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3.7.USE OF ARTIFICIAL INTELLIGENCE FOR DESIGNING ARDUINO-BASED
DEVICES

3.7. BUKOPUCTAHHSI WMTYYHOI'O IHTEJIEKTY JJs1 KOHCTPYIOBAHHS
IPUCTPOIB HA BA3I ARDUINO

I'enepaTuBHI MOBHI MOJIEII, IO 32 OCTaHHI POKH CYTTEBO CBOJIOIIOHYBAIH, JeAali YacTile
3aCTOCOBYIOTHCSI B TEXHIYHOMY CEpEIOBHII SIK IHCTPYMEHTH MIATPUMKH IH)XEHEPHOI MisIIbHOCTI.
[xus mosBa cTanma pesynTbTATOM CTPIMKOTO PO3BUTKY HEHPOHHHX apXiTeKTyp, 30KpeMma
tpancopmepiB (KpaBuyk, 2024), mo J03BOJSIOTE OOpPOOIATH CKIIAAHI JIHTBICTHYHI 3allUTH 3
ypaxyBaHHSM IIUPOKOTO KOHTEKCTY Ta OaraTopiBHEBOi CEMAaHTHKHU. SIKIIO HA TOYaTKOBOMY €Tarli
TaKl MO/JIeJI1 BUKOPUCTOBYBAJIMCS MEPEBAYKHO /ISl TeHEepallii NPUPOIHOMOBHHUX TEKCTIB, TO ChOTO/IHI
CTIEKTp iX 3aCTOCYBaHb OXOIUIIOE Tally31 TEXHIYHOTO MPOEKTYBAHHS, MOJICITIOBAHHS, TPOTpPaMyBaHHS
Ta HaBITh NEPBUHHOI BepUPikallli IH)KEeHepHUX pimeHsb. Lle BigkpuBae HOBY mapaaurMy B3aeMoli
MDK KOpHUCTyBaueM 1 HU(PPOBUMM IHCTPYMEHTAMH, JIe¢ IMPUPOJIHA MOBA CTAa€E HE MPOCTO 3acO00M
CIUIKYBaHHS, a IOBHOLIHHUM IHTep(EiicoM B3a€EMO/IIT 3 AITOPUTMIYHUMHU CTPYKTYPaMHU.

Tak, KOHCTpYIOBaHHSI MPHUCTPOIB SBISIE COOOIO TPOIIEC MPOEKTYBAHHS Ta CTBOPEHHS HOBHX
MPUCTPOIB, 10 BKJIIOYAE B ceOe po3poOKy KOHIIemIii, BUOlp KOMIIOHEHTIB, CTBOPEHHS IMPOTOTHUIIIB
Ta TecTyBaHHA. [lmargopma Arduino 13 BiIacHMM cepeloBHMIIEM JJIsi HAUCAHHS MPOTPaMHOIO
KOAY — IIe IHCTPYMEHT JUIsl TIPOEKTYBAaHHS €JIEKTPOHHUX KOHCTPYKIIH, CBOEPITHUI KOHCTPYKTOP,
KU IIUIBHO MO’KE B3a€MOJIITH 3 (I3MUHUM CEpEelOBMILIEM, 30KpeMa, 3aBISKH MOKIMBOCTI
i1’ €THAaHHS TOJIATKOBHX TUIAT PO3IIUPEHHS.

Y KOHTEKCTI aMaTOPCHhKUX ENEKTPOHHUX IMPOEKTIB, 30kpeMa Ha miaTtdopmi Arduino, MOBHI
MOJIENTI BUCTYIAIOTh MOTEHIIHHUMHM aCHUCTEHTaMH Ha BCIX eTamax po3poOKu: Bix (opMyBaHHS
BUMOT, BUOOPY KOMITOHEHTHOI 0a3u ¥ MojentoBaHHS (PYHKI[IOHAIBHUX OJOKIB — 10 HamMCaHHS
MPOTPAMHOTO KOJIY, TECTYBAaHHS JIOTIKM Ta YCYHEHHS JIOTTYHHMX a00 TEXHIYHUX TOMUIIOK.
Buxopucrtanis MOBHOT Mojeni sIK HU(POBOro KOHCYJIbTaHTA JI03BOJISIE KOPUCTYBAUyeBl HE JIMIIE
MPUILBUIIINTH MPOLIEC MPOEKTYBAHHS, ajleé 1 YHUKHYTHU TUIOBHUX MOMUJIOK, III0 YaCTO BUHUKAIOTh
Ha paHHIX eTarax 4epe3 HecTauy J0CBiIy ado HEMmoBHY OO13HAHICTH 13 TEXHIYHOIO JOKYMEHTAITIETO.
BoHouac Mozens 31aTHa 3anIpONIOHYBaTH albTEPHATUBHI BapiaHTH peaizallii Tiei camoi GpyHKIii —
HaIpUKIIaJ, BUKOPHUCTAHHSA PI3HUX THITIB CEHCOPIB YHM CHOCOOIB IMIIKIIOYCHHS BHUKOHABYMX
€JIEMEHTIB, — 10 POOUTH il KOPUCHUM IHCTPYMEHTOM JUIs MBUIKOTO mpoTotuiyBanHs (KienmoB &
I'yceBa-boxarkina, 2024).

Oxkpemoi yBarum 3aciyroBye crenudika camoi miaathopmu Arduino, sika BHSIBISIETHCS
HAJ3BUYAIHO CHPUATIMBOIO AJISl IHTErpaiii 3 TeHEepaTUBHUM IITYYHUM IHTEICKTOM. 3aBISKU
BIIKPUTOCTI amapaTHOTO Ta MPOTrPamMHOrO 3a0e3MEeUeHHs, MOJYIbHOCTI apXiTeKTypu il HasgBHOCTI
BEIUKO1 KUTbKOCT1 010110TeK, JOKyMEHTallll Ta MPUKJIaAiB BUKOPUCTaHHA, Arduino € onTuManbHUM
cepenoBHINeM AJs anpoOaiii MoxiauBocTed mTy4dHoro iHtenekty (LLI) y mpaktuunux cueHapisx
(I'opnienko & Kosaib, 2025). KomnonentHa 6a3a Arduino BKJIIO4a€e CEHCOPH, IUCIUIET, ABUTYHH,
pelne, IUIaTH PO3MIMPEHHS, L0 JIETKO MOEAHYIOThCS SK y (i3MyHOMY MUIaHi (4epe3 CTaHAapTHi
MiHOBI iHTepdeiicH), Tak 1 B mporpaMHoMy (depe3 yHiikoBani 6i0miorexku s Arduino IDE). Lle
CIPOIIy€e IHTEPNPETALiI0 3alUTIB MPUPOJHOI0 MOBOIO B TEXHIYHY peajizallilo, KO 37aTHa
olepyBaTH BEJIMKa MOBHA MOJIEb.

Cyuacui LLM (Large Language Models) n1eMOHCTpYIOTh 3/1aTHICTh BiANOBIIATH Ha 3alMTH
MPUPOJHOIO MOBOIO y CTPYKTYPOBaHIN TeXHIUHIN (opMi, FeHEpYyIOUH TEKCT, SIKUI 3a 3MICTOM 1
CTPYKTYpOIO TOJIOHMI 10 MOCiOHMKa, HABYAJIBHOTO MaTepialy abo TeXHIYHOro 3aBiaHHsA. lle
CTBOPIOE NMPHHIIMUIIOBO HOBY MOJIENb B3a€MOJIi1 JIIOJUHM 3 IHPOpPMaLE — HEe uepe3 TpaJuLiiHui
MOIIYK Y AOKYMEHTaIlil, GopymMax M perno3uTopisx, a uepe3 Oe3rnocepeHIo TeHepalito TOTOBOTO
pillIeHHs], II0 BPaxOBYe ONMMCaHY METY, apameTpu it ooMmexenns. Binnosine I y Takomy Bunaaky
MOJK€ BKJIIOYaTH TOBHUM MNPOrpaMHHUNA KOJ, ONHC CXEMH MIAKIIOYEHHs, Mepesik HEeoOXITHHUX
KOMIIOHEHTIB 1 HaBiTh peKOMEHJAIli] 11100 MOKPOKOBOi 30ipku. TakuM YHHOM, MOBHA MOJIENb CTA€
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HE JIMIIE JDKEpPEeJIOM 3HaHb, a W IHCTPYMEHTOM iXHbOi KOHKPETHOI Marepiaiizamii y BHIIIAIL
IH)KEHEPHOTO PIllICHHS.

Takuii miaxin axTyanisye HEOOXINHICTh BHBUEHHsS sAkocTi BigmoBiged LI y crenapisx,
HAOMIKEHUX [0 pealbHOI NMPAKTUKH, 30KpeMa B OCBITHBOMY Ta JOCIIIHUIIBKOMY CEPEJOBHIIII.
BaxnBo He JuIIe OIIHUTH, YX 3/1aTHA MOJEIb 3alPONIOHYBAaTH NPAaBUIbHE TEXHIYHE PIlIEHHS, a i
3’sICyBaTH, HACKUIBKM BOHO € ()YHKI[IOHATBHO MOBHUM, JIOTTYHO CTPYKTYPOBAaHUM, 3PO3YMUIHM JUIS
BUKOHABI W O€3MEYHUM 3 TIOTJISAY eNEKTPOTexXHIKH. Takok BHHUKae mMoTpeda y MOpPIBHSAHHI
PI3HUX MOJEeJe MK co00t0, 3 OISy Ha CTWJIb BIAMOBIML, piBeHb JIeTali3allii, SKiCTb CHHTaKCHCY
MIPOTPaAMHOTO KOy Ta 3/IaTHICTh alaTYBaTHCS JI0 PI3HOTO PIBHS MiITOTOBKH KOPHCTYBaya.

VY miii poOOTI JOCTIHKEHO SIK CydacHI TeHepaTHBHI MOJENI CHpPAaBISIIOTHCS 3 TUIIOBHM
IH)KEHEPHUM 3allUTOM y MEXaX aMaTOPCHKOTro MPOEKTYBaHHs. B mporieci JOCTIHKEHHsT KOXKHIN 3
obpanux LLM Oynu chopmoBaHi imeHTHYH1 3anutu. Tak, oguH 3 cHopMyIbOBaHUX 3aIlUTIB MaB
BUIJIA: “MeH1 moTpiOHO CTBOPUTH MPOCTUN MPUCTPid Ha 6a3i Arduino, sikuil Oyae BUMIprOBaTH
TeMIepaTypy, BABOJUTH 1l Ha €KpaH, i aBTOMAaTUYHO BMHUKATH a00 BUMHUKATH BEHTHIISITOP 3aJIEKHO
BiJl moporoBoro 3HaueHHs . Takuil cueHapiii BUOpaHO SK MOKA30BUI NPUKIIAJ HU3bKOPIBHEBOTO
ABTOMATH30BAHOTO PETYIIOBAHHS 3 €JIEMEHTaMHU 3BOPOTHOTO 3B’S3KY Ta IHAWKalii. 3anuT OyIiio
MOIaHO [0 IT'SITU MOBHUX MOJEJIEH:

- ChatGPT (ua 6a3i GPT-4),

- Gemini 1.5 Pro (Google DeepMind),

- Claude 3 Opus (Anthropic),

- Mistral (open-source LLM),

- DeepSeek Coder (iHxkeHepHO OpiEHTOBaHA MOJIENb 13 MIITPUMKOIO KOJIOT€Hepallii).

Jli1g Ko’kHO1 BianoBiai Oyno 3aicHEHO (iKcallilo CTPYKTYpH, 3MICTY Ta TEXHIYHOT TOBHOTH 3
MO JANTHIIIAM TTOPIBHSILHAM aHAIII30M.

Or1iHIOBaHHS 3A1MCHIOBAJIOCS 32 YOTHPMa OCHOBHUMH KPUTEPISIMH:

- piBEHb JeTaii3allii Ta BiAMOBIIHICTh BUOOPY KOMIIOHEHTIB;

- TIOBHOTA Ta CTPYKTYPOBAHICTh OMHCY CXEMU MIAKIIOUEHHS;

- SKICTh 3Tr€HEPOBAHOTO MPOTPAMHOTO KOy 3 MOTJIAAY (YHKIIOHATBHOCTI Ta CHHTAKCHUCY;
HasBHICTh TOSICHEHb, PEKOMEHJAIl Ta aJalnTHUBHOCTI BIAMOBIMI MO0 PI3HOTO PIBHSA MATOTOBKH
KOpHCTYyBaua.

3i0paHi maHi MOJaHO y BUTJIAAI y3arajdbHeHoi TaOswmii 1, 1o MICTUTH OIIHKH BiamoBinei
MoJenel 3a 3a3HaUYeHUMH ITapaMeTpaMu.

[TopiBHSUITbHUIN aHANI3 AEMOHCTpPYE, IO HE3BaKAIOUM Ha 3arajbHy 3JaTHICTh yCIX Mojelnei
peanizyBatu 0a30BUM (YHKI[IOHAI TOCTABJICHOTO 3alUTy, MDK HUMH CIOCTEPIraeThCs iCTOTHA
BapIaTUBHICTh 3a TAaKUMHU TapaMeTpaMH, SK CTPYKTypa BiAmoBimi, ii TeXHIYHA HACHYCHICTH,
rMOMHA TOSICHEHb, PIBEHb apryMeHTallii, a TaKoX CTYIiHb aJamnTalii /10 OYiKyBaHOTO pIBHS
KOpHCTYBaya.

Koxna monens peainidye BIIAacHy CTpaTeriio IHTEprpeTaiii 3amuTy, o O0e3mocepenHbo
BIUIMBA€ Ha 3pYy4HICTh, TOYHICTb 1 IMOBHOTY KiHleBoro pe3ynbTary. ChatGPT, Hanpukian,
3a0e3neyye HAWOUIBII TOBHUM CYNMPOBiJ KOPUCTyBaya, MPOTIOHYIOUM HE JHile (DYyHKI[IOHATbHUI
KOJ[ 13 JIeTATbHUMH KOMEHTapsMH, aje il IHCTPYKTUBHY YaCTUHY, SIKa OXOIUIIOE JIOTIKY 0OpaHoro
pIlIeHHs, PEeKOMEHJAIl MO0 CKIaJaHHsS CXeMH, KOMEHTapi moa0 Oi0mioTeK Ta HalallTyBaHb
cepenouina po3podku. Lle crBoproe edekr “HactaBuuitBa”’, ae LI He mpocto renepye kon, a
MOSICHIOE HOT0 JIOTIKY i MOKJIUBI BapiaHTH Moau(DikaIlii 3a1exHo Bil 3a7aui.

Boanouac DeepSeek nemMoHCTpye TeXHIUHO 3pUIMH MiAXid, OpiEHTOBaHMU MepeayciM Ha
imKkeHepHy cTporocth. Moro BimmoBimi MicTaTh GiTem IMMGOKY JeTamizamiio, 30kpeMa 3
ypaxyBaHHSM €JIEKTPUYHUX MapaMeTpiB KOMIIOHEHTIB, TAKMX SIK HOMIHAIM PE3UCTOPIB, TUIIU
TPAaH3UCTOPIB, BUMOTU JIO0 XHMBJIEHHS Ta TEIJIOYTBOpPeHHsA. OKpeMo BapTO BiJ3HAYMTH CHpOOU
MOJIell BPaxOBYBaTH AaCMEKTH €JIEKTPOMArHITHOI CYMICHOCTI, MEPEeHIKOJIOCTIMKOCTI M 3axucTy
€JIEMEHTIB — (DYHKITIOHAIBHOCTI, SIKa BUXOJUTH 32 MEXi TUTIOBOTO PIBHS MIATPUMKUA aMaTOPCHKOTO
MIPOEKTYBAHHS.
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Tabnuys 1. [lopiensnbha Xapakmepucmuka 2eHepamueHuxX MOSHUX Mooeetll
Ha npuknadi peanizayii Arduino-npoexmy

Mopnens LI | Bubip Cxema IIporpamuuii xox PiBeHb OpieHnrariist Ha
KOMITOHEHTIB T AKITIOU€HHS TIOSICHEHHS KOpHCTyBaua
ChatGPT [NoBHwuid, 3 HeranizoBana, 31 | CTpyKTypoBaHuii, 3 Bucoxkwit; [MouaTkiBenp,
KOHKPETHUMH CXEMOIO KOMEHTapsIMHU, JIO/IaHO KOpHCTyBa4
MOJEISIMU 3'€JJHaHb, aJIanTOBaHUM 1St OOTpYHTYBaHHS | CEepeqHBOrO
(DS18B20, LCD TIOSICHEHHSAM Arduino IDE; pileHs Ta piBHA
1602 12C, pene, byHKIIIH pealtizoBaHo JIOTIKY 3 THUTIOBI TOMUJIKH
PE3UCTOpH); KOXKHOTO THY moporoM i Serial
BKJIIOUEHO MOHITOpOM
pexoMeHaanii 3
YKUBJICHHSI
Gemini OnTUMi30BaHuUi, Crucna, IToBHOD YHKITIOHANBHUH | Bucokuii; Hosauok,
OpIEHTOBAaHUI Ha JIOTi4Ha, KOJI 13 IIPOCTUMH BKJIFOUEHO CTYJIEHT,
CIIPOIIEHHS HepeBaKHO YMOBaMH KepyBaHHS; TIOKPOKOBI MPaKTHK
(DHT11, LCD 3 OIHCOBA; BpaxoBaHO ricTepe3uc pexoMeHpaanii
12C, Mmoxyns pese); | opienTaris Ha
aKIECHT Ha NpaKTHYHE

JIETKOJJOCTYITHICTD | 30MpaHHs

Claude TumnoBuii Habip 6e3 | 3aransuuit omuc | Kox i3 peanizariero CepenHiii; Kopucrysau i3
YTOYHEHHS Mapok; | 0e3 TouHOoro ricrepesucy, HasiBHI 6azoBuUMH
(hoKyC 3MIIIEHO HA | TIPU3HAYCHHS MOSICHEHHS JIOTIKH MOSICHEHHS 3HaHHSIMU
(yHKIIOHAJIBHICTh | MiHIB; cXema BKJIFOUCHHS / JIOTiKH, aje

YMOBHa BUMKHEHHS Opakye
BEHTHJIATOpA CXEMOTEXHIYHUX
KOMEHTapiB

Mistral MinimaneHuii, 6e3 | Omuc bazoswii ma6mon koay | Husekwit; Joceinuenmuii
KOHKpeTu3anii crpomieHo, 6e3 | 6e3 KOMEHTapiB; He HPaKTUYHO KOpHUCTYBad,
Mozenei; HOMIHAJIB i PO3IiJICHO JIOTIKY Ta BiJICYTHI PO3pOOHUK
OpieHTallis Ha THIIB CUTHaTIB | iHTepdeiic MOSICHEHHS
IOCBif
KOpHCTYBa4a

DeepSeek JeranpHuid, 3 Texniuno TouHa, | MoaynsHUN KOA 3 Bucoxkuii; Imxenep,
OIMCOM TEXHIYHHX | CTPYKTypoBaHa, | (YyHKIISIMH 0OpOOKH MPUCYTHE KOpHCTYBaH i3
XapaKTEePUCTHK, 3 ypaxyBaHHSM | MIOMUIIOK, IEPEBIPKU OOTpYHTYBaHHS | JOCBiOM
SIIEKTPUIHIX BHMOT JI0 niama3ony Ta LCD- BHOOPY CXEMHHX
mmapamMeTpis; CTPYMY i HALIPYT | BHBOXY pitreHs
3aIPOIIOHOBAHO
3aXHCT
BEHTHJIATOpPA

Mopnens Gemini BUPI3HSETbCS MpParHeHHsIM 10 OajaHCy MDK 3pYYHICTIO BUKOPHCTAHHS Ta
TEXHIYHOIO TOUHICTIO. [i BiANOBiNi Mo6Gyn0BaHi Tak, OO MiHIMi3yBaTH HMOBIPHICTH TOMHUJIOK HpHU
30MpaHH1 CXEMH YU 3aBaHTa)KE€HHI MPOLIMBKY, 3a0€3MeYUTH JOCTYIHICTh MaTepiay Juis HOBAUKiB 1
BOoJHOYac 30epertu 0a3zoBy iHxkeHepHY Jjoriky. Came Gemini mokasajia HallBUINY CTaOUIBHICTb
CTPYKTYpH BIANOBiAI MPU NMOBTOPHOMY (OPMYNIOBaHHI 3alUTy, L0 BKa3ye Ha ii CTIHKICTH 10
Bapiauiﬁ an/Ipo,uHo'l' MoBH kopucTyBada. Claude, cBoero Heproto, doxycye yBary Ha JOTTYHIH
MOBEJIIHIII MPUCTPOIO, MPArHy4Yl HaJlaTH KOPUCTYBAdy PO3YMIHHS MPUUYMHHO-HACTIKOBHX 3B’ A3KIB
MDK TOKa3HUKaMH JaTYUKIiB 1 peaKI_IICIO KEepYBaJIbHUX €JeMeHTIB. lle BaXJIMBO B KOHTEKCTI
PO3pOOKH aBTOMATH30BAHUX CHCTEM 13 IIPOTHO30BAHOIO MOBEIHKOIO.

Mogens Mistral, xou 1 AeMOHCTpye MiHIMaJIbHHMIA piBEHb JAeTani3aiii, MoXe BUSIBUTHUCA
e(EeKTUBHOIO B CHUTYallisiX, KOJIM KOPUCTYBau yXe BOJIOJI€ JOCBIIOM Y BIAMOBIIHINA MpeaMEeTHIH
rany3i. BoHa He BuUTpayae pecypcH Ha HaJMIpHI MOSICHEHHS, a KOHLEHTPYETbCS Ha CTHUCIOMY
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MIPEJICTaBJICHH] KO, AOMYCKAYH, 1[0 HOTO PEIUIIEHT 3MOKE CAMOCTIMHO 3aIlIOBHUTH MPOIyIIEH]
KOMIIOHEHTH 3aBISKH BJIACHOMY JI0CBiqy. Takuil minxig Moke OyTu BHUIpaBAaHUM y IpoeciiHux
CepeOBUINAX, J€ BaXKJIWBa IIBUJAKICTh TreHepalii pilieHHs, a He IHOro MoBHA IMeAaroriyHa
OTIPaIlbOBAHICTb.

OTtpumani JaHi JO3BOJISIOTh HE JIMIIE OXapaKTepU3yBaTH PIiBEHb MPAKTUYHOI MPUAATHOCTI
MoOJIeNel Ui BHUPIMIEHHS aMaTOPChKUX IHXEHEPHUX 3aBlaHb, ajleé W 3pOOMTH HU3KY BHCHOBKIB
IOJI0 JIOIUTBHOCTI IXHBOTO 3aCTOCYBAaHHS B IIUPIIUX KOHTEKCTaX — B OCBITHBOTO [0
npukiagHoro. Hanpuknan, y HaBpdansHOMY mporieci BiamoBini moaenei tuiry ChatGPT abo Gemini
MOXYTb OyTH BUKOPHUCTaHI SIK I0JJaTKOBI pkepena inctpykiii (LleBuenko Ta iH., 2024), npukiiaiis
1 TIOSICHEHb, SKi JOMOBHIOIOTh TEOPETHYHUH Marepian. Y caMOCTIHHOMY NpPOEKTYBaHHI MOBHI
MOJIei MOXYTh BimirpaBaTH poJib KOHCYJBTAHTIB, OCOOJMBO Ha e€Tami BHOOPY apXiTEeKTYPHOTO
piieHHa a0o0 momnepenHbo1 NepeBIpku (PYHKIIOHAIBHOCTIL. Y cdepl MIBUAKOTO MPOTOTUITYBAHHS —
BOHHM 3HAYHO 3HIKYIOTH Yac Ha IMIArOTOBKY, IO3BOJIIIOYM OJpa3y IEPEeHTH 10 MPaKTHYHOI
peaizartii.

BaxxnuBuM BUCHOBKOM € TaKOX MoTpeda iHTerpailii 6araTopiBHEBOI ajamnTailii y BHyTPIIIHIO
apXiTeKTypy BENMKHX MOBHHX Mojeneil. Mperbcs npo 3matwicts LI ouiHioBaTH 1podins
KOpHUCTYyBaya, HOro momepeAHid JOCBiI, TUNOBI (OPMYJIOBAHHSA, PIBEHb CKJIAJHOCTI 3alUTy M
BIJIMOBITHO JI0 I[HOTO JMHAMIYHO 3MIHIOBATH CTWJIb, TTUOMHY 1 hopMy moaadi BianoBial. Tak, as
MOYATKIBIISI IOPEYHO 3aIpPOIOHYBATH MOKPOKOBY IHCTPYKIIIO 3 UIIOCTPALliIMU Ta KOMEHTapsIMH,
TOJI SIK JUISl JOCBIAYEHOTO KOPUCTyBada — CTUCIMH KO 13 PEKOMEHJAIIEI0 MIOJ0 ONMTHUMI3AIIii.
BiamoBine, ska € HAATO y3araabHEHOI, a00 HABMAKH — TMEPEHACHYCHOI CIEIH(pIIHOIO
TEPMIHOJIOTIEIO, MOYKE BUSBUTHUCS HE MEHII MAapHOIO, HDK il BUICYTHICTh, aJkKe B 000X BHIaaKax
KOPHUCTYBa4 CTUKAETHCS 3 0ap’€poM pO3yMIHHS.

OxkpiM 0e3MocepeIHOr0 aHaNi3y TEXHIYHOI MPUIATHOCTI MOBHHX MOJENeH Yy 3amadax
MIPOEKTYBAHHS, JOLULUILHO PO3TJSHYTH TAaKOX IIUPIII KOHTEKCTU iX BHUKOPUCTAHHS. Y CydacHiil
OCBITHIA TapaaurMi, OpIEHTOBAHIA Ha PO3BUTOK MPAKTHYHUX KOMIIETEHTHOCTEH Yy paMKax
STEM-mucrumnin, 3actocyBanHs reHepatuBHoro Il y HaBuambHHMX TpO€kTax, MOOyIOBaHUX Ha
ocHOBl mmiaTthopmu Arduino, MIKPOKOHTPOJEpax, BIAKPUBAE YHIKAIbHI MOXJIUBOCTI IS
MepcoHipiKOBAaHOTO HaBYaHHS, CAMOCTIMHOTO OIaHyBaHHS I1H(QOpPMAIIMHUMHU TEXHOJOTIIMH Ta
IHAMBITyaIbHOT TBOPUYOCTI. 3aBAsdku iHTepdelcy NPUPOJHOI MOBH, KOPHUCTyBadi, 30KpeMa
CTYACHTH, MOXYTb (OpPMYJIIOBATH 3alUTH HE B TEXHIUHUX TEpMiHAaX, a 3BUYAIHOIO MOBOIO,
OTPUMYIOUH TIPH IILOMY CTPYKTYPOBaHY, JIOTTUYHY 1 (DyHKIIIOHAJIBHY BIAMOBIb, 10 CYTTEBO 3HIKYE
BXigHui 6ap’ep B IT- ramysp.

Oco6nuBoi akTyansHOCTI HaOyBae 31atHicTh I TpanchopmyBatu ckiIaaHi iHXKEHEPHI 3a1a4i
y TMOCIIJOBHI, MOKPOKOBI IHCTPYKIIii, 3pO3yMiJi JJisi KOPUCTYBadiB 13 MIHIMaJbHUM pIBHEM
MIATOTOBKU. Y Takuil crocid Mojenb (HaKTUYHO BUKOHYE POJIb IHTEIEKTYalbHOTO THIOTOPA, KU
He JHIle MiAKa3ye, K peaji3yBaTH NEeBHY (QYHKIIIO, ale W MocTymoBo (Gopmye y KOpUCTyBaya
JIOTIKY MPOEKTHOTO MucIeHHs. lle Mae 0coOnuBy IIHHICTH y KOHTEKCTI HehOopMaiabHOI OCBITH,
XaKaTOHIB, TYPTKOBOI JiSUTBHOCTI Ta TUCTAHIIIHHOTO HABYAHHSL.

Bonanouac ciing mam’staty, 1m0 MOBHA MOJENb, HAaBITh HAlPO3BHHEHIIIA, HE € €KCIEPTHOIO
CHCTEMOIO B KJIACHYHOMY PO3yMiHHi. [i Bi/imosini 6a3yioThcs Ha HMOBIpHICHOMY aHali3i MaTepHiB y
HaBYAJbHUX TEKCTAaX, a HE Ha CUMYIALIAX (I3UYHMX NPOLECIB UM EMIIpUYHOMY TECTYBaHHI
eJIEKTPOHHUX cXeM. ToMy ocTaTo4yHe pilleHHs II0A0 3aCTOCYBaHHS 3allpONIOHOBAHOIO BapiaHTy,
Horo HaAiIHICT, OE3MEYHICTH 1 BIAMOBIAHICTh TEXHIYHUM CTaHApTaM Ma€ MPHUIMAaTH JTIO1HA, sKa
BOJIOJi€ HEOOXIMHMMHU 3HAHHAMM Ta 3/JaTHA 3IMCHUTH KPUTHYHY BepUQIKAII0 OTPUMaHHX
pesynbraTiB. Lleii ¢akT BuMarae Big KOpucTyBaya BiIMOBIAANBEHOTO migxody 1o B3aemoii 3 LI ta
YCBITOMJICHHSI M€K HOTO0 KOMIETEHTHOCTI.

3 mormsay eTukd, ocoOnMBOi  yBarM 3aciyroBye IpoOiiemMa reHeparlii MOTEHIIHHO
Hebe3neyHux cxeM. Jlesiki MOBHI MoJieni 3/1aTHI HaJlaBaTH BINOBII, AKi pOpPMaIBbHO € KOPEKTHUMHU
3 OTJIsI/1y Ha CHHTAKCHUC a00 JIOTIKY MPOrpaMHOro KOAY, MPOTE HA MPAKTULII MOXKYTh PU3BOJAUTH JI0
NEePEBAHTAKEHHS EJIEKTPUYHUX JIAHIIOTIB, KOPOTKOTO 3aMUKaHHS ab0 HaBiThb 10 BUHMKHEHHS
HEeOe3MeYHUX CUTYaIlil, TOB’S3aHUX 3 PU3UKOM Ypa)KCHHS €JIEKTPUUYHUM CTPYMOM KOHCTPYKIIII.
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BincyrHicTs BOyIOBaHMX MEXaHI3MIB TEXHIYHOI Bajijalii TakuxX pilleHb CTaHOBUTH OJHY 3
HalCepio3HIMNX MepemKoa Ha IUIIXY 0 MoBHOMacTaOHo1 iHTerpamii LLM y KpUTUYHO BaXKITUBI
raimysi imkenepii. ToMy nepcneKTHBHIM HANpPsSMOM PO3BHUTKY € CTBOPEHHS 3aXMCHHUX (UIbTPIB Ha
PIBHI apXiTeKTypH MOJENIi — MOJIYNTIB, SKi JO3BOJATUMYTh HE JIMIIEC OLIHIOBAaTH BiANOBIAHICTH
3amuTy, aje W TPOBOJUTH TMONEpeNHid aHami3 TexHidyHOI Oe3meku pimeHHs. Ille omxaum
MEPCIEKTUBHIM KPOKOM MOJKE CTaTH IHTETpamis MoAeJel i3 30BHIIIHIMH CHUMYIATOPAaMH, SKi
OyayThb aBTOMAaTHYHO BepH(]IKyBaTH 3T€HEpOBaHY KOHCTPYKTOPCBKY cXeMmy mepen ii (izndHuM
YTUICHHSIM.

Y 1poMy K KOHTEKCTI BHHUKAe MOTpeda B TepcoHamizamii MOBHHX Mojeiei. OCKUTbKH
KOPHUCTYBa4l CYTTEBO BIJIPI3HAIOTHCS 332 PIBHEM IIATOTOBKH, TEXHIYHOT'O MUCJICHHS, BOJIOJMIHHS
IHCTpyMEHTaMH ¥ HaBiTh 3a (OPMOIO IOCTAHOBKHM 3alHTy, MOJEIh Ma€ aJanTyBaTH CTUJIb
KOMYHIKaIli BIATIOBITHO O KOHTEKCTY. IMOBIpHUM DpIIIEHHSIM € BUKOPUCTaHHSA 0OaraTOpiBHEBOTO
npouUTIOBaHHS, JIeé MOJETb, aHATI3yIOUM CTHJIh MOBIIEHHS, KIIFOYOBI CJIOBa Ta METy 3aBIaHHS,
3MOYe€e MPOTHO3YyBaTH OYIKyBaHHS KOPUCTYyBaya i BIAMOBITHO MOAU(IKYBaTH CBOIO BIANOBIIb — Bij
JOKJIAJTHOTO JUJAKTUYHOTO MOSICHEHHS /10 CTUCIOI IHKEHEPHOT IHCTPYKLIi. Y 1bOMY IJIaH1 MOJAEN1
ChatGPT ta Gemini y)xe J€MOHCTPYIOTh 3JaTHICTb TUHAMIYHO 3MIHIOBATU CTPYKTYPY BiIMOBIAL
(IlleBuenko Ta iH., 2024), w0 CTBOPIOE TEPEaYMOBH il (OPMYBaHHS MEPCOHATI30BAHUX
IH)KEHEPHO-OCBITHIX aCUCTEHTIB HOBOTO MOKOJIIHHSL.

[Tpo3opicTh — 1€ OJWH KPUTHYHO BAXKIMBUN KOMIIOHEHT, HEOOXITHWHA ISl yTBEPDKCHHS
NOBipU 10 reHepaTuBHUX cucreM. 1100 kopucTyBau MIr He JuIlle OTPUMATH MPaBUIIbHE PIILICHHS,
alme W 3pO3yMITH HMOro JOTiKy, HEOOXiAHO, MO0 MOJenh TMOSCHIOBaja NPUYMHUA OOpaHHS
KOHKpPETHOTO KOMIIOHEHTA, CTPYKTYpYy aJlfOPUTMY, IlepeBaru NneBHoi 010a10Teku uu KoHpirypariii.
HasBHICTD MOSICHIOBAJIBHOTO IIAPY Ja€ 3MOTY HE MPOCTO MOBTOPHTH 3alpPONIOHOBAHE PIllIEHHS, a
rroIe Horo YCBIIOMHTH, IO € BaXKJIMBOIO YMOBOKO (hopMyBaHHS 1HXKEHEPHOTO MHCICHHs. Taki
MOSICHEHHSI 4acTKoBO Bxke peanizoBaHo B Claude 1 ChatGPT, mo poOuth iX nmpuaaTHUMU HE JIHIIE
JUI TeHepallii, a i UIsl aHaJITUYHOTO CYIPOBOAY MPOIECY KOHCTPYIOBAaHHS.

Oco065MBOT yBaru 3aciiyroByIOTb MEPCIIEKTUBHA CTBOPEHHS TOPUTHUX CUCTEM, 5K TIOETHYIOTh
(GYHKITIOHATBHICTh MOBHOT MOJICITi 3 Bi3yaJbHHMH CEpPEIOBHUINAMHU PO3POOKH — TakuMu sk Fritzing,
Tinkercad, Proteus abo Arduino IDE. ¥V Takux cepeIoBHIIAX MOXKIINBA peasi3alliss IOBHOTO MUKITY
poOOTH HaJ TPOEKTOM: BiI TeHepalii KOAy — J0 MOOyIOBH CXEMH, CUMYJAMii i poOoTu,
Bi3yalizallii MOTOKY CHTHaJiB, pO3paxyHKy €EHEpProCHOXXHWBaHHs], 1 HaBITh J0 aBTOMATHYHOI
MepeBIpKM Ha JIOTTYHI ab0 eNeKTPOTeXHIuHI moMmiIku. lle 703BOJIMTH HE JUINe IMiABUIUTH
e(eKTUBHICTh HABYAJIIBHOT'O MPOLIECY, aje i CTBOPUTH IHHOBALIIHE CEPEOBUILE ISl CAMOCTIHHOTO
€KCIIEPUMEHTYBAHHS Ta MPUCKOPEHOTO MPOTOTUITYBAHHS.

[IpoBeneHne AOCHIKEHHS CBIAYUTH, IO Cy4YacHI BEJIMKI MOBHI MOJEJi MaloTh peajbHy
MPUKIAIHY LIHHICT y Taly3i aMaTOPChKOTO KOHCTPYIOBaHHS. IXHf 37aTHICTH 7O ananTarii,
THYYKICTh y KOMYHIKaIlli, BapiaTUBHICTh y MiIXOJax JI0 PO3B’sA3aHHsS MPAKTUYHUX 3a7a4 Ta
MIATPUMKA BEJIMKOTO MAacHBY TEXHIYHHUX (opmaTiB Jar0Th 3MOTY BHKOPHUCTOBYBATH IX fK
edeKTUBHI IHCTPYMEHTH IHXEHEpHOi AisnibHOCTI. HaillepekTuBHINII Ha Hamly AyMKY MOAENi —
3okpema ChatGPT ta Gemini — JAeMOHCTPYIOTh BHCOKY SIKiCTh 3r€HEPOBaHHX BiAMOBiaeCH, sKi
MICTSITh CTPYKTYPOBaH1 TE€XHIYHI OMMMCU KOHCTPYKIIiH, 70Ope KOMEHTOBAaHUHN KO, MiI0ip CyMiCHUX
KOMIIOHEHTIB 1 MOSICHEHHS NOTEHIIHHUX momMuiiok. Lle popMye HOBY mapaaurMy caMOHaBYaHHS, /€
KOPHUCTYBau IMOEJHYE POJIb Y4YHS, NMPOEKTAHTa 1 JOCHIAHMKAa B OJHOMY HpOIECi B3aeMOJIl 3
CHCTEMOIO.

[IpoTe pe3ynbTaTH NOCTIPKEHHS TAKOX CBIIYaTh IPO Te, IO YHIBEPCAJIBHOIO PIIIEHHS HE
icuye. KoxkHa mozens Mmae BiracHMHM cTwiib 1 HaOip cuinbHMX cTopiH. ChatGPT 3abesneuye
MaKCUMaJlbHY TJIMOMHY TOSCHEHb, aje 1HOAl MOTpedye MOBTOPHOTO 3alUTY JJIS KOHKpETH3aLlil.
Gemini cTabuibHO QOpMye BIANOBIAL, J00pe CTPYKTYpoBaHi Ta 3po3yMiai i noyarkiBus. Claude
JIEMOHCTPYE BHUCOKHMI piBeHb JIOTIYHOI MOCTIIOBHOCTI, OJHAK HE 3aBXJIU JIOCTaTHBO JETalli3ye
¢G13U4HI acHeKTH amapaTHOl YaCTMHHU, MIKpOKOHTpoJepiB. Mistral € epeKTUBHUM IHCTPYMEHTOM
JUIA JOCBiMYeHHX (axiBIliB, SIKUM He MOTPIOCH HaIMINKOBUN cympoBin, a DeepSeek BusBise
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IH)KEHEpHY TOYHICTb, ajle BUMArae BiJ] KOPUCTYBa4ya IPYHTOBHUX 3HAHb Y raiy3i MIKpOEIEKTPOHIKH
st Bepugikarii BiAmoBiaen.

3 IpPaKTUYHOTO TOTJISAY, PE3YJIbTaTH AOCHIKEHHS MOXYTh OyTH IHTErpoBaHi y HaBYaJIbHI
nporpamu 3 MiKpokoHTpoJepHoi TexHiku ([opaienko & Kosamb, 2025), ocHOB aBTOMAaTH3AIll,
pobororexniku Ta IaTepHery peueir (IoT). 3actocyBanuss LLM sK IOMOMDKHOTO pecypcy Aae
3MOTY 3a0€3NEeUnTH IHIUBIAyali30BaHy IIIITPUMKY CTYICHTIB y pEXHMI pealbHOTO dYacy,
3MEHIINTH 3aJeKHICTh Bill BUKIAJaya, MiJBUIIUTH SKICTh CaMOCTIHHOI poOoTH Ta cdopmyBatu
CepeloBUINE, Y IKOMY HaBYaHHS Ha0yBae O3HAK MEPCOHI(IKOBAHOTO NOCBiAY. 3 OOKY BUKJIAIadiB,
i MOJIeJi MOXYTh BHUKOPHCTOBYBATHCH IJISi aBTOMAaTH30BAHOI TeHepalil NMpHUKIaIiB, BapiaHTIB
MPAKTUYHUX 3aBJaHb, TUJIAKTHYHOTO Marepiany abo JUIsl MOTMEepPeAHbOI MEepEeBIPKH MPOEKTIB. Y
pe3yibTaTi, IMTYYHUH IHTEIEKT IOCTYIIOBO TPAaHC(HOPMYETbCS 3 IHCTPYMEHTa JIOTIOMOTH Ha
pPaHHBOMY €TaIll — y MOBHOIIIHHOTO MapTHEPa OCBITHHOTO MPOILIECY.

[lepcneKTHBH PO3BUTKY KOHCTPYIOBAaHHSI €JIEKTPOHHUX TPUCTPOIB 3 BHUKOPHUCTAHHSIM
TEXHOJIOTIM IITYYHOTO IHTENIEKTY TMOB’s3aH1 3 MiJBUIIEHHSIM JIOMEHHO1 CHerupIIHOCTI MOJIeeH,
ixHBOIO iHTETpamieo 3 cumymsininaumu Ta CAD-cepenoBumamm, a Takox 3 PO3pOOKOI0 MOIYJIIB
Banigauii pimeHb. Oco6anuBo 0aratooOISIOYMM BUIJISAA€ BEKTOP HAa CTBOPEHHS CHUCTEM, y SIKUX
IreHepaTUBHUN MOJYNb OJpa3y 3B’s3aHUN 13 CHUMYJIATOPOM 1 NeEpeBips€ JKUTTE3NATHICTH 1
0€3MeUHICTh 3reHepOBAaHOrO pilleHHs. Takl cepeoBHUIla MOXKYTh ICTOTHO MIJBULIUTH JOBIPY 10
cucteM Il B KOMII'FOTEpHHUX HayKax.

TakuM dYHMHOM, 3aCTOCYBaHHS TEHEPATHBHOTO INTYYHOTO IHTENEKTY B KOHCTPYIOBaHHI
npucTpoiB Ha 0a3l Arduino He OOMEXYETbCS JIUIIE IHCTpyMEHTaJlbHUM BuMipoM. Lle — oauH 13
KJIFOUOBHMX KpoKiB y Hampsmi HaOytTst hard skills i ¢opmyBanHs HOBOi KynbTypu mudpoBoi
TBOPUOCTL. 3a YMOBHM BIANOBIIAJBHOTO TMIAXOAY, E€THYHOTO PETyIIOBaHHS M IHCTUTYLIHHOT
minrpuMkn  (Auzgpomiyk Ta iH., 2023), LLM wMoxyTh ctaTd (yHIAMEHTAJIBHOI YaCTHHOIO
TEXHIYHOT OCBITH, IH)KEHEPHOT MPAKTUKHU Ta MporieciB udpoBoi Tpanchopmairii.
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3AKVIIOYEHHSA

CrorosHi iHHOBAIIHI TEXHOJIOTil Ta IUQPOBI3AIlisl € HE MPOCTO OKPEMHUMH SBUIIAMH, a
KOMIUIEKCHUMH, B3a€MOIIOB'SI3aHUMHU TPOIIECaMU, SIKi PaJIUKaIbHO TPaHC(HOPMYIOTH TPU OCHOBHI
cdepu THOACHKOTO OYTTS: OCBITY, EKOHOMIKY Ta CYCIUIBCTBO.

BripoBapkeHHS MITy4HOTO IHTEJIEKTY, TIOPUIHOTO HABYaHHS, reimidikaliii Ta JUCTaHIIIHHUX
IHCTpYMEHTIB (OpMye HOBY Mapajurmy, 10 BHUMAara€ Bi BUKJIAQNAdiB i CTYAEHTIB HPUHIIUIIOBO
HOBUX minxoiB. OcBita ChOTOJHI — II€ HE CTUIBKM Iepeaada iHGopMallii, CKUTbKH PO3BHTOK
KPUTHYHOTO MHCICHHS, HAaBUYOK CIIBOpaIli Ta 3JaTHOCTI 10 O€3MepepBHOTO HaBYAHHS.
[Ipodeciitna miagroroBka MaiOyTHIX (axiBumiB y Oyab-sKiil ramysi, BiJ MeJarorikd 10 MEIUIHHH,
MOBHHHA TPYHTYBATUCS Ha IHTErpalii 3HaHb, MPAKTUYHUX HABUYOK Ta IM(POBHX IHCTPYMEHTIB.
Jia YkpaiHu Lie TakoX O3Hauae HEOOXITHICTh NMPUCKOPEHHS MPOLECIB IHTEpHAI[IOHAI3alli Ta
ajanTarii 0 CBITOBMX OCBITHIX CTaHJApTiB. Y CHIIIHICTh IUX 3MIH 3aJIKHUTHh BiJ] TOTOBHOCTI
OCBITHBOI CHCTEMH IHBECTYBATH B PO3BUTOK LUPPOBUX KOMIIETEHTHOCTEH SIK CTYAEHTIB, TaK 1
BHKJIaJ]auiB, IEPETBOPIOIOUN X HA aKTUBHUX YUYACHUKIB TEXHOJIOTTYHOT PEBOJIIOLIII.

udposa Tpancdopmarlis € KaraaizaTOpoM TIJIHOOKMX E€KOHOMIYHHX 1 COLIaJIbHUX 3MIH.
Cdepn, sxi panilie BBa)KaJucsi KOHCEPBATUBHMMM, Takl sIK OaHKIBChbKa CIpaBa, MapKeTHHI Ta
yIpaBIiHHS EPCOHAIOM, TETEp HOBHICTIO 3aJIeXkaTh BiA HUPPOBUX TEXHOJOTH. Mu nobaunnu, mo
Oi3Hec-cTparerii (GOpMyIOThCS Ha OCHOBI aHai3y BENIMKWAX JaHWX, a TOBEIIHKA CITOKHBaYiB
MOJIEIIIOETHCS 3 YpaXyBaHHSAM BIUIMBY IIU(PPOBHUX OpeHAIB. B yMOBax cydacHMX BUKIIMKIB, 30KpeMa,
HACNIIKIB BiffHH, MyOIIYHO-TIPUBATHE MAPTHEPCTBO BUCTYIAE SIK KPUTHYHO BAXKIUBUN pecypc Ui
BITHOBJICHHS, @ THYYK] Ta 1HHOBAIIHI MIJXOAN B YIPaBIiHHI CTAalOTh 3alOpyKoro cTiiikocTi. Lei
MPOIIeC BUMArae BiJl CyCMiILCTBA Ta OI3HECY MOCTIMHOT aianTalii 10 HEBU3HAUYEHOCT 30BHIIIHHOTO
CepeI0BUINA, IEPETBOPEHHS PU3UKIB HA MOKJIMBOCTI AJISl 3pOCTAHHSL.

[HHOBAIlT MalOTh BEIWYE3HWNW MPUKIAIHUNA TMOTEHIIAN. Big MpOrHO3yBaHHS EKOJIOTIYHHX
PHU3HKIB 32 JOTIOMOTOI0 MOJICITIOBAHHS 10 MiABUIEeHHS edekTuBHOCTI HaBiramii BITJIA, TexHoorii
MPOTIOHYIOTh KOHKPETHI1 PIllIEHHS IS CKIaAHUX MpoosieM. OHakK, 3 IXHIM MOMUPEHHSIM 3pOCTalOTh
1 3arpo3u. [luranns kibepOe3nekn KpUTHYHOI 1HQPACTPYKTYpH CHOTOAHI CTOITh TOCTpIlIe, HDK
Oy/Ib-KOJM, 1 BUMarae MOCTIMHUX IHBECTHUIIM Ta BIOCKOHAJEHHS MeXaHi3MiB 3axucty. Lle Takox
CTOCYeThCs 1 Oe3mekn MeauuHoi iHdopmallii B yMOBaxX MPaBOBOTO PEKUMY BOEHHOTO CTaHy.
BoaHouac, My BiI3HaYMIM, IO TEXHOJIOTI] € HE JIMIIe IHCTPYMEHTOM ISl 3aXUCTY, a i 3aco0oM st
MOKpAIEHHsI SIKOCT1 JKHUTTS, 30KpeMa, y chepi Gi3uuHOi KyIbTypu Ta CIOPTY, IO MIATBEPIDKYE
iXHIO YHIBEpCaJIbHICTb.

MoskHa cTBepIKyBaTH, IO IHHOBAIlliHa MOJENIb PO3BUTKY € HE IMPOCTO Oa)kaHOwo, a
HEOOXITHOIO YMOBOIO JUIsl TOOYAOBH CTAOUIPHOTO Ta KOHKYPEHTOCIIPOMOKHOTO CYCHIbCTBA. Bci
TpH cdepu — OCBiTa, EKOHOMIKA Ta CYCIUIBCTBO — TICHO MEPEIUTITAIOTHCA, 1 3MIHU B OJHINA 13 HUX
HEMUHYYe BIUTMBAIOTH Ha iHIIL. L[ MoHOTrpadis € BHECKOM y po3yMiHHSA 11i€i CKIIaAHOT B3aEMO/IIT Ta
MIPOTMIOHYE OPIEHTUPH Ui MOJAANBIINX HAYKOBUX JOCTI/DKEHb Ta MPAKTUYHHUX Jid. 3acTOCyBaHHS
BHCHOBKIB I1i€] pOOOTH Ha MPAKTHUIll JO3BOJUTH MIHIMI3yBaTH PU3UKH, MAKCUMI3yBaTU MOJIMBOCTI
Ta eeKTUBHO aJaNTyBaTHCS O BUMOT €MOXH, 1110 HACTalla, — EMOXH TEXHOJOTH Ta Oe3nepepBHUX
TpaHchopmarrii.
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ANNOTATION

CHAPTER 1. INNOVATIVE TECHNOLOGIES AND DIGITALIZATION IN EDUCATION

1.1. Valerii Atlanov. USING ARTIFICIAL INTELLIGENCE IN THE EDUCATIONAL
PROCESS WHEN TRAINING FUTURE GRAPHIC DESIGNERS

The article examines the relevance of introducing artificial intelligence (Al) technologies into
the educational program for graphic designers. Modern Al tools, such as generative image models
(Midjourney, DALL-E), platforms for automating routine tasks (Adobe Sensei), and intelligent
assistants used in graphic design, are analyzed. Based on the analysis, methodological
recommendations are developed for the effective integration of these tools into the educational
process. Particular attention is paid to potential benefits, such as stimulating creativity, accelerating
prototyping, and personalizing learning, as well as challenges associated with ethical aspects and
changing the role of the designer. The results of the study confirm that the balanced use of Al not
only increases the competitiveness of future specialists, but also contributes to the formation
of an innovative approach to creative tasks.

1.2. Viktoriia Atlanova. HYBRID LEARNING IN CONSTRUCTION EDUCATION:
AN ANALYSIS OF CHALLENGES AND ADAPTATION STRATEGIES

The article examines the current problem of implementing hybrid learning in higher education
institutions of the construction sector. The aim of the work is to analyze the key problems that arise
when organizing the educational process using a hybrid model and develop effective ways
to overcome them. The work uses methods of theoretical analysis, synthesis and generalization.

Based on the analysis, a number of problems were identified, including: the lack
of specialized methodological support that takes into account the specifics of construction
disciplines; insufficient level of technical equipment and digital competencies of teachers and
students; as well as significant difficulties in organizing practical training, which is critically
important for the construction industry.

As ways to solve these problems, the development of adapted curricula, the creation
of a single digital educational environment, the widespread introduction of modern technologies
(VR, AR, 3D modeling) for simulating practical processes, as well as systematic training
of teaching staff are proposed. The importance of a balanced combination of face-to-face and
distance learning forms of education is emphasized to ensure high quality education.

The practical value of the study lies in the possibility of using the proposed recommendations
to optimize the educational process in construction higher education institutions.

1.3. Olha Blaha, Stepan Nedilskyi. HIGHER EDUCATION INNOVATIONS IN UKRAINE

The article conducted a study the processes of innovation in higher education when Ukraine
participated in the program of integration of higher education institutions into the European Higher
Education Area. Problems of the process of development of higher education are identified.
It is noted that in order to restore its status and popularize it among the younger generation,
it is necessary to create conditions for the formation of students’ skills of logical and critical
thinking, analysis, creative search, responsibility and maximum involvement in the educational
process. The role of the teacher is reformatted from the usual transfer of knowledge to the creation
of the necessary learning environment, which would become the basis for creating skills for lifelong
education. At the same time, there are concerns that the orientation to European standards will lead
to the loss of the identity of Ukrainian education and the destruction of national educational values.

389



1.4. Nelly Bondarenko, Serhii Kosianchuk. DIALOGUING AS AN INTERSUBJECTIVE
METHOD OF COMPETENCY-BASED LEARNING

The relevance of the dialoguing method in the context of the dialoguing of the educational
process is substantiated. The differences between dialogue and dialoguing are clarified, and
the essence of the dialoguing method is revealed in comparison with the dialogue method
in the context of types of speech activity. The goal and objectives of the method are formulated,
its scientific principles are outlined; the main techniques within the method are identified;
organizational forms and teaching means are discussed; the advantages of the dialoguing method
compared to others are emphasized; the parameters and criteria for effectiveness are determined;
a list of complementary methods that enhance the effectiveness of dialoguing is provided;
the potential of the method is analyzed, and the prospects for its modernization and development
are predicted. Aspects of the teacher's professional skills that contribute to the effectiveness
of applying the dialoguing method are characterized.

1.5. Andrii  Drobin. DIDACTIC ASPECTS OF USING DIGITAL EDUCATIONAL
RESOURCES IN ORGANIZING THE EDUCATIONAL PROCESS IN NATURAL
SCIENCES

The article examines the issue of digital educational resources in the educational process.
The relevance of the problem is justified through the prism of globalization processes
as an objective factor of the demand of the economy and production for the possession of digital
technologies by specialists. The approaches to the classification of digital educational resources
by domestic scientists and the author's view on the classification are considered. Based
on the presented classification, the most used digital educational resources are presented and their
compliance with didactic requirements for educational resources is substantiated.

1.6. Vladyslav Herasymenko. INTEGRATION OF ARTIFICIAL INTELLIGENCE INTO
THE TEACHING OF HIGHER MATHEMATICS: NEW DIDACTIC OPPORTUNITIES
AND PEDAGOGICAL CHALLENGES

The article explores the integration of artificial intelligence (Al) technologies into
the teaching of higher mathematics as a key component of contemporary digital transformation
in education. Generative Al systems such as ChatGPT, Copilot, and Wolfram Alpha are analyzed
as cognitive partners that enhance personalization, adaptive learning, feedback mechanisms, and
reflective thinking. The study outlines new didactic opportunities based on the principles
of adaptability, authenticity, and reflexivity while identifying pedagogical and ethical challenges
related to academic integrity, algorithmic transparency, and data privacy. An original concept of Al
integration into mathematics education is proposed, combining three interconnected directions:
the formation of students’ digital and ethical competence, the development of Al pedagogical
literacy among teachers, and the integration of Al tools into educational platforms (Moodle, Google
Classroom). The implementation of this model promotes the emergence of a new pedagogical
paradigm — generative pedagogy — in which the teacher becomes a facilitator, the student
a co-creator of knowledge, and technology a means of enhancing human intellectual potential.

1.7. Natalia Honcharova. THE IMPACT OF NON-FORMAL EDUCATION
ON THE DEVELOPMENT OF DIGITAL COMPETENCIES OF TEACHERS
IN PEDAGOGICAL HIGHER EDUCATION INSTITUTIONS

The article examines the impact of non-formal education on the development of digital
competences of higher education teachers. The study analyzes the concept of digital competence
and types of non-formal education, including online courses, workshops, webinars, masterclasses,
mentoring programs, and participation in professional communities. It is argued that non-formal
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education provides flexibility, rapid adaptation, and practical application of digital technologies,
enhancing professional development and improving the effectiveness of the educational process.
Recommendations for integrating non-formal methods into the teacher professional development
system are provided.

1.8. Sabina Ilvanchuk. USE OF INNOVATIVE TECHNOLOGIES IN THE PROCESS
OF PROFESSIONAL TRAINING OF FUTURE TEACHERS TO FORM ECOLOGICALLY
APPROPRIATE BEHAVIOR OF PRESCHOOL CHILDREN

The article highlights the peculiarities of introducing modern innovative extracurricular
forms, methods and means of teaching aimed at preparing future preschool teachers to form
environmentally appropriate behavior in preschool children. The article considers both traditional
approaches (environmental holidays, games, excursions, quizzes) and the latest forms of organizing
extracurricular activities, classified into three areas motivational and communicative (eco-trainings,
interactive games, environmental campaigns), informational and cognitive (environmental
expeditions, visits to ethno-environmental exhibitions), and ecological and creative (scientific
circles, volunteering, environmental initiatives, studios, camping, master classes, flash mobs,
research and practical projects).

The importance of taking into account the individual experience of students as a resource
for their professional self-improvement and personal development in the process of obtaining
professional training is emphasized.

1.9. Olena Kosovets. METHODOLOGICAL SUPPORT OF DISTANCE LEARNING
IN COMPUTER SCIENCE: THE ROLE OF LESSON CONSTRUCTORS
IN TEACHERS’ PRACTICE

The article explores the methodological features of organizing distance learning in computer
science under martial law, which has led to a mass transition of students to distance or blended
learning formats. Scientific sources are analyzed that highlight the challenges of digitalizing
education: unequal access to technology, insufficient digital competence among teachers, and
the need to adapt the content and methods of instruction. A lesson design model is proposed
in the form of four interconnected “puzzle pieces”: planning, design, tools, and reflection. This
model is illustrated through a Grade 6 computer science lesson on the topic “Behavior in the Digital
Space”, which takes into account students’ individual needs, the principles of inclusive education,
and the development of digital competencies. The proposed lesson constructor ensures pedagogical
flexibility and allows for effective adaptation of lessons to face-to-face, distance, or blended
learning formats.

1.10. Iryna Krasheninnik, Alona Chorna. DEVELOPING THE FUTURE COMPUTER
SCIENCE TEACHERS' ABILITY TO PEER-ASSESS LEARNING OUTCOMES USING
THE LMS MOODLE

The article considers the problem of forming the evaluation and analytical competence
of future teachers of computer science, in particular the ability to peer evaluate learning outcomes.
The relevance of introducing peer evaluation into the educational process of higher education
institutions is substantiated, taking into account the requirements of the Professional Standard
“Teacher of a General Secondary Education Institution” and changes in the regulatory framework
for evaluation in the schools. The purpose of the study is to develop methods for using
the “Workshop” activity type in the LMS Moodle to develop students’ peer evaluation skills.
A SWOT analysis of the use of peer evaluation is presented, its strengths and weaknesses,
opportunities and threats are identified. The results of the research work, which included
the students’ performance of practical tasks and the evaluation of the work of their classmates
according to certain criteria, are characterized. The results of the survey of the experiment
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participants showed an increase in the quality of feedback, intensification of educational activities
and the development of analysis and reasoned evaluation skills. A conclusion was made about
the feasibility of widely implementing peer assessment in the training of future computer science
teachers using LMS Moodle tools.

1.11. lurii  Linnik, Oksana Dovgalets, Vita Sternyk. THE FLIPPED CLASSROOM
AS AN INNOVATIVE FORM OF ORGANIZING THE EDUCATIONAL PROCESS:
THEORETICAL FOUNDATIONS AND PRACTICAL IMPLEMENTATION

The article explores the flipped classroom model as a modern educational technology that
meets the needs of higher education renewal in the context of global transformations. Particular
attention is paid to its role in fostering 21st-century skills — specifically, independent learning,
critical thinking, creativity, and digital literacy. The authors describe the stages of the model’s
development, its theoretical foundations, as well as its implementation in international contexts and
in Ukraine, especially under conditions of distance learning. A key part of the study involved
examining the experience of pharmacy students at Rivne Medical Academy, with results indicating
positive changes in their ability to learn autonomously. The article outlines the benefits
of the flipped classroom model, including enhanced cognitive engagement, individualized learning,
and increased motivation. At the same time, it highlights the challenges of implementation, such
as unequal access to digital resources, a lack of methodological support, and resistance rooted
in traditional pedagogical culture. The article concludes with practical recommendations
for the effective integration of the flipped classroom model into Ukrainian higher education.
It emphasizes that this model is not merely a methodological technique but a comprehensive
educational approach that requires adaptation, pedagogical reflection, and a shift in the educational
paradigm.

1.12. Inna Naida, Oleksandr Kalinichenko. INTEGRATING KNOWLEDGE, SKILLS,
AND DIGITAL TOOLS: A COMPETENCE-ORIENTED VISION FOR UKRAINIAN
HIGHER EDUCATION

The article examines the role of the competence-based approach as a key tool for modernizing
Ukraine’s higher education and ensuring its alignment with global educational trends. Emphasis
is placed on the development of digital infrastructure, open electronic libraries, national
repositories, and MOOC platforms to democratize access to knowledge. The integration
of academic knowledge, practical experience, and socio-emotional skills is highlighted
as a foundation for graduates’ adaptability in multicultural environments. The study concludes that
highly skilled professionals are essential for national security, economic stability, and sustainable
development in the context of global challenges and opportunities.

1.13. Nataliia Pavlova. INTERNATIONALIZATION OF UKRAINIAN HIGHER
EDUCATION: CHALLENGES AND PROSPECTS FOR DEVELOPMENT

The content and basic principles of internationalization of higher education are revealed based
on the analysis of domestic and foreign studies. The relevance of its implementation in the activities
of higher education institutions as a key factor in improving the quality of education
is substantiated. The criteria for classifying forms of internationalization are systematized, and
external and internal mechanisms for harmonizing the national higher education system with
the global and European educational and scientific space are compared. The main content
of the most common international cooperation programs is revealed. Attention is drawn to joint and
double degree programs as instruments of academic mobility for students and scientific and
pedagogical workers. Based on SWOT analysis, the advantages, challenges, opportunities, and
prospects for the integration of Ukrainian universities into the European and global educational and
scientific space have been identified.
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1.14. Kateryna  Petrovska. DIGITALIZATION OF SOCIAL REINTEGRATION
PROCESSES: PROSPECTS FOR TRAINING SPECIALISTS IN THE FIELD
OF PSYCHOSOCIAL SUPPORT

The article analyzes the role of digital technologies in the processes of social reintegration
of individuals affected by armed conflict. Special attention is paid to the educational aspects
of training professionals in the field of psychosocial support. The paper explores the prospects
of using digital platforms, online services, and virtual simulators in vocational training. The focus
IS on innovative approaches to developing competencies necessary for working with veterans,
internally displaced persons, and other vulnerable groups.

1.15. Oksana Polianska, Igor Polianskyi, Olha Hulaha, Inna Moskaliuk. USE
OF INNOVATIVE TECHNOLOGIES IN TRAINING FUTURE DOCTORS

Interactive technologies, problem-based learning and digital platforms make it possible
to make the educational process individualized and closer to the real conditions of the future
profession. Simulation training involves the use of various methods and tools to simulate real
medical situations: first, students receive the necessary theoretical basis, then they enter a simulated
situation, perform tasks, make decisions, and then all participants discuss their actions, thoughts,
and feelings that arose during the training. The advantages of simulation classes are the proximity
of situations to the clinic, motivation and involvement of students, the ability to make decisions.
Important components in conducting simulation classes in conditions of limited resources are
motivation and maintaining interest in learning throughout the study of the subject, helping students
to get the maximum benefit from their studies.

1.16. Tetyana Prykhodko. APPLICATION OF INNOVATIVE LEARNING AS A TOOL
FOR PROFESSIONAL AND PEDAGOGICAL TRAINING OF FUTURE SPECIAL
EDUCATION TEACHERS IN HIGHER EDUCATION INSTITUTIONS

The article highlights the issues of professional and pedagogical training of future special
education teachers in higher education institutions. It is determined that addressing this issue within
higher education requires teachers to creatively search for new or improved concepts, principles,
and approaches to teaching in higher education. It was found that educational innovations
in the higher education system can be implemented in the content of education; in the forms and
technologies of the teaching and educational process, and in methods; as well as in the education
management system. The author identifies a number of innovative technologies that will most
effectively contribute to the professional and pedagogical development of future special education
specialists. The innovative orientation of teachers’ and students’ activities involves creating and
applying pedagogical innovations since innovative technologies maintain the connection between
classical knowledge, skills, and the key competencies that future special education teachers must
develop. In this regard, higher education must be modernized in line with current challenges, and
teachers must be prepared for innovative professional and pedagogical activities to integrate
the latest technologies into the educational process.

1.17. Sergiy Ryabets, Olena Mykhaylova. DIDACTIC POTENTIAL OF USING NEURAL
NETWORKS IN TECHNOLOGICAL TRAINING OF ZZSO STUDENTS

The article is devoted to an overview of software products based on artificial intelligence and
the possibilities of their integration into the educational process of technology. The paper considers
the didactic potential of using such programs as Autodesk Fusion 360 Al-powered Design,
SolidWorks Al Simulation, Siemens NX Al-driven Manufacturing, ANSYS Al Simulation, Google
AutoML, IBM Watson for Education, as well as intelligent assistants ChatGPT and Copilot.
Particular attention is paid to such functionality as automated design, generative design,
optimization of production processes and personalized learning.

393



1.18. Sofiia Tykholaz, Elvira Manzhos. PEDAGOGICAL CONDITIONS FOR TRAINING
FUTURE DOCTORS TO FORM A COMMUNICATIVE CULTURE

The study has proven that for developing the motivation of future medical specialists to form
a communicative culture, it is necessary to create conditions for the emergence of internal
incentives (motives, goals, emotions) for the development of their communicative culture, their
awareness and further self-development of the motivational sphere. In the process of training future
doctors, a number of pedagogical conditions that ensure the effective formation of their
communicative culture have been identified. Firstly, an important factor is the development
of students’ motivation to master communicative culture, which is achieved by creating specially
organized game situations. Secondly, the use of role-playing game techniques is of great
importance, which contribute to the acquisition of practical skills and professional communication
skills in simulated conditions. Thirdly, an essential component is the mastery of modern
information and communication technologies, focused on the development of the communicative
culture of future medical specialists.

1.19. Anna Velychko, Yulila Muskharina. THEORETICAL AND METHODOLOGICAL
FOUNDATIONS OF THE MODEL OF PROFESSIONAL TRAINING OF FUTURE
PHYSICAL EDUCATION TEACHERS IN THE CONTEXT OF EUROPEAN
INTEGRATION

This article addresses the issue of developing health-preserving competence in prospective
physical education teachers within the framework of ongoing educational reforms and Ukraine’s
integration into the European educational area. The concept of “health-preserving competence”
is elaborated, its structural components are identified, and the necessity of their balanced integration
into the system of professional teacher training is substantiated. The study provides
a comprehensive analysis of the experience of leading European countries that have long
implemented effective models of health-preserving education. Particular emphasis is placed
on methodological approaches that enhance students’ motivation for adopting a healthy lifestyle,
cultivate their responsibility for maintaining physical and psychological well-being, and underscore
the importance of digitalization in education, which creates new opportunities for integrating
health-preserving technologies into the learning process.

1.20. Anna  Vozniuk. GAMIFICATION AND IMMERSIVE TECHNOLOGIES
AS INNOVATIVE MEANS OF DEVELOPING PROFESSIONAL COMPETENCIES
IN FUTURE TEACHERS

The article analyzes the use of gamification and immersive technologies (virtual and
augmented reality) as innovative tools in the training of future educators. It is substantiated that
these approaches contribute to increasing motivation, engagement, and the formation of key
professional competencies, including critical thinking, creativity, and teamwork sKills.
The psychological foundations of gamification based on self-determination theory and its
advantages for the educational process are considered. The author proposes a classification of tools
by type, didactic purpose, and level of implementation complexity, and provides specific examples
of their use. Methodological recommendations for the phased integration of these technologies into
the training of future professionals are presented, which will allow for the effective preparation
of competent and competitive educators.
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CHAPTER 2. ECONOMICS, GOVERNANCE AND SOCIAL TRANSFORMATIONS
IN THE DIGITAL ERA

2.1. Vladyslav Ananchenko, Yurii Lotyuk. ARCHITECTURE OF RELEASE GATES
IN DIGITAL BANKING

The paper proposes a conceptual release-gate model for managing the rollout of client-side
software in digital banking environments. Release gates are mapped to key categories of operational
risk: software supply-chain vulnerabilities (SBOM / CVE), client-server interface incompatibilities,
insufficient test quality, performance budget violations, and security or regulatory non-compliance.
A set of software release quality indicators and an aggregate Release Risk Score are introduced.
A training sandbox demonstrates stop/go release decision support based on the model.
The implications for financial institutions and the training of DevSecOps specialists have been
investigated.

2.2. Yulila Bodashevska. PUBLIC-PRIVATE PARTNERSHIP AS A STRATEGIC
RESOURCE FOR UKRAINE'S RECOVERY: A CRISIS-ADAPTIVE APPROACH

The study examines the main theoretical approaches to understanding public-private
partnerships (PPP), including the economic, network governance, and institutional perspectives, and
identifies their key characteristics. It also analyzes the current state of PPP implementation
in Ukraine, which reveals limited project realization and a significant impact of ongoing military
aggression on the investment landscape. Furthermore, the paper conducts a comprehensive analysis
of the concept and essence of public-private partnerships, with particular attention to their specific
features in the context of Ukraine and international experience. Additionally, the study examines
international practices of PPP regulation and implementation within the European Union and other
countries.

2.3. Alla Diachenko. NATIONAL TRADITIONS AS A SOURCE OF INNOVATION
IN THE WORK OF A NEW GENERATION OF ARTISTS

The article explores national traditions as a source of innovative practices in the creative work
of contemporary artists of the new generation. The aim of the article is to analyze how national
traditions are transformed into a source of innovation in artistic practices of the new generation
under conditions of global cultural and technological change. The study employed general scientific
methods of cognition: analysis, synthesis, comparison, interpretation, generalization and
a systematic approach. The findings show that the innovative landscape of contemporary art is not
limited to technological solutions alone. It has been concluded that this landscape encompasses
a wide range of expressions — from the use of digital tools (including generative algorithms,
VR technologies, NFT) to new ways of thinking, material experimentation, reinterpretation
of cultural symbols, and active viewer engagement in the artistic process. The research reveals
the important role of genre blending, style hybridization, the development of ecological design,
the use of stylized forms of authentic clothing, and the revitalization of local codes. It is shown that
innovation in this context refers to the ability to integrate traditional meanings into the global
cultural space while simultaneously preserving and transforming authenticity. In the Ukrainian
context, it has been established that traditional art is developing as a dynamic form of cultural
representation capable of adapting to current conditions of national heritage preservation and
reinterpretation. The study outlines that the transformation of traditions into artistic innovations
takes place through material-technological reincarnation (the use of Al, AR in traditional
techniques), semiotic rebooting (the transfer of symbols from ritual contexts into the global media
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space), and sociocultural interfacefication (turning the viewer into an active participant). As a result,
the authentic cultural archive is transformed into a source of new aesthetic, economic,
and communicative value, legitimizing art as a field of constant renewal of the past in the future.
The practical significance of the research lies in identifying mechanisms of cultural renewal
of traditions for the formation of an innovative artistic environment.

2.4. Viktoriia  Filippovych. INFORMATION TECHNOLOGIES IN EDUCATION:
A TEACHER'S AND STUDENT'S VIEW

The article explores the role of information technologies in the modern educational process,
taking into account the perspectives of two key participants — teachers and students. It analyzes
the advantages and challenges of integrating digital tools into education, including distance
learning, the use of electronic platforms, and interactive tools. The study presents different views
of teachers and students on the contemporary learning process and its specific features. Differences
in attitudes toward the digitalization of education are identified. Conclusions are drawn regarding
the effectiveness of implementing information technologies, and recommendations are offered
to improve the quality of the educational process based on the opinions of both teachers and
students.

2.5. Yevhenii Hliebov, Hanna Zavolodko. MICROSERVICE FOR POPULATING
A KNOWLEDGE MODEL OF TERM-DEFINITION PAIRS FROM PDF DOCUMENTS

The article describes a microservice for automated generation of ‘term-definition’ pairs from
documents, in particular PDF files with complex internal structure. The processing pipeline includes
file type identification, text extraction using the pdfplumber library, normalisation and artefact
removal, segmentation, identification of defining structures based on templates and heuristics, and
generation of results in JSON format for integration into educational systems. The development
supports Ukrainian and English languages, has the prospect of expansion to other formats and
integration with NLP models to improve semantic relevance. The advantages of the solution are
transparent architecture, efficiency, stability when working with heterogeneous PDFs, and no need
for additional model training.

2.6. Olena Hurman. HR MARKETING IN DIGITAL TRANSFORMATION: TOOLS AND
TECHNOLOGIES

This paper focuses on the study of modern HR marketing tools in the context of digital
transformation, which open up new opportunities for implementing innovative approaches to human
resource management. The research analyzes the impact of digital solutions on methods
of attracting, retaining, and developing talent, as well as on employer branding. The paper also
examines technologies that shape contemporary HR marketing strategies during digital
transformation, including the use of Big Data, artificial intelligence, blockchain, and other
innovative solutions that influence talent management practices.

2.7. Viktoriia Kofman. THE STUDY OF THE IMPACT OF DIGITAL BRANDS
ON CONSUMER BEHAVIOUR IN THE DIGITAL ECONOMY

The article presents the results of a survey conducted among consumers of digital assets,
which aimed to identify the characteristic profile of the target audience for digital brands. The study
found that the largest age group of consumers actively engaging with digital brands are from
the Millennial and Zoomer generations, particularly those utilizing NFT technologies. The collected
data confirmed the research hypothesis that these generations show the greatest interest
in consuming digital brands.
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Additionally, the findings validated the hypothesis that consumers are willing to purchase
digital brands at an affordable price point. Through factor analysis, the study identified barriers
hindering the dissemination and acquisition of digital brands. The use of mathematical and
statistical analysis methods, followed by interpretation of the results, confirmed the high level
of engagement of the younger generation in the digital economy and their desire to gain economic
advantages within the digital environment.

2.8. Dmytro Lysytsia, Ruslana Konoshchuk, Vitaliy Undir. THE ROLE OF INFORMATION
TECHNOLOGY IN STUDYING THE WORK MOTIVATION OF MEDICAL COLLEGE
TEACHERS

The article examines the use of the questionnaire method as an information technology with
the help of Google Forms survey administration software to assess the state of work motivation
among teachers at Ukrainian medical colleges. The article reveals the concept of “information
technology”, clarifies the essence and structure of information technology through analysis
of scientific literature, and summarises the classification of information technology based
on the works of scientists. It also reveals the concept of “work motivation” and its constituent
elements. The research presents data on the analysis of work motivation among teachers at medical
colleges in the Rivne, Lviv, Ivano-Frankivsk, Zhytomyr, Poltava regions and the city of Kyiv.
In order to obtain data, the sociological tool “Questionnaire of Motivational Sources” (authors
D. Barbut and R. Skolk) was used.

2.9. Nataliia  Lysiak, Natalila  Samotiy, Ivanna  Pecheritsa. INTANGIBLE
TRANSFORMATIONS AND CONSEQUENCES OF WAR FOR DE-OCCUPIED
TERRITORIES

The article analyzes the transformations of de-occupied territories with a focus
on the intangible consequences of war. It examines moral and value transformations, natural and
landscape changes and losses, demographic and socio-psychological consequences, educational and
cultural losses, as well as issues of security and the uniqueness of the living environment.
Approaches to their recovery and spatial development are substantiated, taking into account
regulatory requirements and socio-economic processes. A methodology for analysis based on five
determinants (spatial, economic, social, temporal, managerial) is proposed, ensuring consideration
of the interrelation between material and intangible transformations. Using the example
of communities in Kherson and Mykolaiv regions, development priorities are identified, including
data inventory, strengthening environmental resilience and security, updating urban planning
documentation, and stimulating economic activity.

2.10. Maryna Mashchenko, Inna Ippolitova, Iryna Lisna. DEVELOPMENT OF DIGITAL
TECHNOLOGIES IN THE CUSTOMS SPHERE OF UKRAINE: CURRENT STATE
AND PROSPECTS

The article examines the current state and prospects for the development of digital
technologies in Ukraine’s customs sector. It analyzes the regulatory, institutional, and technological
foundations of the digital transformation of the customs system, in particular the implementation
of electronic declaration, automated risk management systems, the “single window” mechanism,
blockchain technologies, the Internet of Things (loT), and intelligent data analytics. The key
benefits of digitalization are identified, including increased transparency and speed of customs
procedures, reduced administrative burden, lower corruption risks, and enhanced security of foreign
economic activity. The main challenges hindering the development of digital solutions
in the customs sphere are outlined, such as insufficient technical infrastructure, the need to improve
the digital competencies of customs officers, and cybersecurity threats. Promising directions
for further digital transformation are proposed, including integration with the European and global
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digital environment, expanded use of artificial intelligence, automated analytical systems, and
innovative services focused on businesses and citizens. The results of the study can be used to shape
strategies for the digital development of Ukraine’s customs authorities in the context of the global
digital economy.

2.11. Iryna Popovychenko, Andrii Andriichuk. STOCHASTICITY AND UNCERTAINTY
OF THE EXTERNAL ENVIRONMENT AS FACTORS IN THE FORMATION
OF INNOVATIVE TECHNOLOGIES IN ECONOMICS AND MANAGEMENT

The article examines the impact of stochastic and uncertain external environmental factors
on innovation processes in the economy and management systems. A classification and
characterization of external environmental factors influencing the activities of economic agents
under conditions of stochasticity and uncertainty are presented. The key types and sources
of uncertainty are systematized. Expected and unexpected effects are analyzed in the context
of technological development. The study generalizes the characteristics of contemporary
management concepts and technologies under conditions of turbulence and stochasticity
in the external environment. Relevant directions for further research in the field of innovative
management technologies in the economy under turbulent and stochastic conditions are formulated.

2.12. Viktoriia Pryma. REGULARITIES OF THE INTERACTION OF SOCIO-POLITICAL
EVENTS IN UKRAINE ON CHANGES IN THE ENGLISH LANGUAGE

This paper examines the patterns of mutual influence of socio-political events in Ukraine
on changes in the English language, in particular in its lexical composition and semantic
transformations. The main focus is on the period after 2014, when the Ukrainian issue became
the object of wide international interest, as well as on the latest events related to the full-scale war
launched by Russia in 2022. Analyzing English-language media, social networks, dictionaries, and
scientific sources, an active penetration of Ukrainian realities into the global English-language
discourse was revealed.

It has been established that socio-political changes in Ukraine contributed to the emergence
of new English words, terms and phraseologisms related to war, volunteerism, national identity,
culture of resistance, etc. In particular, the English language borrowed such lexemes as “Kyiv”
instead of “Kiev”, “Russism”, “rashist”, “Holodomor”, as well as phrases such as “Stand with
Ukraine”, “Ghost of Kyiv”, etc. Some of them acquired symbolic or politically colored meaning,
influencing the worldview of the international audience.

Particular attention is paid to how language is used as a tool for information warfare, narrative
formation, and global community mobilization. The work also examines the processes
of translation, adaptation, and semantic change of concepts that arise as a result of the global
reaction to the Ukrainian events.

The study confirms the close connection between political processes and linguistic changes,
demonstrating that English, as an international language, quickly responds to geopolitical
transformations, reflecting new realities through linguistic innovations, changes in usage and
semantics.

2.13. Kateryna Pylypenko, Nataiia Runcheva, Oksana Horiacha. INFORMATION
TECHNOLOGIES IN THE TOURISM BUSINESS

The study emphasizes the feasibility of implementing modern accounting software that will
automate the accounting of income and expenses, simplify reporting, ensure timely filing
of declarations, and reduce the risks of errors related to the human factor. It is proven that
information automation will also help save time and financial resources, especially for small
tourism enterprises where resources are limited.

398



2.14. Yuliia Rudenko. THE GENEALOGICAL RESEARCH AS A TOOL
FOR DEVELOPING STUDENTS’ RESEARCH COMPETENCIES IN THE CONTEXT
OF DIGITALIZATION OF ARCHIVAL HERITAGE

The article examines genealogical research as an effective method of teaching Ukrainian
history to students, fostering the development of a personal connection with the national past.
The author analyzes the sequence of the main research stages: collecting initial information,
processing the family archive, analyzing library sources, and verifying data through state archives.
Special attention is given to the use of digital archival resources, which significantly expand
the possibilities for searching and accessing authentic sources. The application of genealogical
methods in the educational process equips students with skills in critical analysis, working with
primary sources, and navigating digital platforms. The author emphasizes the importance
of personalizing historical knowledge through the creation of family trees, which stimulates
independent research activity. The article demonstrates that integrating the genealogical approach
into the educational process contributes to the formation of historical memory, patriotism, and
national identity awareness. The author concludes that digital resources play a practical role
in enhancing student motivation and improving the quality of history learning.

2.15. Yulianna Tserkunyk-Kvitka. LEADERSHIP IN EARLY CHILDHOOD EDUCATION:
ADVANCING MANAGERIAL COMPETENCIES OF ADMINISTRATORS AND
BUILDING EFFECTIVE TEACHING TEAMS

The article discusses current methods for developing managerial skills among leaders
of preschool education institutions and creating successful teaching teams. It emphasizes
the importance of effective leadership in improving the quality of education, promoting a positive
psychological environment, and implementing innovative management techniques. The article also
examines ways to enhance leaders' communication, organizational, and strategic abilities, which
in turn contribute to the professional development of their staff. It stresses the value
of collaboration, partnership, and mutual support among educators in achieving common objectives.
Additionally, the article provides practical suggestions for establishing and sustaining a team that
is focused on producing results and embracing innovation.

2.16. Leonid Tsubov, Oresta Shcherban, Liubov Kvasnii. CURRENT STATE OF BANKING
CREDIT IN UKRAINE

The purpose of the article is to study the current state of bank lending in Ukraine. This article
examines the functioning of the banking sector and lending, which takes place in the context
of the deterioration of the macroeconomic situation in the country and the significant destabilization
of financial markets caused by the war in Ukraine unleashed by the Russian Federation. The article
substantiates the main components of a loan agreement and the essence of each stage of bank
lending. The main means of optimizing bank lending are considered, namely: bank control and
the process of managing the credit process. It is substantiated that the banking lending system
in Ukraine is an important component of the country's economy, which facilitates access
of the population and business entities to credit resources. The essence of each stage of bank
lending to enterprises is analyzed from the standpoint of providing the credit institution with its
resources. The importance and place of bank lending to enterprises in the structure of active
operations of most banks is emphasized, since lending is one of the main areas of activity of banks,
which forms the bulk of their income and profit. Therefore, the key task of any commercial bank
is to build a system of credit work that will allow to receive maximum income while minimizing
the risk of non-repayment of loans. The analysis of lending of JSC CB “PRIVATBANK” was
carried out, as one of the leaders of the banking system of Ukraine and an important participant
in the market of bank lending to enterprises. Given the scale of its activities and impact
on the country's economy, the analysis of the financial condition of PrivatBank's lending activities
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is relevant both from the point of view of practical significance and for understanding the general
trends in the development of bank lending in Ukraine. The emphasis is on the fact that in modern
economic conditions, which are characterized by constant changes in financial markets, instability
and a high level of competition, bank lending to enterprises plays a key role in ensuring sustainable
business development.

2.17. Olha Yuzyk. SMART TECHNOLOGIES AS A COMPONENT OF IMPROVING
THE QUALITY OF LEARNING THE SUBJECT “INFORMATION AND
COMMUNICATION TECHNOLOGIES” BY FUTURE SCIENCE TEACHERS,
PRESCHOOL EDUCATORS, AND SPEECH THERAPISTS

The article systematically and consistently demonstrates the importance of introducing smart
technologies into the educational process of higher education institutions. It proves the importance
of using smart technologies in classes on “Information and Communication Technologies”
in combination with theoretical knowledge and practical application. The possibility of using smart
technologies in the training of future teachers of natural sciences, speech therapists, and educators
of preschool educational institutions is analyzed using the example of the discipline “Information
and Communication Technologies”. It has been proven that smart technologies are an interactive
educational complex that allows you to create, edit, and distribute multimedia teaching materials
both in the classroom and in extracurricular activities. The positive aspects of using smart
technologies in the educational process have been identified: the possibility of using them
in teaching various disciplines; high efficiency of knowledge acquisition; modernity of technologies
and their understanding and perception as a natural component of youth, which makes them
a convenient tool for developing creative potential; increased interest of students in learning; ease
of combining Smart technologies with a communicative approach to learning.

In the educational process, multimedia tools (multimedia technologies) are widely used
in the study of the discipline “Information and Communication Technologies”, which allow
combining text, sound, video, and graphic images into a single system. Multifunctional,
demonstration multimedia systems are created using personal computers, interactive whiteboards,
and multimedia projectors to support the educational process with graphic, text, or sound
visualization of the discipline. Electronic educational resources are also used. These smart
technologies facilitate faster mastery of the discipline and the formation of general and special
professional competencies in higher education students.

2.18. Liudmyla Zveruk, Dmitro Krasnozhon. MANAGING BANKS' DEPOSIT POLICIES
IN THE CONTEXT OF DIGITAL TRANSFORMATION AND THE USE
OF INTERNATIONAL EXPERIENCE

Under conditions of heightened risks, the necessity for digitalization of banking activities, and
the implementation of European experience, the essence of the concept of “deposit policy” has
undergone significant evolution from a narrow operational interpretation as a set of actions
for attracting funds to transformation into a comprehensive, adaptive management system. Today,
deposit policy should be considered as a multi-level system of strategic and tactical decisions aimed
at forming a stable, diversified, and cost-optimal resource base in a dynamic and risk-oriented
environment. The systematization of classification features of deposits allows us to assert that
digital transformation leads to the emergence of hybrid products that blur traditional boundaries.
Analysis of the toolkit for forming a deposit portfolio, which includes price, non-price
(product-oriented), marketing, and service-technological levers, shows that competitive advantages
are shifting toward technology, service quality, and creating positive customer experience.
Generalization of international experience in managing deposit policy under crisis conditions allows
us to identify positive development directions for Ukrainian banks: the importance of institutional
trust and a reliable deposit guarantee system (experience of developed countries), the need
to develop flexible products that account for macroeconomic risks (experience of developing
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countries), and the implementation of digitalization and utilization of synergy between state and
bank actions (experience of countries that have survived conflicts). Ukrainian banks should form
their own hybrid deposit policy strategy, adapting the best global practices to the unique conditions
of operating during crisis, the necessity of digitalization, and European integration. Deposit policy
management is a complex dynamic process that requires systematic approach, flexibility,
innovation, and deep understanding of both internal processes and the impact of global and national
challenges from banking management.

CHAPTER 3. TECHNOLOGY, SECURITY, AND SPECIALIZED APPLICATIONS

3.1. Viktoriya Babalich, Tetiana Maleniuk, Halyna Panchenko. APPLICATION
OF MODERN TECHNOLOGIES IN THE PROFESSIONAL TRAINING OF PHYSICAL
CULTURE AND SPORTS SPECIALISTS

The article analyzes the experience of using modern technologies in the professional training
of physical education and sports specialists. The role of digital tools, virtual simulators, multimedia
resources and interactive teaching methods in increasing the efficiency of the educational process
is highlighted. The integration of innovative technologies ensures a combination of theoretical
knowledge with practical skills, increases student motivation and promotes the development
of professional competencies. Special attention is paid to the importance of students' digital literacy.
The implementation of these approaches contributes to the competitiveness of future specialists
in the labor market and their readiness for continuous professional growth.

3.2. Mariana Baran. DEVELOPMENT OF AN INFORMATION AND ANALYTICAL
MODEL FOR FORECASTING AND ASSESSMENT OF THE ECOLOGICAL RISK
OF RIVER ECOSYSTEMS BASED ON POLLUTION DATA ANALYSIS

The article examines the problem of monitoring the environmental condition of river waters
in Ukraine in the context of anthropogenic impact. Contemporary monitoring methods are analyzed,
including 10T sensors, satellite technologies, and analytical approaches, with emphasis on their
advantages and limitations. The research method involves the development of an integrated
water-quality monitoring system that combines sensor technologies, data-processing algorithms
based on fuzzy logic, and a user-friendly interface. The system is designed to provide automated
data collection and analysis, report generation, and support for managerial decision-making.
It is expected that implementation of such a system will reduce pollution, preserve biodiversity, and
increase public awareness of the state of river ecosystems.

3.3. Serhii Bednarsky, Yurii Lotyuk. METHODS OF IMPLEMENTING ARTIFICIAL
INTELLIGENCE

The article discusses the main directions of artificial intelligence development in the world,
namely: machine learning; image and voice recognition; natural language; autonomous systems;
economics and finance. The main aspects of introducing artificial intelligence into the digital
society are outlined, in particular, ensuring privacy and data protection, regulating ethical aspects,
and supporting business.
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3.4. Dmytro Fylypiuk. FORMATION OF EMPATHIC ABILITIES OF FUTURE NURSES
IN PRACTICAL CLASSES, IN THE ACADEMIC DISCIPLINE OF OBSTETRICS
AND GYNECOLOGY

The article explores the pedagogical potential of the discipline “Obstetrics and Gynecology”
in developing empathetic abilities among future nurses.

The paper presents the experience of organizing practical classes in obstetrics and gynecology
aimed at fostering empathy in nursing students. These classes are structured in two consecutive
components: (1) preparation for understanding patients and their circumstances, including
consideration of socio-ecological factors influencing women's health and well-being;
and (2) acquisition of ethical reasoning skills, communication competencies, and teamwork
abilities.

Pedagogical methods proposed for empathy development include didactic instruction,
perspective-taking exercises, training in communication and interpersonal skills, activities
for interpreting verbal and non-verbal cues, empathetic communication tasks, integration of art and
literature, and reflective exercises.

3.5. Tamila Golotsukova, Viktor Godliuk. RISKS, RESILIENCE, AND CRITICAL
INFRASTRUCTURE MANAGEMENT: DIGITAL, ENVIRONMENTAL, AND SOCIAL
ASPECTS

The risks and resilience of critical infrastructure in modern society are examined, particularly
in the context of digital technologies, environmental and social challenges. The consequences
of extreme weather events, aging equipment, and system deterioration are analyzed, along with
cyber threats that affect the uninterrupted operation of healthcare, water supply, and municipal
services sectors. Special attention is given to intersectoral interdependencies and cascading effects
that can lead to large-scale disruptions in the population’s daily life. The findings emphasize
the importance of effective risk management, infrastructure modernization, and the development
of policies aimed at ensuring the resilience of critical systems.

3.6. Vasyl Gorbachuk, Serhii Bespalov, Maksym Dunaievskyi. INNOVATION
TECHNOLOGIES FOR CRITICAL INFRASTRUCTURES OF SOCIETY

Because critical infrastructure (CI) protection often requires a deep understanding of potential
targets, highly skilled professionals are needed to understand the relevant issues of mitigating
attacks at the system level and collaborating with other industry experts on cross-industry impacts.
Some sectors have not invested enough in urgent improvements to CI networks, assets, systems and
facilities, thereby increasing the likelihood of outages and service interruptions. As sectoral
governance bodies are often decentralized and assets are largely privatized, the resulting gaps can
create coordination challenges and complicate efforts to support and improve CI. Characteristics
of different types of actors and threat vectors are offered to raise awareness of systemic
vulnerabilities and threat environments that may impact a country’s CI.

3.7. Vasyl Kot, Iryna Yakymchuk, Valentyna Yuskovych-Zhukovska. USE OF ARTIFICIAL
INTELLIGENCE FOR DESIGNING ARDUINO-BASED DEVICES

The article discusses the potential of large language models in the context of designing
amateur devices on the Arduino platform. A comparative analysis of five leading generative
artificial intelligence (Al) models — ChatGPT, Gemini, Claude, Mistral, and DeepSeek -
is conducted based on a common application task of creating a simple thermostat. The article details
the features of component selection, connection methods, and software code generation.
It illustrates the advantages and limitations of the models depending on the user's technical training
and the complexity of the query.
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3.8. Olena Markova, Oleksandr Hryhoriev. FOOTBALL AS A TOOL FOR DEVELOPING
ENVIRONMENTAL AWARENESS IN SCHOOLCHILDREN

The article analyzes the potential of football as a tool for fostering students’ environmental
awareness within the context of education for sustainable development. It explores theoretical
foundations, international and Ukrainian initiatives aimed at integrating environmental themes into
physical education. Practical methodologies are proposed, including plogging, eco-games, and
environmental awareness activities that can be effectively implemented in the school educational
process.

3.9.Dmytro Rybachok. CYBER THREATS TO CRITICAL INFRASTRUCTURE:
ANALYSIS OF VULNERABILITIES AND CONSEQUENCES FOR THE TRANSPORT,
FINANCIAL, COMMUNICATION, AND OTHER SECTORS

The article explores the impact of cyber threats on critical infrastructure, such
as transportation, finance, communication, and other sectors. It discusses the vulnerabilities that
arise from the growing interdependence and automation of systems, and the potential consequences
these threats pose for the economy and security. Special focus is given to the tactics used
by malicious actors to execute attacks and the strategies that can be implemented to strengthen
infrastructure resilience.

3.10. Mykola Sadovyi, Olena Tryfonova. METHODOLOGY FOR TEACHING
THE ESSENCE OF INDUSTRY 4.0 AND ITS ROLE IN THE IMPLEMENTATION
OF WIRELESS TECHNOLOGIES

The article considers certain aspects of the methodology for teaching the concepts of Industry
4.0 and ways to implement wireless technologies based on digital transformation and digitalization.
The implementation of certain tasks in educational institutions during the training of specialists
contributes to increasing the efficiency of production and competitiveness of all areas of activity
of scientists, subjects of education. The introduction of Industry 4.0 technologies, wireless
technologies opens up new horizons and sets new tasks that motivate the transition to smart
production. Technology 4.0 naturally emerged, which radically changed the approaches
to managing production and other processes, creating equipment, new generation machines.
Accordingly, the problem of accelerated transition, transformation from traditional to innovative
in all areas of human activity arose.

3.11. Oleksandr Sheremeta, Valentyna Yuskovych-Zhukovska. IMPROVING
THE EFFICIENCY OF UAV NAVIGATION IN GPS-INTERFERENCE CONDITIONS

The paper investigates the effectiveness of unmanned aerial vehicle navigation in modern
electronic warfare conditions. The influence of GPS jamming and GPS spoofing
on the effectiveness of drone target acquisition in conditions of deliberate GPS signal jamming and
distortion is analysed. The potential of high-precision inertial navigation systems, visual odometry,
ground beacons and combined sensor fusion architectures is considered. An approach to integrating
alternative navigation modalities to reduce dependence on satellite systems in areas of active
electronic warfare is proposed. The results of the study can be used in the design of interference-
resistant navigation systems for small and medium-sized unmanned aerial vehicles.
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3.12. Olga Shevchenko, Yuliia Myzina. PREVENTION OF POSTURE DISORDERS
IN SCHOOLCHILDREN USING RHYTHMIC GYMNASTICS

The article substantiates preventive means of influencing the elimination of posture defects
in schoolchildren through the interaction of gymnastic exercises and the principles of therapeutic
physical culture. It is found that the musculoskeletal system plays a key role in the life
of schoolchildren, and one of the prerequisites for deviations in their health is a violation of body
posture. It has been proven that a significant role in the prevention and treatment of posture
disorders in children belongs to therapeutic physical culture, since it is the only leading method that
allows you to effectively strengthen the muscle corset, equalize muscle tone, the front and back
surfaces of the torso, hips. It has been determined that corrective gymnastics is a key method
in the prevention and correction of posture defects.

3.13. Natalia Sinitska. METHODS OF WORKING WITH ALGORITHMS AND RULES
IN THE SCHOOL MATHEMATICS COURSE

In this article we will consider the use of algorithms in the study of mathematics as one
of the ways to educate algorithmic culture of schoolchildren. Algorithmization is based on rules that
regulate activities when solving a certain task. After all, a large place in learning is occupied
by the development of certain skills that should be carried out automatically. These skills are not
important in themselves, they are a necessary component of any creative process. The creative
process is impossible if its individual elements are not automated. An algorithmic process
is a system of actions (operations) with an object, it is nothing more than a consistent and orderly
selection of certain elements in a particular object. One of the advantages of algorithmization
of learning is the possibility of formalization and model representation of this process.

3.14. Alexander Sklyarenko. INNOVATION MODEL AS THE MAIN FACTOR
IN THE CONSTRUCTION AND DEVELOPMENT OF MODERN SOCIETY

The article substantiates the essence of innovations as a universal value of society, which
is a combination of political, socio-economic, cultural, educational, organizational, managerial,
technical and technological, and other determinants of innovative development of the state and
society. The paper shows that the latest technologies penetrate into all spheres of society and form
unique structural innovative changes in it, which will ultimately only increase the country's defense
capability.

3.15. Liudmyla Sukhovirska, Vasyl Bolilyi. DEVELOPMENT OF A NETWORK
INTERFACE CONFIGURATOR

The article presents the development process of a network interface configurator for Linux-
based operating systems. The main goal is to simplify network interface configuration and
centralize management via a unified web interface. The system supports eth, wlan, and lo interfaces
in loopback, static, and DHCP modes. It includes a DNS management module, a log viewer
module, and an automatic configuration backup feature. An intuitive graphical interface
is implemented, suitable for both beginners and experienced users. The software has a modular
architecture that allows for easy functional extension. Its file structure follows Debian / Ubuntu
standards and can be flexibly configured. The development utilizes PHP, HTML, CSS, JavaScript,
and XML technologies. Testing confirmed reduced configuration time and minimized error
probability. The proposed configurator is an effective tool for managing network settings in Linux
systems of various complexity levels.
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3.16. Iryna Tarasova. ISSUES OF MEDICAL INFORMATION SECURITY UNDER
THE LEGAL REGIME OF MARTIAL LAW IN UKRAINE

This publication is dedicated to current problems related to the introduction of information
technologies in the life of society, namely in the field of healthcare and the need to strengthen
the protection of medical information, including personal data about the patient in Ukraine.

The author considers two groups of issues: the distinction between the concepts of medical
confidentiality and medical secrecy in the context of the legal admissibility of restricting the right
to privacy in Ukraine during the legal regime of martial law, and the formation and development
of the digital competence of a medical worker as a mandatory component of the cybersecurity
of a healthcare institution.

3.17. Lesia Uhryn. MODELING THE IMPACT OF LANDFILL FLUE
ON THE ECONOMIC AND ECOLOGICAL STATE OF TERRITORIES

The article considers the urgent problem of ensuring the ecological safety of territories
as a component of the socio-ecological-economic systems of any country. Of particular importance
is the study of the impact of landfill fumes on the economic and ecological state of regions, since
these processes can cause complex environmental pollution, which negatively affects the health
of the population and the quality of natural resources. In the context of modern challenges,
in particular during full-scale military operations in Ukraine, the topic of controlling fumes from
both operating landfills and unauthorized ones is becoming particularly relevant. It is necessary
to implement conceptual approaches to monitoring and develop information systems for monitoring
the state of landfills for the implementation of programs for sustainable environmental development
of regions. Special attention is paid to informatization and continuous monitoring of the actual state
of the environment near landfills. The paper explores the prospects for modeling and creating
an automated information system for monitoring the impact of landfill fumes on the environment,
capable of providing an operational assessment of the ecological state of territories in different
regions of the country. The role of modern information technologies in increasing the efficiency
of environmental control is emphasized, while emphasizing that the final result depends
on the quality of the developed software. The proposed approach is aimed at supporting
the adoption of informed management decisions in the field of environmental protection and
sustainable development of territories.

3.18. Valeriia Vasylenko. THE IMPACT OF DIGITAL TRANSFORMATION
ON LITERACY AND COMMUNICATION PROCESSES IN MODERN SOCIETY

The article explores the impact of digital transformation on the development of digital literacy
and communication processes in modern society. The structure of digital literacy is revealed,
including information, communication, technological competences, security skills, and digital
creativity. The role of digital skills in ensuring effective interaction in business, education, public
administration, and the civic sector is highlighted. Key models of digital transformation (Digital
Maturity Model, RAMS, MIT, ADKAR) are analyzed as a methodological framework
for organizational change. Practical cases of Ukrainian companies are presented, demonstrating
how digital strategies enhance competences and optimize communication. Under wartime
conditions, challenges related to cybersecurity, countering disinformation, and maintaining
the continuity of socio-economic processes are outlined. The importance of lifelong learning and
digital skills development is emphasized as a prerequisite for adaptation to global digitalization.
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3.19. Iryna  Yemchenko. ENVIRONMENTAL PROBLEMS RESULTING FROM
PREMATURE AGEING OF ELECTRONIC PRODUCTS

The article explores the issues related to the durability of technically complex products,
primarily electronic equipment. It highlights the interrelation between the rapid renewal
of electronic devices, the use of innovative technologies, and the growth of electronic waste.
The essence and stages of development of the planned obsolescence strategy are described.
The concept of deliberately reducing the service life of products is presented. Factors influencing
consumer behavior within the framework of unethical practices of planned obsolescence applied
by businesses are systematized. The reasons for the artificial limitation of product longevity are
identified, and the genuine consumer needs for updated electronic goods, which differ from those
shaped by unfair commercial practices, are analyzed.

3.20. Antonina Zarubina, Vitalii Kyrpenko, Nadiia Kolomiiets. THE ROLE OF ACTIVE
TOURISM AND SPORTS IN THE RECOVERY SYSTEM FOR UKRAINIAN MILITARY
PERSONNEL

The article examines the importance of active tourism and adaptive sports in the rehabilitation
of military personnel who have experienced physical and psychological trauma due to combat
operations. It outlines key directions for using physical activity as a tool for comprehensive
recovery and systematizes methods and opportunities provided by tourism and sports in restoring
soldiers' combat readiness. Particular emphasis is placed on psychosocial adaptation and
resocialization through group activities, natural environments, competitive practices, and
intellectual self-realization. The article presents practical examples of active tourism implemented
in Ukrainian and international rehabilitation initiatives. Empirical data are analyzed, indicating
reduced anxiety, improved physical endurance, and enhanced emotional state among participants.
Current studies are reviewed, and the prospects for introducing adaptive rehabilitation programs
into Ukraine’s healthcare system are highlighted.
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