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NEPCIHEKTUBU BUKOPUCTAHHS LAVANDULA
ANGUSTIFOLIA MILL. JUISI JAHAILIA®THOI'O
NTN3AUHY B YMOBAX HIEHTPAJIBHOI'O JICOCTENY
YKPAIHU

Beaunuko FOais
K. C.-T. H., IOUEHT
YMaHCbKUI HalllOHAIBHUI YHIBEPCUTET, Y KpaiHa

JlaBanna By3wbkonucta (Lavandula angustifolia Mill.)) nyxe kpacuBuit
OararopiuHmii HamiBYarapHuk. B ymMoBax YkpaiHu KyJIbTHBYETHCS, B OCHOBHOMY, SIK
edipoomniitHa pociuHa. Y €Bpomi JaBaHJAa BY3bKOJHCTAa BHPOIIYETHCS
IPOMHUCIOBOMY MaciiTabi. ApeasoM MOXO/MKEHHS LbOro Buay poxay JlaBanma e
icnaHchke Ta Qpaniry3bke y30epexoks Cepen3eMHOTro MOpH.

Jlaanna By3bkoducta Lavandula angustifolia Mill -  GaraTopiunwuii
HaIliBYarapHUK 13 TPSIMOCTOSYUMH, PO3TATYKCHUMHU TaroHamu. JIuctsa miHiiHO-
JaHUEeTHOT (GOpMHU 13 3arOPHYTHUM YHH3 KpaeM, CipyBaToO-3eJI€HOro Koibopy. LIBiTe
HIOPOKY PSICHO NPpIOHMMHU KBiTaMH, OJaKUTHO-()10JIETOBOTO KOJIbOPY, 310paHUMHU B
nepepBaHi KOJIOCOMO110HI CYHBITTSA. Y KOXKHOMY CYIBITTI 6-10 KBITOK, pPO3MIIICHUX
Ha BepXiBKax 0e31ucTuX maroHis 3 iHTepBaiom 0,5-2 cMm [4]. TpuBaicTh XUTTA Kylla
naBangu 20-25 pokis. llIBugkopocna pociauHa. KBiTyBaHHS HacTa€ B MEPIIUN ke PIK,
IIBUIKO PO3MHOXKYETHCSI BET€TaTUBHUM Ta TeHEPATUBHUM CIIOCOOaMH. Y IOPOCIOMY
Bimi 3aBBUmku 60-80 cM. AOCOIIOTHO HEBMOArimMBa POCIIHHA, MOXKE 3pOCTaTH Ha
CyXHX KaM'SHUCTHX JIIIsSHKax 3 OiMHMM IpyHTOM. JlaBaHIa BY3bKOJHCTA BIIIA€
nepeBary J00pe OCBITJIEHUM MICLSIM Ta HE MEPE3BOJIOKEHUM PHUXJIUM IPYHTIB.
JlaBaH @ By3bKOJUCTA - MOPO30CTIiHKa pociuHa, BUTpuMYE 10 -25 °C 6e3 ykputts [3].

OaHUM 13 OCHOBHHMX KPHUTEPIiB y BUOOPI POCIH ISl CTBOPEHHS AEKOPATUBHUX
HACa/KEHb € 1X 3/[aTHICTh 3POCTaTH Y KOHKPETHUX I'PYHTOBO-KIIMATUYHUX YMOBaX
pO3TallyBaHHS CaJ0BO-MIAPKOBOT0O 00’ EKTY.

3a ocTaHHI AECATUPIUYS B CBITI CIIOCTEPIra€ThCs CTPIMKA 3MIHA KJIiMaTy, Y KpaiHa
HE CcTaJla BUKIIOYEHHSIM, TOMY TIepe/l CIellialicCTaMu caJI0BO-TapKOBOI0 TOCIIOIapCTBA
nocrajga mpobjemMa Teperiisigy acoOpTUMEHTY JEKOpPAaTUBHUX  POCIWH, SKi
KYJbTUBYIOTHCS, TIO PErioHaM. 3TiIHO PO3pOOJCHUX KIIMAaTUYHHX clieHapiiB A 1B,
perioHanbHanbHOI KiIiMaTudHOT Moaeni MPI-M-REMO Ta rimob6anpHOi Momeni —
ECHAMS-13 [1, 5] mo 2050 poky y BecHsHmiA Tiepiomg B ymoBax lleHTpampHOTO
Jlicocteny cepenns TeMiiepatypa noBiTps Oyze Butioro Ha 0,2 °C, a y niTHi# nepioa —
Ha 1,0, Bix Tenep. SKIO X MOPIBHATH L1 NOKAa3HUKH 3 CEPEAHBOPIYHUMHU JAaHUMU 32
nepion 3 1986 mo 2005 pp. y BecHsSHMIA MEpioja CepeaHs TeMIliepaTypa CTaHOBUIIA
17,3°C, mo HnHa 0,5 rpamyca Bume 3a po3paxyHkoBi (2011-2030pp.), a vy
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JiTHIA - 19,4°C, mwo Ha 1,6 rpagyca HUXKYE po3paxyHKOBUX. Takox BIAMIYEH] CYTT€EBI
3MIHU B C€peAHIN KITbKOCTI omnaiB. 3a nmepioa 3 1986 o 2005 p. cepeans cyma oraiB
y BecHaHuM nepiof cranoBwia 131 mm mpotu 103 (2011-2030pp.) Ta 108 (2031-
2050pp.), a y nitHiii — 291 mm npotu 271 ta 270, BiAMOBITHO.

[IpoanainizyBaBiIy BUIlle HaBEACHI J1aH1, MOKHA 3pOOUTH BUCHOBOK, IO CEPEAHS
TeMIIepaTypa MOBITPsI, OCOOIMBO y JITHI MicsIll, Oyae 3poCTaTH a CepeaHs KUTbKICTh
OT1a/1iB 3MEHIITYBAaTHCh, HA (JOHI BJKE CYTTEBOTO 3HUKEHHS, 1110 ICHY€ HAa ChOTO/IHIIIHIH
JICHbD.

Cmig BigmiTaTH, mo Ha ¢GOHI 3MIHM KiIMaTy HeEBHOArnuBicTh Lavandula
angustifolia Mill. 1o ymMOB BUpOIIlyBaHHS, pOOUTH ii MPUBAOIUBUM 00’ €KTOM, TTOMIXK
THITIOTO ACOPTUMEHTY POCJIHMH, JIsl BAKOPUCTAHHS B JTAHAMA(THUX KOMITO3HUITISIX.

VY 2022 porii B YMaHCHKOMY HAIIOHAJIBHOMY YHIBEPCHUTET! CaJiBHUIITBA, HUHI
YMaHChKOMY HaIllOHAJILHOMY YHIBEPCUTETI, OyJI0 pO3MOYaTO 3aKJIAIKy HACaKECHb
JaBaH U By3bkonucToi. Y nepion 3 2022 no 2024 pik Oyi0 BUCAIKEHO 6 THC. POCITHUH.
[Ilopoky BHCA)KyBaJId OFHOPIUHI Ca/KAHIIl OJIEpXKaHI IIJISAXOM BEreTaTUBHOTO
PO3MHOKCHHSI ~ HAITIB3JCPEB’ THIIMMHA  JKUBISIMH. TOMYy HACaJDKCHHS MICTATh
PI3HOBIKOBI POCIWHM, II€ Ja€ HaM MOJIMBICTh OJHOYACHO CIIOCTEpIraTu 1
JOCTIIKYBaTH POCIUHH PI3HUX BIKOBUX rpyn. CrocTepeskeHHs MoKa3aiu, 0 PicT i
PO3BUTOK POCIHMH BiJIOYBAaBCSA BIAMOBIAHO A0 1X O10JOTIYHMX OCOOJMBOCTEH.
BigHoBIEHHS BIIpPOCTaHHS BEreTaTUBHUX MAaroHiB, BIAMIYAJIOCh, 3aJ€XKHO BiJ
KJIIMaTUYHUX YMOB POKY, B TEPINNA-ApyTid nekami KBiTHA. Bapto BigmiTuTH, 110
paHiuie nTpoOyKyBalduCh 1-2-piuHi POCIUHU MOPIBHAHO 3 3-4-x piunumu. [louaTox
KBITYBaHHS, B yMoBax IIpaBoGepexnoro Jlicocremy YkpaiHu, y MOJOAMX POCIHH
OYMHABCS paHiiie. MacoBe KBITYBaHHS YCIX BIKOBUX I'PYIl POCIUH PO3MOYMHAIOCH B
TPEeTid JeKadl YepBHA Ta JO 3aKIHYEHHS Jpyroi JeKajau JUIHS KBITYBaHHS
3aKIHYYBaJIOCh. 3BICHO Ha MOYATOK Ta TPUBAIICTh KBITYBaHHSA, OKPIM KIIMaTUYHUX
YMOB POKY, BIUIUBAIOTh TaKl YAHHUKHU, SIK COPTOB1 OCOOIMBOCTI BUPOILYBAaHUX POCIIUH.
[IpunuHeHHs aKTUBHUX POCTOBUX TPOIECIB Yy  JOCHIIKYBaHUX  POCIHH
CIIOCTEPITaIoCh y TPETiH JeKal BEpeCcHs — MepIIii 1ekasl )KOBTHs. 3a OCTaHHI I’ SITh
POKIB Yy PET10HI1 CIIOCTEPIralOThCs JOCUTH TEIUT1 3UMHU, 3 KOPOTKOYACHUM MOHUKEHHSIM
TeMIiepaTyp B cepeanbomy A0 -10-15°C B moTOMy Micslll, TPH HECTAIIOMY CHITOBOMY
NOKpUBI, sIKUW OyB Maiixke BiacyTHIH [2]. Tomy migmep3aHHs KYyIIiB JIAaBaHIU He
CIIOCTEPIranoch. biabIn KpuTHYHUMEU OyJid BECHSHI 3aMOpo3ku y 2025 porii B nepion
3 7 mo 11 kBiTHa Ta 3 27 mo 28 kBiTHI. OMHAaK 1 Takl HECHPHUATIUBI YMOBHU HE
COPUYMHIIIA TITKOAM JTOCHTIDKYBAaHUM POCIHWHAM JIaBaHIM BY3bKOJIUCTOI. MOXIHBO
TOMY, IO POCIUHU 1-4-X pIyHi, OCKUIBKU 3a JAaHUMHU JESKUX BUueHUx [3, 4], S-piuHi
POCIIMHU OUIBII BPA3JIMBI 10 HU3BKUX TEMIEPATYP B 3MMOBO-BECHSHUN NEPIO/I.

OTxe, Ha OCHOBI MIPOBEJEHUX CIOCTEPEKEHb, MOXKHA 3pOOUTH BUCHOBOK, IO B
ymoBax [IpaBobGepexxnoro Jlicocteny VYkpaiHu naBaHAy BY3bKOJIUCTY MOXHA
PEKOMEHyBaTH 1O BUPOIIYBAaHHS B JaHAMIAPTHUX KOMMO3UIIAX. A 3a yMOBH
JIOCTaTHHOT'O 3BOJIOKEHHS Ta MIHKUBJICHHS, MOYKHA OTPUMATH MOBTOPHE KBITYBAaHHSI
POCJIMH y CEepIIHI.

10
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Jist 03en1eHeHH s MPUATHUMU € HU3Ka JEKOPaTUBHUX COPTIB IHO3EMHOI CEJIEeKIli,
K1 BIIPI3HAIOTBCA pi3HOMaHiTHUM 3abapsienHsm: Dwarf Blue, Hidcote Blue,
Munstead — 3 TtemHo-(ioneroBuM, Hidcote Giant — 3 sickpaBo-(ioneToBUM,
Atropurpurea, Twickel Purple — 3 remuo-nypmyposum, Dutch — 3 6nakutaum, Nana
Alba — 3 615101, Loddon Pink, Rosea - 3 nij0B0-poxkeBUM 3a0apBIICHHSIM BIHOUKA.

Takox cinif BIIMITUTH, IO IS 30€peXeHHS JEKOPAaTUBHOCTI KyIla B LILJIOMY,
SKUW 30epira€c eCTeTUYHWUW BHUIUIS 1 B TEpioJ BIJICYTHOCTI KBITYBaHHS, CIIiJI
MIPOBOJIUTU PEryJsipHY OOpi3Ky. K10 Kyull He o0pi3aTH, 3 4acOM, CIIOCTEPIraeThCs
TaK 3BaHE «PO3JIATAaHHS» Kymia. KpiM TOTO pOCHMHM cTapuii I°SITH POKIB CIIJ
OMOJIOJIKYBATH JUIsl 30€pEKEHHS MPOJAYKTUBHOCTI Ta MIATPUMKHU €CTETUYHOI (opMHU
KyIIa.
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OCOBJIMBOCTI TEXHOJOI'II OTPUMAHHS
BTOPUHHOI'O HEMEHTY

Pyccuii BikTop

noKTOp (diocodii, aACUCTEHT

CBux Aprem

3100yBa4 BUIIOT OCBITH 5 KypCy

Kadenpa texnomnorii OyiBeaTsHOr0 BUPOOHUIITBA

Onecbka faep)kaBHa akajeMist OyIIBHUIITBA Ta apXITEKTypH, YKpaiHa

Bci B’sbkydi maTepianu, a Takok OeTOHH Ta OyJliBeJIbHI PO3YMHU HA iX OCHOBI —
OJIHI 3 HalcTapiliux 1 HaBaXxJIMBIIIKMX OyAiBeIbHUX MaTepiamiB. Baxkko HaBITh
YSIBUTH, SIK MOKHA 0€3 IUX MaTepialiB 30yayBaTH pi3Hi OymiBIIi 1 CIOPYAH, IHKEHEPH1
KOMYHIKaIlii TOLIO.

OpnuM 3 Takux marepianiB € 1eMeHT. LleMeHT — 1e rifgpaBiidHe B sKyde
pEUYOBHHA, SIKa MPHU 3MIIIYBaHHI 3 BOJOI0 YTBOPIOE IJIACTHYHY Macy, IO 3 4acoM
TBEPJIHE Ta MEPETBOPIOETHCA HA KaMeHemno 10He T1710. OCHOBHA OCOOJUBICTh IIEMEHTY
MOJISITa€ B MOT0 37]aTHOCTI TYXKaBITH 1 TBEPAHYTH K y MOBITPSIHOMY CEPEIOBHIII, TaK
1 i Bojoro [1].

OCHOBHI BJIaCTUBOCTI IIEMEHTY:

- TIJIpaBIIYHICTh — 3aTHICTh TBEPAHYTH Y BOJI;

- BHCOKa MIIHICTH TICJIS TBEPIHCHHS,

- 3JIaTHICTb JI0 34YETUICHHS 3 IHEPTHUMH MaTepiajiaMu (ICOK, 11eOiHb).

BropunHuii neMeHT — 1e B’SDKy4Md Marepian, SIKAA OTPUMYIOTh HUISIXOM
nepepoOKH BiIXO/IIB IEMEHTY ab0 IIEMEHTOBMICHUX OyAiBEIbHUX MaTepiaiiB, TAKUX
K GETOH, PO3UMHH, NI i3 IIEMEHTHOTO BUPOOHHIITBA TOLIO. Oro 3acTOCOBYIOTH SIK
MOBHY 200 YaCTKOBY 3aMiHY TPAAMIIIMHOTO IIEMEHTY B OyIBEIbHUX CyMilIax.

OcHOBHI JiKepenia OTpUMaHHsI BTOPUHHOTO IIEMEHTY:

- 3QJIMIIKU Ta BIAXOJIH MICJS IEMOHTaXY O€TOHHUX KOHCTPYKIIIH;

- BIAXOJM IEMEHTHOT'O BUPOOHHUIITBA (LIEMEHTHHI ITHJI, KJIIHKEPHA KPUXTA);

- HempuaaTHI 10 BHUKOPUCTAaHHS IIEMEHTHI PO3YMHU a0 3aJMIIKU B
0eToHO3MilIyBayax;

- 30JIa BUHECEHHS, JIOMEHHI IIJIaKW, IHII MIHEpPaJIbHI KOMIIOHEHTH, SKi
AKTUBYIOTHCSI.

BTopunHuii IeMEeHT CKIIQAAETHCS 3 CyMillll TOAPIOHEHUX HEOPTraHIYHUX PEYOBHH,
K1 30epiraroTh a00 BIAHOBIIOIOTH 3JIaTHICTH JI0 TY>KaBIiHHS Y BOJHOMY CEpPEIOBHIII],
TaKOX YacTO MICTUTh J0OaBKU (30J1M, NIJIAKWA, MIKPOKPEMHE3EM) NJisi MOKPAIICHHS
BJIACTUBOCTEH; 1HO/I1 3MINIY€THCA 3 MEPBUHHUM IIEMEHTOM [2].

OCHOBHI BJIaCTUBOCTI BTOPUHHOT'O IIEMEHTY:

- MEHIIIA aKTUBHICTh, HIK Y 3BUYAMHOTO MOPTJIAHIIEMEHTY;
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- MiJBUILIEHA BOJOINOTPEOA;

- HIKYa MIIHICTh y paHHI CTPOKHU TBEPIAHECHHS;

- €KOJIOT1YHO YHCTIIIMHI 32 paXyHOK MOBTOPHOI'O BUKOPUCTAHHS MaTepiaiB;

- JICHICBIINI Y BUPOOHMIITBI.

[ToTpiOHO TakoX MIAKPECIUTH OCHOBHI MepeBaru BUKOPUCTaHHS BTOPUHHOTO
[IEMEHTY:

- 3HDKEHHS €KOJIOT1YHOT0 HaBaHTAKEHHS (MEHIIE BIIXO/1B, BUKHU/IIB);

- eKOHOMIS PUPOJIHUX PECYPCIB (BaNHAKY, IVIMHU);

- BHMOKEHHS BapTOCT1 Oy MIBHUIITBA;

- MOXJIMBICTD YTHIII3a1lli TPOMMCIIOBUX 1 OYIIBETbHUX BIJXO/IIB.

ChOorofiHi iCHYIOTh TEXHOJOTIi OTpPMMaHHS BTOPHUHHOTO LEMEHTY. IX CyTHiCTh
MoJIsiTa€ 'y 3aCTOCYBaHHI 3aJUIIKOBMX a00 BIiAXOJIB IIEMEHTHUX MaTepiaiiB i
MIOBTOPHOI'O BUKOPUCTAaHHA B OYAIBHULTBI 3 METOK 3HMKEHHS €KOJOTTYHOIro
HABAaHTAKEHHA Ta EKOHOMIi IPUPOTHUX PECYPCIB.

[Ipy 1LOMY BHUKOPUCTOBYIOTH MEPEPOOKY IIEMEHTOBMICHUX BIIXOJIB a0o
3aJUIIKOBUX MaTepiajiB 3 METOI0 IMOBTOPHOTO BHUKOPUCTaHHS iX SIK B SDKY4Oro
KOMITOHEHTa B OyaiBeIbHUX po3unHax 1 OeroHax. Taka TexHosoriss 0a3yeTbcs Ha
OPUHIIMIIAX  Pecypco30epekeHHs,  EKOJOriYHOi  Oe3leku Ta  eKOHOMIYHOI
e(heKTUBHOCTI.

Cnmcoxk BUKOPHCTAHHUX JIKepeJI
1. KoucrantunoBcbkuii  O.II.  B’spkydi  peyOBHMHHM: KOHCHEKT — JIEKUid  /
O.I1. Koncrantunoscrkuii, B.B. TposH, L.I. Pynenko — Kuis: KHYBA, 2023. — 87 c.
2. B’smkydi peuoBunm: migpyunux / P.®. Pymosa, JL. JBopkin, O.JL
JBopkiH, FO.JI. HocoBebkuit — K.: OcHoBa, 2012. — 448 c.

OCOBJINBOCTI HABAHTAKEHb BYJIIBEJIbHUX
KOHCTPYKIIN

Pyccuii Biktop

TOKTOp (pitocodii, aCUCTEHT

HoBuubkmuii Liis

3100yBay BUIIOI OCBITH 5 KypCy

Kadenpa Texnosorii OyaiBeaTbHOr0 BUPOOHUIITBA

Opecbka ep)kaBHa akazaeMis OyIIBHULITBA Ta apXIiTEKTYypH,

ByniBenbHI  KOHCTpPYKUIi -  4yacTMHAa  OyAMHKY,  CIHOPYAM  I[EBHOTO
(GyHKI1IOHATBEHOTO MpU3HAYCHHS (KapKac OyAMHKY, TOKPUTTS, IEPEKPUTTS TOIIIO), KA
CKJIaJIa€TbCsl 3 €JEMEHTIB, B3a€EMHO TMOB'I3aHUX MDK Cco0OH B  mpoiieci
BUKOHAHHS OY/IBETLHUX POOIT.
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3ami300€TOHHI KOHCTPYKIIi € OAHUMH 3 HAaUNOIIMPEHIIIUX KOHCTPYKLINA y BCIX
raqy3sx — OyJiBHMLTBA. IX  3aCTOCOBYIOTh y  HPOMHCIOBiH,  IUBiNIbHI,
CUIbCHKOTOCIIOAAPChKIA, TPAHCHOPTHIA Ta I1HMMX oOnacTsx OyaiBHUUTBA. I3
3aJ11300€TOHHUX KOHCTPYKIIIH 3BOJISATH 3aBOAM U KUTJIOB1 OYAMHKY, JIIKAPHI ¥ IIKOJIH,
MOCTH W TyHEI, TiJIPpOENIEKTPOCTAHIlli i aTOMHI PEeaKTOpH, IpUraiiiHi CUCTEMH 1
rpe0oi, cTagioHu 1 MaHEXi, HAAMIAXTHI CIOPYAH 1 KleJIeHHH MiJ36MHUX BUPOOOK,
METPOTIOIITEHH, CTAPTOBI MaWJaHYMKHU JIJISl 3aITyCKYy KOCMIYHUX PaKeT i aepopOMHI
nokpuTTs. Ha cborogHi BaKKo Ha3BaTu Ty rajly3b OyJIIBHHUITBA, 1€ O HE 3HANIIOB
3aCTOCYBaHHA 3a7i300€TOH. 3ai300€TOHHI KOHCTPYKIII TaK0X BUKOPUCTOBYIOTH Y
MalMHOOYAyBaHH1 (OMOPHI CTAHUHU METANOPI3aIbHUX BEPCTATIB), Y CyAHOOYAyBaHHI
(BaHTaXKOMEpeBI3HI Oapxki), pakeToOynyBaHHI (€IE€MEHTH KOCMIYHHUX KOpPaOIiB),
MeauIuH1 (apMoBaHi Mo (iKoBaH1 eJIeMEHTH XpeOTa) Ta 1HIuX obaacTsx [3].

Jlnst po3paxyHKy OyJIBEIbHUX KOHCTPYKIIIM Ta e€JleMeHTIB Oy/iBJll HEOOX1THO
BH3HAQUUTH BCl HaBaHTAa)XEHHA, SKI BIUIMBaOTh Ha Hel. Bigmosimno mo BHill
(OyniBesnbHI HOPMHU Ta MIpaBUJIa) HABAHTAKEHHS Ta BIUIMBU MOJAUISIOTHCS Ha MOCTINHI
Ta TUMYACOB1 (KOPOTKOYACHI, IOBFOTPUBAJIl, OCOOJIHBI).

Kiacudikariist HaBaHTakeHb (ITOCT1HHI HABAHTAXKCHHS ):

- Bara ejeMeHTIiB Oy/iBJIi (HECy4YHX Ta OTOPOKYIOUN KOHCTPYKITIi);

- BaraTa THCK I'PYHTY Ha CTIHM IIOKOJbHUX Ta MiABATHHUX MPUMIIICHb.

TuMuacoBi IOBroTprBalli HABAaHTAXKEHHSI:

- Bara CTallilOHapHOT'0 00JaJHAHHS,

- Bara eJeMEHTIB CHOpYyAM, TOJIOKEHHS SKUX B TMPOIEC] eKCIUTyaTamii
MPUMIIIICHHS MOKE 3MIHUTHCS (IEPETOPOIKH 1 T.11.);

- Bara Ha MepPeKpPUTTS CKIAACHKUX Ta MiACOOHUX MPUMIIIEHb.

TuMuacoBi KOPOTKOTPUBAJI:

HaBaHTAXXEHHS Ha MIEPEKPHUTTS KUTIOBUX OyJAMHKIB BiJl Baru JIr0JIei, MeOTiB 1

T.II.;

- HaBaHTaXCHHs B/ MiJHOMHO-TPAHCIOPTHOTO 00JIaHAHHS;

- Bara Jierajiei, MatepiaiiB, JIoAeil B Mexxax 00CIyroByBaHHS 00JaIHAHHS,

- BITPOBE HABaHTAKCHHS;

- CHITOBE HaBaHTaKCHHS,

- HaBaHTAXXEHHS, SKI BUHUKAIOTh MPU MOHTaX1 OyHiBENIbHUX KOHCTPYKIIiH,
CKJIaJyBaHH1 Oy/iBETHbHUX MaTEpialiB;

- TeMIIepaTypHO-KIIMaTUYH1 BILTUBU.

[Ipu meBHMX OCOOJIMBOCTSX EKCIUTyaTalii Ii HAaBaHTAXEHHS BIAHOCATH IO
TUMYACOBHUX JIOBTOTPUBAJIUX BIUIMBIB [1].

Oco0J1MB1 HABaHTAKEHHS:

- celicmiuHi BIuMBH (OUTBIIIE 6-TH OalTiB 3a MIKaIow Pixtepa);

- BIUIMBH NPOCIJAHHS OCHOBH.

Po3pi3HAI0Th HACTYMHI MOEIHAHHS KJIacu(pikaliii HaBaHTa)KE€Hb CHUIBHOT Jii:

- OCHOBHI TMO€JHAHHS, SKI CKJIQJalOThCS 3 TMOCTIMHUX 1 THUMYacOBUX
JOBTOTPUBAIMX HABAHTAKEHb 3 OJJHUM HaAHOUIbII IMOBIPHUM KOPOTKOTPUBAIIUM;
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- JI0JJaTKOBI MO€ETHAHHS B sIK1 BXOJATh MOCTINHI, TAMYACOBI JJOBITOTPUBAJIl 1 HE
MEHIIIE IBOX KOPOTKOTPUBAIUX HABAHTAKCHB;

- 0CO0NMBI TOEAHAHHA: TIOCTIMHI, THUMYacoBl JOBFOTPHUBAJl, MOXKJIHUBI
KOPOTKOTPHUBAJII 1 OTHE 0COOJIMBE HABAHTAXKECHHS [2].

Jlns po3paxyHKIB KOHCTPYKIM Oy/iBelb NPUHAMAIOTh OCHOBHI TO€THAHHS
HAaBaHTXKEHb. P03paxyHOK OyiBENIbHMX KOHCTPYKIII Ha MIIHICTh Ta CTIHKICTH
BUKOHYIOTHCS TIO PO3PaXyYHKOBUM HaBaHTAXKEHHSAM, PO3PAXYHOK HA BUTPUBAIICTH (Ha
MIPOTHH) — 10 HOPMATHBHUM HABaHTAKCHHSIM.

CnucoK BUKOPHCTAHUX JKepet
1. KoncrantunoBcekuit  O.Il.  B’spkydi  pedyoBHMHH:  KOHCIEKT — JIGKIH  /
O.I1. KouncrantunoBchkuid, B.B. Tposin, L.I. Pyaenko — Kuis: KHYBA, 2023. — 87 c.
2. B’skyui peuoBuHm: migpyunuk / P.®. Pynosa, JLU. Jsopkin, O.JL.
HBopkin, FO.JI. HocoBchkuii — K.: OcHoBa, 2012. — 448 c.
3. Jlekuit 3 mucuuruiiH «byniBenbHI KOHCTPYKIN (3a711300€TOHHI KOHCTPYKIIIT)»,
«byniBenbH1 KOHCTPYKITID» Ta «3ami300€TOHHI KOHCTPYKIL» (1 CTYJIEHTIB 3 KypCy
JeHHoi, 4 Kypcy 3a04Hoi (opM HaBYaHHS 3a HampsMOM MiAroToBku 6.060101 —
ByaiBHUIITBO Ta ciyxayiB Apyroi Buioi ocBitu creniagbHocTi 7.06010103 — Miceke
OyniBHUITBO Ta rocnoaapctso) / O. M. [amosanos, O. M. IlycrosoiitoBa, H. O.
Ilcypuena, O. FO. KynakoB; Xapk. Hall. yH-T MicbK. rocn-Ba iM. O. M. bekeroBa— X.:
XHYMI, 2013. - 82 c.
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CHARACTERS IN THE COMIC CHARACTERS VISUAL
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Abstract. This study explores how simplified symbols of mythological
characters, exemplified by Nezha, impact the visual recognition of comic characters.
Through case analysis, it reveals how symbol simplification, while retaining core
cultural meanings, enhances character recognition and suits modern comic aesthetics.
Drawing on semiotics and visual communication theory, principles and methods like
extracting core elements, integrating modern aesthetics, and innovative design are
extracted, offering practical guidance for modernizing traditional cultural IP.

Keywords: graphic design, Chinese culture, mythological characters, visual
recognition, Nezha, comic character design.

Introduction. As a popular art form, the visual recognition of comic characters is
crucial to the success of the work. As an important part of Chinese traditional culture,
the traditional symbols of mythological characters often have complex forms and rich
cultural connotations. Liu et al. (2018) examine how traditional Chinese cultural
elements such as patterns, calligraphy, and color schemes are visually integrated into
contemporary logo design, highlighting how simplified traditional symbols can sustain
cultural identity while adapting to modern visual communication—a concept that
directly informs this study’s focus on simplified mythological motifs in comic
character design.

Yezhova, Zhao, and Pashkevich (2025) provide a systematic review of online
museum design, identifying how visual design strategies support the preservation and
reinterpretation of cultural heritage through digital platforms; their emphasis on the
role of visual elements in transmitting cultural narratives underlines the relevance of
clear, simplified symbols when mythological characters are adapted for modern,
accessible formats like comics.
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However, in the context of modern comics, these traditional symbols need to be
simplified to adapt to new aesthetic needs. As an important character in Chinese
mythology, Nezha has a rich symbol system, such as the HunTian Ling, the lotus body,
and the QianKun Circle. The simplified processing in comics is of typical significance.

Aim and objectives of the study.This study aims to explore the impact of the
simplification of mythological characters' symbols on the visual recognition of comic
characters. Taking Nezha as an example, this study conducts an in-depth analysis to
explain how the simplification of symbols can enhance the visual recognition of
characters while retaining the core cultural connotation of the characters and meet the
aesthetic needs of modern comics.

The results of the study and their discussion. As Julia, Caleb, and Diyi (2023)
argued, image analysis techniques can help understand the meaning of mythological

character symbols, compensating for the shortcomings of existing systems in
understanding cultural symbols and customs, and providing a theoretical foundation
for symbol simplification. Based on semiotics and visual communication theory, this
study explores the principles and methods of symbol simplification of mythological
characters. Semiotics focuses on the meaning and transmission method of symbols,
while visual communication theory emphasizes the role of visual elements in
information dissemination.Wenxuan and Wenhua(2023) showed that simplifying
mythical elements from the Shan Hai Jing can create visually impactful designs that
resonate culturally, bridging tradition and modernity. In comic character design,
symbol simplification is achieved by refining core elements combining modern
aesthetics and innovative design, aiming to enhance the visual impact of the characters,
improve communication efficiency, and retain their cultural connotations.

In order to deeply analyze the specific practice of symbol simplification, this study
adopts a case analysis method. Taking Nezha as an example, this study collects and
compares Nezha comic images of different times and styles, including traditional
comic strips, animation-style comics, and modern cartoon-style comics. As can be seen
from Figure 1, the character design of Nezha in 1955 is realistic, showing the solemnity
of traditional mythology with rich colors and delicate lines; as can be seen from Figure
2, the character design of Nezha in 1980 is a simple animation style, realizing the initial
integration of tradition and modernity through smooth lines and saturated colors; as
can be seen from Figure 3, the 2016 "Non-Humans" is a modern cartoon style, with
simpler lines, softer colors, and cuter expressions. Through comparative analysis, it is
found that the primary task of symbol simplification is to identify and retain the core
cultural symbols of the character. Taking Nezha as an example, from the meticulous
and colorful style of "Nezha Conquers the Dragon King" in 1955 to the animation style
of "Nezha Conquers the Dragon King" in 1980, and then to the modern cartoon style
of "Nezha Conquers the Dragon King" in 2016, Nezha's iconic elements such as double
buns, mixed sky silk, and Qiankun circle have always been retained. At the same time,
traditional colors such as red, yellow, blue, and black have been reconstructed and
simplified to enhance the visual impact of the character.
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Akai, Yamashita, and Matsushita (2015) emphasized the significance of

preserving original culture or expression during the modernization process, while
innovating to meet modern needs or aesthetics. Traditional symbols are further
transformed into modern design language, such as the Hun Tian Ling being
transformed into a red scarf, the QianKun Circle being simplified into earrings, and the
Feng Huo Lun being transformed into a skateboard or a light wheel. This not only
preserves the cultural connotation, but also meets the modern aesthetic needs. In order
to meet the aesthetic needs of modern audiences, Nezha’s image design incorporates
modern popular elements, such as fashionable school uniforms, vivid expressions, and
lifelike movements. At the same time, traditional colors are reinterpreted into modern
design languages such as red bows or golden circular logos. This innovative design not
only preserves the cultural connotation of traditional symbols, but also combines them
with modern design language through geometric and functional translation, which not
only improves the visual recognition and communication efficiency of the character,
but also enhances its modern sense and vitality, providing a practical example for the
modernization of traditional cultural IP.

y. { -:

!_I 1:; I ;v"' . ». 9’ ' -:-;.. . i \\ ?,
Figure 1."Nezha Conquers the  Figure 2."Nezha Conquers the  Figure 3."Non-Humans" in
Dragon King" in 1955 Dragon King" in 1980 2016

(Sours:https://www.163.com/dy/ (Sourse:https://baijiahao.baidu. (Sourse:https://www.163.com
article/EOLKPBTOO05219BJF.ht com/s?1d=1826205253246833 /dy/article/EDPITG6Q0517D
ml) 011&wfr=spider&for=pc) 6NC.html)

Conclusions: Through the analysis of the symbol simplification practice of Nezha
in comics, this study extracts a design methodology suitable for the modernization of
traditional cultural IP from the two dimensions of color and elements. In terms of color
design, the traditional image of Nezha is often dominated by bright colors such as red,
yellow, blue, and black, symbolizing divinity and vitality. In modern comics, the visual
impact of the character is enhanced through the extraction and reconstruction of colors.
In terms of element design, traditional symbols such as double buns, mixed sky silk,
and Qiankun circle are retained as core elements, and through geometric and functional
translation, they are more in line with modern aesthetics and media characteristics. For
example, the wind and fire wheels are simplified to skateboards or light wheels, and
the Qiankun circle is designed as a circular logo on clothing, which not only retains the
cultural connotation of the symbol, but also improves visual recognition. These
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methods not only enhance the visual recognition of characters, but also provide
practical guidance for the modernization of traditional cultural IP. Their application in
more characters and media can be further explored in the future.
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IMOPIBHSIVIBHA XAPAKTEPUCTHUKA

TAKCOHOMIYHOT'O CKJIALY CTAPOBIKOBHUX

HACAJI’KEHb APBOPETYMY NAIIKEBUYA HAIT
«CO®IIBKA» HAH YKPATHHA

Hymka Ipuna

K. C.-T. H., JIOLEHT

kadeapa cagoBO-apKOBOTO TOCMOIAPCTBA
YMaHCHKUH HaIlIOHATBHUI YHIBEPCUTET, Y KpaiHa

Harmionanenuit aennponorigauii mapk «CodiiBka» HamionanbHOT akanemii HayK
VYkpaiHu — 3pa30K CBITOBOI'O CaJJ0BO-MapKOBOI'0 MUCTELTBA NEH3aKHOI0 CTHIIIO KIHIIS
XVIII - mouarky XIX ct (puc. 1). Ilapk po3ramoBaHuil Ha OKOJMI[I CTAPOBHUHHOIO
Micta ¥Ymani Yepkacskoi obsacti Ta Mae muiomty moHaa 180 ra. Kommo3swuiii Boawy,
3eMJll, KAMEHIB, POCIIMH, apXITEKTYPHUX CHOPYA 1 CKYJBIOTYP CTBOPIOIOTH HE3a0YTHIO
aTMochepy JOBEPIICHOCTI IPUPOIHUX JiHiH [1, 2].

= = Lt 5L A SR
Pucynoxk 1 — CeiTinuau HarionansHoro nesaposorivaoro mapky «CodiiBkay

Hapasi napk «CodiiBkay — HaOUIBIINN HEHTP 3 IHTPOAYKIIII Ta akjIiMaTU3aLii
pocauH IIpaBoGepexHoro yicocreny YKpaiHu, /1€ HapaXxOBYe€TbCs MOHAA 3 TUCAYI
TaKCOHIB PI3HOMAHITHUX POCIMH. Sk HaykoBo-gocaigHui iHcTUuTYT HAH Yikpainu
«CodiiBkay 3miiiCHIOE (YyHIAMEHTAIbHI Ta MPUKIATHI HAYKOBl JOCITIKCHHS 3
aKTyaJlbHUX HaIpsIMiB O10JI0TYHOT HAYKH 3 METOIO OJIEP>KaHHSI HOBUX HAYKOBUX 3HAHb
Ta X BUKOPUCTAHHS JIJIsl MPAKTUYHUX IIei [5].

OnHuM 13 ynpaBuTeNiB apKy B cBiit yac 0y Bacunes BacunwoBuu IlamkeBuy —
BU3HAYHUM BUECHUM, OJIMH 13 3aCHOBHUKIB BITYM3HSIHOT TOMOJIOT11, TOKTOP 01010TTYHUX
Hayk (1934), akanemik BACI'HIJI (1935). OcHoBHI #ioro mpaili NpucBSY€H1 BUBUYECHHIO
COpPTOBEIEHHS MI00BUX KyJIbTyp. B. B. [lamkeBud 311l ICHUB peKOHCTPYKIIIIO MapKYy:
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y310BXK Horo jganamadTy po30UB BigoMud apOOpeTyMm, SIKUA Ha3UBaIOTh
«AHTIIACHKUM TTAPKOMY, 10 1 ToHUH1 pukpaiiae «CodiiBky» [3].

o

Pucynox 2 — Citnunn apbopetymy B.B. INamkeBuua (AHFJ‘IiI‘/'ICBVKI/IVI\/II.Wl'Iap‘K) HaiOHaJ'IHOFO
nenponoriyHoro napky «Codiiska» HIAI HAH Ykpainu

TakcoHOMIYHMI CKJIaJ TAPKOBUX HACAIKEHb BU3HAYAIM METOJOM MapIIPyTHUX
00CTeXeHb 13 BUKOPUCTAHHIM BU3HAYHUKIB, aTiaciB Ta qoBigHukiB (T. M. bpogosuu,
1979; M. A. Koxno, 2002). IToxomKkeHHs BHAIB JEPEBHUX POCIWH Ta iX €KOJIOT14HI
0COOJIMBOCT1 BU3HAYAJIX 32 JIOBIIKOBOIO JITEPAaTyporo. JIaTUHCHK]I Ha3BU TAKCOHIB Ta
iX CHCTEeMAaTHYHY CTPYKTypy TMOTO/UKYBAJIM 31 BU3HAYHUKOM pociuH. Posmomin
BHJIOBOTO CKJIAJy 32 )KUTTEBUMH (POpMaMU BUKOHYBAIIH 32 €KOJIOTO- MOP(OJIOTIYHOIO
kinacudikariero I. I'. CepebpsikoBa. ¥ 1959-1965 pp. ApOoperyM HOMOBHIOBABCS
HOBUMH JICPCBHUMU 1 KYHIOBUMH pOCIMHAMHU Yy KiIbkocTi 119 TakconiB, 111
HACa/PKEHHS HE BPaXOBYBaJU B IPOrpaMy HaIIUX JIOCTIIKEHb [7].

Sx Bkazye O.JL Jluma y 1948 p. 1 M.JI. PeBa, mo y 1963 porui B ap6operymi
3pocTano BignoBigHO 129 1 116 BuAIB 1 popM IHTPOAYLIEHTIB Ta A0OPUTEHHUX BUIIB
JIEPEBHUX 1 KynoBUX pociuH [4]. Ha ocHOBI mpoBeieHOi IHBEHTapHu3allii Haca»KeHb
apOoOpeTyMy, aCOPTUMEHT AEPEB 1 KYIIIB MO cTaHOM Ha BecHy 2003 poky MOpiBHSAHO 3
nanumu M.JL. PeBu 3a 1963 pik BiapizastoTees (puc. 3). 3 HasBHUX y 1963 pomi 135
BHJIIB 1 OPM €K30THYHHUX Ta MICIIEBUX JEPEBHUX 1 KYIIOBUX PocivH HasBHI 110 BuaiB
1 popM ex30TiB, 3 HUX 48 nepeB 1 62 kyurl. 3a naHuMu iHBeHTapu3auii 2003 poky
KUIBKICTh POCIIMH CKJIaaae 157 ex3eMIuisapiB, B TOMY YHCII XBOMHUX 14 1 TUCTAHUX —
143. JlepeBHUX mopiJ HasBHO 92 €K3eMIUIApH, 3 HUX XBOWMHUX 14, a nucTsHUX 78
nepeB. CTOCOBHO KYyIIOBHUX TMOPiA, TO iX HamiYyeThcs 65 mT. AHai3 MOPOIHOTO
CKJIaJly TI0 BHJIaM POCIWH IO BikoBuUX rpymax 110 pokiB 1 40 pokiB mokasye, II0
JepeBHUX 1 KyloBux nopia nocamkennx B.B. [TamkeBuuem cranom Ha 2003 pik y
napky 3pocrtae 40 BuaiB 1 popm, 3 sikux 30 gepeBHoi mopoau. XBoitHi y Bl 110 pokis
npejacTaBieH] 4 AepeBaMu: SJIMHOIO 3BUYAITHOIO Ta KOJIOUOI0, COCHOI 3BUYAIHOIO,
MOJPUHOIO €BPOICHCHKOI0. [HBEeHTapU3aIiiHui aHaji3 MoKa3aB, 1o 3arajiom 3 116
BU/IIB JIEPEBHUX Ta KYIIOBUX POCIUH apOOpeTyMy, SKUX HaiidyBajocs B 1963 porii, B
2003 poui HamiuyBanock 57, a B 2023 p. — 40. 3 Hux kymoBux Buuis Cladrastis
amurense Rupr., Fontanesia fortunei Carr., Forsithia suspensa Vahl., Cornus mas L.,
Symphoricarpus orbiculatus Moench., Spiraea japonica L., Crataegus submollis
Sarg., Securinega ramiflora Muell. ta w’sts nepeBuux (Corylus colurna L., Picea
excelsa L., Aesculus rubicunda Leis., Gymnocladus dioica, K. Koch, Tilia caucasica
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Rupr., Celtis australis L.).
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Poku iHBeHTapu3auii

Pucynok 3 — IopiBHsUIbHA XapaKTEPUCTHKA 3arajibHOI KITBKOCTI CTApOBIKOBUX TAKCOHIB
apooperymy B.B. IlamkeBuya 3a 1963 p., 2003 p. ta 2023 p.

VY BIKOBHUX BHU/JIIB JIepeB HasiBHA chopMoBaHa KpoHa. O/HAK, y OUIbLI MOJIOJIHUX,
40-piuHMX JEpeBHUX TOpil KpoHa He TOBHICTIO chopmoBaHa. Bona
XapaKTepU3y€eThCs, 3AE0UTBIIIOT0 OJHOOOKICTIO 13 CHIIBHUM HaXWJIOM Yy O1K BIIKPUTOTO
npoctopy. KyIoBi nepeBH1 opoau Mo BChbOMY IEPUMETPY MapKy MArOTh 3a10BLIbHHIA
ECTETUYHHUM CTaH, a y Cepe/IMHI HACaJ)KeHHsI CIIOCTEPIraeThCsl MPUTHIYCHUH X CTaH.
PylinyBanHa Takoro saHamwadTy TMOB’s3aHE€ TPUBAJIUM CTPOKOM EKCILTyaTarii
HacaJKCHb, a Ha JICSIKUX JUITHKAX J0 JAerpajialii HacaJ)KeHb MpUBEIa BIACYTHICTb
cBoeyacHuX pyOok. [ToBHoTa HacapkeHHs ckiagae 0,8, a micusamu 1,0.

AHTTINCHKMIA TapK, SK JUHAMIYHA CHCTeMa, NMOTpedye TOCTiMHOI yBaru i
npotyMaHoro porisiay [6]. Ha miacraBi AeHApOIOrYHOTO aHATI3y MOTPIOHO HAMITUTH
HAIpsIMKM 1 TIOETaNHUN IJIaH TMPOBEAEHHS poOIT IO peKOHCprKHII HACa/I’KEHb,
pecTaBpallii NUIIXOBO-aJIEHHOI 1 BOAHOI CUCTEMH Ta MalluX apXiTEKTYpHHUX (popm.
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EKOHOMIYHI MEXAHI3MMU JTEP)KABHOI
NIATPUMKHN BUPOBHUIITBA BA3OBOI HéCIHH€BOi
KAPTOIUII: HOAATKOBO-BIO/KETHUU ACIIEKT

Tapamenko Boiaogumup

K.€.H., IOLEHT,

CTapIIMi HAyKOBHI CIIBPOOITHUK
JdemkoBu4 SIpociaas

K.C.-T.H.,

3aBiAyBayd ONOPHUM ITYHKTOM

[ncturyT kapromapersa HAAH, Ykpaina

BupoOuuiirBo 6a30B0i HaCIHHEBOI KapTOILIl € KJIFOYOBOIO JJAHKOK HACIHHHUIITBA
KapTOIUIi, BiJ] IKOT 3aJICKUThH SIKICTh, BPOXKAMHICTh 1 CTIHKICTB MOCIBIB ITI€T KYJbTYPH.
Bucoki BHMOrM [0 $KOCTI HACIHHEBOIO MaTepially, 3HayHa KaliTaJOMICTKICTb
TEXHOJIOTIYHUX IPOIIECiB, HEOOXIAHICTh OHOBJIEHHS MaTepiaJIbHO-TEXHIUYHOI 0a3u U
3aCTOCYBaHHS HOBITHIX TEXHOJIOT1M BU3HAYalOTh MOTPeOy B CTBOPEHHI €PEKTUBHOTO
€KOHOMIYHOTO MEXaHi3My IMATPUMKH Tajy3i.

Y 1mpoMy MexaHI3M1 BaXJIMBY pOJb BIIICPalOTh IOJATKOBI ¥ OMOJKETHI
THCTPYMEHTH, $KI 3a0€3MeuyloTh CTHUMYJIOBaHHS BHUPOOHHKIB IO BIPOBAKCHHS
IHHOBAIIHHUX PIIICHb, MOJICPHI3AIlli BUPOOHUYUX MTOTY>KHOCTEH 1 M1 IBUIIICHHS SKOCTI
HACIHHEBOI MPOAYKIIi. B y3ro»keHOoCT1 Ta 11€BOCTI MOJAATKOBUX MUIbT, CYOCU 1N Ta
THIIIMX TTOATKOBUX Ta/ab0 OrOMKETHUX (POPM MIATPUMKH 3HAYHOIO MIPOIO 3aJTIEKHUTh
KOHKYPEHTOCIPOMOKHICTh HACIHHUIILKUX T'OCIIOAAPCTB 1 CTATICTh PO3BUTKY TaTy3i.

[lutaHHsT  TOMATKOBOTO Ta  OIOKETHOTO  CTUMYJIIOBAaHHS  PO3BUTKY
arponpoMUCIOBOTO KomIuiekcy nociuikyBanu Open, Kopuienbkuit, Ilackko [1],
bapabam [2], Cipenko Ta MenbHUK [3], sIKI BUSHAYWJIM KOMILJIEKC MOJIATKOBUX Ta
OIOJDKETHUX BaKENIB, IO IO3WTHBHO BIUIMBAIOTh Ha I1HBECTHIIHHY aKTHUBHICTD,
(b1HaHCOBY CTaOUIBHICTh Ta IHHOBALIMHY CHPSIMOBAHICTh arpapHUX MIANPUEMCTB. Y
TOM e Yac y HayKOBIM JiTepaTypi BIACYTHI AOCIIJDKEHHS, 1[0 Oe3mocepenHbo
CTOCYIOThCSI €KOHOMIYHUX IHCTPYMEHTIB MIiJBUINCHHS €()EKTUBHOCTI BHUPOOHHUIITBA
came 0a30BO1 HACIHHEBOT KapTOILII.

Bupo6uuirBo 6a30B0i HACIHHEBOT KapTOILIl B YKpaiHi BIJ3HAYAETHCS BUCOKUMU
BUTpATaMH, 3yMOBJICHUMH HEOOXIJHICTIO IOTPUMAHHS CYBOPUX CTaHIApTIB SIKOCTI,
BUKOPUCTAHHSM  O3JIOPOBJICHOTO  CaJMBHOIO  MaTepialy Ta  OHOBIICHHSM
TEXHIKO-TEXHOJIOTT4HO1 0a3zu. IligmpuemcTBa, MO0 3alMarOThCS IIEK ISIBHICTIO,
CTUKAIOTBCS 3 PHU3MKAMU HHU3BKOI PEHTA0EThbHOCTI, KOJWBAaHb IOMUTY Ta
HECTIPUSATINBUX KIIMAaTUYHUX yMOB. TOMYy CTBOpEHHS €KOHOMIYHO CIPHUSTIMBUX
YMOB € HEOOX1AHOIO MEPETyMOBOIO iX CTAJIOr0 PO3BUTKY.
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3aranpHl OIAXOAM O CTUMYJIIOBAaHHS arpapHoro BUPOOHMIITBA, BHUCBITIIEHI Yy
npaisix [1-3], € KOHUENTyalbHO PEIEBAHTHUMHU ¥ MOXYTh OyTH aJanToOBaHi JUIs
0a30Boi HaciHHEBOI KapToruti. Tak, Open, Kopnienpkuii Ta [1acbko [1] Bi3HaYalOTh,
[0 MOJATKOBE CTUMYJIIOBAHHS CIPHUSE MiJIBUIICHHIO 1HBECTUIIIMHOI aKTHBHOCTI Ta
(dbiHaHCOBOT CTIMKOCTI MiANPUEMCTB. Jl0 ePEeKTUBHUX IHCTPYMEHTIB BOHHM BIIHOCSTH
BimmkonyBanHs [1/[B, mpuckopeny amopTu3ailito, MUIBIOBI CTaBKM MOJATKy Ha
MpUOYTOK 1 MOKJIUBICTh BIZICTPOUYEHHSI a00 PO3CTPOUYKH MOJATKOBUX 3000B’sA3aHb Y
pa3l HECHpUSTIMBUX EKOHOMIYHUX o00cTaBuH. Ili MexaHI3MU J03BOJISIIOTH
MIIPUEMCTBAM BUBUIBHATU (DIHAHCOBI PECYpCH U CHPSIMOBYBATH iX HAa OHOBIICHHS
BUPOOHMYMX TOTY>KHOCTEH Ta  BOPOBA/UKEHHS  IHHOBAI[IMHUX  TEXHOJIOTIH
BUPOIIYBaHHS KapTOILI.

Bbapabam [2] migkpecioe, MO MOJATKOBl CTUMYJIH B IMO€EIHAHHI 3 IMUIBIOBUM
KPEIUTYBaHHSAM 1 OIO/P)KETHUMH CYyOCHU[IIIMU CHPHUSIIOTH CTUMYJIFOBAHHIO A1SUIBHOCTI
Ta MIJBUIICHHIO PIBHS PEHTAOCIBHOCTI CUIBCHKOTOCIIOAAPCHKUX MIANMPUEMCTB. J{is
BUPOOHMKIB 0a30BOi HACIHHEBOI KApPTOIUI 1€ O3HAYAa€ MOKJIUBICTb OTPUMAHHS
¢diHaHCyBaHHS Ha TPUAOAHHS Cy4dyacHOI TEXHIKH, JTAOOpaTOPHOTO OOJIaHAHHS Ta
BHUCOKOSIKICHOTO 037J0POBJICHOI'0 MaTepiaiy.

VY poboti Ciperka Ta MenbHHUK [3] OOTpyHTOBAHO HEOOXINHICTH IMOETHAHHS
MOJATKOBUX 1 OIOHPKETHUX IHCTPYMEHTIB 13 PHUHKOBMMH BXKENSIMU, TAKUMHU SIK
BCTAHOBJIEHHSI (p1HaHCYBaHHS (L[LJIbOBOrO, MPEIMETHOOPIEHTOBAHOIO, MPOOJIEMHO-
CIPSIMOBAHOT0), KPEAUTYBAHHS, JII3UHTY, IJIAHYBAHHS 1 IPOTPpaMyBaHHsI, KOMITCHCAITis
BUTpAaT Ha IHHOBALIMHI MPOEKTH, L0 MIABUILYE EKOHOMIYHY €(EeKTUBHICTb
BUPOOHUIITBA Ta CTUMYJIIOE MIAMPUEMCTBA 10 BIPOBAHKEHHS CYy4aCHUX TEXHOJIOTIH.

Pesynbrat gocnipkeHHsl AarOTh MIACTaBU CTBEP/XKYBATH, IO BIPOBAIKCHHS
KOMILJIEKCY €EKOHOMIYHHUX IHCTPYMEHTIB - MOJAaTKOBUX MBI, OFOIXKETHUX CYOCUAIN UK
iHmoi gopmu (piHAHCYBaHHS, MUIBTOBOTO KPEIUTYBAaHHS, MEXaHI3MIB CTpaxyBaHHS
PHU3HKIB - CTBOPIOE CIIPUSATIMBI YMOBH JJIs MiABUILIEHHS €(DEKTUBHOCTI BUPOOHUIITBA
0a30BOi HACIHHEBOI KapTOIUTl. AJanTallis Bxke anpoOOBaHUX MEXaHI3MIB JEep>KaBHOI
MIJITPUMKHU arpapHOro BUPOOHUIITBA /10 crielin(iki BUpOOHUIITBA 0a30BOT HACIHHEBOT
KApTOIUIl  JI03BOJIUTh  3a0e3nmeyuTH  (PpIHAHCOBY  CTAOUIbHICTH ~ BUPOOHUKIB,
CTUMYJIIOBATH 1HHOBALIMHICTH 1 MIJBUIIUTH KOHKYPEHTOCTPOMOXKHICTh TIPOYKITIT Ha
PUHKY.
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JOCJIKEHHS] EKOHOMIYHHUX PU3HKIB
LU®POBI3ALLI: KIFEPBE3IIEKA TA
KOHO®UIEHIIAHICTD JTAHUX

I'aBax3un Haragia OJgeriBua

K.€.H, JIOIEHT, Tpodecop Kadeapu yrmpaBiiHHS Ta aAMIHICTPYBaHHS
3BO “VYuiBepcutet Kopoist Jlanuna”

Binoyc Bacuiab BacuiboBu4

acripant

VY cydacHux ymoBax mudpoBoi TpaHcdopmallli eKOHOMIKM TUTaHHS Oe3MeKH
u(poBUX MPOIECiB Ha0yBae OCOONMBOI aKTyalbHOCTI. BrpoBamkeHHS HUPPOBUX
TEXHOJIOT1H y (DiHAHCOBY CHUCTEMY, JIep>KaBHE YIPABIIIHHS, TOPTIBIIIO T 1HII CEKTOPU
€KOHOMIKH CYIPOBOJ/I)KYETbCSI HOBUMHM BHMKJIMKaMH, 30Kpema Kidep3arpozamu,
BUTOKOM KoH(]igeHIiHHOI iHGopMaIlii Ta EKOHOMIYHHMMH BTpaTaMH BHACIIIOK
kiOepaTak. Y IOCHIKEHH] PO3IIIIHYTO OCHOBHI €KOHOMIYHI pU3MKU LU}poBi3allii,
30CEpeKEHO yBary Ha MOTEHUIWHUX (PIHAHCOBUX HACHigKax Kideparak s Oi3Hecy i
JepKaBH, MpoOsiemMax 3a0e3MeUeHHs] 3aXUCTy JTaHUX y HU(PPOBOMY CEpeIOBHUII Ta
BIUTMBI IIUX ()aKTOPIB HA EKOHOMIYHY CTaOUIbHICTh. OOrpyHTOBAHO, 1110 HEJOCTATHIM
PIBEHb 3aXHCTY JAAaHUX MOXE MPU3BOJAUTH JI0 PEIyTAllIHHUX Ta NPAMUX (HIHAHCOBUX
BTpaT, a TaKOX HETaTUBHO BIUIMBATH HAa KOHKYPEHTOCHPOMOJKHICTH KOMITaHId Ha
U (PpOBUX pUHKAX.

[udporizallis €KOHOMIKH CIpUsIE TIIBUIICHHIO €(h)eKTUBHOCTI Oi3HEC-TIPOIIECIB,
aBTOMaTu3aulii (iHaHCOBOro OONIKy, ONTHUMIi3alii BUTpAaT Ta BIJAKPUBAE HOBI
MO>KJIMBOCTI JIJIsl pO3BUTKY O13Hecy. OJIHAaK MOPsAJ 3 MO3UTUBHUMHU 3MIHaMU TG POBE
cepenoBuile (opMye HOBI EKOHOMIYHI pU3UKH, 30KpEeMa B rairy3i kKibepOe3neKu.

KibepaTtaku MOXyTh CHOPUYMHATH CYTTEBI (PIHAHCOBI BTpATH, BKIIOYHO 3
BUKDPAJICHHSIM JaHUX, MOPYIICHHSIM OMNEepariifiHol ISJIbHOCTI, 3HMXKEHHSIM JOBIpH
1HBECTOPIB 1 CMOXHUBayiB, MmTpadaMu 3a MOPYIIEHHS PETJIaMEHTIB 3aXHUCTY JaHUX
(manpuxnan, GDPR [1]). ExonomiuHi Hachiaku kiOepaTak Juisi Oi3HECY BKIIIOYAIOTH:
BUTPAaTU Ha BIJHOBJIEHHA CHCTEM; BTpaTH 4Yepe3 MpPOCTOl B MISUIBHOCTI; MaJIHHS
BapTOCTI aKTUBIB 1 PUHKOBOI KalliTaji3ailii; 3pOCTaHHS BUTpAT HA CTpaxyBaHHS Ta
Ki0ep3axucr.

KiGeppu3uku a1 MakpOEKOHOMIKH TPOSIBISIIOTBCS Y BHUTIIAAI 3arpo3 s
0aHKIBCbKOT cHUCTeMH, LH(PPOBUX JEp)KAaBHUX TMOCIYT, CTaOUIBHOCTI HHUEGPOBOT
iH(ppacTpykTypu. MacmTabHi aTaku MOXXyTh BIiMBaTu Ha BBII, OromxeTH1 BUTpaTu
Ta IHBECTUIIIMHUI KJIIMaT KpaiHM.

[uBecTunii B KiOepOe3meKy MaroTh PO3IIAJATUCA SK €JEMEHT EKOHOMIYHOI
CTparerii, cOpsMOBaHOi Ha 3amo0iraHHd pHU3UKAM Ta MIABUIICHHS CTIMKOCTI
ekoHOMIKH. CTBOpEHHS CHCTEM YMPaBIIHHS KiOeppU3UKAMH € KIFOYOBUM IS
3abe3nedeHHs GiHaHCOBO1 CTAOUTBHOCTI.

[TopymieHHs: KOH(IICHIIIMHOCTI JaHUX € OJHUM 3 HAMCEPHO3HIMINX PHU3HUKIB
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nudpoBizailii, SKUH Mae IpsiMI Ta HENIPSAM1 €KOHOMIUHI Hacaiaku. HecankiiioHoBaHuM
JTOCTYN JI0 TIePCOHAIbHUX, (DIHAHCOBUX a00 KOMEPIIWHUX JaHWUX IPHU3BOJUTH JIO
npsMux (IHAaHCOBUX 30MTKIB 1 pemyTaliiHUX BTPaT, 110 OCOOIMBO KPUTHUYHO IS
0aHKiB, CTPAXOBHX KOMITaHIM Ta OHJIAH-CEPBICIB.

B ymoBax mocunenns perymroBanHsa (3okpema, GDPR, 3akon VYkpainu “Ilpo
3aXUCT MEPCOHANBHUX MaHuX~ [2]) kommaHii 3000B’s3aH1 TapaHTyBaTH 30€pPEKCHHS
iH(popmartii. [TopyiieHHs IMX HOPM TATHE 32 0000 MITpadu, Cy/10BI TO30BU Ta BTPATY
NapTHEPCHKUX KOHTPAKTIB, IO MIJBUILYE PErYJIATOPHI pU3UKU HU(POBI3aLlii.

ExonomivHa oIiHKa BapTOCTI BTpAaTH KOH(DIICHIIIMHNX JaHUX BKIIOYA€E: BUTPATH
Ha iH(pOPMYBaHHSI KJIIEHTIB 1 KOMIIEHcallll; piHAaHCYBaHHS 3aX0/IIB 3 YCYHEHHS BUTOKY;
1HBECTHIIIT B MOJIEPHI3AI[II0 CUCTEM 3aXUCTY; BTPATy JOXO/IIB Yepe3 BIATIK KIII€HTIB.

[udpora mo0Bipa cTa€ HOBUM CEKOHOMIYHMM aKTHBOM: KOMIIaHii, IO
3a0e3MeuyroTh HAIiHHUN 3aXUCT JaHUX, OTPUMYIOTh KOHKYPEHTHY TMepeBary Ha
puHKy. BogHouac oprasizaiiii 3 HU3bKHUM PIBHEM 3aXHIIIEHOCTI BTPA4YarOTh KamiTan i
JJIOBY peNyTallito, 10 HanpsiMy BIUIMBAE Ha (PiIHAHCOBI PE3YJIbTATH.

Jlns MiHIMI3aIli pU3UKIB MOPYIICHHS KOH(DIICHIIIHHOCTI HEOOXiqHA 1HTETpaIlis
3aXMCTy JaHUX B E€KOHOMIYHE YMPAaBIIHHS: 3alPOBA/KEHHS CHCTEM KOMILUIAEHCY,
pEryJIapHUX ayuTiB O€3MeKH, HaBYaHHS IEPCOHATY Ta PO3p0o0OKa MOJIITUK YIIPaBIIHHS
JTAHUMU K 9aCTUHU (DIHAHCOBO-EKOHOMIYHOI CTpaTerii.

3abe3neueHHs1 KiOepOe3nekn Ta KOH(PIACHIIHHOCTI JaHUX Yy LUPPOBOMY
CEPEIOBHII Ma€ PO3MIAAATUCS K CTpaTEriYHUNA KOMIIOHEHT €KOHOMIYHOI ITOTITHKH
00i3Hecy Ta nepkaBu. B ymoBax uu@poBoi TpaHcdopmallii came CTIMKICTh 10
nu(ppoBUX 3arpo3 CTAa€E HOBUM KPHUTEPIEM EKOHOMIYHOT e(eKTHMBHOCTI Ta
KOHKYPEHTOCHPOMOKHOCTI. EKOHOMIYHO MOUITBHUM € IHBECTYBAHHS y CHCTEMH
3axucTy 1HQpopMmauii, (HopMyBaHHS BHYTPIIIHIX MOJITHK KIOEPriri€eHd, a TaKoX
JTOTPUMAHHS CTaHIapTiB iH(MopMaIliiiHoi 6e3nexku. MiHiMizallisg pu3uKiB 1udposizarii
noTpedy€e CUCTEMHOI0 €KOHOMIYHOI'O MIAXOAYy — IMO€JHAHHS TEXHIYHUX PIIIeHb 13
(GiHaHCOBUM IUIAHYBAHHSM, PETYJISTOPHUM KOHTPOJIEM 1 MiJBUIICHHSIM ITU(POBOL
rpaMOTHOCTI. TiTbKM 32 yMOBU KOMIUJIEKCHOTO YIpPaBIIHHS pU3UKaMH IHUpoBa
€KOHOMIKa 3MOK€ poO3BHBaTuUCs 0e3 3arpo3 s (IHAHCOBOI CTaOUIBHOCTI Ta
COIIIAJIBHOTO T0OpOOYyTY.
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The berry industry of Ukraine is one of the most dynamic in the agricultural sector
and in terms of export growth [1, 47]. The development of the fruit and berry industry
in Ukraine has positive dynamics, especially in the segment of industrial horticulture.
The yield of pome crops, in particular apple trees, has increased significantly in recent
decades.

The greatest increase in yields is observed in large agricultural enterprises
engaged in industrial horticulture. The establishment of new orchards and berry
orchards, in particular pome, stone, berry and nut plantations, indicates investments in
the future of the industry.

If previously, mainly wild plants were exported, then the signing of the
Association Agreement with the EU and, as a result, the abolition of import quotas to
the EU created the prerequisites for the export of fresh and frozen berries from Ukraine
in increasing volumes [1, 47].

Given the importance of restoring and preserving land resource potential for
ensuring sustainable ecological and economic development of Ukraine in the context of
European integration, the EU requirements for sustainable development in the field of
agricultural land use, in particular in horticulture, are of particular importance [2, 94].

However, there are certain problems, such as insufficient renewal of old orchards
and the need to increase the volume of seedlings. The low quality of some fruit and
berry products can hinder exports and reduce competitiveness in the market. The
infrastructure for packaging and packaging of products is insufficiently developed.
Storage problems can lead to price fluctuations. Insufficient advertising of domestic
products can hinder their sales in domestic and foreign markets. In addition, it is
necessary to resolve issues of quality, assortment, storage, processing, and advertising
of products. This will ensure the stable development of the industry.

From an economic point of view, the development of horticulture in Ukraine is
hampered by insufficient access to financing, which limits the possibilities of
modernization of production and implementation of innovative technologies [2, 95].

Key points in the development of the fruit and berry industry:

- increase in yield;

- the need to renew orchards;

- positive dynamics in industrial orchards;

- development of nurseries.

There is potential for further increase in fruit crop yields through the introduction
of modern technologies and varieties. Our country has the potential to increase fruit
and berry exports, which requires further development of horticulture and logistics
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infrastructure. This is especially true for the export of raspberries, blueberries, nuts,
apples and other berries. It is necessary to increase the volume of growing seedlings to
renew existing and create new gardens, as well as to provide planting material. In
addition, interest in organic gardening is growing worldwide. This may open up new
opportunities for the development of the industry.

The restoration of fruit growing in Ukraine in the post-war period will be part of
the overall process of restoring the national economy. The main task will be to restore
destroyed orchards and vineyards, expand the area under fruit crops, increase fruit
production, and provide the population with fruits and vegetables.

The war caused significant damage to fruit plantations, and not only in areas of
hostilities. A big problem will be the demining of territories where hostilities are
currently underway. To solve this problem, large funds, time, and specialists are
needed. The industry needs the latest technologies, new varieties, modern methods of
soil cultivation, plant protection, and harvesting. To ensure the storage, processing, and
transportation of fruits, it is necessary to restore and build new storage facilities, raw
material processing plants, and improve logistics.

With the intensification of cooperation with the European Union in the format of
a free trade zone, in the future we can expect an expansion of export supplies of
domestic fruits and berries. After all, its most important component is the convergence
of the regulatory systems of Ukraine and the EU countries, which leads to a significant
reduction in non-tariff barriers to trade [3, 23].

The export strategy of a berry producer should be considered not only as an
opportunity to receive additional income, but also as an opportunity to gain experience
in meeting global standards and requirements, and an opportunity to expand and
diversify sales of manufactured products [1, 52].

The development of the fruit and vegetable sector in Ukraine faces challenges but
has significant potential. According to research, small farms dominate production, but
crop losses remain significant. The impact of war and occupation, port blockades,
rising fuel prices, logistics problems, and the devaluation of the hryvnia are negatively
affecting the market. Improving land use efficiency, state support for producers, and
stabilizing the economic situation in the country can help overcome these challenges.
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JTEPKABHE ®IHAHCOBE 3ABE3INEYEHHS 3AKJIAJIIB
BUIIIOI OCBITH

I'nyxoBa BasienTuHA

K.€.H., IOLIEHT

KpacnoBa Anacracis

3100yBayKa BUILOT OCBITH 0aKajJaBPChKOTO PIBHS
Kadenpa obmiky 1 pinaHCiB

Kpemenuy1pkuii HalllOHaJIbHUI YHIBEPCUTET
iMeH1 Muxaitna OcTporpaiacekoro, Ykpaina

dinaHcoBe 3a0€3MEUEHHs 3aKJIaJiB BHIIOI OCBITH € BaXJIWBOIO MEPEIYMOBOIO
COINIAJILBHOTO Ta €KOHOMIYHOTO PO3BHUTKY CYCHUILCTBA. Buia ocBiTa, sika BUKOHYE
BOXJIMBY COIllaJibHYy (PYHKIIIIO AepkKaBH, 3a0e3neuye pUHOK Mpalll KBasli(pikoBaHUMHU
creniagicTaMu.

Hapasi B cucremi BuUIlOi OCBITH 3IIHCHIOETHCS pedopMyBaHHS. Po3BHTOK
3aKjia/iB BUIIOI OCBITH MIAMOPSIKOBAHUN JIepKaBHINA TMOMNITHUII B OCBITHIN Taiy3i,
peanizaiii ocHOBHUX 3aBAaHb Ctparerii Bumoi ocBity 10 2032 poky, cepen SKUX Ha
nepimomy Micii - (iHaHCOBe 3a0€3MEUYEeHHs PO3rajy>KeHOI Mepeki 3aKialiB 1
(diHaHCyBaHHS TIPOBENICHHS BIJIMOBIIHUX 3ax0miB [1].

Buma ocBita B OCHOBHOMY (DIHAHCY€ETBCS 3a PaxyHOK OIOMKETHUX KOIIITIB,

[Tpobnemam OromxkeTHOTO (hiHAHCYBaHHS BHUIOi OCBITU B YKpaiHI MPHUCBIYCHI
YUCJICHHI pOOOTH BITYM3HSAHUX BueHHx[2-6]. OJHAK HE3BaKAOYM Ha IIHHICTH
3HAYHOTO JOPOOKY BYEHHX, Hapaszl HEJOCTAaTHHLO IIOBHO JOCHIKEHI TEHJEHIIT
(dhiHaHCOBOTO 3a0€3IEUCHHS 3aKjajiB BUIIOI OCBITH B YMOBax 3aKOHOJABYMX 3MiH B
OIOKETHIN Ta OCBITHIN cepax.

B3zarani ¢inancyBaHHS BHIIOI OCBITH, Y BIMOBIAHOCTI 10 BIOMKETHOTO KOieKCy
VYkpainu, 3M1HCHIOETBCS 32 PaXYHOK KOIITIB JEP>KAaBHOTO Ta MICIEBUX OIOIKETIB Ta
THIIMX JPKEpe, 0 He 3a00pOHEH] 3aKOHOJABCTBOM.

IIpoananizyeMo OCHOBHI TeHJCHIII (hpiHAHCOBOro 3a0e3MeUeHHS MIiSTILHOCTI
3aKiaaiB BUIIOI OCBITU. Tak, Ha puc. 1 yHAOUHEHO pe3yNbTaTH aHaJI3y JUHAMIKU
(dhaKTUYHUX BUJATKIB 3BEICHOTO OIOKETy YKpaiHW Ha OCBITY B IIIJIOMY Ta HA BUIILY
OCBITY, 30Kpema.
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‘EI Bupatkmn 3b Ykpaiiu B Bugatkm Ha BULLY OCBITY

Puc.1 Iunamika BUAATKIB 3BEICHOTO OFO/DKETY YKpaiHU Ha OCBITY 1 Ha BHIy OCBITY 3a 2020-2024
pOKH
Jl>kepeno: moOyoBaHO HA OCHOBI [7]

Ak BugHO 3 puc.1, B iJIoMy AUHAMIKa MTO3UTHBHA, OJTHAK CIIOCTEPIraBCcs MeBHUIN
cnaja (pIHAaHCYBaHHA BCIX BHJATKIB B OCBITHIO Tajy3b 1 TaKOX Yy BUIIY OCBITY 3
MOYaTKOM BOEHHOTO cTany. ¥ 2024 p. BHIATKM Ha BUIY OCBITY MaiXe JOCSTIHN BXKE
JOBOEHHOTO PiBHS. AJie BapTO 3a3HAYMTH, 11O MPHU 3pOCTAHHI BCIX BUJIaTKIB Ha OCBITY
3 Oomketry y 2024 p. mopiBasaHO 13 2020 p. y 1,38 pa3u, Bugarku Ha BUILY OCBITY
30uTbIIMIIMCS Juie y 1,2 pasu, 10 CBITYUTH MPO OUIBIIY AEp)KaBHY OIOMIKETHY
HIATPUMKY 1HILIMM OCBITHIM Tajly3siM, OCOOJIMBO 3arajibHii C€pe/lHIA OCBITI.

BianosigHo ckopoTuiacs 1 4acTKa BUAATKIB HA BHIIY OCBITY Y BCIX BHJIaTKaxX Ha
OCBITY 3BesieHOro OrokeTy Yikpainu 3 16,1% y 2020 p. 1o 13,7% y 2024 pori (puc.2).

YacTtka Bupatkie Ha BO y Bcix Bugatkax Ha ocsity 3b

7 16,1
16 - 15,9 15,8

15 &
14
13

1 2 T T T T
2020 2021 2022 2023 2024

13,7

‘—o—l-lacma Buaatkis Ha BO y Bcix Bugatkax Ha ocsity 3b

Puc.2 Yacrtka BUJATKIB 3BEIEHOTO OIO/KETY YKpaiHU Ha BUILLY OCBITY
y BCIX BHJIaTKax Ha OCBITY, %
Jlxepeno: moOynoBaHO Ha OCHOBI [7]

OcCHOBHUM KepesioM OFOKETHOTO (hiHAHCYBAHHS BHUJIATKIB HAa BUIILy OCBITY €
KOIIITH JIEPYKABHOTO OFO/KETY. 3 MICIIEBUX OIOHKETIB MOXKYTh (piHAHCYBaTHCS 3aKJIau
BUIIOT OCBITH, SIKI CTBOPEHI Ta MIAMOPSAKOBAaHI OpraHaM MICIIEBOI BiaaW Ta
caMOBPsIyBaHHS. TakoX BC1 3aKjaJH BUIOT OCBITH MOXKYTh OTPUMYBATH CyOBEHIIIT
13 MICIICBUX OIO/KETIB.
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Pesynpratu anamizy miATBEPIKYIOTh, IIO TOJOBHE JUKEPENO OIOMKETHOTO

(diHaHCYBaHHS 3aKJIa/iB BHUIIOT OCBITH — 11€ KOIITH JIEPKABHOTO OIOKETY ( MPOTATOM

aHaJI130BaHOTO MEPi0y KOJUBAIOTHCA JIyKe HECYTTEBO: Bill 96,2% 10 96,7%) [7].

OTxe, pO3BUTOK BHUIIIOI OCBITH Ta JepKaBHE (piHAHCOBE 3a0€3MEeUCHHS i1 3aKIa/liB
B CyYaCHHUX YMOBax 3IIMCHIOETbCA B HEIOCTATHIX oOcsrax.

OCHOBHMMH MIJISIXaMU BJIOCKOHAJICHHS OIOMKETHOrO (piHAHCYBaHHS BHIIOL
OCBITHM €, Ha Hally JyMKY, IIAPOKE 3aCTOCYBaHHS MPOrPAMHO-IIIILOBOTO METOIY
IUIaHYBaHHS M (piHAHCYBaHHS BHUJAATKIB, MOCHJEHHS (DIHAHCOBOIO KOHTPOJIO 32
MPABWIBHICTIO (hOpMyBaHHSA Ta €(PEKTUBHICTIO BUKOPUCTAHHS OIOMKETHUX PECYPCIB Y
CHUCTEMI BHUIIOT OCBITH.

OOMexxeHl MOJIMBOCTI JEp>KaBHOTO OMOKETY MIOAO0 (hiHAHCYBaHHS BHILOT
OCBITH CIIOHYKAIOTh YYaCHHKIB OCBITHbO-HAYKOBOT'O CEPEIOBUINA IIIYKATH JOJATKOBI
Joxepena (piHaHCcOBOro 3abe3reueHHs (IpaHTH, OnarojiiHa J0MoMora, 1HII JOX0IU
cnemiasibHOoro  (poHmy). JluBepcudikamirto JTOXOAIB  MOXKHA po3rasaaT sk
CTpaTeriyHuil 1HCTPYMEHT 3a0e3neueHHs (PIHAHCOBOI CTAOLILHOCTI 3aKJajiB BUIIOT
OCBITH.
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Abstract. The article is devoted to the analysis of the principles of inclusive
engineering in the context of foodservice enterprises, focusing on the creation of
accessible and comfortable environments for persons with disabilities, war veterans,
and other groups with limited mobility. Practical recommendations are proposed for
adapting workplaces, utilizing ergonomic equipment, and implementing barrier-free
design. The article discusses the advantages of inclusivity, such as social integration,
economic efficiency, and the improvement of a company’s image, as well as challenges
related to high costs and spatial constraints. The importance of an inclusive approach
is emphasized as a key factor in the sustainable development of foodservice enterprises
in Ukraine.

Keywords: inclusion, inclusive engineering, foodservice enterprises, restaurant
facilities, accessibility, comfort, people with limited mobility, war veterans, design,
architecture

Introduction. Foodservice enterprises that specialize in the production of unique,
high-quality, and personalized restaurant products represent a vital segment of the
modern economy. In a competitive environment, such businesses must continuously
improve their operational processes to remain attractive to both consumers and
employees. One of the key areas of development is the creation of an inclusive
environment that takes into account the needs of all categories of workers, including
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persons with disabilities, war veterans, and other groups with limited mobility [1-21].
Inclusive engineering, as a comprehensive approach to designing and organizing
inclusive spaces, plays a crucial role in ensuring equal access, safety, and comfort for
all users.

This approach involves the adaptation of workplaces and customer areas through
the use of ergonomic equipment, the creation of barrier-free environments, and the
implementation of staff training programs on inclusion. These measures not only align
with the principles of social responsibility but also contribute to economic efficiency
by reducing staff turnover, increasing productivity, and enhancing the public image of
the foodservice enterprise [2]. Inclusive engineering is especially relevant in Ukraine,
where the social reintegration of war veterans and persons with disabilities has become
an important societal goal [3]. This article examines the principles, methods, and
practical recommendations for implementing inclusive engineering in foodservice
enterprises, as well as its benefits and challenges.

Relevance of the topic. Issues of inclusivity and accessibility are gaining
increasing importance in the context of global societal and economic changes. Modern
foodservice enterprises face the need to adapt to new social standards that require the
creation of conditions for equal participation of all population groups in the workforce
[4]. Buildings and facilities accessible to people with limited mobility are those that
incorporate a set of architectural, engineering, ergonomic, structural, and
organizational measures that comply with regulatory requirements for safety and
accessibility for such groups [7]. Inclusivity not only aligns with ethical principles but
also generates economic benefits by fostering employee loyalty, reducing recruitment
costs, and enhancing a company’s public image [3].

In Ukraine, the reintegration of war veterans — who often face physical and
psychological challenges upon returning to civilian life — has become especially
significant [5]. Research indicates that companies implementing rehabilitation and
retraining programs for veterans and people with disabilities achieve higher employee
engagement and enjoy a better reputation [6]. Furthermore, regulatory documents [7]
set clear standards for building accessibility, compelling enterprises to adapt their
infrastructure for people with limited mobility. Foodservice establishments are
required to ensure accessibility for persons with disabilities, including safe stairways,
ramps, handrails, and non-slip flooring [8]. While such adaptations present challenges
for restaurant facilities operating in compact spaces, they also open up opportunities
for innovative engineering solutions that enhance competitiveness.

An inclusive approach also attracts a wider customer base, as businesses
demonstrating social responsibility become more appealing to ethically conscious
consumers [4]. Therefore, inclusive engineering is not only a contemporary necessity
but also a strategic tool for the sustainable development of foodservice enterprises.

Research aim and objectives. The aim of this article is to analyze the principles
of inclusive engineering and develop recommendations for their implementation in
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foodservice enterprises to create an accessible, safe, and comfortable environment that
promotes social integration and enhances business efficiency.

The objectives of the article are as follows:

— to identify the key principles of inclusive engineering for foodservice
enterprises;

— to analyze regulatory requirements for the accessibility of workplaces and areas
for visitors with disabilities and limited mobility;

— to evaluate the methods and materials used to create a barrier-free environment;

— to develop practical recommendations for implementing inclusive engineering
solutions;

— to discuss the advantages and challenges of integrating inclusive practices.

Materials and methods. To achieve the stated aim, the following research
methods were applied:

— literature analysis — to determine the theoretical foundations of the study;

— data systematization — to summarize information on architectural planning and
engineering measures.

The materials used to create an inclusive environment comply with national
regulatory standards [7, 8].

Results and discussion. Inclusive engineering for foodservice enterprises is a
modern approach in the context of Ukraine’s recovery, integrating three key
dimensions:

— technical aspects;

— social aspects;

— economic aspects.

Technical aspects are implemented through inclusive solutions that comply with
national regulatory standards [7, 8], ensuring that the infrastructure of foodservice
establishments is adapted for individuals with limited mobility. These solutions
include:

— architectural and planning interventions, such as dedicated parking spaces;
ramps with slopes up to 8% that are safe and convenient for wheelchair access;
handrails and protective barriers suitable for personal mobility devices; and non-slip
floor coverings to reduce the risk of injury;

— engineering and technical measures, including ventilation and air conditioning
systems compliant with regulatory requirements [9]; energy-efficient heating systems
with thermal insulation; and alternative energy sources to ensure uninterrupted
equipment operation;

— ergonomic equipment, such as height-adjustable tables and chairs adapted to
individual rehabilitation needs (Figures 1-2); and mechanical lifts for individuals with
disabilities;

— informational tools, such as Braille signage for visually impaired individuals;
and auditory navigation systems integrated into the overall interior design concept [8];
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Figure 1. Parameters of workplace equipment [7]
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Figure 2. Dimensions of equipment at foodservice enterprises [7]
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— specialized facilities, including entrance lobbies, accessible restrooms, and
washbasins designed for people with reduced mobility [7]; and cloakroom counters
adjusted for use by persons with disabilities [7] (Figure 3).
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Figure 3. Floor plan at elevation 0.000 of a foodservice enterprise. Room legend:

1 —restaurant hall; 2 — vestibule; 3 — cloakroom; 4 — restroom; 5 — restroom for persons with reduced
mobility; 6 — guest restrooms; 7 — male staff cloakroom; 8 — office; 9 — male staff restrooms; 10 — female
staff restrooms; 11 — staff room; 12 — director’s office; 13 — female staff cloakroom; 14 — refrigerated
room for meat and fish; 15 — refrigerated room for vegetables, fruits, and greens; 16 — refrigerated room
for dairy, gastronomy, and eggs; 17 — exhaust ventilation room; 18 — heat station; 19 — dry goods
storeroom; 20 — loading area; 21 — vegetable and root vegetable storeroom; 22 — janitorial inventory and
equipment room; 23 — dishwashing area; 24 — bread slicing room; 25 — egg processing room; 26 — dry
products storeroom; 27 — ware and inventory washing and storage area; 28 — storekeeper's office; 29 —
vegetable processing room; 30 — electrical room; 31 — supply ventilation room; 32 — meat and fish
processing room; 33 — pastry room; 34 — cold kitchen; 35 — kitchenware washing area; 36 — hot kitchen

Social aspects are manifested through the adaptation of workplaces for persons
with disabilities and war veterans, which facilitates their reintegration into society and
represents an important step toward creating a just and equitable community [5].
Retraining programs for veterans enable them to acquire new skills, thereby increasing
their confidence and engagement in the workforce. This also contributes to reducing
social tension and fostering a more inclusive society. Enterprises that demonstrate
social responsibility attract customers who value ethical principles, which promotes
the formation of a loyal audience and enhances market competitiveness [4]. Food
service establishments that ensure accessibility for people with limited mobility can
attract consumers who prefer brands with a social mission.

Economic aspects relate to the reduction of staff turnover and the creation of a
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comfortable environment, which lowers costs associated with recruiting and training
new employees [3]. In food service enterprises, at least 5% of seats in dining areas
served by waitstaff must be adapted for persons using wheelchairs, thereby attracting
a wider audience and increasing profitability [8]. Furthermore, inclusive enterprises
may receive government support for implementing accessible solutions.

Food service enterprises face several challenges in implementing inclusive
engineering principles:

— high initial costs associated with adapting infrastructure, purchasing specialized
equipment, and installing energy-efficient systems, which require significant
investments. This can be a substantial barrier for small-scale dining establishments
with limited customer capacity;

— limited space in food service facilities located in small premises complicates the
creation of barrier-free environments, such as installing ramps or wide passageways
for wheelchair users [3]. Renovation in older buildings may be restricted by
architectural features and limited floor areas;

— the implementation of cultural and gender sensitivity, as well as training on
ethical interaction with persons with disabilities, requires regular sessions, which can
be difficult for small enterprises with constrained resources [1];

— in older buildings, installing modern engineering solutions such as ventilation
or heating systems may be challenging due to structural limitations [9]. For example,
locating production areas for persons with limited mobility in basement levels is
prohibited unless medically justified [7].

To overcome these challenges, it is recommended to engage specialized
engineering firms experienced in designing inclusive spaces. For instance, workplace
design for persons with disabilities should consider individualized rehabilitation
programs [7]. Government support programs, such as grants for workplace adaptation,
can alleviate financial burdens. Informing employees and consumers about the benefits
of inclusivity fosters positive perceptions. For example, accessibility information about
the enterprise (type, class, menu) should be made understandable to persons with visual
impairments, in compliance with regulatory requirements [8].

Integrating an inclusive approach at all stages of enterprise activity—from design to
operation — reduces the need for subsequent modifications. Employing universal design
that accommodates the needs of all users lowers long-term costs [7]. Cooperation with
public organizations can help develop effective solutions, such as modular workstations
or digital technologies (e.g., voice assistants for persons with visual impairments).

Conclusions. Inclusive engineering is a vital direction in the development of food
service enterprises, ensuring the creation of accessible, safe, and comfortable
environments. The adaptation of workspaces, use of ergonomic equipment, provision
of optimal microclimate, and informational accessibility contribute to social
integration and increased productivity. Despite challenges related to high costs and
limited space, inclusivity opens new opportunities for engaging both consumers and
employees, as well as for building a positive image.
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MOPAJIBHI BUMIPA MOJIOAI’KHOI CYBKYJIBTYPU

Bepuynina Ipuna

1. duoc. H., TOIEHT

Kadenpa MOBHOI Ta ICHXOJIOTO-TIEIarOTIYHOT M1ATOTOBKA
Onecbkuii HaIliOHAIBHUN €KOHOMIYHUHN YHIBEPCUTET, Y KpaiHa

ByTTs cydyacHoi moauHM 31CHIOETHCA TIEPEBAKHO B TyMaHITAPHOMY BUMIpI, 3a
BUHSITKOM TOT'0 4acy, KOJIM BOHA BKIIIOUEHA Y CyTO npodeciiiny aisuibHIcTh. KynbTypa
3HaHb, KYJbTypa CIUIKYBAaHHS i KOMYyHIKAIlll — 6€3 IIbOT0 ChOTOHI CKJIAJHO YSBUTH
YCHIIIHE >KUTTSI HE JIMIIE MOJIOAOI JIOJUHU, @ U CYCHUIbCTBA 1 JEP’KaBH 3arajioMm.
Cdepa rymaHiTapUCTUKH, 0 SKOi HAJICKUTh MOJIOJIIKHA CyOKYJIbTYpa, 3 0COOIUBOIO
BUPA3HICTIO JEMOHCTPYE PI3HOMAHITTS ¥ 0araToacnekTHICTh HUHINIHBOTO €TaIly
PO3BUTKY JIIOJCHKOI CHUIBHOTH, IO BHSBISIETBCS SIK Y BIIKHAAHHI YCUISKHX
«IEHTPU3MIBY» (Y TOMY YHCIII TPETeH311 Ha IPUBUICHOBAaHUH cTaTyC Oyab-sIKO1 31 chep
KyJbTypu — Haykd, ¢imocodii, MUCTelTBa, pedirii, BUpOOHUIITBA TOIIO), TaK 1 B
0CcOoONMBIN yBa3i 10 OCOOMCTICHOTO HaYama.

CBIT, 110 MEPEeTHYB MOPIT MEPIIOi YBEPTI TPETHOIO TUCAYOJITTA, O3HAYCHUI
KpalHIM CTyIE€HEM HeCTaOUIbHOCTI: HOro, SK 1 CTONITTS TOMY, CTPSCalOTh
reOMNOIITUYHI, MIXKIEP)KaBH1, MIXKHAI[IOHAJIbH1, MIKKOH(peC1iH1 KOH(IIKTH, (D1HAHCOBI
i exosoriuni katactpodu. B ymoBax BiifHH, 3a SIKMX MOHAJ OJUHAILSTH POKIB KHBE
YKpaiHChKE CYCIUIBCTBO, JIFOJAW aKTUBHO IIYKAOTh IUIAXU MPOTUCTOSHHS BUKIMKAM
Ta 3arpo3aM, SKMMH MepeHacHUeHI1 Hallll TOBCIK/SHHI peallii, HaMararoThCs BiAHAWTH
HUISIXU CaMO30€peKeHHS.

«Te, MmO TOBOPATH ... MPO CYYACHICTh AK IMEPEXIAHUI MOMEHT, SIK MPO dYac
AKOTOCh HApOJKEHHS, SKOrOCh IHTEpBAly MOMDK HIY4YIO 1 AHEM, — 1€ OpexHs 1
HiceHITHUIIS. KOXXeH iICTOPUYHHI MOMEHT € MEPEeXiTHUM MOMEHTOM, 00 icTopis He
CTOITh Ha MICIIi; KO’)KEH MOMEHT € XBHJIMHOI HApOHKEHHS 1 CMEPTI BOAHOPA3, 3aCiBY
1 kHUB pa3oM. OUiKyBaHHS SKOTOCh TAEMHUYOTO, BEIMKOTO, O€3KOHEUYHOT0, 1y JOBOTO
MaiOyTHHOTO — 11€ OpeXHsl 1 HICEHITHUIIA, 00 MailOyTHE Oy/e TaKuM, SIKUM MOXYTb
HOT0 CTBOPUTH MUHYJE W Cy4acHE», MUCAaB BUJATHUN MUTELb, YYEHUN 1 MUCITUTEINb
IBan ®panko e 1894 poky [1, c. 120].

Haronocumo: 00’€KTUBHICTh TEOPETUYHOTO aHai3y 1 MOPAJIbHOI OLIIHKU OY]b-
AKOi 3 TPOOJIEM IyXOBHOTO JKHUTTS CYCHUIBCTBA MOXIIMBA JIMIIE 32 ypaxyBaHHS
crietriKu ¥ iICTOPUIHOTO 3MICTY (KOHTEKCTY) EIOXH.

Otxe, cBITOrsSAHA MapaJurMa Cy4yacHOI YKpaiHCbKOI KyJbTYpH IO3HadyeHa
OCOOJIMBOIO YBaroro JI0 YyTTE€BOI KYJbTYPHU OCOOUCTOCTI, MPOCSKHYTa PO3MAITTIM
Croco0IB  MPOCTOPOBO-YaCOBOI'O CHPUMHATTSA peayiidi JKUTTS, OCSITHEHHS SKUX
noTpedye MepeoCMHUCICHHs 1 HOBUX MiaxofiB. «lIporec ¢opMyBaHHS CyKyImHOCTI
MaTeplaabHUX (parioHaIbHUX) Ta JyXOBHUX (1pparlioHaIbHUX ) IIIHHOCTEH JIFOJICHKOTO
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OyTTs, OCSATHEHHSI CBOI'O CTAHOBMIIIA 1 MAllOYTHBOI'O COLILYMY PO3KPHUBAETHCS CHOTO/IHI
yepe3 TOTaIbHE MaHyBaHHs 1H(POPMAaILIfHOT, €eKpaHHO1, ay110BI3yalbHO1 KYJIBTYp, 110
BBOJIATH MOJIOJMX JIIOJIeH MPAaKTHYHO 3 JUTHHCTBA y J>KHTTEBHM TOTIK IIUIKOM 1
Bizipasy» [2, c. 130].

Ham yac xapakTepu3yeTbCsl MIIMHHICTIO 1 MPOTUPIYYSIMU B COLIOKYJIBTYPHHUX
YSIBJICHHSIX, aBTOPUTETAX, HOPMax 1 BUMOTax, TOMYy Cy4acHId MOJIOIi{ JIFOIMHI JOBOJI
CKJIQJIHO 3HAWTH Tl CEHCH, IKUX HArajgbHO MOTPEOYE 1 SKUMHU MParHe HAlTOBHUTH CBOE
JKUTTSI ChOTOJHI HOBE MOKOJIHHA. 3 €K3UCTEHI[IMHOrO0 Ta TYMaHICTUYHOIO MOIJISAY
JIOJIMHA JKUBE CIPABXHIM KUTTSAM, SKIIO BIAMOBIJATbHA 3a peali3alliio CBOIX
MO>KJIMBOCTEH, SIKIIO IIYKA€ CYTHICHOTO 1 3MICTOBHOTO, a HE JIMILE 3aJI0BOJIbHSIE
010JI0TIYHI YW CEKCyallbHI TMOTPEOH, SKIO0 3HAXOAUTh MNUISXHM JJI HAWMOBHINION
caMmopeaizaiiii.

JItoquHa 1MO4yBa€ThCSl MOBHOLIIHHO, KOJM MOXE 3[IMCHUTU IIOCh CIPaBXKHE 1
BKJIMBE Yy CBOEMY KUTTI, MOXe OyTH cO0OI0, 3/1aTHA BiJlIpBAaTUCA BiJl IIA0JIOHIB 1
CTEpPEOTHIIB. 3arajioM MH 3JaTHI JOCATTA YOrOoCh 3HAYHOTO JIMIIE TOJI, KOJH
MpUitMaEMO CBIiH kepeOd, 3MIMCHIOEMO BJIIACHUM BUOIp, HECEMO CBOIO ICTOPUYHY M
OCOOHUCTY BIAMOBIAATBHICT. AJKE JIFOJUHA TUM 1 BIIPI3HSAETHCS BiJl SHroja, BUUIIH
OTIIl XPUCTUSHCHKOI IIEPKBH, IO MOXE O0MpaTu — sK 100po, Tak i 310 [3]. Tum
HAIOJICTJIMBINIUMU € TIParHEHHS MOJIOJUX JIIOJeH MaTh cepejl CBOIX PEecypciB Ti
I[IHHOCTI, 3apaJii SKUX BapTO KUTHU a00 BIJJIABATH CBOE )KUTTS, sIKI MOXKYTh CIIYyTyBaTH
CBOEPITHUM MOPAIHHUM KaMEPTOHOM 1 MIPHUJIOM BUMHKIB.

[IpoTte B cyyacHOMY YyKpaiHCBKOMY CYCIUIbCTBI JaBHO HaMITHUJIMCS KPHU30BI
TEHCHIII] IHHICHO-HOPMATUBHUX CUCTEM SIK Ha MIKPO-, TaK 1 HA MaKpO-COI1aIbHOMY
piBHsx. [lpu npomy Oyab-sika MOJOJa JIOJIMHA BUSBISAE OCOOJIMBY MOTpPeOy Yy
CaMOIMI3HAaHHI ¥ CcaMO3A1MCHEHH], Y TIMOOKOMY pPO3YMIHHI HUHIIIHBOTO Mepediry
MoAi, y TparHeHHI OOCTOIOBAaTH CBOE IMPaBO HAa ABTOHOMHICTh, CyO’ €KTHICTH,
yHIKaJIbHICTh. TemMu po0Opa 1 37a, cBOOOAM 1 HEOOXIAHOCTI, CIPaBEIJIUBOCTI M
BIJIIIOBIIANIbHOCT1, 000B’ 513Ky Ta COBICTI, BIACHOT'O BUOOPY 1 cBOOOIM BOJIL, APYKOU i
m000B1, KOXaHHS 1 CEHCY KHUTTSA, OakaHOro M HEOOXIAHOTO TaK CaMO BaXJIMBI
ChOTOJHI SIK 1 TUCAYY POKIB TOMY. Ta UM He HJe TYT KOKEH CBOIM IIISXOM, aJ[Ke
MATAIOYU ce0e «SIK KUTH?», MOJIO/A JIFOJAMHA TIparde, Mo CyTi, 3HAUTH BIJAMOBIAL Ha
MUTAHHS «3apaad 4oro xkuTu?» [ 1mel BHyTpimHIA Qinocopchkuii  AUCKYypC,
CIPUYUHEHUM T0CI BIAKPUTUMHU MOPATbHIUMH MU TAHHSAMH, TAJIEMaMH Ta MPOOJIeMaMH,
BEJIEThCS MUMOBOJI1 Y HE LIOIHS.

Crporogni mepes HamMH MOCTAlOTh JOBOJI UiTKI O3HAaKM MOPAJIbHOI HEIYTH
JOJICTBA: OyJIEHHE CTaBJICHHS JI0 M030aBJICHHS OJIHUMH JIFOJbMU SKUTTSI IHITUX JIOJIEH
€ HACIIJKOM CBIJIOMOTO 3alepeueHHs MOPAIbHO-CTUYHUX I[IHHOCTEH, MPOSBOM
aMOpPaJIBHOTO crmoco0y OyTTs B cydacHOMY cCBiTi. Bcemorimnaroua goMiHaHTa
MaTeplaJibHUX UWHHUKIB, OaXaHHsS BiIaAu ¥ ocoOucToro KoMpoOpTy UUHIYHO
BUHUIIYIOTh 3aJHMIIKH 1ppaIliOHaJbHOTO B JIIOJUHI, AYXOBHICTh CTPIMKO 3racae, y
MOl — ErOIEHTPU3M, YECTOJIOOCTBO, CIIOKMBAITBO. BHACHIIOK BIiJICYTHOCTI
3I0pPOBHX MOpaJIbHUX 3aC00IB CTPUMYyBaHHS BIJOYBA€ThCS HE3BOPOTHIN MpOIIEC

42



Proceedings of the 15t International Scientific and Practical Conference
"Scientific Progress: Theories, Applications and Global Impact"

Z\ EuroPEAN OPEN July 14-16, 2025
7 SCIENCE SPACE Braga, Portugal

I —— ]
BUKPHUBIICHHS CBIJJOMOCTI MOJIOJMX JIFOJICH: BTpaTa BIIUYTTS MIPU Yy CHIBBIAHOIICHHI
MIDXK JOOPOM 1 37I0M, MI>K MPEKPACHUM 1 IIOTBOPHUM, M1 BJIACHOIO BUTOJIOIO 1 IIUPUM
npodeciiHuM CIyXIHHSM. Yce 1€ MNPU3BOJAUTH JI0 HECHPOMOMXHOCTI HOBOTO
ITOKOJIIHHS 31HCHIOBATH CBIIOMUM 1 BiAIOBIIaIbHUA BUOip. HaTomicTh BinOyBa€eThes
pO3unMHEHHS BiacHOro S B iHAMGEpPEHTHIM MacoBiil KyJIbTypi, SIBUIII, SIKE BJIACHE 1
KyJIbTYpOIO Ha3BaTH CKJIATHO.

«SIK TOBONMTH ICTOPUYHHMM JOCBIJ, JIFOACTBO 3aBXKIW IMOTPEOYyBaJi0 BHUIIUX
YHIBEpCAJIbHUX LIHHOCTEW 1 CMHUCIIOBHX OpIEHTHUPIB. AJie Taki JyXOBHI 11€aJid, 5K
3MIIHIOIOTh BHYTPIIIHI CWJIA JIOAWHUA 1 JEp’KaBH, 30aradyloTh >KUTTS YECHOTAMH
ryMaHi3My, MOpaJi, JIOAUHOI00CTBA, — HUHI nepeOyBatoTh y 3aHenaai. Tomy moou
3yNUHUTH PO3MOBCIOMKEHHS 3714, BITHOBUTH Bipy JrOed B 100pO 1 CIIpaBeJINBICTD,
MOBEPHYTHU JIIOJICBKOMY JKUTTIO MOro aOCOJIOTHY IIIHHICTh, BKpal HeoOXigHO, abu
JyXOBHI IIHHOCTI HapeliTi MoYaja BU3HAYATHU IMpaBAa: Kojdu J00po Ha3MBAIOThH
100poM, a 3710 — 3110M» [4, ¢. 249].

AJI’Ke HEBUITAIKOBO 32 OY/1b AKUX ICTOPUYHUX TO1H, TUM OUIbIIIE B HAACKIATHUX
yMOBaX BOEHHOTO 4Yacy, JIIOJWHA BIIUyBa€e MOTPeOy y BHUINHUX, HE3MIHHUX I[IHHICHUX
OpiEHTHpax, Kl 3MIIHIOBaIK O ii JyXOBHI CHJIM, 30aradyBajid CEHCOM, BU3HA4yalu
3MICTOBI CKJIa/I0OB1 Ta TOJIOBHY CIIPSIMOBAHICTD i1 KHUTTSL.
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Annotation: The theses examine the current state and prospects of using artificial
intelligence (AI) technologies in the units of the National Police of Ukraine. Key areas
of Al implementation are described, including cyber threat analysis, video analytics,
citizen request processing, and crime prediction. Special attention is given to the
adaptation of Al to Ukrainian realities, such as the conditions of martial law, limited
resources, and the need for legal regulation. The text emphasizes potential risks and
the importance of an interdisciplinary approach to innovation. The work is based on
recent examples of NPU activities during 2024-2025.

Purpose: To analyze the practice of implementing artificial intelligence
technologies in the activities of the National Police of Ukraine, to identify their
effectiveness, advantages, and challenges, and to determine directions for further
development, taking into account the specifics of the Ukrainian security environment
and the needs of the law enforcement system.

Keywords: artificial intelligence, National Police of Ukraine, cybercrime, video
analytics, crime prediction, digital technologies, automation, criminal analysis,
security, police activity.

Artificial Intelligence (Al) in the 21st century has become one of the key topics
in the transformation of all areas of public life. Due to the growing volume of
information, the dynamics of crime, and the increasing complexity of criminal activity,
law enforcement agencies are turning more often to high-tech tools, especially Al.
Units of the National Police of Ukraine (NPU) are also actively implementing modern
digital technologies to improve the efficiency of investigative operations, criminal
analysis, and public safety.
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The relevance of this topic lies in the need to improve the tools and methods of
combating crime in the context of an information society. Crime is increasingly shifting
into cyberspace, becoming more organized, adaptive, and technically sophisticated.
Traditional methods of detecting, solving, and preventing crimes are often not enough,
which creates the need for new, more effective approaches. In this context, Al
technologies offer new opportunities for NPU units, allowing them to work with large
amounts of data, identify patterns, predict risks, and optimize rapid response.

Among the most promising directions of Al use in police work are video analytics
with recognition functions, including:

1. Automatic Cyber Threat Analysis System in the Cyber Police Department
In 2024, the NPU Cyber Police Department began implementing an Al-based system
for analyzing cyber threats, including phishing, vishing, and supply chain attacks.
Developed in cooperation with international partners, this system uses machine
learning algorithms to detect suspicious patterns in cyberspace. For example, in 2024,
this system helped block over 1,200 phishing domains used for fraud involving citizens'
banking data. The system automatically analyzes metadata from websites, emails, and
network requests, which helped reduce cyber incident response time by 40%.

2. Use of AI for Video Data Analysis in the "Safe City" System
In 2024-2025, the "Safe City" program (especially in Kyiv, Dnipro, and Odesa) was
expanded with the integration of Al models for processing surveillance camera footage.
The system uses object and behavior recognition technologies to automatically detect
abnormal situations, such as crowd gatherings in restricted areas, suspicious
movements, or abandoned items. For example, in Dnipro in 2024, the system helped
prevent 12 public disturbance incidents by automatically alerting patrol units.

3. Al for Handling Citizen Calls to the "102 Hotline"
In 2025, the NPU modernized its call-handling system for the 102 emergency line by
integrating an Al module based on natural language processing (NLP). This module
automatically classifies calls by type (e.g., theft, violence, fraud), determines their
priority, and forwards them to the appropriate departments. In January 2025 alone, the
system processed over 10,000 calls in Kyiv and Lviv regions, reducing wait times by
25%. In addition, the "Police Online" chatbot on Telegram was updated with a feature
that automatically recognizes and structures written statements, allowing investigators
to generate preliminary reports.

4. "CrimeMapper" Platform for Crime Prediction
In 2024, the NPU, together with Ukrainian IT companies, launched an experimental
platform called "CrimeMapper" that uses Al to predict high-risk crime zones. The
platform analyzes historical crime data, geographic features, socio-economic
indicators, and even weather conditions. In a pilot project in Kharkiv region, the
platform helped optimize patrol routes, leading to a 15% reduction in street crime in
the test areas. This project continues the Predictive Policing initiative but uses localized
algorithms adapted to Ukrainian realities.
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The novelty of AI use in the NPU's work lies in adapting the technology to
Ukraine’s specific challenges, particularly:

Wartime context: Al is used to counter cyber warfare and document war
crimes — a unique experience globally.

Localization of algorithms: Platforms like CrimeMapper take into account
Ukraine’s socio-economic and geographical specifics, making them different from
Western models.

Integration with limited resources: The NPU adapts Al systems to function under
limited funding and infrastructure — a challenge many countries face.

Ethical and legal aspects: Ukraine is actively developing a legal framework for
Al use in law enforcement, based on the European Al Act (2024).

However, implementing Al also comes with risks, such as technical failures,
algorithmic bias, violations of human rights and privacy, and insufficient legal
regulation. Therefore, the further development of Al in this area requires not only
technological improvement but also comprehensive legal, ethical, and social support
involving interdisciplinary expertise.

In conclusion, the use of Al in the work of NPU units is not only promising but
also a necessary step to improve the effectiveness of law enforcement in today's
challenging environment. Al technologies help enhance operational work and
strengthen public trust in the police by ensuring transparency, speed, and accuracy in
responding to violations.
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Kaeapa nporpaMHOro 3a0e3Me4eHHs CHCTEM

JIBH3 «¥Yxropoacbkuii HallioHATbHUM YHIBEPCUTET», Y KpaiHa

AHoTanig. Y Marepianax Te3u po3IJISIHYTO MUTaHHS MOOYI0BU IHTEJIEKTYaJIbHUX
cucteM miaTpuMKu npudHATTS pimeds (CIIHIP) ans ympaBiaiHHS PO3BUTKOM
«PO3YMHOTO0 periony». OCHOBHY yBary mpHuIIJIEHO TOETHAHHIO IHCTPYMEHTIB aHaI3y
Benukux ganux (Big Data) Ta ekciepTHUX OLIHOK A (OpMYBaHHS OOTPYHTOBAHUX
VOPaBIIHCBKUX pIlIEHh B YMOBaX HEBU3HAYEHOCTI Ta CKJIQJHHMX COLIAJIbHO-
€KOHOMIYHMX IpolieciB. 3anpononoBaHo apxitektypy CIIIIP 13 iHTerpamiero MoayJis
300py JaHUX, aHAJITUYHOTO S/Ipa, €KCIEPTHOI TUIAaTGOPMHU Ta CUCTEMHU Bi3yali3arlii.
[IpeacraBieHo MaTeMaTU4HI MOJEII arperyBaHHsl €KCIEPTHUX OLIHOK Ta (OpMyIH
MPOTHO3YBAaHHS 3 YpaxXyBaHHSM PE3yJbTAaTiB MAIIMHHOTO HABYAHHS Ta ICTOPUYHUX
naHux. Pe3ynbTaTu JOOCHIKEHHS MIATBEPIKYIOTh €(PEKTHUBHICTH KOMOIHOBaHOTO
HiAXOAY AJIs NPUUHSTTSA pillieHb y cepi perioHaaTbHOrO PO3BUTKY .

Kuo4uoBi ciioBa: po3yMHuUil perioH, cuctema miATPUMKU MPUAHSTTS pillieHb, Big
Data, excriepTHa OLlIHKA, INTYYHUI 1HTEJIEKT, MporHo3yBanHs, Smart City.

Beryn. PosButok po3ymHux perioHiB (Smart Regions) 06a3yerbcs Ha
IHTGHCUBHOMY BHMKOPHCTaHH1 1H()OpMaliHUX TEXHOJOTIH, 10 3a0e3MeuyroTh
e(peKTUBHE YMOPABIiHHSA  COLIATbHO-EKOHOMIUHUMH, 1HOPACTPYKTYpHUMH  Ta
EKOJIOTTYHUMU TIporiecaMu. [IpuiHATTS ynpaBliHCHKUX PIllIEHb Y TAKOMY KOHTEKCTI €
HaJ[3BUYAHO CKJIQJHUM Y 3B’SI3KY 3 BEJIUKOIO KUIBKICTIO (DAKTOPIB Ta JKEpeN JaHUX.
Buxopucranns cucreM miaTpuMku npuiHSTTS pimeds (CIITIP), mo moeanyooTsh
MoxJMBOCTI Big Data Ta ekcnepTHHX OLIIHOK, € KIFOUOBOI YMOBOIO (POpPMYBaHHS
e(PEeKTUBHUX CTPATEriil PErioHAIbHOTO PO3BUTKY.

MeTo10 I0CTiTKeHHsI € CTBOPEHHSI €(eKTUBHOI, aJalTUBHOI 1HTEJIICKTyaIbHOT
CUCTEMHU MIATPUMKHU TPUUHATTS PIMICHb JUISI YIOPABIIHHS PO3BHTKOM «PO3YMHOTO
perioHy», siKa J03BOJISE:

1) 3a1ficHIOBaTH ONEPAaTUBHUN Ta CTpATEriUHUIN aHaJI3 COIIaAIbHO-eKOHOMIYHUX
npoiieciB Ha ocHOBI1 Big Data;

2)noennyBatTd  QopmMaiizoBaHi  JaHl 3 CyO’€KTMBHUMH  €KCIIEPTHUMH
CYDKEHHSIMU,
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3) 3abe3neuyBaTi BUCOKOTOUHY MIATPUMKY YIPABIIHCHKUX PIlLIEHb Y CKJIAJIHUX,
HECTaOlIbHUX YMOBAX;

4) reHepyBaTH CLIEHapili pPO3BUTKY Ta OLIHIOBATU PU3UKU HAa OCHOBI MOJIEJEi
IITYYHOTO THTEICKTY.

3aBaaHHsA A0CJHiIzKeHHs. J{J1 TOCSITHEHHS MOCTaBIIEHOI METH OYyJIM BU3HAYEHI
TaKi 3aBJIaHHS:

1. IIpoBectu orusan icHyrounx iHtenekryainbaux CIITIP. locniguTu cBiTOBUI Ta
YKpaiHCbKUH JOCB1A MOOYAOBH PO3YMHHUX MICT 1 PErioHiB (Hampukiag, Smart Lviv,
Helsinki Smart Region, Barcelona Smart City), ixHi iH(popMaliifHi cUCTeMH Ta
MIIXOIU A0 NPUUHATTS PIIICHb.

2. Ananiz moximuBoctel Big Data-ananituku. 3acToCyBaHHS BEIUKHX JAHUX 13
BIJIKDUTHUX PEECTPIB, TAHUX CYMyTHUKOBOTO MOHITOPUHTY Ta CEHCOPHUX CUCTEM IS
BUSBIICHHS TPOOJIEMHUX 30H, HAPUKIIAI!

— MOHITOpUHT siKOCTi TOBITPs (IoT-mauni 3 exonaTuukin);

— aHaJi3 UUIbHOCTI TpadiKy B TPAHCIOPTHIM CUCTEMI PETIOHY.

3. luTerparist excriepTHUX OIIHOK. Po3poOuTH MexaHi3M arperyBaHHS JTyMOK
EKCTEPTIB 100 MPIOPUTETIB 1HBECTUI[IH, PO3ZBUTKY 1HOPACTPYKTYpPH Ta PHU3UKIB 3
BUKOPUCTAHHSIM METO/TIB:

— anami3 iepapxii (AHP);

— HeyiTKoi Joriku (fuzzy logic);

— Delphi-metony.

4. Po3pobutu apxirektypy CIIIIP. CTBopuTH MOIYyNbHY apXIiTEKTypy, IO
BKJTIOYAE:

— map 300py nanux (Data Collection Layer);

— map aHajmTuku Ta mojaentoBanus (AI/ML Layer);

— map npuitHATTA pimens (Decision Layer);

— inTepaktuBHMi iHTepdeiic (UI/UX Layer).

5. AnpobGarrisi Ha peambHOMYy TpuKIani (keic). Po3rmstHyTo cumynsiidHuini
MPUKIIAJ 111 YMOBHOI 001aCTl — BUOIp MicIsl JiJis OyIIBHUIITBA JIOTICTUYHOTO Xaly 3
ypaxyBaHHSIM:

— Tpa"cnopTHOi noctynHocTi (Big Data);

— €KOJIOTTYHOI cUTyaIlii (€KCIepTH1 OL[IHKH);

— COI[IAJIbHOTO BIUTMBY (@HAJI3 COIMEPEIK).

3actocyBanHs Big Data y mojentoBaHHI pO3BUTKY PETiOHY MoJjsirae y o0pooiri
BEJIMKHUX JAHUX, IO JA€ MOKJIMBICTh MPOTHO3YBATH KJIIOYOBI MOKA3HUKHU COIIAJIbHO-
eKOHOMIYHOTO cTany periony. Y CIIIIP peanizyerbcas komOiHOBaHa MOJEINb
MPOTHO3YBAHHS, 1110 BPaXOBY€ MAalllMHHE HABYAHHS, EKCIIEPTHI OI[IHKU Ta 1CTOPUYHI
TPEeHIU:

Vivi=axYy +B+E+y+H (1)
ae:
Y; 41 — IPOrHO30BaHUI MMOKAa3HUK HA MOMEHT ¢+,
Yy — pe3yJbTar BiJl IPOTHO3Y BiJ MOJIE1 MAIIMHHOTO HABYAHHS;
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E — inTerpanpHa eKCriepTHa OLIIHKa,;
H — TpeH]1 iCTOpUYHUX TaHHX;
a, B, Y — BaroBi KoeQilli€HTH, SIKI BA3HAYAIOTHCSI METOI0M ONTHUMI3aIlii.
ArperyBaHHS €KCIIEPTHHUX OI[IHOK TPOBOIUTHLCS 3aBASKA (HOPMYJIH:
E= Yo w;*x; (2)

ne:

W; — BaroBuil KOeQIlI€HT EKCIepTa;

X; — IHAMBITyaJIbHa OIIHKA.

Jlns anpoGartii 3anporoHoBaHoi Mozei 0yyio chOpMOBAHO €KCIIEPTHY Tpymny Ta
BUKOPUCTAHO BIIKpUTI NaHi JlepKaBHOI CIIy»OM CTaTUCTHKUA YKpaiHH, €KOJIOT14HI
MOHITOPUHIOBI JIJaH1 Ta aHANITUKY 3 BIAKPUTHUX JHKEPEIL.

Tabauus 1 — 3BeieHa OIiHKA PU3HKIB IS PO3YMHOIO PETIOHY»

PakTop pU3HKY Excneprha ominka (0—1) | Big Data moka3Huk | 3BeieHUH pU3UK
3HOIIEHICTh iIHQPACTPYKTYPH 0.82 0.79 0.81
Exosoriyae HaBaHTaKEHHS 0.88 0.76 0.82
Jemorpadiuni npobiemu 0.74 0.69 0.71
TpancnopTHa JOCTYIHICTh 0.79 0.77 0.78

[Momo apxiTtektypa iHTenekTyanbHoi CIIIIP 3ampomoHoBaHa apXiTeKTypa
nependaydae Taki MOy

1. Mogyns 300py HaHMX — IHTErpamis IOTOKIB 13 CEHCOPHHMX CHCTEM,
CYIYTHUKOBHUX JJAHUX, PEECTPIB Ta COLIAJIbHUX MEJIa;

2. Moayne 06pobku manmx (Big Data) — peanmizoBaHuii Ha OCHOBI XMapHUX
matdopm (Hadoop, Spark) 13 mexanizmamu ETL-nporecis;

3. ExcrieptHuii Moaynb — peanidye y3arajdbHEHHs JIyMOK €KCIIepPTIB 3a
JTomoMOTor0 MeToaiB Jlendi, mapHUX MOPiBHAHB Ta HEYITKUX MHOXUH;

4. AnamiTuuHe AIpO0 — BKIIOYAE€ MOJENI MNPOrHO3YBaHHS 3 BUKOPHUCTAHHIM
XGBoost, LSTM ta Random Forest;

5. Moaynp Bizyanizaiii — iHQOpMalliiiHi MaHe i 3 IHTePaKTUBHUMU KapTaMH Ta
JaImoopIaMH.

Pe3yabTaTél jAociaigkeHHss i IX 00roBopeHHsi. Y Tpolieci JOCTIIKEHHS
JOCATHYTO TaKUX PE3yJIbTaTIB:

1. ChopmoBano tunoBy apxitektypy CIIIIP mis perionansHOr0 ynpaBiiHHS, Ka
BpaxoBy€ K JIUHaMiyH1 moTtoku naHux (Big Data), Tak 1 aHadiTU4YHI BUCHOBKHU
EKCIIePTIB.

2. Po3po6raeno nporotun CIIIIP, sikuii peanizye:

v KJIACTEPU3aIlil0 PETIOHIB 32 COIIabHO-€KOHOMIYHUMH TTOKa3HUKAMHU;

v PaH)XyBaHHS MPOEKTIB 32 EKCIIEPTHUMHU OI[IHKAMH Ta JaHUMU €(DEKTUBHOCTI;

v IHTEPaKTHBHY NaHENb NPUUHATTSA pilieHb Ha oOcHOB1 Bizyamizamii KPI Tta
PHU3HKIB.
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3. BuzHaueHo e(eKTUBHI METOJM arperyBaHHs JaHUX:

v ISl CTPYKTYPOBaHUX JaHUX — MaIllMHHE HaBYaHHS (IFpajiieHTHUNA OYCTHUHT,
PCA, xnacudikatopn);

v JUIS HECTPYKTYpOBaHUX JaHWX — 00poOka mpupomnoi moBu (NLP) mms
aHai3y COLIMEPEK;

v 111 Cy0’ €EKTUBHHX OIIHOK — METOJT HEUITKUX MHOKHH 1 3BaKEHE TOJIOCYBAHHS
EKCIIEePTIB.

4. Bu3HaueHO KJIIOYOBI 1HIMKATOpH oLIHKM edexkTruBHOCTI CIIIIP:

v TIBUJKICTHh pearyBaHHS;

v TOYHICTb NPOTHO3Y;

v pIBEHb BIAMOBITHOCTI PE3yJIbTaTiB OUIKyBaHHSIM EKCIIEPTIB;

v IHTETPOBAHICTH 13 IHIIMMU TUPPOBUMHU CEpPBICAMU PETIOHY.

BucnHoBku. VY pesynbTaTi IOCHIIKEHHS C()OPMOBAHO MIAXiA A0 CTBOPEHHS
iHTenektyanbHoi CIIIP nnst «po3ymMHOro periony», mo noeanye nepesaru Big Data
Ta eKCMEePTHUX cucTeM. KIo4oBUMH METOIMYHUMHE 3HAX1JKaMU CTaJIH:

1. I'OpunHa crpateriss TPUUHATTSA pillieHb, 10 3a0e3medye OamaHc MiX
aBTOMaTUYHUMU AITOPUTMAMHU Ta JIFOJCHKOI0 €KCIEPTU30I0;

2. Meronuka OaraTOKpUTEPiaIbHOTO pPAaHXKyBaHHS OO’€KTIB PEriOHAIBHOTO
MJIaHYBaHHS 13 3AIyYEHHSIM €KCIIEPTHOTO BaroBOro aHalizy,

3. Bukopucranasi mojeneit camonaBuanus (self-learning Al), 1o 103BOJISIFOTH
CHUCTEMI aJIanTyBaTHCS JI0 3MiH y JTaHUX 1 MOBEIHII KOPUCTYBAYiB;

4. IaTerpaiisi  €KOJOTIYHUX, C€KOHOMIYHUX Ta COIIaJIbHUX JaHUX IS
KOMIUIEKCHOTO MiTXOY J0 OL[IHKU aJIbTePHATHUB;

5. [IpuHIMNIA BIAKPUTOCTI Ta MPO30POCTI Y MPUHHATTI YIPABIIHCHKUX PIllICHb
3aBJSIKM IHTEPAKTUBHUM BI3yalli3allisiM Ta y4acTl IPOMaJICbKOCTI.

Omnucana mozens CIIIP Mae mepcniekTHBY BIPOBAKEHHS B Y KpaiHi, 30KpeMa B
paMkax KoHueniid uudpoBoi Tpanchopmalii perioHiB, «Smart City» Ta HOBOI
perioHaJIbHOI MOMITUKH, @ TaKOX 3alPOTIOHOBAHO APXITEKTYPY Ta METOAUYHUMN M1IX1]
0 PO3pPOOKM IHTENEKTYyaldbHOI CHUCTEMU MIATPUMKH MPUUHATTS pIlIeHb s
PO3YMHOI'O PETIOHY, SIKa THTErpy€ aHaldl3 BEIUKUX JAaHUX Ta €KCHEPTHUX OI[IHOK.
Pesynbrati AEMOHCTPYIOTH 3HAYHE IMOKpAIIEHHS TOYHOCTI MPOTHO3YBaHHS Ta
OOIPYHTOBAHOCTI YIPABIIHCHKUX PILLIEHb.

[Tomanpmii gocaimKeHHs OyIyTh CIPSIMOBaHI Ha pO3pOOKY aIallTUBHUX MOJIETIEH,
10 3/7aTHI aBTOMAaTUYHO KOPUTYBAaTH BaroBl KOC(QIIIEHTH 3aJIEKHO BiJ MIHJIMBOCTI
30BHIIIHIX YMOB Ta PO3MIMPEHHS MOXIMBOCTEH Bi3yamizalii Afs NPaAKTUYHOTO
BUKOPHCTAHHS MyHILUIATITETAMHU.
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Abstract. This paper explores the implementation of the adaptability principle in
modern design, emphasizing its role in enhancing usability, accessibility, and user
satisfaction across devices and contexts. It outlines technical approaches such as media
queries, flexible layouts, and behavioral adaptation powered by machine learning. The
study highlights psychological, cultural, and ethical considerations, including inclusive
design and privacy-aware personalization. Emerging trends like neuroadaptive
interfaces, voice interaction, and cross-device continuity are also discussed. The
research concludes that adaptive design is essential for creating responsive, user-
centered, and future-proof digital.
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Introduction. In today’s world, where digital technologies are increasingly
integrated into daily human life, adaptive design is transforming from a mere design
concept into a crucial component of effective user interface interaction. The concept of
adaptability in design refers to a product’s or interface’s ability to adjust to a user’s
device parameters, usage context, environment, and even individual user
characteristics. Implementing this principle ensures a high level of usability,
accessibility, and aesthetic satisfaction during product use.

Research Aim. The aim of this study is to investigate the implementation of the
adaptability principle in modern design, with a particular focus on its impact on
usability, accessibility, user satisfaction, and interface consistency across various
devices and usage contexts. The research seeks to analyze both technical and human-
centered aspects of adaptive design, identify emerging trends, and explore the role of
personalization and inclusivity in the development of flexible user interfaces.

Research Finding. Historically, the development of adaptive design has been
associated with the expansion of devices used to access information. In the 1990s, the
primary interface was a computer with a standard-sized display. However, since the
early 2010s, mobile traffic has significantly increased, requiring a completely different
approach to interface development. The emergence of tablets, smart TVs,
smartwatches, and even augmented reality glasses forced designers to abandon fixed
layouts in favor of flexible, adaptive structures [1].

The core idea of adaptive design is the creation of several layouts or interface
variants that adjust to screen size. This differs from responsive design, which is
typically based on flexible grids and percentage-based scaling, while adaptive design
involves clearly defined breakpoints where element structures change. Therefore,
implementing adaptability requires thorough analysis of interface usage scenarios,
target audiences, and possible interaction contexts [2].

From a technical perspective, implementing adaptive design involves the use of
CSS media queries, flexible layout systems (such as flexbox or grid), and specialized
frameworks like Bootstrap, Foundation, or Tailwind CSS, which simplify the creation
of adaptive layouts. For example, using the container-fluid class in Bootstrap allows
the creation of an element that automatically scales with screen width. This ensures a
continuous user experience across devices [3].

Other tools and approaches include JavaScript-based detection of device
capabilities and conditional content rendering using libraries such as React or Vue.
Developers often implement adaptive routing logic that presents different page
components or interactions depending on screen size or input method. For instance,
mobile versions of e-commerce sites often simplify the checkout process into fewer
steps with larger tap targets and auto-filled fields. An essential part of adaptive design
is also the optimization of images and media. High-quality images must automatically
change resolution to avoid unnecessary load on mobile devices while remaining crisp

52



Proceedings of the 15t International Scientific and Practical Conference
"Scientific Progress: Theories, Applications and Global Impact"

Z\ EuroPEAN OPEN July 14-16, 2025
7 SCIENCE SPACE Braga, Portugal

I —— ]
on high-resolution displays. HTML’s srcset and sizes attributes provide adaptive image
delivery depending on viewport width, while modern image formats like WebP and
AVIF reduce load times without significant quality loss [4]. Additionally, adaptive
video streaming (e.g., via HLS or MPEG-DASH) dynamically adjusts resolution and
bitrate to ensure smooth playback based on network conditions.

From the user's perspective, adaptability is a sign of thoughtful, user-centered
design. An interface that maintains consistency and usability across devices does not
provoke frustration and supports a positive user experience. For example, buttons that
shrink without becoming unreadable, or navigational menus that transform into
hamburger icons while preserving functionality, enhance usability. Studies show that
users are likely to abandon websites that fail to adapt to their device or context—
especially mobile platforms where performance expectations are high [5].

Psychologically, the ability of a system to anticipate and support user needs
reduces cognitive load and fosters a sense of control. Users are more likely to engage
with systems that feel familiar and predictable across environments. Adaptive design
supports this by ensuring that core interactions remain consistent while layout and
functionality adjust gracefully.

An essential aspect of adaptive design is its intersection with inclusive and
accessible design. Users with disabilities or specific needs must be able to interact with
interfaces under varied conditions. For instance, users with visual impairments need
high contrast modes and screen reader compatibility. Those with motor difficulties
benefit from enlarged touch targets and voice navigation options. Adaptive interfaces
can dynamically adjust to support these needs by integrating accessibility APIs and
implementing design tokens that automatically scale elements and spacing [6].

Frameworks such as ARIA help enhance semantic markup, while media queries
like prefers-reduced-motion allow websites to disable animations for users with
vestibular sensitivities. Furthermore, font scaling using relative units enables users to
adjust text sizes in browsers or operating systems without breaking layouts. Universal
design principles, which advocate designing for the widest range of users from the start,
increasingly overlap with adaptive strategies. Adaptive systems can be personalized
based on accessibility profiles, such as dyslexia-friendly fonts or simplified language
interfaces.

Visual branding must also account for adaptability. Logos, icons, and brand
elements are often presented in multiple versions optimized for different devices. In
some cases, a brand may use a full horizontal logo for desktop displays, a compact
stacked version for tablets, and a simplified icon for mobile apps or browser tabs.
Scalable vector graphics allow for crisp, scalable visuals across all resolutions.
Adaptive typography is equally critical. Systems such as Google’s Material Design or
Apple’s Human Interface Guidelines recommend fluid typography that scales based on
viewport or device orientation. This ensures readability without overcrowding or line
breaks in awkward places [7].
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Dark mode is another area of adaptive visual design that responds to
environmental conditions and user preferences. Implemented through CSS media
queries, it improves usability in low-light environments and helps reduce eye strain.
Similarly, dynamic theming systems allow interface colors, spacing, and contrasts to
adjust based on the context or user profile [8].

Beyond structural adaptation, a new trend is context-aware and behavior-driven
adaptability. Modern systems can adjust layout and content based on real-time data
about the user's location, time of day, or usage habits. For example, food delivery apps
might prioritize lunch menus during midday and offer quick reorder buttons for
frequently purchased items. Machine learning algorithms enhance adaptability by
personalizing user interfaces based on behavioral insights. Netflix dynamically adjusts
its homepage thumbnails based on genres a user prefers. Amazon modifies content
positioning and product suggestions based on purchasing history and device type.
These systems implement feedback loops where user data continuously informs
adaptive UI elements [9].

Gamification platforms and educational interfaces also benefit from behavioral
adaptation. Learning management systems tailor feedback, task difficulty, and learning
paths depending on the user’s pace, error rate, and engagement metrics. Adaptability
also includes localization. A well-designed adaptive interface must consider not just
screen size but also linguistic, cultural, and symbolic dimensions. Right-to-left support
for Arabic and Hebrew, culturally sensitive icons and color schemes, and country-
specific content policies all require thoughtful design adaptation. Localization
platforms enable automatic rendering of language-specific layouts while maintaining
layout integrity. Additionally, adaptive Ul must consider text expansion in certain
languages and variations in reading direction to ensure a consistent experience across
regions [10].

To evaluate the effectiveness of adaptive design, teams use A/B testing, heatmaps,
accessibility audits, user surveys, and performance benchmarks. Metrics such as
bounce rate, task completion time, page load speed, and satisfaction ratings offer
insights into whether the adaptation enhances or impedes usability. Tools like Google
Lighthouse and WebPageTest help measure performance and responsiveness.
Accessibility tools like Axe and WAVE assist in ensuring compliance with WCAG
guidelines and usability across assistive technologies. A well-executed adaptive design
should not only pass technical validation but also demonstrate user impact. Increased
engagement, reduced support requests, and improved retention are key indicators of
success.

The field of adaptive design is evolving rapidly in response to technological
innovations and changing user expectations. One major trend is Al-driven interface
personalization. While early adaptive systems used fixed breakpoints or basic device
detection, contemporary systems incorporate machine learning models that
continuously learn from user behavior. These models allow interfaces to anticipate user
needs by analyzing patterns in navigation, click behavior, session duration, and
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contextual variables like location or time of day. For instance, adaptive dashboards in
enterprise software now reconfigure widget visibility and prioritization based on user
roles, historical queries, and productivity habits.

Voice interfaces and natural language interaction represent another direction. As
voice assistants become more prevalent, adaptive design must extend beyond visual
interfaces. The interface adapts not only to screen constraints but also to verbal
commands, user accents, speech pace, and auditory environments. For example, voice
interfaces in cars adapt to background noise by adjusting microphone sensitivity or
simplifying command structures during complex driving scenarios.

Augmented and virtual reality also require fundamentally adaptive design
systems. In these immersive environments, adaptability must account for field of view,
depth perception, movement tracking, and the physical ergonomics of the user. For
example, Ul elements in VR may reposition themselves based on head movement or
controller input to stay within a comfortable field of vision. Adaptive placement of
controls and dynamic resizing of text or icons are key to usability in spatial computing.

Another trend is cross-device continuity. Users increasingly expect experiences
to follow them across multiple devices—a search started on a phone may be completed
on a desktop or tablet. Adaptive design in this context involves maintaining user state,
data synchronization, and Ul consistency across platforms. Progressive web apps and
cloud-based design systems now support adaptive persistence and session transfer to
ensure continuity without loss of functionality or context.

As adaptive design becomes more personalized and predictive, ethical concerns
come to the forefront. Over-personalization based on behavioral tracking can lead to
user discomfort, privacy violations, or manipulative Ul practices. Designers must
balance adaptability with transparency and user control. Interfaces should provide clear
settings to enable, disable, or customize adaptive features. Consent management and
ethical use of personal data are integral to trustworthy design systems.

Inclusivity must also move beyond accessibility compliance to include
socioeconomic, geographic, and cultural diversity. Adaptive interfaces should account
for users with limited data plans, outdated devices, or constrained environments.
Lightweight design, offline functionality, and adaptive image delivery for low-
bandwidth users are examples of inclusive adaptive practices. Furthermore, as systems
become more adaptive, there is a risk of reducing user autonomy. Interfaces that hide
features deemed irrelevant may hinder exploration or learning. Therefore, adaptability
should be progressive and educational, gradually exposing users to complexity rather
than locking them into a simplified mode.

Regulatory frameworks, such as the General Data Protection Regulation (GDPR),
impact adaptive design practices by restricting data collection and profiling without
user consent. Designers must ensure that adaptive features comply with such
regulations, particularly when personalization involves sensitive data or real-time
decision-making.
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Looking forward, adaptive design is expected to become more deeply integrated
into design systems and component libraries, allowing for modular and scalable Ul
development. Tools like Figma and Adobe XD are introducing adaptive constraints
and smart layout behaviors that allow designers to prototype responsiveness without
writing code. Design tokens and style dictionaries enable adaptive consistency across
teams and platforms.

Neuroadaptive interfaces, which adjust in response to biometric signals such as
eye movement, pupil dilation, or EEG data, are being explored in high-stakes
applications such as military training or advanced medical simulations. These systems
adapt not only to environmental and behavioral data but also to cognitive or emotional
states. Although still experimental, such technologies highlight the growing
intersection of adaptability and human-computer symbiosis.

Conclusions. In conclusion, the implementation of adaptability in design is a
multifaceted challenge that spans user psychology, technical architecture, aesthetic
integrity, and social inclusion. It transforms design from a static discipline into a
dynamic, data-driven process that respects diversity in devices, users, and contexts.
Adaptive design is no longer optional—it is a prerequisite for competitive, future-proof
digital systems. As user expectations evolve, designers and developers must commit to
creating flexible, inclusive, and behavior-aware interfaces. Embracing adaptability not
only improves accessibility and performance but also fosters trust, engagement, and
long-term user loyalty.
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Abstract

The principles of modularity, isolation, and encapsulation have long been central
to the development of complex systems in software engineering. However, these
principles also find application across disciplines, including biology, economics, and
education. This paper examines the cross-domain nature of these principles and their
contributions to the creation, evolution, and resilience of both digital and non-digital
systems. Through comparative analysis, we demonstrate the universality and value of
these architectural ideas.
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Introduction

Modern digital systems face increasing complexity, scale, and interdependence.
To manage this complexity, software engineers rely on foundational architectural
principles such as modularity (decomposing systems into parts), isolation (reducing
unintended interactions), and encapsulation (hiding internal details). Interestingly,
these same principles are used sometimes unconsciously in disciplines far beyond
computer science. This paper investigates the parallels and shared logic across different
fields.

Purpose and Objectives of the Research

The purpose of this research is to demonstrate how the principles of modularity,
isolation, and encapsulation serve as universal design tools across various disciplines.
The objectives include:

1) defining these principles in a software context;

2) identifying analogues in biology, economics, and education;

3) discussing how these principles contribute to system sustainability and
innovation across domains.

Results and Discussion

In software engineering, modular design enables scalable development and
enhanced maintainability. Modules with encapsulated logic are easier to test, debug,
and evolve.
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In biology, genes and organs operate as modular components within organisms.
The genetic code is encapsulated in DNA structures, and organs like the heart or lungs
perform isolated, yet cooperative functions, ensuring survival through redundancy and
specialization.

In economics, businesses are often structured into departments or independent
divisions. Each unit focuses on specific goals, which are isolated from others to prevent
systemic failure while encouraging innovation and accountability.

In education, modular learning allows students to focus on individual topics or
skills. A course divided into learning modules promotes clarity, goal-setting, and
personalized pacing, especially in modern online environments.

Across all these fields, modularity enables both resilience and adaptability.
Systems designed with encapsulation and isolation in mind can evolve more
predictably and withstand disruptions more effectively.

Conclusion

Modularity, isolation, and encapsulation are not only fundamental to software
architecture, but they also serve as universal tools for managing complexity across
disciplines. From biology to economics and education, these principles help build
systems that are robust, adaptable, and scalable. Recognizing their universality opens
up new avenues for interdisciplinary thinking and innovation in both digital and social
systems. This topic was also actively discussed with students during "Project Practice"
classes as a conceptual foundation for designing modern IT solutions.
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KarwuoBi cioBa: croci0, Tomosoris, iHGopMalliifHa Mepeka, HaBaHTaKCHHS,
OLIHIOBAHHSI, TOKA3HUK, BY30JI, O1TOBA TOMMUJIKA.

BBenennsi. Bimomuii  cmoci0  ympaBiiHHS — TOMOJIOTIEID — MOOUTHHOL
caMOOpraHi3zywouoi Mepexi [1], mpu sSKOMy BY3JIM MEpeXi MOIUIAIOTHCS Ha Bl
JacTHHU. By3/u, 110 BXOASTH B TIEPITy YaCTUHY, TOIUISIOTHCS HA rpynH. Bysmu, mo
BXOJISITh JIO TPYIH, MOAUISIIOTECA Ha 1B1 miarpynu. Ileprry miarpymy CTaHOBISTH
BY3JIH, SIKi OPMYIOTH UiTKY TOMIHAHTHY MHO)KI/IHy B npyry miarpymy BXoasTh BY3JIH,
K1 (OPMYIOTh JTOMIHAHTHY MHOXKMHY 1 SIKI TIOB’SI3aHI 3 BY3JIAaMH TEPIIOi YaCTUHU
rpynu He OuTble, HIXK OJHUM NepexoAoM. By3mu, siki CKIaaioTh Apyry 4acTHHY, HE
BXOJISITh Hi B OJTHY TPYIy. 3B 30K MK TPyrHamMu 3a0e3MeuyOTh By3JIH JOMIHAHTHUX
MHOHH TPYII 1 BY3JId JPYTid YaCTHHI.

Henonikamu 3a3HadyeHoro cnocoOy-aHajloTy € BHCOKAa OOYHMCIIOBAJIbHA
CKJIQJHICTh, HM3bKa IMIBUJKICTH Mepeaadi iHpopmarllii Ta TpuBauid 4ac Ha TOOYIOBY
ONTUMAJILHOI TOMOJIOT1i Mepexi [1].

HaiiGinpm Omu3bKkuM 110 CHOCO0y, IO TPOMOHYETHCS, € CIOCIO CHHTE3Y
palioOHAIBHOT CTPYKTYPH MIJICHCTEMH PO3BIIKH CUCTEMHU TPOTUIIOBITPSHOT 000POHHU 3
BUKOPUCTAHHSIM T€HETUYHOTO alirOPUTMY [2, 3], CYTHICTh SIKOTO MOJSTAa€ B TOMY, LIO
iH(popMalliiiHa cuctemMa NPOBOJAUTH IHINIANI3AI0, M 4Yac SKOi BiAOYBa€ThCs
(GbopMyBaHHS MMOYATKOBOI MOMYJISLII CTPYKTYP-XPOMOCOM; IICIsl YOTO B1I0YyBA€ETHCSA
cXpenryBaHHs Ta (OpMyBaHHS TOMYJAIIl XPOMOCOM-HAIAIKIB; Jaji MyTallis,
dbopMyBaHHS MOMYJIAIIT XpOMOCOM-MYTaHTIB; BiIOYBA€ThCS PO3MI3HABAHHS BapiaHTy
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O TPOTUBHUKA, 3 HOro OILIIHKOIO; B1AOIp Kpalux XpOMOCOM 3 MONYJISLil Ta
dbopMyBaHHS HACTYIHOTO TOKOJIHHSA TICIS 4YOro 1H(MOPMAILIMHOI CHCTEMOIO
MIPOBOJIUTHCS BU3HAYCHHS PaIliOHATBHOI CTPYKTYPH MiJACHCTEMH PO3BIIKM CHCTEMH
MPOTUIIOBITPSHOI OOOPOHM 3 MHOXHUHU BapilaHTiB. ['€HETHYHHI alropuT™M — II€
CBOJIIOIIMHUNA ~alIrOpuTM. A  €BOJIOLIMHI aJIrOPUTMU € OCHOBOIO Cy4YacHHUX
EBPUCTUYHUX KOMIT IOTEPHUX TEXHOJOTIA ONTHMI3allii, HaBYaHHS, MOJCITIOBAHHS,
MPOEKTYBAHHS 1 yNPaBIiHHS Y HAUIIUPIIOMY 3HAYEHHI IIUX TTOHSTh.

HenomikoM  3a3HayeHOro  CHocoOy-MpOTOTUNY € HE  HEePEKTUBHICTh
BHKOPUCTAaHHS B yYMOBaxX BHCOKOi MOOLILHOCTI 00’€KTIB, IO BXOMATH JO CKIQmy
MIJCUCTEMHU PO3BIIKH CUCTEMH MPOTUIOBITPSIHOI 0OOPOHH.

Meta Ta 3agadi gochimkenHsi. Mera poboTu: po3poOka crmocody BUOOpY
Torosorii iHGopMaIiiHoi Mepexi. 3agadl JOCHIIPKEHHS: TEeXHIYHUM 3aBJaHHM, 110
BUpILIY€E 3asiBJIEHUI Ccroci0 BUOOPY TOMOJIOTrii 1HPOPMALIIMHOI MEPEXIi, € OETHAHHS
nepeBar MpoOTOTUITY Ta aHAJIOTY, 3 YCYHEHHSIM iXHIX HEIOMIKIB.

Pe3yabTaT goc/igzkeHHs i iXx 00roBopeHHs. 3anpornoHOBaHuil criocid BUOOpY
TOMOJIOTIT 1H(pOpPMaIIfHOI Mepexi Mojsrae y ToMmy, o iHdopmalliiiHa cucreMa
MPOBOAUTE 1HIIIANIZAII, T 4Yac SKOi BiAOyBaeTbcs (POpMyBaHHS IMOYATKOBOT
NOmyJIslii  CTpyKTyp-xpomocoMm. Ilicims 4oro BigOyBaeThCs CXpEIIyBaHHA Ta
dbopMyBaHHS MTOMYJIALIT XPOMOCOM-HAIAAKIB; AaJll MyTailisl, GOpMyBaHHS MOMYJISIIIi
XpPOMOCOM-MYTaHTIB; B1A0YBa€TbCsl pO3IMI3HABAHHS BaplaHTy HAaBAHTAXKEHHS, 3 11
OI[IHKOIO; BIAOIp KpammxX XpPOMOCOM 3 TOMyJsiii Ta ¢GOpMyBaHHS HACTYIHOTO
MOKOJIIHHS TMICJIsE 4oro 1HGOpPMAIIHHOK CHUCTEMOIO MPOBOJUTHCS BU3HAYCHHS
paIioHaIbHOI TOMOJIOT11 3 MHOKMHM BapiaHTiB. JlaHuii cioci0O BiIPI3HAETHCS THM, IO
iH(opMaliiiiHa cucTeMa Ha eTarli po3Mi3HaBaHHS BapiaHTy HaBaHTaKEHHS MPOBOJUTH
OI[IHIOBAHHS AKOCT1 KaHaliB 1H(OpMaliifHOT MepexXi Ha KOXHOMY BY3Jl
iH(bOpMaIIiitHOT MEpeXi 3a KPUTEPIEM MIHIMyMYy HMOBIPHOCTI OITOBOI MOMUJIKH 3a
JOTIOMOT'OFO TMOPiBHSHHS OTPUMAaHUX 3HAYCHB 3 €TaJJOHHUMH.

[TosicaumMo OUTBII JOKJIATHO CYTHICTH 3asiBICHOro crocoOly. Igentudikarris
HaBaHTa)XE€HHs 1H(OPMAIIHHOI Mepeki Ha OCHOBI HEUITKOTO JIOTIYHOTO BHUCHOBKY
3M1MCHIOETHCS BIIMOBIAHO 10 BU3HAYEHO1 0a3U 3HAHb:

JKIO (x,=a, ) 1 (x,=a, ;) [..1(x,=a,,) 3 Barowo w,,

SKIO (x, =a, ,) L (x,=a,;,) 1..1(x,=a, ) 3Barco w,,

. (1)
AKIIO (x, = aljjkj) I(x,= azajkj) I[..I(x, = anjjkj) 3 BArOIO W,
TOy=d, j=1,m,
A€ 4, — HEYITKUM TepM, SIKUM OLIHIOETbCA 3MIHHA X; B DPSJIKY 3 HOMEPOM

L,Jp
. _ P _ . . . . ’ s
Jjp (p=1, k), 10010 @, ;, =[N, (%) / X,; k j — KUIbKIiCTh PSKIB-KOH IOHKLIH, B SIKNX
BUXIJ ) OILIHIOETHCS 3HAYCHHSIM d i W e[O, 1] — BaroBui KoedillieHT mpaBuia 3
HOMEPOM Jjp .
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OyHKIii  BiAMOBIMHOCTI HABAHTAKEHHA X = (x1 ) Xy eres x”) Kmacam  d

PO3PaxoOBYIOThCS TaK:

Ha, (X*):p:\l/’kjwjp. %(p.jp(x:)),jZI, m, (2)

i=l,n

e p,, (xl.) — (yHKIs BIIMOBIIHOCTI BXOAY X; HEYITKOMY TepMy 4, .5 A (V) — s-

HOpMa (t-HOpMa), sKIM B 3aJadax KiacuQikaiii 3a3BUYail BIJMOBIJAIOTh MAKCUMYM
(MIHIMYM).

B skocTi pimieHHss BUOpaHO Kiac 3 MAaKCUMAJIbHOIO (DYHKIII€IO BiJIMOBITHOCTI
PO3paxoBaHOro pilleHHs d, ... d, :

*

Ve e sl (0 () o () 6

{dl, dy, .., dm}
Begemo oOmexeHHs, 1m0 ICHye eragoHHa BuOipka 13 M  map
eKCIIEpUMEHTAIbHUX JaHUX, 5Kl 3B’A3yI0Tb BXoaUu X =(X,, X,, ..., X,) 3 BUXOIOM

3QJIEKHOCTI, 10 JOCIIIKYETHCS:
(X,.5,): (r=1.M), 4)
ne X, =(x,,, X,,, ..., X,,,) — BXIIHHI BEKTOp B r -1l mapi; y, — BIANOBIIHUN BUXI].
OmnuiemMo MoJeNb OLIHIOBAHHS OOCTAHOBKHU:
blk)=71 E((I; _11))’ 2((1{;( _11))’
. y s L,

ne Y,(k —1) — Bexrop, 1m0 XapaKTepu3ye MEPIINi MOKa3HUK OIIHKK Ha k —1 kpomi

) )

MozemoBaHHs; Y (k —1) — BekTop, L0 XapaKTepusye #-HUN MOKAa3HUK OLIHKU Ha
k —1 xpoli MOJIETIOBaHHS; Zl(k—l), ey Zn(k—l) — BEKTOPH, 1110 XapaKTePU3YIOTh
y3arajlbHeHy OI[IHKY 10 KOXHOMY 3 TIIOKa3HHUKIB OI[IHKH SIKOCTI CHUTHAaJbHOI
00CTaHOBKH.

Moxkimei crann obcraHoBkn 3amani MHokuHol d €{d,, d,, d;}. 3apaua
OLIIHIOBAHHS TOJISATa€ B TOMY, II00 KOXHOMY CIIOJYYEHHIO IOKAa3HUKIB OI[IHKU
IIOCTaBUTH y BIJNOBIAHICTH OXHE 3 pilleHb d, i=1, 3. IokasHuKH k, Oynemo

PO3TIISAIaTH SK JIIHTBICTHYHI 3MIiHHI.
CtpykTypa Mozei npoliecy OIIHIOBAHHS MOKa3aHa y BUTJIAI OaraTopiBHEBOTO
1EpPapXI4HOro JepeBa JOrTYHOTO BUCHOBKY, 1O B1JIIOB1/1a€ HABEACHUM HUYKYE CTAHAM:

d=f,(Z ..2,), Z=f.(%, ..Y), Y, = [, (k (), k,,(x), k5 (x), k,,(x).k,5(x)). (6)

J171s1 MOKa3HUKIB, 10 MalOTh KUIBKICHUIM BUMIp, JAlana30H 3MIHH PO30HMBAEThHCS Ha
yotupu KkBaHTH. lle 3a0e3meuynTh MOXIMBICTh NEPETBOPEHHSA Oe3nepepBHOT

yHiBepcanbHOI MHOXKUHHA U =[u,u| B IUCKPETHY I’ ITHEIIEMEHTHY MHOXKHUHY:
U=(u, u,, .., us), (7)
ne  u=u, u,=u+A, u=u,+A,, u,=u;+A;,, u,=u, NpUIOMY
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A+A,+A+A,=u—u; u (u) — BepxHd (HWXKH]) TPaHULS [lalla30HY 3MIHU

noka3Huka. Tozl Bci MaTpulli MapHUX MOPIBHSIHb MAIOTh PO3MIPHICTH Jx5. Bubip
YOTUPHOX KBAHTIB BU3HAYAETHCSI MOMIIMBICTIO allPOKCUMAITli HETIHIHHUX KPUBUX IO
II’AThOX TOYKaX.

Or1iHOBaHHS WMOBIPHOCTI 0ITOBOI MOMUJIKM KaHATIB iHQOpPMAIIHHOI Mepexi 3
BUKOPUCTAHHSIM €KCIEePTHOI 1H(hopMallii 3M1MCHIOETECA 3 BUKOPUCTAHHSAM HEYITKUX
JIOTIYHUX PIBHSHb, $KI SBISIOTH COOOK0 MATPULIO 3HAHb 1 CHUCTEMY JIOTTYHHX
BUCIIOBJIIOBaHb. L1 pIBHSHHS 103BOJISIOTh OOYUCINTH 3HaUYEHHS (DYHKIIM HAJIEKHOCTI
PI3HHMX PE3yIbTATIB OL[IHIOBaHHS MpH (IKCOBAHMX 3HAUEHHSX BX1JIHUX MOKa3HUKIB. B
SKOCT1 pe3yJIbTaTy TPOIECY OIIHIOBAHHS HMOBIPHOCTI OITOBOI MOMWJIKM KaHAIIB
iHopMariitHoi Mepexi, OyleMo IpUHUMATH pPIMICHHS 3 HaWOUIBIINM 3HAYCHHSM

¢yskuii HanexxHocti. JIiHrBicTHYHI OiHKK O 3MIHHHX X, X,, ..., X, , [II0 BXOJAATb Yy

JIOT14H1 BUCJIOBJICHHS IIOJIO PillleHb d 5 J=1, m, posrisiHEMO SIK HEYITKI MHOXKHHH,

BU3HAYCHI HA YHIBEPCAIbHUX MHOXKHHAX X, = [xl., fl.], i=1,n.

. ol . . — .
Hexait p* (xl.) — (YHKIII HAJIEXKHOCT1 OKa3HUKA X, € [1, x] HEYITKOMY TepMy

. . d; . .
Poi=l, n, j=1, m, p=1,1; n’ (xl, Xyy wey xn) — (GYHKIISL HaJEKHOCTI BEKTOpa
BXIZHHX 3MIHHHX X = (X, X,, ..., X,) 3HAUCHHIO BUXIAHOI OLIHKK y =d , j=1, m.

3B’S130K MIXK TaHUMH (DYHKITISIMA BU3HAYAE€THCS HEUYITKOIO 0a3010 3HAHD 1 MOXKE

OyTHU MPEACTABICHUNA Y BUTJISIII HACTYITHUX JIOTTYHUX PIBHSHD:
1 ‘
o

udj(xl,xz, o X, )= (xl)/\uaél( V) AA L Jl( x, )V
(%) - (8)

j2 2
() AR (1) AcoAn
L g il -
p ' (xl)/\uazj (xz)/\.../\u“’]f] (xn),j=1, m.

PiBHSIHHA oOTpuMaHi 3 HEYITKOi 0a3u 3HaHb NUIAXOM 3aMIHM 3MIHHUX
(JITHTBICTUYHUX TEPMIB) Ha X PYHKILIH HaNIEXKHOCTI, a oneparlii [ Ta ABO — na onepartii
AlV.

KopoTko HaBeeHy BUIIIE CUCTEMY 3alMUIIEMO TAKUM YHHOM:

hY (x) = v {iu o+ (xl-)}j=1,_m. )

HeuiTki JIOr14H1 pIBHSHHS € aHAJIOTOM BBEIEHOI 3ajie MPOIEAypHd HEUITKOTrO
JIOT1YHOTO BUCHOBKY, 110 3MIIACHIOETHCS 32 JJOTIOMOT'OFO OTepaltii «HediTka (min-max)
KOMIIO3UIIish», B SKIA oOmepamisM A 1 V BIINOBIAAIOTH omepalii min 1 max.
OnepxyeMo:

]2

p= 1

1) = ma min 147 () | (10

p=L1;|j=Ln

3 BUpa3y BUIIHO, IO JIs1 pO3paXxyHKy HEOOX1THO MaTH Jiniile (PYHKI[IT HAJIEKHOCTI
3MIHHHUX HEUITKUM T€pPMaM.
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Anroput™M po3paxyHKy (GYHKIIT HaJeKHOCTI MPU OLIHIOBaHHI WMOBIPHOCTI
01TOBOI MOMUJIKK KaHaIB 1H(HOPMAIIIITHOT MEpeKl BKIIFOYA€ HACTYITHI €TaIu:
1. 3a1a10Th CYKYIIHICTh HEYITKUX TEPMIB {ul, Uyy ooey u,}, 10 BUKOPHUCTOBYIOTH
JUTSL OIIIHKH X .

2. Inst Ko>kHOTO TepMy U, i=1, [ HopMyIOTh MaTpPUIlIO MAPHUX NOPIBHSIHB!

L hohnn
hooh h
Loy 5 L
T=\n A nl, (11)
nonon
r’l rl‘l r}’l

ne r,(u,) —paHr enemMeHty u, € U , 0 XapaKTepU3y€ 3HAYUMICTb LIbOTO €JIEMEHTY IIPH

(dhopMyBaHHI BJIACTUBOCTI, SIKA ONUCYETHCS ICSIKUM HEYITKHM TEPMOM S .
Marpuiist Ma€e Taki BIaCTUBOCTI:

- €JIEMEHTHU TOJIOBHOI iaroHan f; = 1, i=1, n;
- BI/IHOCHO FOJIOBHOI /liaroHasi eJIeMEHTH 3B°s13aH1 BUPA3OM #; = 1/ tis

Ry
TOMYy 1110 % =

7, I"j

- TPAH3UTHUBHICTb: I, 1, =1,

Y|

3aBI[$IKI/I JaHUM BJIACTUBOCTAM I1O BiI[OMI/IX CJICMCHTAx OJIHOI'O pAAKa ManI/ILIi T

JIETKO 3HAWTH €JIEMEHTH IHIIUX PAAKIB. SIKIO BiJIOMI €JIEMEHTH Ly s k, j=1, n, To
JTOBUJIFHUHU €JIEMCEHT tl.j 3HAaXOOUThCA TaAK: tl.j :t,g. / Lis 1, ], k=1, n.

OckUIbKM MaTpuLd MOKe OyTH 1HTEPIPETOBAHA SIK MATPULsSl HAPHUX MOPIBHAHb
paHriB, TO JJII €KCIEPTHOI OIIHKM €JIEMEHTIB II€l MaTpHUIll MOXXHA CKOPHUCTATHCS
neB’ssTudanpHoO0 mKkanow Caati. [ omucyBaHOro BUTIAJIKY:

1 — sIKI0 BIACYTHS IIepeBara 7, Haj r;;
3 — npw Mauiii lepesasi 7; Hajl r;;
5 — mpw CyTTEBI TIlepeBasi 7; Hajl r;; (12)

7 — IIPH ABHIN IICPEBA31 7, HAl I/'j;

9 — npu abCOIIOTHIN NepeBasi 7, Hajl 7

2, 4, 6,8 —npoMikHI HOPIBHSUIbHI OL[IHKH.
3. BuzHayaroTh QyHKIIIT HaJIE€KHOCTI:

1) 3a aOCONIOTHUMHU OLIHKAaMM paHriB 7, i=l, n, fKI MOXHAa BU3HAYUTH IO
neB’ATuOanbHii mkani (1 — HuK4uid paHr, 9 — BULM paHr);
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2) 3a BIIHOCHUMH OL[IHKaMH PaHTiB 7, / r=t,, 1, j=l, n, 110 CTBOPIOIOTHh MaTPULIIO

i
NapHUX MOPIBHAHb, OOYMCIIOIOTh 3HAYEHHS (YHKIIM HAJIEKHOCTI Ji KOXKHOIO
tepmy. [lpu 11boMy HOpMyBaHHS OTpMMAaHUX (YHKIIA HAJIEKHOCTEH 3I1HCHIOIOTH
HUISIXOM JIUIEHHS] Ha HAUOLIBII1 CTYIEeH1 HaJIeKHOCTI.

HeuiTki moriuHi piBHSHHS pa3oM 13 (QYHKIIISIMU HAJICKHOCTEH HEYITKUX TEPMIB
JI03BOJIAIOTh OIIIHIOBAaTH WMOBIPHICTh OITOBOI MOMIJIKM KaHaJliB 1H(OpMaIiiHOi
MepeKi BIAMOBIIHO 0 HACTYIHOI MOCIIIJOBHOCTI OTepartiii:

1. DIKCYIOTh 3HAYEHHSI TOKA3HUKIB MMOBIPHOCTI OITOBOI TMOMMJIKM KaHaIB
indopmaniitnoi Mepexi X = (x], x5, ..., x.,).

2. BUKOpPUCTOBYIOUM AJITOPUTM PO3PAXyHKY (DYHKIIIT HaJEKHOCTI, BUBHAYAIOTh

GyHKLiT HanexXHOCTEH 1’ (x;‘) npu GiKCOBAHMX 3HAYECHHSX MOKA3HUKIB X,, =1, m.

3. BukopucToByIOUM JIOT14HI PIBHAHHS, OOYHCIIOIOTH 3HA4YeHHS (YHKIIIN
(v d 1 * % * . * .
HaJe)KHOCTEH 1™/ (x1 ) X, ...,xm) npu BekTopi crany X =(X, X,, ..., X, ) JUIs BCixX
CTaHiB d,, d,, ...,d, . Ilpu npomy norigni onepauii I (A) 1 ABO (v) Han QyHKIi€0
HAJISKHOCTI 3aMIHSAIOTH Ha Ofepariii min i max.
4. BusHavatoTh pintenns d;, s AKOro:

J — J
7} (xl I R xm) —max[u (xl, X5, ...,xm)] (13)

j=1,m

JlaHi MaTpuIlb 3HaHb YTBOPIOIOTH HEUITKY 0a3y 3HaHb OI[IHIOBaHHS WMOBIPHOCTI
01TOBOT MOMMJIKM KaHaATIB 1H(OpMAaIIIIfHOT Mepexl Ha KOXKHOMY BY3JIi iH(popMaIliitHo1
MEpEexi.

BuxkopucroBytoun tabnui i onepauii A (I) 1 v (ABO), 3anucytotsh cucremy
JIOTIYHUX PIBHSAHb, 1[0 3B’S3YIOTh (PYHKIIi HaJ€XKHOCTEW pIIIEHb OI[IHIOBaHHS
00CTaHOBKH 13 (DYHKIIISIMU HAJIEKHOCTI PO3BITyBATBHUX O3HAK.

BucnoBku. TexHIYHMI pe3yJbTaT BiJl 3aCTOCYBAaHHS 3a3HAYEHOIO CIOCOOY
MoJISITa€ 'y 3MEHIIEHHI OOYMCITIOBAILHUX 3aTpaT, IMiJABUINCHHI IMBHAKOCTI Mepeaadi
iH(popMaIlii B yMOBax BUCOKOi MOOUTHHOCTI B MEPCHEKTUBHUX TEIEKOMYHIKAIIMHUX
MepexKax.
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Abstract. The article provides a comprehensive analysis of the personnel
composition of the IT industry of Vinnytsia region, characterizes its age, gender, and
professional structure, as well as educational sources of specialist training. The role of
local universities, private initiatives, dual education programs, and certifications in the
formation of competitive human capital is considered. The problems and challenges of
development are analyzed, in particular, personnel migration, the lack of senior
specialists, and the limited business education. As a result, recommendations are
proposed to improve the effectiveness of personnel policy in the region.

Keywords: IT industry, Vinnytsia region, human resource potential, IT
education, digitalization, dual education, certification, labor market.

Introduction . In today's conditions of rapid development of digital technologies
and digitalization of all spheres of public life, the IT industry occupies a leading place
in the formation of the innovative potential of the state. Information technologies not
only ensure the growth of productivity in other industries, but also act as a driver of
economic development, national security and competitiveness of the country in the
global market. Therefore, the human resource potential of the IT sector [1-7] acquires
special importance, because it is precisely qualitatively trained specialists who
determine the ability of regions to adapt to changes and form high-tech products.

Research results. Vinnytsia region is one of the dynamic regions of Ukraine,
which demonstrates the sustainable development of the IT industry [3]. Despite the
lack of the status of a large metropolis, the region is actively integrating into the digital
economy, increasing the number of IT companies, improving the level of educational
training of specialists and forming a competitive environment for the implementation
of innovative projects. In such conditions, there is a growing need for a systematic
analysis of the IT industry workforce, researching its structure, development dynamics,
challenges and prospects.

The relevance of the chosen topic is due to the need to form an effective personnel
policy in the field of information technologies at the regional level, develop tools to

65


https://doi.org/10.23939/ictee2023.02.095

Proceedings of the 15t International Scientific and Practical Conference
"Scientific Progress: Theories, Applications and Global Impact"

Z\ EuroPEAN OPEN July 14-16, 2025
7 SCIENCE SPACE Braga, Portugal

I —— ]
support young specialists, integrate education and business, and adapt educational
programs to the needs of the labor market. In this context, studying the experience of
Vinnytsia region is an important step towards forming a balanced model of personnel
development in the IT sector in Ukraine.

The purpose of the study is to determine the main characteristics of the human
resource potential of the IT industry of Vinnytsia region, assess the factors influencing
its formation and development, and identify current problems and prospects for human
resource management in the context of digital transformation.

The personnel composition of the IT industry of Vinnytsia region is characterized
by gradual growth in both quantitative and qualitative aspects. Vinnytsia region,
despite its remoteness from metropolitan centers, is actively integrating into the digital
economy of Ukraine and demonstrates positive dynamics in the formation of highly
qualified IT personnel. In the city of Vinnytsia, there are more than 150 IT companies
[2], covering such segments as web development, mobile applications, business
automation, software development, information security, technical support and
outsourcing of services. Leading companies of the region — Playtika, EPAM Systems,
Delphi Software, Onseo, Spilna Sprava, Rarog Soft — are creating demand for highly
qualified specialists.

The workforce 1s predominantly young: about 65% of employees in the industry
are specialists under the age of 35. This age distribution is due to the high level of
digital competence of the younger generation and the large number of internships and
practices that I'T companies conduct in cooperation with universities. There is a certain
imbalance in the gender structure - men make up about 70—75% of all employees in
the industry, although the number of women in IT in the region is steadily growing,
especially in the areas of software testing, UI/UX design, analytics, and management.

Regarding the professional structure, the largest share of those employed in the
regional IT industry is made up of programmers (40-45%), data analysts and testers
(QA) — about 20%, DevOps engineers, system administrators and security
specialists — another 15%. Project managers, business analysts, UI/UX designers and
marketers occupy about 10-15% of the total workforce. This indicates a gradual
complication of the structure of IT teams and an orientation towards the full cycle of
product development, including analytics, design, implementation, support and
promotion.

The industry has a high level of English proficiency, as most IT companies in the
region operate in international markets: over 80% of IT products and services are
exported. This factor also affects the competitiveness of personnel, determines the
demand for English courses, as well as the use of English-language learning platforms:
Coursera, Udemy, EdX, Pluralsight.

The IT market of Vinnytsia region is characterized by a low level of staff turnover
(according to HR research estimates, at 8—10% per year), which indicates relative job
stability, employee satisfaction with working conditions and competitive salaries. The
level of wages in IT companies of the region ranges from 1,000-3,000 USD per month,
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depending on qualifications, experience and position, which corresponds to the all-
Ukrainian trends.

Vinnytsia Regional Council and local administrations in partnership with the
Association of IT Companies of Vinnytsia actively support the development of the
industry's human resources. Dual education programs are in place, regular conferences
are held (IT Weekend Vinnytsia, DEV Challenge), hackathons, meet-ups and startup
incubators are held. For example, in 2024, together with the city council, the Digital
Vinnytsia initiative was implemented [3], within the framework of which more than
200 young specialists underwent internships in local IT companies.

Among the challenges facing the regional IT industry in the context of human
resource development, it is worth mentioning: competition with other regions for talent
(especially with Kyiv and Lviv), migration of specialists abroad, insufficient number
of seniors and experienced R&D specialists, as well as uneven development of related
educational areas. At the same time, the development of new IT clusters, the creation
of modern IT parks, and the attraction of foreign investors can significantly improve
the situation in the future.

Thus, the human resource potential of the IT sector of Vinnytsia is competitive,
dynamic and flexible, with good prerequisites for development. The high level of
educational base, the activity of the business environment, support from local
authorities and focus on export markets create conditions for further expansion of the
industry and preservation of leadership positions among the regions of central Ukraine.

One of the important factors in the formation of the human resource potential of
the IT industry [5] in Vinnytsia region is the integration of education, science and
business. Universities in the region actively cooperate with IT companies within the
framework of the concluded memoranda, joint educational projects and dual education
programs. In particular, Vinnytsia National Technical University implements joint
training programs with EPAM, Sigma Software, Delphi Software and others, within
which guest lectures, workshops, courses in modern programming and development
languages, such as Java, Python, JavaScript, as well as artificial intelligence, DevOps
and Data Science, are held.

An important place in the training of I'T specialists is also occupied by the Donetsk
National University named after Vasyl Stus, which has a faculty of information and
applied technologies and trains specialists in the educational programs "Computer
Science" and "Cybersecurity". Among other state educational institutions, it is worth
noting the Vinnytsia National Agrarian University, where the faculty of economics and
information technologies provides training in the specialty "Computer Science". IT
directions are also presented at the Mykhailo Kotsiubynskyi Vinnytsia State
Pedagogical University, in particular at the faculty of mathematics, physics and
technologies. Among educational structures with an IT direction, it is worth
mentioning the Vinnytsia Institute of Trade and Economics (a branch of the Kyiv
National University of Trade and Economics), which offers programs in information
technologies in business and economics. In the field of technical communications and
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telecommunications, the Vinnytsia branch of the Odessa National Academy of
Communications operates, which also provides training for IT specialists.
Additionally, it is worth mentioning the Vinnytsia branch of the European University,
which has a specialty in "Information Systems and Technologies" and trains analysts,
developers, and cybersecurity specialists.

Private educational initiatives that provide additional professional training in the
IT sphere are actively developing in Vinnytsia. The most famous are Vinnytsia IT
Academy, New IT School, Artinov School, and IT Step Computer Academy, which
offer courses in web development, software testing, UI/UX design, DevOps,
cybersecurity, etc. Thus, the ecosystem for training IT specialists in Vinnytsia
encompasses both classical university education and practice-oriented private sector
programs, which allows for the formation of competitive human resources for the
regional IT cluster.

In addition to formal education, alternative ways to enter IT are extremely
popular, including online courses, bootcamps, certification programs, and self-study.
Among the most popular areas that beginners master: Frontend development
(HTML/CSS, JavaScript, React), Backend (Node.js, Java, PHP), automated testing,
working with databases (SQL, MongoDB), as well as the basics of cybersecurity and
cloud technologies (AWS, Azure). Such multi-vector training allows you to flexibly
respond to market needs and quickly fill the niche of mid-level specialists.

In recent years, the region has seen a positive trend in job creation in the IT sector.
According to the analytical portal DOU.ua, as of 2024, Vinnytsia will have over 5,000
IT specialists [2], and in the last three years alone, the number of employees in this
sector has increased by 28%. This growth is associated with both the expansion of
existing companies and the opening of new branches, as well as the relocation of
businesses from the war zone to the central regions of Ukraine. As a result, the need
has increased not only for programmers, but also for specialists in organizing
teamwork, management, layout, digital design, and customer support.

At the state level, there is also strategic support for the digitalization of regions,
which contributes to the expansion of the IT sector. In particular, in 2023, the Digital
Transformation Strategy of Vinnytsia Oblast was approved, which provides for the
modernization of digital infrastructure, the creation of conditions for the development
of IT education and the attraction of investments in the field of technology. Within the
framework of this initiative, such events as the Digital Education Forum, IT Career
Days, Smart Region Hackathon are held, which unite students, employers and local
authorities around the idea of building a modern digital ecosystem of the region.

It is worth noting the growing role of women in the field of information
technology in Vinnytsia region. There are specialized educational initiatives such as
Women in Tech Vinnytsia, which popularize IT among women, conduct courses in
testing, graphic design, project management. In 2024, within the framework of the
STEM Girls in Ukraine initiative, the first circles for girls interested in technology were
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opened in Vinnytsia schools, which has the prospect of a long-term increase in the
gender balance in the industry.

Another vector of human resource development is the involvement of specialists
in international certification programs. Companies encourage employees to obtain
certificates such as AWS Certified Developer, Microsoft Azure Administrator, ISTQB
Foundation Level, Scrum Master Certified, etc. This not only increases the professional
level of personnel, but also contributes to the integration of the local market into the
global ecosystem.

Among the key problems of developing the human resources potential of the IT
industry in Vinnytsia region, one can single out the insufficient level of development
of business education in the IT context, the lack of training programs in the areas of
product management, technological entrepreneurship, as well as the limited number of
incubators for the development of startups. Despite high technical training, some
graduates do not have sufficient skills in project presentation, building business
models, and risk management. This creates limitations for the formation of mature IT
products focused on global markets.

In order to increase the effectiveness of personnel policy in the industry, it is
advisable to implement systematic approaches to monitoring competencies and market
needs. Among the possible methods are regular regional IT audits, surveys of
employers and graduates, and analysis of technology development trends using big
data analytics. This approach will allow adapting educational programs to real business
needs, minimizing the gap between employers' expectations and graduates' knowledge,
as well as increasing the mobility and competitiveness of IT specialists in Vinnytsia
region.

In the future, an important direction will be to strengthen the specialization of the
region. Given the available educational and scientific resources, Vinnytsia can develop
clusters in such areas as medical information systems, agroinformatics, financial
technologies, smart city solutions, and cybersecurity. Electronic medical document
management systems, CRM solutions for agricultural enterprises, and integrated
services based on artificial intelligence are already being developed in Vinnytsia. The
focus on interdisciplinarity and practice-oriented projects will help expand the
spectrum of employment for IT personnel, and will also allow attracting investors to
niche, high-tech projects.

Thanks to the active participation of educational institutions, private business
initiatives, support from local authorities, and a focus on practical competencies, the
region has every chance of establishing itself as an important information technology
center in Central Ukraine, capable not only of exporting services, but also of forming
its own competitive products on the global market.
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Comparative table of the IT industry in the regions of Ukraine

Number of IT Number of IT professionals Average salary

Region companies (thousands) &)
Vinnytsia 150 5 1800
Citlgws’ka (Kytv 2500 85 2500
Lvivska 550 25 2200
Kharkiv 700 30 2100
Odesa 400 18 2000

Vinnytsia region is home to a number of powerful IT companies that play a key
role in the development of the regional digital space, creating new jobs and building
human resources. One of them is Playtika, which has one of the largest offices in
Ukraine, namely in Vinnytsia. It specializes in developing mobile games that are
successfully promoted on the global market. Playtika's Vinnytsia office is distinguished
by a high level of automation, the scale of R&D developments and a powerful team of
engineers, designers and analysts. A significant feature of the company is its focus on
Big Data, machine learning and user behavior analytics, which makes it a leading
player in the entertainment software industry.

Another important company is EPAM Systems, a global leader in software
development and IT consulting, which has offices in many cities of Ukraine, including
Vinnytsia. The company implements large-scale projects in the fields of finance,
healthcare, trade, telecommunications and cloud technologies, actively cooperating
with customers from North America and Europe. EPAM provides Vinnytsia specialists
with opportunities for professional growth, certification and participation in global
developments, and also actively interacts with local universities, attracting young
people to internships.

Among the notable players in the regional market is also Delphi Software - the
Ukrainian division of a global holding company, which works on innovative solutions
in the field of automotive electronics, telemetry and IoT. The company in Vinnytsia
has a high-tech laboratory and involves both experienced engineers and young
specialists in projects. Special emphasis is placed on the real application of embedded
systems, deep testing and engineering accuracy.

Another well-known company is SoftServe, one of the largest IT employers in
Ukraine, which has a branch in Vinnytsia. SoftServe specializes in digital
transformation of businesses, working with such areas as artificial intelligence, cloud
technologies, cybersecurity and UX design. The company's Vinnytsia office mainly
focuses on specialists in .NET, Java, Python and DevOps, and the Data Science and
medical technologies areas are also actively developing. SoftServe has its own
educational platform, SoftServe University, which allows Vinnytsia specialists to
constantly improve their qualifications.

No less important is the company Onseo, which is actively working in the field of
game development, web services and mobile applications. The Vinnytsia office of
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Onseo specializes in the full development cycle - from idea and design to testing and
support. The company's feature is a flexible organizational structure, support for young
teams, as well as strong expertise in JavaScript, Unity, PHP, Kotlin. It is an example
of a regional startup that has transformed into an international company with offices in
Ukraine, Israel, the USA and Moldova.

Spilna Sprava, although less well-known in terms of scale, makes a significant
contribution to the development of local IT business by creating socially oriented
projects, e-democracy platforms and open data tools. It cooperates with civil society
organizations, government agencies and international donors, ensuring the
implementation of transparent digital services in the region.

It is also worth mentioning Astwellsoft, a company engaged in the development
of web systems, CRM/ERP solutions, and blockchain technologies. It has implemented
over 250 international projects and is an example of the successful integration of
Vinnytsia development into global digital economy chains.

In general, the IT sector of Vinnytsia region is represented by both branches of
global companies and regional development studios specializing in the gaming
industry, fintech, automotive industry, healthcare, e-commerce and government
services. The development of the industry is supported by local universities, incubators,
IT clusters and a favorable investment climate, which makes the region one of the
leaders of digital transformation in Ukraine.

In Vinnytsia region, the largest IT companies implement a number of high-tech
projects covering various industries - from the gaming industry and healthcare to
automotive electronics, education, finance and public administration. Among the most
famous projects of Playtika, which has one of the largest offices in Vinnytsia, it is
worth highlighting the mobile games Slotomania, House of Fun, World Series of
Poker, which are among the top in their category on the world market. Within the
framework of these projects, Vinnytsia specialists provide both the development of the
client part and a powerful analytical infrastructure using Big Data, which allows you
to track player behavior, conduct A/B testing and predict profitability. The
development of internal advertising networks and monetization systems has become
another direction implemented in Vinnytsia.

EPAM Systems 1s working on complex digital transformation projects. These
include the development of an electronic medical records platform for American clinics
that complies with the HIPAA standard, the creation of fintech systems for processing
transactions with an increased level of security for Mastercard and other financial
institutions. In addition, the Vinnytsia office of EPAM is involved in the creation of a
global educational platform with adaptive learning, which is used in schools in the
USA and Canada, as well as in the project to migrate the IT infrastructure of a large
retailer to the Google Cloud Platform. In some projects, EPAM implements solutions
based on artificial intelligence - in particular, for automatic analysis of financial risks
and detection of fraudulent transactions.

71



Proceedings of the 15t International Scientific and Practical Conference
"Scientific Progress: Theories, Applications and Global Impact"

Z\ EuroPEAN OPEN July 14-16, 2025
7 SCIENCE SPACE Braga, Portugal

I —— ]

SoftServe, which also has an office in Vinnytsia, is actively implementing projects
in the healthcare sector. One example is Healthcare Intelligence Suite, a platform that
allows collecting, analyzing, and visualizing patient health data, including risk
predictions based on machine learning algorithms. Another example is a project for a
large energy company from the US, which created an energy consumption forecasting
system that integrates data from IoT devices. In addition, SoftServe is working on
platforms for virtual training of medical personnel using VR/AR technologies, as well
as on cyber security services for the banking industry. Vinnytsia specialists are actively
involved in creating architecture and writing software for global corporations.

The Vinnytsia office of Delphi Software (now part of Aptiv) specializes in the
development of embedded systems for the automotive industry. In particular, projects
are implemented here for BMW, Mercedes-Benz and other European automakers,
which include the creation of electronic control units, modules for telematics,
infotainment systems and ADAS (driver assistance systems) components. Vinnytsia
engineers are also working on cybersecurity solutions for internal automotive
infrastructure, including isolation and protection of the CAN bus from attacks. One of
the innovative projects that specialists in Vinnytsia are working on is an emergency
situation prediction system using neural network processing of data from sensors.

Onseo is focused on developing gaming products, among which the mobile game
Poker Arena stands out, which has gained considerable popularity in the European
market. The Vinnytsia Onseo teams also created an online bingo platform focused on
the US market. Another project developed a series of interactive mobile games with
augmented reality elements that use GPS and the device's camera. In addition to
gaming, Onseo is involved in the development of web applications and CRM systems
for businesses from the UK and Israel, creating full-fledged platforms with custom
UX/UI design.

Astwellsoft is also known for its active project activities. Its flagship solution
AstwellCRM is used by small and medium-sized businesses in Ukraine and abroad to
automate sales, logistics, and customer support processes. In addition, the company has
implemented blockchain projects for customers from EU countries - in particular, the
creation of wallets and smart contracts for internal payments. One of the important
areas is the development of an electronic document management system for
municipalities, which has already been implemented in several regional centers. The
company also developed an eCommerce platform with full integration of logistics and
payment services for a Swiss client.

All these projects indicate that Vinnytsia is not only a regional center of the IT
industry, but also a full-fledged participant in the global digital space. The high level
of projects implemented in the city, the diversity of industries and the technological
complexity of the products on which local IT specialists work, confirm the sustainable
growth and international integration of the Vinnytsia IT sector.

Conclusion. Thus, the human resource potential of the IT industry of Vinnytsia
region is currently at a stage of sustainable growth and development. Thanks to the

72



Proceedings of the 15t International Scientific and Practical Conference
"Scientific Progress: Theories, Applications and Global Impact"

Z\ EuroPEAN OPEN July 14-16, 2025
7 SCIENCE SPACE Braga, Portugal

—— ]
active participation of educational institutions, private business initiatives, support
from local authorities and a focus on practical competencies, the region has every
chance of establishing itself as an important information technology center of Central
Ukraine, capable not only of exporting services, but also of forming its own
competitive products on the world market.
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Abstract. The study examines the issue of the competitiveness of digital
diplomacy in the current context of the transformation of the global information and
communication environment, triggered by the rapid development and widespread use
of artificial intelligence technologies by state and non-governmental organizations to
achieve their goals in the international arena.

Keywords: digital diplomacy, Al diplomacy, international relations, information
and communication environment, globalization.

Introduction. In the context of the globalist agenda of the contemporary world,
which is marked by the rapid technological evolution of artificial intelligence
(hereinafter - AI) mechanisms, a strategically significant question arises: to what extent
does the continued focus on the development of digital diplomacy remain an effective
solution? While undoubtedly an innovative model, digital diplomacy was largely
conceptualized and institutionalized during the previous decade.

In contrast, given the accelerated emergence of a new paradigm characterized by
the widespread application of Al tools in the field of international relations, it is
reasonable to assume that the conceptual potential of digital diplomacy -
technologically grounded in conventional digital instruments - may become partially
exhausted in the near future.

This study centers on the dilemma of the effectiveness and appropriateness of
further institutionalizing digital diplomatic practices at a time when artificial
intelligence is not only transforming channels of international communication but also
demonstrating the capacity to influence decision-making processes, and model the
behavior of key global actors.

Accordingly, this research proposes a comparative analysis of two innovative
models - namely, digital diplomacy and Al diplomacy. The latter, in our view, possesses
the potential for a deeper and more radical impact on the structure of international
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relations. Such an analysis will allow for the assessment of the relevance level of these
models in the context of rethinking the architecture of public diplomacy.

Purpose and objectives. The objective of this study is to conduct a comparative
analysis of the relevance of the digital diplomacy concept in the context of the rapid
development of artificial intelligence as a new paradigm of global communication.

To achieve this objective, the following tasks must be undertaken:

e conduct a comparative analysis of the concepts of “digital diplomacy” and “Al
diplomacy” as different innovative forms of public diplomacy and determine their
potential to influence the transformational processes of the architecture of international
relations;

e assess the impact of modern artificial intelligence technologies on international
communication mechanisms, in particular their ability to indirectly influence
diplomatic processes.

e to identify strategic directions for updating diplomatic practice in light of
current fundamental changes in international relations.

Results and discussion. To conduct a comprehensive comparison of the concepts
of “digital diplomacy” and “Al diplomacy,” it is first necessary to reflect on the
foundational category - “diplomacy.” In Ukrainian scholarly sources, particularly the
Political Encyclopedia [1, p. 808] and the Ukrainian Diplomatic Encyclopedia [2, p.
655], diplomacy is defined as the official activity of state authorities, heads of state,
governments, foreign policy institutions, and diplomatic missions aimed at
implementing the foreign policy goals of the state, as well as protecting its interests,
institutions, and citizens abroad. This definition primarily encompasses the formalized
structures and instruments of foreign policy implementation.

At the same time, foreign academic discourse emphasizes the functional aspect of
diplomacy as a method of influence exerted by one international actor upon another
through dialogue, communication, and negotiation, excluding the use of force [3].
Thus, diplomacy appears not only as an institutionalized activity of state bodies, but
also as a flexible mechanism for achieving goals by influencing the consciousness,
intentions, and behavior of other actors (states, nations).

Based on this, we propose to proceed to the consideration of the concept of digital
diplomacy. Among the academic interpretations of this term, in our opinion, the most
accurate 1s the one proposed by T. Krasnopolska and I. Myloserdna, who define digital
diplomacy as a form of new public diplomacy that utilizes the Internet, social media,
and other information and communication technologies to achieve foreign policy
objectives, shape a positive image of the state, and strengthen international relations
[4]. The key characteristics of digital diplomacy, according to the authors, include rapid
access to information, the ability for direct communication with audiences, and
increased transparency in the activities of foreign policy institutions.

It should also be noted that related to the notion of digital diplomacy is the concept
of electronic diplomacy (e-diplomacy), which gained significant traction in academic
discourse following the publication of F. Hanson’s study Revolution @State [5].
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According to Hanson, electronic diplomacy refers to the systematic use of digital tools
to carry out foreign policy tasks. A similar definition is offered by the specialized
resource Techopedia, which views e-diplomacy as the broad application of the Internet,
social media, and information technologies to achieve diplomatic results [6].

Accordingly, it can be assumed that digital diplomacy is predominantly perceived
as an evolutionary continuation of public diplomacy, which aligns the traditional goals
of diplomacy with new means of communication. At the same time, it does not
significantly affect the architecture of interstate relations but rather transforms the tools
used to achieve diplomatic objectives by replacing traditional instruments with more
modern ones.

In contrast, Al diplomacy represents a fundamentally new paradigm of
international interaction among foreign policy actors. In this context, it is not merely
about more efficient digital tools, but rather the potential emergence of an autonomous
subject of influence - capable not only of processing, analyzing, and transmitting
information but also of independently generating goals, selecting methods of
implementing foreign policy strategies, and forecasting the outcomes of decisions. This
marks the key distinction: digital diplomacy enhances human capabilities, whereas Al
diplomacy partially substitutes them at the level of decision-making.

This leads to a reconsideration of the entire architecture of international relations.
Generative Al models are capable of creating their own scenarios of diplomatic
behavior, taking into account both rational and irrational factors. Such autonomy
transforms the very understanding of diplomacy as an exclusively human activity. Al
emerges not merely as a tool, but as a decision-making actor functioning within an
entirely new, virtualized reality of international interaction.

In this regard, we refer to the viewpoint of Professor Georgii Pocheptsov, who
argues that contemporary individuals already exist in a world of virtuality that shapes
their perception of reality, influences their behavior, and determines the parameters of
their worldview. According to his reasoning, which we fully support, this virtuality
descends upon reality itself, defining its boundaries of what is considered correct or
incorrect. As a result, both physical reality and public opinion become subordinated to
these parameters [7]. Consequently, it can be assumed that the total virtualization of
public consciousness forms a foundation for the emergence of new methods of
influence in the international arena.

Given the above, one may anticipate a potential decline in the role of traditional
diplomatic institutions in their current form in the near future. This, in turn, will
necessitate a reassessment of the effectiveness of expanding the number of diplomatic
missions, which will inevitably face limitations in terms of audience outreach in host
countries, given that a finite number of personnel can only perform a finite number of
tasks within a specific timeframe.

Therefore, it is proposed to explore the possibility of experimental modeling,
testing, and phased implementation of specialized generative Al systems, which would
possess an unlimited potential to perform equivalent functions - both through
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traditional digital tools (media, social networks, etc.) and by developing and applying
new concepts of influence over the actions and decisions of other international actors.
These may include comprehensive online communication campaigns, informational
support for a state’s foreign policy, analytical assessments of external risks, and even
the organization of virtual diplomatic events (VR/AR diplomacy).

In the near term, this implies the need for a conceptual revision of the approaches
to a state's foreign policy activity, which should entail a gradual shift from the purely
formal, physical presence of diplomatic missions abroad to the establishment of
cognitive advantage within the domestic political and social dimensions of host
countries. Those states that are the first to implement these practices will be able to
significantly enhance their competitiveness in the global international arena.

Conclusions. Based on the analysis conducted, taking into account the
fundamental transformations of the global information and communication
international space, we would like to propose considering the potential of Al diplomacy
through the prism of a radical rethinking of approaches to international communication
and decision-making in the field of foreign policy by shifting from increasing presence
in physical space to developing cognitive advantages in the virtual environment of
countries where diplomatic representation is planned.

In addition, we see the prospect of further research into the possibilities of
integrating VR/AR technologies into the field of public diplomacy as components of
Al diplomacy that will be used to ensure cultural communication, simplify the
processes of organizing international negotiations, and represent the innovative image
of the country in the international arena.
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IPABO HA BUBOPHU OCIB 3 IHBAJIIJTHICTIO,
BU3HAHUX HEJIE€3JATHUMM: IPAKTUKA €CILI TA
NMEPCHHEKTUBU PE®@OPMYBAHHS 3AKOHOJIABCTBA

YKPAIHU

IleBuyk Ha3ap BirauiiioBu4
acripaHT kadeapu rnpasa Ta
nyOJIIYHOrO YIpaBJiHHSA
ORCID: 0009-0008-5581-4470

3BO «VYHuiBepcurer Koposns Januna»

Konsenmiss OOH npo mpaBa oci® 3 iHBaIIHICTIO, paTUdikoBaHa YKpaiHOIO, €
BU3HAYAJIBHOIO Yy MEPEOCMUCIIEHH] MIAXOAIB 0 MPaBOCYO'€KTHOCTI Ta MOJITUYHUX
npaB oci0 3 iHBamigHicTio. Came crarts 29 miei KonBeHIii Hakiagae Ha Jep)KaBH-
YYACHMIII IMIIEpaTUBHE 3000B’sI3aHHS FapaHTyBaTU 0CO0aM 3 1HBAJIIIHICTIO MOJITUYHI
mpaBa ¥ MOXJIMBICTh KOPUCTYBaTUCS HUMH HapiBH1 3 iHImuMEU [2].1le momoxeHHs
migkpecioe  (yHIaMEeHTaIbHY BaromMicTb BHOOpPUMX TMpaB id MNOOYJI0BU
CHpPaBEJIMBOrO Ta IHKIIO3UBHOTO CYCIUIbCTBA. BTiM, Ha mpakTHIll MOBHE Ta piBHE
3MIMCHEHHS 1bOr0o 0a30BOTO IMpaBa 3aJMIIAEThCS MpoOjaeMaTHYHUM. HanOinbim
NEpEelIKOIM BHUHUKAIOTh Yy BHIAJKaX, KOJIM ocob0a 3 I1HBaJIAHICTIO BU3HAHa
HE1€3/1aTHOIO.

€BponenchbKuil Cy 3 IpaB JIOAUHI HE OMUHYB YBaror MUTaHHS JUCKPUMIHALIL
0ci0 3 THBaJMIAHICTIO Y KOHTEKCTI BUOOPYOTO TpaBa 1 B psAJli CBOIX PIlIEHb 3BEPTaB
yBary Ha MOpyIIEHHS MpaB 0Ci0 3 IHBAIIIHICTIO, 30KpeMa II10JI0 IXHBOTO MpaBa OpaTu
y4acTh y BuOOopax. [likaBi 111 pillieHHS € 1 B KOHTEKCTI TIIyMadyeHHs! paThu(iKOBAaHOTO
VYkpainoto IIporokomy Ne 1 nmo KonBeHIii mpo 3axucT mnpaB JIOJUHH 1
OCHOBOTIOJIOKHUX CBOOOJI. 30Kpema, y cTaTTl 3 3a3HauyaeThes, mo Bucoki [orosipHi
CropoHH 3000B'A3YIOThCSI TPOBOAUTH BUIbHI BHOOPHU 3 PO3YMHOIO MEPIOAMYHICTIO
[UISIXOM TAEMHOTO TOJIOCYBaHHS B YMOBaxX, sIKI 3a0€3Me4yl0Th BUIbHE BUPAKECHHS
JYMKH HapoJly y BUOOpI1 3aKOHOJJaBUOTO Oprany [4].

[TokazoBor0 JJisi yKpaiHCBKMX peanid € cmpaBa “Anaiiom Kimmm npotu
VYropumau” (ALAJOS KISS v. HUNGARY), B sxiii €Bponeiicbkuil cya 3 mpas
JIOMHU PO3TIISIaB TUTAaHHS 3aKOHHOCTI OOMEXKEHHS BHOOpYMX IIpaB ocCi0, IO
nepe0yBarTh I 4aCTKOBOK omikor. Cya MiIKpeciuB, IO MUTAaHHA OOMEXKCHHS
BUOOPUMX TMPaB HAICKUTH 10 chepu, /1e HAIlIOHAIbHUN 3aKOHOABEIlb MA€ TIHMPOKHIA
MpOCTIp JUIsi BCTAHOBJICHHS TMPOLIEIYPH OLIHKK 3/IaTHOCTI TOJOCYBaTh o0ci0 3
PO3YMOBUMH NopyiIeHHAMH. OHaK Takli 0OMEXKXEHHSI TOBUHHI OYTH 00IPyHTOBAaHUMH
Ta CHiBPO3MIPHUMU J0 METH, SIKy TIparHe J0ciIrtu Aepskapa. [Ipu npoMmy abcomroTHa
3a00pOHa Ha TOJOCYBaHHS JJIsl BCiX OCI0, skl mepeOyBaloTh IMij] YaCTKOBOIO OIIIKOIO,
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HE3aJIeKHO BiJ IXHIX peajlbHUX 3A10HOCTEH, HE MOXKE BBAXATUCSI MPUUHSITHOIO.
IIpocTip st po3cyay Aep’kaBH, Xo4ya 1 € IIUPOKUM, He € 6e3mexxHuM. Tomy Cyn
JIWIIOB BHCHOBKY, 1110 O€3IUCKpEeTHE I1030aBieHHs BHOOpUOro IpaBa 0e3
IHIMBIAyaJIbHOI CYJIOBOi OIIIHKH, JHUINE Ha ITJACTaBl ICUXIYHOI 1HBaJIITHOCTI, SKa
nmoTpedye 4acTKOBOI OMIKH, HE BIAMOBIAAE JIETITUMHHUM MiACTaBaM Il OOMEXKECHHS
npaBa rojocy [5]. Ananoriunuii migxin OyB 3acrocoBanuii Cyznom 1y crpasi “T'apmari
npotu Yropummaun” (HARMATHY v. HUNGARY) [6].

Harowmicts, y copasi “Crpebto Ta Pocenning npotu Jlanii” (STROBYE AND
ROSENLIND v. DENMARK) €Bporneiicbkuii Cy 3 IpaB JIFOAWHH JIAIIIOB BUCHOBKY,
o nopyumenHs crarti 3 IIporokony Nel no Konsenuii He Oyno. Cyn Bu3HAaB, 110
OCKap>KyBaHHMM 3axXiJ MepeciigyBaB 3aKOHHY MeETy 3a0e3MedeHHs] Toro, mob uiie
IPOMAa/JISIHH, 3J1aTHI OLIIHIOBATHU HACIIAKA CBOIX plllieHb 1 MpuMaTH
CBIIOMI 1 pO3CY/UIMBI PIIIEHHS, MOTJIM OpaTh y4yacTh y JAepKaBHUX crpaBax. llpu
[bOMY T11030aBJIEHHS BHUOOpPYOrOo IMpaBa HE MaJl0 aBTOMATHYHOTO Xapakrepy, a
BUILIMBAJIO 3 BU3HAHHS 0COOU HETIE€3/IaTHOLO, 110 Iiepen0ayano IHAUBIAyalIbHY Cy10BY
OI[IHKY 3aTHOCTI 0COOM MPUUMATH CBIJIOMI PIIIIEHHS Y BaKIUBUX cepax kuttsa. Cya
PO3IIHMB 1€ K MEBHY rapaHTii0 TOro, 1[0 MO30aBlEeHHs MpaBa rojiocy He OyIlo
abcomoTHO 6e3mincTaBHUM. KpiM 11b0T0, Cy1 3BEpHYB yBary Ha IOCTYITOBI TTIO3UTHBHI
pedopMu Ta HEBENMUKY KUIBKICTh 0C10 1030aBJIeHNX BUOOPUOTO MpaBa. ¥ CYKYITHOCTI
11 gakropu 103BosiuiM Cyny 3p0OUMTH BUCHOBOK MPO MPONOPIIIHHICTh OOMEKEHHS Ta
HOTO CYMICHICTB 3 IEMOKPATUYHUMH MPUHIIUTIAMH [ §].

Y cnopasi “Kamanbon Banbe mnporu Icmanii”’ (Caamafio Valle v. Spain)
€BpONEHCHKUI Cy/I 3 TIPaB JIFOAWMHY 3a3HAYUB, 1110 OyIb-SIKE€ OOMEXEHHS TIPaBa roJiocy
Ma€ pO3TJIAIaTUCA HE JIMIE 3 TOYKH 30pY 3alliKaBJICHOi 0coOU, a i 3 ypaxyBaHHIM
IHTEpECIB JIEMOKPATUYHOIO CYCIHIUIbCTBA 3arajioM. Ajpke BHOOpYE MPaBO KOXKHOT
JIOJMHU € €JIeMEHTOM mupInoi BuOopuoi cucrtemMu. CyJ TakokK 3BEpHYB yBary Ha
MO3UTHUBHI 3MIHU B ICITAaHCHKOMY 3aKOHOJIaBCTBI, skl BigOysucs y 2018 pomi: Oyio
YCYHEHO 0OMeXeHHS U1 0ci0 3 IHBaTIIHICTIO MIOJ0 Y4acTi y BUOOpax, i mpaBo rojocy
MMOBEPHYTO BCIM 0co0aM 13 MCUXIYHUMHU po3iagamMu — 0e3 BUHATKY. Okpemo Cyn
MIJKPECIUB, 1110 030aBJIeHHs] BUOOPUOro MpaBa He OyJI0 aBTOMAaTUYHUM HACIiJIKOM
BCTAHOBJICHHS Henie3AaTHOCTI. Take pIIIEHHsS yXBaJlOBajOCs JIMIINE Ha ITiJICTaBl
IHMBITyaIBHOTO CYJOBOTO PO3IISAY, Y SIKOMY IMPSMO BKa3yBajocs, M0 ocoda He
3/1aTHA peaizyBaTH CBO€ BuOOpue mpaBo. Y miacymky Cyn MIHIIOB BUCHOBKY IPO
BIICYTHICTh mopymieHHs ctatTi 14 KonBeniii y noegnanHi 31 crarrero 3 Ilepiioro
MpOoTOKONy, a Takox cTtarti 1 [IpoTokomy Ne 12 mo Konsennii. Takuii minxin 3a3HaB
KPUTHUKH, 30KpeMa B okpemiil nymil cyaai Jlemenca. Bin naronocus, mo Koneniiis
npo 3aXUCT TIpaB J'IIOI[I/IHI/I 1 OCHOBOITOJIOXKHUX CBOOOJ| TPYHTYEThCS Ha MOJEI

“BCEOXOILITIOIYO01 PIBHOCTI”, siKa Tiependavae, 30KpeMa, MOBHE BU3SHAHHS JIFOASHOCTI
4yepe3 CyCIUIbHY IHTerpailito [7].

Y KoHTeKkcTi YKpaiHu, Xouya Hapa3l 1 BIICYTHI TpENEACHTHI pIlICHHS
€BponNenchKOro Cyy 3 Mpas JIOJUHH, 5IKI O cTOCyBanucs 0e3rnocepeIHbO0 0OMEKEHHS
BUOOpUMX MpaB OCIO 3 IHBAIIJHICTIO, BU3HAHUX HENIE€3IaTHHUMH, LI€ HE 3HIMAeE 3
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Jep>kaBu 00OB’SI3KYy BIIPOBA/KyBaTh PePOpMHU y BIAMOBIIHOCTI J0 MIKHAPOAHUX
cranaapriB. Patudikamis Konseniii OOH mnpo mpaBa oci0 3 I1HBaJIAHICTIO Ta
[Iporokony Nel go €BporeiicbKkoi KOHBEHIIIT 3 MpaB JIOJMHU HAKIIaJa€e Ha YKpaiHy
3000B’s13aHHS 3a0e3MeunTy He Juiie GopMmaibHe, ane W (QakTUyHEe PIBHOMPAB’S Y
JOCTYMI1 10 BUOOPYOTO TPOIIECY.

Tak, crartss 7 Bubopuoro koaekcy YkpaiHu, 110 IPYHTYETbCS Ha MOJOKEHHSIX
ctarTi 70 Koncrutymii Ykpainu [3]. Tomy iMmiepaTuBHO m030aBiisie BAOOPUOTo MpaBa
IPOMAJISIH, K1 B CYJJOBOMY MOPSAKY BU3HaH1 Henmie3gaTHumu [1]. Xoua ykpaiHCbka
HOpMa OXOILTIOE JIHUINE OCi0, SKi BH3HAHI ITOBHICTIO HEMIE3IATHUMH, a HE, K B
VYropuimHi Ha MOMEHT po3riiany cupasu “Anaiiom Kimm npotu Yropmuau”, ycix,
XTO TmepeOyBa€e TiJ OIMIKOI0, BOHA BCE OJHO MIANATa€ KPUTHUIl 3 TOYKU 30pY
MDKHApPOJHUX CTaHAApTIiB y cdepl npaB JOAUHU. Ampke €Bponeichkuil cy 3 Mpas
JIOAVMHU y 1[I CIOpaBl HAroJlIOCHB, WO 3arajbHE, aBTOMATHYHE M030aBICHHS
BUOOPUOTO TMpaBa YyCIX 0CI0, BHU3HAHUX HENIE€3JATHUMH, € HENPONOPUIMHUM
oOMekeHHsIM, 110 nopytrye ctatTio 3 [lepmoro npotokoiy g0 KonBeHtiii mpo 3axuct
IpaB JIFOJIMHHU 1 OCHOBOIIOJIOKHUX CBOOO [5].

3 ypaxyBaHHSIM BUII€3a3HAUYEHOr0, ICHy€ HarajgbHa morpeda y pedopMyBaHHI
MiIX0My JI0 TIpaBa royiocy Oci0 3 IHBATIIHICTIO. 30KpeMa, BapTO OPIEHTYBAaTHUCS Ha
MiJX17, 3acTocoBaHMi y JlaHii, Ta BIIMOBHTHCS BiJl aBTOMaTHMYHOI'O I030aBJICHHS
BUOOpPUUX IpaB 0ci0, BA3HAHUX HeA1€31aTHUMU. HaToMICTh ciiij] 3anpoBaiuTi HOPMY,
sKa HaJa€ CyJy MOBHOBAKEHHS I 4yac PO3IJIALY CIpaBU PO BU3HAHHSA OCOOM
HEJI€3/TATHOIO 3/11MCHIOBATH OKPEMY OILIHKY Il 3[aTHOCTI OpaT y4acTb y BUOOpUOMY
npoueci. Takuit migxin 3a0e3meyuTh 1HAUBIAYadi30BaHUN aHali3, YHHUKHEHHS
TUCKpuMiHaLii Ta OyJe BIAMOBIZATH cTaHAapTaM EC€BPOMEHCHKOTO Cyay 3 IIpaB
moauHu. Ta 103BoJIMTh 3a0€311eYUTH OUIBIILY BIAMOBIHICTh YKPATHCHKOI'O BUOOPYOTO
3aKOHOJIaBCTBA MDKHAPOAHUM CTaHAapTaMm y cdepl IpaB JIOAWHU Ta CIPUATHME
O1UJIBIII IHKJIFO3UBHIN 1€MOKpATIi.
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AIMIHICTPATUBHO-ITPABOBI HAIIPSAMHA
BJIOCKOHAJIEHHS MEXAHI3MY 3JIIMCHEHHSA
I'ABAPUTHO-BAI'OBOI'O KOHTPOJIIO
B YKPAIHI B YMOBAX CbOI'OJJEHHA

®ecenko Cepriii BoronumupoBuy

acripaHT

Kadenpa aqMiHicTpaTUBHOIO MpaBa Ta aAMIHICTPATUBHOI JisSTILHOCTI
HarmionansHuit topuandnmii yHiBepcuTeT iMeHi SIpociaBa Mynporo, Ykpaina

VY cydacHUX yMOBaX IHTEHCHUBHOI €KCIUTyaTallii aBTOMOOUIBHOI 1H(QPACTPYKTypH
VYkpainu moctae muTaHHs €(PEeKTUBHOTO JEP>KaBHOI'O KOHTPOJIO 3a JOTPUMAHHSIM
rabapuTHO-BaroBUX MapamMeTpiB TPAaHCIOPTHUX 3aco01B. HanMipHe HaBaHTa)XKeHHS Ha
JOPOKHE TOJOTHO, CIPUYMHEHE MEPEBUILEHHSAM JOMyCTUMHUX HOpPM Baru Ta
rabapuTiB, € OJHUM 13 KJIIOUOBUX UMHHHUKIB pyHHYBaHHS JOpIr. Xo4ya OCTaHHIMHU
pOKaMH Jiep>KaBHA MOJIITHKA 3a3HaIa 3HAUHUX 3MiH Y HAPsIMi MMOCUJIEHHS KOHTPOJIIO,
edeKTUBHICTh peanizaiii (QYHKIIA Jep>KaBHOTO HArJsay BCE IIE 3aJTUIIAETHCS
HE3a/I0BUTbHOIO YEpEe3 HU3KY HOPMATUBHO-OPraHi3alliiHUX HEAOJIKIB.

3aKOHOJAaBUO BHU3HAYCHI 3acaad 3IIMCHEHHS Ta0apHTHO-BaroBOro KOHTPOJIO
BUKJIaJeH1 y 3akoHax Ykpainu «[Ipo aBTomMmoO1mbHMM TpancnopT» [1], «IIpo nopoxHii
pyx» [2], a TaKOX y Mi3aKOHHUX HOPMATUBHO-TIPABOBHUX aKTaX, 30KpeMa IMOCTaHOBaX
KabGinery MinicTpiB Ta Haka3zax MiHicTepcTBa iHGpacTpykTypu. Paszom 3 Tum,
YaCTKOBA CYIMEPEWIMBICTh PI3HUX TPABOBUX HOPM CTBOPIOIOTH YMOBH  JUIS
HEOJHO3HAYHOT'O TPAKTYBaHHS TOBHOBAXXEHb KOHTPOJIIOIOYUX OPraHiB, a TaKOXK
nopsiiky ¢ikcailii Ta pearyBaHHS Ha BUSBIICHI MOPYIICHHS. 30KpeMa, Y YMHHOMY
3aKOHOJIAaBCTB1 BIACYTHIM €quHUM yHiikoBaHuii mopsiaok 3aiicaends ['BK, mro
CTBOPIOE MPABOBY HEBU3HAYECHICTD SIK ISl IEPEBI3HUKIB, TaK 1 J1JIsI IHCIIEKTOPIB.

e ogHMM CYTTEBUM HEAOJIKOM € KaJpoBa Ta TEXHIYHA HECIPOMOXKHICThH
opraniB, BignoBimanbHuX 3a ['BK. He3Baxaroum Ha mporpec y BHPOBaIKEHHI
aBTOMAaTU30BAHMX CHCTEM 3BaxyBaHHsA y pyci (WIM), iXx KUIBKICTh Bce II€
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HEJI0CTaTHs, 0COOJIMBO Ha JIOporax perioHaigbHoro 3nadeHHs. Hepiako nynktu I'BK
MpAIIOIOTh HEPEryJsApHO, a IHCIEKTOPM OOMEXKEHI Yy TOBHOBKEHHSX IS
OMEepaTHUBHOTO pearyBaHHs Ha MOpyIIeHHs. Lle 3HMKye MpeBeHTWBHUN MOTEHITia
KOHTPOJIIO Ta CTUMYJIIOE TIEPEBI3HHUKIB ITHOPYBATH BUMOTH, CIIUPAIOYUCh HA HU3BKY
WMOBIPHICTh BUSIBJICHHS OPYIICHHS.

[Ipo6neMHHUM 3aNHIIAETHCS 1 MEXaHI3M OCKap>KEHHS PIIIeHb KOHTPOIIOIYHX
opraHiB. UYepe3 HeIOCKOHAIICTh mpoueayp (Qikcamnii mnopymeHb (30Kpema —
BUKOpHUCTaHHs (HOTO- M Bigeodikcallii, tuppoBux 3aco0iB 300py 10Ka31B) y Oaratbox
BUIAJKaX CyAM CKACOBYIOTh IIOCTAHOBH IIPO HAKJIAJAEHHSA aJMIHICTpAaTUBHUX
CTsrHeHb. lle neMOTHBYe KOHTPONIOIOYI OpraHu Ta JUCKPEIUTYE caMmy iJero
HEBIIBOPOTHOCTI BIAMOBINATBHOCTI. Y CBOIO uepry, HU3bKHI piBEHb JOBIPH [0
CUCTEMHU TPU3BOAUTH JO TOIMMPEHHS KOPYMIIIMHUX TMPaKTUK, KOJMU CyO’ €KTH
TOCIIO/IapIOBAHHS JIOMOBIISIOTHCSI TIPO YHUKHEHHSI KOHTPOJO a00 MaHIMyJTIOBaHHS
pe3yibTaTaMu NEPEBIPOK.

[Ile oqHUM acreKkToM, M0 YCKIaJHIOE €(EeKTUBHICTh KOHTPOIIIO, € BIACYTHICTb
HaJIKHOI B3aEMO/IIT MK PI3HUMH Cy0’ €KTaMU, 3ATy4YEHUMHU JI0 MPOIECY KOHTPOIIIO Ta
JIOTICTUKH — YKpTpaHcoOe3nekoro, HalioHanbHO MOJIIIi€r0, MUTHUMUA OpTaHaMu, a
TaKOX OpraHaMH MICIIEBOTO caMOBpsiAyBaHHA. Ha mpakTuili BiACYTHICTH 1HTerparlii
iXHIX 1H(GOPMAIIHHUX CHCTEM YHEMOXIIMBIIOE INBHJAKANA OOMIH JIaHHUMH, IO
HEOOXITHUU JJIS BHSBICHHS CHUCTEMHUX TMOpYLIEHb Ta (OPMYBaHHS €IUHOT
aHATITUYHOI 0a3u JaHUX MPO MOPYIITHUKIB.

3 METOI NOJOJaHHS OKpECIEHUX MpoOJieM MAOLUIBHO peaii3yBaTh KulbKa
cTpaTeriunux KpokiB. Ilo-mepie, HEOOXIAHO pO3POOUTH Ta NPUHHATH €AUHUN
crielniajJbHUN HOPMATUBHUM aKT, SIKMM OW JETalbHO pPErjlaMEeHTYBaB ycCl MPOLEIYpHI
aCIEeKTH 3/111ICHEHHS Ta0apUTHO-BArOBOr0 KOHTPOJIIO, BKIIFOUHO 3 MOPSIAKOM (pikcarii,
oopMIICHHSI TIPABOMOPYIICHHS, BHUMOT JI0 JOKa30BOi 0a3u Ta TMPOIEIyPOIO
ockapxeHHs. Lle 103BONMUTh YHHKHYTH MPAaBOBOTO CBABLLIS Ta 3a0€3MEYUTH €IHICTD
PAKTHKH.

[To-npyre, cnin 3aBepuTH Po30y0BY HAIllOHAIBHOI MEPEKI aBTOMATU30BaHUX
WIM-KOMILIEKCIB 13 MIIKIIOYEHHSIM J0 €IMHOI HU(PPOBOI MIaTGOpMHU, KA y PEKUMI
pEaIbHOTO Yacy BiJIOOpakKaTUME PyX BAHTAKHOIO TPAHCHOPTY Ta (HIKCyBaTHUME
nopymieHHs. lle 3MEHIMHTHh JIOACHKUM YHHHHUK 1 YCKIAQIHUTh MOKJIHBOCTI
KOPYIUIHHOTO BIUIMBY Ha pe3yJNbTaTH KOHTpOJO. BonHouac mae OyTH MOCHIIEHO
TEXHIYHE OCHAIICHHS TMepecyBHUX MoOUTbHUX KomIuiekciB ['BK, ocoGnmBo vy
MPUKOPJOHHUX Ta TPAH3UTHUX PETIOHAX.

[To-TpeTe, MOTPiOHO CTBOPUTH MIEBHHA MEXaHI3M MDKBIJIOMYOi KOOpJIWHAIIT
INUIIXOM  3aKOHOJABYOIO  3aKpiIUIEHHS OOOB’S3KOBOI  B3aemMojli Ta OOMIHY
iHbopMarlliero MK yciMa Cy0’€KTaMd KOHTpONrO. Takuid miaxiJ J03BOJIHUTH
chopMyBaTH €IMHUI TPOCTIpP JIJIsl BUSIBICHHS Ta NPODUIAKTUKY CUCTEMHHX MOPYILIEHb
y cdepi BaHTaKHUX MTEPEBE3CHb.

Kpim TOro, BapTo OHOBUTH KBamidiKalliiiHi BHMOTH O IMPAIIBHUKIB, IO
3aiiicHioTh ['BK, BIpoBaguTH cucTeMy peryJisipHOro MiJIBUILEHHS KBaidikamii, a
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TaKoK 3a0€3MEYUTH HE3aJECKHUA MOHITOPUHT iXHBOI poOOTH 3 OOKYy I'pOMaJCBKUX
CTPYKTYp a0 cremiaibHO CTBOPEHOr0 OpraHy BHYTPIITHBOTO ayIUTY.

Takum 9MHOM, JUTSI JOCATHEHHS peanbHOI €()eKTHBHOCTI AEPIKABHOTO KOHTPOJIIO
y cdepi rabapuTHO-BaroBUX IEPEBIPOK HEOOXITHO HE JHINE BIOCKOHAIUTH
HOpPMaTHUBHY 0asy, ajge ¥ MEepeoCMUCIIUTH OpTraHizaimiiiHi 3acaau (QyHKIIOHYBaHHS
cuctemu. IIpomoHOBaHI KpOKM — CTBOPEHHS YHI(DIKOBAHOTO PETJIAMEHTY,
po3mMpeHHs U@poBoi 1HPPACTPYKTYpH, 3a0€3MMeUeHHs] MIXKBIIOMYOI 1HTErpailii Ta
npodecioHanizamii MepcoHaly — MalTh CTaTH OCHOBOK SIKICHO HOBOTO e€TaIly
peasizallii Aep>KaBHOI OJITUKH Y cdepi 30epexeHHsT aBTOMOOUTEHOT 1IHPPACTPYKTYpH
Ta MABUIIEHHS 0€31EeKHU NIEPEBE3CHb.
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https://zakon.rada.gov.ua/go/3353-12 (nara 3Bepaenns: 24.06.2025).

XAPAKTEPUCTHUKA ITPABOBOI'O PETI'YJIIOBAHHAA
IMYHITETY CBIIKA Y 3AKOHO/JIABCTBI
3APYBI)KHUX KPAIH

Hoasaxk Yasna KOQpiiBHa
AntutepopuctuyHuil ueHTp npu Ciryx01 0e3neku Ykpainu

BiTunsnusne KpUMIHAJIbHE 3aKOHOJIaBCTBO HAJICXKUTh 10
3araJbHOEBPOINEHCHKOTO, SIKe Hapa3l BUCTYMA€ MPIOPUTETHUM OPIEHTUPOM JUIS
po3BUTKY YKpainu. ToMy BaXJIMBUM 3aBIaHHSIM € TOIIYK O3HaK MoaiOHocTi abo
BCTAHOBJICHHSI HEBIJNOBIIHOCTI MIXK IHCTUTYTaMU KPUMIHAJIBHOTO IIpaBa YKpaiHH Ta
IHIMX 3apyODKHUX KpaiH 3 METOr (OopMyBaHHS BUCHOBKY IS BIOCKOHAJICHHS
KPUMIHAJIbHO-TIPABOBOI CUCTEMH Y KpaiHH.

KK ®PH noka3as, 1110 B #ioro 3arajibHiil YaCTHHI HassBHUN KOMITIIEKC HOpM (§ 36,
§ 37, sKi po3MillleHO B IJ1aBl ITSITiM po3aiay Apyroro) mia HazBoro «HekapaHicTb
MapJaMEHTChKUX BHUCJIOBIIOBaHb 1 moBigomsieHb». § 36 KK ®PH «llapmamenTchki
BUCIIOBJIIOBAHHS Tiepeadayae, mo wienn byHnecrary (deaepanbHOro napjiaMeHry),
deaepaibHUX 300piB a00 3aKOHOAABYOT0 Oprany 3emi (cyO'ekTa deaeparlii) HIKOJIH
HE MOXXYTb OyTH IPUTSTHYTI 0 BIAMOBIIaTFHOCTI 11032 MEXaMU IIOTO OpraHy 4yepes
iXHE ToJOoCyBaHHA a00 BHUCIIOBJIIOBAHHS, 3p00JIEHI HUMU B MEXaX LIbOI0 OpraHy ado
OJTHOTO 3 Horo komireTiB. lle He mOmmMpIOEThCS HAa HAKIEMHUIbKI oOpasu. § 37
«ITapnamentcbki 3BiTH» KK ®PH Bu3Hawae, 1o npaBauBi 3BITU TMPO BIAKPHTI
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3aciIaHHsl OpraHiB, 3a3HAYEHUX Yy TomnepenHboMy naparpadi, ado iXHIX KOMITETIB
3BUIBHSIOTHCS Bifl Oy/1b-K01 BiANOBIqaIbHOCTI. 1[I HOpMH, € MaTepiaTbHO-TTPaBOBUMU
MiJICTaBaMHU, SKI BCTAHOBJIIOIOTH IMYHITET BiJ KPUMIHAJIBHOI BIAMOBIIATBHOCTI IS
JeNyTaTiB Pi3HUX PiBHIB. BWHSATKOM, 3a sKoro 1ii aemyrara HE 3aXHIIAIOThCS
IMyHITEeTOM, € Hakien [1].

[Mopiustauas KK Ykpainu 1 KK ®PH cBigunTh: nepimii, Ha BiqMiHy BiJ Ipyroro,
KpUMIHAJIbHI TMPABOBIIHOCHHMU 3a y4YacTl JACNyTaTiB, SIKI BYMHWIM JIISHHS, IIIO
30ira€ThCs 3a O3HAKaMH 3 KPHUMIHAJBHUM TPABOMOPYIICHHSM, ITiJl YaC BUKOHAHHS
MpeACTaBHUIBKUX (QYHKIN, He perymtoe. [IpoTe, mpo mock moaiOHE ineTbes y
HalllOHAJIBHOMY MapJiaMeHTCbKOMYy mpaBi. Tak, y 4. 5 cr. 10 3akony Ykpainu «IIpo
CTaTyC HapOJHOTO JenyTara YKpainny [2] nependaueHo: HapoaHi AemyTaTH He HECYTh
IOPUMYHOI BIJMOBIJANBHOCTI 32 pe3yJbTaTH TOJIOCYBaHHS a00 BUCIOBIIOBAHHS Yy
BepxosHniit Pagi Ykpainu Ta i opranax, 3a BUHATKOM BIAIOBIAAIBHOCTI 32 00pa3y 4u
Haksen. OTxe, MpaBoOBa MiJICTaBa, sIka TapaHTye€ HE MPUTATHEHHS a00 BUKIIIOUCHHS
KpUMIHAJIBHOI BIAMOBIIAJIBHOCTI JenyTara, B YKpaiHi Bce Xk icHye, ame He B KK.
Hanmanas B YkpaiHi IMyHITETY BiJi KpHUMIHAJIBbHOI BiIIOBITAIBHOCTI 3MIMCHIOETHCS
3aKOHOM, SIKMM HE HAJEKUTh J0 JKepes KpUMIHAIBHOIO MpaBa, 110 1Mo30aBiise oro
HaJeXHOi mpaBoBoi ocHOBU. Hanpukian, ct. 3 KK Ykpainu He nependadae cepen HUX
Oynb-siki 1H1I1 (KpiM camoro 11s0ro Konekcy) 3akonu. OTxe, it HOpMH, 1110 BU3HAYAIOTh
B JIEp)KaBl cTaTyc ii mapiiaMeHTapiB, HE HaJeXaTh 1O JKEpeN, SKi BU3HAIOTH
HEKAapaHICTh [ISTHHS SK PI3HOBHJ HWOTrO KPUMIHAJIBHO-TIPABOBUX HACIHIIKIB Ta
HaJUISIIOTh TAaKUM YHHOM MEBHUX 0CI0 IMyHITeTaMd (HEJOTOPKAHICTIO) BIA
KPUMIHAJIBHOI BiAMOBIAAIBHOCTI. J[OMIIBHO 3aMMOBHUTH MPOTAIMHY y KPUMIHAIBHO-
MIPAaBOBOMY PETYJIIOBaHHI BIJIMOBIIAILHOCTI JACMYyTaTiB 3a AISUIBHICTh B MapJIaMeHTI,
nonoBuuBM KK VYkpaiHu iIMyHITETHUM DOpPUOMCOM 3a NPHUKIAZAOM HOPM, IIO
MICTATHCS B TJIaBi 11’ ATii po3aury apyroro KK ®PH [3, c. 28-32].

V 3aranbHux nonoxxkeHHsx KK Acrpiiicbkoi PecniyOumiku Oyab-sIKUX 3arajbHUX
HACTaHOB IIOJ0 BUHATKIB HAa 3aCTOCYBAaHHS KPUMIHAIBHOI BIAMOBIIATbHOCTI OYIb-
AKX oci0 He 3Haxoaumo. BogHodac, B Hioro OcoOauBiN YacTHHI «IMYHITETHUM» €
npunuc 4. 3 § 299 «IIpuxoByBaHH», 3TIHO IKOI CyO’€KT HE MIUISIrae MOKapaHHIO 3a
MPUXOBYBAaHHS 0COOM, KOTpa CKOiJla KpUMIHAJIBLHO KapaHe JISHHS, SKIIO Takl Jii BiH
BUMHSE MO0 POArYa a0 3 METOI0 MEPEHIKOIUTH MEePECIIiTyBaHHIO 3a CIIBYYacTh Y
KpUMIHAJIIbHOMY mpaBomnopymieHHi [4]. ToOto, iMyHITET Bil KpUMIHAJILHOT
BIJIMOBIAAIBHOCTI aBCTPIACHKUM KPUMIHAJIBHUN 3akoH TMependauruB 3a JBOMa
aTbTEPHATUBHUMU TTificTaBaMu. [lepia mogioHa 10 IMYHITETY, BCTAHOBJIEHOTO Y 4. 2
cT. 396 KK VYkpainu «[IpuxoByBaHHs 3704MHY», TOOTO y 11 YaCTHHI CIEUIabHUAN
IMYHITET BiJI KPUMIHQJIBHOI BIAMOBIAQJIBHOCTI 3a MPUXOBYBAHHS BiJ MPaBOCYIs
ponya, B KpUMIHAJIBHUX 3aKOHAX ABCTpIi Ta YKpaiHu JOCUTH CXO0Xi. AHAJIOTY Ipyroi
MIJCTaBU IMYHITETY B KpUMIHAJILHOMY IpaBi Y KpaiHU HEMaE.

KK KoponisctBa benpris 'y cr. 225 mnependauae, mo KpUMiHaJbHA
BIJIMOBITAJIBHICTD 3a HEMPaBAMBI CBIIUCHHS IIiJ] MPUCATOI0 HE 3aCTOCOBYIOTHCS IO
0ci0, MoB’s13aHKUX 13 OOBUHYBAUYE€HUM YH 13 MIJICYAHUM POJUHHUMU 3B’ sI3KaMH. 3T1HO
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cT. 341 KK benbrii Buity4eHi 3-mij1 li MPUIKACIB TPO KPUMIHAIBHY BIANOBIAAIBHICTD
3a OpuUXOBYyBaHHA 3y04yuHI (cT. 339) Ta mpuxoByBaHHA Tila OcoOHW, fKa cTajia
xepTBoto yOuBcTBa (cT. 340) Taki cyO’€KTH, AK BHUCXIOHI W HHUCXIAHI poauyi,
NOAPYXoKS (HaBITH pO3TydeHi), Opatu, cecTpu, CBOSKU [5]. 3BepHEMO yBary Ha
BHECEHHS Y pO3TJISyBaHOMY BHIAAKy 10 TMepeiky oci0, HaaUIeHUX TaKUM
CHeIIaIbHUM IMYHITETOM PO3JIy4YeHHX WieHIB moapyxoks. [locrae mutanus, 4u ciijg
BUMAraTty IMij 3arpo30l0 MOKapaHHs Bi ocoOH, sika mepeOyBana y nuirodi 3 1HIIOH
0c00010, BUMHEHHS 3apaiu MyOJIYHOro 1HTepecy (mpaBocyiis) i, SKI MOXYTb
OOMEXHUTH TpaBa i cCBOOOIM KOJMITHHOTO YOJIOBIKA YU JPY>KUHU (HOT0/ii MpuBaTHUMN
iHTepec). Ha Hamry nymKy, BUTIIsi1a€ CYMHIBHOIO MOPaJIbHICTD TPUMYIITYBaHHS TaKUM
YHHOM JI0 BUKOHAHHS CBOTO TPOMASTHCHKOTO 000B’SA3KY.

Y KK [Janii y . 1 § 125 nepenbauene mokapaHHs Jjisi 0COOH, KOTpa 3 METOIO
IPUXOBATH OyIb-SKY 1HIILY 0COOY Bi/l KPUMIHAIBHOTO MEPECiAyBaHHs 32 3JI0YHH a00
BiJl MOKapaHHs MPHUXOBYE ii, ToroMarae ii y BTedl ab0 MPOBOAUTH ii K OyIb-KOTO
1HIIIOTO, a TAKOXX PYHHYE, 3MIHIOE a00 MepeMilly€e 00'€KTH, BaXKIIUBI JIJIS JE€PKaBHOTO
po3ciimyBaHHs, ab0 3HUINYE CHiAW 3704MHY. BojHouac, y TyHKTI 2 IBOTO XK
naparpady MICTUTHCS IMyHITETHUHN MPUITUC IIOJI0 CBIIOIBKOTO iIMyHITETY: «bynb-aka
oco0a, sika BUMHSE Oyb-sKe 3 MisTHb, 3a3Ha4eHHUX y 1. (1) BHIIE, 3 METOI0 CXOBATUCS
abo mpuxoBaTH cebe yu Oy/b-KOro 31 CBOIX OJIM3BKUX POJIUYIB BlJ KPUMIHAIBHOTO
MIEPECIIIIyBaHHs YU NTOKapaHHs, HE MMJIArae mNoKapaHHio» [6].

Y  NOpIBHAIBHO-PABOBOMY JOCTI/DKEHHI HE CIiJi OOMEXYBaTHCS JIUIIE
3aKOHOJIaBCTBOM jepxkaB €C. YBary npuBepTaloTh 1 KpUMIHAJIBHO-IIPABOBI aKTH
HIINX €BPONEHCHKUX JIEPIKaB.

Tak, 3rimHo 13 cr. 5 KK Halicrapimoi pecny6siku B cBiTi — PecniyOmiku Can-
MapuHO nis IbOTO KOAEKCY MOIIMPIOEThCS Ha OYIb-KOT0, XTO BUYMHHUB 3J0YMH HA
TEPUTOPIi ep>KaBH, OKPIM BUMAKIB, BCTAHOBIICHUX Yy MIXKHAPOJIHUX KOHBEHITISX, 110
€ MPUXOBAHUM BU3HAHHSM [1i AUIUIOMATUYHOTO IMyHITETY. OKpiM TOro, y cr. 187
poro KK «Hexkapanicts 00pa3, 1110 MICTSThCS B MOJAHUX MMCEMOBHUX IOKyMEHTax abo
y BUCTyNax, BUrosioieHux nepen Bepxosnoto ['enepansHoio Paoro» He migisraroTh
MOKapaHHIO 00pa3u, 110 MICTIThCS B MHUCHMOBHX JOKYMEHTax a00 y BHCTYIaX,
BUTOJIONIEHUX wieHamu BepxoBHoi ['enepanbHoi Pamm (mapmamenrty 1€l
pecnyOmniku — A.b.) Ha 3aciganHi Paju, 1 1110 CTOCYIOTBCSI apIyMEHTIB, SIKI CTAHOBJISTh
CIUIBHHM 1HTEpEC ITi1 yac AedaTiB ab0 BKIIOYCHI 10 OPSAKY AeHHOoro. KpiM Toro, cT.
362 «IlocobHunTBO» mnependadae, MO 0coda, 3a BUHATKOM BHUIAJKY CYKYITHOCTI
37I0YMHIB, SIKa JOMOMAarae 0yIb-KOMY YXUIUTHUCS BiJ OQIIIITHOTO po3CiiyBaHHsA abo
rapaHTyBaTh HACTaHHS HACIIAKIB YA OTPUMAHHS OCOOHMCTOI BUTOJU BiJI CKOEHOTO
3JI0YMHY, TIJJISTa€E MOKAPAHHIO Y BUIJISIAI TIOPEMHOTO YB'SI3HEHHSI a00 1M030aBiIeHHS
MOJIITHYHUX TMpaB JAPYroro crymneHs. BoaHodac, He MiUIArae MoKapaHHIO pOaUY 3a
BUCXIJTHOIO 200 HU3XIJHOIO JITHIEIO 1 0c00a, AKa JJOTIOMAara€e CBOEMY POJIUYY YXHIUTUCS
BiJl po3mIyKy [7].

KK Pecny6mixu I'py3ist y cT. 4 (1po 1110 KpUMIHAIBLHOT'O 3aKOHY 111010 3JI0YHHIB,
CKO€HUX Ha TepuTopii ['py3ii) nependayae (4. 4): SKIIO 3JI0Y4UH BUNHEHO HA TEPUTOPIT
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['py3ii IUIIIOMATHYHUMH TPEACTABHUKAMHU 1HO3EMHHUX JEpXKaB, a TAaKOX I1HIIAMHU
ocobamu, SIKI KOPUCTYIOThCS TUIUIOMATHUYHHAM IMYHITETOM, THUTAHHS NP0 IXHIO
KpUMIHAJIbHY  BIAMOBIAQJIBHICTb BUPINIYETbCS B MOPAOKY, IepeadaueHoMy
MDKHApOJHUM TMpaBoM. Sk O6aunMo, 1 B I[bOMY 3aKOHI BXKHUTO KaTETOpilo
«IUTUIOMATUYHUHN IMYHITET).

[IpuBeprae yBary HasBHICTh y rpy3uHcbkoMy KK HOpM mpo 3ynuHeHHs nepediry
CTPOKIB JJABHOCTI 3JIOYMHY Ta CTPOKIB JIABHOCTI OOBMHYBAJIBHOT'O BUPOKY Ha 4ac, y
AKUM oco0a 3axuieHa imyHiTeToM (4. 6 ct. 71, 4. 5 cr. 76 KK I'pysii) [8]. L1 Hopmu
Ta BCTAHOBJICHUW HUMH TPUHIIUI € JOCUTH JIOTIYHUM Ta BOJHOYAC HE TMOIIUPEHUM.
Tox, 3 ypaxyBaHHSIM B)K€ iICHYIOUOTO iHO3EMHOTO 3aKOHOTBOPYOTO JOCBiTy, MOXE
Oytu BHeceHO mporosuiiro npo gomoBHEeHHS cT. c¢T. 49 KK ta 80 KK VYkpaian
aQHAJIOTIYHMMHU TPUIKCAMU ISl THUX BHUJIB IMYHITETIB, SKI HE BHUKIIOYAIOTh
KPUMIHAJIBHOI BIJAMOBIJAIBHOCTI (IIEPII 3a BCce IS AUILUIOMaTH4HOoro). Lle, 30kpema,
JI03BOJIUTH 3aI100IrTH BUKOPUCTAHHIO IMYyHITETIB K 3aC00y YHUKHEHHSI KpUMIHAJIBHOT
BIIMOBIAAIBHOCTI, KOJM 0C00a YMHCHO «IPUKPUBAETHCSI» BiJ JMOCSKHOCTI ISt
KPUMIHAJIBHOI FOCTHUIIIT IMYyHITETOM, OJIEPKAHUM Y 3B SI3KY 31 CTATyCOM.

B nesxkux KK 3apyOixHUX aepkaB OyJio BUSIBJICHO MPHUIHUCH, AKI OJM3bKI J0
IMYHITETHUX, OCKUIBKM HaJalOTh o0C001 TrapaHTii BHUKIIOYEHHS KPUMIHAIBHOI
BIJIMOBIAATBHOCTI 3a MEBHI JIii Y 3B’SA3KYy 13 11 cTaTycoM.

Tak, 3rinno 3 KK Koponiscta Icnanis (. 7 ct. 21) He mijyisirae KpuMiHaJIbHIM
BIIMOBIAABHOCTI 0c00a, sKa Jisja, BHKOHYIOUHM CBIA OOOB’S30K, ab0 3aKOHHO
3MIMCHIOIOYM CBOE TpaBO abo mocanoBi o0oB’s3ku [9, c. 21-22]. ¥V cr. 34 KK
ApreHTuHM niepe10aueHo: He MiIsrae KpUMIHAIbHIN BiOBIJAIBHOCTI TOH, XTO JTisIB,
BUKOHYIOUM CBIii  OOOB’S30K, BHUKOHYIOUM TIOBHOBaXEHHS a00  3aKOHHO
BUKOPUCTOBYBaB cBo€ mpaBo [10]. 3akoH npo kpuMiHalibHE MpaBo [3painto y 4. 3 cr.
122, sxa mepembayae KpUMIHAIBHY BIAMOBINAIBHICTh 3a CIIykKOy TpoMaIsHUHA
[3painto B iHO3eMHUX 30pOMHHMX CUJIAaX, a TaKOX 3a MOro BepOyBaHHS B 1HO3EMHI
30pOiHI CHIIM, MICTUTh HOPMY PO BUKIIOUEHHS KPUMIHAIBHOI BiAMOBIAAIBHOCTI 3a
TaKi JISTHHS, SKIIO HOTO BYMHEHO 3a J03BOJIOM 3a 3aKOHOM abo yrojoro I3painto Ta
IHIIOIO JIEP’KaBOI0 YM MDKHAPOJHOIO YCTaHOBOIO a00 Oprasizaui€ro, adbo 3riHo 3
JTI03BOJIOM, BUJQHUM BiJl IMEH1 YPsIly, BUJIAaHOT'O Ha 1M’ sl TaKO1 0COOM UM Ha TaKe JIIsTHHS
[11]. 3 meBHOIO A0JICI0 YMOBHOCTI TaKi MPUITMUCH MOKHA BITHECTU JI0 KPUMIHAIBHO-
MPaBOBUX MOJIOKEHb, 1[0 PETYIIOIThH IMYHITET CBIIKA.

[Ipore B nmesxux iHo3eMHUX nojokeHHsX KK, BiicyTHsS HOpMa perysiatoBaHHS
imyHitety cBijka. Tak, y KK Koponiscra Higepnannu [12], B KK ®@pannii [13], 8 KK
Ecroncekoi PecnyOmiku [14] He mnependadyeHO TPUNUCIB, SIKI  PETYIIOIOTH
KPUMIHAJIbHO-IIPABOB1 aCHEKTHU JUIUIOMAaTUYHOTO IMYHITETY. BTiMm, HaBpsia uu 1e
O3HAYae, M0 B IUX €BPOIMEUCHKUX JIeprKaBaxX 3amepeuyeThcsi (aKkTop IMYHITETY SIK
€JIeMEHTa MpPaBOBOTO CTATyCy IIE€BHOI 0COOM y cdepi KpUMIHAIBbHO-IIPABOBUX
BigHocuH. [lo-mepie, sk cy0®’exkTu MixkHapoaHoro npasa Ta wienn OOH ui nepxasu
CYMJIIHHO BHUKOHYIOTh HOPMH MIKHApOJIHOTO IpaBa, 30KpemMa U Ti, 110 MICTATHCS B
MDKHAPOJHHUX JIOrOBOpax Mpo JUIIJIOMATHYHI I KOHCYJIbChKI 3HOCUHU (Y TOMY YHCII
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M 100 AMIUIOMAaTUYHOIO/KOHCYJIbCbKOro iMmyHitery). Ilo-mpyre, y KoHcTuTymisx
Opanirii Ta Ectonii nepeadadyeHo iMyHITET Npe3uIeHTa Ta JeMyTaTiB HalllOHAJIBHOTO
napaamenry [15, c. 100—-103].

Otxe, Ha BimMiny Binm KK Vkpainu, y Hu3Il KpUMIHAIBLHO-IPABOBHUX aKTIB
3apyODKHUX JepiaB HEMOOJWHOKUMHU € BUIIQJAKU IO3HAYEHHS O€3M0CepeHbO B
KPUMIHAIBHOMY 3aKOHI IOHATTSM «IMYHITET» BHIIy4YEHHS IIEBHOTO KoJia 0cib 31 chepu
i HamloHANBHOT KpUMIHAIBHOT foctuiii. Haluwacrime B  KoAMQIKOBAaHUX
KPUMIHAJIbHO-IIPABOBUX aKTaX 1HIIMX JIepxkaB yperyiaboBaHo (kK 1 B KK Ykpainu) aito
IMyHITETY CBiJIka Ha ITJICTaBl HAasSBHOCTI POJWHHOTO 3B’SI3Ky Ta JIUIUIOMATHYHHMA
imyHiTeT. Bognouac, nis yaockonanenus KK Ykpainu nepcrnekTHBHUM € 3BEpHEHHS
yBaru Ha JOCBiJ 3a0€3MEYeHHS KPUMIHAIbHO-TIPABOBOTO PETYJIIOBaHHSA IMYHITETY
ovkenns (KK Jlureum), mapmamentcbkoro imyHitery (KK ®PH), npunucis, ski
3ano0IraloTh 3JI0BXUBAHHSM IMYHITETaMH (3yNUHEHHS Mepediry CTpOKY AaBHOCTI
KPUMIHAJILHOTO TPABOMOPYIIEHHS Ha Yac, JOKH 0co0a HaAllIeHa IMyHITETOM, SKH
YHEMOJXKIJIMBIIIOE 3aCTOCYBaHHS JI0 HEl 3aX0/1iB KpUMiHanbHO-1IpaBoBoro BiumBy (KK

['py3ii)
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The 21st century has witnessed the digital transformation of nearly every sector
of society, and education has been no exception. The emergence of information and
communication technologies has fundamentally altered how knowledge is created,
shared, and accessed. Educational institutions worldwide have increasingly adopted
digital tools to enhance teaching and learning processes, ensuring greater flexibility,
personalization, and scalability. This shift aligns with broader trends in globalization,
technological innovation, and the evolving demands of knowledge economies.

The global transition to online learning was significantly accelerated by the
COVID-19 pandemic, which forced an estimated 1.6 billion students in over 190
countries to move to remote learning models in 2020 alone (UNESCO, 2020). This
unprecedented disruption exposed both the potential and the vulnerabilities of online
education systems. While some institutions swiftly transitioned to digital platforms,
others struggled due to infrastructural or pedagogical unpreparedness. Researchers
such as Tony Bates (2021) and Michael Fullan (2020) have emphasized the pandemic's
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role as a catalyst for systemic change, highlighting the need for sustainable, resilient,
and equitable education systems.

In the case of Ukraine, the global health crisis was soon followed by an even more
profound national emergency — the full-scale Russian invasion that began on February
24, 2022. As of July 2025, the war continues to inflict deep and widespread damage:
higher education institutions have been physically destroyed or forced to relocate,
millions of students and faculty have become internally displaced or refugees, and
entire academic communities face prolonged uncertainty. Traditional, classroom-based
education has become inaccessible for large segments of the population, especially in
frontline or occupied regions.

In this context, online education has emerged not as a temporary measure but as
a strategic instrument of national survival, social support, and long-term recovery. For
millions of displaced students, teachers, and researchers, digital platforms have become
the primary means of academic continuity and intellectual resilience. E-learning has
enabled Ukrainian students to continue their education from bomb shelters, refugee
camps, and across international borders — often in collaboration with global partners.

Importantly, this transition must be examined not only as an emergency response
but as part of a broader modernization effort. As Ukraine seeks European integration
and post-war reconstruction, investment in digital education infrastructure and
pedagogical innovation is essential for building a globally competitive, inclusive, and
future-oriented higher education system. This article examines international best
practices in online learning, analyzes the wartime experiences of Ukrainian
universities, and highlights the unique role of Simon Kuznets Kharkiv National
University of Economics (KhNEU) as a leading example of institutional resilience and
digital transformation.

In the 21st century, top-tier universities worldwide have positioned themselves at
the forefront of educational digitalization. Institutions such as Harvard University,
Stanford University, Massachusetts Institute of Technology (MIT), University of
Oxford, and University of Cambridge have not only integrated e-learning but also
pioneered innovations in digital pedagogy, massive open online courses (MOOQOCs), and
open-access academic platforms (Bates, 2021).

MIT’s OpenCourseWare project, launched in 2002, currently provides over 2,500
free courses, including full syllabi, lecture notes, assignments, and exams across
disciplines such as engineering, economics, and computer science (MIT OCW, 2025).
These materials are freely accessible to learners globally, democratizing elite
education. Similarly, platforms like Coursera (https://www.coursera.org), edX
(https://www.edx.org), and FutureLearn (https://www.futurelearn.com) host MOOCs
developed by leading global universities, enabling millions of students worldwide to
acquire new skills, gain professional certifications, or earn accredited degrees online
(Siemens, 2005; Downes, 2008).

The Open University (UK) provides a compelling model of fully accredited
distance education designed specifically for working adults and non-traditional
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students. Their curriculum design emphasizes accessibility, inclusivity, and life-long
learning, with over 170,000 enrolled students annually (Open University, 2025).

In parallel with these global developments, Ukraine’s higher education system has
undergone a rapid, necessity-driven digital transformation due to the war that began in 2022.
Despite extreme infrastructural and security challenges, many Ukrainian universities have
maintained continuity in education by leveraging digital tools and platforms.

A leading example of such institutional resilience is the Simon Kuznets Kharkiv
National University of Economics (KhNEU). Located in Kharkiv, a frontline city
subjected to sustained military aggression and shelling, KhNEU has not only sustained
its academic functions but has become a model of digital adaptability in crisis settings.

KhNEU has built and successfully deployed its proprietary Personal Learning
System (PLS) accessible via https://pns.hneu.edu.ua. The platform functions as a
comprehensive digital learning ecosystem and includes:

asynchronous and synchronous learning modules across all faculties;

video lectures integrated with real-time conferencing via zoom;

automated testing environments and digital grading systems;

centralized access to reading lists, course syllabi, and learning analytics
dashboards;

cloud-based storage, digital office hours, and academic counseling tools.

During periods of blackouts, shelling, and forced displacement, KhNEU students
have continued attending classes from shelters and temporary locations. The
institution’s strategic shift to microlearning, flipped classroom models, and project-
based online collaboration has supported active learning, even in conditions of
psychological distress and infrastructural collapse.

The success of this system can be attributed to KhNEU’s collaboration with the
Ministry of Digital Transformation of Ukraine, particularly through the Diia.Osvita
(Education) initiative (Diia.Osvita, 2025), and participation in Erasmus+ digital
mobility programs. These partnerships have facilitated access to international e-
learning resources, training for faculty, and funding for infrastructure enhancement
(Ministry of Education and Science of Ukraine, 2023).

Other Ukrainian institutions, including National University of Kyiv-Mohyla
Academy and Lviv Polytechnic, have adopted hybrid learning models that combine
Moodle-based course delivery with synchronous video lectures and decentralized resource
libraries. However, KhNEU distinguishes itself by offering an advanced, personalized,
and resilient digital learning infrastructure, with user-centered interface design and secure
server hosting-even during cybersecurity attacks or local energy shortages.

Importantly, such cases reinforce the assertion that online education is not simply
a temporary substitute during emergencies but a strategic component of national
educational policy and post-war recovery. As Ukraine aligns with European Union
educational standards and the Digital Education Action Plan (2021-2027) (European
Commission, 2020), institutions like KhNEU serve as critical testbeds for scalable,
inclusive, and future-ready education models.
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ACHEKTHU PEAJIBALI JEP)KABHOI IOJIITUKHN
COIIAJIBHO-TYMAHITAPHOI'O PO3BUTKY B
YKPAIHI B YMOBAX BIMHM, 11O If PO3B'SI3AJIA
POCIA

Ma3syp Ogexcanap

ToKTOp (ismocodii 3 rary3i 3HaHb

«ITy0niuHe yrpaBiiHHS Ta aAMIHICTPYBaHHSD)
Kadenpa anminicTpaTUBHO-IIPaBOBUX
JTUCLUIUIIH Ta MyOJIYHOTO yIpaBIiHHS
JIHITPOBCHKHIA Iep>KaBHUI

YHIBEPCUTET BHYTPIIIHIX CIIpaB

B ymoBax pocilicbkO-yKpaiHChKO1 BIMHU peamizailis Jep>KaBHOI MOJITUKH Y
coIllaTbHO-TYMaHITapHIA cdepl CTUKAETbCS 3 BUKIMKAMH, $KI BUMAararTh
MEePEOCMUCIICHHSA TPATUIIIHUX MIIX01B 10 ii BpoBaKeHHs. BiliHa He nuiie pyiHye
1HGpacTpyKTypy, a H jgectaliiizye colialibHI IHCTUTYTH, MOMIHOIIOE TpoOiIemMy
HaJIeKHOr0 (DIHAHCYBAHHS KYJbTYPHHUX 3aXOJIB Ta BIUIMBA€ HA OCBITHIM HPOCTIp.
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[Ipore came B Takux yMoBax myOJiyHE YNPaBIIHHSI MOXE CTaTh KIIOYOBUM
THCTPYMEHTOM ajanraiii, pepopMmyBaHHs Ta BiiHOBIEHHs. Tak, BueH1 O. Tutapenko
ta B. Xonoa po3risaatoTe my0JiiyHe YNpaBliHHS B KOHTEKCTI OCBITHBOTO MPOCTOPY
MiJ] 9ac BiifHU, 110 11 po3B’si3aa pocis mpoTu YKpainu. 30kpema, poOUThCS aKIeHT Ha
pedopMyBaHHI1, HaJlaHH1 aIMIHICTPATUBHUX IMOCITYT 1 B3aEMO/I110 BJIaU Ta CYCITUIHCTBA
B yMoBax BiiiHM [4]. 3a Takux OOCTaBWH, Ha TEPIIMK TUIAH BUXOIUTH MOTpeda B
aKTHBHIM B3a€EMOJII1 BJIaJIN 1 CYCHIIBCTBA, a CaMe I € BKpail BAXKJIIMBUM JIJIs1 HAJIC)KHOTO
yOJIIYHOT O YIPABIIHHS.

B koHTekcTi BIUIMBY BiiHM Ha CyCHUIBCTBO, TO BiH Ma€ SIBHO HETaTUBHUIA
XapakTep Ha COoLaIbHI CTPYKTYPH, SIK1 € CKJIaJIOBOIO Cy4YaCHOTO CyCHIJILCTBA 1 MaIOTh
Oe3mocepesHiii  BIUIMB HAa  TPOMAJSHCBKY  B3aeMojilo. BiifHa  cTBOpmia
Oe3MpereICHTHUI THUCK Ha COLIadbHI TOCIYTH, OCBITY, KYJIbTYpy Ta CHCTEMY
COLIIAJIBHOTO 3aXHCTY.

Tomy mnyOmiuHe ympaBiiHHS Mae 3a0€3MeYuTH Jiajlor MDK BIAJO0 Ta
CYCIUJIBCTBOM, 30Kp€Ma 4Yepe3 rpoMaJICbkli paau Ta miatGopmu st 0OrOBOPEHHS
pedopm. Lle momomarae popMyBaTu JOBIPY Ta 3MEHIITYE PU3UKHU COLIAILHOT HATIPYTH.
Hanpuknan, gocnimkennss O. Turapenko ta M. XonoJ miKpecTOTh BaKIUBICTD
y4acTi TPOMaJsH y TPUUHATTI PIillIeHb, OCOOIMBO y KOHTEKCTI BITHOBJICHHS
perioHiB [4].

BiitHa npuckopuiia nponec nudposizaimii Aep:KaBHUX IMOCIYT, IO J03BOJSE
e(eKTUBHIIIE B3aEMOJISITH 3 TPOMAIsTHAMU, OCOOJIMBO 3 TUMH, XTO TIepeOyBae y 30Hi
OoloBUX i a00 THUMYAacOBO OKYMOBaHUX TepuTopisax. [locig Ykpainu B mpomy
KOHTEKCT1 MOX€E CTaTH MOJICIUTIO JUTsl IHIIUX KpaiH, SKi CTUKAIOTHCS 3 aHAJIOTTYHUMH
BUKJIHMKaMu [4].

Ak BusHavae [. KpuBopydko, TO B yMOBaX BOEHHOTO CTaHy KJIIFOYOBUM 3aB/IaHHAM
myOJIIYHOTO yHpaBiiHHSA B YKpaiHi y COIlalbHO-TYMaHITapHii cdepl Mae cratu
HaJIaro/PKCHHS! KOMYHIKAIlll MK OpraHaMH BJIaJiy Ta TPOMAJICHKICTIO JUIsl BUPIIICHHS
COLIIaJIbHO 3HAYMMMX MUTaHb Ta peali3alii ICHYIUHX COIlaIbHO-TyMaHITaApHUX
Mporpam, CIpsSIMOBAaHUX Ha MIJIBUIICHHS PIBHS JOXOIB, SKOCT1 JKUTTS Ta J0OPOOYTY
HacesieHHs [1].

VY cBoro uepry, MNPUKIAAOM KOHKPETHHUX 3aXOJiB Yy paMKax myOJiqyHOro
yIOpaBIiHHSA € 3aBIaHHA npoekty Konmeniiii peanizauii Aep>KaBHOI NOJITUKH Y cdepi
npodeciitHoi ocBiT g0 2027 poky [2], Skl BKIIOYAE MIATOTOBKY ITyOIIYHUX
CIIyOOBIIIB, 3/JaTHUX MpaIOBaTH B YMOBaxX HEBU3HAYEHOCTI, a TaKOX 3ay4YeHHS
MDKHAPOJHUX €KCHEPTIB ISl OOMiHY JOCBIIOM.

[IponoBkeHHS BIMHM Ma€ Bce OUIBIIT HETAaTMBHUM BIUIMB Ha COIaJbHO-
ryMaHiTapHy cdepy, 10 3yMOBIIOE MOTpedy BUKOPHUCTAaHHS OpraHaMd BUKOHABYOI
BJIJM HOBITHIX IHCTPYMEHTIB IyOJIIYHOTO YIPaBJIiHHSA, K1 IOBUHHI OYTH IOCTaTHHO
e(eKTUBHUMHU B TaKUX CKJIQJHUX YMOBaX BOEHHOTO CTaHy. Hampukiaa, HUIMH MOXe
CTaTH SKICHA JWCTaHIlIMHA OCBITA 3a MDKHAPOJHWMH CTaHAAPTAMH Ta IIUPIIE
3aJly4eHHS TPOMAJISTHCHKOTO CyCIUIbCTBA, 30KpeEMa J0 MPUNHSATTS PillIeHb OCBITHHOTO
XapakTepy.

93



Proceedings of the 15t International Scientific and Practical Conference
"Scientific Progress: Theories, Applications and Global Impact"

Z\ EuroPEAN OPEN July 14-16, 2025
7 SCIENCE SPACE Braga, Portugal

R mmm— E— ]

MacoBi nepeMilieHHsl HaceleHHs, PYWHYBAaHHS IIKLI 1 YHIBEPCUTETIB, a TAKOXK
MICUXOJIOT1YHI TPaBMH, BUMAraloTh CHCTEMHOT'O pearyBaHHsI Ha HUX 3 OOKYy JIep>KaBH.
Ile moB’s13aHO, TaKOX 3 TUM, 110 OCBITHIN MPOCTIp YKpaiHu 31TKHYBCS 3 MOTPEOOIO
3a0e3nedyeHHs: 0€3MeKU HaBYaJILHOTO MPOIIECy, IHTETpallii BHYTPIIIHbOIIEPEMIIIICHUX
oci0 Ta TMIATPUMKH IHTEJIEKTYyaJIbHOTO TOTeHIany wmojoai. Hampukian,
aJMIHICTpaTUBHI TIOCIYTM B YMOBaxX BIMHM MycsATh OYTH IIE€pEOpi€HTOBAaHI Ha
OlEpaTHBHE pearyBaHHs, 30Kpema uepe3 HU@poBi MmiaaThopMH, MO0 TO3BOJISIOTH
3MEHIIUTH OropoKpaTUuHi O6ap’epu [3; 4].

Crni 3a3HaYMTH, IO IMOJOJIAHHS BHINE3a3HAYCHUX BHUKJIMKIB MOXE BiIOyTHCS
yepe3 YyAOCKOHAJEHHS JiI0uYoi 3aKkOoHOAaB4YOi 0a3u, MiABUINEHHS €(PEKTHUBHOCTI
JepKaBHOI CIy)XKOM Ta 3alydeHHS MDKHAPOIHOI JOMOMOTH [IJIsS BiTHOBJICHHS
comiayibHOi 1HpacTpykTypu. [lpm 1bOoMy BHUKOHaBYa BiaJa Mae 3a0€3MEUYUTH
MPO30PICTh PO3MOAULY PECYPCiB, 1MI00 AOMOMOra Jaocsrajia HaWBpa3IUBIIIUX TPYIl
HacesieHHs [3; 4] Ta Oyna cripsiMOBaHa Ha BaXKJIMBI KyJIbTYpHI 1HIIIaTHBH.

Biitha B VYkpaiHi craBuTh nepen MyOIIYHUM YIpPaBIIHHSAM 3aBAAHHS, SKI
BUXOJATh 3a MEXKI TpamuiliiHuxX ¢yHKmiid. [Ipore # BiAKpHBaE MOXKIMBOCTI JIJIs
iHHOBaIliK, pedopM Ta 3MIIHEHHS B3aEMOJIi MK JEpKaBOK 1 TPOMaJsSHAMMU.
[aTerpamiss comiadbHUX Ta TyMaHITApPHUX AacleKkTiB y cTpaTerii  po3BUTKY,
BUKOPUCTaHHS ITU(POBUX TEXHOJIOTIN 1 MIXXHAPOIHOT MIITPUMKH JO3BOJISTH Y KpaiHi
HE JIMIIE MMOJ0JIaTH HACIIJIKHU arpecii, a il CTBOPUTU OCHOBH JJIs CTAJIOTO BITHOBJICHHS.

Jlns 1mopoJlaHHS HACHIAKIB BIHHM HEOOXITHO ITOEAHYBAaTH KOPOTKOCTPOKOBI
3aX0/IM 3 TIOBFOCTPOKOBUMHU cTpaTerisiMu. KpiMm Toro, BaXJIMBO BpaxoOBYBaTH JOCBIJ
IHIIUX KpaiH, sKI MEepeXUBalM aHAJOTI4HI BIMHM, aJanTylOYd IXHI MPaKTUKUA 0
YKpaiHChKHUX pealTii.

He ™MeHm BaxauBuM € 30epeXeHHS KyJIbTYpHOI CHAIIIMHN Ta IATPUMKA
MHUCTEIbKMX 1HIIIATUB, SKi CHOPHUSIOTH COMIAIbHIA KOHcodimamii. BxirodeHHs
IYMaHITApHUX AaCIEKTIB y MyOJiiyHEe ympaBiiHHS gornoMarae (OpMyBaTH CTIHKICTb
CYCITUTBCTBA JIO TIOJIATTBIITNX BUKJIMKIB.
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Due to progress in the fields of electrical engineering and power engineering,
there is a constant complication of problems related to the analysis and design of
electrical devices. This necessitates the improvement of modern methods of
mathematical modeling, numerical analysis and computer calculation of electrical
circuits. Problems related to the study of dynamic processes in such circuits remain
particularly difficult from an analytical point of view.

A typical example, common in practical applications, is electrical circuits with a
complex structure, which contain elements with both lumped and distributed
parameters. Such structures are an integral part of many modern electrical and
electronic systems, which imposes increased requirements on their models, in
particular, the need to use non-traditional approaches to modeling that can take into
account the heterogeneity and complexity of such circuits.

In addition, in cases where the initial information for calculation or design is
presented in the form of experimentally obtained dynamic characteristics (for example,
transient or impulse functions), traditional parametric models built on the basis of
differential equations in some cases turn out to be insufficiently effective. Under such
conditions, the most appropriate is the use of non-parametric models that are formed
directly on the basis of dynamic characteristics. Such models include, in particular,
mathematical structures in the form of integral operators or integral equations.

The classical approach to the construction of algorithms and software for the
analysis of transient processes in electrical circuits is based on the numerical
implementation of systems of differential equations. This approach is the basis of most
modern universal and specialized serial application software packages that provide the
ability to perform the corresponding calculations.

Despite the high degree of development and widespread implementation of
numerical methods implemented in the specified software, they have a number of
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qualitative limitations. In particular, difficulties arise when solving problems related to
complex electrical circuits of large dimensions, systems with impulse disturbances, as
well as circuits with a variable structure. These features significantly complicate the
application of traditional algorithms in specific engineering problems and require the
development of alternative methodological approaches.

One of the promising directions for overcoming these difficulties is the use of
computational algorithms built on the basis of non-traditional dynamic models
presented in the form of integral or integro-differential dependencies. Such models are
analytically equivalent to classical systems of differential equations, but are
implemented by fundamentally different numerical methods that take into account the
specific features of nonparametric descriptions. The numerical methods used within
this approach have a pronounced specificity and are able to provide high efficiency in
solving problems with atypical characteristics - in particular, in cases of variable
topology, impulse effects or high dimensionality of electrical circuits. It is worth noting
that although the areas of application of traditional and alternative methods may
partially overlap, they differ significantly in the principles of model construction and
approaches to numerical implementation.

In addition to traditional problems related to the analysis of dynamic processes in
systems known by their structure, considerable attention is paid to the class of problems
in which the study of dynamics is carried out without prior knowledge of the laws of
the functioning of objects. These include, in particular, inverse problems of analysis —
identification, synthesis of control systems, diagnostics of the state of electrical and
electronic circuits, etc.

A significant contribution to the development of the methodology for the analysis
of dynamic systems was made by the formalized interpretation of their properties
through the concept of aftereffects, as well as the further development of the structural
approach to research. This contributed to the introduction of integral operators as an
effective mathematical tool for describing the elements and structures of systems in
general. As a result, integral equations have been widely used in solving a wide range
of problems related to the modeling of dynamic objects and systems of various natures.

Integral calculation methods are characterized by a number of important
advantages, including the compactness and convenience of the mathematical
formalism for describing electrical circuits, high versatility of models, and increased
stability of the numerical implementation of integral relations [1]. One of the key
properties of such methods is the ability to smooth errors in experimental data, which
is especially important when using empirical information [2].

Within the framework of the integral approach, the relationship between input
influences and output reactions of the system is given by integral operators. In this
case, their kernels play a dual role: on the one hand, they fully determine the internal
characteristics of the corresponding mathematical model, and on the other hand, they
are interpreted as the reactions of the system to typical input signals, which gives them
direct physical and engineering significance [3].

96



Proceedings of the 15t International Scientific and Practical Conference
"Scientific Progress: Theories, Applications and Global Impact"

Z\ EuroPEAN OPEN July 14-16, 2025
7 SCIENCE SPACE Braga, Portugal

R mmm— E— ]

One of the promising directions of such expansion is the development of
specialized methods and algorithms for numerical analysis of transient processes in
electrical circuits, built on the basis of dynamic models in the form of integral
equations. The implementation of these approaches can significantly increase the
accuracy and flexibility of modeling complex electrical systems, especially in
conditions of limited a priori information about their parameters and structure.

In the general case, the behavior of an arbitrary electrical circuit can be formalized
in the form of a system of integral equations of the Volterra-Urison type

v () + Zn:IHif [t,s,yj(s)]ds = i_[qu [t,s,fq(s)]a’s, (1)
J=1t, q=l¢,

y,(t)(i = 1,7n) unknown quantities (currents, voltages); (g = 1,m) — functions

depending on external sources and initial conditions;  H;i G;,, — transforming

iq
characteristics of elements.

For linear electric circuits, the corresponding dynamic properties are described
using the system of Volterra linear integral equations, which is a simplification of the
general nonlinear formulation given in expression (1).

WO+ Y [Hy.s)y s = 3 [Gy (t.5) 1, (5)ds, ?)

f:1t0 q:]fo
the kernels H;(t,s) i G, (¢,5) have the meaning of weight functions.

Analysis of existing applied software indicates an obvious lack of tools capable
of providing effective modeling of a wide range of electrical circuits, the dynamics of
which are described by integral and integro-differential equations. This situation
emphasizes the relevance and scientific and practical significance of the task of
expanding the functionality of existing open software packages.
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Relevance: Paget’s disease of bone, or deforming osteitis, is a chronic skeletal
disorder characterized by the disruption of the normal process of bone remodeling. This
pathological process leads to excessive destruction of old bone tissue and its
replacement by structurally abnormal newly formed bone. One of the key diagnostic
tools for the disease is radiological examination, which allows for the detection of
characteristic changes in the structure and shape of affected bones.

The aim of the study: To examine the main radiological signs of Paget’s disease
of bone (deforming osteitis), which are important for timely detection, differential
diagnosis, and further monitoring of the disease’s progression.

Materials and methods: Theoretical: review and analysis of scientific and
methodological literature. Practical: own research.

Results and conclusions: The progression of Paget’s disease, based on
radiological and pathological features, can be divided into different stages, namely:

- 1nitial osteolytic;

- active osteoblastic;

- final inactive.

This division allows the observation of a range of changes in the affected bone.
The initial changes are visible at the boundary between normal and altered bone, they
are clearly seen and positioned more obliquely than transversely, forming a V-shaped
line. The previously existing bone, under the influence of resorption, is replaced by
fine honeycomb-like structures composed of thin trabeculae, and in long bones, mild
endosteal bone formation occurs.

Localized radiolucent areas in the skull bones in patients with Paget’s disease are
known as “osteoporosis circumscripta” and represent the resorptive stage of the process
with loss of both the inner and outer tables along with the intermediate spongy bone in
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well-demarcated areas, most often in the frontal and occipital lobes. The process
extends across the cranial suture lines.

In the area affected during the active osteoblastic stage of the disease, the bone
contours increase in size due to the expansion of compact bone on both endosteal and
periosteal surfaces. Sometimes, cancellous bone forms abundantly on the periosteal
surface; this “pumice bone” (so called due to its structure) is sometimes mistaken for a
malignant lesion. This newly formed periosteal bone tissue usually does not exceed 1
cm in thickness, occupies large areas of the affected bone surface, and is fairly easy to
diagnose. Doubts about whether this periosteal proliferation is a manifestation of
Paget’s disease or osteosarcoma are resolved through biopsy.

Later, after involvement of a particular bone, Paget’s disease reaches the inactive
stage, during which radiological features differ somewhat from those observed at the
terminal phase of the active osteoblastic stage.

There are specific terms used to describe the radiological signs of Paget’s disease
in different bones. In the vertebral bodies, the already mentioned osteolytic phase can
be observed, manifesting as local mechanical insufficiency and compression fractures;
however, after many years of reconstruction processes within the affected bone, its
central part becomes less dense, while the edges, i.e., the upper and lower margins of
the vertebral body, become denser and form a sclerotic rectangle, resembling a “picture
frame.” Sometimes, the vertebrae shrink vertically, and the intervertebral discs bulge
upward and downward, creating a resemblance to a “fish tail.” The presence of
different stages of the process in various regions of the skull explains the formation of
sclerotic radiodense shadows mixed with radiolucent bands or even large porous areas
and a moderate diffuse radiodensity of the “pumice bone.” As a result, an appearance
resembling cotton is observed. The same appearance will be seen on radiographs of
affected iliac pelvic bones.

During radioisotope scintillation scanning for the clinical evaluation of Paget’s
disease, only about 65% of the lesions detected on scans were visible during
radiographic examination.Scintillation methods detect early damage, whereas
standalone radiographic studies revealed only old sclerotic “burned-out” foci of the
disease.

Thus, the following can be observed:

- Thickening of bone trabeculae (coarse trabecular remodeling), visualized as a
mosaic structure with thickened trabeculae, most typical for pelvic bones, femur, and
vertebrae;

- Hyperostosis of the bone (increased density), bones appear significantly denser
on radiographs, especially in late stages. A “cotton wool appearance” is often noted in
the skull;

- Enlargement of bones, affected bones become thicker, longer, or deformed,
with a bowing of long tubular bones;
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- Localized deformity and architectural disruption of bone, alteration of normal
structure — appearance of hyper- or hypotrophic areas, accompanied by pain and
reduced functionality;
- Signs of microfractures or secondary osteoarthritis, with possible coexistence
of degenerative changes in joints.
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KirouoBi cimoBa: o6poOka pe3yspTaTiB T'APOCIOCTEPEKEHb, METO]T EKCIIEPTHUX
OLIIHOK, METOIY MPOTHO3yBaHHS, MATEMaTUYHE MO/ICTTIOBAHHSL.

Ha mepmiomy erami AociiiKeHb MPOBOAMIIACH OOpOOKa EKCIIEPUMEHTATBHUX
JJAHUX CIOCTEpPEKEHb Ha BIJAMOBIIHUX MOCTax MapameTpiB, 10 XapaKTEPU3YIOTh
JaHUM perioH 3 TOYKH 30py MABOJKOBOI HEOE3MEKH, METOJOM KOB3al0uoro
CepeHBOTO HA/IaHO MPOTHO3H CTOCOBHO PO3BHUTKY MOMIJIMBHX IaBOJKIB, METOAOM
eKCIIEPTHUX OI[IHOK [ 1] BUSBJIEHO Ta MPOPAaHKOBAHO MOTEHIIIIHO HeOE3MMeYH1 PET10HH,
B AKuX QyHKIIOHYIOTh mianpuemctBa HI'K (HadTorazoBoro komruiekcy).

Jlpyruii eran npuCcBSYEHU MareMaTi4HOMY MOJEIFOBAHHIO MTABOJKOBUX sBULLL. [Ipn
ITbOMY BUBYAOTHCSI MOJKITUBOCTI OITMCAHHS peaTbHIX 00 €KTIB Ta IMPOIIECIB 3 BUKOPUCTAHHSIM
CUCTEM 3BUYAMHUX JU(PEPEHIIATBHUX PIBHAHB, CEpel SKMX BUAUBIETHCS KIIAc JIHIMHUX
cucreM 31 crammu KoedirtieHtamu [ 1,2]. Po3risimaersest HacTymmHa MoJienb: Hexail yq (t) —
pIBEHb TABOAKOBUX BOH, V,(t) — KUIbKICHA XapaKTEpUCTHKA 3IaTHOCTI MOIJIMHAHHS
MABOJIKOBMX BOJ  (IMPOHUKHICTH TPYHTOBOTO CEPENOBMINA, PIBEHb 3€IEHUX HacaJ[KEHb,
TiIpOTEXHIUHE 3a0e3MeueHHs Tomo), Y3 () — KUIbKICHAa XapaKTepUCTUKA 3MIHU KUTBKOCTI
TMIABOJIKOBHX BOJI Ta onaiiB. [Ipy 11boMy CITiJ1 3a3HAUMTH, 110 B YKa3aHIi CUCTeM1 TIPUCYTHI /1B
dyHKIii Bi yacy — oniHa 3 HUX F; (t) XapakTepu3ye IHTEHCHBHICTB OIaJIiB B perioHi Ta F, (t)
XapaKTepu3ye IHTEHCUBHICTh KaITAJIOBKIIA/IEHb HA IPOTUIIABOJIKOBI 3aX0/H [2,3]

% = klyl(t) - kzyz(t) + k3y3 (t),
% = _k4y3(t) - k53’1(t) + Fz(t), (1)

k % = F,(t) — key3 (1),
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3 MOYaTKOBUMH YMOBaMM1
y1(t) = 0.2,y,(t) = 1.0,y3(t) = 0.8. )

[Tepre 3 piBHSAHB cricTemHu (1) BCTAaHOBIIOE TOH (DAKT, IO MIBUAKICTH 3MIHU PIBHS
MaBOJIKOBUX BOJI 3aJICKUTh BiJ] HACTYIHUX (DAKTOPIB:

- BIJ] TOYaTKOBOI'O PIBHS BOJIM B PIYlll;

- BIJ KUIBKOCTI OTIaJ(iB B PET10HI;

- BIJ 34aTHOCTI IPYHTIB NOTJIMHATH BONY, 1110 HAAXOAUTH 330BHI.

Jlpyre piBHSHHSI CUCTEMHU BCTAHOBITIOE, IO 3[IaTHICTh JI0 TMOTJIWHAHHS HACIIIKIB
MaBOJIKY 3aJI€KUTh, TOUHIIIIE, 11 IIBUIKICTb, 3AJICKUTH BiJl TAKHX (PaKTOPIB:

- BIJ IHTEHCUBHOCTI ONAaJIiB;

- BiJ piBHS MaBOJAKOBHUX BOJI;

- BIJ KOIITIB, 110 BUILISIOTHCSA HA 3aX0JI1 1O 0OpOTHO1 3 TABOJKAMM.

TpeTe piBHSHHS CUCTEMH BCTAHOBIIIOE, IO IIBUIKICTh HAJIXOKCHHS OITaJIiB B
pErioH 3aJeXUTh BiJl EKCIEPUMEHTAJIBHO BU3HAUYCHOI (DYHKI[Ii IHTCHCUBHOCTI OMNaJIiB
Ta CaMoro PiBHS OMaJiB, IKUN HE MOXe 0e3KIHEYHO 3pOCTaTH.

Oynkii F; (t) Ta F,(t) 3a1al0ThCs HACTYITHUM YHHOM:

Fi(t) = ¢1/(cy + c5(t — tp)?) - QyHKLid, KA XapaKTepu3ye IIBUAKICTH 3MiHH
OTTaJIiB Ta HAJIXOKEHHS MaBOIKOM BOJIH

F,(t) — monmenpHa (DyHKINS , MO XapaKTEpPU3y€e BUTpPATH Ha IPOTHUITABOJIKOBI
3axoau. Ha mepmomy etami BBaxkaeThes crajnoro, 0.2 — 0.6.

Cucrema tuny (1) € IEBHUM PO3MIUPEHHSIM B1IOMOT MOJEII THUITY «XHMXKAK —
JKEPTBa». 3alpONOHOBAHO AJITOPUTMU 3HAXOKEHHS KoedilieHTiB cuctemu (1)
METOJ/IOM €KCTIIEPTHHUX OIIHOK, MPUYOMY MPU MOJIeNtOBaHH1 cuctemMu (1) BCTaHOBIIEHO
JI0IaTKOB1 YMOBH Ha 11 KO€(ILIEHTH 3 TOUKU 30pYy OJEpPKaHHSI aCUMITOTUYHO CTIMKUX
po3B’s3KiB. BBeleHHS HENMHIMHUX CKIaNoBUX B cucteMmy (1) mo3Boisie onmepikatw
PO3B’SI3KH, SIK1 TOUHIIIE BiJOOpaXKatOTh CyTh SIBUIII Ta MPOIIECIB, 110 MOJETIOIOTHCS.

[TpakTruHi po3paxyHKH TMPOBOJAWINCH 3 BUKOPUCTAHHSM YHCEIBHHX CXEM
merony Pynre-Kyra uerBeproro mnopsiiKy TOYHOCTI Jisi CHCTEM 3BUYAHHUX
nudepeHiaIbHUX PIBHSIHb.
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THIIIOMOBHA OCBITA MAUBYTHBOT'O BUUTEJIA
MNOYATKOBOI IKOJIM:ICTOPUYHUN ACHHEKT

Tepaeubka JIo0B

Kanaunat negaroriyHux Hayk, CTapiidii BUKIIaaay

Kadenpa iHo3eMHUX MOB 1 METOJIUK X HAaBYAHHS

dakynabTeT MeAaroriyHoi OCBITH

KuiBchkuit cronuynamii yHiBepceuteT iMeHi bopuca ['pinuenka, Ykpaina

HapuaHHsI i1HO3eMHHUX MOB y MOYAaTKOBIN IIKOJII 3aBXAU TepedyBasio y GoKyci
HAyKOBO-TIEIarOT14YHOI  CIUIBHOTH, OCKUIBKM B I1[bOMY HaBUYaJbHOMY KJacTepi
KOHLIEHTPYEThCSl JEKUJIbKA Ba)XJIMBUX AaCHEKTIB: OCBITHIA, COLIOKYJIbTYpHUU 1
JTIOIMHO-OpieHTOBaHMK. CEerMeHT BHMBYCHHS 1HO3EMHHUX MOB TIO3UIIIOHYETHCS B
OCBITHIM Mapaaurmi sik crneurdiyHa cdepa HaBYAIbHOI aKTMBHOCTI, sika MOTpeOye
CHUHEpTii MeJaroriyHux, NCUX0JIOTTYHNX, METOIMYHHIX, OpPraHi3aliiHuX 1 BiJHEIaBHA
iHpopmartiitHo-InppoBuX Xapaktepuctuk [2]. Komm 3k muTaHHS 3BYXYEThCA 10
oprasizailii HaB4aHHsI 1HO3€MHOI MOBH /I JITE€H MOJIOALIOrO MIKLJIBHOTO BIKY, TO
npobnema HaOyBae (yHIAMEHTAIBLHOTO XapakTepy, OCKUIBKM B Il mepiof
HaBYaJbHOI AKTMBHOCTI 3aK/JIaJal0ThCs OCHOBH I1HIIIOMOBHOI KOMIICTEHTHOCTI, SIKI
MalOTh CHCTEMHHUH XapakTep, a HE CTOCYIOTbCS JIMIIE 3HAHHS 1HO3€MHOi MOBH.
BuBueHHs 1HO36MHOT MOBH B IMOYATKOBIM MIKOJII HE 0OMEXYEThCS JIIHIMHUM BUMIPOM
OBOJIOJIHHSI 1HO3EMHOI0 MOBOIO, a mepeadadae (QOpMyBaHHS B Y4YHS 3aTHOCTI
CIpuiiMaTH, 3aCBOIOBATH 1 TPAHCIIOBATU 1HPOpPMAIlI0 1HO3EMHOI0 MOBOIO. Tomy B
Cy4yacHI OCBITHIMA MapaaurMi Npouec HaBYaHHS 1HO3EMHUX MOB MOCTYIIOBO BTpayae
JOMIHYBaHHSI KJIACHYHOTO IHIIIOMOBHOTO BHMIpPY, PO3IIUPIOIOYNACH O JIIHTBO-
COITIOKYJIBTYpHOTO 3MicTy. Lle mependavae popmyBaHHs nopsis i3 GpyHIaMEHTATBHUM
KJIACTEpOM 3HAHHS 1HO3€MHOI MOBM THYYKOTO KOMIIOHEHTa — BHUKOPHCTAHHS
THIITOMOBHOI KOMITETEHTHOCTI. 3a3HAYa€ThCA, 1O 111 HACTAHOBU aKTYaJli3yIOThCS BKE
Ha [OYaTKOBOMY €Talll HaBYaHHS 1HO3EMHUX MOB Yy IIOYATKOBIMA IIKOJ1 3aIs
[UTICHOCT] CIOPUMHSATTS YYHSMH KOHIICTIII BUBUYEHHS IHIIOT MOBH (a 3 HEIO IHIIOT
KyJIbTypu W 1HIIOTO 1H(OpMaLidHOro moss). Taki HACTAaHOBU € MIATPYHTAM IS
PO3BUTKY MOJUTIHIBICTUYHOTO cepeAoBuia [3].

OuyeBuHO, 0 CydYacHAa MOJENb HAaBUYAaHHS 1HO3EMHHUX MOB MOTpeOye 3MiH y
CUCTEMI MIJATOTOBKM BUMTEJIB 1HO3EMHOI MOBU Ha BCIX pIBHSX OCBITH. llepenoBcim
BapTO aKTyasli3yBaTH 1€ MUTAHHS JIsI MallOyTHIX yYMTENIB 1HO3EMHOI MMOYaTKOBOT
mkou. Ctpaterist miAroTOBKU NeJaroriyHux (axiBIliB, SIK1 BUKIAJATUMYTh 1HO3EMHY
MOBY JUIsl y4YHIB MOJIOJIIOrO IIKUIBHOTO BIKy, pa3oM 13 ¢yHIaMEHTAIbHUMHU
HaBYAJIbHUMHU BHMIpAMH Ma€ BPaxOBYBAaTHU BCl Cy4acHI TPEHIU COLIIOKYJbTYPHOTO
*KuTTsA. CTaryc iHO3€MHOT MOBH JJISI OCBITHBOT'O IMPOCTOPY MEPETBOPIOETHCS 13 3aC00y
KOMYHIKaIlii B MUDKIMCHUIUIIHAPHY AKTUBHICTH 13 3ally4€HHSIM 3HaHHS MOBHM Ta il
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IHTerpaiielo 10 cep CycniibHOI akTUBHOCTI. ToMy cTaHAapTH BULIOI OCBITH 32
HarpsiMaMyd BUKJIAQJIaHHS 1HO3EMHHX MOB Yy TOYAaTKOBIA IIKOJI OHOBIIOIOTHCS W
JIOTIOBHIOIOTHCSI HOBUMH €JIEMEHTAaMU 1 aJlrOpUTMaMU TeIaroriyHoi MaiiCTEpHOCTI.

JIMHaMIYHICTh Cy4acCHOTO CYCHUIBHOTO PO3BUTKY Iependadae TpaHchopMallio
OCBITHBOTO MPOCTOPY, SKUW THTErpye MUKAMCIUIUTIHAPHUN HaBYAIBHUM apceHal, a
came: HOBI (popmaTu opraHizailii HaBYaJHLHOTO IMPOIIECY; IHHOBAIIIMHI TEXHOJOTI]
HAaBYAaHHS 1HO3EMHUX MOB; aKTyaJlbHUN HaBYAJIbHO-1H()OpPMAIIHHUN KOHTEHT;
MEHTaJIbHO-IICUXOJIOTIYH] XapaKTepUCTUKU. PaHilmie BUMTENb 1HO3€EMHOI MOBH B
MOYATKOBIM IIKOJI KOHIIEHTPYBaB y TEAAaroriyHiii MaWCTEpHOCTI BCl HEOOX1THI
IHCTPpYMEHTH JIJIsl OpraHizallii HaBuYajbHOI akTUBHOCTI. HUH1 HaBYaHHS 1i€1 KUTHHOT
JUCIMIUTIHU ACOLIIOEThCS 3 YMIHHSIM KEpyBAaTH MPOLECOM HAOyTTS 1HIIOMOBHUX
KoMmeTeHIii. Hapasi moBHICTIO 3MIHIOETHCS TIEPEAOBCIM (PyHKITIOHATbHA TTapaurma
HAaBYaHHS 1HO3EMHHUX MOB, fKa Mependayae HEOOXIJHICTb HAOYTTS Mail0yTHIM
MeJJaroroM HaBUYOK MPodeciiiHOT aKTUBHOCT1 B PI3HOMaHITHUX (hOpMaTax OCBITHHOI
akTuBHOCTI [l].JHHOBaLIIHI TpOLECH MIKHAPOJHOIO JTOCBIAY HaBYaHHS 1HO3EMHOI
MOBHM IOCTYIIOBO BIIPOBAKYIOTbCSA B YKpPaiHCbKOMY OCBITHBOMY CEPEIOBHIII.
PansiHChKO-yKpaiHCBKMIT  Tepioy Jpyroi mojioBUHM XX CTOMTTS MW Yacu
COIIOKYJBTYPHOI TypOyJIeHTHOCTI 1990-X pOKIB 3aJIMIIINAIN HEOJHOZHAYHY CITA IIITUHY
B CHCTEMi HaBUYaHHs 1HO3€MHOI MOBHU. 3 OJHOTO OOKY, TPAAWIIAHO CHJIbHI MO3MIIIT
30epiraJii HaBYaJbHO-METOJMYHI MPUHLMIIK HABYAHHS 1HO3EMHMX MOB, SKi
IPYHTYBAJIUCA Ha KJIACHYHIA TrpamMaTUYHO-JIEKCUYHIA mapaaurmi. BomHowac
aKTyani3yBaJuCsl HOBI MIIXOIU JO BUBYEHHS 1HO3EMHHUX MOB, IO CTald OCHOBOIO
neAaroriyHoi Tpancopmariii i€l mKiIbHOT JUCIUTLTIHH.

MoBHA MOJITHKA CKIAOAETHCSA 31 CBITOIVISAHO-1IECOJONIYHMX HACTAHOB Ta
MPaKTUYHO-OPIEHTOBAHUX CTaHAAPTIB, SKI PEryJIOITh (PYHKLUIOHYBAaHHS MOBHOI
aKTUBHOCTI B CyCHUIbCTBI. [IpWHIMMM 111€T TIOMITUKN 3aCTOCOBYIOTHCSI HE JIMIIIE JO
Jep>KaBHOI Yu OQiIHHOT MOBH, ajie i 10 BCIX MOB, sIK1 (DAKTUYHO BUKOPUCTOBYIOTHCS
B Oynp-skomy ¢opmati. [Ho3eMHI MOBH (POPMYIOTH BaXKJIMBHM KIIaCTEp MOBHOI
MOJTITUKHM B JEpKaBl Ta CyCHUIbCTBI. BOHM IHTETpyHOThCS MPAKTUYHO JO BCIX cdep
CYCHUIBHOI MiSUTBHOCTI, MPOTE, OCBITA BUCTYMAE MalJIaHUYUKOM, JI€ MOBHA IMOJITHUKA
dbopmMye BIOPSAKOBAH1 aJITOPUTMH MO3UIIOHYBaHHS JIIHTBOKYJBTYPHHX €J1eMEHTIB. B
OCBITHIM rany3i BUOYJOBYETbCS LLIbOBA CTPYKTYypa 1HIIOMOBHOI'O CEpENOBHUIIA, B
SAKOMY KOJXXHIA MOBI BIJIBOJUTHCS CBOS YacTKa akTUBHOCTI. Bomnowac, (opmar
PO3BUTKY CYCIJILCTBA BU3HAYAE PIBEHB BIUIMBY HA PO3BUTOK MOBHOTO CEpEOBUIIA Ta
napaMeTpH BUIBHOTO (DYHKI[IOHYBAaHHS MOBH B CYCHUIbCTBI.

Cnncok BUKOPUCTAHUX JIKepeJI
1. T'naruk K., ®ogop K. OcobmmBoCTI 3aCTOCYBaHHS Cy4YaCHHX ITIXO/IIB y BUBUCHHI
1HO3eMHHUX MOB. [HHOBamiliHa megarorika. 2023. Ne 59. C. 113-116.
2. 3anynaticbka FO. ®opmyBanHs mpodeciiiHOT KOMIIETEHTHOCTI BUMTEIIS IHO3EMHOT
MOBH MMOYaTKOBOI mikoJyin. [Ipo6iemu miaroroBku cydyacHoro suutens. 2015. Ne 11. C.
105-110.
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3. Kwmits O. MeTonyka HaBYaHHS aHTJIACBKOI MOBH y TOYaTKOBIM 11Kou1i: KoHcnekT
JeKIii nis cryneHTiB crnernianbHocTi 013 TToyaTkoBa ocBita, creriaizanii [HozemHa
MOBa (aHTIJKChbKa), OCBITHIN cTymiHb-MaricTp. Yepniris: YHITY, 2017. 117 c.

4. Kyzenko O., Manyk JI. [Ipodeciorpama cydacHOro BUUTEINS MOYATKOBUX KJIACIB
y pycii BrpoBajkeHHsS KoHIemniii HoBoi ykpainchkoi mikosim. OCBITHIM TPOCTIp
Yxpainu. 2018. Ne 13. C. 160-166.

TEOPETUYHI ACIIEKTH ®OPMYBAHHA 3HAHDb
H[O10 ITPOLECIB I'A3OOBMIHY Y JIETEHAX TA
TKAHUHAX HA OCHOBI PO3IJVIAAY BYJ1OBU
TEMOTJIOBIHY TA HOTI'O CTPYKTYPHUX
EJIEMEHTIB: BIOOPI'AHIYHA 1 BIOJIOTI'TYHA XIMISA
A SATAJTIBHORKJVITHTYHUX AUCHUITJITH

Yepurox Okcana I'puropiBua

K.MEJI.H., IOIIeHT Kadeapu 6100praHigHOT 1
010J10r14HO1 XiMii 1 KIIIHIYHOI 010X1MIT
ByKOBHHCBHKOTO JIEpKAaBHOTO MEAUYHOTO YHIBEPCUTET
M. YepHiBIni

AHortanisg. CydacHMil OCBITHIA MpOCTIp — 1€ 0araTOKOMIIOHEHTHa CHCTEMa
KJIACMYHUX METOJIB HABYAaHHS, IHTEPAKTUBHUX TEXHOJOTIH 3 BHUKOPUCTAHHSIM
pecypciB LITYYHOTO IHTEJIEKTY, METOI0 SIKOi € HE TUIBKM HOKpPAIEHHS IpoLecy
3100yTTA 3HAHb LUIIXOM iX MOINIMOJEHHS Ta Bizyanmi3auii, a i GpopmyBaHHS YITKOT
KapKacHOI CTPYKTypu cucTeMmaru3allii 3HaHb. lle J03BOJUTH CTPYKTypyBaTH
BEJIMYE3HUN 00’ €M 3HaHb, 3 YITKOIO 1€PAPXIEI0 Ta MIAMOPSIAKYBAHHSIM €JIEMEHTIB SIK B
MeXax OJHOTO MPEeAMETy TakK 1 B TPyIll CIOPIAHEHUX JUCIHUIUTIH Y poOOTI HaBeIeHO
npuKiax (GopMyBaHHS NPUYUHHO-HACIIAKOBUX 3B’S3KIB SIK KIIIOY JI0 PO3YMIHHS
B3a€MO/I1i Oy/10BH CKIJIAJIHUX CTPYKTYPHUX KOMIIOHEHTIB Ta IXHHOT'O (DYHKIIIOHYBAHHS
y JKUBOMY opraHi3mi. Ha 4yucieHHMX mnpHKiIagax MpOaHaI30BaHO HEPO3PUBHUIM
3B'I30K MK TEOPETUYHHUMHM Ta KJIIHIYHUMH JUCHMIUTIHAMU, SIKI y €IUHIA B3aeMOIl
dbopMyoTh ~ KJIIHIYHE  MHCIEHHS Ta  OyJQylOTh  KOMIIETEHTHICHY  Ta
KOHKYPEHTOCIPOMOXKHY OCBITY. IIpomec XapakTepusyeTbCsi CKIaJHUM IOETAITHUM
MEXaHI3MOM BHKOPUCTAaHHS PI3HOMAHITHUX 3HaHb HE TUIBKM B MeXaxX Kypcy
OloopraniyHoi 1 OioJIOTIYHOT XiMmii, @ ¥ 1HIMUX JUCIUIUIIH Uil TMOOYAOBH €IUHOT
npodeciitHoi cucTeMu 3HaHb. PO3BUTOK a0CTPaKTHOTO Ta aHATITUYHOTO MUCJICHHS,
dbopmyBaHHS BiAMOBIAI Ha 0a31 TOPU3OHTAIBLHOI 1€papXii 3HAHB y CKIIAJl PI3HUX TEM
OJIHOTO MpeaMeTy abd0 aHAJIOTIYHMX Yy (QopMaTl IHIIKUX JUCHUIUIIH Ta BEPTUKAIbHOL
iepapxii, sIK TPUKJIaAy TOCTYIIOBOTO TOTIMOJICHHS 3HaHb, TIOCATHEHHS 1X TeHeparlii Ha
OCHOBI TEOPETUYHOTO Ta EMITIPUYHOIO MiIX0/11B, CUCTEMATH3Aallii Ta BAKOPUCTAHHS HA
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npaktuui. Jlns  yHao4YHEHHS PpO3MVISIHYTO NPHUKIaA 1040  (YHKIIOHAJBHUX
0COOJIMBOCTEH TeMOTJIO0IHY Il 3a0e3leueHHs] AUXalbHOI (YHKIT KpOBi, IO
0e3nocepelHbO TMOB’SI3aHO 3 XIMIYHOK OyJOBOIO IBOTO CKJIQJHOrO OlIKa Ta €
KIIFOUOBUM €JIEMEHTOM Y po00Ti TeMorio0iHoBoi OydepHOi cucTeMu KpOBi IS
PO3YMIHHS BOXJIMBUX MUTaHb KUCIOTHO-OCHOBHOT'O OaJaHCy OpraHi3My.

Kuro4oBi ci10Ba: KOMIETEHTHICHUH TAX1/1, TeMOTII001H, TEOPETHYHI MPEMETH,
KJIIHIYHE MUCJICHHSI, aHATITUYHE MHUCIICHHS, y3arajJbHEHHS 3HAHbD.

Beenennsi. KoMrereHTHICHUI MiXiJ y HaBYaHHI QOpMYye €IUHY CTPYKTYpY
3HaHb, TOOTO TPAHUIIl MIX TEOPETUYHHUMHU Ta MPAKTUIYHUMHU MPEAMETAMH 3a3HAIOThH
3MiH 13 (OpMYBaHHSAM €IMHOTO OCBITHBOTO MpocTopy. CTYJEHT 1 BUKIIA[au, KOKHUIM
31 CBOr0 HampsIMKy poOOTH Ta (YHKIIIOHATHHOTO 3a0e3MeUeHHsl y400BOIro MpoIIecy,
YCBIIOMIIIOIOTh Ba)KJIMBICTh 3aCBOEHHSI Ta BUKOPUCTAHHS TEOPETHUYHUX TUCIUILIIH
MEIUYHOr0 NPO(UII0 Y PO3BUTKY KITHIYHOTO MUCJIEHHS Ta MPOPECIHHOrO 3pOCTaHHS.
3po3yMisio, 10 BUKJIalay CTBOPIOE TaKi YMOBM HaBYaHHS, KOJU Yy IIJICYMKaXx,
BHCHOBKaxX Ta HAOYHMX NPUKIATAX TEOPETUYHHX TEM IOKAa3aHO iXHE MpaKTUUIHE
BIJII3EpKAJICHHS T4 BUKOPUCTAHHS y CydacHii MennuHii npaktuili. lle, y cBoro uepry,
MIJIBUIIY€E 3aI11KaBJICHICTh Ta MOTHUBAIlIIO CTYJEHTA JI0 MPOIIeCy HaBUaHHS K Iij 4ac
3aHATh, TaK 1 B IHAUBIAYyaldbHIN poboTi. IIpomec 1eit 6araTorpanHuii Ta KpOMITKUH,
a/pKe TaKW KOMIIETCHTHICHUN Miax17 (QOPMYETHCS 3a JOIOMOTOK0 HE OJHIET €AMHOT
TEMU 1 MOXKE€ TPHUBATU BIPOAOBK TPUBAJIOIO 4Yacy, BKIIOYAIOYM MIKIPEIMETHI
B3a€MOJII.

Metorw 3a 3aBAaHHSIM JOCJHIIKEHHSI € CTPYKTypH3alis 3HAaHb BiJl IPOCTUX
€JIEMEHTIB JI0 CKJIaJJHUX KOMIIOHEHTIB Y CTPYKTYpP1 OPTaHiB Ta CHUCTEM OpraHi3My, 110
JI03BOJIIE TOBOPUTU TPO JUHAMIUHY O10XIMIIO, SIK BXJIMBUUA TPEAMET PO3YMIHHS
MOJIEKYJIIPHOT OpraHi3alli >KUBUX CUCTEM Ta (PYHKIIOHYBaHHS LIJIICHOIO OpPraHi3My.
OkpiM TOTO, BaXJIMBO 3pOOMTH HABYAIBHUM TMPOIEC I[IKABUM, CTUMYJIIOBATU
MUCJIEHHS, OyTyBaTH aIrOPUTMIUHI Ta IPUYMHHO-HACTIAKOBI 3B’ SI3KH.

PesyabraTtu AociaigxeHHss Ta iX 00ropopeHHsi. Po3rnsHemMo Ha mpuKIazi
BUBYCHHS TE€MOIJIO0IHY TPHUKIAJAHE 3aCTOCYBaHHS TEOPETHMUHUX 3HAHb JUIs
OPAKTUYHOT METUIIMHU Ta JJI1 B3a€MO3B’SI3KY 3 IHIIMMH MPEIMETaMU TE€OPETUYHOTO
HaIPSMKY MEIMIIMHH 13 3aCTOCYBaHHSIM PI3HUX METOJUYHUX MIAXOAIB (TEOPETUYHOTO,
€BPICTUYHOT0, AaHAJIITUYHOTO Ta 1H.) Ta X reHepallii 1 CHHTE3y Mik cO0010.

I'emormno6iH BigHOCHTBCA 10 OINKIB 3 HaWCKIQAHIIIOW YETBEPTHHHOIO
CTPYKTYPOIO, HOTO KOHIIEHTpaIIisl Y KpoBi Topociinx ocio csarae mex 120-160 r/n. s
MOPIBHSHHS: BMICT 3arajlbHOTo Oulka ckiamgae jume 60-85 r/a, A0 ckiamy SKoro
BXOJIUTh OaraTo reTeporeHHuX (pakiiii (anp0ymiH Ta pi3HI TUIH T100yIiHIB). Take
aHAJIITUYHE TOPIBHSAHHA  JA€ PO3YMIHHS  BaXJIMBOCTI TIeMOrJOOIHY  JJIs
(GyHKIIOHYBAaHHS OPraHi3My 1 CTUMYJIIO€ 3aIlIKaBJIEHHS CIyXallbKoi ayauTopii 10
MOAJIBIIIOTO HABYAHHS Ta MOTJIUOJIEHOTO BUBYEHHS CTPYKTYPH I[bOTO OLIKA.

[1in yac BUBYEHHS MEPIIOTO MOIYJO AUCHUILIIHU «bioopraniyHa 1 6ionoriuxa
XiMis» Ha 3aHATTI IPUYPOUYCHOMY FeTEPOLUKIIUHUM CIOJTYyKaM MporpamMa Kypcy Hajae
1H(popMallito, 1110 TETPANIPOJIbHE KIIbLE Y LIEHTPI 3 AaTOMOM 3aii3a, popMye CTPYKTYpy
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reMy — HeOUIKOBY YaCTUHY T€MOTJIO0IHY Ta THIIUX BXIUBUX reMonporteiniB. OTxke,
MIPOJIbHE KUTBIIE € KOMIIOHEHTOM TTOOYOBH reMy.

[Ile oHUM BaXKITMBUM IT'SITUYICHHHM T'€TEPOITUKIIOM 3 IBOMA IeTepoaToMaMu €
1M11a30J1, 10 BXOJAMTH JIO CKJIaTy aMiHOKHCIIOTH ricTuanHy. Came iMiga30abHe KUTbIle
TICTUIMHY € JIAHKOIO TOEHAHHS B OJ[HE IIiIe TeMy (HeO1LIKOBOI YaCTHHHU) Ta TJIO0IHY
(OLTKOBOT YaCTHHM ) IBOTO CKIaAHOTO O1Ka. To0TO, Y CKIami reMorio0iHy aToM 3aji3a
Ma€ IICTh KOOPAWHAIIMHUX 3B’SA3KIB, I'STh 3 SKWX IIOB’S3aHI 3 JIBOMa BHJAaMHU
'SITUYICHHUX TETEPOLUKIIIB, K1 MAIOTh MOAIOHY XIMIYHY Oy/10BY (Mai.1).

0o

nipon

imigason

Mamn.1. [TiposibHi Ta iMiAa30JIbHE KIJIBIE Y CTPYKTYPl MOJIEKYJIH T€MOTJIO01IHY .

Po3yminHS 1i€1 ck1aaHOT Oy/T0BU BIIKPUBAE HACTYIIHY CXOAMHKY ISl BUBYCHHS
TPaHCHOPTHUX (HOPM TEeMOrI00IHY Ta BIUIMBY PI3HMX YMHHUKIB Ha CIOPIAHEHICThH
reMorjo0iHy 10 KHCHIO. L[I NMHUTaHHS NEpPeKIMKAIThCA 13 TEMaMHU HOPMAaJbHOI
¢izionorii, mo QOpMYyIOTh TICHMN MDKIPEAMETHUN 3B'SA30K, IO IOKPAILYE
KOMIUIEKCHE CIIPUIHSATTS MaTepiaiy.

Cnonyku okcu- Ta aesokcuremoriobiny (FO,Hb ta FHHb BiamoBigHo) €
KHCIIOTAaMH, aJlé OKCHUT'€MOIJIOOIH € CHJIBHIIIOI KHCJIOTOI0, HIXK JE30KCH-. AJDKe
okcuremornobin € morHopom mporoniB (H') y Toi wac, sk 1€30KCH-, HaBIAKH,
B3a€EMO/II€ 3 HUMH Ta BHIIYYae€ iX 3 CEPEJOBHIIA 1 BIIOYBAETHCS 1€ 3aB/ISIKH «BIILHOMY
a30Ty» IMIJJa30JbHOTO KUIbLS TICTUAMHY. TakuM 4YMHOM, OyAy€ThbCS acolllaTUBHUN
psia B3aeMojii XiMiYHOI Oy/oBM Ta (yHKIIIOHATBHUX OCOOJIMBOCTEH TreMOrioliHy,
CTyJACHT (OopMye BHYTPIIIHBOMPEAMETHI 3B’SI3KM MDK TeMaMHU [JIs aHAIITHYHOTO
PO3YMIHHS TPAHCIIOPTY ra3iB KPOBI.

MounekynsspHi MeXaHi3MU NpueaHaHHS (Y TKAHUHAX ) Ta BABUTLHEHHS IIPOTOHIB (Y
JIEreHsIX), KOHLIEHTpallisd BYIJEKUCIOr0 ra3y BIUIMBAIOTh Ha CIOPIAHEHICTh
reMorjo0iHy 70 KHCHIO 1 Ha3uBawTh I1ie¢ edextom bopa (3a KoomepaTUBHUM
MEXaHI3MOM MpPUEITHAHHS KUCHIO). 3 1HIIOr0 OOKY, BMICT KUCHIO BUOIPKOBO BILIMBAE
Ha 3[aTHICTh reMorio0iny moennyBaTrch 3 CO, Ta H' 1 Ha3uBaeThes 1ieil mporiec
edexTom XomaeiHa.

VYV TKaHMHAX 3 OKCUI'€MOIJOOIHY BHUBUIBHIOETHCS KHCEHb, TI'€MOIJIOOIH CTae
CJ1a0KOI0 KHUCJIOTOIO 1 3aBJIIKM BHCOKOMY MapIlialbHOMY THCKY BYTJIEKHUCIOTO Ta3y
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pCO, bhopmyethes kapdbaminoremornoodin (FCO,Hb), o cknanae 20% Bin 3aranbHOi
il kibKOCTI. BapTo 3ayBaskutu, 10 ByruibHa KUCiO0Ta J00pe po3YMHHA Y BOI, ajie
mumie 6ausbko 10% Oyne mepedyBaru y TakoMmy cradi. | mepeBakHa ii KUIBKICTbh, a
came 70% — e 6ikapOonitHi ioaM (NaHCO; Ta KHCO3).

SIKIII0 KMCEHb TPAHCIOPTYETHCS 3aBMISIKU BUTLHOMY IIOCTOMY KOOPAUHAILIITHOMY
3B’sI3Ky aTOMa 3aji3a, I’ ATh B3aEMOIIOTH 3 MPOJIHHUMU KUIBISIMU Ta 1M11a30JIbHHM,
TO y TPAHCIIOPTI BYIJICKHUCIIOTO Ta3y Bce Habarato pi3HOMAaHITHIIIE Ta CKJIAIHIIIS.
H,CO; noeinyeThest 3 BUIBHUMU aMIHOTPYHaMU KOKHOT'O O1JIKOBOTO JIAHI[IOTA.

HbNH; + CO, = HbNHCOOH = HbNHCOO™ + H"

st peaxitist MOXKJIMBA 1 J1s 1HIIKMX OUIKIB TJIa3MH KPOBI, ajie KOJIM MU Harajgaemo
CTYJIEHTCBKIN ayAuTOpii MpO KUIBKICTh TeMOTJIOO0IHY, MpPO IO MH TOBOPHUJM Ha
moyaTky, TO OyJae 3pOo3yMUIMM, IO II€ OCHOBHMH OUIOK 11 YTBOPEHHS
kap6aminopopmu. OKpiM TOTO, 151 peakuis BiAOYBAa€TbCsS HaA3BUYAHHO IIBHAKO,0€3
ydacTti pepMeHTy Ta mpomixkHoro yrBopenss HCOs.

Byrnekucnora 31aTHa B3aEMOMAISATH 3 OUIBII CITA0OKMMHU KUCIOTaMH, a came 3
HATPIEBUMU COJISIMU Y TIO3AKIIITHHHOMY CEPEIOBHUIIIl Ta KaJIIEBUMHU COJIIMH y CEpPEINHI
KIITHH. Y XpeOeTHUX, K MPaBUJIO, 3 KAJIIEBUMHU COJIIMHU I'€MOTJIO0IHY B EPUTPOIIMTAX ).

KHb + H,CO;— HHb +KHCO;

Bukopucranus piBHSHB Ja€ 3MOry acolitoBaTd ¢i310J0riyHl Ta O10XIMIYHI
npouecu 3 (OpMyBaHHSIM PI3BHOMAHITHUX CHOJIYK, IO BIUIMBAIOTh HAa KUCJIOTHO-
OCHOBHMI OanaHc JIOJChKOro opranizmy. CTyJ€HTH MaroTh 3MOTYy MpUTafaTH
IpeAMET MEAUYHOI XiMil il BUKOPUCTATH PE3EPB 3ATUIIKOBUX 3HAHB 3 L1€I0 TEMOIO.

YoMy X TpaHCHOPT BYIJICKMCIOTH BiMOYBA€ThCs HabaraTo CKIAAHINIE, HIXK
kucHo. CrnpaBa B TOMy, reMoryio0iHoBa OydepHa cucTema mpairoe B Tapi 3
01kapOOHATHOIO, 1110 3a0e3Meuye Ty>)KHUN Pe3epB OpraHizmy.

VY TkaHWHAaX Ha KOKHI YOTHPU BUBUIbHEHI MOJICKYJIM KUCHIO MIPUETHYETHCS JBA
IPOTOHH, IO € BAXKIMBUM JJid 3a0e3neueHHs Oy(epHOi eMHOCTI KpOBi. Y JIereHsx
BiIOyBaeThCs OOEpHEHUI TMpolec: MO0 TEeMOINoOIHy TMPHETHYETHCS KUCEHD,
BUBLIBHIOIOTHCSI TTPOTOHU, SIKI TIOEHYIOTHCA 3 OIKapOOHATHUM aHIOHOM. YTBOpEHa
BYTJIbHa KHCJIOTa KaTalli3ye€TbCd KapOaHT1Ipa30l0 3 BUBUIBHEHHAM NpPH JUXaHHI
BYTJIEKUCIIOTO Ta3zy.

H"+ HCO; = H,CO;
H,CO3;+—H,0 + CO,

3aBsKM BUKOPUCTAHHIO PIBHSHB JIUCOIIIAI1, YTBOPEHHIO O1KapOOHATHHUX COJICH,
KaTiOHIB Ta aHIOHIB Oyye€TbCsS pO3yMiHHS ra3000MiHYy Ha MOJIEKYJISIPHOMY PiBHI, IO
€ BOXXJIMBUMHU JIJII MEXaH13MY KOONIEPATUBHOTO HACUYECHHS TeMOTJIO01HY KUCHEM. Y ce
1I€ BIATBOPIOETHCS y (D1310JOTYHUX MpoLEcax AUXaHHS Ta OIOXIMIYHMX Mpolecax
J1a3MU KPOBI1 Ta BCEPEIUHI EPUTPOITUTIB.

BucnoBku. Hagami mi MexaHi3smMu OyAyTh BaKIMBUMHU JUIsl 3a0e3MEUYEHHS
Oy(depHOi €MHOCTI KPOBiI Ta PETYJSIii KUCIOTHO-IYKHOTO OanaHCy OpraHizMmy MIpu
BUBYECHHI BHYTPIIIHHOT MEAUIIMHH, HEPPOJIOT1i, HEBIAKIAHUX CTaHIB, aHECTE310JI0T11
Ta pea”imMaToJorii. TakuM YMHOM, HU3KA TEOPETUYHUX MPEAMETIB 3 MEAUYHOI XiMii,
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HOpMasbHOI (hi3losiorii, marodizionorii, OiloopraHiuHOi 1 O10JOriYHOT XiMmii Ta
KJIIHIYHOT 010X1Mii 3aKasiae PyHIaMEHT PO3yMIHHS MEXaH13MIB ra3000MiHY Y JIET€HSIX
Ta TKaHUHAX, PErIaMEeHTY€ 3HAHHS 11070 (YHKIIOHYBAaHHS OCHOBHUX Oy(depHUxX
CUCTEM OpraHizMy. Po3risij ciopilHEHHX TEM y po3pi3i PI3HUX MPEIMETIB JO3BOJISIE
MOKPAIIUTH 3aCBOEHHS 3HAaHb, IE€TAIbLHO PO3IJISTHYTH MEBHI MPOLIECH Ta peakiiii, 110
MOKpaIIye pe3yabTaTH HaBYAJIBLHOTO TIpoiiecy Ta Gpopmye mpodecionana 31aTHOTO 10
OaratorpaHHoro aHajiizy oOpaHOi TEMH.

Cnncok BUKOPUCTAHUX JIKepeJ
1. Ciaccio, C., Coletta, A., & Coletta, M. (2022). Role of hemoglobin structural-
functional relationships in oxygen transport. Molecular Aspects of Medicine, 84,
101022. https://doi.org/10.1016/j.mam.2021.101022
2. Cao, M., Wang, G., He, H., Yue, R., Zhao, Y., Pan, L., & Huang, X. (2021).
Hemoglobin-based oxygen carriers: potential applications in solid organ preservation.
Frontiers in Pharmacology, 12, 760215. https://doi.org/10.3389/fphar.2021.760215
3. Slatinskaya, O. V., Luneva, O. G., Deev, L. 1., Zaripov, P. 1., & Maksimov, G. V.
(2021). The hemoglobin conformation in erythrocytes at different levels of oxygen
partial pressure. Biophysics, 66(5), 797-803.
https://link.springer.com/article/10.1134/S0006350921050225
4. Illespsxo, M. B. (2021). bydepni cucrtemu kposi (exuist). [Ipupoguuuunii
anpmaHax (Oiosoriuni Haykn), (30), 121-135. DOI: https://doi.org/10.32999/ksu2524-
0838/2021-30-12

APPLICATION OF INNOVATIVE TECHNOLOGIES
DURING THE INTEGRATED LESSON
«I AM EXPLORING THE WORLD»

Bershadska Kateryna

student of group 21-PO

Educational and Research Institute of Pedagogy and Psychology
Supervisor:

Mozul Iryna

PhD in Pedagogy, Associate Professor

Department of Theory and Methods of Primary Education
Oleksandr Dovzhenko Hlukhiv National Pedagogical University

Keywords: New Ukrainian School, primary education, learning, educational
process, innovative technologies, pedagogical innovations, integrated course «I
Explore the World».

In the current context of education reform in Ukraine, the integrated course «I
Explore the World» plays an important role in forming a holistic picture of the world
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for younger students. This course combines knowledge from various educational
fields - natural, technological, social, civic, and health - and implements an activity-
based approach, in which a student does not just learn knowledge but becomes an active
researcher and creator. One of the key conditions for the effective teaching of this
course is the introduction of innovative technologies that meet the requirements of the
New Ukrainian School (NUS) and global trends in education.

According to the Concept of the New Ukrainian School (approved by Order of
the Ministry of Education and Science No. 924 of 13.07.2017) and the State Standard
of Primary Education (2018), one of the tasks of modern primary education is to
develop key competencies in students, including the ability to think critically, work
with information, interact in a team, and use digital technologies. In this context,
innovative teaching methods contribute to the creation of a child-centered, interactive,
and competency-based educational space.

Modern teaching tools are being actively modernized. If earlier teachers used to
work mainly with chalk and blackboard, today they have interactive panels, tablets,
digital laboratories, virtual and augmented reality, online platforms, and mobile
applications at their disposal. Important tools of the digital environment are
LearningApps, Padlet, Canva, Wordwall, PhET, Google Earth, Genially, Kahoot,
Mentimeter, Jamboard, etc.

In the T Explore the World course, these tools open up new opportunities for
interactive and research activities. For example, when studying the topic «Phenomena of
Nature» students can view virtual models of atmospheric processes using augmented
reality mobile applications such as Quiver. In the process of mastering the topic «Water
cycle in naturey, it is worth using simulations on the PhET platform, which allows you to
model the phenomena of evaporation, condensation, and precipitation. After viewing the
video, primary school students express their associations using the «word cloud» in the
Mentimeter service.

Topics from the sections on society, culture, or career guidance are well
complemented by project work. For example, during the topic «Occupations» students
create presentations in Canva or Google Slides using photos, audio recordings, and QR
codes. Group tasks can be implemented using Padlet or Jamboard, where children publish
the results of their own research: «My hometown», «Environmental problemsy, etc.

The modern elementary school also integrates a STEAM approach that combines
science, technology, engineering, art, and math. When studying soil properties, students
conduct experiments on growing plants, record changes in photo diaries, create growth
graphs in Google Docs or Excel, and build mini-models in the classroom. This is not
only educational, but also develops the skills of a researcher, analyst, and designer.

In the context of martial law and distance or blended learning, digital tools have
become critical. Teachers organize online classes with Zoom, Google Meet, use virtual
whiteboards and interactive exercises to ensure a full-fledged educational process. All
of this is supported by the provisions of the «Methodological Recommendations for
Assessing the Learning Outcomes of Students in Grades 1-4» (letter of the Ministry of
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Education and Science No. 1/9-676 of 29.09.2021), which states the need to create an
inclusive, adaptive and digital learning environment.

Innovative technologies also contribute to the introduction of formative
assessment elements - students independently assess their progress, perform self-
analysis in digital form, for example, in the form of a survey or Google Forms
questionnaire. This develops responsibility, self-organization, and self-reflection.

The use of innovative approaches is fully in line with the principles of the
European Digital Competence Framework for Education (DigCompEdu), which
emphasizes the development of digital pedagogy, critical literacy, the ability to work
with digital tools and engage children in creative work with information.

Thus, the integrated course «I Explore the World» creates ample opportunities for
the implementation of interdisciplinary connections, active use of digital technologies,
development of key competencies and formation of a modern personality capable of
navigating the world of change. The teacher in the NUS is not a carrier of ready-made
knowledge, but a facilitator, mentor, organizer of cognitive activity, who uses innovative
technologies to maximize the potential of each student of primary education.
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CYUYACHE PO3YMIHHS HOHATTSA «3HAHHS»
TA HATIPSIMKH HOTI'O MOKJINBOI
TPAHC®OPMAIIII

CrapikoBa I'ajiuna
K. (i10C. H., JOIEHT
Kadenpa dinocodii
XapKiBChKHI HallIOHAIBHUN YHIBEPCUTET PaIioeTIeKTPOHIKH

Po3BuTOK HaykyM Ta UMBLUII3AIT NEPIOAUYHO TMPUBOAUTH JO HEOOX1THOCTI
neperisaay, yTO4HeHHS a00 HaBITh 3aMIiHM OKPEMHX KOHIICHIIIH, TEOPETHYHUX
NOTJISAIB Ta IMOCTYyJaTiB. B cydacHiil emicTeMosorii, Ha Hall MOIJIAM, CKJauacs
CUTYyaIlis, Ika BUMarae Neperysiay, BHECEHHSI YTOUYHEHb Ta JIOMOBHEHb B PO3YMIHHS
0a30BOro s HbOro po3aury ¢inmocodii MOHATTS — TMOHATTS «3HaHHs». [lOHATTS
«3HAHHS» TPAJULINHO 1 MEepII 32 BCE MOB’S3YIOTh 13 CHEUUPIUHO-TIOACHKAM THIIOM
3HaHHS — TIOHATIMHUM, a0CTPAKTHO-JIOTIYHUM, BEpOATbHUM 1 YCBIJIOMJICHUM.
«3HaHHsA — 1e¢ (opMa OYXOBHOTO 3aCBOEHHSI pE3yJbTaTiB Ii3HAHHA, MPOIECY
BiIOOpa)KEHHS MIMCHOCTI, M0 XapaKTePU3YEThCA YCBIIOMJICHHSM iX 1CTHHHOCTI.
BaxxnuBoro pucor 3HaHHS € MOro YCBIJIOMJIEHICTh Ta 3JaTHICTh BIUIMBAaTH Ha
TISUTBHICTD JIOAUHW» — MPUOIM3HO Tak (OPMYIIOETHCS 1€ MOHSTTS y OUIBIIOCTI
cydyacHUX (1u10cODChbKUX CIOBHUKIB. Ha Take po3ymMiHHA 3HaHHS CHUPAIUACS
¢d110co(dhu Ta HAYKOBLI SIK Y MUHYJIOMY, TaK 1 B Cy4acH1i THOCEOJIOT1i Ta eMiCTEMOJIOT .
Ane k cepeauni XX cTomiTTs chopMyBaacs i Jemio 1HI1a KOTHITUBHA KOHIISTIIIs, SKa
3aCJIyroBY€ Ha OUTBIN TITHOOKUM aHATI3.

B Tteopermuniit aymmi 3axigHoi nmBUTI3amii 0a30BUM, (GyHIAMEHTAIBHUM 1
MPUHIMIIOBUM CTaJI0 HACTYIMHE OaueHHS JIOJCHKOI KOTHITMBHOCTI: palliOHajbHE,
MOHSATIHE, a0CTPaKTHO-JIOTIYHE IMI3HAHHS BBaXkajocs (WacTiml 3a Bce, 1 Joci
BBA)KAETHCS) HAWBUINMM DPIBHEM II3HAHHS JJIS JKMBOI ICTOTH, HAWJIOCKOHAMIIIHNM 1
Halle(EeKTUBHIIUM CHOCOOOM OTpUMAaHHS 1 mepepoOku iHdopMmarii. Bei iHmm
Mi3HaBaJIbHI 3/II0HOCTI PO3TIISIIANCS SK MPUMITHBHI, TBAPUHHI, TaKi, [0 TOBUHHI i
MO>XKYTb JIMIIE JOTIOMAaraTu parioHaIbHOMY MI3HaHHIO, ajie * HisIK HEe KOHKYpPYBaTH 3
HUM. B3arani-To Taki KOrHITUBHI MPOIECH JOCIII)KYBAJIUCS BUKIIIOUHO SIK TBapUHHI,
710 JIFOJAMHU BOHU HE MOBUHHI OYJIM MaTH KOJHOTO BITHOIIEHHS.

Cutyariiss moyanga KapJUHAJIBHO 3MIHIOBATHCS Micis po3pobku 3. dpeitaom
TEeOpii HEYCBIIOMJIEHWX TPOIECIB, B sIKid OyJO JOBEICHO 3HAYHY pOJb, IO il
BIIIrpalOTh MO3aCBIIOMI TICMXIYHI YMHHUKH. 3BicHO, 1o y Dpeiiga Ta ioro
MOCJIIIOBHUKIB MOBa HIJIa HE TPO TMi3HABAJIBHI [ii JIOJWHU, a, HABIAKH, MPO il
MIJICBIIOME €MOIliifHe JKHUTTSA. AJle PO3BUTOK Ta BIOCKOHAJICHHS BUYCHHS PO
M1JICBIJOME MTOCTYHOBO, HEYCBIIOMJIEHO JIsl CAMHMX JIOCIAHUKIB, MPU3BIB J0 MOSIBU
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KOHLIEIIM, 110 pO3IJIsIajdd OKpeMI HEYCBIJIOMJIEHI KOMIIOHEHTH 3 TOYKH 30py iX
KOTHITHBHUX (yHKIIIH. MoBa ¥je, mepir 3a Bce, MpO KOHIIECIIII0 HEIBHUX 3HAHb —
«tacit knowledge», — 3anponionoBany M. Ilosnani [1]. Bin Bu3Hauae HesIBHE 3HAHHS K
3HaAHHS, [0 € Y JIIOAWHM, aje JII0JIMHA He 37aTHa c(hopMyItoBaTH MOro, BTLIUTH B
cioBa-nmoHATTA. CamMe TOMYy BOHO 1 OTpUMAJIO Ha3BYy «tacity, TOOTO «Oe3CIOBECHE»
3HaHHSA. BOHO HAWTICHINIMM YMHOM IIOB’SI3aHO 3 BJIACHUM JOCBIZOM OCOOMCTOCTI,
MPaKTUYHUMH HABUYKAMHM Ta IHTYIII€I0, OTPUMYETHCS BHUKIIOYHO Y TPAKTUYHIN
JUSTIBHOCTI, MEPEBAXKHO HE YCBIIOMIIIOETHCSI Ta HE MOXE OyTH ycBiiomiieHUM. Tomy
HOro CKJIagHO TEpeaaTH 1HIIUM JIFOJISIM, TOOTO Yy TaKoro 3HaHHS BIACYTHS OJHA 3
OCHOBHMX (PYHKII[1{ JIFOJICBKOTO 3HAaHHS — (pikcallis Ta nepenaya JOCBIAY 3 TOKOJIHHS
B TOKOJIHHS, 30€peKeHHsI 3HaHb B KyJbTypl TOIIO. Take po3yMiHHS 3HAHHS CTajo
JOKEPEJIOM CYTTEBUX CYMEPEUYHOCTEH, OCKUIBKK JIsi HAyKOBOTO 1 (h110COPCHKOTo
CIIBTOBapUCTBa OyJI0O HE TUILKM HECHOJIIBAHKOIO, ajleé W MTPOCTO HEMOXKIUBUM
ICHYBaHHS 3HAHHS 103a CJIOBOM 1 CBimoMicTIO. OJHAK MOJIBII JOCITIKCHHS i€l
npobyieMaTuku goBenu, mo [losani MaB parlito 1 y JIFOAUHU, OKPIM YCBIJOMJICHOTO
MOHATIHHOTO 3HAHHS, MPHUCYTHI Pi3HI BapiaHTH 3HAHHS HEYCBIJOMIIEHOTO. 3T0J0M
OyJIO OIMCaHO JOCUTH Oarato pi3HOBHUIIB TAKOTO HESIBHOTO 3HAHHS [2].

MoskHa 3ampomoHyBaTH 1€ OJHY HH3KY MIPKyBaHb IIIOAO HEMOBHOTH
BU3HAYCHHS MOHATTA «3HaHHS» B cy4yacHid ¢imocodii. [{i MipkyBaHHS CIparOTh HA
MPOCTHI JIOTIYHUI aHaji3 3alpONOHOBAHMX B HAYKOBIM Ta €miCTEMOJIOTIYHIM
JiTEpaTypl BU3HAYCHD 3HAHHSA. 32 BU3HAUEHHSM, 3HAHHS € PE3yIbTaTOM Ii3HABAJILHOT
aKTUBHOCTI Cy0’€KTa B MpOLIECI B3a€MO/II 3 HABKOJIMILIHIM CBITOM, TOOTO OTpUMaHa
iHpopMarlliss He TPOCTO (IKCYeEThCs, a BiApa3y K IHTEPHPETYEThCs JIOAMHO0. Lls
IHTepIIpeTallisl He BUIIaIKOBa 1 HEe JOBLIbHA, BOHA MAa€ METY 1 HaBITh «HAA-METY», AKa
MOJISITAa€ y TMOIIYKY CYTHOCTI peuei, MpOoIEeciB Ta B3arajal 00’€KTUBHOI peallbHOCTI B
IiJIOMY. 3HaHHS, 10 OTPUMAHO B pe3yJIbTaTI TAKOI IHTEPIPETAIlii, TFONHA, TTO-TIePIIIE,
HaMaraeThbCsi MaKCUMallbHO ((opmanizyBaTu 1, mo-apyre, usg (opmaiaizoBaHa
iHboOpMaIlis CIpPUIIMAETbCS 1 BIEBHEHO PO3TIIANAETHCS SIK aOCOJIOTHO aJIeKBaTHE
BiIOOpakeHHs JIMCHOCTI, SK Te, IO BIANOBiJAaE peanbHOCTI. TOOTO 1€ BXKE HE
Oe3nocepe s iHpopMallis Bil OpraHiB BiIuyTTs a0o mpuiaaiB, a o0pobieHa, J0r14HO
IpOaHali3oBaHa, YITKO W CTUCIO ChOPMYyIbOBaHA Yy BHUIJISIII MOHSTH «BTOPHUHHA»
iH(popMarlis, IKy MU 1 HA3UBAEMO CIIOBOM «3HAHHS.

Anie Mu, 4acTiIl 3a BCe, HE BPaXOBYEMO, IO HAIlla BIEBHEHICTh B JJOCTOBIPHOCTI
K OTPUMAHUX JIaHUX, TaK 1 «IHTEPIPETOBAHUX 3HAHB» I'PYHTYETHCS BUKIIOYHO Ha
YJACTKOBUX, 3aBK/IM HETMOBHUX Ta Cy0’€KTMBHHX apTyMEHTaX, HaBITh SKIIO 1€ CYTO
HAyKOBI apryMeHTH. ICHy€ K MiHIMYyM OJMH Oe3MepeuHHii 10Ka3 I1€i HETOBHOTH — Y
dbopmanbHI JIOTII IaBHO BXXE IMIILINA O BACHOBKY (3 SIKUM Hau€0TO MOTOKYIOThCS
BCl HAYKOBIIi), III0 BUCHOBKHM 3a HEMOBHOIO IHJIYKIIIEID HOCATh BUKIIFOYHO 1 TUIBKH
WMOBIpHICHUNM XapakTep. A OCKUIbKM BCl 0€3 BUKIIOUEHHS HAayKOBI Teopii Ta
KOHIIEMIIi1, TaK Y 1HaKIIe, 0a3yBaKCh 1 0a3yIOThCA HA EMITIPUYHOMY MaTepiai, TO i
NpUKIHIEB] X HOPMYTIOBaHHS, HAIIPUKIIAI, 3aKOH BCECBITHHOT'O TSHKIHHS, TEXK MAIOTh
MMOBIPHICHUI XapakTep, a OT)KEe, € 3a BUBHAUYCHHSM HEMOBHUMH 1 HEJIOCKOHAIUMHU.
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ToMy 1 Hamie 3HaHHS MPO PEATBHICTH 3aBXKIU JHUIIAETHCS HEMOBHUM Ta HETOUYHHUM.
EnicreMonoriuamii  aHamiz TakoX IOKa3ye, IO Cy4YaCHE BHU3HAYEHHS TOHSTTS
«3HAHH» MOXKHA BBAXKATU HEJAOCTATHHO KOPEKTHUM 3 TOUKHU 30PY JIOTTYHOI YITKOCTI i
nockoHayocTi. lle BU3Ha4YeHHs Haraye Onuc MeBHOTO 00’ €KTY, MEPEITIK SKMXOCh HOT0
XapaKTEPUCTUK, IO BUTISAAAIOTH CKOPIII 30BHIMIHIMHU MO BIJHOIIEHHIO J0 CYTHOCTI
¢denomena. CkiagaeTbcsi BPaKCHHS, IO BU3HAYEHHS  (POPMYIIOETHCS BIIHOCHO
CIPUUHSTTS Ta BUKOPUCTAHHS JIIOJIMHOIO, ii BIJHOIICHHS Ta OI[IHOK, a HE 3 TMO3HIII]
MOIIYKY CYTHICHUX OCOOJIMBOCTEH 3HAHHS SIK crieludiuHoro Tuny iHdopmarri.

Hactynmuuii apryMeHT Ha KOPHUCTh MEPErJsiy CYTHOCTI TOHSTTS «3HAHHS»
MOB'SI3aHUN 3 TUM, 1[0 MM 3BUKIM PO3TJISAATH 3HAHHS SK (DEeHOMEH, mpuTaMaHHHHI
BUKJTFOYHO JIFOAMHI, ¥ TIOBHICTIO BIMOBIISIEMO TBapMHAM B MOXJIMBOCTI MaTH TaKy
iH(}opMalito, AKy MokHa OyJI0o O Ha3BaTH 3HAHHAM. AJle, SIKIO TOAUBUTUCS HA OyTTS
TBAapUH, iX cnocoOu oOpoOKH 1H(oOpMalli, pearyBaHHs HAa 3MIHU Y HaBKOJIUIIHbOMY
CEpEeNOBHII, HAa CKJIQJAHY W 1HOAI HemependadyBaHy JUIsI HAC IOBEIIHKY, MOXKHa
NPUIYCTUTH, 110 1 BOHU MalOTh MEBHI i HABITH JOCUTh PO3TalTy>KEHI «3HAHHS» PO
HABKOJIMIITHIN CBIT, MpaBHJIa 1 MPUHIIAIIKA HOTO MOOYI0BU Ta (PYHKI[IOHYBaHHS Ta MPO
MpaBWIbHI, aJeKBaTHI 1 e(peKTHUBHI CIIOCOOM peakilii Ha MPOIECH Yy IIbOMY CBITi. Y
TBapUH TaKOX ICHY€ CBOSI «KapTWHA CBITY», 3BICHO X, HEMOBHa, (YacTKOBA,)
dbparmMeHTapHa, pi3Ha y pi3HUX BU/IIB, ajle TakKa, 10 BKIIOYaE 10 cebe Xxo4ya 0 4aCTKOBO
ICTUHHY 1H(pOpMAIlilo, KA BIANOBIAA€E A1MCHOCTI. [IpocTo 1151 KapTHUHA CKIaIaeThCs HE
13 CITiB, K y JIOJUHHM (X04Ya 1 Y JIOJUHH 10 KaPTUHU CBITY BXOSATH JTAJIEKO HE TITHKH
BepOali3oBaHa Ta ycBigomiieHa iH(opmalisi), a 3 00pas3iB, NEBHUX YSIBJIEHb TOIIO,
CKJIQJIHICTh 1 TOUHICTb SAKUX 3aJIKHUTH BiJ PIBHS PO3BUTKY HEPBOBOI CUCTEMU JAHOTO
BUJIy TBApWH: OJWH THUIl ySBJIEHb, CKOpIII HAaBITh, BIAYYTTIB, HAINPUKIAI, y puoO,
IHIIMI — y KOMaX, 30BCIM 1HIIMM — y BUIIIMX TPUMATIB UM CCaBLIB.

Crnig MmAKPECIUTH, IO 32 CBOEK CYTHICTIO I1HTEPHpETaIlisi 30BHINIHBOL
1H(popmarii abo iH(dopmallii Bii OpraHiB UyTTsl, sIKY 3/1HCHIOE OYy/b-sIKa )KMBA 1CTOTA,
MPUHIIUIIOBO HE BIAPIZHIETHCS B MPOIIECy, AKUN 3/1MCHIOE MtouHa. ['00BHA MeTa,
aK OyJ0 CKa3aHO, — II€ aJieKBaTHE «PO3YMIHHS» IPOIIECIB, IO BIIOYBAIOTHCSA Y
HABKOJIUIIHBOMY CEpEIOBHUII, Jis1 HAaHOLIbII a/IeKBATHOI Ta €(PEKTUBHOI peakiii Ha
HUX. [HTepmperaiis, TOOTO 00poOka iHdoOpMalii 3a TNEBHUMU MpaBUIIAMH,
3MIACHIOETBCA Ha OyAb-SIKOMY TBAPMHHOMY pIBHI, MPOCTO Yy JIOAWMHU KIHLIEBOIO
dbopMot0 IHTEpIIpeTAaIlii BBAXKAETHCS MOHATTSA, & TBAPHHI TOCTaTHBO 00pa3y, YABICHHS
1 HaBITh BIIUYTTA.

HaBeneni MipkyBaHHSI HAaBOAATH HA IyMKY IIPO T€, 10 KJIIACKYHE, 3BUYHE JIJIS BCIX
BU3HAUEHHS 3HAHHS NOTpeOye Meperiyisay, YTOUHEHHS 1 JIOMOBHEHHA. MOXIIUBO,
HEOOX1HO BBECTH JI0JIATKOBE MOHSTTS JI MMO3HAUYCHHS 1H(OpMallii, sika MOCTyIae B
KOTHITUBHY CHCTEMY JKHMBOi ICTOTH 330BHI, NIEPEPOOISIETHCS HA JTOCTYITHOMY IS
JAHOTO BUJY *HUBUX ICTOT PiBHI, IEBHUM YHMHOM IHTEPIPETYETHCA IIEI0 CUCTEMOIO 1
BILJTMBA€ a00 MOXe BILUTMBATH Ha MOBEAIHKY/3MIHY MOBEIIHKU KUBUX ICTOT. B Takomy
BUMAJIKY CTIEHM(pIYHO JIFOJICHKE 3HAHHS MOKHA Oy/ie pO3TisAaTH sK MEeBHY YaCTUHY
Takoi iH¢opMmallii. 3anpornoHOBaHI MIPKYBaHHS JIOBOJSTH, IO MHEperjsy 0a3zoBUX
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MOHATH EMICTEMOJIOT1], 30KpeMa, TIOHITTS «3HAHHS», € aKTyaJbHUM I CydacHOl
dbimocodii.
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Kadenpa paniorexniku ta iHGopMaIiiHoi 6e3neKku
UYepHiBelbKUN HalllOHAJIBHUI yHIBepcUTeT iMeH1 FOpis PeapkoBuya, Ykpaina

AHoTamifg. Y po0OOTi 3amponoHOBAaHO TiMOTE3y NpO ICHYBaHHA (HI3UYHO
peaNbHOr0 KOTEPEHTHOIO KaHally, 10 YTBOPIOETHCS MiJl Yac reHepamii CIUTyTaHuX
dhoTOHIB 1 3a0e3neuye MPOCTOPOBO-YACOBY Y3TO/KEHICTh PE3yJIbTaTiB BUMIPIOBAaHb.
Takuii KaHaln TPAKTYETbCA SAK MNPOCTOPOBO-00’€MHA (pa3oBa CTPYKTypa, 3AarHa
30epiraTd KOT€PEHTHUM 3B’SI30K MDK (OTOHAMHU HaBITh MICHS iX MPOCTOPOBOTO
po3nuieHHa. Ha 0CHOBI aHai3y €KCIIEpUMEHTIB TUy beiia BUCYHYTO MpUITYIIEHHS,
10 Y3TO/KEHICTh PE3YJBTATIB € MPOSBOM JTMHAMIUHO1 KOHGITYypalii cepemoBuina abo
donHoBOi TOMmoOINOrii mpocTopy. IlpoBeneHo wyucenbHE MOJIETIOBAHHS Jerpajarii
KOTEpEHTHOCT1 TMiJ Ji€l0 [IyMiB, (a3oBux 30ypeHb 1 YacOBUX 3aTPUMOK.
3anponoHOBaHO HU3KY EKCIIEPUMEHTAJIbHUX MIAXOAIB JO TEPEeBIPKU TINOTE3H,
30KpeMa LUISIXOM BHUBUEHHSA CTAOUIBHOCTI KOPEJSLIA MPU 3MIHHUX MPOCTOPOBUX,
YaCOBUX Ta CEPEIOBUIIHUX MapaMeTpax.

KurouoBi cjioBa: KBaHTOBa CIUTYTaHICTb, KOT€PEHTHUU KaHal, €KCIEPUMEHTH
benna, mpocTopoBo-4acoBa KOTEPEHTHICTh, (ha30Ba CTPYKTypa, IPUIUHHICTD, (Di3UTHA
THTepIpeTallisl.

BBenennsi. KBaHTOBa CIUIyTaHICTh — OJWMH 13 KJIIOYOBUX 1 BOJHOYAC
HalmapaJoKCAIbHIMKUX (EHOMEHIB Ccy4yacHOi (i3uKd. 3TiHO 31 CTaHJAPTHOIO
IHTEpIpEeTaLl€l0, CUCTEMA CIUTyTaHUX YACTHMHOK HE JIOMYCKAae MOJLIYy Ha OKpeMi
BU3HAYECHI CTAHU; CIOCTEPEKEHHS OJTHOTO 00’ €KTa MUTTEBO BU3HAYAE CTAH IHIIIOTO —
He3anexHo Bif BiacTanl Mixk HuMHU (Everett, 1957 [7]; Zeilinger, 1999 [6]). Xoua
¢dopmani3sM KBaHTOBOI MEXaHIKM 3 BHCOKOIO TOYHICTIO Tepeadadae pe3ynbTaTu
excriepumeHTIB Tumy bemna (Aspect et al., 1982 [2]; Hensen et al., 2015 [3]), nutanus
GI3MYHOI MPUPOAM TakKoi ““MUTTEBOI B3a€EMOAI’ MK CIUIyTaHUMHU (HOTOHAMU

116



Proceedings of the 15t International Scientific and Practical Conference
"Scientific Progress: Theories, Applications and Global Impact"

Z\ EuroPEAN OPEN July 14-16, 2025
7 SCIENCE SPACE Braga, Portugal

R mmm— E— ]
3aNUIIAE€THCSA BIAKPUTHM. YW € BOHA JIMIe MaTeMaTUYHUM apTe(akToMm Omucy, 4w,
MO>KJIMBO, IIPOSIBOM III€ HE BHUSBJICHOI CTPYKTYpH IIPOCTOPY YU MOJIs, sike 3abe3mneuye
30epeKeHHS KOT€PEHTHOCTI MIXK YACTUHKAMU MICHS X reHeparii?

MeTa Ta 3aaa4i aocJaiKkeHHs. MeToro T0CIiKeHHS € GopMYyTtoBaHHS (Hi3UIHO
OOIpYHTOBAHOI TIMNOTE3M WHIOAO0 KBAHTOBOI CIUTYTAHOCTI SIK pe3yJIbTary 1CHYBaHHS
MIPOCTOPOBO-YACOBOTO KOTEPEHTHOTO KaHAIIy MK (POTOHAMH, a TaKOXX BHSBIICHHS
EKCIIEPUMEHTAILHUX HACIIIKIB, SIK1 O JJO3BOJIUIIY 11 EMITIPUYHY TIEPEBIPKY.

OcHOBHI 3ajadl JOCHIJKEHHS: MPOBECTHM KPUTHUYHUK aHaJI3 KIACUYHUX
excriepuMeHTIB Tumny bemnma (3oxpema [2], [3]) 3 mo3uIlli IpUYUHHO-TIPOCTOPOBOI
CTPYKTYPH 3B’SI3Ky MDK CIUTyTaHHMH 00’ €KTaMU; BU3HAUUTH KIIOUOBI MapameTpu
KOTEPEHTHOTO KaHally: TPUBAJICTh ICHYBAaHHS KOT€PEHTHOTO 3B’S3KY, NPOCTOPOBY
TOMOJIOTII0, YYTIAUBICTh N0 30ypeHb CEpeloBHUIIA; PO3POOUTH YUCEIbHY MOJENIb
Jerpajanli KOrepeHTHOCTI, IO BiJI0Opa)kae BIUIMB 30BHIIHIX (aKTOpIB Ha
30epeKeHHS KBAHTOBUX KOPEJISAIIINA; MOPIBHATH PE3YIBTATH MOJICTIOBAHHS 3 BIIOMUMHU
eKCTICpUMEHTATPHAMH JaHUMH, a TaKoX 13 TependadeHHsIMHU CTaHAapTHOI
iHTEeprpeTanii; chopMyTIOBaTH TMPOMO3UIT IIOA0 HOBUX EKCIEPUMEHTIB, 3JaTHHUX
nepeBipuTH (PiI3MYHY MPUPOY KOTEPEHTHOTO KaHaTy Ta BIJOKPEMHTH i1 BiJl YHCTO
(dbopManbHOTO OMUCY KBAHTOBOI CITYTaHOCTI.

Pe3yabraT 10CTiTKEeHHS i iX 00roBOpeHHH.

®dizuyHa rimoTe3a KaHaJy KOrepeHTHOCTi. Y paMkax Hamoi poOoTH
3alpPOMOHOBAHO THTEPHIPETAIIfHY TiMOTe3y, 3TIAHO 3 KO MPHU TEHepallii mapu
crurytanux (otoHiB GopmyeThes (I3UYHO 3HAYylmla — Xo4ya ¥ He (POTOHHA —
CTPYKTypa, Ky yYMOBHO MO)XHA Ha3BaTW KaHAJIOM KorepeHTHocTi. lleil kanam He
MEPEHOCUTh CHEPrir0 YW KIAacH4Hy 1HopMaIlio, ajie 3alde3nedye y3roKeHe
(KOrepeHTHE) TMOBOJI)KEHHSI KBAHTOBUX CTAHIB YAaCTUHOK MpPU IX ITPOCTOPOBOMY
pPO3HECEHHI Ta HE3AJICKHOMY BHMIpIOBaHHI. [HIMME cloBaMH, MOMPH BiJICYTHICTH
npsiMoi  B3aemojili abo OOMIHY CHUTHajdamMH, KBAHTOBI CTaHU JBOX YAaCTHHOK
3aJIUIIAI0THCS OB’ I3aHUMU Yepe3 CHUTbHY (a30BY CTPYKTYPY.

Tpaauiiiini TOSICHEHHS KBAHTOBOI CILTyTaHOCTI 0a3yroTbCs Ha Gopmatizmi
XBUJIBOBOI (DYHKILII Ta MOCTYyJaTl Kojancy craHy (a0o, HaNpUKIa[, HAa MPUIYIIECHHI
HEJIOKaJIbHOI €BOJIIONIT XBWJIBOBOTO IMakeTa). HaTomicTh Halia Mojiellb BUXOAUTH 13
NPUMYIIEHH, 10 ICHY€E peaibHa (Pi3uyHa CTPYKTypa mpocropy (abo Bakyymy), sika
30epirae KOrepeHTHUH 3B’ SI30K MK YaCTHHKAMH IIICTIS iX CITUTBbHOT renepartii. Takuit
KaHaJl KOTEPEHTHOCTI MOKHA 1HTEPIIPETYBATH SIK:

o TOTIOJIOTIYHE «3YeTIeHH» (Pa30BUX KOHTYpIB y KOHQIrypaliiiHoMy mpocTopi
(HeBUIMMUMN BY30J1, 110 MOB’A3Yy€ (Da3u ABOX KBAHTOBUX 00’ €KTIB);

e KOTEPEHTHE 30YJ/IP)KEHHSI CepeJoBUINA (Bakyymy), MOJIOHE 3a OPUPOIOI0 O
epexkry Kasumipa (komu BakyyM MposiBisie ceOe depe3 KOJEKTHMBHUN BIUIMB Ha
KBaHTOBI 00’ €KTH);

o iH(pOpMaILIHY CTPYKTYpHY (DYHKIIIFO IPOCTOPY, L0 HECE TI00ANbHY «IIaM’ STh)
PO CHUTBHUN CTaH YaCTHHOK 1 3a0e31euye Horo 30epexeHHs.
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3anponoHoBaHa rinoTe3a J03BOJISE TPAKTYBATH CILUTYTAHICTh HE SIK «(MUTTEBY 11O
Ha BIJICTaH», a K B3a€EMO3AJICKHICTH 4Yepe3 CTPYKTYypoBaHy (a30BYy B3aEMO/IIIO,
30epexeHy B MPOCTOPi Ta yacl. [HIMMU cioBaMu, KOpEsLis pe3ybTaTiB BAMIPIOBAHb
BHHUKAE HE 3aBJIsKA OOMIHY CHUTHajJaMH MK YaCTHHKAMH, a 3aBJISKH HAasBHOCTI
CHUIBHOI JIJ1s1 HUX ()a30BOT 0OOJIOHKH.

Ha Bigminy Bia, ckaxxiMo, iHTepnpeTalii 6aratocBiTiB (Many-Worlds) uu cyto
MOJICTbHO-MAaTEMAaTHYHMX IT1IX0/I1B, 3aIIPOIMIOHOBAaHA T1I0TE3a MA€ TaKi IepeBaru:

o Y3roaKeHicTp i3 KBAaHTOBOK Teopi€rw. Bona He cynepeuuts (opmanizmy
KBAHTOBOI MEXaHIKM 1 BIJANOBIIA€ BCIM  EKCIIEPUMEHTAIBHO ITATBEPIKCHUM
nepea0ayeHHsIM (CTaTUCTUYHUM pe3ysibTaTaM BUMIpIOBaHb). Ilpu 1iboMy BBOJIUTBHCS
JIOJATKOBUH (PI3UYHHI 3MICT SIBUIIIA CIUTYTAHOCTI.

o« EMnipuyna oOrpyHroBanicTh. ['imoTe3a Jomyckae TEpeBIpKy 4depes
eKCIIEPUMEHT: MO’KHAa MOJIENTIOBATH MOBEAIHKY KaHally, HABMHUCHO HOro 30yproBaTH,
3MIHIOBAaTH YMOBHU Ta CIOCTEpiraTu, SiK 1€ BIUIMHE Ha Kopensmii. Ile mpunHimmnona
BIJIMIHHICTb BiJ] IHT€pIIPETALiH, SIKI pO3TJISAAI0Th CIUTYTAHICTD JIMILE IK MATEMAaTUYHY
BJIACTUBICTh — HAI MIJX11 pOOUTH aKIeHT Ha (PI3UUHINA peaTbHOCTI MPOIIeCy, 10 Ja€
MO>KJIMBICTh OTO TECTYBATH.

o [IpyunHHO-T0KaNBbHA cyMicHicTh. KaHam KOrepeHTHOCTI  BiAHOBIIOE
MPUYUHHO-JIOKAIBHY CTPYKTYpPY OMHCY: YCi (PyHIIaMEHTalbHI MpoIecH (B3aeMO/Iii)
BIJIOYBaIOTHCS JIOKAJIBHO, 1 HEMAae MOTPeOM MPUIYCKAaTH HAJCBITIOBI BIUIUBH YH
MHUTTEBUI «00Ba» CTaHy Ha BijcTaHi. HeaokambHI KOPEsIlli MOCTaroTh SIK HACTIA0K
MPUXOBAHOI CTPYKTYPHU MIPOCTOPY, ajle HEe MOPYIIYIOTh IPUHIIUIIIB TPHUYNHHOCTI.

IIpocropoBo-4acoBa peKoHIenTya i3anis eKCIIepUMEHTIB Acre,
Haiiainrepa ta I'encena. KrnacuuHi ekcriepuMEHTaIbHI JOCTIIKEHHS KBaHTOBOI
CIUTyTaHOCT1 — 30KpeMa, poboTu mij kepiBHUIITBOM AjeHa Acrie (1982) [2], AnToHa
[atimiarepa (1998) [6] Ta bacriana ['encena (2015) [3] — Bimirpanu pyHaaMeHTaIbHy
pOJIb Y TIepeBIpIll HEJIOKAJbHUX KBAaHTOBUX KOPEJSALiM 1 CIPOCTyBaHHI MOJAENEH 13
JOKAJIbHUMU NMPUXOBaHUMU 3MIHHUMH. Lli excriepumenTu 0a3yBaiucs Ha TECTyBaHHI
HepiBHOCTeH benna 1 Oyim cipoekToBaH1 Tak, 00 JETEKTOpU Ta BUOIp HAIAIITYBaHb
BUMIpIOBaHHA OyJIM 130JIbOBaH1 y MEXax TaKUX MPOCTOPOBO-YACOBUX OOJacTel, sKi
BUKJIIOYAIOTh KJIACHYHHUI 0OMIH iH(opMalliero (TOOTO MOii BUMIPIOBAHb PO3ALICHI
MIPOCTOPOBO 1 BIIOYBAOTHCSA MIBU/IIIIE, HI’K CBITJIO MOTJIO O IepeaTi CUTHAJ BiJ] OJHIET
1o ium0i) [9]. Pesynbraty ux AOCTiAIB MATBEPIUIIN MOPYIIEHHS HepiBHOCTEH benna
(THIM caMHM JIEMOHCTPYIOUM HECYMICHICTh JIOKQJIBHOI'O peani3My 3 KBAHTOBUMH
SBUIIAMH) 1 HE 3QJIMINMIN IIAHCIB HA TOSCHEHHS CIOCTEPEKYyBAHUX KOPEIAIIA 3a
JIOTIOMOTOI0 CYTO KJIIACHYHUX MEXaHI13MiB.

Brim, y pamkax 3anpornoHOBaHOI TiNOTe3H (PiI3MYHOTO KOIE€PEHTHOI'O KaHAy I
pe3yJIbTaTH MO>KHA IEPEOCMUCITUTH 3 1HILIOT IEPCTIEKTUBH — HE SIK CBIAYEHHS MUTTEBOT
nepeaadi iHpopMalii Ha BIJACTaHI, a K MPOSB MPOCTOPOBO-YACOBOI Y3TOKEHOCTI B
MeKax TOIOJIOTTYHOT CTPYKTYPH KOTEPEHTHOTO 3’ €IHaHHS MK YaCTHHKAMHU.

Excnepument Acne (1982): yacoBi iHTepBaJu Ta TOMOJOriA KaHaiay. Y
nocaial Acme Ta CrIiBpOOITHUKIB CIUTyTaHi (DOTOHM YTBOPIOBAIMCS B aTOMAapHIi
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JeKaeBli cxeMi, a I BuOOpy ©0a3ucy BUMIPIOBAHHS  3aCTOCOBYBAJIHCS
BHCOKOIIIBUJIKICHI aKyCTOONTHYHI TMepekiaouareni. lle mo3Boisuio  IUHAMIYHO
3MIHIOBATH OPIEHTALII0 MOJISPU3aTOPIB OYKBaJbHO MiJ Yac MOJbOTY (HOTOHIB [9].
Bubip 6a3ucy BuMiproBaHHS Ha KOXKHIWA CTaHI(l MPOBOJAMBCS HACTUIBKHU IIBUJIKO, IO
no/iii BUOOPY Ha 000X JIeTeKTOpax OyJau po3alIeH] TPOCTOPOBO-4aCOBO (IIPOCTOPOBO
Ha ~13 M 1 B yaci Ha HAaHOCEKYHJHHX MacliTabax), YHEMOXKIUBIIOIOUN OyAb-IKHA
cyOCBITIIOBUI OOMIH cHUTHaiamMu MDK HUMHU. Kiro4oBi mapaMeTpu e€KCIEpUMEHTY:
BIJICTAaHb MDXK J€TeKTOpaMH cTaHOBUJA <13 M (4ac monboTy ¢oToHa ~43 HC); yac
MepeMUKaHHS TOJISIpU3aIliiHoro ananizaropa — nopsaka 10-20 ue [10]. Takum yuHOM,
OpIi€HTalIlisl MOJIApU3aTOpa MOTJa 3MIHUTHCS Ha MPOMDKKY Yacy, MEHIIOMY 3a 4ac
npon€ry (GoToHa BiA JKepena A0 JETEKTOpa, TOOTO JIOKadbHI YMOBH BUMIPIOBAHHS
3MIHIOBAJIUCS, TOKH (OTOH 111e OYB y JOPO3i.

BaxxnuBo 3a3HauMTH, 10 MOMEHT MEPEMHUKAHHS MOJSPU3ATOPa MOXKE YaCTKOBO
HaKJIaJaTUCS Ha Tepioj TpaH3uTy ¢oToHa. [Hakme Kakydd, YMOBH BHUMIPIOBaHHS
MOIU(DIKYIOThCS 1€ 10 TOro, sIK KBAaHTOBUM CTaH OyJie OCTaToyHO 3a(iKCOBAHO
JAETEKTOPOM. 3 TOYKHM 30py TINOTE3UM KOTEPEHTHOIO KaHally, II€ O3Hayae, 10 3MiHa
JIOKAJIbHUX YMOB «BOYIOBYETHCS» Y (Pa30BY CTPYKTYpY KaHAITy KOT€PEHTHOCTI 1€ J10
3aBepIIeHHs] BUMipIOBaHHA. KorepeHTHiICTh MK ABOMa ()OTOHAMHU MiATPUMYETHCS
TOMOJIOTTYHOIO ()a30BOIO CTPYKTYPOIO KaHAITy, 1 HABITh MICIs 1X HAPOHKEHHS JIOKAIbH1
1ii (Taki SK Mi3HE MePeMUKaHHs 0a3uCy) MOXKYTh BIUIMBATH Ha KOH(]Iryparito 1b0ro
kaHany. Takuii eexT, 3BiCHO, HE € Iepelaueto CUTHATY B KIIACHYHOMY po3yMiHHI (00
HE Hece eHeprii uM iHpopMmallii), aje BiH CBIAYUTH PO AUHAMIYHY B3a€MO3aJIEKHICTh
y MeXaX «IPOCTOPY KOTEPEHTHOCTI» — MPUXOBAHOTO 3B’S3KY, 110 00’ €JHY€ YaCTHHKHU.

ExcnepumenTtn i3 3anisHisium Budopom (Laiiiainrep, 1998; I'encen, 2015). ¥V
MOJAJIBILIOMY PO3BUTKOBI €KCIIEPUMEHTIB 13 IEPEBIPKU HepiBHOCTEN bernna oco0auBy
yBary OyJio MpUIIIEHO TaK 3BaHUM MPOTOKOIaM 13 3amizHuIM BuOOpoMm (delayed-
choice). Cepeq HUX MOXHA BII3HAYUTH pPOOOTH TiJ KEpPIBHULTBOM AHTOHA
[Hatimiarepa (1998) ta bacriana ['encena (2015), sixi BBen# 70/1aTKOB1 0OMEKESHHS JISI
YCYHEHHSI OYyJIb-SKOi MOJIMBOCTI KJIACUYHOTO BIUIMBY MK YaCTHHAMH YCTAaHOBKHU
[9,11]. ¥V nux mocnigax peaiizoBaHO JBa KIIOUYOBI ClIEHAPII:

o [lepenutryTyBannsi uyepe3 o0min (entanglement swapping). CrnyTaHicTh
YTBOPIOETHCS MK JIBOMa (DOTOHAMM, K1 HE TUIbKM HE B3aEMOJISUIA O€3MOCEPEIHBO,
ajie ¥ HaBITh HE ICHYBaJM OJHOYACHO y CIIUJIBHOMY CTaHl 10 MOMEHTY IEBHOL
B3aemojiii. Cxema Taka: CIOYaTKy T€HEPYIOThCS Bl HE3aJIEeXKHI CIUTyTaHl Hapu
(pororu A-B ta C-D). [ToTim onun oToH 13 nepimoi napu (ckaximo, B) 1 onun Gpoton
13 apyroi napu (C) crpsMOBYIOTbCS Ha CHUIBHUI BUMIP — BUKOHYETHCS TaK 3BaHE
BUMIpIOBaHHA besna Haj 1i€ro MpoMbKHOIO Maporo. B pe3ynbTaTi HbOro «0OMIHY»
CIUTyTaHICTh PETPOCIIEKTUBHO BCTAHOBIIIOETHCSA MK JBOMA 1HITUMHU oTOHAMU (A Ta
D), siKi HIKOJIM HE B3a€EMOJISUIM 1 MOXYTh OyTH PO3/ILJICHI SIK 3aBrOJHO y MPOCTOPI.
®akTH4HO, BUMIPIOBAHHS HAa MPOMIXKHIHN Mapi MPOEKTY€E CUCTEMY B CTaH, ie GOTOHH A
1 D onuHSAIOTHCA CILUTyTaHUMHU, X04a JI0 IIbOTO BOHU HE OYyJIM KOPEJIbOBaHI.
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 Binkiiagenuii Budip Tuny Bumiproanus (delayed-choice entanglement). B
[bOMY CIIeHapii BUOIp TOTO, IK BAMIPIOBATH CIUTYyTaHy CUCTEMY, 3I1HCHIOETHCS MICIIS
TOr0, SIK OJIMH 13 BOX (POTOHIB YK€ JAeTeKToBaHWU. Hanpukian, MoxkHa 3a31aJ1eriib
HaJAIITYyBaTU CXEMY TakK, IO ApYruil (GOTOH Moke OyTH BUMIpSHHI ab0 CIIBHO 3
IHIIUM (Ha TpeIMeT TepeBIpKH IXHBOTO OULIIBCHKOrO CTaHy), abo OKpemo, aje
pillIeHHA TpO 1€ MpPUHMAEThCs JHIE MIcas peectpanii nepuioro (ortona. Takwuii
«GanI3HUIMI BUOIP YHEMOXJIHMBIIIOE TMOSICHEHHS KOPEJALIN SKMMOCh MPUXOBAHUM
KJIACHYHUM CHUTHAJIOM, aJ[’)K€ CHOoCi0 BUMIPIOBaHHS JApPyroro (poToHa BU3HAYAETHCS
3aHAQATO TMi3HO, MO0 iHQoOpMaIlis TPo 1€ MOrja BIUIMHYTH Ha Tepmoro. Y
3HameHuToMy ekcnepumenTi 2015 poky (TU Delft) BuOip 6a3ucy aiiicHO
3JIIHCHIOBABCS 32 IOTIOMOT 010 IIBUAKUX BUTIAJKOBHX F€HEPATOPIB YKe MiCIis reHepaii
CILUTYTaHOI MapH, 1 I€TeKTOpH OyJii po3HeceH] Ha 1,3 KM — B X yMOBaX JKOAEH CUTHAI
HE MIT 3’ €IHATH MOJ1i B MEXaxX KOHyca NPUYUHHOCTI [12].

Tpanuuiiina KBaHTOBa iHTepmperainis pe3yJbTaTiB. Y CcTaHAapTHIH
(komeHrareHchbkii a0o OmepalioHaNICTChKIN) IHTEepHpeTalii KBaHTOBOI Teopii
IpUIMAETHCS, 10 KBAHTOBUN CTAH CUCTEMH HE € 00’ €KTUBHO BU3HAYEHUM JI0 MOMEHTY
BUMIpIOBaHHSA. Pe3ynbTaT CrioCTepexeHHsI «HAPOIKYETHCS» B MPOIEC] BUMIPIOBAHHS
1 3aJIXKUTH Bi yciei KOHQIrypalii eKCliepuMeHTalIbHOT YCTAaHOBKH. TakuM YHWHOM,
BUIAJIKOBICTh Y BHUOOpI 0a3zucy 4M MPOCTOPOBA 1 YacOBa PO3HECEHICTh MO HE
CTBOPIOIOTH MApaJOKCy: 70 BUMIPIOBAHHS CHCT€Ma HE Ma€ MEBHOTO CTaHy, a Micis
BUMIPIOBAHHS KOPEJAIT MPOCTO BIIOOPaKarOTh CTATHUCTHYHI BIACTUBOCTI €IUHOTO
HEPO3JIUTLHOIO KBAHTOBOT'O 00’€KTYy «YacCTHHKHU + mpwiaay. Di3udHuil 3MICT Mae
JUIIE CTAaTUCTHKA BEIMKOI KUIBKOCTI peali3alliii eKCIepUMEHTy, a He MPHYUHHO
JETEPMIHOBAHUH 3B’SI30K MI>K OKPEMUMU BUMIPIOBAHHSIMH.

Tomy edekTn «3ami3HUIOrO BHOOPY» Yy TaKUX EKCHEPUMEHTaX TPAAULINAHO
IHTEPIPETYIOTHCS K BiTOOpaKEHHS rI100a1bHOT HEMOAUIBHOCTI KBAHTOBOT CHCTEMH Ta
eKCIIEpUMEHTAIbHOTO cepefoBuia. Hemae morpebu BBOAUTH SIKUUCH (PI3UUHMIMA
3B’A30K MK YaCTHHAMH YCTAaHOBKH: KOPEJAIil MOCTaIOTh SIK MPOSIB TOTO, IO JIBi
YACTUHKU N0 BUMIPIOBaHHS YTBOPIOBAIM €IMHY CHUCTEMY, 1 PE3yJbTaT Ha OJHOMY
JETEKTOP1 MPOCTO BU3HAYAE BIAMOBIIHUNA PE3yJbTaT HA IHIIOMY 3T1JHO 31 CHUIBHOIO
XBUJIBOBOIO (pyHKIli€t0. HisKMX CcHUTHaIiB MDK JETEKTOpaMU TIpU I[bOMY HE
nepelacTbcsl — B paMKax Ifi€l iHTepmpeTamii 1e i He MNOTPiOHO, OCKIIBKU [0
BUMIPIOBAaHHS HE 0YJI0 OKPEeMHX HE3aJICKHUX CTaHIB YACTHHOK.

TaymaueHHsI B MexKaXxX rinore3u GpisHYHOr0 KAaHAJIY KOTePEeHTHOCTI. 3 TOYKH
30py albTEPHATHUBHOI FIIOTE3M KOTEPEHTHOTO KaHaly, KBAHTOBA CILUTYTaHICTh — 1€ HE
abCcTpakTHa MaTeMaTH4Ha BIACTUBICTh BEKTOpPA CTaHy, a HACHIJIOK PEaIbHOrO (XOY 1
HE(I13UYHOrO B 3BUYHOMY CEHC1) 3B’SI3Ky MK yacTMHKaMmHu. [licist yTBopeHHs mapu
YAaCTMHOK BUHHMKA€ KOTEPEHTHUUN KaHaN, KU 30€piracTbCsi MPOTIroM OOMEKEHOTO
gacy Ta B Me¥Kax MeBHOI MPOCTOPOBO-4aCOBOI CTPYKTYpH. Leit kaHam He 000B’SI3KOBO
€ TIPSIMOIO «HUTKOIOY», HATATHYTOI0 MK TOUKaMH — IIBH/IIE HOTO MOXKHA YSBUTH SIK
TOIOJIOTIYHO PO3MOAUICHY (a30By OOOJIOHKY, IO OXOIUIIOE OOHUIBI YaCTUHKHU.
BnactuBocti kaHanmy (loro KoHQirypaiisi) MOXYTb 3MIHIOBATHCS IiJl BIUIMBOM
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30BHIIIHIX yYMOB — HampHKiIaA, Bil BUOOpy Oa3ucy uYM HaBITh BIJl 3aTPUMKHU
BUMIPIOBaHHS.

VY upoMy miaxomi:

« Entanglement swapping (mepemiyryBaHHsl 4epe3 O0OMiH) TPaKTye€ThbCS SIK
JTMHaMIYHE TepeTyIeTCeHHS KOTePEeHTHUX KaHajliB. BUMiproBaHHs Ha JOMOMDKHIN Tapi
(pororn B—C) daktuuno «mepekomyTye» (a3oBy CTPYKTypy KaHaliB Tak, IO
Y3TOJIPKEHICTh CTaHIB BCTAHOBIIIOETHCS MDK JBOMa iHImMMH (oroHamu (A Ta D).
BaxxnuBo, 10 1 y3roJI’KEHICTh HE CTBOPIOETHCS HAHOBO B MOMEHT BUMIPIOBaHHS —
BOHA B)K€ ICHYBaJIa MOTEHITIWHO, ajie B iHIIINA KOH}Irypalli. Pe3ynbrar BuMiproBaHHS
auiie BiAOWpae ToM BapiaHT (a3oBOro 3B’s3Ky, B sskoMy A Ta D BUSIBISIOTHCS
KOTEPEHTHO 3B’s3aHi (IHIMUMHU CJIOBaMH, TMPOSB KOPEMAIii — 1€ HaCHiI0K
pekoHiIrypaiii Mmojisgi KOTEepeHTHOCTI, IO BXE € B CHUCTEMI, a HE «MHUTTEBE
HapOKEHHS» HOBOTO 3B S3KY).

e Delayed-choice entanglement (BigkjageHuid BHOIp  CIUIYTaHOCTI)
IHTEPIPETYETHCS HE K MOPYIICHHS MPUYUHHOCTI, a SIK HACTIIOK TOT0, III0 CTPYKTypa
KOTEPEHTHOT'0 KaHATy 1€ HE «3aKpUJiacs» JO0 MOMEHTY OCTaTOYHOTO BUMIpPIOBaHHSI.
Sxuo cepenoBulle 103BOJIE€ 30€pErTH KOTePEeHTHICTh (TOOTO KaHall He AerpaayBaB
3aBYACHO), TO BHOiIp 0a3ucy, 3MiHCHEHMI TI3HINIE, BCE IIe MOXE BIUIMHYTH Ha
KoH(piryparrito kopesnsiii. OOMaB1 YACTUHKH 3JIMIIAIOTHCS 3B’ I3aHUMH Yepe3 Ppa3oBy
00O0JIOHKY, JIOKM BOHA ICHY€, TOMY HaBITh HICJS pEECTpallli OJHIEI 3 HUX Jpyra uie
«BIAYyBa€» TOM camuil kaHal. 30BHIINIHIA criocTepirady, iKuil 30upaB Ou maH1 3 000X
JIETEKTOPIB MO 3aBEepIIEHHI EKCIIEPUMEHTy, IM00auuB Ou, 10 pe3yiabTaTH
y3TOJKYIOThCS Tak, Hade BUOIp Oa3ucCy BIUIMHYB Ha BIAJAJICHUN pe3ynbTar 3aJHIM
yucioM. AJie B Hallliii MOJeni 1€ He BHUMOTra HaJACBITIOBOTO BIUIUBY — MPOCTO [0
MOMEHTY BUOOpY 0a3ucy KaHajl KOT€PEHTHOCTI BCE i€ MIATPUMYBAB 3B’SI30K MIXK
YaCTHHKAMHU.

s iHTepnperalis 3arajoM He MOPYIIY€e NPUYUHHOCTI, OCKIJIBKH HE nepeadavae
’KOJIHOI Tepenadi eHeprii un iHdopMalii 3 HAACBITIOBOIO MBHAKICTIO. HaTomicTh
NUTaHHS PO «HEJIOKAJIBHICTH» IMEPEHOCUTHCS 3 TUIONIMHU CUTHAIIB y IUIOLIUHY
CTPYKTYpPHOI BJIACTUBOCTI MpocTopy. KaHam KOrepeHTHOCTI MOXHa pO3IJIAIaTH SK
aHajior morteHmiany B edexti AapoHoBa-boma: BiH cam 1o co0l HE TMEPEHOCHUTH
eHeprito ado IMIyJbC, ajge 3MiHIo€E (Pa30Bi CHIBBIAHOIICHHS B CHCTEMI IIO0ATBHO,
HaBITh 3a BIJICYTHOCTI JOKajabHOI B3aemomii [13]. SIk Bimomo, B edekti AapoHOBa—
boma enexTpoH, 110 TPOX0IUTh 032 00JIaCTIO 3 MArHITHUM I10JIEM, BCE OHO Ha0yBae
3cyBy (ha3u 3aBISKH HAsABHOCTI BEKTOPHOTO IMOTEHIially — TOOTO BIUIUB MOJIS
peanizyerbes dyepe3 ¢asy, 6e3 MmpsMoi CHIM Ha YacTHHKY. AHAJIOTIYHO 1 B HaIIH
rifnoTesl: CIUTyTaHl YACTUHKH MOXYTh OyTH MPOCTOPOBO PO3/LIEHI, aJie 3aIMIIAI0ThCS
($a30BO «3UYETUICHUMMY Yepe3 CIUIbHY I HUX CTPYKTYpOBaHY (ha30By 0OOJIOHKY.

[ToBTOpHMO, TiMOTE3a KOT€PEHTHOTO KaHAy J03BOJISIE 001MTHCS 0€3 3BepHEHHS
70 «MICTHYHUX» HEKJIACUYHHUX IMOHATH HA KINTAJIT MHTTEBOTO KOJANCYy XBUIBOBOT
(GYHKINT 9u 3araJIkoBOTO «IIPUBUY» Ha BIJICTaHi. 3aMiCTh I[bOT'O BBOAUTHCS ILIIKOM
(GI13MYHO OCMUCIIEHA, X0Y 1 HE3BUYHA, CTPYKTYpPa, IKY MOKHA MIJAaTH MOJAEIIIOBAaHHIO,
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MIJKOHTPOJILHOMY MOPYILIEHHIO (HapHUKJIaA, HUIIXOM J0AaBaHHs ()a30BOro mymy) Ta
eKCIIepUMEHTaNIbHINA TiepeBipii. Lle cTBoproe mepenyMoBU Uisi pO3pOOKH HOBHUX
EKCIIEPUMEHTAIbHUX TECTIB 1, MOTEHIIMHO, HOBUX TEXHOJOTIYHUX 3aCTOCYBaHb —
TaKuX SK KepoBaHe 30epekeHHs a00 HaBMaKu HAaBMHUCHE PYHHYBaHHS KOT€PEHTHOCTI
(Hanmpuknaa, 1l 3aXMCTY UM, HaBMAKHU, JEKOTepeHIlli KBAaHTOBUX KaHaJB 3B’ SI3KY).

ExcnepumenTaibHa nepeBipka rinoTe3u KOrePeHTHOr0 KaHANY: MOKJIUBI
3aBJaHHS.

ExcnepumenTtanbHa nepeBipka 17ei npo (pisuyHui KaHal KOI€pEHTHOCTI MOXe
BKJIFOYATH HU3KY 3aBJaHb, CHOPSIMOBAaHMX HA BHUBYCHHS MPOCTOPOBO-YACOBOI
CTPYKTYPH KOPEJIbOBAHOIO 3B 53Ky Ta BILIMBY 30BHIIIHIX YMOB Ha HOro 30€peKeHHs.
Cepen nepcrneKTUBHUX HANIPSIMKIB MOKHA BUIUIMTHU TaKi:

o locaimxkeHHs] BIUIMBY CepPeIOBHMINA MIK JPKEPeJIOM Ta [IeTEeKTOPaMM.
[IponoHy€eThCS CUCTEMATUYHO 3MIHIOBATH (DI3UYHI MApaMETPH CEPEOBUIIA HA LUIAXY
CIUTyTaHUX (POTOHIB — HAIPUKIIAJ, CKJIAJ 1 TUCK ra3y, TeMIlepaTypy, piBeHb 10Hi3aIlii
TOIIO — 1 BUMIPIOBATH, YU MO3HAYAETHCS 1€ HA CTAOUIBHOCTI KBAaHTOBUX KOPEJISIIIH.
Sk110 KaHaT KOTEPEHTHOCTI Ma€ (Pi3uyHy MPUPOTY, TO 3MIHU B CEpeIOBUIII (BaKyyMi)
MDK JBOMa TOYKaMHU MOKYTh BIUIMBAaTH Ha 30€peEHHs CILUTyTaHOCTi. BusBiieHHs
HaBiTh CJIA0KOT1 3aJICKHOCTI CTAaTUCTUKHU PE3YIbTATIB Bijl MapaMeTpiB cepeoBHUIINA
CTaJI0 O BaXKJIUBUM MIATBEP/KEHHSM T1OTE3H.

o AHAJII3 TOMOJIOTIYHOI YyT/MBOCTI KaHay. llle onun miaxig — cnpoOyBatu
MTYYHO MOAU(IKYBATH TEOMETPII0 MPOCTOPY MIDK TOYKAMU BUMIPIOBaHHS 1
MOJIMBUTHCS, SIK 1€ BIUTMHE Ha Kopesii. [IpakTudHo 11e MoXKe 03Ha4aT BBECHHS HA
nuiixy GOTOHIB pi3HHX (Da30BUX MOAYIATOPIB, BCTAaBOK 13 IUIa3MU  abo
dboTopedpakTUBHUX MaTepialiB, CTBOPEHHSI KOHTPOJbOBAHUX TPAIIEHTIB MOKa3HUKA
3asioMiieHHs Toio. Ilicns KokHO1 Takoi Moau@ikanli i aHajdi3yBaTH CTATUCTHKY
CHUTPHUX BUMIPIOBaHb. SIKIO KaHaT KOTEPEHTHOCTI CIPAB/i ICHY€E, TO CYTTEBI 3MIHU
MPOCTOPOBOI KOH(DIrypailii Mixk AeTekTopamu (a0 10JaHHS CUIIBHOI TYpOYJIE€HTHOCTI,
¢dazoBoro mymy) Manu 6 NpU3BECTH A0 MOMITHOI AeTpaiallli KOpemsIii.

« BUBYeHHSI 4acOBOI CTA0LIBLHOCTI KOT€PEHTHOr0 3B A3KY. TyT iaeThCs mpo
eKCIIEPUMEHTH, JIé MDK TOMIAMA Ha JBOX JETEKTOpaxX HAaBMHCHO BBOJUTHCS
KOHTpPOJIbOBaHa 3aTpuMKa. [I[pumMipom, MOKHA peanizyBaTh CXeMy, KOJIU OJuH (HOTOH
PEECTPYETHCS OJIpa3y, a IPyTui «uekae» AesKui yac (B HAHOCEKYH/T 10 MIKPOCEKYH/
1 OLIBITIE) O CBOTO BUMIpIOBaHHS ab0 10 BUOOPY Oa3ucy Nt HbOTo. 3MIHIOIOUHU IO
3aTpUMKy At, MOXHa JOCIIIUTH, K JOBTO 30€pira€ThCsi KOTEPEHTHICTh KaHAIy —
TOOTO BU3HAYUTHU YaC )KUTTA KaHATY Tyor. SKIIO KOpESLii MOCTYMOBO CIA0IIaTUMYTh
31 30UTBIIIEHHSM At, 1€ BKa3yBaTUME Ha CKIHUEHHY TPUBAJIICTh ICHYBaHHS (DI3UYHOTO
3B’SI3KY MK YACTUHKAMH ITICJISI TX HAPOJKEHHSI.

o [lepeBipka edexTiB auHaMiuHOi mepedyaoBu kaHady. Iled miaxin
nepeadayvae Jii micis peectpailii ogHoro 3 ¢GoToHiB. Hanpuknaa, oapasy micis TOro,
K Tmepmuid (OTOH BHUSBJICHO NETEKTOPOM, Yy MPOCTOPI MK IETEKTOpaMU MOXKHA
HILIFOBATH KOPOTKOYACHE 30ypeHHS (IMITYJIbC €IEKTPOMArHITHOTO MOJIsA, aKyCTHYHHM
yJAap TOILO), & HOTIM BUMIPATH APYTHil POTOH. SKILO rIOTETUYHHUI KaHAaJ 1I€ ICHYE B
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el MOMEHT, Take 30ypeHHs MOrJio O MOro MOPYLIMTH — IO IPOSBUTHCSA y 3MiHI
CTaTUCTUKHU Pe3yJbTaTy BUMIpIOBaHHS pyroro ¢gortoHa. lle OyB Ou myxe moka3oBuii
(X04 1 TEXHIYHO CKJIQJHUI ) TECT: HAABHICTh BIUIMBY MiATBEpANUIIA O peaabHICTh KaHATY
KOTEPEHTHOCTI, TOJA1 SK BIJACYTHICTh OyJb-sIKOi peakilii Ha 30ypeHHs 3amuimmia O
TioTe3y 1]l CYMHIBOM.

o [lopiBHsIHHSA 3 MojAeasAsMHM 0e3 KOrepeHTHOro Kanajy. HapemrTi, BaXiIuBo
IPOBOAUTHU KOHTPOJIbHI €KCIIEPUMEHTHU: NMOOYAYBATH 1IEHTUYHY €KCIIEPUMEHTAJIbHY
CXeMy, ajl€ 3a MOXJIHMBOCTI (I3UYHO pO3IpBATH YU MAaKCUMAJIBHO 3allyMHUTH
MOTEHI[INHUN KOTEPEeHTHUU 3B’S30K. Hampukiaa, MoKHA BCTaBUTH MDK JBOMA
CTaHUISIMU BUMIPIOBaHHS CHelialbHe 00alHaHHs, sike O pyiHyBasio (pa3oBi 3B’A3KU
(cKaxXiMO, CHJIbHUH JeKOTrepeHUIMHUN (iabTp). SKIo B Takiii cxemi CTaTUCTUKA
KOpEJAIii 3aUIINTHCS HE3MIHHOIO MOPIBHSHO 3 HOpMaJIbHOW (6€3 (inbTpa), TO 118
CBIIUMTUME IMPOTH ICHYBaHHSA KaHaly. SKmo * OyIyTh BHSBJIEHI BIJIMIHHOCTI
(HampuKkiIaa, MEHIIAa BeIWYMHA MOpYIIeHHsS HepiBHocTed benna abo minBUILIEHHS
IIyMy), TO 1€ MO>KE BKa3yBaTH Ha POJIb CEPEAOBUINA MIXK JETEKTOPAMH.

i 3aBaHHs HE JHIIIEe OKPECTIOITH IUISX /10 Bepu(iKallii rmoTe3u KOTepeHTHOTO
KaHally, ajie i I03BOJISIIOTH Kpallle 3p03yMITH MOTEHIIMHY POJib MPOCTOPOBO-YACOBUX
CTPYKTYp Y (hOpMyBaHHI KBaHTOBUX KOPEJIAIINA. Y CHINIHA peani3ailis 00/1ail JesKuX 13
3a3HAYEHUX EKCIIEPUMEHTIB Jana O 3mory abo miaATBepAuTH, abo CIpPOCTYBaTH
HAasBHICTh (PI3UYHOrO 3B’SI3KY, IO JIEKUTh B OCHOBI KBAaHTOBOI CIUTYTaHOCTI, Ta
KUTBKICHO OIIHUTH WOTO BJIACTUBOCTI.

MogeawBaHHs Ta aHAJI3 gerpajaauii KaHaay KorepeHTHoOcTi. Teoperununa
MOTHMBAaIif TAa 3arajbHUi MiaXia. SKImo npumycTuTH icHyBaHHS (HI3MYHOTO KaHATY
KOT€pPEHTHOCTI, TOJI1 MPOCTOPOBO-PO3HECEH1 KBAHTOBI KOPEJNAIIl CI1J pO3TIIAIaTh HE
K Pe3yJbTaT MUTTEBOI HEJIOKAIBHOI B3a€EMO/Iii, a sIK MPOsiB (POHOBOI MPOCTOPOBO-
YacoBOI CTPYKTYpH, sIKa Ma€ CKIHYCHHUH dYac >KUTTA Ta BHCOKY YYTJIHUBICTH IO
30ypeHb. s AOCHIKEHHS CTIMKOCTI TaKOro KaHaly MU MOOYIyBalW UYHUCEIbHY
MOJIEJIb, 110 JTO3BOJISIE BiICTE)KYBAaTH 3MIHM KOPEJALIA M MapHUMHU pe3yJbTaTaMH
CIIOCTEPEKEHD 3aJICKHO BiJ] pi3HUX (DAKTOPIB, 30KpeMa:

« YUacoBa 3arpumka Mix nojismu (At). Moaens 103BoJisie BapitoBaTH MOMEHT
peecTpaiiii ogHOro (oTOHA BITHOCHO IHIIOTO. lle eKBIBaJIGHTHO E€KCIIEPUMEHTY 3
BIJIKJIaJICHUM BUOOPOM Yacy BUMIPIOBAHHS 1 1a€ 3MOTY 3’ CYBaTH, SIK BILUIMBAE PO3PUB
y Yaci Ha BEJIMYUHY KOPEIISIIIH.

« ®a3oB1 30ypeHHs cepeoBuIlia. Mu BBOJIMMO CTOXacTH4HI (hyKTyalii (has3u, 1o
MOJIETIOIOTh IIyM a00 HeCTaOUIbHICTh y CepeloBHIl (HANpUKIad, TeIJIoBi
baykTyalii, BUNIaJKOB1 3MIHM TTOKa3HUKA 3aJJOMJICHHS TOI10). I{e qomomarae omiHuTH
YyTJIUBICTh KaHAJy [0 30BHIIIHIX BIUIMBIB, SIKY MM IO3HA4yaeEMo mapameTrpom 0
(edexTuBHUIT OpIT (Ha30BOi JEKOTEPEHTHOCTI).

« AcuMeTpuyHi yMOBH y KaHanax A Ta B. B peanbHux yMoBax ABa 1eTeKTOpH a0o
JIBa «IUIeYa» EKCIEPUMEHTY MOXYTh MAaTh TPOXH Pi3HI BIACTUBOCTI (BTpaTH, IIyM,
e(heKTUBHICTbH JETEKTOPIB TOIIO). MM MOJIETFOEMO TaKl aCUMETPIi, 11100 3pO3yMITH, K
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BOHH BIUTMBAIOTh Ha KOPEJIIil, 1 BBOAUMO MapaMeTp, 10 XapaKTePU3ye TOMOJIOTIYHY
ab0 cepeIOBUIIHY aCUMETPII0 KaHaTy.

Mopenb renepye N map O1HapHO KOpenbOBaHMX 3MIHHUX Aj,B; € {—1,+1} (1o
BIJIMOBIAAIOTh JABOM MOJKJIMBHM pe3yjbTaTaM BHMIPIOBAaHHS Ha JIBOX JETEKTOpaXx),
MICJI YOTO B 111 IaH1 BHOCUTHCS KOHTPOJIbOBAHA «J1032» BUMAJIKOBUX MOpyIieHb. L1
MOPYIIEHHS IMITYIOTh JETPaaIlilo KOTepeHTHOTO 3B’ SI3KY: HAINPUKIIAJ, HECUHXPOHHI
peecTpaiiii uepes 3aTpuMKy At, BUnaakosi (a30Bi 3CyBU, TOJAATKOBUHM IIYM Y OHOMY
3 KaHaTIB TOIIO. J{ami o0UnCIIoEThCS KOS(IIEHT KOPEAIli M 3HaUeHHAMH A; Ta B;
JUIS. PI3HUX HajamTyBaHb (pi3HUX At, pPIBHIB IIyMy TOINO). Y MekaxX BUBYCHHS
KOIE€pPEHTHUX BJIACTUBOCTEW CBITJIOBUX IMOJIB 1 IXHbOI UYyTJIIMBOCTI J10 (ha30BUX
30ypeHb, BaXKJIIMBO BPAaXOBYBATH TAaKOX PE3YJbTaTH OCHIKEHb, MPHUCBIYCHUX
ONTUYHIN 1arHOCTHUIIl 32 JOMOMOTOI0 METOIB MOJISIpUMETpii Ta (a3oBOro aHamizy,
30KpeMa B 010METUYHOMY Ta TTOBEPXHEBO-UYTIMBOMY KOHTEKCTI [ 14—17].

AHaniz Ta pe3yabTaTu. OUIKYy€eThCS, IO B pa3i HAIBHOCTI (HI3UYHOTO
KOT'€pEHTHOT0 KaHaTy Kopessiisi A—B Oyae mocTynoBo 3HM)KYBATHUCS 31 30UTBIIICHHIM
At (uepe3 CKIHYEHHUHN Yac KUTTS KaHaly Tyor, @ TAKOXK 31 30LTIBIIICHHSM PIBHS IIyMY
(uepe3 uyTIMBICTH KaHally O 1m0 ¢a3zoBux 30ypeHb). ACUMETPUYHI YMOBU MOXKYTb
MIPU3BOJAUTH JIO TIOSIBU CHCTEMAaTHYHHUX 3CYBIB a00 PI3HUX IIBUIAKOCTEH Jerpajalrii B
JABOX «IIe4ax». My BBOAMMO TapaMeTp 1, II0 BiOMBAa€ 3arajJbHU BIUIHB IIyMY
cepefoBHINa Ha Kopensuii. Bel i mapamerpu Hapasi BBOAATHCS (PEHOMEHOJIOTIYHO
(ToOTO MiIOMPaOThCs, III0O Y3TOJUTH MOJIENH 13 €KCIIEPUMEHTATLHUMH JTaHUMH), ajie
B [IEPCHEKTHUB] BOHU MOXYTh OyTH MOB’3aH1 3 KOHKPETHUMH (PI3MYHUMH MPOIIECAMHU.

[Tonepenni pe3ynbTaT MOJAENIOBAHHSA JEMOHCTPYIOTh, IO TPHU BIACYTHOCTI
nerpajanii (HyJbOBl1 3aTPUMKH 1 30ypeHHs) MOJENb BIATBOPIOE 17€alibHI KBAHTOBI
KOpeJsiii, CyMiCHI 3 MaKCHMyMOM TIOpYIIeHHS HepiBHoctel bemma. B wmipy
30UTbIICHHST At @00 ITyMy KOPEJISAIlisS 3MEHIIYEThCS — MOAIOHO 70 TOro, SIK peayibH1
EKCIIEPUMEHTHU JEMOHCTPYIOTh 3HUKHEHHS CIUTYTAaHOCTI MiJ i€t aekorepeniii. [ei
M1IX11 TO3BOJISIE IHTEPIIPETYBATH BTPATy KBAHTOBUX KOPEJIAIIM KIJIbKICHO B TEPMIHAX
«pO3MUBAHHS» KOTEPEHTHOTO KaHaly. 3HarouM mnapameTpu Ty, 0, 1, MOXHa,
HaIPUKJIIA, TPOTHO3yBAaTH MAKCUMAIbHY BiJICTAaHb UM Yac, MPOTITOM SIKUX CILTy TAaHHUHA
ctaH Moxe 30epiratucst (1o 30irae€TbCsi 3 MPAKTUYHUMHU 3aJlauaMd  KBAaHTOBOT
Kpunrtorpadii — HampHKIa[, OIIHUTH, Ha SKIM JOBXKMHI ONTHYHOIO KaHAIy IMIe
MOXJIMBI KBAHTOB1 KOPEJIAIIT 1 MPU SIKOMY IITyMi BOHU 3HUKAIOTh).

IopiBHAAHHA  TiNOTE3M  KOTEPEeHTHOI0  KaHAJAy 3  TPaAULiHHOIO
inTepnperamiero. ['imore3a (I3UYHOrO KOTEPEHTHOTO KaHaly HE 3arepeuye
MaTeMaTHYHUH arapaT KBaHTOBOI MEXaHIKH, ajie TPOMOHY€E albTepPHATUBHUMN MOTJIIS
Ha MEXaH13M BUHUKHEHHS KOPEJSIiil MK pe3yJbTaTaMi BUMIPIOBAHb Yy 3aIlTyTaHUX
cUCTEeMax. 3aMiCTb TOTro W00 BBa)XaTH KBAHTOBY CIUTYTAHICTh «MariyHOIO»
BJIACTUBICTIO XBUJILOBOI (DYHKIII, ISl TIIOTE3a TPAKTYE ii K MPOSIB CTPYKTYPOBAHOT
G13M4HOI B3a€MO/Ii1, JTOKATI30BaHOI y MPOCTOpi Ta oOmexeHoi B yaci. Lle go3Bosse
BUJIUTUTU HU3KY TEOPETUUHUX Ta MPUKIIAIHUX MEpeBar Takoi IHTepIpeTalii:
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o ®izuyHa iHTepnperoBaHicTh. ['iMOTE3a Hamae CILUTYTaHOCTI MPOCTOPOBO-
JacOBY «KapTHHKY». KaHaja KOrepeHTHOCTI MOYKHA YSIBUTH SIK CBOEPITHUN MICT MIXK
YaCTHHKaMH, 1110 Harajaye BiJIOMi sIBUINA XBWJIbOBOI (i3uku. Hampukman, sk 1 B
iHTepdepomerpi Maxa—Ilennepa, ae 1B1 pO3ALIECHI CBITIOBI XBUJIl TAIOTh Y3TOKCHHINA
iHTepdepeHIIHHNUNA pe3ynbTaT JUIIE 3a YMOBU CTalIOCTI iX a3, JB1 PO3AUICHI
YACTUHKHM JAlOTh Y3TO/KEHI BUMIpIOBaHHS, 00 MK HUMHU ICHye meBHa (a3oBa
npuB’si3ka. Take TpakTyBaHHS pPOOUTh KBAaHTOBI KOpPENALii OUIBII I1HTYITHBHO
3pO3YMUIMMHU, «3a3€MIIIOIOUM» 1X Y TEpPMIHAX, OJMKYMX 10 KiacuuHoi Pi3uku ((Ppasa,
TOTOJIOT1sl MPOCTOPY, 30YIKEHHS BAKyyMy TOII0), @ HE CYyTO a0CTPAKTHUX XBHIIBOBUX
GyHKITIH.

o EMnipnuna nepeBipHicTs. Ha BinMiHy Bif iHTepIpeTaiiii, 10 po3risiaaoTh
CIUTYyTaHICTh JIUIIE SIK MaTEMaTUYHUN pPO3B’SI30K PIBHSHb, HAllla MOJEIb MICTUTH
napaMeTpu 3 KOHKPETHUM (PI3MYHUM 3MICTOM — Taki SIK 4ac >KUTTS KOT€PEHTHOTO
KaHay Tyor, 9yTIUBICTD 10 30ypeHb 0, Tomosioriuna acumetpis tomlo. Lle BinkpuBae
MOJXKJIMBICTh TPSIMOi €KCIEPUMEHTANIbHOI MepeBipku. Bapitoroun 30BHINIHI YMOBH
(BBOASIYM KOHTPOJIbOBaHI (ha30Bi 3CYBH, 4YacOBI 3aTPUMKH, JOJATKOBUU IITyM) 1
MOPIBHIOIOYM OTPUMAaHy CTaTUCTHUKY 3 Mepe0aueHHsIMU MOJIEN1, MOKHA MIATBEPAUTH
abo CmpoCcTyBaTHU HAsBHICTh KaHAy, a y pasl MIATBEP/KEHHS — YTOUYHUTU MHOTO
napametpu. Hanpukman, ganeki ekcriepuMmentu (10 144 xm 1 HaBith 1200 kM uepes
CYMYTHHUK) MOKa3aJii, 10 caM MO co01 BEIMKHUI IPOCTIP MK YACTUHKAMU HE 3HHUIILYE
KBaHTOBUX Kopensamin [9]. Lle omocepenkoBaHO BKa3ye, IO BaKyyM Ha TaKUX
BiJICTaHSIX HE BHOCHTH JIOCTATHBO IIyMYy, a0U JICKOTepyBaTH CTaH, TOOTO KaHAI (SKIIIO
BIH €) MOXE IMpOCTATaTHCS Ha COTHI KUIOMETpiB 0e3 pylHyBaHHS — Ba)IIMBa
eMITIpUYHA ITiAKa3Ka JJIs1 MOJEI.

o [losicHeHHs1 erpaaanii KOrepeHTHOCTI. Y TpaauLilHIA MOBI KBAHTOBOI T€OPIi
3HIDKEHHS a00 3HMKHEHHS CIUTYTAaHOCTI 3a3BHYail TMOSICHIOETHCS a0CTPaKTHUM
TEPMIHOM «JEKOTepeHIlisl», 0e3 HaJaHHS MEXaHI3My, YOMYy BOHa CTAa€ThCs (OKpIM
3arajJbHUX CIIB TPO B3a€EMOII0 3 JOBKULIIM). [iMOTE3a KOTEPEHTHOTO KaHATY
MPOTIOHY€E KOHKPETHUM MeXaHI3M: KOpeJAllii 3racaroTh uepe3 (izuyHe MocaadieHHs
a0o pyHHYBaHHS KaHay IMiJ Ji€l0 30BHIMHIX (aktopiB. Ile moaidbHo a0 TOroO, fK,
CKa)KIMO, TIOT1PIIEHHS SIKOCT1 ONTOBOJIOKOHHOTO KaHaTy 3B’ 13Ky IPU3BOAUTH JI0 BTpAT
curHany. Takuil miaxig D03BOJISIE KUIBKICHO MOJEIIOBATH BTPATH CILTyTaHOCTI. Mu
MOXX€MO OIIIHUTH, TPH SKOMY pPiBHI IIymy abo Miclsg SKOTO0 4Yacy 3B’S30K MiX
YaCTHHKaMU CTa€ HEJOCTAaTHIM JUIA MOPYIICHHS HepiBHOCTEeW bemna — 1 11 OIIHKK
MOXHA HampsiMy 3ICTaBISATA 3 JAaHWUMH KBAHTOBHX KPHUIITOCHCTEM YW KBaHTOBHUX
nam’siTei, 10 MPaIioI0Th Y PEAIbHUX yMOBaX.

« 30epe:keHHs] MPUYMHHOCTI Ta JOKAJBHOCTI. B Mexax rinore3u yci B3aeMo/Iii
3QITMIIAIOTHCS JIOKATbHUMHU, 8 TPUYMHHO-HACTIKOBI 3B’ SI3KM — HETOPYIIEHUMHU. Te,
[0 B CTATHCTHIN PE3YJIBTATIB BHUIJISAAE SK «HEIOKAJIBHICTB», TYT IOSCHIOETHCS
icHyBaHHSIM ()OHOBOI CTPYKTYpH (KaHAIy), SiKa 3a3/aJI€TiAb OB’ SI3y€ 00’ €KTH. Y IBIMO
JIB1 TIOJ111, PO3ALICH] BIICTAHHIO, SIK1 BUSIBIISIIOTHCS KOPEIhOBAHUMH. 3aMICTh TOTO, 1100
Ka3aTH «Ieplia TOoJis MUTTEBO BIUIMHYJA Ha JPYTy», Halla IHTEpPIpETaris Kaxe:
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oOuU/JIB1 MOJ1T MAIOTh CIUIBHE JKEPENIO — CTPYKTYPOBAHUI BaKyyMHHMII 3B’ 530K, 1 came
BIH TapaHTy€, 10 Pe3yJbTaTH Y3TOJKEHI, HE BUMAararo4u *OJHOT KOMYHIKAIlll MIX
TOYKaMH B MOMEHT BUMiptoBaHHA. TakuM ynHOM, EMHINITEHIBChKE «SpooKy action at
a distance» 3aMIHIOETHCS Ha IUIKOM «HEIITYKOBY» J10 OJM3bKOTO MOJIS — MPOCTO I1€
10JIe He3BUYaiiHe, TOMOJIOTTYHO PO3NOIIEHE MIXK JJBOMA TOYKAMH.

o [IpakTHYHA 32CTOCOBHICTH Y KBAHTOBHMX TEXHOJOTifAX. SIKIIO pO3MIsnaTu
CIUTYTaHICTh SIK peajbHUI KaHal (Xail HaBITh HEPIZUYHUHN Yy 3BUYAHOMY PO3YMiHHI),
1€ MOXE JJaTH HOBI IHCANTH AJ1 po3p0OKM KBaHTOBUX NpUCTPOiB. Hanpukiian, 3Harouun
napamMeTpu CTIMKOCTI KaHaly, MO)XKHAa OINTHUMI3yBaTH CEPENOBHUINE I Iepeaadi
KBaHTOBOI 1H(pOpMaIllii: 0OMpaTH TaKi MaTepiajaud Y4 YMOBH, 1110 MIHIMI3YIOTh (ha30BHii
myMm. Mopenb Aerpajarii KaHaimy TOTIOMOXKE BHU3HAYATH KPUTWUYHI PiBHI IIyMy, 3a
SKUMH KBAHTOBHM 3B’S30K pO3PUBAETHCA, 1 THUM CaMUM 3aJaBaTd BUMOTH [0
KBaHTOBUX IIpHiiMaydiB/epeaBaviB. Y raimy3i KBAHTOBHX KOMYHIKaLIi T110TE€3a MOXKE
HAJUXHYTH Ha HOBI MPOTOKOJH, Ji¢ 30epekeHHs (Pa3oBOI KOTEPEHTHOCTI Biirpae
KIIIOYOBY pOJIb. TakoX, PO3YMiHHS TPOCTOPOBOI MPUPOAM KOTEPEHTHOCTI MOXKE
CIPHATH CTBOPEHHIO CTPYKTYPHO CTA0UTHHUX CXEM KBAaHTOBHX OOYHCIICHb, CTIMKUX 710
JIOKaJIbHUX JEKOrepyIOUMX BIUIMBIB, a00 X HaBMAKM — TEXHOJIOT1 HAaBMHUCHOTO
«pO3pUBY» KaHATy (HaMpUKIad, 1uisd 0€3[eYHOr0 pO3MUKAaHHS KBAHTOBOTO 3’ €IHAHHS
micys nepeaadi iHgopmartii).

[TincymoByro4M, TiMOTE3a KOTEPEHTHOTO KaHaJly IPOIOHYE KOHIIETITyallbHE
PO3IIKUPEHHS TPATULINHOTO OISy HAa KBAaHTOBY CIUTYTaHICTh, 3aJIHILAIOYUCH MPH
bOMY Y3TOJKEHOI0 3 yCIMa €KCIEepUMEHTAIbHO MIATBEp/KeHUMHU (akTamu. Bona
HaJa€ HOBUM Mmiaxia A0 ¢GopMyTtoBaHHS (i3WYHUX MOJIETei KBAaHTOBUX KOPEJSIIN 1
PO3LIMPIOE TOTEHIIa)l MPUKIATHOTO aHamizy. ['onoBHE % — 115 rinore3a 3abe3neuye
OCHOBY MJIsi PO3POOKHM HOBHUX CKCIIePUMEHTAILHHX MEPEeBIPOK Ta TEXHOJOTIYHHX
3aCTOCYBaHb y c¢epl KBAHTOBUX KOMYHIKallii, 1€ KOHTPOJIb 1 PO3yMIHHS
KOT€PEHTHOCTI € BHUpIiMANbHUMU. KIIOYOBMM HACTYIHUM KpPOKOM Ma€ CTaTh
MOCTAaHOBKA 1 peali3allisi eKCIEpPUMEHTIB, 3/IaTHUX BHUSBUTH IepeadadeHi edeKTH
KaHaly KOrepeHTHOCTI ab0, B pasi ix BIAICYyTHOCTI, 3BY3UTH 00JIaCTh 3aCTOCOBHOCT1 200
MOXUTHYTHU III0 TinmoTe3y. TakuMm YMHOM, HayKa 3MOXKe 3pOOMTH M€ OJUH KPOK 0
PO3KPUTTS MIMOWHHOT TPUPOAN KBAHTOBUX 3B’ SI3KIB.

BucnoBku. IIparmaruuHo-¢izuyHa iHTEepOpeTaiis crurytaHocTi: ['imores3a mpo
icCHyBaHHS (pI3MYHOTO KaHATY KOTE€PEHTHOCTI MIXK CIUTyTaHUMHU (POTOHAMU TPOIIOHYE
nparMaTuyHy, MarepiajibHy I1HTEpIpeTallil0 KBAaHTOBOi cruryTaHocTi. ILledt miaxin
y3rOMKY€e€TbCd 3 pe3ylbTaraMd  BIIOMHX  €KCIEpPUMEHTIB  (HampuKIaj,
EKCIIEpUMEHTAJIbHI TIEPEBIPKUA Ha OCHOBI Teopemu bemna miaTBepauian nependadueHHs
KBaHTOBOI MEXaHIKH) 1 HE CynepednTh iM. BogHOUac Taka rinoresa 103BONs€ YHUKHYTH
BBEJICHHSI B MOJI€JIb KOHIIETII1i MUTTEBOTO, HEJIOKAJIBHOTO KOJIAIICY XBUJIbOBOT (DYHKIIIT,
AKa TPAJUUIAHO PO3MIANAETHCA B IHTEPIIPETAIlISX Ha KIITAIT KONEHIar€HChKOI.

MicT MiX KBaHTOBUM (OpMaTi3MOM 1 KIIACHYHOIO MPUIMHHICTIO: 3aponoHOBaHi
MOJIeTIl Ta HampsMUA JOCTIIKEHb  BIJKPUBAIOTH TEPCIEKTHUBU [IJII  HOBHUX
EKCIIEPUMEHTIB, TOKJIMKAHWX  3alOBHUTU  IHTEPHpPETALIHUI  pO3pUB  MIXK
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(bopMai3MOM KBaHTOBOI TE€OPIi Ta MPUUYMHHO-IIPOCTOPOBUMU YSBICHHIMH KJIACUYHOI
¢bi3ukn. [HmMMMU  cnoBamu, 111 JIOCHIDKEHHS CIPSAMOBAHI Ha  Y3TOJKECHHS
KOHTPIHTYITUBHUX KBAaHTOBHUX SIBUII 13 IHTYITUBHUMH NPUHIMIAMHU JIOKAJBHOCTI Ta
MPUYMHHOCTI PEalbHOTO CBITY. 30Kpema, M00pe BilOMO, IO KBAaHTOBI KOPEJIAIIIi,
nependayeHl TEOpi€r0, 30BCIM HE Y3TOMKYIOTbCA 3 YABICHHSAMHU IIPO OUYEBUIHY
JOKAJIbHICTh KJIACHYHOTO CBITY. HOBI ekcrepumentd, moOyaoBaHI Ha OCHOBI
(GI3MYHOTO KaHaly KOT€PEHTHOCTI, MOXKYThb JOTIOMOITH IOJIOJIATH II0 PO301KHICTb,
HA/IaBIIM MPUYUHHO-TIPOCTOPOBE MOSICHEHHSI KBAaHTOBHM edekTaM 0e3 MOpYIIeHHS
MIPUHIIMINB Teopii BiAHOCHOCTI. TakuM YMHOM, peatizaiis 3apoIOHOBaHMX IT1IXO0IIB
31aTHa 30IM3UTH AOCTPAKTHUM MareMaruyHuil (opMalii3M KBAHTOBOI MEXAHIKU 3
HAOYHUMH KaTeropisiMU TMPOCTOPY, Yacy Ta NPUIMHHOCTI, XapaKTEPHUMHU IS
KJIACUYHO1 (PI3UKHU.
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POJIb TEHJIEPHOI IIEHTUYHOCTI Y CTPYKTYPI
CAMOOHUIHKH ®I3UYHOI'O PO3BUTKY IOHAKIB I
JIBUAT CTAPHIUX KJIACIB

basunok [lem’sin CepriioBuy

BUKJIaJ1a4

Jomxenko Jlrogmuia IlaBiaiBHa

KaHIUAaT HayK 3 (JI3MYHOTO BUXOBAHHS 1 CIIOPTY, JOLIEHT

Kadenpa Teopii 1 MmeToauka ¢hi3MIHOTO BUXOBAHHS

HanionansHuil yHIBEpCUTET (PI3UYHOTO BUXOBAHHS 1 COPTY YKpaiHH,
VYkpaiHa

VY cydacHuX ymoBax (pOpMyBaHHS 3I0pPOBOTO CIIOCOOY KUTTS Ta CTUMYJIIOBAaHHS
MoOTHBaIlii 10 (I3UYHOI AKTUBHOCTI € NPIOPUTETHUMHU 3aBJAHHAMH OCBITHBOL
MOJITUKK, OCOONMMBO Ha PIBHI CTapuIoi IIKONH, JA€ BiAOyBa€TbCA I1HTEHCHUBHE
CTAHOBJICHHS CBITOINISIHMX Opi€HTAIlld MOJIOAl. BaxiuBy poib y IIbOMY MpoIieci
BIJIICPA€ TE€HJIEPHA 1IEHTUYHICTh — CKJIAJHE ICUXOCOLIaJbHE SIBULIE, IO CYTTEBO
BIUIMBA€E€ HA MOTHBAIlIMHI HACTAHOBH YYHIB IIOA0 Y4acTi y (hi3uuHii KyneTypi [4].

3 omiAly Ha Te, 110 TUIM FeHAEPHOI 1IEeHTUYHOCTI (MACKYJIIHHICTh, (DEMIHHICTbD,
aHJPOTIHHICTH) TO-PI3HOMY KOPENIOIOTH 31 CTaBICHHSAM 10 (i3MYHOT aKTMBHOCTI,
0COOJIMBOI aKTyaJIbHOCTI Ha0yBa€e JOCTIKEHHS MOTUBAIIMHUX YMHHUKIB, TIOB’ I3aHUX
13 muMu mnposiBamu. lle nuTaHHS CcTae 1€ OUTBIN 3HAYYIIUM Y KOHTEKCTI
€BPOIHTErPAIIITHOTO KypCy YKpaiHu Ta BIIPOBAI>KEHHS MPUHIIUIIB T'€HI€PHOT PIBHOCTI
B OCBITHIH cdepi [1; 3; 4].

[Tonpwu Te, 1110 TeHAepHUI TIAX1]] B OCBITI BXKe OyB MPEAMETOM YBarv BITYN3HIHUX
nocnigaukiB (1. Isanosa, O. okyp, JI. Kobensaerka, T. Kpyuesuu, O. Mapuenko, M.
Jlenyx), BIUTUB T€HIEPHOI 1IEHTUYHOCTI HA MOTUBAIIIIO CTAPIIOKIACHUKIB 10 (PI3UUHUX
3aHATH JIOCI 3aJUIIAETHCS HEIOCTaTHO BUCBITIEeHUM. [HO3emH1 HaykoBIi (T. Ryan, Y.
Poirier, P. Kolip, B. Schmidth) Takox akuenryiors yBary Ha HEOOX1AHOCTI afganTaiii
nporpaM (hi3MYHOTO BUXOBAaHHS 3 ypaxyBaHHSIM T'€HACPHUX 0COOTMBOCTEH yUHIB.

Ouinka BracHOro (pi3MYHOrO PO3BUTKY BIIITPa€ BaXIIMBY poJib y (hopMyBaHHI
EMOIIIITHOTO CTaHy IMiITITKIB, BIUTMBAE€ HA IXHIO COIIAJIbHY MOBEIIHKY, 3MaTHICTh J0
ajganTaiii B KOJICKTHMBI Ta piBeHh MOTHBaIi A0 (Gi3u4HOi akTUBHOCTI. BomHodac
CIOCTEPIraeThCA CTIMKA TEHACHIIS A0 3HUKEHHSI 3all1KaBICHOCT] CTAPIIOKIACHUKIB Y
3aHATTSIX (PI3UYHOIO KYJIBTYPOIO, 1110 CYTPOBOIXKYETHCS MOTIPIICHHSM CTaHy 3710POB’s,
3MEHIIICHHSIM PIiBHS PYXOBOI AKTHBHOCTI Ta BHKPHUBICHHSIM CIPUAHATTS BJIACHUX
GbiBUIHUX MOXKIUBOCTEH [1].

Oco06MBO1 3HAYYMIOCTI 1151 TIpobOIeMa HaOyBa€e y KOHTEKCT1 PI3HOMAHITHUX THUIIIB
TeHJIEPHOT 1IEHTUYHOCTI (MacKylmiHHOI, (PeMiIHHOI, aHAPOTIHHOI), SIKa € BHYTPIIIHIM
MePEKUBAHHAM OCOOMCTICTIO CBOET HAJIGKHOCTI JIO TIEBHOI cTaTi. Y MiJIITKOBOMY BiIll
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TeHJIepHa 1JICHTUYHICTh 1ICTOTHO BIUIMBA€ HAa CTAHOBJIEHHS CaMOOLIHKH, 30KpeMa y
chepl COPUHUHATTA BJIACHOTO Tina, (I3UYHMX SKOCTEH 1 30BHINIHBOTO BUIJISLY.
BuBdeHHs B3a€MO3B’SI3Ky MK THUIAMH TEHJIEPHOI 1JICHTUYHOCTI Ta CaMOOILIHKOIO
piBHA (PI3UYHOTO PO3BUTKY € aKTYaJhbHOIO HAYKOBOIO MPOOJIIEMOIO, PO3B’sSA3aHHS SKOT
cnpusitiMe (GOPMYBaHHIO IHKJIIO3UBHOTO Ta YYyTJIMBOrO JO IHIWBIIyaJIbHHUX
BiIMIHHOCTEH OCBITHHOTO CEPEIOBHIIIA.

3 oy Ha 11e Oys10 MPOBEACHO JOCIHIKEHHS, Y IKOMY B3sUTH y4acTh 150 yuHiB
(75 xnonuiB 1 75 mipuar) 10-11 knaci, mo HaB4aroThes y Jinesx Nel4, Nol7 1 Ned3
micta KueBa. OmnutyBaHHs mpoBomuiocsi mpoTsrom 2024-2025 pokiB B ymMoBax
MMOBHOMACIITA0HO1 BiifHU B YKpaiHi.

JIns BU3HAYEHHS TICUXOJIOTIYHOTO THITy TEHJIEPHOI 1EHTUYHOCTI BHUKOPHCTaHO
Metomuky Cangpu bem «MackymiHHICT — (GEMIHIHHICTBY, SKa Jaja 3MOry
KJIacH(IKyBaTH pPECHOHIEHTIB 32 MAcCKyJIIHHUM, (peMIHHMM a00 aHAPOTIHHUM THIIOM
TeHICPHOI 1ICHTUYHOCTI ¥ MpoaHaji3yBaTM WOTo BIUIMB HAa CAMOOLIHKY (hI3UYHOTO
PO3BUTKY [5].

VY Mexax JOCHiDKEHHS BCTAHOBIEHO, IO CEpell YYHIB 000X cTared JOMiHye
aHJIPOTIHHUHN TUIT TeHEPHOT 11IeHTUIHOCTI: 88,0% onmranux niB4ar Ta 89,3% onuraHux
XJIOMIIIB MPOAEMOHCTPYBAJIU aHIAPOTIHHI XapaKTEPUCTHKH, KPIM TOTO, MACKYTIHHUIA THUIT
3aikcoBano y 10,7% xmoniB Ta 'y 5,3% niByar, a peMiHHI pUCH BUSBJICHO JuIie y 6,7%
JIBYaT, a cepell xJoniiB GpemiHHMUM TUM He 3adikcoBaHo (0%) (Tadm. 1).

Tabmuus 1 — Po3nofin cTapuiok/IaCHUKIB 3a TMICUXOJIOTIYHUM TUIIOM T€HIEPHOT 11EeHTHYHOCTI
(n=150)

KinbkicTb . IS . 1S . IS
Crarp . MacKymniHHOIO THITY AHJPOTIHHOTO TUITY DEMIHHOTO TUITY
oci0 5 5 5
n o n % n %
XJtomi 75 8 10,7 67 89,3 0 0
JliBuata 75 4 5.3 66 88,0 5 6,7

Jist 3’ sicyBaHHS 0COOIMBOCTEN CAMOOLIHKH (D13UMYHOTO PO3BUTKY FOHAKIB 1 J11BYAT
CTapIIMX KJIaciB 13 PI3HUMH THIAMHU TEHIEPHOI 1JEHTUYHOCTI OylI0 BHKOPHUCTAHO
momudikoBanuii TecT «Camoonuc (Pi3UIHOTO PO3BUTKY», IO JaB 3MOTY BHSBHTH
BIIMIHHOCTI y CaMOOIlHII (PI3UYHOTO PO3BUTKY Yy4HIB Ta ydenuub 10-11 kmaciB
3aJIeKHO BiJ TUIY IXHBOI I'€HIEPHO1 1IEHTUYHOCTI.

AHani3 OTpUMaHUX JaHMX 3acBIIYMB, IO MACKYJIIHHI XJIONI Majd BHILY
CaMOOIIIHKY 3a TTOKa3HUKaMHu 3710poB’s (84,6%), pizuunoi aktuBHOCTI (78,8%), cuiu
(79,2%) ta cnoptuBHuX 3110HOCTEH (74,7%), 1O CBIAYWTHL PO OPIEHTAIIO HA
TPATUIIMHO «CHJIBHID» (DI3MYHI SKOCTI, BOJHOYAC AaHAPOTIHHI XJIOMI, X094 1
JEMOHCTPYIOTh TPOXHM HIKYI MOKA3HUKHU (PI3UMYHHUX SAKOCTEH, MAIOTh BHIILY 3arajbHy
camooIiaky (74,1%) ta kpamy oImiHKY miobampHOTO (izuunoro «A» (68,0%), 1o
BKa3ye Ha OUTbIII 30aJ1aHCOBAHE TIJIECHE CAMOCTIPUMHATTS, KPIM TOTO, (PEMIHHOTO THITY
cepel XJOMIB He 3a(iKCOBaHO, IO YHEMOXJIUBIIIOE 31MCHEHHS MOPIBHSJIBHOTO
aHamizy (Tabmu. 2)
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Tabmuis 2 — CepeiHe 3HAYSHHS MOKA3HUKIB TecTy «CaMoOonuc (i3HIHOTO PO3BUTKY» XJIOMIIIB
10-11 kiaciB (% BiJg MaKCUMaJIBHOTO Oaiy, n = 75)

Xnomi (n=75)
[Toka3zHuku (pi3UYHOTO PO3BUTKY, IS IS
(MakcumalbHa KiTbKiCTh OasliB 3a Mackyniasoro tumy (n=8) | AnaporiHaoro tumy (n=67)
UM TTOKa3HUKOM ) — —
X S % X S %
3mopoB’s (48 GamiB) 40,6 6,3 84,6 37,3 8,0 77,7
Koopaunartis pyxis (36 6aiiB) 26,8 7,0 74,3 27,2 4,6 75,6
®dizuyHa akTHBHICTB (36 OaIiB) 28,4 6,7 78,8 24.5 5,8 68,0
CrtpyHKicTb Tisa (36 GaiiB) 28.9 4.9 80,2 28,2 6,6 78,3
CnopruHi 3116H0CTI (36 OaiB) 26,9 7.5 74,7 25,1 5,6 69,7
[mobanehe dizuune «S» (36 6amiB) 23,9 8,4 66,3 24,5 7,0 68,0
3oBHinTHI Bursy (36 6aiiB) 25,3 8,6 70,1 25,5 5,7 70,8
Cuna (36 6aiB) 28,5 5,0 79,2 26,7 6,3 74,0
['myuxicts (36 6amiB) 25,1 11,6 69,8 25,1 5,9 69,8
BurpusaicTs (36 OaiB) 23,4 10,5 64,9 22,6 6,1 62,9
3aranpHa caMoolliHKa (48 OaiB) 33,8 7,6 70,3 35,6 6,6 74,1

Cepen niByar Oynao BUSBICHO TPU THUIH T'€HJIEPHOI 1IEHTUYHOCTI: MACKYTIHHUM,
aHAPOTIHHUM 1 (DeMIHHHH, 10 A0 3MOTY MPOCTEKUTH BIIMIHHOCTI B CaMOOITIHITI
(GI3UYHOTO PO3BUTKY 3JICKHO BiJI TUITY T€HJIEPHOI 1AEHTUYHOCTI, a caMe: (pemiHHi
JiBYaTa JIIUPYIOTh y cepax, MoB’A3aHUX 13 30BHIIIHICTIO: CTPYHKICTh Tia (91,1%),
3oBHIMHIA BUDsiA (91,1%) 1 mobansue dizuune «S» (88,9%), mo cBIIYUTH PO
OpIEHTAIIII0 HA €CTETUYHI CTaHAapTH, BOJHOYAC aHJPOTIHHI JiBYara MarOTh HAUBHUIILY
CaMOOIIIHKY cTaHy 310poB’st  (75,4%) Tta ¢izuunoi akrtuBHOCTI (67,1%),
JIEMOHCTPYIOYH TapMOHIMHE CTaBJICHHSI 10 CBOTO Tij1a, @ MACKYJIiHHI J1BYaTa BUSBUIN
HAWBHIII TTOKa3HUKH 3arajbHOI caMOomiHku (85,4%), cunu (76,4%) Ta BUTpHUBAIOCTI
(62,5%), 1o BimoOpa)kae BIEBHEHICTh y BIACHUX (DI3MYHUX MOKIUBOCTSX (Tadm. 3).

Tabmuus 3 — Cepeane 3HaueHHs OKa3HUKIB TecTy «Camoonuc (i3HuHOTO PO3BUTKYY JiBUAT
10-11 xnaciB (% Big MakcuMapHOTO Oaiy, n = 75)

JiBuara (n=75)
[Toxa3HukH (Hi3MUHOTO PO3BUTKY, IS IS IS
(MakcHMasbHa KiTbKICTb GaliB 3a MackymniHHOTO AHAPOTIHHOTO DeMiHHOTO THITY
UM MTOKa3HUKOM) __THIy (n=4) _Tary (n=66) _ (n=5)
X S % X S % X S %

3nopoB’s (48 GamiB) 353 | 83| 734 | 362 | 83 | 754 | 34,6 | 7.6 | 72,1
Koopaunartis pyxis (36 6amiB) 25,5197 | 708 | 27,3 | 6,0 | 75,8 | 29,6 | 3,4 | 82,2
®di3uuHa akTUBHICTH (36 6aiB) 21,8 142|604 | 242 |72 | 67,1 |23,2] 9,6 | 64,4
CrpyHkicTb Tisa (36 GauiB) 31,3 | 52| 868 | 289 |78 | 802 |328 | 43 | 91,1
CnoptugHi 3116H0CTI (36 6aiB) 245 11,9 | 68,1 | 253 | 7,1 | 70,4 | 26,2 | 6,2 | 72,8
I'moGanwHe dizuune «S» (36 6ams) | 28,5 | 3,7 [ 792 | 26,9 | 7,5 | 74,6 | 32 | 2,0 | 88,9
3oBHiNHIN BurIIsL (36 OasiB) 31,3 |59 | 8,8 | 279 | 80| 77,5 |32,8| 3,3 | 91,1
Cuua (36 6aiiB) 27,5 13,7764 | 259 |62 | 71,9 | 256 | 58 | 71,1
I'myukicth (36 6aiB) 258 | 1,5 (71,5255 (7,1 708 |252| 7,2 | 70,0
BurpusaicTs (36 6aiB) 22,5 | 54| 62,5 1 209 | 81 | 58,0 | 22,2 | 5,7 | 61,7
3araipHa caMmoolniHka (48 OaiB) 41,0 | 1,4 | 854 | 39,3 | 89 | 81,9 | 39,2 | 49 | 81,7
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[TopiBHSIHHS XJIOMIIIB 1 A1BYAT MOKA3aJlo, 110 JliBYaTa NPUJILISAIOTh OUIbIIIE yBaru
30BHIIIHBOMY BUIJISITY Ta CTPYHKOCTI T1JIa, TOJI SIK XJIOMII aKI[EHTYIOTh Ha acreKTax
310pOB’sl, (PI3MYHOT CHIIM Ta CHOPTUBHUX AKocTel. KpiMm TOro, BiICOTKOBI MOKa3HUKU
y JiBYAT 3arajioM BWII, IO MOXE CBIJYATH PO OUIBIIY UYYyTJIHUBICTH 10 CBOTO
b13ugHOTO «S».

OTXe, TUI TEHJAEPHOI 1IEHTUYHOCTI 3HAYHOIO MIPOIO BIUIMBAE HAa CAMOOLIHKY
(GI3MYHOTO PO3BUTKY. BUIBIIICTH YYHIB MalOTh AHJPOTIHHUN THII, SIKUHA TMOETHYE
MacKyJIiHHI Ta (EeMiIHHI PHUCH 1 aCOI[IOEThCS 3 OUIBII TapMOHIMHUM TIIECHUM
CaMOCIPUUHSATTSM.

[lincymoBytOouM, aHAPOTiHHI JiBYaTa JEMOHCTPYIOTh HaWBUIII MOKa3HUKU
370pOB’4 i1 (P13MUHOT AKTUBHOCTI, BOAHOYAC aHAPOTIHHI XJIOMI MalOTh BUILY 3arajbHy
CaMOOIIIHKY 1 CIIpUHHATTS (Hi3ugHOTO «SI», a MAcKyliHHI y4HI Ta YUYEHUIll — BHUCOKI
OLIIHKM CWJIH, BUTPHUBAJOCTI, CIOPTHUBHUX 3A10HOCTEH, TOMI K (PeMiHHI JiBYaTa
OpIEHTYIOTHCSI Ha 30BHINIHICTh, KOOPJAUHAIIIO Ta €CTETUKY, a (DEMIHHHI THUII cepel
XJIOMIIB He 3adiKCOBaHO, IO MOXE BloOpa)kaTu CoIliajbHI YCTaHOBKU a0o0
OOMEXEHHS y CAMOBHPAKEHHI B YMOBAaX Cy4acHOI IITKOJIH.

BusiBneHi BIAMIHHOCTI MIATBEPKYIOTh IMOTPeOy B TE€HIASPHOMY IMAXOIl O
(b13MYHOTO BUXOBAHHS 3 YpaxyBaHHSAM THUITY TeHIEpHOI 11eHTH4HOCTI. Lle macTs 3mory
CTBOpUTU OUTBII KOMGOPTHE, MIATPUMYyBaJIbHE Ta €(EKTUBHE OCBITHE CEPEIOBUIIIEC
JUTSL CTApIIOKJIACHUKIB.
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The study of teenage aggressive behavior in the context of war in Ukraine is of high
importance — both for preserving the mental health of young people and for maintaining
the overall stability of society. The relevance of this research topic is also underscored by
the recent increase in youth- and adolescent-related crimes.

The study of adolescent aggressive behavior has been reflected in the works of
national psychologists [4] as well as foreign ones [2; 7]. Researchers with practical
experience were engaged in solving these issues, who studied and offered the results
in numerous publications [3; 5; 6; 7].

The problem of aggressive behavior among adolescents during wartime is highly
relevant for Ukrainian society and acts as a psychological trauma factor. Firstly,
adolescents are the most vulnerable group to psychological changes. Secondly, in
wartime conditions, they may lose their sense of safety and stability, face the loss of
loved ones, and experience drastic changes in their way of life. This often provokes
aggression as a form of self-protection or a way to release internal tension.

Another problem is the risk of developing deviant behaviour, as aggressive
adolescents’ behaviour can be the beginning of more serious deviations: delinquency,
drug addiction, violence. Studying the problem allows us to identify such tendencies
in time and stop the development of negative scenarios.

Another important factor is that adolescents are the future adults who will rebuild
the country after the war. Their psycho-emotional state will directly influence the kind
of citizens and leaders they will become, so their psychological state is important in
shaping the future of civil society.

It’s highly important is the need to adapt the education system and psychological
assistance. Without studying the causes and forms of aggression, it is impossible
develop school policies, support systems, curricula and rehabilitation programmes
effectively.

Increased levels of adolescents’ aggression is often manifested in the form of
bullying, home violence or suicidal thoughts. Research of this problem can prevent
tragedies, so all efforts should be directed at preventing violence in the family and at
school.
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Thus, in wartime conditions, the study of adolescents’ aggressive behavior is not
only a scientific need but also a social necessity. Such study contributes to developing
the psycho-emotional well-being of youth and plays a key role in preventing future
social crises.

It is during adolescence that character and other personality traits are mostly
developed. This period is marked by a transition from a childhood under adult care to
growing independence, a shift from familiar school routines to other forms of social
activity, and intense hormonal changes in the body — all of which make adolescents
particularly vulnerable and susceptible to negative environmental influences.

The existing theories of aggression offer various explanations for the causes,
mechanisms, and issues related to human aggressive behavior [1; 4; 6; 8]. There are
also numerous modifications and variations of these approaches. Scientific evidence,
to some extent, supports all major theories of aggression, which highlights the
multidimensional nature of aggression itself. In adolescents, aggressive behavior can
be manifested in different forms — both overt and covert. It is important to understand
these expressions in order to identify the problem in time and provide appropriate
support.

Based on psychological research and clinical observations researchers and
practitioners [7; 8] define the following forms of teenage aggression: physical
aggression 1s direct bodily harm or threats (hitting, kicking, punching; destroying
property; intimidating physically); verbal aggression is using words to harm or
intimidate (insults, name-calling, swearing; yelling or screaming; verbal threats or
humiliation); indirect (relational) aggression is covert ways to damage someone
socially (spreading rumors; excluding others (social isolation); manipulating
friendships or trust); emotional/psychological aggression, which is aimed at hurting
feelings or mental state (gaslighting or emotional manipulation; making someone feel
worthless or insecure; persistent teasing or mocking); self-directed aggression (auto-
aggression) is aggression turned inward (self-harming behavior (cutting, burning);
risk-taking (e.g., reckless driving); suicidal thoughts or attempts); cyber aggression
(cyberbullying) is digital form of aggression (harassment on social media; spreading
hurtful content; sending threatening messages or images).

These forms often overlap, and teenagers may switch from one form to another
depending on context, emotional state, or environment. Understanding these forms
helps parents, teachers, and psychologists provide early intervention and support.

It is important to identify and solve this problem in time. In wartime conditions in
Ukraine, there are several approaches to preventing\overcoming adolescents’
aggressive behavior. These approaches are presented in figure 1: “Teenage Aggression
in Wartime.”
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Teenage Aggression in Wartime

~

1. Psychological Support
- Trauma-focused therapy (individual/group)
- Tele-counseling (online help in remote areas)

- Peer support groups
< -

2. Family Involvement
- Parent education programs
- Family therapy
- Financial/material aid to reduce household stress

-

3. School-Based Interventions
- Programs for empathy and respect
- Emotional regulation & stress management lessons
- Anti-bullying support for displaced/traumatized students

S5

4. Mentorship & Volunteering
- Peer mentorship (experienced youth/volunteers)
- Teen involvement in community and aid efforts

-

5. Art & Physical Therapy
- Art therapy (drawing, sculpting, etc.)
- Sports, martial arts, movement activities

X

6. Community & Government Support
- Safe spaces for youth (centers, clubs, events)
- Teacher & psychologist training

~

7. Stress Prevention Education
- Emergency response & safety training
- Public awareness via media/social platforms

Fig.1. Teenage Aggression in Wartime

Combining therapy, family support, school programs, and community
engagement provides the most effective results. Teens in wartime need stability,
empathy, and clear guidance to manage emotional turmoil without turning to
aggression.

Thus, the study of aggressive behaviour of adolescents in wartime Ukraine is both
a scientific necessity and a social imperative. Understanding the features and nature of
such behaviour is pressing for early identification and intervention. Effective
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prevention and treatment require a multifaceted strategy that combines psychological
therapy, family support, educational initiatives and community engagement. Providing
adolescents with stability, empathy, and clear guidance is crucial to helping them cope
with emotional distress without resorting to aggression. Supporting the psycho-
emotional well-being of young people today will shape the future of Ukrainian society
by nurturing resilient individuals who can make a positive contribution to post-war
state rebuilding.

Keywords: adolescents’ aggressive behavior, forms of aggression, ways of
overcoming aggression
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IHTET'PAJIBHA MOJIEJIb OHIHKU TEXHIYHOI'O
CTAHY TYPBOMAIINWH 3 YPAXYBAHHSIM
TEIIJIOBUX I BIBPAIHIIUHUX ®AKTOPIB

Cropuak Onexcanap

acmipanT

Kadenpa cynHOBHX eHEPreTUYHUX YCTAaHOBOK 1 TEXHIYHOI eKCIUTyaTallii
MeabHuk OJekcii

1.T.H., Ipodecop

Kadenpa cya1HOBOAIHHS 1 MOPCHKOI O€3IeKH

Onecwpkuii HaIIOHATLHUN MOPCHKUN YHIBEPCUTET, Y KpaiHa

Beryn. HapiifHa ekcriotyarariss TypOOMamIMH y CydacHUX €HEPreTHMYHUX 1
MPOMMCIIOBUX CHCTEMaxX BHUMAra€ TOYHUX, aJJallTUBHUX 1HCTPYMEHTIB MOHITOPUHTY
TEXHIYHOT'O0 CTaHy. 3pOCTaHHS CKJIQJIHOCTI CUCTEM Ta 1HTEHCHBHICTh HABAHTAXEHb
3YMOBJIIOIOTh TMOTPeOy y CTBOPEHHI MOJENel, 3AaTHUX BPaxOBYBaTH CYKYITHICTb
JIerpalallifHuX MPOIIECIB Y peabHOMY Yaci.

IlocranoBka mnpoOjemu. butbmicts aBapiii TypOiH 1 POTOPHHX MAaIIUH
BUHHUKAIOTh YHACHIJOK IOCTYMOBOI'O TOTIPIICHHS CTaHy KIIOYOBUX BY3IIB —
30KpeMa, IMiJ BIUIMBOM BiOpalliif, HEPIBHOMIPHOTO TEIUIOBOTO HABAHTAXKEHHS Ta
nedopmariii koprycy. B ymoBax mpoMHCIOBOI eKCIulyartarii TpaaulliiHl CHUCTEeMHU
TeXOOCTYyroByBaHHd 3a rpaikoM TIOCTYIIOBO  3aMIHIOIOTBCS  KOHILIETIIIEI0
IPEIUKTUBHOTO OOCIYrOByBaHHS, IIO0 MOTPeOy€ TOYHOTO MAaTEMaTHYHOTO OIHUCY
CTaHy CUCTEMHU.

IcHye HEOOXIMHICTh Y MOOY/I0OBI MAaTEMATHYHOI MOJEII, sIKa 00’ €JHy€E KITFOYOBI
b3yl TapameTpu Jerpanamii (BiOparlis, Temmeparypa, TEIUIOBUNW MPOTHUH) B
IHTErpaJIbHUN 1HACKC TeXHIUHOTO cTrany S(t). Taka Mojenb Mae TO3BONIATH HE JIUIIIE
MOTOYHY OLIHKY CTaHy, a ¥ NpPOrHO3yBaHHS dYacy [0 BIJMOBU Ta BU3HAYEHHS
3aJIUIIKOBOTO PECYPCY.

Buknaa ocHoBHOT0 MaTepiasty. 3anponoHOBaHa MOENb 0a3y€eThCs Ha JIHIMHIHN
9JacoBiil €BONIOII OCHOBHUX MapaMeTpiB: MHTTEBOi BiOpamii v(t), cepeaHboi
TeMIiepaTypu By3JiB T (t) i BUKpUBJICHHS poTopa &(t), IKe OB’ SI3aHO0 3 BEPTUKATHBHUM
TeMrepaTypHuM TrpaaieHToM. 111 3MiHHI arperyiorbes y GyHKINO cTany S(t), ska Mae
BUTJISI;

_ v T o)
S(t)—l—aVZ—OCT ]:(p — Qs 5Kp , (1)

ne: 8(t) = kar - AT(t), a AT(t) = ATy + Par - t. 3HaUCHHSA @; € BarOBUMH
KoeQilieHTaMH, IO CYMYIOTbCA 10 OJUHHIN. Bci OCHOBHI (i3uyHI mapaMmerpu
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MOJIETIOIOTHCS K (DYHKIIT Yacy, 1o J03BOJISIE€ OTPUMATH aHATITHYHY Gopmy st S(t),
a TakoX MOXIJHI - MIBUAKICTH 1 MPUCKOpPEHHs aerpajauii. a; € [0, 1], Yai= 1, a
KPUTHUYHI 3HAYEHHS BU3HAYAIOTh MOPOTH O€3MEYHOT eKCIUTyaTallii.

Pe3ynbTaTi MojentOBaHHs MOKa3au, mo QyHKIis S(t) 1eMOHCTpYy€e MOCTYIOBE
3HIDKEHHSI CTaHy arperaty 10 moporosoro piBHs S = 0,6, m1o BiANOBIAA€E MOMEHTY
HEOOXiTHOTO BTpy4aHHs. HalOinpmmii BIJIWMB Ha AWHAMIKY Jerpajailii MaroTh:
TEIIOBUN MPOruH potopa (ocobmuso mpu & > 0,3 MM), TeMI IPOTPiBY KOPIYCY Bar,
ne 3HayeHHs Buile 0.08 mMpU3BOAATH A0 3HAYHOTO MPUCKOPEHHS 3HOCY, BiOpariiHi
HAaBAHTAXKEHHS - IPU ¥V > 4 MM/C arperar Jocsira€ KpUTUYHOTO CTaHy Bxke 3a 50—60
TOJIUH.

BucHoBku. MopentoBaHHS TEXHIYHOTO CTaHy TypOOMAaIlldH 3a JTOTIOMOTOIO
IHTErpajbHOTO MOKa3HUKa S(t) J03BOIMIO 00'€KTUBHO OIIHUTH AWHAMIKY Jerpajarii
B pealbHHX YMOBaxX eKCIUTyaTallii. 3ampornoHOBaHa MOJENb TMPOJAEMOHCTpYBaa
BHUCOKY YYTJMBICTH O OCHOBHHMX (DaKTOpIB BIUIMBY, TaKWX SIK aMIUTITyJa BiOpaiiii,
IpaJileHT TEMIIEPATypH 1 KpUBU3HA poTopa. 30KpemMa, 0yJI0 BCTAHOBJICHO, 1MIO:

1) TernnmoBuii MPOrvH pOTOpPA € KPUTUYHUM MapAMETPOM, SIKHI CyTTEBO BILUIMBAE
Ha 3HIKEHHS TTpale3/1aTHOCT1 HaBITh 32 BIIHOCHO HEBEJIMKUX Jedopmariiii. [{e Bkazye
Ha HEOOXI1JHICTh MOCTITHOTO MOHITOPUHTY PO3MOJALTY TEMIIEPATYPHU Ta TEOMETPUYHOT
cTabUIbHOCTI KOMIIOHEHTIB POTOPA;

2) Temn mporpiBy kopmycy ([ar) YUHUTH JIHIAHUH, ane MOTEHIIIHO
HeOe3neyHui BIUIMB Ha Jerpajialliio. Moro migBuIneHHs BABiYI MOXKe CKOPOTUTH
3IMIIIKOBUN pecypc y 2—3 pasu, 110 € 0COOJIMBO BOKIUBUM JJIsI 3aMTYCKIB Ta 3YIMUHOK
arperaris;

3) BiGparriiiHi HaBaHTOKCHHS MalOTh HAWIIBUIIINN edekT 3Hocy. JlocsarHeHHs
aMIUTITYIM TIOHaT 4 MM/C TIPU3BOJUTH JO CTPIMKOTO TEPEXOAy B 30HY KPUTHUHHUX
3Ha4YEeHb CTaHy 32 MEHII HikK 60 ToIuH.

BaxxnuBo migkpecnuty, mo QyHKIis S(t), SK 1HAUKATOP MOTOYHOTO CTaHY, J1a€
3MOTy HE€ JMIIE JIarHOCTyBaTH TEXHIYHUWA CTaH Y KOHKPETHUH MOMEHT, a M
MPOTHO3YBAaTH MOMEHT JOCSTHCHHS KPUTUYHUX MEX, OOYMCITIOBATH 3aJIMIIKOBHIMA
pecypc R(t), a TakoX OILIIHIOBaTH MIBUJKICTh Ta MPUCKOPEHHS aerpanaiii. Takum
YUHOM, MOJENIb MOXXe€ OYTH OCHOBOK JUIsl peami3ailii aJanTUBHUX CTpaTerii
TEXHIYHOTO OOCITyTrOBYBaHHS, SKI OpPIEHTOBaHI HE Ha 4YacoBl perjiaMeHTH, a Ha
(aKTHYHI MOKa3HUKH 3HOCY 00JIaJTHAHHS.

VY nepcnekTuBi, BHPOBAIKCHHS 3aIIPOTIOHOBAHOT MOJIEIIT Y CKJIa i IIarHOCTUYHUX
maThopM JO3BOJIUTH MIJBUIIUTH HAAIMHICT POOOTH TypOOMAalIWH, 3MEHIIMTH
aBapiiHICTb, ONTHMMI3YBaTH BUTPAaTH Ha OOCIYroByBaHHS W 3a0e3MedYuTH
0e3MepepBHICTh KPUTUYHUX TEXHOJOTTYHUX MTPOIIECIB.
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Introductions. In today's digital environment, effectively administering user
accounts on social media is essential to maintaining the stability and security of online
platforms. As the volume of information grows and the need to respond quickly to
changes in content increases, the demand for automated management systems that
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minimize the time and resources spent on administration grows as well. Studying this
topic is relevant in terms of increasing business process efficiency and improving
digital community management.

This work aligns particularly in the areas of business process automation,
information systems development, and digital data analysis. This research aims to
improve information management mechanisms in social networks, aligning with the
overall strategy of software engineering development. The goal is to develop an
information system for user administration in social networks that ensures effective
content management, business process automation, and statistical data collection.

To achieve this goal, the following tasks must be completed: analyze modern
CRM systems and their advantages; study the principles of content and user
management system functionality; explore the possibilities of using the Laravel
framework and the SendGrid service; develop an administration panel for effective
content and user management; implement a system of analytics and real-time reporting;
implement a system for exporting statistics in CSV format; evaluate the economic
efficiency of implementing.

Aim. The object of the research is the methodology and technologies for
developing information systems for administering users in social networks. The subject
of the study 1s the methods and tools used to create an information system for managing
users on social networks.

The following research methods were used to achieve the study's aim: analyze
modern CRM systems and compare their effectiveness; study of the principles of
information system administration; modeling business processes and automating them;
testing and optimizing the functionality of the developed system.

Elements of scientific novelty and/or implementation of innovations: an
information system combining user administration, business process automation, and
social media analytics has been developed; an improved approach to business process
automation has been introduced through the use of real-time analytics and content
management tools; the issues of effectively administering social networks using
modern web technologies have been further developed.

Materials and methods. Companies involved in social network administration,
CRM system developers, and online platform owners can practically use the results of
the work. Implementing the proposed system reduces administration costs, increases
content management efficiency, and improves user experience.

CRM stands for customer relationship management, meaning a customer
relationship management system. This technology automates interaction processes,
reduces mistakes, and contributes to sales efficiency. You can find more information
about CRM in the article [1].

Although CRM cannot replace a sales manager, it can significantly speed up the
process of closing deals and increase staff efficiency. CRM can be implemented as a
website, desktop software installed on users' computers, or a mobile application for
managing customer data from a smartphone.
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Most often, CRM systems are implemented as websites. Article [2] states that a
website's design and visual appeal are key elements that contribute to improving
usability. Satisfied users spend more time in the system, helping to increase trust and
customer retention. Therefore, it is important to continuously improve usability metrics
in order to increase user satisfaction with the CRM. A user-friendly interface designed
according to generally accepted standards increases comfort and promotes interaction
and trust in the system.

With this in mind, the user and content management system operates according to
the following principle:

User registration. The registration process takes place in stages. Even if the profile
is incomplete, it still appears in the system. Access is granted once the initial stage is
complete, and the rest of the information can be added later.

The first stage involves creating a basic profile, to which you can add a business
account or store profile if necessary. The system automatically classifies users by
status: incomplete registration, unverified account, or fully active profile.

The CRM dashboard lets you edit and delete accounts, contact users, help them
complete their profiles, and resend verification requests. Detailed statistical reports and
a data export function are also available for user analytics.

Interact with the platform. After registering, users can publish content, set
preferences, leave comments, exchange messages, and create business accounts and
stores via the control panel.

To ensure compliance with the platform's rules, all new publications, products,
and stores are moderated. Once approved, the content becomes available to other users.
Users can also edit their posts and receive recommendations for improvement.

User control panel: Users have access to a control panel that allows them to
manage content, customize their profile, add products, and control business processes.
Functions such as store administration, order tracking, and payment management are
also available.

Promotion: The administrator controls user content and interaction, as well as
promotes popularization. Popular publications, profiles, stores, and products can be
displayed in recommendations and advertising banners based on view and preference
analytics.

Now, let's consider the benefits of implementing CRM systems. Thanks to
modern technology, companies can improve the level of personalized customer service
and provide 24/7 support. CRM systems help companies centrally store customer
information in special profiles, greatly simplifying the process of managing
relationships.

Modern CRM solutions ensure that all key customer data, such as contacts,
purchases, and interaction history, is stored in a single electronic profile. This makes it
easy to track every stage of communication and improve service quality.

Because information is stored chronologically, managers can quickly access a
customer's full interaction history. One important advantage of CRM is that it
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centralizes data, eliminating the need for paper notes, notebooks, or spreadsheets.
Simply entering a customer's name in the CRM provides access to all the necessary
information about them.

Now, let's analyze the disadvantages of CRM. Despite its advantages, using a
CRM system can be difficult. For example, it can be hard to integrate the system into
a company's existing infrastructure. Staff must be trained, and business processes must
be adapted to new conditions. The fact is that implementing such software is difficult.
It is better to know about these difficulties in advance.

High price. High-quality software requires financial investments. The minimum
monthly subscription cost for cloud CRM systems is 180 hryvnia per user. The total
cost increases with an increase in the number of employees. You should also consider
the cost of implementing and customizing the system. Many popular CRM platforms
offer free versions, but their functionality is usually limited, which can reduce their
expected efficiency.

Staff resistance. The first difficulty is that not everyone finds it easy to learn new
software. For example, an accountant with extensive experience may have trouble
adapting. However, if they have previously transitioned from using a calculator to
working in Excel, then adapting to CRM will also be possible.

A more serious problem is managers' reluctance to use the system. Some
employees may ignore data entry or deliberately distort information. After all, they
used to work inefficiently, while CRM provides management with transparent control
by showing the number of calls, closed tasks, and processed transactions in real time.
Only a competent management approach can resolve this situation. You may need to
change the staffing structure or explain to employees that using CRM improves
business efficiency and their own work.

Low efficiency of CRM system implementation. Having a CRM system does not
guarantee sales growth or attracting regular customers because: CRM cannot transform
an inefficient employee into a highly qualified specialist; the system will not produce
accurate reports if incomplete or incorrect data is entered into it; CRM will not remind
you of a meeting with a client unless the meeting has been properly scheduled. In other
words, if you use CRM incorrectly, do not expect a significant increase in profits. It is
important to clearly define the goals of implementation and regularly optimize business
processes.

For example, a CRM system will not automatically solve problems in the sales
funnel. However, it will allow you to identify the stages at which the company loses
the most customers, the managers who have difficulty handling objections, and the
number of potential buyers who have not been called back. Analyzing this data helps
adjust the strategy, improve the sales process and communication scripts, and
ultimately increase revenue.

Now, let's evaluate the automation of business processes. CRM solutions allow
you to organize customer data storage in a centralized database, making it easier to find
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information. They also allow you to set up automatic communication via phone, email,
and online chats, integrating all channels of interaction into one space.

Another important advantage of CRM is automating routine processes, which
significantly increases work efficiency. For example: receiving requests from the
website or email and assigning them to responsible employees; automatically creating
tasks for managers according to sales stages; generation of documents based on
templates with necessary client data; a well-established communication system via
SMS or email newsletters; automated management of transactions and projects based
on predefined scenarios.

Results and discussion. Now, let's discuss relevant and visual analytics. CRM
systems are equipped with analytical tools that allow you to evaluate team performance
in real time, analyze the results of marketing activities, and adjust your business
strategy based on the obtained data. The economic impact of implementing CRM is
significant. According to IBM, implementing CRM can increase a business's financial
efficiency, providing an increase in revenue several times over expenses. Using CRM
also improves conversion rates, enabling companies to attract customers more
effectively. The numbers look promising, but it's unclear where they come from. Let's
examine the magnitude of the impact of implementing a CRM system and how it is
achieved.

The economic impact of implementing a CRM system is best assessed through
real company case studies and industry research. That's why I turned to the specialized
resource Progresia, which analyzed the experience of hundreds of companies and
produced interesting statistics. According to him, implementing CRM systems has the
following effects: increasing sales by 20% or more, improving conversion by 15-25%,
reducing the time it takes to close a deal by 20-30%, and reducing customer failures by
10-20%. CRM increases staff productivity by 10-30%, speeds up service (response
time for inquiries is reduced from 24 hours to 4 hours and for technical requests from
48 hours to 12 hours), and optimizes costs, reducing marketing costs by 20-30% and
maintenance costs by 25-35%.

The cost of implementing CRM is recovered within three months at a minimum.
If we use a company with a monthly turnover of 1 million as an example, then after
introducing CRM, the expected additional profit will be between 80 and 180 thousand
hryvnia per month. Why are the numbers growing? The main value of a CRM system
lies not in the program itself but in how its functionality is used to automate business
processes and improve operational efficiency.

Article [3] explains the opportunities that CRM provides to a company and its
effect on work processes:

- A single database. The CRM system stores all customer and transaction
information in one place. You will no longer lose clients because you failed to save
their phone numbers or forgot to process new applications. All information is recorded
in chronological order in the program, and you can find any letter or call recording in
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two clicks. As a result, each client receives maximum attention, meaning they become
more loyal and will contact you again.

- An optimized organizational structure. After implementing CRM, no employee
will be able to shirk their responsibilities because an executor is assigned to each task,
and a responsible manager is assigned to each client and transaction. You will get rid
of pending cases for which no one is responsible forever. At any time, you can find out
who is involved in a particular transaction and how things are going.

- Business process automation: With the help of a CRM system, you can eliminate
routine tasks such as manually processing applications, updating customer information
in the database, and re-drafting template documents. Automating processes allows you
to focus on what's important: communicating with clients.

- Proven promotion methods. To properly promote products, you need to
understand which customer communication channels are effective. With the
introduction of CRM, you can more accurately track where customers are coming from
and optimize your advertising and marketing budget. For example, CRM analytics
showed that advertising posts on Instagram lead to more customers than on Facebook.
You can then reallocate your advertising budget and invest more money in an
Instagram campaign.

- Online analytics. CRM analytics generally make life much easier. There is no
need to create huge Excel spreadsheets at the end of the month or request information in
writing from department heads. You can simply open the CRM to see visual graphs and
charts for all indicators. How many deals were closed per day? For what amount? How
many new customers came in a week? How many calls did each manager make, and
how many requests did they process? All of this information is collected on one screen.

- The staff is under control and ready for battle. CRM greatly simplifies training
new employees — a new hire opens a deal card and immediately sees where their
predecessor left off and what their next step should be. Ready-made scripts and
checklists help them quickly adopt the company's standards.

- The system automatically notifies employees of their current tasks and relevant
deadlines, ensuring that nothing important is overlooked. For example, it reminds
employees to call clients back on time, prepare sales quotations, and renew contracts.
Managers will not forget to contact clients when the time comes for repeat sales,
meaning you will make a profit from them again.

- Let's look at some examples of the economic impact of implementing a CRM
system. The practical experience of various companies proves that CRM systems
positively impact the efficiency of business processes. Next, let's look at specific cases
where companies improved their key performance indicators by implementing CRM.

- Mitsubishi dealership Solly Plus [4]. In an effort to improve interaction between
managers and customers, the center implemented a CRM system. As a result, the
duration of telephone sales decreased, as did the time needed to conclude contracts.

This positively impacted the dealership's revenues, which increased from UAH
500,000 to UAH 11,200,000 per month.
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- MBNA Europe Financial Company. Since implementing a CRM system in 1995,
the company has achieved 75% annual profit growth. They invested in selecting
potential customers, allowing them to retain 97% of profitable customers. MBNA
Europe's customers use their cards 52% more than the industry average, and the
average cost per transaction is 30% higher.

- Forrester Consulting conducted a Total Economic Impact study on behalf of M-
Files. According to the study, M-Files customers achieved a 294% return on investment
(ROI), employees gained an extra 53 minutes of free time daily, and companies
increased their total profit by 1.8% within three years of implementing the CRM
system.

An analysis of scientific and patent literature allows us to determine the current
state of the art for solving the problem of user administration in social networks. It also
enables us to outline existing technological approaches and identify the shortcomings
of existing solutions. Domestic and foreign studies demonstrate a wide range of
approaches to automating business processes, managing content, and collecting
analytical data on social networks.

CRM systems that provide centralized management of user interaction and
optimization of administrative processes are of great importance. In article [3] discusses
modern CRM systems in entrepreneurship, which is relevant for user administration in
social networks. Additionally, the article [4] discusses the functionality of analytical
modules that can be integrated into administrative panels of social networks. Studying
web technologies is key to creating effective information systems. Publication [5]
thoroughly analyzes scripting languages for developing web applications, the foundation
of flexible administrative systems. The official Laravel documentation contains
information on using this framework to create scalable web applications, which is
relevant to developing a user administration panel on social networks [6]. Additionally,
email management and communication automation with users are important aspects.
The SendGrid platform documentation describes methods for integrating email services
into web applications, allowing for the automation of message sending to administrative
system users [7]. Patent research also demonstrates significant achievements in user
administration automation. For instance, Patent [8] presents a system that uses neural
networks to automatically analyze user activity and identify unwanted content. Another
patent [9] describes the automatic prediction of customer churn in service and
subscription businesses using intelligent, real-time social media analysis.

Analyzing literature and patent sources allows us to identify current research areas
and confirm the need for a comprehensive information system for user administration
in social networks that uses modern web technologies and automation tools. Modern
CRM systems are an integral part of business process automation and user
administration in various industries, including social media. An analysis of domestic
and foreign publications reveals different approaches to implementing CRM solutions,
using them, and evaluating their efficiency.

Domestic experience with CRM development. Ukrainian CRM systems are
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actively developing and adapting to the needs of small- and medium-sized businesses.
The SendPulse article [10] provides an overview of eight CRM systems that optimize
business processes and increase enterprise productivity. Analyzing the functionality
and features of these solutions reveals trends in personalizing CRM systems according
to business specifics.

Another review of Ukrainian CRM systems by OneService Consulting provides
a detailed analysis of the ten most popular CRM platforms in the domestic market. The
authors focus on automating customer management processes and integrating with
other services, which is important for effectively administering social networks.
According to Snov.io analytics, further development of CRM systems with enhanced
artificial intelligence and user behavior analytics is expected by 2025. This indicates a
general trend toward integrating CRM solutions with big data and Al analysis
technologies, significantly impacting social media content management.

Foreign Experience with CRM Systems In an international context, CRM systems
are essential components of marketing and analytical strategies. In its annual ranking,
article [15] proved that using artificial intelligence in CRM can significantly increase
personalization, though it requires substantial resources and technical training.
Implementing CRM in small businesses versus large corporations: domestic
publications show that Ukrainian CRM systems are mostly adapted for small
businesses; international studies indicate that large corporations struggle with scaling
CRM solutions and managing their customer bases. The PubMed Central study [14]
analyzes the impact of CRM system quality on customer satisfaction. Using empirical
data from online reviews, the authors demonstrate the relationship between CRM
functionality and effectiveness in real-world applications.

A bibliometric analysis of scientific publications on CRM, as presented in a study
by Taylor & Francis [15], allows us to evaluate the primary areas of scientific research
in this field. The analysis focuses primarily on the impact of CRM on the automation of
business processes, the personalization of customer interactions, and the use of CRM
data for the advanced analysis of user behavior. Despite the extensive research on CRM
systems, there are contradictions regarding their effectiveness and implementation
methods. Centralized vs. Decentralized CRM Systems: Domestic CRM solutions mostly
focus on centralized data storage and processing, which optimizes customer interaction
(Snov.io [12]). International studies, particularly PubMed Central [14], emphasize
adapting CRM systems to decentralized data models for flexibility and better
personalization of customer interaction. Automation vs. personalization: CRM systems
aim to simplify customer base management. However, there is a problem with
insufficient personalization of the service, as mentioned by DestinationCRM [13].

This is due to the fragmentation of internal data management systems. Thus,
analyzing literature and research papers reveals the strengths and limitations of modern
CRM systems. The main contradictions lie in choosing between centralized and
decentralized approaches, striking a balance between automation and personalization,
and addressing the peculiarities of implementing CRM in companies of different sizes.
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Further research is needed to determine the optimal methods for integrating CRM
solutions into social networks and automated business systems.

Modern information systems for managing users on social networks struggle with
effectively organizing content management, communication, and interaction analytics.
Without a unified data processing model, it is difficult to automate business processes,
integrate with other digital platforms, and ensure data security.

The scientific task is to study methods and algorithms for creating a flexible,
scalable CRM system that allows for centralized management of users, content, and
business activities within social networks. The scientific and technical objective of this
study is to develop an information system architecture for managing users on social
networks: a user management module that allows you to administer accounts, assign
roles, and manage access rights; a business process automation system provides
effective management of content, messages, and advertising campaigns; an analytical
module that uses big data and machine learning technologies to predict user behavior
and analyze content effectiveness; integration APIs that enable interaction with
payment systems, marketing services.

The developed information system should be scalable and administrator-friendly.
It should also be integrated with other services to improve social media performance,
allowing for effective management of business processes, improved communication
with customers, and automated marketing campaigns. This aligns with the fundamental
principles outlined in [11], which emphasize the importance of businesses
implementing systems that address their unique needs and can adapt to their growth.
The study aims to create an efficient, automated CRM system for managing users and
content on social networks. This system will allow for: centrally managing users,
content, and their interactions; optimize business processes through automated task
distribution algorithms; increase administrator efficiency through flexible access rights
management; integrate the system with external platforms for analytics, marketing, and
financial operations.

Conclusions. The system is expected to automate social media administrator
work, increase content management efficiency, and improve user experience. During
the study, the research object was identified and its advantages and disadvantages were
thoroughly analyzed. Real examples of the economic impact of CRM system
implementation in different companies are presented, including statistics from before
and after integration. Based on facts and analytical research, it is evident that the user
and content management system helps automate business processes, improve customer
interaction, and minimize errors. The study identified the main aspects of the CRM
system:

1) Research methodology. Methods of comparative analysis and statistical
modeling were used to evaluate the effectiveness of implementing CRM systems in
different companies.

2) The main research results are also presented. Real-life examples of the
economic impact of CRM systems are provided, including pre- and post-integration
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statistics. The study proves that the user and content management system helps
automate business processes, improve customer interaction, and minimize errors.

3) Technical Implementation. To develop the CRM panel, PHP 7.3 was chosen as
the main programming language, and the PhpStorm 2020 development environment
and local Apache server were used. We used Composer to manage dependencies and
npm to work with the front end. The database is implemented in MySQL 5.6, and
debugging was performed using XDebug.

4) Functionality of the CRM panel. The developed CRM panel provides:
managing user profiles; content moderation, including reviewing publications, editing,
blocking, and appointing editors; user analytics and statistics with exportable data;
support for business profiles, stores, sales, and product control; an email notification
system for administrators, editors, and users.

5) Economic efficiency. Implementing CRM has significantly reduced processing
time for customer requests, optimized staff performance, and increased managerial
productivity. The CRM system contributes to the automation of business processes,
positively impacting sales conversion and enterprise efficiency.

6) Possibilities of Use. The CRM system can be adapted to various business
segments, including educational platforms, e-commerce, and corporate customer
management systems. Due to its modularity, the system is easily scalable and integrates
with other services.

7) Directions for Further Research. Further improvement of the CRM system may
include: integration of artificial intelligence to automate request processing; improving
analytical functions and personalizing reporting; use blockchain technology to improve
transaction security; optimize work with a large load through microservice architecture.
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In today's digital world, processing and interpreting visual information plays a
key role in many areas, including computer vision, medical imaging, gaming,
augmented reality, and autonomous vehicles. One of the most pressing tasks is
reconstructing the three-dimensional structure of a scene or object from two-
dimensional images. This process restores spatial information usually lost when
projecting the real world onto the image plane. Traditionally, generating 3D images
required specialized equipment, such as stereo cameras, depth sensors, or laser
scanners. However, in recent years, methods have emerged that enable the
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reconstruction of three-dimensional objects using only 2D images. The introduction of
deep neural networks, generative-competitive models, and neural radiance fields has
notably enhanced recovery quality and adaptability to various conditions. Thanks to
powerful computing resources, open datasets, and deep learning frameworks, models
have been developed that can reconstruct full 3D objects based on one or more
photographs. This opens up new prospects for automating processes, reducing the cost
of creating 3D content, and expanding opportunities in related technologies.

The chosen topic is relevant due to the rapid development of artificial intelligence,
the need to improve existing spatial reconstruction methods, and the demand for
effective 3D image generation tools in many applied fields [1]. This paper aims to
study, compare, and implement modern methods of generating 3D images from 2D
data using machine learning technologies. To achieve this goal, the paper sets the
following objectives: analyze scientific sources and existing approaches to 3D
reconstruction; to review and classify modern methods of neural reconstruction of 3D
structures; select appropriate tools and implement an experimental model; evaluate the
effectiveness of the selected method using appropriate metrics. to draw conclusions
about the feasibility of using the methods in applied tasks. The study focuses on
generating three-dimensional images from two-dimensional input data. The study
focuses on algorithmic and neural methods for 3D shape reconstruction. This work has
both theoretical and practical value. It allows us to summarize modern approaches to
3D reconstruction and implement our own model for real-world applications.
Visualization of spatial objects plays a key role in modern information technology. In
particular, the ability to reconstruct the three-dimensional structure of an object based
on one or more two-dimensional images opens up many opportunities for analyzing,
modeling, and interacting with digital content. This subject area includes knowledge
from computer vision, graphics, deep learning, and image processing.

Generating 3D images from 2D inputs belongs to the class of "inverse rendering"
tasks, where the objective is to restore spatial information lost when projecting a scene
onto a plane. The main difficulty is that depth and terrain information are lost during
image acquisition and must be recovered analytically or by training models.

3D reconstruction is critical in many industries: augmented and virtual reality
(creating interactive environments based on real-world images); medicine (building 3D
models of internal organs based on images); autonomous systems (object recognition
and navigation using cameras); cultural heritage (digital reconstruction of
archaeological artifacts from archival photographs); computer graphics and game
development (creating 3D models from photographs without manual modeling).

Two areas are actively developing within the subject area under study:

1. Traditional approaches based on geometric algorithms that use multi-camera
systems or lighting analysis to recover 3D structures.

2. Deep learning—based methods model the relationship between 2D images and
their 3D representations without requiring explicit geometric analysis. These methods
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include convolutional neural networks, generative models, transformers, and implicit
representation models.

Due to the constant growth of computing capabilities, access to large datasets, and
active research in artificial intelligence, this field is extremely promising and relevant.
Therefore, studying, classifying, and testing modern methods for generating 3D images
from 2D inputs is an important scientific and practical task.

To understand the task, it is helpful to define some key terms:

- 2D image: A digital representation of a scene in a plane containing information
about only the X and Y coordinates (height and width).

- 3D image (model): A digital representation of an object in three-dimensional
space with X, Y, and Z coordinates.

- Depth is the distance from the camera to the object, which allows you to
determine its position in space.

- Reconstruction is the process of restoring the geometry of an object based on its
projection.

Methods for generating 3D images from 2D images are among the most relevant
topics in computer vision, machine learning, and graphics. As technology advances,
the demand for realistic and precise 3D models is increasing [2]. These models have
applications in various fields, including medicine, architecture, entertainment, and
more. This literature review focuses on studying existing methods, their limitations,
trends, and prospects.

The main difficulty in conversion is that projecting a three-dimensional scene onto
a plane loses depth information. This creates ambiguity: Several 3D objects can have
the same 2D representation. Thus, high-quality reconstruction requires either
additional images from different angles or a trained model that can "guess" the missing
information [3].

There are several main approaches to generating 3D models in this field.

Let's consider traditional computer vision methods [4]:

- Stereo vision: calculating depth by comparing pairs of images taken from
different viewpoints.

- Structure from Motion (SfM): Building a scene structure by analyzing changes
in camera position.

- Shape from Shading (SfS): Reconstructing the shape of an object based on the
analysis of light and shadows in an image.

These methods require either additional sensors or multiple images of the same
object.

Now, let's consider methods based on deep learning:

- CNN (convolutional neural networks): Used to predict a depth map based on a
single image.

- GAN (Generative Adversarial Networks): Capable of generating photorealistic
3D models from a single 2D input.
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- Neural Radiance Fields (NeRF): A modern approach to creating continuous
representations of objects in space.

These methods do not require stereo pairs and are highly adaptable to complex
scenes.

The following popular tools are used for 3D image reconstruction:

* PyTorch and TensorFlow: frameworks for building and training neural
networks.

* OpenCV and Open3D: Libraries for processing images and 3D models.

Blender and MeshLab are tools for visualizing, processing, and rendering 3D
models.

Leading research institutes, such as Google Research, Meta Al, NVIDIA,
Stanford, and MIT, are constantly developing new approaches to generating 3D scenes.
Methods such as Pix2Vox, AtlasNet, DeepSDF, and Mip-NeRF demonstrate
significant quality improvements, especially when the amount of input data is limited.

Current research areas: combining different types of input data; using
transformers for spatial analysis; resource optimization for the real-time generation of
3D models; minimizing training data through few-shot learning.

This paper considers the problem of reconstructing three-dimensional structures
of objects or scenes based on two-dimensional images. This task is highly complex due
to the loss of spatial information when projecting a three-dimensional (3D) scene onto
a two-dimensional (2D) plane, as well as the ambiguity of possible geometric
interpretations.

Our work aims to study, compare, and implement modern machine learning
approaches, particularly deep learning, for generating 3D images from 2D inputs.

To achieve this goal, the following intermediate tasks must be solved:

1. Analyze scientific literature and existing approaches (study the classification
of 3D reconstruction methods; evaluate the effectiveness of traditional algorithms and
modern neural network solutions).

2. Select and study current deep learning models (consider CNN, GAN, and NeRF
architectures; identify the advantages and limitations of each approach).

3. Formulate requirements for the model/system (define the type of input data;
select the target representation of the 3D result).

4. Implement the experimental model (build a prototype system based on the
selected neural network; provide data processing and presentation in the appropriate
format).

5. Select and prepare a dataset for training and testing (perform data processing,
augmentation, and training set generation; use well-known datasets - ShapeNet, Pix3D,
and CO3D).

6. Perform model training and validation (determine the reconstruction quality
metrics - Chamfer Distance, loU and PSNR; evaluate the accuracy, efficiency, and
visual quality of the results).
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7. Analyze the results and draw conclusions (compare the results with existing
approaches; suggest possible improvements to the model).

Thus, the task statement includes theoretical analysis, practical implementation,
and evaluation of the chosen approach to generating 3D images from 2D input data.

As part of the project, a comprehensive study of methods for generating three-
dimensional images from two-dimensional inputs was conducted. The main results are
as follows:

An analytical review of traditional and modern approaches to 3D reconstruction
was conducted: SfM, SfS, stereo vision, convolutional neural networks, generative and
implicit models.

The key advantages and disadvantages of each class of methods were identified,
and criteria for comparison were formed.

An experimental neural network model based on an encoder-decoder architecture
that can convert 2D images into 3D voxel representations was implemented.

The model was trained using real datasets (ShapeNet), and image preprocessing
and hyperparameter tuning were performed.

The model was tested wusing the Chamfer Distance, IoU, and
Accuracy@Threshold metrics. An IoU value of approximately 72.4% was achieved,
indicating high-quality reconstruction.

The model's results were visualized and compared with those of other existing
methods (AtlasNet, NeRF, and 3D-R2N2).

The results of this work can be applied to the following practical areas: automated
creation of 3D models based on photos for e-commerce, AR/VR applications and game
engines; development of educational platforms for learning computer vision and deep
learning technologies; prototyping a visual analysis system for robotics or medical
imaging; application of the model as a basic architecture for further research on
generative approaches in 3D.

Further research could focus on the following areas of improvement: integration
of vision transformers into 3D reconstruction; use implicit representations (NeRF,
SDF) to improve detail; optimization of the model for real-time or mobile
environments; scaling to more complex objects and scenes with textures; extension of
functionality to multimodal inputs: 2D, depth, and text.
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[Tpu gocniKeHH1 Ta eKCIuTyaTallii CKIaJHuX TEXHIYHUX, 010JI0TTYHUX, (PI3UYHUX
Ta 1H. CUCTEM aHaJI3yeThCs BEJIMKA KUJIBKICTh YaCOBUX Ta MPOCTOPOBUX CUTHAIIB Bij
pPI3HHX 10 TPHUPOJII CEHCOPIB, KOHTPOJIEPIB Ta KaHamiB 3B’s3Ky. Lli curnamm
BIJIPI3HSIOTHCA (DI3MYHUM 3MICTOM, PO3MIPHICTIO, CKJIAJIHICTIO popMmu Ta iH. [Ipum mii
Ha CEHCOpH, SK JpKepena iHdopmarlii, pisHOMaHITHUX CTPEC-YMHHUKIB y 1X BIATYyKax
MOYMHAIOTh MPOSBIATUCH TOHKI OCOOIMBOCTI (PYHKIIOHATBHUX XapaKTEPUCTUK. BoHU
CTBOPIOIOTH B 1H(GOpPMAIIHHUX TMOTOKAX MPOCTOPOBO-YACOBI HEOJHOPIIHOCTI,
XapakTep B3a€MOJIIi MK SKMMH € TEXHOJOT1YHO YM O10JIOT1YHO ycIajakoBaHUM. Bce
1I€ BIUIMBAE Ha O€3MeKy 1 HaJIMHICTh CKIAJHUX €HEPreTUYHHUX, TPAHCHOPTHHUX 1 1H.
CUCTEM, a TaKOX Ha (DYHKIIIOHALHUN CTaH ornepaTopa, KUl mpuiiMae BIAMOBITANIbHI
pimieHHs. TpaguiiiiHo 11 OpoOJeMH HaMararThCs IMOAOJATH MLUIIXOM BIIOOpY
CTPECOCTIMKMX CEHCOPIB Ta OMeparopiB (IuCIeT4epiB, MUIOTIB Ta 1H.) Ta
nyOsroBaHHAM JiKepen iHdopmarllli (ceHcopiB 1 010CEHCOpIB), IO 30LIbIIyE HE
BU3HAUYEHICTh Ta YCKJIAJHIOE MOJICTIOBAHHS 1 aHATITUKY.

CTBOpeHHS MIKpPOENEKTPOHHUX JIATUYMKIB HOBOTO TIOKOJIHHA OOYMOBHJIO
CTPIMKMUA PO3BUTOK TEXHOJIOTIM 1 METOIB KOMII IOTepHOI aHamiTuKu. OgHak
3pocTaroye iX PI3HOMAHITTS CTBOPIOE CHUCTEMHI MPOOJIEMHU TMPU BiTOOpl JKEpen
yMoBax (YHKIIOHYBaHHS CKJIQJHMX CHCTeM BigOyBaeTbcs  iHoOpMaIriitHe
MIEPECUYCHHS, SIKE CTaBUTh MiJ 3arpo3y MPUUHSTTS ONTUMAIBHUX PIIICHb B PEKUMI
peanbHOro 4acy. TpaauuiiiHi METOIM MOJEIIOBAHHS (CTPYKTypHE, MaTeMaTUYHE Ta
1H.) (pyHKIIIOHYBaHHSI CEHCOpPIB Ta IHINIUX JpKepen iH(opmallli B CKIaAHUX Ta HE
MIPOTHO30BaHMUX YMOBAaX CbOTr'0JIHI HE MOXYTh MOJI0JIaTH MPOOJIEMY 1HIUBIIyalbHOCTI
iX xapakTepucTHK. ToMy pecypc CEHCOpiB, iX Mpale3laTHICTh Ta KOPEKTHICTh iX
poOOTH B eKCTpEeMaJbHUX YMOBaxX 3alUIIAEThCS C€Ia00 MPOrHO30BAHUMHU.
Pi3HOMaHITTS Mozenel GyHKIIOHYBaHHS JKEpell iHpopMallii i ix 3aco01B Bizyanizarii
Ta aHaJ i3y YCKJIQJHIOIOTH IMpaBuja MPUUHATTS BIANOBIAANIBHUX pilieHb. OCTaHHI
TpaAuLiiiHO 0a3yloThCAd Ha IHTYilllI Ta KOTHITUBHOMY CHPUUHSTTI CYyKYyHNHOCTI
1H(MOpMAIIITHUX TTOTOKIB PI13HOI MPUPOJIH, SKE 3aJIEKHUTHh ICUXO0(]Pi310JIOTTIHOTO CTaHY
oneparopa. Bech 1ell koMIieke mpobiemM Moxe OyTH po3B’si3aHUM 32 JOMOMOTOIO
KOTHITMBHOI METO/OJOril, B paMKax $KOi MOXHa YHIi(ikyBatu 3aco0u 0OpoOKH,
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BI3yaslizallli Ta aHaii3y AMHAMIKH PI3HUX 3a TPUPOAOI0 1H()OpMALIHHUX MOTOKIB, 110
BiJI0OpaXkatoTh Pi3uyHi, O10JI0T1UHI, TEXHOJIOT14YHI 1 IH(POpMAIlIHHI TPOIIECH.

B 0ocHOB1 KOHBEPreHTHOT METOJ0JIOTIT JISKUTh MDKAUCIUIUIIHAPHAN TIAX1 110
BUSIBJICHHS 1HMBIIYaTbHOCTI (DYHKI[IOHYBAaHHS 00’ €KTIB JKMBOI 1 HEXKHUBOI IPUPOIH
[1]. Tak, muIsIXoM TpeACTaBICHHs CUTHANIB y BuUIIsLal 3D-mojeneir B mpoctopi
AMHAMIYHUX TOJIIA MOKHA Bi3yali3yBaTH AMHAMIKY 1H(GOPMAIIHOTO OTOKY, a TAKOX
3/1iHCHUTH HOTO TIPUPOJIHY AEKOMIIO3HUIIIIO Y BUIIIS TPhOX CUIHATYp-TIaTepHiB [2]. Ix
MO’KHA TOPIBHIOBATH 3 MPUPOJAHMMHU TAaTepHAMH, a TAKOX BUKOPHCTOBYBATH MpH
aHami31 pyHIaMEHTAIbHI TepMOoauHaMIuH1 kputepii. B poborax [3, 4] Ha nmpuxnami
CUTHAJIIB HAIIBIPOBIAHUKOBUX Ta 010JIOTTYHUX CEHCOPIB MOKA3aHO, 110 TaKUI IMiIX1]
€ TIEPCIEKTUBHUM CaMe TOMY, 1[0 JT03BOJIAE Bi3yasli3yBaTH AMHAMIYHI Ta CTaTUCTHYHI
3aKOHOMIPHOCTI CHUTHAJIIB Ta aHaJI3yBaTH 3B'S30K MDK HUMHU. OTKe, mapaMeTpruyHa
BI3yasli3alisi JUMHAMIKM CHUTHAjJy HE IPOCTO JIO3BOJIAE BHUSABISITH MOr0 TOHKY
CTPYKTYpPY, ajie 1 BUKOPUCTOBYBAaTH B aHAJNITHUII pi3HI BuaAu eHTporii (bonbiimana,
Konmoroposa, IlleHoHa Ta 1H.), a TakOX IHTETPATHMBHI TOKA3HUKW JTUHAMIYHOT
YHOOPSAIKOBAHOCTI ~ CKJIQJOBMX 1 1X  eHeprermdHoi 30amaHcoBaHocTi  [5].
3anponoHOBaHUM MiAX11 JO3BOJISIE IO HOBOMY MpoaHajizyBaTu ¢i3u4Hi, 010710T14HI Ta
TEXHOJIOT14HI IpoIecH. 30KpemMa, NEPErJISIHYTH POJIb BIUIMB Y3TOKEHOCTI JUHAMIKH
3MIHH 30BHIIIHIX YNHHUKIB Ha XapakTep rnepedy10BU CTPYKTYpPU B3a€EMO3B'SI3KIB MIXK
MIJCUCTEMaMH, Ka € PEaKIIEr0 MPOTHUIT 3MIHI IMX YMHHUKIB [4,5]. [lapameTpuune
3D-MopentoBaHHs JO3BOJISIE IO HOBOMY TMOTISIHYTH Ha JMHAMIKY PO3BUTKY 0araThox
NPUPOJHUX TPOLECIB, IKUM XapaKTepHa MEeBHA LUKIIYHICTh Y 4acl, YU MPOCTOPI.
30kpema, aHai3yBaTH O10IUKIIN Ta ITUKIIYHICTh 3MIHU KIJTLKOCTI COHSYHUX TLISIM.
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Introduction. The performance of cutting tools is determined by the processing
conditions and the materials being machined, as well as by the properties of the tool
material, which largely depend on the microstructure and substructure of the high-
speed steels used for tool manufacturing. Widely used high-speed steels such as TI,
M1, M2, among others, despite their high hardness and thermal resistance, do not
always ensure sufficient productivity and wear resistance, particularly when machining
difficult-to-cut materials. Therefore, improving the operational characteristics of high-
speed steels through structural modification and, on this basis, developing cutting tools
with enhanced wear resistance and productivity remains a pressing issue.

It is important to highlight the beneficial role of vanadium as a key alloying
element in high-speed steels. Vanadium belongs to a group of elements that form hard,
high-melting monocarbides in steels. The microhardness of VC carbides reaches
approximately 24000 Hu. As a result, vanadium-alloyed steels demonstrate high
hardness and excellent wear resistance [1...2]. Moreover, VC carbides exhibit
significant solubility in austenite at elevated temperatures. Thus, steels with high
vanadium and carbon contents, when subjected to appropriate heat treatment
(quenching from high temperatures followed by tempering at ~550 °C), exhibit
secondary hardening and thermal stability [3].

Materials and Methods. The study was conducted on samples of standard high-
speed steels T1, M2, and T15, as well as two experimental alloys:

« Alloy No. 1: 1.0% C, 5.2% Mo, 3.9% V, 4.1% Cr, <0.4% Mn, <0.5% Si

« Alloy No. 2: 1.5% C, 4.9% Mo, 6.2% V, 4.0% Cr, <0.4% Mn, <0.5% Si

The experimental alloys were produced in a resistance furnace under an inert
atmosphere using Armco iron. Phase and structural transformations were investigated
using optical metallography.

Tool wear on the flank and rake faces of experimental cast cutting inserts was
evaluated during the turning of high-strength cast iron under the following conditions:
spindle speed — 400 rpm; depth of cut — 0.5 mm; feed rate — 0.22 mm/rev; principal
clearance angle — 6°.

Results and Discussion. The structure of cast high-speed steels comprises a
eutectic constituent and the decomposition products of austenite. Skeletal and fan-
shaped eutectic morphologies are based on M,C and MsC carbides, while the eutectic
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containing MC-type carbides forms as isolated inclusions within the austenitic matrix.
In light of the scarcity of tungsten and molybdenum, it is considered advantageous to
base the eutectic constituent of high-speed steels on MC-type carbides, primarily
vanadium carbide (VC). However, in all high-speed steels, the eutectic composed of
austenite and vanadium carbide typically crystallizes as large, isolated inclusions. It
was shown that y + VC eutectic can also form in the shape of colonies with branched
eutectic carbides, in which the cross-section of the carbide branches is significantly
smaller than that of the isolated carbides. Large, isolated carbide inclusions are prone
to chipping, thereby reducing the steel’s wear resistance.

The microstructure of the eutectic constituent in the experimental alloys is
presented in Fig. 1.

Fig. 1. Microstructure of the steel in as-cast condition:
a— M2 steel, x400; b — Alloy No. 1, x200; ¢ — Alloy No. 2, X100

The structure of cast high-speed steel R6MS5 is represented by two types of
eutectics and by austenite decomposition products (Fig. 1). One of the eutectics,
located outside the dendritic branches, is based on M,C carbide and exhibits a lamellar
structure, with the interlamellar spaces filled with the second eutectic constituent —
austenite. The y + VC eutectic is also found outside the dendritic branches, but it
appears as isolated, equilibrium inclusions. Based on a review of the literature, it can
be concluded that such a structure is suboptimal due to the low quantity and relatively
large size of the eutectic carbides. It is evident that both eutectics form during the
solidification of carbides and austenite from the melt, where the alloying element
distribution is non-equilibrium due to segregation processes.

Figures 1b and 1c show the structures of the experimental lean-alloyed high-speed
steels. It is evident that the ratio and morphology of the eutectic constituents differ from
those in the cast structure of M2 steel. While the eutectic based on M,C retains its
lamellar morphology and typical location in the primary structure, the eutectic based
on vanadium carbide displays significant differences. The eutectic vanadium carbide
exhibits a finer and more branched morphology. Differences are also observed in the
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contours of eutectic colonies. Additionally, the overall level of eutecticity increases.
The volume fraction of the y + VC eutectic rises from Alloy No. 1 to Alloy No. 2, with
a corresponding decrease in the amount of excess austenite.

It is well known that tool wear resistance is influenced by the structure and
physicomechanical properties of both the workpiece material and the cutting part of
the tool [2]. As shown in Table 1, during flank wear testing of cast cutting inserts made
from the experimental steels while turning high-strength cast iron, Alloy No. 2
demonstrated the highest wear resistance, whereas T15 exhibited the lowest.

Table 1 — Wear resistance indicators of the experimental steels

Steel Secondary | Tool weight | Workpiece weight | AP/ AP, | Cutting path
hardness, change, AP;, g | change, AP, g 10 length, m
HRC

T1 63 0,0376 4,3785 86 9

M2 63 0,0542 3,8249 142 4

T15 63 0,0838 3,0008 278 3,2

Alloy No.1 |62 0,0053 1,8925 28 12

Alloy No.2 | 63,5 0,0042 2,2631 18 12,2

As evident from the presented data, despite the high content of alloying elements
in T15 steel, Alloy No. 2 exhibits superior wear resistance due to the different
morphology of vanadium eutectic carbides.

The study demonstrated (Fig. 2) that the specific wear rate of the experimental
high-speed steel Alloy No. 2 is the lowest, which can be attributed to the highest
volume fraction of the y + VC eutectic phase compared to the other steels.
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Fig. 2. Specific wear rate of the experimental high-speed steels
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Conclusions. As demonstrated by the presented data, despite the high alloying
element content in conventional high-speed steels, Alloy No. 2 exhibits superior wear
resistance. It has been established that this improvement is due to the distinct
morphology of vanadium eutectic carbides.
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	Introduction. Foodservice enterprises that specialize in the production of unique, high-quality, and personalized restaurant products represent a vital segment of the modern economy. In a competitive environment, such businesses must continuously impr...
	This approach involves the adaptation of workplaces and customer areas through the use of ergonomic equipment, the creation of barrier-free environments, and the implementation of staff training programs on inclusion. These measures not only align wit...
	Relevance of the topic. Issues of inclusivity and accessibility are gaining increasing importance in the context of global societal and economic changes. Modern foodservice enterprises face the need to adapt to new social standards that require the cr...
	In Ukraine, the reintegration of war veterans – who often face physical and psychological challenges upon returning to civilian life – has become especially significant [5]. Research indicates that companies implementing rehabilitation and retraining ...
	An inclusive approach also attracts a wider customer base, as businesses demonstrating social responsibility become more appealing to ethically conscious consumers [4]. Therefore, inclusive engineering is not only a contemporary necessity but also a s...
	Research aim and objectives. The aim of this article is to analyze the principles of inclusive engineering and develop recommendations for their implementation in foodservice enterprises to create an accessible, safe, and comfortable environment that ...
	The objectives of the article are as follows:
	– to identify the key principles of inclusive engineering for foodservice enterprises;
	– to analyze regulatory requirements for the accessibility of workplaces and areas for visitors with disabilities and limited mobility;
	– to evaluate the methods and materials used to create a barrier-free environment;
	– to develop practical recommendations for implementing inclusive engineering solutions;
	– to discuss the advantages and challenges of integrating inclusive practices.
	Materials and methods. To achieve the stated aim, the following research methods were applied:
	– literature analysis – to determine the theoretical foundations of the study;
	– data systematization – to summarize information on architectural planning and engineering measures.
	The materials used to create an inclusive environment comply with national regulatory standards [7, 8].
	Завдання дослідження. Для досягнення поставленої мети були визначені такі завдання:
	Застосування Big Data у моделюванні розвитку регіону полягає у обробці великих даних, що дає можливість прогнозувати ключові показники соціально-економічного стану регіону. У СППР реалізується комбінована модель прогнозування, що враховує машинне навч...
	,𝑌-𝑡+1.=𝛼∗,𝑌-𝑀𝐿.+𝛽∗𝐸+𝛾∗𝐻                                               (1)
	де:
	,𝑌-𝑡+1. – прогнозований показник на момент t+1;
	,𝑌-𝑀𝐿.− результат від прогнозу від моделі машинного навчання;
	𝐸 – інтегральна експертна оцінка;
	𝐻 – тренд історичних даних;
	α, β, γ – вагові коефіцієнти, які визначаються методом оптимізації.
	Агрегування експертних оцінок проводиться завдяки формули:
	𝐸= ,𝑖=1-𝑛-,𝑤-𝑖.∗,𝑥-𝑖..                                                             (2)
	де:
	,𝑤-𝑖. – ваговий коефіцієнт експерта;
	,𝑥-𝑖. – індивідуальна оцінка.
	Таблиця 1 – Зведена оцінка ризиків для «розумного регіону»

	Щодо архітектура інтелектуальної СППР запропонована архітектура передбачає такі модулі:
	Результати дослідження і їх обговорення. У процесі дослідження досягнуто таких результатів:
	Висновки. У результаті дослідження сформовано підхід до створення інтелектуальної СППР для «розумного регіону», що поєднує переваги Big Data та експертних систем. Ключовими методичними знахідками стали:
	Research Aim. The aim of this study is to investigate the implementation of the adaptability principle in modern design, with a particular focus on its impact on usability, accessibility, user satisfaction, and interface consistency across various dev...
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	Фізична гіпотеза каналу когерентності. У рамках нашої роботи запропоновано інтерпретаційну гіпотезу, згідно з якою при генерації пари сплутаних фотонів формується фізично значуща — хоча й не фотонна — структура, яку умовно можна назвати каналом когере...
	Просторово-часова реконцептуалізація експериментів Аспе, Цайлінгера та Генсена. Класичні експериментальні дослідження квантової сплутаності – зокрема, роботи під керівництвом Алена Аспе (1982) [2], Антона Цайлінгера (1998) [6] та Бастіана Генсена (201...
	Експеримент Аспе (1982): часові інтервали та топологія каналу. У досліді Аспе та співробітників сплутані фотони утворювалися в атомарній декаєвій схемі, а для вибору базису вимірювання застосовувалися високошвидкісні акустооптичні переключателі. Це до...
	Експерименти із запізнілим вибором (Цайлінгер, 1998; Генсен, 2015). У подальшому розвиткові експериментів із перевірки нерівностей Белла особливу увагу було приділено так званим протоколам із запізнілим вибором (delayed-choice). Серед них можна відзна...
	Традиційна квантова інтерпретація результатів. У стандартній (копенгагенській або операціоналістській) інтерпретації квантової теорії приймається, що квантовий стан системи не є об’єктивно визначеним до моменту вимірювання. Результат спостереження «на...
	Тлумачення в межах гіпотези фізичного каналу когерентності. З точки зору альтернативної гіпотези когерентного каналу, квантова сплутаність – це не абстрактна математична властивість вектора стану, а наслідок реального (хоч і нефізичного в звичному сен...

	Експериментальна перевірка гіпотези когерентного каналу: можливі завдання.
	Моделювання та аналіз деградації каналу когерентності. Теоретична мотивація та загальний підхід. Якщо припустити існування фізичного каналу когерентності, тоді просторово-рознесені квантові кореляції слід розглядати не як результат миттєвої нелокально...
	Порівняння гіпотези когерентного каналу з традиційною інтерпретацією. Гіпотеза фізичного когерентного каналу не заперечує математичний апарат квантової механіки, але пропонує альтернативний погляд на механізм виникнення кореляцій між результатами вимі...
	Висновки. Моделювання технічного стану турбомашин за допомогою інтегрального показника 𝑆(𝑡) дозволило об'єктивно оцінити динаміку деградації в реальних умовах експлуатації. Запропонована модель продемонструвала високу чутливість до основних факторів...
	1) Тепловий прогин ротора є критичним параметром, який суттєво впливає на зниження працездатності навіть за відносно невеликих деформацій. Це вказує на необхідність постійного моніторингу розподілу температури та геометричної стабільності компонентів ...
	2) Темп прогріву корпусу (𝛽Δ𝑇) чинить лінійний, але потенційно небезпечний вплив на деградацію. Його підвищення вдвічі може скоротити залишковий ресурс у 2–3 рази, що є особливо важливим для запусків та зупинок агрегатів;
	3) Вібраційні навантаження мають найшвидший ефект зносу. Досягнення амплітуди понад 4 мм/с призводить до стрімкого переходу в зону критичних значень стану за менш ніж 60 годин.
	Важливо підкреслити, що функція 𝑆(𝑡), як індикатор поточного стану, дає змогу не лише діагностувати технічний стан у конкретний момент, а й прогнозувати момент досягнення критичних меж, обчислювати залишковий ресурс 𝑅(𝑡), а також оцінювати швидкіс...
	У перспективі, впровадження запропонованої моделі у складі діагностичних платформ дозволить підвищити надійність роботи турбомашин, зменшити аварійність, оптимізувати витрати на обслуговування й забезпечити безперервність критичних технологічних проце...



