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'KniBcbkunit HauioHanbHUIA yHiBepcuTeT imeHi Tapaca LllesyeHka, M. Kui
’HauioHanbHMi yHiBEPCUTET BOAHOIO rocnoAapcTBa Ta npupoaoKopPUCTyBaHHS, M. PiBHe

MOZEJ1b IHTEJIEKTYAJIbHOIO POo3noaily 3ABAAHb Y KOMAHOAX
NPOrPAMHOI PO3POBKU HA OCHOBI HEMPOMEPEXXEBUX
AJITOPUTMIB

Y uin craTtTi npeacraBneHo Moaenb iHTENEKTYaNbHOro posnoainy
3aBAaHb OIS KOMaHAW PpoO3poO6HMKIB, No6yaoBaHY Ha OCHOBi HEWPOHHUX
Mepex. lHpopMaLlis Npo HasBHI HABUYKKU, NOTOYHY 3aMHATICTb Ta NONEpPeaHIo
e}pEeKTUBHICTb OKPEMMX 4YJIeHiB KOMaHAM aBTOMAaTU4YHO BPaxoOBYKTbCA ANA
NPUAHATTA pileHb MNPO NPU3HAYEHHA HOBUX 3aBAaHb. ApXxiTekTypa
iHTeNeKTyasbHOI CUCTEMM MOAYJIbHA, ANA KNIEHTCbKOI YaCTUHU CUCTEMU
po3nopiny 3aBaaHb, NoOyaoBaHOI HAa OCHOBIi 3amnpornoHOBaHOI Mopgeni,
NPOMNOHYETbCA BUKopuctaHHa ASP.Core, ona MawMHHOro HaB4YaHHA — Python
API. HepoHHa Mmopenb Gyna HaBYeHaA Ha iICTOPUYHUX AAHUX NPO BUKOHAHHSA
3aA4ay Y KOMaHAax po3poOHMKIB, @ TaKOXX BMMOrax Ao npoekty. OTpuMmaHi
pe3ynbTaTy NiATBEPAXYHTb, WO 3aNpoNoOHOBaHa MoAaesib CYTTEBO MiABULLYE
epeKTUBHICTb po3nofiny 3aBAaHb Y MNOPIBHAHHI 3 TPaAUULIMHUMM PYYHUM
niaxogoM. Mopenb po3Bonse 6inbw piBHOMIpHO po3noainaTu poboue
HaBaHTA)XXEeHHSA HA OKPEeMMUX YJIeHiB KOMaHAM Ta MiHIMi3y€e 3ycunns, 3aTpaydeHi
Ha BUPO6NEeHHA KOMaHAHMX piweHb. IpoAyKTUBHICTL KOMaHAM NiABULLYETLCA
3a PpaxyHOK 3pOCTaHHA LIBUAKOCTI BWKOHAHHA 3apa4, 3MEHLIEeHHSA
NnepeBaHTAXXeHHA OKpPeMMX po3poOHMKIB, BpaxyBaHHA KoMMeTeHuili Ta
nonepeaHbOro AOCBiAY BUKOHABLIB, NOKPALLEHHA NPOrHO3yBaHHA AeANaMHIB,
3HMXKEHHS PU3MKY 3aTPUMOK a60 HEBUKOHAHHSA NOCTaBJIeHUX 3aBAaHb.

Knw4oBi cnoBa: cuctema; iHTeNeKTyaslbHa CUCTEMA, MPOEKTYBAHHS
CUCTEM; MOLENb; HENPOHHI MepeXxi; MallMHHE HAaBYaHHS.

AHani3 pocnimkeHb. TpaguuinHn po3noain 3aBAaHb KEPIBHUKOM
NPOEKTY BPYUYHY nepeBa)XHo nopoaXXyBas HEepiBHOMIPHICTb
3aBaHTAXXEHHS BWKOHAaBLUiB, WO 3HUXXYBaNo edeKTUBHICTb pPoboTK
KOMaHAW B LiIoMy. 3aJly4eHHS OCTaHHIM YacoM LUTYYHOrO iHTeNeKTy ons

181



Cepisa «TexHiuHi Hayku» ISSN 2306-5478
Bunyck 3(111) 2025 p.

aBTOMAaTM3auil NPU3HA4YeHHs 3aBAaHb [O03BOJNISE ICTOTHO MiABULLUTU
NPOAYKTMBHICTb KOMaHA,.

Taki cy4acHi piweHHs, 9K Asana BUKOPMUCTOBYKTb LUTYYHUN
IHTENEeKT AN aBToMaTU3auil TUNOBUX 3aBAaHb YNpPaB/iHHA NMPOEKTaAMM.
Asana Intelligence Mo)Ha BMKOpPWUCTOBYBATU AN aBTOMAaTUYHOrO
CTBOPEHHA nMiA3agay 3 onuciB 3aBAaHb abo KOMeHTapiB, MparHy4m
pPO3MNOAiNNTM 3aBOAHHS PIBHOMIPHO MiXK OKPEMUMU YleHaMN KOMaHauM Ta
MaKCUManbHO YHUKHYTU IX MepeBaHTa)KeHHs [4].

MopibHi ¢yHKUIT po3pobneHi B Jira, Ae anroputMu LWTYYHOrO
iHTeNneKTy 3abe3nevyyloTb aBTOMATU3aUil0 YNPaB/iHHA 3aBAAHHAMM Ta
NMPOrHO3yBaHHA 3aTPUMOK, a TaKOX po3noginy pecypcis. Yci Ui
MOXXJIMBOCTI MiATPMMYIOTb CBOEYACHE BHECEHHA 3MiH A0 nfAaHy Ta
NiABULLLEEHHA 3aranbHOT NPOAYKTUBHOCTI KoMmaHau [5].

Y pepenax HaBeoeHO nMepeBarn BUKOPUCTAHHSA  LUTYYHOrO
IHTENeKTy B YNpaBfiHHI 3aBAAHHAMW. ABTOMAaTM3auis MOHOTOHHMUX
3aBAaHb NPU3BOOUTbL OO0 3BiSIbHEHHSA pPecypcCiB ONs MeHemXepiB Ta
PO3POOHUKIB | MOXKNUBICTb POOOTN Had OiNbW CKNAAHUMU 3aBOAHHAMMU.
30aTHICTb  WTYYHOro iHTeNeKTy o06pobnATn BenuKi MacMBu LaHMX
OOMOMAra€e BUSIBNATU HOBI 3aKOHOMIPHOCTI Ta TeHAEHUil, a O0TXe,
npumuMaTtn Binblw o6rpyHTOBAHI pilleHHS. TaKoXX aBTOPWU OEMOHCTPYHOTb
BUKOPUCTAHHA HEMPOHHUX MepeXx AN 6inblW TOYHOrO MPOrHO3YBaHHSA
PU3MKIB Ta ONTUMANbHOro pPO3MoAiny pecypcie, penerywun GyHKUIT
ynpaBJliHHA MPOEKTAMU iHTeNeKTYyaNlbHUM areHTam [5].

OpHak, nonpu 3ragaHi nepeBarn, iCHyWTb OesKi TpyaHoOW, wWono
peani3auil inen. Hanbinbw BaroMow npobsemoto aganTauil TaKNX CUCTEM
€ BAPTICTb IX BMNPOBAAXKEHHS, IKa MOXe byTu ay>Ke BUCOKO. Lle icToTHa
nepelwkKona ona Manux KoMnaHin. TakoXx noTpibeH 4yac gna aganTauil Ta
HaBYaHHA nepcoHany HoBMM poboumMm npouecaMm. HeobxigHo
BPaxoBYBAaTM TaKOX €TWUYHI NUTaHHA, BKJKOYAK4YM NPO30PICTb
aNiTOPUTMIB Ta YHWKHEHHS TMOTEHUINHOI ynepem)XeHoCTi B Npoueci
YXBaNEHHS PilleHb.

MocTtaHoBKa npobneMu. Xoua iHTepec [0 pileHb oS YNpaBiliHHS
3aBAAHHSAMMN HA OCHOBI WUTYYHOIO iIHTENIEKTY 3POCTAE, XKOAHE KOMEPLINHO
OOCTYMNHE pilleHHA He € O0JHO4YacHO QYHKUIOHANbHUM, MPOCTUM Y
BUKOPUCTAHHI Ta €KOHOMIYHO edPeKTUBHUM. binbwicTb BiJOMUX pilleHb
po3pobneHi OnA KOPMNOpPaTUBHOrO CerMeHTa | noTtpebyTb TOHKOro
HaNaWTyBaHHA Ta PY4YHOro ynpaeJjiHHA. TOMy 3aBXAW KOPUCHO MaTtwu
BJIACHE pilUeHHA ANs Manux Ta cepefHix KoOMaHa po3pobHuKiB. PileHHs,
sIke aBTOMaTM3YyE MpPOLEC PO3MNoAisly 3aBAaHb, MoXe b6yTM nmobygoBaHe
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Ha HeuMpoMepexkeBux anroputmax. lNpu uboMy BOHO Byge MpPoOCTUM y
BUKOPUCTAHHI Ta AOCTYNHUM Ans HenpodeCiMHNX KOPUCTyBaYiB.

Meta pocnigpkeHHA - po3pobuTm Mopenb IHTeNeKTyasbHOl
CAUCTEMU YyNpaBfliHHA 3aBAAHHSAMMW, IKa ONTMMI3y€E PO3NoAin pobiT Mix
YYaCHMKAMN KOMaHOW Ha OCHOBI aHanidy ixHix npodecinHMX HABUYOK,
NOTOYHOI 3aMHATOCTI Ta ICTOPUYHUX OAHUX NPO BUKOHAHHA HUMMU
TUNOBMX 3aBAAHb.

ApxiTektypa cuctemu. MoaynbHa, macwrtaboBaHa, NiATPMMYBaHa
apxiTekTypa <cTae gepani Oinbw  3aTpebyBaHUM  apXiTEKTYPHUM
WwabnoHoM y cBIiTi po3pobku nporpamHoro 3abe3nedyeHHs. Y Takomy
NMPOEKTI MOEQHYOTLCA OBi nNapagurMu: WabnoH 4YMUCTOI apXxiTeKTypu Ta
natepH MVC 3 BukopuctanHam ASP.NET Core pns ocHoBHOI nporpamu, a
ANs PO3YMHOr0 po3nofiny pecypcis BukopuctoByeTbcs Python API.

Uncra apxitektypa, Ak ii Bu3Haums Pobept K. MapTiH [6], Bknagae
CUCTEMM B LWAPW, i3 3aNeXHOCTAMMU, CNPAMOBAHMMMK BCEPEAuHY, 00
b6i3Hecy B UeHTpi. TakKMM 4YMHOM, TapaHTYETbCA i30N1AUI  MiX
npo6iemMamMun BUCOKOTo piBHA (TakuMu Ak 6isHec-npaBuna) Big npobnem
HM3bKOr0 PpiBHSA, NOB'AA3aHMX 3 (QpPenMBOpPKaMM Ta 30BHILLHIMMK
cepBicamu.

OCHOBHI wWapw:

1. JloMeH: oe 3HaxoauTbes binbwicTb Bi3Hec-06'eKTiB Ta NpaBun.

2. 3acToCyBaHHA:  OMNUCYE  BapiaHTM  BUKOPMUCTAHHA  Ta
PO3TaLLOBYETHCA MiXK AOMEHOM Ta iHOPACTPYKTYpPOH.

3. IHpacTpyKTypa: 3aMMA€ETbCS 30BHILWHIMU peyYyaMn, TaKUMU [K
A0CTYyn 0o 6a3u AaHMx abo CTOPOHHI cepBicu.

4. MNpe3eHTauia: nponoHye iHTepdenc KopucTyBada (Hanpuknag,
BebnpencTaBneHHa abo kKoHTponepwu API).

Lle, pa3om i3 BukopuctaHHam MVC, 3abe3nedye po3aineHHS
3aBOaHb, A€ KOHTponep Kepye BxiaHMMuM HTTP-3anutamun, Mopgeni
3b6epiratotb 6i3Hec-NOriKy Ta QAaHi nporpamu, a MNpeacTaBieHHS
NiKNYTbCA NPO HAAAHHA BIANOBIAI KOPUCTYBAYeEBI.

Bazow wuiel apxitektypn € ASP.Core, KM noBuHEH 06pobIATH
HTTP-3anntn Ta opieHTyBaTUCs Ha B3aeEMOfil0 3 KopuctyBadem. [ns
cneuiani3oBaHMX 3aBAaHb, HANpuKAa4, ANa NPU3HAYeHHSA 3aBAAHb Ha
OCHOBI MAalUMHHOINO HaBYaHHS, iCHYE OKPEeMWK CepBiC, HaNMUCAHUW Ha
Python.

Taknn nopin rapaHTye, WO CUCTEMA MOXe BUKOPUCTOBYBATU
BUCOKY e@deKTMBHICTb Ta MacwTaboBaHicTb ASP. B ocHoBy cuctemm
noknageHo BebB3aeMopil, AKi BOHa 3abe3neyye, a TaKOX MOXMBOCTI
MAWMHHOIMO HABYaHHA Ta LWTYYHOrO (HTENEKTY, WO MNPOMNOHYITbLCA
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Python. [Bi cucteMn B3aeEMoOAiloTb 3a MPUHUMMNOM KIieHT/cepBep.
Hopatok NET Core € knieHtom, a cepsic Python - cepBepoM. BiH
6a3yeTbcs Ha npoTokoni HTTP, a 06MiH paHuMu BigdbyBaeTbcs y dopmMarti
JSON (puc. 1).

MVC application (ASP.NET Core) APl-server (Python)

MVC application (ASP.NET Core) API-server (Python)

Puc. 1. 06min gaHmnmm JSON mixk ASP.NET Core Tta Python API

Ak BugHo 3 puc. 1, 3actocyHok ASP.NET Core cTtBOplOE KOpUCHE
HaBaHTaxkeHHa JSON, sake npeactaBnse 3aBAaHHA Ta MOTEHUIMHMX
CniBpOBITHMKIB, AKMM MO0 MOXHA MPU3HAYUTWU, | HAACWIIAE WMOro Oo
Python APl 3a ponomoroto HTTP-knieHTa, obropHytoro Refit. Cny»xba
Python 06pobnsie 3anuMT 3a [0OMNOMOroK HEWPOHHOI MepeXi, PaHIKye
HaMbiNblWw peneBaHTHUX BWKOHABUIB | Hapae Bignosigb. [licns
OTPUMAHHA ui€el iHpopmauil, gogatok .NET oHOBNOE CTaH cucteMu Ta
noB’'si3ye BMbpaHoro cniBpobiTHMKA i3 3aBAAHHSAM.

Onuc B3aemopil KOMNOHeHTIB. [lporpama [03BONASAE KOPUCTYBaYaMm
Nerko CTBOPKOBATU KOMaHAW, NpM3Ha4vyaTh cniBpobiTHMKIB Ta generyBaTtu
3aBAaHHSA. Blaemopgis nig yac 3anycky npu3HavyeHHs 3aBAaHHA BKIOYAE:

1. [aHi npo 3aBOoaHHA Ta 4YNEeHIB KOMaHAM arperywTbcs B
3aCTOCYHKY.

2. 3acTocyHOK Haacunae chopmoBaHum JSON-3anut oo Python API.

3. Cnyx6a Python o06pobnsie 3anuT 3a [ONOMOrOK  JIOTIKU
MALIMHHOMO HABYaHHA Ta NOBEPTAE HAMKpPALLMN pe3ynbTarT.

4. 3aCTOCYHOK OHOBJIHOE CMMUCKM NPU3HAYeHb 3aBAaHb.

OnuncaHa apxiTeKTypa NPOMNOHYE BUCOKNM PiBE€Hb MOAYNBHOCTI, L0
A03BOJISIE WBUAKO MoAMdiKyBaTU Ta 3aMiHlOBaTK AeTani 6e3 nopyLeHHs
po6otn Bciel cuctemun. Kpim Toro, BukopuctaHHa ASP.NET Core 8 3
MOLOY/IbHOK apXITEKTYPOK rapaHTye 6e3neyHnn, edeKTUBHUN Ta
MacluTaboBaHuit npouec po3pobku [8].
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PopMmyBaHHA Habopy paHux. 36ip paHux. Habip paHux ansa
HaBYaHHA HEWPOHHOI MoAeni NPM3HAYeHHs 3aBAaHb Oyno 3ibpaHo Ha
OCHOBI iHpopMaUil 3 3arafibHOAOCTYMHMUX OXKEpes, a caMe — AaHi 3ibpaHi
3 oHnanH-nnatpopm GitHub Ta LinkedIn. KomneteHuil po3pobHuKiB
OTPMMAHO 3 aHanisiB nyobniYyHMX peno3unTopiiB, WO NigTBEPANIN
Onieenpa T1a Coy3a, a npodini Linkedln BuKopuctaHo gna 36arayeHHs
MeTadaHUX, TaKNX SIK HaBWUYKW, NpodecCinHUN [OCBIA4 Ta peKoMeHAauil
koner. OgHak ui gXXepena Manm obMeXeHHs, 30Kpema, LWono MOBHOTH
OAHUX Ta NOTEHUINHOI ynepeaXeHoCTi CaMO3BITHOCTI.

MonepepHsa o6po6ka Ta KoayBaHHA. OTpMMaHnK Habip AaHux 6ys
nonepeaHbLo 06pobaeHnn BIANOBIAHO 00 AapXITEKTYPU HEMPOHHOI MepeXi.
KaTteropnyHi 03Hakm 0OynuM 3aKogoBaHi OOMH pa3, WOO YHUKHYTH
OMaHnBUX KnacmdikaTopiB 3 NOPAAKOBUMU OAHUMU, K 3aNpPONOHYBaB
Fepon [10]. MinMaxScaler BukopucTaHo Ana HopManisauii Bcix
6e3nepepBHUX 03HAK, BKJKYaW4YM CKNAOHICTb 3aBOAHHSA, TEPMIHN,
poboye HaBaHTAXEHHSA Ta NPOAYKTMBHICTb PO3POOHMKA, A0 3HAYEHb Bifg,
0 po 1. Llen Bnbip 6yB MoTMBOBaHMN crnocTepexkeHHsaM lodde Tta Ceregi
[10], wo BiH He TiNbKK 36epirac NOYaTKOBMIA PO3NOAIN BXiOHUX AaHWUX,
ane N noKpalye 36iXxKHicTb HaB4YaHHA. StandardScaler 6y nponyweHun,
OCKiJIbKM BXIAHI AaHI HE PO3NOAiNeHI HOPMANbHO.

Po3nopin gna HaB4YyaHHA Ta TecTyBaHHA. KiHueBMn Habip paHux
Oyno po3nopineHo Ha HaByanbHy BUGIpKY (80%) i TecToBy (20%). Lle
CNiBBiAHOWEHHS 3a0e3ne4ynsio rapHUM KOMMPOMIC MiXK HaBYaHHAM
MOLeNli Ta MOTYXHICTIO  y3arajbHEHHs, nepeBepwytyn binbw
eKcTpeManbHi nofinu, Taki ak 70/30 abo 60/40 Ha paHHin Banipgauil.

lMpoeKkTyBaHHA Ta HaBYaHHA Mopeni

MpoekTyBaHHA apxiTeKTypu. [IpM3HAYEeHHS 3aBAAHHA PO3POOHUKY
6yno 3MoAenb0BaHO 3a [LOO0MNOMOroW TIMOOKOI HEWPOHHOI Mepexi
npsAMoro 3B'A3Ky. ApXiTeKTypa Mana BXiQHMW wWap, SKUW NpuUMaB
nonepenHbo 06po6neHi BEKTOPM 03HaK, Wo ¢ikcyBanu iHPopmMauio AK
NMpo 3aBAAHHSA, TaK | PO po3pobHMKA, a NOTIM TPU NMPMUXOBAHI WaApWH, WO
BUKopuctoByBann ¢yHkKuUito aktuBauil RelLU. LUs rnnbuHa 6yna obpaHa
Ans 6anaHcy BMPa3HOCTI MOAEsli 3 MOXJMBICTIO y3araJibHEHHs: Xo4a
rnmbwi apxiTekTypu 6ynu MOXKNMBI, TPbOX MNPUXOBAHMX LWapiB b6yno
AOCTaTHbO ANsA ¢iKcauil HeMiHIMHMX B33aEMOAIN MiX XapaKTepUCcTUKamu
3aBOoaHHA Ta npodinamMu po3pobHMka 6e3  36iNblIEHHA PU3NKY
nepeHaB4yaHHAa. OCTaHHIM wWap BUMKOPMUCTOBYBAB CUIMOIgHY aKTUBALitO
ONs1 CTBOPEHHS CKanspHOl PENTUHI CyMIiCHOCTI, SKMM NOKa3yeE, HAaCKiNIbKK
nobpe po3pobHUK NIAXOAUTb O/19 BUKOHAHHSA MEBHOr0 3aBAAHHS.
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Ontumisaudia Ta ¢yHKuia Btpar. Ontumizatop Adam 6ys
BUKOPUCTAHUN 019 HAaBYaHHA Moaeni 3aBOsAKW MOro 34aTHOCTI WBUAOKO
CXOAUTUCHA HA PO3PIAXKEHMX rPafiEHTAxX Ta CAaMOCTIMHO HANalTOBYBATU
WBMAKICTb HAaBYaHHA. Ha BIAMIHY Bifg cepeQHbOKBAAPATUYHOI MOMUIIKMK
(MSE), ¢yHKuia BTpaT 6yna obpaHa AK cepenHa abconwTHa NOMUIIKA
(MAE), BpaxoBylouu, L0 BOHa He 4YyTAMBA A0 BUNAOKiB BUNadiHHS, LLO
3abe3neuvye 6inbwy IHTEpPNPeTOBaHICTb ono ePEeKTUBHOCTI
NPOrHO3yBaHHA TOYHOCTI OUiHKM Ha ocHoBIi perpecii (Goodfellow, Bengio,
& Courville, 2016) [12].

HaBuyaHHa wMopeni. Mopenb HaB4yanaca npotarom 40 enox,
BMKOPUCTOBYKYM MiHinakeTr po3mipom 8. Ha eTani HaB4YaHHA
poTpuMyBanuca nokasHukie MAE ona HaBuaHHsa Ta Banigauil. Ha puc. 2
NMoOKa3aHo AMHAaMIiKy HaByaHHA (cuHa niHia — ue MAE gna HaBuyaHHg, a
4epBOHa JliHia — Ana sanigauii).

= MAE train
— MAE test
Best epoch: 22
@ Minval_MAE: 0.0412

0.12 7

0.10 7

0.08 1

MAE

0.06

0.04

0.02 A

T T T T
0 5 10 15 20 25 30 35 40
Epoch

Puc. 2. EBontouia MAE y npoueci HaB4aHHS

Ha no4yaTKy enox obuaBi KpuBI OEMOHCTPYIOTb BUCOKI 3HAYEHHS
MAE, wo Bigobparkae BWCOKI MNOMUAKW TMNporHo3yBaHHA. [lig uyac
HaB4YaHHA MAE Ha HaBYanbHOMY HaboPpI WBMAKO 3MEHLLYETHCSA B NPOLECI
HaBYaHHSA, WO Bigobpa)kae 3paTHICTb Mopeni Ao HaB4YaHHA. Kpuea
Banigauil 3HUXKYETbCA MEHW KPYTO, WO BKA3yE€ Ha MNOBiJIbHEe
nepeHaB4YaHHA Moaeri.

Y ui enoxu (6nmsbko 15-20) MAE 3MeHLWYETbCA MOBiNbHilwe, i
MOXHa CrnocTepiratM po3puB MiXK NOMUJIKOK HaB4YaHHSA Ta Banigauil. Le
iIJIIOCTPYE NepeHaB4YaHHS, KOMW MoOAeslb MOYMHAE 3anaM'aTOBYBATH
wabnoHun, aki 6a3yTbCa NNLWE HA HABYAJIbHUX AAHMX, 3aMICTb TOrO, W06
y3arajbHoBaTh ix. HanHuxx4ye 3HavyeHHa MAE Ha BanipauinHoMy Habopi
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Oyno gocarHyTo nicns enoxu 22 (Hamkpawa Mopgenb) (MYHKTUPHA NiHidA
Ha puc. 2) 3i 3HaveHHam 0,0412.

OuiHKa y3aranbHeHHA. Po036iXKHICTb y KPUBUX HABYAHHA Ta
Banigauil Ha puc. 2 TakKoX € cuMnToMoM. binbwuin/MeHwunn pospus
BKa3ye Ha 6ifibwl cepno3He nepeHaBYaHHS/Kpawe y3arajbHeHHs. TyT
TaKOX Pi3HMUSA 3HAaX0AUTbCA B AONYCTUMOMY Liana3oHi, NOKa3yuu, Wo
Moesb Aobpe y3arasibHIOETLCSA HA HOBI NpUKNaau.

MopiBHAHHA NPOrHo30BaHUMX Ta (PAKTUYHUX 3HaYeHb. [lns
AOOATKOBOI OUIHKN e(eKTUBHOCTI MPOrHo3yBaHHA Oy/i0 BUMKOPMUCTAHO
Aiarpamy po3citoBaHHA (puc. 3) AN nopiBHAHHA GAKTUUYHUX 3HAYEHb
cymicHocTi (Bicb X) Ta nporHo3oBaHWX 3HauyeHb (Bicb y) Moaennio.
YepBOoHa NYHKTUPHA NiHIA NPeacTaBns€ igeanbHy NiHIO ILEHTUYHOCTI
(nporHo3oBaHe = paKTUUHe).

3 KpUBOI BUAHO, WO BiNbliCTb TOYOK BNN3bKI A0 OMOPHOI MiHIl, WO
BKA3y€E Ha SAKICHMW NpPoOrHo3. TMM He MeHLW, iICHYE neBHa gucnepcis,
ocobnmneo pna BuwWKUX BignosigHocTen. Lle Moxke OyTUM BUKIIMKAHO
HEeAOCTAaTHbOK KiNbKICTO HaB4YasibHMX BUOIPOK y LbOMY iHTepBani abo
BJIaCTMBUM OBMeXKeHHSM GpOopMM HEMPOHHOI MepeXi.

0.7 v

0.6 1 1 1 1 ya

0.5 4 '

0.4 1 ’

Predicted values

0.3 1

it g
0.2 ¥ o

0.1+

0.01+—F

T T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Actual values

Puc. 3. MopiBHAHHS QINCHUX | NPOrHO30BaHUX 3HAYEHb

AHanis posnopiny nomunok. [ictorpama noMunok Mogeni
npencTtaBneHa Ha puc. 4. Ak BUAOHO, nepeBa)Ha OiNblicTb 3Ha4YeHb
TaKUX BIiOXWIEHb CKYMYYETbCA HABKOJIO HyNs, WO CBig4nTb Mpo
HapginHicTb ™Mopeni. binbwicTe AiarpaMm  po3citoBaHHA npubnnsHo
HOpPMaJibHi, HaBiTb AKLIO € HeBenuKke 3MiweHHA. CepegHE 3HaA4YeHHS
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piarpamu po3citoBaHHa (0,0017) Bka3ye Ha BigCYTHICTb CUMCTEMATUUYHOIO
3MilLEeHHSA B MOoAaei.

Histogram of model errors

i === Normal distribution

P =, Average error: 0.0017

Density of distribution

0.2 A 0.0 0.1 0.2
Prediction error

Pwuc. 4. lictorpaMa noMmnok mogeni

YUucnoBa ouiHKa. Pe3ynbTaTM MNOPIBHAHHA  peanbHUX Ta
NMPOrHO30BaHMX 3HA4YeHb 3BeAEHMX OAHWX MALIMHHOrO Mnepeknagy Ha
nepwux 10 npuknagax tectoBoro Habopy HaBedeHi y Tabnuui. 3aranbHa
OUiHKA TOYHOCTI MoAeni nokasana, Wo BOHA € MNPUUHATHOK nuwe 3
OeSKMMN BapiauiaMu, aKi He pobnaTe CUCTEMY HeaKTyallbHOK Y
BUPOOHMYOMY cepenoBuULL.

Tabnuus
@aKTM4YHI Ta NPOrHO30BaHi 6anun cyMicHOCTI po3pobHMKaA 3aBOaHb
(nepwi 10 3pa3ki.)

3pasok 1 2 3 4 5 6 7 8 9 10
Daktus- |5, 028 | 023 (008 1[043 [019 015 [002 [033 |04
HUM 6an
MporHo-
soBa- | 0,2945 | 0,2662 |0.2397 | 0,1053 | 01511 | 0,1766 | 0,154 | 0,0347 | 0,3244 | 0,1175
HUW Ban

AnroputMm po3nopiny 3aBaaHb y cuctemi. Cucrtema 3untye JSON-
dann, Wwo MICTUTb 3aBAAHHA Ta CNWUCOK po3pobHukie. Ui paHi
HagcunawTeca Ha APl-cepBep 3 Mopennw HEUPOHHOI Mepexi
(TensorFlow/Keras), akuin aHanisye KaHoMAaTiB i NoBepTae HaWKpally
npono3uuito gna po3pobHuka. PekomeHpyloTbca niaxogwn, nopibHi go
BMwe3a3HadyeHoro. Anb-®panxat Ta iH. (2024) onucyoTb HEWPOHHUI
nigxio, SKMW pgocsArae To4vHOcTi Ao 96,7% y nowyky BiANOBIOHOCTI
pPO3p0o6HUMKIB Ta 3aBAaHb [12].

BxigHi paHi JSON nepeBipaTbCa Ta 04YMWYKOTbCA, @ MOTIM
HOpMani3yTbca Ansa 3abe3neyeHHa ogHopiaHocTi. ATpubyTn, NoB'A3aHi
i3 3aBOAHHAM, HanNpuKiag, TN, CKNagHicTb, HeobXigHI TexHonoril, Yac,
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TOLLO, Ta aTpubyTn, NoB'A3aHi 3 po3pobHMKOM, HanpuKNaa, noceia, Habip
HaBMYOK, poboye HaBAHTAXEHHS, iCTOPiIA 3aBOAHHSA TOLLO, BUTATYIOTbHCSA
AK BXiOHI BeKTopu Ans mopgeni. Mopenb, y CBOKW 4epry, BMBOOMUTb
AssignmentScore ans KoXxHoro po3pobHuka Ta BuOMpae TOro, XTO
oTpUMaB HaumBuwmm 6an. BuxigHi paHi noBepTakwTbCa Yy BUMMAAI
BignoBigi APl Ta 3B’A3y0TbCS i3 CUCTEMOI YNPABJiHHA 3aBOAHHAMM.

OuiHIOBaHHA Ta pe3ynbTaTn

HanawTtyBaHHA TectyBaHHA. byno cTBOpeHO cneuianbHUu
TEeCTOBMM Habip p[aHuUX pOns  nepeBipKM MPOAYKTUBHOCTI  Mopaeni
NPM3Ha4YeHHS 3aBAaHb. Y HbOMY NMPUCYTHI 3pa3Ku 3aBAaAHb | MapaMeTpu
po3pobHMKiB Ha Bubip. KoxeH npodinb po3pobHMKA BMillyBaB
BignoBigHy iHdoOpMaLilD MNP0 HAaBMYKW, MNOTOYHE HABAHTAXEHHSA
3aBOaHHAMMK | TeMn poboTu.

Kputepii npusHadeHHsa. [lapameTpun, 3a ASKMMK MOAeNb OLUiHIOBanNa
KOXXHOro po3pobHukKa:

- BignoBigHicTb HaBWYOK — piBEHb, A0 SKOro PO3pPOOHMK MaE
HeobXxigHI HABUYKM NSt KOHKPETHOro HeobXxigHOro BHECKY.

- LlWBnaKicTb BWKOHAHHA 3aBOAHHSA — HACKINbKM  WBWUAKO
PO3p0OHMK 3a3BMYAM 3aBEPLUYE 3aBAAHHS.

- [loTOYHE HaBaHTAXXEHHS — ICHYI4Ye HaBAaHTAXeHHA po3pobHMKa.

LLi napameTpu BUKOPUCTOBYBANMCA ans 06umncneHHs
AssignmentScore gns  KoxHoro po3pobHuka. Konnm po3pobHuKy
npuM3Havanocs 3aBAaHHsA, poboTa po3pobHMKA HaL 3aBAAHHAM

obuncntoBanacsa 3a GopMyJoto:
vEstimatedHours x Dif ficulty

(DeadlineDays x TaskCompetitionSpeed) + 1, (1)
ne Workload — noTouHe HaBaHTa>KeHHH,
Estimatehours — o4ikyBaHa KinbKiCTb roguH,
Difficulty — cknagHICTb 3aBAAHHS,
DeadlineDays — KinbKicTb AHIB ANS BUKOHAHHSA 3aBAAHHSA,
TaskCompetitionSpeed — WBNAKICTb 3aBepPLUEHHS 3aBAaHb.

Workload =

BucHoBKM

3anponoHoBaHO MoAeslb | po3p0obneHO iHTeNeKTyallbHYy CUCTeMy
po3nofiny OKpeMux 3aBAaHb BCepeauHi KOMaHA po3pobHuKIB
nporpamMHoro 3abe3neyeHHa. [ns HanawTyBaHHA iHTENEKTyasbHOI
CACTEMW 3aCTOCOBAHO MaALIMHHE HaB4YaHHA. HaBYaHHA HEWPOHHOI
MepeXXi 3MINCHIOBANOCA Ha OCHOBI OaHMX, 3i0paHMX ONsA aHaniTUKM 3
BIOKPUTUX O)Kepen: HasABHI HaBMYKWU, MPOMNYCKHA 3AATHICTb, @ TaKOX
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NPOAYKTMBHICTL pPO3POOHMKIB, SKi BNAMBAOTL Ha Te, K cuctema
po3nopfinsie 3aBaaHHA 6inblw cnpaBen/iMBMM Ta TOYHUM YnMHOM. Cuctema
nobynoBaHa Ha YUCTIM apxiTekTypi Ta natepHi MVC ona QocaArHeHHs
MOAY/NbHOCTI Ta MacwTaboBaHOCTi. TecTyBaHHA MoAeni [03BOSIMIO
3pobMTM BWUCHOBKM WOAO 1I BUWOI ePEeKTUBHOCTI MNOPIBHAHO 3
TPaguuiMHUMKM MeToOgaMK, 33 PaXyHOK 3MEHLEeHHS HaBaHTaXXeHHs Ha
KOMaHAy Ta nNigBULWLEHHS 11 NpoayKTMBHOCTI. [Mopganblwi [OCHigXeHHSA
nepenbayaroTb 3aCTOCYBAHHA MIMOWKMX HEMPOHHMX Mogenenm Ta
NigBULLLEHHS IHTEPNPETOBAHOCTI NPoLUecy NPUNUHATTA PilLeHb.
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MODEL OF INTELLIGENT TASK DISTRIBUTION IN SOFTWARE
DEVELOPMENT TEAMS BASED ON NEURAL NETWORK ALGORITHMS

This article presents a model of intelligent task distribution for a
development team, built on the basis of neural networks. Information about
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the available skills, current employment and previous performance of
individual team members are automatically taken into account when making
decisions about assigning new tasks. The architecture of the intelligent
system is modular, for the client part of the task distribution system built on
the basis of the proposed model, it is proposed to use ASP.Core, for machine
learning — Python API. The neural model was trained on historical data on
the performance of tasks in development teams, as well as project
requirements. The results obtained confirm that the proposed model
significantly increases the efficiency of task distribution compared to the
traditional manual approach. The model allows for a more even distribution
of the workload among individual team members and minimizes the effort
spent on developing team solutions. Team productivity increases due to an
increase in the speed of task execution, a decrease in the overload of
individual developers, taking into account the competence and previous
experience of performers, improving deadline forecasting, reducing the risk
of delays or failure to complete assigned tasks.

Keywords: system; intelligent system; system design; model; neural
networks; machine learning.
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