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Cimax A.FO. laTenextyanizoBaHa MpOrpaMHa CHCTEMa aHAJI3y Ta PEHTHHTYBaHHS
JUSJIBHOCTI HAayKOBO-TIEAAroriyHUX MpaiiBHUKIB. — KBamidikamiiiHa HaykoBa Tpallsd Ha
npaBax PyKOIHUCY.

Hucepraitiss Ha 3700yTTS CTyIleHs JokTopa ¢urocodii 3a croemianbHicTiIO 121
«lmKeHepiss mporpamMHOro 3a0e3MedeHHs» — 3aXiIHOYKPaiHChKUM  HAal[lOHAJTbHUN
yHiBepcuteT, TeprHonins, 2025.

[TinrotoBka 3ilicHIOBajIach Ha Kadeapl KOMIT IOTEpHUX HAyK 3axiTHOYKPaiHCHKOTO
HalllOHAJIBHOIO YHIBEpCcUTETY MiHICTEpPCTBA OCBITH 1 HAYKH Y KpaiHHU.

JucepTraniitHy poOOTy IPUCBIUYECHO PO3B’I3aHHIO aKTYaJIbHOTO HAYKOBO-TIPAKTUYHOTO
3aBlaHHA — PO3pOOKM IHTEJEKTYaJi30BaHOI MPOTPaMHOI CHUCTEMH aHali3y Ta
PEUTUHTYBaHHS JISUIBHOCTI HaykoBo-nieaaroriyaux npaimiBaukiB (HIIII), sika 3a0e3mneuntsb
KOMIUJIEKCHUM aHalli3, MPOrHO3yBaHHS Ta (OPMYBaHHS MEPCOHATI30BAaHUX PEKOMEH AN
110/10 TTOKPAILEHHS pe3yJIbTATUBHOCTI HAYKOBO-TiefaroriyHoi gisibHocti HIIIT.

V¥ cywyacHux ymoBax rioOanizailii Ta MoCUIEHHS! KOHKYpEeHIi y cepl BUIIOI OCBITH,
no3uilli 3aknaniB Bumioi ocBith (3BO) y HamioHambHUX Ta MIKHAPOJHHMX PEHUTHHTAX
0e3mocepelHbO  3aNeKaTh BiJ CYKYNMHOI Pe3yJIbTAaTHUBHOCTI IXHBOTO AaKaJEMiuHOTO
nepconany. EdexktuBnicts gisuibHOCTI KokHoro HIIIT crtae ximrodoBuM QakrtopoM, IIo
BIUTUBA€ HA SKICTh OCBITHBOTO TIPOLIECY, HAYKOBUW TOTEHIAJl Ta MIDKHAPOJIHY
KOHKYPEHTOCIIPOMOKHICTh YHIBEpcHUTETY. Lle 3yMoBItoe nmoTpedy BIPOBAKEHHS J1€BUX
IHCTPYMEHTIB JJI1 MOHITOPUHTY, aHali3y Ta, IO HaWBaXJIMBIIIE, CTUMYJIOBAHHSI
npodeciitHOro po3BUTKY MPaIlIBHUKIB.

binbliicTh ICHYIOUMX CHCTEM OILIHIOBAHHS Ta pPEUTHHTYBaHHSA, OCOOJMBO B
ykpaincbkux 3BO, GyHKIIOHYIOTH 32 TPAIUIIMHUMHE TPUHITUTIAMH, 1110 XapaKTePU3YIOThCS
BHUCOKOIO TPYJIOMICTKICTIO, 3HAYHUM a/IMiHICTPATUBHUM HaBaHTAXEHHSM, Cy0’ €KTUBHICTIO

Ta OOMEXEHUMH AaHATITUYHUMU MOMJIMBOCTAMH. Taki cuctemMu 371e011bII0r0 (PIKCYyIOTh



MUHYJ1 JOCATHEHHS, NPOTE HE HANaloTh MJIEBUX IHCTPYMEHTIB MJS CTUMYJIOBaHHS
npodeciiHOro Po3BUTKY, a00 HasBHI MEXaHI3MHU, SK MPaBUIO, € (GparMeHTApHUMU WU
00OMEXYIOThCS JIUIIE OKPEMUMHU BUAAMHU ISJILHOCTI MpaIliBHUKA. BUHIKAE MPOTUPIUYS MK
HarajJpHOIO0 NoTpeboIo y miABuIIeHHI pe3ynbratuBHOCTI HIII Ta HEBIAMOBITHICTIO HASBHUX
3ac00iB CydyacHMM BHMOTaM IHTEJNeKTyami3amii Ta aBroMaruzaiii. Came TOMy Yy
AUCepTaliiiHiii poOOTI 3ampornoOHOBAaHO KOMIUIEKCHHM MiAXig Ta WOro mnporpaMHy
peaizaliiio y BUIJISAI1 IHTEIEeKTyalli30BaHOi CUCTEMH JiJis aHasi3y Ta pedtunryBanas HIIII,
sKa 3MIIIy€e aKIEHT 3 IPOCTOro KOHTPOJIIO HA HAJaHHS MEPCOHATI30BaHUX PEKOMEHIAIIN
JUTSl TIOKPaIIEHHS pe3yJIbTaTUBHOCTI JisibHOCTI HIIII.

VY nmepmioMy po3aull  gucepTaiii MPOBENCHO aHATITUYHUM OIS MmpodiieMu
OLIIHIOBAHHS, PEUTHMHTYBaHHS Ta MIABUIIEHHS pe3yJbTaTuBHOCTI AisnbHOCTI HIIIL
CucremMaTn30BaHO TEOPETUYHI OCHOBH Ta KpUTEpli OLIHIOBAHHSA, WLIO0 OXOIUTIOIOTh
HaBYAJIbHO-METOAUYHY, HAyKOBO-JOCIIAHY, OpraHi3aliiiHO-BUXOBHY Ta MIKHApOJIHY
TISUIBHICTD.

[Ticnst anamizy ICHYIOUUX MIJIXO0/IIB IO PEUTUHTYBAaHHS 0yJI0 BAOKPEMJICHO TPaIUIlIiHI
CUCTEMH, 110 0a3yI0ThCS Ha pyYHOMY BBEJICHHI JAHUX, Ta IHTEIEKTyall130BaH1 CUCTEMH, 110
BUKOPHUCTOBYIOTh aBTOMATH3allll0 Ta TeXHOJOTii mTyuHoro iHtenekty (III). PosrasuyTo
METOJIM Ta 3acO0M MIIBUIIEHHS PE3yJIbTaTUBHOCTI, 30KpeMa MPOaHaTi30BaHO PI3HI TUIHU
PEKOMEHJALIMHUX CHCTEM, BIJ KOJIa0OpaTWBHOI (inbTpamli A0 MHIAXOAIB HAa OCHOBI
INIMOOKOr0 HaBYaHHSA, IpadoOBUX HEHPOHHUX MEpeX Ta BEIMKUX MOBHHX MOJEIEH.
[TokazaHo, 10 OUIBIIICTh ICHYIOUHUX CHUCTEM, OCOOJHMBO B yKkpaiHChkux 3BO, HE MOBHOIO
MIpOI0 BUKOPUCTOBYIOTh MOTEHLIAJ 1HTeNeKTyai3aiii. Came HeoOX1JHICTh MOJ0JIaHHS IIUX
OOMEXEHb IUIIXOM PO3POOKM BIAMOBIAHMX METOMIB Ta €()EKTUBHUX apXITEKTypPHUX
pimieHb, Aki O iHTerpyBasiv cyyacHi TexHosorii Il anga HaganHs mnepcoHai30BaHUX
pekoMmeHanii, (GopMye HayKOBUH KOHTEKCT Ta OOIPYHTOBYE aKTYaJbHICTh JTaHOTO

JIOCIIIKEHHS.



VY  3aBepmiaibHiii YacTHHI PO3AUTY, BHUXOJSYM 3 aAKTYyaJbHOCTI MpoOieMu
CTUMYJIIOBaHHS TpOoQeciHHOro pPO3BUTKY IMPaIlIBHUKIB 1 TICIAsS aHam3y METOJIB Ta
IHCTpYMEHTIB 1i BHpileHHS, Cc(QOpPMOBAHO 3aBAaHHS U JOCSATHEHHS  ILJIeH
JUCEPTAIIHOTO JTOCITI IPKEHHS.

VY npyromy po3auii aucepTaiiiHoi podoTH po3po0iieHO MaTeMaTHYHe 3a0e3MeUeHHS
UIA  TOOYAOBHM 1HTEJNEKTYyaldi30BaHOI cHCTeMH Ta (OpMyBaHHS MEPCOHAII30BAHUX
pexkoMmeHaaIii aismbHocTi g HIITTL

Po3pobieno mozaens npeacraBieHHs 3HaHb 1po AisuibHICT, HIIIT Ha ocHOBI 3HAaHHS-
OpPIEHTOBAHOT'O IMIJXOAY 3 BHUKOPHCTaHHSIM rpadoBoi moxemi. Lle miaxim mo3BoJisie
e(DEeKTUBHO CTPYKTYpYBaTH pPI3HOPIAHI Ta B3a€EMOIIOB’s3aHl CYTHOCTI (IpalliBHUKH,
KpUTepii, myOikallii, IpoeEKTH), IO € KIOUOBOIO MEPEIYMOBOIO JJISI aHAII3y, BUSBICHHS
MIPUXOBAHMX 3aKOHOMIPHOCTEH Ta peaiizalii Npoueaypy TIeHepalli MepcoHaTi30BaHUX
pexomenaauii. Takox onucaHo, siK 1151 MO/I€Nb BUKOPUCTOBYETHCS J1s1 300pY KOHTEKCTHHUX
NaHuX (HampuKiIaa, MPUKIAIW YCHIIIHUX MyOJiKaliid 4u MPOEKTIB), OO PO3MIUPUTH Ta
JieTani3yBaTH PeKOMEHAAIII1.

3anpornoHoBaHo KoMmOiHOBaHuiM MeTon panxyBaHHs HIIIT s migBuineHHs
PEJIEBAaHTHOCTI MEPCOHATI30BAaHUX PEKOMEHJallli, Mo 0a3yeThCsi Ha KOMIUIEKCI METPUK
noai0HOCTI  JJIS  aBTOMATHU30BAaHOTO BU3HAUEHHS TMPAIIBHUKIB 3 MaKCHUMaJIbHO
HaOIM)KEHUMH KpalulMMU MOKAa3HUKAMH AISUIBHOCTI. METOl IHTeTpy€e METPUKY JTUHAMIKA
4acOBOTO 3MIIIEHHS /I aHAJI3y YaCOBUX PSJIIB, KOCUHYCHY MOJIOHICTh JIsl TIOPIBHSHHS
CHIBBIAHOIIIEHb aKTUBHOCTEW Ta MoaudikoBanui iHAekc JKakkapa Uisi BpaxyBaHHS
3MICTOBHO1 OJIM3bKOCTI BUKOHYBAHUX POOIT.

Po3pobneno  iHTenekTyamizoBaHuii  MeTon  (OPMYBaHHS — TMEPCOHAIII30BAHUX
pEeKOMeHJAIli 00 MISUIbHOCTI MpalliBHUKIB HA HACTYNMHUN 3BITHUN MEpIOJ, SKUN
IPYHTYEThCS Ha apxiTEeKTypi rereporeHHux rpadoBux HepoHHux Mepex (ITHM) 3
MeXaHi3MaMHu IPOCTOPOBOI Ta YaCOBOI yBaru. [[jist mepeTBOpeHHsI OTpUMaHUX pe3yibTaTiB

MIPOTHO3YBaHHS y PO3TOPHYTI TEKCTOBI PEKOMEHAAllli, 3alpONOHOBAHO BUKOPUCTAHHS



BEJIMKMX MOBHHUX MOJENEH, 3 IWHAMIYHAM YTOYHEHHSM CTPYKTYpH TPOMITIB, IO
3a0e3Meunsio iXHIO apryMEHTOBaHICTb, MPAKTHYHY I[IHHICTb Ta CKOPOYEHHS Yacy ix
dopmyBaHHS.

VY 3aBepmiaibHiii YacTHHI PO3AUTy MPEACTABICHO TMOPIBHAJIBHUN  aHAai3
PEKOMEHJIOBAaHUX KPUTEPIiB, CPOPMOBAHUX 3alPONOHOBAHUM METOJOM, Ta ICHYIOUYHUX
aHayioriB. Pe3ynbTaTu 3acBIAYMIM, 11O 3allpONOHOBAHUU mijaxia Ha ocHOoBI ['THM, skwuii
BpPaxoOBY€E MISUTHHICTh YCIIIIHIIMIMX KOJIET Ta CEMaHTHKY KPHUTEpPIiB, JIEMOHCTPYE BHUIIY
TOYHICTh Y MPOTHO3YBaHHI JisiibHOCTeH, siki HIIII dhakTH4HO BUKOHYIOTH Y HACTYITHOMY
3BITHOMY miepioni. JlogaTkoBo OyJsi0 MpOBEAEHO ampoOallil0 CUCTEMHU Ha TECTOBIM rpymi
npaiiBHUKIB. AHaNI3 ii pe3ysbTaTiB 3aCBITYMUB, 0 YYACHUKU B3aEMOJISUIA MPUOIU3HO 3
MOJIOBUHOIO 3alpOIOHOBaHMX pekoMeHnamii. BaxmuBo, mo no 30% Bix 3arainbHOi
KUTBKOCTI PEKOMEHJOBAHUX MIsJIbBHOCTEM OyJ0 BHKOHAHO HAa MPOTHO30BaHWI Oayn abo
BUIIIE, IO CIIPUSIIO peaIbHOMY 3POCTAHHIO iXHIX PIYHUX MOKA3HUKIB y cepeIHboMY Ha 27%
y HOPIBHSIHHI 3 MTONEPEIHIMU pe3yIbTaTaMu.

Tpertiii po3ain qucepTariiHoi poOOTH MPUCBIYEHO OMHKCY CIPOEKTOBAHOT apXITEKTypH
IHTEJIEKTYaJl130BaHOi MpOrpamMHoi cucteMu. BoHa 0a3zyeTbcsi Ha MiAXOMAl, IO TMOETHYE
€JIEeMEHTH MOAYJBHOI Ta CEpBIC-OPIEHTOBAHOI apXITEKTyp AJiA 3a0€3MEeUEHHS] BHCOKOIO
PIBHSI THYYKOCTI, MacIITa0OBAaHOCTI Ta HE3aJeKHOCTI (DYHKIIIOHATIbHUX KOMIIOHEHTIB. Y
PO3LTI PO3TISTHYTO CTPYKTYPY KITFOYOBUX KOMIIOHEHTIB: CHCTEMH PEUTHHTYBAHHS, MOTYJISI
NepCOoHaII30BaHUX PEKOMEH1aIliil, Bu3HaueHHs BiamosigHocTi HIII ninen3iiiHuM BUMOTam
IOJI0 3AIMCHEHHS OCBITHBOI MISUTBHOCTI Ta MOIYJsl 300py naHux. Takoxk HaBeACHO
0COOJIMBOCTI MPOEKTYBAaHHS OCHOBHUX MO/TYJIIB.

Oco06muBy yBary npuaijeHo KOMOIHOBaHIM cucTeM1 30epiraHHs JaHUX, /1€ pesIiiina
6a3a nanux MySQL BHUKOPUCTOBYETHCS 1151 OCHOBHOTO (hyHKITIOHATY, a TpadoBa Neod] —
JUISE MOJIETIIOBaHHS CKJIAJHUX B3a€MO3B’SI3KIB Mpu (PopMyBaHHI pekoMeHjaunid. Takwuii
T1X1/1 TO3BOJIUB ONITUMI3yBaTH MPOAYKTHBHICTh Ta €()EKTUBHO BUPIIITYBATH 33]1a4l PI3HOTO

tuiy. OnucaHo MexaHi3MH B3a€MO/IIi MK MOAYJISIMU Ta 30BHILIIHIMU CepBicamMu, 30KpeMa



yepe3 REST API, Tokenn goctymy Ta creriani3oBaHi CKPUNITH OOMIHY JTaHWMH. Takwid
1X17] JO3BOJIMB ONTUMI3yBaTH MPOAYKTUBHICTh CHCTEMH.

Jlna Bizyamizaiii apXiTeKTYpHHX pIIIEHb Ta MpoLEciB y po3aiai HaBegeHo UML-
JiarpamMu, Takl fK Use-case jiarpamu, aiarpamu mnociuigoBHocTi Ta ER-miarpamu, mio
J03BOJISIIOTh BU3HAYMTH OCHOBHI BHMOTH JIO CUCTEMH Ta MPOLTIOCTPYBATH MEXaHI3MU
B3a€MOJIT MK MOAYJISIMH, KUTTEBUN UK 3BITY Ta PO3NOALT (YHKI[IOHATY MIXK POJISIMH
KOPHCTYBaUiB.

VY yerBepTOMY PO3JIUII PO3TISHYTO OCOOJIMBOCTI IPOrpaMHOi peaizallii Ta armpooarii
pO3p00JICHOT 1HTENEKTyali30BaHoi cucTteMu. OMHUCAaHO CTEK TEXHOJIOTIH, 10 BKIIOYAE
dpeitmBopk Laravel Ta moBu nporpamyBanus PHP s peanizatiii cucteMu peMTHHTYBaHHS,
MOBY nporpamyBaHHs Python 3 6i6morekamu PyTorch ta Transformers nns po3poOku
MOAYJISl IEPCOHANI30BAaHUX PEeKOMEHAallH, a Takox Node.js, Express.js Ta MongoDB s
Moays 300py nanux. [IpoieMoHCTpOBaHO peaizailiio KIFYOBUX KJIACIB Ta KOHTPOJIEPIB,
0 BIANOBIAAIOTh 3a I1HTEJIEKTyal130BaHUNM (YHKIIIOHAN, 30KpeMa 3a B3aEMOJII0 3
BEJIMKMMH MOBHHMH MOJIENsiMU, (OpMYBaHHS 3BITIB Mpo OIHKY BiamosimHocti HIIIT
JUEH31THUM BUMOT'aM Ta FeHepalito peKkoMeHAalii.

[IpencraBieno  pe3yabTaTd  amnpodaiii OporpaMHOi  CHCTEMHW Ha  JaHUX
3axiTHOYKPATHCHKOTO HAI[IOHAIBHOTO YHIBepcuTeTy. HaBeneno HasiBHUIA po3mo it 6asiB y
CUCTEMI Ta CepelHl KIIbKOCTI BUKOHYBAHUX KPHUTEPIiB MpalliBHUKAMH, & TaKOXK, rpadik
PO3MOTY PEKOMEHJIOBAHUX AaKTUBHOCTEH 3a THIIOM, KM BKa3ylOTh IO MpalliBHUKAM
PEKOMEHYEThCSI O1bIIe TMOJOBHHM HOBUX JisibHOCTEH. EdexTuBHICTH po3po0iaeHuX
pillleHb MiJATBEP/UKEHO KUIbKICHUMHU TOKa3HUKAMH: BIPOBAKEHHS 1HCTPYMEHTIB
aBTOMATH3aIlli JTO3BOJIMIIO CKOPOTHUTH CEPEIHIM Yac, HEOOXITHUM IS 3alIOBHEHHS 3BITIB,
Ha 20%. AnHani3 pe3yabpTaTiB AISJIBHOCTI TECTOBOI IPYyINU MOKAa3aB, IO MEPCOHANI30BaH1
PEKOMEHIAlli CIIPUSIIU peabHOMY 3pOCTaHHIO IXHIX pIYHUX MOKa3HUKIB. [IpoiatocTpoBaHo
(GyHKITIOHATBHI MOXJIUBOCTI Ta rpadiuHuil iHTepderc CUcTeMU ISl PI3HUX poJier

KOPUCTYBauiB, HABEJCHO MPUKJIAIN Ta MPOAHAII30BaHO 3Tr€HEPOBAHI CUCTEMOIO TEKCTOBI



peKoMeHallli, 3BITH MPO OLIHKY BIAMOBIIHOCTI JIIEH3IHHUM BHUMOTaM Ta MPHUKIAIU
BU3HAYEHHS BIJMOBITHOCTI IMyOIiKaIii 0 TUCIMILTIH, sIKI BUKJIaJIa€ MPaIliBHUK.

[IpakTruHe 3HAYECHHS OTPUMAHHUX PE3YNbTATIB IMOJATAE Y CTBOPEHHI KOMIUICKCHOI
MpPOTrpamMHOi CHCTEMH, SKa HE JIMIIE MOXKE€ 00 €KTHBHO aHANI3yBaTH Ta PEHTHHTYBATU
nmismbHicTs HIII, ane # aBTOMaTH3ye KIIOYOBI MPOIECH Ta, 10 HAaWBAKIIUBIIIE, TCHEPYE
MePCOHAITI30BaHi, apryMEHTOBaHI1 peKoMeHartii VIS 11 IBUAIIICHHS IXHBOT
pPE3yNbTATUBHOCTI, IO TMO3UTHUBHO BIUIMBA€ Ha 3arajbHUN PEUTHUHT MpAaIliBHUKIB Ta
YHIBEPCUTETY BIJIMOBIIHO.

KitouoBi cioBa: 1HTENEKTyalli30BaHa CHCTEMa PEUTHUHTYBaHHs, NEPCOHAJI30BaHI
pexkoMenparnii, pesynbratuBHicTh HIIII, rpadoBi HelipoHHI Mepexi, BETMKI MOBHI MOJIEN,
rpadoBa 0a3za JaHUX, MOJIENIb MPEJCTABICHHS 3HAHb, METPUKHU TOAIOHOCTI, apXiTEeKTypa

MPOTPAMHOTO 3a0€3MEYEHHS.
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The research was carried out at the Department of Computer Science of the West
Ukrainian National University of the Ministry of Education and Science of Ukraine.

The dissertation work is devoted to solving an urgent scientific and practical problem
- the development of an intellectualized software system for analyzing and rating the
activities of academic staff, which will provide a comprehensive analysis, forecasting and
formation of personalized recommendations for improving the effectiveness of scientific
and pedagogical activities for academic staff. In modern conditions of globalization and
increased competition in the field of higher education, the positions of higher education
institutions (HEIS) in national and international rankings directly depend on the overall
performance of their academic staff. The effectiveness of the activities of each academic
staff is becoming a key factor affecting the quality of the educational process, scientific
potential and international competitiveness of the university. This necessitates the
introduction of effective tools for monitoring, analysis and, most importantly, stimulating
the professional development of employees. Most of the existing assessment and rating
systems, especially in Ukrainian HEIs, operate according to traditional principles, which are
characterized by high labor intensity, significant administrative burden, subjectivity and
limited analytical capabilities. Such systems mostly record past achievements, but do not
provide effective tools to stimulate professional development, or the existing mechanisms,
as a rule, are fragmentary and limited only to certain types of employee activity. There is a
contradiction between the urgent need to increase the effectiveness of academic staff and

the inconsistency of existing means with modern requirements of intellectualization and



automation. That is why the dissertation proposes a comprehensive approach and its
software implementation in the form of an intellectualized system for analyzing and rating
academic staff, which shifts the emphasis from simple control to providing personalized
recommendations to improve the effectiveness of academic staff activities. The first section
of the dissertation provides an analytical review of the problem of evaluating, rating and
improving the effectiveness of academic staff activities. The theoretical foundations and
evaluation criteria covering educational and methodological, scientific and research,
organizational and educational and international activities are systematized. After analyzing
existing approaches to rating, traditional systems based on manual data entry and
intellectualized systems using automation and artificial intelligence technologies were
distinguished. Methods and means of increasing efficiency were considered, in particular,
various types of recommender systems were analyzed, from collaborative filtering to
approaches based on deep learning, graph neural networks and large language models. It is
shown that most existing systems, especially in Ukrainian HEIs, do not fully use the
potential of intellectualization. It is the need to overcome these limitations by developing
appropriate methods and effective architectural solutions that would integrate modern Al
technologies to provide personalized recommendations that forms the scientific context and
justifies the relevance of this study. In the final part of the section, based on the relevance
of the problem of stimulating the professional development of employees and after
analyzing the methods and tools for its solution, tasks are formed to achieve the goals of the
dissertation research. In the second section of the dissertation, mathematical support is
developed for building an intellectualized system and forming personalized activity
recommendations for academic staff. A model of representing knowledge about academic
staff activities is developed based on a knowledge-oriented approach using a graph model.
This approach allows for effective structuring of heterogeneous and interconnected entities
(employees, criteria, publications, projects), which is a key prerequisite for analysis,

identification of hidden patterns and implementation of the procedure for generating



personalized recommendations. It is also described how this model is used to collect
contextual data (for example, examples of successful publications or projects) in order to
expand and detail recommendations. A combined academic staff ranking method is
proposed to increase the relevance of personalized recommendations, which is based on a
set of similarity metrics for automated identification of employees with the best performance
indicators as close as possible. The method integrates the time-shift dynamics metric for
time series analysis, cosine similarity for comparing activity relationships, and the modified
Jaccard index to account for the substantive proximity of the work being performed. An
intellectualized method for generating personalized recommendations for employee
activities for the next reporting period has been developed, which is based on the
architecture of heterogeneous graph neural networks with spatial and temporal attention
mechanisms. To transform the obtained forecasting results into detailed text
recommendations, the use of large language models is proposed, with dynamic refinement
of the prompt structure, which ensured their justification, practical value and reduced time
for their formation. The final part of the section presents a comparative analysis of the
recommended criteria generated by the proposed method and existing analogues. The results
showed that the proposed approach based on heterogeneous graph neural networks, which
takes into account the activities of more successful colleagues and the semantics of the
criteria, demonstrates higher accuracy in predicting the activities that academic staff actually
perform in the next reporting period. Additionally, the system was tested on a test group of
employees. Analysis of its results showed that participants interacted with approximately
half of the proposed recommendations. It is important that up to 30% of the total number of
recommended activities was completed with a predicted score or higher, which contributed
to a real increase in their annual indicators by an average of 27% compared to previous
results. The third section of the dissertation is devoted to a description of the designed
architecture of an intellectualized software system. It is based on an approach that combines

elements of modular and service-oriented architectures to ensure a high level of flexibility,



scalability and independence of functional components. The section considers the structure
of key components: the rating system, the personalized recommendations module,
determining compliance with licensing requirements for educational activities and the data
collection module. The design features of the main modules are also presented. Special
attention is paid to the combined data storage system, where the MySQL relational database
Is used for the main functionality, and the Neo4j graph database is used to model complex
relationships when forming recommendations. This approach allowed optimizing
performance and effectively solving problems of various types. The mechanisms of
interaction between modules and external services are described, in particular through REST
API, access tokens, and specialized data exchange scripts. This approach allowed
optimizing the system performance. To visualize architectural solutions and processes, the
section provides UML diagrams, such as use-case diagrams, sequence diagrams, and ER
diagrams, which allow determining the main requirements for the system and illustrating
the mechanisms of interaction between modules, the report life cycle, and the distribution
of functionality between user roles. The fourth section discusses the features of the software
implementation and testing of the developed intellectualized system. The technology stack
Is described, which includes the Laravel framework and the PHP programming language for
implementing the rating system, the Python programming language with the PyTorch and
Transformers libraries for developing the personalized recommendations module, as well as
Node.js, Express.js, and MongoDB for the data collection module. The implementation of
key classes and controllers responsible for the intellectualized functional, in particular for
interacting with large language models, generating reports on compliance with license
requirements, and generating recommendations, is demonstrated. The results of testing the
software system on data from the Western Ukrainian National University are presented. The
current distribution of points in the system and the average number of criteria performed by
employees are presented, as well as a schedule of the distribution of recommended activities

by type, which indicates that more than half of the new activities are recommended to



employees. The effectiveness of the developed solutions is confirmed by quantitative
indicators: the implementation of automation tools allowed to reduce the average time
required to fill out reports by 20%. Analysis of the test group's performance results showed
that personalized recommendations contributed to a real increase in their annual indicators.
The functional capabilities and graphical interface of the system for different user roles are
illustrated, examples are given and text recommendations generated by the system, reports
on compliance with license requirements and examples of determining the compliance of
publications with the disciplines taught by the employee are analyzed. The practical
significance of the results obtained lies in the creation of a comprehensive software system
that can not only objectively analyze and rate the activities of the academic staff, but also
automate key processes and, most importantly, generate personalized, reasoned
recommendations to increase their effectiveness, which positively affects the overall rating
of employees and the university, respectively.

Keywords: intellectualized system, personalized recommendations, academic staff
effectiveness, graph neural networks, large language models, graph database, knowledge

representation model, similarity metrics, software architecture.
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