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JOCJIKEHHS TOYHOCTI POBOTH ®I3UKO-IHOOPMOBAHUX HEMPOHHUAX MEPEK HA
MNPUKJAII JE®@OPMYBAHHS BAJIKH

V poboTi 10CHiIKEHO TOUHICTh NPOrHo3yBanHs Aedopmarii Ganku 3a gonomorowo Bizuko-inhopmosanux Heiponnux mMepex (PINN) y nopisusuHi 3i
3BUYANHIMH MOBHO3B'S3HUMH HEHPOHHMMH Mepexamu. J[Is eKcrepuMeHTy Oyio BHKOPHCTAHO aHATITHYHE PIlICHHS 3ajadi MPOrMHY OamkH,
LIAPHIPHO ONEPTOI 3 OJHOrO KiHI, 3aKPIIICHOI 3 iHIIOro, Ta HABAHTAKEHOI TOYKOBOIO CHIION. Byiio crBopeHo Habip naHuX, y sIKOMY BapiroBaiacs
MO3MLs IPUKITAJAHHS HABAHTAKEHHS JUI OTPUMAHHS PI3HUX 3HAYCHB POTUHY.
ApxiTekTypa HeifipoHHOI Mepeki OasyBamacs Ha IOBHO3B'S3HIH CTPYKTypi, HaBYEHOI JUIs HPOTHO3YBAaHHS MPOrMHY. Y XOIi JOCIHiKEHHS
nopisHioBanucs 1B (yHKIii BTpar: CTaHIapTHA, sKa MiHiMi3ye cepelHbOKBagpatHuHy noMuiky (MSE), Ta KOMIUIEKCHA, IO BKJIHOYAE (i3Huny
kommonenTy. OCTaHHs BPaXoOByBa/la 3aKOHM MEXaHIKH, 30KpeMa JudepeHLianbHi PiBHAHHSA NPOruHy Ganku, sKi iHTErpyBatucs y NpOLEC HABYAHHS
4epe3 rpalicHTH BUXiIHUX JaHUX MEPEXKi.
PesynbTaTi MOKa3anM, 0 BKIOYEHHS (i3MYHHX 3aKOHIB y MpOLEC HABYAHHS 3HAYHO MiJBHILYE TOYHICTH IPOrHO3iB, OCOOMMBO MpH OOMEKeHiH
KinbkocTi mamux. ITOpiBHSHHS MPOAEMOHCTPYBao, IO (isnKo-iHpopMOBaHa HelpoHHA Mepexka 3abesredye Kpamli pesysibTaTH, HDK 3BHYaiiHa
MoJiellb, i TouHiule BijoOpakae MOBeAiHKY Oanku mix HaBaHTaKeHHsM. OTpUMaHi BHCHOBKH IIiJKpeciiooTh epexruBHicth miaxomy PINN s
PO3B'A3aHHS IHKEHEPHHX 3a/1ad, ¢ BAXKIIMBY POJIb BiirparoTh hisuuni MOeN Ta 3aKOHH.

Kuouosi caoBa: Habip nannx, nedpopmysanns Ganku, Gisnko-inpopMoBaHa HellpoHa Mepeka.

The paper investigates the accuracy of beam deformation prediction using physically informed neural networks (PINN) compared to conventional fully
connected neural networks. For the experiment, an analytical solution to the deflection problem of a beam hinged at one end, fixed at the other, and
loaded with a point force was used. A dataset was created in which the position of load application was varied to obtain different deflection values.
The architecture of the neural network was based on a fully connected structure trained for deflection prediction. During the study, two loss functions
were compared: a standard one that minimizes the mean square error (MSE) and a complex one that includes a physical component. The latter took
into account the laws of mechanics, in particular the differential equations of beam deflection, which were integrated into the learning process through
the gradients of the network's output data.
The results showed that incorporating physical laws into the training process significantly improves the accuracy of predictions, especially with limited
data. The comparison demonstrated that the physically informed neural network provides better results than the conventional model and more
accurately reflects the behavior of the beam under load. The obtained findings emphasize the effectiveness of the PINN approach for solving
engineering problems where physical models and laws play an important role.
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‘BCTyHL ®diznko-iHpopMoBaHi  HEHPOHHI Mepexi

MammHHe HaBYaHHS BCE LTAPIIE 3aCTOCOBYETHCS B

(PINNS)  cTaHOBIATH  IHHOBaUiMHMI  mixxiy 10
PO3B’3aHHS CKJIaJHUX 3aBJaHb y MEXaHill, 10 MOETHYE
NPHMHIMIN MamuHHOrO HaByaHHs (ML) 3 disuunumun
3aKOHaMH. Y TpaJULiiHIM MexaHili A1 MOJAENIOBAHHS
CKJIAJHUX MPOIECIB, TAKHX SIK PO3B’A3aHHS HENIHIMHUX
piBHAHb a00 aHaNi3 HaNpyXeHO-Ae(OPMOBAHOTO CTaHY
(HAC), 3a3Buyaii BHKOPUCTOBYIOTH YHCJIOBI METOJH,
Hampukian, Merox ckindeHHux enementiB (MCE) a6o
METO/l TPaHWYHHX elleMeHTiB. IIpoTe BOHM YacTo €
OOYHMCIIIOBAIBHO 3aTPAaTHUMU 1 BUMAararoTh IJIMOOKHX
3HaHb TPO BXimHi paHi. HaTomicTh cydacHi aiaroputmm
ML, sk-or rmboki neiiponni mepexi (DNNs), moGpe
CTIPaBJISAIOTECS 3 ANPOKCHMALIECI0 CKIAIHUX (QYHKLIH i
JI03BOJIAIOTH IIPAIlOBATH 3 BEIMKMMH OOCATaMHU JaHHX.
OpHak 1  MiAXOAM MAKTh CYTTEBHH HENOMK —
BiiCyTHICTD (i3MYHHX OOMEKEHb, 10 YACTO MPU3BOAUTH
10  HemepenbadyBaHMX — pe3yslbTaTiB 32  MEXKaMH
HABYaJIbHOI BUOIPKH.

1 TexHonoris 06’exHye Haiikpame 3 000X CBITIB,
Joyaloun (GizudHi OOMEXECHHS y BHIVISAI PiBHSHb, TaKHX
sk piBusHHS Hap’e-CToKca 4 3aKOHM TEPMOAMHAMIKH,
no ¢dysknii BTpar HeifponHoi Mepexi. Ile mo3Boisie
OTPUMYBAaTH Mozeri, o BIZITIOBIAIOTH SIK
€KCHEPHMEHTAIBHUM JIaHUM, TaK i (Qi3HYHUM 3aKOHaM, i
THM CaMHM [OKDAIly€ TOYHICTh Ta Y3aralbHEHICTb.
Takuil miaxiy 3HANHIIOB 3aCTOCYBAHHS B LIMPOKOMY
nmiamasoHi 3ajmad  — Big aHamidy ~MarepiamiB i
MO/ICITIOBaHHSI KOHCTPYKIIiH 10 MPOTHO3YBaHHS CKJIAIHUX
MOTOKIB y reodizuiii Ta GiomMexaHilti.

MeXaHilli Uil BHpIIICHHA 3aBJaHb MOJICIIOBAHHSA Ta
aHai3y, TAaKMX SK OIIHKAa BJIACTUBOCTEH MaTepialiB,
nporuodyBanHs HJIC y CKIagHUX KOHCTPYKLIsIX 1
CHUMYJISIllii MOTOKIB y OaratodasHux —cepenoBHILax.
OnHUM i3 HAUMOMMPEHINNX IiJXOAIB € BHKOPHCTaHHS
Mojenei Tumy "4OpHOI CKpMHBKM', siKi 0a3yroTbcs Ha
rIMOOKHX HEHPOHHHX Mepekax, INo OyITyloThCs Ha
OCHOBI BeJIHMKHX HabopiB maHux Oe3 iHTerpawil (i3HYHUX
3aKoHiB. Taki METOIH JEMOHCTPYIOTh BHCOKY TOYHICTH y
MeXax HaBYaIbHOI BHOIPKH, MPOTE iXHs EKCTPAIOJISLis
4acTo HeHajliiiHa yepes Opak isnanoi
IHTEpIPETOBAHOCTI.  AJIbTCPHATHBOIO €  METOXH 3
o0MexeHOK  (i3MYHOK  IHTEerpaii€ro, sKi 4YacTKOBO
BpaxoByIOTb ~ (i3WYHI 3aKOHM, HANpPHUKIAL, 4epe3
JIOJaBaHHs XapaKTCPUCTHYHUX MapaMeTpiB 10 BXiZHUX
naHux ab0 BHUKOPHMCTAHHS CHELialbHUX AaKTUBALiHHX
(byHKLii.

Ille oxHuM eQeKTHBHUM MiAXOAOM € TriOpuiHi
METOJIH, 110 NOEAHYOTh TPAANLIHHI YHCIOBI MOJETI, Taki
sk MCE, i3 HaBYaHHAM Ha OCHOBI jganux. lle no3BOJIsIE
BUKOPHCTOBYBaTH  (pisuko-indpopmoBani mogmemi st
OOuHCIIeHHsI TIapaMeTpiB a00 yTOYHEHHS pe3y]bTaTiB
MogzemoBanHs. [lonpu 3HauHi JOCATHEHHS B Liil ramys3i,
NPaKTHYHEe 3aCTOCYBaHHS MAIlMHHOIO HABYaHHS B
MeXaHilll CTHKAaeTbCs 3 HM3KOIO BHKIMKIB. Bucoka
o0YHCITIOBANIbHA  CKJIAAHICTh, OOMEXKEHa JOCTYIHICTh
JIAHKUX 1 YyTIHBICTH IO IIyMY YCKJIAHIOIOTH peasi3alliio
IUX IiAXOAIB, IO 3YMOBIIOE HEOOXIIHICTH MOJAIBIINX
JIOCITIZKECHB | BJIOCKOHAJICHHSI METO/IIB.
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