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Abstract: The study examines the current structure and methodological
framework of circular economy metrics adopted in the European Union,
emphasizing their relevance for modern business practices under the
European Green Deal. In the context of growing resource constraints and
regulatory pressure for sustainability, the research aims to critically assess
the ability of the EU's circular economy indicators to reflect the
complexity of economic, environmental, and behavioral transformation
processes. The analysis is based on the updated Eurostat framework,
which includes five thematic blocks and eleven key indicators. Special
attention is paid to metrics on material consumption, waste generation,
green public procurement, circular material use, and innovation activities.
Using qualitative content analysis and cross-sectoral comparison, the
study highlights gaps in digital integration, sectoral adaptation, and
behavioural dimensions of circularity monitoring. The findings reveal
substantial asymmetries in waste recycling rates, dependence on primary
materials, and the share of secondary raw materials in supply chains. It is
shown that while large enterprises more actively implement circular
practices, SMEs face regulatory, technological, and financial barriers.
Moreover, the lack of behavioural and digital indicators constrains the
system’s responsiveness to emerging business models such as «Product-
as-a-Service» and sharing platforms. The paper concludes with
suggestions for expanding the EU indicator framework to include metrics
for digital traceability, consumption behaviour, and localized circular
solutions. These improvements could enhance the practical value of
circular monitoring tools for corporate sustainability strategies and cross-
border policy harmonization. The study also raises the question of how
circular metrics can better reflect the dynamics of global value chains and
sustainability reporting standards. Integrating digital tools and behavioral
data analytics is proposed as a crucial next step in advancing evidence-
based policy and business decision-making.

Keywords: sustainable development; circular economy; EU indicators;
waste management; business transformation; material efficiency;
recycling; green public procurement; green economy; digitalization.
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The paper concludes with suggestions for expanding the EU indicator framework to include metrics
for digital traceability, consumption behaviour, and localized circular solutions. These improvements
could enhance the practical value of circular monitoring tools for corporate sustainability strategies
and cross-border policy harmonization. The study also raises the question of how circular metrics can
better reflect the dynamics of global value chains and sustainability reporting standards. Integrating
digital tools and behavioral data analytics is proposed as a crucial next step in advancing evidence-
based policy and business decision-making.
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AHoOTaNifg: Y CTaTTi AOCHIHKEHO CY4acHY CTPYKTYpy Ta METOJOJIOTIUHI 3aCal CUCTEMH METPUK
LUPKYJISIPHOI eKOHOMIKH, BIpoBakeHOo1 B €C, 3 aKIIEHTOM Ha 11 peJIeBaHTHICTh J0 Cy4acHHX Oi3Hec-
MPAKTUK y Mekax €BpONenChKOro 3eJIeHOro Kypey. B yMoBax mocuiieHHs! peCypcHUX OOMEXeHb Ta
PEryJIsTOPHOTO THCKY Ha Oi3HEC Y HamlpsAMKY 3€JIEHOTO MEPEXOAY, METOIO TOCIIIKEHHS € KpUTUYHE
OLIIHIOBAaHHS 3/1aTHOCTI CUCTEMH 1HAUKATOPIB HUPKYISIpHOI ekoHOMiKH €C BiqoOpaxaTu CKIQAHICTh
E€KOHOMIYHHUX, EKOJIOTIYHMX Ta MOBEAIHKOBUX TpaHchopmariiil. AHami3 06a3yeTbcs Ha OHOBJICHIN
CTaTHCTUYHIN paMili €BpocTary, sika BKIIOYAE T’ ATh TEMATHYHUX OJOKIB Ta OAMHAIISATH KIFOYOBHX
noka3HukiB. OcoOnMBY yBary MNpHUAIICHO I1HIUKATOpPaM CIIOKMBAHHS MarepiajiB, YTBOPEHHS
BIJIXOJIIB, 3€JICHUX JEp>KaBHUX 3aKyIiBellb, YaCTKU BTOPUHHOI CHUPOBHHU Ta I1HHOBAIIIHOI
akTUBHOCTI. Ha OCHOBI SIKICHOTO KOHTEHT-aHaJi3y Ta MIXKCEKTOPaJIbHOTO MOPIBHSIHHS BUSBICHO
nporajivHy y nudposiii iHTerpaii, aganrarii 10 ToTped pi3HUX CEKTOPIB Ta HEOCTATHE OXOIUICHHS
MOBEIHKOBHX aCIMEKTIB LUPKYJISPHOI €KOHOMIKU. Pe3ynpTaTu 3acBiuylOTh CYTTEBI acUMETpii B
PIBHAX NepepoOKH BiIXO1B, 3aJI€KHOCTI Bl IEPBUHHOI CUPOBUHHM Ta YacTLli BTOPHHHUX PECYPCIB y
nmaHuorax nocradaHHs. [lokazaHo, IO BeNHMKI MiANPUEMCTBA AKTUBHIIIE BIPOBAIKYIOTH
IUPKYIApHI npakThkd, Toxi sk MCII cTuKaloThCs 3 PEryISITOPHUMH, TEXHOJOTIYHUMHU Ta
¢dinancoBumu 6ap’epamu. BomHouac BiicyTHICTh HU(PPOBUX Ta MOBEIIHKOBUX IHAUKATOPIB OOMEKY€
3[IaTHICTh CUCTEMH pearyBaTH Ha HOBI Oi3Hec-mMozedi, 30kpeMa «Product-as-a-Service». Y mincymky
3allpONIOHOBAHO  PO3MIMPUTH cucTeMy MeTpuk €C 3a paxyHOK I1HIMKAaTOpiB IHQPPOBOI
MIPOCTEXKYBAHOCTI, ITOBEAIHKH CIIOKMUBAYIB Ta JIOKAII30BaHUX [UPKYJISPHUX PillIEHb, 10 MiABUIIUTD
MPUKJIAIHY [IHHICTh MOHITOPUHTY JUISI KOPIIOPATUBHUX CTPATET1H CTAJIIOTO PO3BUTKY Ta rapMOHi3alii
MOJIITHK HAa MKHAPOJAHOMY PiBHI.

Karwo4oBi ciaoBa: cranuii po3BUTOK, IUPKYJIIpHa €KOHOMIKa; iHaukaropu €C; ymnpaBmiHHA
Biaxonamu; TpaHchopmariis Oi3Hecy; MaTepiaibHa €(EKTHBHICTh; IepepoOKa; 3eleHl JAepikaBHi
3aKyIIiBIIi; 3eJIeHAa €eKOHOMIKa; TUKUATATI3aIlis.

Beryn (Introduction)

VY cyuyacHMX yMmoBax TpaHcdopmarii r100anbHOT EKOHOMIKM 3 OISy Ha pecypcHe
BUCHA@)XEHHs, BTpaTy OIOpI3HOMAHITTS, JErpajallifo JOBKULIS Ta 3MiHY KIiMaTy, KOHIIETIis
IUPKYJISIPHOI E€KOHOMIKM CTa€ TMPOBITHOIO TMAapagurMoOI0 CTajJoro pPO3BUTKY. 3a OLIHKAMHU
€sporneiicpkoi Kowmicii, mopoky B €Bponelicbkomy Cor03i reHepyeThes moHax 2,2 MibspAa TOHH
BiZIX0/iB, a juuie 12,8% BTOpUHHUX MaTepiajiiB MOBEPTAIOTHCS B EKOHOMIKY SIK cupoBuHa (Eurostat,
2024). Y BinnoBinp Ha Ui BUKIMKH €C aKTUBHO BIIPOBADKYE MOJITHKH, CIPSIMOBaHI HA CKOPOUCHHS
3aJIeKHOCTI BiJl MEPBHHHUX PECYpPCiB, MiJBUIICHHS €(EKTHBHOCTI BHUKOPHCTAHHS MaTepialliB Ta
MOJIOBYKEHHSI dKUTTEBOTO ITUKITY MPOIYKIIii.

VY 11bOMy KOHTEKCTi OCOOJIMBOTIO 3HAa4YeHHs HaOyBae (OPMYBaHHS IUIICHOI Ta aJanTHUBHOL
CHCTEMH MOHITOPHHTY Ta OILIHIOBAHHS MpPOTpecy Mepexoay A0 IHMPKYJISIpHOI ekoHoMiku. Y €C
3alpoBaPKEHO O(DiliiiHy CHUCTeMy IMOKa3HUKIB LUPKYJSPHOI E€KOHOMIKM, SIKa OXOIUIIOE II’SITh
KIIIOYOBUX OJIOKIB: BUPOOHHUIITBO Ta CHOXKUBAHHS; YNPaBIIHHSA BiAXOJaMH;, BTOPUHHI pECypcCH;
KOHKYPEHTOCIIPOMOXKHICTh Ta IHHOBALi; a TaKOX IJI00aJbHI acleKTH HUPKYJsipHOCTI (Eurostat,
2024). 111 cuctema He JHIIE BUKOHY€E (YHKIII CTATUCTHYHOTO iHCTPYMEHTapilo, aje i maTpumye
MOJIITHYHE YXBAJCHHS pillleHb y Mexax EBpormeiicbkoro 3eneHoro kypcy Tta [lmany it 3
UPKYJISIPHOI €eKOHOMIKH. 31 CBOro 00Ky, cydacHe Oi3Hec-cepellOBHIIE Je/iali aKTUBHIIIE 1HTErpye
NPUHIUIH TUPKYJIAPHOCTI Y BUPOOHHUY1 CTpATErii, JIOTICTUKY, MOJEJ CIIOKWBAaHHS Ta 3BITHICTD 31
CTajoro po3BUTKyY. JlocmimkeHus €Bpokomicii moka3yoTh, mo 57% Benukux kommnaHiil y €C yxe
BIIPOBAAMIN X04ya O OJMH KOMIIOHEHT IUPKYJSIPHOTO MiAXOIY, 30KpeMa MOBTOPHE BUKOPUCTAHHS
MaTepialiB, eKOAU3aH a00 MOIeNi CIIUIbHOTO KopuctyBaHHs (European Commission, 2023).
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e 3ymoBIt0o€ OTPeOy Y KpUTHIHOMY aHai31 TOr0, HACKIJIbKY YHMHHA CUCTEMA €BPOTMEHCHKIX
METPHK 37aTHA TOBHOIO MipOIO BiZJOOpakaTu CKIAAHICTh Ta TUHAMIKY LIUPKYJISPHOI TpaHchopMarii,
30KkpeMa B Oi3HeC-paKTHKaX, IO IIBUIKO 3MIHIOIOTHCSA TiJ THUCKOM KIIMAaTUYHUX BUKJIHKIB,
UG poBi3allii Ta HOBUX PETYJITOPHUX BUMOT.

HayxoBi gociiKeHHsI OCTaHHIX POKIB BCe OUBIIE 30CEPEKYIOThCS Ha OIIHII e(heKTHBHOCTI
Ta 3aCTOCYBaHHS METPUK HUPKYJIAPHOI eKOHOMIKU B €BporelickkoMy Coro3i, 0cOOIMBO B KOHTEKCTI
cy4yacHux 0i3Hec-nipakTuk. ABropu lllaBkartoB, Pocca, [Tayna (Shavkatov et al., 2024; Rosa & Paula,
2023) moxazanu, IO 3alpOBADKCHHS LUPKYISAPHUX NPAKTUK y BHpOOHMUYMX KommaHisx €C
MO3UTHUBHO BIUIMBA€E Ha (PIHAHCOBI PE3yIbTATH: 3pOCTAE MPUOYTKOBICTh, €PEKTUBHICTH TA BapTICTh
openny. Edexkr OyB 0coOMMBO MOMITHHIA cepejl BETMKUX MiAMPUEMCTB Ta KommaHiid [liBHIYHOT
€pornu. [loniGHI BUCHOBKM Oynu 3poOJeHi IHIIMMU HAayKOBISIMH, SIKI IpPOaHAJi3yBajld BIUTUB
LUPKYJISIPHOI eKOHOMIKH Ha MaJli Ta cepesiHi mignpuemctsa €sponu. Tak, y nocaimkennsx [lackans,
I'opoxoBoi Ta iH. (De Pascale et al, 2023; Gorokhova et al., 2023) miaKpecarO€eThCs, IO
HAMMOIIMPEHILIO CTPATEeTi€l0 B Mekax LUPKYJsipHOi ekoHoMiku B €C € peuukiiHr. bymo
KJ1acu(piKoBaHO HOTHPH OCHOBHI THUIH IHPKYIAPHUX Oi3Hec-MoJeneil: 3aMKHEHMH UK,
MOJIOBKEHHSI TEPMiHY CIIYy>KOM TPOIYKTY, BIHOBIEHHS PpECypCiB 1 IHUPKYJIApHI JIAHIIOTH
nocrayanHsa. OnHak, fK TOKa3anu y cBoiil poboti bammaccape ta Kamabper (Baldassarre &
Calabretta, 2023), 6arato GizHec-Mojeel IUPKYISIPHOI €KOHOMIKH HE BIAETHCS MAacCHITa0yBaTH
yepe3 HOPMATHBHI, KyJIbTypHI, €KOHOMIYHI Ta TexHiuHi Oap’epu. BomHouac, AniBOXBOAIN Ta
Koxkamimxe (Alivojvodic & Kokalj, 2024) 3anpononysainu yHiBepcaiabauii inaexc CEIR, mo Bkimovae
Bci 9R-cTpareriif 1 103BOJIsi€ TIOPIBHIOBAaTH PiBEHb IMPKYJSPHOCTI MK Taily3siMH Ta KpaiHaMH.
[Toni6Ho, Mopeno Tta iH. (Moreno et al., 2023) po3pobunu ingexc CECI, sikuii y3araibHIOE Iporpec
kpaiH €Cy peani3aui’1’ UPKYJISAPHOI eKOHOMIKH, a Llleiix Ta iH. (Shaikh et al., 2024) nonoBHUIHN 110
JWICKYCII0 JIOCHI/DKCHHSM y cepi BHPOOHMUTBA, AC 3alPONOHYBATM METONOJIOTII0 OLIHKH
]_[I/IpKyJISIpHOCTl 3 BUKOPHCTAHHAM aHATITHYHOT 1epapx11 Bonu Haromocunu Ha Ba)XIJIUBOCTI
1HTerpalii MeTPUK CTAIOCTI Y BUPOOHHMYI CTpaTerii Ui MiIBUIIEHHS pecypcoedekTuBHOCTI. BapTo
3a3Ha4MTH poOoTy MakcumoBoi, Hacrace (Maksymova & Nastase, 2024), sxi npoaHaii3yBaiy BIUIUB
udpoBoi TpanchopMarllii Ha 3MEHILIEHHSI BYTJICHIEBOTO CJIily MalluX Ta cepeAnix mianpueMctB €C,
AKI CTaHOBJIATH 3HAUHY YaCTHHY CIIOKMBaHHS eHeprii B Oi3Hec-cekropi. BusiBieHo 3HauHy
BapiaTUBHICTH IIUX IMOKA3HUKIB M Kpainamu €C, a Takox po3puB y rotoBHOocTI MCII y mopiBHAHHI
3 BEJIMKUMHU KOMIIaHISIMH IIOAO BIPOBAKCHHS KIIMATHYHUX IHIIIATUB Ta MUPPOBUX PIlIEHb. Y
nincymky, Txeminceka (Trzcielinska, 2023) noBena, 1m0 KIIOYOBUM YHUHHHKOM MJIsS YCIIITHOTO
BIIPOBAKEHHSI MPUHLIUIIB IIUPKYJISIPHOT EKOHOMIKH € 3HaHHA 3MiH y 0i3Hec-ekocucTemi. Komnanii,
AKI Kpalle OpIEHTYIOTbCS B PETYJSATOPHHX, PUHKOBHX Ta COLIANbHUX TEHACHLISAX, AKTHUBHIIIE
pearnizoByIOTh IIUPKYJISPHI MPAKTUKH Ta PO3TIIIAIOTH 1X SIK 013HEC-MOMIIUBICTb.

BpaxoByroun 3a3HaueHe, METOIO CTATTI € CUCTEeMATH3allisl Ta KPUTHUHE OCMUCIICHHSI OCHOBHUX
1HIMKATOPiB LMPKYJISIPHOI EKOHOMIKH, BU3HAYCHHUX Ha PiBHI €Bpomneiicbkoro Coro3y, a TAKOX OIIIHKA
iXHBOI PEJIEBAHTHOCTI MIOJ0 CyYaCHUX MPAKTHK BEICHHs Oi3HECY B YMOBaX 3€JIEHOTO MEPEXOIy.
OcobnuBy yBary MpUIUIEHO aHali3y CTPYKTypHOi MOOYAOBM MOKa3HMKIB, iX iH(opmariitHoro
HaBaHTAXCHHS Ta MOTEHLIATy IS aJamnTallii 10 3MiH Y KOpIIOpaTUBHOMY YIPaBIIiHHI Ta CTpaTEerisx
CTaJIOTO PO3BUTKY.

Marepiaan Ta metoaun (Materials and Methods)

VY mocmimKeHHI 3aCTOCOBAHO KOMITJICKCHUN METOMOJOTIYHHMA MigXiJ, 0 TOEAHYE SKiCHUN
aHaji3, MOPIBHUIBHUM OIJSA 1HOUKATOPIB Ta IHTEPIPETATHBHY CTPYKTYPHY OLIHKY. OCHOBOIO
eMmipu4Hoi 0a3d BHUCTYNWJIA OHOBJIEHA CHCT€Ma MOHITOPUHTY LHPKYJSPHOI EKOHOMIKH
€pporneiicbkoro Coro3y, po3pobiieHa €BpoctaroM. AHaI3 3A1MCHIOBABCS y MeXax I ATH
TEMaTUYHHUX OJIOKIB: BUPOOHHUIITBO Ta CHOXXMBAHHSA, YIPABIIHHS BiJXOJaMH, BTOPHHHI CUPOBUHHI
MaTepiajid, KOHKYpPEHTOCIPOMOXHICTh Ta IHHOBALlii, TI100ajbHa CTANICTh 1 CTIHKICTD.

Metoauka qOCiKeHHS Tiepeadadana peatizalliio TphoX KIIFOYOBUX €TalliB.

Ha nepmomy etami Oyiio 3IiHCHEHO CTPYKTYpHY AEKOMIIO3HUIIIO iHAWKATOPHOI CHUCTEMH 3
METOIO BHSIBJICHHS €KOHOMIYHUX, €KOJIOTIYHUX Ta CTATUCTHYHUX BUMIpIB KOXKHOTO TMOKa3HuKa. [le
JI03BOJIMJIO BCTAaHOBUTH JIOTIKY B3a€MO3B’SI3KIB MiXK KUIBKICHUMH METPUKaMU (HAIPUKIIAJ,
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CTMOXKMBAHHS MaTepiaiiB, yTBOPECHHS BiIXO/IiB) Ta MPOKCi-IHAUKATOPAMU MOJIITUKY (30KpeMa, 00CsITH
3eJICHUX JICPKaBHUX 3aKyIiBelb, TATCHTHA aKTUBHICTh Y cepi 3eJIeHNX 1HHOBALIIN).

Ha npyromy erari 3acTOCOBaHO METO/ MOPIBHAJIBHOTO aHaJi3y MIKKPATHHUX BIAMIHHOCTEH Y
JMHAMIII 1HIUKATOPiB, 0COOIMBO Y cepax YIpaBiiHHSI BUCOKOPH3UKOBUMH BiAXogaMH (TUIACTHK,
eJIEKTPOHiKa, MoOyTOBI Biaxoau). IlepBuHHI JaHi OTpUMAHO 3 BIAKPUTHX CTATUCTUYHHUX JDKEpel
Eurostat 3a 2022-2024 poku. OLiHIOBaINCS IHCTUTYLIHHI aCUMETPii y PIBHSIX EepepoOKH Ta CTyTEH1
3aJIeKHOCTI BiJl IEPBUHHUX PECYPCiB.

Ha tperbomy erari mpoBeIeHO KPUTUYHY OI[IHKY PEJICBAaHTHOCTI CHCTEMH 1HJUKATOPIB 10
Cy4JacHUX Oi3HEC-TIPAKTHUK.

PesyabTaTn (Results)

B ymoBax peamnizanii €BpomelchbKOro 3eJI€HOr0 Kypcy Ta TpaHcdopmaiii BHpOOHUYO-
CMOXMBUOi MOJENI Ha 3acajax CTajJoro pPO3BUTKY, IOCTAa€ HarajbHa mnorpebda y (opMyBaHHI
e(EeKTUBHOTO 1HCTPYMEHTApil0 Ui MOHITOPHHTY LHMPKYJIspHUX 3MiH. Came 3 Ii€l0 MEeTOlo
€pomneiickkum  Coro3oM Oysna OHOBJCHA CHCTEMa CTATHCTHYHHX IHAMKATOPIB LMPKYJISPHOI
€KOHOMIKH, 110 JT03BOJISiE 3/IIHCHIOBAaTH BCEOIYHMIA aHaJIi3 MPOrpecy y BIPOBAIKEHHI BiNOBITHUX
MOJIITHK HAa MDKKpaiHOBOMY DiBHI.

3riZiHO 3 METOI0JIOTiEI0, OHOBIIEHOIO ¥ 2023 poIri, cucTeMa MOHITOPHHTY BKJIIOYA€E OMHAIISTD
KIIOYOBUX 1HAMKATOpiB, 3TPYNOBAHUX Yy II'SThb TeMaTH4HUX OnokiB: (1) BUPOOHUNITBO Ta
criokuBaHHs, (2) ympaBmiHHS Bigxomamu, (3) BTOPUHHI CHpPOBHHHI Mmarepiamu, (4)
KOHKYPEHTOCIIPOMO>KHICTh Ta iHHOBAIli1, a TakoX (5) riobaiibHa CTalicTh 1 CTIHKICTh (pHc. 1).

. 3. Bropunsi 4. KonkypeHro-
1. Bupo6unnTBO Ta 2. YrpaBimiHHS o OBII)/IHHi e Ol?dO)IlepiiTLOTa 5. 'moGanpHa
CIIO’KMBAHHS BIIXOAaMU poBt PY CTaJIICTh i CTIHKICT
Marepiajiu 1HHOBAI1
- N s ~N ( Bmecok ) e ) [ T'nobamsHa
CroxrBaHHS P y IHBECTHIII, LUPKYJISIPHOL
iam 38/10BOJICHH HHSTICTS 1 €KOHOMIKH
MartepianiB T — 3aMHATICTH 1
noTpedu B
: : BAJIOBA JI0JIaHA ——
P1BCHBb \ CHUPOBHH1 V, BapTiCTI) y
\ ) L
nepepooku T acrka ) ceKTopax CroXuB4mMii CIIixg
— LOUPKYISPHOTO LUPKYJIAPHOL
BHUKOPUCTAaHHA CKOHOMIKHA
marepiaiis Buknon
3eneHi Aep:kaBHI —_— NapHUKOBUX I'a31B
P . \ J
3aKyIMiBIIl Pisenn p —
nepepobKu ( ) CrilikicTh
PiBeHn HaTPUKiHII I LUPKYJIIPHUX
|
Tepepo0Ky 3a JKUTTEBOTO LIMKITY HHOBA1 TPAKTHK
OKDEMIMH -« (KUIBKICTB
HOI')rOKaMH —— MIaTeHTIB, 3aexHICTb Bif
Bimxomis Toprisns OB’ A3aHUX 13 iMmopTy
YTBOpeHH: (utacTuk TIepepobITIOBaHH nepepodKoro Ta __Marcplams )
. . el
BIZIXOZIB CIeKTPOHIKa MH CHPOBHHHHMH BTOPUHHOIO Cartor
, ) aMo
Mmarepiamamu €C CHPOBHHOIO) .
YMaKoBKa TOIIO) . : 3a6€3MeUeHiCTh
- KpalHHU CBITY €c
\ Y, \_ ) L ) \_ ) | cuposuHOIO B €C |

Pucynoxk 1. Kinro4oBi rpyniu METpUK OIIIHKHM HUPKYJsIpHOT ekoHoMiku €C
Jlxepeno: aBTOpcbka po3poOKa Ha OCHOBI cTpyKTypu Eurostat

Taka cTpykTypa 3abe3nedye LiTICHE OXOIUICHHS OCHOBHHMX (a3 €KOHOMIUHOTO IMKIY Ta
JI03BOJISIE TIPOCTEXHUTH, HACKUIBKM €(PEKTHBHO €BpOIEHChKAa EKOHOMIKA aJanTyeThCsl 10 BUMOT
UPKYJISIpHOCTI. BapTo 3a3HaumTH, M0 L CHCTEMa € BOJHOYAC aHAJTITUYHUM IHCTPYMEHTOM ISt
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MOJITHKIB, JyKepesoM iHdopMarii s Oi3HeCy, a TaKoXX OpieHTUpOM ais KpaiH-naptHepiB €C y
IpoIieci BIPOBAKEHHs BIACHUX LUPKYJISIPHUX cTpateriit (Eurostat, 2024).

CrtpykTypa 1HOUKATOpiB BpaxoBYy€ SK KUIBKICHI, Tak 1 $AKICHI BHUMIpH IUPKYJISIPHOI
TpaHC(bopMaui'i 30erMa q)OKyci nepeOyBalOTh HE JIMIIE TPAAULINHHI TOKA3HUKU TTOBOJKECHHS 3
BiJIX0/1aMU, aje ¥ OUTbII CKJIAJAHI KOMIIOHEHTH, SIK-OT plBeHB BHKOPHCTAHHS BTOPMHHHX pecypcis,
YaCTKa WHPKYJIAPHOTO CIIOKHBAHHS MmarepiaiiB, 00CAT IHBECTHLINA B €KOTEXHOJIOT] Ta MOUIMPEHHS
iHHOBaNitHUX Oi3Hec-Mopernel. Lle 103Bosie mobaYnTH HE MPOCTO TEXHIUHY TUHAMIKY 3MEHIICHHS
pPeCcypco3alIexKHOCTI, a ¥ 3MIHM y MOBEMIHII CIIOKMBAYiB, CTPATETisX MiIAMPUEMCTB 1 MOJITHUIHUX
npioputerax. Takui MAXiA y3rODKYEThCS 3 KOHIEMINEI MITICHOI CHUCTEMHOI TpaHchopMarllii
CeKOHOMIKM Ta € OCHOBOIO JMJISi JIOCATHEHHS KJIIMAaTUYHOI HEHUTPAIbHOCTI B JIOBIOCTPOKOBIH
MEPCIEKTHBI.

HactynHuM BaXJIMBHM aCIIEKTOM aHaJli3y € 3MiCTOBHE HAlIOBHEHHS OKPEMUX 1HAMKATOPIB, 110
BHUMArae JETalIbHOTO PO3IJISLAY KOXKHOTO 3 TEMATUYHHUX OJIOKIB. 3 II€I0 METOI0 y MOAANBIIOMY
JOCIIJKEHH] PO3IIIAaI0ThCS OCHOBHI NMOKa3HUKH, IXHS AMHAMIKA, IHTepIpeTaniiHi MOKJIMBOCTI Ta
BIJIMIOBIHICTh Cy4acHUM Oi3Hec-IpakTUKaM y KpaiHax €spormnelicekoro Corosy.

VY mexax HampsMy «BUpOOHHIITBO Ta CIIOXKHMBAaHHS» OJHUM 3 KIIOUYOBHX MOKAa3HMKIB, IO
JI03BOJISIE OLIHUTH €(DEKTUBHICTh PECYPCHOTO BUKOPUCTAHHS B €KOHOMIIIl, € iHAUKATOpP YTBOPEHHS
Bimxomis. Moro Bucoka 1H(QOPMATHUBHICTh TOSCHIOETHCS THM, IO BIAXOAH, SIK TPOIYKT
HEe(EKTHBHOTO IPOEKTYBAHHS JKUTTEBOTO LIMKIY TOBApiB, CTAaHOBJATH SK EKOJOTiYHE, TaK 1
€KOHOMIUHE HaBaHTA)KEHHs Ha CHCTEMY.

VY Mexax 1poro OJIOKY BH3HAYEHO TPH CTATHUCTUYHI IHIAMKATOPU: CHOXHBAHHS MaTepialiB
(material consumption), 3eyeHi IICp)I(aBHi 3akymiBii (green public procurement) Ta YTBOPEHHS
Biaxoxis (waste generation). KoxeH i3 HUX BUKOHYe OKpEMY AIarHOCTHYHY (PyHKIIIIO B OLIHII TOTO,
HACKUIbKM E€KOHOMiKa BIiJAI€TbCS BiJ JIHIMHOT MoOAeNl «B3ATHU—BUPOOUTH—BUKHUHYTH» Ta
NEPEXOANUTH /10 UUPKYJISAPHOI MapagurMu.

[Toka3HUK CHOXMBaHHS MartepiajiB € 0a30BUM MAaKpOCKOHOMIYHHM 1HJUKATOPOM, SKHIMA
BiJoOpaxkae 3arajibHy Macy pecypciB, 3alyyeHHX B EKOHOMIKY. 3MEHIIEHHS IbOTO ITOKa3HUKa
CBIIYUTH NMPO e(EeKTUBHIIIEC BUKOPUCTAHHA CHUPOBUHH, MIJBUILEHHS PiBHSA 3aMKHEHOCTI MOTOKIB
MaTepialliB Ta pPO3PUB 3B’A3KYy M €KOHOMIYHHM 3POCTAaHHSIM 1 PECYpCHUM HAaBAHTKEHHSIM. Y
KOHTEKCTI LUPKYJSPHOI €KOHOMIKH KIIOYOBUM BUKJIHMKOM € JOCATHEHHS NEKYIUIIHTY — PO3PHBY
npsmoi 3anexHocTi Mik BBII Ta oOcsiraMum MaTepiallbHOTO CIIOKHMBaHHS, IO TMOTpedye SK
TEXHOJIOTIYHHUX 1HHOBAIIIH, TaK 1 3MiH y MOBEAIHII BUPOOHUKIB 1 CTIOKUBAYIB.

Jpyruii inaukaTop — 3eeHi Aep>KaBHi 3aKyMiBIi — BiIIrpae CTpaTeriyHy poJib Y popMyBaHHI
MIONUTY Ha €KOJIOTIYHO CTay MpoAyKuito. OCKUIbKU JIep>KaBHUM CEKTOp (OopMye 3HAYHY YaCTKY
BHYTPIIIHBOTO TOMUTY, OPI€HTAllis 3aKyIMiBellb Ha €KOJOTI4HI KpUTepii Mae MyJIbTUILTIKATUBHUN
epeKT i1 pO3BUTKY PHUHKY LHUPKYJSPHUX TOBapiB Ta mociyr. Lle, cBO€l0 4eproro, CTHUMYIIOE
HiANPUEMCTBA 70 BIPOBA/PKEHHS MPUHIUIIB €KOAW3aifHYy, CKOPOYEHHS BUKH[IB, BUKOPUCTAHHS
BTOPUHHOI CHPOBUHHU Ta HU(POBOrO MOHITOPUHTY E€KOJIOTIYHOTO cligy. BomHodac 3anuiiaerbes
BIJIKpUTUM MMUTAHHS TapMOHI3AII] MiIXOIIB 10 OI[IHKU Ta 3BITHOCTI B c(hepi 3eJICHUX 3aKyIiBeNb Yy
pi3Hux kpainax €C.

Tpetiif iHIUKATOP — YTBOPEHHSI BIAXOJIB — € KPUTUYHO BAXKIUBUM 3 TOUYKU 30pYy OLIHKU
BTpPAT Ha BXO/Ii B EKOHOMIKY Ta Hee()EeKTHUBHOCTI CTIO>KUBaHHS. Y IUPKYJISAPHIA €eKOHOMII YTBOPEHHS
BIIXOJIB HE PO3IJISAAETHCSA JUIIE SK TpoOiieMa yTWmi3amii, a sSK O3HaKa HepamioHaIbHOTO
IUTAaHYBaHHS JKUTTEBOTO HUKITY MpoayKuii. Oco0auBoi yBaru notpedye CTpyKTYPHHUN aHai3 MOTOKIB
BIJIXO/IiB, 30KpeMa XapuoOBHX, IUIACTUKOBHX, EJIEKTPOHHUX Ta YMAKOBKH, aJKe came IIi KaTeropii
MaloTh 3HAYHUHN €KOJIOTIYHUH CITiJ] Ta BUMAararoTh CIEIialli30BaHUX PIIICHb.
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Pucynok 2. MeTpuku ynpaBiiiHHS BiIX0/1aMHU B CUCTEMI LUPKYJSIpHOI ekoHoMiku €C
Jl>xeperno: po3paxoBaHO aBTOpaMH Ha OCHOBI cTatucTuku Eurostat

TakuM YMHOM, KiJIbKICHI TOKa3HUKU YTBOPEHHS PI3HUX TUIIIB BiAXOIB (pHC. 2a) CBIIYATh PO
HASBHICTb MTMOOKUX TUCOATIAHCIB MK PIBHEM CIIOKHBAHHS Ta PiBHEM IIUPKYIISPHOCTI. Y HAYKOBOMY
JTUCKYpCl aKTHBI3YIOTBCS JUCKYCil MIOJAO MOIUIBHOCTI BBEIEHHS I1HIUKATOPIB €(QEKTUBHOCTI
MOBO/KEHHSI 3 BIZIX0/IaMU He JuIIe y (Gi3MIHOMY BUMIPI, ajie i 3 ypaxyBaHHSM €KOHOMIYHOT BApTOCTI
BTPaT — HAINpPHKIAJ, BYIJEIEBOrO CIiy, BAPTOCTI HEBUKOPUCTAHUX PECYpCiB, BTPAdeHOI eHeprii
TOWIO. 3aJHMIIAETHCSA AKTYaJbHMM 1 NMUTAHHS TapMOHI3alil AaHuUX MK KpaiHamu-wieHamu €C,
OCKUTBKM BIAMIHHOCTI B METOAOJOTISAX 300py MOXYTh YCKJIAaIHIOBATH TMOPIBHSJIBHUM aHami3 1
CTpaTeriuHe IUlaHyBaHHS. BonHouac mocrae MuUCKycCiiiHE MUTAHHS MO0 HEOOXIAHOCTI aeTani3arii
JESIKMX 1HIUKATOPIB (HAIIPUKIIAA, PO3MOALTY 32 Taly3sIMHU, COLIaTbHO-€KOHOMIYHIMHU IpynaMu abo
TEXHOJIOTIYHUMH CETMEHTaMHU ), 100 MiABUINUTH PEICBAHTHICTh NaHUX AJis Oi3HeCy, IHCTUTYIIH Ta
IPOMAaJTHCHKOTO CYCIIbCTBA.

[ToGynoBana niarpama (puc. 26) 4iTKO IEMOHCTPY€E HEPIBHOMIPHICTD PiBHIB epepoOKH pi3HUX
TUNIB BiaxoaiB y €Bpomnelicbkomy Co03i, IO Ma€ BaroMe 3Ha4€HHS JJIi PO3YMIHHS aKTyaJbHUX
BUKJIHMKIB y cdepl ynpaBiiHHA pecypcamMd Ta Ui ajantaiii Oi3HEC-NpakTHK 10 NPUHIIMIIIB
UPKYJISIpHOi eKoHOMikU. HaiiBumuii piBeHs nepepoOku 3adikcoBaHO AJs €NEKTPOHHHUX BiIXOJIB
(WEEE), sixuit HuHi poni carayB 80%, 110 CBiqUUTh MPO €(EKTUBHICTH CHEIiali30BaHUX KaHAJIB
300py, PO3BUHEHY 1HOPACTPYKTYPY Ta BUCOKHI €KOHOMIUYHUN CTHUMYJ JO TOBEPHEHHS KPUTHYHUX
MmatepiaiiB. L{eit moka3HUK MiATBEPKYE 3AATHICTH O13HECY IBUIKO aJalITYBATHCA 10 PETYJIATOPHUX
BUMOT Ta iHTErpyBaTH LU(POBI pillIEHHS Yy JOTICTHKY 3BOPOTHOTO IMOCTAYaHHS, BiICTEKEHHS
KOMITOHEHTIB Ta aBTOMAaTH30BaHy COPTYBAIbHY iHPPACTPYKTYypYy.

BopHouac, piBeHb NepepoOKH MIAaCTUKOBOI yHaKOBKH cTaHOBUTH juiie 40%, 1m0 BKasye Ha
CTPYKTYpHI OOMEXKEHHSI PUHKY MEpepoOKH IIacTMac, TPYIHOIII 3 YTHIII3AIMi€l0 KOMIO3UTHHX
MaTepialiB, a TAaKOXX Ha HEJOCTaTHIA BIUIMB ICHYIOUMX EKOJIOTIYHHMX pEryJsSTOpiB Ha AMU3aiiH
ynakoBku. lle BigkpuBae mpocTip Ui PO3BUTKY Oi3HEC-NPakTHK 3 (POKycOM Ha €KOIW3aiiH,
BUKOPUCTaHHSA O0loajbTepHATUB Ta MOJEJI MOBTOPHOIO BUKOPUCTAHHS, 30KpeMa B TOPTiBIl Ta
XapyuoBiil mpoMHcIoBOCTI. Tak, mepepoOka 3araJbHOTO MaKyBaJbHOrO MaTepiany gocsria 65%, 1o
BKa3y€ Ha TO3UTUBHY JAMHAMIKy BIIPOBA/DKEHHS PO3IIMPEHOi BiANOBIJAIBHOCTI BUPOOHUKA Y
BUPOOHMYMX MpakTUKax. KommaHii, siki Opi€HTOBaHI Ha CTaly YyMaKOBKY, OTPUMYIOTh HE JIUIIE
€KOJIOT14HI, aJie i MapKETUHTOBI MIepeBaru B yMOBax 3pOCTal04u0i €KOCBIIOMOCTI CIIO’KHUBAYIB.
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CepenHiii piBeHb NepepoOKH yCiX BIJXOJIB, 32 BHHITKOM MiHEPaTbHUX, CTAHOBUTH 56%, a
no0yToBUX BiAxoaiB 48%, 0 cUrHAJi3ye MPO OOMEXKEHY IHTerpaliio HUPKYJISPHUX HiAXOIIB Y
IIOZICHHY TOBEAIHKY HAaceJeHHA Ta JIOKanbHI Oi3Hec-mporecH. Lle Bkasye Ha moTpedy y 3MiHax y
noOyTOBOMY CIIOKMBaHHI, 0i3Hec-mofensax B2C, a Takox y IIMPIIOMY 3aCTOCYBaHHI IU(PPOBUX
TEXHOJIOT1H JIJIsl COPTYBaHHS, MOHITOPUHTY Ta CTUMYJIIOBaHHS EPEPOOKH.

Taxum unHOM, naHi rpadika (puc. 2 a,0) miATBEPHKYIOTh HABHICTh CUCTEMHOTO PO3PHBY MiX
piBHEM HOPMATHBHOTO 3a0€3ME€UYEeHHS Ta pealbHUMH pe3yJIbTaTaMu IepepoOKr, 0COOINBO Yy cdepax
3 BUCOKOIO YaCTKOIO po3apiOHoro croxuBaHHs. [logonanHs b0ro po3puBy notpedye Bim Oi3HECY
TpaHchopmMallii cTpareriii craioro po3BUTKY, IHBECTHUIH y MUPKYIAPHI TEXHOIOTI Ta aKTUBHOTO
3aJydeHHsl B MAapTHEPCTBA 3 JIEPKABHUM CEKTOPOM 33Ul BIIPOBA/PKEHHS pIillIeHb, 3aCHOBAHUX Ha
MPUHIUIAX «PECYPCHOI €(PEKTUBHOCTI» Ta «AW3alHY I IEpEPOOKM».

3Bakal04yM Ha KJIIOUOBY POJIb BTOPUHHOT CUPOBUHM Y (pOpMYyBaHHI 3aMKHEHHX MaTepialbHUX
[UKJIIB, IOTIEPEAHIN aHATITUYHHA OJIOK JO3BOJISE OKPECIUTH MPUHITUIIOB] MiABAIMHU [TUPKYISIPHOT
€KOHOMIKM — TIOBEPHEHHS PECypCiB B €KOHOMIYHMI OOIr Ta BiIHOBIEHHS IXHBOI LIHHOCTI 4Yepe3
MMOBTOPHE BUKOPUCTAHHS 1 MEPEPOOKY.

Came TOMy JIOTIYHUM MPOJOBKEHHSAM € TIUOMINIA pO3IJIsa HACTYMHOTO HanpsAMy «BTopuHHI
CHPOBHMHHI MaTepiajn», SKHii KOHLIEHTPY€E yBary Ha ABOX LEHTPAJIbHUX 1HIAUKATOpaX, 110 OLIHIOIOTh
peanbHH BHECOK MepepoOIeHUX PeCypCiB y 3aranbHy NoTpe0y eKOHOMIKHM B CHpOBHHI. Llelt Hampsim
BKJIIOYAE, MO-TIEpILe, BHECOK MepepoOIeHnX MaTepialiB y 3a/l0BOJICHHS MOMUTY Ha CUPOBHUHY, IO
BUMIPIOETBCSL Yepe3 Takl MiJNOKAa3HUKH SIK YacTKa IMPKYJISIPHOIO BUKOPUCTAHHS MaTepialiB
(Circular Material Use Rate) Ta piBeHb nepepoOKHU Micis 3aKiHUEHHS KUTTEBOTO LIUKIY MPOIYKTY
(End-of-Life Recycling Rate). ITo-gpyre, Toprisis nepepo0aroBaHIMUA CHPOBUHHUMH MaTepialaMy,
sKa BigoOpakae He JHIIE EKOHOMIYHY B3aeMOJIit0 MK kpainamu €C Ta pemroro CBiTy, a il piBeHb
iHTerpalii Ha BHYTPIIIHHOMY PHHKY BTOPMHHHX PECYpPCIB, IO € BU3HAYAJIBHUM Il CTPATETiqHOT
aBTOHOMII.

AKTyaJbpHICTh JETANILHOTO MOCHIIKCHHSI [OTO HampsiMy (puc. 3) TOCHUIIOETHCS Ha TIi
r7100aIbHOTO 3POCTAHHS KOHKYPEHIIl 3a pecypcH, MOJITHYHUX PHU3UKIB IMIIOPTY CTpaTErivyHOi
CHPOBHMHHU Ta MOCWJICHHS BHUMOT /IO JAeKapOOHi3allii JaHIIOTIB MOCTadyaHHs. Y LbOMY KOHTEKCTI
0co01MBOiI yBaru nmorpeOye He JHIIE 3arajbHUN piBEHb LMUPKYIAPHOCTI EKOHOMIKH, ajie ¥ SAKICTh
TOPrOBEJILHUX TMOTOKIB, TeorpadiuHa aumBepcu(ikamis IMOcTayaHb BTOPUHHMX MaTepiaiiB Ta
e(EeKTHBHICTb 3aMiIlIeHHS IEPBUHHOT CHPOBUHHU Y IPOMHCIOBOCTI.

O6csr (Tuc. ToHH, 2024) Yactxa (%) y 2024 poui
Imnopr 3
KpaiH 1no3a IMpuBatHi
€C iHBecTUIil
100000 2,5
80000 2
60000 1,5
40000 1
20000 0,
0
BHyTpimHs Excnopr y Baiosa
TOPTiBIIS B KpaiHH 11032 Tomama 3aiiaTicTs
mexax €C cC BapTicTh
a) y HaTypaJlbHOMY BHMipi 0) BiZICOTKOBa CTPYKTYpa

Pucynok 3. [Toka3HukM BTOPMHHOI CUpOBUHU B KpaiHax €C
JI>xeperno: po3paxoBaHO aBTOpaMH Ha OCHOBI ctaTuCTUKU Eurostat
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Taka cTpykTypa CBIIUUTH HPO BUCOKHUN PIBEHb IHTErpallii puHKY BTOPHHHOI CHPOBHMHHU B
Mexax €C, a TaKoX MPO 3pOCTar0dy PECypCHY B3a€EMO3ANEKHICTh MK KpaiHAMU-YJICHAMHU.

Le BianoBinae crpateriuniii MeTi €C — 3MIIHEHHS BHYTPILIHBOI UPKYJISIPHOI EKOHOMIKHU Ta
3MEHIICHHS 3aJIeKHOCTI BiJ IMIOPTY KpUTUYHHUX MaTepiaiiB. [lepeBara BHYTPillIHbOT TOPTiBIIi TAKOXK
CBIIYUTH PO pPO30yJOBY €(EeKTUBHOI JIOTICTUKM Ta CTaHJAPTU30BAHUX MOTOKIB BTOPUHHHUX
pecypciB, 10 € KIOYOBUM ISl JOCATHEHHS aBTOHOMHOCTI Ta CTIMKOCTI MaTepiallbHOTO IHKIY B
Mexkax Coro3y.

VY CcTpyKTypl €BpONENUCHKOI CUCTEMH IHAMKATOPIB LUPKYJISIPHOI €KOHOMIKM 1HIIWH HaIpsM
«KOHKYypeHTOCIpOMOXKHICTE Ta 1HHOBAIlli» BHKOHYE KIIOUOBY (YHKILIIO BUMIPIOBaHHS
JOBFOCTPOKOBOTO TMOTEHIIiAJy IUPKYJIAPHOI MOJEN SK JUKepela EKOHOMIYHOTO 3pOCTaHHS,
CTpYKTypHOI mepeOynoBu Ta TJI00anbHOI KOHKYpeHTHOI mnepeBaru. lleit Omok mepenbadae
OLIIHIOBAHHS JIBOX CTaTHCTUYHUX IHIWMKATOPIB: 0OCATY NPUBATHUX IHBECTHLIN, 3alHATOCTI Ta
BaJIOBOI J0JaHOI BapTOCTI Y LUPKYJSIPHUX CEKTOpPaX, a TaKOX KIIBKOCTI MATEHTIB, MOB’SI3aHUX 3
nepepoOKOI0 Ta BTOPUHHOIO CHUPOBUHOIO.

[lepmmii iHIUKATOP BIAIrpae pojb arperoBaHOr0 BUMIPHUKA EKOHOMIYHOI aKTHUBHOCTI Y
chepax, 6e3MOCEPEHBO TOB’A3aHUX 3 HUPKYJIAPHOK EKOHOMIKOIO: MEPEPOOKA, PEMOHT, OBTOPHE
BUKOPUCTAHHS, CEKTOp €KOAM3aiiHy, JIOTiCTHKa 3BOPOTHOrO mocTadaHHs. Moro nuHamika €
CBITYEHHSIM TOTO, HACKUIBKH CTPYKTYPHO TPaHC(HOPMYETbCS PHHOK Mparli Ta (piHaHCOBI MOTOKU B
yMOBax Iepexo.ly 0 CTaluX Mojiesieil BUpOOHUIITBA 1 COKHUBaHHS. 30KpeMa, 3pOCTaHHs IHBECTHLIIN
y 3a3Ha4€HI CEKTOPHU KOPEJIOE 3 MiJBUILEHHIM MPOTyKTHBHOCTI PECYpCiB Ta 3HUKESHHSM 3aJISKHOCTI
€KOHOMIKH BiJ] IMIOPTY NEPBUHHOI CUPOBUHU. Bo/iHOYAC 11€ CrIpHsie YTBOPEHHIO 3€JIEHUX POOOUYNX
MICIIb Ta ITiIBUIIEHHIO COLIaTbHOI 1HKII0311 y TpaHcPOopMaIliitHIX mporecax.

Jpyruil iHAUKaTOp — MaTEeHTHAa aKTHBHICTh Y cdepi HMUPKYISAPHUX TEXHOJIOTIH — CIyTye
MIPOKCI-METPUKOI0 1HHOBAIIMHOTO TMOTeHHiady. BiH 103BOJsi€ OIIHUTH pPIBEHb TEXHOJIOTIYHOI
3pUIOCTi BIANOBIAHMX PIllIeHb Ta MIBUAKICTh IXHBOTO BIPOBAKEHHS B EKOHOMIKY. [HHOBarii
OXOIUTIOIOTH HE JIMIIIE TEXHOJIOT] MepepoOKH Ta 3aMillleHHs MaTepiaiiB, a i HOB1 (popmu opraHizarmii
BUPOOHUYMX TMPOLECIB (HANpUKIAL, IHAYCTpialbHAa CHUMOIO3HICTh), HHM(POBI IHCTPYMEHTH IS
BIJICTe)KCHHS MaTepialiB y JIAHIIOTaX MOCTA4aHHS, a TaKOXX MOJEINI CIUILHOTO CHOXKHMBaHHS Ta
CepBICHOI €KOHOMIKH. TakuM YMHOM, IHAMKATOp IHHOBALIA TICHO TOB’SI3aHUM 3 OHOBJICHHSIM
MPOAYKTOBOTO MU3aiiHy, MOKPAIICHHSAM PEMOHTOIPUIATHOCTI, MOAYJIBHOCTI, JTOBFOBIYHOCTI Ta
(GYHKIIOHATBHOT QA TUBHOCTI MPOIYKIIii.

Ha makpopiBHI PO3BHTOK LOTO HATPSMY KOPEIIOE 3 LLIAMH €BPONEHCHKOr0 3¢eHOr0 Kypey,
a TaKOX 3 MOJIITHKAMH CTpaTerqum aBToHoMmii €C. CTI/IMyJHOBaHH;I IHHOBAIIITHOI aKTUBHOCTI B
LUPKYJSPHIN €KOHOMIII CHPHUSE€ CKOPOUYEHHIO TEXHOJOTIYHHX PO3PUBIB MK KpaiHaMHU-YJIEHaMH,
MiABUIIEHHIO KOHKYPEHTOCIPOMOXKHOCTI €BPONEHCHKMX BHPOOHUKIB, a TakoX 3a0e3mneuye
€KOHOMIUHY OCHOBY JUIsl peaii3allii nijei KIiMaTuIHO1 HeUTPaIbHOCTI.

Takum unHOM, HanpsaM «KOHKYpPEHTOCIPOMOKHICTh Ta iHHOBAIi» B CUCTEMI MOHITOPHUHTY
IUPKYJISIPHOI €eKOHOMIKH BiZJoOpaxkae He JIMIIe mporpec y chepi pecypcHOro BUKOPUCTaHHS, ane i
rIUOUHY iHCTUTYUIHHMX TIepeTBOpeHb. MOro 3HauyeHHs IONATae B TOMY, IO BiH He nume (ikcye
pe3yabTaTu 3MiH, a i BKa3ye Ha JOBIOCTPOKOBY CTIMKICTh 1 IMHAMIUHICTh HUPKYJISIPHOTO TIEPEX0.y,
IO 3JIHCHIOETHCS Yepe3 IHBECTHLIWHI MOTOKH, TpaHC(OpMallil0o PUHKY Ipaimi Ta iHHOBaLiKHI
PO3pOOKH, IHTETPOBaHI y HOBI O13HEC-MOJIETI.

[I’siTuif HampsiM CHUCTEMH MOHITOPHHTY LHUPKYJSIpHOI ekoHOMiku €Bpomeiicbkoro Coro3y
«['mobanbHa cTaNiCTh 1 CTIHKICTRY Ma€ KJIIOYOBE 3HAUCHHSI JJIS OLIIHKH TpaHC(POpMaLiiHOT 3AaTHOCTI
UPKYJSIPHUX TPAKTHK B yMOBaX TJ00albHOI B3a€MO3AJICKHOCTI Ta PeCypcHOI BpasiauBOCTi. Bin
BUXOJMTH 32 MEXKI CYTO HAIlIOHATBHUX 200 CEKTOPAIbHUX MiIXO0/IB 1 OXOIIIIOE MAKPOIIOKa3HUKH, 110
BiJOOpaaroTh BHECOK IUPKYJISPHOT €KOHOMIKH Y TOCATHEHHS IIiJIeH KIIIMaTUYHOI HEUTPaIbHOCTI,
0e31eKky mocTayaHHs CUPOBUHU Ta 3MEHILIEHHS MaTepiainbHOT 3asexxHocTi €C.

Ieii HanpsiM OXOILIIOE:

1. rnobanbHy CTaNiCTh HUPKYISAPHOT EKOHOMIKH;
2. CTIHKICTh HIUPKYJISPHOI €EKOHOMIKH.

VY Mexax rio0anbHOT CTAIOCTI BUMIPIOETHCS €KOJIOTIYHUN CIIiI CIOKHMBAaHHA (consumption

footprint), sikuil OLIHIOE CTYMiHB BiJMOBIHOCTI BUKOPHUCTAHHS PECYpCiB IUIAHETAPHUM MEXaM, a
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TAaKO’X BUKUAM TMApHUKOBHX Tra3iB y BUPOOHMYIN IisUTBHOCTI, IO J03BOJIE BU3HAUYUTH BHECOK
IUPKYJIIPHOI EKOHOMIKH Y JOCSTHEHHSI KJIIMAaTHYHOI HEUTPaTIbHOCTI.

i cybinaukaTopu BiI[OGpa)KaIOTB JIBA B3a€EMO3AJICKHI aCHIEKTH. 3 OJTHOTO OOKY, CHIOKHBUUH
THCK Ha IPUPOJHE CEPEOBHINE, a 3 IHIIOT0 — 3/aTHICTh CKOHOMIKH TPaHCHOPMYBATH CTPYKTYPY
BUKHU/IB LIUIIXOM CKOPOYEHHS NMEPBHHHOTO CHOXHBAHHS, BUKOPUCTAHHS TMOBTOPHUX MaTepiaiiB Ta
MiABUIIEHHS e()EeKTHBHOCTI BUPOOHMYMX MpOIECiB. Y I[bOMY KOHTEKCTI IMPKYJSpHA €KOHOMiKa
PO3IIIIAETCSA HE JIMIIE SIK TEXHOJOTIYHA MOJENb, ajleé W SIK MEXaHI3M 3HIDKEHHS TJI00aNbHUX
€KOJIOT1YHUX 30BHIIIHIX €(EKTiB.

Jpyruil iHTerpaabHUil 1HIUKATOP «CTIHKICTHY OLiHIOE 31aTHICTh €C 3MEHIYBaTH KPUTHUHY
3aJIOKHICTh BiJ IMIOPTY pecypciB Ta 3abe3nedyBaTH CTpaTeriuHy aBTOHOMIIO Yy IOCTa4aHHI
cupoBHHU. TyT 3aCTOCOBYIOTHCS /IBA MIAMOKA3HUKH:

1. piBeHb 3aJI©KHOCTI BiJ] IMIIOPTY MaTepiais;
2. camo3a0e3nevyeHicTh OOpaHUMH BUIAMU CUPOBHHU A5t BUpoOHUITBa B €C.

BopaHouac, yMiHHS 3MEHIIUTH 30BHIIIHIO CAPOBHHHY BPa3JIMBICTh Uepe3 JOKaTi3alliio OTOKIB
BTOPUHHOT CHPOBHMHH, ONTHMI3allil0 BHYTPIIIHBOI JOTICTUKH Ta (OPMYBAHHS MIDKIray3eBUX
3aMKHEHUX IUKIIB PO3TJSAAEThCA AK KPUTHUYHUN UYMHHMK EKOHOMIYHOI CTIMKOCTI B yMOBax
TeOMOIITUYHOI HECTAOITFHOCTI Ta 3pPOCTAaHHS KOHKYPEHIIil 32 PECYpPCH.

3 ornsay Ha Iie, HanpsM «ri00ajbHa CTANICTh 1 CTIHKICTBY MOEJHYE €KOJOTIUHY CKIJIAZIOBY
(uepe3 BILTMB Ha BUKHUIU Ta CIIiJ CIIOKMBAHH) 3 EKOHOMIYHOIO (4epe3 YIpaBIiHHS 3aJIEXKHICTIO BiJl

pecypciB).

Taéauus 1. Cxkinanosi ri100aIbHOT CTATOCTI Ta CTIHKOCTI B OLIHII IUPKYISIPHOT eKoHOMIKK €C

Inpukarop 3nave | Innamika BnuinB B KOHTEKCTi HUPKYJISPHUX Oi3HeC-MPaKTHK
HHAl |32 OCTAaHHI
(2024) | 5 pokis

[MinBuIeHHS IHACKCY CBITYUTE PO 30E€pPEIKCHHS BUCOKOTO PiBHS

Exonoriunanii ciin pecypCHOTO HaBaHTAXXEHHs; BUMarae MacIlTaOyBaHHS IPaKTHK
CIIO>KMBaHHS (1HIEKC, €KOJIM3aliHy, JOKAIFHOTO BUPOOHHIITBA Ta €KOHOMIKH CITLITBHOTO
2010=100) 109 | +3 NyHKTH | KOPUCTYBAHHS.

CKOpOYEHHS BUKUIB AEMOHCTPYE €(eKTUBHICTh IHHOBAIIHHIX
Bukunan mapHuKOBHX pillleHb Y BUPOOHMITBI, BIPOBA/KEHHSI €HEProe(heKTUBHUX
rasiB y BUpOOHHYIH -420 Kr Ha | TEXHOJIOTI{ Ta IOCTYIIOBE 3HIKECHHS 3aJI€KHOCTI BiJl BUKOITHOTO

cdepi (kr Ha 0c00Y) 5963 ocoby MTAJIABA.
3HMKEHHS IMITOPTHOT 3aJI€XKHOCTI CBITYUTH PO PO3BUTOK JIOKATBLHOTO

3aJexHicTh Bifg PHHKY BTOPHHHOI CHPOBHHH, a TAKOX YCIIIIIHY iHTErpawilo cTpaTerii
IMITOpTY MaTepiajis NepepoOKH Ta MMOBTOPHOTO BUKOPHUCTAHHS pecypciB y Oi3Hec-
(%) 22 -1.5% MIPAKTHKH.

3pocTanHs camo3a0e3eyeHHs ATIOMIHIEM MiATBEPDKYE 3AaTHICTh
Camo3abe3redueHicTb 6i3Hecy opMyBaTH 3aMKHEH] MaTepiajibHi OTOKH, 10 3MEHIITYE
€C amowminiem (%) 11 +2.1% CTpaTeriyfi pU3MKH Ta CIpUsiE aBTOHOMHOCTI ITOCTayaHHsl.

Jl>xepeno: mo0y10BaHO aBTOpaMU

Takum yMHOM, T’ATUH OJOK METPHUK YMOXTHBITIOE OLIIHKY TOTO, HACKUIbKH IHPKYIApHA
EeKOHOMIKa BHMKOHY€ HE JIWIIIE (I)yHKI.[lIO «BHYTPIH_IHI:OFO OYMILEHHS» CHCTEMH CHOXHBAHHA 1
BUPOOHHMIITBA, @ M MOCWIIOE T€0eKOHOMIuHY mosuuito €C K TI00aJpHOrO TPaBIs 3 HU3BKUM
CKOJIOTIYHUM  PU3UKOM, BHCOKOIO  MaTepiajJbHOI0  CaMOJOCTAaTHICTIO Ta  CTaOUIbHUM
(YHKI10HYBaHHSM Y IOBIOCTPOKOBIH MEPCIEKTHBI.

Pesromytoun BuKIIaieHe BUIIE 3a3HAYMMO, 110 CUCTEMa lH,ZLI/IKaToplB UHPKYIAPHOT €KOHOMIKH,
po3pobieHa €BPOCTATOM, OXOIITIOE II'ATh MDXKB32€EMOIIOB I3aHUX HAMPSAMIB: BI/IpO6HI/ILITBO Ta
CTMOKMBAHHS, YIPABIIHHS BiIX0JaMH, BTOPUHHI CHPOBUHHI MaTepiaiu, KOHKYPEHTOCIPOMOXKHICTh
Ta iHHOBALii, rJI00aTbHA CTANICTh 1 CTIHKICTh. Taka CcTpyKTypa (bopMye OCHOBY JUIsl iHTeraJIBHOFO
MOHITOPUHTY HUPKYJISAPHOI Tpchq)opMaun Ha MaKpOCKOHOMl‘{HOMy piBHi. KoxxeH i3 HampsMiB
(ikcye neBHU acTeKT Mepexo1y BiJ JiHIHHOT MoJeNi 10 pecypcHO-e(heKTUBHOT Ta BiIHOBIIIOBAIBHOT
€KOHOMIKH.

CuIbHI CTOPOHH I1i€1 CUCTEMH MOJATAIOTH Y 1i OanaHci MK €KOJIOTTYHUMHU, EKOHOMIYHUMH Ta
IHHOBaIITHMMHU BUMipaMH, 1110 103BOJISIE BIJICTEKYBATH HE JIMIIE TOTOKU MaTepialliB, a i CTPYKTYpHI
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3MiHH Y Oi13HEC-CEepEeIOBUIIIL, PIBE€Hb IHCTUTYIIIHOI 3p1JIOCTI EKOHOMIKH Ta 3[aTHICTh 0 KIIIMAaTUIHOT
HelTpanbHOCTI. 30KpeMa, MO€JIHAHHS TPAAMLIHHUX MaTepianbHux mnokasHukis (DMC, CMU,
recycling rate) i3 iHAMKATOpaMu 3aHATOCTI, IHBECTHUI[IH, MATEHTHOI aKTUBHOCTI i T€0EKOHOMIYHO1
aBTOHOMII JJO3BOJISIE TOBOPUTH PO METOJIOJIOTIUHY LITICHICTH OOpaHOi PaMKH.

BopaHouac, akTyallbHOIO 3aJIMIIAETHCS MpodsieMa OOMEKEHOI aIanTUBHOCTI 1€l CUCTEMH 10
KpaiH, 110 PO3BHBAIOTHCA ab0 mepedyBaioTh y mepexigHomy crasi. [lo-mepiie, 3HauyHa YacTHHA
IHANKATOPIB MPUB’s3aHA IO HASBHOCTI HANIMHUX CTATHCTUYHUX JDKEPEN, SKi B 0ararbox KpaiHax
BiJICYTHI a00 MalOTh HM3bKHH cTymiHb aertanizauii. Ilo-mpyre, ¢pokyc Ha maTeHTHINH aKTHBHOCTI,
3eJICHUX IHBECTHLIAX Ta 1HPPACTPYKTYpi MOBTOPHOTO BUKOPUCTAHHS Nependayae HasiBHICTh 3pijoi
1HHOBAIIITHOT €KOCUCTEMH — KOMITOHEHTY, 1110 11ie (hopMyeThes y 6aratbox aeprkasax moza €C.

Kpim Toro, neski HampsMu MmOoTpeOyrOTh OUIBIIOI ITWHAMIYHOCTI Ta IM(POBOI iHTErparii.
30kpema, OJOK «BHPOOHMIITBO Ta CIIOKMBAHHS» HE OXOIUIIOE TaKi CydacHI TpeHAH, sIK Hudpoa
nacrmopTu3alis MPOAYKIil, CUCTEMH MPO30pPOCTi JIAHLIOTIB MOCTaYaHHS Ta IHUPKYJSApHI Oi3Hec-
Mozeni Ha ocHoBi matdopm PaaS (Product-as-a-Service - mpomykrt sik mociyra). Lle obomexye
rUOUHY aHAJIITUYHOTO TIOKPUTTS BIUIMBY LU(POBUX TEXHOJOT1H Ha BIPOBAIKEHHS HUPKYISIPHUX
MPAKTHK Ta 3eJICHUH Mepexis y mijiomy.

Takox TOTEHIIITHO KOPHCHUM € BBEJICHHS IMOBEAIHKOBUX 1HIUKATOPIB IHPKYISIPHOT
€KOHOMIKH, 110 Bi;[06pa>1<a}0TL 3MiHY CIIOKHBYHX naTepHiB piBEHb EKOJIOTIYHOI CBiZOMOCTI,
lHCTI/ITYLIII/IHOI HiATPUMKH IUPKYIAPHHEX iHiIlaTUB Ha MlCI.[CBOMy plBHl Y  IOBrocTpoKoBiit
MepCreKTHBI [E J03BOTMTH BIACTEKYBATH HE JIMIIC TEXHIKO-CKOHOMIUHI MapaMeTpH, a i
COLIIOKYJIbTYPHI 3pYIICHHS, SIKi € HE MEHIII BaXJIMBUMHU JUIS OCATHEHHS CTAJIOT0 IMEPEXOy.

[To3utuBHOIO OcoOnuBicTIO paMkun €C € i BIAKPUTICTH O OHOBJEHb, aJKE PO3IIISHYTa
crcTeMa IHIUKATOPIB yKe MPOXOAMiIa eTalu peBisii Ta pO3MIMPEHHS, 1110 CBITYUTH IO i THYYKICTb.
[TpoTe B ymoBax rino0anbHOI HUPKYISIPHOI KOOPAMHAILIT BapTO 3a0€3MEYNTH MEXaHI3MU MTOPIBHIHHS
Ta y3TOJKEHHS 3 IHIIUMH CUCTEMaMH OIIHKH, 30KkpemMa MikHapoaHux iHcTutyiiiit OECP ta UNEP.
Ile nmactp 3Mory 3abe3meynTH METOAOJIOTIYHY YHi(iKalilo Ha piBHI MDKHAapOAHMX 3BITIB Ta
CIPUSATHME CHHEPTIi NOMITHK Y KOHTEKCTI L{iyeit ctanoro po3BUTKy.

Bucnosku (Conclusions)

Cucrema iHIMKATOPIB, 3aMpPONIOHOBaHA €BPOIMEHCHKOI0 KOMICIEI0, OXOILTIOE KITFOUOBI JTAHKU
IUPKYJISIPHOI €KOHOMIKM, IO JO3BOJISIE KOMIUIEKCHO OLIIHIOBAaTH PECYpCHY €(EeKTUBHICTH Ta
€KOJIOTIYHY CTaJICTh rOCIONAPChKOi AisuibHOCTI. 1Jist 6i3Hecy 1e (hopMye Opi€eHTHPH BUMIPIOBAHHS
Iporpecy y BIPOBAKEHHI MOJAENCH 3aMKHEHOTO IMKITY, BKIIOYHO 3 €KOJW3aiHOM, MOJYJIBHICTIO
NPOAYKIii, JOBFOTPUBAIUM BHUKOPHCTAHHSIM Ta IMOBTOPHUM 3aJly4eHHSM MaTepialiB y BHPOOHHUI
IPOLIECH.

[TocTynoBe BHpOBaKEHHS MUPKYJISAPHUX MIAXOIB Y BUPOOHHUYI Ta yNPaBIiHCHKI MPAKTUKH
CBIIYUTH MPO 3POCTAaHHS POJIi BiAMOBIIAIBHOTO Oi3HECY B eKkojoriuHiii Tpanchopmarii. Bognouac
HasIBHI CTATUCTHYHI PO3PUBU MK CEKTOPAMHU BKa3ylOTh Ha HEPIBHOMIPHICTh TOTOBHOCTI KOMIIaHIN
710 TEepexoJy: Maji Ta Cepe/Hi MiAINPUEMCTBA YacTO CTHKAIOThCA 3 Oap’epamM MIOJO0 JOCTYIY 10
eKOTEXHOJIOTIH 1 (piHaHCYBaHHS, TOXI SIK BEJIMKI KOpIopalii JeMOHCTPYIOTh BHILY TUHAMIKY
ajanrarnii.

BopHouac, BiACYTHICTh LM(POBUX METPHUK y HasBHIM CHCTEMi MOHITOPUHTY OOMEXY€E
MO>KJIMBOCTI JUIsl iHTErpalii Oi3Hec-npakTHK, opieHToBaHNX Ha Smart Circular Solutions — nugposi
w1aThopMH NEepepo3OILTy PeCcypciB, €IEKTPOHHI cepTU(IKATH MOXOHKEHHS, HU(PPOBI MAaCHIOPTH
nponykumii Tomo. Ile cTpuMye po3BUTOK IHHOBAIIHHMX Oi3HEC-MOJENe, e aBTOMAaTH3allisd Ta
MITYYHUHA 1HTEJISKT CIPHUSAIOTH MiHIMI3aIlil BiIXO/IiB Ta OMTUMI3aIlii JIAHIIOT1B TOCTaYaHHS.

PiBeHp mepepoOKH pI3HMX THIIIB BIIXOIIB JAEMOHCTPYE TEXHOJOTIYHI Ta Opraizaliizi
BUKJIMKY 1711 Oi3Hecy. Hampukinan, HU3bKi MOKa3HUKKA 0OpOOKH MIacTUKy abo OpraHiyHUX BiIXOJIB
BUMAraloTh HE JIMIIE OHOBJIGHHS BUPOOHMYMX JiHIM, a W CTpaTeriyHux pilieHb MIOAO0 3MiHU
nocTavyajibHULBKOT 0a3u, BIOPOBA/KEHHA OlOpPO3KIAQAHMX MaTepiaiiB, 30Kkpema ymakyBaHHS. Lle
BUMarae rnmomoi 6i3Hec-pedraekcii Ta aganTaimii KOpIoOpaTUBHOT MOJITHKH 10 HOBUX €KOJOTTYHUX
CTaHJIapTiB.
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MakpoeKkoHOMIYHA YacTKa LUPKYSIPHUX CEKTOpiB y CTpykTypi BBII, 3aifnstocti Ta
IHBECTULII TMOKHM IO 3AJMIIAETHCS HEBHCOKOIO, IO JEMOHCTPYE MOTEHLIad A MOJAJIBIIOrO
MmaciutaOyBaHHs. [ koMmaHiii 11e 03Ha4a€e HAsBHICTh IIe HEOCBOEHUX PUHKOBHUX HIlll, 30KpeMa y
cdepax cepBicy pEeMOHTY, arlCalKIiHTy, OPEHJM, BIIHOBJICHHS TEXHIKH, a TaKOX PO3IMIMPEHHS
6i3Hec-mopeneit PaaS «mmpoaykr sik mocmyray.

[Torpu yHiBepcalbHICTh JIOTIKH MOOYIOBH, CUCTEMa IHAMKATOPIB HEIOCTATHHO THYYKA JUIS
ajanTamnii B yMoBax KpaiH 3 mepexiJHo0 eKOHOMikoro. Iy 6i3Hecy B TaKuX KpaiHax KIIOUYOBUMHU
CTalOTh CHpOIIEHI a0o JOKai30BaHI MOJENi OIIHIOBaHHA ILUPKYJISIPHOCTI, IO BPaxOBYIOTh
OOMEKEHICTh JaHMUX, BIAMIHHOCTI B DETYJSTOPHOMY CEpENOBHIII Ta MOTpeOy B IOETAITHOMY
BIIPOBA/KEHHI MMPAKTHK CTAJIIOTO YIPABIIHHSA PECypCaMH.

HenocratHe BpaxyBaHHS COLIaTbHO-TTOBEIIHKOBUX BUMIPIiB y MOHITOPHHTY 3BYXKY€ PO3YMIHHS
TOro, ik Oi3Hec TpaHc(OpMye CHOXKHMBYI MOJENI Ta 3alydae KII€HTIB J0 3aMKHEHOTO IIHKITY.
[HTerpariss METpUK €KOJIOT1YHOI KYJIbTYPH, IHIEKCIB TOTOBHOCTI JI0 CIIUJIBHOTO CTIO’KUBAHHS UM PiBHS
€KOCBIJIOMOCT] KIJI€HTIB J03BoyMiIa O KOMIaHISAM Kpalle CerMEHTYBAaTH PHUHOK, PO3BUBATH HOBI
NPOAYKTH Ta (OPMYBATH TOBrOTPUBAJII BIAHOCHHH 31 CIIOKHBAYaAMH.

AKTHBHA MO3H1Iis O13HECY B HUPKYISIPHOMY TIEPEXO0/1i MIATBEPKY€ETHCS 3pOCTAaHHIM KiTBKOCT1
KOPIIOPATHUBHUX CTpATETriii CTaJoro po3BUTKY, N0OpoBiIbHOI 3BiTHOCTI 3a ESG-iHmmkaropamw,
IHBECTULIIl y TOBTOpPHE BHMKOPHMCTaHHS MartepiajliB 1 yTBOpEHHS LUPKYJISIpHUX KiactepiB. Lle
MOCHITIOE TTOTPeOy B OHOBJICHHI CUCTEMH METPHK, SIKi MOBHHHI HE JIUILE BiOOpa)XkaTu JEpiKaBHY
MOJITHKY, a # (iKCyBaTH NWHAMIKy NPUBAaTHHUX iHINIaTUB, 10 (OPMYIOTH HOBI IpaBuia T'PU Ha
PHHKY.
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Abstract: The article is devoted to the study of current trends in the field
of international migration processes and how the socio-economic
phenomenon that acquires new dimensions and becomes one of the key
factors influencing the economy, business, labor market and social status
of migrants. The article provides a theoretical and methodological
substantiation of the essence and socio-economic paradigm of modern
international migration, which affects donor countries, recipient countries,
labor markets, demographic shifts, entrepreneurship and business in
connection with geopolitical challenges, namely, political instability,
military conflicts, social problems and environmental crises. A study of
the impact of Ukrainian migrants on the host countries economies was
conducted, which shows positive macroeconomic indicators of GDP on
labor market conditions in the absence of a universal system of regulation
of migration processes of states and especially illegal migration; analytical
information on the return of Ukrainian immigrants, the impact of
international migration processes in the context of war and labor migration
on Ukrainian companies, businesses and their challenges, including
working hours, workload. Despite the negative and positive aspects of the
spread of international labor migration, the authors propose to implement,
through the development of effective strategies, the main ways of
reforming international labor migration, taking into account the post-war
development of the country. It is concluded that the issue of international
migration is a multilateral, complex and controversial phenomenon that
requires further research and allows for the determination of their
priorities in the future. In general, the cases reviewed show international
migration, labor migration in particular, as an integral part of the
globalized world playing an important role in shaping political, socio-
economic and cultural processes in the context of the latest geopolitical
challenges.

Keywords: migration, international labor migration, entrepreneurship,
global business, labor market, migration policy, donor countries, recipient
countries
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of the key factors influencing the economy, business, labor market and social status of migrants. The
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markets, demographic shifts, entrepreneurship and business in connection with geopolitical
challenges, namely, political instability, military conflicts, social problems and environmental crises.
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shows positive macroeconomic indicators of GDP on labor market conditions in the absence of a
universal system of regulation of migration processes of states and especially illegal migration;
analytical information on the return of Ukrainian immigrants, the impact of international migration
processes in the context of war and labor migration on Ukrainian companies, businesses and their
challenges, including working hours, workload. Despite the negative and positive aspects of the
spread of international labor migration, the authors propose to implement, through the development
of effective strategies, the main ways of reforming international labor migration, taking into account
the post-war development of the country. It is concluded that the issue of international migration is a
multilateral, complex and controversial phenomenon that requires further research and allows for the
determination of their priorities in the future. In general, the cases reviewed show international
migration, labor migration in particular, as an integral part of the globalized world playing an
important role in shaping political, socio-economic and cultural processes in the context of the latest
geopolitical challenges.
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Introduction

Contemporary international migration is an integral part of the modern globalized world,
playing a vital role in shaping socio-economic, political, and cultural processes. The growing scale
of migration flows and their multifaceted impact on donor countries, recipient countries, and the
global economy are further intensified by challenges such as political instability, armed conflicts, and
environmental crises, all of which significantly influence the intensity and direction of migration. The
issue of international migration processes is particularly relevant in the context of global changes in
the world economy, the rising influence of transnational corporations, the formation of new labor
markets, and demographic shifts. Understanding the interconnection between migration trends and
business is especially important, as these factors affect the economic development of countries, the
availability of skilled labor, and innovation potential (Kulishov et al., 2024).

The characteristics of labor migration in conditions of geopolitical instability and wartime in
Ukraine have created a number of challenges and obstacles in managing migration flows in the labor
market, economic impacts on entrepreneurship, and the socio-economic development of countries.
Consequently, issues of migration policy are becoming increasingly relevant and require in-depth
research, aimed at deepening our understanding of society’s social dynamics under the influence of
recent geopolitical challenges.

Materials and Methods

In the course of conducting this research and writing the article, various sources of information
were used, including the scientific works of leading domestic and international scholars focused on
the essence, features, policies, and socio-economic paradigms of modern international migration. The
methodology included comparative analysis, empirical methods such as statistical data processing,
and expert assessment methods used to identify current problems and challenges in international
migration policy amid geopolitical upheavals. Additionally, methods of analysis and synthesis were
applied to explore the theoretical foundations of international labor migration policy and integrate
them into the context of their impact on the labor market, entrepreneurship, business, and the socio-
economic development of countries.

Results

International migration encompasses various categories of individuals, such as economic
migrants, refugees, political asylum seekers, students, family members, and others. As a phenomenon,
it represents a crucial component of the modern globalized world and significantly influences the
economy, sociocultural dynamics, political structures, and other spheres of life in both host and origin
countries (Chernobay et al., 2023).

Migration can be temporary or permanent, occur through multiple channels, and carry diverse
social, economic, and political consequences for both sending and receiving states. This process not
only fosters cultural diversity but also makes a substantial contribution to the development and
evolution of societies and economies at the international level.

The objects and subjects of international migration can be analyzed from various perspectives
depending on the context and scope of the research. Taking into account the multidimensional nature
of migration, Table 1 outlines the main objects and subjects of this phenomenon.

The main drivers of international labor migration are unsatisfactory economic conditions faced
by the working-age population in emigration countries. These include, among other issues, low
wages, unemployment, poor living standards, and widespread poverty.

In the case of Ukraine, the issue of migration and its impact on the country's economic state
and human resource management in business is critically important, as it directly affects the future of
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the country's post-war recovery. Gradus Research, a research company, conducted surveys in 2022
and 2023 on behalf of the Kyiv International Economic Forum among Ukrainians who emigrated
abroad after the beginning of the full-scale invasion, as well as among the business community.

Table 1. Objects and Subjects of International Migration

Objects

Subjects

People. The primary object of migration is

individuals relocating from one country or region

to another.

Migrants. Individuals who physically move
from one location to another.

Families. Migration may affect family structures
and cohesion, facilitating the relocation of entire
families or specific family members for
reunification purposes.

Receiving countries. States that receive
migrants and where they plan to reside or
work.

Migrant groups. These may include
communities sharing cultural, religious, or social
characteristics, migrating together based on
shared motivations.

Sending countries. States from which
migrants depart for various reasons
(economic, political, social, etc.).

Migration flows. The large-scale movement of

International organizations. Such entities

as the United Nations or the International
Organization for Migration, operating in the
sphere of migration policy and the protection
of migrants’ rights.

Social and non-profit organizations. Non-
governmental and charitable institutions
providing migrants with adaptation support,
guidance, and services.

Source: developed by the authors based on FitzGerald, 2022.

people from one region or country to another,
which can be seasonal, temporary, or permanent.

According to nearly half of the respondents (45%), the main reason for leaving the country
during the full-scale war was the safety and well-being of their families. Most respondents relocated
to Poland (29%), Lithuania (16%), and Germany (10%). Nearly two-thirds (62%) reported that they
were able to adapt fully or relatively quickly to life in the host country. The most frequently mentioned
adaptation challenges included the local language (40%), financial difficulties (28%), and housing
issues (24%) (Fig 1).

Intention to Return to Ukraine (%)
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Figure 1. Survey on the Intention to Return to Ukraine
Source: Compiled by the authors based on Gradus Research data, 2023.
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The survey results on employment indicate a high level of engagement among Ukrainian
immigrants. Among Ukrainians who emigrated since the beginning of the war, 70% are employed:
54% work in the host country, 12% work remotely for Ukrainian companies, and 4% work remotely
for foreign companies. The main barrier to employment mentioned by respondents is the language
barrier.

Regarding Ukrainian businesses during wartime and under the influence of labor migration, it
is noted that two-thirds (66%) of Ukrainian companies continue to operate as they did before the war,
while the remaining third (34%) operate partially. Notably, there has been a significant increase in
the share of businesses that have undergone, or require, partial or full sectoral transformation. As of
October 2023, this figure stands at 59% (Fig 2).

Business Transformation Business Transformation
October 2022 (%) October 2023 (%)
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Does not need transformation Does not need transformation
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Figure 2. Sectoral Transformation of Ukrainian Businesses
Source: Compiled by the authors based on Gradus Research data, 2023.

In terms of business workload, over a quarter of surveyed companies (26%) report being 100%
or more operational, while half (52%) are operating at more than 50% of their capacity. Furthermore,
three-quarters (76%) report that their average monthly income has been maintained during the full-
scale war period.

However, according to the business community survey, only a quarter (24%) of the companies
report a shortage of personnel. The key challenges identified by businesses during the war include
maintaining salary payments (44%), retaining markets and customers (41%), and ensuring business
continuity during power outages (43%) (Fig 3).

“The results of the study suggest that the current stage of Ukrainian migration abroad, driven
by the full-scale Russian invasion, is starting to have a tangible impact on the functioning of Ukrainian
companies. Businesses see the issue of labor shortages as a key future risk and expect the government
to be proactive and solve the problem through tackling corruption, supporting entrepreneurship, and
creating new job opportunitie,” - Yevheniia Blyzniuk, sociologist and founder of Gradus Research,
comments (Gradus Research, 2023). Thus, the horizon of businesses planning during wartime has
significantly shortened. Most companies (71%) plan no more than one year ahead. Nevertheless, more
than half (53%) are optimistic and include active or moderate growth strategies in their planning. The
primary risk cited by companies is employee mobilization (39%). To counteract potential human
capital challenges, businesses plan to attract new employees within Ukraine (41%), enable remote
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work (34%), and offer competitive financial conditions (32%).
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Figure 3. Challenges Ukrainian Businesses Facing During the War
Source: Compiled by the authors based on Gradus Research data, 2023.

Therefore, migration processes bring both positive and negative socio-economic consequences
for donor and recipient countries. They promote economic growth, cultural exchange, and labor
market expansion, but also introduce challenges such as social tension, inequality, and demographic
imbalances. Effective migration governance is critical to balancing the interests of all parties and
ensuring sustainable development in the face of modern geopolitical challenges (Hushko et al., 2021).

The consequences of war for international labor migration are complex and multifaceted. It is
crucial to regulate and foster cooperation between countries, institutions, and organizations to uphold
the rights of immigrants and address humanitarian issues. Moreover, the type of conflict significantly
influences migration patterns—yviolent or occupation-based conflicts often result in large numbers of
forced migrants, creating serious challenges for domestic security, asylum systems, and economic
stability in host countries. On the other hand, war may also increase labor demand in sectors such as
defense, reconstruction, and infrastructure recovery, which can attract migrants with relevant skills
and experience.

In general, the impact of war on international labor migration is a multifaceted and
contradictory phenomenon that requires in-depth research. Scholars, policymakers, and civil service
organizations must dedicate efforts to studying the causes, effects, and strategies for managing
migration during armed conflicts in order to protect civilians and stabilize both host countries and
countries of origin (Pavlov, 2022; Gorny, 2024).

Besides, the research shows that Ukrainian immigrants have a positive effect on host
economies. A study by Melnik & Gubitsky (2022) revealed that from 2013 to 2018, the average
annual increase in Poland's labor force due to Ukrainian immigration was 0.8%, contributing
approximately 0.5% to Ukraine’s GDP. Based on OECD projections, Ukrainian immigrants are
expected to positively impact other European economies as well. For example, the projected annual
GDP growth contribution is estimated at 1.2% for countries like the Czech Republic, Poland, and
Estonia, and 0.8% for Latvia and Hungary. However, these estimates may be understated due to the
forced nature of recent migration and the resulting demographic shift in 2022, which can hinder
integration (Fig 4).
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Figure 4. Living conditions of Ukrainian migrants.
Source: compiled by the authors based on open data (Statista, 2023)

The forecasts of Oxford Economics adopt a more conservative approach (Oxford Economics,
2022). For instance, if 650,000 Ukrainian immigrants remain in Poland, the labor force will increase
by an additional 210,000 (1.2%) by 2030, and the potential GDP will grow by 1.2% compared to the
baseline scenario of Oxford Economics. Should 1 million people migrate to the country, the labor
force would expand by 370,000 (2.1%), while the total potential GDP would rise by 2.0% by 2030.
Ultimately (by 2050), the positive effect will intensify, with the potential GDP increasing by 1.7%
under the second scenario (+2.5% under the scenario of 1 million migrants).

The Deloitte report also notes that the integration of internally displaced Ukrainians in Poland
may lead to an annual GDP growth of 0.2-3.5 percent during the first five years (Deliotte & UNHCR,
2023). This will depend on the quality of Poland’s integration strategy, particularly its labor market
flexibility and ability to address housing challenges.

Research conducted by Kancs and Lecca forecasts that an inflow of approximately 2.3 million
immigrants into the EU by 2040 would raise the region’s GDP by an average of 1.3%, assuming full
integration of all immigrants (Kancs, 2018). Additionally, the long-term fiscal benefits of migration
are expected to outweigh the short-term costs associated with welfare, language training, education,
and employment.

These studies, thus, confirm the positive impact of Ukrainian immigrants on the economies of
host countries through increased private consumption and overall GDP growth. While estimates vary
depending on the assumptions and calculation models used, the economic influence of Ukrainian
immigrants across recipient countries is generally positive.

IMF study from 2020 estimates that, all other factors being equal, the output of goods and
services in the Czech Republic, Poland, and Estonia will be 2.2-2.3% higher than in the baseline
scenario without migration, due to the contribution of Ukrainian migrants (Bayer, 2022). In Germany,
France, and the United Kingdom, production of goods and services in 2026 is projected to be 0.6—
0.65% higher than in a no-migration baseline scenario, attributable to the impact of Ukrainian
immigration. UN survey data indicate that 8§7% of forcibly displaced persons are women with
children. The proportion of migrants aged 18—59, Ukraine’s fertility rate (1.2 children per woman),
and the assumption that 70% of workers remain employed throughout the observed period were all
taken into account.

Despite the favorable effects of migration, there are also certain aspects associated with it. For
example, the spending of Ukrainian immigrants has become an additional factor contributing to
inflation in European Union countries. In 2022, energy prices rose significantly, leading to a new era
of record-high costs. In Lithuania, Estonia, Latvia, and Hungary, inflation exceeded 20% year-over-
year (Van Tubergen et al., 2024). In the Czech Republic and Poland, inflation reached around 18%.
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Additionally, the presence of Ukrainian immigrants also influenced the real estate markets in host
countries.

As a result, while the migration of Ukrainian citizens brings benefits, it is important to account
for potential negative consequences, including demographic shifts, high inflation, rising housing
prices in some receiving countries, and especially the impact of political and environmental factors
on modern migration (Tucha et al., 2022). These two factors—political and environmental—often
interact, triggering waves of migration involving millions of people.

Thus, it can be argued that political and environmental factors are key driving forces of
contemporary migration. Armed conflicts, political persecution, and environmental crises force
millions of people to leave their homes in search of safety and better living conditions. These
processes call for a global approach, in particular, cooperation among international organizations,
governments, and civil society to address the root causes of migration and to provide humanitarian
support to those affected (Kamardina et al, 2024).

As practice shows, there is no universal system for regulating migration processes globally, and
each state adopts its own approach to this issue. Nevertheless, three major challenges concern many
countries:

-first, the reception of refugees in countries involved in armed conflicts. War and conflict are
primary causes of mass migration, as people seek safety and asylum. This situation poses a range of
challenges for host countries, including the provision of adequate assistance and the integration of
refugees into local communities;

-second, the eradication of human trafficking, which remains a serious problem and negatively
impacts the rights and dignity of individuals. This criminal activity results in exploitation, sexual
violence, forced labor, and other forms of human rights violations. International coordination and
cooperation are crucial in addressing this issue;

-third, the regulation of temporary labor migration. The growing number of workers seeking
opportunities abroad has raised concerns about their rights and working conditions. A key task is to
develop mechanisms that ensure fair and effective systems for temporary employment.

Ukraine’s state migration policy up to 2025 has been oriented toward increasing the migration
of Ukrainian citizens for employment abroad, particularly in neighboring border regions. This
migration typically takes the form of seasonal labor migration, which is cyclical by nature, though it
may also lead to a shift from temporary to permanent migration—especially to more distant countries.
Labor migration is the largest form of migration and affects the Ukrainian population across many
domains. On one hand, it provides a source of income for foreign states, while the transfer of
knowledge and experience can alleviate pressure on the domestic labor market, improve the welfare
of many families, and contribute to national development. However, in certain regions, labor
shortages have emerged, negatively affecting family relationships and the country’s demographic
situation. Migrants’ consumption-driven incomes can also lead to increased expenditures, inflation,
and income disparities (Cabinet of Ministers of Ukraine, 2017).

Consequently, it is important to note that, as the significance of international migration grows,
the role of international organizations (both governmental and non-governmental) in regulating these
processes is also expanding. This is reflected in the growth and diversification of the activities of
international organizations with general jurisdiction, as well as in the establishment of specialized
organizations focused on migration issues.

In this regard, the Ukrainian government must urgently undertake migration reform, drawing
upon international experience and proposals for the implementation of social standards in the country.
The primary goal of this reform is to facilitate the return of labor migrants and internally displaced
persons fleeing conflict by ensuring their security and improving living conditions.

Moreover, the issue of illegal migration has become more acute due to war and conflict. Many
people affected by such circumstances attempt to cross borders without proper documentation or take
dangerous routes involving smugglers and illicit organizations. This situation poses security risks,
undermines migration control, and increases the potential for illegal employment practices (Gremi
Personal, 2020).
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Despite both the positive and negative aspects of migration, the spread of international labor
migration during wartime must be approached with careful consideration and implemented through
effective strategies which include ensuring the safety and protection of the rights of displaced persons;
securing access to essential services such as healthcare, education, and housing; providing protection
from exploitation or violence; the creation of international institutions that support immigrant rights.

In order to achieve long-term development during periods of conflict, efforts must be focused
on integrating immigrants into new countries. It includes providing opportunities for education and
professional development, which allow immigrants to thrive and contribute to the economic growth
of their host nations.

At the same time, support and reintegration programs aimed at facilitating the return of
displaced persons to their local communities are crucial for fostering positive social reintegration.

Finally, the international community must strive to create mechanisms for conflict resolution,
war prevention, and peacebuilding in affected regions, as these are key to reducing migration volumes
and promoting sustainable development (Nikitina et al., 2020; Rybchak et al., 2024; Atamaniuk et
al., 2024).

Furthermore, future considerations regarding international labor migration in the context of war
require awareness of the following key aspects:

- humanitarian aid and regional development. national and international humanitarian
organizations must continue their efforts in conflict zones, providing assistance and essential services
to those in need. At the same time, greater attention should be given to the development of vulnerable
regions, with the goal of reducing population outflows and fostering the conditions necessary for the
growth of the local economy;

- development of comprehensive policies: host countries must design and implement policies
that effectively promote the integration, adaptation, and assimilation of migrants;

- restructuring and expansion of labor markets: labor market systems need to be adjusted and
expanded to absorb new workforce segments and ensure fair employment opportunities;

- information campaigns and education: educational and awareness-raising campaigns play a
crucial role in increasing public understanding of labor migration during wartime. Advocacy and
international cooperation should aim to disseminate objective information about the causes of
migration and the value migrants bring to both developing and host countries;

- investment in development: to improve the prospects of migrants both in host countries and in
their countries of origin, it is vital to invest in the development of economic and social infrastructure.
This includes support for infrastructure projects, small and medium-sized enterprises, education and
vocational training, and the creation of sustainable conditions that reduce the need for migration and
generate new opportunities within local regions.

Conclusions

The peculiarities of international migration—and labor migration in particular—in Ukraine
during the war have become an extremely relevant issue today. Due to military conflicts and
geopolitical instability, many Ukrainians are forced to leave their homeland in search of protection
and employment abroad.

International labor migration is substantial and carries significant consequences for both host
countries and the region as a whole. Its impact is multifaceted and complex, requiring coordinated
efforts by states, organizations, and civil society to implement appropriate regulatory measures and
ensure the protection of migrants’ rights, as well as to address emerging humanitarian crises.

In this context, the Government of Ukraine must enhance its migration reform by taking into
account international consensus and recommendations regarding the implementation of social
standards. The principal objective of this reform is to facilitate the return of labor migrants and
displaced persons who have fled the conflict by ensuring their safety and improving the population’s
quality of life. However, the success of such reforms will depend on the resolution of the conflict and
the potential long-term consequences it may entail.
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A particularly important issue is the economic integration of immigrants. International labor
migration introduces new labor force into host societies, which can intensify tensions and competition
between local populations and newcomers. Migrants frequently face difficulties with employment
and lack adequate social protection, which can provoke negative attitudes toward them and escalate
social tensions.

In summary, the growing scale of international labor migration necessitates a comprehensive
and cooperative international approach. It requires effective governance, the safeguarding of human
rights, and the development of measures aimed at addressing the root causes of conflict. Delivering
humanitarian aid and security to displaced persons, regulating migration processes, preventing
conflicts, eliminating underlying causes, fostering social empathy and tolerance, promoting public
awareness and education, protecting the rights of displaced individuals, and allocating resources
toward development—all constitute essential components for improving the conditions and outcomes
of labor migration during wartime. The successful integration of refugees, along with the prevention
of humanitarian crises, contributes to stability and development in both conflict-affected regions and
host countries. Overall, the cases examined demonstrate a broader trend: international migration—
and labor migration in particular—is an integral feature of a globalized world and plays a crucial role
in shaping political, socioeconomic, and cultural processes in the face of emerging geopolitical
challenges.

Further analysis of the social and professional trajectories of Ukrainian labor migrants in host
countries remains highly relevant, as does the examination of the impact of large-scale migration on
Ukraine’s demographic resilience and labor market. Equally important is the development of
reintegration strategies for returnees. A promising avenue for future research lies in the
interdisciplinary exploration of the interconnections between migration, security risks, and economic
recovery in the context of a protracted war. A key limitation of the present study is the predominantly
qualitative nature of its generalizations and the absence of recent empirical data, which stems from
restricted access to comprehensive official statistics during martial law. Consequently, future authors’
research will be focus on the quantitative analysis of migration flows, the assessment of state policy
effectiveness in the areas of migration and integration, and the study of transnational support networks
for Ukrainian migrants across various global regions.
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Abstract: The subject of the study is theoretical and methodological
approaches to the formation of the structure of the institutional mechanism
for regulating the logistics activities of enterprises. The purpose of the
study is to identify the structural components of the regulatory mechanism
that ensure the management of the logistics activities of enterprises,
summarize their content, weight and tasks in a complex system. The
components of the organizational structure of the mechanism for
regulating the logistics activities of enterprises are determined by
elements. The study was conducted using a combination of methods:
general methods - generalization, abstraction, system-structural, special
methods of economic and statistical analysis: comparative analysis to
assess the dynamics of changes in the volume of sales of products by
industrial enterprises of Ukraine. The scientific basis for the study is the
publications of international scientists and researchers on the management
of the logistics activities of the enterprise, materials of scientific and
practical seminars, symposiums and conferences, legislative and
regulatory documents of Ukraine, as well as statistical data of market
entities. Based on the methods of comparison and analysis, an assessment
of the dynamics of changes in the volume of sales of products by industrial
enterprises of Ukraine is carried out. Structural and institutional
mechanisms that ensure the process of managing the logistics activities of
enterprises by components. The components of the organizational
structure of the enterprise's logistics management are determined, their
goals and objectives are characterized, which is the basis for the formation
of a comprehensive integrated system of organizational support for the
mechanism for regulating the enterprise's logistics activities. It is justified
that the optimal combination and mutual coordination of structural
components will allow for a successful management policy of logistics
processes.
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AHoTtauis: [IpenMeToM J0CIIPKEHHS € TEOPETUKO-METOIMYHI MiAX0IU 10 POpPMYBaHHS CTPYKTYpPH
IHCTUTYLIOHAJIBHOTO MEXaHI3My pEeryJIOBaHHS JOTICTUYHOI MiSUTBHOCTI MiANPUEMCTB. MeToro
JOCHIJDKEHHSI € BHOKPEMJICHHSI CTPYKTYPHHMX KOMIIOHEHT MEXaHi3My pEryJIIOBaHHS JIOTiCTHYHOL
JISUTBHOCTI MIJIPUEMCTB, IO 3a0€3MeUy0Th YIPABIIHHS, y3arajJbHEHO 3MICT TaKHX CTPYKTYPHHX
KOMITOHEHT, BU3HAYEHHS iX pOJIi Ta 3aBAaHb y KOMIUICKCHIM cucTeMi. 3a eeMeHTaMH BU3HAu€HO
CKJIaJOBl  OpraHi3allifHOi CTPYKTypH MEXaHi3My pETyJIIOBaHHS JIOTICTHYHOI  JSUTBHOCTI
nianpueMcTB. JlocnipKeHHs TPOBEIEHO 3 BUKOPUCTAHHAM CYKYIHICTh METOJIIB: 3arajbHi METOIH -
y3arajbHEHHS, a0CTparyBaHHs, CHUCTEMHO-CTPYKTYPHMH, CIeEI[ialbHi METOJM E€KOHOMIYHO -
CTaTUCTHUYHOTO aHAaJi3y: MOPIBHSUIBHOTO aHANI3y JJs OLIHKH JUHAMIKM 3MIHH 00cAry peamizamii
NOPOAYKIT TPOMUCIOBUMH MiJNPUEMCTBAMU YKpaiHU. Y3aralbHEHO MiAXOIM HAYKOBIIB, IOJ0
3MICTY MOHSTTS JIOTICTUYHA TiSUIbHICTh MiANPHEMCTBA, BU3HAYEHO POJIb 1 3HAUYEHHS JIOTICTHUKHU Ta
JOTICTUYHMX omepaliii y riolamizoBaHoMy cBiTi. Ha OCHOBI MeTOIIB MOpIBHAHB Ta aHaJi3y
MIPOBE/ICHO OLIHKY JWHAMIKU 3MIHU 0OCATY peatizalii NpoayKIii IpOMHUCIOBUMH HiANPHEMCTBAMH
Vkpaiau. CTPYKTYpHO I1HCTUTYLIOHAJbHI MeEXaHI3MH, IO 3a0e3MedyloTh MpOoIeC YIpaBIiHHS
JIOTICTUYHOT JISUTBHOCTI HIANPHEMCTB 3a CKJIaJOBHUMHU. BH3Hau€HO KOMIIOHEHTH OpraHi3amiiHoi
CTPYKTYpU YTPABIiHHS JIOTICTUYHOI [ISUIBHICTIO MIANPUEMCTBA, OXapaKTEPU30BAHO X ML Ta
3aBJaHHs, 110 € OCHOBOIO Il ()OPMYBaHHS KOMIUIEKCHOT IHTEIPOBAHOI CUCTEMH OpraHi3aliiHOro
3a0e3MeueHHs] MEXaHi3My PeryJlOBaHHS JIOTICTMYHOI MISJIBHOCTI mifnpueMctBa. OOIpyHTOBAHO,
ONTUMAJIbHE TIOEHAHHS Ta B3a€MOY3IO/PKEHICTh CTPYKTYPHUX KOMIIOHEHT JJO3BOJHMTH MPOBOIUTH
YCHILIHY YIPaBIiHCHKY MOJITHKY JIOTICTUYHUX MPOIIECIB.

Kuro4oBi cji0Ba: mignpueMcTBO, JJOTICTUYHA JiSUTbHICTD, IHCTUTYIIOHAIbHI MEXaHI13MH, CTPYKTYPHI
KOMIIOHEHTH, JIOTICTHYHA CUCTEMA.

Beryn (Introduction)

EdexTuBHa poboTa mianpueMcTBa Ta 3a0e3MeUeHHs] HOr0 KOHKYPEHTHHX MO3MLINA Ha pUHKY
3HAYHOIO MIpPOI0 BHU3HAUYAIOTHCS Y3TO/KEHICTIO Ta PE3yJIbTATHBHICTIO B3a€EMOJI BCIX BHYTPILIHIX
miJcUCTeM, 30KpeMa JIOTICTHYHOI. [ obanpHa maHaemis, mOBHOMAcIITaOHE BTOPTHEHHS 3MYCHIIN
€KOHOMIKY Tepe HaJIAIITyBaTUCS Ha IHIIMNA pexXuM poOoTu. Taki TeHIeHIi] 3HaWIITH CBii BITOMTOK
1 B ynpaBJIiHHI JOTiICTUYHOIO AiSTIBHICTIO MiANPHUEMCTBA.

VY cydacHOoMy T7100aJ1i30BaHOMY CBITI JIOTICTHKA Ta JIOTICTUYHI ONepalii BiirpaioTh KIOYOBY
poib y 3a0e3neueHHi e(heKTUBHOCTI (PYHKIIOHYBAaHHS €KOHOMIKH. BogHOUac B yKpaTHCHKHX peaisx
JIOTICTUYHA MiSTIBHICTD TIANPUEMCTB CTHKAE€THCS 3 YHCICHHUMH BHKIMKAMH, 3YMOBJICHHMHU
HacliKaMi TMOBHOMacmTaOHOi BilchbkOBOi arpecii pocii. OcHoBHa mnpoOiemMa HOJIArae y
3abe3neueHHi 0e3MepepBHOCTI Ta PO3BUTKY JIOTICTUYHMX IMPOLECIB K y BHYTPIIIHINA BUPOOHHYIH
TISUTBHOCTI, TaK 1 B 30BHIIIHBOEKOHOMIYHOMY CEKTOPi. Y KOHTEKCTI CTPIMKOTO PO3BUTKY €IEKTPOHHOT
KoMmepIii, uQpoBi3alii eKOHOMIKA Ta BUCOKOi TWHAMIKH PUHKOBUX 3MiH, JIOTICTHKa HaOyBae Ie
OUTBIIOTO CTPATEriyHOrO 3HAYEHHS, aJKe MiJIMPUEMCTBA 3MYILIEHI ONEPAaTUBHO AJAINTyBATUCS 10
HOBHX YMOB 1 3a0€31euyBaTi CBO€YACHY JJOCTaBKYy TOBApiB KIHIIEBUM CIIO’KUBAYaM.

HaykoBi my6mikarii 0araTb0X BITYM3HSHHUX Ta MDKHApPOIHHMX JOCITIIHUKIB PO3KPHBAIOTH
3acajy yHpaBIiHHS JOTiCTHYHOO isUTBHICTIO TiANpHEMCTB, 30kpeMa: Konimuesa H.M., Tpymikina
H.B, Ilomnoga 1.B., Mensaukosa K.B., Cymens O.M., ITununuyk K.M., Pyaenko C.B., Jlintyp [.B.,
[MuteoBka O.1., Ctpyuox H.M., Hlumkina O.B., Bacunpuak C.B, Xunsk O.P., Bipuapyk O.M.,
Comnogiii C.b., Ilepeduiinoca B.1., Kononzieoi T.O. Ta iHmUX.

Marepiaan Ta metoan (Materials and Methods)

JloCHmipKeHHST TPOBENEHO 3 BHUKOPHCTAHHSIM CYKYNHOCTI METOIB: 3arajbHi METOIU -
y3arajJbHEeHHs, a0cTparyBaHHS, CHCTEMHO-CTPYKTYpHHUH, CIelialbHi METOIUM EKOHOMIYHO-
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CTaTUCTHYHOTO aHaJIi3y JUIS MOPIBHSAHHS Ta OLIHKM JMHAMIKM 3MIHU OOCSTy peaiizamii mpomyKiii
MPOMHCIIOBUMH MiAMPUEMCTBAMU Y KpaiHU.

HaykoBoro 6a3010 17151 AOCHIHKEHHS € myOmikamii MbXKHApOJAHUX BUCHUX, TOCIIIHUKIB, 1100
YIPaBIiHHSA JOTICTUYHOIO MiSJIBHICTIO MIANPHEMCTBA, MaTepiadl HAyKOBO-PAKTHYHUX CEMiHapiB,
CHMIIO31yMiB Ta KOH()EpEeHIIiH, 3aKOHOJaBY0-HOPMATHUBHI JOKYMEHTH Y KpaiHH, a TAKOK CTAaTUCTUYHI
JaHi Cy0'eKTIB pUHKY.

PesyabTaTn (Results)

Benuki ueprm Ha KOpAOHI, 3pyHHOBaHa iH(pACTPyKTypa aBTONUIAXIB Ta mepebdoi 3
€JIEKTPONIOCTAYaHHsAM BHUCTYHAIOTh CepHO3HMMHU Oap'epamu 1  €(PEKTHUBHOTO 3I1HCHEHHS
JOTICTUYHMX oOmepaliif. Y peamisx BOEHHOTO CTaHy IiJIPUEMCTBA 3ITKHYJIUCS 31 3MiHAMH B
IMIIOPTHO-EKCIIOPTHHUX MPOIEypax, M0 MOTCHLIHHO BIUIMBAE HA CTPYKTYpPY MOMUTY. 3a TaKUX
oOctaBuH mepen Oi3HECOM TMOcTajda HEOOXITHICTH MOJEpHI3aIlil JIOTICTUYHUX CHUCTEM 3aJIs
3a0e3neueHHs iXHbOT THYYKOCT1, aIalITABHOCTI JI0 3MiH PUHKOBOI CUTYaIlii Ta 3aTHOCTI ONIEPATUBHO
pearyBaTu Ha HOB1 BUKJIIMKH. KpiM TOT0, aKTyaIbHUM € 3aBIaHHs ONTUMI3alli] JJOTiICTUYHUX IPOIIECIB
JUTS MiHIMi3aIlil BTpaT Ta MiATPUMAHHS CTA0UIBHOT NisUTEHOCTI MiIIPUEMCTB.

Exonomika Ykpainu B yMOBax BiifHM 3a3Ha€ CyTTEBUX 30MTKiB, 30KpeMa BHACIIIJJOK 3HAYHOTO
pYHHYBaHHS JIOTICTHYHOI 1HPPACTPYKTYpH. I3 I’ ITH BUAIB TPAaHCTIOPTY Hapa3i MpaIiol0Th JHIIE TPH
- aBTOMOOUIbHUH, 3aJMI3HUYHMNA 1 TPyOONpOBIAHMKA. Y Takiil cuTyamii MigOpUEMCTBA 3MYIIEHI
IIyKaTH aJIbTepHATHBHI MApIIPYTH Ta €(PEKTUBHI JIOTICTUYHI PillICHHS JUIS 3a0€3MeYeHHs] JOCTaBKU
npoaykuii. Bigrak, MOCHiIKEHHS Cyd4acHOTO CTaHy JIOTICTUYHOI MisJIBHOCTI MiJNPUEMCTB Ta
BU3HAYCHHS IIJISAXIB ii BAOCKOHAJICHHS HaOyBae 0COOIMBOI aKTyaIbHOCTI.

Jlorictuka, SK KOHLEMI[S Cy4yaCHOIO MEHEKMEHTY, OpIEHTOBaHAa Ha IHTETpaliio BCiX
JOTICTUYHMX (PYHKIIHN 1 MPOLECIB 1 JO3BOJIsIE HE TIIBKU €(DEKTUBHO KOOPAMHYBATH BCi (i3U4HI Ta
upoBi MOTOKM TOBApiB 1 TOCIYr, aje TaKoX MAa€ 3JaTHICTh BHUPINIYBaTH MpoOOJIeMH 1
BUKOPUCTOBYBATH MOTEHIiaJl e€(eKTiB B ONepaliiHiii Ta cTpaTeriyHiil MisjbHOCTI MiJIPUEMCTBA
(Konishcheva N. Y., Trushkina N.V., 2005).

Hayxogens [TonoBa [.B. y cBOiX HayKOBHX TOCIHIPKEHHSX PO3TIISAIAE JOTICTHYHUN MiIX1 5K
YIPaBIiHCHKY (inoco(ito Ha MIANMPUEMCTBAX PI3HUX Taily3ei, sika BOPOBAKYETHCS YEPE3 CUCTEMY
JIOTICTUYHOTO MEHEDKMEHTY 1 pO3poOJsSeThCs BIAMOBITHO J0 PIBHS 3aCTOCYBaHHS JIOTICTUKU Ta
iHTerparii norictuaHux nporiecis ( Popova 1.V., 2010)

V cBoix nayxosux npansx H.J. Konimesa ta H.B. Tpyuikina npoaHastizyBany IOCIiI0BHICTb
3IIACHEHHS JIOTICTMYHOI IISTIBHOCTI Ha MiANPHEMCTBAX, 3alPONIOHYBAIM aBTOPCHKE TPAKTYBAaHHS
MOHATTS «IOTICTUYHA AiSTIbHICTD TPOMHCIIOBOTO MiIPUEMCTBAY», & TAKOXK YTOYHUIIHM Ta JTOTIOBHUIN
HepetiK JOTiCTUYHUX (YHKIH, mpuTaMaHHUX mignpuemctBaM wi€i chepu (Konishcheva N. Y.,
Trushkina N.V., 2010).

Hocniganus K.B. MenbHuKOBa mpoBesia IPYHTOBHHUM aHaii3 3MICTY MOHATTS <JIOTiICTHYHA
JSUTBHICTh MIANPUEMCTBA» Ta aKLUEHTyBajla yBary Ha JOLUUIBHOCTI BIPOBAKEHHS CUCTEMHU
CTaTUCTHUYHOT'O CIIOCTEPEKEHHS 3a JIOTICTUYHUMH TIpoliecaMy. BoHa miKpeciioe, o CTaTUCTUYHI
JlaHi B JIOTICTHIII BIIITPAIOTh KIIOYOBY POJIb Y 3a0e3eueHHi epeKTHBHOTO 300py, 00pOOKH Ta aHAI3Y
iH(popMarlii, HeoOXiTHOT IS JOCIHIIKCHHs MMOKA3HHKIB MISUIBHOCTI, PE3yJIbTaTiB MOHITOPUHTY Ta
dbopmyBanHs 3BiTHOCTI (Melnykova K. V., 2021).

[pYHTOBHWI aHaji3 TOHATTS <«JIOTICTUYHA isUTGHICTBY IIPEACTABICHO y HAyKOBiil mpari
Cymenp O.M. ABTOpKa po3poOmiia mipaMiy TEPMiHIB, IO CIYTYIOTh OCHOBOIO AJisi (hOpMYBaHHS
IILOTO TMOHSATTS, a TAKOXK 3aIPOIIOHYBaja BIacHE HOro TIyMadyeHHs. Y JOCHIHKEHH] YiTKO BU3HAUEHO
OCHOBHY METY Ta 3aBJIaHHS JIOTICTUYHOI JISTIBHOCTI, a TAKOXK MOJAHO KOHIIETITYaJbHY MOJIENb, SIKY
aBTOPKa HAa3MBA€ «BI3UTHOIO KAPTKOIO JIOTICTUYHOI AiIBHOCT (Sumets O.M, 2013).

Ha nymky aBtopiB [Mmmmmuayk K.M. Ta Pynenka C.B. norictuyHa IisuIbHICTH HIiANIPUEMCTBA
ABJISIE COOOI0 CYKYIHICTh B3a€MOIIOB’SI3aHUX JIOTICTUYHUX MIJICUCTEM, 5K (PYHKLIOHYIOTh y MeKax
BU3HAYEHOI TepHUTOpii, O0O0’€qHAaHI BHYTPIIIHLOBUPOOHMYMMH 3B’SI3KaMH, BIIOPSIIKOBAaHHUMHU
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BIJIMOBIAHO IO BCTAHOBJIGHUX TpaBwWi 1 mporeayp. Lli migcucremu cnpsMoBaHI HA JOCSTHEHHS
€IMHOT JIOTICTUYHOT METH TiAIpueMCTBa a0o X 00’ exnanns (Rudenko S. V., Pylypchuk K. M., 2022).

Bapre yBaru nocnimkennus Ctpydok H.M., sike BuU3Ha4ae Ta OOIPyHTOBY€E CTPYKTYPY CUCTEMH
JIOTICTUKH, SK IHCTPYMEHTY 3a0e3ledeHHs EeKOHOMIuHOi Oesneku mignmpuemcTa. HaykoBiem
BHU3HAUCHO CTPYKTYPY, I Ta PyHKIIIT JIOTICTUYHOI CHCTEMHU B KOMIUIEKCHIM CHCTeMi €KOHOMIYHO1
0e3mneKy miANmpUeEMCTBA B cydacHuX yMoBax ( Struchok N.M., 2020).

HeoOxigHicTh omepaTHMBHOTO Ta €(EKTUBHOIO pearyBaHHS Ha 3MiHYy pPHHKOBUX YMOB
MiJAKPECIIOE BAXJIMBICTh CTBOPEHHS PE3yJIbTaTHBHOI CUCTEMHM JIOTiCTUKU. BoHa, iHTerpoBaHa B
JOBIOCTPOKOBI IIUJII KOMMaHii, 3/aTHa 3HAYHO BIUIMHYTH Ha TpaHc(OpMalilo Bci€i CUCTEMHU
YIPaBIiHHSA JOTICTHYHIUMH MPOLIECAaMH 3a3HAYAI0Th Y CBOIX JoCiKeHHAX HaykoBLi JlinTyp [.B. Ta
[MutsoBka O.1. ( Lintur, 1., Pytovka, O., 2025).

[TincymMoOBYy104M pe3yabTaTH TOCTIKEHHs, HEOOXITHO BiJ3HAUUTH BaroMiCTh Ta HEOOXITHICTb
B YIPaBIiHHI Ta PO3BUTKY MiJNPUEMHHMIITBA YKpaiHM KOMIUIEKCHOTO MiIXOAY O YNpaBIiHHA X
JIOTICTUYHOIO AisbHICTIO. Taka HeoOXiqHICTh OOIPYHTOBaHA 1 PO3BUTKOM JisUIBHOCTI TIPOMUCIOBUX
MiIIPUEMCTB, 00CAT pealtizamii TPOAYKIil SKUX 3a Mepiod AEMOHCTPYE TEHJCHIIII0 0 3POCTAHHS
(puc.1). Bapro Bim3HauWTH, MICHA MEPiOLy TOTAIBHOTO KapaHTHUHY, 3HATTS OOMEXEHb, 00CAT
peaizalii npoMHCIOBOT MPOXYKIil mianpuemMcTBamMu Ykpainu y 2021 poti 3pic npu NOpiBHIHHI 10
2020 poky Ha 41,2%. 3oBHimHi 3arpo3u 2022 poKy MpHU3BEIN 10 3yIIMHEHHS MPOIecy BUPOOHHUIITBA
Ta 3MEHIICHHA 00cCATy MpoMucioBoi mpoaykuii Ha 31,5%. [IpoTte momiThka ypsay Ta mporpamu
HIATPUMKH, SIKi OyJIM 3alpONOHOBaHI MPOMHUCIOBUM HiANPHEMCTBAM J103BOJIMIIN BiTHOBUTH OOCSTH
BUpoOHMITBA mpoaykuii y 2024 poui npaktuyHo 10 piBHA 2021 poxy. Ha »xamp, Garato
MIPOMUCIIOBHUX MIAMPUEMCTB 3yCTPUIHCH 3 HEEPEKTUBHOIO CHCTEMOIO JIOTICTHYHOTO 3a0e3MeUYCHHS,
II0 aKTyaJli3ye Halle JTOCIiKEHHs TOUIyKy Ta HalpalloBaHHS MEXaHi3MiB, IHCTPYMEHTIB, METO/IIB
Ta CTPYKTYPHHX KOMIIOHEHT [UIi HOro ¢opMyBaHHS depe3 KOMIUIEKC IHCTHTYIIOHAJIBHOTO
3a0e3MeueHHs.
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Pucynok 1. OGcsr peasnizanii IpoOMHUCIOBOI MPOAYKIIT MiAIPUEMCTBAMU Y KpaiHU BIPOIOBXK
2018-2024 pokiB, MJIH. TPH.
Jxepeno: Po3pobiieHo aBropamu

[HCTUTYLIOHATBHI MEXaHI3MH PETyJIIOBaHHS JOTICTUYHOT AISUTBHOCTI MIANPHUEMCTB BKIIOYAIOTh
CYKYIIHICTh OpTaHi3amiifHuX, MTPAaBOBUX, EKOHOMIYHUX Ta COI[IAJIbHUX IHCTPYMEHTIB 1 CTPYKTYp, IO
CIPUSIOTh €(PEKTUBHOMY YIPABIIHHIO JIOTICTHYHMMHU MpoIlecaMu Mia 4ac iX OHOBJIEHHS abo
MoJiepHi3anii. BoHM MaioTh Ha MeTi CTBOPEHHS CHPHUATIUBUX YMOB JUIS ONTUMI3alii JOTICTUYHUX
orepauii i poO3BUTKY IPOMHCIIOBOTO IiIPUEMCTBA B YMOBaX 3MiH Ha PUHKY.

CTpyKTypHO IHCTUTYIIOHATbHI MEXaHI3MH, IO 3a0e3Me4YylTh NPOIEC YIPaBIiHHI
JIOTICTUYHOI iSUTBHOCTI IPOMMCIIOBUX MIANPHUEMCTB BapTO BU3HAUUTH 32 HACTYITHUMH CKIIAJI0BUMH:

1. HopmaruBHOo-npaBoBa 0a3a. PeryitoBaHHS JOTICTMYHOI iSTIBHOCTI dYepe3 3aKOHHU,
CTaHJApTH Ta HOPMATHBU CTAHOBUTH OCHOBY IHCTUTYLIHHMX MexaHi3MiB. HasBHICTH 4iTKO
BU3HAYCHUX MpPaBUJI JONOMAara€ YHUKAaTH KOH(QJIIIKTIB, MiJBUILYBAaTH MHpPO30PICTh MPOIECIB 1
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BIJNOBIJaTH MDKHAPOJHUM cTaHAapTaM. Hampukian, MUTHE 3aKOHOZABCTBO NPSMO BIUIUBAE Ha
e(eKTHBHICTh TPAHCIIOPTYBAaHHS TOBAPiB Uyepe3 KOPIOHHU.

2. OpranizariifHa ctpykrypu. CTBOpeHHS Ta (PyHKIIIOHYBaHHS CHELiai30BaHUX CTPYKTYp 3
YTpaBJIiHHS JIOTICTUKOIO, TAKUX SIK JIOTICTUYHI IEHTPU a00 KOOPIUHYIOUI HiAPO3ILIH, € BaXKIUBUM
KPOKOM Y PO3BUTKY IMiIPUEMCTB.

3. Indopmartiitai TexHosorii. OAHMUM i3 KIIFOYOBUX IHCTUTYIIIMHUX YMHHUKIB € BIIPOBAKEHHS
Cy4acHHUX CHCTEM ympaBiiHHs Jorictukoro — e ERP-cuctemu (Enterprise Resource Planning), TMS
(Transportation Management Systems) Ta WMS (Warehouse Management Systems). [ndopmaniiini
TEXHOJIOTIi BiJIrpaioTh BUPIMIAIBHY POJb Y MOHITOPHMHTY, aHami3i ¥ oNTHMI3awii JOTICTUYHUX
orepariii.

4. MixxHapoaHa criBopars. Y 3B 53Ky 3 riio0anizamnieto 6i3Hecy 3pocTae nmorpeda y B3aeMoil
HiANPUEMCTB 13 3apyODKHUMH TapTHEpaMu. I[HCTUTYWilHI MeXaHI3MH B I1bOMY KOHTEKCTI
CTIPSIMOBaHI Ha TapMOHI3AII0 JIOKAIBHUX 1 MDKHAPOJHUX NPABOBHX HOPM, a TAaKOX PO3BHTOK
MapTHEPCHKUX MEPEX MK OaraToHaliOHAJIbHUMHU KOPIIOPAIIiSIMH.

5. JepxaBna miarpumMka. [loiTuka gep>kaBHUX OpraHiB MOXKe OyTH BaXKJIMBUM CTHUMYJIOM ISt
PO3BUTKY JgorictuyHoi misuibHOCTI. Lle crocyeTbes (blHchyBaHHsI 1H(bpaCprI<TypHHx IPOEKTIB,
ONTUMI3aIlil MOJATKOBOI CHUCTEMH MJIsi TPAHCIOPTHUX 1 CKIAJACHKUX MIAMPUEMCTB, a TaKOX
CTBOPEHHS CTEIiaIbHUX €KOHOMIYHHX 30H (pHC.2).

KoMnoHeHTH IHCTUTYIIOHAJILHOTO MEXaHi3My
peryioBaHHs
JIOTiICTUYHOT iSTIBHOCTI IPOMHUCIIOBHUX HiAMIPUEMCTB

HopmarusHo- npaBoBa
0aza

Opranizaiiiina
CTPYKTypa

[ndopmartiitni
TEXHOIOTIT

MixHapoaHa
cHiBHparst

HepxaBHa
MiATPUMKA

Pucynok 2. CTpyKTypHI KOMIIOHEHTH I1HCTUTYLIOHAJBHOTO MEXaHI3My pEryJIIOBaHHS
JIOTICTUYHOI AiSTIBHOCTI IPOMHUCIIOBUX MiAIPHEMCTB*
* BIIacH1 y3araJlbHeHHS aBTOpa

BukopuctaHHs 1HCTUTYLIOHAJIBHUX MEXaHI3MIB Jla€ 3MOTY MiJNPUEMCTBAM 3ale3ledyBaTH
CTaOUIbHICTh MISTIBHOCTI, OMIEPATUBHO aJaNTyBaTHCA 10 30BHIIIHIX 3MiH 1 MiABHILYBATH 3arajbHy
e(eKTHBHICTh JOTiCTUKUA. YITKO BHU3HAYEHI MpaBHJa Ta MPOLEAYPH IOIOMAaraloTh MiHIMI3yBaTu
pPU3UKHM, TOB’S3aHI 3 HEBHU3HAYEHICTIO B IIOCTAYaHHAX 1 3MiHaMM Ha pUHKY. OJHOYACHO
3alpOBa/PKEHHS TaKUX MOTY>KHUX 1HCTPYMEHTIB, SIK CTaHIApTH3allisl MPOIECIB Ta aBTOMATHU3ALlis
omepauiid, 3a0e3nedyye OCHOBY Uil CTIHKOTO KOHKYPEHTHOTO PO3BHUTKY IPOMHCIOBOTO
MIPUEMCTBA.

VY 1upoMy JOCHIJDKEHHI JeTalbHIIIE PO3TISTHEMO MPUHIUIM Ta MEXaHI3MHU OpraHi3auiiHOro
3a0be3neueHHs] YIpaBIiHHA JIOTICTUYHOIO MiSJIBHICTIO MPOMHCIOBOTO mianmpuemctsa. JloricTuuHa
TISUTBHICTD MIAIPUEMCTBA YIIPABISETHCSA HA OCHOBI 11 CTPYKTYPH, 1110 BKITIOYA€ TaKi KOMIIOHEHTH:
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1. JlorictuyHa cucTeMa - II€ aJalTHBHA CTPYKTYpa 31 3BOPOTHUM 3B’SI3KOM, sIKa BHUKOHYE
KOMIUIEKC JIOTICTHYHMX (QYHKIIH Ta onepariii, 3a0e3nedyioun Y3roJUKeHICTh 1 e(EeKTUBHICTDH
MaTepiaibHUX Ta 1H(GOpMaIifHIX MOTOKIB y Meax MmiAnprueMcTBa. BoHa ckiiagaeThes 3 MiACHCTEM 1
XapaKTepU3y€e€ThCS PO3BHHYTHMHU BHYTPIIIHIMU 3B’SI3KaMH, a TaKOX B3a€MOJIEI0 13 30BHIIIHIM
CepeIOBUILEM.

BinbIIicTh MTOTICTUYHUX CUCTEM, IO €(hEeKTHBHO MPAIIOIOTh HAa MPAKTHUI, SK 1 1HII CKIaIHI
CHCTEMH, MAIOTh TaKi XapaKTEPUCTHKU:

- CKJIQJIHICTb, SIKa MPOSBISETHCA Y BEJIMKIN KIJTBKOCTI €IEMEHTIB (JIAHOK), CKJIaJIHOMY XapakTepi
B3a€MO/JIii MK HUMH, PI3HOMAHITHOCTI (DYHKIIIH, sIKI BAKOHYE CUCTEMa, CKJIAJHOCTI YIpaBIiHHA, a
TaKO’ Y BIUIMBI YMCJICHHUX BUIAJAKOBUX (DAKTOPIB 13 30BHIIIHBOTO CEPEIOBHUIIIA;

- i€papXivyHICTh, 110 Nepeadavyae B3a€MO3AICKHICTh €IEMEHTIB HUKUOTO PIBHS BiJl €IEMEHTIB
BHUIIIOTO PiBHS B MEKaX JIIHIHHOTO 4¥ (DYHKI[IOHAIBHOTO JIOTICTUYHOTO YIPABIIiHHS;

- IUTICHICTB, TOOTO 3aTHICTh CUCTEMH 3arajloM BUKOHYBATH 33/1aHy LJIOBY (YHKIIiIO, sKa HE
MOJKe OyTH peanizoBaHa OKPEMUMH JIAHKaMH YU T1ICUCTEMaMU;

- CTPYKTYpPOBAHICTb IOJIATA€ B iICHYBaHHI OPTraHi30BaHO1 CTPYKTYPH JIOTICTUYHOI CUCTEMH, SKa
BKJIIOYA€ B3a€MOIIOB's13aH1 00'€KTH Ta Cy0'€KTH yNpaBIliHHS, CIIPSIMOBaHI Ha TOCATHEHHS BU3HAYEHOT
METH;

- PYXJIUBICTb JIOTICTUYHOI CUCTEMHU XapaKTePU3Y€EThCS 3aTHICTIO 11 €IEMEHTIB 3MIHIOBATH CBOI
nmapaMeTpu MiJ BIUIMBOM 30BHIIIHIX (DaKTOPIB Ta YMNPaBIIHCBKUX pIlIeHb, M0 MPHUAMAIOTHCS
yYaCHMKAaMH JIOTICTUYHOTO JIAHIIIOTA.

- YHIKQJbHICTb, Hemepen0auyBaHICTh 1 HEBHU3HAYEHICTh MPOSBISIOTHCS B OCOOIUBOCTSX
MOBEIIHKU CHCTEMHU B KOHKPETHUX 00CTaBMHAX Ta i BILTMBOM 30BHIIIHIX YMOB;

- QJIaTITUBHICTD BiOOpaXkae 31aTHICTD JIOTICTUYHOI CUCTEMH TPaHC(HOPMYBATH CBOIO CTPYKTYPY
Ta OOMpAaTH NIEBHI BapiaHTH Jill y BiNOBIIb HA HOBI IIJIi 1 BIUIMB 30BHIIIHBOTO CEPEIOBHILA.

2. Jlanka norictuyHOi cucTeMu. JIaHKOIO BBaXKa€ThCs (YHKIIOHATBLHO ab0 CTPYKTYPHO
BiJIOKpEMJICHUH MiPO3/1171 KOMIIaHii, 8 TAKOXK FOPUIUIHO CAMOCTIHHE MIAMPUEMCTBO, OpPraHi3allis 91
ycTraHoBa. BoHUM BUCTYNaloOTh OHIEIO 31 CKJIAIOBUX JIOTICTUYHOI CUCTEMH Ta aHATI3YIOTHCS SIK €MHE
I[iJIe B MEXKaX IIi€1 CUCTeMH, MiJICUCTEMH UM JIOTICTUIHOI Mepexi (kaHay a0o yaHiora). Taka naHka
3aiiMa€ThCSl BAKOHAHHSM OJTHOTO YU JIEKUTLKOX BUIIB JIOTICTUYHOI TisTbHOCTI (Shyshkin V.O., 2019);

3. JloricTMYHMN KaHal € YacTKOBO CTPYKTYpOBAHOIO CYKYIHICTIO pI3HHUX YYaCHHUKIB
(BUpOOHMKIB, MOCEPEIHUKIB, NEPEBI3HUKIB, CTPAXOBUKIB Ta IHIIMX), SKiI 3a0€3MEUyIOTh JIOCTABKY
MaTepiaIbHOTO TIOTOKY BiJl BUPOOHHKA J0 KiHIIEBOTO CIOXHMBaya. BiH mpeacTasisie co00i0 Mepexy
B3a€MOJIIM, CHPSIMOBAaHMX Ha e(EKTUBHE IEPEeMILICHHs 1 TNpaBWIbHE PO3TAlyBaHHS 3amaciB
(Vasylchak S., Zhydiak O., Solovii S., Vivcharuk O., 2024)

4. JIoTiCTHYHUH JIAHITIOT SIBJISIE COOOO MOCIIIOBHO OpPraHi30BaHy CYKYIHICTh (i3HYHUX 200
IOpUANYHUX 0Ci0 (TaKuX SIK BUPOOHUKH, TIOCEPEIHUKH, CKIaIN TOIMIO), K1 3MIHCHIOIOTH JIOTICTHYHI
omepauii. L{i omeparii cnpsMoBaHi Ha THepeMillleHHs MaTepialbHUX MOTOKIB MK JIOTICTHYHUMH
CHCTEMaMH, a TAaKOX Ha ONTHMI3alliio MOB'I3aHUX 3 HUMHU iH(pOpMaLiifHuX 1 (PiHAHCOBUX MOTOKIB.

Heo0xigHO Bi3HAYNTH, IO JIOTICTHYHUH JaHLIOT (OPMYIOTh BIIOKpEMJICHI JaHKH TaKi, sIK

— 3aKyMiBJS Ta HOCTA4YaHHs MaTepiaiiB i CHPOBUHH;

— 30epiranHs CHpOBUHH Ta TOTOBOI MPOAYKLIIi;

— BUPOOHUIITBO TOBApIiB;

— pO3MOLT;

— TPaHCIIOPTYBAHHS BaHTAXIB;

— CTIIOXXUBAHHS TOTOBOI POAYKIii (Perebyinis V.1., 2005).

Oprani3amiifHa CTpyKTypa JIaHIIOra TOCTayaHHs MoXke HaOyBaTH pi3HUX (OpPM 3aJIeKHO Bij
PiBHS JOCTYITHOCTI, PO3MIpiB MiAIPUEMCTBA, reorpadiqyHoro Macimrady Horo AisiIbHOCTI, HEOOX1AHOT
HIBUJIKOCTI JJOCTaBKH Ta HasIBHOI iIHPPACTPYKTYPH.

4. JloricTuyHa Mepeka - I1€ LIJTICHAa CYKYNHICTh €JIEMEHTIB JIOTICTUYHOI CUCTEMH, MK SIKUMH
(OpMYIOTECS B3a€MO3B'SI3KM Ha OCHOBI OCHOBHOTO Ta/ab0 0IAaTKOBOTO IOTOKY B paMKax
aHaJII30BaHOI Y CTBOPIOBAHOI JOTICTHYHOI cTpyKTYpH (Kolodizieva T.O., 2015).
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MepexxeBa CTpYKTypa Opraizallii JOTICTUKM Ma€ pO3TJsAaTucs K (OPMYBaHHS THYUYKOL
noniueHTquHo'i CHCTEMH, fKa O3BOJISIE IOPUANYHO HE3AJICKHUM KOMIIAHIsIM, 110 BXOJATH 10 Hel,
MaTH BJIACHI LiJIi, KOHKYPYBaTH OJHA 3 OJHOIO, 3aJly4yaTH HOBUX MApTHEPIB Ta BOJHOYAC €(PEKTUBHO
OpraHizoByBaTu 1 KOOpP/IMHYBATH canHy nisutbHICTh. [lpm UBOMY B3ACMHHH 3 NAPTHEPAMHU
OyAyIOThCsl HA OCHOBI pUHKOBHUX MEXaH13MiB, a HE 3a IOTIOMOT'0I0 aIMIHICTPAaTUBHUX METOAIB. Takuii
niaxig crnpusie TpanchopMariii oprasizaiiii 3 i€papXiyHO (CUCTEMHOI0) CTPYKTYPOIO YIPABIIHHS Y
MepexeBi Mo/IeNl, MAKCUMAIIbHO a/1allTOBaHI 0 pealiid Cy4acHOT €eKOHOMIKH.

OntuManbHe MOEJHAHHS TA B3a€EMOY3TO/DKEHICTh Yy poOOTI TO3BOJIUTH MPOBOAMTH YCIILIHY
YIPaBIIHCHKY TOJITHKY JOTICTUYHHUX MPOIECIB, 3a0€3MeUyl0ud TUM CaMHM PO3BUTOK raiy3i Ha
BHYTPIIIHFOMY Ta 30BHIIIHBOMY PHUHKY Y JJOBFOCTPOKOBIH MEPCIEKTUBI.

Bucnosku (Conclusions)

3011blIeHHST 00CSTiB BUPOOHHMIITBA Ta AaKTWBI3allil BHYTPILIHIX 1 MDKHApOIHHUX 3B’SI3KiB
CIPUYMHUIIN 3pOCTAaHHS BUTPAT y cdepi JOTiCTUKH, 10 CTUMYJIIOBAJIO MiANPHUEMCTB IIYKAaTH O1IbII
e(eKTHBHI IUIAXH ONTUMI3allil MPOLECiB Ta CKOPOUEHH 3aTpatr y il chepi. Po3BuTok norictuku
3aJISKUTh HE JIMILE BiJl MparHeHHs MiANPHEMCTBA 3MEHIIUTH BUTPATH HAa TPAHCIOPTYBaHHS, ale U
BiJl IBOX BU3HAUYATHHUX YMHHHKIB: YCKIQJHECHHS PUHKOBUX BIJIHOCHH 1 3pOCTAaHHSI BUMOT JI0 SIKOCTI
MPOIIECIB PO3MOUTY, a TAaKOX HEOOXITHOCTI BIPOBAKEHHS THYYKHX OpraHi3allifHUX CTPYKTYp
IHCTUTYLIHHOTO 3a0e3MeUeHHS.

Po3BUTOK /11€BOT CUCTEMHU YNPABIIHHA JIOTICTUYHOIO AISIIBHICTIO MIANPUEMCTBA € OJHUM 13
KIIFOUOBHX YMHHUKIB I E: 1 ABUILICHHS foro e(eKTUBHOCTI, HOKPALIEHHS
KOHKYPEHTOCIIPOMOKHOCTI, 3a0€3MEUeHHs] CTajJoro PO3BUTKY. YOCKOHAJICHHS I1HCTUTYLIHHHUX
OCHOB YIPaBJIiHHA y Iiil chepi € BaKJIMBUM KPOKOM JI0 CTBOPEHHS CIIPUSATIMBUX YMOB Ui Oi3HECY
Ta MATPUMKH PO3BUTKY JIOTICTUYHOTO CEKTOPY MPOMHUCIOBUX MiAIPHEMCTB.
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Abstract: The Ukrainian IT market has proven to be one of the most
resilient and adaptive sectors of the national economy during the ongoing
full-scale war. Despite facing unprecedented challenges, including
geopolitical risks, military actions, and global economic turbulence, the
industry continues to play a vital role in supporting the country's economic
stability and international integration. This article explores the key trends,
threats, and adaptation mechanisms that define the current state of
Ukraine’s IT industry. The main goal of the study is to analyze the impact
of war-related disruptions and macroeconomic instability on the
performance and structure of the IT sector, and to identify the strategies
Ukrainian companies employ to maintain their positions in global
markets. The research methodology involves a combination of data
analysis, including IT export indicators, financial and market scoring
metrics (FinScore and MarketScore), and the examination of public
sources such as industry rankings, expert reports, and statistical databases.
Methods of comparative analysis, synthesis, and empirical interpretation
were applied to assess the sector’s response to internal and external stress
factors. The findings show that although Ukraine’s IT export volume
declined by 8.5% in 2023, the first quarter of 2024 showed signs of
stabilization and slight recovery. Major IT companies like EPAM,
SoftServe, and GlobalLogic demonstrated notable resilience through
digital innovation, operational flexibility, and market diversification.
However, many other firms struggled with human resource losses, project
reductions, and financial burdens. The study concludes that the future
development of Ukraine’s IT market will depend on the sector’s ability to
transform from a predominantly service-oriented model into a product-
service hybrid, leveraging emerging technologies such as artificial
intelligence, cybersecurity, and cloud computing. In addition, entering
new geographic markets, especially outside traditional client regions like
the US and EU, is becoming increasingly important. These
transformations will help Ukrainian IT companies remain competitive and
sustainable despite ongoing war conditions and global uncertainty.

Keywords: Ukrainian IT market, war impact, digital economy, IT
exports, FinScore, MarketScore, business resilience.
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predominantly service-oriented model into a product-service hybrid, leveraging emerging
technologies such as artificial intelligence, cybersecurity, and cloud computing. In addition, entering
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increasingly important. These transformations will help Ukrainian IT companies remain competitive
and sustainable despite ongoing war conditions and global uncertainty.
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business resilience.
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AHoTanis: YkpaiHcbkuil IT-pHHOK 3anmuInaeTbcs OAHUM 13 HAWOUIBII JUHAMIYHMX CEKTOPIB
€KOHOMIKH, JEMOHCTPYIOUM 3[ATHICTH IO ajamnTailii HaBiTh B ymoBax BiiiHH. CTarTs aHami3ye
TpaHchopMalliifHi mporecH, Mo BiA0yBalOThCs B Taly3i il BIUIMBOM 30BHIIIHIX 3arpo3: 30poiHOro
KOH(JIIKTY, T7100aJIbHOI €KOHOMIYHOT HECTaOUIbHOCTI, 3HWKEHHS IMIONMHUTY Ta 3MIHU 1HBECTHLIIHHOTO
KIIiMaTy. MeTo MOCTiIKEeHHs € BHUSBJICHHS KIIOUOBUX TEHJCHIIIN, PU3HKIB 1 CTpaTeTii aganramii
ykpaincekux [T-komnaniii B yMOBaX BOEHHOTO CTaHy. Y JOCIHIHKEHHI 3aCTOCOBAHO KOMIUIEKCHUH
MiJXiJ, 0 BKIOYae aHami3 quHamiku [T-excropty, ¢iHAHCOBOI 3BITHOCTI MPOBITHUX KOMMaHiH,
30KkpemMa nokasHukiB FinScore ta MarketScore, a Takok BTOpUHHHI aHai3 pUHKY Ha OCHOBI JaHUX
rajgy3eBUX peHTHHIIB, MyOiiuHOi aHANITUKK Ta 3BITIB. BHKOpPHCTAaHO METOAM MOPIBHSIBHOTO
aHaji3y, CTAaTUCTHYHOIO Yy3araJlbHEHHs Ta IHTEpIpeTalii eMIIpUYHUX MJaHuX. Y pe3yibTarti
BUSBIIEHO, 1110 x04a B 2023 porti oocsr [T-ekcropty 3meHmuBes Ha 8,5%, y nepiiomy kBaprani 2024
poKy BinOysocsi momipHe BimHoBieHHs. Jlinepu punky, sik-or EPAM, SoftServe, GlobalLogic,
JEMOHCTPYIOTh CTIHKICTh 3aBJSKM IHHOBALIWHOCTI, ONTUMI3aIlil BUTPAT 1 BUXOAY HA HOBI PUHKH.
BonHouac 3HauHa 4YacTMHA KOMIIaHIA CTHKA€ThCS 3 KaJPOBUMHU BTpaTaMH, 3HIDKCHHIM
npuOYTKOBOCTI Ta HEOOX1THICTIO epersay Oi3Hec-Moemel. BUCHOBKM JOCHIIKEHHS CB1IYaTh, 110
TOJIOBHOIO CTPATETI€I0 PO3BUTKY CTA€ MEPEXi BiJl CYTO CEPBICHOT MOAEII /10 MPOYKTOBO-CEPBICHOT
3 aKLIEHTOM Ha IITYYHHUH IHTENEKT, KibepOe3neky Ta MiKHApoIHy ekcraHcito. Taka Tpanchopmaris
no3Bossie  ykpaincekomy IT-cexTopy 30epiraTi KOHKYpEHTOCIPOMOXKHICTh 1 TOTEHLIad [0
3pOCTaHHA MOTPH CKJIa/IHI 30BHIIIHI YMOBH.

Karouosi ciaoBa: [T-punok Ykpainu, BIMB BiliHH, udpoBa ekoHoMika, IT-excmopt, FinScore,
MarketScore, ctilikicTh 0i3HeCy.

Beryn (Introduction)

[HpopmaLiiHO-TEeXHOJIOTTUHUI CeKTOp YKpaiHU 3aIMIIA€ThCS OJHUM 13 KIIFOUYOBHUX €JICMEHTIB
HaIlOHAJIbHOI €eKOHOMIKH, IEMOHCTPYIOUYH CTIMKICTh HaBiTh B yMOBaX 30pOiHOr0 KOHQIIIKTY. BTim,
3’ IBUWIKCS TOJ11, [0 JOCUTh CKJIAJHO BOYAyBaTH B cydacHy Monenb (yHkiionyBanns [T-kommanii
VYkpainu. I3 miMHOM Yacy HaKONMUUYYIOThCS JAecTalini3yroui (akTopu, SKi YMHATH THCK HaBITH Ha
HaOLIbII BUTPUBAJI CUCTEMHU. 3aBEpIICHHS MEpioAy aKTUBHUX CBITOBUX 1HBECTHUIIH y Taiy3b, L0
cnoctepiraBes mix yac mnanzaemii COVID-19, mnpusBiB A0 3arajgbHOrO 3HIKEHHS O00CATIB
KariTaloBKiIaaeHb. DyHKIIIOHYyBaHHS BiTUM3HAHOTO IT-pUHKY XapakTepU3yeThCsl NOMIHYBaHHSIM
ayTCOPCHHTOBUX TIOCIYTI Ta pO3pOOKHM I1HHOBAIMHUX TEXHOJOTIH, MIUPOKUM BUKOPUCTAHHSIM
MIPOEKTHOTO M1IX0/Ty Ta KOMAaHIHOI CITiBITpalli HA TJIi MOCUJICHHA aJallTUBHOI PYHKIIIT Oi13HEC-CUCTEM.
Binrak, ramy3p ICTOTHO 3aJie)KHTh BiJ] 30BHIIIHIX 3aMOBJCHb 1 KaJpPOBOrO TOTEHIANY, IO
3abe3neuye mpuHaiiMHi 70% peamizamii MpOEKTIB BHYTPIIIHIMU pecypcaMmi, TOII SIK pelra —
3aBISKU 3aydyeHUM creniaiicram [1]. Takum yuHOM, copMyBajHcs MPOTAIUHU Yy CHUCTEMI, IO
noTpe0yioTh HE TUIBKA MOTOYHOTO, a 1 JIOBOTOCTPOKOBOTO MiJXOAY 1O BiJHOBJIEHHS CTIHKOCTI
(YHKIIOHYBaHHS CUCTEM.

BoenHnit KOH(IIKT CTBOPIOE 3HAUHI PU3UKH JJIS AISUTBHOCTI KOMITaHi|, 30KpeMa 111010 6e3MeKH
nepcoHaTy Ta 30epeKeHHS MaTepiallbHO-TEXHIYHO1 0a3H, 110, y CBOIO Yepry, HEraTUBHO BIUIMBAE HA
e(peKTHBHICTh POOOTH. 3arpo3a pakeTHHX arTak, mepedoi B EHEprornocTayaHHi Ta BUMYIICHE
PO3MiLIeHHS 0(iCiB 32 KOPAOHOM MIPU3BOATH 10 BTPAT NPOAYKTUBHOCTI Ta YTPYAHIOIOTH BUKOHAHHS
KOHTPAKTiB Y BU3Hau€Hi CTPOKHU. ['0JI0BHE, HEMAa€ YiTKOTO YSBJICHHS PO KiHEel a00 3aMOpPOKYBaHHS
aKTHBHOI BiiiCbKOBOT (ha3u, 1110 MOTTUOII0E HEAOBIPY 1HBECTOPIB, MOTEHIIAIbHUX pOOOTO1aBILIB 3-32
KOPJIOHY, YKpaiHCHKMX TpaiiBHUKIB. J[yis 3a0e3nedeHHsi cTaOIbHOCTI Oi3HEC-TpoIeciB KOMITaHii
3MyIlIEH] IHBECTYBaTH y PE3EPBHI JHKepenia )KUBJICHHS, CHCTEMH 3B’ SI3Ky Ta 1HIII KPUTHYHO BaXIIUBI
1HPPACTPYKTYPHI KOMIIOHEHTH, 110 MOTpeOye 3HAUHUX JTOJJATKOBUX BUTPAT. 32 TAKUX YMOB JIOCUTh
CKJIaJTHO 310paTH KOMaH/y Ta BTPUMATH MPALIBHUKIB JI0 KiHI BUKOHAHHS MPOEKTY.

Kpim Toro, rimobanpHi €KOHOMIUHI BUKIMKH, BKIIOYAIOUH PEIECiio, MPU3BEIN IO 3HIKCHHS
nonuty Ha [T-mocimyru, oco6mmBo 3 00Ky 0OCHOBHUX 30BHIIIHIX pHHKiIB — CIIIA ta €C. Ontumizaris
BUTPAaT MDKHAPOJHHUMM 3aMOBHUKAMHU CHpPUYMHWIA CKOpodeHHs I[T-Oro/pkeTiB 1, BiAMOBIIHO,
KUTBKOCTI HOBHMX KOHTpakTiB. Ha TJii 3pocTarodoi Mi>KHApOAHOT KOHKYPEHIIT yKpaiHChKi KOMITaHii
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3MyIlIeHI KOHKYpYBAaTH 3 pipMaMu 3 iHIIUX KpPaiH, SKi MPONOHYIOTh aHAJIOTIYHI TIOCIYTH 328 HIDKYUMU
1iHaMu a00 32 YMOB 3MEHIIICHUX PU3UKIB.

Takum umnoMm, IT-puHOK (yHKLIOHYE B yMOBax PHU3MKIB y HACIiJOK BIHM Ta CBITOBOIi
TpaHchopmarllii CUCTEeMH pPO3NOALTY 3aMOBJIeHb Ta (opmyBaHHA IT-pOIYKTIB, IO 3yMOBIIOE
JOLUIBHICTh BIICTEKEHHS KIIFOUYOBHUX TeHACHLIH 3MiH [T-puHKy.

Marepiaan Ta metoan (Materials and Methods)

VYV pgochimKeHHI 3aCTOCOBAHO KOMIUIEKCHHH IIOXIiA, IO BKIIOYA€ aHaiai3 auHaMikk I1T-
eKCIopTy, (IHAHCOBOI 3BITHOCTI MPOBIMHUX KOMIMaHii, 30kpeMa Tmoka3HukiB FinScore Ta
MarketScore kommnanii YouControl, a TakoX BTOpUHHUI aHaji3 pUHKY Ha OCHOBI IaHUX rally3eBUX
pelTuHriB, MyONiyHOI aHAIITUKM Ta 3BIiTIB. BUKOpUCTaHO METOOM MOPIBHSIBHOTO aHai3y,
CTaTUCTMYHOTO Yy3arajbHEHHS Ta IHTEpIpeTalii eMMIIpUYHUX JaHUX, L0 J03BOJSE BCEOIYHO
oxapakrepusysaru [T-cexrop Ykpainu.

PesyabTaTn (Results)

Pusuk HeOGe3neku, 3MeHIIEHHsT 00CSTIB 3aMOBJICHb, MOOLTi3allisl, HECTIHKICTh C(HOPMOBAHUX
KOMaHJl, BHMYIIEHE IEepPEeMIillleHHS HaceleHHs, emirpamis (axiBIiB Ta peJokalis KOMIaHIl
bopmytoTh KaTocTpoiuHMi AedinuT KaapiB Ta 3HAYHO BIUIMBAIOTH Ha KaapoBwii moteHmian IT-
cdepu Ykpainu. Lle npu3BoauTh 10 BTpaTu KBaNi(hikOBaHUX CHELIaNICTIB 1 MOTpedu B peopraHizarii
BHYTpIIIHIX KOMaHJA. BojxHouac CKOpOYEHHS J0XOMIB Ha TJi BUCOKHMX ONEpaIliifHUX BHUTpaT,
MIOB’SI3aHUX 13 aJaMNTalli€l0 JO HOBUX YMOB, (OpPMY€E CyTTeBE (piHAHCOBE HAaBAaHTAXKEHHS Ha Oi3HeC Ta
MPaLiBHUKIB.

B ymoBax BiiicbKOBUX il 00yMOBIeHa 00epex)HICTh a00 HAaBITh BIIMOBY YaCTHHU 1HO3EMHUX
napTHeplB BiJl CIIIBIIpalli 3 YKPAaiHChKUMH KOMIAHIsIMM, 11O BEJE 10 CKOPOUEHHS KUIBKOCTI HOBHX
KOHTPAKTIB 1 3MEHILIEHHsI 00CATiB MOTOYHUX NPOeKTiB. Lle, B cBOIO 4epry, ooMexye mpuOyTKH Ta
3HMKYE IHBECTHLIWHI MOXXJIMBOCTI KOMHIaHii. Sk Hacmiok, BiAOyBaeThCs ONTHUMI3allisl BHUTpAT,
30KpeMa Ha MapKETUHTOBY MisUTBHICTb, BIPOBA/KCHHS IHHOBAIil 1 BUXiJ Ha HOBI PHUHKH, LIO
3arpo’Ky€ 3HWKEHHSAM KOHKYPEHTOCIIPOMOXHOCTI Y CepeIHbO- Ta JJOBIOCTPOKOBIH MEPCIEKTUBI.

VYCKITagHIOIOTh CUTYalil0 TaKOX 1H(IALINHI MpolecH, BaTIOTHI KOJUBAHHSI, MOJITHYHA Ta
€KOHOMIYHA HEeCTaOUIbHICTh, IO CTBOPIOIOTH atMochepy HeBu3HadeHocTi. Lle Bumarae Big IT-
KOMMaHid YKpaiHM NOCTIHHOI ajanTaiii Ta MOIIYKY CTpPATeriYHUX pIlIeHb i 30epeKeHHs
puHKOBHX mo3ulii. KpiMm Toro, npouecu amanrauii morpeOyroTh 3HaUHOrO (piHAHCYBaHHS, IO HE
3aKJIaaIoCh B OIO/DKETH MPOEKTIB UM HE Mependavanoch OKEeTaMu KOMITaHid. Y BiMOBiAb Ha
BUKJIMKU Oi3HEC aKTHBI3yBaB BIIPOBA/DKEHHS T'HYYKHMX (OpMATIB Mpalli, BIOCKOHAIEHHS CHUCTEM
KOMIICHCAIlill, MATPUMKY MpoQeciiiHOro pO3BUTKY IpaliBHUKIB, 3a0e3MeUYeHHs MCHUXOJIOTIYHOI
CTabUIBbHOCTI, a TAKOXK 30€peKEeHHS 3TypTOBaHOI KOpropaTuBHOI KynbTypu. [lupiie 3acTocyBanHs
TEXHOJIOTIM IITYYHOTO 1HTEJEKTY CTHMYJIIO€ HEOOXiAHICTh MPUCKOPEHOIO PO3BUTKY LU(PPOBUX
KOMIIETEHIIi}l y mpamiBHUKiB. He3Baxkaroun Ha i 3ycwiuid, y nepiuiid nmoigoBuHi 2024 poky raiysb
BTpaTuia opieHToBHO 2,4 THC. ¢axiBuiB [1]. 3rigHo 3 odiuitnumu ganumu, odcsr IT-ekcropty
VYkpaiau y 2023 poui cranoBuB $6,7 mapna, mo Ha 8,5% weHiie Bijg mokasHuka 2022 poky, Ta
Bignosigae piBHIO 2021 poky [6]. ¥ mepmomy kBapram 2023 poky 30epiranacst BiZHOCHa
CTaOUIbHICTh 13 HE3HAYHUM CIaJI0OM IMOPIBHSHO 3 aHAJIOTIYHUM MEPiOIOM IMOMEPEIHBOro PoKy [2].
[Ipore y npyromy Ta TpeThOMY KBapTajax CIIOCTEpIraJocsi TMOMITHE 3HIDKEHHS BHACIHIIOK
CKOpPOYECHHS 200 MPU3YIMHHEHHS MPOEKTIB MIXKHAPOJHUMHU 3aMOBHUKAMU Yepe3 pU3HKHU, TIOB’sI3aHi 3
BiliHOIO [4, 6]. KpHuTepiem BUOOPY KOMaH/IU 3aJIMIIAE€THCS 3HAXOKEHHS KapiB y Oe3reuHiii 30Hi i3
JOCTYITHAM TEXHIYHUM 3a0e3nedeHHs M 0e3 oomexens [1, 2, 3, 6].

VY uerBepromy kBapTanmi 2023 poky 3adikcoBaHe 4YacTKOBE BiJHOBJCHHS, 3YMOBJICHE
cTabini3aliero Ha OKPEeMUX PUHKAX, X04a 3arajbHi MOKa3HUKH 3aJIMIIATNCh HeraTuBHUMH [6]. Tlonpu
CKJIaJHy CHUTYyalito, ykpaiHchki IT-kommaHnii mpofoBKyBajay aKTHMBHO HpAIlOBaTH Ha 30BHILIHIX
PHHKAX 1 HIATPUMYBATH KIIEHTCHKY 0a3y, 1110 103BOJISLIO 30epiraTi cTabiabHUN MOTIK 3aMOBJICHB |3,
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6]. Y nepmomy kBaptaii 2024 poky oocsr IT-excnopry mocsar $1,75 mupa (ciuens — $570 muH,
motrii — $585 muH, O6epesenr — $595 muH) [4, 5], M0 NEpeBHUIINYyE MOKA3HUKU aHAJIOTTYHOTO
nepioxy 2023 poky Ta CBIAYUTH MPO BiTHOBJICHHS MIEBHOT MO3UTUBHOT TWHAMIKH. 3YCUILISI KOMITaHIi
y PO3LIMPEHHI MPUCYTHOCTI Ha AIbTEPHATUBHUX PUHKAX, SIKI MEHIIOI0 MIpOIO MOCTPaKIald BiJ
r7100abHOT €KOHOMIYHOT KPU3H, YaCTKOBO KOMIICHCYBAJIM CKOPOYECHHS TIOMUTY 3 OOKY TpaJAuLIIHHIX
naptHepiB — CILHA Ta kxpain €C. Jleski ykpaiHChbKi KOMIaHI1 30cepenin 1HBECTULIIT Ha po3poOLi
IHHOBAIITHUX pillIeHb y cdepax MTYYHOTO 1HTEIEKTY, PiHAHCOBUX TEXHOJIOTIH 1 Kibepbe3neku [6],
110 J1aJI0 IM 3MOTY 3MIITHUTH MO3UII1 Ha CBITOBOMY PUHKY Ta 3aJIy4YUTH HOBUX KJII€HTIB 1, THM CaMHM,
3a0e3MeunsIo HOBY TOUKY MEPUYNEKTUBHOIO 3POCTAHHS Talys3i.

3arajioM Taigy3b MNpPOJAEMOHCTPYBaJlia BHCOKY AJalTUBHICTh A0 3MiH, IO € HAaCIiJKOM
BIMCHKOBOI arpecii: axkTHBHE BIPOBA/PKEHHS BiagaseHuX (opmaTiB poOOTH, CTBOPEHHS
MDKHApPOJHMX KOMaHJ, NepeHaNlallITyBaHHsA Oi3HEC-IPOLECiB Ta OpraHi3aliiHOi CTPYKTypHu
OIITUMI3AaIlisi BUTPAT 1 TpaHCcopMalis Oi3HeC-Mo1esei T03BOIMIN MIATPUMYBATH CTa01IbHUHN piBEHb
eKCIOPTY B yMOBax IJIMOOKOI HECTaOLIbHOCTI. 3a pe3ylbTaTaMd MOHITOpUHTY HaiOumpmmx IT-
KommaHid VYkpainn BiiTky 2024 poky 3adikcoBaHo He3HauHe 3poctanHs [1]. Jlimepamu
sanumarThest EPAM Systems, SoftServe, GlobalLogic, Luxoft i Ciklum [1, 2], mio cBig4uth mpo
1XHIO 31aTHICTh €()eKTUBHO pearyBaTH Ha KPU30B1 BUKITUKH.

Ta6auus 1. /lunamika noka3HukiB ¢piHaHcoBoro ckopunry EPAM

HaiiMeHyBaHHA NTOKa3HHKA 2020 2021 2022 2023 2024
Innexc FinScore A/3.3 B/2.8 A/3.4 B/3.0 B/2.6
[ToToyna miKBiIHICTH 396,10% 354,80% 728,20%  1350,40%  1867,80%
AOGCOIOTHA JTIKBIHICTB 24,40% 54,80% 130,70% 146,90% 161,10%
Koedinient "Kucnoramii 393,70% 350,50% 725,10%  1345,70%  1862,40%
Tect"

KoeoiuienT mBuakoi 393,60% 350,50% 725,10%  1345,70%  1862,40%
JKBITHOCTI1

BinHOIIEHHS TPOIIOBUX 4.4% 10,20% 14.5% 9.2% 7,50%
KOIIITIB 10 aKTUBIB

[Tpomixkuut KOePirieHT 27,60% 56,90% 162,60% 156,40% 170,50%
MIOKPUTTS

Koeoinient aBToHOMIT 74,20% 78,00% 86,60% 93,00% 95,10%

BinHomieHHs yrcToro 60pry 0,6 0.4 0.0 0.0 0.0
1o EBITDA
Koeiti ot mokpuTTst 262,70% 229,30% 445,40%  609,90% 734,80%

HEOOOPOTHHX aKTUBIB
BJIACHUM KAaIliTaJI0M

ROA - PentabenabHICTh 15.5% 16.4% 32,60% 11.7% 13,10%
AKTHBIB

PenrabennHICTh BIACHOTO 26,40% 26,60% 60,40% 14,30% 15,90%
Kamitany

RCA - peHraGenbHICT 21.6% 26,60% 60,40% 14,30% 15,90%
00OpOTHHX aKTHUBIB

NPM- Yucra mapxa 9.0% 8.2% 17,00% 10.4% 14.7%
ROTA - penTabenbHICTh 21,40% 20.5% 41,30% 14,50% 16,20%
3arajJbHUX aKTUBIB

BanoBa penTabenbHICTh 14,40% 15,50% 20,00% 18,70% 18,90%
cobiBapTocTi

PenTabenbHicTh onepariitHux 221,40% 307,80% 509,00% 271,00% 266,30%

BUTpAT
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Uucra peHTa0eNnbHICTh BUTPAT 13,40% 11,00% 24,70% 14,30% 20,20%
OO6OpPOTHICTH 3aralIbHUX 2.0 2.0 2.3 1.2 0.9
AKTHBIB

O60poTHICTH p0OOYOTO 3.7 4.4 3.7 1.6 1.2
Kamitany

O60pOTHICTH 1e0ITOPCHKOT 3.1 3.6 3.7 1.6 1.2
3a00proBaHOCTI

[TobynoBano 3a manumu https://youcontrol.com.ua/

OTxe, crocTepiraeTbcsi MOCTYNOBE 3HWXKEHHs iHAECKCY FinScore 3 A/3.4 (2022) no B/2.6
(2024), 10 CBIAYUTH MPO MEBHE MOTipIIeHHS (PIHAHCOBOI CTIHKOCTI.

Ta6auus 2. /lunaMika NoKa3HUKIB puHKOBOTO cCKopuHry EPAM

HaiiMeHyBaHHA NMOKa3HUKA 2020 2021 2022 2023 2024
Innexc MarketScore A/3.8 A/3.8 A/4 A/3.2 B/3
YacTka y cexTopi 4.89% 525%  7.10%  3.38% 3.06%
YacTka y puHKY 12.47% 11.88% 14.04% 7.68% 6.11%
YacTka y cyOpuHKY 12.47% 11.88% 14.04% 7.68% 6.11%
Micue kommanii y ceKkTopi 3 3 2 3 5
Micue komMnaHii Ha pUHKY 1 1 1 1 2
Micue komnanii y cyOpHHKY 1 1 1 1 2
AOCOMIOTHUH PUPICTH BUPYYKH 3a pikO  2339.4  4256.8 5510.8 -7596.5 -1266.6
MJIH. TPH
BincoTkoBuii npupicT BUpYUKH 3a pik, %o 28.9% 40.8%  37.5% -37.6% - 10.0%
AOCOMIOTHUH CepeTHBOPIYHMIA TPUPICT 1798,60 2753,2 4035,7 723,7 -1117,40
BUPYYKH 32
3 pOKH, MJIH T'pH
CepenHbOPIUHUHN TEMIT 3pOCTaHHS 27,40% 31,70% 35,60%  6.5% -8,30%

BUPYUKH 3a 3 pokH, %

[TobynoBano 3a manuMmu https://youcontrol.com.ua/

3HmkeHHs iHAeKcy 3 A/4 (2022) no B/3 (2024) Takox BimoOpaxkae BTpaTy pUHKOBHX TO3HIIIMH,
30KpeMa 3MEHIIEHHS YacTKU Ha puHKY 3 14,04% no 6,11%. EPAM 366p1ra€ BUCOKY JIIKBIHICTb Ta
HYJIbOBY OOpPrOBY 3aJIeXKHICTb, ajlé CTHKA€THCS 3 PHHKOBUM THCKOM 1 3MEHIIEHHSM TEMIIIB
3poctanHs. [lonpu e, KOMIaHis 3aJIUILIAETHCS JTIASPOM raysi.

SoftServe niaTpumye 1pyry MO3HULIIO, TPOJOBKYIOUN aKTHBHY €KCIIAHCII0 Ha MIXXHAPOIHI
PHHKH 1 (POKYCYIOUHCh Ha iHHOBaLisAX (Ta0xd. 3,4).

Ta6auusa 3. /[unamika MOKa3HUKIB pUHKOBOTO CKOpUHTY SoftServe

HajiMeHyBaHHA NNOKa3HHKA 2020 2021 2022 2023 2024
Innexc MarketScore A/4 A/3.9 A/3.9 A/3.2 B/2,8
Yacrtka y cexTopi 0,19% 0,18% 0,19% 0,05% 0,00%
YacTka y puHKY 0,49% 0,40% 0,38% 0,10% 0,01%
YacTka y cyOpuHKY 0,49% 0,40% 0,38% 0,10% 0,01%
Micue kommasii y ceKkTopi 60 60 52 244 1941
Micue komMnaHiii Ha pUHKY 27 31 32 144 1085
Micue komnasii y cyOpHHKY 27 31 32 144 1085

AOCOIOTHUH TPUPICT BUPYUKU 215,6 94 51,2 -388,5 -149,3
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3a pik O MJIH. I'pH

BincoTkoBuil mpupicT BUPYUKH 112,60%  23,10% 10,20% -70,40% -91,20%
3a piK, %

AOCOMIOTHUH CepeTHBOPIYHHMA 107,30 120,7 120,2 -81,1 -162,20
MPUPICT BUPYUKH 32 3 POKH,

MJTH TpH

CepenHbOPIUHUH TeMIT 68,50%  53,40% 42,40% -26,20% -69,40%

3pOCTaHHS BUPYUKH 32 3 poKH,%

[TobynoBano 3a manuMu https://youcontrol.com.ua/

Ianexc nemoHcTpye pizke maminas 3 A/3.9 (2022) no B/2.8 (2024), yacTka pHHKY 3HU3HIACH
maiixe 110 0,01%, a mo3unis Ha punky — 3 27 1o 1085.

Tabauus 4. /lunaMika noka3HUKIB GiHaHCOBOTO CKOpHHTY SoftServe

HaiiMeHyBaHHA NMOKa3HUKA 2020 2021 2022 2023 2024
Ingexc FinScore A/3.5 A/3,3 A/3,3 C/2,1 B/2.8
IToTrouyHa JIKBIIHICTH 354,40% 364,40% 360,20% 103,90% 299,60%
AOCOIIIOTHA JTIKBIIHICTh 31,50% 168,20% 30,60% 6,20% 1,10%
Koedinient "Kucnorauii Tect" 354,40% 364,40% 360,20% 103,90% 299,60%
KoedinienT mBuakoi mikBigaocti  354,10% 363,80% 360,10% 103,70% 297,30%
BinHOIIEHHS TPOIIOBUX KOIITIB 8,50% 45,20% 8,40% 5,80% 0,40%
IO aKTUBIB
[Tpomixkuut KOePirieHT 354,10% 363,80% 360,10% 103,70% 297,30%
MOKPHUTTS
Koe(illieHT aBTOHOMIT 73,00% 73,10% 72,40% 6,20% 66,70%
BigHomenns unctoro 60pry a0 0,2 0 0,6 7 0,4
EBITDA
KoedirieHT mokpuTTst 1766,80% 3575,20%  10489,40% 239,80% 27594,60%
HEO0OOPOTHUX aKTHBIB BIACHUM
KaIliTaaoM
ROA - PenrabenbHICTh aKTHBIB 63,20% 36,60% 24,20% 7,30% 67,70%
PenrabennHICTh BIACHOTO 650.3% 60,80% 50,10% 1,30% 120,00%
Kamitany
RCA - peHraGenbHICT 66,00% 37,40% 24,30% 7,50% 67,90%
00OpPOTHHX aKTHBIB
NPM- Yucra mapxka 27,80% 15,80% 14,30% 1,80% 21,40%
ROTA - penTabenbHICTh 77,30% 44,80% 30,10% 9,70% 89,90%
3arajJbHUX aKTHUBIB
Banoa penTabenpHICTh 54,30% 30,70% 14,10% 4,50% 52,80%
cobiBaprTocTi
PenTabenbHicTh onepariitHux 564,70% 438,20% 283,20% 73,30% 156,30%
BUTpAT
Uucra peHTa0eNbHICTh BUTPAT 47,70% 23,60% 19,40% 2,40% 32,50%
OOOpOTHICTH 3arajbHUX aKTUBIB 3.0 2.6 2.0 0.9 0.6
O060pOTHICTH pOOOYOTO KammiTamy 6.4 3.6 2.8 1.4 6.4
O6opoTHICTh 1e0ITOPCHKOT 3.7 3.8 2.7 1.0 0.7

3a00proBaHOCTI

[ToGynoBano 3a nanumu https://youcontrol.com.ua/
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Innexc FinScore : 3 A/3.5 (2020) mo B/2.8 (2024), 31 3nauynum npocigansasm y 2023 (C/2.1) -
03HaKa (hiHAaHCOBUX TPYIHOIIIB y po3mnal Kpu3u. SoftServe nepexuBae CyTTeBe MaiHHSI BUPYUKH Ta
PUHKOBOT YacTKH, OJHAK JIEMOHCTPY€ 4yacTKoBe (piHaHcoBe BigHOBiIEHHS y 2024 pomi. [ToTpiGHa

rnuboka TpaHcopmalis MOJeI pocTy.

GlobalLogic mocinae Tpere Micle 3 akIEHTOM Ha IU(PPOBI MPOAYKTH Ta PO3LMIUPEHHS
CHiBMpaIli 3 MDKHApOJIHUMHU MapTHepamMu (Tabd. 5,6).

Taoauus 5. lunamika noka3HukiB ¢ginancooro ckopunry GlobalLogic

HaiiMeHyBaHHA NMOKa3HHKA 2020 2021 2022 2023 2024
Innexc FinScore A/3.1 A/3.,5 A/3.7 B/3.0 B/2.8
IToTouHa HIKBIAHICTH 505,00%  717,70%  772,20% 679,50% 421,30%
AOGCOoII0THA JIIKBIAHICTE 21,10% 43,00% 18,70%  69,90% 53,30%
Koediuient "Kucnorauii Tect" 504,40%  717,00%  771,80% 679,20% 421,20%
KoeimieHT MBHIKOT JTIKBITHOCTI 500,60%  712,00%  769,40% 677,80% 420,50%
BinHOIIEHHS TPOIIOBUX KOIITIB 10 2,70% 4,20% 2,10% 9,30% 11,30%
AKTHBIB
[TpoMixkHUH KOEPIIIIEHT MOKPUTTS 25,40% 47,80% 30,90% 76,40% 55,10%
Koe(illieHT aBTOHOMIT 74,90% 85,50% 88,60%  82,50% 72,20%
BigHomenns unctoro 60pry a0 0,6 0.2 0.2 0.3 0.9
EBITDA
KoedirieHT mokpuTTst 208,10%  294,60%  708,80% 875,70% 694,10%
HEO0OOPOTHUX aKTHBIB BIACHUM
KaIliTaaoM
ROA - PentabenbHICTh aKTHBIB 13,70% 20,20% 32,20% 18,50% 10,00%
peHTabenbpHICTh BIacHOro Kamitany  22,30% 30,90% 57,10% 28.,90% 16,20%
RCA - penrabenpHicTh 060poTHUX  21,40% 28,50% 36,80% 20,40% 11,20%
AKTHUBIB
NPM- Yucra mapxka 5,00% 6,10% 9,90% 7,90% 5,60%
ROTA - penTabenbHICTh 19,20% 26,30% 41,70% 19,00% 13,10%
3arajJbHUX aKTHUBIB
BanoBa penTabenpHICTh 14,00% 14,60% 13,70% 13,50% 13,40%
cobiBapTocTi
peHTa0eIBHICTh ONepalliiHuX 226,30%  270,10%  308,90% 316,70% 285,70%
BUTpAT
Uwncra peHTa0eNnbHICTh BUTPAT 7,40% 8,90% 13,30% 8,90% 8,40%
OO0OpOTHICTH 3aralbHUX aKTUBIB 2.9 3.5 3.9 2.7 2.0
O6opoTHiCcTh poOOYOTO KaIliTary 6.3 6.3 5.6 3.5 2.8
O6opoTHICTh 1€0ITOPCHKOT 53 5.6 5.1 33 2.6

3a00proBaHOCTI

[TobynoBano 3a manumu https://youcontrol.com.ua/

Crnoctepiraemo momipHe 3HWKeHHs iHACKCY 3 A/3.7 (2022) no B/2.8 (2024), ane kir04o0Bi

Koe(illi€HTHU 3MHIIAIOTHCS CTAOLTFHUMU 1 CHIIBHUMU (JIIKBIIHICTh, PEHTA0CNBbHICTS ).
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Ta6auus 6. /lunamika noka3HukiB puHKoBoro ckopunry GlobalLogic

HaiiMeHyBaHHA NMOKa3HUKA 2020 2021 2022 2023 2024
Innexc MarketScore A/3.8 A/3.8 A/4 A/3.4 A/3,7
Yacrtka y cexTopi 2,58%  2,75% 4,04%  3,47% 3,15%
YacTka y puHKY 6,57%  6,23%  8,00%  6,95% 6,28%
YacTka y cyOpuHKY 6,57%  6,23%  8,00%  6,95% 6,28%
Micue kommaHii y ceKkTopi 5 5 4 5 4
Micue komMnaHii Ha pUHKY 2 2 2 2 1
Micue komnanii y cyOpHHKY 2 2 2 2 1
AOCONIOTHUHN MPUPICT BUPYUKHU 32 PIK. 964,7  2205,5 3807,1 -97,9 245,2
MJIH. TPH

BincoTkoBuil mpupicT BUPYUKH 32 PiK, 21,30% 40,10% 49,40% -0,90% 2,10%
%
AOcomoTHu# cepenubopiuamii mpupict 881,20  1315,6  2325,8  1971,6 1 318,20
BHUPYUKH 32 3 pOKH, MJIH TPH
CepenHbOPIUHUH TEMIT 3pOCTaHHS 24.40% 27,00% 36,40% 27,60% 14,80%
BUPYUKH 3a 3 pokH, %

[TobynoBano 3a manuMmu https://youcontrol.com.ua/

PunkoBi mo3uii 30epiratoTbcsi Ha BUCOKOMY piBHI — iHAEKC cTaHOBUTH A/3.7 (2024 p.), a
MicIle Ha pUHKY HiaBuIIyeThes 10 1-ro. GlobalLogic neMoHCTpye CTiiiKy (iHAHCOBY CTPYKTYpy Ta
cTabiIbHE JiJepCTBO, HE3HAYHE 3MEHIIEHHS NMPUOYTKIB KOMIIEHCYEThCS PO3IIMPEHHIM IPUCYTHOCTI
Ha PUHKY.

Luxoft 36epirae yeTBepTy MO3MIIi0, 3aBASIKH eKCIePTH3l y (PiHAHCOBOMY Ta aBTOMOOIILHOMY
cekropax (Tabmn. 7,8).

Tabauus 7. /lunaMika nokasHUKiB ¢iHaHCOBOrO cKOpuHry Luxoft

HaiiMeHyBaHHA OKa3HUKA 2020 2021 2022 2023 2024
Innexc FinScore B/2,5 B/2.5 B/3.0 B/3.0 B/2.9
IToTrouyHa JIKBIIHICTH 1357,70% 1280,90% 1173,60% 1754,60% 1185,50%
AOCOIIIOTHA JTIKBIIHICTh 48,80% 16,90% 61,80% 148,60% 77,90%
Koedinient "Kucnoraumii tect"  1338,90%  1280,70%  1172,30% 1748,40%  1182,40%
KoeimienT mBuakoi 1314,40% 1253,30% 1158,20% 1729,70% 1171,80%
JIIKBIHOCTI
BinHOIIEHHS TPOIIOBUX 2,40% 1,10% 4,70% 7,70% 6,20%
KOIIITIB 10 aKTHUBIB
[TpomixkuU#t KOEPiIieHT 1314,40% 1253,30% 1102,07% 1676,60% 1171,80%
MTOKPUTTS
Koe(illieHT aBTOHOMIT 95,00% 93,70% 92,40% 94,80% 92,00%
BigHomenHs unctoro 60pry 0.1 0.2 0.1 0.0 0.1
o EBITDA
Koediti ot mokpuTTst 296,50% 487,80% 888,80%  1057,70% 1841,30%
HEO0OOPOTHUX aKTHBIB BIACHUM
KaIliTaaoM
ROA - PentabenbHICTh 2,00% 7,40% 15,20% 11,50% 14,80%
AKTHBIB
peHTa0eIbHICTh BIACHOTO 2,10% 8,40% 19,60% 13,80% 19,10%

Kamitany
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RCA - peHraGenbHICTH 2,9 9,10% 16,90% 12,60% 15,60%
00OpOTHHX aKTHUBIB

NPM- Yucra mapxka 2,10% 6,40% 10,90% 7,00% 10,10%
ROTA - penTabenbHICTh 2,40% 9,00% 18,80% 12,50% 14,00%
3araJbHHUX aKTUBIB

Banoa penTabenpHICTh 32,70% 24,60% 16,70% 19,00% 20,30%
cobiBaprTocTi

peHTa0eIBHICTh ONepalliiHuX 94,00% 115,40% 122,30% 124,30% 135,80%
BUTpAT

Uucra peHTa0eNnbHICTh BUTPAT 6,00% 5,80% 10,60% 5,20% 9,40%
OO6OpOTHICTH 3aralIbHUX 0.9 1.2 1.5 1.7 1.6
AKTHBIB

O60poTHICTH p0OOYOTO 1.6 1.7 1.9 2.0 1.9
Kamitany

O60pOTHICTH 1€0ITOPCHKOT 1.4 1.7 1.9 2.1 1.9
3a00proBaHOCTI

[To6ayoBano 3a manuMu https://youcontrol.com.ua/

CrabinpHuii piBeHb iHAEKCY Ha piBHI B/2.9 (2024 p.). IIpu npoMy, po3BUTOK i€ 3 BIIHOCHO
BHCOKOIO JIIKBITHICTIO Ta aBTOHOMI€10, 1€ HU3bKUMU TEMITAMH PEHTA0ETHHOCTI.

Ta6auus 8. /lunaMika moka3HUKIB pUHKOBOTO CKOpUHTY Luxoft

HaiiMeHyBaHHA NMOKa3HUKA 2020 2021 2022 2023 2024
Innexc MarketScore B/3 A/3.4 A/3.9 A/3.8 A/3.8
Yacrtka y cexTopi 0,08% 0,09% 0,12%  0,14% 0,14%
YacTka y puHKY 1,61% 0,19%  0,25%  0,28% 0,27%
YacTka y cyOpuHKY 4,37% 0,19%  0,25%  0,28% 0,27%
Micue kommasii y ceKkTopi 137 147 86 86 80
Micue komMnaHiii Ha pUHKY 7 76 50 50 43
Micue komnanii y cyOpHHKY 4 76 50 50 43
AOCONIOTHUHN NPUPICTH BUPYUYKH 32 -47,6 58,6 114,4 106,9 45,9

PiKO MJIH. TpH

BincoTkoBuil mpupicT BUPYUKH 32 PIK, -20,90% 32,40% 47,80% 30,20% 10,00%
%

AOCOMIOTHUH CepeTHBOPIYHHIA TPUPICT -23,20 -10,3 41,8 933 89,10
BHUPYUKH 32 3 pOKH, MJIH TPH

CepenHbOPIUHUH TEMIT 3pOCTaHHS -10,30% -4,00% 15,70% 36,60% 28.,40%
BUPYUKH 3a 3 poku, %

[To6ayoBano 3a manuMmu https://youcontrol.com.ua/

@DakTUYHO CTa0ITHPHO BUCOKUI piBeHb 1HACKCY (A/3.8) croctepiraeTbes Ha Tl MO3UTUBHOTO
MPUPOCTY BUPYUKH Ta OOMEKEHOT0 3pOCTaHHS pUHKOBOI YacTKu. 3aranom, Luxoft 30epirae Haaiiiny
¢inancoBy 0a3y Ta KOHCEPBaTUBHY AMHAMIKY, HE IEMOHCTPYIOUH SICKPABOT'O POCTY, aJie i yHHUKAI0Un
TIIMOOKHUX KPU3.

Ciklum 3anumiaeTbcs Ha M'SATOMY MICIl, MPOAOBXKYIOUH PO3IIMPIOBATH CBOIO IIOOATBHY
MPUCYTHICTH 1 mOopTdens nocuyr (tadi. 9,10).
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Tabauus 9. /lunamika nokasHukiB ¢piHancoBoro ckopury Ciklum

HaiiMeHyBaHHA IOKa3HUKA 2022 2023 2024
Innexc FinScore - A/3,2 A/3.,5
IToTouHa HIKBIAHICTH 98,90% 105,00% 215,70%
AOCOoII0THA JIIKBIAHICTE 18,80% 7,90% 15,10%
Koeodinient "Kucnorauii Tect" 98,90% 105,00% 215,70%
KoeimieHT MBHIKOT JTIKBITHOCTI 98,90% 104,90% 215,50%
BinHOIIEHHS TPOIIOBUX KOIITIB A0 aKTHUBIB 18,00% 6,70% 5,90%
[TpomikHu# KOe(ILIEHT MOKPUTTS 98,90% 104,90% 215,50%
Koeoinient aBToHOMIT 4,50% 15,00% 61,00%
Bignomenns uncroro 6opry 10 EBITDA 14,2 2.7 0.6
Koediui’HT MOKpUTTS HEOOOPOTHUX AKTUBIB 81,60% 139,50% 386,00%
BJIACHUM KaIliTaJIoM
ROA - PentabeabHICTh aKTUBIB 4,50% 11,40% 50,40%
PEHTa0ENbHICTh BIACHOTO KaliTary 320,10% 478,10%
RCA - penraGenbHICTh 000POTHUX AKTHUBIB 4,80% 12,80% 59,90%
NPM- Yucra mapxa 2,10% 1,20% 2,60%
ROTA - penTabenbHICTh 3arajibHUX aKTHUBIB 5,50% 28,70% 58,00%
Banoa penTabenbHICTh COOIBAPTOCTI 255,90% 55,20% 31,10%
PEeHTa0ENbHICTD ONepaiiHuX BUTPAT 102,90% 107,40% 114,20%
Uwncra peHTa0eNnbHICTh BUTPAT 2,60% 3,20% 3,00%
OOOpOTHICTH 3arajibHUX AKTHUBIB 4.2. 10,4 23,1
O6opoTHiCcTh poOOYOTO KarliTary -414 5424 81,8
O60poTHICTh 1e0ITOPCHKOT 3200PrOBaHOCTI 5,6 13,1 28,9

[TobynoBaHo 3a manuMu https://youcontrol.com.ua/

3poctranns iHAekcy 3 A/3.2 (2023) nmo A/3.5 (2024) Bka3zye Ha auHaMiuHe (iHAHCOBE
nokpatieHHs. CrocTepiraeTbest picT peHTabeIbHOCT] aKTHBIB Ta KarmiTamty.

Ta6auus 10. [[uHamika MoKa3HUKIB PUHKOBOTO CKOPUHTY

HaiiMeHyBaHHA OKa3HUKA 2023 2024
Innexc MarketScore A4 A/4
YacTka y cexTopi 0.04% 0.10%
YacTka y puHKY 0.08% 0.20%
YacTka y cyOpuHKY 0.08% 0.20%
Micue kommaHii y ceKkTopi 312 111
Micue komMnaHii Ha pUHKY 180 65
Micue komnanii y cyOpHHKY 180 65
AOCONIOTHUH NPUPICTH BUPYUKH 32 PIK MIIH. TPH 103,4 252,2
BincoTkoBuii mpupicT BUPYUKH 3a piK, %o 457,80% 200,20%
AOCOMIOTHUH cepeTHbOPIYHUI PUPICT BUPYUKH 32 103,4 177,80
3 poKHU, MJIH TPH

457,80% 309,20%

CyxkynHuil cepeTHbOPIUHUI TeMI 3pOCTaHHS BUPYUYKH 32 3 pOoKH, %

[TobynoBano 3a manuMu https://youcontrol.com.ua/

51


https://youcontrol.com.ua/
https://youcontrol.com.ua/

Scientific and practical journal "Economics and technical engineering"

PiBens iHzmekcy crabinpHuil A/4 (00uABa POKM), 3 EKCIIOHEHLIATHHUM 3POCTAHHSAM BUPYYKH
(ma 200,2% y 2024 p.). Ciklum gemoHCTpye HaWOUIBII MO3UTHBHY IWHAMIKY Cepell YCiX I'STH
KOMIIaHiH{, 3aBASKH e()eKTUBHIN ajanTaiii 70 HOBUX YMOB Ta arpeCUBHOMY PHHKOBOMY 3POCTAHHIO.
Ane mepio JOCTiKEeHHsT 0OMEeXEHUIA.

Cepen koMmIaHiii cepeIHbOTO PO3MiIpy OKpeMi YYaCHUKHM PUHKY JEMOHCTPYIOTH IO3UTHBHY
IMHAMIKy pO3BHUTKY. 30kpema, Intellias yTpumye nigepchbKy MO3MLII0 B I[bOMY CETMEHTI, IO
MOSICHIOETHCSI AaKTUBHOIO EKCIIAaHCie y cdepax aBTOMOOUIBHOI MPOMHUCIOBOCTI Ta (iHAHCOBHX
nocayr. Sigma Software 3a0esmedye cranuii picT 3a paxyHOK eQEKTHUBHOI CHiBOpami 3
MDKHApOJHUMHU CTapTanamMH Ta BEIMKHUMM KopropaTuBHUMH kiieHTamu. Kommanis N-iX 3aiimae
TpEeTe MICIE 3aBJIIKM 3aTHOCTI MacIITa0yBaTH MIPOEKTH Ta TTMOOKIH ramysesiil ekcrieptusi. DataArt
MOCWJTIOE TIO3UIIT HAa PUHKY (DIHAHCOBUX TEXHOJIOTIH 1 U(POBOI OXOPOHU 3I0pOB’s, 30epiraroun
4eTBEepPTy CXOAMHKY. Y cBoro uepry, ELEKS ¢oxycyerscs Ha iHHOBawisix y jorictuii ta cdepi
PO3ApiOHOT TOPTiBIL, IO CIIPHSIE 3MIITHEHHIO 11 pUHKOBUX MO3HUIIIH.

VY nepmomy niBpiudi 2024 poky 18 ykpaincbkux [T-koMnaHii mpo1eMOHCTpyBaJIi 3pOCTaHHS,
0 € BarOMMM JOCATHEHHSAM Ha (OHI CKJIaJHOI MaKpOEKOHOMIiuHOi cuTyarii. [lonmoBuHa 3 HHUX
NIPEJCTABISE MPOTYKTOBUH CETMEHT, IO CBITYUTH MPO MOCHUJICHHS TEHJAEHIII A0 CTBOPEHHS Ta
PO3BHUTKY BIAaCHUX IHUQPOBHX pimeHb. Lli KommaHii 3MOraM He Juiie 30epertTd iHBECTULIIHHHMA
iHTEepec, a ¥ PO3LMIMPUTH MPUCYTHICTh HA 30BHIMIHIX PUHKAX, IO CBIIYUTH MPO BUCOKHUU pPIBEHB
CTIMKOCTI Ta IHHOBAIIITHOTO TTOTEHITIANTY.

[To3uTBHA MUHAMIKA cTaja MOKJIMBOIO 3aBJSKH BIPOBAKEHHIO 1HHOBAIIWHUX MOJEIEH
yIpaBIIiHHS, THYYKUX Oi3Hec-CTpaTeriii Ta 34aTHOCTI ONEPAaTUBHO aJanTyBaTHUCS OO MIHJIMBUX
PUHKOBHX yMOB. BosmHouac, 29 koMmaHii 31TKHYJIHCS 3 HETAaTUBHOIO TMHAMIKOIO Y TOMY K IIepioii.
OcHOBHUMH (haKTOpPaMH CTIay CTAIH 3MEHILECHHS 00CSTiB 3aMOBJICHb, BTpaTa KII€HTIB, MOO1II3a1lis
MepCcoHATy, PENMOKAIliiiHI TPYAHOII, a TAKOXK 3arajibHa €KOHOMIYHA HECTAOUTbHICTh. Y BiIMOBIIAHL
6arato KoMIaHiii OyJM 3MyIIEHI CKOPOTHTH MEPCOHA a00 ONTUMI3yBaTU BUTPATH, 11O 1€ Olble
nocaaduino IXHi KOHKYPEHTHI MO3UIIil.

Bucnosku (Conclusions)

VY mepion 2023-2024 pokiB ykpaincekuil IT-puHOK NMpoJeMOHCTPYBaB 3HA4YHY CTIHKICTH 1
30aTHICTH [0 ajanTauii B yMOBax BIHHM, €KOHOMIYHOi HECTaOUIBHOCTI Ta IJI00ANBHOTO CHazIy
nonuty Ha uudposi nocuyru. [lonpu 3HmwkeHHs 00csriB ekcriopty IT-nociyr y 2023 poui Ha 8,5%,
BXe y mepmomMy kBaptam 2024 poky cmocTepirajiocs 4YacTKOBE BiJHOBJICHHS, IO 3aCBiTUye
MOTEHIial ray3i 1o cTalimizamii Ta 3poctanHs. AHamni3 npoBigaux IT-kommaniit (EPAM, SoftServe,
GlobalLogic, Luxoft, Ciklum) 3a mokaznukamu FinScore ta MarketScore BusiBUB, 110 HalOIIBII
crabinbHy auHamiky nemoHcTpyioTh GlobalLogic Ta Ciklum, sxi 3yminu He nuiie 30eperTu
¢biHaHCOBY €(EKTHUBHICTD, a i 3MILIHUTH No3uLii Ha puHKY. EPAM 30epirae minepcTBo, ajie mokasye
O3HaKH YMOBLUIBLHEHHS pocTy. SoftServe, HaBmaku, 3a3HaB iICTOTHOTO 3HMKCHHS K (JIHAHCOBUX, TaK
1 pUHKOBHX MOKa3HUKIB. Luxoft yrpumye ctabinbHi, Xo4ya i HOMipHI pe3yabTaTu. [ 0J0BHI BUKIMKH
IUISL Tally3l 3aJIMIIAI0ThCS HE3MIHHUMM: PU3UKU OE3MEKH, pesloKallis mepcoHally, KaJpoBi BTPATH,
HecTaya 1HBECTHIM, KOHKypeHHis 3 Ooky IT-cexkropiB iHmmx kpaiH. BomgHowac kommasii
JIEeMOHCTPYIOTh BHCOKY aJalTUBHICTh: BIPOBA/KYIOTh THYUKI YMOBH Ipali, Hu(poBi iHHOBAIII,
IHBECTYIOTh y pO3pOOKY BIAaCHUX MPOJIYKTIB 1 BUXOJATHh HA HOBI pHHKH. KilloUoBUM cTpaTeriyHuM
HanpsMoM po3BHUTKY IT-cexTopy Ykpainu € Tpanchopmariist 3 cepBiCHOI MOJieNi O MPOAYKTOBO-
CEepBICHOI, 3 aKTUBHUM BIIPOBA/KEHHSAM HITYYHOTO 1HTEJIEKTY, pillleHb Yy cepi KibepOe3neku Ta
po3mupeHHsaM reorpadii ekcropTy, 30kpeMa Ha puHKM bnmspkoro Cxony, Asii ta JlaTmHChKOT
Awmepuku. Takuil miaxig A03BOJUTH Taly3i 30epiraTi KOHKYpEHTOCTIPOMOXKHICTh, 3aIy4aTH HOBHUX
KITEHTIB 1 3a0€3MEeYUTH CTaJICTh PO3BUTKY HAaBITh B YMOBAaX TPHUBAIOi TypOYJIEHTHOCTI.
[lepcnieKTHBOIO JOCHTIKEHHSI € OOIpyHTYBaHHsS po3BUTKY IT-puHKY B ymMoBax BiHM Ha OCHOBI
MIPOTHO3HUX JIaHUX.
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Abstract: The rapid development of digital technologies and the
increasing demand for practice-oriented education have led to a rethinking
of approaches to mathematics teaching, especially in the context of
training future specialists in the field of management and administration.
Mathematical knowledge plays a key role in economic and financial
decision-making, which requires a deep understanding of spatial
relationships, analytical structures, and quantitative dependencies.
However, students in higher education institutions often encounter
difficulties in mastering abstract mathematical concepts, which negatively
affects their motivation and professional self-identification. This study
explores the potential of the GeoGebra software environment with
augmented reality (AR) functions as a modern tool for improving
mathematics learning among students of financial and economic
specialties. The study included a theoretical review of international
literature on the use of AR technologies in education and an experimental
test involving students majoring in “Finance, Banking, Insurance, and
Stock Market”. The experimental group used GeoGebra 3D Calculator
with AR to solve geometric, algebraic, and financial math problems, while
the control group used traditional methods. The results showed improved
understanding of spatial concepts, increased motivation, and better results
among students who used AR-based visualizations. In addition, project-
based learning activities using GeoGebra AR helped students connect
mathematical theory with real-world financial applications. The study
confirms the effectiveness of integrating GeoGebra AR into the
mathematics curricula for higher education institutions and offers
methodological recommendations for its implementation. This approach
not only improves the quality of mathematical training but also contributes
to the development of digital skills and professional competencies of
future specialists in the field of management and administration. The
integration of innovative tools like GeoGebra AR aligns with global trends
in digital education and supports the formation of a more flexible,
adaptive, and future-oriented learning environment.

Keywords: GeoGebra; augmented reality; teaching mathematics; spatial
thinking; visualization; digital tools; project-based learning.
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Abstract: The rapid development of digital technologies and the growing demand for practice-
oriented education have led to a rethinking of approaches to mathematics teaching, especially in
training future specialists in the field of management and administration. Mathematical knowledge
plays a key role in economic and financial decision-making, requiring a deep understanding of spatial
relationships, analytical structures, and quantitative dependencies. However, students in higher
education often struggle with abstract mathematical concepts, which affects their motivation and
professional self-identification. This study explores the potential of the GeoGebra software
environment with augmented reality (AR) as a modern tool for enhancing mathematics learning
among students of financial and economic specialties. It includes a theoretical review of international
literature on AR technologies in education and an experimental test involving students majoring in
“Finance, Banking, Insurance, and Stock Market”. The experimental group used the GeoGebra 3D
Calculator with AR to solve geometric, algebraic, and financial math problems, while the control
group applied traditional methods. The results revealed improved spatial understanding, increased
motivation, and better academic performance among students using AR-based visualizations.
Additionally, project-based learning activities with GeoGebra AR helped link mathematical theory
to real-world financial applications. The study confirms the effectiveness of integrating GeoGebra
AR into higher education mathematics curricula and provides methodological recommendations. This
approach enhances mathematical training quality and supports the development of digital skills and
professional competencies of future specialists in the field of management and administration.
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GeoGebra 3 1010BHEHOI0 PeaIbHICTIO IK IHCTPYMEHT HABYAHHS MAaTeMATHKH Y MIATOTOBILI
(axiBuiB ramnysi ynpasiaiHHA Ta aAMiHiICTpyBaHHS

Oumnpbra [Tnnnenko
JOKTOp (bmocoq)u Bll[OerMJIeHI/II/I CprKTypHI/II/I nmpo3nm «DaxoBUil KONEIK EKOHOMIKH 1
TEXHOJIOTiH JlepkaBHOTO YHIBEPCUTETY €KOHOMIKH 1 TexHomoriiy, Kpusnuii Pir, Ykpaina
e-mail: banadaolga96@gmail.com
ORCID ID: 0000-0003-0493-8429

AHotanis: I[lIBunkuif po3BUTOK IU(PPOBUX TEXHOJOTIM 1 3pOCTalOuMil MOMUT HA MPAKTUKO-
Opi€HTOBaHE HABYaHHS MPU3BEIN 10 IEPEOCMUCICHHS MMiX0/11B BUKJIAJaHHA MaTEMAaTUKH, OCOOJIUBO
B KOHTEKCTI MIATOTOBKY MalOyTHIX (axiBIIiB raiy3i ynpasiIiHHs Ta aAMIHICTpyBaHHA. MaTeMaTu4Hi
3HAHHS BIAINPAIOTh KJIIOUOBY POJIb y NMPUHHATTI €eKOHOMIYHHUX 1 (JiHAHCOBUX DIllIeHb, 10 BUMArae
ITUOOKOT0 PO3YMIHHS MPOCTOPOBUX B3a€MO3B’SI3KIB, AHAIITUYHHUX CTPYKTYp 1 KUIBKICHUX
3anexxHocteil. Ilpore cryneHTn 3akimazgiB (axoBoi MEpeABHUIIOI OCBITH YaCTO CTHUKAIOTHCS 3
TPYAHOILAMH B OCBOEHHI aOCTPAaKTHUX MAaTEMaTHMYHHUX IOHSThH, 110 HETaTHBHO BIUIUBAE Ha iXHIO
MOTHBAIIIIO. Y OMY JOCTIKEHHI PO3TIISIIA€THCS IOTEHITIaN porpaMHoro cepenosuia GeoGebra
3 pyHKIisIME T0TIOBHEHOT peanbHOCTI (AR) sIK CydacHOT0 iHCTPYMEHTY JUIsl IIOKPAICHHS BUBYCHHS
MaTeMaTHKU cepell CTYACHTIB (piHAHCOBO-€KOHOMIUHUX CrelianbHOCTeH. JIOoCTiIKEHHS OXOILTIOE
O]l MDKHApPOJHOI JIITEpaTypH IIOAO0 3acTocyBaHHA AR B OCBITI Ta €KCIIEPHUMEHT 3a YYacTiO
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CTYZCHTIB crenianbHocTi «@DiHaHcH, OaHKIBCbKa CIpaBa, CTpaxyBaHHS Ta (DOHIOBUN PHHOKY.
ExcnepumenrtanbHa rpyna BukopuctoByBana GeoGebra 3D Calculator 3 AR nanst po3B’si3aHHA
reoMeTpUYHUX, anreOpaiuHux i (iHaHCOBMX 3a7ay, TOAl SIK KOHTPOJbHA — TPAUIIIHI METOIH.
Pe3ynpraTi 3aCBiUMIM TOKPAIIEHHS PO3YMIHHS MPOCTOPOBUX MOHATH, MiJBUIIEHHS MOTHBALIi Ta
Kpallli pe3yJabTaTh y CTYJCHTIB, sKi 3acTocoByBain AR-Bizyanizarii. Kpim Toro, mpo€exTHi HaB4aIbHi
3axoau 3 BukopuctanuaM GeoGebra AR pomomornu ctyneHTaM MoB’si3aTH MaTEMAaTUYHY TEOPIio 3
peanbHUMHU (PIHAHCOBMMH 3aCTOCYBAaHHAMHM. J{OCTI/KEHHS MiITBEP/DKYE ePEKTHBHICTH 1HTETparii
GeoGebra AR y naBuanbHi nporpamu MmareMaTik y 3®I1O Ta npornoHye METOIMYHI peKOMEHIAII].
Taxuii miaxig He JIMIIEe MOKPAIly€e SKICTh MIATOTOBKH, a M CHpHUs€e PO3BUTKY IU(PPOBUX HABHYOK i
npodeciifHuX KOMIETEeHTHOCTe MailOyTHIX (axiBIiB.

Kuarouosi cioBa: GeoGebra; 1onoBHEHA pealibHICTh; MaTEeMaTUYHA OCBITa; TPOCTOPOBE MUCIICHHS;
Bi3yaunizauis; HuppoBi IHCTPYMEHTH; IPOEKTHE HABUAHHS.

Beryn (Introduction)

VY XXI cronitTi epeKTUBHA MaTeMaTU4HA MiArOTOBKA € KPUTUYHO BAKIMBOIO CKJIAIOBOIO
npodeciifHol OCBITH, 30KpemMa y cdepax QiHaHCIB, €KOHOMIKM Ta oOmiky. Bona 3abe3meuye
3100yBaviB OCBITH HE IUIIe 0a30BUMH OOYHMCIIOBAIILHUMU HAaBHUYKAMH, a ¥ PO3BUBAE JIOTIYHE,
aHAJITHYHE Ta IMPOCTOPOBE MUCIEHHS, HEOOXiHE I NPUHHATTA OOIPYHTOBAHMUX pIlIEHb Y
peaIbHUX €KOHOMIYHHX CHUTYaIlisiX. BogHOYac YHCIEHH] TOCITIHKEHHS 3aCBIIYYIOTh, 0 CTYJACHTH
3akaiB (paxoBOi MEepeBUIIOI OCBITH YaCTO CTHKAIOTHCS 3 TPYAHOIIAMH y BUBYCHHI MaTEMaTHKH,
IO MOB’s13aHO 3 ii aOCTPAaKTHUM XapaKTepoM, HEJOCTAaTHbOIO Bi3yasi3alli€l0 MOHATh T4 HU3BKOIO
HABYAJIBHOIO MOTHBAII€IO (Lytvynova et al., 2020, Petrov, Atanasova, 2020).

Ha 1711 nux BUKJIKKIB 0COOJIMBOrO 3HaYCHHS HAOyBa€ BIPOBAHKEHHS [IM(PPOBUX TEXHOJIOTIN Yy
HaBYAJBHUN MPOLIEC, K1 CIIPUAIOTH TIEPCOHANI3aMi{ OCBITH Ta MiABUIYIOTh 3JIy4€HHS CTYJICHTIB 0
Mi3HABAIBLHOT AisTbHOCTI. OIHIEIO 3 TAKMX TEXHOJOTIH € T0TOBHEHA pealibHicTh (AR), sika moennye
BIpTyasibHI 00’€KTH 3 (PI3SUMUHUM CBITOM 1 JI03BOJISIE BUBOJAMTH MaTEMaTU4HI MOJENI y peaabHUN
npoctip. ITorenmian AR sk 3aco0y HaBYaHHS AaKTUBHO JOCIHIIKYETHCS y PI3HHX IUCLUIUTIHAX,
30KpeMa y reoMeTpii, ¢i3zui, iHkeHepii Ta MeauuHii Bizyanizauii (Ibariez, Delgado-Kloos, 2018,
Garzon et al., 2019; Vakaliuk, Pochtoviuk, 2021). Oxpemi myOmikamii 10BoJsATh, o AR 3Ha4HO
MOKpAIlye PO3YMIHHS MPOCTOPOBHX KOHCTPYKLINA Ta CIpHsS€ PO3BUTKY KPUTUYHOTO MHCICHHS
(Garzon, Acevedo, 2020). JlocnipKeHHS TOKA3alM, 1[0 BUKOPUCTAHHS JIOTIOBHEHOI pEalbHOCTI B
MO€HAHHI 3 TPOOJIEMHO-OPIEHTOBAHMM HABYAHHSAM IMOKpAIlye MaTeMaTHYHy KOMYHIKAIlilo
CTYIeHTIB (Batubara et al., 2022).

OnHUM 13 MEpCIEeKTUBHUX HAINPSIMIB BUKOPUCTaHHS JONOBHEHOI pPEalbHOCTI B OCBITI €
BUBYCHHS IUIAHIMETPIi Ta cTepeoMeTpii, 110 mnependayae Bizyasi3allilo TeOMETpHYHUX 00’ €KTIB Ta
OVUHAMIYHE JOCHIKeHHs iX BracTuBocTeld. OKpemi AOCTIIKEHHS MOBOIATH, IO BUKOPHUCTAHHS
IHCTpYMEHTIB JIONTIOBHEHOI PeajbHOCTI i/l 4aCc BUBYEHHS JBOBUMIPHOI T€OMETPii CIIpUsi€ KpAIIoMy
PO3YMIHHIO B3a€MO3B’SI3KiB MK (hirypamu, po3BUTKY MPOCTOPOBOTO MHCICHHS Ta IiJBUIICHHIO
MOTHBAIIi1 3100yBauiB OCBITH (Rashevska et al., 2020).

Cepen mporpamMHHUX pillleHb, IO MOETHYIOTh MaTemarwuyHi (GyHKmii 3 MoxiuBicTio AR-
Bizyamizanii, BupizHieThcss GeoGebra — nuHaMiuHE IHTEPAKTHUBHE CEPEJOBHINE, SKE IMOEIHYE
reoMeTpito, anredpy, aHali3 1 CTaTUCTHKY B €IuHOMY LuppoBoMmy iHcTpyMmeHTi. 3 2018 poky B
GeoGebra peanizoBano ¢yHkuioHan 3D-BifoOpakeHHs Y JOMIOBHEHIN peabHOCTI, KU BIJKPUBA€E
HOBI MOXIIUBOCTI i TJIMOOKOTO OCMHCIICHHS MaTeMatmuyHux wmojenei. [lonmpu mmpoke
BrpoBakeHHS GeoGebra y mikinbHY OcBiTY (Cheong et al., 2024, Ibariez, Delgado-Kloos, 2018,
Shabanova et al., 2020), nuTaHHs BUKOPUCTAHHS IIi€1 TEXHOJIOTIi caMe Yy MIATOTOBII (iHAHCOBUX
(haxiBI[iB JIUIIAETHCS] MATIOIOCITIKCHIM.

Ha cporoasi icHye moTpeba y mepeocMHUCIEHH] 3MICTy Ta METOJ[IB MATEMaTUYHOI i ITOTOBKU
CTYACHTIB €KOHOMIYHOTO MPO(]IIIO 3 ypaxyBaHHIM IWHAMIKHU [M(POBi3allii, MiX@IUCIUILTIHAPHOCTI
Ta PUHKOBUX 3allUTIiB Ha LU(POBY TIpaMOTHICTh. BogHowyac y JiTepaTypi CIOCTEpiraeTbes
HE/IOCTATHE y3arajJbHEHHs NPUKIIAJHUX KEWCIB BUKOpUCTaHHA AR y MareMaTHYHHMX AUCIUILTIHAX
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caMme raiy3i yOpaBiiHHA Ta aaMiHICTpYBaHHS, a TaKOX OOMEXEeHE METOIUYHE 3a0e3neueHHs s
BUKJIAaYiB KOJIEIKIB.

MerTor0 11i€1 CTATTi € MpoaHali3yBaTH Cy4aCHUH CTaH JOCIIIKEHb BUKOPUCTAHHS JOMOBHEHOT
peasibHOCTI B TporpamHomy cepenoBumni GeoGebra y KOHTEKCTI MAaTeMaTHYHOI OCBITH,
30CepeIMBIIN yBary Ha IMIATOTOBII CTYAEHTIB KOJEMXKiB. Y poOOTI HaBeIeHO NpPUKIAAN
3actocyBaHHa GeoGebra AR y pi3HMX MaTeMaTHYHHX Taly3ax (aHaJIITUYHINA TeoMeTpii, (hiHaHCOBIN
MaTeMaTHIl, TPOCTOPOBOMY MOJICIIOBaHHI), a TaKOX 3alpONOHOBAHO METOIUYHI MIIXOAH IO
eeKTHBHOI iHTerpamii 1i€i TexHonorii B HaB4ajdbHI NporpamMu. OCHOBHI BUCHOBKH JOCIIJKCHHS
CBiquaTh npo mo3utuBHUM BIIIMB GeoGebra AR Ha pe3ynbTaTv HaBYAHHS, IMiBUIIICHHS MOTHBAIIIT,
¢bopmyBanHs npodeciiHuX 1 MMPPOBUX KOMIIETEHTHOCTEH 3/7100yBayiB OCBITH.

Marepiaan Ta metoan (Materials and Methods)

JlocnipkeHnHs 6a3yBaiocs Ha 3MIIIaHOMY TIIX0/Ii 3 BUKOPUCTAHHSM €JIEMEHTIB Me1aroriyHoro
eKCIIEPUMEHTY, SIKICHOTO aHalli3y [iSUIbHOCTI CTYJEHTIB Ta EMIIIPHYHOTO CIIOCTEPEKEHHS 3a
HaBYAJbHUMHU pE3yJbTaTaMU B yMOBaX MPOEKTHOI AisIbHOCTI. MeToro Oyj0 BUBUEHHS BIUIMBY
BUKOpPHUCTaHHA IMdpoBux iHCTpyMeHTiB GeoGebra 3D Tta nmomoBHeHoi peanbHOCTI (AR) Ha
(bopMyBaHHS POCTOPOBOTO MUCJICHHS, AHATITUYHUX YMiHb TAa HABYAJIbHOI MOTHBALlii CTY/AEHTIB
€KOHOMIYHOTO MPOP1ITIO.

VY nmocmimkeHHI Opaidy ydacTh CTyIEHTH choemiaabHOCTi «@DiHaHcH, OaHKIBChKa CIIpaBa,
cTpaxyBaHHA Ta ¢poHaoBul puHOK» BCII «@DaxoBuil Konemk eKOHOMIKH 1 TeXHOJori# JlepxaBHOro
YHIBEPCUTETY €KOHOMIKH 1 TEXHOJIOT1i». 3aragoM Oyno oxomieHo 35 ocib, siki Oyiu po3noisieHi Ha
koHTpobHy (KI', 17 ctynenriB) Ta ekcnepumentaibhy (EI, 18 crynenris) rpymu.

3 Meror0 3a0e3nedyeHHs HaIIHHOCTI pPe3yNbTaTiB EKCIEePUMEHTY Jalli PO3IJITHEMO HOro
METOAMYHY OpTaHizallilo.

Incmpymenmapiti. Y DOCTiIKEHHI BUKOPUCTOBYBAJIOCH Mporpamue 3abesmneueHHss GeoGebra
3D Calculator (mo6inbHa Ta KOMI'IOTepHa Bepcii) 3 iHTerpoBaHuM AR-momynem. Mogeni
cTBoproBasiuch y BikHI 3D I'pacdika, micias 4oro mepeHOCHIHMCh Y JIOTNOBHEHY pealbHICTh 3a
JOMIOMOTOI0 MOOIUTBHOTO TPHUCTPOI0 3 Kameporo. [1o0yaoBu 3aiiiCHIOBAINCH i3 BUKOPUCTAHHSAM
CTaHIApTHOTO HA0OPY IHCTPYMEHTIB.

Ilpoyeoypa. YYacHUKH EKCHEPUMEHTAIbHOI TPyl MpalioBald HajJ M00YJ0BOIO Ta
JOCHIUKCHHSIM TPUBHUMIPHUX MojeJel (Mpu3MH, Napanesemnineaa, 3pi3aHoro KOHyca, Ky,
nipaMifu), siKi MPOEKTYBANUCS B peaibHe cepepoBuine 3a nornomoroio AR. Koxen cryaeHTt abo
MIHITpYIIa BUKOHYBAJIU CEpii0 MPAKTUYHMX 3aBAaHb Ta MIHINPOEKTIB: «IrpoBuii mMaitnanunky», «Mos
KiMHaTay», « ToproBuii naBiabiion», K EKOHOMHA EKOHOMIKay.

Memoou 3600py danux. 30ip iHPOpMAIIiT 3M1HCHIOBABCS MUISIXOM:

— aHKeTyBaHHS CTYICHTIB (0 1 MiCJIs BAKOHAHHS 3aBJaHb);

— aHaJi3y BUKOHAHHUX MOJETCH;

— CIIOCTEpE)KEHHS 3a JAMHAMIKOIO PO3BUTKY HAaBHYOK (TIPOCTOPOBE MHCICHHS, JIOTI4HI
MipKyBaHHS, CAMOCTIHHICTB);

— nopiBHsHHA pe3ynbTatiB EI' 1 KI' y po3B’s3aHHI aHANOTIYHUX 33/1a4.

Memoou ananizy. Jlyig aHamnizy pe3yabTaTiB BUKOPUCTOBYBAJIUCH:

—IOPIBHSUIbHA CTATUCTHKA (Y BIICOTKOBOMY BUPa)KEHHI);

— OMMCOBO-aHATITHYHUI METO TSI OLIIHIOBaHHS TTTHOWHU PO3YMIHHS MaTeMaTUYHUX ITOHSTD;

—KOHTEHT-aHaJi3 MoJieNiei, CTBOPEHHUX CTYIEHTaMU;

—KICHUH aHaJi3 yCBIOMJICHHS 3MICTYy MaTEeMaTHYHUX 3aJISKHOCTEH Ta PiBHA apryMeHTalii
pillieHb.

Emuuni  acnexmu. Yci y4YacHUKM €KCIEPHUMEHTY OynM TpoiHPOPMOBaHI MpPO MeETy
JOCIIJUKEHHST Ta Jalld YCHY 3roJly Ha ydacThb. 3i0paHi JaHi BUKOPHUCTOBYBAJIWCH BHUKIIOUYHO B
HaBYAJbHO-HAYKOBHX LIIAX, 13 JOTPUMAHHAM MPUHIHITIB KOHQIACHIIHHOCTI.

3anporoHoBaHi 3a/1a4i Ta MOJIEN1 € YHIBEpCAIbHUMH Ta MOXKYTh OyTH aJanToBaHi U pi3HUX
PiBHIB CKJIaHOCTI — BiJ 0a30B0Oi reoMeTpii 10 MOrTUOICHUX KypCiB 3 eleMEHTaMH MaTeMaTHYHOTO
aHamizy Ta (iHaHCOBUX oOuumciieHb. Takuil miaxix 3a0esnedye BIAKPUTICT 1 MOBTOPIOBAHICTh
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JOCIIJKEHHS, 1110 € BaKJIMBOIO YMOBOIO HayKOBO1 Bepu(ikallii Ta MpakTUYHOI anpoballii pe3yabTaTiB
y UIMPIIOMY OCBITHBOMY KOHTEKCTI.

PesyabTaTn (Results)

Y pe3ynbraTi MPOBENEHOTO JOCHIIKEHHS Oylio BCTAHOBJICHO TMO3UTHUBHUI BILUIUB
BUKOpUCTaHHA HppoBoro iHcTpymeHTapito GeoGebra 3 pyHKIi€ro qomoBHEHOT peanbHOCTI (AR) Ha
AKICTb HABYaHHS CTepeoMeTpii CTYyJIEeHTIB (iHAHCOBO-€KOHOMIUHOro mpodigo. 3okpema,
¢ikcyBaocs MOKpaIeHHs IPOCTOPOBOTO MHUCICHHS, MiJIBUILEHHS PiBHA PO3YMIHHS T€OMETPHUYHUX
BIIACTHBOCTEH 00’€KTIB, 3MaTHICTh 10 MOOYJOBM MAaTeMAaTUYHHX MOJEJICH Ta pO3B’sI3aHHS 3a1ad
MPUKIIAJHOTO 3MICTY 3 ONTUMI3aLiHHOIO CKIIaI0BOIO.

AKTHBHE BUKOpuUCTaHHA AR-Monenedr cmpusio (opMyBaHHIO B YYaCHHKIB JIOCIHIIKEHHS
HaBUYOK Bi3yaiizallii CKiIagHuX (iryp, JOriyHOrO aHaNi3y B3a€MO3B’S3KiB MK MapaMeTpaMH Tl y
MPOCTOPI, & TAaKOX TMOCHUJICHHIO HABYAIBHOI MOTHBAIlil. Y XOJi BUKOHAHHS MPOEKTHHUX 3aBJaHb
CTYACHTH JIEMOHCTPYBAJIX 31aTHICTh HE JIUIIE 10 MAaTEMaTHYHOT'0 KOHCTPYIOBAHHS, a i 10 KpUTUYHOT
1HTepIIpeTaii pe3ybTaTiB, IEPEBIPKH TiMOTe3 1 OOTPYHTYBAaHHS BJIACHHUX PIllICHb.

3 METOI0 CUCTEMHOT'O aHaJIi3y OTPUMAHUX Pe3yIbTATIB Ta MPEICTABICHHS KIIOYOBUX HATIPSIMIB
BripoBapkeHHs GeoGebra AR y HaBuanbHU# mporec, el po3Ai MOAIICHO Ha JeKiIbKa miareM. Y
HUX JIeTalbHO OIMKCAHO €eTamu IMOOYJOBH MOJEJeH, TPOEKTHY MiSUTbHICTH CTYICHTIB, aHami3
pe3yNbTaTiB ONUTYBaHb Ta €(QEKTUBHICTH PO3B’SI3yBaHHS NPHUKIATHUX 3adad y ¢dopMari
MIE/1arOriYHOrO EKCIIEPUMEHTY.

ITo0ynoBa Ta nocaigxeHns moaesei y cepenopuiti GeoGebra AR

OnHUM 13 KIIIOYOBUX HAIPSMIB JOCIIJHUIIBKOI YAaCTUHHU CTaJI0 3aCTOCYBAHHS 1HCTPYMEHTIB
JIOTIOBHEHO1 peaibHOCTI y mporpamMHoMy cepenoBuili GeoGebra s CTBOpeHHs MaTeMaTHYHUX
MoJIesIel IPOCTOPOBHX 00’ €KTIB. 3 METOIO AOCIHIHKEHHS e()eKTUBHOCTI Bi3yaizallii Ta IpocTOpOBOi
iHTepnpeTanii reoMeTpudHHX GIiryp, CTyJeHTaM OyJ0 3alpoNOHOBAaHO BUKOHATH MOOYIIOBY
NpU3MaTUYHUX Ty cepenoBuili GeoGebra 3D, 3 moganabIIuM IPOEKTYBAHHIM MOJIEN B IOTIOBHEHY
peanbHicTh (AR). Takwmii miaxia 3a6e3neuye 6e3nocepeHe 3aHYPEHHS Yy IPOCTOPOBI CTPYKTYPH, 11O
CHpHUSE TTUOIIOMY PO3YMIHHIO TE€OMETPHUYHUX BIIACTUBOCTEH 1 B3a€EMO3B A3KIB MI’K 00’ €KTaMH.

[Iponiec moOynoBM MaTeMaTHYHOI MOJIENI B JOMOBHEHIH peanbHOCTI mepeadadae moyaTKkoBe
ctBopeHHs ¢irypu y Bikai 3D 'padika 3a qormomororo BiamoBiguux iHcTpyMeHTiB GeoGebra. [Ticns
IILOTO CTYJIEHT HaTHCKa€e KHONKY «AR», 1110 Jja€ 3MOry mepeHecT! MOJelb y peajibHe CepeioBUILe
3a JIONIOMOT0I0 KaMepu MoOuIbHOrO npucTporo. HaBenenHs kamepu Ha oOpaHe Micie (HarpuKIIam,
CTLJI, MiJUIOTY, CTIHY) 1 TOPKaHHS €KpaHa J03BOJIA€ «3adikcyBaTH» 00’€KT y (i3MYHOMY MPOCTOPI.
Jlami, BUKOPUCTOBYIOUM CEHCOPHE YIPAaBIiHHS, KOPHCTYyBau MOXKE 3MIHIOBAaTH MacIITad, Kojip, a
TaKoX opieHTalito Qirypu.

Oco0nuBy yBary 0yJo 30cepekeHo Ha mo0yI0BI MPSIMOKYTHOT MIPU3MHU, SIK OJTHOTO 3 0a30BUX
CTEPEOMETPUYHUX T, IIO0 Mae MpaKTUYHE 3HAYEHHS B 33jJadax Ha ontuMizanitoo. [lobymosa
pearizyeTbcsi B Ba OCHOBHUX €TaIlM: CTBOPEHHS MPSMOKYTHHKA SIK OCHOBH NPHU3MH Ta Mo0y10Ba
caMoi mpuU3MHM Ha OcCHOBI Iii€i ¢irypu. Etan moOynaoBHM NpsSMOKYTHUKA IMependadae 4YOTUPU
MOCTII0OBHI KPOKH: TOOYZOBY Bijpi3Ka B rioniuHi OXy; mo0yI0BYy MpsAMOi, HapayenbHol 0 BiIpi3Ka;
MIPOBEICHHS MEPIEeHANKYJIIIPIB 10 i€l MpsIMOi yepes 11 KiHIeBl TOUYKH; MOOYI0BY MPSMOKYTHHKA 3
TOYOK MepeTHHy. /g bOoro 3aCTOCOBYIOThCS IHCTpYMEHTH «Burisin 3», «Bigpizok», «I[lapanensHa
npsmay», «llepnenmukynspHa npsaMa» Ta «MuHorokyTHuk». Ilpu morpebi 3aiiBi moOya0BH
NpUOHPAIOTHCS 3 BKIAIKU «AnreOpay», a mapaMeTpH 06’ exTa (KoJIip, po3Mip) peaaryroTbCs BpyUHY.

Hani BigOyBaeTbcss moOynoBa NpsAMOKYTHOI mnpu3Mu. CTyOEHT CIOYaTKy MPOBOJHUTH
NEPIECHANKYIIAP A0 IUIOMIMHYU MPSIMOKYTHHKA, L0 CIYTYE HAPSMOM «BUCOTH» MpU3MHU. Ilicis 1iporo
3a J10moMoror0 iHcTpyMmeHTa «lIpu3may Bu3HadaeThes (Qirypa sk IpOCTOPOBHNA 00’€KT, YyTBOPEHUN
HUIIXOM 10Oy TOBHM IPU3MHU Ha 3aJ[aHil OCHOBI y HaNpsIMKY NEPIEHANKYIIApa 10 MIOMMHA. Moienb,
crBopeHa B GeoGebra 3D, aBromatuyHOo BigoOpaxkae 00’€M NPU3MHU Yy BIANOBIAHOMY IOJIi
«Anredpay, 110 JO3BOJISIE OJIpa3y CIIBBIAHOCHUTH 11 3 pealIbHUMH 200 TEOPETUUHUMHU 3a/1a4aMu.
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[Ticna cTBopeHHs 00’€KkTa BipTyalibHa (irypa mepeHoCUTbes y (pi3sMuHU CBIT 32 1OTIOMOTOI0
¢ynkuii AR. MoOutbHHN TpHUCTpiil 13 KaMeporo ciayrye iHTepdeicoM IOMOBHEHOI peallbHOCTI:
KOPUCTYBa4d MOXKe OOiiTH (irypy, «3a3upHYTH» BCEPEIHHY, 31CTaBUTH ii 3 pealbHUMH 00’ €KTaMu
(HampuKIaa, KHIDKKaMH, KOpoOkamu, mebmsmu). Takuil miaxin J03BOJIsSE 3MIHCHUTH EMITipHYHE
JOCHIJUKEHHSI TPOCTOPOBUX BIACTUBOCTEH (IrypH, OIIHMTH CHIBBIAHOIIEHHS T'€OMETPHYHHUX
PO3MipiB, MPOIOPIIiHl Ta MOIOKEHHS B mpocTopi (puc. 1).

Pucynoxk 1. Jlemoncrpauiiini nporpamu GeoGebra AR

GeoGebra AR Takox 1ae 3Mory BBOAUTH Yy 3a(piKCOBaHy BipTyalbHy (irypy peaibHi 00’€KTH
y ¢opMi TpSIMOKYTHOTO TMapaselieminena, [0 BIAKPUBAE MOXKIUBOCTI JUIS IHTEPAKTUBHUX
HaBYAJbHUX €KCIIEpUMEHTIB. BigoOpaxenHus popmyi 11t o6uncienHs 06’ eMy abo MIomli Ha eKpaHi,
MO>KJIMBICTh TIOKPOKOBOT'O BIIKPUTTS KOXKHOTO BHpa3y (uepe3 «IIpamopiti») GopMyIoTh y CTYICHTIB
noriuHe 0a4eHHs CTPYKTYpU OOUMCIICHB Ta IXHIO 3aJIeKHICTh Bl mapaMeTpiB Qirypu.

VY takuii cnoci® peamizoBaHa B GeoGebra IOMOBHEHAa pEalbHICTh HE JIMIIE MOKPAIILYE
MIPOCTOPOBE CIPUUHATTSA, a ¥ 3abe3medye I[iHHI MOXKIMBOCTI JUIsi IPOBEICHHS ONTHMI3aIliiHUX
3a/la4, BUBYCHHS BIACTUBOCTEW MOMIOHMX TiJ, OOYUCIEHb OO0’€MiB 1 Bi3yami3allii CKJIaTHUX
reoMeTpruYHuX 3B’s3KiB. Lle, y CBOIO uepry, MO3UTUBHO MO3HAYAETHCS HA PO3YyMiHHI CTyJIEHTaMU
NPAaKTUYHOTO 3HAUEHHS MaTEeMAaTUYHUX 3HaHb, 30KpeMa y cdepi eKOHOMIKH, 1€ IMPOCTOPOBE
IUTaHYBaHHS, MOJETIOBAaHH Ta OLlIHKA PECYPCIB € BAXKIIUBOIO CKIIAJI0BOIO MPOQECiitHOT NisIBHOCTI.

IIpoexTHA MiAJIBHICTD

Bukopucranas iH(popMaIiifHO-KOMYHIKAllIHHUX ~TEXHOJOTIM y TPOEKTHIN IisIBHOCTI
CTYACHTIB (PIHAHCOBO-EKOHOMIYHOTO MpO(MIII0 HE JHIIEe CIpPHUSE HATAroKEHHIO e(PEeKTHBHOT
KOMYHIKallli MK y4aCHUKaMH OCBITHBOTO IpOLECY, a W 3a0e3meuye MOKIMBICTH ONEPATUBHOTO
oOMiHY TaHMMH, IJIAaHYBaHHs Ta BUKOHAHHA 3aBAaHb y udpoBomy cepenosuii. IKT nonomaraiors
paIlioHaTbHO OpraHi3yBaTH Ipolec 300py, 0OpoOKu Ta Bizyamizallii iHdopMallii, mo € 0coOIUBO
BOXJIMBUM IIPH BUPILICHHI MaTeMaTHYHUX 3a7ad MPHUKIATHOTO XapakTepy. 3allydyeHHS TaKuX
3aco0iB, sk Geo(Gebra 3 JOMOBHEHOIO PEANBHICTIO, CHpUSE HE JIMIIE ONTHMi3alii ympaBIiHHSA
MIPOEKTOM, ajie i 3a0e3neuye MOJIeIOBaHHs 00’ €KTIB, K1 BiJ0OpaxatoTh (GiHAHCOBI UM T€OMETPUYHI
3aJIe)KHOCTI Y peaibHOMY a00 HAOIMKEHOMY JI0 peaIbHOCTI poctopi (Lainufar et al., 2021).

Kpim Toro, cydacHi mudpoBi IHCTpYMEHTH BHUCTYNAIOTh HE JHIIE SK IUIATHOPMH IS
IHTEpaKTUBHOI'O MOJICIIIOBAHHS, ajie i SIK MOBHOLIIHHI IHCTPYMEHTaJIbHO-BUMIPIOBAJIbHI KOMIUIEKCH.
GeoGebra, 30kpema, HaJa€e CTyIeHTaM MOXKIIUBICTh CTBOPIOBATH, TpaHC(HOPMYBATH Ta aHAJI3yBaTH
MaTeMaTU4HI 00’ €KTH 3 BACOKUM PiBHEM TOYHOCTI, BUMIPIOBATH MTapaMeTpu MOJIENeH 1 3ilicCHIOBaTH
eMIipuYHe JOCTIDKEHHS iX BiactuBocTei. lle no3Bonsie (opMyBaTH B CTY/EHTIB HE JIHIIE
MaTeMaTH4Hi, a i aHAITUYHI Ta PO eCciiHO-TIPUKIAIHI KOMIIETEHTHOCTI, HEOOX1H1 JJIs NisITHHOCTI
y (inaHcoBiii cepi.

3aBaHHAM IPOEKTY MOKe OyTH CTBOpEHHs TpuUBHUMipHOI Monem B nonatky GeoGebra 3D
ITpOBOTO MalIaHYNKy, Y SIKii OCHOBHI 00’ €KTH (TOMIaIKH, JTaBKH, HABICH TOIIO) MOJICITIOIOTHCS Ha
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OCHOBI T'€OMETPUYHHX TiJ1 — KyOiB, Ipu3M, KOHYCIB, cdep 1 mipamin (puc. 2). Pobora Hax mpoexkToM
3MIACHIOEThCS Y Manux rpymnax (3-4 ocobu) i mepemdavae MoOCiiIOBHE BUKOHAHHS TaKMX €TaIliB:
aHayi3 BUMOT /0 00’eKkTa, moOyaoBa reoMeTpuuHuX Mozened y cepemoBumni GeoGebra 3D,
BUBEJICHHS MOJICII B JIOTIOBHEHY PEAJIbHICTD 3a IOTIOMOT'0I0 MOOITBHOTO PUCTPOIO Ta MPe3eHTALlis
pe3yabTary. Y paMKax IbOrO TPOEKTY CTYIACHTH PO3BHBAIOTh HABHYKU IPOCTOPOBOI YSBH,
orepyBaHHs 00’ eMHUMH (hopMaMH, OOUUCIICHHS TUIOI MOBEPXOHB 1 00’€MIB, a TaKOX 3700yBalOTh
JOCBiJ] KOJIEKTUBHOTO IJIAHYBaHHS Ta OL[IHIOBAHHS.

¥ 1:1.98 cm

OcHoBHi IHCTPYMeHTH

N A A
R o A b=

Peparysanns

A ' y 4

PucyHok 2. 3pa3ok BUKOHaHHS IPOEKTY «IrpoBuil MalijaHUUK»

O1iHIOBaHHSA pe3yJIbTaTUBHOCTI € OOOB’S3KOBUM €JEMEHTOM oOprasizaimii poOoTH Hax
MPOEKTOM. Pe3ynbTaTUBHICTH NMPOEKTY IOJATAE€ y CIHIBBIAHOIIEHHI 3aIUVIAHOBAHUX OYIKYBaHb 3
KIHIEBUMH pe3yibratamMu podoTH. CTBOpEHI pO3pOOKH MOXHA CIPOEKTYBaTH Ha MOABIP’I 3a
JIOTIOMOT 010 JTOJIATKY 3 JOTIOBHEHOIO PEANIbHICTIO.

[TpoexT «Most KiMHaTa» Mae Ha METi BIITBOPEHHS 1HTEp €py BIACHOI KiIMHATH abo 1HIIOTO
00paHOro MPHUMIMIECHHS NUIIXOM MOOYI0BH 00’€KTiB MEOJIIB 1 I€KOPY 3 BUKOPUCTAHHSM NPOCTHX
reomeTpuuHux (opM. CTyaeHTH aHaII3yIOTh HPOMOPLIi Ta B3a€MOPO3MILICHHS MPEIMETIB Y
MIPOCTOPI, BU3HAYAIOTH X MPUOIU3HI PO3MIPH, MiIOMPAIOTh KOJIIPHY ramy Ta peaji3yloTh LHU(PpPOBY
3D-monens B GeoGebra. Ilomanbmie BukopuctanHs AR-¢yHKUii 103BOJslE BUBECTH MOAETH Y
peanbHe cepeIOBHIIEe — HAPHUKIIAJ], Ha TOBEPXHIO MApTH, CTOIY a00 B ayJJUTOPIi — ISl KPUTHYHOTO
OLIIHIOBAaHHS €CTETUKHU Ta (PYHKIIOHATBHOCTI KOMITO3UIIi1. [IpoeKT popMye HaBUUKKM MaTEeMaTUYHOTO
MOJICJIIOBAHHS, JU3AaHEPCHKOTO0 MHCJICHHS Ta NPAKTUYHOTO 3aCTOCYBAaHHS IOHATH MacuTaly,
CHUMeETpii, 00’ eMy 1 IJIOMII.

ObOunBa  mpoekTH — mependavaroTh — MOXJIMBICTH — BapiaTUBHOCTI  Ta  iHTerpauii
MDKIMCIMITTIHAPHUX 3B S3KiB — 30KpeMa, 3 OCHOBaMHU (DiHaHCOBOT IPaMOTHOCTI (OI[iHKa BapTOCTi
MatepianiB 9 00'ekTiB), iHpopmarukor  (uuppoBe  MOAETIOBAHHS),  TEXHOJOTISIMH
(KOHCTpYIOBaHHS) Ta OOpPa30TBOPYMUM MHCTEITBOM (Bi3yaJdbHHH CTHJIb, KOMIIO3HIIisS). YUYacTh Y
TaKUX MPOEKTAX CIIPHsE TIUOIMIOMY 3aCBOEHHIO MaTEMAaTUYHHX IMOHSTH, IiIBUIICHHIO 1HTEpECY 10
npeaMmera Ta (GOpPMYBaHHIO KOMYHIKALIHHUX 1 MPOEKTHUX YMiHb, IO € BaXJIMBOIO CKJIAIOBOIO
npodeciifHOT MiArOTOBKU CTYACHTIB KOJICIKY.

3aBraHHAM TPOEKTYy «MiHi-0i13HeC: MPOEKTYBAHHS TOPTOBOIO MAaBIIBHOHY» MOXe OyTH
CTBOPEHHSI TPHUBHUMIPHOI MOJIENi MOOUIRHOTO TOPrOBOTO TNPHUMIMIECHHS (HANpPUKIAA, BYJIWYHOT
KaB’sIpHi, KIOCKy a00 MiHIMarasuHy), sika JJO3BOJISIE CTyI€HTaM 3aCTOCYBAaTH 3HAHHS 3 FeOMETpii 10
PO3B’A3aHHS MPAKTUYHUX MPUKIAJHUX 33/1a4, MOB’s3aHUX 13 po3MipamH, IJIOLIAaMU, 00’ €eMaMu Ta
OpIEHTOBHMMH BUTpaTamMH Ha OymiBHMLTBO. IIpoekT mependauae eranu: aHami3 (yHKLIIOHAIHLHOTO
NpU3HAYCHHS MaBUIBHOHY, NOOyZOBa TreOMETpUYHUX eneMeHTiB Monem y GeoGebra 3D
(BUKOpUCTAHHS TUT HA OCHOBI MPHU3MHU, Mapayieleninesaa, mpamian, HAIiHApa), pO3PaxXyHOK ILION]
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MOBEPXOHb ISl BU3HAUEHHS 00CSTiB MaTepiaiiB, a TAKOK KOIITOPUCHA OI[IHKA Ha OCHOBI pealbHUX
IiH 32 OJIMHUITIO TUIONII 94U 00’ eMy.

3aBISKH MOXJIMBOCTI BHBEJICHHS MOJEI Y JOMOBHEHY PEaJbHICTh CTYIEHTH MarOTh 3MOTY
OLIHUTH 11 MacITaOHICTh, MPOCTOPOBY BIAMOBIAHICTH 1 Bi3yalbHY CTPYKTYpy O€3MOCepeaHbO B
KJIACHOMY CepeloBHUIl a0o Ha TepuTopii 3akmany ocBiTH. IlizcyMKOBHM eTamom € npe3eHTarlis
MPOEKTY 3 MOSCHEHHSIM MaTeMaTHYHUX OOYMCIIEHb, KOHCTPYKTHBHUX PIlIEHb Ta €KOHOMIYHOTO
oOrpyHTYBaHHA. 3a OakaHHSIM, IO MOJENII MOXYThb OYyTH [OJaHi 1HIMKAaTOPH NPOTHO30BAHOTO
npuOyTKY, TOUYKH pO3MIiIIeHHS 00J1aHaHHs, a00 MiHi-(hiHaHCOBUH TIaH peatizallii IPOeKTY.

Y KOHTEKCTI KOMIETEHTHICHOTO HaBYaHHS Ta IHTErpalii MaTeMaTHYHUX 3HaHb 13 peaJIbHUMU
MPUKJIATHUMU CHTYAIliIMA OCOOJUBY IMEJaroriuHy MiHHICTh CTAHOBISATh MIKIIPEAMETHI HaBYAIbHI
MPOEKTH, 110 MOETHYIOTh MATEMATHKY 3 €JIEMEHTaMHU €KOHOMIKH, iH)OPMATHKH, TEXHOJIOTiH. OaHUM
13 Takux TMpoekTiB € «EKOHOMHa eKOHOMiKa», CHPSIMOBaHW Ha PO3BUTOK IPHUKIATHOTO
MaTEeMaTUYHOTO MHUCIICHHS Y CTYJCHTIB KOJEIKY, 30KpeMa THX, XTO HAaBUA€ThCSA 3a (HiHAHCOBO-
€KOHOMIYHUMH CIEIiabHOCTMH.

[Tpoext peanizyerbess y GopmaTi poOoTH B MiHIrpynmax i mepeadadae MIKIPEIMETHY
IHTETpalio 3MICTy TakuX IUCHUIUTIH, SK anredpa, MOYaTKH aHalildy, T'eOMEeTpis, EKOHOMIKa,
iHpopMaTHKa Ta KpecieHHS. Y paMKax I[bOr0 HaBYAJIBHOTO JIOCBiYy CTYICHTH OTPUMYIOTh
MO>KJIMBICTh HE JIMIIE BUKOPUCTOBYBAaTH MAaTEeMaTH4HI METO/IU JJIsl pO3B’I3aHHS 3a7a4 MPaKTHUYHOTO
3MICTy, a ¥ TpaiioBaTH 3 PI3HOMAHITHUMH HHU(PPOBUMHU IHCTPYMEHTAMH — BiJ JUHAMIYHHX
cepenoBuil MonemoBanHsa (GeoGebra) no rpagiunux pemakTopiB Ta mporpam it 3D-apyky.
3aBIAKU IIbOMY 3a0€3MeUy€eThCsl PO3BUTOK K MaTEMATUYHUX, TaK 1 HU(YPOBUX KOMIETEHTHOCTEH.

OcHOBHA JUIAaKTUYHA 171es1 IPOEKTY IMOJISATAE B OMPALIOBAHHI MPUKJIAIHUX 3a]1a4, 5K, Oy 1ydu
chOpMyJIbOBAaHUMHU Y peaJbHOMY KOHTEKCTi, PO3B’S3YIOThCS 3aco0amMH MIKITLHOI/KOJIEIKEeBOI
MaTeMaTUKU. 3a/adi TaKoro THUITy MOBUHHI BiJNOBIJATH KIIBKOM KPHUTEPIsIM: MaTH MPAKTHUYHY
LiHHICTB, OyTH C(HOPMYITHOBAHUMH JOCTYITHOIO MOBOIO 06€3 HaIMipHOI TepMiHOJIOT'11, y3r0/KyBaTHCh
31 3MICTOM YMHHHMX HaBYaJbHUX TporpaM. OcoOiuBe Micie 3aliMalOTh 3ajadi €BPUCTHYHOTO
XapakTepy, sIKi CTUMYJTIOIOTh TBOPYICTh, THYYKICTh MUCJICHHS, 3aTHICTh IEPEHOCUTH 3HAHHS B HOBI
cutyarii, 6aunTH 3HalloMe B He3HaHOMOMY — TOOTO popMytoTh ocHOBH STEM-KOMIIETEHTHOCTEH.

VY Mexax NMpOeKTy CTyAEHTaM IPOIOHYETHCS MPUKIAAHA ONTHUMI3alliifHa 3aja4a: 3HAUTH
pO3TalIyBaHHs MIIIOXiTHOTO MEPEX0Ly MK IBOMa HAaCeJICHUMH ITyHKTaMu A 1 B Takum unHOM, 11100
MapuipyT mimoxojaa OyB HaWKOpOTIIMM. Y TE€OMETpUYHINM iHTepmpeTamii 3agada 3BOAUTHCS 10
noOynosu 1amanoi ACDB i3 neprnenaukyssipaum Biznpizkom CD 1o 3agaHux napaienbHUX OpsIMuX,
7€ MiHIMI3Y€TbCS 3arajbHa JOBXHHA MapuipyTy. s IbOTO 3aCTOCOBYETHCS MpPOTpPaMHE
cepenoBuiie GeoGebra, mo no03Boisie He juimie moOyayBaTtu rpadiuyHy MoAenb, a W IpPOBECTH
IHTepaKTHBHE JOCHIJUKCHHS 3 BHKOPUCTAHHAM 1HCTpyMeHTy «llpamopeub» Ta MOXIUBOCTI
JUHAMIYHOTO TIEPEMIIIICHHS 00’ €KTiB.

Po3B’s13aHH 3a1a4i 3IHCHIOETHCS 32 €TallaMHU:

1. TloOynoBa MmaTeMaTHYHOI MO/IEJi — BUSHAYCHHS YMOB 3a/1a41, aHaJIi3 KOHCTPYKTUBHUX BUMOT,
(dbopMyITIOBaHHS ONITUMI3AIIHHOT METH;

2. TloGynoBa rpadiuHoro pileHHs — CTBOPeHHS AuHaMiuHOi Mojieni y GeoGebra 3 MOXKIIUBICTIO
3MiHHU TTapaMeTpiB;

3. MaremaTuuHe JOBEJCHHS — OOIPYHTYBaHHs ONTUMAIbHOCTI BUOPAHOTO PIillIEHHS HA OCHOBI
BJIACTUBOCTEH CUMETpIi Ta BiICTaHEH;

4. JlochimxeHHs — BapiaTUBHE MOJETIOBAHHS 3MIHHHMX MapaMeTpiB (pO3TallyBaHHS HACEICHUX
MYHKTIB, 3MIIEHHS JiHI{), IO J03BOJIIE CTYICHTAM 3pOOMTH BHCHOBOK IIPO CTaJiCTb
CTPYKTYPH PO3B’S3KYy HE3AJICKHO BiJl IOJIOKEHHS 00’ EKTIB.

GeoGebra y 11pbOMy KOHTEKCTI BHKOHYE (YHKIIIO SIK 3aco0y MmoOyIOBH MaTEeMaTUYHHUX
MoJieNiel, Tak 1 BipTyanbHOI JabopaTopii Iisi MPOBEACHHS EMITIPUYHHUX IOCHIKeHb. 3aBISKU
IHTEpaKTUBHOCTI CEPEOBUINA, CTYICHTH MOXYTh 0€3M0CEPEIHbO CIIOCTEPIiraTi BIUIMB 3MIHHHUX Ha
pe3yJbTar, Mo CHpuUsie TIUOMIOMY pO3YMIHHIO CYyTi 3a/1a4i, PO3BUTKY 3aTHOCTI 10 MaTeMaTHYHOTO
eKCIIEpUMEHTY 1 ()OPMYBAHHIO CTIMKOI MOTHUBAIII] 10 BUBYCHHS MAaTEeMAaTHKH.

3aBepIuaibHUM €TaroM peatizallii IPOeKTy MoXe OyTH BUTOTOBJIEHHS MakeTy MapupyTy abo
00’eKTa onTHMI3alii 3a TOMOMOrol0 MiIPYYHUX MaTepianiB abo 3D-apyKy Ha OCHOBI 0Oy 10BaHOT
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MoJieNi, L0 IIe OUIbIIe MiJCHIIOE TMPAaKTHYHY 3HAUYLICTh 3aBJaHHA. TakuM YHHOM, MPOEKT
«ExOHOMHa €KOHOMiKa» IO€NHYE€ MaTeMaTHYHY MOJIeNIb, €KOHOMIUYHY MOTHBAIIO Ta TeXquHy
peamizamito, BHCTyNnaloyd e(QeKTUBHUM 3aco0oM  ¢opMmyBaHHS sK  (axoBux, TaK 1
3arajibHONPEIMETHUX KOMIETEHTHOCTEH MaltOyTHIX (piHAHCOBHX (haxiBIIiB.

Crynenram BinokpeMiIeHOro CTPYKTypHOro mifpo3finy «®DaxoBHil KOJEMIXK EKOHOMIKH 1
TEXHOJIOTH Jlep»aBHOTO YHIBEPCUTETY €KOHOMIKH 1 TEXHOJIOT1i» Oys0 3alipONOHOBAHO BUKOHATH
MmiHinpoektn y GeoGebra 3D, Taxi sik:

— TIPOEKTYBAaHHA IrPOBOT0 MalJaHYUKA;
—  MOJETIOBaHHS 1HTEp €py KIMHATH;
—  MiHi-0i3HecC: MPOEKTYBAHHS TOPIOBOTO MaBIIbIOHY.

PoGota Bemacst y Tpu eranu: IutaHyBaHHA, moOyaoBa B GeoGebra, mpoekiis y AONOBHEHY
peanbHicTb. [IpO€EKTH OLIIHIOBAIKCS 32 KPUTEPISIMU: MaTeMaTHYHA TOYHICTh, KPEATUBHICTh, KUIBKICTh
BUKOPUCTAHUX TiJ, IPE3CHTAIlisl. Y X0/l peani3auii IPOEKTIB y CTyIEHTIB (pOpPMyBaINCS HACTYIIHI
KomneTeHTHOCTi: STEM-KoMIeTeHTHOCTI (JIOTiKa, MPOCTOPOBE MHUCICHHS, MIXIUCIUILTIHAPHICTD);
Soft skills (poboTa B rpynax, mpe3eHTallisi pe3yabTarTiB, OLIHKA SKOCTI).

Bukopucranas GeoGebra AR cripusio riauliomMy po3yMiHHIO aOCTPaKTHUX MOHATH, 30KpeMa
CMIBBIAHOIIEHHS YaCTHH Tia y npoctopi. Ctyaentu EI' mpogeMoHCTpyBaiy BUILIMHA piBeHb MOTHUBALIIT
Ta iHTEepecy N0 BHUKOHaHHA 3ajad, mopiBHAHO 3 KI'. IIpoexkTHa MisSUIBHICTH CHpHsUIa Kpamiomy
3aCBOEHHIO TEPMiHIB Ta METOAIB MOOYI0BH, PO3BUTKY JIOTIYHOTO T4 KPUTUYHOTO MUCIICHHSI.

Kpim Toro, moniOHi 3aBJaHHA CTBOPIOIOTH CIPUATIMBE CEPEAOBHUINE A MIKIPEIMETHOL
iHTerparii, 1o 0co0JIMBO BAXIMBO y MIATOTOBLI (PIHAHCHUCTIB, AKI MOBMHHI BMITH 3aCTOCOBYBATH
MaTeMaTU4HI 1HCTPYMEHTHU JUIS PO3B’S3aHHS MPAKTHYHUX 33724 €KOHOMIYHOTO 3MiCTy Pobora 3
GeoGebra AR cTtumyiioe iHTEpec 10 CaMOCTIHHOTO Mi3HAHHS, q)opMye 3/IaTHICTh aHamsyBaTH
cUTyarii, npuiiMaTi oOIPyHTOBaHI PIllICHHS B yMOBaX 3MIHHHUX IapaMeTpiB 1 MOJETIOBATH peasibHi
00’ekTH y mudppoBoMy (popmari.

3amydeHHsT CTYJIEHTIB [0 TaKUX IMPOEKTIB JO3BOJSIE HE JUIIEC TOTTUOWTH 3HAHHS 31
cTepeoMeTpii, ane it 3abe3nedye po3BUTOK yHIBepcalbHUX HaBUYOK XXI CTONITTS — KOMyHIKalii,
KpEaTWBHOCTI, CIIBMpAIll Ta BUPIMIEHHS mpobieM. Y pe3yibTaTi MaTeMaTH4YHE HaBYaHHS HaOyBae
JOJaTKOBOTO CEHCY, TAKOT0 SIK 3ac00y (hOpMyBaHHS aHAJITHYHOTO MUCIICHHS, TPOCTOPOBOI YSIBH Ta
npodeciifHol camopeaitizaiii 37100yBadiB OCBITH B rajly3i yIpaBIiHHS Ta aAMiHICTpYBaHHS.

CrepeoMeTpu4HI 3a1a4i NPUKJIATHOIO 3MICTYy

I'eometpisi, AK OfHA 3 HAWAABHINIMX 1 BOJHOYAC (PyHAaMEHTAJIbHHUX Taly3eld MaTeMaTHKH,
HEPIJKO CHPUHMAETHCS CTYIEHTaMU K a0CTpaKkTHA Ta BiAipBaHa BiJ peaqbHOro XUTTS. OcoOIMBO
IIE CTOCYETHCS CTEPEOMETPii — po3aiidy, 10 MOTpedy€e PO3BHHYTOI'O IMPOCTOPOBOIO MHUCIICHHS Ta
Bi3yasi3alii, a TAaKOX PO3YMIHHS B3a€MO3B’S3KiB Mi’K T€OMETPUYHUMHU (PirypamMu y TPUBUMIPHOMY
npocTopi. BiacyTHiCTh MPpUKIAAHOT CIPSIMOBAHOCTI y BUKJIaJaHHI T€OMETPii HEP1KO MPU3BOAUTH 10
BTpaTu MOTHBaLii 10 ii BuBYeHHs. BogHOUac 3airyueHHs peaqiCTUYHHX 3a/1a4 1 1udpoBUX 3ac00iB
MO/JICJIIOBAHHS CTBOPIOE YMOBU JIJIS IMiJIBUIIEHHS 3aI[IKaBICHHS CTYACHTIB Ta PO3BUTKY KIIOUOBHX
KOMIIETEHTHOCTEH.

3 MEeTOI0 MOJOJIaHHS 3a3HAUYEHUX TPYAHOILUIB IIiJ] Yac peanizauii MDKIUCIHUILTIHAPHOTO
HaBYAJBHOTO MPOEKTY «EKOHOMHa eKOHOMIKa» CTyAeHTaM creuiaabHOCTI «PiHaHcH, OaHKIBChKa
crpaBa, cTpaxyBaHHs Ta GouaoBuil puHok» BCII «®DaxoBuil KoJeIK €KOHOMIKH Ta TEXHOJIOTIH
JAYET» Oyno 3ampomoHOBaHO 3afayi MNPHUKJIAIHOTO 3MICTy, IO IPYHTYIOTbCS Ha peaiisx
BUPOOHHUIITBA, EKOHOMIUHOI JIOIiNBHOCTI T4 ONTHMi3allii MPOCTOPOBUX XaPAKTEPUCTHK 00 €KTiB. 1x
pO3B’si3aHHs mepeadavyano 3acTocyBaHHs mporpamHoro cepenopuia GeoGebra 3D, sike 103BOJISLIIO
CTBOPIOBATH TMHAMIYHI MOJIEII, 3A1MICHIOBATH Bi3yali3allito yMOB 3a/[a4i Ta MPOBOIUTH JOCITIIKEHHS
B IHTEpaKTUBHOMY (hopMaTi.

3anaua 1. CKiJIbKH BIZICOTKIB IEPEBUHM #J1€ y BiIXOI1 IIPU BUTOTOBJICHHI 3 IEPEB’ IHOT KOJIO U,
3aBJIOBXKKH 5 M Ta miameTpoM ocHOB 20 cm 1 15 cm, Ganku 3 mepepizoM y GopMi MpsIMOKYTHHKA
MaKCHMaJIbHOI IO TOMEPEYHOT0 mepepizy?
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3amaua 2. O0uuchiTh 06’€M HaWOUIBIIOrO Opyca 3 OCHOBOIO y (OpMi MPSMOKYTHHKA, SKHM
MO>KHa BUTECATH 3 KOJIOAM HWITHAPUYHOI hopmu. JloBxuHa kosoau — 5 M, aiamerp — 20 cMm. Skuit
BiJICOTOK JIEPEBHHHU IIPH LIbOMY IIiJIe Y BiIX011?

Ii 3amaui, moB’s3aHi 3 TEMaMM BIHCAHUX TUI, IUIONI MOMEPEYHOro mepepidy, 00’eMiB i
3aJIMIIKOBUX MaTepiaiB, OyJM iHTErpoBaHi B KOHTEKCT ONTHUMI3allii BUTPAT MaTepialiB — HABUYKH,
0 MaloTh Oe3rocepeiHe MPUKIIAAHE 3HAUCHHs Ui (axiBLiB (iHAHCOBO-EKOHOMIYHOTO TPOQ1LIIIO.
Bizyaunizamist ymoB 3a1a4i Ta modyznoBa mojeneit y GeoGebra cripusiiii rau0IomMy po3yMiHHIO CYTi
MaTeMaTUYHUX 3AJIEKHOCTEH, MO3BOJSUIM CIIOCTEPIraTH B3Aa€EMO3B’S3KM MK MapamMeTpaMu Ta
OLIIHIOBAaTH €(DEKTUBHICTh PI3HUX MiAXO/IB 10 PO3B’SI3aHHA.

Jns mepeBipku eQEeKTHBHOCTI TaKOro MiAXoqy OyJIO OpraHi3oBaHO EKCIEPUMEHTAJIbHE
JOCIIJKEHHS 3a y4acTi ABOX MapalelbHUX HaBYambHHUX rpyn. o ekcriepumentanbHoi rpynu (EI)
yBifinum 18 cryneHTiB, siki po3B’si3yBanu 3amayi 3 BukopuctaHHsMm GeoGebra 3D, 30kpema 3
JUHAMIYHUAM TIEepeTsaoM modyaoBaHux Mojeneid. Y koutponbHii rpymi (KT, 17 cTtynenTiB) 3agadi
PO3B’SI3yBANHCS TPATUIIHHIM CIIOCOOOM, 32 CTATUHYHUMHU LITIOCTpALlisIMA. AHKETYBAaHHS JI03BOJIHIIO
JOCHITUTH PO3YMIHHS CTYJJCHTaMU T€OMETPUYHUX MOHATh Ha KOXKHOMY 3 €TalliB.

Ha nepuiomy erarti cTyIeHTH BiATIOBI AN Ha 3alTUTaHHS 100 iryp, AKi GirypyroTs y 3aaadi,
Ta IX MPOCTOPOBOro po3MilieHHs. [103UTHBHI BiAMOBiAI B 000X rpymnax KOJUBAJIUCS B Mexkax 35—
41%. HaitHmxk4i pe3ylbTaTH CIIOCTEPIralucs MpH BIAMOBIAI HAa KIIOYOBE 3alMTAHHS 3ajadi: sSKoi
dbopMu Mae OyTH TIomepedHHid nepepi3 O6anku, mod 06’em O0yB MakcumansHuM. Y KI' mo3utuBHy
BinoBiAb nanu 4 cryaentu (24%), B EI' — 3 ctynentu (17%).

Ha npyromy erami, micins nemoncTpanii pucyHky (Ha mamepi ans KI' ta y GeoGebra 3
auHaMiyHOIO0 moOynoBoto st EIY), piBeHb po3yminns 3poctae. Y KI' KiNIbKICTh NpaBHIBHUX
BimmoBiaei 30inbmryetses 10 6 (35%), tomi sk B EI' — mo 9 (50%). AmHanoriuHa TeHACHIIIS
CTIOCTepiraeThcst ¥ y muTaHHi mpo Biaxonu aepeBuHd — y KI' mpaBuibHy BiamoBiab namu 53%
cTyneHtis, B EI' — 67%.

Junamiuna nmoOynoBa mozaeni y GeoGebra (puc. 3) BKiIIOYajga e€Tanmu CTBOPEHHS 3pi3aHOTO
KOHyca, 1MoOy/lOBH BIHMCAHOT'O KBaJpaTa B MEHIIY OCHOBY Ta MOOYIOBH BiJMOBIIHOI MPHU3MH.
Monens 103BOJIsIa 3MIHIOBATH MapaMeTpH y PeXHMi pealbHOTO 4acy, IOCTiKYIOUN 3aJIeKHICTh
00’emy Big popmu mepepiszy.

PesynbraT aHKeTyBaHHS CBi4aTh, 10 CAME BUKOPUCTaHHS TuHaMiyHUX Mojenel y GeoGebra
3HAYHO MMOKpAIIy€e SKICTh PO3YMIHHS 3a7ay cTepeoMeTpii mpukianHoro 3micty. Takuil miaxin He
muie Gopmye raudie MaTeMaTuyHe OadeHHs, aje i CIpUsie PO3BUTKY MPHUKIATHOTO MUCICHHS, 110
€ KpUTHYHO BAXKIIUBUM I IPOQECiifHOT MiATOTOBKH CTY/CHTIB.

BukopuctaHHs JONOBHEHOI pPEaNTbHOCTI B EKCIIEPUMEHTAIBHIN Tpymi J03BOJNIMIO 3HAYHO
MOKPAIIUTH AKICTh 3aCBOEHHS HaBYaJIbHOrO Marepiady. OcoOnMBY yBary NMpHIUICHO 3aJadyaM Ha
BIIMCYBaHHS 1 ONMUCYBAaHHS T'€OMETPUYHMX TiJl, 30KpeMa: MoOyAoBa Ky, BIUCAHOI B MPAaBUIbHY
YOTHUPUKYTHY Mipaminy; BUKopucTaHHs iHCTpyMeHTiB GeoGebra 3D: Right Polygon, Segment,
Intersection Point, Pyramid, Plane, Sphere Toro; Bisyanizaiist Gpirypu B TONOBHEHIH peaqbHOCTI 3a
JOTIOMOTOF0 MOOLTBHOTO TIPUCTPOIO.
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Pucynoxk 3. [Tapanenenines, BnucaHuii B 3pi3aHHiil KOHYC
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PesynbraTi mokasanu, 110 B3aeMOJis 31 cTBOpeHMMH AR-MozensiMu 103BOJIMIIA CTyAEHTaM
Kpalle pO3yMiTH CHIiBBIJHOIIEHHS MK IUIONIMHAMHU, peOpaMH, BHCOTaMHU Ta IIEHTPaMHU
OINMCAHMUX/BOUCAHUX (Iryp, a Takok copMyBaia 3JaTHICTb 10 MPOCTOPOBOTO aHAIIZY CKJIaTHUX
reOMEeTPHUYHUX KOHCTPYKIIH, 1110, Y CBOIO Uepry, 3abe3neuye riubdiine yCBiJOMICHHSI MaTeMaTHYHUX
3aJIeKHOCTEH 1 MiABHIIY€E TOTOBHICTb JI0 iX MPAKTUYHOTO 3aCTOCYBaHH: y npodeciiiHiii chepi.

Bucnosku (Conclusions)

OTpumani pe3ynbTaTd EKCIEPUMEHTAIBHOTO JOCHIHKEHHS HiATBEPIKYIOTh €(pEKTHUBHICTDH
Bukopuctanus cepenouima GeoGebra 3D Ta TeXHOJNOTIH TOMOBHEHOI PEANBHOCTI y MpoIieci
HaBYaHHS MareMaTuku (axiBuiB 3 (inanciB. 3acrocyBanHs GeoGebra AR cyTTeBo mokparrye
PO3YMiHHSI IPOCTOPOBUX BIACTUBOCTEH 00’ €KTIB, cripusie GOPMYBaHHIO KIIOYOBUX MAaTEeMaTHYHUX
KOMIIETEHTHOCTEH 1 MiJIBUIILY€E MOTHUBALIIIO 0 HABUAHHS.

AHani3  BHUKOHAaHUX  CTYJCHTCBKMX  MIHINPOEKTIB,  OMNpAIIOBaHHA  IMPHKJIATHUX
CTEPEOMETPUYHHUX 33/1a4 Ta PEe3yJIbTaTH aHKETYBaHHS IMOKa3ajd, II0 B €KCIIEPUMEHTAIbHIN TpyIIi
Oyno 3agikcoBaHO OUIBII BHCOKMH pIBEHb 3aCBOEHHA Marepialy, OCOOJIMBO B acHEeKTax
MIPOCTOPOBOTO MUCIICHHSI, Bi3yalli3allii, IOTIYHOTO OOTPYHTYBaHHS Ta MPUKJIaIHOTO aHamizy. Pobora
3 IMHAMIYHUMHU MOJICTISIMU CIIPHsLIa PO3BUTKY THYYKOCTI MUCIICHHS, 3IaTHOCTI 10 JOCTiKEHHS Ta
NIEPEHECEHHS 3HaHb y NMPAKTHYHI KOHTEKCTH, 110 € BAXKJIMBUMH CKJIQJOBUMH CydacHOi npodeciitHoi
OCBITH.

[ToennanHsT HaBYANBHUX 3aBJaHb 3 MUGPOBUMH IHCTPYMEHTAMH MOJCIIOBAHHSI, 1HTETpaIlis
MDKIMCIUITITIHAPHOTO 3MICTY Ta MPOEKTHA iSIbHICTD TO3BOJIMIN C(HOPMYBATH Y CTYJCHTIB HE JIUIIIE
MaTeMaTH4Hi, a W 3aranbHONpOo(deciiiHi KOMIETEHTHOCTI, MOB’S3aHi 3 IJIaHYBaHHSM, aHAIi30M,
KOMYHIKaIll€l0 Ta OIiHIOBaHHSIM edekTuBHOCTI pimeHb. GeoGebra AR € moTyxHUM 3aco0oM st
TpaHchopmallii TpaJUIiifHOT0 HaBYAJIBHOTO MPOLECY Y TOCITIIHUIIBKO-OPI€EHTOBAHE, TEXHOIOTTYHO
30araueHe cepeioBHIIIE.

Taxkum 9rHOM, pe3yIbTAaTH TOCITIKEHHS JEeMOHCTPYIOTh OTeHIian BukoprctanHs GeoGebra
AR He numie sk Bi3yami3aliifHOrO iHCTpYMEHTY, aje i SK MOBHOLIHHOTO 3aco0y (opMmyBaHHA
ITMOOKOT0 pO3YMIHHS MAaTEMaTHYHUX TMOHATH 1 PO3BUTKY AHANITUYHOTO, KPUTHYHOTO Ta
IH)KEHEPHOTO0 MUCIEHHS B KOHTEKCTI Mpo¢eciiiHol miaroToBku (axiBLiB Tady3i YIpaBliHHS Ta
aJIMIHICTPyBaHHS.
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Abstract: Transformation of higher education institutions into
entrepreneurial universities is becoming an urgent priority in the context
of global competition, technological shifts, and the demand for closer
integration between education, science, and the economy. This article
presents a comprehensive approach to understanding and guiding such
transformation, emphasizing the strategic, methodological, and
organizational frameworks necessary for its implementation. The study
focuses on the development of a typology of higher education institutions
(HEIs) based on their level of entrepreneurial development: traditional
universities, nonprofit entrepreneurial universities, and fully
entrepreneurial universities. The research uses content analysis, SWOT-
analysis, classification, and scenario modeling to formulate a
transformation algorithm adapted to each university type. A four-phase
transformation model is proposed: environmental diagnostics, strategic
planning, implementation, and performance monitoring. The paper
outlines specific developmental trajectories for each type of university,
including resource allocation, curriculum changes, creation of innovation
ecosystems, and internationalization strategies. Results demonstrate that
the institutional context, readiness for innovation, and stakeholder
engagement significantly influence the pace and success of
transformation. The proposed model allows HEIs to transition from a
classical academic structure to an entrepreneurial format, strengthening
their social and economic impact. The study concludes that a systematic,
typology-based approach supported by adaptive governance and strategic
partnerships is essential for effective transformation. Furthermore, the
framework provides practical guidance for customizing institutional
strategies and aligning them with national innovation agendas. Future
research may further explore how digitalization and international
collaboration accelerate entrepreneurial capacity in higher education.
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success of transformation. The proposed model allows HEIs to transition from a classical academic
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Mopeani Tpancopmanii 3aki1a1iB BUIOI OCBITH Y NiANNPHMEMHHNIBKI YHIBepCHTEeTH: THII0JIOT I,
aJITOPUTM Ta CTpPaTeriuyHe ynpabJiHHS

Onexcanap OnecHeBu4
acmipant, JIBH3 «KuiBchkuii HanioHaIbHUM €KOHOMIYHUHN YHiBepcuTeT iMeHi Banuma I'etbmanay
e-mail: o.olesnevych@kneu.dp.ua

ORCID ID: 0000-0002-8313-6901

AHoTanis: Tpanchopmariisi 3aKiagiB BUIIOI OCBITH Yy MIANPUEMHUIBKI YHIBEPCHUTETH CTa€
aKTyaJbHUM IPIOPUTETOM B YMOBaX INT0OAIbHOI KOHKYPEHII1, TEXHOJIOTIYHUX 3MiH Ta MOTpeOU B
TICHIIIIN 1HTErparii OCBITH, HAYKH i €KOHOMIKH. Y CTaTTi MPEACTABICHO KOMIUIEKCHUH MiIXiJ 10
PO3YMIHHS Ta YIPaBIIHHSI TaKWUM IPOLECOM, 3 AaKIEHTOM Ha CTpaTeridyHi, METOJOJIOTIYHI Ta
opranizauiifHi 3acagu ioro peamnizamii. OCHOBHY yBary NpHUALJICHO pO3poOLli THIIOJIOTIi 3aKiaiB
Bumioi ocBitu (3BO) 3amexHO BiJ piBHA PO3BUTKY MiANPUEMHHUIIBKOTO MOTEHIANy: TpaIulliiiHi
YHIBEpCUTETH, HEMPHUOYTKOBI YHIBEPCHUTETH IiIMPUEMHHIITBA Ta TOBHOLIHHI MiANPUEMHHUIIBKI
yHiBepcuteTu. st popMyBaHHS anropuTMy Tpanchopmailii, a1arnToBaHoro 10 KoxkHoro tuiy 3BO,
BUKOPUCTAaHO METOAM KOHTeHT-aHamizy, SWOT-anamizy, xknacudikamii Ta CLEHapHOTO
MO/JICJIFOBAHHS. 3alpoOIOHOBAHO YOTHPHUETAIHY MOJIENb TpaHCOpMallii: 11arHOCTHKA 30BHIIIHBOTO
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CepeoBUINIA, CTpATETIYHE MIIaHYBaHHSI, peai3allis Ta MOHITOPUHT pe3yNbTaTiB. Y poOOTi OKpECIeHO
KOHKPETH1 TPAeKTOPii PO3BUTKY JJIsl KOXKHOTO TUITY YHIBEPCUTETIB, BKIIOUAIOYH PO3IOALT PEeCypciB,
OHOBJICHHS ~HaBYAJIbHUX TNPOrpaM, CTBOPEHHS IHHOBALIMHUX €KOCHCTEM Ta  CTparerii
iHTepHauioHami3alii. Pe3ynpTaTu JOCHIKEHHS CBIi4aTh, 10 IHCTUTYLIHHUI KOHTEKCT, TOTOBHICTD
0 IHHOBAIlI Ta 3allydyeHHs CTEUKXONIEpiB ICTOTHO BIUIMBAIOTh HA TEMIIH Ta YCIIIIHICTH
Tparcdopmariii. 3amporoHoBaHa Mojaenbs no3Bossie 3BO mepeiitu Big KIACHYHOI akageMidHOT
CTPYKTYPH JI0 MiIPUEMHUIILKOTO OopMaTy, MOCUITIOIOYH IXHIH COiaTbHUIN Ta eKOHOMIYHHIA BIUIHB.
Y crarti 3po06iieHO BHCHOBOK, IO CHUCTEMHMM IMiAXiJi HAa OCHOBI THUIOJOTii, MiATPUMaHUI
aJlaTUBHUM YIPABIIHHSAM Ta CTPATETiYHUMU MapTHEPCTBAMH, € KIIOUOBHUM YHHHUKOM €(EKTUBHOI
Tpancopmarii. Kpim Toro, 3ampornoHoBaHa paMKOBa MOJETb A€ MPAKTUYHI OPIEHTUPU IS
IHAMBIAyami3amii IHCTUTYUIHHUX CTpaTerid Ta iX Y3roJDKEHHS 3 HAI[lOHATLHUMHU 1HHOBAIIHHUMHU
npioputeTamu. [lepcrneKTHBY MOJaNBIINX JOCHTIHKEHB ITOB’ A3aH1 3 BUBYCHHSAM BILTUBY U (poBizamii
Ta MDKHApOJIHOI CHIiBHpall Ha NMPUCKOPEHHSA HIANPHEMHUIIBKOI TpaHcopmauii y cdepi BHIIOL
OCBITH.

KarouoBi cioBa: TpaHcopmallis yHIBEpCUTETY; HiANPHUEMHUIBKUI YHIBEPCUTET; CTpaTeTiuHe
ynpasininas; Tanonoris 3BO; ekocucrema mignprueMHHULITBA.

Beryn (Introduction)

CyuacHi 3akmagu Bumoi ocitu (3BO) nocraroTs nepen noTpedoro OHOBJICHHS CBOET poili B
CYCHUIBCTBI: BiJl BUKJIIOYHO OCBITHBO-HAYKOBO{ 10 MiAPUEMHHIIbKO-1HHOBALIHO1. [lommpenns inei
HiANPUEMHUIIBKOTO YHIBEPCUTETY € BIANOBIIII0 HA TNI00ANbHI BUKIHMKH, IO CYNPOBOIKYIOTHCS
IIBUJIKOIO 3MIHOIO PUHKOBHUX YMOB, TEXHOJIOTIYHUM IPOrpecoM, UG poBizali€ero, Ta HEOOX1HICTIO
aKTUBHINIOl 1HTErpalii HayKd W OCBITH B EKOHOMIYHE cCepeqoBHINe. Y I[bOMY KOHTEKCTI
TpaHchopMallisi YHIBEPCUTETY B MIANPUEMHHUIBKY CTPYKTYpy BHUMAra€ IO€IHAHHS THYYKUX
YIPaBIIHCBKUX pIllIeHb, PO3BUTKY 1HHOBAIMHOI KYyJBTYpH Ta aKTHBHOI ydYacTi BHYTPIIIHIX 1
30BHIIITHIX CTEHKXOIIEPIB.

Marepiaan Ta metoan (Materials and Methods)
MeTo10T0TIYHO OCHOBOIO JTOCIHIHKCHHS Tpancdopmarlii 3akinaaiB Bumioi ocsita (3BO) y

MIIPUEMHUIBKI YHIBEPCUTETH CTAJI0 TOEAHAHHS CHUCTEMHOTO, CTPYKTYPHO-(QYHKIIIOHAJIBHOTO,
MOPIBHSUTLHOTO Ta CTPATETIYHOTO MiaxoaiB. OCHOBHI METOM, BUKOPUCTAHI B TOCIIKCHHI:

e KoOHTEHT-aHaQJIi3 — 3aCTOCOBYBaBCA JJIsi BHMBUCHHS Cy4YacHOI HAyKOBOI JITepaTypH,
HOPMATHUBHO-TIPaBOBOi 0a3W Ta cTpareriuHux JokyMmMeHTiB 3BO 1010 pO3BUTKY
I ITPUEMHUIITBA.

e SWOT-anani3 — 103BoJIMB ifieHTU(IKyBaTH CHIIbHI M crabki cropoHu icHyrouux 3BO, a
TaKOX MOXJIMBOCTI Ta 3arpo3u TpaHCHOPMAIIIITHOTO MpoIiecy.

e KracudikamiifHO-THIIONOTIYHANA METOJ] — BHUKOPUCTAHO Ui TOOYJOBU  THITONOTIT
YHIBEPCUTETIB 32 PIBHEM PO3BHUTKY MiAMPUEMHUIILKOT CKIIaIOBOT.

e (CreHapHe MOJETIOBAHHS — 3aCTOCOBAHO il (JOPMYBAaHHS aITOPUTMIB TpaHchopmarii 3
ypaxyBaHHSIM 0a30BHUX YMOB KOKHOTO THUITy YHIBEPCHUTETY.

e (CucreMHHUH MiaXia — 3a0e3MeYrB KOMIUIEKCHE 0a4eHHS B3a€MO3B’ SI3KiB MK KOMIIOHEHTaMU
yIOpaBIiHHSA 3MiHAMM, I1HCTUTYLIHHOIO KYyJIBTYpOIO, PECYpCHMM 3a0€3MECUCHHAM Ta
IHHOBAIITHOIO JiSUTHHICTIO.

VY pamkax nocmimkeHHs 0yno copMOBaHO KOHIIENITYalbHY Moienb TpanchopmMartii 3BO, ska
CKJIQIA€THCS 3 YOTUPHOX JIOTTUHUX OJIOKIB: 1arHOCTUKA CEPEOBHINA, CIIEMEHTH Ta B3aEMO3B’SI3KH,
BUMIp pe3yJbTaTiB, peamizauis Ta KOHTposb. [ koxkHoro Onoky chopmoBaHo eramu, Oii Ta
1HIMKATOPH YCHIIIHOCTI.
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PesyabTaTn (Results)

[ToHATTS «MIANPUEMHULBKAN YHIBEPCHUTET» BHHHUKIO SK BIANOBiAL HAa 3MiHY pomi 3BO y
CYCHUIBCTBI — BiJl TPaJAULIAHOTO OCBITHBOTO 3aKiay 10 AKTUBHOIO Yy4YacHHKa IHHOBAIiIHOT
EKOHOMIKH. Y HAyKOBii JiTeparypi MiNPUEMHULIBKAN YHIBEPCUTET BU3HAYAETHCA SK 1HCTUTYLIS,
1110 TIOEHY€E OCBITHIO, HAYKOBY Ta MiAIMPUEMHULIBKY (DYHKIIIi, aKTUBHO 3aJTy4ar0uMCh A0 CTBOPEHHS
1HHOBAIIi}, cTapTamiB, TEXHOJOTIYHOTO TpaHchepy Ta napTHepcTB 3 Oi3HecoM (Clark, B. R.,1998).

Tpancpopmanis 3BO y mianpueMHUIBKUAN yHIBEpCHUTET Tmependadae 3MiHy HOro
OpraHizaliifHOi CTPYKTYPH, YNPaBIIHCHKOI MOJEIi, OCBITHROTO Ta JOCHIJHHIIBKOIO KOHTEHTY, a
TAaKO’X KOpHOpaTtuBHOI KynbTypH. OCHOBHI KOHIENTyaJdbHI MiAX0AM A0 (popMyBaHHA
HiANPUEMHUIIBKOTO YHIBEPCUTETY 0a3yl0ThCsl HA TAKUX MPUHIUIIAX:

e [HTerparis 3 pUHKOM: JIsTbHICTD YHIBEPCUTETY Ma€ OyTH 30pi€HTOBaHA Ha peabHi
noTpeOu eKOHOMIKH i CYCHUIBCTBA, Mepe0ayaroyuu TiICHY CIIBIIPALio 3 Oi3HECOM,
Jep>KaBHOIO BJIAJIOIO Ta IPOMAISTHCHKUM CYCIIIJILCTBOM.

o [linmpueMHUIIbKE YIPABIIHHSA: IEpeXiJl BiJ EHTPaII30BAHOTO 0 THYYKOTO Ta aJalTUBHOTO
yTpaBIIiHHS, 3/1aTHOTO IIBUKO pearyBaTy Ha 30BHIIIHI BUKIHKH.

e [HHOBaIiifHA KyIbTYypa: 320X0UEHHS CTYJCHTIB, BUKJIAIa4iB 1 JIOCIIiTHUKIB 10 CTBOPCHHS
HOBHX MPOJYKTIB, IPOIIECIB 1 HOCIYT; MATPUMKA PU3UKY i EKCIICPUMEHTY.

o MIiXIMCUMIUTIHAPHICTE: MOEIHAHHS 3HaHb 3 Pi3HUX cep 11 GopMyBaHHS HOBUX IMiJXO/IIB
710 pO3B’sI3aHHS MIPUKJIAJHUX 3a/1a4.

ba3oBuM eneMeHTOM y MoJeli MiANPHEMHUIIBKOTO YHIBEPCUTETY € EKOCHCTEMA, KA BKIIIOYAE
HaBe/IeH1 KOMIIOHETHH Ti iX (pyHKIionan (Tabmuus 1).

Ta6auusa 1. KomrnoneHnTn ekocucteMu Moeli mianpueMHuiskoro BH3

KommnoHeHT exocucTeMu DyHKLiA
biznec-naptaepu Hananus 38B0poTHOTO 3B’S3KY, CHiB(iHAHCYBaHHS
IIPOCKTIB

InkxyGaTopu/akceneparopu [TinTpuMKa crapramniB, KOHCYJIbTallii, MEHTOPCTBO
Hayxosi miapo3ainu I'enepartist iHHOBAIIHKUX PIllIEHb 1 TEXHOJOTIN
CTyneHTChKI iHIIIaTHBH CTBOpEHHS MTPOEKTIB, Y4acTh Y Oi3HEC-XaKaTOHAX
JlepxaBHi Ta Mi>KHAPOTHI @dinaHCyBaHHS IHHOBAIliM Ta IHTEpPHAIIOHATI3AIis
nporpamu TSUTHHOCTI

Takum 4rHOM, MiAIPUEMHUALIBKAN YHIBEPCUTET — 11€ HE JIMILIE OCBITHIN MPOCTIp, a  aKTUBHUH
YYaCHHMK 1HHOBAIIfHOTO CEpeloBHINA, 3JaTHUI TeHepyBaTH EKOHOMIUHY LIHHICTh 1 CIPHATH
CTaJIOMy PO3BHUTKY CYCHIbCTBA.

Ha ocHOBI rnO0OKOT0 aHasizy BU3Ha4YeHO TpHU OCHOBHI TUIK 3BO 3anexHO BiJ] piBHS PO3BUTKY
M IPUEMHUIIBKOT CKIIaI0BO1:

1. Tpaouyiunuii ynisepcumem. 1le kmacu4HI HaBYAIIbHI 3aKJIaM, OPIEHTOBAHI MEPEBAKHO HA
aKaJIeMiYHy MiATOTOBKY Ta (pyHIaMEeHTaIbHI JOCTIKeHHs. BoHu:

® He MAlOTh PO3BUHEHOT MiIIPUEMHHIIBKOT IHPPACTPYKTYPH;

® DIiJIKO B3a€EMOJIIOTH 3 6i3HECOM Y (opMaTi MapTHEPCTBA;

® He IHTerpyBaM MiANPHUEMHUIIBKY OCBITY B HaBYaJIbHI IPOTPaMHU.
OnHak y HUX € 3HAUYHUH MOTEHIia)l A1l PO3BUTKY Yepes:

® CTBOpPEHHS KOBOPKIHTIB Ta cTapTamn-iadbopartopiii;

® DPO3pOOKY KypciB 3 HMiANPUEMHHIITBA,

® 3aIyCK MEHTOPCHKHX MPOTrpaM 1 IPaHTOBUX 1HILIATHB.

2. Vuigepcumem nionpuemuuymea (nenpubymroeguir). i 3axmand BXe MalTh IEBHY
1HPPACTPYKTYpY HIATPUMKH MiANPHUEMHUIITBA:

® JIiI0Th iIHKyOaTOPH, aKCeIepaTopu, CTapTal-1IKOJIH;
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® CTBOPEHO MapTHEPCTBA 3 OI3HECOM Ta JIOKAJIbHUMH IPOMaJIaMH;
® BUKJIAJadi Ta CTYJCHTH Peati3yloTh HiANPHUEMHUIIbK] IIPOEKTH.

OpnHak mianpueEMHUIbKA QYHKIIS 1€ He € JoMiHaHTHOI0. OCHOBHHUMHU 3aBIaHHSMHU Ha LIbOMY
eTarli €:

® iHTerparis iIHHOBAIIHOI IisSUTBHOCTI y BC1 OCBITHI IPOTPaMu;
® PO3MIUPEHHS Kepen (iHAHCYBaHHS;
® iHTEpHaIllOHATI3AIliS MiANMPUEMHHUIIBKUX 1HIIIATHB.
3. Iionpuemnuyvkuii  ynisepcumem. lle yHIBepCUTETH, IO TMOBHICTIO IHTETPYyBaIu
HiANPUEMHUIBKY JTiSUIBHICTB Y CBOIO MICiIO Ta (DyHKIIIOHYBaHHS:
® MaloTh MTOBHOIIIHHY €KOCHCTEMY 1HHOBAIIIN;
® € aKTUBHUMHU TPABIIMU Ha PUHKY 1HTEIEKTYallbHOI BIACHOCTI,
® IIATPUMYIOTH CTapTamu, TpaHC(ep TEXHOIOTIH, CIiHO(H;
® (GopMyIOTh JiAEPCHKI MO3HMIIIT Y pEHTHHTaX IHHOBAIIIHOCTI.

Jnsa takux 3BO BaxiIMBO yTpUMYBaTH KOHKYpPEHTHI IepeBard, HapoILyBaTH TI00aibHI
3B’S13KH Ta MIATPUMYBATU KyJIbTYPY HOCTIHUX 3MiH.

VYcemimua TtpanchopMmartis 3BO B MANPUEMHHUIIBKUI YHIBEPCUTET BHUMAarae YiTKOTO
CTPATETiYHOTO ATOPUTMY, SIKUH TIependadae MoeTamHy 3MiHy iHCTUTYIIIHOI JIOT1KH, YIIPAaBIIHCHKIX
MPAKTUK 1 KyJIbTYPH B3a€MOii. 3alIpONIOHOBAHUI alTOPUTM BKJIIOYAE YOTUPU OCHOBHI OJIOKU:

1. Mdiaenocmuxa 306Hiunbo20 cepedosunya. Lleit 010k nependayae aHamti3z KOHTEKCTY, Y SKOMY
(YHKITIOHYE YHIBEPCUTET:

AHani3 pHHKY OCBITHIX MOCIIYT, TOTPeOd Oi3HECY Ta CyCIiIbCTBA;

BuBUeHHs 04iKyBaHb CTEHKXOJAEPIB (CTYICHTIB, BUKIAa1adiB, pOOOTOABIIIB);

Omninka pU3UKiB 1 BUKIHKIB ((IHAHCOBUX, COIIAIBHUX, TEXHOJOTIYHHX );

Bu3HayeHHs1 KOHKYPEHTHUX NIEpeBar yHIBEPCUTETY.
PesynpraToM Mae cTaTH Bi3is PO3BUTKY YHIBEPCHTETY, Y3TOJDKEHa 31 CTpaTerisiMu
HAI[IOHAJILHOTO Ta PETriOHAIBLHOTO PiBHIB.
2. Ilobyoosa cmpamecii. Leti etan ¢hopmye 6a3y miis TpaHchOpMaIiiHUX 3MiH:

BusHaueHHs cTpaTeriyHux mpiopuTeTiB (1HHOBAII1, OCBITa, TAPTHEPCTBA);

Po3poOka ocBiTHROT, HAYKOBO1, IHHOBAIIIIHOI CTpaTerii;

dopmyBaHHS M1aHIB peanizaiii ctpareriit (3 KPI Ta kanenmapem fiit);

3anydeHHs BHYTPINIHIX 1 30BHINIHIX YYaCHUKIB JI0 CITIBTBOPEHHS CTPATET1i.
Oco0sIMBO BaXIJIMBUM € OallaHC MiK KOPOTKOCTPOKOBUMHM IHIIIaTMBAMHU 1 TOBITOCTPOKOBUM
OaueHHSM.
3. Peanizayis mpancgopmayitinux Oiu. Ha upomy erami 3aiHCHIOETBCS Oe3mocepenHe
BIIPOBAIKEHHS 3MIH:

CTBOpEHHS MIANMPUEMHUIIBKOT iHYPACTPYKTYpH (KOBOPKIHTH, CTapTaN-UEHTPH, Xaln);

BripoBakeHHs TANMPUEMHUIIBKUX KYPCIB Ta IHTETPALlisl B OCBITHI IPOTpaMu;

3amyck akceneparopiB, MEHTOPCHKHX IIPOTrpaM, KOHKYPCiB 1HHOBAIIiH;

CtBopeHHs Mepexi mapTHepiB (Oi3HEC, OpraHu BiIaH, JOHOPH).
3abe3neuyeThes THYYKE YIIPABIIHHS: alanTallis i BiAMOBIIHO A0 3MiH CEPEIOBUIIIA.
4. Monimopune, oyinka i xopekyis. KOHTpOIb 3a BOPOBA/DKCHHAM 3MiH 0a3y€ThCsl HA TAaKUX
nporenypax:

Perynspuae BumiproBanns eextuBHocTi (KPI, onuTyBaHHs, BHYTPIIIHIN ayanT);

Ominka mporpecy y JOCSTHEHHI IiJIeH 1 onepaTUBHE KOPUTYBAHHS [Tii;

[Ipe3enTarris pe3ynbTaTiB 3aIiKaBICHIM CTOPOHAM;

®opmyItOBaHHS peKOMEHAIIIH /U1 MaiiOyTHIX HUKIIIB TpaHchopmariii.
[le#t 610K 103BOJISIE IHCTUTYIIOHATI3YBATH 1HHOBAIIIT Ta 3a0€3MEUNUTH CTATICTh 3MiH.
Tpanchopmanist 3BO y mignprueMHUIIBKHA YHIBEPCUTET HE € OTHOMOMEHTHUM MpotiecoMm. Lle
JOBrOTpUBAja CTpaTeris pO3BHUTKY, sKa TOTpedye TMOE€IHAHHS OpraHi3aliifHuX — 3MiH,
MIEPEOCMUCIICHHS I[IHHOCTEW, OHOBJIEHHS HABUAIBHOTO KOHTEHTY, 3MIIIHEHHS TAPTHEPCHKUX MEPEK
Ta PO3BUTKY MiAMPUEMHHUIIBKOIO MUCJICHHS Cepell YCiX yYacCHMKIB OCBITHBOTO mporecy. Tak, 10
OCHOBHHUX (pakTopiB ycmimHoi Tpancopmanii BH3 y nignpueMHULIBKI HaJleXKAaTh:
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1. TunmomoriyHui migxig — K04 A0 edextuBHOI TpaHcopmauii. Tpamauuiiiai 3BO,
YHIBEPCUTETH MiJNPHUEMHULITBA Ta BXKE MIIIPUEMHUIBKI YHIBEPCUTETH MAaIOTh Pi3HI CTapTOBI
MO3UIIi1, 0 MOTpeOy€e PI3HUX YIPABIIHCHKHUX PillleHb. BUKOpHCTAaHHS TUIOJOTIT JO3BOJISE:

® VHHKHYTHU yHIBEpcami3allii pillleHb;
® ajanTyBaTH MiAXif 10 kokHoro BH3 3 ypaxyBaHHSAM #0ro moTeHmiany;
® Kpalie po3NOIUISITH PECYPCH Ta 30CEPEIUTH YBary Ha KPUTHUYHUX TOYKAX POCTY.

2. IaTerpartiis OCBITHBOI, HAYKOBOI Ta MiANPHEMHHIIBKOI IsTIBHOCTI. PO3pHUB MiI>K HABYaHHSM,
JOCHIUKEHHSAMH 1 pUHKOM Tpani 3HmwkKye edextuBHicTh 3BO. IlianpueMHUIBKUI yHIBEpCUTET
BUPIILIYE 1[I0 TPOOIEMY HUIIXOM:

® [IPAKTUKOOPIEHTOBAHOI OCBITH;

® I[IPOEKTHOI MisUTLHOCTI,

® CTBOPEHHJ CTapTaliB Ha 0a3i HAYKOBHX JOCIIIKCHb;
® BIIPOBAKEHHS TyaJIbHOT OCBITH.

3. IlaptHepcTBO sk pymridiHa cuiaa. CmiBopansg 3 OI3HECOM, TPOMAJCBKHM CEKTOPOM,
MDKHApOJAHMMH OpTaHi3alliiMd Ta BIQJ0I0 € HEOOXiJHOI YMOBOI CTBOPEHHS IOBHOIIIHHOI
HiANPUEMHUIIBKOT ekocucTeMH. Lle no3Bose:

® 3aJIy4aTH 30BHILIHI pecypcu (1HBECTHIIIl, MEHTOPCTBO, IHPPACTPYKTYpa);
® Kpalie po3yMiTH OTpeOu pUHKY;
® aJanTyBaTH OCBITHI MPOrpamMH O aKTyaJbHUX BHKJIUKIB.
4. IuHOBaliifHa KyJnpTypa SIK cepeloBUIle 3pocTaHHA. DOpMyBaHHS MiANPHEMHUIBLKOT
KyJIbTYpH Iependavae:
® MOTHBAIIIO /IO Jiif (TpaHTH, KOHKYPCH, BUSHAHHS);
® HAsSBHICTh MPUKIIAJIB yCIIXY;
® [IATPUMKY PU3HKOBAHUX, ajie IHHOBALIMHKX 17eH;
® aKTHBHE 3aJy4YCHHS CTYACHTIB Ta BUKJIAJA4iB 10 pealbHUX MPOEKTIB.
5. Ponb nepxasu. JlepkaBHa moJiiTuka y cepi BHILOT OCBITH Ma€E OPIEHTYBATUCS HA CTBOPEHHS
CHPUATINBOTO CEPEIOBHUIIA JUIS M AMPUEMHUIIBKOT TpaHcopmarlii, 30kpema:
e minrpumky 3BO y mporeci uudposizartii;
® BIIPOBAKEHHS MporpaM (iHAHCYBAHHS IHHOBAIIH;
BU3HAHHS Pe3yJbTaTiB MiIPUEMHHULIBKOT TISUTBHOCTI SIK YACTUHU aKaJIEMIYHOTO YCIIXY.

Bucnosku (Conclusions)

Tpancdopmanis 3BO y miANpHEMHUIBKUN YHIBEPCHTET € CKJIaJHUM, OararopakTOpHUM
MIPOLIECOM, III0 BUMArae CTpaTeriyHOro TUTAHYBAHHS, IHCTUTYLIHHUX 3MiH Ta TIOCTIHHOT B3aeMOIi 3
30BHIIIHIM  CEpPEAOBUINEM.  3alpONOHOBAaHA  THUIIOJIOTiSI  YHIBEPCHTETIB  (TpauIliiHMIA,
HEeNpUOYTKOBUIM  yHIBEPCUTET MiANPUEMHHIITBA, MIANPUEMHHUIIBKUN YHIBEPCUTET) JIO3BOJISIE
i1eHTU(IKyBaTH TMOTOYHUN PIBEHb PO3BUTKY IiINPUEMHHMIIBKOTO MOTEHIiany KoxkHoro 3BO Ta
chopMyBaTH amanToBaHI Monedi TpaHcdopmallii. AnroputMm TpaHchopmaiii BKIIOYAE YOTHPHU
OCHOBHI OJIOKH: JIIarHOCTUKY CEPEIOBHUIIA, CTPATETIUHE TUIAHYBAaHHS, PEaTi3alliio 3MiH i MOHITOPHUHT.
Kosxen 13 OJI0KIB € JIOTIYHUM eTaroM y nooyaoBi mianpueMuuipkoro npodiao 3BO. dopmyBanHs
€KOCUCTeMH MiANMPUEMHUITBA — KpUTHYHUN (akTop ycmixy. Ekocuctema Mae BKIIOYATH
1HKyOaTopH, aKceaepaTopH, MapTHEPCTBA 3 Oi3HECOM, MIATPUMKY CTapTalliB, IHTEPHAIIOHAII3AIIII0
Ta 1HQPACTPYKTYpy A MPAKTHUUHOI MiSUIBHOCTI CTYIEHTIB 1 BUKJIanauiB. JlepkaBHa MOJITHKA
MOBUHHA MiJTPUMYBATH Mporiecu TpaHchopmarii yepe3 iHCTPYMEHTH CTHMYTIOBAHHS 1HHOBAIIiM,
OCBITHI T'PaHTH, aKPEAMTAIIIHI MEXaHI3MH, 110 BH3HAIOTh HiANPHEMHHMILKY HisibHICTE 3BO sk
IHANKATOp IXHBOI SKOCTI Ta KOHKYPEHTOCIPOMOXKHOCTI. Takum dYHHOM, peami3aiis
3aIpONOHOBAHOTO MMiIX0/AY T03BOJIUTH yKpaiHCchkuM 3BO amanTyBaTucs 10 ro0albHUX TCHICHITIH,
MiABHUIIUTH CBOIO aBTOHOMIIO, IPUBAOIMBICTD 1 3pOOUTH peabHUI BHECOK Yy PO3BUTOK 1IHHOBALIHOT
€KOHOMIKH KpaiHu.

71



Scientific and practical journal "Economics and technical engineering"

Konduaikr intepecis (Conflicts of interest)

ABTOp 3as1BJIsIE IPO BiICYTHICTH KOH(IIKTY 1HTEpECIB.

®inancyBanns (Funding)
Le mocnimKeHHsI He OTPUMAIIO 30BHILIHBOTO (hiHAHCYBAHHS.
Jlirepatypa (References)

Clark, B.R. (1998). Creating Entrepreneurial Universities: Organizational Pathways of
Transformation. Pergamon-Elsevier Science. https://doi.org/10.1023/A:1003771309048

Etzkowitz, H. (2003). Research groups as ‘“quasi-firms”: The invention of the entrepreneurial
university. Research Policy, 32(1), 109—121. https://doi.org/10.1016/S0048-7333(02)00009-8

Struminsky, V. (2021). Transformation of Ukrainian universities in the context of innovative
development. Higher Education of Ukraine, 2, 15-22. https://doi.org/10.53486/icspm2023.45

Fedun, A., & Melnyk, V. (2020). Entrepreneurial university: Concepts, strategies, models. Innovative
Economy, 1(83), 45-52. https://doi.org/10.20535/2077-7264.3(65).2020.11089

OECD. (2017). The Entrepreneurial University Framework. OECD Publishing.

Raposo, M., & Pago, A. (2011). Entrepreneurship education: Relationship between education and
entrepreneurial activity. Psicothema, 23(3), 453—457. https://doi.org/10.1016/j.respol.2010.09.006

Ukrainian Institute for Education Development (UIED). (2022). Methodological recommendations
for the implementation of entrepreneurial education in higher education institutions. Kyiv: UIED.
https://doi.org/10.20473/mkp.V33112022.110-121

Landinez, L., Kliewe, T., & Garomssa, H. (2019). Entrepreneurial University Indicators in Global
University Rankings. In Developing Engaged and Entrepreneurial Universities: Theories,
Concepts and Empirical Findings (pp. 57-85). Springer. DOI: 10.1007/978-981-13-8130-0 4

Bercovitz, J., & Feldman, M. (2006). Academic entrepreneurs and technology transfer: A conceptual
framework for understanding knowledge-based economic development. The Journal of
Technology Transfer, 31(1), 175-188. DOI: 10.1007/s10961-005-5029-z

Fernandez, A., et al. (2023). Digital transformation initiatives in higher education institutions: A
comprehensive review. Education and Information Technologies.
DOI: 10.1007/s10639-022-10739-1

Wang, S. Y., et al. (2021). The evaluation of synergy between university—industry—government
interactions: An indicator-based approach. International Journal of Environmental Research and
Public Health, 18, Article 3878378. DOI: 10.1155/2021/3878378

Bygstad, B., et al. (2022). Exploring the digital transformation of higher education: Emerging digital
learning spaces. Computers & Education, 179, Article 104423.
DOI: 10.1016/j.compedu.2022.104423

72


https://doi.org/10.1023/A:1003771309048
https://doi.org/10.1023/A:1003771309048
https://doi.org/10.1016/S0048%E2%80%917333(02)00009%E2%80%918
https://doi.org/10.1016/S0048%E2%80%917333(02)00009%E2%80%918
https://doi.org/10.53486/icspm2023.45
https://doi.org/10.53486/icspm2023.45
https://doi.org/10.20535/2077%E2%80%917264.3(65).2020.11089
https://doi.org/10.20535/2077%E2%80%917264.3(65).2020.11089
https://doi.org/10.1016/j.respol.2010.09.006
https://doi.org/10.1016/j.respol.2010.09.006
https://doi.org/10.20473/mkp.V33I12022.110%E2%80%91121
https://doi.org/10.20473/mkp.V33I12022.110%E2%80%91121
https://doi.org/10.20473/mkp.V33I12022.110%E2%80%91121

Scientific and practical journal "Economics and technical engineering"

I BN B ECONOMIC
[ I AND TECHNICAL
[ I ENGINEERING

Scientific and practical journal "Economics and technical
engineering"

Founders: State University of Economics and Technology
ISSN: 3041-1246

E-mail: ete@duet.edu.ua Journal homepage: https://ete.org.ua

JEL: F15, L25, M21, 052

DOI: 10.62911/ete.2025.03.01.07

Business Efficiency within the Framework of the EU
Single Market

Citation:

Maksymova, 1., Bilyk O. (2025). Business Efficiency within the
Framework of the EU Single Market. Scientific and practical journal
"Economics and technical engineering”". Vol. 3 No. 1 (2025), 73-84.
https://doi.org/10.62911/ete.2025.03.01.07

Iryna Maksymova

Assoc. Prof. DSc, State University of

Economics and Technology, Kryvyi Rih,

Ukraine

e-mail: maksimova_ii@kneu.dp.ua
ORCID iD: 0000-0001-9754-0414

Taras Bilyk

Postgr., State University of Economics

and Technology, Kryvyi Rih, Ukraine

e-mail: bilyk_ty 23794@kneu.dp.ua
ORCID iD: 0009-0003-3432-5145

Received: 10/09/2023
Accepted: 15/10/2023

Abstract: The article explores the functioning of small and medium-sized
enterprises within the framework of the EU Single Market, with particular
attention to productivity, competitiveness, and structural challenges
arising in the process of European economic integration. A comparative
analysis was conducted on the productivity dynamics of enterprises of
various sizes during the period 2018-2025 across selected EU industrial
ecosystems. The results reveal a growing productivity gap between large
enterprises and SMEs, attributed to unequal access to finance, digital
technologies, market infrastructure, and innovation capacity. It was found
that sectors highly sensitive to external factors (renewable energy, textiles,
and tourism) exhibit significant productivity fluctuations, primarily due to
seasonality, demand volatility, and regulatory shifts. In contrast, sectors
such as construction, the social economy, trade, and creative industries
display more stable trajectories, driven by structural inertia, strong
domestic demand, and lower dependence on global supply chains. The
study also analyses regional differences in the regulatory environment,
particularly regarding the implementation effectiveness of EU directives.
The SBA Scoreboard indicator system was employed to assess the
institutional environment for SME development across Member States.
The findings highlight pronounced geospatial disparities, with Austria, the
Netherlands, and the Baltic states offering the most favourable conditions
for SME performance, while Bulgaria and Greece face systemic
challenges. A four-dimensional model of business environment efficiency
is proposed, including participation in public procurement, access to
finance, integration into the Single Market, and internationalisation. The
study confirms that productivity serves as a systemic indicator of SME
efficiency, particularly in the context of sustainable development. The
research substantiates the need to reinforce SME support policies aimed
at advancing digital transformation, reducing internal market barriers,
fostering innovative ecosystems, and enhancing the competitiveness of
SME within the integrated EU economic space.
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AHoTauig: Y CTaTTi IOCHiIKEHO 0cOOIMBOCTI (DYHKI[IOHYBaHHS MaJloTo Ta CepeJHbOro Oi3Hecy B
yMoBax €amHOro pwHKY €Bponeiickkoro Coro3y, 3BakKa4d Ha  NPOAYKTUBHICTD,
KOHKYPEHTOCIIPOMOKHICTh Ta CTPYKTYpPHI BHKJIUKH. [IpoBeeHO MOPIBHIBHUM aHai3 AMHAMIKA
npoayKTUBHOCTI Oi3Hecy y 2018-2025 pokax B Mekax OKpeMHX NMpPOMHUCIOBUX ekocucteM €C.
OTtpumani pe3yabTaTu CBiAYATh PO 3pOCTAIOYHMNA PO3PUB MK BEIMKHMMHU KOMIIAHISIMU Ta MaJTUMHU U
CepeIHIMU MiAMPUEMCTBAMH, SIKUI 3yMOBIIOETHCS HEPIBHUMHU YMOBAaMU JIOCTYIY 10 (piHAHCYBaHHS,
umbpom/lx TEXHOJIOTiH, pI/IHKOBOI lH(bpaCprKTypI/I Ta IHHOBaLil. BUsBIEHO, IO CEKTOPH 3 BUCOKOIO
YyTJIMBICTIO JI0 3O0BHIIIHIX YWHHUKIB (BIJHOBIIOBAaHAa EHEPreTUKa, TEKCTHIb 1 TYpH3M)
JIEeMOHCTPYIOTh 3HAUHI KOJUBAHHS MPOAYKTUBHOCTI, IO 3yMOBJICHO CE€30HHICTIO, 3MiHAMU TOMUTY
Ta peryasiTOPHUMHU BIUTMBamMH. HaromicTe OyIiBHUITBO, cOLiajdbHa EKOHOMIiKa, TOPTIBIS Ta
KpeaTuBHI 1HAYCTPil BUPI3HAIOTHCS CTAOUIBHIIION TUHAMIKOIO 3aBISKH BHYTPIIIHBOMY IOMUTY Ta
MEHIIM 3aJeXHOCTI BiA THOOATBHHMX JAHIIOTIB MMOCTadaHHs. [IpoaHanmizoBaHO TMEpPeIyMOBH
iMmiemenTarntii qupekTuB €C, Sk KpuTepist po3BUTKY O13HEC-cepeloBHILA. 3aCTOCOBAHO IHINKATOPHY
cucremy SBA Scoreboard 11 KOMIIJIEKCHOT OLIHKY 1HCTUTYLIHHOTO cepenoBuina po3Butky MCII y
nep:kaBax-wieHax €C. BusiBjieHo BUpa3Hi reonpocTOPOBI BIIMIHHOCTI, 30KpeMa HalCIpUATIUBIIIE
cepenoBulle B yMoBax €nuHoro punky (Actpisa, Hizepnanau, kpainu banrii) Ta cuctemHo kpuszose
(bonrapis, I'pewis). 3anpornoHoBaHO OaraTOBUMIPHY MOJIENb PO3BUTKY €(EKTUBHOCTI: ydacTb Y
JepKaBHUX 3aKyMiBIAX, JOCTyNn 10 (iHaHCYBaHHS, iHTerpauis B €IWHUM pUHOK Ta
iHTepHanioHamizamis. JloBeeHo, M0 NMPOAYKTUBHICTh € CUCTEMHHMM ITOKa3HUKOM e()eKTUBHOCTI
MCII. OOrpyHTOBaHO AOLUIBHICTH MOCHIeHHS mnonituku miarpuMkun MCII, opienToBaHoi Ha
uGpoBy TpaHCHOPMaLlito, 3MEHILIEHHS! BHYTPIIIHBOPUHKOBHUX Oap’epiB, po30yA0BY iHHOBALIHHUX
eKocucTeM B yMoBax €auHoro puaky €C.

KaouoBi caoBa: MikHapomgHuwii ©Oi3Hec, €muHuii puHOK €C, eKOHOMIYHA IHTErpallis,
KOHKYPEHTOCIIPOMOXKHICTh, €(DEeKTUBHICTb, PETyJISATOPHE CepeaoBHIle, Oi3HEC-cepeoBHUIIIE,
€Bporneiicbkuii Coro3, NPOIyKTUBHICTh, CTAIUN PO3BUTOK, JUHKATANI3ALIIS.

Beryn (Introduction)

VY cydyacHHX YMOBax €BpOINEWCHKOI iHTerpamii mani Ta cepeani mignpuemcta (MCII)
BIZIITparOTh KIOYOBY POJb y CTPYKTYPHOMY YKpIIJIeHHI eKkoHOMiKu €Bpomneiicbkoro Corosy (€C),
KUTBKICHO (OPMYIOYM JICBOBY YACTKYy YCIX MiJNPUEMCTB, 3a0e3meuyroud Oulblie IOJOBHHU
3alHATOCTI Ta 3HAUHY YacTKy BaoBoi nqoganoi Baprocti (European Commission, 2025a). BogHowac
rimboka TpaHcdopmariisi 6i3Hec-cepeI0OBHUIINA i BIUTMBOM I POBi3allii, eHEPreTUIHOTO TIEPEXOTy
Ta rI100aJTbHUX T€OCKOHOMIYHMX 3MiH BUMArae mneperisiy miaxo/iB 10 3a0e3nedeHHs: e(peKTUBHOCTI
Ta KOHKYPEHTOCIIPOMOXKHOCTI 11b0T0 cekTopy (Draghi, 2024).

3rifHO 3 aHANITHYHUMH CIIOCTEPEKEHHSIMH 32 OCTAaHHI JBa JCCATWIITTS, MPOAYKTHUBHICTDH
MCII y €C 3pocTana NoBUIbHIIIE MOPIBHAHO 3 BETMKUMH KOMIIAHISIMH, IO aKTyali3ye TUCKYCIi
IIOA0 CTPYKTYpHHX Oap’epiB, JOCTymy A0 (iHAaHCYBaHHsS, PUHKOBHUX OOMEXEHb Ta J:[eqnuHTy
U(PPOBUX 1 3€JICHUX KOMIIETEHTHOCTEH (OECD 2023). IIpu iboMy JOBIOCTPOKOBI TPEHAM CBiTYATh
PO 3pOCTaHHS POJIi 3HAHHE- Ta TEXHOJIOTTYHO-IHTeHCUBHUX rainy3el, 1e MCII 1eMOHCTPYIOTh BUIILY
J0ZlaHy BapTiCTh Ha MpalliBHUKA Ta THYYKINOIy ajJanTanilo A0 iHHoBamiHux 3MiH (European
Commission, 2025a; Eurostat, 2024).

Y koHtekcti €amnHoro puHky €C, 1m0 3aMUIIAETbCS  PYLIHHOI  CHJIOIO
KOHKypeHTocipoMokHOCTi, MCII cTHKaOTbCs SIK 13 HOBUMH MOMJIMBOCTSAMHU PO3IIMPEHHS
MaciuTabiB IisIBHOCTI, TaK 1 3 BUKIMKAMH (pparMeHTalii peryisTopHOro cepeoBHIIa, aCUMETPii B
noctymni 10 mudpoBoi iHGPACTPYKTypu Ta HEPIBHOMIPHOCTI PHHKOBHUX MepeBar MK KpaiHaMu-
yiienamu (European Commission, 2024a). ¥ BiamoBigs Ha e €Bpomneiichbka KOMICIS CTUMYIIIOE
inTerpanito MCII y TpaHCKOPIOHHI JIAHITIOT'Y CTBOPEHHS BapTOCTi, IPOCYBAE 1HIIIaTUBU IIU(PPOBOTO
Ta 3€JIGHOTO TMEPEeXoay, a TaKOX BJIOCKOHAIIOE IHCTPYMEHTH YCYHEHHsS BHYTpIIIHIX Oap’epiB Ha
PHUHKY TOBapiB, mocuyr i qanux (European Commission, 2024b).
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Mertoro 11i€i cTarTi € IOCHiKEHHS e(EeKTUBHOCTI, JTOBrOCTPOKOBOI MPOIAYKTUBHOCTI Ta
YMHHUKIB KOHKypeHTocnpoMokHocTi MCII B ymoBax ¢yHkiionyBanus €aunoro puaky €C 3
ypaxyBaHHAM CTPYKTYpPHUX TpaHcdopMaliid, nudpoBUX TPEHIIB Ta IHCTUTYLIHHOTO KOHTEKCTY
MIATPUMKH CEKTOPA.

Marepiaan Ta metoaun (Materials and Methods)

MetoponoriyHa OCHOBa JTOCTIIKEHHS IPYHTYETbCS Ha OaraTopiBHEBOMY MiJXOJi A0 aHATI3y
e(peKTUBHOCTI Majioro Ta cepeauboro mianpuemuunrsa (MCII) y kpainax €Bponeiicbkoro Coro3y B
yMoBax (YHKLIOHYBaHHSI €IMHOTO PHHKY. BpaxoByrouW CKJIaIHICTBh JOCIHIIKYBaHOTO SIBHIIA,
MOETHAHO KUTHKICHI METOJU OI[IHIOBAHHS MPOIYKTHBHOCTI 3 SIKICHUM aHAai30M PEryJIsITOPHOTO
CepeIoBUINA Ta IHCTUTYIIMHUX YMOB PO3BUTKY Oi3HeECy.

Ha nepromy erani 31iiiCHEHO KOMITapaTUBHUI aHaJIi3 MOKA3HUKIB BaJIOBOI JJOJJAHOT BapTOCTI
Ha OJHOTIO 3aMHATOrO0 B PO3pi3i MIANPHUEMCTB PI3HOTO po3Mipy (MIKpO-, MalMX, CEpelnHiX Ta
BETTUKUX ), 10 I03BOJIMIIO BU3HAYUTH BiJIMIHHOCTI y IPOJYKTUBHOCTI Ta IMHAMIIII BITHOBJICHHSI TTiCIIS
KpU30BHX sBUIIL. JDKepenoM MaHMX BUCTYNWJIM aHAIITHYHI MaTepianu €Bpomnelicekoi Kowmicii,
Eurostat ta Joint Research Centre (JRC), mo 3abe3meymsio BHUCOKHH piBEHb TOCTOBIPHOCTI
CTaTUCTUYHHX CIIOCTEPEIKEHb.

Jpyruii etan nepeadayaB CeKTOPAIbHUN aHali3 TEMINB 3pocTaHHs npoaykTuBHOcTI MCII y
Mexax 14 Bu3HaueHux nmpoMucioBux ekocucteMm €C. Po3paxoBaHo piyHi IPUPOCTH MPOIYKTUBHOCTI
3a mepiox 2018-2025 pokiB, 1m0 Aamo 3MOTY BHSIBUTH Taly3i 3 HaWOUIBIION aJanTaIliifHOO
JMHAMIKOIO, a TAKOX Ti, 110 31IITOBXYIOThCA 3 IHCTUTYLIHHUMHU a00 PUHKOBUMH Oap’epamu.

Ha tperbomy erami mpoBeACHO OLIHKY 1HCTUTYLIHHOTO cepenopuia ¢yHkiionysanus MCII
Ha OCHOBI iHAMKaTOpiB MOHITOpHHTOBO1 cucteMu SME Performance Review Ta SBA Scoreboard. L{s
OLIIHKA OXOIUTIOBAJIa YOTUPU BUMIPHU: Y4aCTh Y JEPKABHHUX 3aKyIIBISAX, TOCTYN A0 (piHAHCYBaHHS,
piBeHb iHTerpamii B €QMHUNA PUHOK 1 CTYIIHB iHTepHamioHamizamii. s KOXXKHOro 3 KOMIIOHEHTIB
3aCTOCOBAHO METOJ HOpMaji3alii Ta BaroBOro arperyBaHHs, IO JIO3BOJWIO chopMyBaTu
MDKKpaiHOBY IIKalxy TMoOpiBHAHHA. JlogaTkoBo Oyno mpoaHaidi3oBaHO TEMIH IMIUIEMEHTAIii
aupekTuB €C K KpUTUYHUAN 1HIUKAaTOp HOPMATHUBHOI iHTErpartii.

InTepnperanis pe3ynbTaTiB 6a3yeThCst HA CUCTEMHOMY MiAXO, IO BPAXOBY€ B3a€EMO3B’SI3KH
MK CTPYKTYPHHMH, HOPMATHBHHMH Ta E€KOHOMIYHMMHU (PAKTOpaMH BIUTUBY Ha €(EKTHUBHICTDH
6i3Hecy. BukopucTtano TakoX NPUHLIKIY 1HAEKCHOTO MOJAETIOBAHHS Ta MIPOCTOPOBOTO MOPIBHIHHS,
10 J03BOJIJIO BU3HAYUTU acHUMETpii MK KpaiHamu-uieHamMu €C 1 OKpecauTH peKoMeHaawli 1is
MOCWJICHHS POXyKTHBHOTO noTeHuiary MCII y Mexax eTuHOTO pUHKY.

PesyabTaTn (Results)

VY cydacHHX yMOBax CTPYKTYpHOI nepeOyaoBU IiI00adbHOi eKOHOMIKH MPOAYKTUBHICTh CTa€
BU3HAYaIbHUM (DakTOpoM 3a0e3redeHHss e()EeKTHMBHOCTI Ta KOHKYPEHTOCIPOMOXKHOCTI Oi3HeECY,
0CO0JIMBO B CErMEHTI Majoro Ta CepelHbOro MiANPHUEMHUITBA. SIK HarojgouryeThcs y AonoBini M.
Hpari (2024), exonomika €Bporeticbkkoro Coro3y Oibllie He MOKe TOKJIAIaTHCS Ha JeMorpadivyHe
3pOCTaHHS SIK TPATUIIMHUN PYIIii pO3BUTKY, OCKUIBKM HHM3bKI TEMIH MPUPOCTY HACEJCHHS Ta
CTapiHHS TPYIOBHUX PECYpPCiB MiIPUBAIOTH MOTEHIIIa] €KCTEHCUBHOTO EKOHOMIYHOTO PO3IIUPEHHA. Y
IIbOMY KOHTEKCTI 3pOCTaHHS NPOAYKTUBHOCTI Tpallli BHU3HAETHCS KJIIOYOBOIO  YMOBOIO
JOBIOCTPOKOBOI €KOHOMIYHOI CTIMKOCTI, COLIATBbHOTO MpPOrpecy Ta 3AaTHOCTI MiJIPUEMCTB
aJlanTyBaTUCS 1O HOBUX BHUMOT KJIIMAaTUYHOI Ta IudpoBoi Tpancopmauii (Draghi, 2024).

Ocob6muBoro 3HadyeHHs NpoOieMa NPOIYKTHBHOCTI HaOyBa€e B yMOBax (DyHKI[IOHYBAaHHS
€aunoro punky €C, sikuil BogHOYAaC CTBOPIOE YHIKaJIbHI MOXKIIMBOCTI JJ1sl MaciuTaOyBaHHs Oi3HECy
Ta BUSBIISIE aCUMETPIii y JAOCTYyHi 10 pecypciB, HUPPOBUX IHOPACTPYKTYp Ta PETyIATOPHUX YMOB.
MCII, sik ocHOBa €BPOMEUCHKOTO €KOHOMIYHOTO JaHA(TY, BUSBISAIOTHCS BPa3IMBUMHU JI0 X
BUKIIMKIB, MPOTE BOJHOYAC JEMOHCTPYIOTH MOTEHIIIAN aJanTallii uepe3 THYYKICTh 1 IHHOBAI[iHHY
aKTHBHICTb, 30KpeMa B 3HAHHE- Ta TEXHOJIOTTYHO-IHTEHCUBHHUX CEKTOPaX.
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AHani3 T0BroCTpOKOBUX TEHCHIIIH MPOIyKTUBHOCTI BKa3y€e Ha Te, 110 BIpoaoBxk 2020-2022
POKIB BiIOyNOCS BiHOBICHHS JAUTOBOI aKTHUBHOCTI MICIS MAHAEMIYHOTO IIOKY, 3 TOCTYIOBHM
3pOCTaHHSM PIiBHS BaJIOBOi JIOJJaHOT BAapTOCTI HAa OJHOTO NpAIliBHUKA Y BCIX PO3MIpPHUX KJacax
nianpueMcTB. Hail0iapi BUpakeHU porpec crocTepiraBesi y BEIMKUX KOMIAaHIH, SKi akKTUBHIIIIE
BIIPOBAKYBaJM 1HCTpPYMEHTH LU(POBOI aBTOMAaTH3allii, IHHOBAIlIl Ta YHpaBIiHHA 3HAHHSAMH, 110
3a0be3neymsio iM BUINI TEMIH NPUPOCTY NPOAYKTHBHOCTI mopiBHsAHO 3 MCII. Ilpore came
MIKPOIIANPUEMCTBA TPOJAEMOHCTPYBAIM BiTHOCHY CTaOUIBHICTh 1 3AATHICTh MiATPUMYBATH
MO3UTHUBHY [MHAMIKy HaBITh Yy MEpiOAM peneciid, 10 CBIMYUTH MPO IXHIO aJaNTUBHICTH Ta
nokamizoBanuii egext BBy (European Commission, 2025a).

Ha 2024 pik nporao3yerscsi He3HaYHe YIOBUTbHEHHS TEMITIB 3pOCTaHHS MPOAYKTUBHOCTI, 110
3YMOBJICHO BIUJIMBOM €HEPreTMYHHX Ta (PiHAHCOBUX OOMEXEHb, 30€peKEHHSM perioHaJIbHUX
JHMCTIPONIOPIIIM Ta 3aTpUMKaMH y BIPOBaJKEHHI HOBUX TexHousoriid cepenq MCII. Vrim, 2025 pik
PO3IIIIAETHCS SIK MOTEHLIHHA TOYKA BiJHOBJICHHS, 32 YMOBH IPOJOBKEHHS MOJITUK HiATPUMKH
udpoBoi Tpanchopmallii, iHTepHalioHanizanii Ta rekapOonizamii 6i3Hecy. Bonnouac nonituka €C
Mae OyTH CTIpsIMOBaHa Ha 3MEHIIEHHS (hparMeHTallii BHyTPIIIHBOTO PUHKY, PO3LIMPEHHS 1OCTYIY 0
(iHaHCOBUX IHCTPYMEHTIB Ta MOJOJAHHS PETYIATOPHUX Oap’epiB, IO TaJbMYIOTh peaji3allito
MOBHOTO NMpoayKTHBHOTrO noteHIiany MCII.

Takum uymHOM, migBuIIEeHHS edekTuBHOCTI Oi3Hecy B €C B yMoOBax CTajoro pO3BHUTKY
HEPO3PUBHO IMOB’A3aHE 3 MPOIYKTUBHICTIO SIK KJIIFOYOBUM IOKAa3HUKOM KOHKYPEHTOCIIPOMOXKHOCTI.
MexaHi3Mu aKTUBI3allli MPOAYKTUBHOCTI MAIOTh I'PYHTYBATHCS HA MPUHIMIIAX PIBHOTO JOCTYILY 10
iHHOBaIiH, 1M (poBOT iIHPPACTPYKTYPH, (PiHAHCOBUX PUHKIB Ta IHTETpallii B TPAHCKOPAOHHI JIAHIIOTH
J0JJaHO1 BapTOCTI.

Hunamika npoayktuBHocTi MCII B €C TOpIBHSHO 3 BEIMKUMHU HiANPHEMCTBAMH
XapaKTepU3y€eThCs BIIHOCHOIO TMHAMiKoI0 (puc. 1).
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Pucynok 1. IlponyktuBHicts mianpueMmctB €C 3a rpynamu (BajioBa J10JlaHa BapTiCTh Ha
OJTHOTO 3alHSTOrO0)
Jlxepeno: moOyJ0BaHO aBTOpaMH Ha OCHOBI aHAJIITHKH Joint Research Centre (2025)
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I'padik imocTpye BiAMIHHOCTI y OUHaMIlll MPOTYKTHBHOCTI MDK MiJIPUEMCTBAMHU PI3HUX
PO3MIpHHX KJIaciB y Kpainax €Bporneiicbkoro Coro3y. HaiiBuiuii piBeHb IpOyKTUBHOCTI IPOTITOM
yChOTO MEPI0Iy JEMOHCTPYIOTH BEJIHKI MiAMpUeMCTBAa — MoHa ] 70 THUC. €BPO HA OJTHOTO MpaIliBHUKA.
[Toripu kopoTkouacHe 3HWXeHHS y 2020 pomi, cmpuunHeHe mnanzaemiero, y 2021-2022 poxax
CIIOCTEpITaeThCsl CTiMiKE 3POCTaHHS IHOTO IMOKA3HWKA, IO CBIJYUTH MPO BUCOKY aJalTHBHICTh
BEJIMKHUX KOMIIAHiH, iX 3IaTHICTh iHBeCTyBaTH B IIM(POBI pillleHHs, iIHHOBALIi Ta MOJEpPHI3ALILO.
Cepenni minnmpueMcTBa 30epiraloTh CTaOUIbHI TEMIM 3pOCTAHHS, OJHAK 13 TOMITHO HIDKYMMU
pIBHAMH NPOAYKTUBHOCTI — BiAg 53 10 61 THC. €Bpo. Lleil cerMeHT AeMOHCTpye MOTEHLIaN 10
MaciuTaOyBaHHS, ajle OOMEXEHHH y JOCTYII 0 pecypciB, 30KpeMa (iHaHCYyBaHHS 1HHOBALIHHOI
AisibHOCTI. Mani minmpueMCTBa, SKi 3a3BUYail MarOTh MPOAYKTUBHICTH Ha piBHI 44—48 THC. €BpO,
MOKa3yl0Th MOMIpHE 3POCTAaHHS 3 JSSIKUMH O3HAKaMU CHOBiIbHEHHS micis 2022 poky. BpaznusicTs
IIOTO CETMEHTa O0YMOBIIOETHCS MiABUIICHUMH BUTPATaMH, CKIIAJHICTIO PETYIATOPHHUX MPOLEAYD
Ta HECTAuel0 CIeIialli30BaHUX KOMIleTeHLiH. HalHKYl MOKa3HUKU MPOAYKTUBHOCTI XapaKTEpHi
IUIsL MIKPOMIATIPHEMCTB, OJIHAK CaMe BOHH JIEMOHCTPYIOTh HAHCTIHKIITy MO3UTUBHY TUHAMIKY IiCIIs
2021 poky. [Toka3HUKH MPOIYKTUBHOCTI 3pocTaroTh 3 33 1m0 37 TuC. €Bpo Ha (OHI 3arajibHOTrO
CHOBUILHEHHs y OUIBLIMX CErMEHTax, W0 MiJKPECIIOE aIaNTUBHUN TOTEHUIAT MIKpOOi3HECy.
VIMOBiIpHOIO TNPHUYMHOIO € 3pocTaioya IM(poBa THYUYKICTh, aKTHBHA Y4YacTh y IUIATGOpPMHIN
€KOHOMIIIi Ta 30CEPEHKEHICTh Ha HIIIEBUX PUHKAX.

Oco6uBy yBary 3aciayroBye poraozoBaHa quHamika Ha 2024-2025 poku. 3riiHO 3 OI[iHKaMH,
BEJIMKI MiANPHEMCTBA 30epiraloTh CTabUIbHY MPOIYKTHBHICTH Ha PiBHI 74—75 THC. €BpPO, TOAL 5K
cepeHi MiANPUEMCTBA JEMOHCTPYIOTh He3HauHe 3pocTaHHg 3 60 mo 61 Tuc. eBpo. Jns mammx
HiANPUEMCTB OYIKYETHCS 3HM)KEHHS MPOIYKTUBHOCTI 10 46 THC. €BPO, IIO CBITYUTH MPO BTpATy
YaCTUHH KOHKYPEHTHUX MO3ULIN, HMOBIpHO Yepe3 iHQISALIHHNN TUCK, BUTPATH HA EHEPropecypcu
Ta OOMEeXEHHs JocTymy A0 (piHaHCyBaHHS. BopHouac MIKpOIIANPUEMCTBA €IHMHI 3-TIOMDK YCIX
CerMEHTIB 30epiraloTh MO3UTHBHY AUHAMIKy y 2024-2025 pokax, 3poctatoun 10 37 THC. €Bpo. Taka
TEH/ICHIIIS1 MOKE BKa3yBaTH Ha €()eKTHBHICTh MOJITHK HU(PPOBOT IHKIIIO311 Ta alanTallio HAaWMEHIINX
TpaBIIiB 10 HOBUX BUKJIHKIB.

i pe3ysbTaTh € Ha{3BUYANHO BaXKIIMBUMH Y KOHTEKCTI (yHKIIOHyBaHH: €aiHOro punky €C.
Bonnu HII[TBepII)KyIOTB 10 HassBHI YMOBHU 3HAYHOIO MIpOIO CHPUSIOTH IMiJIBUIIECHHIO €(EeKTHUBHOCTI
BEJIMKHUX KOMIIaHii, BogHOUac 30epiratoun 6ap’epu ans MCII, oco0nmBo Ha etanax TpaHcgopmarii.
30epexeHHs MPOAYKTUBHICHOTO PO3PHBY BUMAra€ IMOTIHOJICHHS MOJITHK MiITPUMKHA MAJOro Ta
cepeiHbOro Oi3Hecy uepe3 IHCTPYMEHTH (IHAHCYBAaHHS, CIPOIICHHS Pperyisuiid, IOCTyN a0
1 poBUX iHYPACTPYKTYp Ta IHTETpaLlito B iHHOBaIiitHI ekocucTteMu. Oco0IMBO1 yBaru noTpedyoTh
Ti MCII, mo ¢QyHKIIOHYIOTh y 3HAHHE- T4 TEXHOJOTTYHO-IHTEHCUBHUX CEKTOpaXx, /e MiIBUIICHHS
MIPOAYKTUBHOCTI MPSMO KOPEIIOE 3 KOHKYPEHTOCTIPOMOXKHICTIO Ta 3aTHICTIO /10 CTAJIOT0 PO3BUTKY.

binpm geranbHUil aHami3 auHaMiku 3pocTtaHHs npoxykTuBHOcTi MCII y €C Ha piBHI
MIPOMHCIIOBUX €KOCHUCTEM, BUSBIISIE 3HAUHY BApiaTUBHICTh MK CEKTOpAaMH Ta POKAMHU JIOCIIKSHHS
(puc. 2).

Sk OGaunmmo, 3a aHaJI30BaHUN TEpIOJl TPOCTEXKYETbCS HEPIBHOMIpPHA TPAEKTOPISA
MPOAYKTUBHOCTI B pi3HUX O13HEC-eKOCUCTEMaX. 30KpeMa, Oi3HeC y rajry3sx 3 MiJBUILEHIM CTYIICHEM
9yTIMBOCTI JO 30BHINIHIX BIUIMBIB — Taki SK BiJHOBIIOBaHA CHEPreTUKa, TEKCTHIIbHA
MIPOMHCIIOBICTE  Ta TYPU3M ~—  XapaKTepHU3yeThCs OLTBII BUPKEHUMH  KOIMBAHHAMH
HpOIIyKTI/IBHOCTl Lle cBimuuTh Mpo CHITbHY 3aJISKHICTh IIUX CEKTOPIB BiJl CE30HHOCTI, KOJHUBaHb
MOMUTY, 3MiH y BapTOCTI PeCypciB Ta PerymsTopHoro cepenosumia. Ha BinmiHy Bin HHX, Taki
€KOCHUCTEMHU 5K 6y}1113H1/1uTBo coliangbHa €KOHOMiKa Ta Oe3reka, TOPTiBIs, a TaKOX KYJbTYpHI Ta
KpeaTuBHI 1HAYCTpii AEMOHCTPYIOTh CTaOUIbHINIY AuHAMiKy. Lle Moxe OyTH MOSCHEHO IXHBOIO
CTPYKTYpPHOIO 1HEpPIIHHICTIO, CTIWKICTIO BHYTPIIIHHOI'O IOMUTY Ta MEHIIOK 3aJICKHICTIO BiJ
r7100aNbHUX JIAHIIOTIB TMOCTaYaHHA. YMOBHO CTaOlIbHI TEMIM 3pOCTaHHS MPOJYKTHBHOCTI B ITHX
rajgy3siX CTBOPIOIOTh IEPEIyMOBU MJSi JOBIOCTPOKOBOTO IUIAaHYBaHHS, OJHAaK TaKOXX MOXYTb
CHTHAJII3yBaTH PO MOBLIbHIIIE BIPOBAHKEHHS IHHOBAIIHUX 200 IIU(PPOBUX PIllICHb.

Amnaniz ouiHok npoayktuBHocti MCII y cekTopambHOMY po3pi3i CBIAYUTH HPO
3araJbHOMO3UTHUBHY TEHJIEHI[IF0 3pOCTAaHHS B OUIBIIOCTI MPOMUCIOBUX ekocuctem €C y mepiof 10
2025 poxy. 3rigiHO 3 OYIKYBaHHSIMH, YCi EKOCHUCTEMH, JIEMOHCTPYIOTb CYKYIHE 3pOCTAaHHS
NPOAYKTUBHOCTI, 110 BKa3y€ Ha BiIHOBIEHHS Ta TpaHC(hOpMaIliiiHiI 3pyIIEHHS B €KOHOMIYHOMY
cepeoBuIL Ticist Kpu3oBux noaiid 2020 poky.
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Pucynok 2. Piyni Temnu 3pocTaHHs IPOAYKTUBHOCTI Oi3Hecy 3a cekTtopamu AistibHOCTI MCII
Jlxepeno: moOyJ0BaHO aBTOpaMH Ha OCHOBI aHAJIITHKH Joint Research Centre (2025)

Oco06mBO BUpa3Hy MO3UTUBHY JTUHAMIKY MPOJEMOHCTPYBAJIN TPU €KOCUCTEMH — pO3ApiOHA
TOPTiBJISl, TEKCTUJIbHA MPOMHUCIIOBICTh Ta BIAHOBIIIOBaHA €HEPreTUKA — Yy SIKUX IepeadadyaeTbes
JIBO3HAYHE 3pOCTaHHA MPOLYKTHUBHOCTI 10 2025 poKy. 30KpeMa, CeKTOp BiIHOBIIIOBAHOI EHEPreTUKU
OUiKyBaHO CTaHe JifepoMm 3a mpupoctoM mpoxaykruBHocTi MCIT (21,0%), 1Mo MOSCHIOETHCS
aKTUBHOIO IMIUIEMEHTAIlI€l0 €BPOTNEHCHKOTO 3€JICHOTO KypCy, IHBECTULIIIMHA B JeKapOOHi3allilo Ta
U(POBI3aII0 eHEPTETUUHUX CUCTEM.

OxpeMy aHaNIITHUHY YBary 3aciyroByIOTh TPU KJIIOUOBI eKocucTeMHU. [IpoyKTUBHICTB y cdepi
aepOKOCMIYHOT Ta 000POHHOT MPOMHCIIOBOCTI 3pocia juie Ha 2,0%, 110 € HAWHIKYUM Pe3yIbTaTOM
cepen ycix ramy3eil. HaromicTe eHeproemHi ramy3i JeMOHCTpPYIOTh mpupict Ha 8,2%,
MiATBEPKYIOUH TIOCTYIIOBY MOJIEPHI3allil0 Ta €HEproe(eKTUBHICTD SIK CTpATeridyHi Liji. 3arajioM
OTpUMaHi JaHl BKa3ylOTh Ha CYTTEBY BapiaTUBHICTb TEMIIB 3pPOCTaHHS MPOAYKTUBHOCTI, IO
3YMOBJICHA CTPYKTYPHHUMHU OCOOJIMBOCTSIMHU KOKHOT €KOCHCTEMH, PIBHEM BIIPOBAKEHHS 1HHOBAIIIM,
CTYII€HEM PUHKOBOI BOJIATHJIFHOCTI Ta PETYJISTOPHUMH YMOBAMHU.

BusiBnena qudepenuialis CBiIUYUTh PO Te, 0 KOXKHA TPOMHUCIOBA EKOCHCTEMA CTUKAETHCS 3
YHIKQJIBHUM Ha0OpOM BHKJIMKIB y TpOLECi ajganTamii 10 HOBHUX PUHKOBUX YMOB. L[i BUKIMKH
BKJIIOYAIOTh BIUIMB EHepreTuuHoi Tpanchopmariii, mudposizamii, €KOJIOTiYHOTO pPeryIroBaHHS,
HecTayl KaJpiB Ta IHCTUTYUIHHOI miaTpuMKu. Binrak, ¢opmyBaHHS e(EKTUBHOI IONITUKU
niarpumkn MCII mae BpaxoByBaTu rany3eBy crenu}ixky, aJanTaliiHUN MOTEHIHANl 1 CTPYKTYpY
JIAHLIIOTiB CTBOPEHHS BapTOCTI B MEKaX KOXKHOI €KOCHCTEMHU.

€aunnii puHok €C € ogHUM 13 HABU3HAYHININX JOCSTHEHb €BPOIEUCHKOI 1HTETpallii, ake
3a0e3neuye BUIBHUH pyX TOBapiB, MOCIYT, KamiTalxy Ta poOO0Y0i CHIIM, CIPHSIIOYM 3MEHIICHHIO
TOProBeNbHUX Oap’epiB, rapMoOHi3alii peryaroBaHHS Ta CTUMYJIOBAHHIO 3aifHATOCTi. BomHowac
3a/uia 30anmaHcyBaHHsS edekTiB Jibepainizanii puHKOBOTO cepenoBuma €ppomeliceka Kowmicis
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3abe3neuye NOTPUMAaHHS NPUHIUIIB J0OPOYECHOCTI, 3aXUCTy MpaB CIOKUBAYiB Ta E€KOJIOTIYHOI
CTaJIOCTi. YHACIIZOK IIbOTO €BPOMEHUCHKI MIANPHUEMCTBA, 30KpeMa MaJli Ta CepeIHi, OTPUMAIH 3MOT'Y
PO3LIUPUTH MaciTabu CBOET AISIIBHOCTI, BOJHOYAC SK KOHKYpPEHIS CHpuUsia 3HM)KEHHIO LiH 1
PO3LIMPEHHIO ACOPTUMEHTY IS CIIOKHBAYIB.

Ockinbku MCII cTaHOBIATH SAPO €BPOIEHCHKOT EKOHOMIKH, (DYHKITIOHYBaHHS €IMHOTO PHHKY
CTPaBWJIO CYTTEBUH BIUIMB Ha IXHii pO3BUTOK 1 3pocTanHs. [IpoTe Maii mianpueMcTBa, CTapTany Ta
MOJIOJI MiJIPUEMIN YacTO 3IIITOBXYIOTHCS 31 3HAUHUMH Oap’e€pamu, cepell sIKUX — OOMEeXeHUH
noctyn a0 (iHaHCyBaHHS, HaJAMIpHE aaMiHICTPAaTHBHE HABAHTAXKEHHS, CKJIQJHICTh MOIAATKOBOTO
peryJioBaHHs, HEAOCTATHIM 3aXWUCT MpaB IHTENEKTYyaJbHOI BJIACHOCTI Ta IHIIN IHCTUTYIiHHI
neperkou. J{is mogonaHHs HMX BUKIHKIB €Bporneiicbka Komicis BpoBaania HU3KY CTpaTeriyHUX
MOJITHK, 30KpeMa iHimiatuBu Coro3y puHKIB Kamitany Ta [Iporpamu ans exmHoro puHky (Single
Market Programme, SMP). 3a3HaueHa nporpaMa Mae Ha METi IOCHJICHHS] KOHKYPEHTOCTIPOMOKHOCTI
ta criiikocti MCII nuisxoM monermeHHs JOCTYIy 10 PUHKIB, CTUMYJIOBAHHS IMiJIPUEMHHULITBA,
PO3BHUTKY HaBHUOK, MIATPUMKH 1HIyCTpiaJbHOI MOJEpHI3aLli Ta aganTarii 6i3Hecy 10 rJ100anbHUX 1
COLIIAIbHUX BUKITUKIB.

OyHKIIOHYBaHHA €IMHOTO PUHKY PO3IJISAAETHCS AK KIIOYOBUH IMapaMerp, 10 BHU3HAYae
epextuBHicTh MCII. 3 11i€10 METOIO IOPOKY 31HCHIOETHCS MOHITOPUHT BiJIIIOBITHUX TOKAa3HUKIB Y
mexxax SME Performance Review, a takox depe3 SBA Scoreboard (iHCTpyMEHT OIIIHIOBAaHHS B
mexxax Small Business Act), skuit oxorunoe 100 IHI[I/IKaTOplB 3TPYNOBAHUX 32 JIECATbMA
npuHIMIaMy nomituky. Lls crucrema 3abesnedye KOMILICKCHY OLIHKY HALIOHATLHUX MiIXOAIB 10
niarpumku MCII y nepxkaBax-unenax €C. MeToauka oLiHIOBaHHS 0a3yeThCsl HA 6araTopiBHEBOMY
aHaji3i, 3 ypaxyBaHHJIM HOpMaii3alii Ta BaroBoro koedimieHTa, 110 J03BOJsIE chopMyBaTu
arperoBaHy OILIHKY 32 KO>KHUM MPUHIIMIIOM JJIsi KOKHOT Kpainu (puc. 3).

CepepgHili piseHb no €C-27 |
ABcTpiA ]
Higepnanau ]
Natsin ]
EcToHin ]
JluTBa ]
[aHin ]
DiHnaAHAaiA ]
CnoseHin ]
Benbris |
Jrokcembypr ]
Ipnangia ]
ManbTa ]
LLBeuis ]
Xopsaris ]
MNoptyranis ]
HimeuunHa ]
PpaHuina ]
CnosavumHa ]
ITania ]
Kinp ]
PymyHis ]
Yexin ]
Icnania ]
Monbwa |
YropuwmHa |
Mpeuis ]
Bonrapis ]

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

Pucynok 3. Peiitunr edpexruBrocti MCII B kpainax €C 3a nokazaukom SBA
Jlxxepeno: mo0y10BaHO aBTOpaMU Ha OCHOBI aHATIITUKHU Joint Research Centre (2024)

AKTyanpHI JaHi MO0 peani3allii MPUHINITY, 0 CTOCYEThCs CIWHOTO PUHKY, BUSBISIOTH
BUpa3HI MPOCTOPOBi BiAMIHHOCTI. 3okpema, ABctpis, Hinepmanaum ta kpainu bantii odomoroTsh
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PEUTHHT, JeMOHCTPYIOUN HalCHpUATIMBIiLIEe cepenoBuile aius po3Butky MCII y mexax €nuHoro
pusky. Haromicts Bonrapis ta I'penist mpooBKyIOTh 31IITOBXYBAaTUCH 13 CACTEMHUMH BUKIIMKAMHU,
0 CTPUMYIOTh HPOAYKTHBHICTb, MDKHApPOJIHY IHTErpaiil0 Ta KOHKYPEHTHI NepeBaru Majoro
0i3Hecy.

[TornubneHuii aHai3 OKpeMHUX 1HAUKATOPIB 1 IXHIX JUHAMIYHUX 3MiH Y 9aci JO3BOJISE Kpaiie
3pO3YMITH TPAEKTOPii pO3BUTKY KpaiH-wieHiB y Mexax €auHoro punky €C. OaHuM i3 KII0YOBUX
napaMeTpiB € piBeHb BUKOHAHHS 3aKOHOJABUMX JUPEKTHB, OCKIIBKH HECBOE€YACHE MOBIJOMIICHHS
abo 3aTpuMKa IMIUIEMEHTalli JUPEKTUB Ha HAllOHAJBFHOMY piBHI CTaHOBUTH 3arposy s
(GyHKLIIOHYBaHHS Ta IUTliCHOCTI €AMHOTO PHHKY. 3pOCTaHHSA KIJIBKOCTI HENPUHHATHX abo
HETapMOHI30BaHUX HOPMATHUBHUX aKTiB CBIIYHMTH MPO OCIAOJCHHS HOPMAaTHUBHOI KOHBEpreHIii Ta
YCKJIaJIHIOE TPAHCKOPAOHHE BEJICHHA Oi3Hecy.

He MeHI BaxIJIMBUM € i 4aCOBUH acMeKT, a caMe 3aTPUMKHU B TPAHCIIO3UIII] AUPEKTHUB, TOOTO
YaCOBUM PO3PUB MK YyXBaJCHHSIM AUPEeKTHBH Ha piBHI €C 1 i BIpoBa/yKeHHSIM y HaIllOHAIbHE
3aKOHOJABCTBO. IIOJIOBXKEHHS TaKUX 3aTPUMOK O€3MOCEepeHbO IOCIAOIIOE MI€BICTh €IUHOTO
PUHKOBOTO npocTopy. Tak, KiAbKICTh MPOCTPOUCHHUX IUPEKTUB 3arajloM 3MEHIyBaJlach y KpaiHax
€C 32021 poky (puc. 5).
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3aTpUMKa TPAHCIIO3ULIT IUPEKTUB Y MiCALSIX

Pucynok 4. PiBeHb BUKOHAHHS TUPEKTUB K KpUTEPiil eheKTUBHOCTI Oi3HEC-EKOCUCTEM B
kpaiHax €C
Jlxxepeno: mo0y10BaHO aBTOpaMU Ha OCHOBI aHATIITUKHU Joint Research Centre (2024)

Yotupu 3 m’'ATH KIIOYOBUX HAIIOHATBHUX E€KOHOMIK €C IEeMOHCTPYIOTh TEHACHINIO IO
CKOPOYCHHS IIbOr0 TIOKa3HWKa. HiMmewyumHa, Hampukian, ctaliimidyBajach Ha pIiBHI JeciTd
HEBIIPOBA/KCHUX JUPEKTUB, IO CBIAYUTH TPO CTAOUIBHUN, XO04 1 HE iJcalbHUN, pIBEHb
HOPMATHBHOTO BUKOHaHH:S. BogHouac, cepeaHiil piBeHb 3aTPUMKH TpaHcno3uuii aupektuB y €C,
BUPAKEHHUN y MICAIIX, IEMOHCTPYE OLIbIIT BONATUJILHY nuHaMiky. [lounnatoun 3 2020 poky, e
MOKa3HUK Ma€ TEHACHIIIIO IO 3pOCTaHHS, 110 CIIOCTEPIraeThes B YCIX I'ATH MPOBIAHUX €KOHOMIKaxX
€C, xoua i1 3 He3HaYHUMU po30iKHOCTAMU. [IprMiTHO, 1110 32 060Ma MOKa3HUKAMH — SIK KUTBKICTIO
HEBIPOBAKEHUX JUPEKTHB, TaK 1 CEPETHBOIO 3aTPUMKOIO iMIIIeMeHTalii — MdpaHiiis 1eMOHCTpye
HalKpall pe3ynbTaTH, MiITBEP/PKYIOYM BHCOKMH piBeHb MPaBOBOI IHTErpamlii Ta JOTPUMAaHHS
€IMHOT'O PUHKOBOT'O 3aKOHO/IABCTBA.

VY miIcyMKy, OZHHM i3 KIIOUOBUX aHAJTITHUYHUX IHCTPYMEHTIB OLIHKK €(QEeKTHBHOCTI Oi3Hec-
cepenosuina st MCII y kpainax €Bporneticbkoro Coro3y € Scoreboard SBA (Small Business Act),
SKHI OXOIUTIOE HU3KY CTPYKTYPHHUX MOKA3HMKIB 32 MPUHLUIIOM KOMITAPATUBHOI OIIIHKK HA OCHOBI
mkanmu Bixg 0 1o 1, ne 1 — Halikpamuii MOKIUBUHN pe3yabTaT. B KOHTEKCTI JaHOTO MOCIIHKCHHS
0co0JMBY yBary HOpUIUIEHO YOTHPHOM BH3HAYAJbHUM IMPUHIMIIAM, IO BiJ0Opa)karoThb CTaH
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eKOCHUCTEeMH JJIsi PO3BUTKY Majloro Ta cepeaHboro 0OizHecy B €C: nepxaBHi 3akymiBii (public
procurement), roctyn 10 ¢piHaHCYBaHHSA (access to finance), iHTerpoBaHicTh y €1MHUN pUHOK (single
market) Ta inTepHanioHamizais (internationalisation).

VY3aranpbHeHa TaOMUI AEMOHCTPYeE cepeine 3HadeHHs 1o €C-27 s KOXKHOTO 3 YOTHPHOX
NPUHIMIIB, a TAKOX Kpalll Ta HAWTipIiIi pe3yiabTaTd cepel KpaiH-wIeHiB, 10 J03BOJISIE BUSIBUTU
IHCTUTYLIHHY aCUMETpIiIo Ta piBeHb MpocyBaHHs pedopm y chepi migrpumkun MCII (Tabmuns 1).

Taoauus 1. ITepepizu ouinku epextuBHocTi exocucteM MCII B kpainax €C (3rigHo miaxomy

SBA)
Iepepis EU-27 HaitBnmii Haiinmxanii
(cepenHe 3HAYEHHS) MOKA3HHUK MOKA3HHUK
Public procurement 0,56 Jlutea (LT) 0,84 | Hsemis (SE) 0,32
Access to finance 0,58 Hanist (DK), senis (SE) | 0,73 | Pymynis (RO) 0,36
Single market 0,49 Ascrpis (AT) 0,72 | Boarapis (BG) 0,26
Internationalisation 0,54 Janist (DK), Benis (SE) | 0,75 | Yropumwaa (HU) | 0,3

Jl>xeperno: chopMOBaHO aBTOpaMu

YoTtupu BKazaHi HaOpsSMU MOXYTb OYTH IHTEpIIpETOBaHI SK OaraTOBUMIpHAa MOJENb
edexTuBHOCTI Oi3Hec-cepenopuina anst MCII, sika 103BoJIsi€ BUSIBUTH TOYKH 3pOCTaHHS, TUCOATaHCH
MDX KpaiHaMH Ta MOTEHIIaJ aJanTallii 10 HOBUX €eKOHOMIYHUX YMOB y Mexkax €aunoro punky €C.

3a MOKa3HUKOM JIep’KaBHUX 3aKyHiBesb cepeHiil piBens o €C cranosuts 0.56, a Haiikparie
BUuKoHYye 1ieil npuHuun Jluta (0.84), nemoHcTpytoun edexTuBHi MexaHi3mu 3anyueHHs MCII oo
TeHaepHUX npouenyp. Boanouac llBewis nmoka3ye HaitHwk4ui piBeHb — 0.32, 110 MOKe CBIAYUTH
PO CKJIAAHICTh 200 0OMEXEHICTh MPOLEAYp UIL MAJIOTo Oi3HECYy.

3a KOMIIOHEHTOM JI0CTYIy 110 (hiHaHCYBaHHS cepenHe 3HaueHHs o €C — 0.58, 3 HaliBUITIMH
ouinkamu y Jlanii ta IlBenii (mo 0.73), mo Bka3ye Ha BHCOKY (DiHAHCOBY IHKJIIO3UBHICTH Ta
HasIBHICTH CIIPUATIMBUX KPEAUTHUX 1HCTpyMeHTiB. Haliripmmii pesynbratr Mmae PymyHis (0.36), mo
CBiIUUTH Mpo oomexeHicTh goctynmy MCII no kamitany.

Inrerpanis B €1uHNI pUHOK 3aJIMIIAE€THCS BUKIUKOM: cepefHiil piBerb mo €C — 0.49, mpu
1IbOMYy ABCTpisi AEMOHCTpY€E HaBUIIMiA piBeHb iHTerpanii (0.72), Toai sik bonrapis mae e 0.26,
1110 BKA3y€ Ha MEPeIIKoIN Y peaiizallii BHyTPIIIHbOPUHKOBUX MOXIJINBOCTEH.

Hapemnrri, inTepHalioHanizanis sk YMHHUK PO3LIIMPEHHs Oi13HeCy 3a MK HalllOHATbHUX PUHKIB
Mae cepenHii mokasHuk 0.54, 3 Haiikpammmu pesynbratamu y Jawii ta IIBemii (mo 0.75).
Haiimenmmii piBens (0.30) 3adixkcoBano B YTopimiuHi, M0 CBIAYUTH MPO MOTpeOy B MONITHKAX
HIATPUMKH €KCIIOPTY Ta IHTEerpamii B MiXKHapOIHI JJAHIIIOTH ITOCTaYaHHS.

Bucnosku (Conclusions)
[TpoBeneHe nocCiKEHHS JO3BOJISIE PE3IOMYBATH TaKi KIIFOYOBI BUCHOBKH.

1. ¥V cydacHux ymoBax e(eKTHBHICTh Oi3Hecy HaOyBae 0araTOBHMIPHOTO 3HAUEHHS, MOEIHYIOUU
MPOAYKTUBHICTh, KOHKYPEHTOCHPOMOXHICTh, aJalTHUBHICTh 0 TpaHCopmaliil Ta 3JaTHICTH 10
CTaJIOro pO3BUTKY. BOHa pO3riisgaeThes He JHIIE SK 3JaTHICTh MIANPUEMCTB TOCATaTH €eKOHOMIYHUX
pe3yJbTaTiB y MEXKax HalllOHAJIbHUX PUHKIB, a SIK IHTETPOBaHA XapaKTEPUCTHKA YUaCTl Y CIIJIBHOMY
€BPOIEHUCHKOMY IPOCTOPI — 13 JOCTYNOM A0 LUpOBUX 1HPPACTPYKTYp, (PiHAHCOBHUX pecypciB,
TpaHCHAIIOHAJIHUX JIAHIIIOTiB BAPTOCTI Ta HOPMATUBHOI CTa0IBHOCTI. TakuM YNHOM, €(DEKTUBHICTD
MCII B koHTEKCTI po3BUTKY €11HOTO pHHKY €C BH3HAUAETHCS Yepe3 MPU3MY IXHBOI CIIPOMOKHOCTI
pearyBaTu Ha iHTerpalliiiHi BUKJIMKH, BAKOPUCTOBYBATH I€PEBArd €IMHOTO PUHKY Ta 3a0e31euyBaTH
JIOBIOCTPOKOBY CTIMKICTh Y KOHTEKCTI IU(PPOBOi, KITIMATUYHOI Ta PEryIsATOpHOI TpaHchopMarlii.

2. [TpoxyKTHUBHICTD BU3HAETHCS KJIIOYOBUM 1HIUKaTOpOM e(EeKTUBHOCTI Ta
KOHKYPEHTOCIIPOMOXKHOCTI Oi3HECY B yMoOBax TpaHcgopmalii eBporneiicbkoi ekoHoMiku. Y 2020-
2022 poxkax 3adikcoBaHO TOCTYIOBE BIAHOBICHHS PIBHS BaJIOBOi JOJaHOI BAapTOCTI Ha OIHOTO
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3alHATOrO, IPH LLOMY BEJUKI MiAMPUEMCTBA JOCATIIN HAWBUIIKX MMOKa3HUKIB (mmoHa 70 TUC. €BPO),
TOJII SIK MIKPOMIAMIPUEMCTBA MPOAEMOHCTPYBAIU CTiliKe 3pOCTaHHs A0 37 THC. €BPO, 3aCBIUMBIIH
BHCOKHI piBeHb aJaNTaI[II{HOTO MOTEHLIATY.

3. MCII BusBIAIOTHCA OCOOJIMBO BPa3IMBHMH 1O 30BHIIIHIX IIOKIB, CTPYKTYpPHHUX Oap’epiB Ta
acUMeTpii noctymy 10 UuppoBuX 1 (IHAHCOBUX pecypciB, IO CTPUMYE 3pPOCTaHHA iX
npoayKTUBHOCTI. OuiKyBaHe 3HM)KEHHS MMOKa3HUKIB Y MAIUX MiANPUEMCTB A0 46 Tuc. espo y 2024
pOLi CBIAYUTH MPO HASBHICTH IHCTUTYLIHHHUX 1 PUHKOBUX 0OMEXEHb, IIONPU MOJITHKH MiATPUMKH 3
6oxy €C. Boapnouac, temmu npoayktuBHocTi MCII cyTTeBO BapilOlOTh MK CEKTOpaMH,
JEMOHCTPYIOYH HEOJHOPIAHICT eQeKTiB TpaHcPopMallifHMX TpoleciB y pi3HuUX Oi3Hec-
exocuctemax. HaiiBumy amnamiky no 2025 poky AEMOHCTPYIOTh Taiy3i po3npiOHOi TOprisii,
TEKCTHJIHOI MTPOMUCIIOBOCTI Ta BiJJHOBJIIOBAHOI €HEPreTUKU (3pocTtaHHs 10 21%), 1110 3yMOBIIEHO
BIIPOBA/DKEHHAM LUGPOBUX pillleHb, IHBECTHLIAMH B JEKapOOHi3allil0 Ta TMOJITUKAMU
€BpONENCcHKOro 3eJeHOr0 Kypey.

4. OyHKIIOHYBaHHS €IMHOTO PUHKY CYTIPOBOIKYETHCS 3pOCTAHHAM 1HCTUTYLIIHHOI Ta perioHaabHOi
acuMeTpii B AOCTYyI 710 Oi3Hec-MoxIuBocTel. [Haekc SBA cBiqUnTh Npo 3HAUHE PO3IIapyBaHH MiXK
KpaiHaMu-ujaeHaMu: JINTBa 1eMOHCTpY€E HAMBHUIIUI OKa3HUK €()EKTUBHOCTI JIepKABHUX 3aKyITiBENb
(0,84), Toxi six bonrapist Ta PymyHist — HallHMK4i 3HaUE€HHS 32 IHTETPAIli€l0 B PUHOK 1 JOCTYIIOM J0
¢inancyBanss (0,26 1 0,36 BiINOBIIHO), 1110 3aCBiAUYE MOTPEOY y LUTBOBIH peryIsaTOpHii MiATPHUMIIL.
Boanouac, piBeHb HOpMaTUBHOI KOHBepreHmii y mexxax €C BIUIMBA€ Ha IUTICHICTh €IMHOTO PHHKY
Ta e(heKTUBHICTH Oi3Hec-cepenoBuIna. JlaHi M10/10 BUKOHAHHS JUPEKTUB CBITYAThH MPO 30€peKeHHS
NpOCTOpOBUX nucnponopuiid. Tak, PpaHIis AEMOHCTpYe HANBHILY BiAMOBIAHICTE NPABOBUM
HOpMaM, TOAl K y OUIBIIOCTI KpaiH CIOCTEPIraroThCs 3pOCTaroui 3aTPUMKH Yy TPAHCHO3MIIII, 110
HETaTUBHO M03HAYA€ETHCS Ha TPAHCKOPIOHHIM €KOHOMIUHIN aKTHBHOCTI.

5. 3anpomoHOBaHA Yy JOCHIIPKEHHI YOTUPUBHUMIpPHA MOJENb OIHKK e(eKTUBHOCTI Oi3Hec-
cepenoBuia MCII (moctyn no ¢iHaHCyBaHHS, y4yacThb Yy JEpXKaBHHMX 3aKyIiBJSAX, IHTETrpamis B
€aMHUN PUHOK, IHTEpHAIIOHANI3allig) JO3BOJSIE BUSBUTU CTPYKTYpHI AucOalaHCH Ta MOTEHLINHHI
ToukH 3poctanHs. Cepenni oninku mo €C-27 3a uuMu HanpsiMamMu KoiuBaroTees Big 0,49 mo 0,58,
MiATBEPKYIOUH HEOOX1THICTh MOCHIICHHS MOJIITHK (iHAHCOBOI 1HKIIO311, IIM(poBOI TpaHChOopmarii
Ta po30y0BU €KOCUCTEM MIATPUMKH MiANPUEMHUITBA B yMOBaX iHTerpauiiHoro nmpocropy €C.
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Abstract: The study of blast furnace melting practice in a 5000 m* furnace
using pulverized coal fuel allowed us to establish the key factors that cause
deformation and burnout of lances and coolers. The reasons are the
asymmetry of the combustion zone in front of the lances and the violation
of gas dynamics associated with the uneven supply of blast and fuel, which
directly affects the temperature distribution and gas composition. The
above processes, in turn, are caused by the uneven supply of blast and
pulverized coal fuel to the lances, which causes variations in the
theoretical combustion temperature and changes in the volume of furnace
gas along the circumference and radius of the furnace. Accordingly, when
determining the optimal consumption of blast additives, focusing only on
the theoretical combustion temperature, as a universal indicator of the
state of temperature-oxidative conditions in the lance zone, is
methodologically limited. This is especially true in cases of significant
changes in the initial melting parameters, when the use of standard
methods does not allow to ensure the required accuracy of calculations.
This work aims to create methodological principles for calculating the
theoretical fuel combustion temperature, taking into account
stoichiometric ratios and fuel characteristics based on the results of
technical analysis, as well as actual blowing parameters in conditions of
replacing part of the coke with natural gas and pulverized coal fuel. The
developed method allows to determine the theoretical fuel combustion
temperature in tuyeres of combustion zones when supplying natural gas
and/or pulverized coal fuel, using operational information on the blowing
parameters and fuel component consumption, which are recorded by
automation systems and control and measuring devices on the blast
furnace control panel. The introduction of this method provides the
possibility of accurate calculation of the furnace gas output and theoretical
combustion temperature, which is the basis for effective optimization of
the blowing mode, with special emphasis on modes using pulverized coal
fuel.

Keywords: blowing, blowing mode, theoretical combustion temperature,
combustion zone natural gas, pulverized coal fuel, furnace gas.
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Abstract: The study of blast furnace melting practice in a 5000 m?* furnace using pulverized coal fuel
allowed us to establish the key factors that cause deformation and burnout of lances and coolers. The
reasons are the asymmetry of the combustion zone in front of the lances and the violation of gas
dynamics associated with the uneven supply of blast and fuel, which directly affects the temperature
distribution and gas composition. The above processes, in turn, are caused by the uneven supply of
blast and pulverized coal fuel to the lances, which causes variations in the theoretical combustion
temperature and changes in the volume of furnace gas along the circumference and radius of the
furnace. Accordingly, when determining the optimal consumption of blast additives, focusing only
on the theoretical combustion temperature, as a universal indicator of the state of temperature-
oxidative conditions in the lance zone, is methodologically limited. This is especially true in cases of
significant changes in the initial melting parameters, when the use of standard methods does not allow
to ensure the required accuracy of calculations. This work aims to create methodological principles
for calculating the theoretical fuel combustion temperature, taking into account stoichiometric ratios
and fuel characteristics based on the results of technical analysis, as well as actual blowing parameters
in conditions of replacing part of the coke with natural gas and pulverized coal fuel. The developed
method allows to determine the theoretical fuel combustion temperature in tuyeres of combustion
zones when supplying natural gas and/or pulverized coal fuel, using operational information on the
blowing parameters and fuel component consumption, which are recorded by automation systems
and control and measuring devices on the blast furnace control panel. The introduction of this method
provides the possibility of accurate calculation of the furnace gas output and theoretical combustion
temperature, which is the basis for effective optimization of the blowing mode, with special emphasis
on modes using pulverized coal fuel.
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Keywords: blowing, blowing mode, theoretical combustion temperature, combustion zone natural
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Introduction

Despite the development of alternative metallurgical technologies for direct iron production,
the blast furnace still remains the main technological unit for the production of liquid iron. Given the
growing shortage of coal suitable for the coking process and the improvement of environmental
protection measures, the strategic task of the ferrous metallurgy of Ukraine is to reduce the level of
coke consumption in the production of iron. The main role in solving this problem, as before, belongs
to blast furnace production, as the main consumer of coke.

Thanks to the efforts of scientists and blast furnace technologists, blast furnace smelting
technology has undergone significant improvements over the past 50 years. Thus, the specific coke
consumption has decreased from 0.9 to 0.3 t/t of pig iron, and the specific blast furnace productivity
has increased from 1.3 to 3.2 t/(m3-day). It is important to note that such a significant reduction in
the specific coke consumption was achieved through the introduction and improvement of blast
furnace smelting technology using pulverized coal fuel to replace part of the coke.

Pulverized coal fuel was first used in Eastern European plants in the 1970s. Significant results
from the use of this technology have been achieved at plants in Japan, the USA, Germany, China and
other countries.

In Ukraine, the operation of blast furnaces with the injection of pulverized coal fuel was started
back in 1963 at the Donetsk Metallurgical Plant (DMZ). This technology went through the stages of
experimental and pilot-industrial operation (1968-1978), and since 1980, on the basis of the first
industrial installation in Europe, the technology of joint injection of natural gas and pulverized coal
fuel into the furnace using oxygen-enriched blast was mastered, which allowed replacing up to 35%
of blast furnace coke.

However, some negative aspects of this technology have already become clear today. Replacing
coke with pulverized coal fuel significantly increases the requirements for the quality of iron ore
charge materials (strength, fines content, iron content), coke (post-reaction strength, reactivity, ash
and sulfur content, narrow fractional composition), pulverized coal fuel (ash and sulfur content,
reactivity), parameters of blast and slag melting modes (oxygen content in the blast, blast
temperature), devices and automation systems that provide operational technological control.

The fuel combustion temperature in the tuyeres of a blast furnace is one of the most important
technological parameters of smelting. It is the initial temperature of the gas flow, on which the
efficiency of using its thermal and chemical energy in the working space of the furnace depends.
Given the technical complexity of continuous and direct measurement of the fuel combustion
temperature in the furnace, it is currently most often calculated, thus determining the so-called
theoretical (adiabatic) combustion temperature.

A number of studies (Novokhatskii, 2018), (Bol ’shakov, 2009), (Rostovskii, 1998), (Wu, 2011)
have shown that the theoretical fuel combustion temperature in the tuyeres of a blast furnace is one
of the main generalizing indicators, based on the calculation control of which rational values of the
blowing mode parameters are determined.

The process of calculating and controlling generalizing theoretical indicators that characterize
the operation of the gas flow in the furnace hearth, and therefore the gas-dynamic processes along the
height of the furnace, becomes particularly relevant in modern blast furnace smelting with pulverized
coal fuel injection into the furnace hearth. This is explained by the fact that the technology of blast
furnace smelting with pulverized coal fuel injection, despite its high efficiency, is in many cases quite
complex. To eliminate the problems and technological risks of implementing the technology of blast
furnace smelting with pulverized coal fuel injection, it is necessary to implement measures for full
and comprehensive compensation of the negative impact on blast furnace smelting of removing a
large amount of coke from the charge and feeding coal dust into the furnace, which are given in the
scientific and practical literature (Chaika 2019).
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In blast furnaces, the theoretical combustion temperature of fuel in tuyeres is calculated using
approximate formulas, for example, using the empirical formula developed with the participation of
specialists from the Z.I. Nekrasov Institute of Ferrous Metallurgy, which is given in the reference
literature:

Te= 2000 + 0,75(ta- 1100) + 40(2,0 - 9 +50(e - 25,0) + 53(9,0 - D) - 26 KG - 4,0M, °C, (1)

where ® — oxygen concentration in the blast, %; ¢ — humidity of the blast, %; D — natural gas
consumption, % in the blast; tq — blast temperature, °C; KG — coke oven gas consumption, % in the
blast; M — fuel oil consumption, g/m? of the blast.

However, according to Professor Tarakanov A.K. and co-authors (Tarakanov (2015)), this
equation often gives inflated results in modern conditions, which in turn prevents blast furnace
technologists from rationally increasing the theoretical temperature.

Also, approaches are proposed for calculating the theoretical combustion temperature, taking
into account the elementary analysis of the injected fuel, changes in the blowing parameters and the
amount of additional fuels. Thus, the theoretical combustion temperature of coke and additional fuel
in a blast furnace, in the most common cases, is proposed to be determined by the formula:

0,9341t

w
bt 8208w — go(2402 - 1,2177tb )— (1,9322 +2,235W )Sp -

It =
1+a)+2¢+(o,0012+0,0013WWjSp

—(0,39+2,2175C¢")Ss — 267385 +94,76
+0,0005Ss +2,026S5g

, °C, )

where t, — blast temperature, °C; ® — oxygen content in the blast, m*/m?; ¢ — moisture content
in the blast, m*/m?3; Sp, Ss, Sg — consumption of liquid, solid and gaseous fuel, m*/m?*; WY — humidity
of the working fuel, units; CPs — carbon content in solid fuel, units.

However, it should be noted that the elemental analysis of fuel, unlike the technical one, is quite
complicated, so it is carried out relatively rarely and is most often limited to conducting a technical
analysis. Therefore, the coefficients of equation (2) are most often calculated on the basis of averaged
data of the elemental analysis of solid and liquid fuel. Therefore, we believe that with an unstable raw
material base of modern metallurgical enterprises, the use of this equation may reduce the correctness
of the results obtained.

Taking into account the elemental compositions of pulverized fuel for blast furnace smelting,
it is necessary to recalculate the coefficients in the calculation formulas that depend on the
compositions. In particular, the carbon content in the working fuel varies from 0.5287 to 0.7979
kg/kg, ash content from 0.0634 to 0.3555 kg/kg, etc., which, naturally, requires recalculation of the
coefficients included in expression (2), and therefore complicates the calculation control of the
furnace operation parameters.

The theoretical combustion temperature can be determined from the well-known equation given
in the textbook (Efimenko (1981)), in which all the values included in it are related to 1 kg of carbon
burning in the lances:

9797 +my -qo +V, -|C, +0-Cra0 )15 —10806-
Tr =273+ g 95 +Va |Cy+o-Cryo)th I o)
Vg'Cg

88



Scientific and practical journal "Economics and technical engineering"

where 9797 — heat of combustion of coke carbon to CO, kJ/kg; mg — natural gas consumption
per 1 kg of carbon burned in the tuyeres, m*; qg — total thermal effect of transformations of gaseous
fuel components in the combustion zone, kJ/m?; V4 — dry blast consumption per 1 kg of carbon burned
in the tuyeres, m?; t, — blast temperature, °C; ¢ — blast humidity, d.u.; Cb, Cu.0, C¢ — heat capacity of
the blast, moisture and gas, kJ/(m?3-grad); 10806 — thermal effect of the endothermic decomposition
process of 1 m? of moisture, kJ; V, — total amount of gases formed in the tuyeres, per 1 kg of carbon
burned in the tuyeres, m>.

This expression is quite widely used in theoretical calculations. However, according to
Professor Lyaluk V.P. (Lyalyuk (2019), in this case, the enthalpy of coke carbon entering the
combustion zone and the heat transfer from combustion products to liquid smelting products are not
taken into account. In addition, calculating the estimated values related to 1 kg of carbon burned in
the lances is not difficult if there is a material balance, but is quite problematic in cases where it is
necessary to control the value of the theoretical combustion temperature under production conditions
or conduct an analysis based on production data.

According to Professor Tovarovskii 1.G. (Tovarovskii (2016), when determining the possible
consumption of any blowing additive, it is convenient to proceed from changes in the theoretical
combustion temperature, which, as a complex parameter of the blowing mode, characterizes the
temperature-oxidative conditions of the transformations of fuel additives in tuyeres. In this sense, the
orientation towards preserving the values of the theoretical combustion temperature tested in practice,
in the event of an increase in the consumption of the additive, should be considered justified.

Therefore, as the analysis showed, modern methods for determining the theoretical combustion
temperature of fuel in the blast furnace hearth are not reliable enough with significant fluctuations in
the input melting conditions (additive consumption, temperature and blast flow, oxygen concentration
in it).

The purpose of this work is to develop methodological approaches to determining the
theoretical combustion temperature of fuel using actually controlled blowing parameters when
blowing natural gas and PCI into the blast furnace furnace based on stoichiometric ratios and data
from technical analysis of fuel. Deriving complex formulas for calculating the theoretical temperature
and furnace gas yield when using pulverized coal fuel and natural gas together will allow determining
their values when using them separately.

Materials and Methods

During the study, an analysis of data from special literary sources was conducted regarding
modern ideas about the features of blast furnace smelting when pulverized coal fuel is injected into
the furnace, as well as methods for calculating the theoretical combustion temperature as one of the
complex indicators of the thermal state of the furnace. When developing methodological approaches
to determining the theoretical combustion temperature of fuel using actually controlled blowing
parameters when natural gas and PCI are injected into the furnace, stoichiometric ratios and data from
technical analysis of fuel were used.

Results

The conducted studies (Lyalyuk (2017) of the results of the implementation and development
of the technology of blast furnace smelting with the injection of pulverized coal fuel in a blast furnace
with a useful volume of 5000 m* of PJSC "ArcelorMittal Kryvyi Rih" allowed us to determine the
causes of frequent cases of deformation and burning of air lances and coolers, which include
significant unevenness of the length of the combustion zones in front of the lances along the
circumference of the furnace and irrational changes in the distribution of the gas flow along the radius
of the blast furnace.
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In April 2016, measurements of the pulverized coal fuel consumption by tuyeres were
performed at blast furnace No. 9 with a volume of 5,000 m?® of PJSC "ArcelorMittal Kryvyi Rih",
which revealed significant unevenness in its distribution (fuel consumption between several tuyeres
differed by 63%). Taking into account the above, the presence of a large unevenness in the distribution
of blast flow rates by tuyeres, theoretical temperature and furnace gas output along the circumference
and radius of the blast furnace hearth was also recorded.

The uneven distribution of the blast on the lances around the circumference of the blast furnace
significantly affects the distribution and formation of combustion centers near the air lances in the
furnace, the depth of gas flow penetration into the center of the furnace, the change in the temperature
field along the radius of the furnace, the configuration and location of the cohesion zone, the chemical
composition of the gas flow and the physical state of condensed materials, the unevenness of the
charge convergence, the furnace profile, etc., which, in turn, affects the smoothness of the blast
furnace run, its productivity, specific coke consumption and the quality of pig iron.

Thus, the implementation of the technology of pulverized coal fuel injection in a blast furnace
with a volume of 5000 m® of the enterprise “ArcelorMittal Kryvyi Rih” showed significant
uncertainty in the change in the size of the combustion zones in front of the furnace lances and the
distribution of the gas flow along the radius of its furnace when implementing the technology of
pulverized coal fuel. This became the prerequisite for the development of a method for determining
and controlling the theoretical combustion temperature and other complex indicators of air, combined
blast and furnace gas for the technology of pulverized coal fuel injection into the blast furnace.

As is known, the theoretical combustion temperature of fuel is calculated as the ratio of the heat
input (the sum of the enthalpy of the blast, the heat of fuel combustion, and the enthalpy of coke
entering the lances) to the volume of lance gas formed and its specific heat capacity.

In general, the theoretical combustion temperature can be calculated using the equation:

Os

Vg 'Cg

(4

T

where Qs — total heat input from fuel combustion (coke carbon, natural gas and pulverized coal
fuel), kJ/s; Vg — furnace gas output, m*/s; Cy — heat capacity of furnace gas, kJ/m?*-deg.
Heat generation through combustion of natural gas:

Qg 1700, KJ//s,

where Q. — natural gas flow rate, m®/s; 1700 — thermal effect of the combustion reaction of 1
m?® of natural gas, kJ/m?>.
Considering the stoichiometric ratios, when natural gas is burned according to the reaction:

CH4+ 0,50, + ENZ =CO +2H;+ ﬁ N>
2 2
oxygen consumption of the blow:

1-0p
O - 10,5+ , m’/s,
? {Qg ( 20, H

where B — nitrogen content in dry blast, m*/m?3, O, — oxygen content in dry blast, m*/m?.
Accordingly, the remaining oxygen is consumed for the combustion of coke carbon and
pulverized coal fuel:
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1-0
0 - {Qb Og- (05 2022H,m/s,

where Qp is the normalized blast flow rate, m?/s.
In this case, heat is released:

10521,9-0, - {Qb Og- (05 IZOOzﬂ,kJ/s,
2

where 10521.9 is the thermal effect of burning carbon per 1 m? of oxygen.
The remaining oxygen burns carbon:

1-0p || 12
O 0,5+ —, kg/s.
2" {Qb Og- [ 20, ﬂ 112 g

Heat content of burnt carbon of coke heated to 1400 °C:

1400-1,6{02.{Qb—Qg(O,Mr%j 11122} Y- Cy} KJ/s,

where 1.6 is the average heat capacity of carbon at 1400 °C, kJ/kg-grad; Y is the coal
consumption, kg/s; Cy is the average carbon content in coal, units.
Assuming the average carbon content for gas coal to be 67.0%, we obtain:

240-01 | 030y (0502 |2 075

where the term 0.67-Y — takes into account that the coal enters the combustion zone cold.
Heat arrival with heated blast:

14-Q 1, kIs,

where 1.4 is the average heat capacity of the blast in the temperature range of 1000-1200 °C,

kJ/m?3-degrees; ty is the blast temperature, °C.
Heat is consumed for the dissociation of moisture in the blow:

Qv-10806-¢, kJIx,

where 10806 — thermal effect of moisture dissociation, kJ/m?; ¢ — humidity of the blast, m3/m?
The following heat is consumed for the melting and slag formation of pulverized coal ash:

Cshl - Apcr -mpCy » K,
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where Csni — heat capacity of slag formed during the melting of pulverized coal ash, kJ/(kg-deg)
(in the subsequent calculation Cgn is assumed to be = 1700 kJ/(kg-deg)), Apci — ash content in
pulverized coal fuel, units.

The output of furnace gas during gas combustion according to the reaction:

CH4+ 0,50,=CO + 2Ha:

1-0y
d3+—=.
Ce ( 20 J

Furnace gas output from the combustion of coke carbon and coal:
1-0p 1-0p
2+ : -0y -1 0,5+ O, m’/s
( 02][% Qg( 202ﬂ2

Furnace gas output due to dissociation of blast moisture:

1,5-Qp-@, m3/s

Therefore, the general equation for calculating the output of furnace gas (Vr) during fuel
combustion has the form:

Vf Qg (34—12 gzzj ( 1032] {Qb Qg (05+IO§2J}'02+1,5Q]9~¢.

Along with the blast furnace gas formed in the blast furnace during the combustion of carbon
and hydrocarbons of the fuel and the dissociation of the moisture of the blast, volatile substances of
pulverized coal fuel and nitrogen, which performs the function of a carrier gas for pulverized coal
fuel, are added to the total volume of the blast furnace gas. If we assume that the composition of
volatile substances released in the blast furnace furnace corresponds to the composition of coke oven
gas, then the heat capacity of volatile substances can be calculated according to the data given in the
reference books for calculating equipment for capturing chemical coking products. That is, the
average isobaric heat capacity of the mixture of gaseous compounds released in the furnace from
pulverized coal fuel in the temperature range of 800-1227 °C is 2.252 kJ/m?3-degree.

Taking into account the heat capacity of gases released from volatile substances of coal, the
carrier gas of pulverized coal fuel (nitrogen) and the heat consumed for slag formation from
pulverized coal fuel ash, the general equation for calculating the theoretical combustion temperature
when natural gas and pulverized coal fuel are injected into the furnace furnace can be presented in
the following form:

1700-Qpg +10521,9- OZ{Qob Oog 05+ }+14 Oob ' 1h +
1-0p 1-0p o))
L5-913+ 05+ Oy +15- -Qr+
{( 20 ong ( 0, j {Qob Qog( 202 H 2 Qob (0}

+2340-0, [Qob ~0Oog (0,5 + 12_0022

+(1,42-ON +2,252- V) -mpcy

Tr =273+

j—0,67'Y}—10806Qob ¢=Csphl - APCI "M PCI
, (5)
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where 1.5 — heat capacity of furnace gas, kJ/m?-deg; 1.42 — average heat capacity of nitrogen
in the temperature range 100-1227 °C, kJ/nm?-deg; Qn: — specific flow rate of nitrogen carrier, m3/kg
of pulverized coal fuel; 2.252 — average heat capacity of dry coke oven gas in the temperature range
800-1227 °C, kJ/nm?-deg, which is determined by the gas composition and average heat capacities
of the components; V¢ — yield of volatile substances of coal, d.u.

In order to assess the impact of changing the GCA flow rate on the value of the theoretical
combustion temperature, we performed calculations of this theoretical indicator using the equation
for the operating conditions of a blast furnace with a useful volume of 1033 m? using the proposed
equation (5).

The following actual performance indicators of blast furnace No. 1 were selected as initial
parameters for the calculation: Qp — 2021 m*/minute; t, — 1067 °C; Oz — 22.5%; ¢ — 0.01 m*/m?; Q,
— 75.2 m3/t of pig iron. The following were taken as quality indicators of pulverized coal fuel: ash
content (A) — 9%; volatile matter yield (V¢) — 24%; Qnz — 0.75 m*/kg of pulverized coal fuel.

Calculations of the theoretical combustion temperature were performed when changing the
pulverized coal fuel consumption from 0 to 300 kg/t of cast iron with a step of 50 kg/t of cast iron for
two options for natural gas consumption: 75.2 and 0 m3/t of cast iron. As a result of the calculations,
it was found that with an increase in the consumption of pulverized coal fuel from gas coal from 0 to
300 kg/t of cast iron, the theoretical combustion temperature without natural gas injection decreases
by 357 °C, at a natural gas consumption of 75.2 m3/t — by 301 °C, which, other things being equal,
corresponds to a decrease of 1.2 °C/m? of natural gas and 1.0 °C/kg of pulverized coal fuel from gas
coal.

Conclusions

1. Based on stoichiometric ratios and data from technical fuel analysis, methodological
approaches have been developed to determine the theoretical combustion temperature of fuel based
on the actually controlled blowing parameters when blowing natural gas and PCI into the blast
furnace.

2. It was found that with an increase in the consumption of pulverized coal fuel from gas coal
from 0 to 300 kg/t of cast iron, the theoretical combustion temperature without natural gas injection
decreases by 357 °C, with a natural gas consumption of 75.2 m*/t — by 301 °C, which, other things
being equal, corresponds to a decrease of 1.2 °C/m? of natural gas and 1.0 °C/kg of pulverized coal
fuel from gas coal.

3. Based on the developed methodology for determining the furnace gas yield and theoretical
fuel combustion temperature using actually controlled blowing parameters, it is possible to solve
practical problems related to optimizing the blowing parameters of blast furnace smelting, especially
when injecting pulverized coal fuel.
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Abstract: The article presents the results of a study on the effect of vibro-
impact action of the screening surface on the main technological indicators
of metallurgical raw material screening. The screening process is one of
the key technological operations in the preparatory processes of
metallurgical production, as it directly influences the quality of raw
material fractionation and process productivity. The issue of screen
aperture clogging significantly limits the productivity of screening,
leading to a decrease in the quality of prepared charge. The purpose of the
study is to investigate the effect of vibro-impact action of the screening
surface on aperture clogging and the productivity indicators of
metallurgical raw material screening. To achieve this goal, a laboratory
model of a vibratory screener was developed, allowing for the simulation
of various vibration modes of the box and studying their impact on the raw
material screening process. The research methodology included a series
of experiments with varying amplitude and angular frequency of box
oscillations, analysis of the results using mathematical statistics methods,
and the construction of mathematical models of the dependence of
transportation productivity and clogging coefficient on vibration
parameters. Experiments were conducted for two types of screening
surfaces — fixed and freely laid, which allowed for assessing the impact
of vibro-impact loads on screen aperture self-cleaning. The results showed
that maximum transportation productivity is achieved at a forced
oscillation amplitude of 2-10 m and an acceleration of 28...32 m/s?. At
the same time, the clogging coefficient significantly decreases at an
amplitude of 1,8...2,2:10° m and an oscillation frequency of 94,2...102
s'l. The constructed mathematical models allow predicting changes in the
technological parameters of the process depending on the dynamic
characteristics of the box and assist in selecting optimal operating modes
for vibratory screeners. The scientific novelty of the work lies in
determining the effect of vibro-impact action on the productivity of the
process of screening metallurgical raw material screening and forming
new approaches to reducing screen surface clogging.

Keywords: screening; vibro-impact action; screening surface;
productivity; clogging; metallurgical raw materials; mathematical
modeling.
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vibratory screener was developed, allowing for the simulation of various vibration modes of the box
and studying their impact on the raw material screening process. The research methodology included
a series of experiments with varying amplitude and angular frequency of box oscillations, analysis of
the results using mathematical statistics methods, and the construction of mathematical models of the
dependence of transportation productivity and clogging coefficient on vibration parameters.
Experiments were conducted for two types of screening surfaces — fixed and freely laid, which
allowed for assessing the impact of vibro-impact loads on screen aperture self-cleaning. The results
showed that maximum transportation productivity is achieved at a forced oscillation amplitude of
2-10” m and an acceleration of 28...32 m/s?. At the same time, the clogging coefficient significantly
decreases at an amplitude of 1,8...2,2:10* m and an oscillation frequency of 94,2...102 s’'. The
constructed mathematical models allow predicting changes in the technological parameters of the
process depending on the dynamic characteristics of the box and assist in selecting optimal operating
modes for vibratory screeners. The scientific novelty of the work lies in determining the effect of
vibro-impact action on the productivity of the process of screening metallurgical raw material
screening and forming new approaches to reducing screen surface clogging.
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AHoOTalig: Y CcTaTTi MpeICTaBICHO pe3yJbTaTH JAOCIIPKEHHS BIUIMBY BiOpamiiiHO-yaapHOi aii
cifo4uoi MOBEpXHI Ha OCHOBHI TEXHOJOTIYHI MOKAa3HHKH T'POXOYEHHS METaTypriiHOi CHUpPOBUHH.
[Tporiec rpoxoueHHs! € OJHIEI0 3 KIOYOBUX TEXHOJIOTIYHHMX OMNEpaliil y MiAroTOBYMX IMpolecax
METaypriiHOr0 BUPOOHMIITBA, OCKIIBKH BiH O€3MOCEpeIHhO BIUIMBAE HA AKICTH (DpaKIiOHYBaHHS
CHPOBHHU Ta NPOAYKTHBHICTH mporecy. IIpoGirema 3a0uBaHHS OTBOpIB CHUTa NPH TPOXOUYEHHI
METaypriiHOi CHPOBUHU 3HAYHOIO MipOI0 OOMEXKY€ MPOAYKTUBHICTD IPOXOUEHHSI, 0 IPU3BOJUTD
710 3HMKEHHS SKOCTI MiATOTOBJIEHOI MIMXT. MeToro poOOTH € JOCHIKEHHSAX BIUIMBY BiOpariiiHo-
yIapHoi Aii cirouoi moBepXHi rpoxoTa Ha ii 3a0MBaHHS Ta MOKA3HUKH MPOJYKTHBHOCTI TPOXOUYECHHS
MeTanypriiHoi cupoBuHH. s nocarHeHHs 1€l mMetn Oyia pospoOiieHa nabopaTopHa MOJENb
BIOpallifHOTO TpOXOTy, IO JO3BOJISIE MOJETIOBATH PpIi3HI PEXHUMU KOJHMBaHb KOpOOy Ta
JOCHIJUKYBaTH IX BIUIMB Ha MpPOIEC PO3CIBY CHPOBHHU. MeTOIWKa MOCTIKEHHS BKIIOYasa
MIPOBE/ICHHS Cepii eKCTIEPUMEHTIB 13 BapilOBaHHAM aMIUTITYIU Ta KyTOBOI YaCTOTH KOJUBaHb KOPoOy,
aHaJi3 OTPUMAHUX PE3yJIbTATIB 13 32CTOCYBAHHSAM METO/IIB MATEMAaTUYHOI CTATUCTHKH Ta MOOYIOBY
MaTeMaTUYHUX MOJEJeH 3aJIe)KHOCTI TPAHCIIOPTHOI MPOAYKTUBHOCTI Ta KoedimieHTa 3a0UBaHOCTI
BiJl mapaMeTpiB KojuBaHb. JlocHiaM TPOBOAMIHUCS Il JBOX BapiaHTIB Cil0YOl MOBEPXHI —
3aKpilieHoi Ta BUIBHO YKJIQJEHOI, IO JO3BOJHIO OIIHUTH BIUIMB BiOpalliiiHo-y1apHOro
HaBaHTAXCHHA Ha CaMOOYMIICHHS CHUTOBHUX OTBOpiB. OTpuMaHi pe3ynbTaTH IMOKa3ajiH, 10
MaKCUMaJlbHa TPAHCIOPTHA NMPOJYKTUBHICTh JOCSTAETHCA NMPU aMIUTITYJi BUMYLICHUX KOJHBAaHb
2-1073 ™ Ta nmpuckopenHi 28...32 m/c?. BogHouac koedimieHT 3a0MBaHOCTI 3HAYHO 3HIXKYETHCS TIPU
ammutityai 1,8...2,2-107 m ta gactoti konuBanb 94,2...102 c¢'. [ToOynoBaHi MareMaTU4HiI MO
JI03BOJISIIOTH MPOTHO3YBAaTH 3MiHY TEXHOJOTIUHUX MapaMeTpiB MPOLECY 3aleKHO BiJ TUHAMIYHUX
XapaKTepUCTUK KOpOoOy Ta JO0MOMaraioTh y BHOOpI ONTHMAaJIbHUX PEXHUMIB POOOTH BiOpaliiHUX
rpoxotiB. HaykoBa HOBHM3Ha poOOTH TOJSATae y BH3HAYCHHI BIUIUBY BiOpauiiiHo-ynapHoi aii Ha
MPOAYKTUBHICTH MPOLIECY TPOXOUEHHS METATypriiHOI CHPOBHHU 1 (OPMYBaHHI HOBHUX HiAXOMIB 0
3MEHIIIEHHS 3a0MBaHOCTI CiI0UOT MTOBEPXHi.

KiarwouoBi cioBa: rTpoxodeHHs; BiOpauiHO-ynapHa [isi; cilo4a TOBEpXHs; HPOIYKTHBHICTB;
3a0MBaHICTh; METATypriiiHa CHPOBUHA; MAaTEMATUYHE MOJICITIOBAHHS.
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Beryn (Introduction)

I'poxXOYeHHS € OIHI€I0 3 HAMBAXKIMBIIINX TEXHOJIOTIYHUX OIEpaliid y MiArOTOBYMX MpoIecax
METaypriiHOro BUPOOHUIITBA, OCKIJIBKH 3HAYHOIO MIpOIO BIUIMBAE Ha cOOIBAPTICTh MPOMYKII i
Jac crikaHHs a0o TUIaBJIeHHS CUPOBHUHHUX MaTepianiB. Hapasi muis ¢pakiioHyBaHHS MeTalypriiiHOi
CHPOBHHU IIHPOKO 3aCTOCOBYIOTbCS PI3HI THUNHU IHEPUIMHUX TPOXOTIB, SKI BIAPIZHAIOTHCA
TUIIOPO3MIPOM, a TaKOX IMHAMIYHUMH 1 KiHEMaTHYHUMH mapamerpamu. Came 1Li MapameTpu
BU3HAYAIOTh KJIIOYOBI TEXHOJIOTIYHI MOKAa3HMKH TPOLIECY TPOXOYEHHS, TaKi SIK MPOAYKTUBHICTD,
e(EeKTUBHICTh BIJCIBY HEKOHAMIIHHOTO NPOAYKTY Ta CTYHiHb 3a0MBaHHS Cil04Y0Oi MOBEPXHI
BaXXKOTPOXOTUMUMH YaCTUHKAMHU.

[TpoayKTUBHICTh TPOXOYEHHSI OOYMOBJIEHA BUMOTAaMH TEXHOJOTIYHOI JiHIl MeTamypriiHOro
BUPOOHUIITBA, TOMI K €(EKTUBHICTh 1 3a0MBAHICTH CilOYOi TOBEPXHI 3aJeKaTh HE JIHUIIE Bij
MPOAYKTUBHOCTI, @ i BiJ ONTUMAJILHOTO BUOOPY JUHAMIYHMX 1 KIHEMaTHYHHUX rapaMerpiB. OnHak
e(pEeKTHBHICTh TPOXOYEHHS B CYYaCHHX YMOBAaX 3QJIMIIAE€THCS HEAOCTATHHOIO, IO BHMAarae ii
nigBumnieHHs. OCHOBHOIO TPOOJIEeMOI0 € 3a0MBaHHS Cil0Y0i MOBEPXHI, M0 OOMEKYE MOXKIUBICTH
301IbIIeHHS e()eKTUBHOCTI MpoIlecy Ha iICHYIOUMX 1HEpLIMHUX rpoxoTax. Lle 3yMoBiIeHO TUM, 110
NPUCKOPEHHS iX pobOoumx opraHiB oOMexxeHe nmiamazoHoM (1,5...3)g, mo € HemocTaTHIM s
CY4YaCHUX BUMOT /10 (PpakiiOHyBaHHS METATypriiHOI CUPOBUHH.

OTxe, MOMIYK NUIAXIB iHTEHCH]IKAILil Mpolecy T'POXOYEHHs, CIPSIMOBAHUX HAa 3MEHIICHHS
3a0MBaHHSA C1I0YO01 MOBEPXHI Ta MiABUICHHSA €(eKTUBHOCTI (hpaKiioHyBaHHs 0e3 BTpaTH HEOOXiTHOT
MPOJIYKTHUBHOCTI, € aKTyalbHUM 3aBAaHHSIM. J[OCITIKEHHS B I[iff Tay3i MalOTh Ba)XKJIMBE 3HAYCHHS
JUISL OTITUMI3AIIi] MiArOTOBYMX MPOLIECiB METATYPrifHOrO0 BUPOOHUIITBA.

Haii0inp11 nommpeHuM rpoXoTaMHu, 1110 BUKOPUCTOBYIOTHCS B T1PHUYO-METATypriiiHii ramysi
JUTS BUIATICHHS Api0’sI3Ky, € IEHTPOMACHI MAIllMHU 3 Ie0aTaHCHUMU BiOpO30yJHUKAMU, TPaIIOr0Yi
B 3ape3oHaHCHI oOmacti. Taki MamIMHM BiAPI3HAIOTHCS MPOCTOTOI0 KOHCTPYKINi, TapHOIO
BiOpPOI30JIAIIi€I0, TOCUTh BHUCOKOIO CTaOUIbHICTIO poOouoro pexumy. IIpore iHTEHCHBHICTH nii
po6oYOro opraHy Ha MaTepian y TaKMX IPOXOTIB HEBHCOKA 1 PO3MOiIEHA MO CTAisX BUIIAJKOBUM
9iHOM. Tako)X BUMAJKOBHM YMHOM, HE3QJIEKHO BiJl BIACTUBOCTEH Marepially, IO PO3CIBAETHCA,
NpUKAHATI KIHEMaTU4YHI HapameTpu pododoro oprany. Y poborax (Biletskyi, et al., 2019, KVMSh
plius. 2025, Metso, 2025, Sokur et al., 2020, Zavod promyslovoho obladnannia «Prohresy, 2025)
HaBe/IeHI OCHOBHI KOHCTPYKTHBHI Ta TUHAMIYHI MapaMeTpH, a TaKOX TEXHOJOTIYHI NMOKa3HUKU
HaOLIbII MOMIKUPEHUX TPOXOTIB.

3 maHux, HaBEIEHUX MOCIIIKEHb BHIUIMBAE, 110 YacTOTa KOJIHUBAHb 3MIHIOETHCS Bix 73 10 96
¢’!; amrurityna konmBanb — Bij 3 10 6 MM; KyT Bibpamii — Big 30° 1o 50°; kyT Haxuiy cut — Bix 0° 10
18°; muroma nmpoaykTuBHICTh — Big 40 1o 60 T/rox-m?; nuroma meraigoemHicTh — Big 400 1o 3600
KI/M?; TUTOMA MOTY>KHICTh — BiA 2 10 7,2 kKBT/M2.

AHani3 CTymneHsl 3axapalieHoCTi Cilo4oi HOBerHi BiJl IPUCKOPEHb 11 KOJMUBaHb JIy’Ke A00pe
PO3KpHUT B poboTi (Zelov, 1986), ne BUSBIEHO, IO CTYMiHb ii 3a0uBaHHs csarae Bix 58 mo 70 % npu
NPUCKOPEHHAX, fAKI CTaHOBIATH 26...32 M/c?>. TakuMm 4YUHOM, e(I)eKTHBchTL IPOXOYECHHS
3aJIUIIAE€THCSA HAATO HU3bKOI — Bix 28 10 50 %, 1m0 He 3aI0BOJIbHSE Cy4yacHI BUMOTH Ta HE Ja€
MOJKITUBOCTI HAJICKHUM YHHOM MiArOTYBATH IIUXTOBI MaTepiain 10 CHiKAHHS Ta IUIABKH, OCKUTBKH
3a pesynbratramu pobotu (Uchitel. A., 1992) noBeaeHo, MO CYTTEBE 3POCTAHHS TEXHOJOTIYHUX
MOKa3HHUKIB TOMEHHHX Ie4el Moxke OyTH TOCATHYTO, SIKIIO BOHA cTaHoBUTUME He MeHe 70...75 %.

Takuii MOKa3HUK MOXIJIMBO JOCSTHYTH y BHUIIAAKy 3MEHIICHHsS 3a0WBaHHS OTBOPIB ClIOYOi
MOBEPXHI, SIKIIO HAJaTu 1 TOCTATHHO BEJMKE MPUCKOPEHHS, 3rifHo nanux podortu (Uchytel, S. et
al., 2014) Bouu NOBMHHI CTAHOBUTH, SIK IOKA3aHO Ha pHC. 1, 1y ppakuii arnmomepary 5 MM — 54 m/c?,

OpnHak, peanizallisi TAKUX IPUCKOPEHb MOXJINBA MPH KOe(]ilieHT1 pexxuMy poOOTH BiOpariitHOi
MamHu  (5,5...6,2)g 1m0 3HAYHO IEpeBMILYE peKoMeHaoBaHe 3HaueHHA y (1,5...3)g npu
npoekryBanHi BiOpamiiianx Mamma (Uchytel, A. et al., 1998), Taki BHCOKO AMHAMIYHI PEXKUMHU
MPU3BOASATH /10 3HAYHOTO 3HIDKEHHS HAJIHOCTI OCHOBHHX POOOYUX ENEMEHTIB Ta BEJE 0 POCTY
METaJIo- Ta eHEPrOEMHOCTI B LIIJIOMY MPOIIECY IPOXOUEHHS METaTypriHUX CUPOBHHHUX MaTepialiB.
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Pucynok 1. 3anexHICTh BEJIMYMHU MPHCKOPEHb, IO 3a0e3MeuyoTh He3aO0UBaHICTh OTBOPIB
Cil0401 MOBEPXHI BiJ KJIacy po3CiBy arjaoMepary
JIxepeno: CTBOPEHO aBTOpaMu

OTxe, MpOBeEHHS JOCTIKEHb, SIKI HAMpPaBJICHHS Ha BUSBICHHS IHTEHCHIKallii mpoiecy
I'POXOYCHHS METAIYPriifHOT CUPOBUHH Iepe]l CHIKaHHIM Ta IJIABKOIO IIJISIXOM BIUIMBY BiOpatiiiHo-
YIapHOTO HaBaHTA)KEHHS, LIIJIKOM OOIPYHTOBAHO 1 € B)KJIMBUM HAyKOBUM 3aBJaHHSM.

Mera i 3aBIaHHS JOCIIKEHD MOJIATAE B TOCIIPKEHHX BIUTUBY BiOpawiiHO-y1apHoi aii cirouoi
MOBEPXHI IPOXOTa Ha ii 3a0MBaHHS Ta MOKA3HUKU MPOAYKTUBHOCTI I'POXOUYEHHS METalypriiHOi
CHPOBHHHU.

Marepiaan Ta metoan (Materials and Methods)

Jnist jocipkeHHs BIUIMBY BiOpaniiHO-yIapHO1 [1ii Ha TEXHOJIOTIYHI MOKAa3HUKU TPOXOTY Oyia
po3pobiieHa labopaTopHa MOJIElb, Sika HaBeJIeHa Ha pHC. 2.

24

w3800 iz

Pucynok 2. CTpykTypHa cxema j1aboparopHoro creHay: 1 - OyHkep; 2 - mmbepHuit 3aTBop; 3
- meperopoka; 4 - nader; 5 - npyKuHH1 onopu; 6 - yHaaMeHT; 7 - pama; § - Kopoo; 9 - HepyxoMuit
onopHuil KyTHHK; 10 - pyxomuii onopauii KyTHUK; 11 - cisiua moBepxHs; 12 - qumnnbHui HiXx; 13, 14
- mpuiimManeHuil OyHkep; 15 - miaBiOparopna mumra; 16 - MoTop-BiOpatop; 17 - yacToTHHH
nepeTBopioBay; 18 - tsra; 19 - ¢azosuit natumk; 20 - ocuumorpad; 21 - gaT4uK NpUCKOpeHHs; 22 -
nenror; 23 - eJIeKTPOHHI Baru; 24 — ceKyHAOMIp

JIxepeno: CTBOPEHO aBTOpaMu

99



Scientific and practical journal "Economics and technical engineering"

B sxocrti mapamerpiB onTHMi3zamii, sKi HaHOLIBII MOBHO BiOOpa)KaroTh TEXHOJOTIUHY
e(eKTHBHICTh BIOpaLIfHOTO IPOXOTY, OyJIM MPUKHHSATI: TPAHCIIOPTHA IPOLYKTHBHICTh Ta 3a0MBaHICTh
CiI0401 MMOBEPXHi.

B pomi ¢akrtopiB Oynu NpHifHATI MapaMmeTpH, IO MOBHOI MIpOI0 XapaKTepU3yIOTh CTaH
JTMHAMIYHOT CUCTeMH  —  KyTOBa 4acToTa  BHUMYIIEHHX KOJINBaHb KOpoOy
(w=942c1;, w=1256c¢1;, w=157c!) rTa ix ammmryma (4=0,001 g
A =0,002m; A=0,003m).

KyT Haxumy ciio4yoi MOBEepXHi J0 TOPU30HTY Ta KyT BiOpalii 10 HOpMaii, IpOBEAEHOI 10
OTOPHOT MOBEPXHI MiJCUTHUKA B MOJAOBXKHIH MIIONINHI, HA BCbOMY Jliana30Hi 3Ha4eHb (pakTopiB Oynu
CTaJIMMU 1 IOopiBHIOBANM BiAmoBigHo o = 10°, f = 45°.

JlocmiKeHHS! IPOBOIMITUCH NP HAIIPABICHUX KOJUBAHHIX KOPOOY 3 3aKPIMJICHOIO Ta BUTLHO
YKJIQJICHOIO CisIYO0I0 MOBEPXHEIO.

IIpu mpoBeneHi eKCIEPUMEHTIB BHKOPHCTOBYBAJIMCh METOAM MaTeMaTHYHOi OOpoOKH iX
pe3yJbTaTiB 3TiAHO BUMOT Teopii MaTeMaTn4Hoi craTucTuku (Zaselskyi, et al., 2019).

TpancnopTHa NPOAYKTUBHICTh BU3HAYAIACh MPH BUKOPUCTaHHI CyLiIbHOTO nHUIA 11 (auB.
puc. 2) Ipu BiACYTHOCTI JUIMIFHOTO HOXKa 12 MUISIXOM OI[IHKU Yacy 3allOBHEHHS t,,; TPHUIMAIEHOTO
Oynkepa 13 mMacoro maTepiany M.y, O TPAHCIIOPTYBABCs, 38 HOPMYIIOHO

My
Qrp = T kr/c. (1)

3an

Jlocnign TpoBOMMJIMCSA TPH TOCTIHHIN BucoTi mapy Martepiany Hw = 60 MM, 1o
TPAaHCIOPTYBABCS, BAPiIOI0YH KyTOBOIO YaCTOTOIO BUMYIIIEHUX KOJUBaHb KOpoOy Ta iX aMILTITy 1010,
[IpY IEBHOMY MO€HAHHI (PaKTOPIB TOCIiAU TOBTOPIOBATIMCH TPUYI.

B sikocTi MaTepiany BUKOPHCTOBYBaBCS BamHsK ¢pakuieio 1,6...3 MM 3 BosoricTio 10 3 %.

BusnauenHs 3a0uBaHOCTI Cil04oi TOBEpPXHI BHUKOHYBAJOCh 3a JIOMOMOTOI0 KoedimieHTa
3a0WMBaHOCTI, SIKMI BH3HAYABCS 32 POPMYIIOI0

S
Ksas = 5'336 -100 %, (2)

K.
1€ S, — IUIOIIA 3a0MTHX OTBOPIB CIFOYOT TIOBEPXHI, M?; Sy ; — IUIOIIA KUBOTO MEPETUHY
Cir0u0i MoBepxHi, M2,

BceraHoBneHHs KapTHHM 3a0MBaHOCTI Cif040i TIOBEPXHI BUKOHYBAIOCH IIJISIXOM i
¢dororpadyBaHHs micas MPOBEACHHS TOCTIAY A KOXKHOI MMapy 3Ha4eHb TUHAMIYHHMX HapamMeTpiB
KOpoOy, SIKUH 3/11CHIOBaB HaNPaBJICHHI FTApMOHIMHO CTiHKi KOJIMBAaHHS MIPU 3aKPIMJICHOMY Ta BUTEHO
YKIJIaJICHOMY CHTI.

B sixocTi MaTepiany BUKOPUCTOBYBABCS BiJICIB arjioMepary, rpaHyJIOMETPUYHUNA CKIIAJ SIKOTO
niaOupaBcs 3 YMOBH MaKCUMaJIbHOT 3a0MBaHOCTI anepTypH citouoi nmoBepxHi. [Jis cit04oi moBepXHi
3 anepTypor Kpyrioi GopMu AiaMeTpoM 5 MM 3acTocoByBaiach (pakuis 5...6 mm. Jocmiau
MIPOBOJIMIIMCH TIPU MOCTIHHOMY MUTOMOMY HAaBAaHTAXXEHHI 110 BUXITHOMY >KUBJICHHIO, IATPUMYIOUN
MOCTIHHICTD BUCOTH IIAPY MUXTH Y 60 MM.

PesyabTaTn (Results)

Ha puc. 3 HaBeneHO 3aleXHOCTI TPAHCIIOPTHOI MPOAYKTUBHOCTI BiJl aMIUTITYyIM Ta KyTOBOi
IIBUJIKOCTI KOJIMBaHb KOPOOY 3 3aKPIIUICHOIO Ta BUIBHO YKJIAJICHOIO CII0YOI0 IOBEPXHEIO.

3 PpHUCYHKY BHJHO, IIO B JOCIIDKyBaHii o00jacTi BH3Ha4YeHHsA (YHKII TpaHCIIOpTHA
MPOAYKTUBHICTh Ma€ CTIMKY 3aJIeKHICTh BiJl aMIUTITYAM KOJMBAaHb KOpPOOY Ta KyTOBOi YacTOTH, a
(byHKIIOHABPHA 3aJICKHICTh Ma€ EKCTPEMaJIbHUI XapakTep. 3BaXKalouM Ha Te, 10 MPH OJHAKOBHUX
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JMHAMIYHHUX TapameTpax KopoOy TpaHCHOPTHA MPOAYKTHUBHICTH IPOXOTY 3 3aKpPIIJICHOIO CiIOYOIO
MOBEPXHEIO NEPEBUIITYE IPOAYKTUBHICTD BiOpaliifHO-y1apHOT MAIIMHU 3 HEBTPUMHHUM 3B’ I3KOM MiXK
KOpOOOM 1 CUTOM MIATBEPIKY€E TOH (aKT, 110 HEOOXIAHY HMIBHIKICTh TPAHCHIOPTYBAaHHS Martepiaiy,
KM PO3CIBAETHCS, CIIiJ] 3a0e3MedyBaTH IUIIXOM OUTBIIOTO KyTa HAXHMITy CiF0UOi TOBEPXHI B 3B'A3KY
3 0COOJIMBOCTSIMH PEXUMY ii TajomyBaHHS.
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BinpHo yrnageHa Clio4a IOBEPXHA = = = = = JaKpiINIEHa C1I0Ya MOBEPXHA

Pucynoxk 3. 3anexHicTh TPaHCIOPTHOT IPOAYKTUBHOCTI BiJl aMIUTITY U () Ta KyTOBOi YaCTOTH
(0) xonuBaHb KOPOOY
Jxepeno: CTBOPEHO aBTOpaMu

Binminamii xapaktep (GyHKIIOHATBHUX 3AJIEKHOCTEH TPAaHCIOPTHOI MPOAYKTUBHOCTI TPOXOTY
3 3aKpiIUIEHOI0 Ta BUIBHO YKJIAQJEHOIO CIIOYMMM TOBEPXHSAMH CBIJUUTH PO HEMOXKJIHMBICTDH
aJlaniTyBaHHS ICHYIOYMX TEOPETHMYHHX MOJIENEH OIIIHKH TPAHCIOPTHOI MPOJYKTUBHOCTI HUIIXOM
BU3HAYCHHS MONpaBHUX KoedimieHTiB. ToMy Juis BUBYEHHS BIUTUBY OOpaHuX (aKTOpiB Ha
TPAHCHOPTHY MPOIYKTHUBHICTh BiOpaliiiHO-y1apHOT MAIIMHU 3 HEBTPUMHHM 3B’ I3KOM MK KOpOOOM
i cutom OyB MpOBEACHHUI MOBHUX (AaKTOPHUN E€KCHEPUMEHT, B SIKOMY PEaji30BaHO OPTOTOHAJIbHY
IUTAaH-MATPHLIIO JPYTOro MOPSAKY.

MareMaTHUHUI OMUC 3aJIEKHOCTI TPAHCIIOPTHOI MPOAYKTUBHOCTI BiJ oOpaHUX (hakTopiB
3IIHACHIOBABCS 3a JIOTIOMOTOI0 KBAJpPAaTHMYHOTO PIiBHSHHS perpecii, sike Oylo oTpuMaHe, Micis
NepeBIPKU MOTO Ha a/IeKBATHICTH 3a JOMIOMOT 010 Kputepis Pimepa, y BUTIAAL

Qp =0,0154+78-A+0,0015-w + 0,5732- A - w — 34000 - A% —9,94-107%- w?kr/c, (3)
e A — aMIUTITy]a BUMYIIIEHMX KOJIMBaHb KOPOOY, M; W — KyTOBA YacTOTa KOJIMBAHb, C''.

Otpumane piBHsSHHS perpecii (3) € MareMaTHYHOIO MOJCIUII0, SKa JEMOHCTPY€E BILIUB
IUHAMIYHUX TapaMeTpiB KopoOy — ammiityau (B miamaszoni Bix 0,001 mo 0,003 m) Ta KyToBOi
yactotd (B aiamasoni Big 94,2 mo 157 ¢’!) Horo BUMyIIEHMX KOJMBaHb, Ha TPAHCIIOPTHY
MPOAYKTUBHICTH BiOpaIliitHO-yJapHUX MAIITMHH 3 HEBTPUMHHM 3B’ 3KOM MK KOPOOOM 1 CHTOM, TIpH
20 % piBHI 3HAYYIIOCTI.

Opnepxana mMatematudHa Monenb (3) Oyna migmaHa rpadiyHOMY aHami3y, SIKUH J03BOJIMB
BCTaHOBUTH Mipy BIUIMBY KOXHOTO (paKkTOpy Ha mapaMmeTp ontumizanii (puc. 4).

101



Scientific and practical journal "Economics and technical engineering”

157

/ ’ 0321
15
017 gl 019
1413 4
16 0.21
0.21

-1

02

0.17 0.19

02
0.21 o
109.94
02
\/0.2

04 P17 gz 019 012 g% 017 5
0,001 0.0015 0,002 0,0025 0,003

19

YacTOTa BUMYIIEHHX KOJHBaHb KOPOOY . C

AMIUTITYIa KONHBaHb KOPOOY, M

Pucynok 4. 3ajie)kHiCTh TPAHCTIOPTHOI MPOIYKTUBHOCTI BiJl aMILTITYX Ta KyTOBOI YaCTOTH
KOJIMBaHb KOPOOy
JIxeperno: CTBOPEHO aBTOpaMH

3 orpumaHoro rpagika MOBEpXHI BHIHO, L0 MaKCHMallbHA TPAaHCIOPTHA MPOAYKTUBHICTH
BiOpaliifHO-yJapHOi MAalMHU 3 HEBTPHUMHUM 3B’SI3KOM MK CHTOM 1 KOpOOOM, SKHH 37iHCHIOE
HarpaBJIeHI FTApMOHIMHO CTIHMKi KOJIMBaHHS, 320€31eUy€eThCS IPU PEXKUMI KOJTMBAHb 3 IPUCKOPEHHSM
28...32 m/c? pu ammtityai 0,002 M.

Ha puc. 5 HaBeneHo 3anexHicTh KoedilieHTa 3a0MBaHHS Bl aMILTITYH Ta KyTOBOI YaCTOTH
KOJIMBaHb KOpoOy, HaaHO (OTO Ci0UOT MOBEPXHI B OJHOMY 3 €KCTIEPUMEHTAIBHUX JTOCIIHKEHb ii
3a0MBaHHS
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PucyHnok 5. 3anexHicTh KoedillieHTa 3a0MBAHOCTI BiJl aMILTITyAH (a) Ta KyTOBOi 4acToTH (0)
KOJIMBaHb KOpoOy: B — XapakTep 3a0MBAHOCTI BUTHHO YKIJIAJIEHOI CiF0UO01 MOBEPXHI
Jlxepeno: CTBOPEHO aBTOpaMHU
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3 orpumaHux rpadikiB BHUAHO, MO0 Koe(]imieHT 3a0MBAHOCTI BUTRHO YKJIAIEHOI CIFOYOi
MOBEPXHI, Ha BIIMIHY BiJl 3aKpiIUIEHOT, IPU OJHAKOBUX JUHAMIYHHX ITapaMeTpax KopoOy MEHIIH B
cepennboMy B 10 pasiB, 11e CBITYMUTH MPO OLIBII €EeKTHUBHE MPOTIKAHHS MPOLECY CMOOYUIIICHHS
arnepTypH Cil040i MOBEpXHi Ha BiOpaIiiiHO-yAapHUX MAIIMHAX 3 HEBTPUMHUM 3B’ SI3KOM MIXK CUTOM 1
KOpPOOOM.

Haii0inpmmii BIMB Ha MpOIEC CaMOOYHMIICHHS Ma€ aMIUIITyJa KOJHBAaHb KOPOOy, SKHM
XapaKTepU3y€EThCS CKIIAJHOI0 HENIHIHHOI0 3aJIe)KHICTIO 3 ACHMITOTHUYHUM HAOJIMKEHHSAM, NpU
30inbmenni amrutityau g0 0,002 M Ta NPUCKOPEHHI KoiuBaHb KopoOy y 32 m/c? koedimient
3a0MBAHOCTI 3MEHIIYEThCS, Aocsraloud cBoro MiHimymy y 0,035 %, momanbine 301IbIICHHS
aMIUTITYIM HE3HAYHO Ha HHOTO BIUIMBAE, IO CBITYUTH MPO CTAOLTi3allil0 MPOIIeCy Ta BCTAHOBICHHS
MOCTIHOTO PiBHA 3aXapalleHoOCTi CiI0u0i MOBEPXHIi.

Jlnist BUBYECHHS B3a€EMOBIUTUBY aMIUTITYyIM BUMYIIICHUX KOJUBaHb KOpoOy BiOpawiiiHO-y1apHOi
MAaIllMHU 3 HEBTPUMHHUM 3B’S3KOM Ta IXHBOI KYTOBOi YacTOTH Ha 3MiHYy KoedimieHTa 3a0MBaHOCTI
citouoi moBepxHi OyB NpOBeNEHUH MOBHUX (AKTOPHHHA EKCIIEPUMEHT, B SKOMY peali30BaHO
OPTOTOHAJIBHY TUIaH-MATPHLIIO JPYTOro MOPSAKY.

MareMaTHUHUI OMMC 3aJeKHOCTI Koe(ilieHTa 3a0MBAHOCTI CiI0YOi MOBEPXHI Bia 00OpaHUX
(bakTopiB 3IiMiCHIOBABCS SIK 1 y BHIAJKy aHali3y MNPOAYKTUBHOCTI I'POXOYEHHS OTPUMAHOIO 1
MIEPEBIPEHOTO Ha a/IEKBATHICTH 3a KpuTepieMm Dimepa KBaIpaTUUHOTO PiBHAHHS perpecii

K, = 0,003 —1610-A + 0,035 - w + 1,115+ A - w + 340000 - A2 — 0,0002 - w? %. (4)

OTtpumane piBHSHHS TaKOX € MaTEMaTUYHOIO MOJICIUIIO, SIKA JEMOHCTPYE BIUIMB JTUHAMIYHUX
napameTpiB kopoOy — ammurityau (B miamazoni Big 0,001 mo 0,003 M) Ta kyToBoi yactotu (B
nianasoni Bix 94,2 mo 157 ¢!) fioro BUMyIIEHUX KOJNMBaHb, Ha KOE]Il[ieHT 3a0MBAHOCTI CiFOYOT
MOBEpXHI BiOpaLifHO-yJapHUX MALIMHU 3 HEBTPUMHHM 3B’SI3KOM MK KOpoOoM i cutom, tipu 20 %
piBHI 3HAYYLIOCTI.

Opneprkana MmareMaTHyHa MoJienb (4) Oyna mignana rpagiuHoMy aHalizy, sSIKHH HaBeJleHUH Ha
puc. 6, 103BOJIUB BCTAHOBUTHU Mipy BIUTUBY KOXKHOTO (DaKTOpy Ha mapameTp ONTUMi3aii
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PucyHok 6. 3anexHictb KoedimieHTa 3a0MBaHOCTI Cil0Y0i ITOBEPXHI BiJl aMILTITYAU Ta KyTOBO1
9aCTOTH KOJIMBaHb KOPOOY
Jxepeno: CTBOPEHO aBTOpaMu

3 orpumanoro rpadiky BHIHO, IO IHTEHCH(]IKAIisl MPOIeCy OYHUINEHHS Cil0Y0i MOBEpXHI
BiOpalliifHO-yJapHOI MAIITMHU 3 HEBTPUMHHM 3B’ SI3KOM MK CUTOM 1 KOpoOOM Bi10yBa€eThCs 32 yMOBU
30UIBIICHHS SIK aMIUTITYId KOJIMBAaHb KOPOOY, TakK i il 4acTOTH. 3 TOYKHU 30py €Heproe(eKTUBHOCTI
Ta pPe3yJbTaTUBHOCTI MPOIECY OYHMIIEHHS, HAWOUIBII NPUHHATHUM 3HAYEHHSAM KoedimieHTa
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3abuBanocTi € 0,2 %, sKkuil 3a0e3Meuy€eThCsl HACTYITHUMHU JUHAMIYHUMHU MapaMeTpamMu Kopooy —
ammunitya koausanb 0,0018...0,0022 m mpu wactoti 94,2...102 ¢!, mo Bianosizae npucKOpeHHAM
Bix 16 10 23 m/c? ta 0,0022 M mpu wacrori 125,6 ¢!, mo exBiBaseHTHE IPUCKOPEHHIO 35 M/c?.

Bucnosku (Conclusions)

B pesynbpTari mpoBeACHHUX NOCHIIKEHb Ha po3poOieHid 1abopaTopHi MOJENi TpoXOTy 3
3aKpIMJICHOO Ta BUTLHO YKJIJICHOIO CIF0UOI0 MOBEPXHEIO, M0 TeHEPYE BiOpaIliiiHO-yaapHy Aif0, 0yII0
BUBYEHO ii BIJIMB Ha POyKTHBHICTH Ta MpoIiec 3a0MBaHHs OTBOPIB CUTA IIPU PO3CiB1 METaIypriitHOI
CHUPOBHHH.

3a miJCyMKaMH JOCTIKeHb OAEP)KaHO MaTeMaTHYHY MOJENb, sKa IOB'A3Yy€ TPAHCIOPTHY
NPOAYKTUBHICTh Ta KoeQillieHT 3a0WBaHOCTI CilOYOi MOBEpXHI BiOpamiifHO-yJapHOI MAIIWHU 3
HEBTPUMHHM 3B'SI3KOM MK CUTOM Ta ii kopobom npu 20 % piBHI 3HAYYIIOCTI.

BcranoBieHo, 110 MakcHMallbHA TPAHCIIOPTHA MPOAYKTUBHICTD 3a0€3MEUY€THCS MIPU PEKHUMI
KOJIMBaHb 3 TpUCKOpeHHsMu 28...32 m/c? npu amrutityai 2-107 M, a HaWOLIBI NPUAHATHEM
3HAYEeHHSAM KoedimieHta 3a0uBaHOCTI mpu 1i mpoxykTuBHOCTI € 0,2 %, skuil 3a0e3nedyeTbes
aMILTITY 1010 KouBaHb B inTepsaii (1,8... 2,2) 10 M npu yactori konuBanb 94,2...102 ¢!,
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Abstract:The open-pit mining method, as the most widespread and
productive, is currently of paramount importance in the development of
the mining complex of Ukraine. One of the main directions of
development of open-pit mining is continuous improvement of mining
technology using the latest achievements in complex mechanization and
automation of mining production. Over the past 30 years, the fleet of
mining and loading equipment and mining transportation equipment has
been almost completely renewed. The modern mining and loading, mining
transportation and auxiliary equipment is characterized by a higher level
of production and operation organization, as well as reliability and high
performance in complex and changing operating conditions. Mining and
loading operations in an open pit mine are essentially the removal of rock
from the face and its loading into vehicles for fur ther transportation to
transshipment points. In deep iron ore quarries, powerful cyclic and
continuous machines are used as extraction and loading equipment.
Advanced domestic and imported equipment is used in the development
of the Yeristovo iron quartzite deposit, which is being developed by the
respective mining and processing plant. Draglines are mainly used for
stripping operations, namely for removing over burden. Walking
excavators manufactured by NKMZ are used to mine large volumes of
rock, especially in large quarries. Both mechanical excavators (ECG) and
hydraulic excavators of well-known models from such manufacturers as
Caterpillar and Komatsu are used for mining and loading of minerals at
Yeristovo deposit, and front loaders of these brands are also succes sfully
used. Front-end loaders of popular brands Caterpillar and Komatsu are
used to load overburden and minerals onto vehicles, and EKG-8i and
EKG-10 are also used at reloading stations. To compare the achieved
technical and technological indicators, the efficiency of excavation in deep
iron ore pits was assessed in terms of reliability and energy intensity of
mining production in the conditionsof PrJSC Ingulets Iron Ore.

Keywords:deposits, mining production, equipment, productivity, quarry,
machinery, dragline, mining, excavator, loader, reliability,
energyintensity.
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Abstract: The open-pit mining method, as the most widespread and productive, is currently of
paramount importance in the development of the mining complex of Ukraine. One of the main
directions of development of open-pit mining is continuous improvement of mining technology using
the latest achievements in complex mechanization and automation of mining production. Over the
past 30 years, the fleet of mining and loading equipment and mining transportation equipment has
been almost completely renewed. The modern mining and loading, mining transportation and
auxiliary equipment is characterized by a higher level of production and operation organization, as
well as reliability and high performance in complex and changing operating conditions. Mining and
loading operations in an open pi t mine are essentially the removal of rock from the face and its
loading into vehicles for fur ther transportation to transshipment points. In deep iron ore quarries,
powerful cyclic and continuous machines are used as extraction and loading equipment. Advanced
domestic and imported equipment is used in the development of the Yeristovo iron quartzite deposit,
which is being developed by the respective mining and processing plant. Draglines are mainly used
for stripping operations, namely for removing over burden. Walking excavators manufactured by
NKMZ are used to mine large volumes of rock, especially in large quarries. Both mechanical
excavators (ECG) and hydraulic excavators of well-known models from such manufacturers as
Caterpillar and Komatsu are used for mining and loading of minerals at Yeristovo deposit, and front
loaders of these brands are also succes sfully used. Front-end loaders of popular brands Caterpillar
and Komatsu are used to load overburden and minerals onto vehicles, and EKG-8i and EKG-10 are
also used at reloading stations. To compare the achieved technical and technological indicators, the
efficiency of excavation in deep iron ore pits was assessed in terms of reliability and energy intensity
of mining production in the conditionsof PrJSC Ingulets Iron Ore.
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AHoTanis: Binkputomy cnocoOy po3poOKHM KOPUCHHX KOMAJIMH, SIK HAWOIbII MOIIMPEHOMY 1
NPOJAYKTUBHOMY, B TENEpPIIIHIN Yac HAMA€ThCS MEPLIOPSAHE 3HAYEHHS Yy PO3BUTKY TipHUYO-
BUI00YBHOTO KOMIUIEKCY YKpaiHu. OHUM 3 TOJIOBHHX HAIPSIMKIB PO3BUTKY BiIKPHTOI pO3POOKH
POJOBUI KOPUCHHUX KOMAJMH € TMIOCTIHHE BIOCKOHAJCHHA TEXHOJIOTii TIpHUYMX pOOIT 3
3aCTOCYBAaHHSIM HOBITHIX JOCATHEHb KOMIUIGKCHOI MexXaHi3allli Ta aBToMaTH3allii TipHHYOTO
BupoOHuITBa. 3a ocraHHi 30 pokiB Maike TIOBHICTIO OHOBHUBCS TMapK BHIUMAaJbHO-
HaBaHTaXXyBaJbHOTO O0JIaJIHAHHS Ta TIPHUYOTPAHCIOPTHOTO yCTaTKyBaHHs. CydacHe BUWMAaIbHO-
HaBaHTaXyBaJbHE, TIPHUYOTPAHCIIOPTHE Ta JOMOMIXKHE YCTaTKyBaHHS XapaKTEpU3YeThCS OUIBII
BUCOKHMM pIBHEM Oprasizauii BUpPOOHHUIITBA Ta EKCIUTyaTallil, a TaKOX HAJIWHICTIO Ta BHUCOKOIO
MPOAYKTUBHICTIO B CKJIAJHUX Ta MIHJIMBHX yMOBaxX poOoTu. BuiiManbHO-HaBaHTaKyBaJbHI pPOOOTH
B Kap’epl BIACHE ¥ MOJATAIOTh Y BUIMII TPHUYOI Macu 3 BUOOIO Ta HABAaHTa)KEHHS ii B TPAHCHIOPT
JUIS TIOJAJIBIIIOTO TPAHCIIOPTYBAHHS 10 MEPEBAHTAXKYBAIBHUX MYHKTIB. B riIuOOKMX 3ami30pyaHUX
Kap’epax B SKOCTI BHUHMAallbHO-HAaBaHTAXYBaJIbHOTO YCTaTKyBaHHS 3aCTOCOBYIOTBHCS IOTYXKHI
MaIlMHU IUKIYHOI 1 Oe3nepepBHOi nii. IIpu po3poOui €pUCTIBCHKOIO POJOBHINA 3aNi3HCTUX
KBapIMTIB, 10  PO3pPOOJIAETHCS  BIANOBITHMUM  TipHHYO-30aradyBajJbHUM  KOMOIHATOM,
BUKOPUCTOBYETHCS TEpEIOBa K BITYM3HSIHA, TaK 1 IMIIOPTHA TEXHIKA.

Jis BUpOOHHMIITBA PO3KPUBHUX pOOIT, a came i 3HATTS IyCTOI MOPOAM BUKOPUCTOBYIOTH
3ae0iIbIoro aparyiaifHu. s po3poOKu 3HAUHUX OOCATIB TiPCHKUX MOPiA, 0COOIMBO Ha BETUKUX
Kap'epax, 3aCTOCOBYIOThcA ekckaBaTopH kpokyroui (ELL) Bupo6uunrea NKMZ.

Jns  BunoOyTKy Ta HABAaHTAKCHHS KOPUCHMX KOMaduH Ha EpHUCTIBCBKOMY POIOBHII
BUKOPUCTOBYIOThCS SIK ekckaBaTopu MexaHiunoro tumy (EKID), Tak i rigpaBiiduHi eKCKaBaTOPH
BIIOMHX MoOJenel Big Takux BHUpoOHMKIB, sk Caterpillar, Komatsu, a Takox ycmimHO
BUKOPUCTOBYIOTHCSI 1 (DpOHTANIbHI HaBaHTa)KyBadli IMX Mapok. [lJis HaBaHTa)XKEHHS PO3KPUBHUX
MIOP1J1 1 KOPHCHUX KOTAJUH HA TPAHCIIOPTHI 300U BUKOPHCTOBYIOTHCS (PPOHTANIbHI HABAHTAXKyBayl
nomynsipuux OpenzaiB  Caterpillar, Komatsu, a TakoX Ha mepeBaHTaXXyBAJIbHUX IYHKTaX
BukopuctoBytoTh EKI-8i, EKI-10. [Ing mnopiBHAHHS MJOCSATHYTUX TEXHIKO-TEXHOJOTTYHUX
MOKA3HUKIB MPOBEJCHO OIIHKY €(EeKTUBHOCTI €KCKaBallil Ha TTUOOKHUX 3aTi30pyIHUX Kap’epax 3
no3uuii HaJAIHHOCTI Ta €HEProEMHOCTI TipHMUYOro BUpoOHMITBA B ymoBax IIpAT «lurynempkoro
I'3K».
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Beryn (Introduction)

YkpaiHChKi NipHIY0A00YBHI M AMPUEMCTBA HAIAIOTh EPEBATY BiIKPUTOMY CITOCO0Y pO3POOKH
KOPHCHHUX KOTAJIMH, aJKE TAKUH CIOCIO SIBISIETbCA HAHOUTBIT MpoayKTUBHUM. 106 migBuIuTH
e(eKTHBHICTh BUIOOYTKY, 3HU3UTH BUTPATU Ta MIHIMI3yBaTH BIUIMB HAa HABKOJHILIHE CEPEIOBUIIE,
HiANPUEMCTBA TipHHYOJO0YBHOTO KOMIUIEKCY AaKTHBHO BIPOBADKYIOTh CY4YacHI TEXHOJIOTI]
BUJOOYTKY KOPHUCHUX KOMAaJIMH. BHpoBa/yKeHHsS BUKOPUCTAHHS IMIIOPTHOTO OOJIQHAHHS €
KIIIOYOBUM €JIEMEHTOM €(EeKTUBHOCTI BUPOOHMYHMX MPOLECIB OCOOIMBO B yMOBaxX TJI00aibHOI
eKOHOMIUHOi HecTabinbHOCTI. Bukopucranus imnoptHoro ob6nagHanus (3 €sponu, CLIA, Snowii,
Kurato) noeqHyeThes 3 BITYM3HIHUMHU PO3pOOKaMH Ta MOJIEPHI3aIi€l0 iICHYI0UOi TEXHIKH.

TOB «Epucriscbkuii [3K» € o1HUM 3 TPOBIAHUX TIPHUYOAOO0YBHUX MIANPUEMCTB YKpaiHU
AK€ yTpUMYy€ CTaOUIbHMNA pIiBEeHb BUPOOHHUITBA B YMOBaX CKJIAJHOI EKOHOMIYHOI CHTYaIli.
ByniBauTBO €pHUCTIBCHKOTO Kap’epy posnouasnocs y 2008 pomi y [TonraBceekiid o0macTi i Tenep BiH
€ BaxiuBoro yacTuHoto [ MK Vkpainu. Jlo Bilinu cykynHuii BHecok B BBII kpainu cknaznas 3,1%.
E€pucriscskuii [ 3K 3anizopynnoi kommnanii Ferrexpo € HalimonoammMm ykpaincekuMm ['3K. 3 momeHTy
CBOT'O 3aCHYBaHHsS KOMOIHAT BUPI3HSABCS 3aCTOCYBAaHHIM KpalUX FIPHUYHMX MPAKTHK Ta Cy4aCHOTO
TEXHOJIOTIYHOTO 0OnanHaHHs. [lonpu BiiiHy BiH NMPOJOBXKYE MPAIIOBAaTH Ta MOCTa4yaTH MPOAYKIIIIO
CMOXMBaYaM MiHEPaJIbHOI CHPOBHUHU 1 OylyBaTH IJIaHU HA TIOBOEHHE MalOyTHE.

Jlnst TOCATHEHHST BHUCOKHMX BHUPOOHMYMX IOKA3HUKIB BUAOOYTKY 3ali3HOI pyau B Ipolieci
BIIKPUTUX TIPHUYUX POOIT Ha I[bOMY Kap’€pi BUKOPUCTOBYETHCS BUCOKOIPOIYKTHBHE, €(PEKTUBHE
Ta Oesneune obnagHauus (Hryhoriev I Ye., 2024). llum IOCHiKEHHSIM B KOHTEKCTI BU3HAYCHHS
MOXXJIMBOCTEH MiABUINCHHS €()EKTUBHOCTI BUKOPUCTaHHS BHIMaJIbHO-HABAHTAKyBaJbHOTO
ycraTtkyBaHHs B yMoBax TOB "€pucriBcekuii ['3K" Oyno BCTaHOBIEHO 3aleXKHICTh (PaKTHYHOI
MPOAYKTUBHOCTI YCTaTKyBaHHsI BiJl 4acy IIUKITY HABAHTa)KEHHS.

[MuTaHHs 1010 OCOOJMBOCTEH BHKOPHCTAHHS CyYacHOTO BHIMajbHO-HABaHTA)KyBaJIbHOTO
yCTaTKyBaHHS Ta YMOBH Horo 3actocyBaHHs Ha npuknani TOB "€puctiBeskuit I'3K" Ta [IpAT
«larynenskuit ['3K» BHCBITIIOIOTHCS y JOCTIKEHHAX YKPAiHCHKUX BUCHUX, cepell AKux (Hryhoriev
LYe., 2024), (Anisimov O.0O., 2023), (Sdvyzhkova, O., 2022), (Frolov O.0, 2021-2020), (Mishra, A.,
2020), (Prokopenko, V. I, 2020), (Sobko B.le., 2020), (Symonenko, V.I, 2019) Ta inmmx. Bonu
PO3IIISIHYJIM TOTUYHI TE€MH, SIKI MEPETHHAIOTHCS 3 BU3HAUYECHHSAM €(EKTUBHOCTI BUKOPHUCTAHHS
CY4acHOTO BHHMaJIbHO-HAaBaHTAXYBaJIbHOTO YCTAaTKyBaHHA B YMOBaX BIJIKPUTHX poO3po0OOK
KOPUCHHX KOTIaJIHH.

JlochipKeHHSAIMU  TTOKa3HMUKIB HAJIHHOCTI BHIMAalbHO-HABAHTAXYBAJILHOTO OOJaHAHHS
3aiiManuchk Bimomi BueHi (Holynkevych T. A., 1985), (Shenderov A.l, 1976) me B Yacu 10
HE3aJIeXKHOCTI YKpaiHu. BuzHaueHHs BIUIMBY JiaMeTpa CBEPAJIOBUH Ha €(EKTHUBHICTH BUOYXOBOTO
BinOoto Oyma mochimxena (Usyk IM., 1972), (Shapurin A.V, 1990) nns ymoB kap'epa IIpAT
«Ial'3K», me BcraHoBiIEHO, LIO0 SAKICTh MOAPIOHEHHS MOpPiA BHUOYXOM CYTTEBO BIUIMBAE Ha
nojaneuly  poOOTY HaBaHTAXYBaJbHOTO YycTaTKyBaHHS. llepenymMoBHM  BIpPOBaKEHHS
eHepro30epirarounx 3axoJliB B Mpoleci BUIOOYTKY 1 mepepoOKH 3a1i30pyAHOI CHPOBUHH TAKOX
po3risiaany Taki BueHi sik (Rakyshev B.R., 1998), (Temchenko A.H., 2000), (Maksymov S.V., 2012),
(Diadechkyn M.I., 2009), 1o 103BOJWIO BU3HAUYUTH 3aJIEKHOCTI MPOJYKTUBHOCTI €KCKAaBaTOPIB
BiJ liaMeTpa KyCKa FipHUY0i MacH Ha 3ali30pyJHUX Kap’ epax.

MeToro TOCHIKEeHHS € BHBYEHHS OCOOJMBOCTEH BUKOPUCTAHHS CYyYacHOT'O BHMIMAalbHO-
HaBaHTaXXyBaJbHOTO YCTaTKyBaHHs Ta yMOBHU HOT0 3acTocyBaHHs Ha npukiiani TOB "€pucriBcbkuit
I'3K" Ta [pAT «larynenpkuii ['3K», sike 103BOJISE€ OIIHUTH KJIIOYOBI ACHEKTH BUKOPUCTAHHS
MOTY>KHOTO YCTAaTKyBaHHA B MIHJIMBUX YMOBAax TipHMYOJOOYBHOTO BHPOOHHIITBA, aJanTallilo 10
CKJIQJIHUX OOCTaBHH, SIK1 CKJIAJTUCS BHACIIJOK HETATUBHOI 1ii BOEHHOTO CTaHY.
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Marepiaan Ta metoaun (Materials and Methods)

BuiimanbHo-HaBaHTaXyBaJbHI pOOOTH - OAWH 3 OCHOBHUX TEXHOJOTIYHHX IPOLECIB Y
3aIi30pyIHUX Kap’epax. IX mMTOMa Bara y 3araibHHX BUTPATax Ha BiIKPUTY PO3POOKY POIOBHII
csrae 25%. EdexTuBHICTh BUIIMabHO-HABAHTAXXYBAIBHUX POOIT 1111 YaC HaBaHTAXXyBaHHS TpHUYOT
MacH Ha 3aJi3HMYHHUHM 1 aBTOMOOUTPHHMI TpPaHCIOPT 3HAYHOIO MIpOIO 3aJEeKUTh BiJ] Oprasizamii
OOMIHHMX oOmepamniii Ha ycTynax, MO€IHAaHHS TIapaMeTpiB BHIMalIbHO-HABAaHTAXKYBAJIBHOTO 1
TPAHCIOPTHOTO 00JIaIHAHHS, B3a€EMOY3TO/PKEHHS BUMMaIbHO-HABAaHTAKYBAJbHUX POOIT 3 1HITUMH
CYMDKHHMMU POLIECAMH.

Jlnist IpOBEACHHS JOCHIKEHHS BUKOPUCTAHO CYKYIHICTh METOJIIB: 3arajibHi METOH -CUHTE3,
y3arajibHEHHs, aOCTparyBaHHs, CHCTEMHO-CTPYKTYpPHH, CHEIiabHI METOAM -CTAaTUCTHYHHUHA Ta
MOPIBHSUIBHOTO aHaJi3y Ui OIHKK pIBHSA HaAIMHOCTI Ta €Heproe(eKTHBHOCTI Cy4acHOTO
BUHMaJIbHO-HAaBaHTAXXyBaJbHOTO YCTAaTKYBaHH: Ha 3a1130pYIHHUX Kap epax.

HaykoBoro 0a3010 s BU3HAYEHOI TEMATHKH JOCHTIDKEHHS BUCTYNWIM JOCTIIKEHHS
BITUYM3HSHUX Ta MDKHApOJHUX JOCTIJHUKIB, MaTepiald HayKOBHX CEMiHapiB, CHMIIO31yMiB,
HAYKOBO-TIPAKTUYHUX KOH(EpeHLid 3 MNHUTaHb pO3POOKH MeXaHi3My OLIHKH e(eKTUBHOCTI
eKCKaBallil Ha IIMOOKUX 3aJ1i30pyIHUX Kap’€pax 3 MO3ULIi HaliIHHOCTI Ta €HEPrOEMHOCTI T1PHUYOTO
BUPOOHUIITBA, TOKYMEHTH 3aKOHOJaBYO-HOPMATUBHOI 0a3u YKpainu momao crenudiku opraHizarii
Ta TEXHIKM Oe3MeKH Ha TIPpHUYOMY BUPOOHMIITBI, CTATUCTUYHI MaTepiaiu Cy0'€KTiB TOCIOAAPCHKOL
TiSUTBHOCTI Ha PUHKY 3aJ1130pYAHOT CHPOBHUHHU.

PesyabTaTn (Results)

Sk Bxe panime Oyno 3azHaueHo, €pucriBcekuit ['3K y IlonraBcbkiit obmacti - mepmuit
YCHIIITHUNA TPOEKT TAaKOTO IUIaHy, IO peasli3oBaHMi 3a 4aciB He3alnexxkHoi Ykpainu. OmgHuM 3
KIIIOYOBUX (DAaKTOpiB, HA SIKUH MOKJIATANUCs BiJ MOYATKy, OyJI0 3alydeHHs Cy4acHOI TipHHUYOi
TEXHIKH MPOBITHUX CBITOBUX BUPOOHUKIB. [lepiie ripauue o0nagHaHHs 11€ KOJICHUN rpeiaep MapKu
CAT 16M rta nBa rycennuni Oynsnoszepu CAT D10T BupoOuunrsa Caterpillar. Ilepmri po3kpuBHi
POOOTH pO3MOYAIH 3 3aTyYeHHSIM KpoKyrodoro ekckaBaTopy ELLI-11/70.

31 301JIBIIEHHSAM O0CSTIB BHpOGHHuTBa MIOTIOBHIOBABC 1 MapK ripuuyoi TexHiku. B 2011 poui
BiIOyBCs 3QITYCK €/IMHOTO B €Bp0n1 rmpaBanHoro exckaBaTopa Bucyrus RH200, a Bxe 3a pik
3aIyCTUIIN 1 prrI/II/I rmpaquHHH ekckaBatop-riranT- Bucyrus RH340 Ta mapk kap’epHHX
aBTOCAMOCKUIIB BaHTaxomigiomuicTio 220 T wMapku Caterpillar 793D Tta Caterpillar 789
BaHTaxkomigiioMHicTIO 180 T .

Hapasi xoM0iHaT BHKOPHCTOBYE TipHHYOTPAHCIOPTHE ycTaTkyBaHHs OpennaiB Caterpillar,
Komatsu ta Hitachi. 3okpema yHnikanbpHi 34- Ta 26-Ky00Bi ekckaBaTopH, 220-TOHHI aBTOCAaMOCKHU/IH,
SKHX HE Tak 0arato Ha poaoBHIax €Bpory.

€pucTiBCbKE POJIOBHIIE CKJIAHE 32 TiAPOreoJOriYHUMH YMOBaMH (4 BOJZOHOCHI TOPH3OHTH).
M’ iK1 pO3KpUBHI TOPOJIU MAIOTh CEPEIHIO NOTYKHICTh 68—70 M 3 HU3bKOIO ITPOIYCKHOIO 3/1aTHICTIO.
VY 3B’S3Ky 3 IIUM SIK OCHOBHE BUIIMaJIbHO-HABAHTA)XKyBAJIbHE yCTATKyBAaHHS IiJ 4ac po3poOIeHHs
PO3KPUBHUX TOPiA Ha Kap’epi AOIUIBHO BUKOPHUCTOBYBAaTH KPOKYIOUiI €KCKaBaTOPH — JpariaitHu
tuny EI-11/70. Ilpu npomy exckaBatop EIII-11/70 takox mepenbadaeTbcs BUKOPHUCTOBYBATH B
MOJAJIBIIOMY ISl IPOXOJUKEHHS OCYIYyBaJIbHUX TPaHILIEH Ta X MOTJINOICHHS.

ExckaBatop EIl-11/70 Bupoouuursa HKM3 (HoBokpamaTtopchkuii MammHOOY1iIBHUN 3aBOJ)
— 11€ OTY>KHUI TIpHUYMHA eKCKaBaTOp Ha T'YCEHUYHOMY XOJY, 3AaTHUI e(eKTHUBHO MPAIIOBATH Ha
BETHKMX TIMOMHAX i BizcTaHsaxX. Moro ocHOBHI IepeBarn — BeJMKa MICTKIiCTh KOBIIA, IOBra CTpiia
Ta MPHUHHATHA €HEProe(eKTUBHICTD 3aBJSKU E€ICKTPUYHOMY NPUBOILY. BiH BHUKOPHCTOBYETHhCS Ha
BEJIMKHX BYT'UIbHUX, PyIHUX Ta IHIIMX Kap'epax.

OcHOBHI TexHIYHI XapakTepucTuku exckaparopa EI-11/70:

1. 3aranpHi mapameTpu:
e Tum: OTHOKIBIIOBUH CICKTPUYHHM JIpariaiiH
e Mogens: EIII-11/70 (EI — "exckaBatop kpokyrouuii”, 11 — 06’em koBma B M*, 70 — 1oBXKHHA
CTpLIM B METpax)
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o [lpu3HaueHHs: pO3KpUBHI Ta JOOYBHI pOOOTH B Kap’e€pax
e Cnocib nepecyBaHHS: KPOKYIOUHUH (3 OMOPHOIO TUIUTOIO)
e [lpuBin: enekTpudHMii (MIEPEMiHHUN CTPYM)
2. Po6oui mapametpu:
e MictkicTs koBma: 11 m* (MoxximBi Moaudikaii 3 koBmamu 10—15 m?).
e Jlomxwuna cTpinu: 70 m.
e MakcumansHuit pagiyc konanus: 10 70—75 m.
e MaxkcumanbHa rIMOMHA KomaHHs: 10 45—-50 M.
o Bucora BuBanTaxenss: 10 30-35 m.
3. CunoBe o6naiHaHHS:
e TloryxHicTs enekTpoaBuryHis: ~2000-2500 kBt (3anexuts Big Moaudikaiii)
e Hampyra xxusnenns: 6—10 kB (mpoMucioBa Mepexa 3MIHHOTO CTPyMY)
e Tum gBuryHa: acHHXpOHHI 200 CHHXPOHHI €JIEKTPOIBUTYHH.
4. MacoBo-rabapuTHI XapaKTePUCTHKU:
e Po6oua maca: ~600—800 T (3anekuTh BiJ KOH(DIryparii)
e Tuck Ha rpynr: ~0,15-0,25 MIla
o IIBuaxicts nepecyBanus: 0,1-0,3 km/rox
5. IIpotyKTHBHICTB:
e Teopernuna npoaykTuBHicTh: 10 1500-2000 M3/rox (3a1€KUTh Bil yMOB POOOTH)
e PoGounii ukir: 30—60 cexyH
Oco06MBOCTI Ta 3aCTOCYBaHHS:
e IlpusHaueHuii st MacmTabHUX Kap’€pHUX POOIT, OCOOJMBO TPHU PO3POOI POTOBUII
KOPHCHUX KOTANIWMH (BYTULIsS, pyaa, Oyamarepianm).
e BukopucToBy€ KpOKYIOUMH XiJ Ul MEpecyBaHHs, IO JO3BOJIAE IMPALIOBATA HAa M’ SKHX
IPYHTax.
e (OOnamHaHUN TOTYKHOIO EIEKTPUYHOI0 CHUCTEMOIO, M0 3a0e3redye BHUCOKY e(eKTHUBHICTD
IIPU BEJIMKUX HaBaHTa)KEHHSX.
e Moxe mpamoBaTH Yy CKIaJi €KCKaBaTOPHO-TPAHCIIOPTHUX KOMIUIEKCiB (pazoMm 3
aBTOCAMOCKHaMH 200 3aJII3HUYHUMU JyMITKapamHu).

SIk BKe 3a3HayaNoCch, Ha BIIKPUTHX pO3pOOKAaX NPH NPOBEICHHI PO3KPUBHUX pPOOIT 3
MOJAJIBIIMM BaHTKEHHSIM IOPOH Ha TIPHUYI aBTOCAMOCKHIH, B Kap €pi €pUCTIBCHKOTO POAOBHUINA
3aCTOCOBYIOTH OJMH 3 HaWOUIBIIMX TiIpaBIiYHUX €KCKaBaTOpiB y cBiTi, a came Bucyrus RH200 ta
Bucyrus RH340.

Bucyrus RH200 Ta Bucyrus RH340 —ekckaBaropu, SKuUH paHilie BHPOOISIHCS
kommaHnielo Bucyrus International, sika 6yna nmornunena Caterpillar B 2011 poui. ITicnsa npun6anns
Bucyrus xommanieto Caterpillar neski moxeni Oynium mnepeiiMEHOBaHI Ta MOJEpHI30BaHi,
asie RH200 3anuiaeTsest OJHI€0 3 HAUMOTYKHIMIUX MAIIUH Y CBOEMY KJIaci.

Bucyrus RH200 a6o CAT6050 - exckaBatop-rirant (puc. 1), mnpu3HaueHUH i
HaiiMacmTaOHIMUX Kap'epHUX poOiT. BiH HIMPOKO BUKOPHUCTOBYETHCS HA POAOBHUINAX B AMEpHII],
€Bpori Ta A3ii 1711 poO3KpUBHHUX pOOIT, BUAOOYTKY BYT'ULIS, PYAM Ta IHIIMX KOPUCHUX KOTAJIKH.
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Pucynoxk 1. I'igpasniunuii exckaBatop Bucyrus RH200 (CAT 6050), €puctiBcbkuii kap’ep.

Monens RH340 a6o CAT 6060 (puc. 2) - yHiBepcaibHa MOJI€Ib, KOMIAKTHIIINH, aie TaKui
’K€ BUCOKOTIPOTyKTUBHUH /I BUCOKOHABAHTAXKEHUX POOIT.

Pucynoxk 2. I'igpasniunuii exckaBatop Bucyrus RH340 (CAT 6060). €puctiBcbkuii kap’ep.

OO0uzBi Mojeni BioMi cBO€rO HaliiHICTIO. [IOpIBHAHHS TEXHIYHUX IMOKA3HUKIB TiApaBIIYHIX
Kap’epHUX eKcKaBaTopiB (Tabm. 1.) HaBeIeHO HUXKYE.

Ta6auusa 1. IlopiBHIHHA NMOKAa3HUKIB 3aCTOCYBaHHS TiIPaBIiYHUX Kap'€pHUX E€KCKaBaTOPiB
Bucyrus RH200 Ta Bucyrus RH340

Ne i/m XapakrepucTuka Bucyrus RH200 Bucyrus RH340
(CAT 6050) (CAT 6060)
1 Bara ~537 ToHH ~570 ToHH
2 O06'em koBIIa 25-28 m* 25-34 »?
3 JlBuryH €JIEKTPOTIPUBIT €JIEKTPOTPHUBIJT
4 [ToTyXHICTh ~2 520 k.c. (1 880 kBT) ~3 000 k.c. (2 240 kBT)
5 Makc. pajiiyc KOIaHHS ~19,5m ~18,9 m
6 Makc. rmuouHa ~9.2 M ~8,9 M

KOITaHHA
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7 3acTOCyBaHHS Benuki BinkpuTi kap'epu CepenHi Ta BenuKi
(Byrims, pyaa) Kap'epu (pyaa, mopou)

Kuarouosi BigmMinHocCTI:

1. [ToTy>xHIiCTH Ta po3Mipu:
o RH200— Oimpmmii 1 MOTYXHIIIMA  €KCKaBaToOp,  MPHU3HAUYCHUH A7
HailMacmTaOHIIUX Kap'epHUX poOIT.
o RH340 —  xommakTHimMA, ane  JOCUTh  BHUCOKONPOAYKTUBHHUH,  4acTo
BUKOPUCTOBYETHCS Y CEPEHIX Kap'epax.
2. Kosm:
o RH200 moxxe obnagnyBaTtucs koBiramu 06’ emom moHax 40 m3, Toxi sk RH340 —
10 34 m>.
3. I'mubuHa KomaHHS:

o RH200 mae GunbIIMi BUIIT CTPLIH, IO 103BOJISIE HOMY e€(EeKTHBHIIIE MPAIIOBaTH Ha
ITUOOKUX PO3pOOKaX.
4. Enepromnocrayanss:
OO0uaBi MOZETi BAKOPUCTOBYIOTh €JIEKTPOIIPUBIJL Ue€pe3 BUCOKY MOTYKHICTb.
[IpoBeneMo aHalli3 PO3paxyHKOBUX JaHUX MPOAYKTUBHOCTI BUIMaJIbHO-HABAHTAKyBaJIbHOTO
o0yaiHaHHS B yMOBaxX €pUCTIBCHKOTO Kap’e€py 1 MOPIiBHAEMO iX 3 pakTuyHUMU (TAOII. 2).

Tabauusa 2. IlokasHUKM Yacy LMKy HaBaHTAXEHHS Ta MPOAYKTUBHOCTI BHHUMAalbHO-
HaBaHTaXyBaJbHOTO 00saaHaHHs B ymMmoBax TOB «Epucriscbkuii ['3K»

IToxka3HUK Bunodyrox Po3kpus
OO6nagHaHHS Bucyrus RH200 CAT 6060 ENI-11/70
Po3paxyHKOBa NPOJAYKTUBHICTb, M*/3M 9956 16 128 10 787
@dakTUYHA TPOAYKTUBHICTD, M*/3M 9269 9900 8 562
Bigxunenus, % 7% 39% 21%
TeopeTnuHuil 4yac LUKy, XB 3 2 4,48
DakTUYHUN Yac IUKITY, XB 2.4 2,31 6,15
Pi3Huus B yaci -20 ¢ -3lc +97 ¢

[TopiBHIOIOYM JaHI MPOIYKTUBHOCTI POOOTH BHMMalIbHO-HABaHTAKYBAJIBLHOIO OOJaTHAHHS B
yMoBax €pHCTIBCBKOTO Kap’€py BiI3HAYMMO, 110 (paKTHYHA MPOAYKTUBHICTH 3HAYHO MEHIIE HiX
po3paxyHKoBa. 3 Teopii Ta NPAKTUKU BIAKPUTUX TIPHUYHUX POOIT B1IOMO, 1110 MPOTYKTUBHICTH POOOTH
eKCKaBaTOPIB-JparyiailHiB MO>KHA 1CTOTHO MIJABHIIUTH 332 PaXyHOK 3MEHIIEHHS KyTa MOBOPOTY i3
BUOOIO JI0 TOUYKH PO3BAHTAXKEHHS TTOPOH.

Oninka edgeKTHBHOCTI ekcKaBalii Ha IVIMOOKHX 3aJi30pyAHHX Kap’epax 3 MO3HMIIL
HAMIHOCTI Ta €eHepro€MHOCTI TipHMYOro BHPOOHMITBA 3a CKJIAJHMX I MIHJIMBHX YMOB
rocnogapoBanus Ha [IpAT «Inryaensknii I'3K»

[HTeHCcHdiKaIis TEXHOIOTTYHIX PEXHUMIB Y JOCHTb BaXXKUX yMOBaX poOOTH Ha Kap’e€pax He
J03BOJISIE HABITH IMPHU 1l€aNbHUX YMOBaX eKCIUTyaTalii Ta oOCIyroByBaHHA 3a0e3NnedyuTd
0e3BiIMOBHY pOOOTY OCHOBHHMX BHIB OONajHaHHsA. Buxin 3 naxy OKpeMHX BHIIB OOJaJHAHHS
NPU3BOJMTD 10 TepeBaHTaXeHb 00JaTHaHHS, 30MTKY Yepe3 HEeBUKOHAHHS IUIaHY IO 3aJ1i30pyAHIN
MPOAYKIIii, CTBOPIOE CKJIAIHOLI B YIIPABIiHHI TEXHOJOTTYHUMH TporiecaMu. OKpiM TOro, 0COOTIHUBY
aKTyaJbHICTh HaOyBae BHpIIICHHS 3aBJaHHA BH3HAueHHS (aKTOpiB, sKi BIUIMBAIOTH Ha
eKCIUTyaTaliiiHy HaJiifHICTh TEXHOJIOTIYHUX CXEM 3 YCTAHOBJICHHSM BiANOBIAHUX 3aKOHOMIPHOCTEH,
BUSIBJICHHSIM «BY3bKHX» MICI[b 3 METOI0 OOTPYHTOBAHOTO IUIAHYBaHHS TEPMiHY CIyXOU 1 pe3epBy
TipHUYOro 00JaJHAHHS, TUIAHYBAaHHSA TEXHIYHOTO OOCIYTOBYBaHHS, IUIAHOBO-TIONEPEIKYBATbHUX
PEMOHTIB, KalliTAJIbLHUX PEMOHTIB, OOTpPYHTYBaHHS TMOTpeOM B  3alacHUX  YaCTHHAX,
eHepro30epekeHHs Ta HOPMYBaHHs €HEPreTUYHHUX PECYpPCiB.
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BusHaueHHs1 HAAIITHOCTI TEXHOJIOTIYHUX MPOLECIB

3 MeTOI0 BU3HAYEHHS IOKA3HUKIB HAAIHHOCTI Yy BIANOBIAHOCTI 3 BiAOMOIO METOIMKOIO
(Holynkevych T. A., 1985), (Shenderov A.l, 1976) OGyna obpobneHa BuximHa iHdopmaris Ta
pO3paxoBaHi NOKa3HUKH HAJITHOCTI OJJHOTO 3 KIIFOUOBUX TEXHOJIOTTYHUX MPOIIECIB: eKCKaBallii CUpoi
PYIH IIPH 3aCTOCYBaHHI UKIIYHO-IOTOKOBOT TeXHOJOTII (Tadm. 3).

[IpuBenena B il Tabmumi iHQopMalis CBIIYUTH TPO T, L0 HaMHWXKYA HaIIHHICTH
(MMOBipHICTH 6€3BIIMOBHOI pOOOTH) XapaKTepHa came JIJIsl POIeCy eKCKaBallii, CepeTHsl BeTUIUHA
MOKa3HMKa HAJIMHOCTI SKOTo 3a BKazaHuil nepioa cknanae nume 0,409. Anani3z ekcruryaTtaiiHuX
JaHUX TIOKA3Ye€, 110 B 3arajibHii CTPYKTYypi MOTOKY BiIMOB €KCKaBaTOPIB YaCTKa BIIMOB MEXaHIYHOTO
yCTaTKyBaHHA CTaHOBUTH NMpuOan3Ho 50 %, 3HauHy wactuHy 3 HUX (30 %) 3aiimMaroTh BiIMOBH
METANOKOHCTPYKIiA. OCTaHHE MOB'SI3aHE 3 THUM, II0 B METAJIOKOHCTPYKIIiSIX 0COOIMBY HeOe3meKy
MPE/ICTABJISAIOTh 3BapHI 3'€HAHHS, B SKUX HAWOUIBII IHTEHCHMBHO BHHHKAIOTH 1 PO3BUBAIOTHCS
TpimuHu. HaifGinpm BakimuBuM (akTopoM Yy AaHiii mpoOseMi € sKiCTh MiIPUBHOI IMiJrOTOBKH
ripchKuX Mopix 1o ekckapamii. KibkicHOT Miporo SIKOCTI MiIpUBHOT MIATOTOBKHU TIPCHKUX MOPiJT 10
eKCKaBallil €, sIK IPaBUIIO, CEpeIHii AlaMeTp Kycka y po3Baii ado Buxia Herabaputy. /laHi moka3HUKH
¢byHKIIOHATBEHO NOB'A3aH1 MiXk coboro (puc. 3).

Tabmuus 3. Buxigna ingopmallis Ta MOKa3HUKK HalliiHOCTI ekckaBaropiB Tuiy EKI Ha [IpAT
«IHI"'3K»

Iepion Yuctuit Ipocroi exckaBaTopa, OB 's3aHi 3 Ipocroi ekckaBaTopa, HOB sI3aHi 3 VimoBi VimoBi Hanpa  Koedimie

4ac BiJIMOBOIO CJIEKTPHUYHOT YaCTHHH BiJIMOBaMHU MEXaHIYHOT YACTHHH pHiCTh pHicTh MIOBaH HT

po6otu, Kins Yac IHTeHCcuB TaTencus Kinbki Yac InTeHcH InTeH 6e3Bia BiJIMOB HS Ha TOTOBHOC
TOIHMH KiCTh ~ TPOCTO HICTh HICTh CTh IpOCTO BHICTH cuBHI  MOBHOI ,P BiJIMOB 11, Kr
npoc  iB, rox. BiIMOB BIJHOBJIC ~ IPOCTO 1B, FO. BiZIMOB CTh pobotu y, T
TOIB, HHS iB, OJI. BigHO
oI BIICH
Hsl

JTun 724 15 29,58 0,022 0,507 6 14,7 0,008 0,408 0,786 0,214 539,7 0,968
2018
Cep. 629 11 216,58 0,027 0,051 45 144,42 0,093 0,312 0,385 0615 21,1 0,753
2018
Bep 616 99 190,25 0,232 0520 21 90,83 0,040 0,113 0,113 0,887 8,7 0,734
2018
JKogr. 639 62 198,67 0115 0,628 27 147,33 0,055 0,257 0,257 0,743 20,0 0,827
2018
Jluct 660 10 20,42 0,016 0,490 2 6 0,003 0,861 0,861 0,139 1229,6 0978
2018
I'pyn 644 18 31,5 0,029 0,571 4 22,67 0,006 0,751 0,751 0,249 319,6 0,954
2018
Ciu 650 33 66,58 0,057 0,496 29 254,33 0,073 0,354 0,354 0,646 258 0,824
2019
Jhot 604 60 1268,25 0,126 0,468 20 95,33 0,039 0,266 0,266 0,734 18,4 0,804
2019
Bep 645 67 157,75 0,137 0,425 22 134,25 0,043 0,236 0,236 0,764 14,6 0,765
2019
Ksit 642 33 73,75 0,058 0,447 23 165,17 0,048 0,427 0,427 0,573 354 0,847
2019
Tpas. 649 33 76,08 0,058 0,434 26 183,42 0,056 0,404 0,404 0,596 31,2 0,835
2019
Yeps 635 58 97,42 0,108 0,595 23 129,92 0,046 0,203 0,293 0,707 22,9 0,834
2019
JTun 629 81 144,83 0,167 0,559 26 11,58 0,042 0,187 0,187 0,813 36,7 0,931
2019
CepenHe 3HaYCHHS 0,409
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Pucynok 3. 3anexxHicTh BUXOy HerabapuTa BiJi CEpeIHbOIrO AiaMeTpa Kycka

BukoHaHi BUMipH TpaHyJIOMETPUYHOrO CKJIaxy migipBaHoi ripHuuoi mMacu y kap'epi IIpAT
«IuI"3K» nokasye, 1o cepeaniit niamerp kycka ckiaaae 400 - 450 mm. OcHOBHUM (paKTOPOM BILIHBY
Ha TPIOIMHOYTBOPEHHS Yy METAJIOKOHCTPYKLISAX EKCKAaBaTOPIB € HASBHICTh BHUIIAJKOBHX
NepEeBaHTAKEHb, 1110 BUHUKAIOTh BHACIIIOK 3ITKHEHHS KOBIIA 3 HEKOHAMLIIMHUMH mMaTKaMu (55
%), mapaMu 3pyHHOBAHHX TOPiA 3 HU3bKUM KoediieHToM posnymeHHs (25 %). 30inbuieHas
CepeaHBOoro aiameTpa Kycka y po3Baii (deep) 3 0,3 mo 0,5 M 30inbiye pict Tpimun y 3 - 3,5 pasu,
a TpH 3MiHI KoedilieHTa po3MylIeHHs 3a mapamu po3Baiy 3 1,1 mo 1,5 36inmbemrye B 4,2 pasm.
3MEHIICHHs CepeIHhOTO AlaMeTpa Kycka mifipBaHoi ripuuyoi macu B 1,5 pas3u 30imbIrye B 2,5
pasu HEOOXiAHMHM OOCAT TOpPOAM, IO EKCKaBYEThCS, Mg TEPETBOPEHHS CTaHIApPTHOIO
TPIIIMHONOAIOHOTO AeeKTy B TpillMHY. 31 301JIBIIEHHSM €HEproeEMHOCTI Mpolecy B 2,5 pasu
CepelHs KITbKICTh IIMKIIB HaBAaHTAaXXCHHS HA METAJOKOHCTPYKIII EKCKaBaTopy 3pOCTae
npubnusHo B 1,7 pa3u. Lle Bkazye Ha 3MiHYy YMOB poOOTH - Bijl BUOOIO 3 CEpeAHBOIO ITHMOUHOIO
0,3 M 10 MEHII SKICHO MiATOTOBJICHOTO BHOOIO 3 IIMOMHOI Onm3bko 0,5 M. JlocimimKeHHIMH
[Usyk LM., 1972], [Shapurin A.V, 1990] npoBenenumu ans ymoB kap'epa [IpAT «IHI3K»
BCTAHOBJICHO BIUIMB AKOCTI MOJAPIOHEHHS MOpPiA BUOYXOM Ha HAINpPY>KEHHS B OCHOBHHMX BY3Jax
€KCKaBaTopa mpu poOoTi y BaxkoMy BUOOIO (deep=400 MMm) B 3,55 - 4,57 pasu Bulle, HIX IpU
po6oTti B nerkomy BHOOIO (dcep=180 MMm). OTpumani 3aJeXHOCTI JOIIIBHO BPAaxOBYBAaTH INpPHU
IUIaHYBaHHI TEpPMiHIB 1 00cCsriB poOIT y KOHKPETHHX YMOBax TipHHYOro BHUPOOHHIITBA Ha
OKpPEMOMY 3alli30pYIHOMY POJIOBHIII, Y TOMYy 4ucii Ha kap’epi TOB «EpucriBepkuii '3K».

Bu3HayeHHsI eHEPrOEMHOCTI TEXHOJIOTIYHUX NMPOLECiB.

JI1sl BU3HAUEHHS €HEPrOEMHOCTI 3 BUKOPUCTAHHAM BiIOMUX METOAUKEHEPI€TUYHOT OLIHKH
BiZIKpUTOI TipHMYOI TeXHONOrii TNPOBEAEHI PO3PaXyHKH eKCILTyaTaliifiHOi NpOJyKTUBHOCTI
exckaBaropa EKI' -8] B 3ajexHOCTI BiJI JdiaMeTpa CEpeIHbOr0 KYyCKa, pPe3yJbTaTH SKHX
Mpe/ICTaBIICH] HA PUCYHKY 2, 3 IKOT'0 BHJIHO, 1110 IPU 3MiH1 cepeHboro Kycka Big 200 1o 450 mm
HPOAYKTUBHICTB 3HIKYEThCA 3 346,3 10 183,5 M*/rox, 10670 B 1,9 pasu. CyTTeBO BILIMBAIOYM HA
eKCIUTyaTaliifHy NpOAYKTHBHICTh €KCKaBaTopa, sIKicTh MoApiOHEeHHS (dcep) BiAOMBaeTHCS 1 Ha
€HEProeEMHOCTI Tpolecy HaBaHTaxeHHs. [lopsin 3 KyCKOBATICTIO MiJipBaHOI TiIpHUYOi MacH
JAPYTUM MOKAa3HUKOM ii CTaHy, sSIKMW BIUIMBA€ HA MPOAYKTUBHICTh 1 €HEPrOEMHICTH €KCKaBallii, €
Koe(ilieHT po3MyIIeHHs, AKUN BigoOpaxae psa (Qi3MUHUX MapaMeTpiB CepeioBHINA: AKICTh
npo6sieHHs (dcep), CTYMiHb MEpPEMILICHHS MAacHUBY, 3B'S3aHICTh MOPiJ, 3PYIICHICTb, CTIHKICTb.
JlocmiPKEHHSIMU B1IOMOT0 BYEHOTO (Tanhaiev I.A., 1986) BcTaHOBIIEHA 3a/I€KHICTh Koe]ilicHTa
PO3MYIIEHHS Bl CEpeIHBOTO JAiaMeTpa MiAipBaHOi TpHUYOI MacH:

Kp =1+ deep.(1)
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Pucynok. 4. 3anexnicte npoaykTuBHOCTI ekckaBaropa EKI™ -81 Bix cepeanboro miamerpa
KyCKa TipHUY0i MacH

[IpocTopoBa 3MiHHICTh KOe(DiI[iEHTa PO3MYNICHHS B MOEIHAHHI 3 HECTAOUTHHOIO SKICTIO
no/piOHEHHs MOpiJ y PI3HUX TOUKAaX pO3Baly 3a JaHUMHU AOCHIIKEeHb (Rakyshev B.R., 1998),
(Temchenko A.H., 2000), (Maksymov S.V., 2012) cyTT€BO BIIJIUBAE HA EHEPTrOEMHICTH €KCKaBaIlii
1 IPOIYKTUBHICTh €KCKaBAaTOPa 3aJIEKHO BiJl MOETHAHHS aO0COMIOTHUX 3HAYCHB deep, Kp Ta 1HIIEX
(akTopiB, TUTOMi EHEPreTHYHI BUTPATH Ha EKCKABAI[iI0 1 M> MipHUYOT MACH MOXYTh BiZIPi3HATHLCS
B 10 pasiB. Anani3 3BiTHUX nanux kap'epy IIpAT «In'3K» y 2019 poui moka3sye, 1o npu po3mipi
CepelHbOro Kycka miaipBaHoi TipHuuoi Macu 450 MM NUTOMiI BHUTpPATH EJEKTPOEHEpPrii Ha
eKkckasaiito ckianu 1,58 kBt.rog/m>, npu po3mipi cepeanboro kycka 200 MM €HEPrOEMHICTb
eKcKaBailii He nepesunyBaia 0,6 KBT.roa/m>, a BUTpaTH eIeKTpOEeHePTii 3HU3MINCE B 2,63 pasu.
JUis OIIHKH SAKOCTI BHUOYXYy HaMM MpPOINOHYETHCS BUKOPHUCTOBYBATH EHEPreTHYHY IIKAITy
eKcKaBallii, mepeBaru sikoi, HacamIiepe]], MOoJAraloTh B i1 YHIBEpCcalbHOCTI. 30KpeMa, 3HAUCHHS
MUTOMOI €HEPrOEMHOCTI HAaBAHTAKEHHS NMPAKTHYHO HE 3aJeXKaTh BiJ] MapKU €KCKaBaTopa THUILY
MexaHi4yHa jonara. EHepreTHyHy ImKany MOXJIMBO BUKOPUCTOBYBATH JIJISl OLIHKH SKOCT1 BUOYXY.
Ha BinMiHy BiA TpaauIiiHOTO croco0y BU3HAYEHHS AKOCTI BHOYXY MO I'DPaHYJIOMETPUUHOMY
CKJIaAy TIpHUYOi MacH, Taka OLIHKA € OUIbII 00'€KTUBHOIO, OCKIIBKH BKJIIOUA€ BECh KOMILIEKC
($13UKO-TeXHIYHUX TapameTpiB BubOoio (tabn. 4). Buxonsum 3 HaBEIEHOTr0, CTa€ MPaBOMIpHE
TBEP/UKEHHS IPO Te, IO 3a JAYXe MOTaHol SKOCTI MOApiIOHEHHs HasBHA BHCOKA €HEPTrOEMHICTh
eKckaBalii 1 moapiOHeHHS.

Ta6auus 4. Eneprernuna mkana eKckaBarlii

SxkicTs ApodJIeHHs Eneproemuicts exckaBanii WmosipHi 3HaueHHsA<d ep,
kBT*rog/m3 MM
Hob6pa <0,4 <200
3amoBigbHa 0,4-0,7 <300
ITorana 0,7-0,9 <400
Jlyxe norana >0,9 >400

Lleit BUCHOBOK y TIOBHIH Mipi y3TrOJKY€ThCS 3 BUCHOBKaMHM, HaBEACHUMU B poOoTi (Diadechkyn
M1, 2009), a Takox aHai30M 3BITHUX JaHUX apoouinbHOl hadbpuku [IpAT «IHI'3K » 3a 2019 pik,
KM TOKa3ye, 10 MPH po3Mipi cepeHboro Kycka miaipsanoi ripauaoi macu 400 - 450 MM nutomi
BUTpPATH eJeKTpoeHeprii ckianaiots 3,13 kBrtrog/r, mpu posmipi cepennboro kycka 200 mMm
CHEepPrOEMHICTh MOAPIOHEHHsT He mepeBuiryBana 2,0 kBT rox /T, ToOTO BUTpaTH €IEKTpOEHEpril
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3pociau B 1,57 pasu. Lle Bka3zye Ha 00’ €KTUBHY HEOOX1THICTh 3HI)KEHHS €HEPTOEMHOCTI BUPOOHHIITBA
TOBAapHOI MPOJYKIIi NUIIXOM ONTHMI3alii po3Mipy CepelHbOro Kycka MpH BHOYXOBiil MiAroTOBII
PYIH 3 IEpepO3MOIIOM EHEPTETUYHUX BUTPAT MK BUOYXOBUM APOOIICHHSM (B CTOPOHY BUOYXOBUX
po0iT) 1 MexaHIYHUM MOAPIOHEHHSIM Ha 30aradyBaybHii (GaOpuIli, MO TO3BOJIUTH MiJBUIIUTH
MPOAYKTUBHICTD SIK BUHMaJIbHO-HABAaHTAXXYBaJIbHOTO, TAaK 1 MOAPIOHIOBAILHOTO YCTaTKyBaHHS Ha 6-
10 %. TakuM YMHOM, 3aIIPONIOHOBAHA METOIMKA OI[IHKH HAAIHHOCTI 1 EHEPrOEMHOCTI TEXHOJIOTTYHUX
npoIeciB Moxe OyTH BHUKOpHCTaHa Npu (GOopMyBaHHI €PEKTHBHOCTI MOAAIBIIOTO 3aCTOCYBAHHS
BIIKpUTOI  TipHMYOI TexHoJjorii Ha TIIMOOKMX Kap'epax 3 mo3ulii 3abe3nedeHHs
KOHKYPEHTOCIIPOMO>KHOCTI TOBAPHOT 3aJ1130BMICTKOT MPOAYKIIIi.

Bucnosku (Conclusions)

OTxe, B TeNepilIHii yac 0COOIUBY aKTyaJIbHICTh HaOyBae BUPIIICHHS 3aBJaHHS BU3HAYCHHS
(axTopiB, AKi BILTMBAIOTHh HA EKCIUTyaTallli{Hy HaiiHICTh TEXHOJIOTTYHMX CXEM €KCKaBallii ripHu401
MacH 3 yCTAQHOBJICHHSM BiJNOBITHHX 3aKOHOMIPHOCTEH, BUSBICHHAM «BY3bKHX» MICIb 3 METOIO
OOTPYHTOBAHOTO IUIAHYBaHHA TEPMiHY CIy>)KOM 1 pe3epBy TipHHUOro oOJaJHaHHSA, 30KpeMa
e(EeKTUBHOTO 3aCTOCYBAaHHS MEXJIONAT, JIparyiailHiB Ta TiApaBIiUHUX 1HO3EMHHMX EKCKaBaTOPIB B
CKJIaJHHUX Ta MIHJIMBHX YMOBaX BUPOOHUIITBA, IUIAHYBaHHSA TEXHIYHOTO 0OCIyroBYBaHHsI, IIJIAHOBO-
MONEPE/KYBAIBHAX ~ PEMOHTIB,  KaliTalbHUX  PEMOHTIB  BHIMaJIbHO-HABaHTa)KyBaJIbHOTO
yCTaTKyBaHHs, OOIPYHTYBaHHS MOTPeOU B 3allaCHUX YaCTUHAX, CHEPro30epeKeHHs Ta HOPMYBAaHHS
SHEePreTUYHUX PECYpPCiB MPU MOAAIBIIINA PO3pOoOLi IMTMOOKUX 3aTi30pyIHUX Kap €piB.

Takum 4MHOM, 3aIIPOTIOHOBAHA METOIMKA OL[IHKM HAJIIHOCTI 1 eHEPrOEMHOCTI TEXHOJIOTTYHUX
nporeciB  Moke OyTH  BHUKOPHUCTaHAa IpM  HOJAJIBIIOMY  3aCTOCYBaHHI  BHHWMAaJbHO-
HaBaHTAXYBaJbHOTO YCTaTKYBAaHHS Ui MOJANBLIOI PO3POOKM BITYM3HSIHHUX POJOBHIL KOPHUCHHUX
KONaJMH B KOHTEKCTI MiJBUIICHHS €(EKTUBHOCTI BIAKPUTOI TIPHUYOI TEXHOJOTI 3 MO3MLIi
3a0e3neueHHs] KOHKYPEHTOCIPOMOXHOCTI BITUM3HSHOI 3alli30BMICTKOI MPOAYKIii Ha 30BHILIHIX
pHUHKaX.
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motors of series excitation are presented. An analysis of known methods
of constructing the specified electromechanical characteristics is carried
out, such as by universal characteristic, by known catalog data of the
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methods of constructing the electromechanical characteristics of a traction
electric drive with DC motors of series excitation and their inconsistency
with existing requirements are revealed. The dependence of the magnetic
flux of DC motors with series excitation on the load on the shaft is the
cause of the nonlinearity of their electromechanical characteristics.
Factories - manufacturers of such engines provide experimentally
obtained universal characteristics (expressed in relative units). Using
them, it is possible to construct a universal mechanical characteristic, from
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To do this, it is necessary to multiply the values I, M and o laid out along
the axes by their nominal values. In this case, it is usually necessary to
change the scale grid of the graph, since the previous one will correspond
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method of constructing electromechanical characteristics according to the
universal characteristic has an error of up to 30%, which is associated both
with the nonlinearity of the electromechanical characteristics of DC
motors with series excitation, and with the need for a graphic transition
from the universal characteristic to the characteristic of a specific traction
motor. The method of constructing electromechanical characteristics
according to catalog data has similar disadvantages. A method of
constructing electromechanical characteristics analytically is proposed,
which allows avoiding the disadvantages.
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AHoTauisg: HapeneHi Henoniku, IO MarOTh Micle MiJ 4Yac MOOYJOBM €JIEKTPOMEXaHIYHHX
XapaKTepUCTHK TSTOBOTO EJIEKTPOIPUBOAA 3 JABUTYHAMH IIOCTIHHOTO CTPyMy IOCIHiJIOBHOTO
30ymkenHs. [IpoBeaeHnit aHami3 BiJOMHUX METOAIB MOOYIOBH BKa3aHUX EJIEKTPOMEXaHIYHUX
XapaKTePUCTHK, K TO 32 YHIBEPCAIBHOIO XapaKTEPHCTUKOIO, 3 BIIOMUMH KaTaJIOKHUMHU JAHUMHU
nsuryHa. Ha mizcraBi mpoBe€HOT0 aHasi3y BUSBICHUH PsJl HEOMIKIB BIJOMUX METO/IiB TOOYA0BU
EJIEKTPOMEXAHIYHUX XapPAKTEPUCTUK TATOBOTO €NEKTPONPUBO/IA 3 IBUTYHAMH ITOCTIHHOTO CTPYMY
MOCTIIOBHOTO 30Y/DKEHHS Ta iX HEBIANOBIAHOCTI ICHYIOUMM BHMOTaM. 3aJIeXKHICTh MarHiTHOTO
MOTOKY JABHUTYHIB MOCTIHHOTO CTPYMY 3 HOCJIIOBHUM 30Y/DKEHHSM BiJl HABAHTA)KEHHS Ha Bally €
NPUYMHOI0 HETIHIMHOCTI iX eJIEeKTPOMEXaHIYHMX XapaKTEePUCTHK. 3aBOJM - BHUPOOHUKH TaKUX
JBUTYHIB Jal0Th 3HATI €KCIEPUMEHTAIBHUM IIISXOM yHIBEpCAIbHI XapaKTEePUCTUKH (BUPaKEH1 y
BITHOCHMX OAMHUILIX). KopucTyrounch HMMH, MOKHA MOOYyJIyBaTH YHIBEpCAIbHY MEXaHIUHY
XapaKTepUCTHKY, BiJl SIKOi MOXHA MEPEHTH 0 XapaKTEepUCTHKH OoOpaHoro ABHWryHa. [ljiss mboro
HEOOXiTHO BiJIKJIa/IeH] 1Mo ocsx BenuyuHy [, M 1 ® moMHOXHUTH Ha iX HOMiHaNbHI 3HaueHHs. [Ipu
[IbOMY 3a3BHYaii BUHUKAE HEOOXIMHICTh 3MIHUTH MacIITabHy CITKy Trpadika, OCKITbKH KOJHIIHS
Oyze BIAMOBiZaTH IpOoOOBOMY 3HAYEHHIO BEIWYMH, IO BIAKIANAlOThCS MO ocsix. HaBeneHa
METOMKA MOOYI0BU €NEKTPOMEXaHIUHUX XapaKTEPUCTHK 32 YHIBEPCAIbHOIO XapaKTEPHUCTUKOIO
Mmae noxuOky 70 30 % , 110 MOB'SI3aHO SK 3 HENIHIWHICTIO €JIEKTPOMEXaHIYHUX XapaKTePUCTHK
JBUTYHIB TOCTIHHOTO CTPYyMy 3 MOCTIZIOBHUM 30Y/KEHHSIM, Tak 1 HE0OXimHOCTI rpadidyHOro
Nepexoay BiJ YHIBEpCaIbHOI XapaKTEPUCTHKU 10 XapaKTEPUCTHUKH KOHKPETHOTO TATOBOTO
JBUTYHA. AHAJOT1YHI HEJOMIKH Ma€ METOJMKA MOOYIOBH €IEKTPOMEXaHIYHUX XapaKTEPUCTHK 3a
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KaTaJIO)KHUMH JTaHUMHU. 3aIpOIIOHOBAaHA METOIMKA TOOYI0BU €JIEKTPOMEXAaHIUHUX XapaKTEPUCTHK
aHATITHYHUM LUIIXOM, 110 J03BOJII€ YHUKHYTH BKAa3aHUX BHUIIE HETOJIKIB.

Kiro4oBi cjoBa: TAroBUil ABUIYH, €IEKTPOMEXaHIYHI XapaKTEPUCTUKH, IMOJIHOM CTYIEHIO N,
iHTepnosLiiina popmyna Jlarpanxa.

Beryn (Introduction)

ITin yac po3poOKKM CXeM aBTOMATHU30BAHOTO EJIEKTPONPUBOAY BHHUKAE HEOOXIIHICTh
noOyJIOBH €JIEKTPOMEXAHIYHUX XapaKTePUCTUK IX eNeKTpoABHUryHiB. OcoOiuBi CKIaIHOII
BUHUKAIOTh IMiJ1 4ac MOOY0BH €JIEKTPOMEXaHIYHUX XapaKTEPUCTUK TATOBOTO €JIEKTPONPHBOJA 3
JIBUTYHAMH TOCTIMHOTO CTpyMy MOCHiIOBHOTO 30y/pkeHHs. He 3Baxkaroum Ha Te, 110 B iHIyCTpii
3aJI3HUYHOTO TPAHCIOPTY MEKUTbKa KOMIIAHI B OCTaHHI POKH JOCIHIIKYBald MOXIIUBICTh
BUKOPUCTaHHS CHHXPOHHUX MOTODIB 13 MOoCTiHHUMHU MarHiTamu (Sarbajit Paul, Pil-Wan Han, 2022)
1€ BCE XK TaKH O1IbIIIE CTOCYETHCS BUCOKOIIBUIKICHOTO NIEPEBE3EHHS, TOXK BUKOPUCTAHHS IBUTYHIB
MOCTIHHOTO CTPYMY IMOCTIZIOBHOTO 30Y/DKEHHS B TEXHOJOTIYHMX MEPEBE3CHHSIX BCE MIE €
aKTyaJIbHUM.

BumiesazHaueHi CKJIAQIHOINI 3yMOBJEHI 3YMOBIEHO THM, IO EJIEKTPOMEXaHIuHi
XapaKTepUCTUKH JBUTYHIB HEJIHIIMHI Yepe3 3aJIe)KHICTh MarHiTHOTO MOTOKY JIBUTYHIB IIOCTIHHOTO
CTpyMy 3 TIOCHIJOBHUM 30y/KCHHSM BiJl HaBaHTaXEHHS Ha Bady. Bimomuii meron moOynoBu
BKA3aHUX EJEKTPOMEXaHIUHUX XapaKTepUCTHK 3a YHIBEPCAIbHOI  XapaKTEPHCTUKOIO, sKa
HAJA€ThCS 3aBOJIOM — BUPOOHMKOM ABUTYHIB (Milykh V., O. Shavolkin O., 2018), (Milykh V.1,
2013). T'pacdiunmii mepexin BiJ  YHIBEpPCAJIbHOI  XapaKTEPUCTUKU JI0 EJIEKTPOMEXaHIYHUX
XapaKTepUCTUK KOHKPETHOTO IBUTYHA 31 3MIHOIO MaciuTabHOI CITKH TpadikiB NPU3BOIUTH 10
3HAYHUX MOXMOOK y po3paxyHkaxX. KpiM TOro, B boMy METOMAI HE BPAaXOBYETHCS 3alICKHICTh
1HIYKTUBHOCTI KOJIa SIKOPSI BiJ BEIMYMHU CTPYMY SIKOPS 1 30BHILIHS XapaKTEPUCTHUKA PEaTbHOTO
MOCTOBOTO TpHU(a3HOTO TeEepeTBOPIOBAYa, IO KMBHUTH TATOBUH EJIEKTPONPUBOJA 3 ABHUTYHAMHU
MOCTIHHOTO CTPYMy THOCHIIOBHOTO 30y/KEHHS (Hampyra S>KMBISYOI MEpeXi  BBaXKA€ThCS
MOCTiHOI0). TakuM YMHOM, pO3paxyHKY pe3yJbTylo4a MoxXuoka po3paxyHky jgocsrae 30%.

Takox Bimoma mMeToauka 1moOynoBH eNEeKTPOMEXaHIUHUX XapaKTEPUCTHK 33 KAaTaT0KHUMHU
nanaumu neuryHa (Kytaiev O.V., Hlukhova V.1, 2011), sixa Mae aHaIOT149HI HEAOIKH.

Takum ynHOM, HETOCTATHS €()EKTUBHICTh BITOMHX METOMIB MOOYOBH €IEKTPOMEXaHIYHUX
XapaKTepUCTHK TSTOBOTO EJIEKTPOIPUBOAA 3 JABUTYHAMH IIOCTIHHOTO CTPyMy IOCIHiJIOBHOTO
30y IKEHHS MATBEPIKYE HEOOXITHICTh 3HAXOKEHHS OUIBII ONTUMATBHUX PIllICHb.

PesyabTaTn (Results)

Jlnist BUBEICHHS XapaKTEPUCTUK E€JICKTPOMEXaHIYHMX XapaKTEPUCTHK aHATITUYHUM HUIIXOM
NpURMEMO HACTYTIHI JOMYIICHHS:

- JI0 KONy SIKOps TSATOBOTO JABHIYHA TpUKJIaJieHa HANpyra, 1[0 MyJbCye, MiJ Yac aHaji3zy
BUKOPUCTOBYETHCS Cepe/IHE 3HaUeHHs 1iel Harpyru U,

- N8 aHANITUYHOTO ONHCY XapaKTepUCTHKH HAMarHiuyBaHHA TSITOBOTO JIBUTYHA
BUKOPUCTOBYETHCS HAOMMKEHUI aHATIITHYHUI BUpa3 y BUTJIAI OaraTowieHy #-TO CTYIICHIO;

- CTpyM Y KOJi SIKOpsl € IYyJIbCYIOUUM, MiJ Yac BHUBOJAY PO3PaxXyHKOBUX CIIBBiAHOIIEHb
BUKOPUCTOBYETHCS CEPEAHE 3HAUCHHS I[LOTO CTpyMy Iy ([3);

-y SKOCTI OCHOBHOTO HOMIHAQJBHOTO pEXHMY TATOBOTO JBUTYHAa HPUHMAETHCS
JOBIOTPUBAIIMHA PEKUM pOOOTH;

- M Yac BHUBOJY pO3PaXyHKOBHMX CIIBBIJHOIIEHb 3aCTOCOBYETHCS CHCTEMa BiJIHOCHHUX
OJIMHMIIb, TIPU IIbOMY B SKOCTI 0230BUX MPUHMAIOTHCS MMapaMeTPU JOBIOTPUBAJIOTO HOMIHAIBHOTO
peKUMY.

VY nopanbIoMy BUKIAJCHI MPUXHATI HACTYITHI TO3HAYECHHS:

M
m=
M

- e# - BITHOCHE 3HAYECHHS €JIEKTPOMArHiTHOTO MOMEHTY M TATOBOTO JABUTYHA;
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] = D
# - BIIHOCHE 3HAYEHHS MarHiTHOTO TIOTOKY TATOBOTO JIBUTYHA;
_ U

J=Y

U

D
# - BITHOCHE 3HAYEHHS HAIPYyTH KOJIa SKOPsI TATOBOTO JBUTYHA;
I
A

~—

- ## - BIITHOCHE 3HAYECHHS CTPYMY SIKOPS TATOBOIO JBUT'YHA;

w
n= —

- * - BIJIHOCHE 3HAYEHHS 4aCTOTU 0OEpTaHHS SKOPS TATOBOTO JBUTYHA, SIKE JIOPIBHIOE
BiJIHOCHOMY 3HQUEHHIO MIBUAKOCTI PYXY MOI31Y;

U
R = —*
H . .
- A# - HOMIHAJIBHUM OIIIP KOJIa AKOPH;
R
r =2
P R .
- # - BIIIHOCHE 3HAYCHHS OIIOPY SAKOPA;
R +R
r=_4 000
R ) .
- H - BIJHOCHC 3HAUCHHA OIIOpY MKOpPA 3 YpaxXyBaHHSAM 30BHIIIHBOT'O
AOJAaTKOBOTO OIIOPY,
R
r ==
2 R

- # - BIZIHOCHE 3HAYEHHS ONOpY 0OMOTKHU 30y DKEHHSI.

ITigx gac po3paxyHKy TATOBOTO E€JIEKTPONPHBOIY 3aCTOCOBYIOTh CTaTHYHI LIBUJAKICHY Ta
MEXaHIYHY XapaKTePUCTUKU JBUTYHIB. BKa3zaHl XapaKTepHCTUKU y BIIHOCHUX OJAMHUILIX MAIOTh
HACTYIIHUM BUIJISA:

_d-ri
ATy
Ty

n=_J . rm
-r ¥y qa-ry?

2)

MexaHiuHa XapakTepucTuka (2) orpumaHa 3 mBHIAKICHOT (1) MIISIXOM MiICTaHOBKU

i = wo. (3)

3HalOuYN XapaKTepPUCTUKY HAMarHiuyyBaHHS ABHTYHa ¢ = f(i), MOKHA TPEACTABUTH 3aJICKHICTh
MOTOKY ¢ BiJl CTpyMY i, @ 3 ypaxyBaHHsAM (3) 1 3aJI€KHICTb MMOTOKY ¢ BiJl MOMEHTY (Y BHUIJIAL
MOJIIHOMIB CTYICHIO 71, JIHCHUX JUISl MO3UTUBHUX 3HAYCHD i Ta U

4)
j = b+ bmt b2n~F+ ot b;1m1'(5)

SIKIIO TpencTaBUTH 3aJeKHOCTI [/ Ta i/p Bix i Ta g BIANOBIJHUMHU HOJIHOMAaMH CTYIICHIO 71,
OTPHUMAEMO:

j=a+taitairt. . +ai
(R n

—=c +citci’t. . +ci
0 1 2 n

J 6)
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=y +ditdi’+..+di"
. 0 1 2 n
J (7)

1
—=e+tement+. .+ent;
. 0 1 2 n

/ (8)
i . . . .

—= f+ fmE LT+ L+

/ ©)

TOJli IIBUJIKICHY Ta MEXaHIYHY XapaKTEPUCTUKH MOXKHA IIPEJICTABUTH TAKOXK ITOJIHOMAMH CTYIICHIO

n:

n= A+ Ai+ A+ .+ A"
i i 1 (10)

=B + +.+ Bnf
n B0 BIrTH-an"? SLERTY

B sKHX KoediieHTH Ao, Ai,..,A, Ta Bo,Bi,..,B, € ¢dyHKIIAMH BiImoOBIAHHX KOEQIIIEHTIB
3anexxHocTel (6) - (9) Ta BiTHOCHUX MapaMeTpiB IBUTYHA 3, Py, TA P!

cJd-dr ed-dr cJ-dr
= _0 0 A4 = 1 A = n
0 I-r ! 1- r n 1- r
A 9 A L) Aa
B - eOJ- for B - e]J- jlr B - eﬂJ- jnr
0 - r ! 1- r n - r
A 9 A 9 o e e ey i
Koedinientn mominomiB (4) - (9), skxi B 3araJbHOMY BUMAAKYy MOXXHA BUPA3UTHU
: Y(x)= y» a +ax+ax’+..ax"
¢byHKIi€I0 0 1 2 no, BU3HAYAIOTHCS 3a JIOTIOMOT 010

iHTepnosuiinoi popmynu Jlarpamka [4]:

(x- xl)(x- xz)...(x- xn) (x- X, )(x- \t) (x- X ) (x- X, )(x- x) (x- X )

(xO- xl)(xo- xz)...(xo- x“)yo (r- x)(x- x) (x- X ) N (x - X, )(x - x) (x - xI

Y(x)=

(12)

Tak sk B peaJlbHUX yMOBaX CTPYM i 3MiHIO€ThCsI B Mexkax 0,3 — 2,5, a MomeHT - B Mexax 0,1
— 3, To B moniHoMax (4) - (9) 1, BignosinHo, B hopmynax (10) Ta (11) MoxHa OOMEKUTUCE 1=3, TIIO
OPU3BOAUTH 110 MOXUOKK po3paxyHKiB /1 e Oinbiire 2%. [IpointocTpyeMo BUKITaACHE, IPUAMAIOYH
B SKOCTI MarHiTHOi yHiBepcaJbHOI XapaKTepPUCTUKU XapakTepucTuky nsuryHa JIHT-46/33M
enexktpoBo3y K-14V. 3nauenns BenuyuH i, ¢ , 4, 1/p, i/p B By3nax inrepnossuii 0,1,2,3 HaBenexi
y Tabmumi 1.

Ta6auus 1. 3HaueHHs BenuyuH i, ¢ , i, 1/¢, i/p B By3nax iHrepnosuii 0,1,2,3

k=0 k=1 k=2 k=3
i 0,5 1 1,5 2
0 0,655 1 1,185 1,315
0,3275 1 1,7775 2,63
Vp 15267 1 08438 0,7604
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i/p 0,76335 1 1,2658 1,5209

B 3aranpHOMY BUTTISIAI KOSIIIEHTH TTOJIIHOMIB BU3HAYAIOTHCS 32 (DOPMYIIaMU:

VXXX VXXX VXXX VXXX

g = 2017273 073 4 T L T30
0

& & &, &
a=- yO(xlx2+ xlx3+ x2x3)+ yl(x0x2+ x0x3+ x2x3)_ y2(x0xl+ XOX3+ xlx3)+ y3(x0x1+ x0x2+ xIxZ)
: 8, g, 8, g,

+ x + +x + +x + + x +
a = yO(xl % x3)_ y](x() % x3)+ yz(xo Y x3)_ y3(x0 % xz)
? & & &, &5 .
9

N
3

& & & & ,
o B0 (T ) x5 g,= (- x)(x, x)0x - x))
8, = (7 X))0x,= X)0x,~ X)); 8y = (7 x)0xym X)) x))-

3HaueHHs KoedilieHTiB noaiHoMiB (4) - (9) mpu n=3 HaBeneH1 y Tabmuii 2.

Tabauus 2. 3HaueHHs KoeQillieHTIB TOJTIHOMIB

k=0 k=1 k=2 k=3

ar 0,0451 1,555 -0,74 0,14

br 039013 0,92497 -0,37478 0,059603

ce 2,722 -3,2576  1,9328  -0,39715

dr 0,5959 0,2393 0,218 -0,05323

e 2,0003 -1,7112 0,58759 -0,147

fi 0,65071 0,33859 0,01907 -0,00836

SIkmo migcraBuTH 1l Koedimientn y ¢opmynu (10) ta (11), o npu ps = 0,03, p=ps a9y = 1
(mpupoaHa XapaKTEpUCTUKA) OTPUMYEMO:

n=2,7878- 3,3657i+ 1,9864i*- 0,4078:°; (13)

n=2,042- 1,7746m+ 0,8838n7- 0,1513m. (14)

Sxmo npu ps; = 0,03 Ta § = 1 BBeCcTH y KOJIO SIKOPSI HOMiHANIBHUIMA omtip (p=1), TO OTpUMaeMoO:
n=2,1919- 3,605i+ 1,7678i*- 0,3546i°; (15)

n=1,3913- 2,1132m+ 0,8647n7%- 0,1429m (16)

Ha pucynky 1 HaBeneni mBuakicHi xapaktepuctuku asuryna JJIHT-46/33M enexktpoBo3y K-

14V, sxi moOynoBani 3a Bupazamu (13), (15).
Ha pucynky 2 HaBeieHi MexaHi4Hi xapakTepucTuku nsuryHa JJHT-46/33M enexrpoBo3y K-

14V, sxi noOynoBani 3a Bupazamu (14), (16).
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B nesxux Bunaakax ( HapHKIad, i 4ac TATOBUX PO3PAaXyHKIB Ta PO3PaXyHKiB MepeXiTHUX
MPOILIECIB MyCKYy MPUBOMAY) JOIIIIEHO BUKOPUCTOBYBATH 3aJIC)KHICTH MOMEHTY BiJl IIBHUAKOCTI y
¢dbopmi KBaIpaTHOTO TPUUJICHA.

-0,4

NN

Pucynoxk 1. IIBuakicui xapakrtepuctuxu asuryna JJIHT-46/33M enexkrpoBo3y K-14VY

b
e |\
N =]
1,2
N
0,8 \ \\
\ 9 =17 \\
0,4 \ p=1
o
08—\\ 1.6 2,4 3,0 u
-0,4
~.

Pucynok 2. Mexaniuni xapakrepuctuku nsuryHa JIHT-46/33M enexrpoBozy K-14Y

ITpu upomy b0, bl Ta b2 BU3HAUAIOTHCS TaKOX 3a JOMOMOroro mojiHomy Jlarpamxka 3a
3anexHicTio (12) mpu n = 2. Toxi, BBaXarouu XapaKTepUCTHKY HaMarHidvyBaHHS BiJOMOIO, Oy1yeMO
Ta0JIULIO JUTS 3a/IaHUX 3HAYCHB 3 1 p:

Ta6auuns 3. 1, ¢ , 1, B By3nax intepmossmii 0,1,2.

i =i =i =i

4 P= o P=¢ P=qr
H U= o U=t U= 2
u rm n=no n=nl n=n2

n-— -
a-r,y (a-ry’
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HaBenenuit meron moOynoBH CTaTHUHUX EJIEKTPOMEXAHIYHMX XapaKTEPUCTUK MOXKHA
BUKOPUCTOBYBaTH 1 NpPU IHIINX CXEMax BKIIOYEHHsS IBUTYHA, B SKUX CTPYM SIKOpS 1 CTpyM
30y IKeHHS HE PiBHI (i #is).

B sxocti mpukiaay Bi3bMEMO CXeMy, 1€ SKIip ABHTYHA HIYHTYETHCS JIOJATKOBHM OIOPOM.
[TpuiimMatoun y BIAHOCHHMX OJAMHUIIIX OMIp SIKOPS Ps, TOJATKOBOTO PE3UCTOPA py Ta CTPyM Yy
J0JJATKOBOMY PE3UCTOPI Iy, OTPUMAEMO:

VL g
=it = —
r P t+r,

(17)

r r.r. .
0 J_ (rﬂ+ 0 3 )l
_ Myt r,+r,

(- ry-r.) (18)

VY upoMy BUNAJAKY JUIA 33JaHUX 3HAUCHb 3, pg, ps Ta Py, NPUIMAIOUU 32 apPTYMEHT CTPyM
AKOpst i (BpaXxoOBYIOUH, IO CTPYM MOXE MaTH Bil'€MHI 3HaUCHHs, OCKUIBKH B Il CXeMi MOXKITUBI
rajJbMiBHI p&KMMH ) BU3HAYAIOTh:

o Jtrgi 1 i

i= —2 , - :
Torytr, = A6, m=jio g,

B 71 By3JIaX IHTEpHOJALii. 32 3HAYSHHSIMU IMX BEJIMYMH BU3HAYAIOTH KOS(III€HTH MOTIHOMIB
(6) — (9) Ta xkoedimientu Bupazi (10)1(11).

[Tig yac po3paxyHKy MEpexiJHUX MPOLECIB B €NEKTPONPUBOJIL 3 JBUTYHAMHU IOCIIIOBHOTO
30y UKEHHS y psl BUIAIKIB HE0OX1THO BpaXOBYBATH 1HAYKTHUBHICTH Koia akops. OqHak, BKa3aHa
IHIYKTUBHICTD 3aJI€KUTH BiJl BEJIMYMHU CTPYMY SKOPSI.

Bu3HaunMO 1HAYKTUBHICTD KOJIa SIKOPS JJIst BUNIAJKY i = i;. TOJIl MOBHA 1HAYKTUBHICTh KOJIA
L Oyne cknamaTucs 3 1HIYKTHBHOCTI AKOps Ly Ta I1HIYKTHBHOCTI OOMOTKH 30y/KeHHS L,
(Lavrynenko Yu.M., Marchenko O.S., Savchenko P.1., Syniavskyi O.1u., Voitiuk D.H., Lysenko V.P,
2009), (Vydmysh A. A, Yaroshenko L. V., 2020)

= 3UH - qu 3
Topw, 2Lt ) pw, I, 2+ ,(19)
L3 = Wgng%%)

7 ,(20)

ne S - nocriitamii koedimient (S = 0,6 st HeKkoMmieHcoBaHuX Ta f = 0,25 11si KOMIIEHCOBaHUX
JBUTYHIB);
P — YUCIIO Tap TOJIIOCIB JBUTYHA;
®3; — YUCJIO TIOCIIIOBHO 3'€THAHUX BUTKIB OOMOTOK 30y KSHHS;
@ — MOTIK PO3CIIOBAHHS.

st orpuMaHHs pOpMyIIM OBHOI 1HAYKTUBHOCTI KOJIA SIKOpS Tpeba BUKOHATH HACTYIIHI Jii:
3

- 3aminroemo (ynkmiro 2% ¢ mo Bxomuts 10 Bupasy (19), if iHTepHOTANIAHAM BEpazom

¥ ] > 12
S0t &It & (npu0<i <25, 3= 1,45, g1 =- 0,55, g = 0,1);
- HepeXOI[I/IMO pa(e} BiZ[HOCHI/IX OJUHHUIIb:

j=a+taitairt. . +ai
(R n
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Js= St e S% 0,15, 0,2 _ KOE(IIIEHT pO3CitOBaHHS;

- IHAYKTUBHICTb AKOPs (HOMIHAJIbHUHN PEXUM):

= %
"opw,
- IHAYKTUBHICTh OOMOTKH 30y )KeHHS (HOMIHAJIBHUHI PEKUM):
L =W 0
3H I

H

TaxkuM YMHOM OTPUMY€EMO HACTYIHY (POPMYILY MOBHOI IHAYKTUBHOCTI KOJIa SIKOPSI:

L= L+ Li+ L’ , @1

e
- LO = gOLH.H + (al + S)LJH’
- Ll = glL}l.H + 2a2L3.H .

b

- L’2 = gzL}z.u + 3a3L'>’.n .

B siKOCTI npHKIIaay HIKYE HAaBOJATHCS PE3yIbTaT PO3paxyHKY MOBHOI IHAYKTHBHOCTI KOJIa
axopst neuryna JIHT-46/33M enekrpoBozy K-14V:

L=0,05775- 0,0432i+ 0,01 l8i2_

Tab6auusa 4. Pe3ynprat po3paxyHKy MOBHOI 1HAYKTHUBHOCTI Kona sikopsi asuryHa JIHT-
46/33M

i 0 0,25 0,5 0,75 1,0 1,25 1,5 1,75 2,0
LIn 0,05775 0,0477 0,0391 0,032 0,02635 0,0212 0,0195 0,0183 0,018

Taxum unHOM, i1 yac 301IbIIeHHS cTpyMYy 7 Bia 0 10 2 iHAYKTUBHICTD IBUTYHA 3MEHIITY€THCS
npuOJIM3HO y 3 pasu, a MpH CTpyMi i > 2 IHAYKTUBHICTD JBUTYHA MOKHA BBa)KATH MOCTIHHOIO.

VYci oTpumaHi BUIE XapaKTEPUCTUKU OTPUMaHi y MPHUITYIICHHI, L0 HANpyra >XHUBISYO1
Mmepexki 11 e mocriiiHoro. B ilicHOCTI TATOBI JBUTYHH OTPUMYIOTH EJIEKTPOCHEPTII0 Yepes3
HaMIBIPOBIIHUKOBUI TMEPEeTBOPIOBAY, KU Mae BHYTPILIHIM eKBiBaJIeHTHUH omip, sSKui Oyne
BIUIMBAaTH Ha (OpMYy €JIEKTPOMEXaHIYHHX XapaKTEPUCTHK JBUTYHIB. Po3rimsHemMo MeTon
ypaxyBaHHs LbOTO ONOPY Ha TMPHUKIAAl JKUBJICHHS TATOBUX JBHUIYHIB BiJl MOCTOBOTO
Tpu(da3HOTro MnepeTBoproBaya.

Jis  KMBJICHHS TATOBHX KOHTAKTHHX MEpPEX IJI3EMHOI €JIEKTPOBO3HOI BiJKATKH
3acTOCOBYEeThCs Tsropa minctanuis tumy ATII-500/275, ska KOMIIEKTYETbCS pa3oM 3 CHUIOBUM
TpaHchopMaTOpOM 1 MPHUCTPOSIMH YHPABIIHHA 1 3aXHUCTy B IEPETBOPIOBAIBHUE arperar.
[TpuHIIMIIOBa CX€Ma TATOBOTO MEPETBOPIOBaYA MPEICTaBICHA HA PUCYHKY 3.

TsiroBuii nepeTBOPIOBAILHUN HANIIBIPOBIAHUKOBUIL arperat BUTOTOBIISIOTh Y PYJIHHYHOMY
HOpMaJIbHOMY BHUKOHAHHI; 3a CIIOCOOOM MOHTaXy - CTalllOHAPHOTO BHUKOHAHHS;, HOMiHAJIbHA
Hanpyra — 275 B; HominaneHuMil ctpym — 500 A; tun BentmiiB - BK-200-6; 3a crnocob6om
OXOJIOJDKYBaHHA - IPUMYCOBE TIPOBITPIOBAHHS; KUIBKICTh BEHTWIIB - 12; 3axucT BiA
MEPEBAHTAKEHHSI 1 30BHINIHIX KOPOTKHX 3aMHUKaHb 3MIHCHIOETHCS CEPEAHBOIIBUAKICHUM
aBTOMaTHYHUM BHMHKadeM Tuny AB-10b; 3axucT BiJ BHYTPIIIHIX KOPOTKHX 3aMHKaHb
3MIACHIOETHCS IIBUAKOMIIOUMMHU TUIaBKUMHU 3amoOibkaukamu  [IHB-3; pexum pobotu -
aBTOMAaTHYHHUMA 3 NUCTAaHUIWHUM ynpaBiaiHHAM. Bentunenuil 6nox BB 3i0panuii mo tpudasHiii
MOCTOBIH cxeMi (TI0 1Ba BEHTHJI B IJIeUi apaieIbHo).

30BHIIIHA XapaKTepUCTHKA IEpeTBOPIOBAYa Ma€ HACTYNHUN BUIIAN (Zhemeriv H.H.,

Kovalchuk O.1, 2011)
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u=1- di- 2—pn6

337 (22)
pi(S]
T 0,65(r, +r,)
V3 Jri+l
- 4Y,
V2U napameTp MOpPOroBoi HapPyry BEHTUJIIB OHOTO IJIeya.
rK = r_"
VY cBoro uepry - Y - mapameTp pexuMy KOPOTKOTO 3aMHUKAHHS TPaHC(HOPMATOPa;
_ gR
r,= 1=
nx,

- MapaMeTp AMHAMIYHOTO ONIOPY BEHTUJIIB OAHOTO IIjIeya.

30BHIIIHI XapaKTEPUCTUKHU MEPETBOPIOBaYa rpadiuHo HaBeleHa Ha PUCYHKY 4 Ui 3HaUY€Hb
px Big 0 1o 1:

~ GkB

[

Qs
QF I

:

Qs
KnhA
vD4 — ’ vD1
| I~
= Fu4 FU1 A
—— | — M~
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Ockinbku 6a30Bi HANIPYTH Ta CTPYMH TATOBHX JBUTYHIB Ta MEPETBOPIOBAaYa pPi3Hi, BBEIEMO

U

d z 1

XO - 0 d() = dl’loz (I\]lt

KoeilieHT Us 1a napameTp P Y | ne Uy ta I, HOMiHATBHI Hampyra Ta cTpym

naBuryHa. Toni JUlsi mapaneiabHOro 3'€JHaHHS TATOBHX JBUTYHIB OTPUMYEMO HACTYIIHI BHpa3u
IIBUJIKICHOT Ta MEXaHIYHOI XapaKTepUCTHUK JBUTYHA:
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_ XoPn,- (r+d,)
a-ry

(23)

Xpn,  (r+d)m
A-r )y (-r )?2

" (29)
u=1- di- 2—png
33T (29)

e
d= L+ 0,65(r . +r,)

NE] Jri+1
n,= Y

V2U napamMeTp OpPOroBoi HapyTry BEHTUJIIB OAHOTO IjIeya.
rK = r_"

VY cBoro uepry - Y - mapameTp pexuMy KOPOTKOTO 3aMHKAHHS TpaHC(HOPMATOPa;

- 4R

r,=
nx,.

- * - JapaMeTp IMHAMIYHOTO OTOpPY BEHTHIIIB OJHOTO IUIeYa.

30BHIIIHI XapaKTEPUCTUKHU MEPETBOPIOBaYa rpadiuHO HaBeleHa Ha PUCYHKY 4 Ui 3Ha4Y€Hb

px Big 0 1o 1:
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Pucynok 4. 30BHiIIHI XapaKTEPUCTUKA MOCTOBOTO TpU(a3HOTO IepEeTBOPIOBAYA

Ockinbku 6a30Bi HANIPYTH Ta CTPYMH TATOBHX JBUTYHIB Ta MEPETBOPIOBaYa pi3Hi, BBEIEMO

U
d, z1,
X, = 0 do = dnoz [I\] U
Us 1a napameTp P Y | ne Us ta I, HOMiHATBHI Hampyra Ta cTpym
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naBuryHa. Toni Juisi mapaneiabHOro 3'€THaHHS TATOBHX JBUTYHIB OTPUMYEMO HACTYIIHI BHpa3u
IIBUJIKICHOT Ta MEXaHIYHOI XapaKTepUCTHUK JBUTYHA:

_xpn,- (r+d).
aGry

(26)

X,pn,  (r+d,)m
A-r) @-r )?2

27)

Bkazani 3anexxHocTi (26), (27) Bigpizustorbes Bin (1), (2) Tum, mo TyT U= Xpn,

: : .. . +

1 110 BIIHOCHUH Omip JBUTYyHA JOPIBHIOE r+q . ToMy 11 po3paxyHKy IIMX XapaKTEpPHCTUK
MOXyTh OyTH oTpumani koediuieHTn xapaktepuctuk (10) ta (11), axi OyayTe QyHKUIIMHU
napaMeTpiB ps, p Ta Oy

Bucnosku (Conclusions)

1. 3amponoHOBaHMN aHATITUYHHA METOA MOOYIOBH EIEKTPOMEXaHIYHUX XapaKTEPUCTHK
TATOBOTO €JIEKTPONPHUBOA 3 IBUTYHAMHU MOCTITHOTO CTPYMY IOCIiTOBHOTO 30y KEHHSI.

2. Jlns peamizamii aHAJITAYHOTO METOAY INBHUJIKICHA Ta MEXaHIUYHA XapaKTePUCTHUKU
IpEeJCTaBICHa MOJIHOMaMHU CTYIEHIO 7, IPU LbOMY KOE(]Iili€eHTH MONIHOMIB BU3HAYAJIHCA 3a
JIOTIOMOT 010 1HTepHoIALiHHOI opmymu Jlarpanxa.

3. BpaxoBani mig Yac aHaNITHYHOI MOOYJOBU EIEKTPOMEXaHIYHHUX XapaKTEPUCTHK
3aJISKHICTh 1HIYKTUBHOCTI KOJIa SIKOPS BiJl BETUYUHU CTPYMY SIKOPS TA 30BHIIIHS XapaKTEPUCTHKA
peanbHOro MocToBOoro Tpudasznoro meperBoproBada tumy ATII-500/275, mo XUBUTH HIAXTHY
KOHTAaKTHY MEPEXKY, y BChOMY Jlialla30Hi CTPyMy HaBaHTa)KEHHS.

[Momampmii  JgOCHiZKEHHS ~ MOXYTh ~ OyTM  COpsAMOBaHI  Ha  yJOCKOHAJICHHS
AaHAITHYHOI TOOYJOBHM €NEKTPOMEXaHIYHUX XapaKTEePUCTHK IIiJl 4Yac >KUBICHHS TATOBOTO
€JIEKTPONPUBO/Ia 3 JIBUTYHAMH MOCTIHHOTO CTPyMy MOCTIIOBHOTO 30YKEHHS 33 CHCTEMOIO
[IMPOTHOIMITYILCHHI NIepeTBoproBay — TsaroBuit neuryH (LLIIT — T/I).
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