
postgres Indpactpykrypa postgres:15-alpine | )KypHanu HaBYaJIbHUX
o, mpodii
3100yBayiB
jaeger Indpacrpykrypa Jaeger All-in-One Posnoninene TpacyBaHHs
(Bepcis 1.52) LUKITY
prometheus | [nppacTpykTypa Prometheus((Bepcist | 36ip MeTpuK
2.48.0) POJYKTUBHOCTI
grafana [ndpactpykrypa Grafana (Bepcis Bizyanizariis pe3yibTariB
10.2.0) MOHITOPUHTY
NepcoHi(piKOBAHOI
ajanTariii mporecy
HaBYaHHS
Locust Krnientcbkuit Locust I'eneparop

HABAHTAKEHHS, 1110
IMITYy€ 3aITUTH BiJ
KOPHUCTYBauiB MPOrpaHoi
CUTEMU
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Apache Kafka — me mmardopma posmojineHoro oOMiHY ITOBIIOMJICHHSIMU,
minen3oBaHa 3a Apache License 2.0. Kafka BukopucTtoBye marepH «BUAaBElb—
NepearyiaTHUK». 3a JaHUM NaTEepPHOM BIAMOBIJHA KOMIIOHEHTAa CHUCTEMH MOXKe
omyOJIiKyBaTH TMOBIIOMJICHHSI B TOMiIKY (IMEHOBaHOMY KaHaji), a 1HIII KOMIOHCHTH
HE3IC)KHO MOXKYTh 3uMTaTH 11 moBimomieHHsA. Ilmatdpopma Kafka peanizye
ACMHXpPOHHUH OOMIH MDK mnepudepiiiHuM 1 MikpocepBicHUM piBHAMU. OOMiH
BiIOYBAa€ThCA TAaKUM YWHOM: CepBep MyOJIKye TMOif0, II0 IOCHTiIOBHICTh
nepcoH1()iKOBaHOI ajanTarlii 3aBepIIeHO 1 HE OYIKy€ MOJAIbIIOI 00pOOKH 1€l momil
MIKPOCEpBICAMH aHAJITUKH. 3aBJIIKH [[bOMY 3aTPUMKa Ha aHAIITHKY BUKIIFOUAETHCSA 3
KPUTUYHOTO NUISIXY aJamnTaiii mpolecy HaBYaHHS 1 BHUKOHYETHCA 130JISLIIS
MIKpOCEPBICHOTO PiBHS y T1IOPHUIHIN apXiTEKTYypi.

CuctemMa po3mojieHOro TpacyBaHHs Jaeger (IKCye TPAEKTOPIIO KOXKHOTO
3aMUTYy 4Yepe3 KOMIOHEHTH MpOrpamMHOi CUCTEMHU. TpaekTopis Mae BUIJIS] JepeBa
TpacyBaHHS, B SKOMY KO)XHa OIlepallisi ONHcaHa K CTPYKTypOBaHUM 3amuc i3
atpuOyTaMu: Ha3Ba oOImepallii, yac MOYaTKy 1 Yac 3aBepUICHHS, 1IeHTU]IKATOP
3100yBaya, CTaH KOTHITUBHOTO HaBaHTAXKEHHS TOMIO. [10CIiOBHICTh IUX 1IHTEPBAIIB
MOKa3y€, CKIJIbKY Yacy 3aifHsAJI0 BUKOHAHHS KOYKHOTO 3 MOJTYJIiB HA MOTOYHOMY HUIAXY
nepcoHipiKOBaHOI afanTarlii mporecy HaB4aHHS.

Cucrema moHiTopuHry Prometheus Ha BiiMiHY Bija Jaeger uepes piBHI TPOMIKKHU
yacy 3alucye IHTerpaibHi MOKa3HUKH pOOOTH MPOTPAMHOT CUCTEMU: KIJIbKICTh 3aIIUTIB
BiJl KOPUCTYBAYiB 32 CEKYH/Ly, PO3IOALT 3aTPUMOK HAa KPUTUYHOMY IIUISAXY, KIJTBKICTh
aKTUBHUX CECii KopucTyBayiB Too. L1 Bl cucTeMH BUPILIYIOTh 3a/1a4l aHaMI3y, K
JIarHOCTUKHU KOHKPETHOTO LUKy TIepcoHi(ikoBaHOi aganTarlii (Jaeger), TaKk 1 OIIHKH
3arajgpbHOT MOBEMIHKU TporpamHoi cuctemu (Prometheus).

[ncTpymenT Bizyamizauii qanux Grafana moske miakmoyaTuck 10 Prometheus i
Jaeger 1 BimoOpakatu ix mani y BUrsiai maneneid moiTopunry. Cucrema Grafana
3a0e3neyye CoCTePEeKEHHS 32 XOJIOM €KCIIEpUMEHTAIBHOT MIEPEBIPKU.

@peiimBopk raubokoro HaByaHHs PyTorch mpusnauenuit pyist moOyaoBu i

HaBYaHHA IOTYYHHUX HeﬁpOHHHX MCPCIK.
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Python-616mioTexa IRT (Item Response Theory) npu3nauena st MOI€TIOBaHHS
B3a€EMOJII1 MI’K YUYHEM Ha CHCTEMOIO HaBYaHHS 1 IPU3HAYCHA JJIS OLIIHKU 3110HOCTEH
Ta PiBHA MIiATOTOBKM KOPHUCTyBada W CKJIQJHOCTI HaBUAIBHHX 3aBJaHb 3T1ITHO
IRT-monenen.

Biakpura 616110Teka nponec-MaHinTy 111 Python PM4Py (Process Mining for
Python) npusnadyena mius oOpoOKuM >KypHaTIB TOINA (JI0TiB), TOOYAOBH MPOIIECHUX
MOJICJICH 13 IIUX JIOTIiB 3 BUKOPHUCTAHHSAM TaKUX aJTOPUTMIB, K o-anroputMm, Inductive
Miner, Heuristic Miner Tomo, Ta Jjis MEpeBIPKH BIIMIHHOCTEH MK IIIJILOBOIO Ta
(haKTHYHOIO MPOLIECHOIO MOJEISIMHU.

Docker-o6pa3 Ha 6a3i Alpine Linux 15-alpine peamnizye KOHTEWHEp 3 HEBEIIUKUM
po3MipoM 00pa3sy.

PostgreSQL mpenacrasiisie cob0r0 00’ €KTHO-PENALINHY CUCTEMY YIPABIIHHS
0a3zaMu JTaHUX 3 BIIKpUTUM KojoM. B ribpuaniit apxitextypi 1151 CYB]] po3miieHa B
KOHTeWHep1 postgres:15-alpine.

B3aemoist Mixk piBHSIMU T1OpPUAHOIT apXITEKTYPH peaii3oBaHa yepes 1Bl Mepexi,
o JIOTIYHO BigOoKpemiieHi, edge net 1 micro net. Ilepudepiiinuii cepsep
MIJIKJTIOYEHUN 10 000X MEPEX 1 CIIYTYE HMITI030M.

KitouoBuii pparmenT koHbIrypaiiii 3 1BOX MEPEX HaBelIeHO Ha puc. 4.1.

networks:
edge_net: # knienm/nepugepia (cuHxpoHHuUlU BUKAUK)
driver: bridge
ipam:
config:
- Subnet: "172.20.0.0/16"
micro_net:  # nepugepia / mikpocepBicu (acuHxpoHHa B3aemodiA)
driver: bridge
ipam:
config:

- subnet: "172.21.0.0/16"

Pucynox 4.1 — MepexeBa koHpirypartis

Ha puc. 4.1 nipeacrasieHo AB1 miaAMEPEXi 3 aapecHuMU npoctopamu 172.20.*

ta 172.21.*, Tpadik MiX SKUMH HE MapHIPYTU3YETHCA OE3MOCEepPEeTHbO. 30BHINIHIN
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3alUT MOKE JOCSATTH MOJYJIB MIKPOCEPBICHOTO PIBHS JHIE uyepe3 mepudepiitHuii
cepsep.

BuMiproBaHHS XapaKTepUCTHK MPOTPAMHOI CHCTEMH 3iHCHIOEThCS HAa TPHOX
piBHsX. BUKOHY€TbCs po3MmojiifieHe TpacyBaHHS cucTeMoro Jaeger, 30ip MOKAa3HUKIB
cuctremoro Prometheus, a Takoxx 1iXx Bi3yamizamis 3a gomomororo Grafana.

BumiproBaHHsI 3aTpUMKH BUKOHY€ETHCS IIEPEXOILTIOBAYEM 3aMuTiB (pHcC. 4.2)

t_start = time.perf_counter_ns()
response = await call next(request) # BukoHAHHA noBHO20 yukny
t edge ms = (time.perf _counter ns() - t_start) / 1 000 000

span.set_attribute("adaptation.nfr_ril_compliant”, t_edge ms <= 200.0)
response.headers["X-Edge-Latency-Ms"] = f"{t_edge_ms:.2f}"

Pucynox 4.2 — BuMiproBaHHs 3aTPUMKH

[Ipu BUMiprOBaHHSA 3aTPUMKHU CIIOYATKY (PIKCYETHCS yac 00OpoOKM 3anuTy t_start.
[Ticnst BUKOHAHHS await BIJMOBIb BXKE MOBHICTIO C(hOPMOBaHa, OCKUIbKU 3aKIHUMUBCS
nporiec ananraiii. 3MiHHa t edge ms MICTUTh 3aTpUMKY nepudepiitHoro ceppepa y
MUIICEKYHJaxX. span.set attribute mae iCTUHHE 3HAYEHHS, SIKIIO Yac BUKOHAHHSA HE
nepeBunrye 200 wMc. 3HayeHHS CEpBEPHOI CKJIaI0BOi 3aTpuMkud t edge ms
BKITIOUaeThes y 3arosioBok HTTP «X-Edge-Latency-Msy. [lana ingopmartist 103BoJIsi€
reHeparopy Locust 00UHCIUTH MEpEXKHY 3aTPUMKY SIK PI3HHUIIO MK TIOBHUM 4acOM
BIJIMOBI/1 1 HABEJICHUM Y 3aroJIOBKY 3HAYCHHSIM.

30ip G10METPUYHOTO CUTHAILY 31 CMapT-TOJAMHHHKA BUKOHYETHCS MOCTIHHO Ha
KJIIEHTCHKOMY PiBHI Y (JOHOBOMY peXHMI MOKK KOPUCTyBay HaB4yaeThes. [lonepents
o0poOka OlOMETpPUYHUX [AHUX TMepeAye NOoO0yAOBI BEKTOPY IOTOYHOTO CTaHY
KopuctyBada. CEHCOpHUM MPUCTPOEM BHUCTYIIA€ CMapT-ToAMHHUK TUTy Wear OS abo
Samsung Galaxy Watch, mjo mictute BOynoBanuii ¢pororierusmMorpadiuauii ceHcop.
Jlanuit ceHcop BUMIPIOE 3MiHY 00'€éMy KPOBI B Kalijsipax 3 KOKHUM yIapoM Ceplis.

JlaH1 3 ronuHHKKA niepeaatoTbes yepes inrepderic BLE 5.0. Jlanwmii inTepdetic
3a0e3Meuye HeBEJIMKY 3aTPUMKY TIpH nepeaadi gaHux (10 40 mc) 1 TakoK MiHIMAaJIbHE

CHOKMBAHHSI €Heprii, 10 3a0e3neuye aBTOHOMHICTh MNpHUCTporo. IlociioBHICTH
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00poOKM cHUTHATY BiJl CMapT-TOJAWHHHUKA BKJIIOYA€e (PUIBTPAII0 Ta BUSBJICHHS KB
CUTHay, a TaKOXX BUIIUIICEHHS O3HAK CEPIEBUX CKOpOuYeHb. [laHy MOCTiIOBHICTH
PO3TIISHYTO Y MIAPO3/aLi 2.3.

[Ipomec mepconiikoBaHOi1 amanTallii BKJIOYAE MMOCTITOBHE BUKOHAHHS TPHOX
METO/I1B, IpeACTaBlIeHuX y miapo3aiiaax 3.1-3.3. Lleit nporec hopmye BXi1HI JaHi JjIs
MeToly Bepu(ikarlii, mpeacTaBIeHOMY Yy Miapo3aini 3.4.

[lepudepiiinuii cepsep BuxopuctoBye FastAPI, mo6 npuiitnsatu HTTP-3anur
BiJl KOPUCTyBaua, BUKOHATH MOIYJi, IO peai3yloTh TPU HABEIECHUX METOIH, Ta
MMOBEPHYTH PEKOMEHOBAHUN HaBYAIBHUN MOYJb. L{i Tpy MOIyIIi BUKOHYIOTBCS 5K
€IMHUN OOYMCIIOBAJIBLHUN Tpoliec Ha mnepudepiiiHoMy cepBepi, TOOTO BUKIUKH
MOJIyJIiB BiI0YBalOThCS OE3MOCEPEIHbO B OMEpaTHBHIN mam’siTi. Taka B3aeMojis Ha
MpaKTHULl 3a0e3Meuye 3aTPUMKY B pOOOTI MOIYJIiB Ha PIBHI MIKPOCEKYH/I, IO 3MEHIIY€
3aTPUMKY BCBOTO Tipoliecy mnepcoHidikoBanoi amantarii. KirouoBuit dparmeHT

00poOHUKa I TaHOTO MPOIEeCY HABEeIEHO Ha puc. 4.2.

@app.post("/adapt"”, response_model=AdaptationResult)

@measure_latency("full_cycle")

async def adaptation_endpoint(event: LearnerEvent, request: Request):
client = request.app.state.http_client

# Kpok 1 (Memod 3 3.1): V_strat — piBeHb nid2omoBku, npodine NOMUAOK
v_strat = await run_cat(client, event)

# Kpok 2 (Memod 3 3.2): V_tact — HCC, BCP, piBerHb HaBanmaxeHHSA
v_tact = await run_lstm(client, event, v_strat)

# Kpok 3 (Memod 3 B3.3): M* — Bubip modyna 3a V_user = [V_strat, V_tact]
result = await run_mape(client, event, v_strat, v_tact)

# AcuHxpoHHa nyénikauyiAa 0o Kafka dna Memody 3.4
await kafka_producer.send("session.events", {

"learner_id": event.learner_id,
"difficulty_level": v_strat["difficulty_level"],
"theta": v_strat["theta"],
"cog_load": v_tact["cog_load"],
"module_selected": result["module"],
"timestamp”: time.time()

9

return AdaptationResult(**result)

Pucynox 4.3 — IlocnigoBHICTh IEpCOHI(PIKOBAHOT aganTarlii mpoIecy HaB4aHHs
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Buxnmuk mmargopmu  kafka producer.send(...) BHUKOHY€TbCS aCHMHXPOHHO.
ITepudepiitnuii cepBep crmouaTtky myo6mikye moxmito B Kafka 1 TyT ke moBeprae
BIAMOBIAL 37100yBaueBi. CepBep HE OUIKy€ MIATBEPIKEHHS BIiJ MIKpOCEPBICHOTO
piBHSI, 110 3a0e3Ieuy€e 3MEHINEHHS 3aTPUMOK Y MpoIieci mepconidikoBaHOI ajanTaiii
npoliecy BUOOpy HaBYAJIBHUX MOIYJIIB.

Jlana apxiTekTypa BKJIIOYA€ psiJ NPOTpaMHUX KOMIIOHEHTIB 3 BIIKPUTHM
BUXIJHUM KOJIOM Ta peaii3ye TpH MaTepHH B3a€EMOJIi B pO3poOJIeHINd TiOpuAHii
apXiTEKTypi:

— 00poOka MOAYJIB KPUTUYHOTO UHUISIXY BCEPEIHMHI OJHOIO IMpoLEecy Ha
nepudepiitHoMy piBHI;

— CHHXpPOHHA MEpEeKeBa B3a€EMOJisI MK pIBHEM KIi€HTa 1 nepudepiiitHuM
pIBHEM, TMpHU3HAYEHA IS Tepeayl BEKTOPIB NMpodiato Ta CTaHy KOpPUCTyBaua st
MOIAJIBIIOTO MEPCOH1()IKOBAHOTO BUOOPY HABYAIBHUX MOYJIIB;

— aCMHXpOHHMM 00MiH mojisiMu 3a noromororo Apache Kafka qis B3aemosii 3
MIKPOCEPBICHUM PIBHEM.

Taka peanizaiis TIOPUAHOI apXITEKTypu 3a0e3medye 13071110 MiAMEPEK
nepudepiitHoro piBHs edge net i MIKpOCEpBICHOTO PiBHS micro net Ta 3MEHIICHHS
3aTPUMOK JIJIs1 KOPUCTYBAUIB.

[lepeBipka 3aTpUMOK 3a0€3MEUyEThCS BUKOPUCTAHHSAM 1HCTPYMEHTIB 3
BIIKpUTUM KOJOM Jaeger [JIsi pO3MOJUIEHOro TpacyBaHHs, Prometheus s
MoHiTopuHTy Grafana nijist iHTEpaKTUBHOI Bi3yalli3ailii.

BukopucTaHHS KOHTEMHEpIB Ta JAEKJIapaTUBHE OINUCAaHHS KOHQIrypauii s
Docker Compose 3a0e3neuye BiITBOPIOBAHICTh €KCIIEPUMEHTAIBHOI MEPEBIPKHU IS
METO/I1B, HAaBEJCHUX Y Mmiapo3aiiax 3.1-3.4.

Takoxx mpomec 300py Ta OOpoOKHM  OIOMETPUYHOTO CHUTHAIy  BIJ
doTormeTH3MOrpadivHOr0 CEHCOpa CMAPT-TOAUHHUKA € 3aMIHIOBAHOIO CKJIAJ0BOIO.
3amiHa TUIY CEHCOpa HE MPUBOAMUTH 10 3MIHU KOHBEEPY MepcoHiIKOBaHOI afanTarii
poLecy HaBYaHHS y MPOTPaMHINA CUCTEMI.

Takum dYMHOM, E€KCIIEpUMEHTaJbHA TMEepeBipKa MIATBEPAMIA MOXKIUBICTh

peanizalii 3aporoOHOBaHOI IOPUIHOI apXITEKTYpPH MPOrPaHOi HABYAILHOT CUCTEMHU.
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4.2 ExcriepyMeHTajbHa MepeBipKa MeTo/1iB OPMYBaHHS BEKTOPIB MPOPLII0 Ta

CTaHy KOpUCTyBaya

ExcnepumenTanbHa TiepeBipka MeToay (OpMyBaHHS BEKTOpYy Mpodiiro
KOpHCTyBaya BHUKOHAHA JUIsl MPOrPaMHOI HABYAJIBbHOI CHCTEMH, II0 BUKOPHUCTOBYE
riOpuaHy TPUPIBHEBY apXiTeKTypy. Ha KilieHTChKOMY PiBHI (PIKCYIOTBCS /i1 KypcaHTa
aBTOLIKOJM TIpM HaBuaHHI Ta OlomeTpuyHa iHopMalis mpo ioro cran. Ha
nepudepiiHoMy piBHI NMPUHAMAIOTHCS PILMICHHS NMPO BUOIp HABYAIBHHUX CIICHAPIiB Y
M'sKOMY peajbHOMY uaci. Ha MikpocepBICHOMY piBHI BUKOHYEThCS Bepudikaliis
Mpoliecy NepCcoHIPIKOBAHOI afanTallii y mporpaMHiid HaBYaJbHINA CUCTEMI.

Meton ¢dopMmyBaHHS BeKTOpy MNpodiIl0 KOPHUCTyBaya peai3oBaHUM Ha
nepudepitHOMy piBHI TOPUIHOT apXITEKTYPH, 10 JO3BOJISE 3MEHIITUTH 3aTPUMKH Ha
MEPCOHI(PIKOBAHY aJanTallllo IPOLIECY HaBYaHHS.

[Tpu peamnizariii METOAY BpaxoBaHO OCOOJIMBOCTI CTAHJAPTU30BAHOIO JIaTaCETy
Virtual Driving Test [175]. Hanuii nataceT MICTUTh 3alUMCH IIOAO PE3YJIbTATIB
HaBuaHHs 4308 BOMAIIB-TIOYATKIBIIIB, 110 MPOUIIUIA TECT 3 TEOPETUUHHUX 3HAHB MO0
BOJIIHHSI, a TIOTIM CKJIaJlaJid JOPOXKHIM icnuT. JlataceT MICTUTB JJIs1 KOKHOTO BOJIisI-
MOYATKIBLS J1aHl OO0 KEePYBaHHS TPAHCHOPTHUM 3acO00M (IIBUAKICTH, KEPYBAHHS
TPAEKTOPIEI0 aBTOMOO1JIS, TAIbMYBaHHSI, @ TAKOK MO3UIiS B cMy31 pyXy). JlaHi 310pani
3 yacroroto 10 Hz Ta MICTATH CTPYKTYypOBaHy pO3MITKY JOPOXHIX CHUTyalliH,
BKJIFOUAIOYH TIEPEXPECTs, HeOe3MeyH1 IIISHKH, 30HU OIS K1 Ta aBapiifHi CUTYyallii,
KOJIM OJTUH aBTOMOOLITH MOIIKOJKY€E 3aIHI0 YACTUHY 1HIIIOTO aBTO.

[Ipn mpoBeneHH! eKCIepUMEHTAIbLHOrO JIOCHIIKEHHS BpaxoBaHo, 110 3 4308
y4yacHuKiB TecTy 1096 (6mm3bko 25%) HE 3MOTIU CKIIACTU NOPOXKHIN icmut. Takuit
pPO3MOMT JAaHWX BUKOPUCTAHO [JIsi OIIIHKH TIepeBar BHUKOPUCTAHHS MPOdLUIIO
KOPHUCTYBaya HaBYaJIbHOI POTrPaMHOI CUCTEMU.

[Ipu Bukopuctanui maracery Virtual Driving Test (VDT) oxpemi 30HU
CUEHApIiB pO3IJISAAIOThCA SK HaBUYajbHI MOJYJi, BHUOIp SKUX BHUKOHYETHCS 3
BUKOPHUCTAHHSAM MOMAYJIIO JUCHETYepHu3allii B T1OpUIHIM TporpaMHii apXiTEKTypi.

Bubip BUKOHYETHCS 3 BUKOPUCTAHHIM MPOQ1III0 KypcaHTa aBTommkoiu. Lle mo3Bosse
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MepCcoHi(iKyBaTH MOCHTIIOBHICTh HaBUYAILHUX CIICHAPIiB (MOYJIB) IJIS MiATOTOBKH
KypCaHTa aBTOIIKOJIH.

Meton QopmyBaHHA BEKTOpYy MpOo(dUTI0 KOpHUCTyBada BUKOPHCTOBYE JIaHi
JaTaceTy Ha CTPYKTYpOBaHHUU Mpodib, NpUAATHUA 11 TIATPUMKUA MPUHHITTS
pimeHb. Ha puc.4.4 HaBeneHo MpUKIIag BEKTOpYy NMpodiito KopucTtyBada y dopmari

JSON.

"user_id": "learner_@o42",
"timestamp": "2024-05-15T10@:32:00Z",
"B_user": -0.42,
o W R I
"S profile™s 4
"intersection": "attempted",
"school _zone": "not_attempted”,
"highway_merge": "not_attempted”,
"hazard_reaction": "attempted"
¥
"Woernty 4
"tactical": 0.47,
"strategic": 0.21,
"situational”: @.32
¥
"Theta_trend": -0.08,
"vdt_difficulty_agg": 1.85,
Lot ™ L2,
"ore_risk": @.61

Pucynox 4.4 — Bextop npodiato KOpucTyBada

JSON - peanizartis BekTopy npo¢uito KOopucTyBaua 0a3yeThcsi Ha GopMaTbHOMY

onwmci Bextopy V! y Burmaai (3.12). Jomarkoso mo cknaxy JSON — ¢aiiny npu

MPOBE/ICHHI EKCIIEPUMEHTY BKJIIOUEHO TEeXHIUHY 1H(dopmarllito: imneHTudikarop
KOPUCTYBaua; MITKY 4Yacy; TOUYHICTh OI[IHIOBAHHS 310HOCTEH KOpPHUCTyBaua; TUIIH
OTIpallbOBAHUX HABYAIBHUX CIIEHAPIiB TOIIO.

[Tapamerp wuser id 3amae igeHTU(IKATOP KOPUCTyBaya B HaBUYAIBHIN

nporpamuiii cuctremi. lleli napameTp 3aJa€ThCid Yy CHUMBOJIBHOMY BHUIJISIAL 1
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MpU3HAYCHUN JUIsS 1HTErpauii BCIX JaHUX MPO KOPUCTYBaua, HAMPUKIAJ *KypHaiB
cecii, 010MeTpUYHUX JaHUX, PE3yJIbTaTIB 1CIIUTIB.

. 1 .
[TapameTtp timestamp Bu3Hauae MOMEHT (opMyBaHHsS BekTopy V. .y dopmari

Buny «PIK-MICALb-AEHbYAC:xBununu:ceKyHam». [lanunii mapameTp I03BOJSIE
BUKOPHUCTOBYBATH JIMIIE aKTyajdbHI 3HAUCHHSI BEKTOPY Mpodiit0 KOPUCTyBaya Hpu
aUcneT4yepusallii HaB4YaIbHUX MOIYJIIB.

[TapameTp B _user € orinkoto maTeHTHUX 310HOCTeH (3.11), M0 BigoOpakaroTh
pIBEHb TMIJATOTOBKM KYypCaHTa AaBTOIIKOJIM Y MOMEHT, BHU3HAUYEHHH 3HAYCHHSIM
timestamp. /laHa oliHKa OTpuMaHa OCHOBI pamMKax Teopii BIATyKy Ha 3aBaaHHs IRT.
HynboBe 3HaU€HHA BIJNOBIJAE CEPEIHROMY PIBHIO MIATOTOBKH KYpPCaHTIB y BUOIPII.
Bin’eMHi 3HaueHHS BiJ0OpaXkaroTh PiBEHb HUXKYE, a JIOJIaTHI — BUIIE CEPETHBOTO.

[Tapametp Theta_trend Bu3Hauae Tpe8Ha po3BUTKY 3A410HOCTI B_user y yaci ta
3aIa€ThCA  JIUCHUM 4YHUCIOM, 10 BignmoBimHO 10 (3.11) BimoOpakae Haxui
anmpoKkcuMyro4oi npsamoi Haja psiioM omiHoK (3.10). Sxmio Theta trend > 0, To piBeHb
3M10HOCTEM KOpUCTyBaua MiBUIIYEThCS 3 vacoM, skmo Theta trend < 0, To
MJIrOTOBKA KOPUCTYBaua HABYAJIbHOI MPOTPAMHOT CUCTEMH NOTIpIIy€eThes. binsbki 10
HyJsl 3HA4Y€HHS BIANOBINAIOTH MNPUOJU3HO OAHAKOBOMY PIBHIO IMIJATOTOBKH.
Theta trend mokasye, uu MOKHA MiJBUILYBATH CKJIAHICTh 3aBJaHb JIJIsI KOPUCTyBaya
HaBYAJIbHOI IIPOTPAMHOI CUCTEMH.

[Tapamerp L m 3anae piBeHb cknaaHocTi 3aBnanns (Big L1 mo L5 3a (3.7)).
Jlanuii piBeHb BUKOPUCTOBYETHCS MOJYJIEM AHUCIETYepHU3allii mpu BHOOPI piBHS
CKJIaJIHOCTI HACTYITHUX CIICHAPIiB.

[Tapametp S_profile npeacrasisie co60r0 OMKUC BKIAAEHOT0 00’ €KTY, IO OMKUCYE
npodiib OMpaIbOBAaHUX KOPHCTYBaue€M HaBYAIBHUX CIIEHApiiB; MOro Kirodi
BIJIMOBIAAIOTH TUIIAM CILICHApP1iB HaBYaHHS, HAMPUKJIAJ, Takl THIHU K «intersectiony,
«highway merge» To110. 3HaUeHHS 1IUX KJIFOYiB BiJJ0Opa)KarOTh CTYIIHb OMTAaHYBaHHS
KOXKHOTO BUJIy HABYAJILHOTO CIIEHAPIIO.

[Tapamerp U err wmicTUTh YacTKU NOMIWIOK 3a (3.9) i TaKTUYHOTO,
cTpareriyHoro Ta curyamiinoro piBas. CxmamoBa U err(«tactical») BimoOpaxkae

YacTKy MOMMWJIOK y TaKTUYHUX 3aBJAHHIX 3 KEPYBAHHS aBTOMOO1IEM y HaBYaJIbHIM
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nopoxHiit cutyanii. CximagoBa U_err(«strategic») MICTUTh YacTKy CTpaTET1dyHUX
MOMIIOK II0JI0, HAIPUKJIAJ, MJIaHyBaHHS MapuipyTy abo BUOOpPY TPAEKTOPii pyXy.
CxknanoBa U_err(«situational») BimoOpaxkae mOMWIKK y cutyaii B mijomy. i mgani
MpU3HAYEHI 11 BUOOPY HaBUAJIBHUX CIEHAPIiB JIJIs MOAAIBIIOTO BUBUCHHS.

[Tapametp vdt difficulty agg mpencraBise ycepeaHeHy OLIHKY CKJIAIHOCTI
ormaHoBaHux cueHapiiB 13 Virtual Driving Test. Ilapamerp L _m_ vdt 3agae piBenb
CKJIQJIHOCT1 AJisl ekcriepuMenTanbHoro natacery VDT. Lleit mapameTp mpusHaueHuit
JUTSL TIOPIBHSHHS y3ro/pKeHocTl 3 L m. Y3romkeHicTh 000X MOKa3HUKIB CBIIYUTH MPO
BIJINOBIJIHICTh TECTOBOTO MPO(D1IIIO Ta peaabHOI MOBEIIHKHU.

[TapameTp ore risk € OIIHKOIO PU3MKY HEBIAYl MPHU CKJIAJAaHHI JOPOKHBOTO
iciuty ORE. 3nauenns, 6:m3bKi 110 1, cBiT4aTh PO BUCOKUM PUBHK.

VY npencraBieHomy BekTopi 3HaueHHsS B user = —0,42 o3Hayae piBEHb
MIJTOTOBKH «HWXKYe cepenuboro. I[lapamerp L m = L2 3amae 6a3zoBuii piBEeHb
CKJIQHOCTI Il BUOOpPY HaBYalbHUX cleHapiiB. Y rpym mapamerpiB U_err
nepeBaxaroTh TakTuuHi nmomwmwiku ("tactical": 0,47). Ile o3Hauae, Mo MarOTh OyTH
BUOpaHi MOAYJIi HABYAaHHS TaKTUYHUM MaHeBpam. Bin’emue 3nauenust Theta trend =
—0,08 cBiIUMTH MPO HE3HAYHE MOTIPIICHHS PE3yJIbTATIB, MOXIJIMBO BHACIIJOK BTOMH
KypcaHTa.

BekTop Oynyerbcst B Takii mocmiioBHOCTI. Ouinka B _user po3paxoByeThbCs
TaKMM YMHOM, 00 OTpUMaTH HalOUIbIy WMOBIPHICTH BiAmoBiaen 13 natacety. Ha
ocHOBI B user Bu3HauaeThcs piBeHb ckimamHocti L m. Habip mommmoxk U err
PO3pPaxOBYETHCS Yepe3 0OO0UNCICHHS YaCTOTH MOMUJIOK ISl TAKTHYHUX, CTPATETIYHHUX,
CUTyaTHMBHUX 3aBlaHb. lleli HaOlp 1mae MOXIUBICTH BHUSBHUTH CIIAa0KI MICIS Y
miarotoBill kopuctyBada. Tpenn Theta trend oOuucCIIOETBCS K KOCDIIIEHT HAXWITY
OpsiMOi 11 TIOCJIIJIOBHOCTI OLIHOK B user 1 BigoOpakae OuWHAMIKY HaBYaHHS
KOpHCTyBaya.

HonaTtkoBo, Ha 6a3i qaHux 13 garacery VDT, o6unCiIOeThes piBEHb CKIIAITHOCTI
onaHoBaHuX cueHapiiB L m_vdt. CniBctaBienHs 3Hayenb L. m ta L m_vdt no3Bossie

MEPEBIPUTH BIIMOBITHICTh MK PO3PaXOBaHUM 1 (PaKTUYHUM PIBHSIMH MIATOTOBKU U B
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M0/1aJIbIIIOMYy BUKOPUCTOBYBATH 110 1H(QOPMAIIIIO B IPU AUCHIETYEPU3aLlli HAaBYAIbHUX
MO/IYJIIB.

[Tpu npoBeAeHHI EKCIIEPUMEHTAIbHOI TMEPEBIPKM BUKOHAHO IOPIBHSAHHS
pe3ysbTaTiB BIAMOBIACH Ha TecTh 03 ypaxyBaHHA TMapamMeTpiB IHMX TECTIB,
1H(QOPMATHBHOCTI, CKJIQJHOCTI, a TaKOXX WMOBIpHOCTI BragyBaHHs (Bapiant A),
pe3yNbTaTiB BIAMNOBIIEH 3 YACTKOBUM BpaxyBaHHAM NpOQIII0 KOPUCTYBaya, KOJIH
BpaxoBaHO PO3MO/IiT MOMIJIOK KOpPUCTyBaya 3a TUMaMu 3aBaanb (Bapiant b), a Takox
pEe3yJIbTaTIB IPU BUKOPUCTAHHI IOBHOTO BEKTOPY MPO(]1JIt0 KOpUCTyBaya.

[Ipu npoBenenHi nepesipku BukopuctaHo nokazuuku AUC, MSE ta Acc L.

Pesynbratu nepeBipku HaBeIeHO B Ta0I. 4.2.

Tabmuus 4.2 — Pe3ynpTaTi eKClIepUMEHTaNbHOI IEPEBIPKU METOLY (POpMYyBaHHS

BEKTOPY MPOo(d1JIt0 KOpUCTyBada

ITigxig AUC MSE Acc L
Bapiant A 0,73 0,87 0,62
Bapiant b 0,76 0,82 0,67
Meron popmyBaHHS BEKTOPY MPOd1ITIO 0,83 0,63 0,80
KOPUCTYBaya HaBYAJILHOI IPOTPaMHO]1
CUCTEMU

[Toxkasnuk AUC BusHauaeTbcsi uepe3 1wiomy mig ROC-kpuBow st
kinacudikaropa. JlaHuii MOKa3HMK Ha OCHOBI OLIHKKM B_user Bu3Hauae, 4yu 3MOXKe
kopuctyBau ckiactu icnut ORE. AUC mMoxHa B JaHOMY BUIIQJIKy IHTEPIPETYBATH SIK
NMOBIPHICTB TOTO, 1110 TOBUTbHUN KOpHCTyBau 13 37aHuM ORE otpumae Bumuit 6an,
HIK BUIAJIKOBHI KOPUCTYBAY 13 HE3JaHUM icniuToM. Buii 3HauenHs nokazuuka AUC
CBITYaTh TIPO Kpamie po3pi3HEHHS KOpuCcTyBauiB, ski ckiagaiotb ORE, Ta
KOPHUCTYBAYiB, sIKI HE CKJIAJH IIeH 1CTIHT.

MSE BinoOpaxkae BIIXWICHHS MK Neper0adyeHHsIM WMOBIPHOCTI YCHIIIHOTO
ckiaananHd ORE Ha ocHoBi ominku B user Ta ¢aktuunum pesynsratom ORE y
nataceTi. MSE oO04MCIIOETBCS (K CEepeAHE 3HAYEHHS PI3HULl KBaJpaTiB MiX

IPOrHO30BaHUM Ta (PAKTUUHUM PE3YIbTATOM KypCaHTA.
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[Toxazuuk Acc L BimoOpakae cTymiHb 30iry piBHIB ckiagHocti L m Ta
L m vdt. Ilepmmii oTpumanuii Ha OCHOBI OIIIHKM B _user, a apyruii MiCTUTBCS B
nmataceti VDT.

HaBeneni y tabnuimi 4.2 NOpIBHAJIBHI OIIIHKK TMOKA3yIOTh MOKpPAIEHHS BCiX
MOKA3HMKIB TIpU peattizallii po3podieroro metoay. 30uibieHHss AUC Ta 3MeHIIeHHs
MSE npu BHKOpPHCTaHHI METOQy MOOYIOBU MPO(]iII0 KOPUCTyBada CBIAYUTH IPO
MiBUIICHHS MOXIIUBOCTI PO3PI3HATH THX KOPUCTYBaudiB-KYpPCAHTIB, SKI CKIaIyTh
ICIIUT, a TaKoX THUX, XTO He 3Moxe ckiacTtu. IlinBumenns Acc L o3Hauae, 1o
OTpPMMaHI IPU BHKOHAHHI METOJY PIBHI CKJIagHOCTI L 1OCTaTHRO y3rojKeHl 13
dbakTHUHUMU PIBHSIMU clieHapiiB y naraceti Virtual Driving Test. Takum duHOM,
BUKOPHUCTaHHS PO3pO0OJIEHOr0 METoAy (pOpMyBaHHSI BEKTOPY MPOduI0 KOpUCTyBaya
7A€ MOXJIMBICTh OTPUMATH OLIHKY pIBHS 3HaHb Ta 3A10HOCTEH KOpUCTyBaya, LIO0
BIJIIIOB1/1a€ €KCIIEPUMEHTAJIbHUM JIaHUM.

Meton moOynoBH BEKTOpY MOTOYHOTO craHy KopuctyBaua HIIC BuzHauae
XapaKTepUCTUKY KypCaHTa aBTOLIKOJM B IHIIOMY MacuTall yacy, 3ajalodyd OIHC
XapaKTEPUCTUK KOPHUCTyBada IMMiJ 4Yac MOTOYHOI HABYAJIBHOI cecii, Ta BpPaxXOBYE
HOPMAaJIi30BaHy 4acTOTYy CEpIEBUX CKOPOUYEHb, BapiabeIbHICTh CEPIIEBOIO0 PUTMY, a
TaKOX  pIBEHb  KOTHITUBHOTO  HaBaHTaxeHHs  Cognitive user.  OcTtaHHi
KiacuikyeThes 3a 3HaueHHIMH 13 MHOXHHN {LOW, OPTIMAL, HIGH}.

Bukopuctanas Apyroro BeKTOpYy MpH AMCIETYEpU3allii Jae MOXKIUBICTh
NPUNHATH KOPEKTHE pIMIEHHS MO0 BUOOPY HaBuajgbHOTO ciieHapiio. KypcaHT i3
PIBHEM MIITOTOBKU BUIIE CEPEIHHOTO Ta CTAHOM KOTHITUBHOTO HaBaHTakeHHs: HIGH
Ma€ OTPUMATH CIIPOIIEHUI HaYaJIbHUM ClIEHAp1d, HE3aJIEKHO Bl BUCOKOTO PIBHS MOTO
MIATOTOBKU. TOW jK€ caMHii KypCaHT 31 CTaHOM KOTHITUBHOTO HABaHTAKCHHS
OPTIMAL Moxe OmaHOBYBaTH CKJIAIHINIMKA HaBYaNbHUU MOAyJb. [Ipore icHyroul
ajanTUBHI HaBuyaiabHI cuctemu, Taki sk Intelligent Tutoring Systems ta LMS,
BUKOPUCTOBYIOTh CTAaTUYHY OI[IHKY pPIBHS MIATOTOBKM 1 HE BPaxOBYIOTh 3MIHH
KOTHITHBHOTO HABaHTa)XCHHS KOPUCTYBaya, 110 MOXKE MPHUBECTH 10 MOMUJIOK MPH

aUCTieTYepr3aIlii HaBYaIbHIUX MOIYJIIB.
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MeToa BUKOHY€E MOCIHIOBHICTh OOpOOKM O10OMETPUYHUX CHUTHANIIB Y PEXKUMI
M'SIKOTO PeaJIbHOTO Yacy 13 3aTpuMKOI0 MeHIe 1 c. Bij orpuManHs RR-iHTepBany 10
noOyZI0BH OHOBJIEHOTO BEKTOPY CTaHy KOpUCTyBaya.

BapiaGenpHICTh cepIieBOro puTMy € iHAUKATOPOM OaaHCy MK CUMIATHIHOIO
(akTHBY€ETBCS B CTPECOBIM cHTyallli) Ta NapacCUMIIATUYHOI (AKTUBYETHCA ¥
CIOKIHHOMY CTaH1) YaCTUHAMH aBTOHOMHOI a00 BereTaTUBHOT HEPBOBOi cHCTeMHU. Jist
ctany LOW KOTHITMBHOTO HaBaHTa)KEHHS XapaKTepHa 3HauyHa BapiaOenpHICTH RR-
iHTepBaiB (B aianmazoni 30—50 Mc) BHACHIZOK IMapacUMMIaTUYHOI aKTWUBHOCTI. IIpu
BucokoMy (HIGH) piBHI KOTHITUBHOTO HaBaHTAXKECHHS AKTUBHOI € , THUIIOBUI
niara3oH cTaHoBUTh 30—50 MC cMMIaTH4YHA aKTUBHICTH MPUBOJUTH A0 cTaOimizamii
RR-1nTepBaniB 1 3HIWKEHHS BapiabenbHOCTI A0 5—15 mc. Taki maTepHu BUSBISIOTHCS
3a nonomMoror LSTM-knacudikaropy.

[TobynoBa BEKTOpPY MOTOYHOI'O CTaHYy KOPUCTyBada peali3yeTbCi Y Takiid
nocaiioBHocTi. Ha mepmomy ertami BukoHyeThest 301p RR-iHTepBaniB Bix cMapr-
ronuHHuka yepe3 Bluetooth Low Energy. BukopucroByeThes kinbiieBuii 0ydep i3 180
€JIEMEHTIB, 1100 30eperTy He MeHIe ocTaHHIX 90 ceKyH BX1JHOTO CUTHAIY.

Ha npyromy erami BUKOHyeThCs (uibTpaulis BXiAHMX aaHux. RR-iHTepBan
MOMIYA€THCS SIK AaHOMAJTisl 32 TAKUMHU MMOKa3HUKAMH:

— 3a noporoBuM 3HayeHHsIM RR <300 mc a6o RR > 2000 wmc;

— 3a BIJIHOCHOIO PI3HUIICIO 3MIHOIO MIXK CYCIJTHIMM IHT€pBajiaMu OLJIbIlI€ HIXK
20%;

— 3a BIAXWJICHHSM BIiJI JIOKaJbHOI MeJlaHW ([JI1 MOTOYHOIO BiKHA), KOJIU
BIJIXUJICHHS CTAHOBUTH O1JIbIIIE TPHOX 3HAYCHB MEIIaHU a0COJIFOTHUX BIJIXUJICHb.

AHOMaJbH1 3HaUYCHHS 3aMIHIOIOTHCS HAa MEJ[laHHE 3HAUYEHHS YOTHUPHOX CYCITHIX
HOpPMAJIbHUX  1HTepBaliB.  MeaianHa  ¢uIbTpaliss  3aMICTb  CEPEIHbOIO
BUKOPHCTOBYETHCS TOMY IO Me/liaHa HE 3aJIeKUTh BiJl BUKU/IIB.

Ha TperhOoMy Ta YeTBEpTOMY €Tamax PO3paxOBYETHCS CEPEIHBLOKBAIPATUIHE

BinxuiieHHs HRV Ta iHTerpanbHuii moka3sHuK cTaHy cepist [ — o3HaKw.
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Ha erami 5 Bukonyerbest LSTM-knacugikaiiiss TIOTOYHOTO CTaHY KOPHCTyBaua.
[TocnimoBHicte manux mis 10 Bikon F HRV monmaerses y LSTM — knacudikarop i3

softmax Ha Buxoi. Peanizaliiro TproX1apoBoro kiacudikatropa HaBe/IeHO Ha puc. 4.5.

class CogloadlLSTM(nn.Module):
def __init_ (self):
super().__init_ ()

self.lstml = nn.LSTM(6, 64, batch_first=True)
self.lstm2 = nn.LSTM(64, 32, batch_first=True)
self.fc = nn.Linear(32, 3)

Pucynok 4.5 — Peanizanis LSTM — knacudikaropa

VY knacudikaropi map Istml Mictuth 64 HelipoHU 1 BUABIISIE 0a30B1 3aJI€KHOCTI
s Bxigaux 10 BikoH. Illap Istm2 BusBIsSE ckiIagHl MAaTTEpHHU HAa OCHOBI 0a30BHX
3anexHocTel. fc — map Bugae 3 moritu, o ogHomy st kiacy LOW, OPTIMAL Ta

HIGH. Jloritu BuxomsTh 3a Mexi iamasony [0,1].

Bukopucranus softmax B mogayibIioMy Ja€ MOXJIMBICTH Ha OCHOBI JIOTITIB
orpuMatu posnoaut WmosipHocte p LOW, p OPTIMAL, p HIGH mno knacax
KOTHITUBHOTO HaBaHTaxeHHs. Cognitive user BHU3HAYaeTbes IS Kiacy 13
MaKCUMaJIbHUM 3HAYCHHSIM MHMOBIPHOCTI. SIKIIO OTpMMaHe HaWOUIbIIEe 3HAYCHHS
HiMoBipHOCTI MeHII HiX 0,65, To cTaH BBakaeThcsi He3MiHHUM 1y Cognitive user
3QIIMIIAETHCS TTOTIEPETHE 3HAYCHHS.

Ha etami 6 ¢popMyeThCs BEKTOpP MTOTOYHOTO CTaHY KOPUCTYBada, IO BKIIOUYAE
OCHOBHI J1aH1 npo ctad kopuctyBaua HRV norm, HR norm, Cognitive user, MiTKy
yacy, a TaKOoX MPOMDKHI JaHi, IO NpHU3HAYECHI ISl yTOYHEHHS KOTHITMBHOTO
HaBaHTAKCHHSI.

Ha puc.4.6 HaBeneHo MpUKIIA] BEKTOPY CTaHy KOPUCTYBayda, MPEICTABICHUN Y
dbopmati JSON.

VY nanomy npukiiaai HR norm = 0,30 o3nauae nepeurieHHs Ha 30% 6a3oBoro
piBHs ciokoto. HRV _norm = 15,3 Mc € 3Ha4HO HMKYOIO 32 HOPMY CITOKOIO, 1110 BKA3ye€

Ha aKTUBALII0 CHUMMATHYHOI akTUBHOCTI. cognitive user = “HIGH” 31 3HaueHHsM
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p_high = 0,89 o3nauae, mo aucneTyep HaBYATBHUX MOAYJIIB Ma€ 3HU3UTH CKJIATHICTh

HAaCTYIIHOT'O HAaBYaJIbHOTI'O cueHapi}o.

{
"user _id": "learner 042",
"timestamp": 1732290000000,
"hr_norm": ©.30,
"hrv_ norm": 15.3,
"cognitive user": "HIGH",
"p_low": ©.06,
"p optimal": @.05,
"p_high": 0.89,

}

Pucynok 4.6 — BekTop cTaHy KopucTyBada

ExcniepuMeHTanpHy nepeBipky MeToay BUKOHaHO Ha jnataceti WESAD, axuit
BiJ0Opaskae BUSABIICHHS CTPECY 3 BUKOPUCTAaHHSAM HOCUMUX ceHcopiB [176]. B nataceri
B1IOOpaKEHO BHUKOPUCTAHHA HArpyJHOrO 1 Hapy4HOro npuctpoiB. Hapyunuii
OpUcCTpiil BigoOpaXkae MyJbC JIOAMHU. JlaTaceT omucye TpuU CTaHU (HEHTpaIbHUM,
cTpec, po3Bara), mo Bianosigatote ctanaMm LOW, OPTIMAL, HIGH y po3po6ieHomy
METO/II.

[Ipy mnpoBeAeHHI EKCNEPUMEHTAJIbHOI MEpPEBIPKM METOAY BHKOPUCTAHO
noka3zHuku Accuracy ta Fl-mipa gis kinacy HIGH (F1_HIGH). Accuracy (TO4HICTB)
MOKAa3y€ YacTKy MPpaBUJILHUX MPOTHO31B BiJI YMCIA yCiX mporHo3is. F1-mipa ams kimacy
HIGH € 30anmancoBaHOlO OIIIHKOIO 37aTHOCTI BUSBUTH BHCOKE KOTHITUBHE
HAaBAHTAKEHHS, KA BPaXOBY€ TOYHICTh Ta MOBHOTY. KpiM TouHocTi BUOpaHo F1-mipy
TOMY 1110 TOYHICTh MOXe OyTH Bucokoto sikio kinac HIGH € pigkicHuM 1 BiH moraHo
BUSIBIISIETHCSI.

Pesynbratu mepeBipkM MeTOAy MOOYJOBH BEKTOPY MOTOYHOIO CTaHy
KOpHCTyBaya HaBeJIeHO B Ta0u. 4.3.

Pe3ynbTaT eKcrnepuMEeHTaabHOI TMEpPEBIPKH IMOKA3yHOTh, 110 BUKOPUCTAHHS
LSTM B po3pobiieHOMYy METO/I1 1a€ BUTPAIll B TOYHOCTI 110 8% 32 paXyHOK BUSBJICHHS

TPEH/I1B CTaHy KOPUCTYBaya, HaIPUKJIAJ HAPOCTAHHS KOTHITUBHOTO HABAHTAKEHHS.
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Tabnuist 4.3 — Pe3ynbraTé eKcriepuMEeHTaNbHOI IEPEBIPKU METOLY (POPMYBaHHS

BEKTOPY MOTOYHOTO (h1310JI0TIYHOTO CTaHy KOPHCTyBava

ITigxig Accuracy F1 HIGH
SVM, aHaji3 MOTOYHUX JaHUX 0,79 0,72
Random Forest, 5 mocimigoBHUX BIKOH 0,81 0,76
Meroa no0y10BM BEKTOPY CTaHy 0,87 0,84
KOPUCTyBaya HaBYAJILHOI IPOTPaMHO]1
cucteMH ,10 mociIiIOBHUX BIKOH

L{i TpeHau BUSBISIOTHCS 32 PaXyHOK MOPIBHSHHS 3 MONEPEIHIMU CTaHAMU Ta
3riaKyBaHHs BUKUAIB. [IpoTe BUTpaTH 4yacy € HaWOUIBIIUMHU 1 JJIsT PO3POOIEHOTO
METOJly CTaHOBJATH Oyn3bko 0,2 CEeKyHAM, IO HA MPAKTUIIl € JOCTATHIM Jis

JaUcneTYepr3allii HaB4YaIbHUX MOIYJIIB.

4.3 ExkcnepuMeHTalibHA TIEpEBIpPKa METOIB TMEPCOHI(pIKOBAHOI agamnTaili Ta

Bepu(ikalli nmporecy BUOOPY HaBYaIbHUX MOJYJIIB

Meton mepcoHipikoBaHOI amanTailii HaBYAJBHUX MOJYJIB peali30BaHUN Y
MOAYJIi-AXCIEeTYEepPl HABUAJIBHOI MPOrPAMHOI CUCTEMH, BUKOHYE BHOIp HAaCTyIHOIO
CLEHApil0 Ha OCHOBI BHUKOHAHHS 0a30BHX €TamiB aHaji3y CTaHy, (OpMYyBaHHS
MPIOPUTETHOTO CIUCKY KaHIUAATIB Ta BUKOHAHHS PIIICHHS.

Jucnetryep B riOpuAHII IpOrpaMHiil apXITEKTypl MIAMUCYETHCS HA 1BA OTOKU
TIOI1M:

— OHOBJIEHHS BEKTOpPY HIpo(duI0 KOopucTyBaya Iicis HaBYalIbHOI cecli B
MpOrpamMHii CUCTEMI;

— OHOBJICHHSI BEKTOPY CTaHy KOPHUCTYyBaya, iK€ B1I0YBA€TbCS KOXKHY XBUIIUHY
aKTUBHOI cecli HAaBYaHHS.

OO6uBa BEKTOPH PO3MIIICHI Y CIIUTbHIA CTPYKTYpi Ha nepudepiiiHoMy piBHI Ta
3YUTYIOTHCSI MOYJIEM JIUCIIETYEpa 3 MIHIMAIBHOIO 3aTPUMKOIO.

CtpykTypa pillieHHS MOAYJIs-AUCIIeTYepa 3a pe3yIbTaTaMi BUKOHAHHS METOIY

y dopmari JSON mnipeacrasieHa Ha puc. 4.7.
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"decision_id": "dd_0042_0017",
"user_id": "learner_0042",
"timestamp": 1732291200000,
"v_profile_snapshot": {
"B_user": -0.42,
Lom®s TL2Y,
"U_err": {"tactical": 0.47, "strategic": 0.21, "situational": 9.32},
"Theta_trend": -0.08
}s
"v_state snapshot": {
"cognitive_user": "HIGH",
"p_low": 0.06,
"p_optimal": 0.05,
"p_high": 0.89
}s
"d_target": "L1%,
"t_target": "tactical",
"candidates": [
{"module_id": "intersection_L1_v3", "rank_score": 0.91},
{"module_id": "lane_change L1 v2", "rank_score": 0.84},
{"module_id": "hazard_reaction_L1_v1", "rank_score": 0.76}
1,
"selected_module": "intersection_L1 v3",
"dispatch_rationale": "HIGH_load_downgrade + tactical_err_dominant",
“"fallback used": false,
"latency _ms": 38

Pucynok 4.7 — CTpyKTypa pillieHHs 3a pe3yJbTaTaMi BUKOHAHHS METOLY

NepCcoHI(PIKOBAHOI afanTallii mpouecy HaB4YaHHs

VY HaBeZieHOMY pIllIEHHI KYpCaHT aBTOILUKOJIM Ma€ piBeHb L2, mpoTe moToOYHUN
cTaH KorHiTuBHOro HaBaHTaxeHHS € HIGH npuBoauts 1m0 3umxkenns D_target 3 L2 o
piBHs L1. KopuctyBau HaB4aabHOI CUCTEMH JIOIYCKA€ MEPEBAXKHO TAKTHUYH1 TOMUJIKH,
U err{tactical: 0,47}, mo npuBoauTh 10 3HaueHHs T target = “tactical”.
3anponoHoBaHM HaBUaJbHUM Monynb intersection L1 v3 € crenapieM MaHeBpy
MOYATKOBOT'O PIBHS HA PETYJILOBAHOMY IIEPEXPECTI.

[Tone dispatch rationale mictuTh iHbOpMalio Ui MoAanbIIoi Bepudikarii
mpoiiecy TnepcoHipikoBaHOT anmanTaiii 3 BHKOPHUCTAHHSIM process mining Ha
MIKPOCEPBICHOMY piBHI. 3aTpUMKa Ha NPUUHATTS pIIIEHHS CTaHOBUTH 38 Mc, 11O

3abe3neuye poOoTy B peXKHMI M'TKOTO PEaTbHOTO Yacy.
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ExcnepumenTtanbHa mepeBipka metoay BukoHaHa Ha fataceti VDT. Koxen
3anuc gatacety VDT po3OuBaeThcs Ha 30HM MO, IO B1IOOpaXkaroTh CLIHApii y
HaBYAJIbHUX MOJYJAX. [OKa3HMKM KOTHITMBHOIO HAaBaHTa)XEHHS PO3PAaxOBaHO Ha
OCHOBI JocHiKeHHs [29], uepe3 BiACTaHb BIAXWICHb BiJl IEHTPY JIOPOTHU, KITBKICTh
KOpEKI[il, 4acTOTy rajbMyBaHHs. Benauka KUIBKICTh KOPEKIIM pyxXy Yy Jaraceri
CBITYUTh TPO BHCOKE KOTHITUBHE HABAHTAXXCHHS, a HEBEIWKI BIIXWICHHS 13
HE3HAYHUMH KOPEKLISIMHU BiI0OpaKat0Th HU3bKE HAaBAaHTAKEHHS.

[Ipu nipoBeIeHH] MEPEeBiPKU MOPIBHIOIOTLCSA TPU BapiaHTH BUOOPY CIICHAPIiB:

— CTaHJIApTHUWA HABYAJIBHUM IUJIaH, WI0 MICTUTh (PIKCOBaHUN MOPSIAOK
HaBYaJIbHUX CIICHAPIiB;

— aJlaliTOBaHU TUTAH HAaBYaHHS 32 3HAYEHHSM MapaMeTpiB, IO BKIIOYEHI /10
poQuII0 KOPUCTYBaya;

— BHOIp HaBYAJIBHUX CIIEHApIiB 3a METOJAOM TEPCOHI(pIKOBAHOI ajanTarii
MpoLIeCy HaBYaHHSI.

PesynbraT  eKCIepUMEHTANbHOI TEPEeBIPKU METOAY MepcoHi(iKOBaHOI
ajanTarii HaBesaeHo y Tabi. 4.4

KoxHna KoOH]irypamiss HaBYaJbHHUX CLEHAapiiB OIIHIOBAJACh 3a TpbOoMa
MOKa3HUKAaMHU, $KI BHUMIPIOIOTh PI3HI XapaKTEPUCTUKH PIIICHb II0JA0 BHOOPY
HAaCTyIHOTro clieHapito. YacTka HEBIANMOBIIHUX 1O PIBHSA KOPUCTyBada MPU3HAYEHD
B1JI0Opaae pillieHHs, KOJU HOBUU MOyJib OyB 3aHA/ATO CKIIAJHUM ISl KOPUCTyBaya-
HOBauka a00 3aHAATO MPOCTHM JJIs JIOCBIIUEHOr0 KypcaHTa. YacTKy pillleHb, M0
MIATPUMYIOTh PO3BUTOK 3HaHb 1 HABUUOK KOPHCTYBaua, BKIIOYAE ClIEHApli HABYAHHS 3
JIeI0 ORI BUCOKOIO CKIIAIAHICTIO MOPIBHSIHO 3 HOTO MOTOYHUM PIBHEM IiTOTOBKH.
YacTka 3arpornoHOBaHUX PIIIEHb 13 IEPEBAaHTAKCHHSIM HE BPaXOBY€ TTOTOYHUI PIBEHb
KOTHITUBHOTO TIEpCHABAaHTAXCHHS KOPUCTyBaya.

bazoa koH(irypaiiist 31 cTaHAAPTHAM TJIAHOM HaBYAaHHS JIEMOHCTPY€ HAMHIDKY1
MOKa3HUKH MMiCJII BUKOHAHHSA JucTieTyepu3aliii. Bukopuctanus nmpodiato KOpucTyBada
HABYAJIbHOI MPOTPAMHOI CHUCTEMHU 3abe3nedye CyTTEBE IMIJIBULIECHHS TMOKA3HUKIB.
YacTtka pilieHb, 110 HE BIAMOBI/Ia€ PIBHIO MIATOTOBKM KOPHCTYBaya, 3HUKYETHCS 10

0,22, yacTka pillieHb, 1110 3a0e3ne4y0Th eeKTUBHE HaBYaHHS, 3pocTac 10 0,58, yacTka
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npoOJIeMHUX pIlIeHb 3 TEepEeBaHTAXKEHHSAM KOpHcTyBauda 3HIKyeTbes g0 0,24. L
pe3yJbTaTh MATBEP/KYIOTh CYTTEBUH BIUMB 1H(OpMAIlii I10J0 pIBHSA 3HaHb
KOpHCTyBaya Ha AKICTh afanTtarii. Cyma 3HaueHb IMX [OKAa3HUKIB HE JOPIBHIOE
OJUHUII, TOMY IO BOHM BHUMIPIOIOTh PI3HI XapaKTEPUCTHKH  PIILICHHS.
ExcnepumenTanbH1 T0CTIHKEHHS €(EeKTUBHOCTI METOy MepcoHi()IKOBaHOI ajanTarlii
MpoIlIeCcy HaBYaHHS 3aCHOBAHI Ha MOPIBHIHHI PE3yJIbTATIB 3aCTOCYBAHHS PO3pOOJIECHOTO
METOJy 13 pe3ylbTaTaMH, IO JEMOHCTPYIOTh CTaHIapTHI 3acoOu oOpraHizaiii

HAaBYaJIbHOTI'O ITPOLCCY.

Tabmuuss 4.4 — Pe3ynbratd eKCIIEPUMEHTANBHOI TMEPEBIPKH  METOIY

nepcoHi(ikoBaHOI aganTallii Nporecy HaBuaHHs

KoHpirypariiss HaBYaJIbHHX YacTka YacTka YacTka
CLIEHapiiB pILIEHB, 1110 HE | pILIEHb, IO | PIIIEHb, IO HE
BIJIMIOBIJAIOTH | 3a0€3Me4yl0 | BpPaxOBYIOTh
PIBHIO Th cran HIGH
M1JTOTOBKH e(eKTUBHE | KOTHITMBHOTO
KOpHUCTyBaya HAaBYaHHS | HaBaHTaKEHHS
HIIC (3anaaro
jerke abo
3aHaJTO
CKJIJIHE)
CraHgapTHUM HaBYaJIbLHUM TJIaH 0,34 0,22 0,31

3 (pIKCOBAHUX MOPSIAKOM
HaBYaJbHUX CLICHAPIIB

AjanToBaHuil MJaH HaBYaHHS 3 0,22 0,58 0,24
BUKOPHUCTAHHSM BEKTOPY
npoiJIt0 KOpUCTYyBaya;

Metoa nepconidikoBanoi 0,09 0,74 0,07
ajanramii npouecy HaBYaHHS

[Ticns BUKOpUCTAHHA PO3POOJICHOTO METOMy MepcoHi(IKOBAHOI amamTaiii
YyacTKa pillieHb, 0 HE BIJMOBIAA€ PIBHIO MIJTOTOBKHA KOPUCTYBada, 3HIKYETHCS 10
mumie 0,09, cyrreBo, no 0,74 3pocTae yacTka pilleHb, Mo 3a0e3MeuyoTh eheKTHBHE
HaBYaHHS, Ta 3MEHILIYETHCS MOXJIMBICTh MEpeHaBaHTaXeHHs KopuctyBava 10 0,07.
TakuM YHMHOM, PO3POOJIEHMI METOJl JOCsIrae HaWKpalldx 3Ha4YeHb 3a BCIMA

MOKa3HUKaMH 1 3a0e31euye MiBUIICHHS 3HaYeHb TTOKa3HUKIB y JIEKUIbKa pasiB.
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Pesynpratn Meromy mepcoHipikoBaHOI  ajamTamii  MEpeBIpAIOTHCS 3
BUKOPHUCTAHHSAM METOy Bepudikarlii, SKuil peaynizye noOya0By €TaJIOHHOTO MPOIIECy,
3iCTaBJICHHS 3 HUM (PAKTUYHUX TPAEKTOPIN 13 JIOTY Ta BUSBJICHHS mopyiieHb. [Ipu
MPOBEJCHHI eKcrepuMeHTy BHKopucTaHo nataceT VDT. Koxen 3ammc maracety
po30MBaBCs Ha JOPOXKHI CUTYaIlli BIJMTOBIIHO /IO OPUTIHAJIBHUX MITOK . Taki cuTyartii
BKJIFOYAIOTh PyX Ha MEpeXpecTi, Ha HeOe3MeUHNX AUITHKAX TOmIo. J[JIs KOXKHOT 30HH
OOYHCITIOBAJIMCH KJIIOUYOBI O3HAKU: IMIBUAKICTH, YacTOTa TallbMyBaHb, CEpPEAHE Ta
MaKCUMaJlbHEe BIAXWJEHHA BiA cMyrd pyxy. Ha oOcCHOBI oOTpuMaHMX JaHUX
(opMyBaIMCh BEKTOpHU MPOQLI0 Ta CTaHy KOPHUCTyBaya, SIK OyJ0 pO3IVIAHYTO B
nigpo3aia 4.2. JIis KOKHOI cuTyallli Ta KOXKHOT'O BOJis JaHl yHOPSIIKOBYBAIUCH Y
TpacH, 110 B1IOOpa)Kajdu TPAEKTOPIIO OMaHyBaHHS HaBYaIbHHX cleHapiiB. KoxHa
Tpaca MICTUTh NOCIIIJOBHICT MOAIN NPOXOKEHHS JOPOKHBOI CUTYaIIIl.

[Ipuknaa omucy mojli MpU OIMAaHyBaHHI JOPOKHBOI CHUTYyallli HaBEJEHO Ha

puc.4.8.
<event>
<string key="concept:name" value="intersection_traffic_light"/>
<date key="time:timestamp" value="2024-05-15T09:00:00.000+02:00" />
<string key="action" value="CONNECT" />

<string key="module_difficulty" wvalue="L1"/>
<string key="cognitive_userload” value="OPTIMAL"/>

<float key="lane_offset_avg" value="0.18"/>

<string key="violation_type" value="NONE" />

<string key="violation_critical” value="false"/>
</event>

Pucynoxk 4.8 — CtpykTypa noii A ClieHapito JOPOKHbOI CUTYaIlil

[logis nHamana y ¢dopMmari Xes, MPU3HAYEHOMY JUIsI OMHUCY IPOLIECHUX
TPAEKTOPIH.

Onuc mnoxaii Mae Taky CTpyKTypy. 3MiHHa <string key="concept:name"
value="intersection_traffic light"/> wmicTuTh Ha3By HaBUYaJBHOTO  CIIEHAPIIO
«mepexpects 31 ceiTiohopom». 3miaHa <date key="time:timestamp" value="2024-05-

15T09:00:00.000+02:00"/> € wMiTKOIO 4Yacy Tpoi3gy 4depe3 Tmepexpects 3i
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ceitmodopom. 3minHa <string key="action" value="CONNECT"/> MicTuTh pinieHHs
MOJAYJS JAMCHETYEpHU3allii MO0 MIAKIIOYEHHS JaHOro JIOPOXKHBOTO CLEHApIIo
kopucTyBaueBl. 3miHHa <string key="module difficulty" value="L1"/> wmicTuts
piBEHb CKJIQHOCTI CLEHApil0 JOPOKHBOI cHTyauii. VY 3MiHHIM  <string
key="cognitive userload" value="OPTIMAL"/> nHaBegeHO piBE€Hb KOTHITUBHOTO
HABAHTAKCHHS KypCAaHTAa aBTOIIKOJIW Y MOMEHT OMaHyBaHHS JOPOXKHBOI CHUTYyaIIii.
3nauenns <float key="lane offset avg" value="0.18"/> BimoOpaxkae BiIXuICHHS TIPH
npoi3al 3a JaHuM crieHapieM. lle 3HaueHHS MICTUTBCS y JaTaceTi 1 MoXe OyTH
BUKOPUCTAHO JJIA NepeBipku cognitive userload Ta iHTeprnperanii nopymens. Tum
BUSBJIICHOTO  TOpYIIEHHA  HaBeaeHut y  <string  key="violation type"
value="NONE"/>. 3nauennss NONE o3Hauae BiACYTHICTh MoOpyIieHHs. PimeHHs
MOAYJIIO0 JUCHEeTYepr3allli BIAMOBIIAE LIJIbOBIM MOJENI MPOIECy MepcoHi(pIKOBAHOI
aganTariii. [Hdpopmaliist Ipo nopyuieHHs y ABIMKOBOMY (hopMaTi MICTUTHCS Y 3MIHHIN
<string key="violation critical" value="false"/>. 3nauenns false mnoxka3zye, 110
NOpyIIeHHS BIACYTHE. /laHa 3MiHHAa BUKOPUCTOBYETHCS JJIi BUSHAYEHHS KUIBKOCTI
MOPYIICHb MPU MTPOBEICHHI EKCIIEPUMEHTY.

ETanoHHi mponecu HaBYaHHS BU3HAYAJIMCh 332 YMOBHM BIANOBIAHOCTI PIBHS
MiTOTOBKM KOPUCTYBadya BUMOTaM HAaBUYAJIBHOTO CIIEHAPI0 Ta BIJICYTHOCTI BUCOKOTO
(HIGH) xOorHiTUBHOTO HaBaHTaXEHHS.

Bumorun 10 CKIIagHOCTI CHUTyalllil BCTAHOBJIEHI 3 YpaxXyBaHHSM PO3MITKH
naracety. Hanpukmiaz, 1opoHIM CUTYaIlIsSIM 3 MiHIMaJbHUMHU HaBUIKaMH (BOJIIHHS Ha
PIBHIM JUISHIL TOLIO) BIAMOBIAMMA MiHIMaJbHI PIBHI BUMOT JO MIATOTOBKU Ta
HaWBUIIMI PIBEHb KOTHITUBHOTO HABAaHTAXXEHHSI, a CUTYaIlisSIM BUTy BOJIIHHS Ha HIYHIN
Tpaci, B IOMIOBY MOTOAY — HAaWBHIIlI piBHI BUMOT JI0 MATOTOBKY Ta HAWHKYINI PIBEHb
KOTHITUBHOTO HaBaHTa)KECHHSI.

[Tpu mepeBipIii MeToay BepudiKailito BAKOPUCTOBYBAJIMCH MOKa3HUKH Fitness Ta
Precision, po3paxoByBalMCh YaCTKH MOPYILIEHb MPaBUJI MEPCOH1(PIKOBAHOT aanTailii.

[Toka3nuk Fitness BimoOpaxae 4yacTKy Tpac MpU BUKOHAHHI MEPCOHI(PIKOBAHOI

ajanTarlii, SKa TIOBHICTIO BIAMOBIZAE IIUTHOBIM MOJENl SK €TaJOHHOMY OTHCY
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nopoxkHboi cutyarii. L{i peanizoBaHi TpaekTopii HaBYaHHS HE MAlOTh MPOTHUPIY 13
paBUJIaMH MEPCOHI(IKOBAHOT ajanTaltii.

[Toka3nuk Precision BUMIpIOE YaCTKy MO Ha TPAEKTOPIi HABYAHHS, 110 OyJIH
peanpHO pealizoBaHi mpu afganTarii. Bucoke 3nauenns Precision mokasye, 1o Moieib
OTIMCY€E peasIbHUH MpoIlec MepcoHiPpiKoBaHOT ajanTallii Ta He MiCTUTh TAaKUX BaplaHTIB,
SAKUX HE ICHY€ MpU peaJbHOMY HaBYaHHI.

[Tpu mepeBipii MOPYIIEHb BPaxOBYBAJIHCh 3aBHUIIEHA CKIAIHICTH CIIEHAPIIO
(nopymienns agantanii), Ta cran HIGH xor"ituBHOrOo HaBaHTa)xeHHs (MOpYIICHHS
nepcoHigikarii). [loka3HUK 4YaCTKU NOPYIIEHb NEPCOHI(PIKOBAHOI aAanTallll BpaXOBYy€
BUIIAJIKKM HEBUKOHAHHS JI000i 3 X yMOB. [ToKa3HMK 4acTKU KPUTHUYHUX MOPYIICHb
BPaxXOBY€ JIMIIIE T1 PIILICHHS, JIe TOPYIIYIOThCS OOU/IBI YMOBH.

Po3paxyHOK MMOKa3HUKIB BUKOHYBABCS JJIsl 3pOCTAIOYMX IMIJBUOIPOK KypHAIIB
(mepmri 100, 500, 1000 Tpac Ta MOBHHWI JaraceT) 3 METOIO IMOPIBHAHHS 3HAYEHD
OTpUMaHUX MOKA3HUKIB.

PesynbraT  eKCliepUMEHTAIbHOI TEpPEBIPKU METOAY TNepcoHi(PiKoBaHOT

ajanTallii HaBeJIeHo y Taou. 4.5.

Tabmuuss 4.5 — Pesynbratd eKCIIEPUMEHTANIBHOI TEPEBIPKH  METOIY

MepCcoHI(PIKOBAHOT aianTalli MpoLecy HaBYaHHS

Bubipka Fitness Precision | Yactka nopymenb | YacTka KpUTUUHUX
Tpac NepCOHI(PIKOBAHOI NOPYIIEHb
aganTari NepCcOHI(PIKOBAHOI
ajanranii
100 tpac 0,86 0,77 0,12 0,034
500 Tpac 0,87 0,78 0,11 0,031
1000 Tpac 0,87 0,78 0,11 0,033
[ToBHWMIA 0,87 0,78 0,11 0,032
JaTacer

3HadueHHs moka3HuKa Fitness Ha Oimbmmocti BuOipok craHoBuTh 0,87, 110
MIATBEPKYE, IO TEpEeBaKHA OUIBIIICT, BUKOHAHMX TPAEKTOPIA MPOXOKCHHS
HaBUYAJILHUX CIIEHApiiB BIAMOBiAAaE Tporiecy nepcoHiikoBaHOi aganTallii. 3HAaYCHHS

nmoka3zHuka Precision (0,78 o3Hauae, mo mnpaBuia aganTaiii He MICTATh 3HAYHOI
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KUIBKOCTI TEOPETUYHO MOXKIIMBUX, MPOTE HE peai30BaHUX Ha MPAKTHUIIl TEPEXO/IIB 10
HOBUX HaBYAJILHUX MOJTYJIB.

YacTka mopymieHb OJHOTO 3 MpaBui nepcoHidikoBanoi anmanrtamii y 11%
MOKa3ye, 0 METO Bepu(iKallii MOXKe BUSBISATH PILICHHS, sIK1 MAIOTh OYyTH YTOYHEHI
Opy YJIOCKOHAJEHHI Mpollecy MEepCcOHI(PIKOBAHOI ajamnTalli HaBYaHHS. 3HAYEHHS
YaCTKA KPUTUYHUX TMOPYIIEHb TOKazye, mo 3,2% BIICOTKAa PINIEHh MICTSThH
HEKOPEKTHY aJanTalliio, sika MOXe MPUBECTH JO0 KOTHITUBHOTO TEPEBAHTAXKECHHS Ta
MOJAIBIIOr0 (POpMYyBaHHS HETaTHBHHUX IIAa0JOHIB BOJIHHS Yy CKJIQJHUX JOPOXKHIX
CLEHapisX.

Jlunamika 3HauYeHb I[IOKAa3HUKIB Ha BHUOIPKAaxX Tpac CBIAYHUTH, IO METO]
BepudikaIlli Mo>kHa BAKOPUCTOBYBATH JIJIs )KypHAIIB HEBEITUKOTO 00CSTY.

CrpykTypa mnopylieHb B 3aJIe)KHOCTI BiJ mepcoHidikaiii abo amanrtaiii

HaBeJieHa y Ta0. 4.6.

Tabmuns 4.6 — CTpykTypa opyIlIeHb IPU aJanTailii Ha nepcoHigikalii nporecy

HaBYaHHS
Tun nmopyueHHs npu Ommc YacTka BiJI BCIX
MepCOHI(PIKOBAHIMI NOPYILIEHb
ajanTalii npouecy
HaBYaHHSI
AnantuBHUN CKi1aggicTh CIICHAPIIO 041
MIEPEBUIILY € PIBEHb
MITOTOBJICHOCTI KypcaHTa
aBTOILKOJIN
IlepconidikoBanuii IrHOpYBaHHS M1JIBUILIEHOTO 0,38
cTpecy abo HIGH
HABAHTAKEHHSI
Kputnunuit OnnouacHe MIOPYLLIEHHS 0,21
000X YMOB

BbinburicTe nopyieHs € alanTUBHUMH, 10 CBITYUTH IIPO HEBIATOBIIHICTh PIBHS
CKJIQTHOCTI HABYAJIBHOTO CIIEHAPII0 Ta TMOTOYHOTO pIBHS 3HAaHb Ta HAaBUYOK
kopuctyBaya. L{i JaH1 miATBEpKYIOTh pe3ybTaTH y Ta0i. 4.4 31 3HAYHOIO KIJIBKICTIO

NOpYIIeHb JJI1 CTAaHJAPTHOTO HABYAJIBHOIO IJIaHY 13 (DIKCOBAHUX MOPSIKOM
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HAaBYAJIbHUX CIeHapiiB. Bemmka wacTka mopyimeHb mnepcoHigikaiii CBIIYUTH PO
OKpeMUi1 BIUTMBU 1TaHOTO KOMIIOHEHTA, KOJIU BILUTUB KOTHITUBHOTO MEpEeHABAHTAKECHHS
HE KOMIICHCY€EThCS 1H(DOpMaIIi€ro 13 mpoduio KopucTyBada. KpuTuuHi MopyIeHHs 3
gacTkoo 21% wmaroTh HalOUIbIIMK BIUIMB Ha e(eKTHBHICTH HaBuaHHS. CreHapii 3

TaKMUMH MOPYIICHHSIMH MalOTh OYTH BIIKOPUTOBAH1 B TIEPIILY YEPTYy.

BucaoBku 10 po3ainy 4

1. BukoHaHO peam3alil0 Ta EKCIEPUMEHTAIbHY NEPEBIPKY TiOpUIHOT
apXITeKTYpH HaBYAIBHOI MPOTPAMHOT CUCTEMH aBTOIIKOJIU. PeaizoBana apXiTeKTypa
BUKOPUCTOBYE TPHU MATEPHU B3a€MOJII, a caMe 00pOOKY MOJYJIIB KPUTHUHOIO ILISAXY
B OJIHOMY TpoIieci Ha nepudepiitHoMy piBHI, CHHXPOHHY MEPEKEBY B3a€EMOJIII0 MIXK
piBHEM Kili€HTa 1 nepudepiiHUM piBHEM, aCHHXPOHHHUI 0OMIH MOIISIMH JUIsl B3a€MOIi1
3 MIKpOCEpBICHUM piBHEeM. Taka peanizallis po3po0JeHOl apXiTEeKTypu 3ade3neuye
130JIA11110 TiIMEpex neprudepiiftHOro piBHSA Ta MIKPOCEPBICHOTO PIBHS Ta BiANOBIIHE
3MEHIIICHHSI 3aTPUMOK JIJIT KOPUCTYBaYiB.

2. IlpoBeneHO eKcliepuMEHTaIbHYy MEPEeBIPKY METOAIB (hOpMYBaHHS BEKTOPIB
npouir0 Ta CTaHy KOpUCTyBaya HaBYaJIbHOI MpOTrpaMHOi cucteMu. Meron
dbopMyBaHHSI BEKTOPY NpoiIr0 KOpUCTyBadya 3a0€3MEUUB y3roHKEHICTh OTPUMAHOT
OI[IHKA PIBHS TIATOTOBKH KOPHCTyBaua 3 (DAKTUYHUMHU PIBHAMH CKJIAIHOCTI
HaBYAJIBHUX CLIEHAPIIB Y €KCIIEPUMEHTAIBHOMY JaTaceTi. Meto noOy 0B BEKTOPY
MMOTOYHOT'O CTaHy KOPHUCTyBaya 3a0€3MEeUUB MOXKIUBICTh OB TOYHOTO BU3HAUYCHHS
KOTHITUBHOTO HABaHTAXEHHS 32 PaXyHOK BHUSBJICHHS TPEH/IIB CTaHY KOPUCTYyBaya.

3. IlpoBeneHO eKCIEpUMEHTAJIbHY IMEPEBIPKY METOJIB MepCOoH1()IKOBAHOI
aganTarii Ta Bepudikarii nporecy HaB4aHHS. MeTton nepcoHidikoBaHOi amanTarrii
3a0e3MeunB TOCATHEHHS HAaWKpaIIuX 3Ha4€eHb 3a MOKa3HUKAMH YaCTKH PIIIEHb, 110 HE
BIJIMOBIJAIOTh PIBHIO MiATOTOBKM KOPHUCTYyBaua, YacTKU PIllI€Hb, IO 3a0€3MeUyI0Th
e(eKTUBHE HABUaHHS, a TAKOXX YACTKHU pIllleHb, 1[0 HE BPAXOBYIOTh KOTHITHBHE
nepeHaBaHTaXEHHS KopucTyBada. Mertoa Bepudikaiii 3a0e3MeuynB MOXKIUBICTh

YAOCKOHAJIEHHS PEAIbHOTO TIpoIeCy MepCcoHi(IKOBAHOI ajamnTaiii Ha OCHOBI
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BUSBIICHHSI KPUTUYHUX MOPYIIEHbB, MOB'I3aHUX 13 HEBIAMOBIIHICTIO M1’ HaBYaIbHUMU
CIICHApISIMU Ta PIBHEM IMIJATOTOBKM KOPUCTYyBayda, a TaKOX 13 MEPEBUIICHHSAM PIiBHS

KOTHITHBHOTO HaBaHTa)KCHHS.
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BUCHOBKHA

VY nucepTaltiifHii poOOTI IpeACTaBISHO HOBI HAYKOBI Ta MPAaKTUYHI PE3yIbTaTh
IpU BHUPINICHHI aKTyaJbHOTO HAyKOBOTO 3aBJAaHHS PO3POOKM MOJENI Ta METOJIIB
nepcoHi()iKoBaHOI ajanTarlii B MpOrpaMHUX CHUCTEMaX HaBYaHHS B aBTOIIKOMI JJIS
MiIBUIIEHHS €(DEKTUBHOCTI MIATOTOBKH BOIIiB 3 YpaxyBaHHSIM SIK PIBHS MiATOTOBKH
KOPHUCTYyBaya, TakK 1 HOTr0 MOTOYHOTO KOTHITUBHOTO CTaHy. Pe3ynbTaTi BIpoBaKeHHS
METO/IIB MepcoH1(PiKOBaHOT ajanTarllii cBil4aTh Mpo MEPCHEKTUBHICTh BUKOPUCTAHHSI
PO3pO0IEHNX METOAMYHHX 3aC001B y HABYAJIbHUM MPOLIEC 1HIINUX TUIIB 3aKJIaaiB.

B xox1 gociniipkeHHs] OTpUMAaHO TaKl Pe3ysIbTaTH.

1. AmHami3 aJanTUBHOTO TIPOllECY HAaBYaHHS BOJIIB Ta MIAXOMIB [0
nepcoHiikaillii HaB4aHHS B aBTOIIKOJAX IOKa3aB, M0 €(PEKTUBHICTh MiJATOTOBKHU
BOJIIB 3HAYHOIO MIPOI0 3aJIEKUTh BIJ] KOHTPOJIIO KOTHITMBHOIO HABAHTAXKEHHS
KOPUCTYBauiB HABYAJIbHUX CHCTEM, IO NOTpedye BUKOHAHHS MEPCOHI(PIKOBAHOI
afanTanii npouecy HaB4aHHsA. CydacHi MIIX0IH J10 TTepcoHi(dikallii BpaxoByIOTh CTaH
KOPHCTyBaua Ta HE BPaxXOBYIOTh PiBEHb MOT0 IMIJTOTOBKM, a MIAXOAHM IO ajarTarii
BpPaxOBYIOTh JIMIIE PIBEHb MIATOTOBKH KOpUcTyBaya. J[aHe oOMeXeHHs MOB'SA3aHO 13
peanizoBaHUMU apXITEKTYPHUMH DIIICHHSM HaBYaJIbHUX MPOTPAMHUX CHCTEM.
Peanizaniisi KOMITJIEKCHOTO MIiAXOMy N0 TNEpCcOHI(IKOBAHOI ajamnTailii Mpouecy
HaBYaHHS MOTpPeOye PO3POOKH TIOPUAHOI MPOTrpaMHOI APXITEKTYpH, IO TOEIHYE
MO>KJIMBOCTI MacIITabOBAHOCTI MIKPOCEPBICHOI apXiTEKTypu ISl YAOCKOHAJICHHS
MpoIleCy HaBYaHHS Ta MIBHJAKOI MepcoHiiKoBaHOI ajamnTaiii Ha 0a31 MOHOJITHOI
apXITEeKTYypH.

2. Bmepie 3ampornoHOBaHO MOJENh TIOPUAHOI MPOTPAMHOI apXITEKTypH 3
nepudepiitHiMu 00YUCICHHSIMU CUCTEMH HAaBYaHHS B aBTOIIKOMI. MoJenb BKIIOYAE
KIIIEHTCbKUM, mnepudepiitHnii Ta MiKpocepBicHUIM piBHI. KI€HTChKHMII pIBEHb
apXiTEeKTypu 3a0e3nedye Bi3yalli3allilo JIOPOKHBOTO CEpPEJIOBUINA Ta OTPUMAHHS
OloMeTpuyHUX JaHMX KopucTtyBada. Ha mnepudepiiiHoMy piBHI BUKOHYETHCS
nepcoHigikoBaHa ajanTallis MpoIecy HaBYaHHS Ha OCHOBI OOpPOOKH OlOMETPUYHUX

JaHUX Ta BEKTOPY MNpodiaro KopucTyBada. MikpocepBiCHHI piBeHb 3a0e3nedye
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Bepudikaliio npoiecy nepconigikoBanoi anantaiii. Pospobiena monens 3abe3neuye
MOKJIMBICTh IEPCOH1()IKOBAHOI a1anTallli mpolecy HaB4aHHs y MPOrpaMHUX CHCTeMax
aBTOINIKIJI HAa OCHOBI KOMILJIEKCHOTO ypaxXyBaHHS PIBHS 3HaHb Ta MOTOYHOTO PIBHS
KOTHITUBHOTO HaBaHTa)KEHHS KOPUCTyBaya.

3. YnockoHaneHo MeTo 1 ToOyA0BH BEKTOPY MPOQ1LII0 KOPUCTyBaya HaBYAIbHOI
MPOrpaMHOI CUCTEMH, KU Ha BIAMIHY BiJ ICHYIOUMX BHUKOHYE OIIIHKY JATEHTHUX
3M10HOCTEN KOpPHUCTYyBadya 3 BUKOPUCTAHHIM MICUXOMETPUYHHUX MOJIETICH, BU3HAYA€E HA
I[Id OCHOBI PIBHI CKJIQJHOCTI 3a7a4 JJIi KOPUCTyBaua, OMKHC THUIOBUX TMOMMJIOK 1
(dopmye BeKTOp MpodiI0 KOPUCTYBaya K GopMalibHy crerudikaiio HTepdency 3
KopucTyBaueM. MeToJl Ja€e MOXIIMBICTh aBTOMAaTH3yBaTH IEPCOHI(PIKOBaHY
ajanTarliio Ta BepuQikaiiro MoyJiB HaBYaJIbHOI MPOTPAMHOT CUCTEMU 3 ypaxyBaHHSIM
3Ha4Y€Hb KOMIIOHEHTIB BEKTOPY MPO(P1LII0 KOPUCTyBaya.

4. YnockoHaaeHO MeToJl MoOyl0BU BEKTOPY MOTOYHOIO CTaHy KOpPUCTyBauda
HaBYaJbHOI MPOTPAMHOI CHUCTEMH, IKUU HA BIAMIHY B1Jl ICHYIOUMX BHUKOHYE aHAJII3
BapiabeIbHOCTI CEPLIEBOTO PUTMY, BU3HAUa€ MAaTEPHU CEPLIEBOTO PUTMY Ta QopMye
BEKTOp MOTOYHOIO CTaHy KOpPHUCTyBaya, 1[0 MOXE OyTH NpEACTaBICHUN B paMKax
MporpaMHOro  1HTepdehcy s aBTOMATU30BAHOI JUCHETYepU3alli MOMIYJIIB
HaBYaJIBHOI MPOTpaMHOi cUCTeMHU. MeTon 3a0e3rnedye MOKIUBICTh OLIHKU CTaHy
KOPUCTYBauya y M'SKOMy peajlbHOMYy u4acl y TIOpuAHIA NpOorpaMHiil apxiTeKTypi
aJalTUBHOI HABYAJIBHOI CUCTEMMU.

5. Bmepiie 3ampornoHOBaHO METOJ NepcoHI(PIKOBAHOT amanTaili MpoIecy
HaBUYaHHA LUISIXOM BHOOpPY HaBUYaJbHUX MOJYJIB Ha OCHOBI BEKTOPIB MpO(dII0 Ta
CTaHy KOpucTyBaya. MeTo/1, Ha BIIMIHY BiJl ICHYIOUHX, BPAXOBY€E PIBEHb MiATOTOBKH,
MOTOYHMN MCUXO(I3UUHUN CTaH KOPUCTyBaya, a TaKOXK CTYMiHb HOBU3HU 3aBJIaHb Y
HaBYaJIbHUX MOJYJISIX 1 BUKOPUCTOBYE MONEPENHIO (QIIBTPALIII0 MOAYJIIB 32 CTYIIEHEM
BIJIMTOBITHOCTI PIBHIO MiJITOTOBKM KOPHUCTYBada, IO JA€ MOXJIHUBICTh CKOPUTYBATH
MPOIEC HABYAHHS 3 YPaxXyBaHHIM SIK PiBHS 3HAHb, TaK 1 KOTHITHBHOTO HABaHTAKCHHS
KOPHUCTYBaya HaBYaJIbHOI POTrPaMHOI CUCTEMU.

6. HaOyB mogansIioro po3BUTKY METOJ BepHdikailii aganTUBHOI MPOrpaMHOi

CHUCTEMH 3 BUKOPUCTAHHSIM TEXHOJIOTIi 1HTEJIEKTYyaIbHOTO aHalli3y mpoleciB. Metos
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BKJIIOUA€E €Tanu MOOYJOBH >KypHaldy MOJiNd aJanTUBHOI HaBYaIbHOI MPOTPaMHOI
CHUCTEeMH, TOOYTIOBU MOJICJICH IIJIbOBOTO Ta (DAKTUYHOTO MPOIIECIB MEPCOHI(PIKOBAHOT
ajlanTalii, BUSBJICHHS MMOPYIICHb aJallTUBHOI JIOTIKK Ha 0a31 MOPiBHIHHS LUJILOBOI Ta
dakTHIHOT MOAeINeH mporiecy nepcoHiikoBaHoi aganTariii. MeToa CTBOPIOE YMOBU
JUISL  yJAOCKOHAJICHHS Tpollecy TIepcoHiikoBaHOi aganTaiili 0OpW HaBYaHHI 3
ypaxyBaHHSM PI3HUII MiK MOJIECTISIMU IIITLOBOTO Ta (PaKTUYHOTO MPOIIeCy HaBYAHHS.

7. Bukonano  peamizamiito  TiOpugHOI  TporpamMHOI  apXiTeKTypu  Ta
EKCIIEPUMEHTAJIbHY TEPEBIPKY PO3pOOJCHUX METOAIB MepcoHi(IKOBAHOI ajarrtariii
npoliecy HaByaHHs. PeanizoBaHa apXiTEKTypa BUKOPUCTOBYE Pi3HI NATEPHHU B3AEMOIIT
Ha KJIIEHTCHKOMY, TepudepiiiHOMy Ta MIKpPOCEpPBICHOMY pIBHAX, IO 3abe3nedye
3MEHIICHHS 3aTPUMOK TMpU ajanTailii Npolecy HaBYaHHS Il KOPHUCTYBadiB.
ExcnepuMeHTanpHa ImepeBipKka METOJIB MEepCcOoHI(PIKOBAHOT ajanTalli IoKa3aia
CYTT€BE MIJBUIIEHHS YaCTKHU DIllIEHb, 110 3a0€3MeuyroTh €(pEeKTUBHE HaBYAHHS Ta
3HIDKCHHSI YacTKW pIlIeHb, IO HE BPaxOBYIOTh KOTHITMBHE HaBaHTAKCHHS

KOPHCTYBaua MOPIBHIHO 3 ICHYIOUUMH IT1IX0JIaMH.
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ITigTeepasyeno, mo ¥ nepiog 3 5 oo 8 ciara 2026 poxy Haum Oyao ogepaano iy Mamors
AL, acmipanTa EadenpH iEmaeHepil DpoTrpaMEoro abesnegenns HamioHaTeHOTO a8 poROCMITHOTO
VHIBEPCHTETY “ LAPKIBECHEHE ABIANIAHMA {HCTHETYT? Takl MaTEpialH, Mo ¥ CYEYIEOCTI ABIIIOTH
coDOK MeTOJNHUHHA OasHc pospolieHHR THOOBOI OporpaMuOCi HABYANEHOI CHCTEMH IR
iEfopMATIHECre DINTPHEMYBAHES DPOUECY MiATOTOBEH BOJIE V CHENIAM30BAHHAN HABTAIBHIX
3ARTATAX:

- MOJETE TiopEIHO] OpoTpaMEC] APRITEETYPH 3 OepRdepiiHaMe obTHCISHEAME CHCTEME
HABGAHHA E AFTONIECL, AKA MICTHTR KENEHTCHEHH pIEeHS 14 EBI3VAMsamil JoposHBOTO
CepeNOEHINA, NDepRdepifiHHE piBeHs IUI4 JHCOSTUepHIAOL mepcoHidiEcBaHOTO EBHOODY
HABUANBHHX 3AEJAHE Ta MIKDPOCEPEICHHH piEeHE 414 BepHiEaNii EBHOOPY HABUATRHHX 3aBJAHE,
mo CTECPIOE YMOBH IUTA NepcoRidiKoBaHol aganTami Oponecy HABTAHHA B ABTOMIEGI;

- MeTOZ mepcoHidikoBaHCl afanTamil Opomecy HABTAHHA, IUIAXOM BHOODY HABTATBEHHX
MOJVIIE HA OCHOBL BEETOPIE Opodimo i CTAEY EOPHCTYEAYa 3 VPAXYBAHHAM CTYIEHK HOEHIHE
3ABJAHE Ta Domepemaboi QinETpami MOTYME 33 pIEHEM CETATHOCTL, IO JA€ MOBUIHEBICTE ¥
APTOMATHIOBAHOMY pEeRHMiI MiTi0paTH HABUANMBHEH COEHAPIA 3CiJHO PIEHA DITOTOEEH Ta
MOTOMHOTD EOTHITHEHOTO HABANTAXEHHA KOPHCTVEAYA HABTANEHOI IPOTPAMHD] CHCTEME,

- MeTOZ BepH{iEamii mpomecy MATOTOEEH BOMIIE B HABUANBHEX OPOTPAMHHEX CHCTEMAX
APTOIIELN, AEMH MICTHTE €TAOH HoDVIOBH MOedeH OUTEOBOTO Ta (AKTHUHOTO NPOIecis
nepcoEiiEoEaR0] aganTamii HABTAHHA Ta BHABJISHHA NOPVIISH: ATANTHEHOI JOTIEH HA OCHOBL
NopiEHAHEA DTB0ECT Ta dakTHTHOI MoJenell. mo sabesmedye YMOBH 411 VIOCKOHATEHHE IPABHT
nepcoEifiEoEaRE0] AgaOTamii ¥ Opomeci HABTAHES 3 YPaXyBAHEAM pPIEHA JaTeHTHHEX 3HAHD
EOPHCTYBATiE.

JazHageri MATeplATH EEECPHCTOEYVIOTRCA V XOJI peatlizamii IpoekTy CTEOPEHHA THIOBOTO
EOMIUIEECY DPOTrpAMEEX 3acoDie imdopuMamfore DiITPEMYEAHEA OPONecy DiIrOTOEEH BOJIE ¥
APTOIIECIAX, Ha 3acafax nepcoridiroBanoi amamTamii.
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